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Dear Colleagues!

1 am glad to welcome participants
of the 30th International scientific
and technical conference «Extreme
Roboticsy, organized by the Russian
State Scientific Center for Robotics
and Technical Cybernetics. In the
last decades, achievements in the
field of robotics largely determine
the successes in the development of
outer space, the depths of the World
Ocean, in the implementation of
advanced medical technologies.
This year the scope of our
conference is devoted to practical
questions of application of robotic
means of new generation for solving
problems of space exploration,
depths of the World Ocean,
medicine, nuclear power,
production. Further development of
the above mentioned areas is
directly related to the development
and implementation of new
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Yeaowcaemvie konnezu!

A pad npusemcmeogamo
yuacmuuxos 30-u Meoicoynapoonoi
HAYYHO-MEXHUYeCKol KOHpepeHyuu
«Dxcmpemanvhas
POBOMOMEXHUKAY, OP2AHUZAMOPOM
KOMOpOL A6/151emcsl
Tocyoapcmeennulii HayuHblil yeHmp
Poccuiickoii @edepayuu
«Llenmpanvuwviti HayuHo-
uccnedo8amenbCkull U ONbIMHO-
KOHCMPYKMOPCKUU UHCIMUMYM
POOOMOMEXHUKU U MEXHUHECKOU
Kubeprnemuku». B nocreonue
decamunemust 00CMUNCEHUS 8
obaacmu pobomomexHuKu 80
MHO20M ONpPeOesliom YCnexu 8
0CBOEHUU KOCMUYECKO20
npocmpancmea, enyoun Muposozo
oKeama, npu pearuzayuy nepedosbix
MeOUYUHCKUX mexHono2ull. B amom
200y memamuka Haweu
KOH@epenyuu nocesujena
NPAKMULECKUM ONPOCAM



technologies, the expansion of
mutually beneficial cooperation
between domestic and foreign
research centers and companies.

1 am sure that the level of the
forthcoming conference will allow
you to get acquainted with the latest
achievements in the field of extreme
robotics, to cover current issues in
research and development and to
identify the main market trends in
robot industry. I wish all
participants new discoveries,
solutions, expansion of the circle of
friends and partners!

Director-Chief Designer RTC,
Doctor of Technical Sciences

npuMeHeHUst pPOOOMOmMexHU4eCcKUx
cpedcma H08020 NOKOIeHUsL OTist
pewienus 3a0a4 no 0CB0EHUI0
Kocmoca, enyour Mupogozo okeana,
MeOUYUHb, AMOMHOU IHEP2EMUKU,
npouszeoocmaa. Hanvhuetiuee
0CB0O€HIUEe BbIULENEPEHUCTICHHBIX
obnacmeit HANPAMYIO C853AHO C
paspabomxoul u 6HeOpeHuemM HOBbIX
MeXHON02UI, pacuupeHuem
63AUMOBbI2Z00H020 COMPYOHUYECNEA
OMeYecmBeHHbIX U 3apyOedCHbIX
uccnedo8amenbCKux YeHmpos, u
Komnanuil. Yeepen, umo ypoeems
npedcmosiujelt KOHpepeHyuu
NO360AUM O3HAKOMUMbCS C
NOCIEOHUMU OOCTUICEHUSMU 8
obnacmu IKCMPEeManrbHOL
POOOMOMEXHUKU, OCEEMUNb
aKmyaibHble ONPOCHL 8 HAYUHO-
uUccedo8amenbCKux u ONbIMHO-
KOHCMPYKMOPCKUX pabomax u
8bIABUMb OCHOGHBLE MEHOCHYUU
pyinka 6 pobomocmpoenuu. Kenaio
BCeM YUACTNHUKAM HOBbIX
OMKPBIMULL, peueHuUll, pacuiupenus
Kpyea Opysell u napmuepog!

Jlupekmop-2nagublii KOHCMPYKMOp
T'HI] P® [JHUHU PTK, 0.m.n.

Alexander Lopota
A.B. Jlonoma
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OPI'AHU3ATOP

Tocyoapcmeennviii  Hayunelti yeump Poccuiickoii  @edepayuu
«LlenmpanvHelii  HAYUHO-UCCIEO06AMENbCKULL U ONBIMHO-
KOHCMPYKMOPCKUL UHCTHUMYT POOOMOMEXHUKU U MEeXHUUeCKOl
xubepnemuxuy (I'HL] P® [[HUU PTK), Canxm-Ilemep6ype

MPU NOJIEP)KKE

Munucmepcmea nayku u gvicuieco 06pazo8anus.

Poccuiickoii @edepayuu

Boenno-npomviuinennou komuccuu Poccuiickoti @edepayuu
Munucmepcmesa Poccuiickoti @edepayuu no oenam 2parcoanckou
000pOHbL, UPe38bIYANHbIM CUMYAYUAM U TUKBUOAYUU NOCTIe0CEUL
Cmuxutinbix 6edcmeuti

Munucmepcemsa 30pasooxpanenus Poccutickoti @edepayuu
Poccuiickoii akademuu Hayk

Accoyuayuu 2ocyoapcmeennbix Hay4Hblx yenmpos «Haykay
Obwepoccuiicko2o ompacieso2o 0b6veduHeHusi pabomooamenel
«Coro3 mawunocmpoumeneti Poccuuy

Ilpasumenvcmea Cankm-Ilemepbypea

Canxm-IlemepOypeckoco  NOAUMEXHUYECKO20  YHUBepcumema
Ilempa Benuxoeo (CII6ITY)

DI'BY « HMHUL] um. B.A. Anmazoea» Munzopasa Poccuu
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Hayuno-mexnuueckuii scyprnan «Pobomomexnuka u mexuuueckas
xkubepnemuxay, Cankm-Ilemepoype

JKypnan «Hoswiti Oboponnwiii 3axasz. Cmpameauuy,
Canxm-Ilemepoype
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oupexmopa no Hayynou pabome ' HL] P® [[HUH PTK

Tlouemmnulii conpedceoamens:

=  [Opesuu Eecenuu Heanosuu, 0.m.n., npogeccop, nouemuolii
enasunwiti konempyxkmop I'HI] P® [JHUU PTK

Yuenwiii cexpemapy:

=  Cnacckuit bopuc Amnopeeeuy, «x.m.H., HAYANLHUK CEKMOpA
T'HI] P® I[[HUU PTK

Ynenwt npocpammnoco Kkomumema.

= Anvoy-lLllagpghep Anun, Ooxmop, npogheccop, Oupexkmop
Hucmumyma pobomomexnuxu u mexamponuxu I epmanckozo
Lenmpa Asuayuu u Kocmonasmuxu (DLR), I'epmanus

*  Anuyee¢ [Ieopzuit Bnaoumuposuu, cenepanvhviti Oupekmop -
eenepanvhviti Koncmpykmop, AO «Mopungopmcucmema-Aeamy

=  bBacnenxo Cepeeit Dedoposuu, axademux PAH, pexmop
[ICII6I MY um. axao. U.I1. Ilaenosa

=  bopoexos Anexceii Heanosuu, npopexmop no nepcnekmueHuiM
npoexmam Canxm-Ilemepbypeckozo Tonumexnuueckozo
Yuueepcumema Ilempa Benuxozo

=  Bepoa Bnaoumup Cmenanosuu, un.-xopp. PAH, cenepanvuwiii
xkoncmpykmop AO «Konyepn «Bezay»

*  Busunvmep Opui Banenmunosuu, npogpeccop PAH, nauanvruk
noopazoenenus ©I'VII «'ocHUHACy

=  IOu /I»cu Cyn, ookmop, Hayuuwili pykogooumenv Kopeiickoeo
HAYYHO-UCCIe008AMENLCKO20  UHCIMUMYMA — AMOMHOU  dHepauu
KAERI, Kopes

=  JKenmoe Cepzeii IOpvesuu, axademux PAH, 2cenepanvubiil
oupexmop PI'VII «'ocHUHAC»

=  Kanses Hzopb Anamonvesuu, axademux PAH, npedcedamens
cosema no npuopumemy Hay4Ho-mexHoi02uyecko2o pazeumus PP

=  Kanpun Andpeii /Imumpuesuu, axademux PAH, cenepanvhuiii
oupexmop @I'BY « HMUPI]» Munzopasa Poccuu

=  Kononoe Anekceii ®@edoposuu, pykogooumenb NpuopumemuHo2o
MEXHON02UHECKO20 Hanpaenenus no MEXHON02UAM
pobomomexnuxu Hayuonanvrnozo yenmpa pazeumus mexHoni02utl
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u 6azoevix snemenmos pobomomexruxu DPoHOa NEPCHEKMUBHBIX
uccneodosanuii (PIIN)

Muxkpun Eezenuit Anamonveeuu, ceHepanvhbvill KOHCIPYKMOp -
nepevill 3amecmumens 2ceHepanvHo2o oupekmopa, I1AO "PKK
"Onepeus"

Ilewwexonoe  Bnaoumup  I'pucopveeuu, axademux  PAH,
eenepanvubill oupexmop Iocydapcmeentoeo Hayunozo yenmpa PO
AO «Konyepn « [ {HUH «Dnexmponpubop»

Ilnezep  Ilayns,  Ooxmop, npogeccop  boun-Peiin-3ue
YHUSepcumema npuKIaonvIx Hayxk, I epmanus

Caiteo Capkap, 0okmop, oupekmop Hccireoosamenbckozo yenmpa
no HayKe U MexHono2usam 6 meouyune, Upan

Yemypa Kenszyke, Ookmop, ucnoaHumenvHulii — OUpPEKmMop
ShinMaywa Industries Ltd., AInonus

Lapuuenko Cepzeii  T'eopcuesuu, 0.Mm.H., HAYanbHUK
ucnvimamenvhozo noauzona OKII « HUU «eode3zus»

HInaxmo Eezenuii Baaoumupoeuu, axaoemux PAH, oupexmop
OI'BY «HMHUI] um. B.A. Anmazoea» Munzopasa Poccuu

Hlnaiioep  @pank  FOoxcun,  dokmop,  pyKosooumeib
denapmamenma «Obpabomxka uHOpMayuu U  IP2OHOMUKAY
Dpaynzogheposckuii uncmumym céaszu, I epmanus

Hwenxko  Apxaouii  Cemenosuu, 0.m.H.,  npogeccop,
3amecmumens 3agedyiowe2o kagedpol «Pobomomexuuyeckue
cucmemvl u mexampouuxkay MITY um. HO. Baymana
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OPTAHU3AIIMOHHBIA KOMUTET KOH®EPEHIIMA

Ipeocedamenn:

= Jlonoma Anexcandp Bumanvesuu, 0.m.H., Oupekmop-enagHwvill
xoucmpyxkmop I'HL] P® [JHUU PTK, Canxm-Ilemepbype

3amecmumens npedcedamensi:

=  Kopenxo Hamanva Jlveéosna, pyxosooumenv Hugpopmayuonto-
ananumuyeckozo yewmpa I'HL] PO [[HUU PTK,
Canxm-Ilemepoype

Cexpemapn:

*  Huxonaes Anekceil Anexkcanoposuu, HAYATLHUK CEKMOPA
THI] P® [JHUU PTK, Canxm-Ilemepbype

Ynenvl opaanuszayuonno20 Komumema.
»  Anyee¢ Hean Ieopzueeuu, ucn. oupexmop AO «HIIII «Padap
MMC»
»  Bopoovesa Kauna Bnadumuposna, npedcedamenv Komumema
no obpasosanus Canxkm-Ilemepbypea

»  Emenvanoe Cepzei I'ennaodveeuu, 0.m.n., npogeccop, pexmop
o3ry

»  Kanaoun HOpuii Opvesuu, npeoceoamenv Komumema no
npomviuiienHot noaumuke u unnogayusmu Cankm-Ilemepoypea

»  Kamanunuu bpanko, ooxmop, npesudenm MeocOoynapooHot
accoyuayuu DAAAM, Aecmpus

»  Kamenee Bnaoumup Heanosuu, npeocedamenv Cosema Cankm-
Ilemepbypeckoii mop2080-npombvluIeHHbLL RALAMbI

»  Konioxoeckan Anuca Ezoposena, ucn. oupexmop (HAYPP)

*  Kyoync Cmanucnag Anexceesuu, o.m.n., pexkmop DPIBOY BO
«Mockoseckuti mexHono2uyecKull yHugepcumeny

»  Jlooun Muxaun Anekcanoposuy, 2eHepaibHLLU —OUPEKMOpP
ucnonrHumenvHou oupexyuu, nepsvii euye-npesuoenm 00 «Corw3s
npomvluieHHUK08 u npeonpurnumameneu Cankm-Ilemepoypeay

" Makcumos Auopeni Cmanucnasosuu, npedcedamenv Komumema
no nayke u gvicuieti wkone Canxm-Ilemepbypea
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This report tells about localization of dangerous artificial objects in
non-deterministic environment. This subject is actual for humanitarian
demining of regions which were places of battles or terroristic attacks. The
solution suggested is designed for use in complex intelligent robotic control
system.

A localization algorithm for 3d-modelled objects is suggested in this
report. Objects are placed at arbitrary workspace which also contains some
irrelevant complex-shaped objects. 3D vision system provides a workspace
view which is a 3D-points set itself. Algorithm allows to detect occurrence
of relevant objects at the workspace and calculate their location and
orientation.

Spacial object models are build by means of generalized cylinders
method. For each cylinder its coordinates and rotation quaternion
coefficients are estimated; a modified RANSAC algorithm is used at this
step. First time a generalized cylinder which contains the largest number of
dots in its locality is chosen. Estimation results are used as initial
approximation in approximation procedure when cylinder coordinates and
orientation are calculated with higher precision. This procedure repeats for
each generalized cylinder in the object model. While approximation a
number of dots which fit into object locality is maximized, stochastic
optimization methods are used at this step. Then dots, which fit into
obtained surface localities, are selected again. If number of such dots is
large enough, they are removed from workspace, then the whole procedure
repeats.

A few number of workspaces with some missile tail parts were
analyzed. For each workspace object model coordinate shift and rotation
quaternion components were calculated. Suggested algorithm efficiency is
confirmed. Usage of this algorithm as part of mobile robot vision system
allows to automate explosive objects localization or provide a supervised
mode for remote control.
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Jloknman TMOCBAMIEH MpoOJieMe JIOKATU3aIlMk OMACHBIX O0OBEKTOB
HCKYCCTBEHHOTO IIPOMCXOXK/IEHHSI B HEAETEPMUHUPOBAHHOM cpexne. 3amaua
aKTyaJIbHA IIPU T'YMAHUTAPHOM Pa3MUHUPOBAHUM TEPPUTOPUI, HA KOTOPBIX
nmpoxoauan  OoeBble  AEHCTBUSL  WIM  TEPPOPUCTUYECKHE  AKTHL
[IpennoxenHoe pemieHne NpeTHa3HAYEeHO IS MCIOJIb30BaHUS B COCTaBe
CHCTEMBI MHTEIUIEKTYaIEHOTO YIIPaBiIeHUs poOoTa.

B nmoxmame mpemiaraercss anropuTM JIOKIM3AIMKA OOBEKTOB, IS
KOTOPBIX UMEFOTCS MPOCTPAHCTBEHHBIE MoaeaH. OOBEKTHI pacIiooKeHbl Ha
MIPOM3BOJIGHOM  CIIEHE, COfAepJKalled Takke IOCTOPOHHHE OOBEKTHI
cnoxxaoit popmer. C momompto CT3 momydeHO omucaHWe CIICHBI B BHIE
MHOXKECTBA TOUEK C TPEXMEPHBIMU KOOPAMHATAMU. AJNTOPUTM IO3BOJIIET
OIIPEICTINTh HAJIMYHE HMCKOMBIX OOBEKTOB Ha CIIEHE, MX IIOJIOKCHHE U
OPHEHTALUIO.

Onucanne OOBEKTOB B NPOCTPAHCTBE CTPOUTCS HAa OCHOBE MeETOAA
O606H1éHHI)IX OUJIUHIAPOB. ,ZIJ'[H KaXJI0ro HUJIMHApPa BBITIOJHACTCA OLICHKA
3HA4YEeHUH KOOPJIUHAT M KOMIOHEHT €IMHUYHOTO KBaTEPHUOHA, 33/al0IIero
€ro  OpHEHTAlMI0; TPU  OTOM  HCIIOJNB3YeTCs  HE3HAUYUTEIHHO
amantuposanHbiil anroput™ RANSAC. Cragana BeiOupaercst 0000mEHHBII
LHWINHAP, OKPECTHOCTh KOTOPOTO COJEPIKUT HauOOoIbIIee KOJIWIECTBO
TOYEK CIICHBI. Pe3ynbTaThl OIEHKH HCIOJB3YIOTCS B KauecTBE HAYAIbHOTO
MIPUOIIKEHNS B IIPOLEAYPe YTOUHEHHUS €T0 TIOJIOKCHUS U OPHEHTALUH. DTa
Mpoleaypa  BBIIONHSETCS  JUIA  BCeX  OOOOWIEHHBIX  IMIIMHIPOB,
(dopMupyIOINX HCKOMBIN 00BEKT. B Xome yTouHeHums pemraercsa 3axada
MaKCHMH3alUH KOJMYECTBA TOUEK, MONAAIONINX B OKPECTHOCTh UCKOMOTO
O6’BeKTa, IIpU 3TOM HCIOJB3YIOTCA CTOXaCTUYCCKHUE METOABI ONITUMHU3alIUH.
[anee B clieHe TOBTOPHO BBLIEISIOTCS TOYKH, TIONAJAIONIHE B OKPECTHOCTH
MOJIy4EHHBIX ITOBepXHOCTeH. Ecim TakmxX TOYeKk JOCTaTOYHO MHOTO, OHU
YIAISIOTCS U3 CIEHBI U ITPOLIEAYPa ITOBTOPSIETCSL.

Beu MccnenoBaHBl CLEHBI, COAEpXKAllHe HECKONbKO (parMeHTOB
XBOCTOBHKA pakeThl. B pe3yiprare SKCHEpHMEHTa Il KaXIOH W3 CIEH
OIIpeZIeTICHbl KOOPAMHATHI W KOMIIOHEHTHl KBaTepHHOHA IIOBOPOTA
sTaoHHOW Mozenu. IloaTBepkaeHa paboTOCIIOCOOHOCT MPEUIOKEHHOTO
anmroput™a. Ero wucmomb3oBanme B coctaBe CT3 moOmimpHOTO poboTa
MO3BOJIIET aBTOMATHU3UPOBAaTh IIOMCK B3PHIBOOIACHBIX OOBEKTOB HWIIN
o0JierduTh paboTy oneparopa npu JUCTaHIIUOHHOM yTIPABICHHH.

38



LN. Bubnikov, A.N. Yusupov
SAFETY OF ROBOTIC SYSTEMS IN EXTREME CONDITIONS

Peter the Great St. Petersburg Polytechnic University,
Russian State Scientific Center for Robotics and Technical Cybernetics,
Saint Petersburg, i.bubnikov@gmail.com, a.n.yusupov@gmail.com

Extreme operation modes of robotic manipulators differ from the
standard ones — the task execution has a higher priority than the
preservation of the robot's functionality, moreover the robot works on the
border of the operating conditions. As a result, the reliability of the robot is
not an indicator that should be guided in choosing the operation algorithm.
The goal of the operator is to ensure the safety of the robotic system in
order to successfully accomplish the task assigned to the robot. Safety
means the following:

— safety of the robot for the environment and the working area,

— safety of the robot for itself.

In order to formulate safety requirements for the various parameters
characteristics of the robot, it is necessary to determine which states of the
robot should be considered dangerous. For this, there is a special hazard and
operability study procedure (HAZOP) [1, 2], which consists of the detailed
and structured identification of hazards for individual technological systems
(structures, nodes). Now, a number of manipulators with a similar structure
have been developed, which allows us to consider the robot-manipulator
system as a finished product [3, 4].

During the HAZOP procedure, the robot-manipulator system is
divided into separate components, the deviations of the characteristics of
which must be considered using control words. As an example, one of the
most common dangerous situations is considered — the excess of the
permissible insulation temperature of the stator winding.

The paper proposes an approach to determine the integrated
assessment of the situation — the safety index. The main tool for
determining the index is a simulation model. The basic idea is to determine
the current parameters of the robot in real time. Then the system is
simulated for the near future for the most likely states. After that, the
number of violations of the safety requirements model is determined. The
conditional frequency, which determines the ratio of unsuccessful outcomes
to all simulated variants under the given initial conditions is called the
safety index.
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The proposed approach is described by the following algorithm:

1) identification of condition/goal combination,

2) a statistic set — multiple simulation modeling of a robotic system
with appropriate variations of operating conditions for a given period
of time,

3) approximation of the function of the conditional frequency of safety
requirements violations,

4) determining the safety index — the ratio of the number of negative
outcomes to all the results of the simulation model.

A condition is a set of current characteristics of the parameters of the
robot, a goal is the operator-defined state of the robot.

The proposed approach is applicable also to elements of technological
operations. As an example, the collision of a robot with oneself or the
environment is considered.

1. GOST 51901.11-2005 Risk management. Hazard and operability
studies. Application guide.

2. Ibadulaev V.A., Stepanov 1.V., Turusov S.N. Experience of creating
decision support systems in emergency situations - Monitoring. Science
and Technologies. 2014. Ne 2. P. 14-31.

3. Shardyko L.V., Yusupov A.N. Implementation of stiff and compliant
control for joint of space manipulation systems — Robotics and
Technical Cybernetics. 2018. Ne 4. P.60-67.

4. Shardyko L.V., Titov V.V. A closed-form solution of IK task for a 6-
DOF manipulator with pitch axes offset and a technique of fast joint
space trajectory computation — Extreme Robotics. 2017. Ne 1. P. 17-29
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Cliolly, 'HL] P® [JHUU PTK, Canxm-Ilemepbype
i.bubnikov@gmail.com, a.n.yusupov@gmail.com

OKcTpeMasbHble  PEeXHMBI  pabOThl  POOOTOB-MAaHHUIYJISITOPOB
OTJIMYAIOTCS OT INTATHBIX — BBHIMOJHEHUE 3aJaudl MMeeT Ooiiee BBICOKUI
MIPUOPHUTET, YEM COXpaHEHHE (YHKIMOHAIBHOCTH po0OTa, IIPU 3TOM poOOoT
paboraer Ha rpaHMIe YycinoBuid (QyHKuMOoHMpoBaHHWA. B pesymbraTe
HaJIOKHOCTh pOoOOTa HE SBIIETCS IIOKAa3aTeleM, KOTOPBIM CIEAyeT
PYKOBOZACTBOBAThCS IIpH BBIOOpe anropurMma padotel. Llensio omepartopa
CTaHOBHUTCA oOecrieueHne 0e30MacHOCTH POOOTOTEXHHYECKOW CHCTEMEBI C
LIENIBI0 YCTICITHOTO BHITOJHEHUS TOCTABICHHOH Nepes poOOTOM 3a/1a4u.
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ITon 6e30nMacHOCTBIO TOHUMAETCS! CIIEyIOIIee:

— Ge3omacHOCTs po0OTa IS OKPY)KEHUS U paboyei 30HbI,

— Oe3omacHOCTh poboTa ISt caMoro cedsl.

Jnst Toro, 49roObl BHIABMHYTH TpeOOBaHUS  OE30MACHOCTH,
MIPEABSBISIEMbIE K XapaKTepUCTUKaM pPa3IM4HbIX IapaMeTpoB poOoTa,
HEOOXOIMMO OINPENEIUTh, Kakhe COCTOSHHA poOOTa CIEeoyeT CYUTATh
onacHbIMU. J{JIs 3TOr0 CYIIECTBYET ClieNHalbHas IpoLeypa UCCICIOBaHHs
ormacHoctd u paborocnocobHoctn (HAZOP — Hazard and Operability
Study) [1, 2], xoTopast 3akgO4aeTcsi B IETATFHOW M CTPYKTYpHUPOBaHHOI
UICHTH(UKAIUE OMACHOCTEH ISl OTHETBHBIX TEXHOJIOTHYECKHX CHCTEM
(yugactkoB, y310B). Ha manHbIil MOMEHT pa3paboTaH pAa MaHUIYIISITOPOB CO
CXOXEH CTPYKTYpO#l, 4TO MO3BOJISIET PAacCMaTpUBATh CHCTEMY poOoTa-
MaHUIYJIATOpa Kak TOTOBBIM MPOIYyKT [3, 4].

B xonme Bemonnenuss mnpouenypst HAZOP cucrema pobora-
MaHMIYJIATOpPa JIENUTCS HA OTICIbHBIE KOMIIOHEHTBI, OTKJIOHEHHUS
XapaKTEepPUCTHK KOTOPBIX HEOOXOIMMO paccMaTpuBaTh C TNPHUMEHEHHEM
YIPaBJSIIOIIMX CJIOB. B KauecTBe mpuMepa paccMaTpuBaeTcs OJHA U3
CaMBIX  pacIpOCTPAHEHHBIX OMACHBIX CUTyallud —  IpPEBBIIICHHE
JOIyCTHMOHN TEeMIEPaTypPhl H30JSILUH CTATOPHOH OOMOTKH.

B pabore mpemioxeH MOAXON U ONpeleieHHs WHTETPHPOBAHHOM
OLICHKH CHTyallMH — HHIEKca Oe3omacHOCTH. OCHOBHBIM HHCTPYMEHTOM
olpeNieNieHusl MHIeKca BBIOpaHa WMHTALMOHHas Monenb. OCHOBHas wies
3aKJII0YaeTCsl B OINpPENeNICHHH TEKYIIMX IMapaMeTpoB podoTa B peKUME
p€ajlbHOTO BPECMCHMU. 3aTeM BBITIOJIHAETCS MOACINPOBAHUE CHUCTEMBI Ha
Ommkaiiniee Bpems sl HauOoJiee BEpOSTHBIX cocTostHWi. [locne 3Ttoro
olpeziesieTcsl  KOJNMYECTBO  HapylleHHMH  MOJeNblo  TpeOOoBaHMt
6e30macHOCTH. Y CIIOBHAs 4acTOTa, OIIPEAENIAIONIas OTHOIIEHHE HEYAaYHbIX
HCXOJ0B KO BCEM IIPOMOJICIIMPOBAHHBIM BapHaHTaM MpU  3aJaHHBIX
HavyaJbHBIX YCIOBHSX, HA3BIBACTCS HHICKCOM O€30IaCHOCTH.

[MpemiaraeMblii TIOIXO/] OMUCHIBACTCS CIIEIYIOIINM aIrOPUTMOM:

1) wunmeHTHdUKAIINI KOMOMHAIIUH YCIIOBHS/IICIH,

2) wnHabop  CTAaTHCTUKH —  MHOTOKpPAaTHOE  HWMHTAIIOHHOE
MOJEIUPOBaHUE POOOTOTEXHUYECKOH CHCTEMBI npH
COOTBETCTBYIOIINX BapHALUUAX YCIOBHH (YHKIHOHHPOBAHHS Ha
3aJ]aHHOM ITPOMEXYTKE BPEMEHH,

3) anmpokcumarus (QYHKIMH YCIOBHOM YacTOThl HapylICHHH
TpeOoBaHui 0€30MaCHOCTH,

4) ompenerneHUEe WHAEKCa OC30MACHOCTH — OTHOIICHHS 4YHCIa
HETaTHBHBIX ~ WCXOJOB KO BCeM  pe3yinbTaraM  paloThl
UMHTAIIMOHHON MOJIEIH.
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IMox ycnoBueM TIOHMMaeTcsi HAa0Op TEKYHIMX XapaKTePHCTHK

napaMeTpoB poboTa, MOA METbI0 — 3aAaHHOE OIMEepPaTOPOM COCTOSHHE
pobora.

HpeZ[J'IO)KeHHHﬁ nmoaxoa MpPpUMEHUM TaKkKEe W 4 DBJICMCHTOB

TEXHOJIOTHUECKUX omepanuii. B kauecTBe mpumMepa paccMaTpUBaeTcs
CTOJIKHOBEHHE po0OTa ¢ caMHM COOO0M MITH OKpYXKaromIel cpenoil.

1.

2.

IoCT P 51901.11-2005 Menemxment pucka. HccnenoBanue
OIacHOCTH 1 pabotocnocodHocTH. [IpuKIiTagHOE pyKOBOICTBO.
Wbanynaes B.A., Cremano W.B., Typycos C.H. OmpIT co3manus
CHCTEM MOJJIEPKKH MPUHSITHS PEIICHNH B YPE3BBIYANHBIX CUTYAIUAX —
MonunTopunr. Hayka u 6e3onmacHocts. 2014, Ne 2. C. 14-31.

Mapasiko U.B., FOcymoB A.H. Peanuzarus aaropuTMoB >KECTKOTO U
MOJATIUBOTO TPaeKTOPHOTO YIOpaBICHUS HIApHUPOM
MaHMIYJSAOIUOHHOM cucteMbl — PoOoToTexHHKa ©  TeXHHYECKas
knbepretrka. 2018. Ne 4. C. 60-67.

Hlapaeiko UM.B., Turo B.B. YacrtHblil ciyuail pemenust oOpaTHOM
3aa4ll KHHEMAaTHUKH IIECTUCTENICHHOTO MAaHUWIIYJISITOpa M METOAWKA
ObICTPOTO  peIIeHHs TPAaeKTOPHOM  3a7aud B MPOCTPAHCTBE

0000IIEHHBIX KOOPIMHAT. DKCTpeMalbHas podoToTexauka. 2017. Ne 1.
C. 17-29.
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S.V. Andreenko
ISSUES OF ROBOTIZATION OF BASES OF STORAGE OF
RESOURCES OF THE MINISTRY OF INTERNAL AFFAIRS OF
THE RUSSIAN FEDERATION AND THEIR
MATHEMATICAL MODELLING

Federal State Institution "Central Joint Base of Storage of Resources
of the Ministry of Internal Affairs of the Russian Federation", Moscow
andreenko.sergej@yandex.ru

Abstract

In this article primary approach to the solution of an issue of
robotization of bases of storage of resources of the Ministry of Internal
Affairs of the Russian Federation on the example of federal state institution
"Central Joint Base of Storage of Resources of the Ministry of Internal
Affairs of the Russian Federation" reveals. The existing technical
component of storages of material means is analyzed and, proceeding from
it, offers on re-equipment of data of storages with robotic means are
formulated. The project of mathematical model of combined use of land
robotic complexes, various on degree of mobility, on the basis of storage of
resources of the Ministry of Internal Affairs of the Russian Federation in
interaction with each other is under construction.

Keywords

Robotic complex, Ministry of Internal Affairs of the Russian
Federation, storages, operational and warehouse activity, means of
mechanization and their robotization, mathematical model, matrix, set of
environments.
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C.B. Anopeenxo
BOIIPOCHI POBOTU3AIINHU BA3 XPAHEHHUS PECYPCOB
MBJ POCCUU U UX MATEMATHYECKOI'O
MOJEJHUPOBAHUS

Dedepanvhoe kazenroe yupedxcoerue «L{enmpanvhas 0bveounenHas
baza xpanenus pecypcoe MBJ[ Poccuuy, Mocksa
andreenko.sergej@yandex.ru

AHHOTAIIUSA

B naHHOHI cTaThbe pacKphIBaeTCsl MEPBUUHBIA MOIXOZ K PELICHUIO
Bompoca poboTm3anuu 6a3 xpaneHus pecypcos MBJI Poccuu Ha mpumepe
(enepanbHOTrO KazeHHOTo yupexkaeHus «LleHTpansHas oObenuHeHHas 0asa
xpaneHus pecypcoB MBJI Poccum». Ananmusupyercs CyliecTBYIOIIast
TEeXHUYECKash COCTAaBIIOMIAS  XPAHWINI]  MaTepHAIbHO-TEXHUIECKUX
CPEACTB W, HCXOAS W3 JTOro, (OPMYJIHUPYIOTCS TPEIIOKECHUS 10
MIEPEOCHAIIEHUIO JaHHBIX XPAHMIHI] POOOTOTEXHUYECKHIMHU CPEICTBAMH.
CrpouTcst MPOEKT MaTeMaTHYECKOH MOJENH COBMECTHOTO MPHUMEHEHUS
Pa3NUYHBIX TI0 CTENEHM IMOJBIKHOCTH HA3eMHBIX POOOTOTEXHMYECKUX
KOMIUIEKCOB Ha 0Oa3e XxpaHeHuss pecypcoB MBJl Poccuum Bo
B3aUMOJICHICTBHU IPYT C APYTOM.

KiroueBble cj10Ba

PoboroTexumueckmit  komruieke, MBJl Poccun, xpanmimmia,
OTIePAlIMOHHO-CKIIA/ICKAsl JIESTEBHOCTh, CPEICTBA MEXaHW3allMd M WX
poOoTH3aIus, MaTeMaTHIECKast MOJEIIb, MAaTPHUI[A, COBOKYITHOCTh CPE/I.
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L.A. Kudryavtsev
INTELLIGENT ELECTROMECHANICAL EXECUTIVE
MECHANISMS BASED ON A CYCLOIDAL DRIVE

FSBEI of the "Volga State University of Technology”,
Yoshkar-Ola, Russia
KudryavtsevIA@volgatech.net

In the process of development of robotic systems, special attention is
paid to the selection of actuators, while their reliability is considered to be a
key factor.

An electromechanical actuator has been developed on the basis of a
cycloidal drive with self-diagnostic capabilities according to the following
parameters:

—play in the drive,

— moment of moving,

— coefficient of performance.

Such measurements in the current mode allow to predict the service
life of the executive mechanism as well as to predict the possibility of an
emergency.

In comparison with classical involute gears, the use of gears designed
on the base of the cycloidal drive in the actuator allows to have significantly
smaller dimensions and weight, longer service life, higher kinematic
accuracy, higher load and overload capacity.

Such advantages are ensured by the fact that the cycloidal drive is
characterized by multiple contact.

Besides, various options for layout solutions have been developed.

These advantages are used to design electromechanical actuators of
the REMOTION robotized medical exoskeleton drives, intended for the
rehabilitation of patients with impaired lower limbs.

1. Kudryavtsev [.LA. Two-stage planetary gear train. Pat.RU 2535369.
Publ. 12/10/2014 Bull. No. 34.

2. Kudryavtsev 1.A. and others. Gearing. Pat.RU 2569077. Publ
11/20/2015 Bull. Ne32.
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H.A. Kyopaeues
HUHTEJJIEKTYAJIHBIE DJIEKTPOMEXAHUYECKHUE
HUCIHOJHUTEJBHBIE MEXAHU3MbI HA OCHOBE
INIAHETAPHO-LIEBOYHBIX ITIEPEJIAY

@I'HOY BO «llosonicckutl 20cyoapcmeenbvitl
mexHono2uyeckuil ynugepcumemy, 2. Howxap-Ona
KudryavtsevIiA@volgatech.net

ITpu pa3paboTrke pPOOOTOTEXHHYECKUX CHCTEM 0CO0O€ BHHUMAaHHUE
ynensiercss MoA0Opy HCIONHHUTENBHBIX MEXaHW3MOB, IPH 3TOM HX
Ha/Ie)KHOCTD SIBJIETCS PEIIAOIIUM (PaKTOPOM.

Pa3paboTaH 3/eKTpOMEXaHWYECKUI HCHOJIHUTEIBHBIH MEXaHW3M Ha
OCHOBE IUTAaHETapHO-IIEBOYHON nepefadn c BO3MOXKHOCTSIMU
CaMOJMAarHOCTHKH IO CJICAYIONINM ITapaMeTpaM:

—moQT B TIepeaye,

— MOMEHT CTparuBaHus,

— KO3 QUIMEHT MOJIE3HOTO JeHCTBUS.

Takue 3amepeHust B TEKyIIee PEXHUME IO3BOJSIOT MPOTHO3HUPOBATH
OCTaBIIMHCSA pECcypc B HCIOJHUTEIHLHOM MEXaHHM3Me, IPOTHO3HPOBATH
HaCTYIUJICHHE aBAPUHHON CUTYaLlUU.

Hcnonp3oBaHue B HUCIOJHUTEIFHOM MEXaHHM3ME pEIyKTOpOB,
MIOCTPOEHHBIX HA OCHOBE IIJIAHETapHO-IIEBOYHBIX Iepefad IO3BOJISIET
UMETh, B CpPaBHEHHHM C KIIACCHYECKUMH 3yOUaThIMH SBOJIHLBEHTHBIMU
nepeiayamMi, CyIIeCTBEHHO MEHBIINE rabapuThl U Maccy, OOIBIINIA pecypc,
Ooslee  BBICOKYI0  KHHEMAaTHYECKYl0  TOYHOCTh, 0o0Jiee  BBICOKYIO
Harpy304HyIO U IEPerpy304HyIo ClIOCOOHOCTb.

Taxue nmpenMyIiecTBa 00ECIEUNBAIOTCA 33 CUET TOrO, YTO LEBOYHAs
nepeava XapakTepu3yeTcsl MHOTOIIAPHOCTBIO 3aLleTICHNSI.

Pa3paboTaHbl pa3nu4Hble BAPHAHTH KOMIIOHOBOYHBIX PEIICHHH.

VYkazaHHBIE MPEUMYIIECTBA PEATU30BAHBI B IJIEKTPOMEXaHHUECKUX
UCTIOJTHUTENIBHBIX MEXaHU3MaXx MPHUBOJIOB POOOTH3UPOBAHHOTO IK30CKeEeTa
meaumnuHckoro HazHaueHuss «REMOTION», mnpeaHazHaueHHOTO s
peadWiauTalMM  TMAIWEHTOB C  HapylmleHWsMH  (QYHKOMA — HIDKHHX
KOHEUHOCTEH.

1. Kyapsasues U.A. JIByxcTyneHYaThlil MIIaHETAPHO-LIEBOYHBIA PEAYKTOP.
IMat.RU 2535369. Ony©6:. 10.12.2014 Bron. Ne34

2. Kynpssues N.A. u ap. 3y6uaras nepenaqa. [lat.RU 2569077. Omy6ur.
20.11.2015 Bro. Ne32.
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A.N. Kosenko, D.M. Korolev, O.A. Shmakov
METHODS OF USING MODULAR CIRCUIT UNITS
FOR MOBILE ROBOTIC SYSTEMS DESIGN

Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
kosenko.ank@yandex.ru, d.korolev@rtc.ru, shmakov@rtc.ru

One of the concepts of mobile robotic systems development is using
of modular units. Modularity provides a common approach to development,
which greatly simplifies the workflow [1]. The paper considers the
possibility of control systems design for mobile robotic systems of three
environments — ground, air and underwater — via a modular approach. The
main point of that approach is to use separate modules (nodes), which are
common parts of various devices.

The disadvantage of the method is, firstly, a large number of cable
connections between specific modules, which can lead to errors during
assembling. Secondly, such modules should be unified (i.e. they should
contain the maximum functionality of specific node). At the same time, the
using of modularity can simplify the process of device development and
essentially reduce the time for robotic system development. In addition, the
using of a modular structure can expand the possibilities of upgrading such
a system by replacing existing modules or adding new modules that
increase the functionality of the robot.

Figure 1 — The block diagram of the control system
for the ground robot

One of the most demonstrative examples is the development of robotic
systems based in different environments — ground, air, and underwater.
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Each robot of the concrete environment has general elements — the
motherboard, power supply, the motor controller, etc. Figure 1 shows the
block diagram of the control system for the ground-based robotic system.

First of all, one of the main common nodes for all systems is a
motherboard that provides central control of all parts of the robot and the
connection between them. Secondly, this is a power supply unit, which
provides the whole system with electricity. Thirdly, — the motor driver
controller. At the present days, one of the most commonly used motors is
brushless motors due to their power parameters, flexible control modes and
the possibility of use in water [2]. Accordingly, a unified controller module
allows a wide usage of brushless motors. It is also advisable to develop
remote audio/video surveillance modules, payload modules, receiver, and
transceiver modules on a modular basis.

1. http://kmpu.ru/theory/index.html
2.  http://www.avislab.com/blog/brushless01/

A.H. Kocenko, /.M. Kopones, O.A. IlImakog
HUCIHOJb30BAHUE MOJAYJbHBIX IEYATHBIX Y3JI0OB
JJIA IOCTPOEHUSA MOBUJIBHBIX
POBOTOTEXHMUYECKHUX CUCTEM

THL] P® [JHUH PTK, Canxm-Ilemepoype
kosenko.ank@yandex.ru, d.korolev@rtc.ru, shmakov@rtc.ru

OmgHuM U3 OONMX TOAXOMOB HpU pa3paboTKe POOOTOTEXHUUCCKON
cucremel (PTC) sBmsiercss  WCHONB30BaHWE  MOAYJIBHBIX  y3JIOB.
MomympHOCTh CYIIECTBEHHO yIpoinaeTr padouuii mporece [1]. B marnHO#M
paboTe paccMOTpeHa BO3MOKHOCTH IOCTPOCHHS CHCTEM YIIPaBICHHA
MOOMIBHBIMH POOOTOTEXHIUECKIMH CHCTEMaMH TpeX cpell 0a3supoBaHUs —
Ha3eMHOM, BO3AYIIHOM M IOABOJHOW — C HUCIOJIb30BAHUEM MOJIYJIBHOTO
nogxonga. CyTh Takoro MOAXOJa 3aKJI0YAeTCsl B MCIIOJIB30BAHUM MOJyJIeH
(Y3710B), KOTOpBIE SIBJIAIOTCST OOMIMMH TpU pa3paboTKe paszIMYHBIX
YCTPOMCTB.

Cpenu HEZOCTaTKOB JaHHOTO TOAXOAa OTMEYaeTcsi, BO-TIEPBBIX,
OO0JIbIIOE KOJMYECTBO KaOGNBHBIX COENMHEHHH MEXIy OTHEIbHBIMU
MOJYJISIMH, YTO MOXET IPUBOIUTH K OMIMOKaM NpH MOHTaxe. Bo-BTOpBIX,
TaKhe MOIYJH JOJDKHBI OBITh YHH(UIMPOBAHHI (T.€. B HUX JOJDKEH OBITH
3aJI0)KeH MaKCHMAaJIbHbBIH (YHKIIMOHAI KOHKPETHOTO y37a). B To ke Bpems
WCIIOJIb30BaHNE MOAYJIFHOCTH ITO3BOJISIET CYIIECTBEHHO YIPOCTHUTD IPOIece
1 COKpaTHTh BpeMs pa3paboTku ycTpoiictBa. Kpome Toro, mpumeHeHue
MOJYJIbHOH CTPYKTYpHl IO3BOJIIET MAacIITaOMpOBaTh BO3MOXKHOCTH
MOJECPHHM3ALMA TaKOW CHUCTEMBl IIyTEM 3aMEHBl CYIIECTBYIOIIUX HWIN
NO0aBJICHUsI HOBBIX MOJYJEH, YBEIMYMBAIOMIMX (PYHKIMOHAIBHOCTh
pobora.
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Haubonee moka3arelbHBIM —SBJSIETCSI MOJYJIBHBIA IOIXOA TPH
paspabotke PTC OGa3upoBaHus B pa3IMYHBIX Cpelax — Ha3eMHOM,
BO3AYIIHOM W MOJABOAHOW. B KakaoM pOOOTOTEXHWYECKOM KOMILIEKCEe
(PTK) cBoeli HemocpeICTBEHHOH Cpeabl 0a3npoBaHUS HCIIOJB3YIOTCS
o0IIue 5SJIeMEHTHl — BBIYUCIUTENb, ABTOHOMHBIM HWCTOYHHUK ITHTaHUS
(AWII), xoHTpomIEp SJICKTPONPHBOAOB W 1npyrue. Ha pucyske 1
MIPEACTaBICH MpPUMEpP CTPYKTYpPHOH CXEMBl CHCTEMBI YIPaBICHHSA
POOOTOTEXHNYIECKOTO KOMIIIEKCAa Ha3eMHOH cpeabl Oa3upoBaHusl.

Mopogan

Pucynox 1 — CtpykTypHas cxema CUCTEMBI YIPaBICHUSA
PTK nazemHoIi cpenbl 0a3upoBaHUS

OOmuM y310M I BCEX CHUCTEM B MEPBYIO OYepeib SBIACTCH
BBIYHCIINTENb, O0SCIICUNBAIONINN [[EHTPAIN30BaHHOE YIpaBICHUE BCEMH
YyacTsIMH poOOTa M B3aWMOCBSI3b MEXKAY HUMH. BO-BTOpBIX, — 3TO y3en
AWUII, xoTopeiii oOecrieunBaeT poOOTa AIIEKTpOIHEpruel. B-Tperhux,
MOJyJIb KOHTpOJUIepa >JIEKTPONPUBOAOB. B Hacrosmee Bpems HamOoiee
4acTO NMPUMEHUMBI OECKOJIIEKTOPHBIE JBUTATEIH BBHIY MX MOIIHOCTHBIX
IapaMeTpoB, BO3MOXKHOCTH pPeaJIM3allii THOKUX PEXHMMOB YIPABICHUS U
MEePCHEKTUBbl NMPUMEHEHUs B BOJE M arpeccuBHbIX cpenax [2]. Taxkum
00pa3oM, eIMHBII MOIYNb KOHTpOJUIEpa MO3BOJIET INHUPOKO NPHUMEHATH
OECKOJUIEKTOpHBIE ~ JBUTaTeId. Takke Ha  MOIYJIBHOW  OCHOBE
menecoobpa3Ho pa3paboTaTe MOAYIH ayauO-BHAEO HAOIIOACHUS, MOIYIH
MOJIE3HON HAarpy3KH U MOJYJIU pHeMoIepeiaTunKa.

1. http://kmpu.ru/theory/index.html
2. http://www.avislab.com/blog/brushless01/
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V.P. Andreev, P.F. Pletenev
A STUDY OF THE APPLICABILITY OF DIFFERENT
NETWORKS AND TOPOLOGIES IN A MODULAR
ROBOT WITH A PYRAMIDAL STRUCTURE
OF CONTROL SYSTEM

MSTU “STANKIN”, IINET RSUH,
IL “Sensorika”, Moscow
andreevvipa@yandex.ru, cpp.create@gmail.com

The features of mobile modular robots with a pyramidal (multi-level)
structure of information-measuring and control system (IMCS) from the
point of view of inter-module network inter-level and intra-level interaction
are considered. The modular architecture allows for rapid reconfiguration of
robotic systems. The use of hierarchical topology for the construction of
IMCS robot, when each module and submodule has its own IMCS with a
separate computer, allows one to increase the performance of the system by
distributing the computational load between the computing devices of the
modules. The implementation of distributed computing in a multiprocessor
system with a hierarchical topology imposes a number of restrictions on the
organization of intermodule information interaction. Based on the analysis
of logical intermodule connections and evaluation of possible information
flows in a system with distributed computing, the requirements for both the
types of networks themselves and their topology are formulated. In the
context of these requirements, the existing networks and protocols of
information exchange are evaluated, their brief description is given.

Research is supported by the Russian Foundation for Basic Research:
Grant 19-07-00892a.
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B.II. Anopees, I1.®. ITnemenes
HCCJEJOBAHUE NPUMEHUMOCTH PA3JIMYHBIX CETEN
M TONOJIOT U B MOJ1YJIBHOM POBOTE
C IUPAMMIAJIBHOM CTPYKTYPOU
CUCTEMBI YIIPABJIEHUSA

MI'TY « CTAHKUH», MUHOT PITY,
MII «Cencopuxay», Mockea
andreevvipa@yandex.ru, cpp.create@gmail.com

PaccmarpuBaroTcs 0COOCHHOCTH MOOWJIBHBIX MOJYJBHBIX POOOTOB C
MUpaMHUIaIbHOW  (MHOTOYPOBHEBOHM)  CTPYKTypoH  HMH(OPMAaIMOHHO-
n3MeputenbHod W ynpapistromerd cuctemsl (MMYC) ¢ Touku 3peHuns
MEXMOYJIFHOTO  CETEBOTO  MEXKYPOBHEBOTO 1 BHYTPHYPOBHEBOTO
B3aUMOAEHCTBUSA. MoIynbHas apXUTEKTypa II03BOJIIET peaIn30BaTh
OIlEpaTHBHOE  PEKOH(QUTYPHPOBaHWE  POOOTOTEXHHYECKHX  CHCTEM.
Hcnonr3oBaHne wmepapxmyeckord Tomonoruu it moctpoeHuss MNYC
po0orta, Kora KaXkaslii MOIYNb U cyoMomyib uMeeT cooctBeHHyo MY C ¢
OTAETBbHBIM  BBIYMCIHUTENEM, MO3BOJIICT YBEIWYUTh OBICTPOAEHCTBHUE
CHCTEMBI 3a CYET paclpelesieHHs] BBIYMCIUTENBHOM Harpy3kd MeExXIy
BBIYHCIIUTENIBHBIMY YCTPOHCTBaMU MoAaysel. Peanuzanus pacnpenenéHHbIX
BBIUACICHUM B  MHOIOIPOLECCOPHOM CHUCTEME C  HEpPapXU4YECKOH
TOMOJIOTMEH  HakjajablBaeT pAJ  OrpaHMYCHUMH Ha  OpraHU3aluio
MEXMOYJIFHOTO MH(OpMaMOHHOTO B3anMoeicTBrs. Ha ocHOBe aHanmza
JOTUYECKUX  MEXMOAYJIbHBIX  CBSI3eH M OIGHKM  BO3MOJKHBIX
MHQOPMAIMOHHBIX ~ TOTOKOB B CHCTEME C  paclpeAeiIEHHBIMA
BBIYHCICHUSIMU (OpMYIHpYIOTCSl TpeOOBaHMS KakK K THIIAaM CaMUX CETew,
TaK ¥ K MX TOMOJIOTHH. B KOHTEKCTE 3THMX TpeOOBAHUH paccMaTpHUBAIOTCS
CYIIECTBYIOIINE CETH W NMPOTOKOIBI MH(POPMAIMOHHOTO B3aWMOIEHCTBUS,
MIPUBOJUTCS UX KPAaTKas XapaKTEPUCTHKA.

Paboma evinonnsemes npu gunancosoii noodepaicke PODU: I panm
19-07-00892a.
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THE CONCEPT OF A BENDABLE MULTI-SECTION
RAINWAY MACHINE OF CIRCULAR ACTION

"Volgograd State Technical University, Volgograd, Russia, dtm@vstu.ru
?Center for Technology Components of Robotics and Mechatronics,
Innopolis University, Innopolis, Russia, maloletovi@gmail.com

In agriculture, multisection circular irrigation machines are widely
used. Known as domestic machines "Kuban", "Frigate", etc., and foreign
[1]. The design feature of such machines is that they consist of articulated
trusses, each of which rests on a traction support cart mounted
perpendicular to the truss. One of the drawbacks of such machines is the
well-defined form of irrigated fields with a border in the form of circles. In
this regard, a sufficiently large area of fertile land is lost, which, with an
appropriate level of irrigation, could produce good yields. Known solutions
aimed at increasing the irrigated area are based on the rational distribution
of the centers of such machines, the choice of their dimensions and the
processing of well-defined sectors (Fig. 1) or on changing the shape of the
sprinkler caused by turning its farms relative to each other (Fig. 2).
However, in the latter case, the support cart must be able to rotate relative to
the truss for the subsequent joint movement of all the farms of the sprinkler
as a single solid body. In this case, the number of drives increases and the
design of the support carriage and control system becomes more
complicated. Therefore, the actual may be the task of changing the shape of
the machine without increasing the number of drives and complicating the
control system. Therefore, the actual may be the task of changing the shape
of the machine without increasing the number of drives and complicating
the control system. Such a task, due to the need for coordinated
management of the group of supporting traction carts, is a type of the task
of group management of robots, to which increased attention has recently
been paid [2], and its peculiarity is an obvious practical significance.

The task is to change the shape of a multisection circular irrigation
machine by changing the speeds of the support carts in such a way that
maximum copying of the field edge profile is achieved, and minimum
energy expenditure to change and maintain the shape of the curved sprinkler
is achieved during movement and irrigation.
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Figure 1 — Modified forms of irrigated fields:
1 —irrigated area, 2 — non-irrigated area

Figure 2 — Sprinkler with a variable configuration

The results obtained make it possible to change the shape of
multisection articulated sprinkling machines within fairly wide limits.
Discovered, described and justified effects make it possible to purposefully
and energetically effectively control the movement of flexible multi-section
sprinklers when processing fields of non-circular shape

The work was supported by the Russian Science Foundation (grant
No. 18-71-10069).

1. http://bsgmelio.ru/.
Fundamental'nyye Problemy Gruppovogo Vzaimodeystviya Robotov /
Materialy otchetnogo meropriyatiya RFFI po konkursu "ofi-m" (tema
604) v ramkakh mezhdunarodnoy nauchno-prakticheskoy konferentsii
Progress transportnykh sredstv i sistem // Volgograd. VolgGTU.
2018. 48 s.
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E.C. Bpuckun®’, A.B. Kanunun'’,
A.B. Manonemog"’, K.1O. Jlenemyxun’
KOHIENIUA U3rMBAEMOI MHOTIOCEKIIMOHHOM
JTOKAEBAJIBHOM MAIIIMHBI KPYTOBOI'O TEMCTBUS

!Boneoepadckuii 2ocyoapemeennviii mexnuueckuii ynusepcumem,
Boneoepao, dtm@vstu.ru
?[lenmp mexuonozuii KOMROHEHMO8 POGOMOMEXHUKI U MEXAMPOHUKI,
Hnnononuc, maloletovi@gmail.com

B cenpckoM XO3SICTBE MIMPOKO MPUMEHSIOTCS MHOTOCEKIIMOHHBIC
JIOXKJICBaJbHBIC  MAIIMHBI ~ KPYrOBOrO  JeHcTBUA.  M3BeCTHBI  Kak
oTedyecTBeHHBIe MamuHbl «Ky0Oauby, «Dperat» u ap., Tak U 3apyOCKHBIC
[1]. KoHCTpyKTHBHAST 0OCOOCHHOCTHh TAKUX MAIIUH COCTOWT B TOM, YTO OHH
COCTOAT U3 MIAPHUPHO CBA3AHHEIX (hepM, KaKas 3 KOTOPBIX OMHpaeTCs Ha
TATOBYIO OIIOPHYIO TENEeXKKY, YCTAaHOBICHHYIO IEPIICHAUKYISAPHO (epme.
OmHUM W3 HEOOCTAaTKOB TAaKMX MAIIWH SBISETCS BIIONHE ONpeAeTCHHAs
(dopma oporraeMbIX MOJIEH ¢ TPaHUIEH B BHAE OKpYXHOCTeH. B cBs3m ¢
STHM TepsieTCs AOCTATOYHO OOJNbINAas IUIOMAAb IUIOJOPOIHBIX 3EMEb,
KOTOPBIC IPH JOJDKHOM YPOBHE OpOIICHHS MOTJIM OBl JaBaTh XOPOIIIKE
ypoxau. M3BecTHBIEC pelieHus], HanpaBIeHHbIE Ha YBETUUYECHHE OPOIIaeMbIX
TIonaied OCHOBaHBI HAa PAIMOHATLHOM pa3MEIIeHUH IEHTPOB TaKUX
MalllvH, BBIOOpa WX rabapuToB M 00pabOTKa BIIOJNHE ONPEACICHHBIX
cekTopoB (puc. 1) wiu Ha wW3MeHeHWH (POPMBI MOXKICBAIHLHON MAIIUHBI
BEI3BIBAEMOM TIOBOPOTOM €€ (epM APYr OTHOCHTENBHO Apyra (puc. 2).
OpHako, B TIOCIEOHEM CiIydae, OIOpHAas TeJe)KKa JODKHA WMETh
BO3MOKHOCTh TIOBOPAYHMBATHCS OTHOCHUTEIBHO (DEepMBI s TTOCIIEAYIOMIETO
COBMECTHOTO JIBIDKCHHS BCeX (pepM MOKAeBaTbHOM MAaIIMHBI KaK €IUHOTO
TBEpIOro Teina. B 3ToM ciydae yBeNWYMBAETCS YHCIO MPHUBOAOB U
YCIOKHSACTCS KOHCTPYKIHS OIIOPHOW TENEeXKKH M CHCTEMBl YIIPABICHHUS.
[ToaToMy aKTyaIbHOM MOKET SIBIIATHCS 3a/1a4a U3MEHEHHS (DOPMBI MAIIUHBI
0e3 yBEIUUYCHHS YHCIa TPUBOJOB M YCIOKHEHHS CHUCTEMBI YIIPABJICHUS.
Takast 3agada, B CHJIy HEOOXOIMMOCTH COIJIACOBAHHOIO YIPABJICHUS
TPYIION OMOPHBIX TATOBBIX TEJEKEK, SBISCTCS Pa3HOBUAHOCTHIO 3a/aud
TPYIIIOBOTO YIIPaBICHUS POOOTOB, K KOTOPHIM B TIOCICIAHEE BpEeMs
yaeJsieTCsl MOBBINICHHOE BHUMaHME [2], a e€ 0COOCHHOCTBIO SBISIETCS U
sIBHAS MIPAaKTHYEeCKast 3HAYMMOCTb.

CraButcs 3aa4ya  M3MEHEHMS (hopmBI MHOTOCEKIIMOHHOM
JOXKICBAaTbHOM MAIIMHOW KpPYrOBOIO JEHCTBHA 3a CUYET W3MCHEHUS
CKOpOCTEHl OIIOPHBIX TENEeKeK TakuM o00pa3oM, UYTOOBI TOCTUTAJIOCH
MaKCHMaJIbHOE KOTIMPOBAaHUE PO KPOMKH TIOJIA, a TaKXKe JOCTHTAJICS
MUHHMYM 3aTpaT YHEPTUU Ha U3MEHEHHE U yaep)kaHue (OpMBI HU30THYTOU
JIOKIeBaJIbHOM MaIIIMHBI B TIPOIIECCE TBMKCHUS U MOJIUBA.
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Pucynox 1 — Mi3MeHeHHBIE ()OPMBI OPOIIIAEMBIX TIOJICH:
1 — oporraemble TIOMIAIN, 2 — HEOPOIIAEMbIE TIOIIAAN

Pucynoxk 2 - JloxaeBaibHasi MallliHA C U3MEHAEMOH KOH(UTYpaIuei

[TonydeHHble pe3ynbTaThl Jal0OT BO3MOXKHOCTH HM3MEHSTH (hopMy
MHOTOCEKIIMOHHBIX  INApPHUPHO-CBA3AaHHBIX JIOKAEBAJIBHBIX MallMH B
JOCTaTOYHO IIMPOKHX Tmpepenax. OOHapyXeHHbIE, ONHCaHHBIE U
000oCHOBaHHBIE 3(Q(EKTHl TalOT BO3MOXHOCTH IIEJICHANPABICHHO U
SHepreTHYeckn 3()GEKTHBHO  YIPaBIATh JABHKCHHEM  HM3THOaeMBIX
MHOTOCEKLIIMOHHBIX ~ JOKAEBAJIBHBIX MalmlMH Ipd 00paboTKe MoneH
HEKPYTJIOH (HOPMBL

Paboma evinonnena npu noodepscxke PH® (npoexm Ne 18-71-10069).

—_

http://bsgmelio.ru/.

2. ®yHpaMeHTaTbHBIE TPOOJIEMBI TPYIIIIOBOTO B3aUMOJIEHCTBHS POOOTOB /
Marepuansl ordetHoro meponpuarust POOU no xoukypcy "odu-m"
(teMma 604) B pamMKax MEXAYHApOIHOH HAayYHO-NIPAKTHYECKOMH
koHpepenimu [Iporpecc TpaHCHOPTHBIX CpeAcTB W cucrteM //
Bonrorpazn. BoarI'TVY. 2018. 48 c.

55



V.E. Pavlovskyl’z, M.V. Andreevaz, E.Yu. Kolisnechenkol,
LA. Orlov'?, A.P. Aliseychik’, A.V. Podoprosvetov'
THE LOGISTICS SYSTEM CONSTRUCTED BY GROUP
OF TRIANGULAR ROBOTS WITH OMNI-WHEELS

"M.V. Keldysh Institute of Applied Mathematics of the Russian Academy of
Sciences (KIAM), Moscow, vipavi@mail.ru, i.orlov@keldysh.ru
’Moscow Automobile and Road Construction State Technical University
(MADI), Moscow, pointl5@ro.ru

In article, the control of the robot with three omni-wheels for creation
of a specialized logistics system is studied. The feature of the elaborated
robot is that he presents himself the platform in the form of a rectangular
triangle. In work function of control is investigated and obvious formulas of
the torques of forces, which need to be put to wheels for the movement
along the given trajectory are given. Two special cases of the movement are
considered: forward and the movement on a tangent to a trajectory in
relation to the offered problem of logistics.

Logistics system on basis of triangular robots

For transportation of non-standard or heavy freights the basic robots
described above have to unite in group. It is supposed that robots unite side
to sides of the cases without gaps so that completely to cover a freight
projection to the plane parallel to the transportation plane. Mathematically it
is a problem of a covering or the task of tiling (a task about parquets). In
work, its solution for a problem of tiling of a projection of the transported
freight is discussed. The connected robots keep in the connected state or by
means of special control of their movement, or with electric locks on sides.
Modeling and prototyping of a system is executed, results are effective and
presented in the report.

Figure 1 — Prototype of the robot

The idea of a system is shown in Fig. 1 and Fig. 2. Fig.1 — the
triangular omni-robot, a view from the part of running wheels. Fig. 2 is a
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freight projection covering triangular robots; the additional robots not
obligatory in a covering are highlighted with color.
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Figure. 2 — Example of transportation of bulky goods

B.E. Magnosckuii™*, M.B. Andpeeeaz, E.JO. Konecnuuenxo',
H.A. Opnoe"’, A.IT. Anuceiiuux’, A.B. ITodonpoceemos’
JJOTHCTUYECKASI CUCTEMA, IOCTPOEHHAS I'PYIIIIOM
TPEYI'OJIBHBIX POBOTOB C OMHHU-KOJECAMUA

' Hnemumym npuxnaonoii mamemamuxu um. M.B. Kenoviua PAH,
Mocksa, vipavl@mail.ru, i.orlov@keldysh.ru
’Mocroeckuti asmomoGUunbHO-00POACHbI 20CYOAPCMBEHHbLIL MEXHUYECKUi]
yuusepcumem (MA/JH), Mocksa, pointl5@ro.ru

B craTtpbe m3ydaercst ymnpasieHHE poOOTOM C TpeMs OMHH-KOJIECAMH
JUIL  CO3JaHMs  CICHUAIM3MPOBAHHONW  JIOTHCTHYECKOH  CHCTEMBI.
OcobeHHOCTH M3yyaeeMoro poboTa B TOM, YTO OH MPEACTABISIET COOOH
w1aThopMy B BUJE MPSIMOYTOJILHOTO TPEyrojibHUKA. B paboTe nccienyercs
(YHKIMS yTpaBiICHUs W TPHUBEACHBI SIBHBIE (OPMYIBI MOMEHTOB CHII,
KOTOpBIE HY)KHO MPWIOKHTh K KoOJiecaM I JBIDKCHHUS BJIOJb 3aJlaHHOU
TpaekTopuu. PaccMoTpeHO  1Ba  YacTHBIX  ciy4yass  JBHXKCHHSA:
NOCTyNaTeNbHOE W JBIJKGHHE 10 KacaTeldbHON K  TpaeKTopuu
IMPUMEHHUTEIBHO K MpeIaraeMoil 3ajaue JIOTHCTUKH.

JlorucTuyeckas cucreMa Ha 0a3e TPeyrojabHbIX po60TOB

Jnsa  TpaHCIOPTHUPOBKM HECTAHAAPTHBIX WM TKEIBIX TPYy30B
0a30Bble POOOTHI, ONHMCAHHBIC BBIIIE, JOJDKHBI OOBENUHATHCS B TPYIILY.
[Ipennosnaraercs, 4To POOOTHI COCAMHSIOTCS OOKOBBIMH TI'DaHSIMH CBOHX
KOpIycOB 0e3 3a30pOB TaK, YTOOBI MOJHOCTHIO TOKPBITH MPOEKLHUIO Tpy3a
Ha IUIOCKOCTb, TAPAIUICTBHYIO TUIOCKOCTH TIEPEBO3KU. MaTeMaTHUECKH 3TO
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3ajjaya TOKPBITHS WM 3aMolleHus (3azada o Tmapkerax). B pabote
oOcyXIaercs ee pelleHue JJIs  3afadd  3aMOILICHUS  MPOEKINHU
nepeBosuMoro  rpysa. CoenuHEHHBIE  pOOOTHI  yIEpP)KUBAIOTCS B
COEIMHEHHOM COCTOSIHHUH JIN0O C IMOMOIIBIO CIIEIMAIBHOTO YIIPABICHHUS HX
JBIDKCHUEM, JIMOO JJIEKTPUYECKUMH 3aMKaMH Ha OOKOBBIX TpaHsX.
BeimonHeHO MopenMpoBaHWE W MAaKETHPOBAaHHWE CHUCTEMBI, PE3yJIbTaThI
TIPEACTaBIICHEI B IOKJIAJIE.

Unes cucremnl mokazana Hmwke Ha Puc. 1 u Puc.2. Puc. 1 —
TPEYTONbHBI OMHH-POOOT, BHA CO CTOPOHBI XONOBOW dacTH. Puc. 2 —
MIOKPBITHE NPOEKINHU TPy3a TPEYrodbHBIMH POOOTAaMHM, LBETOM BBIAEICHBI
JIOTIOTHUTEJbHBIE POOOTHI, HE 00513aTENbHBIE B TOKPBITHH.

PucyHok 2 — IIportoTumn po6oTa
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Pucynok 3 — [Ipumep mepeBo3ky HerabapuTHOTO TPy3a
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MULTI-PULSE ACTIVE CCD TELEVISION SYSTEM
MODEL FOR 3D IMAGING

! St. Petersburg Electrotechnical University “LETI”, St. Petersburg,
psbaranov@etu.ru, kurnikov93@inbox.ru, spmtv@yandex.ru
? Television Scientific Research Institute, St. Petersburg, pyatkov@niitv.ru

Currently, the direction of active 3-D imaging systems is progressed.
Application in a variety of industries, such as design, construction,
autonomous transport, and also space television is increased. A lot of
methods for constructing a full or partial 3-D image of an object is existed.
There are include systems using structured light, a mechanical scanning
system, systems with a phase or pulse range measurement method.

The purpose of this work is to develop a new 3D imaging method for
constructing objects using a multi-pulse active television system.

In the research process, existing 3D imaging methods were analyzed
and the closest one using pulse range measurement method was identified.
On its basis, a new method is proposed, based on the use CCD in the mode
of ultra-small integration time. To verify the proposed method, a test model
is developed.

In the future, the model will be used to obtain practical results of the
existing and new method. After the results are obtained, the two methods
will be compared.
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MAKET MHOT'OMMIIYJIbCHOM AKTUBHOM
TEJEBU3WOHHOM CUCTEMBI JIJIsI TIOCTPOEHUSA
TPEXMEPHOI'O OBPA3A OFBEKTA

"'CneraTy «JI3THy, Cankm-Ilemepbype, psbaranov@etu.ru,
kurnikov93@inbox.ru, spmtv@yandex.ru
? AO «HUU menesudenusy, Canxm-Ilemepbype, pyatkov@niitv.ru

B Hacrosimiee BpeMsi pa3BMBAaeTCS  HANpaBIEHHE  aKTHBHBIX
TEJICBU3HMOHHBIX CHUCTEM JUIS MOCTPOEHHS 3-X MEPHBIX 00pa3oB OOBEKTa.
OHM HaxomsAT CBOE NPUMEHEHHE BO MHOXKECTBE OTpaciel, TaKhX Kak
MIPOEKTUPOBAHUE, CTPOUTEIHCTBO, ABTOHOMHBIM TPAaHCIIOPT, a TaKxke
kocMmuueckoe TeneBuaeHne. CyniecTByeT OOJbBIIOE KOJNUYECTBO METOJIOB
JUTSL TIOCTPOCHUS TIOJIHOTO MITH YaCTHYHOTO 3-X MepHOTo 00pa3a oobekTa. K
HUM OTHOCSTCSI CHCTEMBI C UCIOJIb30BAaHHEM CTPYKTYPHPOBAHHOI'O CBETA,
CHCTEMbl MEXaHMYECKOTO CKaHHPOBaHMs, CHCTeMbl C (ha30BbIM WU
HMITYJICHBIM METOJIOM M3MEPEHHUs TAbHOCTH.

Lemnpto paboThl sBisieTCsT pa3paboTKa HOBOTO METOAa IMOCTPOCHHS
00BEMHOTO 00pa3a OOBEKTOB MPH MOMOIIM MHOTOUMITYJIbCHOW aKTHBHOMN
TEJIEBU3MOHHOMN CUCTEMBI.

B xone uccnenoBanus MpoaHATM3UPOBAHbBI CYIIECTBYIOIINE CIOCOOBI
peleHnst 3aJa4l MOCTPOSHMsI 3-X MEpHOro oOpasa o0beKTa W BBIJENCH
HauOosee OJM3KMH, WCIONB3YIONMKA WMITYyJIbCHBIH METOJ H3MEpeHHs
nanbHOCTH. Ha ero ocHOBe mpejyiaraetcsi HOBbIH METO/, Oa3UpYIONIHIACS Ha
UCIIOJIb30BAHUM MATPUYHOTO MPUOOpa C 3apsIOBOM CBSI3bI0 B PEIKUME
CBEpX MaJoOro BpeMeHM HakorieHus. J[is mpoBepku paboTOCOCOOHOCTH
MIPEJIOKEHHOT0 METO/1a pa3paboTaH MaKer.

B panbHeiiimem MakeT OyJgeT HCIONB30BaH ISl MOJNYYCHUS
MPAaKTHYECKUX PEe3yabTaTOB Pa0OTHl yXKE CYLIECTBYIOUIETO U HOBOTO
merona. [locie moiydeHus: pe3ysibTaToB OyAeT MPOBEACHO CPaBHEHHUE JIBYX
METO/IOB.
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B.S. Lapin’, LL. Ermolov’, S.A. Sobolnikov'
THE COMPUTATIONAL EFFICIENT APPROACH
FOR SURFACE PARAMETERS DETECTION
BY UGV WITH KNOWN POSITION

"MSTU "STANKIN", Moscow
2Ishlinsky Institute for Problems in Mechanics RAS, Moscow,
ermolov@ipmnet.ru

Increase of UGVs' autonomy is one of key-tasks for contemporary
Robotics. Autonomous unmanned systems increase performance efficiency
of UGVs, decline negative consequences of human factor, simplify
prerequisites to skills of human-operator, considerable unload
communication traffic between robot and manual control post, eliminate
restrictions due to human thinking delays, create new challenges for using
UGVs in groups, make breakthrough in robots' optimization [1].

Autonomy of UGVs must be supported by efficient models of
environment. This is needed for a wvariety of control tasks including
navigation, trajectory planning, and transportation over rough terrain with
poor visibility of environment etc. One of challenging tasks is terrain
identification for further motion planning [2,3].

This task is considerable sophisticated by a fact of drastically limits of
energy and computational resources available on board of mobile robots.

This paper presents new approach for terrain identification by UGV
with known position and limited computational resources

Resultant terrain data allow to effectively solve tasks of motions
planning, SLAM task and bring necessary corrections to odometry of a
UGV.

This work is supported by RFBR Grant Nel6-29-04199 ofi_m.

1. Ermolov LL., O faktorah, vliyayushchih na uroven' avtonomnosti v
prostranstve transportnyh shassi nazemnyh mobil'nyh robotov (On the
factors affecting the level of autonomy of transport chassis of ground
mobile robots) “lzvestiya YuFU. Technical Sciences”, Nel, pp 210-
218, 2016. In Russian

2. V.G. Gradetsky, I.L. Ermolov, M.M. Knyazkov, E.A. Semenov, A.N.
Sukhanov, Silovoe vzaimodejstvie mobil'nogo nagruzhennogo robota s
gruntom (The force interaction of loaded mobile robot with the
ground). Mechatronics, automation, control, (12):819-824, 2017. In
Russian

3. Kudryashov V.B., Lapshov V.S., Noskov V.P., Rubtsov [.V., Robotics
problems in UGV, “Izvestiya YuFU. Technical Sciences”, pp. 42-57,
2014. In Russian
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METOJ BBIYUCJIUTEJBHO Y®PEKTUBHOI'O
ONPEJIEJIEHUS XAPAKTEPUCTHUK OIIOPHOM

MNOBEPXHOCTHU MOBUJIBHBIM POBOTOM

C U3BECTHBIM MMOJIO’KEHUEM

"MI'TY "CTAHKHH", Mockea
 Uncmumym npoénem mexanuxu um. A.FO. Hununckozo
Poccutickoii akaoemuu nayx (MIIMex PAH), Mockea
ermolov@ipmnet.ru

Coznanue aBTOHOMHBIX HaseMHbIXx PTK mo3BonseTr mHOBBICUTH
s¢pdexruBHocTh npumeneHuss PTK, ymeHpmunTh uyenoBeueckuit ¢axtop,
YMEHBIINTH TpeboBaHus K kBanudukanun omneparopa PTK, cymectBenHO
YMEHBIINTh HAarpy3Ky Ha KaHall CBsi3u Mexay denoBekom u PTK, mmGo
BOBce OOOWTHCH 0€3 Hero, M30aBHTHCS OT OTPAHMUYCHMH, CBS3aHHBIX C
3aJIep>KKOM yIpaBJICHUsI, HETIOJHOIIEHHOCTEI0 HH(OpMAaILK MepeiaBacMon
OIIepaTopy, PACIIMPUTh BO3MOXKHOCTH NPHMEHEHHsS] KOOPIHMHHUPOBAHHOTO
ynpasieHust rpynnamu PTK, onTuManbHBIX aJrOpUTMOB YIPaBIECHHS U
T.0.[1]

YcnemHocTh  obecriedenuss aproHoMHocTn PTK  BO  MHOrom
00yCJIOBJICHAa CO3JaHUEM MOJEJCH OKPY)KAIOUIHIA Cpelbl TaKUX, YTOOBI B
HUX BO3MOXKHO OBIJIO pemaTrh 3afadd aBTOHOMHOTO YIpaBJeHUs (3aaadn
HaBUTallMM Ha MECTHOCTH, IUIAHUPOBAHUSI TPACKTOPHH JBWKEHHUS U
YIpaBIeHUS] B YCIOBHAX, 3aTPyTHEHHBIX HEOZHOPOAHOCTHIO OIOPHON
MIOBEPXHOCTH, B YCIOBHSX IUIOXOW BHIMMOCTH M JPYTHX OCOOCHHOCTSIX
ecTecTBEHHOM cpesbl). Ocoboii mpobeMoit pu CO3aHNU TaKUX MOETEH,
SIBISIETCS] 3a/ladya MACHTU(HKALUKN OIOPHONH MOBEPXHOCTH IO KOTOPOH
nBrkeTcs MoomtbHbIH PTK. [2,3]

OCHOBHBIM (haKTOPOM, OCTIOKHSIOIIUM pa3padoTKy aBTOHOMHBIX PTK
ABIISICTCA OTPAaHHUYEHHOCTh PECYpCOB, KaK BBIYHUCIUTENBHBIX, TaK U
SHEPreTH4ecKuX, JOCTYIHBIX K UCIOIb30BaHII0 MOOMIbHEIM PTK.

B pabote Oyaer mpemioxeH BBIYHCIMTENBLHO MPOCTOM MOIXOM A
ONpENeNeHUsT  XapaKTepUCTHK  ONOPHOTO  OCHOBaHMS  aBTOHOMHBIM
MOOMJIBHBIM pPOOOTOM HA3eMHOr0 0a3MpOBaHUs, IIOJIOKEHHE KOTOPOTO
U3BECTHO.

JlaHHBIE O XapaKTEPUCTHKAX OMOPHOTO OCHOBAHMS IO3BOJIIIOT Oojee
3¢ PEeKTUBHO pelIaTh 3a/1ady IAHNPOBAHMS JBIDKEHUS POOOTA, BHIOIHSIT
6osiee moapoOHOE KapTorpadupoBaHne, KOPPEKTHPOBATH MOJENb pacdera
omometpun.[3]

Paboma noooeporcana epanmom PODPU Nol6-29-04199 opu_m.

1. Epmonos U.JI., O dakropax, BIUAIONIMX HA YPOBEHH aBTOHOMHOCTH B
MPOCTPAHCTBE TPAHCIOPTHBIX MIACCH HA3eMHBIX MOOHIIBHBIX POOOTOB
“Uzsectus HODY. Texundeckue Hayku”, Nel, 210-218c, 2016.
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METHODOLOGY FOR THE QUALITY ASSESSING OF
THE OBSTACLE OVERCOMING BY MOBILE ROBOTS

Peter the Great St. Petersburg Polytechnic University,
Russian State Scientific Center for Robotics and Technical Cybernetics,
Saint Petersburg, m.nogin@rtc.ru, a.korotkov@rtc.ru, shmakov@rtc.ru

For organizations involved in the development of mobile robotic
systems for various purposes, the question of testing their technical
characteristics arises. To fully understand how the mobile platform will
function in real conditions, long-term maintenance of the robot in such
conditions is necessary. Testing often entails many complicating factors that
impede the rapid conduct of research, for example, repairs. Carrying out
full-scale research and obtaining an objective assessment of the technical
characteristics of the developed platforms require a methodological research
base.

In addition to the methods of direct testing, it is necessary to use
methods to assess the overcoming of the obstacles. With a proper
application of assessment techniques, the quality of testing can be
significantly improved. Under the proper application refers to the use of
assessment methods in the context of a flexible testing methodology that
adapts to the purpose, requirements and actual capabilities of the tested
robots.

The methodology of testing is based on the qualitative assessment
method, which includes a preliminary overcoming of all obstacles of the
RTC test ground in the order shown in Figure 1. For robots equipped with
manipulation systems, this order is complemented by using this system at
the stage of passing the module of reconfigurable placements (item 18). The
extension for this item is shown in Figure 2.

Based on the purpose of the tested robot and the requirements placed
on it, methodologies for conducting and evaluating the tests are built. After
receiving the results of the preliminary overcoming, on the basis of a
preliminary assessment of the actual capabilities of the robot, the methods
are adjusted and, according to them, the main tests are carried out.
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ascent descent ascent descent
20 [ l 19 [ 1 138 [ 1 17 [ 1 16 ‘ l
J I L= L] ]
Railroad without Railroad without Reconfigurable Sand slope 30°, Sand slope 20°,
f+— — —
mound, across mound, along placements descent ascent
21 ‘ l 22 ! l 23 ‘ 24 ! !
| I L | L
Railroad with a Railroad with a Testing maximurm speed L Finish

mound, along mound, across

Figure 1 — The order of the obstacles at the preliminary overcoming
of the testing ground

18.1 }—‘— 18.2 |—‘— 18.3 |—'—

Entering a reconfigurable Opening the door with Opening the window
—| |
placements a rotary knob with a wooden frame

18.6 ’—L 185 I—L 18.4 I—,—

Leaving a reconfigurable ] Opening a plastic
placements window

f— Sliding door opening

Figure 2 — Expansion of the obstacles sequence for robots
with manipulation systems
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M.A. Hozun, A.JI. Kopomkos, O.A. llImakoe
METOJANKA OHEHKHU KAYECTBA NIPEOJOJIEHUSA
MNPEOSATCTBUI UCNIBITATEJBHOI'O MOJIMIOHA

MOBUJIBHBIMU POBOTAMHU

CIlolly, 'HL] P® I[[HUU PTK, Canxm-Ilemep6ype
m.nogin@rtc.ru, a.korotkov@rtc.ru, shmakov@rtc.ru

Jns  opraHuM3anuii, 3aHMMAIOIIMXCSI pa3pabOTKO  MOOMIIBHBIX
POOOTOTEXHUYECKUX KOMIUIEKCOB Pa3JIMuHbIX Ha3HAYEHHH BCTAET BOIIPOC
NIPOBEJCHUS MCIBITAHUA MX TEXHMUYECKHX XapaKTepUCTHK. [ mosHoro
MTOHUMaHUsI TOTO, KaKk MOOWJbHas Tuardopma Oyaer GyHKIHMOHHPOBATH B
peaybHBIX YCIIOBHSIX, HEOOXOAWMa JUIMTENbHAs JKCIuTyaTanusi poOOTOB B
Takux ycinoBusx. [IpoBefeHre UCTIBITaHNI B HOJNEBBIX YCIOBHAX 3a4aCTYIO
BJIEYET 32 CO00M MHOXKECTBO OTSTOIIAIOMNX (DPAKTOPOB, MPEISTCTBYIOIINX
OIIEpaTHBHOMY IPOBENICHUIO XO/a MCCIENOBaHMM, HAalpUMep, IIPOBEICHUE
peMoHTa. IIpoBeneHHE TIOMHOMEPHBIX MCCIENOBAHUH ¥  MOJTydeHHE
OOBEKTHUBHOW OIIEHKH TEXHHYECKHX XapaKTEPHCTHK pa3padaThIBACMbIX
mw1athopM TPeOYIOT HAMUYIHS METOAMYECKON MCCIIEeTOBATENbCKOM 0a3bl.

ITomumo METOAUK HEIMOCPEACTBEHHOI'O ITPOBCIACHUSA HCHLITaHHﬁ,
HCO6XOI[PIMO MNPUMEHCHUEC METOHOB OICHKU MPCOIOJICHUA HpeHHTCTBI/Iﬁ.
IIpy mnpaBuUNBHOM  NPUMEHEHMM  METOJUMK  OLEHKM  IIPEOAOJICHHUS
MPENATCTBUA MOXET 3HAUUTEIBbHO MOBBICUTHCS KadeCTBO IPOBEICHUS
ucnblTanui. [Tox mpaBUIBHBIM NPUMEHEHUEM MOHUMAETCsl HCIOJIb30BaHUe
OLICHOYHBIX METO/MOB B KOHTEKCTE THOKOH METOIMKH MpPOBEICHUS
WCTIBITAaHUH, KOTOpasl aJalTHpyeTcs 0 Ha3HaueHHE, NpeNbsBIsieMbIe
TpeOOBaHUS U IeHCTBUTENBHBIE BO3MOXKHOCTH HUCTIBITYEMBIX pPOOOTOB.

B oOcHOBe METONMKM MPOBENECHUS WCHBITAHUN JIEKHT METOJ
Ka4eCTBEHHOW OIIEHKH, BKIFOYAIOIINNA MpeaBapUTENbHBIN 3ae3]] poboTa mo
BCEM IMPEMATCTBUSAM HcnbiTarenbHoro noiurona I{THWU PTK B mopsake,
MOKa3aHHOM Ha pucyske 1. Hns po0OTOB, OCHAIIEHHBIX
MaHUIYJSAIUOHHBIMHA CHUCTCMaMU, 9TOT TMOpAI0K JOITIOJIHACTCA
MMPUMEHCHUEM 3TOM CHCTEMBbI Ha oTarec MIPOXOKACHUA MoayJid
pexoHuUrypupyeMbeix momemnieHuid (1. 18). Pacmmpenuwe mns maHHOTO
ITyHKTa IIOKAa3aHO Ha PUCYHKeE 2.

Ha ocHOBaHMM Ha3Ha4YeHUs UCIBITYEMOTO po0OTa M HPEIbIBISEMBIX
K HeMy TpeOOBaHWHA, CTPOSITCS METOMUKH TPOBEICHHUS U OIEHKH
ncnbitanuid. [lociie momydeHus pe3ynbTaToB NpeABapUTEIBHOTO 3ae3/a, Ha
OCHOBAaHHMHM MPEABAPUTEILHON OICHKH JEHCTBUTEIBHBIX BO3MOKHOCTEH
poboTa, KOPPEKTHUPYIOTCS METOOWKH W, COIJIACHO WM, IIPOBOISTCS
OCHOBHBIE HCTIBITAHHMS.
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Vexommei pybes — BacceiiH = MNoawém 20°, —# | Cnyck 30°, 6eToH —» Noavém 20°,
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nonepék BA0Nb MbIX OMELLEH M
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¥eneswan gopora || Ccracomoo ! MpAMaA u3mMepPeHA makcumanshoi | | nposEpHi
C HacbiNbIo BAONL N CKopoCTH
nonepék (puHMLW)

Pucynok 1 — [Topsnok npoxXoxkaAeHUs NPENATCTBHA UCIBITATENBHOTO
TIOJIUTOHA TIPH NPEBAPUTEILHOM 3ae37Ie

18.1 }—L

3ae3q B MOAYNb

PEKOHQUTYPHPYEMbIX
NOMeLLe HMi

18.2

}—L

—

OTKpbIBaHKME A8EPM C
NOBOPOTHOM PYKOATHIO

18.3

OTKprBEIHVIe OKHa C
AEPEBAHHOI pamoit

}—L

18.6 }—J*

Bhiesa us moayna
PEKOHPUrypHpyeMbiX

NOMeLLe HMi

18.5

}—L

f—

OTKpbIBaHWE
NNAaCcTUKOBOrO OKHa

8.4

OTKpbIBaHWE
PasABUKHOM ABEpr

}—L

Pucynok 2 — Paciiupenne ouepeTHOCTH MPOXOKACHUS UCTIBITAaHUIMA
JUTSE POOOTOB ¢ MAHUMIYJISIIIMOHHBIMHA CUCTEMaMHU
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A.P. Fedin, Ya.V. Kalinin, E.A. Marchuk
ADAPTIVE FUZZY CONTROLLER MODELLING
IN MATLAB SIMULINK

Volgograd State Technical University, Volgograd, Russia
marocci@bk.ru

Modern robotic systems and ever-improving cars need sophisticated
and effective braking systems. A fuzzy ABS regulator of the car is
considered, providing adequate control over the entire range of required
input and output parameter values.

In1

Kd Derivative

C?:Islts_lsmb:ls
Figure 1 — Model of adaptive fuzzy controller in
MATLAB Simulink

The main objective of the simulation was to minimize the deviation
from the specified value of the longitudinal slip by introducing a fuzzy
controller into the system. The results of the numerical experiment
confirmed the effectiveness of the solution used.

Numerical experiment was performed with the values:

— Initial speed V'=13.89 m /s (50 km /h) and 5.56 m /s (20 km / h);

— Wheel radius » = 0.3 m;

— Mass per wheel m =375 kg;

— The moment of inertia of the wheel is J = 1.4 kg / m2;

— Maximum braking torque 7, = 2000 N.

— Pacejka wheel model.

The results shown in Table 1 show that the use of a fuzzy regulator
compared to a conventional PID controller leads to a shortening of the time
for the appearance of a stable braking process (reduction by 5 times) and
reduces the total braking time by half, which is very important with
increasing speeds.
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Table 1. Results of comparing ABS models with a classical PID
controller and an adaptive fuzzy controller

Initial The start time The time of the Overshoot The end of the
speed, m /s | of the braking emergence of a , % braking process,
(km/ h) process, s sustainable s

process for

longitudinal

slippage, s

PID fuzzy | PID fuzzy PID fuzzy PID fuzzy

5.56 (20) 0 0 - 0.19 - 0 0.7 0.47
13.89 (50) 0 0 0.98 0.23 0 0 1.46 1.21

The work was supported by the RFBR (grant No. 19-48-340016).

Demidova G.L., Lukichev D.V. Regulyatory na osnove nechetkoy
logike v sistemakh upravleniya tekhnicheskimi ob"yektami. — SPb.

Universitet ITMO, 2017.

Chernov V.G. Nechetkiye kontrollery. Osnovy teorii i postroyeniya.
Vladimir, 2003.

Shtovba S. D. Proyektirovaniye nechetkikh

MATLAB. — M. Goryachaya liniya — Telekom, 2007.
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Al ®eoun, A.B. Kanunun, E.A. Mapuyk
MOJAEJUPOBAHUE AJJAIITUBHOI'O HEYETKOI'O
PEI'YJISATOPA B MATLAB SIMULINK

Boneoepaockuil cocyoapcmeennviii mexnHuueckutl yHugsepcumen,
Boneoepao, marocci@bk.ru

CoBpeMeHHbIE  pOOOTOTEXHMYECKHE CHCTeMbl W Bc€  Ooiee
COBEPIICHCTBYIOLIMECS] aBTOMOOWMJIM HYXIAIOTCS B COBEPUICHHBIX U
(G (QEeKTUBHBIX CHCTEMax TOPMOXKEHHs. PaccMmarpuBaercsi HeEUeTKHd
peryisitop ABC aBromMoOmiIs, oOecrieuynBalOINi aJeKBaTHOE YIIPaBJICHHE
Ha BCEM JMana3oHe TpeOyeMBIX BXOIHBIX M BBIXOJHBIX 3HAUYECHHH
apaMeTpoB.

OCHOBHOM 3aaueil MoAenMpoBaHUs ObUIa MOCTABICHA MUHUMH3ALMS
OTKJIOHEHHUsI OT 33/IaHHOW BEIWYHMHBI MPOJOJIBHOTO MPOCKATIH3BIBAHUS
IyTeM BBEICHUS B CHCTEMY HEYETKOTO perynsaropa. Pesymprars
YHCIEHHOTO 9KCIIEPUMEHTA MOATBEPIUIH 3¢ PEKTUBHOCTH
HCIIOJIb30BAHHOTO PEIICHHS.

@V—v/)O(\

Fuzzy Logic
Controller

Kd Desivative

(e2)
— delts_lambds
In2 o

Pucynox 1 — Mozens aqanTHBHOTO HEYETKOTO PETYIATOpa
B MATLAB Simulink

YnciieHHBIH SKCIIEPIMEHT NPOU3BEIEH NPH 3HAYCHUSX !

— Haganmpnas ckopocts V= 13.89 M/c (50 xm/9) 1 5.56 m/c (20 xm/9);
—Paanyc xonecar = 0.3 m;

— Macca Ha ogHO KoJjieco m = 375 KT

— MoMenT uHepimn Koneca J = 1.4 kr/m’;

— MaxkcumaneHBIH TOpMO3HO# MoMeHT 7, = 2000 H.

— Monens koseca Pacejka.
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Tabmauna 1. Pe3synbrarsl cpaBHeHust Moneneid ABC ¢ kimaccuueckum
IIN/1-perynsTopoM U aalTUBHBIM HEUYETKUM PETYJIITOPOM.

3HaueHue Bpems Hawana | MomeHT Ilepeperynupos | Bpems
HayaJlpHOH | mpolecca BpPEMEHU aHue, % OKOHYaHHUS
CKOpPOCTH, TOPMOXKEHUS, TOSIBIICHHS mporecca
Mm/c (km/9) cex YCTOHYUBOTO TOPMOKEHUS,
mpouecca 10 ceK
MIPOIOILHOMY
MIPOCKaNb3bIBaH
H10, CEK
el fuzzy | WA | fuzzy g | fuzzy nuja | fuzzy
5.56 (20) 0 0 - 0.19 - 0 0.7 0.47
13.89 (50) 0 0 0.98 0.23 0 0 1.46 1.21
PeSyJ’ILTaTLI, HPI/IBC,I[éHHLIC B Ta6m/1ue 1 , IIOKa3bIBalOT, YTO

MPUMEHEHHE HEYETKOTO peryisitopa 1Mo cpaBHeHHIO ¢ oObraHbiM [TMJI-
PeTyJIITOPOM HPUBOIUT K YKOPOUEHHIO BPEMEHH MOSBICHHUS yCTOHIUBOTO
mporecca TOPMOKEHHs (CHIDKEHHE 10 5 pa3) M BIBOE COKpamaeT oOree
BpEMs TOPMOXCHHA, YTO OYCHb BAXXHO IIPU MOBBIIICHUU CKOpOCTCﬁ
JIBIDKEHUS] COBPEMEHHBIX aBTOMOOMIICH 1 POOOTOTEXHUUECKUX CPEICTB.

Paboma evinoanena npu noooepoicxke PODU (npoexm Ne 19-48-
340016).

1. Hemuposa I'.JI., Jlykuuer [I.B. Perymaropel Ha OCHOBE HEUETKOH
JIOTHKE B CHCTeMax YyNpaBIEHUs TeXHHUecKHMMH oOwbekramu. — CIIO.
VYuusepcurer U'TMO, 2017.

2. UYepnos B.I'. Heuetkne koHTposuiepsl. OCHOBBI TEOPUU U MOCTPOCHHUSL.
Bragnmup, 2003

3. IlIro6a C. /. IlpoexTHpoBaHWE HEYETKHX CHCTEM CpPEICTBAMU
MATLAB. — M. I'opstaas muaus — Tenexom, 2007
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N.G. Sharonov, G.Y. Prokudin
MODELING AND PROTOTYPING ORTHOGONAL
ROTATORY WALKING MOVERS

Volgograd State Technical University, Volgograd, Russia
Center for Technology Components of Robotics and Mechatronics,
Innopolis, Russia
sharonov@vstu.ru

The mover mobile robot consisting of several identical in design to the
mechanisms of walking [1] are considered. The mechanisms of walking is
the orthogonal located in the frame perpendicular to the housing plane
actuators, linear motion actuator vertical movement and the drive lateral
movement . The horizontal displacement drives are fixed on the rotary
guide in the plane perpendicular to the axis of rotation of the mover.
Depending on the number and relative position of the horizontal guides,
movers with different properties can be synthesized. There are options in
which the number of drives (control actions) exceeds the number of degrees
of freedom of the mechanical system.

-

) b i o 6)
Figure 1 — Orthogonal — rotary (a) robot mover "Orthonog" and laboratory
model of rotary - orthogonal (b) walking mover

The results of the simulation of a modular robot with orthogonal-
rotary movers using a generalized computational scheme are presented,
including its special cases in relation to the study of a dual orthogonal-
rotary propulsor (fig. 1, a) and rotor-orthogonal (fig. 1, b).

The reported research was funded by Russian Foundation for Basic
Research and the government of the Volgograd region of the Russian
Federation, grant Ne 18-41-340014p_a.

1. Development of Rotary Type Movers Discretely Interacting with
Supporting Surface and Problems of Control Their Movement / E.S.
Briskin et al. / ROMANSY 21: Springer, 2016. — P. 351-359.
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2. Briskin, E.S. Reconfigurable transportation complex with doubled
walking actuators / E.S. Briskin, N.G. Sharonov, S.S. Fomenko //
Izvestiya VolgGTU / VolgGTU. - Volgograd, 2013. - Ne 24 (127). - C.
10-15.

3. On program motion of doubled orthogonally rotating actuators of
waking machines / E.S. Briskin et al. // Aktual'nye problemy zashchity
i bezopasnosti : V 6 t. T. 5. Ekstremal'naya robototekhnika / RARAN,
NPO spets. materialov. - SPb., 2009. - C. 279-282.

4. Briskin, E.S. On motion control of mechanical system with excessive
number of control inputs / E.S. Briskin, N.G. Sharonov // Izvestiya
Rossiiskoi akademii nauk. Teoriya i sistemy upravleniya. - 2019. - Ne 3.
- C. 48-54.

H.I'. lllaponos, I'.1O. IIpokyoun
MOJEJUPOBAHUE U TIPOTOTUIIMPOBAHUE
OPTOI'OHAJIBHO-ITIOBOPOTHBIX ITATAIOIINX
JBUKUTEJIEN

Boneoepadckuii cocyoapemeennviil mexHuuecKkuli yHugsepcumen,
2. Boneozpao
Llenmp mexuonocuti KOMROHEHMO8 POOOMOMEXHUKY U MEXAMPOHUKU,
Yuueepcumem Hunononuc, 2. Hnnononuc
sharonov@vstu.ru

PaccmarpuBaeTcss IBHXKHTEN, MOOWIBHOTO po0OTa, COCTOSIIMI H3
HECKOJIBKUX WAEHTUYHBIX I10 KOHCTPYKIHMH MEXaHH3MOB Imaranus [l1],
TIPEACTABIISIONINX coboif OPTOTOHAIIEHO pacIoaoXeHHbIE B
MIepIEeHANKYJISIPHOW paMe KOpIlyca IUIOCKOCTH HPHUBOABI JIMHEHHBIX
NEpEeMEIICHUH: TPUBOA  BEPTHKAIBHOTO TEPEMELICHUS] U INPHUBOJ
TOPU30HTAIBHOTO HepEeMEIIEHHS. [TpuBoap! TOPHU30HTAILHOTO
NEPEMEILECHUSI  3aKpEIUIEHbl HAa  [OBOPOTHOM  HANpaBisAOLIE B
NEepHIEHINKYIJIIPHON OCH BpaIlleHUs ABIKUTENS IUNIOCKOCTH. B 3aBucuMocTu
OT KOJMYecCTBAa H  B3aUMHOTO  PACIOJIOKEHHS  TOPU30HTAIBHBIX
HaNpaBIAIONMX MOXXHO CHHTE3MPOBATh JBIDKUTENN C  Pa3IUYHBIMU
cBoiicTBamH [2, 3]. Bo3MOXHBI BapHaHTHI, IPU KOTOPBIX YHCIIO MPHUBOAOB
(YnpaBisiroImx BO3JEHCTBHI) MPEBBIIACT KOJMUYECTBO CTEHEHEH CBOOOIBI
paccMaTpuBaeMoON MEXaHUYECKOH CHCTEMBI [4].
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Pucynok 1 — OpToroHansHO — MOBOPOTHBIH (a) ABMKUATENH poOOTa
«OpTtoHOr» U MabopaTOpHAS MOJEIH POTOPHO - OPTOTOHAIBHOTO (0)
LIATAIOMIETO IBIKHUTEIS

[TpuBoasiTcst pe3ynbTaThl MOAEIHPOBAHUS MOIYJIBHOTO poOoTa C
OPTOTOHAIBHO-TIOBOPOTHBIMH  JIBIDKUTEISIMH C TIOMOIIBI0  0000IIEeHHON
pacyeTHOM CXEMBI, B TOM YHCJIC €€ YacTHBIE CIIydaW NPHMEHHTEIBHO K
HCCIIEIOBAaHUIO  CIIBOGHHOTO  OPTOTOHAJIFHO-TIOBOPOTHOTO  JIBYKHTEJIS
(puc. 1, a) u poropHO-OpTOrOHANEHOTO (pHC. 1, ).

Hccnedosanue evinonneno npu @urancosoii noodepxcke PODU u
Boneoepaockoii obnacmu P® 6 pamkax Hayunozo npoexma Ne 18-41-
340014 p_a.

1. Development of Rotary Type Movers Discretely Interacting with
Supporting Surface and Problems of Control Their Movement / E.C.
Bpuckun u np. / ROMANSY 21: Springer, 2016. — P. 351-359.

2. bpuckun, E.C.PexoHpurypupyemslii TpaHCHOPTHBI KOMIIIEKC CO
caBoeHHBIME Tmararomumu  aBwkutensmu / E.C. bpuckmu, H.T.
[Haponos, C.C. ®omenko // Mssectus Boarl' TY / BonrI'TY. -
Bomnrorpan, 2013. - Ne 24 (127). - C. 10-15.

3. O mporpaMMHOM ABHXXEHHH CIBOECHHBIX OPTOrOHAJIBHO-TIOBOPOTHBIX
nBrkuteneit maratomux mammd / E.C. Bpuckud u ap. // AktyasibHbie
npoOneMsl 3amuTel 1 Ge3omacHocTH : B 6 T. T. 5. DkcTpemanbHas
pobororexuuka / PAPAH, HITO cnen. matepuainos. - CII6., 2009. - C.
279-282.

4. bpuckun, E.C. O0 ymnpaBieHHH JBH)KEHHEM MEXaHHYECKHUX CHUCTEM C
M30BITOYHBIM YHUCIIOM yrpaBisronmx Bo3xaeiicteuii / E.C. Bpuckum,
H.I'. Illaponos // N3Bectus Poccuiickoii akagemun Hayk. Teopus n
cucTeMsl yrpasieHust. - 2019. - Ne 3. - C. 48-54.
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V.P. Andreev, V.L. Kim
MODULAR ARCHITECTURE OF A MOBILE ROBOT
TRANSPORT PLATFORM FOR A MOTION TASK
ON A ROUGH TERRAIN

MSTU “STANKIN”, IINET RSUH, IL “Sensorika”, Moscow
andreevvipa@yandex.ru, top7733@gmail.com

In this paper an issue of mobile robot transport platform (module)
design with modular architecture as distributed system is studied. The
necessity of transport module’s structure decomposition into submodules is
due to computational complexity of navigation tasks in case of a mobile
robot motion in nondeterministic environments. It is shown that solving of a
trajectory tasks using potential fields for motion on perfectly even surface is
possible when computational control process is distributed between two
microcontrollers of small computational power. The transition to
consideration of scenarios in which modular robot operates in an
environment with complex terrain causes the complication of navigation
algorithms. To implement these algorithms in real time, it is proposed to
consider the transport module as a modular architecture which should
include unified nodes-submodules. A set of these submodules will allow
rapid reconfiguration of a transport module structure in accordance with the
desired goal.

Research is supported by the Russian Foundation for Basic Research:
Grant 19-07-00892a.

1. Andreev V.P. Network—based design of heterogeneous modular mobile
robotic systems / Andreev V.P., Kim V.L., Poduraev Yu.V. // Robotics
and technical cybernetics. — Saint-Petersburg: Russian State Scientific
Center for Robotics and Technical Cybernetics (RTC), 2016. — Ne3(12).
—P. 23-29.

2. Andreev V.P. Hardware & software solution for rapid reconfiguration
of heterogeneous robots / Andreev V.P., Kim V.L., Pletenev P.F. //
Mekhatronika, Avtomatizatsiya, Upravlenie. — M.: Publishing house
«New technologies», ISSN: 1684-6427. — 2018. — Ne6, Vol. 19. —
P.387-395. DOI: 10.17587/mau.19.387-395.

3. Pletenev P.F. etc. 1/ PMMV - Protokol vzaimodeystviya v

geterogennom modulnom mobilnom robote. URL:
https://asmfreak.github.io/modular_robots_rfc/1/ITIMMB/ (access data:
27.04.2019).

4. Andreev V.P., Kim V.L. motion control method for modular mobile
robot using two-dimensional vector fields // Robotics and technical
cybernetics. — Saint-Petersburg: Russian State Scientific Center for
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75



5. Astrom K.J., Murray R.M. Feedback systems: an introduction for
scientists and engineers — New Jersey: Princeton University Press,
2008. —396 P.

6. Andreev V.P., Pletenev P.F. Method of information interaction for
distributed control systems of robots with modular architecture // Tr.
SPIIRAN. ISSN 2078-9181 (meu.), ISSN 2078-9599 (omnuaiin). — Saint-
Petersburg: SPIIRAN. —2018. — Ne2(57). — P.134-160.

7. ASEBA: a modular architecture for event-based control of complex
robots / S. Magnenat, P. Retornaz, M. Bonani, V. Longchamp, F.
Mondada // IEEE/ASME Transactions on mechatronics. — 2011. —
Vol. 16, Ne2. — P. 321-329.

8. Taira T. Design and implementation of reconfigurable modular
humanoid robot architecture / Taira T., Kamata N., Yamasaki N. //
IEEE/RSJ International Conference on Intelligent Robots and Systems.
— Edmonton, 2005. — P. 3566-3571.

9. Popov Ye.P. Pismennyy G.V. Osnovy robototekhniki: vvedeniye v
spetsialnost. - M .: Vysshaya shkola, 1990.— 224 P.

B.Il. Anopees, B.JI. Kum
MOJYJbHASI APXUTEKTYPA TPAHCIIOPTHOM
MHNJIAT®OPMbI MOBUJIBHOT'O POBOTA JJI51 PEHIEHUSA
3AJJAY IBUKEHUSA 11O CJIOXKHOMY PEJIBE®Y

MI'TY « CTAHKHH», MUHOT PITY, MJI «Cencopuxa», Mocksa
andreevvipa@yandex.ru, top7733@gmail.com

B pabore wucciemyercs BONpOC IOCTPOCHUS  TPaHCIOPTHOM
m1aTGopMbl (MOIYISI) MOOMIBHOTO POOOTa C MOAYJIBHOW apXHTEKTYpOn
KaK pacrmpenenéHaoil cucremsl. Heo0XoauMocTh B pa3OHEHUN CTPYKTYPHI
TPAHCIIOPTHOTO MOZIYJsl Ha IIOAMOXNYIM BBI3BaHA BBIYHCIUTEIHHOM
CIIO)KHOCTBIO 3aJlad HABHTALlMM IIPU IBIKEHHH MOOWIBHOrO poboTa B
HeJIeTEPMUHHUPOBAHHBIX cpefax. [loka3zaHo, YTO peLIeHHe TPAaeKTOPHBIX
3a]]a4y C MOMOIIBIO MOTEHINATBHBIX TOJIEH MPH MepeMENIeHHH M0 UACAIEHO
POBHBIM MOBEPXHOCTSIM BO3MOYHO IPU PaCIPEEICHUH BbIYUCIUTEIHHOTO
Tpoliecca YHpaBJICHHsT MEXIY IIBYMsS MHUKPOKOHTpOJUIEpaMH HEOOJBIION
BBIYMCIHUTENBHON MomHocTH. [lepexon K paccMOTpeHHIO CLieHapHeB, B
KOTOPBIX MOJYJIBHBI MOOMIBHBIH POOOT (QYHKIMOHUPYET B Cpele co
CIIO)KHBIM penbedoM, 00yCIIaBIMBaeT YCIOKHEHUE alTOPUTMOB HABUTAlIUH.
Jnst peajm3alliyl 3THX AITOPHUTMOB B PEallbHOM BPEMEHH MpEIIaractcs
paccMOTpeTh TPAaHCIOPTHBIH MOAYJIb KaKk MOJIYJBHYH apXUTEKTYpy, B
COCTaB KOTOPOH IOJDKHBI BXOIHUTH YHH(HLHPOBAHHBIC Y3JIbI-CYOMOMYIIH.
Habop »tux cyOMoysel mo3BOIUT ONEPAaTHBHO U3MEHATHh KOH(PHUTYpaLnio
TPAHCIOPTHOH IUIAT(GOPMBI B COOTBETCTBHH C IIOCTaBJICHHOW LIENBIO.
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MODULAR MANIPULATION DEVICE WITH REMOVABLE
OPERATIONAL EQUIPMENT

Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
a.vlasenko@rtc.ru, a.korotkov@rtc.ru, shmakov@rtc.ru

Mobile robotic systems (RS) are used for various tasks, including the
search and inspection of objects that can be dangerous to human life and
health.

Existing manipulators for mobile RS weighing from 5 to 15 kg have
limited functionality, consisting, as a rule, in moving objects via a gripping
device, which can optionally be equipped with a surveillance camera.

The use of tool modules on the manipulator is promising, as it
expands its functionality. The tool may be placed in the gripping device, but
this excludes the possibility of its rapid change or the possibility of the
object capturing by the manipulator. In addition, it is possible to use a
complex gripping device that combines several tools and a sponge for
gripping objects, which will provide greater functionality, however, the
considerable mass of such a module increases the requirements for the
manipulation device itself. It is also possible to use removable tool modules
located in special storage on a mobile robotic platform. This option is
optimal because it does not complicate the design of the gripping device and
allows you to get the required tool only when necessary.

The possibility of using tool modules imposes certain requirements on
the development of the manipulation and gripping device. In the design of
the gripping device, it is necessary to provide an existing of the mounting
place for the tool module. The tool module is necessary not only to be fixed
but also to be provided power. To ensure the efficiency of the module,
special connectors for power supply and control interface should be in the
mounting place. During the motor design and selecting, it is necessary to
take into account the effects that the tool module has on the manipulator and
gripping device in order to ensure the full operation of the RS. The
geometrical dimensions of the links and motors, as well as the working
stroke of the motors, must ensure that the manipulator's working area is
such that the tool storage is located in it, and the degrees of the manipulator
mobility is sufficient to capture and retrieve the tool module.

The article reviews and analyzes the existing manipulation and
gripping devices for the development of the kinematic scheme and design.
The technological operations performed by the removable tool modules are
determined: drilling, cutting the cable, loosening the screw or nut. To study
the possible loads on the links and joints of the manipulator, the simulation
of movement and the execution of the drilling operation is carried out as the
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most loaded. Based on the data obtained, selection of motors, materials and
geometric dimensions of the elements of the manipulator is carried out.

The proposed manipulator can be used at various RS that satisfy the
design requirements for installation formulated in the article. Removable
tool modules will significantly expand the functionality of the RS, and
equipment replacing without additional intervention will significantly
reduce the time to complete tasks.

A.A. Bnacenko, A.JI. Kopomkos, O.A. lllmakuoe
MOJAYJBbHOE MAHUITYJAAIIMOHHOE YCTPOUCTBO CO
CMEHHBIM UCITIOJTHUTEJBHBIM OBOPYJIOBAHUEM

THL] P® [JHUH PTK, Canxm-Ilemepoype
avlasenko@rtc.ru, a.korotkov@rtc.ru, shmakov@rtc.ru

MoOuneHble poboToTexHUIeckrne Komruiekcsl (PTK) mcmomp3yroTes
JUISL PAa3IMYHBIX 337134, B TOM YHCIE IS TIOMCKA W WHCIIEKIMH OOBEKTOB,
CIIOCOOHBIX MPEACTABISTE YIPO3Y AJIS KH3HU U 37J0POBbS YEIOBEKA.

CymecTByroniie MaHHUITYJIATOPHl it MoOmmeHBIX PTK maccoit ot
SKr g0 15Kr uUMeT orpaHudYeHHbIC (DYHKIMOHAIBHbIE BO3MOKHOCTH,
3aKIIFOYaromuecs, Kak MpaBWiIo, B NEpEeMeIleHUH OOBEKTOB C MOMOIIBIO
3aXBaTHOTO YCTPOWCTBa, KOTOpOE ONIMOHAJIbHO MOXKET OCHAIIaThCs
KaMepoil BUeoHaOIrI0AeHUS.

Hcnonp3oBaHre WHCTPYMEHTAJIBHBIX MOMYJIEH Ha MaHHITYJISITOpE
MIEPCIIEKTUBHO, TaK KaK PacIIMpsieT ero (yHKIHOHAILHBIE BO3MOXKHOCTH.
WHCTpyMEHT BO3MOXKHO pacIiojaraTth Cpasy B 3aXBaTHOM YCTPOMCTBE, HO
9TO MCKJIIOYAeT BO3MOXHOCTh €r0 ONEPATHBHOW CMEHBI MM BO3MOKHOCTH
3axBara  OOBEKTOB  MaHHWIyJsATOpoM. Kpome  TOoro, BO3MOXKHO
HCIIOJIb30BAHUE CJIOXHOTO 3aXBAaTHOTO YCTPOHCTBA COBMEINAIOIIETO B cede
HECKOJIFKO MHCTPYMEHTOB U TyOKH IJisl 3aXBaTa OOBEKTOB, YTO 00ECIICUUT
Oospine (DyHKIMOHAIBHBIE BO3MOXHOCTH, OJHAaKO 3HAYUTENbHAas Macca
TAKOTO MOJIYJIS YBEJIWYMBAET TPeOOBAHHSA K CAMOMY MAaHUITYJISILIHOHHOMY
YCTPOUCTBY. Taxxe BO3MOKHO HCTIOJIb30BaHUE CMEHHBIX
UHCTPYMEHTAIBHBIX ~ MOJYJIeH, pPACHOJIOKEHHBIX B  CHENUAILHOM
XpaHWIUIIe Ha MOOWIBHOW pPOOOTOTEXHUYECKOHW Tutatdopme. JlaHHBIH
BapuaHT HauboJjee ONTHMaleH, IMOCKOJIBKY HE YCIOXKHSIET KOHCTPYKIIHIO
3aXBaTHOTO YCTPOMCTBAa M MO3BOJISIET JOCTaBaTh HYXXHBIH HHCTPYMEHT
TOJBKO 110 HEOOXOANMOCTH.

B03MOXXHOCTh ~ WCHONB30BaHUS ~ MHCTPYMEHTAIBHBIX  MOIYyJEH
HaKJIaJbIBACT oTIpeieTICHHBIE TpeboBaHus Ha pa3paboTky
MaHHITYJIALHIOHHOTO ¥ 3aXBaTHOTO YCTPOMCTB. B pa3paboTke KOHCTpyKIMN
3aXBATHOTO YCTPOMCTBAa HEOOXOAMMO HPELYyCMOTPETh MOCAAOYHOE MECTO
Uil MHCTPYMEHTAJIBHOTO  MOAYyNsA.  VHCTpyMEHTanbHBIH  MOZIYNb
HEO0OX0MMO He TOJNBKO (PUKCHUPOBATH, HO M 00ECTICUUTH NEKTPOITUTAHHEM,
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U yIpaBiaTh ero padoroi. [{is obecnedeHust paboTocriocOOHOCTH MOAYJIS,
B [TOCAJ0YHOM MECTe HEOOXOMUMO TPEAYCMOTPETh CIEIHAIBHBIC PA3hEMBI
JUIsl TIONBENCHUs 3JCKTPONMTAHHUS M YIPABIAOIIEro uHTepdeiica. IIpu
MPOEKTHPOBAHUU M TIOA00pE MPUBOIOB HEOOXOIMMO Y4ECTh BO3JICHCTBUS,
KOTOpbIC HHCTPYMEHTAIbHBIA MOJYNIb OKa3bIBaeT Ha MAHHIYJIATOP H
3aXBATHOE YCTPOMCTBO, YTOOBI OOECICYUTh IOJHOLEHHYIO paboTy
KOMIUIEKCa. ' eoMeTpHYecKre pa3Mephl 3BCHBEB W NPHBOAOB, a TAKKE
pabounii XOA HPHBOAOB MOJDKHBI OOECICYMBATH TakKyl pabovyi0 30HY
MaHHIYJSITOPa, YTOOBI XPaHUITHIIE HHCTPYMEHTOB PacIIoiaraioch B Hell, U
CTeneHel MOABIKHOCTH MAaHHUITYJSITOPa ObLIO JOCTATOYHO Ui 3aXBara M
U3BICYCHUS] HHCTPYMEHTAIBHOTO MO JISL.

B cratee mpoBoamTCst 0030p W aHAUM3  CYIIECTBYIOIIHX
MaHUIYJSUOHHBIX W 3aXBaTHBIX  YCTPOMCTB 1 pa3pabOTKU
KHHEMaTHYECKON CXEMBI U KOHCTPYKIIUH. OHpeI[eHS{IOTCﬂ TCXHOJIOTHYCCKUEC
OTepaliy, COBEpIIAEMbIe CMEHHBIMH HHCTPYMEHTAIBHBIMH MOIYJISMH:
CBepJICHHE, MEePeKyChIBaHWE IMPOBOMA, OTKPYYHBAHHE BHHTA WIH TailKH.
Jnst  WccnenoBaHUS BO3MOXKHBIX HAarpy30K Ha 3BEHbS W IIAPHHPEI
MaHHIYISITOPAa [POBOAWTCS CHMYJSLMS JBI)KCHHS W BBITOJHEHHS
TEXHOJIOTHYeCcKOl onepanun «CBepieHHe», Kak Hauboliee HarpyKeHHOI.
Ha ocHOBe MONYYEHHBIX NAHHBIX OCYILIECTBIBIETCS IOA0Op MPHUBOJOB,
MaTepuaJoB M TCOMETPHUYCCKHX pa3MEPOB JJIEMEHTOB KOHCTPYKIHH
MaHHITYJLITOpA.

Hpez[naraeMLIﬁ MAaHUIIYJATOP MOXKET HUCIOJB30BaTHCA Ha pa3JIMUYHbIX
PTK, yZoBneTBOpSIOMINX KOHCTPYKTHBHBIM TPEOOBAaHUSM II0 YCTaHOBKE,
chopMyIHpoBaHHEIM B craThe. CMEHHBIC HHCTPYMEHTAJIbHBIC MOJIYIIH
MO3BOJIAT 3HAYUTENHHO PACIIMPUTh (YHKIHOHAIBHBIE BO3MOKHOCTH PTK,
a 3ameHa o0opynoBaHHS 0e3  JOMONHHUTENBHOTO  BMEIIATEIHCTBA
CYILIECTBEHHO COKPATUT BPEMs BBITIOTHCHHS 3a,1a4.
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Volgograd State Technical University, Volgograd, Russia
mariatiminen@yandex.ru

Mobile robots with walking movers have the ability to contactlessly
overcome obstacles, which is one of the characteristic features of such
machines [1]. The view of the trajectory of the moving walking propulsion,
shown in Figure 1, is explained by the need to organize the interaction of
the stop movers with the supporting surface without horizontal slipping
along it in the absence of information about its profile. But with such
information about the support surface, you can change the law of transfer of
the foot. The combinations of these indicators can determine the boundaries
of the Pareto-optimal traffic regimes for quality indicators.

1z 2

%
0 X

Figure 1 — Trajectory of transfer of robot foot
1 — absolute trajectory according to N.V. Umnov; 2 — possible trajectory;
3 — profile of the support surface

A mathematical model has been developed that allows to conduct a
fairly large set of research, to determine the effect of the physical and
mechanical properties of the soil, the external geometric characteristics of
the reference surface and the parameters characterizing the movement of the
robot on the quality indicators.

An integral indicator has been formulated that characterizes the
quality of the laws of robot foot transfer in terms of the minimum of
unproductive thermal losses in drive engines.
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The dependences of the level of heat losses on the velocity of the
center of mass of the body of the robot with different resistance forces has
been received, a characteristic feature of which is the presence of modes
that provide a minimum of thermal loss.

1. Okhotsimskiy = DE  Mekhanika 1  upravlenie  dvizheniem
avtomaticheskogo shagayushchego apparata [Mechanics and Control of
Automatic Walking Machine Movement]. Moscow, Nauka Publ., 1984.
312 p.

2. Ob energeticheskoy effektivnosti tsiklovykh mekhanizmov [On the
energy efficiency of cyclic mechanisms] 2014 ES Briskin, YV Kalinin
et al Izvestiya RAN. Mekhanika tverdogo tela [Mechanics of Solids] no
1 pp 18-25.

M.B. Mupowxuna, E.C. bpuckun, B.A. Cepos, C.A. Ycmunog
OB DHEPTETUYECKH DOPPEKTHUBHBIX PEXKXUMAX
ABUKEHHUSA HIATAIOIINEI'O POBOTA ITPU NEPEMEINEHNHA
IO MOBEPXHOCTH C NPEINATCTBUAMUA

Boneoepadckuii cocyoapemeentbiil mexHuuecKuti yHusepcumen,
2. Boneoepao, mariatiminen@yandex.ru

MoOunbHBle pOOOTHI € IMIATAIOIIMMH  JBHXKHUTEISIMH ~ 00JIQIal0T
BO3MOXKHOCTBIO OECKOHTAKTHOTO TPEOIONICHUS TIPETIATCTBUH, YTO SIBISETCS
OJTHOW W3 XapaKTePHBIX 0COOCHHOCTEH Takmx MamwH [1]. Bun Tpaekropun
MEpEeHOCa IIArarollero JABMXKHUTENs, IpeACTaBICHHBI Ha pUCYHKe I,
O0BIICHACTCS HEOOXOIMUMOCTHIO OpPTaHW30BBHIBATH B3aWMOJICHCTBHE CTOII
OBIDKATEIIEH C  OMOPHOH  IOBEPXHOCTBIO 0€3  TOPH3OHTALHOTO
TIPOCKANB3BIBAHMS IO HEW B OTCYTCTBHE MHQOpManuu o ee mpodume. Ho
pH HATUYUU Takod WHPOpMaruu o0 OMOPHOH MOBEPXHOCTH MOXKHO
M3MEHUTh 3aKOH IepeHoca cTombl. 1o codeTaHMsIM MaHHBIX IOKa3aTeneil
MOTYT OBITH OIpeneNeHbl TpaHHWIEl [lapeTo-ONTUMAaIbHBIX PEKIMOB
JNBMOKEHHS 1S ITOKa3aTeJIed KauecTBa.

Pazpaborana Marematndeckas MOJENb, IO3BOJISIONIAS IPOBOJUTH
JOCTaTOYHO OOJIBIION KOMIUIEKC HCCIEOBaHUN, ONpPENelsTh BIUSHHE
(bU3UKO-MEXaHUYECKUE CBOWCTB TPYHTA, BHEIIHUX T'€OMETPHUYCCKHIX
XapaKTepUCTUK ONOPHON MOBEPXHOCTH MU MapaMeTPOB, XapaKTEPHU3YIOLINX
IBIDKEHUE po0OTa, HA TIOKA3aTEeNI KauecTBa.

82



7

P—

0 X

Pucynoxk 1 — TpaekTopust mepeHoca CTOMBI IBUKHUTEIS
1 — abcomnrotHas TpaekTopus mo H.B. YMHOBY; 2 — BO3MOKHAs TPACKTOPHS;
3 — npouiIb OMOPHO¥ MOBEPXHOCTH.

CchopmynupoBaH HMHTETPAIBHBIN IOKa3aTeNb, XapaKTepU3YIOMMNI
Ka4ecTBO 3aKOHOB II€pEeHOCa CTOMbl C TOYKH 3PEHHS MHHHUMYyMa
HETIPOU3BOJUTENBHBIX TEIUIOBBIX MTOTEPh B IPUBOIHBIX ABUTATEIIX.

[TomydeHs! 3aBUCHMOCTH YPOBHS TEIJIOBBIX IIOTEPh OT CKOPOCTH
JBIDKCHUS IIEHTpa Macc Kopiyca po0OoTa TMpH pa3IuyHbIX —CHIIAX
COIIPOTHUBJICHHS, XapaKTEpPHOU 0COOEHHOCTHIO KOTOPBIX SIBJISIETCS HAJTUUHE
PeXUMOB, 00€CTIEYMBAIOIINX MUHUMYM TEIUIOBBIX TOTEPb.

1. Oxoummcku#i, JI.E. MexaHuka U  yOpaBlI€HHE JABHKCHHEM
aBTOMaTHuYeckoro maratomiero ammapara / JI.E. Oxorumckuii, 10.D.
lonyGes // M.: Hayka. 1984. 312 c.

2. bpuckur E.C., Kamuann S.B., Manoneros A.B., Uepnsmies B.B. O6
SHEepreTHeckoil A(h(HEeKTUBHOCTH IHKIOBEIX MeXaHWU3MOB. M3BecTus
PAH. Mexanuka tBepgoro tena. 2014. Nel. C. 18-25.
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A POINT CLOUD IN MANIPULATOR
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Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
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One of the most difficult operations in robotics are contact operations,
when the effector of the robot (gripping device, various kinds of loaders and
other technological equipment) is in direct contact with objects of the
external environment. Such an opportunity requires knowing the
geometrical parameters of these objects. The article discusses approaches to
the formation of a geometric representation of the working area of the robot,
which are formed by processing television pictures. The camera is installed
directly on the robot effector and the frames obtained in this way, after
appropriate processing, allow not only to receive a three-dimensional map
of the working area, but also to recognize the geometry of some objects that
are in front of the robot. Such an approach allows not only to classify
objects according to their configuration, but also to understand whether it is
possible to perform the required actions with them.

To determine the three-dimensional coordinates of the object using a
television camera, two or more pictures of the working area are taken in
different positions of the manipulator. Next is the reconstruction of the
working area and obtaining a digital model of the object. Thus obtained
three-dimensional coordinates are used to solve the inverse problem of
kinematics, and control the modes of motion of the executive body of the
manipulator. To improve the accuracy of reconstruction, the authors
proposed an algorithm for approximating a cloud of points by a spatial
surface using the method of splitting into transverse segments.

These methods select and determine the position of objects by point
clouds. Two problems are solved in identifying an object by a point cloud
and determining its position:

1) three-dimensional segmentation of an object by a point cloud;

2) determining the position of an object in space by describing its

spatial surface (plane, cylinder, ball, truncated cone, etc.).
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A point cloud is sent to the input containing the three-dimensional
coordinates of the observed points of the scene, obtained by means of a
stereo pair. As a result, an analytical description of a three-dimensional
body is obtained, approximating a segmented object of interest.

Approximation of a point cloud by a rotation figure is possible using
the least squares method [1], however, this article proposes an approach for
approximating a point cloud using the method of splitting into transverse
segments.

When approximating a cloud of points by the method of splitting into
transverse segments, the following subproblems are successively solved:

— Formation of transverse segments of the zone of interest.

— Segmentation of points of interest by z-coordinate.

— Calculate the center and radius of the circle describing each

transverse segment.

— Construction of the central axis of the figure of rotation.

— Calculate the radius of the rotation figure.

The article presents the results of field experiments by approximation
of a point cloud by a plane, cylinder, truncated cone and sphere.

Justified that any rotation figure can be described if we know the
formula defining the boundary that forms the surface, as well as figures that
are not rotation figures (for example, a parallelepiped). Perhaps a spatial
description and more complex shapes with a priori knowledge of their
geometry.

The main advantage of the proposed method is its resistance to
measurement errors (including objective ones, for example, blocking of
objects), as well as greater flexibility in approximating objects of various
configurations with spatial figures.
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A.M. Kopcakos, /I.A. I pomowunckuil,

E.1O. Cnupnoega, /1. H. Cmenanoé
MNOCTPOEHUE MPOCTPAHCTBEHHOM MOJEJN OFBEKTA
1O OBJIAKY TOYEK B 3AJIAYAX YIIPABJIEHU S
MAHHUITYJISITOPOM

T'HI] P® [JHUH PTK, Canxm-Ilemepbype
a.korsakov@rtc.ru

O)IHI/IMI/I U3 CaMbIX CJIOKHBIX onepaunﬁ B pO6OTOTCXHI/IKe SABIISAKOTCS
KOHTaKTHBIC OIepanuy, koraa ¢ gekTop podoTa (3aXBaTHOE YCTPOWCTBO,
Pa3IMYHOTO poja MOTPY3YHKH M JPYroe TEXHOJIOTHYECKOe 000py0BaHHUE)
HETIOCPEJICTBEHHO KOHTAKTUPYET ¢ 00beKTaMu BHeUIHEeH cpenbl. [ Takon
BO3MOXKHOCTH TpeOyeTcss 3HaTb T'€OMETPHYECKHE TMapaMeTpbl 3THX
00bekTOB. B crathe paccMaTpHBAIOTCS MOAXOAB! K (DOPMHUPOBAHHIO
TEOMETPUYECKOTO TIPECTABICHNS 0 padoueii 30He poboTa, HopMUpPyEMBbIE
MMOCPEACTBOM  00pabOTKM  TENEBHM3MOHHOW  KAPTHHKHA. ellekamepa
yCTaHaBIHMBAETCS HEMOCPEICTBEHHO Ha 3¢ dexTope podoTa M MOTyIECHHBIE
TakuM 00pa3oM KaAphl, IOCIE COOTBETCTBYIOMIEH 0OpabOTKH, MO3BOJSIOT
HE TOJIBKO TOJTy4aTh TPEXMEPHYIO KapTy pabodeil 30HbI, HO U PAaClO3HABAThH
TEOMETPUI0 HEKOTOPBIX OOBEKTOB, Haxojsmuecs nepen podorom. Takoi
MMOAXO0J IMO3BOJIAECT NPOU3BOJAUTL HE TOJIBKO KJ'[aCCI/I(bI/IKaHI/IIO O6'BCKTOB o
X KOH(QUTypauuu, HO MU HOHMMaTh, BOBMOXHO JIM C HUMH IPOU3BOIHUTH
TpeOyrommecs AeUCTBUS (Hampumep, Ul OINEpaluy 3axBaTa OObBeKTa,
TpeOyeTcs 3HaTh pa3Mep, YTOOBI 3aXBaTHOE YCTPOHCTBO pOoOOTAa OTKPBUIOCH
Ha TPEOYIOMIYIOCS BETHUNHY).

Jlns ompenesneHHsT TPEXMEPHBIX KOOPIMHAT OOBEKTAa € MOMOIIBIO
TENICBU3MOHHONW KaMepbl MPOM3BOAUTCSA JBa WIM HECKOJIBKO CHHUMKOB
paOoueil 30HBI B pa3IMYHBIX MOJOXKEHHWAX MaHUIynATopa. J[lamee
MIPOM3BOANTCA PEKOHCTPYKIMA paboueil 30HBI M IONydyeHHe IU(POBOH
Mozenu oObekrta. [lomydeHHble TakuM 00pa3oM TpeXMEpHbIE KOODHHATHI
UCTIONB3YIOTCS ISl pellieHHs] OOpaTHOM 3a7a4i KWHEMATHKH, U YIIPAaBICHUS
PeXKUMaMHU JIBW)KEHHS HCIOJIHUTEIBHOTO oOpraHa MaHumyisitopa. Jlis
MOBBIMICHUSI TOYHOCTH PEKOHCTPYKLUH aBTOPAaMH IPEJIONKEH alrOpUTM
annpoKCHMalMyd  00Jlaka TOYEK IPOCTPAHCTBEHHOW MOBEPXHOCTBHIO
METO/IOM pa30HeHHs Ha TIONIePEYHbIE OTPE3KH.

Pemarorcst nBe 3a1auu MO BBIACIECHHIO OOBEKTA IO O0JIAKY TOYEK U
OIIPEIETICHHUIO €T0 MOJI0KEHHS:

1) TpéxmMepHas cerMeHTanus 00BEKTa 10 00JIAKy TOYEK;

2) ompeneneHNe MOJOXKEHU 00BEKTa B MPOCTPAHCTBE MPH MTOMOIIN

OIIMCAHUs €r0 IPOCTPAHCTBEHHON MOBEPXHOCTHIO (INTOCKOCTHIO,
LHUIHHIPOM, IIIAPOM, YCEUEHHBIM KOHYCOM H T.JI.).
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Ha Bxoxm momaércs o00mako TOdYeK, colepikaiiee TPEXMEPHBIC
KOOPJAUHATHI Ha6J'[}0)IaeMBIX TOYCK CIHCHBI, IMOJYUYCHHBIC ITIOCPEACTBOM
cTepeomapbl. B pesynabrare BBIIAETCA  aHAIUTUYECKOE  OINUCAHUE
TPEXMEPHOTO Teja, AaIlPOKCUMHPYIOIIEr0o CErMEHTHPOBAHHBIA OO0BEKT
HHTepeca.

Armmpokcumanus oOaka TOYeK (UTYpOH BpalleHHs BO3MOXKHA C
ucnonb3oBanneM MHK [1][2], onHako B ngaHHOW cTaThe MpeIaraeTcs
MMOIXOJ ammpoKCUManuu oO0Jaka TOYeK MeToAoM pa3OueHHus Ha
MOTIePEYHBIE OTPE3KH.

Ilpu ammpokcumanuu o6Jaka TOYEK METOAOM pa3OueHus Ha
MOTIepeYHble  OTPE3KH  TOCIENOBATEIbHO  PEIIAIOTCS  CIICAYIOIIHe
noa3a1a4yn:

— ®opMupoBaHUE MTONEPEYHBIX OTPE3KOB 30HBI HHTEpeca.

— CermeHTaIys TOUEK 30HBI HHTEpeca 0 Z-KOOpAUHATE.

—Brluncnenne neHTpa UM paaMyca OKPYXKHOCTH, OIHUCBHIBAIOLIEH

KaX/Ibli OTIepeyHbIN OTPE30K.

— [ocTpoenne nieHTpaIbHOI OCH QUTYpPHI BpaIIEHHS.

— Brruncienne paanyca GUTyphI BpalieHus.

B craTbe TpHBeneHBI pe3yNbTaThl HATYPHBIX SKCIICPHMEHTOB IPH
aNMpOKCUMAIUN 00BEKTa IUIOCKOCTHIO, LIMIMHIPOM, YCEUEHHBIM KOHYCOM
U [IapOM.

O00CHOBaHO, YTO aHAJOTHMYHBIM 00pPa30M MOYKHO OITUCATh JIIOOYIO
¢Gurypy BpamieHHs, eci HaMm H3BecTHa (opMmylia, 3ajarollas TI'paHHUIy,
KOTOpast 0o0pa3yeT NOBEpXHOCTb, a TakkKe QUIYypbl, HE SBISIOLUIHECS
¢urypamMu  BpameHuss ~ (Hampumep, —napaienenunen). Bo3MoxkHO
MIPOCTPAHCTBEHHOE OIMCaHWE W OoJiee CIIOXKHBIX (HUTYp NpH anpHOPHOM
3HaHUU 00 UX TEOMETPHH.

OCHOBHBIM TIPEUMYIIECTBOM IIPEJIaraeéMoro MeTofa SIBISETCS €ro
YCTOIYMBOCTh K OHIMOKaM HW3MepeHHs (B TOM 4HCIe OOBEKTHBHBIM —
Harpumep, NeperopaKUuBaHNI0 0OBEKTOB), a TaKXkKe OONbIIas THOKOCTh PH
aTIPOKCUMAITIH 00BEKTOB Pa3IuIHON KOH(UTypaIin
MIPOCTPAHCTBEHHBIMHU (PUTypaMH.
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GAITS OF A SEARCH TWO-LINK CRAWLING ROBOT

" Southwest State University, Kursk, Russia, milal80888@yandex.ru
? Innopolis University, Innopolis, Russia

In today's world, with increasing frequency, in the event of natural and
man-inflicted disasters, snake-like robots are used to conduct rescue, search
and reconnaissance operations in completely or partially destroyed
buildings owing to their higher maneuverability and terrain crossing
capacity over a non-deterministic surface in the presence of obstacles, as
well as the ability to penetrate through narrow restricted spaces [1].

In the present paper, we will consider a two-link crawling robot whose
links 1 and 2 are interconnected by a rotating hinge O, (Fig. 1, a). The links
of the robot will be envisaged in the form of absolutely solid rods, at the
ends of the links - at the points O,, i=1-3, — are arranged supports with
controlled friction [2], which allow for the increase of the coefficient of
friction between the support element of the robot and the surface for fixing
the link on the latter and reduce it to move the link by changing the
supporting elements.

4

a b
Figure 1 — a — Computational scheme of a two-link crawling robot,
b — Movement of the crawling robot along the corridor

The gaits implemented by this robot can be classified depending on
the presence or absence of the friction control in the supports, as shown in
Fig. 2, into three types: inertial, combined and controlled. Inertial gaits are
observed in the absence of the friction control in the supporting elements
[3]. Combined gaits are possible with a combination of stages, during which
inertial movements occur, with stages that are possible with the
management of friction in supports. Controlled gaits are carried out only if
there is friction control in the supports.

The application of the gaits given in the classification in Fig. 2 allows
the crawling robot to move in limited spaces in the presence of obstacles.
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Types of gaits

- o

[ Inertial } { Controlled Combined J
: Y Basic
' [Spot—tum opcratim} —[ Rectilinear J

Along a circle arc

Along s-shaped
path

Figure 2 — Gait classification of the two-link crawling robot

In Fig. 1, b is given an example of surpassing the corridor by a robot,
the obstacles are painted gray. The trajectory is divided into four sections:
A-B — rectilinear motion, B-C — motion along the s-shaped path to avoid
obstacles, C-D — motion along the arc of the circle to overcome a turn, D-E
— rectilinear motion while by-passing obstacles. It should be noted that at
the points 4A-E of connecting the sections of movement, the robot performs
spot-turn operation for positioning on each of the sections of the trajectory.

The work was carried out within the framework of the Presidential
Grant MK-200.2019.1.
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B COBPEMCHHOM MHUPE BCEC YallC NPH BOZHUKHOBCHUU IMPUPOIHBIX U
TEXHOT€HHBIX KaTacTpod Uil NpPOBEJCHUS CracaTeNbHBIX, HMOHUCKOBBIX,
pa3BelnbIBaTEIbHBIX pabOT B TOJHOCTHIO WJIM YAaCTHYHO Pa3pylICHHBIX
3JIaHMSX HCIIONIB3YIOTCSl 3MEenof00HbIe POOOTHI, YTO OOYCIOBIEHO WX
BBICOKOH MaHEBPEHHOCTBHIO M TMPOXOJMUMOCTBHIO MO HEIETEpPMUHHPOBAHHON
MOBEPXHOCTH TPH HAJIWYUK MPEISTCTBHH, a TaKKe BO3MOXHOCTBIO
MIPOHMKATH B Y3KHE OTPaHUYCHHBIE IPOCTPaHCTBA [1].

B manHoii paboTte Oyaem paccMaTpuBaTh ABYX3BEHHOTO IOJ3AIOIIETO
poborta, 3BeHBsI KOTOPOTrO 1 U 2 coeaMHEHBI MEeXIy COOOH BpaIlaTeIbHBIM
mapaupoM O, (puc. 1, a). 3BeHbs poboTa OyIoeM NpEACTaBIATH B BHUIE
a0COJIFOTHO TBEPIIBIX CTEPIKHEH, Ha KOHIIAX 3BeHbEB — B ToUKax O;, i=1-3, —
pacIoNIOKEHbI  OTIOPBl  C  yNpaBIsEeMBIM TpeHUEM [2], TO3BOJISIONINE
YBEIMYMBATH KOIPPHUIUESHT TPEHUSI MEIKTY OIOPHBIM DIIEMEHTOM po0OTa 1
MTOBEPXHOCTHIO JUI (PUKCALIMM 3BE€HA Ha IOCIEAHEH W YMEHBIIATh €ro Juisi
TepeMelIeH sl 3BeHa 3a CUET CMEHBI OIIOPHBIX AJIEMEHTOB.

Vv

Pucynok 1 — a — PacueTHas cxema JBYX3BEHHOTO TTOJI3AIOMIETO POOOTa,
0 — JIBmxeHue nom3aromero podoTa o KOpuaopy

[Toxonxw, peann3yemble JaHHBIM pobotowm, MOYHO
KJIacCH(GHUIUPOBATh B 3aBHCHMOCTH OT HAJNWYHS WIA OTCYTCTBHS
yIpaBIIeHUs] TPEHHEM B OIOpax, Kak IOKa3aHO Ha PHC. 2, Ha TPH THIA:
WHEpLUOHHblE, KOMOWHHMpOBAaHHBIE W YyIpaBisiemble. VIHepIHOHHbBIE
MOXOJKH HAaOJIFOJAI0TCS NPU OTCYTCTBHH YIIPABJICHUS TPEHHEM B ONOPHBIX
anemenTax [3]. KoMOMHMpOBaHHBIE MOXOJKH BO3MOXHBI IPH COYETAHHU
9TAlloB, BO BPEMs KOTOPBIX IPOUCXOAST WHEPIMOHHBIX JBWKEHHS, C
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STalmaMd, BO3MOXHBIMH TP yIpaBIEHHH TPEHHEM B  OIOpax.
VYnopaisieMble  TIOXOAKH — OCYWIECTBIISIOTCS  TOJBKO TNPH  HAJIUYUU
yIpaBlIeHUs TPEHUEM B OIIOpaXx.

Hcnons3oBanue NPUBCIACHHLIX B Knaccn(bmcaunn puc. 2 IIOXOO0K

MO3BOJISIET  IOJI3AIOIIEMYy pOOOTY IIepeMemarscs B IMPOCTPAHCTBAX
OTPaHUYECHHOTO 0OBbeMa NP HAJTMYUH IPETATCTBHI.

Tunsl moxonox

P Ta

Wuepuuonssle } [ VYnpasisiembie ] K0M6MHMpOBaHHmeJ
y basosbie
' {HOBOpOT Ha MeCTe} >{ [Ipsmonmneiinas } .

[To nyre
Opr)KHOCTl/I
[To s-o6paznoit
TPacKTOPHUH
Pucynok 2 — Kitaccudukanus HoXogoK ABYX3BEHHOTO
TOJ3AI0IIEeTo PodoTa

Ha puc. 1, 6 mpuBefeH mpumep MPEOAOJCHHS POOOTOM KOPHIOPA,

MIPENSTCTBHS 3aKpalleHbl CepPbIM LBETOM. TpaeKTOpusl IBM)KEHHs pa3OuTa
Ha YeThIpe ydacTKa: 4-B — npsMoiuHelHoe ABikeHue, B-C — IBHXKeHHe 1o
s-00pa3Hoil TpaekTopuH Il 00Xxona mpernsaTcTBui, C-D — IBIKEHHE T10
Jyre OKPY)KHOCTH IJIsI TIPEOJOJIeHHsT MoBopoTa, D-E — mpsMoiHHEHHoe
JBIDKEHUE TTpH 00X0/1e pensaTcTBUs. CleayeT OTMeTUTh, YTO B TOUKax 4-E
COCIMHEHUS YYaCTKOB IBIKEHUS OyIyT HaOII0AaTHCS MMOBOPOTH poOOTa Ha
MecTe JUIS TIO3UIIMOHUPOBAHUS Ha KaX/IOM Y9acTKe TPACKTOPHH.

Paboma evinonnena 6 pamxax Ipanma Ilpezudenma, nomep 3as6xu

MK-200.2019.1.
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KIAM Russian Academy of Sciences, IINET, STANKIN, Moscow,
v.e.pr@yandex.ru

In the design of supervisory control of robots in extreme operations, it
is permissible to use wireless Wi-Fi (for example, we have implemented the
transmission of multi-stream video for emergency robots Brokk-series).
However, in this case, there are two problems — it is necessary to predict the
signal attenuation at the exit from the zone of stable reception and to switch
control to the automatic return algorithm. Previously, we have tested a
number of ways to measure the quality of communication, and in this paper
we proposed a computational approach for the preliminary assessment and
visualization of the Wi-Fi coverage field for the service robot working area.
An experimental study of this method was carried out in the robotarium
(IINET-KIAM), consisting of a set of rooms in which the service robots
Amur-307, Amur-105, Robotina are controlled. To do this, it was necessary
to find the location of access points and methods of communication when
working through a wireless LAN.

To control the service robots, seamless roaming technology
(handover) — providing Wi-Fi coverage, was implemented, in which, if
there are several access points, stations (customers), moving between their
coverage areas, can switch from one point to another without losing the
signal. When designing a seamless wireless network, one of the most
important conditions affecting the quality of the network infrastructure built
in is the determination of the attenuation degree of the wireless signal. With
the help of specialized software, a predictive survey was conducted of this
part of the building. The types of walls and the actual scale of the plan were
indicated, as well as inconsistencies in the arrangement of some structures
were corrected and the coating was modeled. Existing D-Link access points
participated in the coverage modeling. Based on the amount of equipment,
the optimum location is determined in terms of covering the most important
signal propagation zones. The existing wired infrastructure was also taken
into account to minimize installation costs. To reduce the level of
interference, it was decided to use non-overlapping channels (1, 6, 11) at 2.4
GHz. Implementation of the project to cover the premises with
uninterrupted Wi-Fi signal coverage will allow not only to manage the
service robot, but also, depending on the equipment chosen, to create an
infrastructure that allows solving other customer tasks, such as creating a
public Wi-Fi network for visitors without the need to develop additional
projects/equipment.
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HIIM um.Kenoviua PAH, MUHOT, MI'TY"Cmankun", v.e.pr@yandex.ru

[Tpu mocTpoeHWM CyNepBU3OPHOTO YIPABICHUS POOOTaMHU Jaxe B
9KCTPEMANBHBIX YCIOBHSX JOIMYCTUMO NPHMEHEHUE OEeCHpOBOIHOMN CBS3U
Wi-Fi (nanpumep, HaMu ObLTa peain3oBaHa Iepepaya MHOTOITOTOKOBOTO
Bungeo it poboroB MUC cepum bBpokk). OmHako, B 3TOM ciydae
BO3HHMKAIOT JIBE IIPOOJEMBI — HEOOXOJMMO TIpelcKa3aTh oOciabiieHne
CHTHAJa TPH BBIXOJAE W3 30HBI YCTOHYMBOTO INpHéMa M O0OECTednTh
TIePEKITIOYCHNE YIPABICHUS Ha ajlrOPUTM aBTOMAaTHYECKOTO BO3BpaTa.
Panee Hamu ObL1 anpoOMpPOBaH psiI CIIOCOOOB OIEHKM KadecTBa CBS3M, a B
9TOH paboTe MpeIoKeH pacaeTHBIHN MOAXO Ul TPEIBAPUTEIIEHON OIIEHKH
1 Br3yanm3anun nons Wi-Fi mokpeiTas pabodeii 30HBI CEpBUCHOTO poOOTa.
OKCHEepUMEHTAIPHOE HCCIIEIOBAHUE 3TOTO METOAA IIPOBOJMIOCH B
poborapuyme (MUHOT-UIIM), cOCTOSIIIIUM K3 MHOKECTBA MMOMEIICHUH, B
KOTOPBIX OCYIIECTBISIETCS yIIPaBIeHHE CEPBUCHBIMH poboTamMu Amyp-307,
Amyp-105, PoboTuno.

bria peannzoBana texHosorus 6ecioBHoro poymunra (handover) —
obecnieuenre Wi-Fi mOKpbITHS, B KOTOPOM NPH HAJIMYUK HECKOJIBKHX TOUEK
JOCTyNa CTaHIMH (KIMEHTHI), TEepeMemasch MeXAy 30HAaMH ITOKPBITHSA,
MOTYT TIEpPEKJIFOUaThCsl C OJHOW TOYKM Ha JIpyrylo Oe3 MoTepu CHTHaia.
[Ipn mpoexTHpoBaHMHM TaKOH OecCHIOBHOW OECHpPOBOIHON CETH CTOWT
YUUTBIBATh OJHO W3 CaMbIX IJIABHBIX YCJIOBHH, BIMSIOIMINX Ha KadeCTBO
MIOCTPOSHHON CceTeBOW WHQPACTPYKTYpbl — OIpeIesieHHe CTEeIeHH
3aTyxaHust OecrpoBoAHOro curHana. [Ipyn momomy crenuamu3upoBaHHOTO
I1O ObuTO TPOBENCHO MPEAMKTHBHOE O0CIENOBaHWE YacTH 3HaHuA. beuin
yKa3aHbl TUIBI CTeH U (pakTHUECKHH MaclITad IiaHa, a TaKKe UCIIPABICHBI
HECOOTBETCTBHUS B PACIOIIOKEHUN HEKOTOPHIX KOHCTPYKLHUHA M MPOBEICHO
MO/JIETMPOBAaHHUE TOKPHITHS. B MakeTHpOBaHMM MOKPBITHS 3a/eiicTBOBaNN
nMmeronmecst Toukn poctyna D-Link DWL-3200AP ans xoTopbIX u
OIIpEIeTMIN UX ONTUMAaJIbHOE PACIIOJIOKEHUE C TOUKU 3PEHHS ITOKPBHITHS
Hambojee BAaXHBIX 30H pPACHPOCTPAaHEHHWs CHTHAJIa, C  Y4eTOM
CYIIECTBYIOIIEH IPOBOAHOW WH(PPAcTPyKTyphl. s CHIDKEHHS YPOBHS
nHTepdepeHmy, 9300 TIPUHSTO pemeHne HCTIOJIb30BATh
Henepecekaromuecs kanaisl (1, 6, 11) mHa gacrore 2,4 [T Peammszanms
MpOeKTa MOKPHITHS IMOMENIeHnH OecriepeOOHBIM TOKPBITHEM cUrHana Wi-
Fi mo3Bonmna HE TOIBKO YIPaBISATH CEPBHUCHBIM POOOTOM, HO M CO3JaTh
uHdpactpykrypy nyommuyHoit cetm Wi-Fi  gns  mocerureneit  6e3
HEOOXOIMMOCTH ITePEHACTPOUKH.
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A full-fledged experiment it is often not possible to conduct during
robot development. To provide an opportunity to conduct experiment, find a
bug or debug software, the goal was to develop a discrete model of the
manipulator, including its most important component —the mechatronic
module.

Problem could be solved using the mechatronic module discrete
model:

— Test and debug control software for mechatronic module

— Test the control system with variation of motor parameters and the

environment in a wide range

— Emergency situation simulation

— Modeling, explanation and systematization of emergency situations

— Capitalization of knowledge and technology.

— Automated search for dangerous conditions

The mechatronic module consists of a DC motor (DCM), planetary
and wave gears, an elastic shaft and a torque sensor. In addition, the
mechatronic module contains a number of nonlinear elements — nonlinear
electromagnetic effects in the engine, distributed friction in the engine and
in the wave gear.

The developed mathematical model of friction contains a hypothetical
minimum speed at which the mechanism can continue proper motion. This
hypothesis is based on the assumption that at some low speed the kinetic
energy is not enough to overcome the next "potential pit" and the kinetic
energy is either immediately dissipated into heat or passes into the energy of
damped elastic oscillations, which can be observed when stopping various
mechanisms.

The structure of the mechatronic module includes an elastic link —
wave gear. We suspect that the dynamic equilibrium (redistribution of
forces) in the system of elasticity is established faster than the period of
integration of the discrete model (50 ps) and the whole system behaves as a
second-order system from an external observer point of view ("load on a
spring").

After research made, we stopped at the model of mechatronic module,
which conditionally divides it into two units so that the links of elements in
the composition of each node are relatively rigid. The first unit includes the
model DCM, planetary gear and wave generator, the second unit — the
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driven part of the wave gear and the shaft between the wave gear and the
torque sensor. Each of the units has its own friction model and reduced
moment of inertia.

Discrete model functionality depends on a set of modes, produced by
the state of nonlinear elements. Each unit of the mechatronic module model
can be in one of the states:

1)
2)
3)

To

State of rest - the static friction force keeps the node in a
stationary state

The state of &quot;breakaway&quot; - the node comes into
motion, but static friction force still exists

The node is in motion and a typical model of dry and viscous
friction exists

verify the simulation model, an experiment was carried out in

which the same input signal was applied to the real mechatronic module and
to the simulation model. We gave a triangular signal to the input
(see Fig. 1). The simulation model and the real module worked out the
position and speed on the output shaft of the wave gear with negligible
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Figure 1 — comparison of the simulation model with the
real mechatronic module
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ITpu pazpaborke pobOTa, YACTO OTCYTCTBYET BOZMOXKHOCTh ITPOBECTH
TOJTHOIICHHBIM  AKCHEpUMEHT C MAaHUOYJIITOpoM. I TOCTaHOBKHU
BBIYHCIIUTEIBHBIX YKCIIEPUMEHTOB M OTJIQJIKA MPOTPAMMHOr0 oOecreueHne
(ITO), mamm Obuta WOCTaBJIEHa IIE€Jb pa3padoTaTh TUCKPETHYIO MOJIENb
po0oTa-MaHUTYJISITOPa, B TOM YHCIIe HanOOJIee BAXKHOW €ro COCTAaBIISIONICH
— IUCKPETHOM MOJIENIN MEXaTPOHHOTO MOIYJS.

3agaun, KOTOpHIE JOJDKHA PEIINTh TUCKPETHAS MOJIENTb MEXaTPOHHOTO
MOJTYJISL:

— TecrupoBanue u ormaaka [10 ynpasieHHss MEXaTpOHHBIM MOYJIEM

—VcnpiTanne cucTeMbl yNpaBlIeHUS IIPU BapHAlMMd TAapaMeETPOB

MPUBOJA U OKPY’KAfOILIEeH Cpelbl B IIMPOKOM ANAIIa30HE

— MogenupoBaHue aBapUilHbIX CUTYaLUH

—MopnenupoBanue, O0OBACHEHHE U CHCTEMaTH3allds HEIITAaTHBIX

cuTyanuin

— Kanuranu3zamus 3HaHUH U TEXHOJIOTHH.

— ABTOMAaTU3UPOBAHHBIN MOUCK OMACHBIX COCTOSIHUI

B coctaB MexaTpOHHOrO MOAYNA BXOJAT ABHraTelb MOCTOSHHOTO
toka (HIIT), mraneTapHBIH ¥ BOJIHOBOW PEAYKTOp, YIPYTHH Ball M JaTIUK
MoMeHTa. Kpome 3TOro MexaTpoHHBIH MOAYIh COIEPXKUT B cebe psn
HEJIMHEHHBIX 3JIEMEHTOB — 3TO HEJIMHEHHBIE AJIEKTPOMAarHuTHbIE 3P (EKTH B
JBHUTATEIIE, pACIpeieIEHHOE TPEHNE B IBUTATENIC U B BOJTHOBOM PEAYKTOPE.

PazpaboTanHas MaTeMaTWdecKass MOAENb  TPEHHS  COIEPXKUT
THIIOTETUYECKYI0O MUHUMAJIBHYIO CKOPOCTb, C KOTOPOM MEXaHW3M MOJXKET
NpOJOJKATh COOCTBEHHOE [BIDKEHHME. OTa THIOTe3a OCHOBaHa Ha
IIPEAIIOJIOKEHUH, YTO IIPU HEKOTOPOM MajoOld CKOPOCTHM KHHETUYECKOH
SHEPrUM HE XBaTaeT Ui TOTrO0, YTOOBI IIPEOJONETh OUYEPEIHYIO
«ITOTEHIMATIBHYIO SIMy» M KHHETHYECKast SHEPTHsl TM00 cpa3y paccenBaeTcs
B TEIUIO, JINOO MEPEXOJUT B SHEPTHI0 3aTYXaIOMIUX YIPYTHX KOJIeOaHWH,
YTO MOYKHO HAOJIFOJIaTh TIPH OCTAHOBKE PA3IMYHBIX MEXaHU3MOB.

B coctaB MexaTpOHHOTO MOy BXOIUT YIIPYToe 3B€HO — BOJTHOBOM
penykrop. [lonaraem, yTo AMHAMUYECKOE paBHOBecHe (IlepepaciipeereHue
ycunmii) B CHCTEME yNpYrocTel ycTaHaBIMBAeTCsl ObICTpee, YeM IEepHO.
WHTETPUPOBAHU AUCKPETHON MozmenH (50 MKC) u BCSI 3Ta CUCTEMa C TOYKH
3peHusl BHeIHero HaOmogarens BenéT cebs Kak CHCTEMa BTOPOTO
TIOPSIZIKA — «TPY3 Ha MPYKHUHEN.

ITocne uccremoBaHusS MBI OCTAaHOBMWJIMCH Ha MOJENTH MEXaTPOHHOTO
MOJIyJIsl, KOTOpasi YCIOBHO Pa3JielisieT ero Ha JBa y3Jia TaK, 4TOOBI CBSI3U
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3JIEMEHTOB B COCTaBEe KAKIOTO y3Jia ObUTH OTHOCHTEIBHO JKECTKUMH. B
nepBblid y3en BxoguT mozens JIIT, muiaHeTapHbI peayKToOp U BOJHOBOM
reHepaTop, BO BTOPOH y3el — BeloMas 4acTh BOJHOBOIO PeIyKTOpa U Bal
MEXJly BOJHOBBIM PEIYKTOPOM M JAaTYMKOM MOMeHTa. Kaxnelii u3 y3noB
nMeeT COOCTBEHHYIO MOJIENTb TPEHUSI U IPUBEAEHHBIH MOMEHT HHEPIIHH.
Takum  oOpa3oM, (QYHKIMOHHUPOBAHME IWCKPETHOH  MOJIENH
MIOJUMHSIETCSI HA00PY PEKMMOB, 00YCIIOBICHHBIX COCTOSIHUEM HEMHEHHBIX
351eMeHTOB. JIJIsl Ka)XKJ0To y371a MOJETIH MEXaTPOHHOTO MOJYJISI MBI MOXEM
BBIJICTUTH TPH OCHOBHBIX COCTOSIHMS, 00YCIIOBICHHBIX MOJEIBIO TPEHHUS.
1) CocrosiHEE TOKOS — CHJIa TPEHHS TOKOS YAEPKUBAeT y3el B
HETIOABM)KHOM COCTOSIHUH
2) CocrosiHHE «CpBIBa» — y3el MPUXOIUT B MABIDKEHHE, HO eImé
JIEHCTBYET TPEHUE ITOKOSI
3) VY3en HaxoguTcs B JABWXKEHHHM M JEHCTBYyeT THIIOBas MOJEIH
CyXOTO U BSI3KOT0 TPEHUI
Jns BepuduKanuy yKe IIOJHOM HMMHUTALMOHHOM MOJeNu ObLI
MIOCTABJIEH 3KCIEPUMEHT, B KOTOPOM OJIMH M TOT )K€ BXOJHOM CHTHAJ OBLI
MOJJaH Ha peaJbHBIH MEXaTPOHHBIN MOIYJIh W HA MMHTAIMOHHYIO MOJEINb.
Ha Bxox MBI IOZaBamy TPEeyToNbHBINA curHal (cM. puc. 1). UMuTannonHas
MOJIENTb W pEeaJbHBIM MOIYJb OTpaboTanu IIOJIOKEHWE W CKOPOCTh Ha

BBIXOZHOM Baly BOJHOBOTO pEIyKTOpa C MpPEHEOpe)XKUMO Mallon
MIOTPEITHOCTEIO.

speed, deg/sec
o
1
1
1
|
\

“o 05 1 15 2 25 3 35 4 45 5

position, deg
3
!

=
f
|

Pucynok 1 — CpaBHeHHE UMUTAIIMOHHONW MOJIETH C PEAIbHBIM
MEXaTPOHHBIM MOJTyJIEM
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In modern robotic systems, new materials are increasingly being used
that have specific properties: plastics, rubbers, special types of steel, glue
and elastic compounds. This is caused by strict restrictions on the mass of
the robot and the requirements of its efficiency at the lowest cost. Therefore,
in order to make wider and more cost-effective use of such new materials
with specific properties in robotics and mechanical engineering, it is
generally necessary to develop new and refine existing models of the
behavior of such materials in real conditions.

The solution of problems of the nonlinear theory of elasticity for
rubber-like materials is complicated by the fact that the form of the equation
of state is unknown, describing their behavior with acceptable accuracy for
any kind of loading, like Hooke's law in linear theory. At the moment, there
are many models that are in good agreement with the experiment with one
type of loading and poorly with the other for specific materials. In work [1],
32 known models of hyperelastic isotropic incompressible materials are
presented and new ones are proposed. In [2] one can find another 12 models
not mentioned in [1].

The considered problem was solved by many authors for various
potentials. Let us dwell on some of those potentials [1] for which we could
not find solutions in the literature.

Success in obtaining an explicit expression for an exact solution
depends on the possibility of obtaining an explicit expression for solving
this equation with respect to. Obtaining such a solution is always possible
for algebraic equations of degree not higher than the fourth. For
transcendental equations, obtaining an explicit expression for a solution is
problematic. New exact analytical solutions are obtained for a single
problem of the nonlinear theory of elasticity for two potentials of the strain
energy of incompressible material Fung and Gent-Thomas.

New accurate analytical solutions to the problem of the nonlinear
theory of elasticity for rubber shear shock absorbers are obtained. The
results are shown in Fig. 1 and 2. The obtained solutions are intended for
verification of numerical methods.
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B coBpeMeHHBIX POOOTOTEXHMYECKHX CHCTEMax BCE yalle M IIUpe
NPUMEHSIOTCS HOBBIE MaTepHalbl, KOTOPbIE 00JanaroT crennpuuecKuMu
CBOMCTBaMH: IJIACTMACCHI, PE3UHBI, CIICI[MATIbHBIC BUABI CTaJIeH, KiIeeBbIe U
yIOpyrHe COEAMHEHHs. DTO BBI3BAHO KECTKUMH OIpAaHUUYEHHSIMHU Ha Maccy
pobota u TpeGoBaHMAX 3(H(EKTHBHOCTH €ro padOoThl MPU MUHAMAJILHOM
cronmocTH. [ToaToMy U1 BO3MOKHOCTH 00JIee ITMPOKOTO U SKOHOMUYECKH
3GQEeKTUBHOTO  NPHMEHEHHs  TAaKUX  HOBBIX  MaTepHaJoB  CO
crenu(pUIecKuMH CBOWCTBAMH B POOOTOTEXHWKE M MAaIIMHOCTPOCHHUH
BOOOIIEe HEOOXOAMMO pa3padaThIBaTh HOBBIE W YTOUHSTH CYIIECTBYIOIIHE
MOJIENH MTOBEACHHS TAKMX MaTEPHUAJIOB B PEaTbHBIX YCIOBHUSX.

Pemenne  3amay = HENMUMHEHHOM  TEOpUM  YNPYrocTd  AJiA
PE3MHOMOIO0HBIX MAaTEpPHAIOB OCIOXKHACTCS TEM, YTO HEW3BECTEH BUJ
yYpaBHEHHUs COCTOSHHUS, OINMCBHIBAIOUIMHA C MNpPHUEMIIEMOW TOYHOCTBIO HX
NOBE/ICHHE TPH JIIOOBIX BHUIAX HArpyeHus, 1mojo0HO 3akoHy [yka B
JMHEeWMHOW Teopur. Ha naHHBII MOMEHT HM3BECTHO MHOXXECTBO MOJENEH,
KOTOpBIE XOPOILIO COIJACYIOTCSI C 3KCIEPUMEHTOM IIpH OJHOM BHJIE
Harpy’>KeHHs1 U IIOXO MPHU APYTOM JUIs KOHKPETHBIX MaTepHajioB. B pabore
[1], npuBeneHsl 32 U3BECTHbIE MOJEIM THUIEPYNPYTUX H3O0TPOIMHBIX
HEC)KIMAEeMBIX MaTepHANIOB W TPeIIararoTcs HOBBIE. B pabote [2] MokHO
HaiiTu ee 12 Moneneil He yoMsIHYThIX B [1].

PaccmaTtpuBaemas 3ajava pemiajiach MHOTUMH — aBTOpaMH ISt
pasnuuHbIX HoTeHiManoB. OcTaHOBMMCSI Ha HEKOTOPBIX U3  TexX
moTeHIanoB [1], I KOTOpBIX HaM HE yAaJloCh HAWTH pemieHus B
JUTEpaType.

VYcrnex B HOMy4EHHH SIBHOIO BBIPAKEHHS JUII TOYHOTO pELICHUS
3aBHCUT OT BO3MOXKHOCTH TIOJIyY€HHs SIBHOTO BBIPKCHMS AJISI PELICHUS
STOrO YpaBHEHHMsS OTHOCHUTENbHO. [lomydeHue Takoro peleHus Bceraa
BO3MOJKHO JUTS alreOpandecKux ypaBHEHHH CTETEeHH HE BBIIIE YETBEPTOM.
JUis TpaHCIEHJEHTHBIX ypaBHEHUH IOJTYy4YEHUE SBHOTO BBIPAXKEHUS I
pemeHnst mpobiemaTnyHO. [lodydeHBI HOBBIE TOUYHBIE AHATUTHYECKHUE
pemIeHnsT OXHOM  33/Ja4d HEJIWHEHHOH TEOpWH YNPYrocTH s IBYX
MIOTEHIIMATIOB 3HEPIHH AedopMaIy Hec)knMaeMoro marepuaia dyrra n
I'enra-Tomaca.

IToxydeHsl HOBbIE TOUYHBIC aHAJIWTHUYECKHE PpEIICHMS 3aJad
HENTMHEHHON TEOpUH yNPYrocTH IJIsi PE3MHOTEXHHUYECKHX aMOPTH3aTOPOB
capura. Pe3ynpTaTel mpuBeneHsl Ha puc. 1 u 2. [lomyuyeHHbIe pelIeHus
npeHa3HaYeHBI 111 BepU(BHUKALUKN YUCICHHBIX METO/IOB.
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1. Hossa L., Marczakb R. J. A new constitutive model for rubber-like
materials. // Computational Mechanics 29, 2010. P. 2759 - 2773.

2. UYepnpix K.®., lyouna W.M. 3akoHBl yHOpyrocTH Uil M30TPOITHBIX
HEC)KIMAeMbIX ~ MaTepuasioB, (EHOMEHONOTHYeCKHid moaxon //
Mexanuka anacromepoB. KpacHonap, 1977. T. 1. Bem. 242. C. 54-64.
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The development of mountain areas is complicated by a number of

natural hazards, which primarily include mudflows and avalanches. The
article provides an overview of the existing monitoring systems of mudflow
and avalanche hotbeds and presents a description of the project of a robotic
complex for remote monitoring of avalanche and mudflow hotbeds in the
mountainous territory of KBR. The complex includes a network of
stationary monitoring devices, a system for receiving and processing
information and a mobile component of the system (includes a robotic
platform of high permeability and a quadrocopter with a video recording
system).
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JAUCTAHIOUOHHOI'O MOHUTOPUHI'A TABUHOOIIACHBIX
M CEJIEONIACHBIX OUAI'OB T'OPHOM TEPPUTOPUHU KBP
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XMSenov@mail.ru, yuriy6601@mail.ru

OcBoeHHE TOpPHBIX TEPPUTOPUN OCIOXKHEHO PSIAOM OIACHBIX
IIPUPOJHBIX SIBJICHUH, K KOTOPBIM B IIEPBYIO O4EpEedb OTHOCSITCS CEU U
CHEXHbIe JIaBUHBL. B craThe mpuBeseH 0030p CYMIECTBYIOIIUX CHUCTEM
MOHHUTOpPHWHTA CEJICONAcHBIX W JIABHHOONACHBIX OYaroB M IPEJCTaBICHO
ONMCAaHNE TPOEKTa POOOTH3MPOBAHHOTO KOMIUIEKCA JUCTAHIMOHHOTO
MOHHUTOPHMHTA JJABUHOOIIACHBIX M CEJIEONACHBIX 09aroB TOPHOI TeppUTOPHN
KBP. B cocraB komiuiekca BXOAWUT CETh CTAallMOHAPHBIX YCTpPOMCTBa
MOHHTOpPHHTA, CHCTeMa IpueMa M 00paboTKu mHpOpMAMi U MOOMIBEHBIN
KOMIOHEHT CHCTEMBI (BKIIOYaeT pOOOTH3NPOBAHHYIO IIaT(HOPMY BBICOKON
MIPOXOJMMOCTH U KBaJJPOKONTEP C CUCTEMOI BUAEO PETHCTPALINH).
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It's no secret that the current state of Russian roads is not at the highest
level. The data of the "global competitiveness rating", which compares 140
countries, show that their rating is very low [1,2].

There are many reasons for this quality of roads, among them there
are technical: poor quality or complete lack of repair, non-compliance with
technology, low-qualified personnel, and the lack of system control [3,4,5].

Their solution is to create a robotic complex capable of independent
movement around the city, the definition of pits and their repair using jet-
injection method. The robotic system should be almost fully automated, but
it is necessary to take into account the possibility of instant interception of
control.

The main computer center is a personal computer, Kinect controller is
used to obtain the depth map. The robot must move along the road using
WiFi or 3G/4G to connect to the monitoring server, detect the pit and scan it
after that, fill the hole in proportion to its depth and remove the debris
behind him.

The project is expected to be several stages:

1) Search for information about the problem, the study of ways to
solve it, including the analysis of technologies, analogues and
their shortcomings

2) Development of a conceptual prototype

3) Finding funding for the next phase

4) Creating a laboratory prototype

5) Finding a strategic partner

6) Production of industrial complex, that is the final version

1. The Russian roads took the 123rd place in the world ranking//URL
News: https://iz.ru/news/598884 (date of the address: 25.12.2017).

2. Rating of quality of roads of Russia/Highways URL:
http://tomnosti.info/dorogi-kak-i-pochemu-2/reyting-kachestva-dorog-
rossii.phtml (date of the address: 25.12.2017).

3. STATISTICS of ROAD ACCIDENTS FOR 2017 IN
RUSSIA//PROVodim24 URL: http://provodim24.ru/statistika-dtp.html
(date of the address: 25.12.2017).

4. 10 reasons, why in Russia bad roads’/VARLAMOV.RU URL:
https://varlamov.ru/1256164.html (date of the address: 25.12.2017).

5. Scientists told why in Russia bad roads/DRIVE2 URL:
https://www.drive2.ru/c/298786/(date of the address: 25.12.2017).
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Hu s Koro He CeKkpeT, 4TO COBPEMEHHOE COCTOSIHUE POCCHHCKHX
JIOpOT JajJeKo He Ha BBICIIEM YpoBHE. [laHHBIE «TJI00aJIBHOTO pEeUTHHTA
KOHKYPEHTOCIIOCOOHOCTH», B  KOTOpOM  cpaBHHBaloT 140  ctpas,
CBUJETENbCTBYIOT, UTO UX PEUTUHT OY€Hb HU3KMI [1,2].

CymiecTByeT MHOTO IPHYHH TaKOTO KadecTBa JOPOT, CPEAN HUX €CTh
W TEXHUYECKHE: HEKAUYeCTBEHHOE WJIM IIOJJHOE OTCYTCTBUSI PEMOHTA,
HECOOTIO/ICHNE TEXHOJIOTHH, HHU3KO KBATM(UIMPOBAHHBIA MNEpCOHaNa, a
TaKXe OTCYTCTBUE CHCTEMHOTO KOHTpoIs [3,4,5].

Hx pemeHne 3akmodyaeTcs B CO3JaHHM  POOOTOTEXHHYECKOTO
KOMIUIEKCa CIOCOOHOTO K CaMOCTOSITENIbHOMY II€PEIBHKECHUS MO TOPOIY,
OIIPE/ICTICHUIO SIM U UX PEMOHTY NPH MOMOIIM CTPYHHO-MHBEKIMOHHOTO
Merona. PoOOTOTeXHUUYECKHH KOMIUIEKC JOJDKEH OBITh MPaKTHYeCKH
MIOJTHOCTHIO ABTOMAaTHU3MPOBAaHHBIM, OJIHAKO HYXXHO Y4YeCThb BO3MOKHOCTH
MOMEHTAJIEHOTO IIepexBaTa yIpaBiIeHHs.

OCHOBHBIM BBIYHCIHTENBHBIH HEHTPOM SBISIETCS IIEPCOHAIBHOM
KOMITBIOTEp, UIS IOJMYYeHHsS KapThl IITyOMHBI MCHOJNB3YEeTCs KOHTPOJUIEP
Kinect. PoboT momken mepeMemarscs 1mo xopore. mpu momomu WiFi i
3G/4G moAKIIOYATHECS K KOHTPOIUPYIOMIEMY CepBepY, IETEKTHPOBAThH SIMY
U CKaHMpOBaTh €€ IMOC/Ie 4Yero, 3achllaTh SMy MPONOPIMOHAIBHO €&
riryOmHe 1 yOpaTh Mycop 3a COOOH.

[TpoekT ouaaeT HECKOJILKO OCHOBHBIX ATAIOB!

1) Touck wunpopmanmu o mnpobiieme, H3yUYeHHE CHOCOOOB €&
pellleHus, BKJIIOYAs aHajdu3 TEXHOJOTHH, aHaJloroB M UX
HEIOCTaTKOB

2) Pa3paboTka KOHLIENTYaIbHOTO IPOTOTHIIA

3) Ilouck puHaHCHpOBaHHE HA BBHIIIOJHEHNE CIEAYIOIIETO dTarna

4) Co3manue 1a60paTOPHOTO MPOTOTUIIA

5) Ilomck crpaterndeckoro napTHépa

6) MWsrotoBneHne  NPOMBIIUIEHHOTO  KOMIUIEKCAa, TO  €CTh
OKOHYATEIbHOTO BapHaHTa

1. Poccuiickue moporm 3aHsimm 123-e mecto B MHPOBOM peiituare //
Wzectuss  URL:  https://iz.ru/news/598884  (mata  oOpaieHwus:
25.12.2017).
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The results of creating a digital model of the relief of the territory of
the Kabardino-Balkar Republic according to radar interferometric survey
are presented. The format of the initial data and the algorithm of the relief
model construction are described. The algorithm provides rapid
construction of a digital model of different parts of the earth's surface at
different scales and levels of detail and can be used to build three-
dimensional thematic maps for various purposes, such as mudflow and
avalanche areas, and in the creation of navigation support systems of mobile
robotics, including automatic unmanned aerial vehicles.

1. Amxme A.X., bomros l0.B., CenoB X.M., KonmgparseBa H.B.
ABTOMAaTH3UpOBaHHAs CHUCTEMa  JUCTAHIMOHHOIO  MOHHTOPHHTA
ceneonacHeIx  oyaroB. KauectBo. MuHoBamumn.  OOpa3oBaHHe.
Bceepoccuiickas  xoHpepenuus  «MHQOpPMAIMOHHBIE TEXHOJIOTHUH,
MEHEKMEHT KauecTBa, HH(opMannoHHas 6e3onacHocTb». 2015. Ne 5.
T. II. C. 205 - 209.

2. Adzhiev A.H., Bolgov Yu.V. Kondratyeva N.V., Senov HM. A
Hardware—Software Complex for Remote Monitoring of Debris Flows
//Pribory 1 Tekhnika Eksperimenta, 2016, No. 5, pp. 138-146. DOI:
10.1134/S002044121604014X.

3. O mamepix SRTM u mx mmmopre ¢ momompio Arcinfo Workstation.
http://gis-lab.info/qa/srtm.html

4. The shuttle radar topography mission. / Farr Tom G., Hensley Scott,
Rodriguez Ernesto, Martin Jan, Kobrick Mike. / CEOS SAR
Workshop. Toulouse 26-29 Oct. 1999. Noordwijk. 2000, c. 361-363.

5. Onucanune u HOJTy4eHHe JIAaHHBIX SRTM. http://gis-
lab.info/qa/strm.html.

6. Kapuono  IO.M. Ouenxka  ToyHoctm  Mmarpunbl  SRTM.
http://www.racurs.ru.

7. MypasseB JI. Beicotnsie mannasie SRTM mpoTtus TOmorpagduueckoit
ceeMku. http://web.ru/db/msg.html?mid=1177761.

108



XM. Cenos, IO.B. bonzos
PA3BPABOTKA IU®POBOM TPEXMEPHOM KAPTHI
CEJIEOITACHBIX U JIABUHOOIIACHBIX
YYACTKOB TEPPUTOPUU KEP

Kabapouno-Bankapckuil 20cyoapcmeentblil yHUeepCumem
um. X M. Bepberosa, 2. Hanvuuk
XMSenov@mail.ru, yuriy6601@mail.ru

IIpencraBneH pesyibTaThl co3faHud LU(POBOMl Monenu pemnbeda
tepputopun Kabapauno-bankapckoil pecryOnuKM 10 JaHHBIM pajapHOU
nHTepdepomerpuueckoii cbeMkH. OmucaH (opMaT UCXOAHBIX JaHHBIX U
QITOPUTM TIOCTPOCHUSI MOJEeNH penbeda. ANTOpuTM obecneyrBaeT
orepaTuBHOE noctpoeHune [IMP pa3niyHbIX y9acTKOB MOBEPXHOCTH 3€MIIH
B Pa3IMYHOM MacmTabe M ypOBHE JETAIHM3AIMH M MOKET HCIIOIb30BATHCS
KaK JUId TIOCTPOEHWS TPEXMEPHBIX TEMATHUECKHX KapT Ppa3iIndHOTO
Ha3HA4YCHUs], HAIlPHIMeEp, CEICONACHbIX U JIABMHOOMACHBIX YYaCTKOB, TaK U
IIPU  CO3JAaHMH HABUTAI[MOHHOTO OOECTeYeHHs CHUCTEM MOOMIbHON
POOOTOTEXHUKH, BKIIOYAs aBTOMATHUECKHE OCCHMIIOTHBIC JIETAaTEIbHBIC
anmaparsl.
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The growing interest to the developing of autonomous robotic systems
reveals a new motivation for researchers for the development of mobile
robot control systems, and for controlling UGV:s in particular. [1,2]

The most prospective application of group control algorithms for
mobile robots is the solution of the transport problem. Amongst plenty
different approaches in successfully solving that task under ideal conditions
there are some solutions that work successfully in a real heterogeneous
environment, but they are less common. This is caused, in particular, by the
fact that the simulation of complex control task for group of mobile robots
in real conditions is more complicated because robots within the group may
move over surfaces with different characteristics.[3]

This paper presents a technique of solving the transport task
performed by a group of mobile robots under the conditions of
heterogeneity of the surface of moving.

The developed technique is successfully tested and simulated in the
specially designed software intended to simulation control for group of
mobile robots performing under joint transportation task. [4]

The required characteristics of some types of surfaces on which the
simulation was performed were obtained from an experimental study.

This work is supported by RFBR Grant Nel6-29-04199 ofi _m.
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PACYET YIPABJIAIOIINX BO3JIEACTBUM /151 POBOTOB
I'PYIIIIBI TP BBINTOJIHEHUU TPAHCIIOPTHOM
3AJIAYA HA HEOJTHOPOJHOM NOBEPXHOCTH

! Unemumym npo6rem mexanuxu um. A.FO. Huwnunckozo
Poccuiickoti akademuu nayx (MIIMex PAH), Mocksa,
MI'TY "CTAHKHH", Mocksa
ermolov@ipmnet.ru

PacTymee BHMMaHHE K CO3JaHHIO aBTOHOMHBIX POOOTOTEXHHUYECKUX
KOMIUIEKCOB OTKpBIBAET TIEpel HCCIIEA0BATENIIMH HOBYIO MOTHBALIUIO
pa3BUTHSL CHCTEM yIpaBJeHUs poOOTOB, B OCOOEHHOCTH, CHCTEM
TPYIIIOBOTO YIIPABJICHHUS W B YaCTHOCTH, CHCTEM TIPYNIIOBOTO YIPaBICHHS
MOOWIIBHBIX pOOOTOB Ha3eMHOTO Oa3upoBanus. [1,2]

HanbGonee mepcrieKTHBHBIM MTPUMEHEHHEM TPYIIIOBOTO YIPABICHUS
MOOWJIBHBEIMH Ha36MHBIMHA pPOOOTaMH SIBISICTCSA pEIICHHE TPaHCIIOPTHON
3amaund. [Ipm  OIMPOKOM  pPacHpOCTpaHEHWHM  PEIICHHWH,  YCHEITHO
paboTarommx B TPHONMKCHHBIM K HWACABHBIM YCIOBHAM, PpEIICHIS,
ycrmemHo — paboTarome B €CTECTBEHHOM  HEOTHOPOAHOM  cpene,
pacmpocTpaHeHBl TOpa3lo MeHbIle. Takoe MOJO0KEHWEe OeN BbI3BaHO, B
YaCTHOCTH, TE€M, YTO CO3[JaHHEe 00IaJarOIINX BEICOKOH CII0)KHOCTBIO CHCTEM
IPYIIIOBOTO YIPABICHUS, B E€CTECTBEHHBIX YCJIOBHSAX JOMOJIHHUTEIHHO
YCIOXKHSAETCS TeM, 4YTO pPOOOTHI TpPYyNIBl MOTYT HAaXOIHMThCS Ha
MOBEPXHOCTAX C Pa3IMYHBIMHU XapaKTepUCTUKaMH. [3]

B nmanHO#t pabGoTre Oyner mpeicCTaBICHA METOAMKA PEIICHHS
TPaHCIIOPTHOW 3aJaydl TpyNIod MOOWIBHBIX PpPOOOTOB B  YCIIOBHSX
HEOJHOPOJHOCTH TIOBEPXHOCTH, MO KOTOPOH BBIMOJHSIETCS JBH)KEHHE
poboToB.

Pa3paboTanHast METOAMKA YCHEITHO OTJIAXXCHA W TIPOMOJICITHPOBAHA B
CHCTIMANTM3UPOBAHHOM TPOTPAMMHOM  OOCCIIEYCHHH IS OTIAAKH |
MOJENHPOBAaHUS CHCTEM TPYNIIOBOTO YIpPaBIeHHSA, pa3paboTaHHOM
paree. [4]
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TpeOyromuecs: XapakKTEpPUCTUKH HEKOTOPBIX THUIIOB IMOBEPXHOCTEH, Ha
KOTOPBIX MPOM3BOANIOCH MOJIEJTMPOBAHHE, MOJTyYEHBI u3
9KCIEPUMEHTATLHOTO UCCIIEIOBAHMS.
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Southwest State University, Kursk, Russia
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In recent decades, more and more mechanisms can be found that
combine the principles of wheeled propulsion and a jumping mechanism.
This is due to the wide possibilities to overcome difficult areas on rough
terrain opening up in front of a mobile robot, moving with a separation from
the supporting surface. In the present work, the implementation of the
measuring system of a mobile jumping wheeled robot is presented (fig. 1)
[1]. Using a set of sensors, including an infrared rangefinder, an IMU
module, a video camera and lidars, allows the robot to move across rough
terrain in automatic or semi-automatic mode.

1.3 3 4 5 6 7

Figure 1 — Wheeled jumping robot: 1 — camera, 2 — power frame, 3 —
Infrared rangefinder, 4 — jumping mechanism, 5 — batteries, 6 — control
system, 7 — jumping mechanism support

The paper describes a brief overview of environmental mapping
methods based on the use of a rangefinder (or lidar) and indoor positioning
sensors. This sensors allow to define the current position and orientation of
the robot. The article presents the reasoning based on which the use of
standard SLAM algorithms for robot moving is not rational. A much
simpler method was proposed, based on direct movement towards the target
and in case of an obstacle, assessing its ability to jump using image
processing from the camera and data from rangefinder [2].
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In addition, the paper discusses the classical methods of finding the
path, allowing to find the shortest path, provided that the map of the area is
known in advance. As the most acceptable for the task of avoiding obstacles
by mobile robot, was selected search algorithm A*. This is one of the most
simple heuristic methods, but at the same time it allows to take into account
the different cost of movement by wheels and by jumps [3].

Schematically, two different approaches to the implementation of
movement on the map with obstacles from the starting point, located in the
lower left corner of the map, to the end point, located near the upper right
corner of the map, are shown in fig. 2.

9 |10 2
| BB EBEAEE K
a b
Figure 2 — Scheme of finding the shortest path:
a — when driving only on wheels,
b — when using a jumping mechanism

w

Movement using the wheel module is shown in Fig. 5, a, the number
of steps in this method of movement is equal to 16. The use of the combined
method of movement - due to the wheel module and jumps - is presented in
Fig. 5, b, in this case the number of steps is 12.

The work was carried out within the RFBR project Ne 18-31-00075.
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B mocnennue aecaTuneTusi Bce yalle MOXKHO BCTPETHTb MEXaHU3MBI,
coueraronie B ce0e MPHUHIMIBI KOJECHOTO IBIKUTENS W TPBDKKOBOTO
MEXaHu3Ma. OTO OOYCJIOBICHO WX IIMUPOKUMH BO3MOXKHOCTSAMHU TIO
MPEOJIOJIEHUIO CIIOKHBIX YYacTKOB Ha TEPECeUYeHHOl MecTHocTu. B
HACTOsIIeH paboTe IPEJACTaBICHa OJHA W3 BO3MOXHBIX peau3aiui
M3MEPHUTEIBHOW CHCTEMBl MOOMIBHOTO MPBITAIOMIET0 KOJECHOTo poboTa
[1]. Hcnomp3oBaHWe KOMILIEKCa JAaTYUKOB, BKJIIOYAIOIIETO B  CeOs
nH}ppakpacHe mampHOMEp, IMU-Monyms, Bumeokamepy U Jmjaap,
MMO3BOJISIET  OCYIIECTBIATH IIEpeMeElIeHne poboTa M0 IepecedeHHON
MECTHOCTH B aBTOMATHUECKOM HIIH TTOJTyaBTOMATHIECKOM PEXKHUME.

1 2 3 4 5 6 7

Pucynox 1 — KomecHsrit npsiraromuii po6oT: 1 — kamepa, 2 — cujioBas pama,
3 — UK-gansHOMED, 4 - IPBDKKOBBIA MEXaHU3M, 5 — aKKyMYJISTOPHL, 6 —
CHCTEMa YIpaBJIeHHs], 7 — OTIOpa MPHLKKOBOTO MEXaHU3Ma

B pabore ommcaH KpaTkuii 0030p METOJNOB MOCTPOSHHS KapT
OKpYXEHHsI, OCHOBAaHHBIX Ha HCIIOJb30BAaHUU JaJbHOMeEpa (WM JHuaapa) u
JATYNKOB, MO3BOJISIONIMX OICHUBATH TEKYyIIEe MECTOPACIIONIOKEHHE U
OpHEHTalMi0 pobdoTa B IpocTpaHcTBe. IloMMMO 3TOro MOKa3aHO, dYTO
HCIIONB30BaHNE cTaHAApTHEIX SLAM-anropuTMOB HE palHMOHAIBHO, U
MIPEIIOKEH 3HAYUTENBHO OoJsiee MPOCTOM METOM, OCHOBAHHBINA HA MPAMOM
JBHXXCHUU 10 HalpaBJICHUIO K OeIn n OLICHKC BO3MOXHOCTHU
MIepEeNpBITMBaHUs NPEISITCTBHSL B CIydae ero OOHapy»XEHHUsl C TOMOILBIO
00pabOTKKM CHUMKa C KaMephbl U ¢ IOMOIIBIO AaJbHOMEpa, 3aKPEeIJIeHHOTO
Ha ITOBOPOTHOH LITaHre pa3srOHHOTO MOJIYJIS IPBDKKOBOTO MEeXaHu3Ma [2].
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Kpome 3toro B pabore paccMOTpPEHBI KJIACCHYECKHE METOMBI IMOHCKa
IIyTH, MO3BOJAIOLIME HAaUTU KpaTdyalllMil IyTh NPU YCJIOBHH, YTO KapTa
MECTHOCTH 3apaHee HM3BecTHa. B kauecTBe HamOoliee MPHUEMIIEMOTO JUIS
MIOCTABJICHHOH 3aJjaul 00X0/1a MOOMIIEHBIM POOOTOM TIPETISITCTBUI BHIOpaH
OJIMH M3 MPOCTHIX IBPUCTHUYECKUX METOJOB, HO MPU 3TOM MO3BOJISIOIIUI
YUUTBIBATh PA3IMYHYIO CTOMMOCTb JBIDKEHHS C TOMOIIBIO KOJIECHOTO
JBIKUTENS U IpbbkKamu, — "A 3Be3na” [3].

CxeMaTH4YHO [1Ba DPA3IMYHBIX MOIXOJa K pPEATH3alNH JABHKEHUS
(o0be3n mTpHM  TOMOIIM  KOJNIECHOHM TUIATGOPMBI M JBWKCHHE C
HCIIOJIb30BAHUEM MPBDKKOBOTO MOJYNs) Ha KapTe C IPETATCTBUSIMH,
MMOKa3aHbI Ha pHC. 2.

w

2
K
a 6
Pucynoxk 2 — CxeMa moucka KpaTdaiIero myTH:
a — [P IBH)KEHUH TOJIBKO Ha KoJiecax,

6 — IIPpY UCIIOJB30BaHNHU MMPBHKKOBOI'0 MEXaHU3Ma

o
.
.
.
.
(=)
.
=

[MepenBrkeHre MpU MOMOIIM KOJIECHOTO MOMAYINs H300pakeHO Ha
puc.2, a, YHCIO WIaroB MPH 3TOM CIoco0e IBHXKEHHUs paBHO 16.
Hcnons3oBaHne KOMOMHHUPOBAHHOTO CIIOCO0A MEPEMELICHUs] — 3a CYer
KOJISCHOTO MOJYJSI U HPbDKKAMH — IPEACTABICHO Ha puc. 2, 0, B 3TOM
CITydae YuCIIO IIaroB paBHO 12.
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The work is aimed at solving the fundamental problem of robotics,
associated with the development of the theoretical foundations of creating
snake-like mobile robots [1] and the synthesis of rhythmic motor functions
in them.

Such robots have the ability to move in different environments over
very rough terrain. Their areas of application can be: pipeline control,
emergency response and search and rescue; geological surveys; agriculture,
etc.

For the experiments, a snake-like robot's own mechanical design was
used (and a robot assembled from similar links), allowing movement in two
orthogonal planes, combining the functions of an additional gearbox in
addition to the servo drive already in use and providing less power
characteristics (presented Figure 1 (a, b)).

(a) (b)
Figure 1 — Construction link (a), snake-like robot (b)

Based on the models of nonlinear oscillators Matsuoka and Kuramoto
[2, 3], approaches were proposed to implement the rhythmic motor
functions of a snake-like robot and a method was suggested for correcting
them as a result of interaction with obstacles.

When implementing servo-drive control of a snake-like robot, each of
the two planes (eight servos in each) has its own independent network.

In accordance with the network models, the influence of opposite
neurons of neighboring nonlinear oscillators on each other is provided.
Also, the network is looped (the last neurons are connected to the first).
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Mathematical modeling was carried out in the MatLab environment. When
working with differential equations, the Euler method was used.

Graphs of the output variable (proportional to the angle of rotation of

the servo drive of the corresponding link) versus the relative time for each
nonlinear oscillator of the network are shown in Fig. 2.

Figure 2 — Result of the network of nonlinear oscillators

Based on the models, algorithms and software have been developed

for moving a snake-like robot by implementing rhythmic traveling waves by
means of a central pattern generator (CPG) taking into account the influence
of obstacles.

1.

Aleinikov  A.Yu., Afonin AN. Issledovanie povedeniya
zmeepodobnogo robota dlya inspektsii truboprovodov v usloviyakh
otkaza zven'ev // Proektirovanie mashin, robotov i mekhatronnykh
sistem.  Sbornik materialov Vserossiiskoi nauchno-metodicheskoi
konferentsii — Orel: OGU imeni I. S. Turgeneva, 2017, S. 11-12.

Carlos GARCIA-SAURA. Central Pattern Generatorsfor the control of
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Proceedings of the 9th International Conference on Climbing and
Walking Robots (CLAWAR 2006), pages 19-27, 2006.
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3MEEIIOJIOBHOI'O POBOTA COBCTBEHHOM KOHCTPYKIIUN
C UCITIOJIB3OBAHUEM CPG

@I'AOY BO «benzopodckuti 2ocyoapcmeentblil HAYUOHAIbHbILL
uccnedosamenvckuil ynusepcumemy, HUY «benl Yy, e. Bencopoo
1173079@bsu.edu.ru, aleinikov@bsu.edu.ru

PaGora HampaBneHa Ha pemieHne (yHIAMEHTAIBHOH MNPOOIIEMBI
pOOOTOTEXHHMKH, CBS3aHHOW C pPa3pa0OTKOW TEOPETHYSCKHUX OCHOB
CO3JJaHUSI 3MEEeNOJOOHBIX MOOWIBHBIX poO0TOB [1] M cHHTE3a y HHX
PUTMHUYHBIX JABUTATEIBHBIX (QyHKIMI.

ITono6HBIe POOOTHI 00MANAIOT BO3MOKHOCTBIO II€pEMEIIaThes B
pasHBIX Cpefax IO CHJIBHO IIepeceueHHOW MecTHOCTH. X obmactsamu
MIPUMEHEHHUS MOTYT OBITh: KOHTPOJNb TPYOONPOBOMOB, JIMKBUIAINS
MOCJIEACTBUM YpE3BBIYAMHBIX CHUTyallUd M IPOBEIEHUE IIOUCKOBO-
CracaTeNbHBIX PabOT; Te0JOrHYECKUE M3BICKAHMS; CEIBCKOE XO3SICTBO U
T.I.

J1Jist SKCIiepUMEeHTOB ObljIa UCTIONb30BaHa COOCTBEHHAS MEXaHHYeCKast
KOHCTPYKIIMSA 3BEHa 3Meernogo0Horo pobora (M poOOT, COOpaHHBIA U3
OOHOTHUITHBIX 3BeHLeB), TNO3BOJIAIOIIAA OCYIICCTBIIATH MEPEMCUICHUEC B IBYX
OPTOTOHAIBHBIX TUIOCKOCTSIX, COBMeINAromasi (yHKIUH JOIOJHUTEIEHOTO
penykropa BIO0OaBOK K YK€ HMEIOIIEMYCSl B CEPBOIPHBOJE H
obecrieunBaroniass  BO3MOXKHOCTb  HCIIOJB30BAaHMS ~ CEPBOIPHBOAA  C
MEHBIINMH CHJIOMOMEHTHBIMH XapaKTepPUCTHKaMH (IIPEACTaBICHbl Ha
pucynke 1(a,0)).

servomotor A .
Servomotor 1Y R

Gear rack

Reduction gear

(a) (6)

Pucynok 1 — Korcrpykitus 38eHa (a), 3Meenoao0HsIi podoT (0)

Ha ocHOBe wMopenmeli HEMWHEWHBIX OCHWIUIATOPOB Matsuoka wu
Kuramoto [2,3] 6pun mpeutosKeHbl MOAXOMBI K peaTu3allid PUTMHUYHBIX
JIBUTATENBHBIX (PYHKIHH 3MeenoJo0HOro podoTa M MPEeaIoKEH CIOCo0 MX
KOPPEKITNH B PE3yJIbTaTe B3aNMOACHCTBHS C MPETISITCTBUSIMI.
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IIpu peanuzamu yOpaBIEHUS CEPBONPHUBOJAMH 3MEENOI00HOTO
poboTa /I KaxAoi M3 NBYX IUIOCKOCTEH (IO BOCEMb CEPBOIPHBONOB B
Ka)XJI01) IIpeHa3HaYeHa CBOsI HE3aBUCUMasl CETh.

B cootBercTBHM ¢ MOAENSIMH ceTel MPEAyCMOTPEHO BIIUSHUE
MIPOTUBOIOJIOKHBIX HEHPOHOB COCETHUX HEIMHEWHBIX OCHUIISATOPOB APYT
Ha zpyra. Takke, ceTh 3aKoiblIOBaHa (MOCIEAHNE HEHPOHBI COEANHEHBI C
MepBeIMH). MaremMaTHieckoe MOJEIUPOBAHUE IPOU3BOAMIOCH B Cpene
MatLab. Ilpu pabore ¢ muddepeHINANEHEIMA YpaBHEHUSIMH OBLI
HCIOIB30BaH MeTo Ditnepa.

I'paduku 3aBUCHMOCTH BBIXOJHOH MEPEMEHHON (TPOTIOPIIHOHAIBHON
yIJIy ~ TOBOPOTa  CEPBONPHBOAA  COOTBETCTBYIOIIETO  3BEHA)  OT
OTHOCHUTEJIHLHOM BCIIMYMHBI BPEMCHH JUIA KaXXxa0oro HEJIMHEHHOTO
OCLIIIITOPA CETHU NPUBEICHBI HAa PUCYHKE 2.

T

1000

T

1000

Pucynox 2 — Pe3ynpTat paboThI CETH HEMUHEWHBIX OCIIHIUIATOPOB

Ha ocHoBe Mopeneil pa3paOoTaHbl AITOPUTMBI W INPOTPAMMHOE
obecrieyeHne UIsI TEpEeMEIIeHHsT 3Meenoo0HOTO poboTa  IMyTeM
peaNn3ali PUTMUYHBIX OEryIIMX BOJH HOCPEICTBOM ILEHTPAIEHOTO
reaeparopa mabdaoHoB (CPQG) ¢ yueToB BIUSHUS MPETIATCTBHMA.

1. AuneiinukoB A.JO., Adonun A.H. UVccrenoBanwe moBeaeHuUs
3Meeno100HOro podoTa /I MHCHEKIUU TPYOONpPOBOJOB B YCIOBHUSIX
oTkaza 3BeHbeB // [IpoekTupoBaHue MaimiH, pOOOTOB M MEXaTPOHHBIX
CHCTEM. CoOopuuk  marepuanoB  Bcepoccuiickoit  Hay4HO-
Metoanueckor koHpeperuun — Open: OI'Y umenu U. C. Typrenesa,
2017, C. 11-12.

2. Carlos GARCIA-SAURA. Central Pattern Generators for the control of
robotic systems. ndependent Study Option report, April 2015MSc in
Computing (Spec. in Artificial Intelligence) Imperial College London.

3. A. Crespi and A.J. Ijspeert. AmphiBot II: An Amphibious Snake Robot
that Crawls and Swims using a Central Pattern Generator. In
Proceedings of the 9th International Conference on Climbing and
Walking Robots (CLAWAR 2006), pages 19-27, 2006.
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N.V. Bykov, N.S. Vlasova, M.Yu. Gubanov
A WALL-CLIMBING ROBOT WITH A MAGNETIC-TAPE
ADHESION MECHANISM

Bauman Moscow State Technical University, Moscow
bykov@bmstu.ru

In most cases, the existing adhesion methods of wall-climbing robots
(WCRs) to vertical surfaces limit the possible set of these surfaces [1-3].
The same methods that provide more versatile adhesion to various materials
are at the initial stage of research and development. This circumstance does
not allow creating a working prototype of WCR meeting other
requirements: autonomy of power supply, large payload capacity, low level
of generated noise, etc.

This paper proposes an alternative combined adhesion method to
provide a WCR more universal adhesion to various materials. The method
is based on the use of flexible magnetic adhesive tape to ensure the
adhesion of the tape with a vertical surface and a WCR with the magnetic
tape. Holding and climbing of WCR on the magnetic tape, fixed by the
robot in the process of movement, occurs with the help of the developed
tracked locomotion mechanism. Permanent magnets are placed in the tracks
of the WCR interacting with the tape as the robot climbs along a vertical
surface. It is noteworthy that without a magnetic tape, a robot can be used to
move around metal surfaces.

A general view of the WCR prototype with a magnetic-tape adhesion
mechanism and a tracked locomotion mechanism is shown in Fig. 1.

Figure 1 — A conception of the wall-climbing robot

To determine the adhesive strength characteristics of the proposed
method, three series of experimental studies were conducted. Initially, the
properties of passive magnets and magnetic tapes were investigated. Then
the adhesion force of WCR prototype with the working surface was
measured. At the end, studies were carried out on the movement of the
robot prototype on a vertical surface.
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Experimental studies of the magnetic properties of the proposed
adhesion and locomotion mechanism showed its efficiency. Also, from
experimental studies were obtained quantitative characteristics of the
interaction of WCR with tape, used in the construction of its mathematical
model.

This work was supported by the Russian Foundation for Basic
Research (project No. 16-29-09596 ofi-m).

1. A survey of climbing robots: locomotion and adhesion / B. Chu, K.
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2. Bisht R.S., Alexander S.J. Mobile robots for periodic maintenance and
inspection of civil infrastructure: a review // Proceedings of the 1
International and 16th National Conference on Machines and
Mechanisms (iNaCoMM 2013). Roorkee, India, 2013. P. 1050-1057.

3. Silva M.F., Machado J.A.T., Tar J. K. A survey of technologies for
climbing robots adhesion to surfaces // Proceedings of the 6"
International Conference on Computational Cybernetics (ICCC 2008).
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H.B. buvikos, H.C. Baacoea, M.IO. I'voanos
POBOT C MATHUTHO-JIEHTOYHBIM IPUHIIUIIOM
BEPTHUKAJIBHOI'O IEPEMEILIEHUSA

MI'TY um. H. 3. baymana, Mockea
bykov@bmstu.ru

CymiecTBylomue METOABI ¥ MEXaHHW3MBI  aJIre3ud  poOOTOB
BepTuKanpHOTOo Tmepememntenus (PBII) k pabounM MOBEPXHOCTSIM HE
yHHBepcaibHHI [1-3], MTOCKOJIBKY METOJIBI, obecrnieynBaromue
YHHUBEpCAIbHOE CLEIUICHHE B OTHOWICHHWH pA3IMYHBIX MAaTepualioB,
Haxo[iTCs HA HAYaJIbHOM CTaguM MCCIEAOBAaHUM W pa3paboTku. ITO
00CTOSATENLCTBO HE IO3BOJSAET CO3JaTh JeWcTBYromui mpotoTun PBII,
OTBC‘{aIOH_[I/II‘/II 1 HHBIM Tpe6OBaHI/I$[MZ ABTOHOMHOCTBH ITHTAaHUA, OoubIIas
Tpy30MO0ABEMHOCTb, HU3KUH YPOBEHb CO3/1aBa€MOr0 IIyMa U JIp.

B nanHO# paboTe mpeuiaraeTcst adbTepPHATUBHBIA THOPHIHBIA METO
cueruiennss PBII nmns obGecniedenust Oosiee yHUBEpCAIBHOW aire3sM K
pa3nMYHBIM MarepuanaMm. MeToq OCHOBAaH Ha WCHONB30BAHHM THOKOH
MarHUTHOM KJIEHKON JIEHTBl, CUEIUIEHHE KOTOpPOM C MOBEPXHOCTHIO
OCYIIECTBIISICTCS C HCIIOJNB30BAaHMEM KIIEHKOro cJosl. YIepKUBaHHUE M
nepemernenue PBII mo marHuTHOW JeHTe, 3aKperursieMod poOoToM B
TIpOIIecCce BIKCHUS, MPOUCXOANUT C IOMOINBI0 T'yCEHHYHOTO MEXaHH3Ma
nepemeltenus. B tpakax rycenun PBII pa3menieHbl NOCTOSIHHBIE MAaIHUTHI,
B3aMMOJICHCTBYIOIIME C JIGHTOM B TIpoIlecce JBMXKEHHs poOoTa 1o
BEPTUKAJIbHON moBepxHOCTH. ClemyeT OTMETHUTh, YTO 0€3 MAarHUTHOMN
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JIEHTBI ~ POOOT  MOXKET  HCIOJB30BATHCA  [UIS  MEPEMEIICHHS 10
METaJNIMYECKUM TTOBEPXHOCTSIM.

OO6mmit Bun mportotuna PBII ¢ MarHUTHO-JIEHTOYHBIM MEXaHU3MOM
aJire3uy U TYCEHUYHBIM MEXaHU3MOM MepeMelIeHns MMoKa3aH Ha puc. 1.

Pucynok 1 — O6mwmii Bug PBIT

Jns onpeneneHus CHIOBBIX XapaKTEPUCTUK MPENI0KEHHOTO MeToa
CHeIUICHHsT OBUITM  TPOBEACHH TPH CEPHH  IKCHEPUMEHTATBHBIX
ucclienoBanuii. BHauaje ucciaenoBainch CBOMCTBA MACCUBHBIX MarHUTOB U
MarHUTHBIX JIEHT. 3aTeM M3Mepsulach cuia cueruieHuss makera PBIT ¢
TOBEPXHOCThIO. B KOHIlE MPOBOAMINCH WCCIEIOBAHUS JBMKEHUS MaKeTa
po0oTa Mo BEpTHKAIEHOU TTOBEPXHOCTH.

[IpoBeneHHbIE DKCHEPUMEHTANBHBIE  HUCCIENOBAaHUS  MArHUTHBIX
CBOMCTB MpPEAJIOKEHHOr0 MeXaHW3Ma cLeIuieHus U nepemeruenus PBII
MoKa3almd ero pabotocmocoOHOCTh. Takke #3 AKCIEPUMEHTATBHBIX
WCCIICIOBAaHNA OBUIM  TIONYYEHBI KOJNMYECTBCHHBIC XapaKTePUCTHUKU
B3aumozeictuss PBII ¢ JieHTOH, HCHOJB30BaHHBIE MPU IOCTPOCHUH
MaTeMaTUYECKON MOJEIIH.

Paboma evinonnena npu ¢punancosoii noooepoicke PODPHU (epanm Ne
16-29-09596 opu-m).

1. A survey of climbing robots: locomotion and adhesion / B. Chu, K.
Jung, C.-S. Han, D. Hong // International Journal of Precision
Engineering and Manufacturing. 2010. Vol. 11 (4). P. 633-647.

2. Bisht R.S., Alexander S.J. Mobile robots for periodic maintenance and
inspection of civil infrastructure: a review // Proceedings of the 1%
International and 16th National Conference on Machines and
Mechanisms (iNaCoMM 2013). Roorkee, India, 2013. P. 1050-1057.

3. Silva M.F., Machado J.A.T., Tar J.LK. A survey of technologies for
climbing robots adhesion to surfaces // Proceedings of the 6th
International Conference on Computational Cybernetics (ICCC 2008).
Stara Lesna, Slovakia, 2008. P. 127-132
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ROBOTIC PLATFORM WITH A MECHANICAL MANIPULATOR
WITH CONTROL ON SMARTPHONE

TUSUR, Tomsk, Russia
mukhamedzh@gmail.com, jv3791908@gmail.com,
snou_2000@bk.ru

Designing a multifunctional device is always a challenge. Not an
exception to the layout of the robotic platform from prefabricated
components from different manufacturers. The basic principles of creating a
robotic arm-mounted on a six-wheeled platform with DC motors are
outlined [1]. The platform is shown in Figure 1.

Figure 1 — Robotic Platform

The Arduino Mega 2560 microcontroller issues control commands to
the motor drivers according to a program that processes data from a video
camera and selects a motion scenario. The movements of the arm of the
manipulator are carried out with the help of five servo drives, each of which
is responsible for one separate structural element. The robot can be
controlled automatically by using the camera and the program's algorithm
described in [2-3] and automated mode, that is, remotely controlled by a
simple client-server part of the project whose interface is shown in Figure 2.
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Figure 2 — Client program interface

The designed device is necessary for the participation of our team in
the Extreme Robotics Cup.

1. Shesterov I.A. Robotic platform with a mechanical manipulator based
on the Arduino MEGA 2560 // Collection of selected articles of the
scientific session TUSUR, Tomsk, May 16-18, 2018: in 3 parts. -
Tomsk: B-Crnektp, 2018 - Part 1. - P. 141-145

2. Vinnik A.E., Khabibulina N.Yu. Simulation of the mobile robot
movement process // Electronic tools and control systems: materials of
reports of the XIV International Scientific and Practical Conference
(November 28-30, 2018): at 2 pm - Part 2. - Tomsk: V-Spectr, 2018. -
Pp. 251-254.
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3. Izyumov A.A., Petrov V.P., Sakhabutdinov A.E. The list of obstacles
that can be overcome by a robotic platform based on Arduino Mega
2560 Electronic tools and control systems: reports of the XIV
International Scientific Practical Conference (November 28-30, 2018):
at 2 pm - Part 2. - Tomsk: B- Spectrum, 2018. - 314 p., P. 202-206.

P.B. Cabnun, M./1. ZKymaobex, /I.T. Kynuxoe
POBOTOTEXHUYECKASA IIVIAT®OPMA C MEXAHUYECKUM
MAHUIIYJATOPOM C YIIPABJIEHUEM HA CMATPT®OHE

TYCYP, 2. Tomck
mukhamedzh@gmail.com, jv3791908@gmail.com ,
snou_2000@bk.ru

[IpoexTnpoBaHne MHOTO(YHKIMOHAILHOTO  YCTPOWCTBa  BCerna
SIBJISICTCS CIIOJKHOH 3aJadeit. He HMCKJIIOUCHHUE KOMITOHOBKa
poboTm3upoBaHHOH TUIATGOPMBI W3 TOTOBBIX KOMIIOHEHTOB pa3HBIX
npousBoauTened. OCHOBHBIE NPUHLUIBI CO3IAHUS POOOTH3MPOBAHHON
PYKH-MaHUITYJIATOP, YCTAHOBIEHHOW Ha IIECTHUKOJICCHYIO IIATHOpPMY C
MOTOpaMH TOCTOSIHHOTO TOKa u3noxeHsl [ 1]. Tlnardopma npencrasieHa Ha
pucyske 1.

Pucynox 1 — Pobororexanueckas miarhopma
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MukpokoHtpoiep Arduino Mega 2560 BbeigaeT  KOMaH[bI
yIOpaBleHUsl JpaiiBepaM JABHUraTeliedl COINIaCHO IIporpamMMe KOoTopas
00pabaThIBaeT JaHHBIE OT BU/ICO KaMephl M BEIOMpAeT CLieHAPHH JIBH)KECHHSI.
JIBIKEHUSI PYKHM MAaHMITYJISITOpa OCYLIECTBISIETCS C TOMOLIBIO IISITH
CEpBOIPHBOJIOB, KaXIBIH W3 KOTOPBIX OTBEYAET 3a OAWH OTAEIHHBIN
JIEMEHT  KOHCTPYKUHMH.  YTIpaBlIeHHE  poOOTOM  BO3MOXKHO B
ABTOMATHYECKOM DPEXHME IJIsi 3TOTO HCIIONB3YeTCs KaMepa W ajlrOpHTM
paboTBI MPOTPaMMBI W3JIOKEHHBIN B [2-3] M aBTOMAaTH3UPOBAHHOM PEXUME
T.C. Ha PACCTOSHUH YTNPABICHUE OCYILIECTBISETCS C IOMOIIBIO IPOCTOH
KIIMEHT-CEPBEPHOIN YacTH MPOEKTa MHTep(eic KOTOpOW MpEeACTaBICH Ha
pucyHKe 2.

PucyHok 2 — Unrepdeiic mporpaMMsbl KIMeHTa
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CHpoeKTUPOBaHHOE YCTPOWCTBO HEOOXOIMMO I Y4YacTHsl Hallen

KOMaH/Ibl B KyOKe JKCTpeManbHONW pOOOTOTEXHUKH.

1.

HlecrepoB N.A. PobGororexHuueckas margopma ¢ MeXaHHYECKUM
MaHHIyJIATOpoM Ha 6aze Arduino MEGA 2560 // CoopHuK M30paHHBIX
crareit HayuHol ceccun TYCVYP, Tomck, 16-18 mas 2018 r.: B 3
yacTax. — Tomck: B-Cnektp, 2018 - Y. 1. - C. 141-145

Bunank A.E., XabuOymmna H.IO. MopennpoBanne mnporecca
JBIDKEHUS! MOOMIIBHOTO poOOTa // DJIEKTPOHHBIE CPENCTBA U CHCTEMBI
yopaBlieHus: MaTtepuanbl JoknanoB XIV MexnyHapogHOW HaydHO-
npakTudeckoit koHpeperwn (28—30 Hos0ps 2018 1.): B2 9. — Y. 2. —
Tomck: B-Criextp, 2018. — C. 251-254.

UztomoB  A.A., Tlerpo B.II., CaxaOyrtauHoB A.E. Ilepeuens
NPEIMATCTBUN, KOTOpBIE CIOCOOHA MPEOAOJIeTh  POOOTH3MPOBAHHAS
mwiarpopma Ha 6aze Arduino Mega 2560 DneKTpOHHBIC CpelICTBa U
CHCTEMBI yTIpaBlIeHUs: MaTepHaiabl AokianoB XIV MexnyHapoaHoi
Hay4HO npakTtuueckoi koHpeperuun (28—30 HosOpst 2018 1.): B 2 4. —
Y. 2. — Tomck: B-Cnexkrp, 2018. — 314 c., C. 202-206.
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V.G. Chashchukhin
ORIENTATION SYSTEM OF THE AERODYNAMICALLY
ADHESIVE WALL CLIMBING ROBOT

Ishlinsky Institute for Problems in Mechanics RAS, Moscow
ketlk@mail.ru

A promising method of autonomous wall climbing robot’s fixation on
surface is aerodynamicaly adhesion due to the creation of underpressure in
the vacuum chamber located under the bottom of the robot [1]. The vacuum
chamber is formed by the bottom of the robot body and the displacement
surface. The gap between the robot’s body and the surface should be
minimized to minimize the required air flow. The underpressure in the
vacuum chamber is created by a fan driven by an electric motor. Inadequate
underpressure in the vacuum chamber can lead to the separation of the robot
from the surface, or to its tilting or sliding, that ultimately will lead to a fall.
Excessive underpressure will lead to increased energy consumption of the
on-board power source and reduced battery life. One of the drawbacks of
this type of fixation on the surface is the increased vibration of the robot’s
body, due to the high frequency of rotation of the fan impeller, affecting the
readings of sensors installed on board. It is necessary to know robot’s
orientation on the plane and the angle of inclination of the plane to the
horizon to determine the necessary equilibrium conditions on the
displacement surface and control the movement of the robot [2]. The robot
is equipped with two wheels with differential drive and a turning wheel to
ensure balance on the surface. Drive wheels fitted tires with increased
friction coefficient. The turning wheel on the contrary has a negligible
friction coefficient. Since the movements of the robot are rather slow, we
can neglect the acceleration of the robot when moving and consider its
movements quasi-static. To determine the orientation angles, it is proposed
to use a triaxial accelerometer mounted on the body of the robot. In the
quasistatic mode, the corresponding component of the gravitational
acceleration is measured for each axis of the accelerometer. The effect of
vibrations on the accelerometer readings was studied at various orientations
of the robot and at different robot’s rotation speeds of the fan impeller. A
method is proposed for processing data from an accelerometer by using a
moving average filter, which is widely used in various fields. [3-5]. The
algorithm of the method is implemented on an onboard microcontroller
operating in real time. The effect of deformation of tires on accelerometer
readings is identified. A method for obtaining the orientation angles of a
robot based on accelerometer readings is described. The error of
determining the orientation of the robot is estimated at different robot’s
orientation on the plane and the angles of plane’s inclination to the horizon
at different speeds of rotation of the fan impeller. Time-frequency analysis
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of the data obtained from the accelerometer is performed. It is revealed that
the error of orientation measurement essentially depends on the speed of
rotation of the impeller. The use of a moving average filter allows to reduce
the noise of the accelerometer readings to the required level in real-time
calculations. As the onboard controller making calculations used Arduino
uno board. Thus, the data coming from the accelerometer become suitable
for use in movement control and calculating the conditions for ensuring the
equilibrium of the robot.

The work was performed on the topic of the state task Noe AAAA-A17-
117021310384-9 and was supported by the Russian Foundation for Basic
Research (grant No. 18-01-00650 A).
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B.I'. Yawyxun
CUCTEMA OPUEHTAIIMA POBOTA BEPTUKAJIBHOI'O
NEPEMEIIEHUS C ADPOAUHAMUYECKUM ITPUKATUEM K
MNOBEPXHOCTHU

Unemumym npobaem mexanuku um. A.FO. Huwnuncrkoeo PAH, Mockea
ketlk@mail.ru

st CO3J1aHHs aBTOHOMHBIX MaJIorabapUTHBIX poGoToB
BEPTHKAJIBHOTO TEpPEeMEIIEHHs MEePCIEKTHBHBIM CIIOCOOOM (UKCaluu Ha
MOBEPXHOCTH SIBIIIETCS TIPIKaTHE 3a CYET CO3JaHusl pPa3pexeHus B
BAaKyyMHOM Kamepe, pacnosioKeHHo! noa axuieM [1]. BakyymHas kamepa
oOpa3oBaHa HIDKHEH 4dacTblo Kopmmyca poboTa H  MOBEPXHOCTBIO
nepemenieHus. Mexay KopiycoM po0OoTa M IOBEPXHOCTHIO HEH30€KHO
oOpasyercst 3a30p, BEIMYMHY KOTOPOTO HYKHO MUHHMH3UPOBATh IS
MHHAMH3aIUN TpeOyeMoro pacxola BO3ayXxa. PaspekeHne B BaKyyMHOH
KaMepe CO3/1aeTcsl TOCPEICTBOM BEHTHWIATOPA, IMPHUBOANMOIO B JEHCTBHE
JJIEKTPUYECKNM aBHrareneM. HenocraTtouHoe paspexeHHe B BaKyyMHOH
KaMepe MOXET MPUBECTH K OTPBIBY poOOTa OT MOBEPXHOCTH, JIMOO K €ro
ONPOKHJBIBAHUIO UJIU COCKAJIb3bIBAHUIO, YTO B KOHCYHOM HUTOI'C IIPUBECICT K
nazeHuo. YpesMepHas BEIMUYMHA PAa3peKEHUs] NPUBENET K IOBBIIIEHHOMY
pacxoay SHEpruu OGOPTOBOTO UCTOYHUKA MUTAHUS M YMEHBIIEHUIO BPEMEHH
ABTOHOMHOW paboTel. OHUM M3 HEJOCTATKOB TAaKOro BHJa (pUKCAIM{ Ha
MOBEPXHOCTH  SIBIISIETCSl  TIOBBIIIEHHAsT BHOpamus Kopmyca po0oTa,
00ycioBiIeHHast OOJBIION YaCTOTOM BpaIleHHs] KPBUIBYATKH BEHTHIISTODPA,
BIMAIONIAsT HA TIIOKAa3aHUs JAaTYNKOB, YCTAHOBJIEHHBIX Ha Oopry. [lis
OIIpeZIeTICHUs] HEOOXOOMMBIX YCIOBHH paBHOBECHS Ha ITOBEPXHOCTH
MIEpeMEIICHUsT U YIPaBIECHUs [BIDKCHHEM poboTa Tpedyercsl 3HaTh €ro
OpPHEHTAIMIO Ha IUIOCKOCTH M yTOJl HAaKJIOHA IUTOCKOCTH K TOPH30HTY [2].
PobGoT cHabGxeH nByms komecamu ¢ IuddepeHIHaIbHBIM MPUBOJAOM U
IMOBOPOTHBIM KOJIECOM I O6CCHe‘IeHI/I$[ PaBHOBECHSA Ha IOBCPXHOCTH.
[IpuBoaHBIC KOJTeca CHA0XKEHBI IIMHAME C TIOBBIIICHHBIM KO3 (GHUIIMEHTOM
TpeHus. [1oBOpoTHOE KOJIeCO HanpoTHUB O0NagaeT MpeHEOPEKUMO MaIbIM
koo durmenTom Tperns. Tak Kak ABMKESHUS poOOTa SBIISIOTCS TOCTATOUYHO
MEIJIEHHBIMH, TO MOXXHO MpeHeOpedyb YCKOpeHHeM poboTa mpu
MepeMelieHN ¥ CYUTaThb €ro JABIKEHUs KBasucraTmdeckumu. Jlis
ONIpeZIeTICHUs] ~ YIJIOB ~ OPWUEHTAlMH  TPEUIaraercss  HMCHOJIb30BaHUE
TPEXOCHOTO AaKCEJIEepOMETpa, YCTAHOBJIEHHOTO Ha KopIyce poboTa.
HccnenoBano BimsHWE BHOpamuii Ha IIOKa3aHHUS akKcelepoMeTpa Iph
pa3NMYHON OpHEHTAUH poOOTa B MPOCTPAHCTBE M TPH Pa3INYHBIX
CKOPOCTAX BpAalICHUS KpbUIbYATKH BeHTWsITOpa. IlpeanmoxeH wmeron
00pabOTKKM MJaHHBIX, MOCTYMAIOMUX C AaKCeIepoOMeTpa, MOCPEICTBOM
NpUMEHEeHUs (UIBTPA  CKOJB3SIIETO CPEJHEro, KOTOPBIH  IIMPOKO
MIPUMEHSIETCS B Pa3IUYHbBIX 00nacTsax [3-5]. ANTOpUTM MeTOoJla peaiu30BaH
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Ha OOPTOBOM MHKPOKOHTpPOJUIEpE, paboTAoIIeM B PEXHME PEaTbHOTO
BpeMeHH. BbisiBieHO BiHsHHE Ae)OpPMAlK IIMH KOJEC Ha TMOKa3aHHs
akcenepomerpa. OmMHCaH METON TMONYYEHHs YIJIOB OpPHEHTAIlMH poboTa
HCXOMs W3 TOKasaHud akcenepomerpa. OlieHeHa OIMIMOKA OMpeneICHUs
OpHeHTalUK poboTa PH PA3THYHBIX MOIOKEHHUAX poOOTa HA MIIOCKOCTH U
yriiaX HaKJIOHA IUIOCKOCTH K TOPHU30HTY MPU PAa3IMYHBIX CKOPOCTSIX
BpallCHUs] KpPbUIbYATKA BEHTWIATOPA. [IpOBEIeH YaCTOTHO-BPEMEHHOU
aHaM3 JaHHBIX, MOJYYEHHBIX C aKcenepoMmerpa. BeisBieHO, 4To omrbKa
HU3MEpPEHHs] OPHEHTAI[MHM CYIIECTBEHHO 3aBUCHT OT CKOPOCTH BpAILCHHUS
KpbUlbYaTKu. [IpuMeHeHne QUIBTpa CKONB3SIIETO CPEAHET0 MO3BOISET
YMEHBIIUTh [IyM MOKa3aHWW aKcelepoMeTpa A0 TpeOyeMoro ypoBHs Ipu
BBIYHCIICHUAX B PEKHME PEATbHOTO BpeMeHH. B kadecTBe OGOpPTOBOrO
KOHTPOJIIEpa MPOU3BOISIIETO BEIYUCICHHUSI HCITOIB30Baach mara Arduino
uno. TakuM 00pa3oM, JaHHBIE TTOCTYIAIOIINE C AKCEIEPOMETPa CTAHOBSITCSI
NPUTOJHBIMH  JUII  WCTIONB30BAHUS B  YNPABICHUH JBWKCHHEM H
BBIYHCIICHUSI YCIIOBU#T 00ecreueHns: paBHOBeCHs poboTa.

Paboma evinoanena no meme 2ocydapcmeennoco 3adanusi (Ne
eocpecucmpayuu AAAA-A17-117021310384-9) npu nododepoicke epanma
POOU Ne 18-01-00650 A.
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SNOWMOBILE DRONE "WHITE CAT"

Volga State University of Technology, VSUT, Volgatech,
Yoshkar-Ola, Russia
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The report analyzes the possibility of creating a snowmobile drone. It
is shown that over the past decade the trend of development of the Northern
territories is clearly manifested. As a result, there is a new task to develop
advanced models of transport equipment and technologies.

The problem of creating a snowmobile drone is presented. Design
solutions for some solutions are given.

The stability stabilization system is considered separately. The
necessity of its application is shown. The constructive method of realization
of this system, and also some mathematically calculated indicators
necessary for a control system and engineering calculations is considered.

The results are the basis of the developed drone "WHITE CAT". The
project implementation plan and the results of the completed stages are
presented.

LIO. Anopuanos, H.B. lllxkypos, I1.C. I'onyoes
CHEI'OXO/IHbIM BECIIMJIOTHHUK "BEJBIA KOT"

THosonocckuil cocyoapemeentbiil MEXHON02UYECKUIL YHUBEpCUmen,
@I'BOY BO «III'TY», Boreamex, Howrxap-Ona
9877063699@yandex.ru

B noknane aHanm3upyercss BO3MOXHOCTh CO3JAaHUSI CHETOXOJHOTO
6CCHI/IHOTHI/IK3. HOKa:’:aHO, YTO Ha HNPOTSHHKECHUU IMOCICAHETO ACCATHUIICTUA
SIPKO TPOSIBIIETCS TEHACHIMS, OCBOEHHUS CEBEpHBIX Tepputopuil. B
CIIE/ICTBUM Yero CTOMT HOBas 3ajadya M0 pa3paboTKe MepCIeKTHBHBIX
00pa3IoB TPAHCIIOPTHOM TEXHUKU M TEXHOJIOTHH.

[TpencraBneHsl mpobieMa CO3MaHMS CHETOXOAHOTO OECIHIIOTHHKA.
[IpuBeneHB KOHCTPYKTOPCKHE PEIICHUS VISl PEIICHNSI HEKOTOPBIX.

OTnensHO paccMOTpeHa CHCTeMa CTAOMIM3alUH  yCTOHYMBOCTH.
[Toka3ana HE0OXOAMMOCTH €€ MPUMEHEHU. PaccMOTpeH KOHCTPYKTHBHBIN
METOJ peanu3aluyl JaHHON CHUCTEMBI, a TaKXKe HEKOTOPbIE MaTeMaTHYECKU
pacunMTaHHBIE TOKA3aTeIW HEOOXOIWMBIE ISl CHCTEMbI YIpaBICHHSA WU
WH)KEHEPHBIX PacyeToB.

[MonydeHHble pe3yabTaThl MOJOXKEHBI B OCHOBY pa3pabaThliBaeMOro
6ecrnoTauka "BEJIBIA KOT". [IpuBeneH IUlaH peanu3alud MPOEKTa, U
UTOTH IO 3aBEPILEHHBIM dTalaM.
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Scientific and Technical Center “RoboPROB”, Ltd., Moscow
avk787@yandex.ru

The issues of making robots in the Russian Federation of various
types and designation for the agriculture needs are reviewed. The primary
focus is on agricultural robots intended for crop growing.

Agricultural robots will be used in solving precision farming issues
making a significant competitive advantage for the agricultural enterprises
in the next 15-20 years. Currently, negative trend in national robotics gap
with foreign developments, which are still at the stage of experimental and
pilot projects, is being formed.

Domestic developments from large agricultural machine engineers in
the field of agricultural robotics are essentially oriented on innovations
actively introduced abroad; the main one is a technology of automatic
parallel driving.

Special unmanned aerial vehicles are also among the promising
agricultural robots. Although very useful but limited functionality will be
developed on their basis, aimed mainly at solving informational but not
production issues.

The requirements for different types and areas of agricultural robots
from different points of view expressed by agricultural producers are
formulated. Along with traditional irrigation and differentiated fertilization,
the priority tasks cover the following new tasks of robotic farming: soil
sampling, weed destruction, plant diseases recognition, crops pests control,
etc. The reasons for the gaps with the world trends in robotics development
and precision farming are systematized. The necessity to improve
intelligence of agricultural robot control systems with migration to
autonomous modes of operation is justified. The main directions for
research and technical innovations use to create domestic agricultural robots
are determined.

It is justified that there is a certain technical and methodological
“niche” within which it is possible to obtain not only import substituting,
but also export-oriented solutions. This “niche” includes: a) in the
methodological terms - development of the models for plant diseases
recognition, pests and weeds detection aggregated with agrocytosis models
and b) in the technical terms - making small agricultural robots with
intelligent attachable equipment, including specialized manipulators for
solving precision farming issues.
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B.K. Abpocumos, B.B. Enucees
COBPEMEHHOE COCTOSIHUE M IEPCIIEKTUBBI PA3BUTHUSA
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POBOTOTEXHUKH
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PaccmarpuBaercs  mpobnemaruka  co3maHus B Poccuiickoif
denepanun poOOTOB Pa3IMYHOTO BHIA M HA3HAUEHHMS JUISl HYXK][ CEITLCKOTO
xo3siicTBa. Mcnonb3oBaHue arpopoOOTOB IIPH pEUICHUH 3a1ad TOYHOTO
3emiefenuss  OyAeT  COCTaBJSTh  CYNIECTBEHHOE  KOHKYpPEHTHOE
MIPEUMYILECTBO  CEIIbCKOXO3SHCTBEHHBIX MPENPHATHA B Oivpkaiinime
15-20 ner.

OCHOBHOE BHHMMaHHWE YZIEICHO arpopodOoTaM IJisi PacTEeHHEBOJCTBA.
OtedecTBeHHBIE pPa3pabOTKNH KPYMHBIX CEIBXO3MAIIMHOCTPOUTENEH B
00acTH  CETbCKOXO3AWCTBEHHOH  pPOOOTOTEXHWKH IO  CYIIECTBY
OPHEHTHPOBAHbl Ha CIIEJOBAaHME 3a AKTHBHO BHEIPSEMBIMU 33 PyOEKoM
WHHOBALMSIMM; K  YHCIy  OCHOBHBIX  OTHOCHTCS  TEXHOJOTHSA
ABTOMATHYECKOTO MapauieibHOro BoxaeHus. OJTHaKo, B HACTOsIIEe BpeMs
dbopmupyercst HETaTUBHBIN TpEeH OTCTaBaHMU HallMOHAJBbHOMN
POOOTOTEXHUKH OT 3apyOeKHBIX pPa3pabOTOK, KOTOpble Takke IOKa
HaxXoJiITCS B CTaJAWU OKCIHEPHUMEHTAIBHBIX W OIBITHBIX Pa3paboOTOK.
CucreMaTU3upOBaHbl IPUYUHBI OTCTABAHUS OT MUPOBBIX TPEHIOB Pa3BUTHUS
POOOTOTEXHNKH W TOYHOTO 3eMIIEICIHS.

CcopmynupoBansl TpeOOBaHMS K PAasHOTUIHBIM M Pa3HOCPEHLOBBIM
arpopoboTaM C TOYKH 3peHHs cenbpxosmpomsBoauTens. K uwmeny
MPUOPUTETHBIX ~ 33Ja4  Hapsy C  TPaJUIUOHHBIMH  OPOIICHUEM,
g depeHIMPOBaHHFIM BHECEHHEM YHOOpPEHHH OTHECEHBI HOBBIC 3adaud
pPOOOTH3NPOBAHHOTO 3EMJIEIAEIHS: B3SATHS TPOO TOYBBI, YHHUYTOXEHHS
COPHSIKOB, pacrio3HaBaHHs OoJie3HeH pacTeHuil, OOpLObI C BPEIUTEISIMU
IIOCEBOB U JIp.

K nmnepcnekTMBHBIM  arpoMamiMHaM  OTHECEHbl TPH  TPYIIIBI
arpopo0OTOB: OOJIBIIME C BECOM CBBINIE OJHOH TOHHBI JJISI PELICHUS
CEIIbCKOXO3SIMCTBEHHBIX 3aJad Ha dTamax IOCEBHOW M YOOpPKH ypoKas;
MaJiple C BECOM 0 OJHOW TOHHBI JUIS PEUICHUs 3alad, MPexae BCEro
TOYHOTO 3€MJICZICNINS W CTICIMAIN3UPOBAHHBIE BO3IYIIHBIE arpopoOOTHl Ha
OCHOBE OECHMJIOTHBIX JIETaTENBHBIX  amNllapaToB C  peann3armeit
OTpaHWYEHHOTO (PyHKIMOHANA, HANPaBJICHHOTO B OCHOBHOM Ha peEIICHHE
MH()OPMAINOHHBIX, HO HE ITPOM3BOICTBEHHBIX 3a/1a4.
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O0ocHOBaHa HEOOXOIUMOCTh TOBBIIMICHHS HHTEUIEKTYaJIbHOCTH
CHCTEM YIIPaBJICHUS arpopo0OTaMK C MUTPAITUCH K aBTOHOMHBIM PEXHMaM
(YHKIIMOHUPOBAHUS.

OmnpeneneHb OCHOBHEIE HaTpaBJICHUS HCCIIEIOBAHUS u
HCIIOJIL30BAHUS TEXHUYECKUX HMHHOBALME IS CO3JaHHUS OTEUYECTBEHHBIX
arpopo6otoB. O00CHOBaHO, YTO CYIIECTBYET ONpEACICHHAS TEXHUIECKas 1
MeTrojaoioruueckas "Huma'", B paMKax KOTOPOH BO3MOKHO IOJIyYEHHE HE
TOJFKO MMITOPTO3aMEINAIOIINX, HO TAKXKE U IKCIIOPTHO-OPHUCHTUPOBAHHBIX
pemreHuii. Jta "Huma" BKIIOYAET B ce0s: a) B METOJOJIOTHYECKOM ILTaHe-
pa3paboTKy Mojeneil pacro3HaBaHHs OoJie3HEH pacTeHWH, OOHApYKEHHS
BpeAuTENel U COPHAKOB, arpeTHPOBAaHHBIX C MOJEISIMHU arponrHo3a U 0) B
TEXHUYCCKOM IIJIAHC-CO3TaHUC MaJIbIX CCHBCKOXOSS{ﬁCTBCHHLIX pO6OTOB C
MHTEJUICKTYalbHBIMH CHCTEMaMH YIPABJICHUsI 1 HABECHOTO 000pyIOBaHuS,
BKJIrFO4Yast CHCHI/IaHI/ISI/IpOBaHHBIC MaHHHyHHTOpLI, JJIs1 peIHeHI/ISI 3aaa4
TOYHOTO 3eMJICICIIHS.
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Russian State Scientific Center for Robotics
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At present, the world market of service robotics is dramatically
increasing. Ground-based mobile robots are the most widespread category
of service robots. The vast majority of mobile robots do not have full
autonomy and require operator control.

The article provides a brief overview of remote control systems
(RCS), which are a part of the ground-based mobile robotic systems, the
analysis of the main characteristics and requirements for the RCS.

Due to a wide variety of work performed and taking into account the
modular construction principle, it is advisable to divide any mobile robotic
system into main functional parts:

— a basic robotic chassis on which the system is developed,

— a payload, directly located on the robotic chassis and bearing the
executive function,

— a remote control station which includes a remote control unit
(RCU) for control of the system via a communication channel (radio or
wired).

Based on this division, the main requirements for the RCS are grouped
and analyzed:

— common:

1) amodular construction principle;
2) reliability;
3) resistance to external factors;

— related to a robotic chassis:

1) an operating time in terms of power supply, including the
option of power supply by cable;

2) a level of autonomy, including a presence of navigation
modules, auto-return modules, etc.;

— related to a payload: payload connectivity, standard interfaces, etc.

— related to RCU:

1) ergonomics;

2) an operating time;

3) adelay in displaying a video on a monitor and a mobile robot
response time to commands;
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— related to a remote control channel:
1) adistance of operation;
2) a possibility of operation of several robots in one working
zone;
3) an information security.
The brief review allows assessing the current capabilities of RCS and
the trends in customer and consumer requirements.

J.C. Ilonoes, O.A. llImakos
COBPEMEHHBIE TPEGOBAHUA, ITPEJABSIBJISEMBIE K
CUCTEMAM JJUCTAHIIMOHHOI'O YIIPABJIEHUA
MOBUJIBHBIMHA POBOTOTEXHUYECKUMU KOMIIJIEKCAMUAX
HA3BEMHOI'O BABUPOBAHUSA

T'HI] P® I[HUU PTK, Canxkm-Ilemep6ype
d.popov@rtc.ru, shmakov@rtc.ru

B  mHacrosmee BpemMs  PBIHOK  CEpBHUCHOH  pOOOTOTEXHHUKH
CTpEeMHUTENBHO pa3BuBaeTca. Hawmbomee pacmpocTpaHEHHON KaTeropuei
SIBITIOTCS.  Ha3eMHBIe  MoOwnbpHBIE poboTel  (MP). Ilomamistromee
OosbiinHCTBO MP He 0051a7alOT TMOJHOM aBTOHOMHOCTBIO W TPeOYIOT
KOHTPOJIS OTIepaTopa.

B cratbe mpuBOAMTCS KpaTKuii 0030p CHCTEM IUCTAaHIIMOHHOTO
ynpasierus (CY), BXoIAIUX B cOCTaB MOOMIBHBIX POOOTOTEXHUYECKUX
KOMILIEKCOB ~ HazeMHoro OasupoBanusi (MPK), ananm3 ocCHOBHBIX
XapaKTepUCTHK U peabsaBisieMblx K C/IY TpeGoBaHmi.

BenenctBre mmpokoro pazHooOpasus  BBINOJNHSEMBIX paboT U
MPUHUMAs BO BHHMAaHHWE MOIYJBHBIA TPHHIMII ITOCTPOCHUs pPOOOTOB,
moboit MPK merecoobpa3Ho pa3iennTs Ha OCHOBHBIE (YHKIHOHAIBHEIC
YaCTH:

— 0a3oBoe pOOOTOTEXHHYECKOE IIAcCH, Ha OCHOBE KOTOPOTO
pa3paboTaH KOMILIEKC,

— LENEBYI0 Harpy3Ky, HEMOCPEACTBEHHO PAclOIOKEHHYIO Ha I1acCH
Y HECYIIY}0 OCHOBHYIO HCIOJHUTENBHYIO (DYHKIIHIO,

— TIOCT yIpaBJICHNUS, BKIIIOYAIOIINI B COCTaB MyJIbT JUCTAHIIHOHHOTO
ynpasnenust (IIJ1Y), anst ynaneHHOTO ynpaBieHUs] KOMIUIEKCOM I10 KaHaTy
CBSI3M (pa/Ivo WM IPOBOJHOMY).

OcCHOBBIBasich Ha  JITaHHOM  pa3f€le€HHH, CIPYNIIHPOBaHBl U
TIPOaHATN3UPOBAHBI OCHOBHEIE TpeOoBanms kK C/{V:

— o0mmue:

1) MOZYNBHBINA NPUHIIUIT TOCTPOCHUS CHCTEMBL
2) HaJCKHOCTD;,
3) yCTOWYHMBOCTH K BHEIIHUM BO3JEHCTBYIOIINM (aKTOpaM;
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— OTHOCSIIHUECS K pOOOTOTEXHUYECKOMY IIACCH:
1) Bpemst pabOThI C TOYKU 3PEHHsI DHEProOOECIECYCHUs, B TOM
Yucie B BAPHAHTE SHEProodecredeHus mo kabemto;
2) YpOBEHb AaBTOHOMHOCTH, BKIIOUas Halu4due MOAyJeH
HaBUTaIlMY, aBTOBO3BpATa U Mp.;
— OTHOCSIIHECS K IIEIeBOW Harpy3ke: BO3MOXKHOCTH ITOJIKITIOYCHUS,
CTaHAapTHBIE HHTEp(dEHCH 1 mp.
— OTHOCSIIHUECS K ITOCTY YIPABICHHS:
1) ospronommueckue mokazarenu [T1Y;
2) Bpems paboTHL;
3) 3amepxka OTOOpakeHHs BHIEOWH(GOpPMAIMA HA MOHHTOpE
MyJbTa YIpaBieHUus U Bpems peakuud MP Ha komaHabl;
— TpeOoBaHMA K KaHATY JUCTAaHIIMOHHOTO YIPaBJICHUS:
1) nmanbHOCTD yTIpaBlICHUS,
2) BO3MOXHOCTh PaboThl Heckodbknx MP B omHoil paboueit
30HE;
3) 3ammIIEeHHOCTH, MHPOPMAMOHHAsT O€30ITaCHOCTb.
ITpoBeneHHbIl KpaTKui 0030p TO3BOJSIET OLEHHTh COBPEMEHHBIC
BosMokHOcTH CJIY W TeHOeHIWM W3MEHEHHs TPeOOBaHWH 3aKa34MKOB U
moTpeOuTenei.
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The report discusses a class of robotic machining processes
automation problems, such as grinding, turning, milling, etc. The great
diversity and complexity of physicomechanical processes [1, 2], including
thermodynamic processes in the tool-machining surface contact zone,
makes it necessary, in addition to the force sensation using the elastic tool
suspension[3], to use various elements of artificial intelligence [4, 5]. This
is necessary not only because of the complexity of the models, but also with
a priori uncertainty in a wide range of modes of contact interaction.

In practice, one of the most difficult problems with blade metal
processing is the occurrence of regenerative self-excited oscillations
(«chattering») [6], which lead to unstability of the process. According to the
existing hypotheses, the cause of self-excited oscillations is the formation of
a self-sustaining oscillatory mechanism in the process of chip formation.
The limited stiffness of the tool causes the relative movements of the tool
and the workpiece caused by the interaction forces, which in turn can lead
to the formation of a wavy cutting surface with each new cutter pass. In this
case, the wavy surface left on the previous turn of the workpiece is removed
during the next pass. This mechanism leads to the formation of waves on
both sides of the chip, the thickness of which depends on the phase shift
between them. As a result, cutting forces can increase without limit.

Many studies focuses is on the design features of CNC machines. This
seriously limits the ability to quickly adjust the parameters of the machining
in the online mode. From the point of view of the control system flexibility
and the possibility of spatial processing of the arbitrary profile parts, the
using of multi-axis robots with a tool installed in an elastic suspension is
perspective. Elastic suspension provides a force sensation of the robot in at
least three axes. This configuration allows to use the standard robot
manipulator in the hybrid position-power control mode, in which robot
moves taking into account the contact forces of interaction between the tool
and the working surface. Installation the tool in an elastic suspension
provides additional opportunities for organizing adaptation contours that
can predict the possible loss of machining process stability and provide the
necessary ratio of cutting parameters.
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We investigate the possibility of the axial depth of cut automatic

correction when signs of dynamic stability loss appear. In this case, the
corresponding time moment is detected using the amplitude spectrum of the
horizontal cutting force. Amplitude spectrum is obtained using the fast
Fourier transform. The results of computer simulation of the adaptation
contour are presented.
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O.b. lllaznues, C.®. Bypoakos

YIIPABJIEHUE BUBPAIIMOHHBIM COCTOSIHUEM POBOTA

B YCJIOBUSAX DKCTPEMAJIBHBIX HATPY30K
P MEXAHOOBPABOTKE

Canxm-Ilemepoypeckuti Ilonumexnuueckui yHusepcumem
Ilempa Benuxoeo, Canxkm-Ilemepoype
shagniev_ob@spbstu.ru

B JOKJIIaA€  pPAaCCMATPUBACTCA KJ1aCcc 3aaad, CBs3aHHBIX C

aBTOMaTU3alUell IOCPEICTBOM OYYBCTBJIEHHBIX POOOTOB IPOLIECCOB
MeXaHOOOPabOTKH, TAaKUX KaK HNUIA(pOBaHUE, TOUYCHHUE, (Ppe3epOBaHHE H T.I.
Bonbuioe MHOrooOpasue M CI0KHOCTh (DH3MKO-MEXAaHHYECKHX IIPOIIECCOB
[1, 2], BKiIFO9ast IPOIIECCHl TEPMOANHAMUKH B 30HE KOHTAKTa HHCTPYMEHTA
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U 00pabOaThIBacMOW TOBEPXHOCTH, [eNaeT HEOOXOAUMBIM IOMHMO
CHJIOBOTO OYYBCTBJICHHsI, KOTOPOE PEaM3yeTcsl C IOMOILBIO YIPYroro
mojaBeca HMHCTpyMeHTa [3], UCHONB30BaTh  pPA3IHMYHbIE  3JIEMEHTHI
HCKYCCTBEHHOTO MHTeIUIeKTa [4, 5]. [logoOHas HeoOXOAMMOCTE CBsI3aHA HE
TOJIBKO CO CJIOKHOCTBIO MOJIENIeld, HO ¥ C apHOPHON HEOIPEAeIEHHOCTHIO
B MIMPOKOM JTHATIa30HE PEKUMOB KOHTAKTHOTO B3aHMMOJICHCTBHS.

Ha mpaktuke omgHO#M 13 Hamboee CIIOKHBIX TPoOJIeM MPH JIC3BUHHON
o0paboTke  MeTaluta  SIBISETCS  BO3HHKHOBCHHE  PETeHEPATHBHBIX
aBTOKOJeOaHnil (B aHIIIOS3BIYHON nmTeparype «chattering») [6], koTopsie
MPUBOAST K MOTEpe yCTOHUMBOCTH mporecca. COriaacHO CymECTBYIOIINM
TUIOTe3aM, TPHYMHA BO3HUKHOBEHHS TAKHX AaBTOKOJEOAHWH COCTOHT B
(hOpMHPOBaHUK CaMOIIOICPKUBAIOIIETOCs KOJIeOATETbHOr0 MEXaHU3Ma B
mporecce  cTpykkooOpazoBaHus. KoHeuHas KECTKOCTh HMHCTPYMEHTa
o0ycliaBIBaeT BO3HHUKHOBEHHE OTHOCHTENIEHBIX nepeMeIeHui
WHCTPYMEHTA U 3arOTOBKH, BBI3BIBAEMBIX CHJIAMH B3aUMOJICHCTBUS, YTO B
CBOIO OuYepeAb MOXET TIPHBOAUTH K (HOPMHPOBAHUIO BOJHHCTOMN
MOBEPXHOCTH pe3aHMs IMpU KaXJOM HOBOM mpoxoze pesua. Ilpu stom
BOJIHUCTas TIOBEPXHOCTh, OCTaBJICHHAs Ha NpeAplaymeM obopote
3arOTOBKH, yNAISAETCS TpH CIEAyIOMEeM TMpoxozie. JaHHBII MeXaHW3M
MPUBOANT K (OPMHUPOBAHUIO BOJH C OOEMX CTOPOH CTPY)KKH, TOJNIIMHA
KOTOPOH 3aBHCHUT OT (pa30BOro cIBUTA MEXIy HUMH. B pesyibrare 3TOrO
CHIIBI PE3aHUS MOTYT HEOTPAHUIEHHO BO3PACTATh.

B nmokmame mpuBeAEHBI pe3yNbTaThl HCCICAOBaHHS BHOPAIMOHHOM
Harpy>KeHHOCTH 3JIEMEHTOB CUCTEMBI «POOOT-MHCTPYMEHT-IIOBEPXHOCTh) B
HOpPME€ M B JOKCTPEMAJIBbHBIX CHUTyallUAX, B KOTOPBLIX BO3MOXHBI BBICOKUE
YPOBHH BHOpAIMH, 3aKIMHUBAHUS U 1K€ TIOJIOMKA 3JIEMEHTOB CHCTEMBL. B
JOKJaje TPEICTAaBICHBl MOJENM, OIHUCHIBAIONIME HaOJrolaeMble Ha
MIPaKTHKE B IMOJJOOHBIX CHCTEMax SIBJIICHHSI, CBSI3aHHBIE C aBTOKOJIEOaHUSIMH,
pe3yNIbTaThl HATYPHOTO SKCIEPUMEHTA, a TaKKe IMPEIIOKEHBI METOANKA
pa3pabOTKH amalTHBHBIX CHUCTEM YIIPABICHUS IIPOLIECCAMU PE3aHMs,
TTO3BOJISIONIAX BECTH MEXaHOOOPaOOTKY Ha MPEebHBIX TEXHOJIOTHUSCKIX
mapaMeTpax Uil oOecledeHds ~ MaKCHUMAaJbHBIX  TOYHOCTH U
MIPOU3BOIUTEFHOCTH.

1. Siddhpura M., Paurobally R. A review of chatter vibration research in
turning // International Journal of Machine Tools and Manufacture.
2012. Vol. 61. P. 27-47.

2. Filippov A.V., Rubtsov V.E., Tarasov S.Yu., Podgornykh O. A.,
Shamarin N. N. Detecting transition to chatter mode in peakless tool
turning by monitoring vibration and acoustic emission signals // The
International Journal of Advanced Manufacturing Technology. 2018.
Vol. 95. P. 157-169.
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I1.A. Kudryavtsev, P.S. Golubey
ELECTRIC DRIVE MODULE WITH FUNCTIONS
STEERING AND SUSPENSION FOR ROBOTIC
TRANSPORT PLATFORMS

Volga State University of Technology, VSUT,
Volgatech, Yoshkar-Ola ,Russia
79877063699@yandex.ru

Field of application — robotic transport platforms, including
transformable wheelchair transport platforms (wheelchair type) with
increased maneuverability and cross-country parameters.

The electric drive module (EPM) has three degrees of mobility
(see Fig. 1): rotation of the wheel, turning the wheel around the vertical axis
and the clearance (suspension).

Figure 1 — Electric drive module

EPM is a fully functional mechatronic device with its own
information-measuring and control system (IMCS) and is controlled by the
commands of the external control system of the platform.

EPM is built on the basis of electromechanical actuators, the design of
which uses planetary-pinion transmission.

EPM in comparison with existing analogues has such competitive
parameters as dimensions, weight, efficiency of actuators and as a result,
EPM as a whole.

The EPM design uses three new patented solutions in the field of
planetary-pinion gears.

EPM makes it easy to design three, four and six-wheeled robotic
transport platforms designed to solve a variety of tasks that are put in front
of ground-based all-terrain drones.
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The nearest project in which the new EPM will be applied. All-wheel-
drive wheelchair with propulsion, based on the new EPM. It will be able to
move off-road (sand, soil, snow, ice), while it will have high
maneuverability (straight movement, turns, turns around the vertical axis,
sideways movement) (see Fig. 2).

//l\,l\

Figure 2 — Possible directions of movements of
the wheelchair platform

HU.A. Kyopaeues, I1.C. I'onyoes
3JEKTPONPUBOJHON MOAYJIb C ®YHKIUSAMUA
ABUKUTEJIA PYJISI U TOABECKU J1J1s
POBOTU3UPOBAHHBIX TPAHCIIOPTHBIX IVIAT®OPM

Togondcckutl 20cy0apcmeeHHblil MeXHOI0SUYeCKULl YHUgepcumen,
DI'BOY BO «III'TY», Boneamex, ﬁomkap—Oﬂa
79877063699@yandex.ru

O0nmacTp NpUMEHEHWss — POOOTH3MPOBAHHBIE  TPAHCIOPTHEIC
mwiaTpopMel, B TOM  4Yucie  TpaHcHOpMHUpYEeMble  WHBAIUIHBIC
TpaHCOPTHbIE MIAaTHOPMbI  (KOJSICOYHOTO THMA) C TOBBINIEHHBIMU
rnapamMeTpaMu MaHEBPEHHOCTH U ITPOXOTUMOCTH.

OnexTponpuBogHOi  Moxynbs  (OIIM) wmmeer Tpu  CTENeHH
MOJABIKHOCTH (CM. pHC. 1): BpallleHHe KoJsieca, MOBOPOT KoJjieca BOKPYT
BEPTUKAIHHON OCH U U3MEHEHHUE KIMpeHca (MTOABECKA).
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Pucynox 1 — OnexrponpuBoaHoil Moayib

OIIM mpenctaBnsieT co0OW TMONMHOPYHKIIMOHAIEHOE MEXaTPOHHOE
YCTPOHUCTBO C  COOCTBEHHOM nH(pOPMAIMOHHO-U3MEPUTEIBHOW U
ynpasisoneit cuctemort (MUYC) wu ympapnsgercd OT KOMaHJA BHEUTHEH
CHCTEMBI yTipaBiieHus miatdopmsr [1].

OIIM nocTpoeH Ha OCHOBE 3JIEKTPOMEXAHWYECKUX HCIIOIHUTEIBHBIX
MEXaHM3MOB, B KOHCTPYKIIMHM KOTOPBIX HCIOJB3YIOTCSl IIJIaHETapHO-
LIEBOYHBIE TIEpEIadH.

OIIM B cpaBHEHHH C CYLIECTBYIOLIMMH aHAIOTaMH 00JaaeT TaKuMHU
KOHKYPEHTHBIMH  I1apamerpamu, Kak: rabapurel, Macca, KIIJ]
WCIIOJTHUTENIFHBIX MEXaHU3MOB M Kak ciencteue, JIIM B memom.

B xonctpykiuu OIIM Hcnonb30BaHO TPU HOBBIX 3allaTEHTOBAHHBIX
pemieHns B 00J1aCTH IJIaHETapHO-IIEBOYHBIX IIepeady.

OIIM mo3BONAET JIETKO KOHCTPYHPOBaTh TPeX, UETHIPEX W
IIECTUKOJIECHBIE  POOOTHU3MPOBAHHBIE  TPAHCIOPTHBIE  IIAT(GOPMBL,
npeaHa3HaYeHHbIE /ISl PEIleHNs] Pa3HOOOPa3HbIX 33134, KOTOPhIe CTaBsITCS
nepeJl Ha3eMHBIMU BE3/1€XOJHBIMU OECITMIOTHUKAMHU.

bmwxaiimmii mpoekt, B KOTOpoM OyIyT NpUMEHsIThCss HOBble DIIM.
VHBanuaHas MOJHONPUBOAHAS KOJSICKA TOBBIMIEHHOW IPOXOAMMOCTH C
JIBIDKUTEIISIMH, Ha ocHoBe HoBoro OIIM. Ona Oyaer cmocoOHa
TiepeMenIaThes 1Mo 0e310poXKbIo (IIECOK, TPYHT, CHET, JIeN), TPH 3TOM Oyer
o0y1aiaTh BBICOKOW MAaHEBPEHHOCTHIO (ABM)KEHHE IIPSIMO, IOBOPOTHI,
Pa3BOPOTHI BOKPYT BEPTHKAIBHOMN OCH, ABIDKEHHE BOOK) (CM. puC. 2).
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SIS

Pucynok 2 — CxeMa BO3MOKHBIX HAIIPaBIEHUH JIBIKEHUH
1aThOPMbI HHBAJTUIHOM MOJTHONPUBOIHON KOJISCKU
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D.V. Baev
ANALYSIS OF THE STATE AND USE OF ROBOTIC
SYSTEMS FOR RESCUE OPERATIONS IN
THE RUSSIAN EMERGENCIES MINISTRY

3 research centers Institute for Civil Defence and Emergencies,
FGBU VNII GOCHS (FC), Moscow
bbgpresent@mail.ru

Presentation of the regulatory framework for the development and use
of robotic systems (hereinafter — RTK) (systems) for special purposes for
emergency rescue operations in the EMERCOM of Russia.

The main tasks solved with the help of RTK:

exploration (including radiation, chemical, biological) and monitoring
of the emergency zone;

carrying out loading and unloading and transport works on delivery of
technical means and materials to the emergency zone for engineering
works;

the execution of the manipulation process works on installation and
dismantling of equipment;

work on special treatment (decontamination, degassing) of terrain,
buildings and equipment;

fire fighting, including the exploration of the fire, its localization and
elimination.

Presentation of the diagram of application of RTC of the fire
extinguishing which are on equipment in divisions of EMERCOM of Russia
for the period 2010-2018 and application of robotics at elimination of
emergency situations of FGKU "Center on carrying out rescue operations of
special risk "Leader", the analysis of breakdowns, and also character and
types of works.

Conclusions on the problematic issues of the use of RTK in the
EMERCOM of Russia, operator training programs.

Comparison of ground-based robotics used in the aftermath of the
Chernobyl accident and used robotics currently produced to perform the
tasks of the Ministry of emergency situations of Russia.

Conclusions on priority areas of robotics development in the interests
of EMERCOM of Russia.
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/I.B. baes
AHAJIU3 COCTOSHUA U TIPUMEHEHMUSA
POBOTOTEXHUYECKHNX KOMIIJIEKCOB JJIS1 ITIPOBEJIEHU S
ABAPUMHO-CITACATEJIBHBIX PABOT B MUC POCCHUH

3 nayuno-uccaedosamenvckuii yenmp Dedepanviozo eocyoapcmeeHHo2o
010001cemHo20 yupedicoerus « Bcepoccutickuil HAy4HO-UCCAE008AMENbCKUL
UHCTUIMYM 1O NPOONEMAM SPAACOAHCKOU 0OOPOHDbL U YPe368bIHAlIHbIX
cumyayuiit M4C Poccuuy (gpedepanvhbiii yeHmp HayKu U 8bICOKUX
mexnonoeuit) ®I'BY BHUU I'OYC (DI]), Mockea
bbgpresent@mail.ru

[IpencraBneHne HOPMATHBHO-TIPABOBOW 0a3bl 1O pa3paboTke W
MIPUMEHEHUI0 pOOOTOTEXHIMUECKNX KoMIutekcoB (mainee — PTK) (cucrem)
CHCIMANEHOTO Ha3HAYCHHS [UIS TIPOBEICHHUS aBaPHIHO-CIIACATEIHHBIX
pab6or B cucreme MUC Poccun.

OcHoOBHBIE 3a7a4l pemaemblie ¢ momomrsio PTK:

pa3Bezka (B TOM YHCJE pagualliOHHAasI, XUMIUECKasi, OMOIOTHIecKas)
¥ MOHUTOPHHT 30HBI UC;

MPOBEACHUE TOTPY30YHO-PA3TPY30YHBIX U TPAHCIOPTHBIX PabOT IO
JIOCTaBKE TEXHUYECKHUX CPEICTB U MaTepHUajOB B aBapUUHYIO 30HY TSI
MIPOBEJICHUST MHXKEHEPHBIX padoT;

BBHIMIOJTHCHUE MAHWUIYJSIIMOHHBIX  TEXHOJNIOTMYECKUX paboT 1o
MOHTaXY M JICMOHTaXy 000pYIOBaHUS;

paboTHl MO cHenuanbHOW 00paboTKe (HEe3aKTHBAIMS, JeTa3allis)
MECTHOCTH, CTPOSHHUI U 000PYAOBAHIS,

MOXKapOTYIICHHE, BKIIOYAOMICe pa3BeNKy odvara IoXKapa, ero
JIOKAJIU3AIAI0 U THKBUIALIUIO.

IIpencraBnenne auarpammsl npuMeHeHus: PTK mnokaporymienws,
HAXOJALINXCS Ha OCHameHnu B noapasaenernssx MUC Poccun 3a mepuon
2010-2018 r1r. W mnpuMeHeHHS POOOTOTEXHHYECKUX CPEICTB IpU
nmukBuganuu YC OI'KY «lleHTp mo mpoBeAeHHUIO criacaTeIbHbIX OIeparui
ocoboro pucka «Jluaep», aHaiaM3 TOJOMOK, a TaKXKe XapakTep W BUIbI
paboT.

[MonBeneHue BHIBOJIOB 1O MPoOIIeMHBIM BompocaMm mnpumeneHus PTK
B cucreme MUC Poccun, mporpaMmbl 00yYEHHUS OMIEPaTOPOB.

CpaBHEHHE Ha3eMHBIX POOOTOTEXHHYECKHX CPEICTB, MMPUMEHSICMBIX
TpH JIMKBUJANIAN TIOCTEACTBUI aBapuu Ha YepHoObUTECKOW ADC U
TIPAMEHSAEMBIX POOOTOTEXHHYECKIX CPENCTB MPOM3BOJMMEIC B HACTOSIIICE
Bpemst i BeimonHeHus 3anad MUC Poccun.

[TonBeneHne BBHIBOJOB O NPHOPHUTETHHIM HAIPABICHUSM Pa3BUTHA
pobortorexnuku B nHTEpecax MUC Poccun.
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A.M. Nunuparov
DYNAMICS AND CONTROL OF VIBRATION-DRIVEN
CAPSULE-TYPE ROBOT WITH AN OPPOSING SPRING

Moscow Institute of Physics and Technology, Dolgoprudny,
Ishlinsky Institute for Problems in Mechanics RAS, Moscow
anunuparov@gmail.com

A capsule robot is a locomotion (mobile) system that moves in a
resistive medium without external propelling devices (legs, wheels,
continuous tracks, and propeller fins) due to the motion of internal bodies in
the presence of the force interaction between the robot housing and the
environment. Structurally, the capsule robot consists of a rigid housing
(capsule) and internal bodies that can move relative to the housing under the
action of actuatorsio By controlling the motion of internal bodies, it is
possible to control the external force (resistance force) acting on the robot
and, therefore, the motion of the system as a whole. The capsule robot has
several advantages over the other types of mobile systems. It is structurally
simple, does not require complex mechanisms for the transmission of
motion from the drive to the locomotors, easy to miniaturize, its housing
can be sealed and smooth without protruding parts. The latter fact makes it
possible to use a capsule robot in “vulnerable” media, particularly in
medicine for diagnostic tests within the human body or for accurate delivery
of medication to the affected area. The robot considered in this paper
consists of a rigid body with a shape of a cylinder or parallelepiped and an
electromagnetic(solenoid) actuator inside (fig. 1).

Figure 1 — Capsule-type robot

The actuator consists of an electric coil (solenoid) rigidly secured to
the housing and the core made of a ferromagnetic material. It can move
axially inside the solenoid. The core is attached to the housing by a spring
the axis of which is oriented along the solenoid axis. The solenoid axis is
parallel to the housing axis. The housing interacts with a resistive
environment in which the robot moves. The robot is driven by the force that
acts on the core when an electrical voltage is applied to the solenoid. The
actuator is designed so that the force is directed to one side drawing the core
into the coil. The core returns to the initial position by the spring. In this
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paper, we consider a model in which the force applied to the solenoid core
is the control variable. The dynamics of the electric

circuit of the solenoid is not taken into account. The excitation force is
modeled as periodic piece-wise constant function. Each period consists of
two intervals. On the first interval of length T the force is constant and
equals to F,, on the second interval of length (1 — 7)T force equals zero,
where T is the period of the control signal, 7 is a dimensionless positive
constant from the interval (0, 1). The resulted model is used to analyze the
dependence of the average velocity of the robot on the parameters of the
excitation force in steady state motion. The monotonic change of the period
T with a constant duty cycle T implies a continuous change in the average
velocity of the robot in a steady state motion. At certain critical values of
the period the velocity changes in sign. The change in the velocity sign is
associated with the resonance phenomena in the oscillatory link of the
system. The change of the duty cycle for a constant period also leads to a
change in the magnitude and direction of the velocity of the robot’s motion.
If the duty cycles are T and 1 — 7, the robot moves at the same speed but in
opposite directions. At 7 = 0, T = 0.5 and T = 1 the average velocity of the
robot is zero. Thus, the system can be controlled by both a change in the
period and a change in the duty cycle of the control signal. The parameters
of the excitation force which maximize the average velocity of the robot are
calculated. The research results are based on the model-based and
experimental investigations. Related studies are [1, 2, 3].

The study was supported by the Government program (contract
HAAAA-A17-117021310384-9).

1. Chernous'ko F.L. Analysis and optimization of the motion of a body
controlled by means of a movable internal mass // Journal of Applied
Mathematics and Mechanics. — 2006. — V. 70. — No. 6. — P. §19-942.

2. Chashchukhin V.G. Simulation of dynamics and determination of
control parameters of inpipe minirobot // Journal of Computer and
Systems Sciences International — 2008. — V.47. —. No. 5. — P. 806-811.

3. Zimmermann K., Zeidis 1., Bolotnik N., Pivovarov M., Zimmermann
K. Dynamics of a two-module vibration-driven system moving along a
rough horizontal plane // Multibody System Dynamics. — 2009. — V. 22.
—No. 2. —P. 199-219.

151



A.M. Hynynapoe
JANHAMUKA U YIIPABJIEHUE JIBUKEHUEM
KAIICYJIBHOI'O POBOTA BUBPAIIMOHHOT O
THUIIA C BO3BPATHO¥M ITPYKUHOM

Mockogckuil puzurxo-mexnuueckuil uncmumym, 2. Jloneonpyonuvliii
Hucmumym npoonem mexanuxu um. A.FO. Huwinunckoeo PAH, Mockea
anunuparov@gmail.com

KancynpHblii poOOT — 3TO JIOKOMOLMOHHAs (MOOHJIBbHAs) CHCTEMa,
KOTOpasi IIepeMeIaeTcsl B CONPOTHBISIIONIMXCS CpeAax 0e3 BHEIIHUX
JBIDKHUTENEH (HOT, KoJiec, TyCEHHMII, IJIaBHUKOB, TPEOHBIX BHHTOB) 3a CYET
JIBIDKEHUS] BHYTPEHHHX TeJl NpPU HAJIWUYUH CHJIOBOTO B3aWMOJIEUCTBHUS
Kopmyca pobora ¢ BHemHed cpenodl. Kak mpaBmiio, BHyTpeHHHE Tena
COBEpIIAIOT  KoJieOaTelNbHBIE  JBIDKCHHS  OTHOCHTEIBHO  KOpITyca.
VYnpapneHne KojaeOaHWSMH BHYTPEHHHX TN IO3BOJISICT M3MEHSTH CHILY
CONPOTHUBJICHHSI CPEIbl IBIDKCHUIO KOPIyca, YIpaBIAs TakuUM 00pa3om
JBIDKCHHEM BCEH cucTeMbl. Takue poOOTHI MOTYT OBITH MCHOJIB30BaHBI B
“paHUMBIX” cpeJax, B UYACTHOCTH B MEAWIWHE [UII TPOBEACHUS
JAUArHOCTUYCCKUX O6CJ'IC,E[OBaHHﬁ BHYTpH TCJIa YCJIOBCKA WUJIN IJIA TOYHOH
JIOCTaBKM MeIMKaMEeHTa K IMOPaXCHHOMY ydacTKy. B Hacrosmied pabote
paccmarpuBaercsi poOOT, KOTOPBIH COCTOMT M3 IECTKOrO KOpIyca H
JJIEKTPOMArHUTHOTO (COJIEHOMTHOTO) TIPHBO/IA, PACIIOJIOKEHHOTO BHYTPHU
(puc. 1).

Pucynok 1 — KancynbHslii po6oT

[IpuBOox cOCTOHUT M3 DIMEKTPUIECKON KATYIIKA (COJICHOWIA), JKECTKO
CKpEIUICHHON ¢ KOpPILyCOM, M CEpACYHUKA, KOTOPBIH M3rOTOBJIEH U3
(heppOMarHUTHOTO MaTeprata U MOXKET IepeMeIaThCsl BHYTPU COJICHOHIA
BIONb ocu mocienHero. CepaeyHrK CBs3aH C KOPITyCOM MPYKHHOH, OCh
KOTOpOl OpHEeHTHpOBaHAa BIOJIb ocHu coieHouaa. Ochk cosneHouga
napajuienbHa ocu  Kopmyca. Koprmyc B3auMMOJEHCTBYeT ¢ BHEIIHEH
COTPOTHBIISAIONIEHCS CPelloil, B KOTOPOH ABMXKETCS poOOT, MO CPEACTBOM
CHITBI CYXOT'0 TPEHUs, oAUuHsoIeecs 3akony Kymnona. PoOoT nmpuBoautcs
B JIBIDKEHHE TOCPEACTBOM CUJIbI, KOTOpas JNEHCTBYET Ha CEpACYHHUK IMpH
nojaye IEKTPUUECKOTo HANpsDKeHHsI Ha coneHouA. [IpuBoa ycTpoeH Tak,
YTO 3Ta CHUJIAa HAIIPABJIEHA B OJJHY CTOPOHY, CTPEMSICh BTSIHYTh CEPACYHUK B
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KaTymky. JIBWbkeHHWe  cepJeyHHKa B  OOpaTHOM  HalpaBJICHUU
OCYIIECTBIISIETCSL 32 CUET MpPYXKHHBL [locTpoeHa MaTeMaTHdeckash MOJelb
OITMCAaHHOTO po0O0Ta, B KOTOPOH YNpaBISIOIEH EpEeMEHHOM CITYyKHT Cuia,
TIPUIIOKEHHAS COJICHOMIOM K CEepJIeUHHKY. /IMHaMHKa dIIeKTPHYECKOH Lenn
coileHousa He yuuThiBaercs. [lomydeHHass Monenb HCHONB30Bajlach HpPHU
HCCIIeIOBAaHNUH BIIMSHUS IIAPAMETPOB NEPHOANIECKON KYCOTHO-TIOCTOSTHHON
BO30Yy’KHAlOMIEH CHJIBI Ha CPEJHIOI0 CKOPOCTh IIeHTpa macc poGora V B
YCTaHOBHBIIEMCS JABIKEHHH. KaXIelid mepuoa BO30YKAAIOMEH CHIIBI
COCTOMT M3 JIBYX MHTepBasoB. Ha mepBoM HHTEpBasie AIUTEIBHOCTBIO TT
CHjla TIOCTOSHHa M paBHa F;, Ha BTOPOM HHTEpBale UINTEIHHOCTHIO
(1 — )T paBHa Hymio, Tae T - MEPHON YIPABJSIONIEIO CUTHANA, a T —
koo dunment 3amosHeHns. MOHOTOHHOE W3MEHEHHe Tnepuona 1 Tpu
MTOCTOSTHHOM KO3((HIIUEHTE 3aII0JIHEHNUS BJeYET HENPEephIBHOE N3MEHEHHE
CpemHe CKOpocTH poOOTa B YCTAHOBHMBIIEMCS IBIDKCHHH, NPHYEM HpPH
HEKOTOPHIX KPHUTHYECKHX 3HAYEHHSIX IIEPHOJa CKOPOCTh MEHSET 3HaK.
V3meHeHne 3HAaKa CKOPOCTH CBSI3aHO C DPE30HAHCHBIMHU SIBICHWSMH B
KoJ1e0aTeIbHOM 3BEHE CHCTEeMEI. V3MeHeHne KodpuuneHTa 3amoTHeHus T
IIPY TIOCTOSTHHOM IIEPHUOJE TAaKXKE NMPHUBOIUT K M3MEHEHMIO BEIWYHMHBI U
HaIpaBJIeHUs] CKOPOCTH JBW)KeHHs po0oTa, mpuueM Ipu KodpduirenTax
3aloJIHEHHs, PaBHbIX T U 1 — T, poOOT HIBMXKETCS C OJHOM M TOH ke
Cpe/lHeH CKOPOCThbIO, HO B IPOTHBOIIOJIOKHBIX HaIpaBieHHusx; npu T = 0,
T=0.5ut =1 cpennsisi ckopocTs poboTa paBHa Hy0. TakuMm o0pazom,
YTIPaBISTH CHCTEMOM MOXHO KaK H3MEHEHHEM IIepHO/ia, TaK M N3MEHEHHEM
koa(ddumenTa 3amoNHEHNS YNPABISAIONIEr0 CHTHANIA. bbpumm HalmeHs!
ONTHMAJIBHBIE MapaMeTphl BO30YXKIAMOUIEH CHUIIBI A MaKCHMHU3aLUU
cpemHell ckopocTu poboTa. Pe3ymbTaThl MCCIEIOBaHHS OBUTH IMOTYyYEHBI
IIPA TEOPETUYECKHUX, YHCICHHBIX M SKCIEPHMEHTAIBHBIX HCCIEIOBaHUSAX.
I[lo mnpenmery W MeTOIMKE JaHHOE HCCIEOBaHHE OJNM3KO K
pabotam [1, 2, 3].

Paboma evinonnena no meme 2ocyoapcmeennoz2o 3adanusi  (Ne
eocpezucmpayuu AAAA-A17-117021310384-9).

1. Yepnoyceko @.JI. AHanu3 W ONTUMHU3ALMS JBUXKEHHUS Tena,
YIPaBIIEMOTO TIOCPEACTBOM TOIBIDKHOW BHYTpeHHEH Macchl // TIMM.
—2006.—T. 70. — Bem. 6. — C. 915-941.

2. Yamyxun B.I. MogenupoBanue JIWHAMUKA U OIpeAeleHUE
VOPaBIAIONMX TapaMeTpoB BHYTPUTPYOHOTO MuHHpoOoTa // W3B.
PAH. Teopus u cucrems yrnpasneHus. — 2008. — Ne. 5. — C. 142-147.

3. Zimmermann K., Zeidis 1., Bolotnik N., Pivovarov M., Zimmermann
K. Dynamics of a two-module vibration-driven system moving along a
rough horizontal plane / Multibody System Dynamics. —2009. — V. 22.
—No. 2. - P. 199-219.
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V.B. Sychkov, M.M. Gurchinsky
MOTION PLANNING OF ANTHROPOMORPHIC
MANIPULATOR WITH COPY CONTROL

North-Caucasus Federal University, Stavropol, Russia
gurcmikhail@yandex.ru

The actual direction of the development of modern robotics are copy
control systems. Copy control systems allow you to realize the virtual
presence of the operator in the operational space, which is especially
important for areas of human professional activity that are associated with
the risk to life - space exploration, underwater operations, military
operations.

The system of copy control by an anthropomorphic manipulator
includes a master device and a copying manipulator [1]. A specific feature
of anthropomorphic manipulators is kinematic redundancy, which generally
allows an infinite set of solutions to the inverse kinematics problem for a
given position and orientation of the effector [2].

The presence of an infinite set of solutions to the inverse kinematic
problem allows us to find a position that is optimal by any criterion by
solving an optimization problem of the following form:

(1) = ef; Omin < 0(t) < O1ax; Vinin < 0(t) < Vipay;
Apin = O(t) < Apax; T,(0)(0 0 0 DT = Py
C(@SB) C@SPBISk) —S(@Cy) C@SPBICH) +S@CH) o
T,(8(6))" = S@S(B)  S(@SEIS() + C@C(y)  S(@SEICH) + C@Sk) 0],

~S(8) CRIS() B 0

0 0 0 1

T=M(8())8(t) +C(8(6),6(8)); ~Trmax < T(t) < Tyawrt €
[0;1];

f(8(1)) - min(f(8(t)) - max).

Where 0¢ — optimized value of generalized coordinates in the final
position; @(t) — the trajectory of the anthropomorphic manipulator in the
space of generalized coordinates, obtained by the method of spline
interpolation; 0,,ins Omax> Vmin> Vmaxs Amin> Amax — limit value, velocity
and acceleration of the generalized coordinates; P,, — the position of the
wrist joint of the manipulator in the final position; T5(0) — matrix of
homogeneous transformations from the coordinate system associated with
the seventh link to the global coordinate system; «, 5,y — Euler angles
characterizing the orientation of the effector in the final position;
C(¢),S(¢) — cosine and sine of an angle ¢; M (G(t)) — manipulator inertia
matrix; C (O(t), G(t)) — matrix of coefficients that take into account
centrifugal and gravitational forces, as well as Coriolis force; T — moments

154



of forces developed in the manipulator drives; f(0(t)) — objective function
of the optimization problem.

The criterion characterizing power consumption, smoothness of

movement, maximum load of drives, etc. can be chosen as the target
function [3, 4, 5].

The paper presents the formulation of the optimization problem, as

well as the synthesis and analysis of various optimization criteria. To test
the possibility of solving an optimization problem in real time, the
evaluation of the computational complexity of various methods was
performed, and simulations were performed to evaluate their effectiveness.
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Miller L., Kim H., Rosen J. "Redundancy and joint limits of a seven
degree of freedom upper limb exoskeleton" Proceedings of the Annual
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B.U. Ilempenko, @.b. Teoyesa, B.O. Anmonos,
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INJIAHUPOBAHMUME JIBUXEHUSA AHTPOITOMOP®HOT' O
MAHUITYJATOPA ITPU KOIMNPYIOIEM YIIPABJIEHUN

Cesepo-Kaskasckuil pedepanvruiii ynugepcumem, 2. Cmasponons
gurcmikhail@yandex.ru

AKTyanpHbIM HaIlpaBICHHEM Pa3BUTHS COBPEMEHHOH pOOOTOTEXHUKH
ABJIAKOTCA CUCTEMbI KOIHUPYIOUICTO YIIPABJICHUS. CucreMsl KOIMMPYHOIIETO
yIpaBJICHUS  TMO3BOJITIOT ~— pEalM30BaTh  BUPTYaJbHOE  IPHCYTCTBHE
orepaTopa B ONEPAalMOHHOM MPOCTPAHCTBE, YTO OCOOEHHO aKTYyalbHO IS
chep mpodecCHOHANBHONW JESITENbHOCTH YEIOBEKa, CONPSHKEHHBIX C
PHUCKOM ISl )KU3HU — OCBOCHHE KOCMOCA, TTOIBOJHEIC OTIEPAIlii, BOCHHEIC
IEUCTBHSL.

Cucrema KOIIHPYFOIIETO YIpaBICHUS aHTpOITOMOpP(HEIM
MaHUITYJIATOPOM BKITIOYAET B ce0sI 3a[aroliee YCTPOWCTBO M KOMUPYIOMIHI
Manunymarop [1]. Croenmdudeckoil 0OCOOCHHOCTBIO aHTPOIIOMOP(HBIX
MaHUITYJIATOPOB SIBISETCA KUHEMaTHYecKash M30BITOYHOCTh, KOTOpas s
3aJ]aHHBIX TOJIOKEHUsI M opHeHTanuu d3¢¢eKrTopa AOMycKaeT B 00IIeM
ciydae OeCKOHEYHOE MHO)KECTBO pEIICHHI 0OpaTHOW 3a1aud KHHEMATHKU
[2].

Hanuyrme OECKOHEYHOr0 MHOXKECTBA pEIICHUH OOpaTHOW 3amaun
KMHEMaTHKH TT03BOJISIET HAWTH TOJI0KEHNE, ONTHMAIBHOE TI0 KaKOMY-THO0
KPUTEPHIO ITyTEM PEIICHUS ONTUMH3AIMOHHON 33a]auH CIICIYIOIIETro BHIIA:

o) = ef; Omin < 0(8) < Opay; Vinin < e(t) < Vmax
Apin < 0(8) < apax; T,(0)(0 0 0 1)T =Py;

C@SB) CSBSH) —S(C(y) C@SBICH) +S(@Cy) o
T,(0(0)" = [S@SB) S@SEISF) + C(@)Cly)  S@SEICH) + C@Sr) 0],
=SB CBSW) cBm of’

0 0 0 1

T =M(8())8(t) +C(8(6),6(8)); ~Tymax < T(t) < Tan t €

[0; 1];
f(8(t)) » min(f(8(t)) - max).
roe Oy — onTUMH3HpyeMoe IOJIOXKEHHe OOOOIIEHHBIX KOOpAWHAT B

KOHEYHOM TIosiokeHnH; O(t) — TpaeKTopusi JBIKEHUS aHTPOHoMOpdHOTro
MaHMIYJIATOpPa B IPOCTPAHCTBE OOOOUIEHHBIX KOOPIMHAT, IOJIy4YeHHas
METOJIOM CIUIAWHOBOM HHTEPHONAIAY; Omins Omaxs Vmin> Vinax> Fmins
Qpax — OTPAHUYCHHUS TIO 3HAYCHHUIO, CKOPOCTH M YCKOPEHUIO 000OIICHHBIX
KoopauHaT; P, — ION0XKEHHe JTy4e3alssCTHOrO COWICHEHHsT MaHUITy IS TOpa
B KOHEYHOM mosioxkeHnu; T7(6) — MaTpHLia OTHOPOIHBEIX IpeoOpa3oBaHUH
U3 CUCTEMBl KOOPJHMHAT, CBS3aHHOW C CEIbMBIM 3BEHOM, B TIIOOAIBHYIO
cHUCTEMy KoOOpAuHaT; «,f,y — YyIisl Diiepa, XapakTepu3yloline
opueHTanuio dpdekTopa B koneunom mosoxennn; C(¢), S(p) — kocunyc u
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CUHYC yrna @; M (B(t)) — MaTpHIla HHEPIMH MaHUITyIsTopa; C (G(t), G(t))
— Marpuna KO3((QHUIMEHTOB, YYMTHIBAIOUIMX  IIEHTPOOEKHBIE |
TpaBUTAIlMOHHBIE CWJIBI, a Takke cwiy Kopuomuca; T — MOMEHTHI CHII,
pasBuBaeMble B NpHBOAax Mauumyistopa; f(0(t)) — ueneas QpyHKIUS
ONTUMM3ALMOHHON 3a1a4H.

B kawectBe mneneBodl (QYHKIMH MOXET OBITH BBIOpaH KpUTEPHH,
XapaKTepu3yomuii dHEpronoTpediIeHue, TUIaBHOCTh JIBIDKEHUS,
MaKCHUMAaJIbHYIO Harpy3Ku MIpUBOAOB U 1p. [3, 4, 5].

B pabote BbITIOJIHEHA TTOCTAHOBKA IMPUBEIECHHOW ONTHMH3ALMOHHOMN
3aJjayM, a TaKKe CHHTE3 W aHAIN3 PA3IMYHBIX KPUTEPUEB ONTHMH3ALMH.
Jns mpoBepKH BO3MOXHOCTH pEIICHHS ONTUMH3AIMOHHOW 3agaddl B
peXUME peaJbHOrO BpPEMEHHM BBIIIOJIHEHA OIEHKA BBIYMCIATEIHHON
CJIOKHOCTH PA3IMYHBIX METOOB, a TAK)K€ BHIITOJHEHO MOIEIMPOBAHMUS IS
OLIeHKH X 3(pPeKTUBHOCTH.

1. TIar. 135956 Poccumiickas @eneparuss, MIIK7 B25J9/08. Tlone3nas
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Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
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The automotive industry is undergoing a revolution today - the
emergence of unmanned vehicles. For successful movement of an
unmanned vehicle, it is necessary to solve problems related to the
recognition and analysis of the road environment, path planning and vehicle
movement controlling. The task of recognizing and analyzing the traffic
situation is the most difficult of these. The high complexity of this task is
due to the fact that the car must operate in a dynamic, non-deterministic
environment, influenced of external factors (weather conditions, other road
users, pedestrians, etc.).

Thus, task of analyzing the traffic situation is intellectual task and
requires a combination of various technologies of artificial intelligence to
solve it. The following technologies of artificial intelligence are considered:
fuzzy production systems [1], neural network [2], and hybrid systems [3]. In
addition, the solution of some problems of image analysis can be carried out
using certain algorithms without the use of artificial intelligence [4,5].

The purpose of the road analysis is to create a semantic map. This map
reflects the connections between the objects and allows perform operations
not only with data, but also with knowledge to predict the environment.

It is shown in which tasks of the analysis of the road situation it is
advisable to use certain technologies (fig. 1) to create a semantic map of the
road environment.

Artificial neural Fuzzy logical Hybrid systems Semantic map
netwm:ks a-nd systems Predicting the behavior of of t-he road
algorlthmlc Classification and synthesis ;Ofﬂ objects (cars in ramc enVIronment
methods of data in the form of fuzzy

« Detection and classification of
road objects

«+ Detection of fixed obstacles

« Weather analysis

[

ontologies

Numerical

charactenstics
describing objects
and environment

— |

Linguistic description of
objects and their
relationships

L]

Operating with

knowledge of objects,

forecasting

Figure 1 - Scheme analysis of road environment
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I'HI P® NHUU PTK, Canxt-IletepOypr
e.abrosimov@rtc.ru

ABTOMOOWJIBHASL OTpacib CEroJHs IEepeKUBACT pEBOJIOLUI0 —
NOSIBJICHHE OECIMIOTHBIX aBTOMOOWIeH. Jlsi yCHemHoro yrpaBieHus
0ECHHMIOTHBIM aBTOMOOMIEM HEOOXOIMMO PEIIUTh 3alayd Pacro3HaBaHUS
U aHalM3a  JOPOKHOM  cpenbl, IUIAHUPOBAHMS ~ Maplipyra H
HEINOCPEJCTBEHHOTO YINPAaBJICHUs] JBU)KEHHEM TPAHCIOPTHOIO CPEJCTBA.
3amaya pacmo3HaBaHWS W aHaW3a JOPOXKHOH OOCTaHOBKH SIBJISIETCS
HamboJlee CIIOKHOW. BBICOKas CIOXKHOCTH 3TOW 33aJadd 00YCITaBIMBACTCS
TEM, 9TO aBTOMOOWII0 He00X0oaAnMo ()YHKIIMOHHPOBATH B JHHAMHYECKOM,
HEJACTCPMUHUPOBAHHOW  Cpelie, TOIBEPKCHHOW BIMAHUIO BHEITHHX
(haxTOpOB (LOTOIHEBIE YCIIOBHS, APYTHE YIaCTHUKH JOPOXKHOTO JBHKCHHUS,
TeNIeX0abl U T.1.).

Takum o0Opa3oM, 3amada aHanM3a AOPOKHOM OOCTAHOBKH SBISETCA
WHTEJUIEKTYalbHOW W TpeOyeT [uisi CBOEr0 pEUIeHUs KOMOWHAIUU
pa3IMYHBIX ~TEXHOJIOTHMI MCKYyCCTBEHHOIO HHTe/UlekTa. B pabote
paccMOTpeHBl CIEAYIOIHME TEXHOJIOTHH HCKYCCTBEHHOTO HMHTENJIeKTa:
HEYETKUE TPOTYKIIMOHHEIC CUCTEMHI [ 1], HelipoHHBIe ceTH [2] U rTuOpUIHbIC
cuctembl [3]. Kpome Toro, pemieHrne HEKOTOPHIX 3a/lad aHaln3a
U300pakeHUs] MOKHO MPOBOJUTH C MOMOIIBIO ONPENCIEHHBIX aJTOPUTMOB
0e3 MpUMEeHEeHHs TEXHOJIOTHI NCKYCCTBEHHOTO HHTEIIICKTa [4,5].
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Lenpto aHanmm3a JOPOXXKHOHW OOCTAaHOBKM  SIBJISIETCSI  CO3JaHUE
CEMaHTHYECKOH KapThl. Takas KapTa OTpaskaeT CBA3HM MEKAY O0ObEKTaMH U
MO3BOJIICT pabOTaTh HE TONBKO C JAHHBIMH, HO W CO 3HAHUSIMH,
IIPOTHO3UPOBATH OKPYKAIOIIYI0 OOCTAHOBKY.

[TokazaHo B KakuMxX 3ajJayax aHajau3a JOPOXKHOH OOCTAaHOBKH
enecooOpa3Ho MPUMEHATh T€ WU WHBIE TEXHONOTWH (CM. puc. 1) mms
CO3JIaHU CEMaHTUIECKOH KapThl MECTHOCTH.

WckyccTBeHHbIE He4étkue fmépugHele CemaHTHUYeckan
HEﬁpOHHbIE ceTu n norun4yeckue CUCTEeMBI KapTa
anropuTMHU4YeckKue cucTemsl + pormoauposae MeCTHOCTH

MeTOAR! * Knacougmeaynn ROpoHOMD AREHIS
e HHW HHBIX i 5 T

s QBHapy®eHue u BHIE HEYETRIX “a_aTnO]WO“M B noToke

knacchipuraums ofbextos OHTONOTHA

ACPOXHONG ABMKEHHA
+ OfHapyXeHue HenoaBHKHbIX

APENATCTEHA.
+ AHaNU3 NOTOAHLIX YCNOBMA

l— OnepupoBaHue co
3HaHUAMK 06

TIMHrBUCTUYECKOE al
ONUCaHKE OOBLEKTOB M Omjé KTax
MX B3aMMOOTHOLIEHUA NPOTHO3HpoBaHHE
YUCNeHHbie
XapaxTepHCTHERN
ONHCBIBAKOWHE
0GbeKTo M Cpeqy.

Pucynoxk 1 — Cxema anannza 10poKHONH 0OCTaHOBKH
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set@set-1.ru

One of the most challenging issue of robotics is providing wireless
high-quality, prompt and secure data transmission between an unmanned
device and the operator. Successful performing of the mission depends on
the correct choice of the wireless link type and onboard peripheral
equipment.

Despite the wide opportunities of modern digital data transmission
channels it is not possible to solve the tasks of controlling the Robotics
complex (RTC) and all the more - the group of RTC, by using only one type
of wireless link.

The optimal solution for controlling of medium and heavy grades of
RTC is combining of low-speed and high-speed wireless links:

— Low-speed steady and highly reliable duplex channel with "point-
to-point" or "point-to-multipoint” topology is intended solely for RTC
controlling and telemetry data obtaining

— The digital high-speed broadband and duplex channel with MESH
cellular topology is intended for transmitting the data from onboard
peripheral devices, including high-resolution digital IP video cameras and
additional diagnostic equipment. This channel must provide a “transparent”
wireless connection for the onboard devices via ETHERNET interface by
use of TCP / IP or UDP protocols

— High speed duplex or one-way data transmission channel with
“point-to-point” or “point-to-multipoint” topology intended solely for video
image transmission with minimal delay.

Availability of several wireless links onboard the RTC allows to
increase the carrier capacity by use of “aggregation” algorithm and solves
the problem of reservation of control and data transmission channel.

Usage a wireless link with MESH topology makes it possible to
organize group interaction between several separate RTC performing
different missions and provides direct data exchange between RTCs,
bypassing the central control point.

Each RTC equipped with MESH wireless link can perform the
function of a repeater. Usage of UAV equipped with MESH wireless link is
the most promising way to provide data relay for RTC group located at a
vast distance from the control point.
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The critical process parameter for RTC controlling is the delay.
Properly selected and configured equipment of modern digital systems
allows to have 150-300 ms delay (comfortable value of the delay for an
operator is not more than 200 ms, the acceptable one is up to 300 ms). The
lowest delay values are achieved when using specially upgraded or
developed digital video cameras, a special digital wireless link, optimized
software and a high-performance display device. This combination of
technical solutions is implemented in Full HD “RESET” wireless link
produced by “SET-1" JSC - the achieved delay value does not exceed 160
ms.

The report encompasses also peculiar properties of high-resolution
digital and analog video cameras used in the RTC, their main advantages
and disadvantages, and also recommendations on the optimal choice of
video cameras for specific missions are given.

When choosing types of video cameras, it is necessary to take into
account the possibility of using additional equipment that allows to generate
a multi-screen mode - the “picture in picture” mode. The use of video
cameras of various standards as part of the RTC significantly complicates
their combination and displaying in multi-screen mode.

Modern video processors used in motor-car industry allow creating a
virtual 3D video image of a moving object against the backdrop of the
environment. This mapping technology is applicable to RTC and will
significantly increase the efficiency of RTC control under tying with the
environment.
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C.B. E¢ppemenkos
BECITPOBOJHBIE KAHAJIbI CBSI3U U BUJAEOKAMEPBI 1JIs1
BECHUJIOTHBIX JIETATEJIBHBIX ATITIAPATOB (BJIA) U
POBOTOTEXHUYECKUX KOMIIJIEKCOB (PTK)

AO «CET-1», Mockea
set@set-1.ru

OjiHa M3 CaMbIX aKTyalbHBIX 3a7a4 POOOTOTEXHUKH — OECIIpOBOAHAS
KayecTBEHHAasl, ONEpaTMBHAs M 3alIMIIEHHAs Iepefada NaHHBIX MEXIy
OECIMIIOTHBIM yCTPOMCTBOM U orneparopoM. OT MpaBWILHOTO BBIOOpA THIIA
OecrpoBOHOTO KaHaja M OOpTOBOro mnepudepuitHOro 000pyHOBaHUS
3aBHCUT yCIEX BBIIOIHIEMOM 3aauul.

Hcmone3ys TONBKO OXWH THIT pajMoOKaHala, HE yOaéTcs pPEelINTh
3amaun ympasierus PTK (m tem OGomee rpymmoit PTK), mecmoTps Ha
IIMUPOKHE BO3MOXXHOCTH COBPEMEHHBIX NM(POBBIX KaHAJIOB Iepeaadn
JAHHBIX.

OnTuManbHEIM —pemieHneM s ympasienus PTK  cpemnero m
TSOKEIOTO  KIIACCOB  SIBISETCA ~ COYETAHHE  HU3KOCKOPOCTHBIX M
BBICOKOCKOPOCTHBIX paJHOKaHaJIOB:

— HU3KOCKOPOCTHOM YCTOWYUBBIN 51 BBICOKOHAIEXKHBII
JBYCTOPOHHUI KaHaJd C TOMOJIOTHEH «TOYKA-TOYKa» WM «TOYKa-
MHOTOTOUHME» MpeJHAa3HaYeH MCKIIYUTENbHO Uit ympasieHus PTK u
MIOJTyYeHHS JAHHBIX T€JIEMETPUU;

— mudpoBoit BBICOKOCKOPOCTHOM LIUPOKOIOJOCHBIN u
JBYCTOPOHHUI KaHal CBsI3UW ¢ sdeuctod rtomosorueit «MESH»
MpeAHa3HadeH /Il TMepeladyd JaHHBIX OT OopToBOrO mepudepHitHOro
obopynoBanusi, BKmo4das 1udpoBele [P BHacokamepbl  BBICOKOTO
pa3penIeHus ¥ JONOIHUTEIbHOE INarHOCTHIECKOe 000pyoBaHue. JJaHHBIN
KaHaJl I0JDKEH 00ecredrnBaTh «IIPO3PadHOE» OECIIPOBOAHOE MOAKIIOYEHHE
6oproBoro obopymosanus mo uarepdeticy ETHERNET c¢ ucmons3oBanneM
npotokosio TCP/IP wnu UDP;

— CKOpPOCTHOH JABYCTOPOHHHUH WJIM OJHOCTOPOHHUIN KaHal mepenayvu
JAHHBIX C TONOJOTMEH «TOYKA-TOUKa» WIH «TOYKAa-MHOTOTOUHUEH
MIpeAHA3HAYCHHBIH HCKIIIOYHUTENLHO JUISl Mepeiaud BHICOM300pPaXKEHUS C
MUHHUMAJIbHOM 3a/1€P>KKOI.

Hanmmame Heckonmpkux panmmokananoB Ha Oopty PTK mo3Bomser
YBEIUYUTH MPOIYCKHYIO CHOCOOHOCTh ITIPH HCIIOJIB30BAHUM ANTOPHTMA
«arperupoBaHMs» W IO3BOJIICT PEIINTH 3a/ady PE3epBHPOBAHUS KaHala
YTIpaBIEeHUS U TIepeadl JaHHbIX.

[Ipumenenne pagnokaHajia ¢ HCHONB30BaHUEM Tomosorun «MESH»
JaeT BO3MOXHOCTb OpPTraHH30BaTh TPYIIIOBOE B3aMMOJCHCTBHE MEXKIY
otaenbHbIMU PTK BBIMONHSIONIMMHU pa3IHMYHbIE MHUCCHH M OOMEHUBATHCS
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JAaHHBIMM HETIOCPeACTBEHHO Hampsmyio Mexay PTK, Munys neHTpanbHbIH
MYHKT yTIpaBJICHUS.

Kaxnerit PTK, oGopynoBanubii pagmokanaiom «MESH», moxer
BBINOJHATE (YHKIHMIO peTpaHcisaTopa. [yl peTpaHcisiM CUTHAJIOB OT
rpymnsl - PTK, Haxomsmeiics Ha OONbIIOM YIaJeHUH OT IIyHKTa
ylpaBieHus,  Hambojee  TEpCIeKTHBHO  HWcmosb3oBaHue  BJIA,
obopynoBaHHOTO pagrokanaiom «MESH».

[pu ynpaBnennn PTK KkpuTudueckum napaMeTrpoM  SIBISIETCA
3a7iep)kka. B coBpeMeHHBIX HU(POBBIX CHCTEMaxX MPaBHIBHO BBIOpAHHOE U
HACTpOEHHOE 000py/IOBaHKE MO3BOJISIET MOIMYYHTH 3aiepkky 150-300 mc
(xompopTHOE AT omepaTopa 3HAUEHHUE 3aIeP>KKU CocTaBisieT He Oomee 200
Mc, pomyctumoe — a0 300 mc). Haubonee HuU3KME 3HAYEHUS 3a7CPKKU
JOCTUTAIOTCS MIPU HMCIIOIB30BAHUHU CIIEIIHATIBHO MOJACPHU3UPOBAHHBIX WIN
pa3paboTaHHbIX 1M(POBBIX BUAEOKaMep, CIEIHaIbHOrO IH(poBOro
paanokaHaina, onTuMHu3upoBaHHoro 1O U npou3BOAUTENBHOIO YCTPOHCTBA
ortoOpaxkeHus. Takoe coueTaHWe TEXHHYECKHX PEUICHHH pealM30BaHO B
Full HD pagmommamn «PECET» mnpomssonctBa AO «CET-1» -
JOCTHTHYTAs BEJIMIHMHA 33JIep>KKU He TpeBbimaeT 160 mc.

B nmoxmame Takke paccMOTpeHBI OCOOCHHOCTH IM(POBBIX U
AHAJOTOBBIX BHJICOKAMEP BBICOKOTO pa3perieHus, ucnoib3yeMeix B PTK,
OCHOBHBIE HX MpPEUMYIIECTBA M HEJOCTATKH, IAHBl PEKOMEHIAIMU II0
ONITHMAJILHOMY BBIOOpY BUIEOKaMep Ul KOHKPETHBIX 3a1ad.

IIpu BbIOOpE THUIOB BHAEOKaMEp HEOOXOIUMO  YUYUTHIBATH
BO3MOXHOCTh  HCIIOJIb30BAaHUS  JOMOJHUTEIBHOTO 00opyoBaHUSA
NO3BOJISIIOIETO  (DOPMUPOBATH  MYJBTUIKPAHHBIH PEKHUM — PEXUM
«KapTHHKa B KapTUHKe». [IpuMeHeHne BuaeokaMep pa3nuyHOro CTaHaapra
B cocraBe PTK 3HauMTENbHO OCIOXKHSET UX COYETAaHWE M OTOOpaKeHHE B
MYJIBTU3KPAaHHOM pEXHUME.

CoBpeMeHHbIE BHICOIPOLECCOPHI, HCIOIb3yeMble B aBTOMOOMIEHOM
MIPOMBIIUICHHOCTH,  MO3BOJSIIOT ~ (OpMHpOBaTh  BUpTyassHoe 3D
BHAECOM300paKEHHE [BIKyHIerocsi o0beKkTa Ha (OHE OKpyKaroumeh
oOctanoBku. JlaHHas TeXHOIOTHA OTOOpakeHus mpumeHmMa u Kk PTK u
MTO3BOJIUT 3HAYUTEIHHO YBEIMYUTH 3¢ ¢exTuBHOCTs KoHTponss PTK B
MIPUBS3KE K OKPY’KAIOLIEH eT0 00CTaHOBKE.
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The task of creating a self-moving chassis on the base of spherical
movers is actual nowadays. It is proved by appearing of futuristic vehicles
and mobile robots in movies as well as scientific researches.

In the difference with frequently used wheeled chassis, spherical
chassis use own hermetic body. It provides extra protection for mechanical
parts and control system because holes and gaps can be excluded.
Moreover, it lets reach such advantages as simplifying of moving through
rugged terrain that consists not only hard but viscous and liquid
surroundings without changing of a mover.

In the paper [1] has been proposed a fundamentally new approach for
omnidirectional deviation of the center of mass relatively to the center of
the robot’s spherical body. It makes it possible to generate controlled torque
that can be aimed in any direction and reach a zero turning radius. The robot
consists of hollow spherical body and parallel manipulator with radially
located links. The links connected with the internal surface of the body and
working body by spherical joints. The described scheme makes it possible
to make move working body omnidirectionally within hollow spherical
body, with restriction only by working zone of parallel manipulator [2].

It is important that the described method don’t regulate construction
and type of parallel manipulator. Energy efficiency considerations in the
paper [1] lead authors to the assumption that it is needed to use quadropod-
type manipulator with four closed kinematical chains. It allows to distribute
the mass symmetrically inside of the spherical body as well as simplify the
mechanism.

However, the described robot hasn’t been built. To continue
researches the authors decided to develop a more classical and symmetrical
scheme of a parallel hexapod-type manipulator, which consists of six
equivalent supports. The manipulator has structure 6-SUR, where the
number 6 means number of supports, letters R, U and S mean location of
spherical, universal (Hooke's joint) and swivel joint on each support.

Moreover, the underline indicates to which of the joints the
mechanical force from the engines is applied. Usually, the order of
enumeration of joints begins from a fixed base. In the described case, the
fixed base is the inner surface of the hollow spherical body. Thus, the
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working body of the parallel manipulator is a cube that contains servo
drives, batteries, and a control system.

The features of the manipulator have been investigated using SimLab
Multibody package of the MATLAB (Fig. 1a). The results of the simulation
make it possible to build a spherical mobile robot (Fig. 1, b), which is
remotely controlled via a wi-fi wireless network.

Figure 1 — The mobile robot

1. Prakapovich, R.A. Spherical Mobile Robot With Zero Rotation Radius
/I Robotics and Technical Cybernetics, 2015, No 2(7), pp. 39-44. ISSN
2310-5305 (in Russian).

2. Prakapoivch, R.A. New kind of moving for spherical robot using
mechanical energy recovery / R.A. Prakapovich, 1.V.Podmazov //
International scientific tech. conf. "Extreme Robotics". - SPb: Gangut,
2017. — Pp. 93-94 (in Russian).
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Co3aHre caMOXO/IHBIX IIaCCH Ha OCHOBE C(HEpUUECKUX TBIIKUTENEH
ABJIACTCA JOBOJIBHO AKTyaJIbHBIM M Ha CeFOI[HSIH_IHI/Iﬁ JCHb. 9TO KOCBEHHO
MOJATBEP)KAACTCS  HOBBIMH ~ HAy4YHBIMH  paboTaMH H  MOSIBIEHHEM
MIPaBAONOA00HBIX (QYTYPUCTHUECKHX MOJETel TPaHCIIOPTHBIX CPEACTB U
MOOMIIBHBIX POOOTOB Ha IIMPOKUX IKPAHAX.

B oriume ot ropasmo 6oee 4acTo HCIOIb3YEMBIX KOJIECHBIX LIACCH,
mrapooOpasHble  [IACCH HCIONB3YIOT B KAuecTBE JBIDKHTENS  CBOM
TepPMETHYHBIM KOoprmyc. OTO HaeT WM JONOJHUTENBbHYIO 3alluTy Ui
MEXaHU3MOB W CHUCTEMBI YIPABICHUS WU3-3a OTCYTCTBUS 3a30pOB H
OTBEPCTUH B KOPIIyCE, YNPOLIAET IEPENBMKEHUE [0 MEPECEUECHHOU
MECTHOCTH U JIa€T CIIOCOOHOCTD MEPEIBIKEHUS HE TOJIBKO 10 TBEPABIM, HO
U IO BA3KHUM U )KHUJKHUM Cpe€laM 663 3aMCHBbI ABUXUTCIIA.

B pabGore [1] ObuL1 mpeayokeH MNPUHIMIHAIBHO HOBBIH CHOCOO
BCCHAIIPABIICHHOTO  CMEIIEHUs  IIEHTpa  THKECTH  Bcero  pobora
OTHOCHTEJIFHO T'€OMETPHUYECKOTo IIEHTpa ero chepuveckoro Kopiyca, 4To
co37aéT yNpaBisieMbld BpalaTelbHBII MOMEHT B JIOOYIO CTOPOHY C
HYJEBBIM paJNyCcOM IIOBOPOTAa. YKa3aHHBIM pOOOT COCTOMT W3 KOpIIyca,
BBITIOJIHEHHOTO B BHJE TOJIOH cepbl, M MapayuiebHOTO MaHHITYIISATOpA,
COCTOSIIIETO W3 paIualbHO PACHONOKECHHBIX 3BEHbEB. [IpnuéM 3BeHbs
MaHUITYJITOPa COEIMHEHBl C BHYTPEHHEH IOBEPXHOCTBIO KOpIyca H
pabounM  OpraHoM MIapHUpaMH. bnaromaps  BceHampaBICHHOMY
MepeMeIIeHUI0 pabodero oprana BHyTPH MOJIOTO chepraecKoro Kopiyca (B
paMKkax ero paboueill 30HBI) OOecreurMBaeTCs HE TOJBKO IBMXKEHUS C
HYJCBBIM pagnyCOM IMOBOPOTA, HO U BO3MOKHOCTL CO3/1aBaTh YIIPAaBIACMbIC
NepHO/INYECKOe OTKJIOHEHHE ILIEHTpa Macc OT T'eOMETPUYECKOro IEHTpa
cepuyeckoro Kopmyca B TpeOyeMylo CTOpPOHY JABIKEHHS CaMOro
pobora [2].

TakuM 00pa3oMm, MPEAJIOKEHHBIH METOJl CO3JaHHs BpPAIIAIOIIEro
MOMEHTa C(hepHYEeCKOr0 IBIKUATENS OCHOBBIBACTCS HA Pa3MEIICHHH BHYTPH
MOJIOTO KOpITyca MapauIeIbHOrO0 MaHHITYJISATOpa, HO HEe PEriaMeHTHpPYET,
KaKoTo €ro THIl U cTpoeHne. B 6oprde 3a areprosddexkruBHOCTS B paboTte
[1] cmenaHo mpenmmonoXeHue, 9To IS YIPOLIeHHs KOHCTPYKIMH, a TaKKe
o0ecrieueHnss CHMMETPUYHOTO pACIpeieNieHus] Macchl 10  00BEMYy
cepruueckoro Kopiyca, HEOOXOAWMO HCIIONb30BaTh MAaHUITYJSATOP C
YCThIpbMs 3aMKHYTBIMHU KHHEMATHYCCKUMU MLCISAMH TUIIA «KBaAPOIOI».
OnHako, BBHJAY CJOXHOCTH pEalW3allid M CTPEMIICHHH K CO3aHHIO
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CUMMETPHYHOH CXeMbl (KMHEMAaTHYeCKOH HAEHTUYHOCTH BCEX YETBIPEX
OTIOp) YKa3aHHbI MOOWJIBHBIN POOOT Tak U He ObLI pean30BaH (U3HYECKH.

Jist mponomkeHusl JanbHEHIINX HCCIENOBaHUN aBTOpaMu OBLIO
pemieHo paspaboraTh Ooiee KJIACCHYECKYI0O W CHMMETPUYHYIO CXEMY
MapaJuIebHOTO MaHUITYJISITOPA THIA TEKCAO, KOTOPBII COCTOUT U3 MIECTH
PaBHO3HAYHBIX omop. MaHumynsaTop nmeer cTpykTypy 6-SUR, rae uuncio 6
o3Ha4yaeT KommuectBo omop, OykBel R, U m S — mocienoBaTensHOE
pacrionio)keHne cgeprHdeckoro, yHuBepcadbHOro (mapHup Iyka) m
MIOBOPOTHOI'O IApHUPOB Ha Kaxnoh omope. Ilpnuém, nomu€pkuBaHue
YKa3bIBaeT, K KAakoOMy H3 IIAapHHPOB MPHUKIAIBIBACTCS MEXaHHYECKOe
ycwme ot apurateneil. Kak nmpaBmio, MOpSIOK IEpedrcIeHNs apHUPOB
HauMHaeTcs OT HEIOJBIDKHOTO OCHOBaHMA. B  Hamem ciydae
HEMOJBWKHBIM OCHOBAHHEM SIBIIACTCS BHYTPEHHSASA IOBEPXHOCTH II0JIOTO
cepuueckoro xopmyca. Takum oOpasom, paboumii opran yKa3aHHOTO
MapaJuIeIbHOTO  MAHMMYJIATOpPa IIPEJCTaBIsSeT CO00H KyO, KOTOpBIH
COZIEP)KUT CEPBONPHUBOABI, 3JEMEHTHl THTaHWUS W OJOK CHUCTEMBI
ynpasieHus. brnarogapss nMHTAallMOHHOMY MojenaupoBaHuio (puc.l, a) B
makere Simscape Multibody cpenst MATLAB Opita nmokasaHa ero
paboTOCIIOCOOHOCT, M ONpENeNIeHBl  HEKOTOphle  KOHCTPYKTHBHBIC
ocoberHocTH. IlomyueHHBIE NaHHBIE MO3BOJIMIIM COOpaTh NEHCTBYIOMNI
MakeT cgepuueckoro MoOunpHOro pobora (puc.l, ©0), KOTOpBIHA
YIpaBIsAETCs] TUCTAHIIMOHHO Yepe3 OecrpoBOIHYIO ceTh Wi-fi.

a
Pucynok 1 — Baeninuii Bug MOOMIBHOTO poOOTa

1. TIpokomoBu4, I'.A. MoOHIIBHBIIH pOOOT C HYJIEBBIM PaJINyCOM IIOBOPOTA
/ PoOoTOTeXHMKA U TeXHUUecKas kubepHeTuka. — 2015. — Ne2(7). — C.
39-44.

2. Tlpoxomoeuy, I".A. HoBblii crioco0 nBrmkeHus cepruueckoro podora ¢
WCIIOJIb30BAHUEM peKylepalud MexaHudeckoid oHepruu / T[.A.
[pokonosuy, W.B. IlogmazoB // MexnyHap. Hay4d.-TeXH. KOHG.
"DkcTpemanbHas podoTotexuuka'. — CII6 : anryt, 2017. — C. 93-94.
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Nowadays service robotics is rapidly developing. While the
techniques for outdoor robot navigation are studied sufficiently, there are a
number of problems in the field of indoor robot navigation. The report
proposes a navigation method based on an analysis of the indoor
characteristic elements. For this purpose, a deep neural network (DNN)
detecting doors in the corridor images was trained.

A sufficiently large dataset is known to be needed for DNN training.
There are many databases on the Internet, including ones consisting of door
images. However, the problem of training the detector on such data is that
robot moves along walls and corridors while reaching the goal [1] that
results in contortion of original door shapes because doors are located on
the robot right and left. Hence, an automated method of synthetic door
image generation was proposed [2]. It is based on a set of video sequences,
which captured the movement along the corridor. The method of obtaining
the labeled training dataset from video sequences includes four steps: 1)
split the video into a set of successive frames; 2) for the first frame,
manually select the door bounding boxes which will serve as templates for
door recognition; 3) for the remaining frames, apply the pattern recognition
method to generate bounding boxes; 4) if necessary, manually adjust the
boundaries of the bounding boxes.

As a result, 2180 realistic images, which depicted 5713 doors, were
generated.

Another problem of navigation systems based on DNNs is DNNs
require large computational power. As a rule, it is necessary to choose
between high detection accuracy with fast image processing and performing
DNN inference in the cloud and lower computation accuracy with slow
frame processing and performing DNN inference on robot board. Indeed,
two detectors were trained during the experiments: Faster R-CNN Inception
V2 and SSD MobileNet v2 lite. According to the evaluation results, they
showed the following average accuracy of four door classes detections
(leftDoor, rightDoor, straightDoor, openDoor): it was 0.896 for Faster R-
CNN and 0.7093 for SSD. In addition, the speed of image processing on the
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Raspberry Pi 3 Model B single-board computer was tested: the Faster R-
CNN maximum processing speed was 0.08 fps, for SSD this speed was
1.54 fps.

As shown, the detection accuracy of Faster R-CNN outperforms the
one of lightweight SSD. However, it becomes possible to run navigation
algorithms on the robot board, which makes it independent of external
Internet connections. Post-processing was used to improve the accuracy of
the SSD. In this regard, the detected door tracking by a set of N successive
frames was implemented. At that, an assumption that the door cannot
instantly disappear from the field of view is considered, and the speed of
movement of the robot is taken into account.

Taking everything into consideration, DNN image processing on the
robot board is possible, but in order for the results to be reliable,
improvement of the algorithms is required. This can be an improving of
DNN architecture, post-processing or using of more powerful devices
designed specifically for DNN processing.

1. Prakapovich, R.A. Razrabotka sistemy tekhnicheskogo zreniya dlya
servisnogo mobilnogo robota. Trudy seminara.BTS-II, Moskow, Pero
Publ.. 2016, pp. 127-136. (In Russian)

2. Khodasevich L.A. Realistic images generation for training artificial
neural networks in robot navigation problem. Informatics.
2018;15(4):50-58. (In Russian)
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B coBpeMeHHOM MHUpE CTPEMHUTENBHO pPa3BHBAeTCs CEpBHCHAs
poboToTexnnka. 1 ecau MeToapl AJsl HABUTAIIMK POOOTOB BHE TIOMELIEHHH
JIOCTaTOYHO H3YYEHbI, TO B O0JACTH OPUEHTHPOBaHHS POOOTOB BHYTpHU
MIOMEIIEHNH CYIIECTBYET psia mpobieM. B jmokiaze mpemmaraercs MeTon
HaBUTallMM, OCHOBAaHHBIM HA aHAIN3€ XapaKTEpHBIX  JJIEMEHTOB
noMereHni. st atoro 6p1a obyuena riyookas HeiiponHas cetb (IHC),
JETEKTUPYIOIIAs TBEPH Ha N300pakeHHSIX KOPUIOPOB.

Kak wm3BectHo, mns oOyuenms [HC HykeH HOCTaTOYHO OOJIBIION
HaOop oOydaromux maHHbIX. B cetm VHTEpHET CymIeCTBYIOT MHOXECTBO
0a3 HaHHBIX, B TOM 4dmcie HaOOpel mM300paxeHWi nBepel. OmHAKO
npobsieMa oOydeHHs: JETEKTOopa Ha TaKUX JNaHHBIX COCTOMT B TOM, YTO B
npolecce BBIMOJIHEHHS POOOTOM 3aJI0KEHHON MpPOrpaMMbl OH JIBUTAETCS
BJIOJb KOPHUIOPOB U CTeH [1], B pe3ynbTaTe ABEpH Hallle pPacHoOXKEHbI He
TIepIEeHANKYJISIPHO (POHTANILHOW Kamepbl poOoTa, a M0 ero JIEBBIH WIN
MpaBelii  OOPT, YTO HCKa)KaeT MX MEepPBOHAYAIBHYIO T'€OMETPHUYECKYIO
¢dopmy. Ilo 3T0i1 mpuumHe OBLT NMpPEAToKEeH aBTOMATU3UPOBAHHBIA METO[
reHepanuy 00yJaronero Habopa CHHTETHYSCKIX N300paskeHui nBepei [2].
Jns 3T0rO 32 OCHOBY OBIT B3AT HaOOp BHIEOIOCIENOBAaTEIHHOCTEH, Ha
KOTOpBIX 3alleyaTieHO ABW)KEHHE BJIOIb KOpuaopa. MeTon MOoImydeHHs
pa3MeueHHOH oOydJaromieil BBIOOPKH W3  BHIEOINOCITENIOBATEIHHOCTEH
3aKIIFOYAICSl B CIleayromeM: 1) pa30WTh BHAEONOCIEHOBATEIFHOCTh Ha
Ha0Op TMOCNeNOBaTENbHBIX KaApoB; 2) Uil TEPBOr0 Kajapa BpPYYHYIO
BBIJICTIUTh TPSIMOYTOJIbHUKH, OTPaHUYUBAIOLINE JIBEPU, KOTOpbIE OyIyT
CIy)KUTh I[AOJIOHAMH JJIsl PAacHo3HaBaHUs JBepel; 3) Uil OCTaBIIUXCS
KaJ[pOB NMPUMEHUTHh METOJ IOMCKa OOBEKTOB IO MAOIOHY Ul TeHepalun
OTPaHWYMBAIOIINX TPSIMOYTOJIBHUKOB; 4) IPU HEOOXOAMMOCTH BPYYHYIO
MTOJIKOPPEKTHPOBATh TPAHHUIIBI OTPAHHYMBAIOIINX MPSMOYTOJIEHUKOB.

B pesymbrate Obuto  creHepupoBaHo 2180  peamMCTHYHBIX
n300pakeHNit, Ha KOTOPBIX n300paxkeHo 5713 mBepei.

Emé omHoO# mpobiieMoii MEeTOIOB HaBWTAaIMK, OCHOBaHHEIX Ha ['HC,
sBisieTcst T0, 9to HC TpeOyroT OOnbIINe BHIYUCIUTENHHBIE MOIIHOCTH.
Kak mnpaBuio, npuxoguTcsi BBIOMpPAaTh MEXIY BBICOKOW TOYHOCTBIO
JIETeKTUPOBAHI C OBICTpOH 00paboTKoN m300pakenus u 3amyckom ['HC B
obuiake 1 OoJiee HU3KOW TOYHOCTBIO BBIYHMCIICHUN C ME/IIIEHHOH 00pa0boTKOM
kampa u 3amyckom ['HC nHa Gopty pobota. leiicTBuTensHO, B XOj€
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9KCIIEpUMEHTOB ObLTM 00y4eHbl aBa jaerekropa: Faster R-CNN Inception
V2 u SSD MobileNet v2 lite. [To uToram TecTHpOBaHHs OHU MOKa3alu
CIEIyIOUIMe CPeAHNE TOUHOCTH JI€TeKTUPOBAHUS YETHIpPEX KIIaccoB JBepei
(leftDoor, rightDoor, straightDoor, openDoor): mnst Faster R-CNN ona
cocraBisia 0,896, a mna SSD 0,7093. Takxke OblUta TPOTECTHPOBAHA
CKOpOCTh 00pa0OTKH W300paXKeHWH HAa OJHOIUIATHOM KOMITBIOTEpE
Raspberry Pi 3 Model B: makcumanpsHast ckopocts o0padotku Faster R-
CNN cocraBmra 0,08 xagp./c, ms SSD sta ckopocth coctaBmia 1,54
Kazp./c.

Kak BHIHO, TOYHOCTH NETEKTHPOBAHUS IBEpeil Oojiee JETKOBECHBIM
SSD ycrymaer Faster R-CNN ma 0,2, ogHako HpH 3TOM CTAaHOBUTCS
BO3MOJXKHBIM 3allyCTUTh QJITOPUTMBI HaBHUTallMM Ha OOpTy poboTa, 4TO
JleNaeT €ro He3aBUCUMBIM OT BHeEIIHUX HHTepHeT-coenuHeHui. Jlst
noBbIIIeHUsT TouHOCTH SSD wucmosnp3oBanack nmocrobpabotka. s aToro
OBUT peaTM30BaH aJITOPUTM TPEKWHra OOHApPYKEHHBIX JBEpel 1o Habopy u3
N nocnenoBaTenbHBIX KaapoB. [Ipu 3TOM aenaeTcs NMpearoNioKeHue, 4To
JIBEph HE MOXXET MTHOBEHHO MCYE3HYTh W3 MOJS 3peHHsl podoTa, a Takxke
YUIHUTBIBACTCS CKOPOCTH ABIDKEHHS POOOTA.

Mo>HO caenaTh BBIBOJA O TOM, 4To 00paboTka m3o0paxenuit [HC na
0opTy poboTa ABISAETCS BO3MOKHOM, OJTHAKO JJIST TOTO, YTOOBI PE3yIBTATHI
Obun  HAag&KHBIMH, TpPEOYIOTCS  YCOBEPIICHCTBOBAHWE  aJTOPHUTMOB.
Hanpumep, ycoBepmenctBoBanme apxurektyp ['HC, mocrobpaboTrka
BbIBoZIa 'HC (TpekuHr 00BEKTOB) MM )K€ HCIIONIb30BaHHE 00Jiee MOIIHBIX
YCTPOWCTB, CIIPOCKTHPOBAHHBIX CIEIMaIbHO 11t 00padotku [HC.

1. Ilpoxomoruu, I'.A. Pa3paboTka CHCTEMBbI TEXHHYECKOTO 3pEHHS IS
cepBucHOr0 MoOmibsHOTO podora / I'.A. TIpokonosuy // BTC-MN-2016,
22-23 cenrsops 2016 1., r. UuHomomuc, PecnyOnmka Tarapcraw,
Poccust): Tpynsl cemunapa. — M: U3n-Bo «Ilepoy», 2016. — 184 c. C.
127-136.

2. Xomaceenmu JLLA. TeHepanmus pealMCTHYHBIX H300paKCHUH s
0o0ydeHHs HCKYCCTBCHHBIX HEWPOHHBIX CeTel B 3a/ade HaBHUTAIHH
pobora / J.A. Xomacesuu // Uadopmaruka. — 2018. — T. 15, Ne 4. — C.
50 —58.
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USING OF DEEP NEURAL NETWORKS FOR
SEGMENTATION OF DRIVING
ENVIRONMENT IMAGES

The Russian State Scientific Center for
Robotics and Technical Cybernetics,
SPbPU, Saint-Petersburg,
orsveri@gmail.com, timswiml337@gmail.com

An increased interest in the development of technologies for vehicular
automation is the reason that the computer vision problems associated with
the recognition of driving environment are highly relevant now. Neural
networks application in such tasks allows to achieve better performance
than the use of classical methods of technical vision. Currently, a lot of
development of neural network methods is underway, including for image
segmentation, which gradually push the state of the art.

However, despite the large number of works devoted to the
development of neural network segmentation methods, there are a number
of problems associated with the practical solution of the segmentation
problem in the development of computer vision system. One of the main
problems is the lack of experimental studies comparing the performance of
existing methods, which would be a support when choosing the most
appropriate method for the task.

The report discusses the use of deep convolutional neural networks to
solve the problem of segmentation of images of the road situation, compares
modern algorithms and formulates recommendations on the choice of
specific algorithms depending on the task.
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C.P. Opnoea, T.T. Hcaxos
INPUMEHEHUE I')TYBOKUX HEMPOHHBIX CETEN
B 3AJIAYE CETMEHTAIIMUA U30BPAKEHUM
JOPOXXHON OBCTAHOBKH

T'HI] P® I[HUU PTK, CIIoIlY, e. Canxm-Ilemepbype,
orsveri@gmail.com, timswiml337@gmail.com, alexab@rtc.ru

IToBBIIEHHBIN HHTEPEC K TEXHOJIOTUAM aBTOMATHU3allMU TpaHCIIOpTa
SIBJIACTCA l'IpH'—IPIHOﬁ TOT'0, YTO 3aJla4u TEXHUYECKOI'0 3pCHUs, CBA3AHHBIC C
pacro3HaBaHWEM JOPOXKHOH OOCTAaHOBKH, B HACTOSINEE BpeMs KpaiiHe
akTyanbHbl. [IprMeHeHHe HEHpPOHHBIX CeTel B TAaKHMX 3aJadax MO3BOJISIET
JIOCTUYB JIYYIIUX ITOKa3aTelleil padoThl, YeM HCIIOIB30BaHHUE KIIACCHUYCCKIX
METOJIOB TEXHHYECKOTO 3peHHs. B Hacrosmee Bpems MPOBOIUTCS
MHOXECTBO pPa3pab0OTOK HEHPOCETEBHIX METOJOB, B TOM YHCIEC H IS
CETMEHTAINHN H300pakeHMIt, TOCTETIEHHO MO JHIMAOMINX IIAHKY Ka4eCTBa.

OpnHako, HECMOTPSL Ha OOJBIIOE KOJHMYECTBO paboT, MOCBSIIEHHBIX
pa3paboTke HEHpPOCETeBBIX METOJOB CETMEHTALMH, CYMIECTBYET psij
pobJieM, CBA3aHHBIX C MPAKTUYECKUM peIIeHNeM 3aJauil CETMEHTAINN TIPH
pazpabotke CT3. OmHOll W3 THaBHBIX MNPOOJEM SBISETCS HEAOCTATOK
IKCIICPUMEHTAIBHBIX HCCICIOBAHUMN, CPAaBHUBAIOIIMX MOKA3aTeNId PaOOTHI
CYIIECTBYIOIIMX METOJ0B, YTO TOCIYXHWIO Obl Omopoil mpu BeIOOpE
HauOoJIee MOAXOIAINETO MO/ 3a7]a9y METOIa.

B nokmame paccmarpuBaeTcss NMPUMEHEHHE TITyOOKHX CBEPTOYHBIX
HEHPOHHBIX CeTeW IUIS peIIeHHs 3aJadd CeTMEHTAIMH W300paKeHUMH
JOPOXKHOH  OOCTAaHOBKH,  BBITIONHAETCS  CpPaBHEHHE  COBPEMECHHBIX
AITOPUTMOB M (OPMYIHPYIOTCS PEKOMEHIAINH TI0 BHEIOOPY KOHKPETHBIX
AITOPUTMOB B 3aBHCHMOCTH OT 3a1a4H.
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MARINE ROBOTICS /
MOPCRAf POBOTOTEXHHKA

A.F. Scherbatyuk
CURRENT EXPERIENCE FOR USAGE OF SOME AUV
DEVELOPED IN IMTP FEB RAS

Institute for Marine Technology Problems
FEB RAS, Viadivostok, Russia
alex-scherba@yandex.ru

The unification of autonomous underwater vehicles /AUV/ developed
in IMTP FEB RAS is important part of work. The base model of unified
AUV is created with open mechanical and information architecture that is
lightly modified for different tasks. The specific feature of this approach is
wide range of equipment and sensors installed on board of AUV.

The AUV MMT 3000 series intended for operation on depth up to
3000 meters is one of examples of this approach. There were developed
four AUV with different configuration that were used the same base. Other
examples of AUV series is MARK and later X200 that are intended for
operation on depth up to 200 meters.

Some details about mentioned AUV and fulfilled operations with their
usage are described in the report. The vehicles of MMT 3000 series were
used widely for operation in Arctic seas. In 2012 the work was intended for
pollution task decision. The operation in 2016 was connected with
investigation of the processes connected with bottom gas hydrate instability.

In 2017 the AUV "MMT-3000" with a modernized navigation system
was used to carry out deep-sea operations for surveying of several sections
of the seabed with a total length of more than 250 km. In accordance with
the customer requirements each section should be traversed by two parallel
lines at a distance of 50 m from each other. Thus, the total path length
exceeded 500 km. The specified altitude of the AUV relative seabed during
survey is 20 m, the specified speed of the AUV is 1 m/s. The maximum
depth in the work area was not exceeded 2000 m. For one launch of the
AUV, an average path length during a diving was about 20 km. In the
longest dive the AUV surveyed a seabed section with a length about 37900
m in 10.5 hours. Some results of AUV operation for seabed survey of
Okhotsk Sea in 2017 are supplemented.

In June 2017 IMTP FEB RAS fulfilled the research intended for
estimation of the ecological state for Zolotoy Rog Bay (Golden Horn) in
Vladivostok city. The purpose of the work was data obtaining for 3D
information receiving about physical and chemical parameters of water in
the vicinity of the influx of the Obyasneniya river into the bay. AUV of type
MMT 3000 equipped with a regular autonomous navigation system (which
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includes GPS, depth sensor, Doppler log, compass and echosounding
system) was used to fulfill the task. The AUV also contains hydroacoustic
link and navigation facilities. The vehicle was additionally equipped with
FLCDRT-926 and FLNTU-665 fluorometers installed on the outside of the
hull. The meter CTD-NV-2406 was used for temperature and salinity values
measuring.

In the 2016 and 2018, a test experiment was performed in Vityaz Bay,
the Sea of Japan with AUV for studying of hydroacoustic oscillations and
waves transformation on border of system "hydrosphere - lithosphere" in
natural conditions. Equipment for experiment includes the laser strainmeters
system, the AUV with hydroacoustic receiver and low-frequency
hydroacoustic oscillator (radiator). The AUV hydrophone registered
pressure variations of the hydroacoustic field and the obtained data were
memorized onboard AUV. At the same time the system of coastal laser
strainmeters recorded the seismoacoustic waves resulting from
transformation of hydroacoustic waves on border "water-bottom". The
system of such equipment allows to investigate variations of pressure for
the acoustic field in the studied water area and to carry out control of
seismoacoustic waves. On the first stage in 2016 AUV MARK was used for
marine experiment and in 2018 AUV MMT 3000 continued the
investigations for improved scheme.

A.®. Hlepbamiox
O IPAKTHYECKOM MIPUMEHEHWU HEKOTOPBIX TUIIOB
AHITA, PASBPABOTAHHBIX B UTIMT J1BO PAH

HIIMT JIBO PAH, 2. Braousocmok
imtp@marine.febras.ru

Yuudukarmmsa paspadbareiBaemMeix B UTIMT JIBO PAH aBTOHOMHBIX
HEOOUTaeMBIX MMOABOAHBIX ammapatoB /AHIIA/ sBisieTcss OqHUM U3 BayKHBIX
HampaBieHuil pabotel. Ilpu osToM Qopmupyercs 0a3oBas MoOJICIb
yaundpunupoBanHoro  AHITA ¢ OTKpBITOH  KOHCTPYKTHUBHOH W
UH(QOPMALIMOHHON  apXUTEKTYpO#l, JIerko KOH(QUIYpHPYEMBIH  MOJ
KOHKPETHYIO 3ajladyy, II03TOMY OTIIMYHUTENIFHON O0COOEHHOCTBIO Ha3BaHHBIX
anmnapaToB SIBJISIETCS 3HAYMUTENbHOE pPACIIUpPEHHE YCTaHABIMBAEMOTIO
TTOWCKOBOTO ¥ H3MEPUTEIHEHOTO 000PY/I0BaHHSI.

OpxHUM U3 IPUMEPOB PeaTN3alrii ITOH KOHIENIMN ObuIa pa3paboTka
AHITA MMT 3000. [lanee B pa3BuUTHE NAHHOH CepuM OBLTH CO3IAHBI
AHITA «[Tunurpum», «Ilnardpopmay u «mutaropy». B 2017 roxy mepssrit
ammapaT 3TOW CEepUH MpOLIeT MOAEPHHU3AIMIO IOCPEICTBOM YCTAaHOBKH
YHU(GHUINPOBAHHONH OGOPTOBOM CHCTEMBI YIIPABICHUS, PACIIMPEHUS] COCTaBa
MIONCKOBOTO OOOPYMOBAaHUSI W HOBBIX THIPOAKYyCTHUECKHX CPEACTB
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HaBUranuu U cBs3u. [pyrum npumepom ssisetrcs cepuss AHIIA MAPK
(X200).

B noxsane npuBeneHb! HEKOTOPBIE CBEACHUS O HAa3BAHHBIX amIaparax
W psifie BBINOJHEHHBIX C HMX HCIIOJB30BaHHEM IPAaKTHYECKHX paboT. B
okTsi0pe 2012 r. B paiioHe apxwurenara HoBas 3eMisi ObUTH BBHITOJHEHBI
paboter ¢ ucrnonb3oBanneM AHIIA «[Twmrpum». B kadecTBe cHCTEMBI
HaBUTALIUNA AHITIA ObLTa HUCHOJIb30BaHa TUAPOAKYCTUYECKAs
HaBHTAIlMOHHAs cucTemMa ¢ JmmHHOH 6aszoii (TAHC JIb). AHIIA
[Mnardopma B 2016 T mcmons3oBaincs B pabotax B Bocrouno-Cubupckom
Mope B pamkax mnpoekra TIIY mo u3ydeHuro mpoueccoB B apKTHUYECKOM
menbde, ABISTFOMIMXCS CIEACTBHEM MIPOIIECcCa TII00aIbHOTO MOTEIICHNUS.

B 2017 romy ycmeurHo BBINOJHEH KOHTPakT mo goroBopy ¢ OOO
«Mopckas reone3usi» Mo CheMKe MOPCKoro fHa ¢ momoibio AHITA MMT
3000 @i TUTAHUPOBAHUS MPOKIAAKH ONTOKabens or o. CaxamuH 10
Kypunbeckux octpoBoB. Paboume riayomnsl — or 70 go 1800 metpos.
IlonBomHBIM ammapaToM MpOHAEHO 525 KM €O CBEMKOH C IOMOIIBIO
MHoronydeBoro ['BO, mommonHoro mnpoduiorpada u Maramutomerpa. C
ucnonb3oBanneM AHIIA tmma MMT 3000, ocHameHHOro AaTYMKaMU
BHemHeH cpensl (pmoopomerpamu 1 CTD-merpom), UTIMT coBmecTHO ¢
JAB®Y B 2017 romy BBIMONHUI pabOTHI B paMKax HpPOEKTa MO OIEHKE
9KOJIOTHYECKOTO COCTOSIHUSL OyxXThl 3050TOM por Bo BragmBocroke.
INomy4eHs! TpagueHThI paclpencineHust (PU3NYEeCKUX M THIPOXUMUIECKUX
napaMeTPOB BOJHOW Cpefibl BOJIM3M MecTa BhaaeHus peukr OObACHCHUS B
oyxty 3omoroii Por.

B 2017 u 2018 romax HWIIMT coBmectho ¢ TOU JIBO PAH
BBHINOJIHEHa paboTa M0 M3YYEHHWI0 3aKOHOMEpHOCTeH TpaHchopMayn
THJPOaKyCTHUECKUX KOoJe0aHWi Ha TpaHUIe pasjena cpel B NpHUOpekHON
30HE M MPOCTPAHCTBEHHO-BPEMEHHOTO pacClpeseNeHus] aKyCTHYECKOro
TIOJIs B TOJIIE BOABL. [l N3MEpEHMH B TOJIIE BOABI B KAYECTBE HOCHTEIS
JlaTYMKa YPOBHSI aKyCTHUYECKOro curHaia ucnonb3oBaiuch AHIIA MAPK u
MMT 3000.
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V.E. Pryanichnikov, A.A. Roganov, A.S. Trushkin,
K.V. Kharin, V.V. Chernyshov
THE DEVELOPMENT OF CONTROL SYSTEM FOR
SERVICE AND UNDERWATER ROBOTS,
USING NETWORK TECHNOLOGIES

Vienna University of Technology, Vienna, Austria,
KIAM Russian Academy of Sciences, INET RSUH,
MSTU "STANKIN", "Techlnvest”, Moscow,
Volgograd State Technical University, Volgograd, Russia
branko.katalinic@tuwien.ac.at, v.e.pr@yandex.ru

The aim of the research was to find ways and means of unification of
the hardware level of robotic and industrial systems, underwater robots, as
well as combining these approaches with the developed technologies of
intellectualization of sensor-control systems. The base of these works was
the development of the integration, distributed software for a group
development and control robotarium, including 3D-simulation, running in
real time. Currently, 14 robots and 4 industrial stands, 3 cameras with 3-
coordinate control are involved into the joint research, and a system of
tunable remote control of the realized workshop was built. A mechatronic
complex was created - a joint distributed scientific and experimental
laboratory-robotariums, which are actively used for scientific and
educational purposes on the joint research agreement (05.03.2016) between
KIAM Russian Academy of Sciences, INET RSUH, MSTU "Stankin", TU
Vienna and other organizations on the project "Intelligent robotronics".

Keywords
Mobile service robots, underwater walking robots with supervisory
control, intelligent robotronics.
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B.E. Ilpanuunukos, A.A. Pozanos, A.C. Tpagywikumn,
K.B. Xapun, B.B. Yepnviuios
PA3PABOTKA YIIPABJIEHUSA CEPBUCHBIMHA U
nOoABOJHBIMH POBOTAMM C UCIIOJIb30OBAHUEM
CETEBBIX TEXHOJIOT Ui

Vienna University of Technology, 2. Bena,
HIIM um. Kenoviwa PAH, MUHOT PITY,
MITY « CTAHKHH», OOO "TexHusecm" 2. Mocksa,
Bonel TV, 2. Boneoepao
branko.katalinic@tuwien.ac.at, v.e.pr@yandex.ru

Llenbro vcciieTOBaHUM SABISUICS TOUCK IyTEH M CPENCTB YHU(UKAINT
annapaTHOTO0 YPOBHS pPOOOTOTEXHWYECKMX M IPOMBIIIJICHHBIX CHCTEM,
MOJBOAHBIX pPOOOTOB, a TaKke COBMEIIICHHE JTHUX TIOJIXOJIOB C
pa3pabaThIBAEMBIMH  TEXHOJOTHAMH  HHTEIUIEKTYaJIN3allid  CECHCOPHO-
VOpaBIAIOMMX  cUCTeM. bazoit 3tmx pabor crama pa3paboTka
HWHTETPALMOHHOTO, pacipeneneHHoro mnporpamMmmHoro obecmneuenus (I10)
JUTsl TPYTIIOBBIX pa3paboToK W ympasjeHHsl podoTapuyMamu, Bkitodas 3D
CHMYJISITOPBI, padoTarolIKe B pealbHOM Maciitadbe BpeMeHH. B Hacrosiiiee
BpeMsi JUIS COBMECTHBIX HCCIENOBaHHU 3a/eiicTBoBaHO 14 poOOTOB M
MaHUIYJIATOPOB, 4 IPOMBINUICHHBIX CTEHJa, 3 KamMepsl C 3X-
KOODJIMHATHBIM  yIPaBJICHUEM, a  TaKkKe  coO3JaHa  cUCTeMa
MIePeCTPanBacMOro JIUCTAHIIMOHHOTO YIPABJICHUS PEaM30BAHHBIM LIEXOM.
Co3nan MexaTpOHHBIH KOMIUIEKC - COBMECTHas paclpenelieHHass HaydHO-
9KCIIEpUMEHTANIbHASA JIA00paTOpUs-poOOTapuyM, AKTHBHO HCIOIb3yeMast
JUIl HaydHO-y4eOHbBIX Iiedeld B pamkax CoriameHHs O COBMECTHBIX
ncciegoBanmsx ot 05.03.2016 mexny UIIM um. Kengeimma PAH, MUUHOT
PITY, MITY "Cramkun", Benckum TVY, CIIOITY wu ppyrumu
OpraHm3alsiMM 1o  Tmpoekty "MHTemnexTyanbHas  poOOTpoHHKaA'.
brnaronaps yHH(DHUKAITHU rnporecca HMHTETPALUU Pa3HOTUIIHBIX
MeXaTPOHHBIX YCTPOWCTB M MOCTpOoeHus1 cooTBeTcTBytouiero [10, ynanoch
MHOTOKPAaTHO COKPAaTUTh IIyTb OT CTPOUTEIHbCTBA HHU3KOYPOBHEBBIX
CEHCOPHO-YNPABJIAIONINX CHUCTEM K HWHTEIUIEKTYaIbHBIM —aJITOPUTMaM,
peau3yIOmUM IeAyKTHBHBIE MeXaHn3Mbl. CO3/1aHbl MOZIEIH OKpPY KaroIeH
cpenbl poOOTOB, KOTOpBIE IIO3BOJISIIOT ABTOMAaTH4eCKH (OPMHUPOBATH
TPaeKTOPUH YKIOHEHHS OT MOIBIXHBIX M HETOJABI)KHBIX NPEMSTCTBHN IO
JaHHBIM OT JIHJIApOB, YJIBTPa3BYKOBBIX M TB-ceHcopoB, B TOM dmHcIe,
WCITIONB3ys MapajulesibHble BbIUMcIeHUs. IlomydeHHble B pes3ysbrare
MIPOBEJICHHBIX HCCIECAOBAHUI, HOBBIE TEXHOJOTMH IPOTPAMMHUPOBAHHUS
MIO3BOJISIIOT CYIIECTBEHHO YCKOPHTH MpOLECC pa3pabOTOK HOBOH TEXHHKH
3a CYET  pACIpPENeNIeHHOro JOCTyNa M CIEeNHAIbHON OpraHu3aluu
BSaHMOI[eﬁCTBHS[ IIPOTrpaMMHBIX KOMITOHCHT. Hcnons3oBanue
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MHOTOMEPHBIX  JIOTHK TIO3BOJWJIO  HWHTEIUIEKTYalu3upoBaTh  paboTy
pacmpeieJICHHBIX TPy PpOOOTOB B AKCTPEMATIBHBIX YCIOBUAX, TEM CaMbIM
CHHMasi Harpy3Ky oIepaTopa W OOeCIieuMBas YIYYIICHAC KAYeCTBCHHBIX
mokaszaTenieil. Pa3pa0oTaHHbIC TPUHIMIGI YIPABICHHUS KOMILDICKCAMHU
MEXaTPOHHBIX YCTPOMCTB HAalUIM MPUMEHEHHE, B CO3JaHUM YAAJIEHHOTO
VIOpaBICHUS CIIOKHBIM IEPECTPAaUBACMBIM TIPOW3BOJACTBOM TIO THILY
HNunyctpuu 4.0 1 411 moABOAHOTO IIararouiero anmapata [1,2].

KiroueBble cjioBa
MoOUIIEHBIE CEPBUCHBIC POOOTHI, TIOABOHEBIC IMIATalOIIAe POOOTHI C
CYIICPBH30PHEIM YIIPaBICHUEM, HHTEIUICKTyalbHAas pOOOTPOHHUKA.

1. Pryanichnikov V.E., Chernyshev V.V., Arykantsev V.V., Aryskin
A.A., Eprikov S.R., Ksenzenko A.Ya., Petrakov M.S. (2018).
Enhancing the Functionality of the Groups of Autonomous Underwater
Robots, Proceedings of the 29th DAAAM Int. Symposium, pp.1319-
1325, B. Katalinic (Ed.): DAAAM Int., ISBN 978-3-902734-20-4,
ISSN 1726-9679, Vienna, Austria DOI:
10.2507/29th.daaam.proceedings.190

2. b.Karanunuy, A. 5. Kcenzenko, C.B.Kysmmnos, FO.C. Map3aHos, E.A.
[peiceB, B.E. Ilpsununukos, P.B.Xenemenmuk, C.P. Onpuxos //
PazpaboTka pacrpeaeneHHbIX MIPOTrPaMMHO-aIIaPaTHBIX
pobotapuymoB. DKcTpemanbHas poOororexHuka. // Tpymsr Mexn.
H/TexH. KoHpepeHuun. - CankT-IlerepOypr: OO0 «All4IIpunT», 2016.
- 480 c., C.459-465. ISBN 978-5-9909163-3-3.
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THE INTERACTION OF THE FOOT WALKING
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The control of normal reactions of walking propulsion devices
underwater robots in the implementation of the traction force and the
separation from the ground in the paper considered.

Keywords: propulsion device, underwater walking robot, pulling
force, the force of resistance to motion.

One of the main problems in the development of underwater mobile
robots for moving on the bottom surface is to ensure proper profile and
reference maneuverability. Its decision can be based on the use of walking
propulsion devices. Improving the reference maneuverability is an urgent
task for ground vehicles, including mobile underwater robots. The main
factor affecting the supporting permeability is the value of the normal
reaction provided by the propulsion devices to the ground. For underwater
robots, this effect is more significant due to the "compression effect". A
characteristic feature of walking propulsion devices is that with the increase
in normal reactions, the traction properties increase linearly, but at the same
time, in proportion to the square of the normal reaction, the forces of
resistance to movement increase. Another peculiarity is that normal
reactions depend on the movement of the case relative to the stationary
supports of the propulsion devices. However, these reactions can be
controlled both by purposeful changes in the stiffness of the supports, and
due to the vertical micro-displacement of the foot of the walking
mechanism, as is practically possible, for example, for robots with
orthogonal propulsion devices such as "Orthonog".

The work was supported by the Russian Science Foundation (grant
No. 18-71-10069).
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B pabGore paccMOTpeHO ympaBieHWE HOPMAaIbHBIMH PEaKIHIMHU
[IaraloNIuX JBWXHUTENECH MOABOMHBIX POOOTOB NPH pealn3aliiy TATOBOTO
YCHIINS ¥ TIPH OTPBIBE OT TPYHTA.

KiroueBble cnoBa: ABMKWTENb, ITOJBOJAHBIA MIAaralomuii poOorT,
TSATOBOE YCHIINE, CHJIa CONIPOTUBIICHHS IBH)KCHHUS.

OmHa M3 OCHOBHBIX 3aJad IpH pa3padOoTKe MOABOAHBIX MOOHMIBHBIX
pOOOTOB JUIs IIEpEMEIEHHSI TI0 TIOBEPXHOCTH JHA COCTOUT B OO€CTIeYeHNN
JIOJDKHOW TpOQIIBHON M OmopHOM mpoxoxumocTH. Ee pemierne Moxer
6I)ITI) OCHOBAaHO Ha MNPUMCHCHHHU IHararommnx I[BI/I)KI/ITeHeﬁ. YqumeHI/Ie
OHOpHOI‘/lI IMPOXOANMOCTHU - aKTyaJIbHast 3aJga4dya JUIA Ha3EMHBIX
TPaHCIIOPTHBIX CPE€ACTB, B TOM YHCIC U JIid MOOHIIBHBIX IOABOJHBIX
po6oToB. OCHOBHBIM (haKTOPOM, BIHSIIOLNIMM Ha OMOPHYIO MPOXOJUMOCTb,
SIBJISIETCS] BEJIMYMHA HOPMAJIBHOM peakiMu, OKa3blBaeMas JBW)KHTEIIEM Ha
rpyHT. 1 TOABOMHBIX POOOTOB 3TO BIMSHUE OOJee 3HAYNTEIHHO 33 CUET
«KOMIIpecCHOHHOTO 3ddekTa». XapakTepHas OCOOCHHOCTb IIArarolINX
JBIDKUTENICH COCTOUT B TOM, YTO C YBEIMYEHHEM HOPMAIBHBIX pPEaKIHi
JMHEHHO YBENWYMBACTCS TATOBO-CIETIHBIE CBOMCTBA, HO OJHOBPEMEHHO
MIPOTIOPIIMOHANBHO KBAApaTy HOPMAIbHOM pPEakIWy YBEIUYUBAIOTCS U
CHJIBI CONIPOTHBIIEHUSI ABMKEHHIO. Elte omHa 0COOCHHOCTH COCTOHUT B TOM,
qTO HOpMAJILHBIC peakun 3aBUCAT oT NEPEMEIICHUSA KopIryca
OTHOCUTCJIIBHO HEIMOABUXXHBIX OT10p JIBI/I)KHTGJTeﬁ. O}IHaKO STUMU
PCaKIMAMU MOKHO YIIPaBJIATh, KaK 3a CUHCT HEJICHAIIPAaBJICHHOTIO U3MCHCHUS
YKECTKOCTH OTIOP, TaK M 33 CUET BEPTUKAIHLHOTO MUKPOTIEPEMELIEHUSI CTOIIBI
MeXaHHM3Ma IIaraHusi, Kak 3TO MPAaKTHYECKH BO3MOXKHO, HAlpuMep, Ui
POOOTOB C OPTOTOHATLHBIMHU JABWYKUATEISIMU THIA «OPTOHOTY.

Paboma evinonnena npu ¢unancosoii nodoepcke epanma PHD Ne
18-71-10069.
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E.S. Briskin, V.A. Serov, S.A. Ystinov, V.N. Platonov
ON ANCHOR-ROPE PROPULSION MOTION’S RATIONAL
MODES DURING THE MOVEMENT INTO A NEW POSITION

Volgograd State Technical University, Volgograd, Russia
dtm@vstu.ru

One of the promising technologies for the exploration and production
of hydrocarbons on the continental shelf may be the use of underwater
drilling platforms with anchor-rope propellers, which are a kind of walking
movers.

One of the main requirements for the operation of such underwater
drilling complexes is to minimize energy consumption. At the same time,
the energy saving mode should also be ensured during the underwater
robotized complex’s movement between the points where the technological
task is performed.

The analysis of the walking machine’s energy indices presented on
[2], describes the dependence of energy consumption related to the phase of
fulcrum’s transferring on the speed modes of propulsion elements.

A similar analysis should be carried out for anchor-cable propulsion.
Variants of the possible propulsion element’s transferring paths (from p. A
to p. B) during the single movement cycle phase are shown on the figure 1.

Figure 1 — Different trajectories of the anchor-rope propulsion’s elements
movement: /- the trapezium path; 2 — the arc path; 3 — the triangle path
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The criterion determining the choice of a particular trajectory is the
minimization of energy consumption related to a single movement cycle:

n
A=>"P-At, - min. (1)
i=1
As a result of the simulation, the dependences of the energy
consumption 4 on the characteristics of the propulsion’s anchor movement
mode are obtained.

1. Serov V A, Kovshov I V, Ustinov S A 2017 Tasks of technological
robotic walking platforms in the development of underwater (ice)
mineral deposits Izvestiya YUFU. Tekhnicheskie nauki. 9 (194) pp 181-
191.

2. Briskin E.S. 2009 Dynamics and motion control of walking machines
with cyclic mechanisms (Volgograd: Machinostroenie).

E.C. bpucukun, B.A. Cepos, C.A. Yemunos, B.H. Ilnamonog
O PAIIMOHAJIBHBIX PEXKUMAX IBUKEHUS SIKOPHO-
TPOCOBBIX JIBUKUTEJIEM ITPU IEPEHOCE
B HOBOE IIOJIOKEHHME

Boneoepaockuii ecocyoapcmeennwiii mexnuueckutl yHugepcumen,
2. Boneozepao, dtm@vstu.ru

Bo3MOXXHOH TepCHeKTHBHON TEXHOJOTHEeH pa3BeAKH U JOOBIYH
YIIIEBOJOPO/IOB Ha KOHTHHEHTAILHOM HIENb(e MOXET CTaTh NpUMEHEHHE
MOJBOAHBIX OYpOBBIX IIAT(GOPM C SKOPHO-TPOCOBBIMH JIBHKHTEIISIMH,
SIBILSTFOILIIMUCST PAa3HOBHIHOCTBIO IIArafoniernoJo0HbIX [1].

OxHO W3 OCHOBOINOJAraUIMX TPeOOBaHMH K paboTe TakWx
TIOJJBOIHBIX OypoBBIX KOMIIIEKCOB SIBIISIETCS MHUHAMH3aLHUs
sHepronoTpeOnenus. [Ipum 3TOM pexuM 3HeprocOepekeHus TOJDKEH
o0ecreunBaThCsl W NMPHU NEPEABMKEHUH MOJBOAHOTO POOOTH3NPOBAHHOTO
KOMIIIEKCa MEX/y TOUKaMH BBIIIOJTHEHHS TEXHOJIOTHIECKON 3a/1a4H.

B [2] mpencTaBneH aHaTN3 3HEPTeTUYECKUX MOKa3aTelNeil mararommx
MallllH, B YaCTHOCTH, 3aBHCUMOCTb DHEprosarpar B (ha3e mepeHoca TOYKU
OTIOPBI OT CKOPOCTHBIX PEXKUMOB JIEMEHTOB IBUKUTEIS.

[TonoOHBIii aHaMM3 IOMKEH OBITH OCYHIECTBIEH W JUISl SIKOPHO-
TPOCOBBIX JBIXHTeNel. BapuaHThl BO3MOXKHBIX TpaeKTOpUI MepeHoca
9JIEMEHTa ABIKUTENS B (pase ofHOrO nuKia rnepemenieHust (3 1. 4 B T. B)
MIPEACTaBICHbI HA PHCYHKE.
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Pucynok 1 — Pa3zimnunple TpaeKTOpHH epeHOCca HIEMEHTOB SIKOPHO-
TPOCOBOT'O IBIKUTEINA: | — TpaleeBUIHas TPAaeKTOpus; 2 —
JyrooOpa3zHasi TpaeKTOpHsL; 3 — TPEYToJibHasi TPaeKTOpHst; S — IKOPb.

Kpurepuem, ompenensronmM BBIOOp TOH WIM WHOH TpPaeKTOPHH,
SIBIISIETCS] MUHUMH3ALIUs SHEPTo3aTpaT B €AMHUIHOM IMKIIE IEpeHoca:

n
A=) P-At, - min , (1)
i=l
rne P, — cyMMmapHas MOIIHOCTh OOOMX IPHUBOJOB B i-Oif TOYKe
TPacKTOpUU;
t;— BpeMs JUCKPETU3ALHUU TPACKTOPUHU 110 BDEMEHHU.
B pesynbraTe MOAEIMPOBAHUS MTOTyYEHBI 3aBUCUMOCTH HEPro3aTpar
A OT XapakTepHCTUK peXuMa IEpeHoca SAKOps [BIXKUTENS B HOBOE
MIOJIOKEHHE.

1. Cepos B.A., KosmoB U.B., Yctuno C.A. 3agaun TeXHOJOTHYECKUX
pOOOTH3NPOBAHHBIX IMIATAIONINX IIATGOPM IPH OCBOSHUH MOIBOIHBIX
(MoAn€NHBIX) MECTOPOKICHUH IONIE3HBIX HCKOmaeMbIX // M3Bectus
IO®Y. Texunueckue Hayku. —2017. Ne 9 (194). C. 181-191.

2. bpuckun E.C. JluHamuka W YIpaBieHHE MABIKCHHEM IATrarolIuX
MaIluH ¢ rukiaoBbiMu nerxutessmu / E.C. Bpuckun , B.B. Xora, B.B.
Uepnbime, A.B. ManoneroB; mnox pena. E.C. bpuckuna. M.:
MamuHocTtpoenue, 2009. 192 c.: u.
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A.V. Klekovkin', Yu.L. Karavaev',
A.A. Kilin’, LS. Mamaev'
CONTROL SCREWLESS FISH-LIKE ROBOT
WITH INTERNAL ROTOR

" Kalashnikov Izhevsk State Technical University, Izhevsk,
Russia, klanviad@mail.ru
2 Udmurt State University, Izhevsk

Many floating robotic vehicles move by rotating of propeller screws.
Also mechanisms which copy organisms moving are popular. There are
methods of moving in water by jet reaction drive, moving by transforming
of body shape, moving by action of internal mechanisms.

Using moving by action of internal mechanisms all driving elements
are in body and don’t associate with fluid. As a result, a construction of
these robots are simple because contact movable elements with water is
missing. First theoretical researches were presented at the beginning 2000
years [1, 2].

The paper describes control problem of the screwless overwater fish-
like mobile robot, driven by an internal rotating rotor. Existing fish-like
robots moving by fin movement that is transforming of body shape [3, 4].
The robot has a rigid case, which doesn’t be transform while moving.

Mathematical model of robot movement was developed. The
equations describing the dynamic of moving of screwless fish-like robot
taking into account circulation and viscous friction forces were written.

The robot is a hollow object shaped like a wing profile NACA 0040
(see Fig. 1) with dimensions of 340 x 134 mm. The height of the robot is 80
mm. The rotor with the motor is fixed inside the body. The motor is a gear-
motor Pololu with encoder. Also there are the battery and control board
with STM32F303K8 microcontroller inside the robot. To control the motor,
a DC motor driver VNH3SP30 is used.

Figure 1 — Screwless fish-like robot with internal rotor
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Some series of experimental researches with different control actions
were carried out It is shown that the nature and trajectory of motion depend
significantly on the frequency of controls. The quantitative discrepancy of
the simulation results is possible due to the fact that the fluid resistance and
circulation coefficients are not constant, but depend on the speed of the
robot in the liquid. In the future, it is planned to develop a mathematical
model of motion, taking into account these dependencies.

The work was carried out within the framework of the state
assignment 1.2405.2017/PCh and was supported by the RFBR grant No 18-
08-00995-a.

1. Kozlov V. V. Ramodanov, S. M. The Motion of a Variable Body in an
Ideal Fluid// J. Appl.Math.Mech., 2001, vol. 65, no. 4, pp. 579-587.

2. Kozlov, V. V., Ramodanov, S. M. On the Motion of a Body with a
Rigid Hull and Changing Geometry of Masses in an Ideal Fluid // Dokl.
Phys., 2002, vol. 47, no. 2, pp. 132—135.

3. Jatsun S., Lusnikov B., Politov E., Knyazev S. Underwater floating
robot-fish: a comparative analysis of the results of mathematical
modelling and full-scale tests of the prototype // MATEC Web of
Conferences. — EDP Sciences, 2017. — Vol. 113, 02014, P. 1-5.

4. Jatsun S.F., Lushnikov B.V., Kazaryan K.G., Vorochaeva L. Yu.,
Vorochaev A.V. Design features of the bionic robot fish // Proceedings
of South-West State University. Series Technics and Technologies.
2017. Vol. 7, No 2(23). pp. 94-102

A.B. Knekoeékun I, 10.J1. Kapasaes I, A.A. Kunun 2, H.C. Mamaes '
YIMPABJIEHUE BE3BUHTOBBIM PbIGOIIO/IOBHbIM
POBOTOM C BHYTPEHHHUM POTOPOM

] o o o
Honcescrkuii I'ocyoapemeennuiii Texuuueckuii Yuusepcumem
umenu M.T. Kanawmnukosa, 2. Vbicesck, klanvlad@mail.ru
2 o o
Yomypmceruii I'ocyoapcmeennuiii Yuueepcumem, Hoicesck

B OoJbIIIMHCTBE CBOEM IIIaBAMONIHE POOOTH3MPOBAHHBIC YCTPOHCTBA
TIepeMEeNIaloTCs B KHIKOCTH, UCTIONB3Ys Bpalllatolinecs rpeOeHHbIe BUHTHI,
B3aUMOJEHCTBYIOIIIE C OJKHAKOCTbIO. Takke BecbMa  IOIYJSIPHBI
MEXaHU3MBI, OCHOBBIBAIOLIIMECS Ha CIIOCO0AX JBIKCHUS JKUBBIX CYLISCTB
(pB10, 3Meit u ap.). Kpome TOTO, M3BECTHHI TaKHE CIIOCOOBI TIEpEMEIICHIS B
KHUAKOCTH KaKk IepeMelIecHHe IpH IIOMOLIM PEaKTUBHOTO JBUTraTels,
nepeMenieHne 3a cueT M3MeHeHUsI (GOPMBI Tesa, a TaKKe IepeMelleHre 3a
CUeT NeHCTBUS BHYTPEHHHX MEXaHH3MOB.

JlBmxeHne 3a cyeT NEHCTBUS BHYTPEHHHX MEXaHH3MOB HCKIIOYaeT
NPSMON KOHTAaKT MPHUBOJHBIX 3JIEMEHTOB C KUAKOCTBIO, YTO 3HAYUTEIHHO
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YIPOIIAeT WX KOHCTPYKIHMIO. [losiBIeHNE MEPBBIX TEOPETUYECKUX PadOT O
BO3MOHOCTH TaKOTO JIBIKEHUSI oTHOCHUTCA K Havairy 2000 romgos [1, 2].

B  nanmHOM  pabore  paccMaTpuBaeTcs — 3ajada  yIpaBICHUS
O€3BUHTOBBIM HAIBOAHBIM PHIOOMOAOOHEIM pPOOOTOM, NPUBOAUMBIM B
IBIKCHHE TP [OMOINM BHYTPEHHEr0  BpaIAOLIErocs  poTopa.
CymecTBytomme peIO0NIOA00HEIE POOOTH B OCHOBHOM IIEPEMEIIAIOTCs 3a
CUeT ABWXEHUs IUIaBHHKOB, TO €CTh M3MeHeHus (opmbel podorta [3, 4].
PaccmarpuBaeMblii poOOT BO BpeMsl IBIKEHUS (opMy HE H3MEHSeT, HO
TIPUHLMIIBL IBIKEHHUS COXPAHSIOTCS.

Pa3paborana MaTematnyeckas MOJETb OBIKEHHS Po0OOTa, 3alMCcaHbl
i depeHnnanbHble yPaBHEHNS ABHKCHUS.

PoGot mpexcraBnsger coOoi MOBIE 00BEKT, B NPOJOIBHOM CEUCHUH
umeroruii popmy npoduis kpbuia NACA 0040 (cM. pucyHok 1) miuHON
340 mm, mumpunHoit 134 mm. Beicota pobora 80 mM. BHyTpHu Kopmyca
3aKpeIUICH POTOp C JBUraTeneM. B kauecTBe HBHrartessi MCHONB30BAJICS
MoTOp-penykTop ¢upmsel  Pololu ¢ 3HKomepoM. BHyTpum Tak ke
pacroyiaraercs 3JeMEHT IUTaHUs U IUIaTa ¢ MHKPOKOHTPOJUIEPOM MOJIEIH
STM32F303K8. [lns ynpaBneHnst IBUTaTeleM HCHONB3YETCsl apaiiBep
nBUraTess nmocrosaaoro roka VNH3SP30.

Pucynok 1 — be3BuHTOBOM pHIOONIONOOHBII pOOOT

[IpoBeneHO HECKOIBKO CEpUH HKCIEPUMEHTANbHBIX HCCIEIOBAaHUH ¢
pa3sHBIMH YIPaBIAIOIIUMU Bo3feWcTBuAMHU. [loka3aHo, 4TO Xapakrep H
TPaeKTOpUsl JIBW)KEHMs CYIIECTBEHHO 3aBHCAT OT YacTOThl YIIPaBIECHHH.
KonuuecTBeHHOE pacXoKAEHHE PE3yJbTaTOB MOJEIMPOBAHUS BO3MOYKHO
CBSI3aHO C TeM, YTO KO3(D(QUIMEHTH CONPOTUBICHHUS JKHIKOCTH U
LUPKYJSIIKS HE SBISIIOTCA TIOCTOSHHBIMHM, @ 3aBHCAT OT CKOPOCTU
JIBIDKEHUS] po0OTa B JKUIKOCTH. B nanpHelIIeM IUIaHUpyeTcsl TOCTPOUThH
MaTEMAaTUYECKYIO MOAEIb IBIKEHUS, C YIETOM JAHHBIX 3aBUCHMOCTEH.
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V.B. Schneider, I.P. Janayt, I.A. Shavyrin
DESIGNING A HYDROACOUSTIC RANGE SENSOR OF
THE UNDERWATER ROBOT NAVIGATION COMPLEX

Moscow Aviation Institute (National Research University), Moscow
vschndr@gmail.com

The need in precise navigation for the underwater technics is defined
by the tasks and purposes of the unmanned underwater vehicles (robots). An
accurate navigation system is needed for localization, positioning, tracking,
guidance and control. A typical navigational system of unmanned
underwater vehicles (UUV) includes a magnetic compass, angle sensors
(roll, trim), angular velocity sensors (yaw, roll, trim) and a depth sensor.
However, an important feature of the navigation system is the use of sonar
sensors that serve to prevent autonomous vehicles from colliding with
obstacles (pier, ship hull, examined objects, bottom). To solve this problem,
different types of acoustic systems are used: with a narrow directional
beam, scanning systems (electronically or mechanically). Single-channel
acoustic systems with a narrow directivity pattern have traditionally been
used to solve problems of navigation, as an altimeter, and to prevent
collisions, as a measure of distances to obstacles.

This report discusses the design of a sonar distance-measuring sensor,
designed to solve navigation problems as part of the navigation system of
underwater vehicles, as well as tasks to prevent collisions of underwater
vehicles with obstacles. Developed system characteristics are presented in
table 1.

Table 1. Sonar distance measuring sensor characteristics

Parameter Value
Working frequency, kHz 500
Antenna beam width at -3 dB level, degrees +3
Operating frequency bandwidth, kHz 50
Minimum measurable range, m 0,1
Maximum measured distance, m 100
Range resolution, mm 1,5
Data update rate, Hz 1-10
Working depth, m 600
Overall dimensions, mm 50x250

The measured parameters of the manufactured sensor modules allow
us to calculate the maximum range, taking into account the real system
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sensitivity, and the achieved signal compression parameters. The calculated
values of the range depending on the noise at the input are shown in Fig. 1.
The reflection coefficient from the bottom is assumed to be —18 dB, the
pulse duration is 10 ms.

Calculations show that the acoustic distance-measuring sensor has an
input noise margin for operation in a wide range of underwater vehicle
motion modes.

3aBMCHMOCTE SaNsHOCTH AeficCTRHS OT mIyMa Ha EXome

25 T T

RPa
R_Bal,

R_Bk, 150

Mamaets, M

RO,

Noise,

Tiiys, TTa
Figure 1 — Range depending on the noise at the entrance for the
environment of different salinity. Designations: R_P — fresh water; R_Bal —
Baltic; R_ Bk — Black Sea; R_O — World Ocean

For typical use conditions without additional external noise, the
expected range varies from 260 meters for fresh water to 180 m in the
ocean.

Conclusion

The justification of the requirements for the acoustic distance-
measuring sensor has been fulfilled. The specificity of the application is
given and the features of its design are considered.

At present, the modeling has been completed, all the sensor
components have been tested, a prototype has been manufactured, and its
field tests are being prepared.
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MNPOEKTUPOBAHUE T'MJAPOAKYCTHYECKOI'O
JAJIBHOMEPHOI'O JATUUKA HABUT'AIITMOHHOI'O
KOMJUIEKCA NIOJABOJHOTI'O POBOTA

Mocxosckuil aguayUOHHbII UHCIUMYM
(HayuoHanbHbIIL UCCTe008amenbckull yuusepcumem), Mocksea
vschndr@gmail.com

[TorpeOHOCTF B TOYHOW HaBUTalMM I TOJBOJHON TEXHUKU
orpeziesieTcsl 3aadaMd M Ha3HAYeHHSIMH HEOOHMTaeMBIX ITOJBOHBIX
anmapaToB (po6oToB). TouHas HaBUTalMOHHAs CHCTeMa HeoOXoxmuma st
JIOKAU3aliy, MO3UIUOHUPOBAHUS, OTCIECKUBAHUS IIyTH, HABEACHUS HU
KOHTpoJisl. THIOBass HaBHT'allMOHHAs CHCTEMa HEOOMTACMBIX ITOBOJHBIX
anmapartoB (HITA) BxitrouaeT B ce0st MArHUTHBIN KOMITAC, YTIIOBBIC TATYHKA
(xpeH, muddepeHT), DaTINKH YIIOBBIX CKOpOCTel (pBICKaHUE, KpEH,
muddepent) u gatauk rayOmHBl. OmHAKO, HEMAJOBAXHOH OCOOEHHOCTHIO
HaBUTALIMOHHON CHCTEMBI SABJSIETCSI MCIHONB30BAaHUE THUAPOAKYCTHUIECKUX
JATYNKOB, CIy)KaIIUX JUIsS MPEIOTBPAILICHUS] CTOJKHOBEHHS aBTOHOMHBIX
annapaToB ¢ NPEMATCTBUAMHE (MUPC, KOPITYC CyIHa, 00cIeyeMble 00bEKTHI,
nHO). Jlms  pemieHuMs O9TOW  3aJauM  MCIIONB3YIOTCS  pasHble  THIIBI
aKyCTUYECKUX CHCTEM: C Y3KMM HAINPaBJICHHBIM JIy4OM, CKaHHPYIOLIHX
cucteM (dJIEKTPOHHO WM MexaHWdeckd). OHOKaHaJbHBIE aKyCTHYECKHe
CHCTEMBl C Yy3KOH JuarpaMMOM  HaIlpaBJICHHOCTH  TPaJUIMOHHO
MIPUMEHSIOTCS ISl peIleHMs 3a/1a4 oOecrieueHHs HaBHTALMH, B KadecTBE
BBICOTOMEpA, M JUIS TPEJOTBPAIICHNS CTOIKHOBEHHS C MPEISTCTBUSMH, B
Ka4eCTBE N3MEPHTEIISI PACCTOSHHUN 10 PSS TCTBHH.

B JAaHHOM  JOKJ3J€  PAacCMaTpUBAETCSI  NPOCKTHPOBAHUE
THIPOAKyCTHUECKOTO JaTYMKa M3MEPEHUs] PACCTOSHUSA, MIPEAHA3HAUYCHHOTO
JUISL PEIICHNs HaBUTAlMOHHBIX 33Jad B COCTaBE HABUIALMOHHOM CHCTEMBI
MOJABOMHBIX  alIapaToB, a TakXke 3aJad [0  MPeayNpexxaeHUI0
CTOJIKHOBEHHH MOJBOJHBIX allapaToB ¢ MPEMATCTBHSAMU. XapaKTePUCTUKU
pa3pabaTbiBaeMOil CUCTEMBI IIpeicTaBIeHbI B TabmuIe 1.

V3MepeHHBle MapaMeTpbl H3TOTOBJIEHHBIX  MOJAYJEeH  JaTdMKa
MO3BOJISIOT BBIOJIHUTH PAacdyeT MAKCUMANBbHOM JalbHOCTH, YUUTHIBAIOIIUN
pealbHYI0 YyBCTBUTENBHOCTb CHUCTEMBI, JOCTUIHYTHIC MapaMeTphl CXKaTHS
CUrHaJoB. PaccunTaHHBIE 3HAUEHHS NAIBHOCTH NEWCTBHSA OT IyMa Ha
BXOJIe puBeIeHbI Ha pucyHKe 9. Koaddunnent orpaxkeHus OT JHA IPUHAT
paBHbIM -18 b, AmUTENBHOCTL UMITYJIbca — 10 Mc.

PacueTsl MOKa3bIBAOT, YTO aKyCTUYECKHH JaTbHOMEpP MMEET 3arac 1o
BXOZHOMY LIyMy Ul paOOThI B IIMPOKOM JHANa30HEe PEKHUMOB JIBIKCHUS
MIOJBOHOTO armapaTa.
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Tabmnuna 1.
XapakTepUCTHKH THAPOAKYCTHYECKOTO JaTbHOMEPHOTO JaTYHKa

ITapameTp 3HaueHHe
Pa6ouas gacrora, kI 11 500
[Iupuna nuarpaMmbl HalPaBJIeHHOCTH aHTEHHBI IO |+£3
ypoBHIO -31b, rpanyc

IupuHa mosocsl paboyux yacTor, K[ 11 50
MuHuManbHas u3mMepseMas JalbHOCTb, M 0,1
MaxkcumanbHas u3MepsieMasi 1albHOCTb, M 100
Pa3pemenue no gansHOCTH, MM 1,5
Yacrora nepenauu AaHHbIX, [T 1-10
Pabouas rmybuna, M 600
I'aGapuTHBIE pa3Mepbl, MM 50x250

JaBHCHMOETE AATEHOCTH AefiCTRIS OT WIYMA Ha EXone

R_P,
R_Bal,

R_Bk, 150"

Jlamate, u

RO,

Noise,

Tlys, Ma

Pucynox 1 — 3aBUCUMOCTB JAIBHOCTH IEHCTBHUSA OT IIyMa Ha BXOJE JUIs
cpenbl pa3au4Hoi coneHocTr. O6o3Hauenus:: R_P — mpecnas Boga; R Bal —
Bbantuka; R Bk — Uepnoe mope; RO — MupoBoii okean

Jng THUMOBBIX YCIOBHM MpHMeHeHHS 0e3 MOCTOPOHHHMX BHEUIHHX
IIYMOB OKHJaeMasi JallbHOCTh JIEHCTBUS BapbupyeTcs oT 260 MeTpoB yis
npecHoi Boabl 10 180 M B okeaHe.

3aki04uenne

BrmmonneHo  oOocHoBaHMe — TpeOOBaHHH,  MPEIBIABIAEMBIX K
aKyCTHYECKOMY JaTYMKy W3MepeHus: paccrosuus. [IpuBenena crenmduka
IPUMEHEHHS 1 PaCCMOTPEHbI 0COOCHHOCTH €TO MPOSKTHUPOBAHUS.

B HacTosimee Bpems 3aKOHYEHO MOJENHPOBAaHHE, HCIBITaHBI BCE
COCTaBHBIE JIEMEHTHI JaTYMKa W3TOTOBIICH ONBITHBIA 00pasel, TOTOBSTCS
€ro HaTypHBIE UCIIBITAHUS.
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V.A. Ryzhov, D.N. Shamanov, D.A. Dmitriev
THE CONCEPTUAL SHAPE OF THE ROBOTIC UNDERWATER -
SURFACE VEHICLE OF THE INCREASED AUTONOMY WITH
CHANGEABLE GEOMETRY OF THE HULL FOR THE SYSTEM
OF ROBOTIZED UNDERWATER SEISMIC EXPLORATION IN
SUBGLACIAL WATER AREAS

Saint-Petersburg State Marine Technical University

office@smtu.ru

The main results of initiative researches on development of conceptual
shape of the prospective robotic underwater - surface unmanned vehicle of
the increased autonomy with changeable hull geometry are presented,
options of its use at the solution of a wide range of tasks [1] are given. In
particular, there are presented options of its use in the system of robotic
underwater seismic exploration in subglacial water areas [2] and in
information-measuring network when carrying out oceanographic
researches [3].

In the short term oceanographic researches have to be conducted
integrated with use both traditional (research ship, drifting and the anchored
buoy-based station) and innovative research tools (spacecrafts, gliders,
AUVs). Their integrated use is capable to lower considerably expenses and
to compensate separate shortcomings each of research tools.

On the basis of the carried out analysis of the leading foreign states
advanced developments the specialists of St. Petersburg State Marine
Technical University developed conceptual shape of the prospective
Robotic Surface - Underwater Unmanned Vehicle of the Increased
Autonomy (RSUUV IA) with changeable hull geometry considerably
exceeding the best foreign analogs by the efficiency.

Its concept allows to combine high speed at development to the region
of purpose (fulfilment of its mission) and independence from hydro-
meteorologic conditions in the underwater mode. Calculations of its main
hydrodynamic and power characteristics are carried out as consistent with
the proven techniques, modern production technique of power engine
installations and their actual parameters.

The offered surface - underwater autonomy unmanned vehicle is
capable to work efficiently, practically, under any weather conditions. On
still water and at small rough sea it can move in surface and
semisubmersible mode and also in the mode of operation of the diesel under
water. At confused sea or in the difficult ice situation this vehicle will move
under water.
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The analytical calculations given in article have approximate character

and confirm only possibility in principle of creation such surface-
underwater vehicle. Further development of the concept requires carrying
out research on development of creation technology RSUUV IA with
changeable hull geometry and to validation of its design parameters and
also development work on creation of a pilot sample.

1.

"Research and development of conceptual shape of the perspective
Robotic Underwater-Surface Unmanned Vehicle of the Increased
Autonomy (RUSUV IA) with changeable geometry of the hull for
search and tracking underwater objects in a long-range sea zone" (Code
"Shadow"). Saint-Petersburg State Marine Technical University,
GNIITS RT of the Ministry of Defence of the Russian Federation,
Report on research, 2018.

Gaykovich B.A., Zanin V.Yu., Taradonov V.S., Kozhemyakin L.V.,
Tokarev M.Yu., Biryukov E.A. The concept of robotic underwater
seismic exploration in subglacial water areas. The collection of works
of winners of the international competition of the scientific, scientific
and technical and innovative developments aimed at the development
and development of the Arctic and the continental shelf, 2018, pp. 64-
86.

Kozhemyakin I.V., Christmas K.V., Ryzhov V. A. Development of the
technical platform of a global sea information and measuring system on
the basis of glider tipe autonomous unmanned vehicle . The Russian
innovative technologies for development of hydrocarbon resources of
the continental shelf, 2016, pp. 91-108.
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B.C. Tapaoonoe, A.1Il. baunxos, H.B. Koscemakumn,

B.A. Pviycos, /1.H. Llamanos, /1.A. Imumpues
KOHIENTYAJIbHBIA OBJINK POBOTOTEXHUYECKOI'O
MOABOJHO-HAJIBOJHOI'O ATIITAPATA MOBBIIEHHOMN

ABTOHOMHOCTH C UBMEHAEMOMN 'TEOMETPUEN

KOPIIYCA JIJIsI CACTEMbI POBOTU3HPOBAHHOM

MOJBO/HOM CEMMCMOPA3BE/KH B O /HBIX
AKBATOPUSIX

Canxm-Ilemepbypackuii 20Cy0apCcmeeHHblil MOPCKOU
mexHuuecKkull ynueepcumem, office@smtu.ru

IIpencraBneHsl OCHOBHBIE pE3yJIbTaThl WHUIMATUBHBIX HAy4HO-
HCCIIeIOBATENIbCKAX PAa0dOT 1Mo pa3paboTKe KOHIENTYaJbHOTO O0O0JIHKa
TIEPCIIEKTUBHOTO POOOTOTEXHUIECKOTO TIOJJBOTHO-HAIBOJHOTO
HEOOWTaeMOro ammapara IOBBIIIEHHOHM aBTOHOMHOCTH C W3MEHIEMOH
TeOMETpUEH KOpIyca, IPUBEACHBI BAapHAHTBI €0 MCIOJIB30BaHUA IIPU
peumieHnr MUPOKOTO Kpyra 3amad [l1]. B wacTtHOCTH, TpemcTaBieHBI
BapUaHThl €TO HMCIOIB30BAHUS B CHCTEME POOOTH3MPOBAHHOHN MOIBOAHON
celicMOpa3BeIkKl B TOUIEAHBIX aKBaTOpusX [2] W B WH(OpMAIHMOHHO-
U3MEPHUTENLHOI CEeTH MPH MPOBEICHUN OKeaHOTpa(UUECKUX UCCIeIOBaHMIT
[31].

B Ommwkaiimneli mepcnekTHBE OKeaHOTpadHYecKHe HCCIIET0BaHUS
JIOJDKHBI IPOBOAUTHCS] KOMILJIEKCHO C UCTIONB30BaHUEM KaK TPaJUIIMOHHBIX
(HUC, npeitdyrommie u 3askopeHHble OyHKOBBIE CTaHIMM), TaK |
WHHOBALMOHHBIX HCCIIEIOBATEIbCKAX CPENCTB (KOCMUYECKHE aIllaparsl,
rmaiinepsl, AHITA). X coBMecTHOe mpUMEHEHHE CIOCOOHO 3HAYUTEIHHO
CHH3UTH 3aTPaThl U KOMIIEHCHPOBATH OTAEIbHBIE HEJOCTATKH KaXKIOTO W3
HCCIIEIOBATEIBCKUX CPENICTB.

Ha ocHOBe MpoBeEHHOTO aHAIM3a TEPENOBBIX Pa3padOTOK BEMYILIUX
3apyOeKHBIX — rocymapctB  crernuanuctel CIIGIMTY  paspaboranu
KOHIIETITYaIbHbIM 0OJUK MEePCIEeKTUBHOIO POOOTOTEXHUYECKOT0 HaIBOIHO-
NOZIBOIHOT'O HEOOMTAaEMOro armapara noBbinieHHoit asronomHocTr (PITHA
ITA) ¢ u3meHsieMoll TeoMeTpHuel KOpIlyca, 3HAUUTENIBHO IMPEBBIIAIOIIETO
10 CBOEH 3(PEeKTUBHOCTH JTyHdIIHe 3apyOesKHbIe aHATIOTH.

Ero xoHuenmus mo3BoJisieT cOYeTaTh BBICOKYIO CKOPOCTb XOAa IpH
pasBepTHIBAHMM B palioOH IpeHa3HadeHus (BBIOJHEHUS paboT) W
He3aBucuMocTh oT MY B nmoaBoxHOM pexxume. IIpoBeneHs! pacueTsl ero
OCHOBHBIX THAPOJMHAMHYECKHX W MOIIHOCTHBIX XapaKTepHCTHK B
COOTBETCTBHE C  TIPOBEPEHHBIMH  METOAMKAMH,  COBPEMEHHBIMHU
TEXHOJOTHSIMA ~ M3TOTOBJICHUS ~ 3HEPTOCHJIOBBIX  YCTAHOBOK M HX
(haKTUIECKUMH TTapaMeTpaMu.

[IpenioskeHHBINH HAIBOJAHO-TIOBOIHBIA ABTOHOMHBIH HEOOUTACMBIi
ammapar Ccroco0eH 3(PQPEeKTHBHO padOTaTh, MPAKTUYCCKH, MPH JFOOBIX
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HNOTOJHBIX YCIoBUsAX. Ha TuxXo#f Boje M IpU MajoM BOJHEHHHM OH MOXKET
JBUTATBCSI B HAJBOJHOM U IIOJNYNOTPY’KHOM IIOJOXKEHHUAX, a TaKkKe B
pexxume apmxenus nox PIL. IIpu GosbimoM BOJIHEHMH WM B CIIOXHOM
JIEIOBOW OOCTAHOBKE 3TOT armmapar OyAeT IBUTATHCS MO/ BOJIOM.

IIpuBeneHHble B cTaTbe  AHWINTHYECKUE  pacueThl  UMEIOT
MPUONIKCHHBI XapaKTep W MONTBEPXKAAIOT TOJBKO TNPHHIUIHAIBHYIO
BO3MOKHOCTh CO3JIaHHSI TaKOTO HAJABOIHO-TIONBOJHOTO ammapara. s
JMabHEHIero pa3BUTHS KOHIEHH Tpedyercs mposeaerne HUP mo
pa3pabotke TexHonoruu co3manus PITHA ITA ¢ m3mensiemoii reomerpueit
KOpITyca U MOATBEPKACHUIO €r0 PACYEeTHBIX XapaKTepUCTHK, a Takxke OKP
10 CO3/IaHUIO OMBITHOTO 00pasma.

1. «MHccrnenoBanwe W pa3pabOTKa  KOHICOTYyaJbHOI'O  OOJIMKa
HEePCIEKTHBHOTO POOOTOTEXHUYECKOTO HaJABOJHO-TIOABOAHOTO
HeoOWTaeMoro ammapara HoBblieHHOH aBroHoMHOocTH (PITHA ITA) ¢
U3MEHSAEeMON TreoMeTpueil Kopmyca A TOHCKa U CIEKEHHs 3a
TIOJIBOJHBIMU 00BEKTaMH B JanibHel Mopckoit 30He» (Ludp «Tenpy).
I'HUUL PT MO P®, CII6IMTY. Oruer mo HUP, 2018 r.

2. TaiikoBuu b.A., 3anun B.IO., TapamonoB B.C., Koxemskun W.B.,
Tokapes M.IO., buprokoB E.A. Konnenmust poOoTH3MpOBaHHOMH
MTOIBOTHOM CeficMOpa3BeAKN B NOMIEAHBIX akBaTopusix. COOpHHK
paboT JlaypeaToB MEXAYyHapOIHOTO KOHKypCa HAay4HBIX, HAy4HO-
TEXHHYECKHX ¥ WHHOBALMOHHBIX pa3pabOTOK, HAIMPaBICHHBIX Ha
pa3BHUTHE U OCBOCHHE APKTHUKH M KOHTHHEHTAIBHOTO 1enbda, 2018 r.,
cTp. 64-86.

3. Koxemsxun W.B., PoxnaectBenckuii K.B., PeixoB B.A. Pa3zpaborka
TEXHMYECKOH TIaT(opMbl ITI00ATbHOM MOpPCKOH HMH(OPMAIIOHHO-
W3MEpPUTENBHONH CHUCTEMBI Ha OCHOBE aBTOHOMHBIX HEOOHTaeMbIX
anmnapaTtoB THNa riaiaep. Poccuiickue MHHOBAIlMOHHBIE TEXHOJOTHH
JUISL OCBOGHHMS YTJIEBOAOPOJHBIX PECYPCOB KOHTHHEHTAIBHOTO MIeNbda,
2016, c. 91-108.
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A.S. Shustov, A.E. Kutsko, S.V. Belov
COMPACT POSITIONING, DATE TRANSMISSION
AND VOICE COMMUNICATION SYSTEM
FOR UNDERWATER APPLICATIONS

Saint-Petersburg State Marine Technical University (SPbSMTU)
semte(@semte.ru

Underwater system being designed by SPbSMTU for positioning
robots and divers, voice communications and remote control, digital data
transmission is demonstrated. The system consists of multifunctional
surface and diver stations, compact beacon transponders and high-speed
digital modems. One of the key features of the system is the ability to
underwater searching with surface and divers stations, independently of
each other. The structural diagrams of major system components and
description of used algorithms are presented. The analysis of the factors
affecting positioning accuracy are made. The results of prototype field tests
are shown in condition of shallow water.

A.C. Hlycmos, A.E. Kyuxo, C.B. benos
MAJIOTABAPUTHASI CUCTEMA IMO3UIIMOHUPOBAHMNSI,
HNEPEJAYM JAHHBIX U TOJIOCOBOM CBSI3U
JJIs1 OBECITIEYEHMUS ITOJABO/JHBIX PABOT

Canxm-Ilemepbypeckuil 20cy0apcmeenHblil MOPCKOU
mexnuyeckutl yrusepcumem (CII6I'MTY)
semte(@semte.ru

Paccmotpena paspabarbiBacmas B CIIOI'MTY ruapoakyctudeckas
CUCTEMA TIMO3UIMOHUPOBAHUA TIMOJABOAHBIX allllapaToB MW  BOJ0JIA30B,
TOJIOCOBOM CBSI3M W TENCYIpaBlicHUs, IM(POBON Mepenavynd JaHHBIX.
CucrtemMa COCTOUT U3 MHOTO(PYHKIIMOHAIBHBIX IMOBEPXHOCTHBIX U
BOJMOJIA3HBIX  CTaHIMA,  MajJorabapUTHBIX  MasKOB-OTBCTYHMKOB U
BBICOKOCKOPOCTHBIX ITH(PPOBEIX MOIEMOB. OCOOCHHOCTBIO  CHCTEMBI
SIBIIETCSI BO3MOXKHOCTHh THAPOAKYCTHUCCKOTO TIOMCKA MeCTa aBapHiHON
CUTyallud C TIOMOIIFI0 MOBEPXHOCTHBIX W BOJOJA3HBIX CTaHIHH
HEe3aBHUCHUMO JIPYT OT Apyra. [IpencTaBieHsl CTPYKTypHBIE CXeMBI OCHOBHBIX
COCTAaBIIIONINX CHCTEMBl ¥ ONFCAaHUE WCIOJIB3YEMBIX aJTOPHUTMOB.
[IpoBeneH ananu3 GakTOPOB, BIUAIOUNX HA TOYHOCTh MO3HIIMOHUPOBAHHUS.
[IpuBeneHs! pe3ynpTaThl HAaTYPHBIX HCIBITAHUN MaKETHBIX 00pa3IoB B
YCIOBHSIX MEJIKOTO MOPSI.

198



A.A. Sinishin, 1. A. Putintsev, A.A. Krechin, 1.V. Shestakov
DEVELOPMENT OF STUDENT ENGINEERING BUREAU
OF SMTU IN THE AREA OF MARINE ROBOTICS

State Marine Technical University, Saint Petersburg
andrey24-95@mail.ru

This work is a description of the projects of the Student Engineering
Bureau (SEB) of St. Petersburg State Marine Technical University. The
work describes student projects: an autonomous unmanned underwater
vehicle (AUV) (Fig. 1), a remotely operated vehicle (ROV) (Fig. 2), for
hydrographic surveys (Fig. 3) [1]. Works on the design of all systems,
components and mechanisms of devices were performed. Also, control
electronics, mechanical systems, and electronic circuit boards were
developed. In addition, dry tests of separate and adjacent systems were
carried out and some tests were conducted in the pool. These devices took
part in competitions [2].

Figure 1 - AUV
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Figure 3 — For hydrographic surveys

Kozhemyakin 1.V., Semenov N.N., Chemodanov M.N. Razvitiye
podvodnoy robototekhniki v SMTU Sovremennyye tekhnologii v
korablestroitel'nom i aviatsionnom obrazovanii, nauke i proizvodstve;
tematicheskiy sbornik NGTU im. R.Ye. Alekseyeva. - Nizhniy
Novgorod, 2016, p. 95-106 2.

Kozhemyakin 1.V., Ryzhov V.A., Semenov N.N., Chemodanov M.N.
Issledovaniye vliyaniya skorosti i dal'nosti svyazi mezhdu elementami
mul'tiagentnoy seti podvodnykh robotov na yeye ustoychivost' k
izmeneniyu usloviy raboty. Izvestiya YUFU. Tekhnicheskiye nauki.
Nel (195), fevral'-mart 2018. ISSN 1999-9429. - p. 227-241.
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A.A. Cunuwun, H.A. Ilymunyes, A.A. Kpeuun, H.B. Illecmakoe
PA3BPABOTKH CTYIEHYECKOI'O KOHCTPYKTOPCKOI'O
BIOPO CIIBI'MTY B COEPE MOPCKOHM POBOTOTEXHUKHA

Canxm-Ilemepbypeckuii 20cy0apcmeeHHbIL MOPCKOU MeXHUYeCKUll
yrusepcumem, Cankm-Ilemepoype
andrey24-95@mail.ru

Jannas pabota mpexacTaBisier coOol  OmMHMCaHHE  IPOEKTOB
cTyzeHueckoro koHctpykropckoro 6Owopo (CKB) Cankr-IlerepOyprckoro
TOCYAAapCTBEHHOIO MOPCKOTO TEXHHYECKOro YHHUBepcutTera. B pabote
OIMCHIBAIOTCSl  CTY/IGHUECKHE TPOEKTH: ABTOHOMHOTO HEOOHTaeMOTo
nogBoaHoro ammapara (AHITA) (puc. 1), TeneynpasisieMoro HeoOUTaeMoro
monBoxHoro ammapara (THITA) (puc. 2), mpomeproe cymHo (puc. 3) [1].
Y4YacTHUKaMH TPOEKTOB BBIIOIHEHBI PAa0OTHI 1O MPOSKTUPOBAHHUIO BCEX
CUCTEM, Y3JIOB M MEXaHH3MOB amllapaToB, pa3padoTaHa YIpaBIIAIOIIAS
JNEKTPOHUKA, MEXaHHYECKHE CHUCTEMBI, 3JIEKTPOHHBIC IUIATHI, TIPOBE/ICHHE
CYXHX WCIBITAHUNA OTIETBbHBIX CHUCTEM, TPOBEACHHE WCIBITAHUI B
OacceiiHe, ydacTHe B COPCBHOBaHHSX, IMPOBEACHHE psila HUCIIBITAHUI
CMEXHBIX cucTeM [2].

Pucynox 1 — AHITA
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Pucynox 3 — IlpomepHoe cyaHo

Koxemskun WM.B., Cemenor H.H., Uemomanor M.H. Pasputue
nmonBoaHoi pobororexuuku B CIIOIMTY CoBpeMeHHBIE TEXHOJIOTHH
B KOpaOJIECTPOMTENILHOM W aBHAIlMOHHOM O00Opa3oBaHWM, HayKe U
npousBoacTBe; Temaruueckuid coopuuk HI'TY um. P.E. Anekceesa. -
Hwxuuit Hoeropon, 2016, c. 95-106

Koxemsxkun U.B., PenxoB B.A., CemenoB H.H., Yemonmanos M.H.
UccnenoBanne BIMSHHS CKOPOCTH W JAINBHOCTH CBSI3H  MEXIY
JIEMEHTaMH MYJIBTHAareHTHOM CeTH TIOABOIHBIX pOOOTOB Ha ee
YCTOMYMBOCT K HW3MEHEHHMIO ycioBui pabotel. M3Bectns HODYVY.
Texunaeckue Hayku. Nel (195), pepanp-mapt 2018. ISSN 1999-9429.
- c.227-241.
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S.Yu. Pribylov, V.V. Sergeev, V.N. Karpov, V.A. Sokolov
FEATURES OF CONSTRUCTION OF ACTIVE
VISION SYSTEMS FOR AUTONOMOUS
UNDERWATER VEHICLES

JSC «Research Institute of television», Saint-Petersburg,
npk-62ypr@niitv.ru

Equipment of Autonomous or remote-controlled unmanned
underwater vehicles (ANPA, tnpa), designed to operate at different depths
of immersion, up to 6000 m underwater vision systems can solve a wide
range of both scientific and applied problems of development of the Oceans,
including problems of defense value.

Due to the lack or complete absence of natural light at working
depths, the underwater vision system in addition to the television camera
installation should have an external illumination system that provides the
necessary level of illumination of the object of observation to obtain the
necessary quality of photo and video materials. Given this fact, a system of
underwater vision are further referred to as active system for underwater
vision (ASPV).

The visibility range and quality of the images obtained in the water
environment is greatly affected by backscattering interference (PORE).

The report discusses the spatial separation options to reduce PORES
and increase the range of visibility. It is shown that the separation of the
light source and the field of view of the receiver with the agreed radiation
angles is the most effective method.

Based on the analysis of the main lighting characteristics of modern
light sources, it is shown that the most promising are led sources when
creating ASPV systems for ANPA. The main parameters of the led
underwater device ASPV JSC "research Institute of television".

Based on the results of an objective comparison of matrices and TV
cameras using the EMVA1288 STANDARD, the recommendations of their
choice for use in underwater vision systems are given. It is shown that in
order to increase the range of visibility in the aqueous medium, the
photodetector ASPV should have a high contrast sensitivity, resolution and
a lower threshold of absolute sensitivity.

The report presents the main technical parameters, the block diagram
and the algorithm of the ASPV.

Work in JSC "research Institute of television" to create ASPV for
ANPA is carried out in the framework of a joint project with JSC "Concern
"NGO "Aurora".
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10.C. Ilpubvinos, B.B. Cepzees, B.H. Kapnos, B.A. Cokonos
OCOBEHHOCTHU NOCTPOEHUSA AKTUBHBIX CUCTEM
BUJEHUSA JJISI ABTOHOMHBIX TIOJABO/JHBIX AIIIIAPATOB

AO «HUU menesudenusy, Cankm-Ilemepoype, npk-62ypr@niitv.ru

OcHalieHne aBTOHOMHBIX WM TeJEYNpPaBIIEMbIX HEOOMTaeMBIX
nogBonHbIX anmnapatoB (AHITA, THIIA), npenHa3sHadeHHBIX A paboTHI
Ha pa3MUYHBIX THyOWHAX MOTpyXeHHs, BIIoTh g0 6000 M cucremamu
MOJIBOJTHOTO BHJCHHS TO3BOJISET peliaTh IHUPOKUI CHEKTp KaK Hay4HBIX,
TaK YU MPUKIATHBIX 337a4 OCBOEHHsI MHUpOBOToO OKeaHa, B TOM 4HCIe 3ajad
00OpPOHHOTO 3HAYCHHUSI.

W3-3a HemocTaTka WM TOJHOTO OTCYTCTBHSL  €CTECTBEHHOM
OCBEIICHHOCTH Ha pabo4nMx TIiIyOMHAX, CHCTEMa IIOJBOJHOTO BHICHUS
MIOMHUMO TEJIEBU3MOHHON KaMEepHOW YCTaHOBKH IOJDKHA HMETh CHUCTEMY
BHEIIHEH  IIOJCBETKH, OO0ECHEUYMBAIONIYI0 HEOOXOAMMBIA  YPOBEHB
OCBEUICHHOCTH OO0BEKTa HAOMIONCHUS i MONy4YeHHS HEoOXOIUMOro
KadgecTBa (OTO-BHIACO MaTEpHANOB. YUHUTHIBas 3TO OOCTOSTEIHCTBO,
CHCTEMY TTOJIBOJTHOTO BHCHUS fanee OyneM Ha3blBaTh aKTUBHOM CHCTEMO
noaBoaHoro BuneHus (ACIIB).

Ha nanmpHOCTH BUAMMOCTH M Ka4eCTBO IOTy4aeMBIX H300pa)keHHUH B
BOJHOW cpele B 3HAUMTENBHON CTENEHH BIMSIET IOMeXa OOpaTHOTO
paccesiaus (ITOP).

B noxnane paccMOTpeHBI BapHAHThI IPOCTPAHCTBEHHOTIO Pa3HECEHUS
st ymensluenus [TOP u yBenuueHus nainbHOCTH BUAMMOCTH. [TokazaHo,
YTO pa3HECEHHE C COTIACOBAHHBIMHU YTJIAMH H3JTyYeHHS] HCTOYHHKA CBETA U
TIOJISI 3pEHNS] TPUEMHHUKA SIBISIETCS] HarOosee 3¢ (HeKTUBHBIM METOIOM.

Ha ocHOBe aHanM3a OCHOBHBIX CBETOTEXHHUYECKHX XapaKTEPHCTHK
COBPEMCHHBIX  HCTOYHMKOB  CBeTa  IIOKa3aHO, 4YTO  Hambosee
MIEPCTIEKTUBHBIMU  SIBJISIOTCSI CBETOAMOIHBIE HWCTOYHHUKH IIPH CO3AaHUU
cucteM ACIIB nmms  AHITIA. [IlpuBeneHsl OCHOBHBIE —IapamMeTphl
cBeToauoaHoro noaBoaHoro npudopa ACIIB AO «HUU teneBuneHus.

ITo pesynbraram OOBEKTUBHOrO cpaBHeHHss MaTpui u TB-kamep c
npumMeHeHneM crangaptra EMVA1288, narorcst pekoMeHIanuu uX BhIOOpa
JUIA UCTIONIb30BaHMA B CUCTEMax MOJBOIHOTrO BuaeHUs. IlokazaHo, uto ais
YBEIMYEHUS JAIBHOCTH BHJIUMOCTH B BOJHOW cpene, (oTonpuéMHoe
ycrpoiicteo  ACIIB  mOmKHO  HMMETh  BBICOKYKHD  KOHTPAcCTHYIO
qyBCTBHUTEIBHOCTh, PAa3pEIIAIONIyI0 CIIOCOOHOCTE W MEHBIIMH MOpOT
a0COMIOTHON YyBCTBUTEIFHOCTH.

B noxmame TpuBENEHBI OCHOBHBIE TEXHHYECKHE IapaMeTphl,
CTPYKTypHas cxema u anroputM padotsr ACIIB.

Pabomuvr 6 AO «HUHU menesudenusn» no cozoanuro ACIIB ona AHIIA
8e0YMCS 8 paAMKAX peanuzyemozo cosmecmuoeo npoekma ¢ AO «Kouyepn
«HIIO «Aspopay.
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A.V. Prokonich, S.1. Kosyanchuk
TELEVISION TECHNOLOGY FOR
REFLECTIVE RESEARCH

Research Institute of Television JSC, St. Petersburg
prokonicha@mail.ru, kosjanchuk@niitv.ru

Television systems (TVS) in the underwater environment are
widespread. The fuel assemblies are used in various studies of underwater
space, the search for open deposits of underwater minerals, construction
work, control over the state of underwater objects, etc. The influence of fuel
assemblies on the study of underwater space is essential, since a person
quickly acquires information obtained by visual means.

The purpose of this work is to find problems faced by operators in the
operation of submarine fuel assemblies, and methods for solving them.
Considered fuel assemblies designed to observe underwater space, installed
on various AUV and TNPA

In the course of the conducted research, results were obtained by
analyzing which information was obtained about the main shortcomings of
submarine fuel assemblies. Using the data obtained, work was carried out
whenever possible to eliminate the deficiencies. The main disadvantages of
underwater fuel assemblies are: the inability to adapt to changing
conditions, there are no systems for suppressing backscatter interference,
there are no mechanisms for increasing the quality of the resulting image,
the initial choice of poor components for creating a television system.

As aresult, the following results were obtained:

— developed an algorithm for adapting the system to external
conditions;

— methods for minimizing backscatter interference;

— methods to increase image quality;

— the data obtained to create a methodology for constructing adaptive
underwater fuel assemblies.

The results of this work allow to improve the quality of work of
already existing underwater fuel assemblies due to their modernization and
build new fuel assemblies that can work with equal efficiency regardless of
conditions.
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A.B. Ilpoxonuu, C.H. Kocanuyk
TEJEBU3WOHHAS TEXHUKA J1JIS1
MHNOBOJHBIX UCCJIIEJOBAHUU

AO «HUU menesudenusy, Cankm-Ilemepoype
prokonicha@mail.ru, kosjanchuk@niitv.ru

TeneBusuonnsle cucteMmbl (TBC) B moaBomHON cpene MONydMIH
mupokoe pacnpocTtpaHeHue. TBC TNpUMEHSIOTCS TpU  Pa3IMYHBIX
UCCIICIOBAaHUAX IOJBOJHOTO IPOCTPAHCTBA, IMOHCKE OTKPBITHIX 3aleeit
MOJBOJHBIX HMCKOIIA€MBbIX, IPOBEAECHHUHM CTPOWTENBHBIX paboT, mpu
KOHTpOJIC HaJ COCTOSIHHEM IOJBOAHBIX 00beKkTOB M T.A. Brustane TBC Ha
H3y4eHHE MOJBOJHOIO IPOCTPAHCTBA CYILIECTBEHHO, TaK KaK YeJIOBEK
OpIcTpee ycBanBaeT HH(POPMALIHIO, TIOJyYSHHYIO BH3YaJIbHBIM Iy TEM.

Llenpto nmaHHOW pabOTHI SBISETCS MOHCK IPOOIEM, C KOTOPHIMH
CTAIIKABAIOTCS ONEPATOPhl MPH dKCILTyaTanuy noasogHsix TBC, u MeToast
nx pemenusa. PaccmatpuBammcs TBC, npennasHadeHHBIE 17151 HAOMIOACHUS
MIOJBOJHOTO TIPOCTPAHCTBA, YCTAaHOBIEHHble Ha pasnmuabie AHITA n
THITA

B Xoze mpoBeieHHBIX HCCIIEOBAHUI OBUIM TOJyYEHBI PE3yJbTAaThl,
NPOaHAM3UPOBAB KOTOPbIe OBUIM MOJy4YeHBl CBEACHHS 00 OCHOBHBIX
HenocTatkax noaBoaHbix TBC. Hcmonb3yst mosydeHHblE NaHHBIE, OBUTH
MPOBEJCHBl  PabOTHl M0 BO3MOXKHOCTH  YCTPaHEHHsT HEJOCTaTKOB.
OcHOBHBIMU HefocTaTkaMu MoABOAHBIX TBC sBmsroTCA: OTCyTCTBHE
BO3MOYKHOCTH aJaNTHPOBATHCA K MEHSIOIIUMCS YCIOBHSM, HET CHUCTEM
MOJAaBJCHNSI TIOMEXH OOpaTHOrO pacceMBaHWS, HET MEXaHHU3MOB
YBENMMUCHMSI KadecTBa IOIy4aeMOTo H300paKeHUsI, M3HAYAIBHBIN BBIOOD
IJIOXHUX KOMIUIEKTYIOIUX AJISl CO3AHUS TEIEBU3MOHHON CHCTEMBI.

B pesynbrate paboThl OBUIN MOIYUIEHBI CIEIYIOMINE PE3YIbTAThL:

— pa3paboTaH aNroOpuTM aJaNTHPOBAHHWA CHCTEMBI K BHEIIHUM
YCIIOBHSIM;

— METOJIbl MUHUMHU3AIMY TIOMEXH 00paTHOI'0 pacCerBaHUs;

— METO/Ibl YBEINYEHHS KaueCcTBa H300paXKeHus;

— TMOJIy4eHBl JaHHBIE U1 CO3JaHUs METOJUKU IOCTPOEHUS
ajanTUBHBIX NoABOAHBIX TBC.

Pe3ynbraThl JaHHOM pabOTHI MO3BOJISIOT YIYUIIHTh KAY€CTBO PaOOTHI
yKe cyllecTByrommx mnoasoaHslx TBC 3a cueT uxX MoOAepHHM3alUU U
ctpoutb HoBble TBC, KoTopple MoOryr paboTraTh ¢ OIMHAKOBOH
3¢ PEKTUBHOCTHIO B HE3aBUCUMOCTH OT YCIIOBHH.
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Abstract

At the present stage of development of technology, the world is
entering the digital era of unmanned transport, both in the air, on earth, and
in the aquatic environment. Robots are called complex technical devices
capable of replacing a person when performing dangerous, fairly complex
objects where it is impossible or dangerous to place a person. (UAP), can be
used to deliver goods in emergency situations, reconnaissance operations,
and rescue operations. It is possible to use UAP in military actions, for
reconnaissance, delivery and patrol of territories. UAP can replace a number
of floating vehicles. The main advantage of UAP is: high speed, high
maneuverability, small size. High response rate. All-wheel drive UAP with
rotary propulsion is designed for movement in two environments: water and
land. Also on board is a group of unmanned aerial vehicles for special
reconnaissance in several directions simultaneously.

Introduction

The goal of the development is to create a universal, high-speed and
maneuverable unmanned vehicle used in two environments, water and land.
UAP is a trimaran, with three leading propellers, the front propeller is
rotary. It can accommodate a certain number of passengers and cargo
volume. It can be used for local operations in coastal zones, in water zones
with  the need for reconnaissance or rescue  operations.
It has the ability to travel to remote and inaccessible areas for
reconnaissance, by organizing unmanned aerial reconnaissance vehicles.
UAP, like all unmanned vehicles, excludes the human factor, not
infrequently leading to serious consequences.

Solution methods

Development of a paddle wheel, performing the function of a water
propulsion due to elastic blades-blades and the function of a land propulsion
due to the folding blades themselves and a rubber wheel profile. The
platform is a four-wheel drive trimaran with two rear propellers and one
front, pivoting propeller. The propellers are made of a disk with built-in
hard blades, a rubber profile with cutouts is installed over the disk to cover
the blades. When moving along the water surface, the blades open and set in
motion the platform, while moving on a solid surface, the platform moves
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due to the hook of the rubber profile. The body of the trimaran is similar to
the car body, and the front part of the trimaran is a boat with two floats-
guides.

Findings
Bladed propeller will allow you to create a simple design of an

amphibious platform with high maneuverability, high speed and high
efficiency. The proposed solution with an unmanned control system will
enable operation in various locations and reservoirs, the possibility of rapid
reconnaissance in impassable and hard-to-reach areas.

1.

Yakimov N.M. Software Tool for Complex Mathematical Modeling of
Complex Technical Objects / N.M. Yakimov, S.N. Chuvashev //
Information Technologies. - 2014. - Ne 11. - P. 23-30.

Chaynikov KM, Kormin T.G., Mokhov R.V. Unlimited motor vehicles:
device, work principle, types and prospects // Scientific community of
students of the XXI century. Technical Sciences: Sat. Art. on mat. LX
int. stud scientific-practical conf. No. 12 (59).

Azovtsev, A.l, Voiloshnikov, M.V. Amphibic transport for
implementation of the strategy of development of the arctic zone of the
Russian Federation and ensuring national security till 2020.
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AHHOTAIIUSA

Ha coBpeMeHHOM oJrame pas3BUTHs TEXHUKM MHUDP BCTyNaeT B
nQpoBy0 3py OECIMIOTHOTO TPAaHCIOPTa Kak B BO3IyXe, Ha 3eMie U
BOJIHOHM cpene. PoGoTamu Ha3bIBalOT CIIOXKHBIE TEXHHYECKHE YCTPOHCTBa
CIIOCOOHBIE 3aMEHHUTH YeJIOBEeKa NPH BBHITOJHEHHH OINACHBIX, JIOCTATOYHO
CJIOKHBIX 00BEKTaX, IJie HEBO3MOXKHO MJIM OIACHO Pa3MECTHUTh YEIOBEKa.
Becrmunotnas ampubwmiinas mwrardpopma (BAIT) MoXeT MPUMEHSATHCS IS
JOCTaBKH Tpy30B IpPH YPE3BBIYAHBIX CHTyalUsX, Pa3BEIbIBATEIBHBIX
olepanusax, aBapUHHO-CIACAaTENbHBIX Onepanusax. Bo3sMoxHO npuMeHeHus
BAIl B BOGHHBIX AEWUCTBUA, Ul Pa3BENKH, JTOCTABKUA W NATPYJIUPOBAHUS
tepputopuii. BAIl MOXET 3aMEHUTh psI IUIABAIOLIMX TPAHCIOPTHBIX
cpenctB. OcHOBHBIM mnpenmMytecTBoM BAIIl sBisercs: ObICTPOXOAHOCTB,
BBICOKas MaHEBPEHHOCTb, MajorabapuTHOCTb. BbICOKas  CKOpOCTh
pearupoBanus. IlomHonpuBogHas BAIl ¢ MOBOPOTHBIM JABMXKHUTEIEM
npeaHasHaducHa JJid NEPCABMKCHUA B ABYX Cpelax: BOJHAA U CYXOITyTHas.
Tak >xe Ha OOpTY HAaXOAWTCS TPyHIa OECIUIOTHBIX BO3IYLIHBIX CPEICTB
JULst 0c000¥ pa3BeIKH B HECKOJIBKHUX HAIPABJICHUSIX OJHOBPEMEHHO.

BBenenue

Llenpto  pa3paboOTKU  sIBISETCS  CO3AaHHE  YHHBEPCAIBHOTIO,
OBICTPOXOJHOTO M MaHEBPEHHOTO OECIMIIOTHOTO TPAHCIIOPTHOTO CPEJCTBA,
MIPUMEHSAEMOTr0 B IBYX Cpefax, BOJHOHM U cyxomyTHOH. BAII npeacrasnsger
co0oii TpumapaH, ¢ TpeMs BeIyIIUMH IBIKUTEISIMH, IepeTHUN ABHKUTEIHh
— mnoBopotHbii. BAIl cnocoOHa pa3memare Ha OOpTY ONpEAEICHHOE
KOJIMYECTBO ITACCAKUPOB M OO0BEM Tpy3a, MOXKET WCIIONB30BAThCS IS
JMOKABHBIX ~ OMepalii B TPUOPSKHBIX 30HAX, B BONHBIX 30HAX,
HCTIOJTh30BATHCS B pPa3BEABIBATEIBHBIX WIIH ClIacaTeNbHBIX orepanusix. bATT
MMeeT BO3MOXKHOCTH BBIE3[a B TPYAHOIOCTYIHBIE W HEIOCTYITHBIE 30HBI
UIA  pa3BeNKH, IIyTeM OpTraHW3alHd OCCHIIOTHBIMH BO3AYIIHBIMU
CpeICTBaMHU pa3BelnbIBaTeNbHBIX AeicTBuil. BAII, kxak 1 Bce OecMIOTHBIE
TPaHCIIOPTHBIE CPEACTBA MCKIIOYAET 4YeJOBEYeCKHH (akTop, HEpeaKo
BHeKyH.[PIﬁ K TAXKCJIBIM ITOCIICACTBUSM.

MeToabl peneHust

PaspaboTKa JIOMacTHOTO KOJIeca, BBIMOIHAIONIET0 (YHKIMIO BOIHOTO
JBYKATEINS 33 CUET YIPYTUX IUIACTHH-JIONACTEH W (QYHKIMIO CYyXOITyTHOTO
IBWKATENSA 33 CYET CaMOCKIAIBIBAOIINXCS JIOMACTEl W PE3HHOBOTO
npoduis koneca. Ilmardopma mpeacTaBiaseT coOOil IOTHOIPHUBOIHON
TpuMapaH C JByYyMs 3aJJHUMH JIBWXHUTCIIAMU MW OJHHUM TIECPEIHUM
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MOBOPOTHBIM  JBIDKUTENEM. JIBIDKMUTENH BBIIONHEHBl U3 JHCKa CO
BCTPOCHHBIMHU JKECTKMMHU JomnacTaMu. lloBepx Iucka yCTaHOBIIEH
PE3MHOBBIM NpodWIIb ¢ BBIpE3aMu JJIsl YKpBITHS Jionacteil. [Ipu nBrmxeHnn
110 BOJHOW MOBEPXHOCTH JIOMACTH PACKPBIBAIOTCS U MPUBOJAT B JABUKEHUE
wathopMy, TpH JABWKEHHH MO TBEPAOH IOBEPXHOCTH, IuIaTdopma
JBIDKETCSI 3a cYeT 3arena pe3uHoBoro mnpodmis. Kopmyc Tpumapana
MIPEACTaBIsAeT COOOM CXOXHE DJIEMEHTHI C Ky30BOM aBTOMOOWIS, a
MepefHsasl dYacTh TpPHMapaHa IMIPEACTaBiIsieT co0Oi Karep C  IByMs
TIOTITaBKaMH-HAINPABIISTIOLIAMH.

BoiBoas!

JlonacTHO# IBIDKUTENH TO3BOJHUT CO3IATh NMPOCTYIO KOHCTPYKIIHMIO
amMmpuONiHONH TATPOPMBI, OONAMAIOMIETO BBHICOKOH MaHEBPEHHOCTHIO,
opicTpoxomHOcThI0 W ¢ BbicokuM KIIJ[. Ilpemmaraemoe pemieHne ¢
0ECIMIOTHOW CHCTEMOW YHpaBJICHMS JacT BO3MOXKHOCTBH HKCIUIyaTallid B
Pa3NYHBIX MECTHOCTSX M BOJOEMax, BO3MOYKHOCTb OBICTPOH pa3BEIKH B
HETIPOXOIUMBIX W TPYJHOJOCTYIIHBIX 30HaX.

1. SxumoB HM. IIporpammuoe CpenctBo ns  KommiexcHoro
Matematuueckoro  MogenupoBanus ~— CnoxsHpIx — TeXHHYECKHX
OobekroB / H.M. Skumos, C.H. UysameB // wuHpOpManmnoHHBIE
texHosorun. —2014. — Ne 11. — P. 23-30.

2. UYaitnukoB K.M., Kopmun T.I', Moxos P.B. becnunorusie
ABTOTPAHCIIOPTHEBIE CPEJCTBA: YCTPOHCTBO, IPUHIMUI pabOThI, BHIBI U
mepcriekTuBel // HaydnHoe cooOmiectBo crymeHTOoB XXI cromerus.
TeXHHUYEeCKHe Hayku: cO. cT. mo mar. LX mexmyHap. cTyA. Hayd.-
mpakT. koHd. Ne 12(59).

3. A3soBueB A.U., Boitmomunkos M.B. Am¢uOuitHeiii Tpancmopt s
pean3alMM CTpaTeruy pPa3sBUTHSL apKTHUECKOM 30HBI Poccuiickoit
Oeneparnun 1 00ecTieUeHU HAMOHAIBHON 0E30MacHOCTH Ha MEPHOJ
10 2020 roga.
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The formation of a “bridge between Europe and Asia” in the water
area using autonomous uninhabited underwater vehicles (AUV) is
associated with the need to overcome their ultra-long distances and increase
the risk of ANPA falling into danger zones [1], in which AUV accidents can
occur. Accidents on the AUVA have economic and environmental
consequences. Previously, such problems were practically not considered,
since at short distances the occurrence of dangerous zones for the AUV is
unlikely.

The purpose of the work was to analyze the causes of emergency
situations, the formation of signs by which hazardous areas can be
identified, the ability of the AUV systems to detect these symptoms, the
organization of the information control system and the classification of pre-
emergency and emergency conditions of the AUV.

The causes of emergency situations on the AUV may be external
factors associated with the ingress of the AUV in the hazardous areas,
which were not predicted in advance because of the possible deviation of
the AUV from the route and the drift of the danger zone.

Dangerous zones for the AUV [1] are increased shipping zones,
fishing net setting zones, shallow sea zones with complex uneven relief, ice
drift zones, garbage “island” zones, current zones and underwater
volcanoes.

Sources of information about the penetration of the AUV into the
danger zone include: the means of lighting the situation that can detect
icebergs, garbage "islands" and fishing nets; a navigation system that allows
you to detect strong currents and whirlpools; and the system of the
marching propulsion and steering complex (MDRC), which compares the
parameters of the position of the rudders and the rotation of the propellers
with the navigation data and the results of predicting the behavior of the
AUV using the mathematical dynamic model.

Classification of entangling AUVs in the fishing net can be carried out
by detecting the situation of the fishing net at short distances by the lighting
system and the inconsistency of the current position of the AUV according
to the navigation subsystem, determined by the mathematical dynamic
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model, when the propulsion unit is working. The classification of the
ingress of the AUV into the garbage "island" can be performed by detecting
the garbage "island" by means of the situation lighting system and sticking
fragments of garbage on the screw blades or steering wheels, which can, in
turn, be recognized by the discrepancy between the speed of rotation of the
propeller and the speed of the AUV, (in the case of winding on the screw or
jamming), changes in the buoyancy of the AUV and inadequate response of
the AUV to the shifting of the steering wheels. Inadequate behavior of the
AUV is estimated using the mathematical dynamic model of the AUV. The
complexity of processing the above situations required a review of the
organization of the control system [2], as a result of which, despite the
autonomy of each of the systems, they all report data to the control system
of technical means in terms of diagnosing systems and detecting signs
capable of classifying areas potentially dangerous for AUV.

The results of the analysis make it possible to foresee in the
algorithms for processing information arriving at the entrances by the AUV
systems, identifying and classifying signs that were previously of no
interest: fishing nets, garbage islands, currents, and also take them into
account along with traditional ice detection, additional information about
the area. increased shipping, etc. All this will contribute to the trouble-free
navigation of the AUV, including over long distances.

This work was supported by the Russian Foundation for Basic
Research (projects No. 17-08-00666, No. 19-08-00253).

1. Illarionov G.Yu., Laptev K.Z., Matvienko A.P. Additional
requirements for autonomous uninhabited long-range underwater
vehicles // Proceedings of the 7th All-Russian Conference "Technical
Problems of the Development of the World Ocean", October 2-6. -
Vladivostok. - 2017. - pp. 25-33.

2. Martynova LA, Mashoshin A.l. Building a control system for
autonomous, uninhabited underwater vehicles based on multi-agent
technology. Izvestia SFU. Technical science. 2016. Ne 2 (175).
Pp. 38-48.
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®dopmupoBaHUE «MOcTa Mex1y EBpomnoil u Asueil» Ha akBaTOpPHUHU C
WCIIOJIb30BAHMEM aBTOHOMHBIX HEOOHMTAaeMBIX IIO/IBOJHBIX arapaToB
(AHITA) cBs3aHO ¢ HEOOXOTUMOCTBIO TIPEOJOJICHUS HMH CBEPXIATBHIX
paccTosiHuiA U Bo3pacTaHuto pucka nonaganus AHITA B onacusle 30HbI [1],
B KOTOpBIX BO3MOXKHO BO3HHMKHOBeHue aBapuii Ha AHIIA. ABapum Ha
AHITA mpuBOAAT K SKOHOMHYECKAM W SKOJIOTHYECKUMHU ITOCIEICTBUSIMI.
Panee momoOHBIE TPOOIEMBI TPAKTHYECKH HE  PacCMAaTPHBAIIUCH,
MIOCKOJIbKY Ha HE3HAYUTENBHBIX PACCTOSHHSIX BOSHUKHOBEHHUE OIACHBIX 30H
st AHITA manoBeposITHO.

Llens paboTHI 3aKiTIOYANAch B aHAIN3E TIPUYUH aBAPUIHBIX CHTYAIHH,
(hOpMHPOBAHUH MPU3HAKOB, 10 KOTOPHIM MOT'YT OBITh BBISBJICHBI ONACHBIE
30HbI, crocobHoctn cucteM AHIIA oOHapyXWTh 3TH TpPU3HAKH,
OpraHM3aly paboThl CHCTEMBI YIpaBJIeHHs 110 00paboTke MH(DOpMaun U
KIaccu(pUKAINY TIpeTaBapUiHBIX U aBapUHEIX cocTosHI AHITA.

[Mpuunmaamu aBapuitHbIX cutyaruii Ha AHITA MoryT OBITh OKa3aThCs
BHeImHUEe (aKTopHl, cBsi3aHHBIE ¢ momamaHneM AHIIA B omacHble 30HEI,
KOTOpBIE OKa3alHCh 3apaHee HE CIIPOTHO3MPOBAHBI BBHIY BO3MOXKHOTO
orknonenus AHITA ot mapmpyTa u npeiicha oracHO# 30HBL

Onacupivu 30HamMu it AHITA sBistroTcst [1] 30HBI TTOBBIIICHHOTO
CYZOXOJICTBa, 30HBI TIOCTAHOBKU PBHIOOJIOBHBIX CETEH, 30HBI MEJIKOT0 MOps
CO CIIO)KHBIM HEPOBHBIM penbe()OM, 30HBI JIEJOXO0/a, 30HBI MYCOPHBIX
«OCTPOBOB», 30HBI T€UCHHUH U MOJIBOIHBIX BYJIKAHOB.

K ncrounmkam nHpopmanmu o nomaganuu AHITA B onacHyio 30HY
OTHOCSTCSI: CPEACTBA OCBEIEHUS OOCTaHOBKHM, CIOCOOHBIE OOHApYXHUTh
aiicOepru, MyCOpHBIE «OCTPOBa» M PBIOOJIOBHBIE CETH; HaBUTAIL[MOHHAS
cHcTeMa, TI03BOJISIONas OOHAPYXHUTh CHIBHBIC TEUCHUS U BOJOBOPOTHI, M
CHUCTEMa MapIIeBOr0 JBIKHUTEIBHO-pyJeBoro komiuiekca (MJIPK),
CONOCTABISIONIAs ~ MapaMeTpsl  IOJIOKEHWS  pyJded W BpalieHus
JBIDKUTENEl — O ¢ HaBUTAMOHHBIMH JaHHBIMH UM PE3ylbTaTaMu
nporHo3upoBanus noseneHust AHITA ¢ ncnonb3oBaHneM MaTeMaTUYECKOM
JTUHAMUYECKON MOJEIIH.

Knaccudukaruro 3anyteiBanust AHITA B peIOOIOBHOM CEeTH MOKHO
NPOBECTH 1O OOHAPY)KEHHIO CHCTEMOW  OCBEUICHHS OOCTAaHOBKH
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pBHIOOJIOBHOW ceTH Ha ONMKHUX JUCTAHIUSIX, HECOOTBETCTBHIO IIPH
paboratomieM JBIWKUTeNe TeKkymero monoxkeHus AHIIA mo maHHBIM
HABUTALMOHHOW  TOACHUCTEMBI  IOJIOKEHWIO,  ONpeAeNsieMOMy IO
MaTeMaTH4ecKod IuHamMu4yeckod Mmonenu. Kiaccudukanuio mnonanaHus
AHITA B MYCOpHBI «OCTPOB» MOXKHO BBHINOJHHUTH II0 OOHApPYKEHUIO
MYCOPHOTO «OCTPOBA» CPEICTBAMH CHCTEMBI OCBEIICHHS OOCTAaHOBKH W
HaJIUIIAaHUIO (ParMeHToB Mycopa Ha BHHTOBBIE JIONACTH WM PYJIIH,
KOTOpBIE MOXXHO, B CBOIO OYepenb, paclo3HaTh IO HECOOTBETCTBHIO
CKOpPOCTH BpaIleHHs IBIXHTENA U ckopocTr nBmwxennss AHIIA, meperpeBy
JBIDKUTENS (B ClIydac HaMaThIBaHMS HAa BHUHT WM €r0 3aKIMHUBAHUA),
mmeHeHno 1iaBydectd AHIIA u meagexBatHO#l peakmmu AHIIA Ha
nepekianky pyieid. HeagexBatHoe mnosenenne AHIIA onenuBaercs ¢
UCIIONB30BaHUEM MaTeMaThdeckoil nuHamuyeckoi wmonenu AHIIA.
KommuiekcHOCTE  00pabOTKHM TNEpeyHCICHHBIX CUTyallii moTpeboBana
IepecMoTpa OpraHU3alliM CUCTEMBl ympaBieHus [2], B pe3yiabTare
KOTOpOM, HECMOTpSI HA aBTOHOMHOCTB Pa0OTHI KaXKJOH U3 CUCTEM, BCE OHU
COOOINAIOT JaHHBIE CHCTEMY YIPABJICHUS TEXHUYECKHMH CpEJICTBAMH B
YacTH AWATHOCTHPOBAHMS CHCTEM M OOHApy>KeHHUS NMPHU3HAKOB, CIIOCOOHBIX
KIaccu(pUIUpPOBaTh MOTEHIMAIBHO onacHbIie M1t AHITA 30HEL

Pe3ynpraTl aHanM3a MO3BOJIAIOT IPEAYCMOTPETh B AITOPUTMAX
o0paboTkn wHpOpMannHu, TMOocTynaromeil Ha Bxomsl cuctemamu AHIIA,
BBIABIICHHE M KJIAcCH(UKALHUIO TPH3HAKOB, paHee HE IPEACTaBISIOIINX
UHTepeca: PhIO0JIOBHBIE CETH, MyCOPHBIE OCTPOBA, TEUSHHUS, & TAKIKE YUECTh
uX B 00paboTke Hapsay C TPAJAWUIMOHHBIMH OOHAPYXEHHSMH JIEIOBOM
00OCTaHOBKH, JOTOJHUTEIbHOW WH(OpMaLuK O pailoHe MNOBBIIIEHHOTO
cyzoxonctea W T.a. Bce 310 Oyzmer cmocoOcTBOBaTh Oe3aBapuitHOCTH
mnaBanus AHITA, B Tom 4ucie U Ha JaJlbHUE PACCTOSHUS.

Paboma evinonnena npu noododepoicke PODU (npoexmor No 17-08-
00666, Ne 19-08-00253).
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TpeOOBaHMS K aBTOHOMHBIM HEOOHMTAaeMBbIM IIO/IBOJHBIM almapaTamM
JampHero pagmyca aedictBus // Matepuansl 7-off  Beepoccwuiickoit
koH(pepeHmn «TexHndeckue mpoOIeMbl OCBOCHHSI MHPOBOTO OKEaHay,
2-6 okts0psi. — Bragusocrok. —2017. — ¢.25-33.

2. MapteHoBa JI.A., Mamomua A.U. IlocTpoeHne cucTeMsl ynpaBiIeHUS
ABTOHOMHBIX HEOOMTaeMbIX TIOABOJIHBIX ammapatoB Ha 0ase
MyJIbTHAreHTHOH TexHosoruu // U3sectust OOY. TexHuueckne HayKH.
2016. Ne 2 (175). C. 38-48.
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Russia accounts for about a quarter of all offshore hydrocarbon
reserves in the world, including 40 out of 60 large Arctic deposits [1].
According to the President of the Russian Federation, Vladimir Putin, in the
Arctic zone there is a concentrated overwhelming proportion the share of
all-Russian and common mineral reserves: gold - 40%, oil - 60%, gas - from
60 to 90% [2].

In terms of their aggregate oil and gas potential, the sedimentary
basins of the Russian Arctic shelf are comparable to the largest oil and gas
regions of the world. According to Rosneft specialists, by 2050 the Arctic
shelf will provide from 20 to 30 percent of all Russian oil production and its
development will require about 2.5 trillion dollars. USA.

To solve these problems, in the authors' opinion, the use of
autonomous uninhabited underwater vehicles capable of conducting deep-
sea research in extreme conditions for humans is obvious [3].

This report describes the process of developing a lightweight hybrid
interventional AUV that has an electric manipulator complex on board [4].
The layout of the main modules of the hybrid AUV is shown in Figure 1.
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Figure 1 — The layout of the modules of the hybrid
interventional AUV

The main task of the tests was: evaluation of the characteristics of the
control system of the hybrid AUV and manipulator in a combined mode,
testing the system of stabilization of the apparatus with the aim of
maintaining the depth and spatial position during the operation of the MC.
The results of the work are presented in Figure 2.
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Figure 2 — The work of the depth stabilization system of the apparatus
during the operation of the MC

As a result of the work, it can be noted that the first domestic sample
of a hybrid autonomous uninhabited underwater vehicle capable of ensuring
full-fledged manipulator complex operation was developed and successfully
tested, including with a significant amount of standard RROV toolkit
according to ISO 13628-8 (API 17D). The developed device has enough
space to install additional equipment, such as methane sensors, a high-
precision fluorescent sensor, various analyzers, etc. The tests performed
demonstrate the operation of the hybrid AUV in extremely unfavorable
conditions (ultra-low depths, a mode with limited maneuvering zone, etc.)

1. https://neftegaz.ru/news/Geological-exploration/240207-bolee-40-
krupnykh-mestorozhdeniy-uglevodorodov-v-arktike-v-rossiyskom-
sektore-zhdut-dobychi/ (circulation date: 04/04/19)

2. https://tass.ru/ekonomika/6319060 (appeal date: 14.04.19)

3. Gaykovich BA, Zanin V. Yu., Kozhemyakin I. V. Aspects of the
practical application of underwater gliders based on trial operation //
New defense order No. 4 (41) 2016 P.78-81

4. Zanin V.Yu., Kozhemyakin 1.V Manipulator complex for underwater
work at the bottom infrastructure facilities of the offshore oil and gas
complex in the under-ice conditions in shallow and deep-water areas ”//
Collection of works by laureates of the International Competition of
Scientific, Scientific, Technical and Innovative Developments Aimed at
development and development of the Arctic and the continental shelf in
2018. C.53-58.
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Pocmos-na-/lony u Canxkm-Ilemepbype
maevskiy _andrey@mail.ru, bg30@mail.ru

Ha Poccuio npuxoaurcsi OKOJIO YeTBEPTH BCeX LIETb(OBBIX 3amacoB
YTI€BOAOPOAHOIO ChIpbst B Mupe, BKkmouas 40 wu3 60 KpymHBIX
Apktryeckux Mectopoxkaenuil [1]. Ilo omenkam Poccuiickoit akagemuu
HayK, Ha KoOTopele cociancs mnpesuaeHT Poccum Bnamumup Ilytun, B
apKTHYECKOI 30HE COCpPeIOTOUYEHa TTOIABIISIOAs OIS OOIEPOCCHHCKIX U
OOIEMHPOBBIX 3aIIaCOB IOJIE3HBIX HCKOMAeMBIX: 3010Ta — 40%, HedTn —
60%, raza — ot 60 10 90% [2].

ITo cBoemMy cOBOKYIHOMY He()TEra3oBOMY IOTEHIMAIY OCaIO0YHBIC
OacceitHbI POCCHHCKOTO apKTHUECKOTO IIeNb(a CPaBHIUMBI C KPYITHEUIITNMU
HE(TEra30HOCHBIMH pETHMOHaMH Mupa. llo OIeHKaM CIEnUaIucTOB
kommanuu «Pocuedts», k 2050 romy Apkruueckuil 1menbd OymeT
obecnieunBats ot 20 mo 30 mpoueHTOB Beeil poccuiickoll HedrenoObun U
Ha €ro OCBOCHHUE MOTpedyeTcs okoJIo 2,5 TpiaH noi. CIHA.

Jist pemieHnst NaHHBIX 3ajad, MO MHEHHMIO aBTOPOB, OYEBHIHBIM
SIBJISIETCS] TIPIMEHEHUE aBTOHOMHBIX HEOOMTAaEMbIX MOJBOAHBIX aIllapaToB
CIIOCOOHBIX B TEUCHHWH JONTOr0 BPEMEHH IPOBOIWTH TTyOOKOBOIHBIC
HCCIIeIOBAaHMS B 9KCTPEMAIBHBIX IS YelloBEKa ycaoBusx [3].

B HacrosimieM mokmaze paccMOTpEH Mpolece pa3padOTKH JIETKOTO
ruOpugHoro wuHTEepBeHHHOHHOT0O AHIIA wuMmeromero Ha cBoeMm OOpTY
SIEKTPHYECKUN MaHUMYJIATOPHBIA KomIuleke [4]. Cxema pacmojOoXKeHHUsS
OCHOBHBIX MopayJen rubpuanoro AHITA m3o0paxkena Ha pucyske 1.
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EASK YMIDASAEHUA
Pucynok 1 — Cxema pacrosioxeHust Moysiel THOpuaHOTOo
uHTepBeHronHoro AHITA

OcCHOBHOM 3amayeil HUCHBITaHUI SBISUIACH: OIIGHKA XapaKTEPUCTUK
cucteMsl ympaBieHus rTubpugHeiM  AHIIA u wmaHumymstopom B
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KOMOMHHUPOBAHHOM PEXHMeE, 0TpadOTKa CUCTEMbI CTaOWIIM3alMH arapara
C LeNbI0 BO3MOXHOCTH yJepXKaHus TJIyOWHBI U IIPOCTPAHCTBEHHOTO
nojoxxkeHus npu pabore MK. PesynpraTel paboTBl HpeACTaBICHBI Ha
pUCYHKe 2.

DanHble cncTemel cTabuansauymu no rpy6uHe npu pabore AHMA ¢
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Pucynok 2 — PaboTa cucteMsl cTaOmiIn3aIiuy rryOWHBI ammapara BO BpeMs
pabdotsr MK

B pesynaprate paboT MOXHO OTMETHTH YTO ObUT pa3paboTaH u
YCIICITHO WCHBITAaH TIEPBBIH  OTEYECTBEHHBI 0Opaser T'HOpUIHOTO
AaBTOHOMHOTO  HEOOMWTaeMOro  IO/IBOJHOTO  ammapara  CIiocoOHOTO
00eceunTh MOJTHOLEHHYI0 pabOTy MaHUIIYJIITOPHOTO KOMIUIEKCA, B TOM
Yyuclae C  3HAYUTENbHBIM OOBEMOM  CTAaHAAPTHOH  HOMEHKIATYPHI
unctpymentapuss PTIIA  cormacko ISO  13628-8 (API 17D).
PaspaboTaHHbIil ammapaT HMEET JOCTAaTOYHOE MECTO Ui YCTaHOBKU
JIOTIOJTHUTEIBHOTO ~ OOOPY/NOBAaHUS, Takoro Kak JaT4dkKd MeTaHa,
BBICOKOTOYHBIN ()IIyOpECIEHTHBIN CEHCOp, Pa3IMYHbIe aHAJIM3aTOPHI H .
[IpoBeneHHbIE UCIIBITAHUS AEMOHCTPHUPYIOT paboty rubpuanoro AHIIA B
KpaiiHe HeONaronpHsTHBIX YCIOBHSX (CBEpXMayble TIIyOWHBI, PEXHM C
OTPaHWYEHUSIMHU 110 MAHEBPOBOH 30HE U T. 11.)

1. https://neftegaz.ru/news/Geological-exploration/240207-bolee-40-
krupnykh-mestorozhdeniy-uglevodorodov-v-arktike-v-rossiyskom-
sektore-zhdut-dobychi/ (mara o6pamenus: 14.04.19)

2. https://tass.ru/ekonomika/6319060 (mata obpamenus: 14.04.19)

3. TaiikoBuu b.A., 3anun B. 0., Koxemsxkun . B. Acnekrtsl
NPaKTHYECKOTO IPUMEHEHUsI TIOABOIHBIX TIaiiiepoB Ha 0a3e OMBITHOM
skcrutyataiuu // HoBblit o6oponHsIi 3aka3 Ne 4 (41) 2016 C.78-81

4. 3anun B.IO., Koxemsxkun WU.B  MaHUITyISTOpHBIM KOMILIEKC ISt
MTOJIBOZIHOM pabOTHl HAa 00BEKTAX JOHHOW MH(PACTPYKTYpPBHI MOPCKOTO
He()TEra3oBoro KOMIUIEKCA B ITO/UICAHBIX YCIOBUSX MEIKOBOJIHBIX U
TITyOOKOBOIHBIX paiioHax»// COopHUK pabor JIaypeaToB
MeXTyHapoqHOTO KOHKypca HaydHBIX, HAy4YHO-TEXHHYECKHX U
WHHOBAMOHHBIX Pa3pabOTOK, HAIPaBICHHBIX HA PA3BUTHE U OCBOCHHE
ADKTHKH 1 KOHTHHEeHTanbHOoro menbda 2018 roma. C.53-58.
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WITH NAVIGATIONAL DATA

Russian State Scientific Center for Robotics

and Technical Cybernetics, Saint-Petersburg
d.frolov@rtc.ru

In the course of repairing or replacing undersea infrastructure objects
passing along the sea bottom, there are problems of their detection and
assessment of their length. To solve the problems of detecting metal-
containing objects (gas pipelines, etc.) there exist two main types of
electromagnetic sensors: active and passive. For an active detection method,
additional energy is required for irradiation of the scanning signal into the
surrounding space. At the same time, the active detection principle is
characterized by resistance to external sources of magnetic fields (MF),
both environmental and created by the carrier of the magnetic sensor. On
the experimental AUV electromagnetic sensors of the passive type were
installed. In contrast to the active, the passive sensors require compensation
for the effects of external magnetic fields, which can have a significant
impact on the readings of the probes. To search for metal-containing
objects, it is proposed to use two passive three-component fluxgate probes
mounted on the bow and stern of the vehicle. The presence of two probes
separated by a known distance from each other allows to calculate the
gradient of the magnetic field between the probes by simply subtracting the
readings of the sensors. Calculation of the gradient compensates the
influence of external magnetic fields, the impact of which on each of the
sensors is the same. When crossing a metal-containing object, it is firstly
registered by the bow sensor, and then on the stern one. In this case, a
characteristic pattern is observed in the gradient signal — the alternation of
the maximum and minimum (minimum and maximum) of the gradient. The
presence of such a pair of extremes is a necessary condition for the
detection. The comparison involved 4 different combinations of candidate
selection and analysis algorithms, the results are presented in Table 1.
Numbers in the first column correspond to: algorithm without orientation
correction and form validation (1), algorithm without orientation correction
with form validation (2), algorithm with orientation correction without form
validation (3), and algorithm with orientation correction and form
validation (4).
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Table 1. Results of experiments with various algorithms

Algorithm  True False False True / all detections,

positive positives negative (%)

S S

67 85 0 44.1
27 9 5 65.9
63 60 0 51.2
31 5 2 81.6

—

Kohler, B. U., Hennig, C., & Orglmeister, R. (2002). "The principles of
software QRS detection" IEEE Engineering in Medicine and Biology
Magazine, 21(1), 42-57.

S. Bularka and A. Gontean, "EEG pattern recognition techniques
review," 2015 IEEE 2lst International Symposium for Design and
Technology in Electronic Packaging (SIITME), Brasov, 2015, pp. 273-
276.

Abbott, Benjamin P., et al. "Observation of gravitational waves from a
binary black hole merger." Physical review letters 116.6 (2016):
061102.

S. Suppappola and Y. Sun, “Nonlinear transforms of ECG signals for
digital QRS detection: A quantitative analysis,” IEEE Trans. Biomed.
Eng., vol. 41, pp. 397-400, 1994.

Kadambe, S., Murray, R., & Boudreaux-Bartels, G. F. (1999). Wavelet
transform-based QRS complex detector. [EEE Transactions on
biomedical Engineering, 46(7), 838-848.

Neocleous, A., Azzopardi, G., Kuitems, M., Scifo, A., & Dee, M.
(2019). Trainable filters for the identification of anomalies in
cosmogenic isotope data. I[EEE Access., 7.
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OBHAPY XEHUE ITOJABOJHBIX METAJIVIOCOAEPKAIIINX
OBBEKTOB C IOMOIBIO KOMIIVIEKCUPOBAHUS
TMMOKA3AHHWUM MMACCUBHBIX ®PEPPOMATHUTHBIX JATYUKOB
U JAHHBIX HABUTAIIMOHHOM CUCTEMBbI

T'HI] P® [JHUH PTK, Canxm-Ilemepbype
d.frolov@rtc.ru

C aKkTHUBHBIM pa3BUTHEM YEJIOBEUECKON aKTHUBHOCTH IO BOAOH H
MOJJTbEMOM MHIYCTPHH aBTOHOMHBIX HEOOMTAEMBIX IIO/IBOJHBIX alIapaToB
Tepes UcCiIeoBaTelsIMi U MH)KEHepaMy BCTAHET 3a/iada 0OCITyKUBaHUS U
pPEMOHTa TIOABOIHBIX KOMMYHHKanuil. [lJI1 3TOTO0 MOTYT HCIIOJIB30BATHCS
ABTOHOMHBEIE HeoOWTaeMmble TmonBoAHBIe ammapatel  (AHITA), wm
teneymnpaBmiemsie HITA (THITA), ocymectBusiomme, K TpuUMeEpy,
HWHCTIEKIIHIO TPyOOmpoBOoaoB. B cTarbe paccMOTpeH aiaroputM oOpabOTKH
CHUTHAJa [JAaTYMKOB, HCIOJB3YEMBIX Al IOMCKAa METaIIOCOAEPKAIINX
O00BEKTOB Ha JHE C MOMOIIbIO MACCHUBHBIX (PEPPOMATHUTHBIX [IaTUHKOB,
YCTaHOBJICHHBIX Ha HocuTene. llpennoxeHa cxema NpPOBENEHHsS TaKOTO
U3MEPEHUs] — YCTaHOBKA JIByX JaTYMKOB Ha IPOTHUBOIOJIOKHBIX KOHIAX
HOCHTeNs. DTO MO3BOJISIET C(OPMUPOBATH CHTHAN TPaIveHTa WHIYKIUH
MarHUTHOTO TOJISI MeXAy nardukamu. OrmpezeneHa xapaktepHas (opma
TAKOr0 CHUTHajla U 3aBHCUMOCTh CHUTHaJa OT IapaMeTpOB JIBUKECHUS
anmapata ¥ BHEmHHX (akTopoB. C [ENbI0 HCKIIOYCHHS JIOKHBIX
cpabaThIBaHMI HCTIONB3YIOTCS (PUIIBTPHI, OCHOBaHHBIE HA HCIOJIb30BaHUU
MOKAa3aHUH  JAaTYAKOB  TIOJIOXKEHHUsS, CKOPOCTH W OpHUEHTAINH
HaBUTalMOHHOH cucTeMbl. Mcronp30BaHne JaHHBIX O ABW)KEHHHM armapara
TI03BOJISIET CTEHEPUPOBATH TAIIOHHBIN CUI'HAN, KOTOPBIN MCTIONb3YyeTCs UL
BaIUAAMM OOHApY)XEHHS OOBEKTa METOJOM KpOCC-KOppENsIluu, a
UCIIONIb30BaHUE JIAHHBIX 00 yriiaX OpHeHTaluu [aéT BO3MOXHOCTh
KOMIICHCHUPOBATh BIMSHUE IBIDKEHHS almapaTa B MarHUTHOM IOJIe 3€MIIH.
B cpaBHeHum yuacTBoBaiM 4 pa3NUYHBIX KOMOWHAIIMU aJrOPUTMOB
BBIICTICHUS KaHAWAATOB M MX aHaiau3a, pe3ynbTaThl IPeiCTaBJICHBI
B Taom.1.
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Tabmuna 1. Pe3ynbraTsl AKCIEPHUMEHTOB C Pa3lIMYHBIMH aJTOPUTMAMU:
ITOPUTM 0e3 KOPPEKIMK OpHEHTAlH U Banuaauuu ¢opwmsl (1), anroputm
0e3 KOppeKIMM OpHEeHTauuu C Banupanued ¢opmbel (2), aaroput™m c
KOppEKIel opueHTaruu 0Oe3 Bamumanuu (Gopmbel (3) ¥ aaroputMm ¢
KOppeKLuer opueHTauy 1 Banuaameit Gopmst (4).

Algorithm  True False False True / all detections,
positive positives negative (%)

1 67 85 0 441

2 27 9 5 65.9

3 63 60 0 51.2

4 31 5 2 81.6

1. Kohler, B. U, Hennig, C., & Orglmeister, R. (2002). "The principles of

software QRS detection" [EEE Engineering in Medicine and Biology
Magazine, 21(1), 42-57.

2. S. Bularka and A. Gontean, "EEG pattern recognition techniques
review," 2015 IEEE 2lst International Symposium for Design and
Technology in Electronic Packaging (SIITME), Brasov, 2015, pp. 273-
276.

3. Abbott, Benjamin P., et al. "Observation of gravitational waves from a
binary black hole merger." Physical review letters 116.6 (2016):
061102.

4. S. Suppappola and Y. Sun, “Nonlinear transforms of ECG signals for
digital QRS detection: A quantitative analysis,” IEEE Trans. Biomed.
Eng., vol. 41, pp. 397-400, 1994.

5. Kadambe, S., Murray, R., & Boudreaux-Bartels, G. F. (1999). Wavelet
transform-based QRS complex detector. [EEE Transactions on
biomedical Engineering, 46(7), 838-848.

6. Neocleous, A., Azzopardi, G., Kuitems, M., Scifo, A., & Dee, M.
(2019). Trainable filters for the identification of anomalies in
cosmogenic isotope data. IEEE Access., 7.
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Saint-Petersburg, vas@rtc.ru
? Health Samurai, Saint-Petersburg, andruiman@gmail.com

The rapid development of robotics in the past few decades brings to
one of the forefront the reliability of robotic systems [1]. The principles of
improving the reliability of the hardware of the RTK are well known [1].
The question of the reliability of the software management systems
technical equipment is still the subject of research and is not fully
formalized. In the future, by software reliability, we understand the
compliance of the developed software with the specified specifications. At
the same time, as an extreme degree of reliability, we understand this
correspondence in full strict measure.

In the last 30 years systems of so-called have become known and
increasingly used. "Formal verification" of the program code presented in
the form of source texts. The latter fact, in particular, means that
verification is static, since it analyzes the text of the program, and not its
work on real equipment. The verification itself, in a number of methods, can
be a formal proof (!). Of the compliance of the program code of the
specification and is carried out on an abstract mathematical model of the
system, under the assumption that the correspondence between the
mathematical model and the nature of the system is initially specified. For
example, by building a model or mathematical analysis and proof of the
correctness of algorithms and programs. Despite their fundamental
properties, unfortunately, these systems have not yet received wide
distribution.

Nevertheless, the authors have recently conducted a large complex of
studies and approbations, dedicated to the possibility of developing software
products together with simultaneous proof of their correctness. These works
were carried out mainly in the specialized Coq system [2], which “... is a
software package designed to formalize and verify the correctness of
mathematical reasoning. It is a logical environment that allows one to
describe mathematical theories and to construct proofs in an interactive
semi-automatic mode “’[3].

In the Coq system, you can prove programs written exclusively within
the same system. On the one hand, this may seem inconvenient, since this
system is built on formal logic and may be unusual for programmers who
are used to writing in operator imperative languages like Java, C / C ++ or
Python. But Coq allows translation from its internal language to compiled
languages, such as Haskell, O’Caml, and besides, the development of a
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translator at the source code level and to others, including imperative
languages, seems to be a fully realizable task. In this case, the software
authors have to rely on the correctness of the built translator, as well as on
the correctness of the subsequently used compiler and / or virtual machine
(in particular, the interpreter) of the final programming language. It should
be noted that despite the above limitations, the proof of the properties of the
constructed programs still provides a significant contribution to the
verification of the reliability of software packages.

The Coq system is built on the ideology of intuitionistic logic and the
theory of types CiC (calculus of inductive constructions) [3], which allows
us to construct constructive proofs and extract the corresponding algorithms
from them in the form of verification programs. In this case, the correctness
of the constructed proofs is verified automatically by reducing to the
problem of checking the correctness of the typing of terms in the CiC
system.

As a demonstration of the possibility of using the Coq system to prove
the properties of algorithms that are applicable in the problem of motion
planning for ground-based robotic tools, the authors verified the algorithm
A * [4] of the route search on the graph of possible states of the RTK. As
the latter, a graph with vertices of allowed geometric states of a mobile
platform and arcs of allowed transitions between them can be used.

In fact, statements are interpreted by types, and predicates - by
families of types, depending on parameters.

1. LM. Makarov. Robotics: problems and prospects (in Russian) .
Electronic resource: https://is.gd/HbstVe (28.04.2019)

2. Software Foundations. Electronic resource:
https://softwarefoundations.cis.upenn.edu/ (28.04.2019)

3. V.N. Krupsky, S.L. Kuznetsov. Workshop on mathematical logic. Coq
M. (in Russian), Moscow State University Publishing House, 2013

4. The principle of the algorithm A* (in Russian). Electronic resource:
http://www.gamedev.ru/articles/?id=70121 (28.04.2019)

HA. Bacuﬂbee', AM. Tawur’
KOHUENLMS MOBBIIIEHUS HAJIEX)KHOCTHU B
POBOTOTEXHHUKE NOCPEJACTBOM INTPUMEHEHMUSA
JOKA3ATEJBHOT'O TPOI'PAMMMPOBAHMU S

! THI] P® [JHHUH PTK, Canxm-Ilemepbype, vas@rtc.ru
Health Samurai, Cankm-Ilemep6ype, andruiman@gmail.com

bypHoe pa3BuTHE pOOOTOTEXHMKHM B IIOCIETHHE HECKOJIBKO
JECATHIETHH BBIBOAWT HAa OAWH W3 IIEPBBIX IUIAHOB HAJEKHOCTh
poboTtoTexunueckux cucrtem [1]. TlpuHIUNBI TOBBIMIEHHS HAAEKHOCTH
¢dynkuronupoBanus anmnaparHoit vactu PTK naBHo m3secthsl [2]. Bompoc
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Hal&KHOCTH K€ TPOTPaMMHOIO OOeCHeYeHHs CHUCTeM YIpaBJICHHUS
TEXHUYCCKNUMHU cpeacTtBaMu 0o cux nop SABJISACTCA nmpeaMETOM
HCCIIeIOBaHUN M HE SIBJIIETCS BHOJNHE (opManu3oBaHHBIM. B manpHeiniem
MmoJ, HaA&KHOCTBIO  IIPOTPaMMHOTO  OOECHeYeHHs] MBI  IIOHHMaeM
cootBeTcTBHE paszpadboranHoro I10 3amanubM cienudukanmsm. [Ipu sTom
B Ka4eCTBE KpaiHEeH CTeTIeHH Ha/IS)KHOCTH MBI IOHUMAeM 3TO COOTBETCTBHE
B IOJIHOM CTPOTOM Mepe.

B mocinename 30 mer cranmm W3BECTHHI M Bce 0oiee IMIMPOKO
MIPUMEHATHCSA CUCTEMBI T.H. «(OPMaIbHON BEpUPHUKALUM» HPOTrPaMMHOTO
KO/a, TPEICTaBICHHOTO B BHUJIE MCXOIHBIX TeKkcToB. llocnmennmit dakr, B
YaCTHOCTH, 03HAYAET, YTO BEPUPHUKALUS ABISIETCS] CTATHYECKOM, MOCKOIIBKY
aHaJIM3MPYyeT MMEHHO TEKCT IMPOrpaMMbl, a He ee paboTy Ha pealbHOM
obopynoBannu. Cama BepudUKaIys, B psae METOAOB, IPU 3TOM MOXKET
OpeJCTaBIsATh CcoOOW  (opmanbHOE 0Ka3aTeiabcTBO(!) COOTBETCTBHUS
MIPOTPaMMHOT0 KOAa crenupuKanuuy ¥ TPOBOJUTCS Ha aOCTpakTHOU
MaTeMaTH4ecKOW MO CUCTEMBI, B TIPENNOIOKEHHH O TOM, YTO
COOTBETCTBHE MEXAY MaTeMaTHYeCKOW MOJEIBI0 W ITIPHPOAOI CHUCTEMBI
SIBIISIETCSl W3HAYAJIBHO 3aJaHHBIM. Hampumep, 1O MOCTPOESHHIO MOJEIH
nu00 MaTeMaTH4ecKoro aHalmnM3a M JI0Ka3aTelbCTBA IPaBHIBHOCTH
QITOPUTMOB M TiporpamMM. HecMoTpst Ha cBOM (yHIaMEHTaJIbHBIE CBOHCTBA,
K COXAaJICHHIO, IIMPOKOTO PACIPOCTPAHEHMs O3TH CHCTEMbl IIOKa HE
MOy YMIIH.

Tem He MeHee, 3a TOCIeIHEEe BpeMs aBTOpaMU ObUI TPOBEAEH
OOJIBIION ~ KOMIUIEKC HWCCIECNOBAaHMH W  anpoOanuid, MOCBSIIEHHBIH
BO3MOXXKHOCTH  pPa3pabOTKH MNpPOTPaMMHBIX IPOIYKTOB COBMECTHO C
OJHOBPEMEHHBIM JIOKa3aTeIblcCTBOM HMX KOPPEKTHOCTH. OTH PabOTHI
MPOBOJWINCH, B OCHOBHOM, B crenuanuzupoBanHoit cucreme Coq [3],
KOTOpas “...sBJSIETCS] IPOrPaMMHBIM KOMITJIEKCOM, TpeIHa3HaYeHHBIM JUIs
(hopManuzayy 1 NpOBEPKH MPABIILHOCTH MaTEMAaTHIECKUX PACCYKACHHMH.
Omna mpezcraBisier co00H JTOTHMYECKYIO Cpelly, MO3BOJIIIOIIYIO OIMUCHIBATH
MaTeMaTH4ecKhe TEOPHMH W B HHTEPAKTUBHOM II0JTyaBTOMAaTHYECKOM
pEeXHUME CTPOUTH JOKa3aTeNbCTBay [3].

B cucreme Coq MOXHO IOKa3plBaTh IPOTPaMMBI, HalHMCAHHBIC
UCKJIIOYUTENFHO BHYTPH 3TOH XKE CUCTEMBI. DTO, C OTHONW CTOPOHBI, MOKET
NIOKa3aThCsl HEYyNOOHBIM, TaK KaK 3Ta CHCTeMa IMOCTPOCHA Ha (OpMalIbHOI
JIOTUKE U MOXET 6I)ITI> HECIpUBBIYHA JIA IIPOTPaMMUCTOB, IMPUBBIKIINX
nHcaTh Ha ONEPAaTOPHBIX MMIIEPAaTHBHBIX si3bikax Tuna Java, C/C++ wmm
Python. Ho Coq mno3BoisieT OCyIIECTBIATh TPAHCISIIMIO CO CBOETO
BHYTPEHHETO s3bIKa Ha KOMIWJIMpYyeMble s3bIku, Takue kak Haskell,
O’Caml, n kpome TOro pa3paboTKa TPAHCIATOpAa Ha YPOBHE HCXOJHOTO
KO/Ia U Ha JAPyrue, B TOM YHCIIC UMIIEPATHBHBIC S3BIKH, NPEICTABIISCTCS
BIIOJIHE pealn3yeMoi 3amaueil. B sTomM ciyuae aBTOpam HpOrpaMMHOTO
obecrieueHns] MPUXOIUTCS PACCUUTHIBATH HA KOPPEKTHOCTH MOCTPOECHHOTO
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TPaHCIATOPa, a TaKKe M Ha KOPPEKTHOCTh NMPHMEHSEMOI0 BIOCIEICTBUU
KOMITUJISITOPA M/WIIK BUPTYAIbHOM MaIIMHbI (B YaCTHOCTH MHTEPIPETATOPA)
(MHANTBEHOTO s3bIKa MPOTpaMMHpoBaHus. Hago 3aMeTnuTh, YTO HECMOTPS Ha
yKa3aHHBIE  OTPaHUYCHMS, JOKa3aTeJbCTBO  CBOMCTB  MOCTPOEHHBIX
IporpamMM, TO-IIPEKHEMY JaeT CYIIECTBEHHBIH BKJIQJ B BEpH(UKAINIO
Ha/Ie)KHOCTH TIPOTPaMMHBIX KOMIUIEKCOB.

Cucrema Coq mocTpoeHa Ha HICOJOTHH HHTYHIIMOHUCTCKON JIOTHKH 1
teopun tumoB CiC (calculus of inductive constructions) [4], 94To TO3BOJISET
CTPOUTHh KOHCTPYKTHBHBIE JOKa3aTE€AbCTBA W M3BJIEKaTb U3 HHUX
COOTBETCTBYIOIINE AITOPUTMBI B BUZE BepH(UKAIMOHHBIX mporpamm. Ilpu
3TOM  TPaBHIBHOCTH  IIOCTPOCHHBIX  JIOKA3aTEIbCTB  IPOBEPSETCS
ABTOMATHUYECKH MTOCPEICTBOM CBEJEHHS K 3a7aue MPOBEPKH MPaBUIBHOCTH
tunuzanuu TepMoB B cucteme CiC.

B kadecTBe neMOHCTpalMi BO3MOKHOCTH IpUMeHeHHs cucteMsl Coq
JUId  JOKa3aTelnbCTBA CBOWCTB aJrOPUTMOB, IPUMEHHMBIX B 3ajaude
TUTAHUPOBAHMS JIBIDKEHUS Ul HA3eMHBIX POOOTOTEXHHYECKUX CPEJCTB,
aBTOpaMH IpOBeJeHA BepuuKanuu anroputMa A* [5] moucka mapmpyra
Ha rpade Bo3MOXKHBIX cocTossHuii PTK. B kauecTBe mOCIETHETO MOXKET
OBITH MCIIONB30BaH Trpad) C BEPIIMHAMH PA3PEUICHHBIX T'€OMETPHYECKHX
COCTOSIHUH MOOWIBHON TUIATGOPMBI W AyraMH pa3pelieHHBIX IIEPEX0/I0B
MEXIy HUMH.

@DaKTUYECKH, BBICKa3bIBAHMWS  HMHTEPIPETUPYIOTCS  THUIAMH, a
IpeIUKaThl — CeMEeHCTBaMU TUIIOB, 3aBUCSIIUMH OT NTapaMeTpPOB.

1. WM. MakapoB. PoOororexHuka: mnpoOIeMbl U IEPCHEKTHUBBI
DnekTpoHHBIA  pecypc:  https://is.gd/HbstVe (mata oOpamieHus
28.04.2019)

2. T'. Maitepc. Hagéxnocts I10. M., «MIP»1980.

3. Software Foundations. DNEKTPOHHBIN pecypc:
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A.S. Golubev, O.V. Litvinov, A.V. Bakhshiev, L.V. Vasilyev
RESEARCH OF APPLICATIONS OF THE REINFORCMENT
LEARNING IN HYPER-REDUNDANT AUTONOMOUS
UNDERWATER VEHICLE CONTROL PROBLEMS

Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
alexab@rtc.ru

Despite the enormous progress in automation, there are still areas of
human activity, where the automation either extremely inefficient or there is
no automation at all. These operations are very simple and any low-skill
staff can easily handle them. Many of these «automation-free» niches could
be filled with highly adaptive and autonomous mobile robots.

“Intellectualization” of mobile robots is the most important direction
of mobile robotic development. This term here means increasing of the level
of robot adaptability to complex rapidly changing external conditions or
increasing of the degree of autonomy from the human-operator. The main
difficulties consist in algorithmic software design which allows
automatically control robots’ movement.

The paper discusses the various approaches to the synthesis of control
algorithms for mobile robots [1, 2, 3]. Deep reinforcement learning
algorithms are compared [4, 5, 6, 7, 8, 9, 10]. Based on comparison and
study of algorithms the conclusion is made about the possible application of
algorithms deep reinforcement learning to control Autonomous unmanned
underwater apparatus. The technique of implementation of the ANPA
model in the Gym physical simulator [11] was also proposed.

1. L.Silva, A.Silva An Evolutionary Algorithm for Autonomous Robot
Navigation // The International Conference on Computational Science.
—2013.

2. L.A.Zadeh The concept of a linguistic variable and its application to
approximate reasoning // Information Sciences, Volume 8, Issue 3,
1975, Pages 199-249.

3. C.Florensa, D.Held Automatic Goal Generation for Reinforcement
Learning Agents // arXiv:1705.06366. — 2018.

4. T.P. Lillicrap Continuous control with deep reinforcement learning et
al // arxiv 1509.02971

5. J.Schulman, F.Wolski, P.Dhariwal, A.Radford, O.Klimov Proximal
Policy Optimization Algorithms // arXiv:1707.06347v2. —2017.

6. J.Schulman, S.Levine Trust Region Policy Optimization //
arXiv:1502.05477v5. - 2017.

7. D.P.Kroese Cross-Entropy Method // arXiv:1503.01842v1. — 2015.

8. V. Mnih Human-Level Control through Deep Reinforcement Learning
// journal Nature, 2015.
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9. Z.Wang T.Schaul Reinforcement Learning : An Introduction //
arxiv.org:1511.06581. — 2016.

10. R.Sutton, A.Barto Dueling Network Architectures for Deep
Reinforcement Learning // The MIT Press. —2017.

11. G.Brockman, V.Cheung «OpenAl Gymy, arXiv:1606.01540, 2016.

A.C. I'onyoes, O.B. Jlumeunoe, A.B. baxwues, H.A. Bacunves
HUCCIEIOBAHUE IPUMEHEHHWSA METOA0OB OBYUYEHMUS C
IHOJKPEIIJIEHUEM B 3AJIAYAX YIIPABJIEHUSA
IT'MIEPU3BBITOYHBIM HEOBUTAEMBIM ITOABO/IHBIM
AIIITAPATOM

THL] P® [JHUU PTK, Canxm-Ilemepoype
alexab@rtc.ru

HecMoTps Ha OrpoMHBIE TOCTIDKEHHUSI B 00JIaCTH aBTOMATH3aLUH, /10
CHX TIOp CYIIECTBYIOT c(hephl YETIOBEUECKOHN AESATEIbHOCTH, aBTOMATH3AINS
KOTOPBIX JTHOO KpaifHe Hed(peKTHBHA, THO0 BOOOIIEe HE MpPEICTaBIsAeTCS
BO3MOXKHOH, KOTJa, Ka3aJoch OBI, BeCbMa HECJIOXKHBIC oOmepanuu (c
KOTOPBIMH ~ JIETKO  CIIPABISIETCS  JTIO0OH  MaslOKBaTH(DUIIMPOBAaHHBIN
nepcoHat) BooOIe He TOJJAI0TCS aBTOMATHU3AIMH. 3alOJHUTh MHOTHE U3
TaKuXx ((CBO60}IHBIX oT aBTOMaTu3aluu HUID» MOTJIN 6])1
BBICOKOAJAIITUBHBIC U ABTOHOMHBIC MO6I/IJ'[I)HI)IC pO6OTI)I.

«MHTeNnNneKTyan3anus» MOOMIBHBIX POOOTOB SIBIISIETCS BaKHEUIINM
HalpaBJieHWEM pa3BUTHS MOOWIBHOH poOoroTexHuku. Ilox sTHM
TEPMHHOM 3/I€Ch TTOHUMAETCS MOBBIIICHNE YPOBHS aJallTHBHOCTH po0oTa K
CJIOKHBIM OBICTPOM3MEHSIOIINMCST BHEITHUM YCJIOBHSM WM TIOBBIIICHHE
CTENeHN HE3aBUCHMOCTH (aBTOHOMHOCTH) Iponecca (YHKIMOHHPOBAHUS
pobGoTa oT yenoBeka-oneparopa. C yBETMUCHHEM CTENEHH aBTOHOMHOCTHU
YTIPOINAETCS MPOLECC YIMpPaBIeHUs poOOTOM, YMEHBIIAETCSI OTPHLIATEIBHOE
BIIMSIHAE YeJIOBEYECKOTo (akTopa, Bo3pacTaeT oOmas 3PpPeKTHBHOCTH OT
NpPUMEHEHUsT MOOWIBHOTO poOoTa. OCHOBHBIC TPYIOHOCTH IIPH 3TOM
COCTOSIT B CO3AaHUM aJTOPHUTMHYECKOTO OOECIICUEHHs, IO3BOJISIOIIETO
ABTOMATUYCCKH YIIPABJIATH ABHKCHUEM p060TOB.

B pabote paccMOTpeHbI pa3IMYHbIE TTOAXO0ABI K CHHTE3Y alIrOpPUTMOB
ynpaBieHus MOOMIBHBIMH poGortamu [1, 2, 3], mpoBeseHO cpaBHEHHE
QITOPUTMOB TITyOOKOT0 OOydYeHUs ¢ MmoIKperuicHueM [4, 5, 6, 7, 8, 9, 10].
Ha ocHoBaHnm cpaBHEHHS W U3YUEHHS aJTOPUTMOB CAENAHO 3aKIIOUSHUE O
BO3MOXXHBIE ~ NPUMEHEHWH  allOPUTMOB  TJIyOOKOro  oOy4eHust ¢
TIOJKPEIUICHNEM AJIsl YIIPABICHHUS aBTOHOMHBIM HEOOWTAeMBIM IOJBOIHBIM
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ammapaTtoM, a TakkKe OIHcaHa MeToauka peann3amuu monenu AHITA B
¢busnueckom cumynsitope Gym [11].

1.

10.

11.
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A COMPUTER VISION SYSTEM FOR DETERMINATION
OF AUV POSITION IN THE PROBLEM
OF COOPERATIVE DOCKING

Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
dnstepanov@rtc.ru

Determining the relative position of underwater vehicles (AUV) is an
important task when approaching or maneuvering at close distances [1], for
example, when performing docking operations. In recent years, there has
been developed several systems to solve this problem [2].

At long distances sonar systems are usually used to determine the
relative position of underwater vehicles. However, they are not precise
enough to provide the accuracy required to perform contact operations or to
position the AUV relative to the docking frame.

At the final stages of docking the use of optical systems providing
high accuracy and continuity of measurements is recognized as the most
efficient. The main limiting factor in the use of such systems is the range
limited by the visibility distance in the water. We can distinguish
approaches based on the observation of active light markers, passive
patterns, as well as systems working on arbitrary objects. Among these
approaches, the use of active light markers considered in the article is the
most efficient, since it provides the maximum range and reliability of
measurements, and is the least expensive in terms of computing resources.

The proposed vision system (CVS) for determining the parameters of
the AUV position during docking consists of a landmarks system located in
the docking module, two TV cameras of the AUV directed downwards (to
the docking module), an on-board computer and a special software.

The landmark system consists of 4 light emitting landmarks: two main
ones with masks forming 4 points on each landmark, and two additional
without masks. TV cameras provide images of markers, and on-board
computer uses the special software for joint analysis of images from both
cameras.

Depending on the distance, each camera can observe from 1 to 4
landmarks, or not observe any (due to the loss of contrast, or the exit of the
landmark from the field of view of the AUV). Taking into account different
situations, the following methods are developed to determine the position of
the AUV relative to the docking module:

1) A method of determining the relative position using two points on

the television frame and the known angles of the roll and trim.

2) A method of determining the relative position of a set of points on

a television frame.
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The first method is applicable in the case where at least two points of
light landmarks are observed, and the angles of the relative roll and the trim
of the AUV and the docking module can be obtained. If there are four
points (four separate landmarks or four points of one landmark), the second
method allows to solve the problem of determining the relative position
without using additional information about the roll and the trim. This
approach is based on the solution of PnP problem, for example, by methods
[3.4].

When the approach is performed, the AUV enters the search mode for
light landmarks from the images from both cameras. When establishing
visual contact, the AUV gradually descends into the docking module,
holding the landmarks in the center of the field of view. In most practical
cases, only auxiliary landmarks without masks are initially visible. Their
use requires the use of method 1. When the landmarks become visible with
masks, there is a transition to method 2.

The studies have shown the applicability of both methods for the
practical implementation of the positioning of the AUV, but with known
relative roll and trim method 1 allows for less error in determining the
position.

The developed computer vision system showed practical applicability
in the course of marine field tests.

1. Bakhshiev, A.V. and others. Proposals development for the design and
technical implementation of the determining parameters relative motion
system based by video processing. - Technical report. - / RTC. — Saint-
Petersburg, 2010. - P. 143.

2. Podder, Tarun & Sibenac, Mark & Bellingham, James. (2019).
Applications and Challenges of AUV Docking Systems Deployed for
Long-term Science Missions.

3. Fischler M., Bolles R. Random Sample Consensus: A Paradigm for
Model Fitting with Applications to Image Analysis and Automated
Cartography // Communications of the ACM. —1981. — Vol. 24(6). — P.
381-395.

4. Moreno-Noguer F., Lepetit Y., Fua P. Accurate noniterative o(n)
solution to the pnp problem // Proceeding of the IEEE International
Conference on Computer Vision / Rio de Janeiro, Brazil, October,
2007. — Rio de Janeiro, 2007.
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C.A. Ilonogxo, B.B. I]enyiiko,

A.B. Ilonos, /1. H. Cmenanoe
CUCTEMA TEXHUYECKOI'O 3PEHUS IS
ONPEAEJEHUS NAPAMETPOB INTOJIOKEHU A
HOABOJHBIX AIIITAPATOB B 3AJAYE
KOOITEPUPYEMOM CTBIKOBKH

T'HI] P® [JHUH PTK, Canxm-Ilemepbype
dnstepanov@rtc.ru

OmnperneneHre B3aUMHOTO ITOJIOXKEHHS IMOJIBOJHBIX ammapaTtoB (ITA)
SIBIISIETCSl BKHOW 3a/1aueil NMpH MX COMKEHWH WIM MaHEBPUPOBAHUM Ha
OmM3KMX aucTaHuusx [1], Hampumep, INpHM BBINOJIHEHWH OlEpanuu
CTBIKOBKH. 3a TIOCIEOHHE TOXbl B MHpE OBIIO Pa3pabOTaHO HECKOJBKO
CUCTEM JIJIsl pelIeHHsl 9ToU 3anaun [2].

Ha Gospmmx auicTaHIOUSX UIS ONPEENICHNS] B3aMMHOTO ITOJIOKECHUS
MOJBOJHBIX  aNnapaToB OOBIYHO HCHOJIB3YIOTCA T'HIPOAKYCTHUECKHE
cucteMbl. OpHako BOJM3M OHH HE CIIOCOOHBI 00ECHEYUTH TOYHOCTD,
HEOOXOAWMYIO Al BBINOJHEHUS  KOHTAaKTHBIX  ONEpanuil  wim
no3UIHMOHUPOBaHMS [IA OTHOCHUTENHHO CTHIKOBOYHOM paMbl WM JOKA.

Ha ¢uHanpHBIX cTaausX CTBHIKOBKM Haubosee 3((GEeKTHBHBIM
NPU3HAHO TIPUMEHEHHE ONTHYECKUX CHCTEM, 00eCHEeuMBAIOIIMX BBICOKYIO
TOYHOCTb U HENPEPHIBHOCTh U3MepeHH. OCHOBHBIM OrpaHHUYUBAIOIINM
(haKTOpOM NMPUMEHEHHUS TAKHX CUCTEM SIBIISIETCS] pab0Ta TOJIBKO B IpeJesiax
JaTbHOCTH BUIMMOCTH B BOJE. MOKHO BBIJENHUTH MOJXOBI, OCHOBAaHHBIE
Ha HaOJIOIEHUN aKTHBHBIX CBETOBBIX MapKepoOB, MTACCHUBHBIX IIA0JIO0HOB, a
TaKKe CHUCTEMBI, paboTaloIie 10 MPOU3BOJIBHBEIM 00BbekTaM. Cpenu 3THX
MIOJXOJI0B NMPUMEHEHNE pPacCMaTpPUBACMbIX B CTaTbe AKTHBHBIX CBETOBBIX
MapKepoB sBIsIeTCsT Hambosee 3(PQPEKTHBHBIM, MOCKOIBKY OOECIeYnBaeT
MaKCHMaJIbHYIO JTaIbHOCTh M HaJEKHOCTh M3MEPEHHH, a TaKXKe SBISETCS
HaMMeHee 3aTPaTHBIM C TOUKH 3PEHUS BBIYMCIUTEIBHBIX PECYPCOB.

IIpennoxxennas cucrema TexHuueckoro 3penus (CT3) s
OTIpe/ieIeHUs] TapaMeTpoB MoNokeHus IIA B Xoze CTBHIKOBKH COCTOMT H3
MapKepHOH CHCTEMBI, pacHojaraeMoil B CTBIKOBOYHOM MOAyJE, IBYX
TeJEeBU3MOHHBIX Kamep IIA, HampaBleHHBIX BHHU3 (Ha CTBIKOBOYHBIN
Moyib), 6oproBoro Berauciuresnss CT3 u crenuanbHOro HNpOrpaMMHOTO
obecrieyeHNSI.

MapxkepHast cHUCTEMa COCTOMT M3 4 CBETOBBIX MAapKepoB: [BYX
OCHOBHBIX C MacKaMH, (GOPMHPYIOIIMMHU 4 TOYKHM Ha KaXIOM Mapkepe, U
IBYX JONOJHHUTENbHBIX 0e3 Macok. TeneBusnoHHble Kamepsl IIA
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o0ecreunBaOT MOJy4YeHHEe H300pakeHWil MapkepoB, a OopTOBOI
BeruncauTens CT3 ¢ HCHOJIB30BaHUEM CIENUAIBLHOTO MPOTPAMMHOIO
o0ecrieueHns1 — COBMECTHBIN aHAJIN3 H300paXEHUH 0T 00enX Kamep.

B 3aBHcHMOCTH OT AMCTAaHIMK KaXk1asi KaMepa MOXKET HaOJIonaTh OT
1 mo 4 mapkepoB, OO0 He HaONIOMATh BOBCE (M3-3a MOTEPH KOHTPACTA,
mnbo BbIXoma Mapkepa w3 moms 3peHus IIA). C ydeToM pa3nnyHBIX
CHUTYaINH{, U ONpeeeHus mojaoxeHust [IA OTHOCHTEIBHO CTHIKOBOYHOTO
MOy Pa3paOOTaHbI CIIETYIONIHE METOIBI:

1) Meron onpeneneHns: B3aMMHOTO TTOJIOKEHUSI IO IBYM TOYKaM Ha

TEJIEBU3MOHHOM KaJIpe ¥ U3BECTHBIM yIJIaM KpeHa u quddepenra.

2) Meron onpeneneHus B3aMMHOTO MOJIOKEHHS 110 Ha0Opy TOYEK Ha

TEJIEBU3MOHHOM Kajipe.

[lepBBlii MeTOoq NpPUMEHHM B Cly4ae, KOrJa HaOJIOAAIOTCS 110
KpaliHell Mepe JIBeé TOYKH CBETOBBIX MapKepoB, M MPU 3TOM MOTYT OBITH
MOJy4eHBl yIJIBl OTHOCHTENBHOTO KpeHa u auddepenra I[IA n
CTBIKOBOYHOTO MOAYyJsl. B ciywae, ecim HaOMIOAAIOTCS YETHIpE TOYKH
(ueTblpe pa3feNbHBIX MapKepa WM 4YeThIpe TOYKH OIHOTO MapKepa),
BTOPOH METOJ TO3BOJSIET PEIINTh 3aJady OINpeNeNieHHs] B3aHMHOTO
TIOJIOKEHHS 0e3 MCIIOIb30BaHMs TOTIOJIHUTENFHON HH(pOpManul 0 KpeHe n
muddepente. DToT MoaX0a OCHOBaH Ha pemreHnn PnP-3amaum, Hampumep,
Meromamu [3,4].

ITpu BeImONHeHMM cOmmxeHus [IA TepexoanT B PEXUM IOHCKA
CBETOBBIX MapKepoB 10 H300pakeHHssM OT o0eux tenekamep. Ilpu
YCTaHOBJICHMU BHU3YAJIbHOI'0 KOHTAaKTa ITA mocTeneHHo OITYCKacTCia B
CTBIKOBOYHBIH MOJYJIb, YIEpKHUBas MapKepbl B LIEHTpE MOl 3peHusd. B
OOJIBIIMHCTBE  NPAKTHYECKUX  CIy4aeB  HCXOAHO  BHIHBI  TOJIBKO
BCIIOMOTaTeNbHbIE Mapkepbl 0e3 Macok. X wucmonbs3oBaHue Tpedyer
ucnonp3oBanust Merona 1. Kornma ctaHoBATCSI BUAHBI MapKephl ¢ MacKaMH,
MIPOMCXOUT NIEpexo]] Ha METox 2.

[TpoBeneHHBIE HCCIIEAOBaHUS IIOKa3add TNPHUMEHHMOCTh O0OOHMX
METO/IOB /ISl TPAKTHYECKOTO BHIMTOTHEHMS MO3HUIIOHUpoBanus [1A, onHako
TIPH W3BECTHBIX OTHOCHUTENBHBIX KpeHe u auddepente meron 1 mo3soiser
00€CIIeUYUTh MEHBIIYIO OTPELUTHOCTh OTPEIEICHNS TTOJIOKECHUS.

PazpaboTanHas  cucTeMa  TEXHMYECKOTO  3pEHUS  TIOKas3alia
MPaKTUYCCKYI0 IPUMCHUMOCTD B XO4€ MOPCKHUX IMOJJUT'OHHBIX HUCIBITAaHUH.

1. Bakhshiev, A.V. and others. Proposals development for the design and
technical implementation of the determining parameters relative motion
system based by video processing. - Technical report. - / RTC. — Saint-
Petersburg, 2010. - P. 143.
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! Russian State Scientific Center for Robotics and Technical Cybernetics,
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Over the past few decades has been steadily growing interest in the
use of unmanned robots for underwater operations. Currently, throughout
the world, two kinematic schemes of AUV are used. The first is the already
established classic scheme of underwater robots: the propeller screw and
thrusters. Vertical thrusters are used to control the ascent and the dive, and
horizontal thrusters are used for maneuvering along the course. This scheme
has serious disadvantages [1].

The second scheme is the use of pivoting thrusters. This scheme is
used mainly for vehicles that do not need to move over considerable
distances, and only need to maneuver almost in place.

In this work, an apparatus with a single propeller screw (marching
propulsion — MP), which has a variable thrust vector, is considered and
modeled, that is, it can be rotated around a vertical axis to create a moment
along the course of the apparatus. To control the AUV on the trim and roll,
the apparatus is equipped with four ballast tanks (BT): in the nose to the left
and right of the longitudinal axis and, respectively, in the stern, also to the
left and right of the axis of the device (fig. 1).

Figure 1 — Kinematic diagram of the AUV

Mathematical-computer model [2] of the AUV is made in the
Wolfram Mathematica system.
Modeling such a device shows:
1) Convenience of ballasting and balancing. These two parameters can
be changed here during the execution of the AUV work, to
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compensate for disturbances caused by exposure from the external
environment;

2) Reliability of retention of the required depth, which is a
significant problem for devices of other kinematic schemes;

3) Easy trim control. To perform depth retention for classic AUVs,
in the case of non-zero buoyancy, a non-zero trim is required,
since thrusters are not applicable at cruising speeds [1]. This may
be unacceptable for some technological operations. Here, the
depth and trim control channels are untied,;

4) Ease of roll control. To compensate for the roll moment
developed by the marching propulsion, it is necessary to make
some (in advance precisely calculated!) imbalance in BT along the
right and left sides;

5) High maneuverability at the course, since the change in the thrust
vector of the MP directly determines the circulation radius of the
AUV.

Of course, there are some disadvantages of this scheme:

1) There is no possibility to make the lag movement. Here the question
immediately arises: how often are the movements “sideways”
necessary?

2) AUV cannot turn around "on the spot".

Both of these minuses can be removed if the front and rear horizontal
thrusters are added to the AUV scheme, the inclusion of which will only be
episodic to perform lag movements and turns “on the spot”.

In general, the work showed perspectivity of such studies. The authors
hope to continue further research and, if possible, continue them on the
current AUV model.

1. LA. Vasilyev, D.A. Vokhmintsev, Origin of motion resistance forces
for underwater robots and other sea-based objects during maneuvering
devices operation. Robotics and technical cybernetics, Nel —2017.

2. Fossen T.I. Guidance and Control of Ocean Vehicles. — New York:
Wiley, 1994.
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H.A. Bacunves', A.A. Huxugpopos’
MOJEJUPOBAHUE NOABOJHOI'O AIIITAPATA C
IMEPEMEHHBIM BEKTOPOM YIIOPA, CHABXKEHHOI' O
BAJIJIACTHBIMU HUCTEPHAMMU

'IIHUH PTK, Canxm-Ilemep6ype, vas@rtc.ru
’CII6ITY Iempa Benuxozo, Canxm-Ilemep6ype, pilrause@gmail.com

3a mociegHre HECKOIBKO JECATHICTUH HEYKIOHHO PacTET HHTepec K
HCIIOJIb30BAHUIO OECIMIIOTHBIX POOOTOB ISl TPOBEACHHS I10JBOJHBIX
pabor. B nactosimee Bpemst Bo BcéM mupe mpumenstorcst AHITA nByx
KMHeMaTH4Yeckux cxeM. IlepBas — 310, yxe CTaBIIas KJIACCUYECKOH, cxema
MTOJIBOJTHBIX POOOTOB: TPeOHOM BHHT W MOjpyJuBaromue ycrpoiictea (ITY).
Jdns  perynupoBaHMs  BCIUIBITHS M TOTPYKCHHS  HCIHOJB3YIOTCS
BEpTHUKAJIBHBIE MOJPYIUBAIOIINE YCTPOICTBA, a AJSI MaHEBPHPOBAHMS IO
Kypcy — ropusoHTanbHbe I1Y. Takas cxema MMeeT 3aMEeTHBIE CIOKHOCTH
[1].

Bropas — 310 wucmomp3oBaHMe MOBOPOTHBIX 1Y 6e3 mapmieBoro
JOBIDKUTENST M IMCTEpH. Takas cXema IPHMEHSETCS, B OCHOBHOM, [UIS
anmnapaToB, KOTOPBIM He TpeOyeTcsi INepeMeniaThcss Ha 3HaYMTeNbHbIE
paccTosiHMA, a HaJO0 JIUIIb MAaHEBPHUPOBATh IPAKTHUECKU HA MECTE.

B nanHoli paboTe paccMaTpuBaeTCs W MOJENHpYETCs armapar,
uMeronMid oanH rpeOHOM BUHT (MapuIeBBId IBIKUTENb - M/I), KOTOpBIH
HMeeT MePEMEHHBIN BEKTOp yIopa, TO €CTh MOXKET IOBOPAYUBATHCSI BOKPYT
BEPTUKAJIBHON OCH I CO3JaHMsS MOMEHTa 1o Kypcy ammaparta. Jlis
ynpasienus AHIIA mo nquddeperty u kpeHy ammapaT cHaOXKEH IETHIPHMS
6ammactaeivu ucrepHamu (BLl): B Hocy cieBa u cnpaBa OT HPOAOJIBHOM
OCH M, COOTBETCTBEHHO, B KOPME, TaKXKe CJICBa U CIIpaBa OT OCH allapara
(cm. puc. 1).

Pucynok 1 — Kunemaruueckas cxema AHITA

MaremaTuko-koMmmnbioTepHas Moxaenb [2] AHIIA BemonHeHa B
cucreme Wolfram Mathematica.
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MopenupoBaHHe TaKOT0 annapara Imokasaio:

1) Ymo6cTBO OaTacTUPOBKH U OalaHCHMPOBKH. DTH J1Ba MapaMeTpa
3/1eChb MOYKHO M3MEHSATH BO BpeMs BhIMoJdHeHHs padoTsl AHIIA,
JUIT KOMIICHCAllMM BO3MYIIEHHH, BBI3BAaHHBIX BO3/ICHCTBHEM C
BHEIITHEH CpeJibl;

2) Hapé&xnocts ynmepkanusi TpeOyeMOW TITyOWHBI, YTO SIBISIETCS
3HAYNTEITHHON npobemMoit ULt annapaToB JIPYTUX
KWHEMaTHYECKUX CXEM;

3) IIpocrory ympaBiuenus pauddeperrom. [is  BBIIOTHEHUS
yaepxanusi TiryOmHBl st kimaccmdecknx AHIIA, B cimydae
HEHYJICBOM IJIaBydYeCTH, TpeOyeTcsl ynepKHBaTh HEHYJICBBIM WU
muddepent, Tak kak [1Y Ha MapIIeBBIX CKOPOCTAX HEIPUMEHHUMBI
[1]. OTO MOXKET OBITH HEMPHEMIIEMO ISl IPOBEICHUS HEKOTOPBIX
TEXHOJIOTHYECKUX OIepanuid. 31ech XK€ KaHajbl YIIpaBICHH
riyouHoi u audhepeHToM pa3Bs3aHbl;

4) JlérkocTh yrpaBieHHs KpeHOM. [Iyisi KOMIIEHCAlliM MOMEHTa IO
KpeHy, pa3BUBa€MbIM MaplIeBbIM JIBUTATEIIEM, TpeOyeTcs caienarhb
HEKOTOPEIH (3apaHee TOYHO paccunuThiBaeMbiii!) nucbananc B BI]
T10 TIPaBOMY | JIEBOMY OopTam;

5) Beicokyio MaHEBPEHHOCTH IO KypCy, TaKk Kak H3MEHEHHE BEKTOPa
ynopa MJ] HEmoCpenCTBEHHO ONpENEISIET PAgUyC ILMUPKYIALUH
AHIIA.

Pazymeercs, 11 JaHHOM CXEMBI €CTh U CBOM MUHYCHI:

1) Het BO3MOXXHOCTH IPOU3BOJUTH JIArOBOE ABIDKEHHE. 3/1€Ch Cpazy
BO3HHMKAeT BOIIPOC: a HACKOJIKO Y4acTO HEOOXOJHMMBI JBH)KEHHS
«BOOK»?

2) AHIIA He MOXeT pa3BepHYTHCSI «HAa MECTE».

O0a 3T MHHYca MOXHO yOpath, eciu B cxemy AHIIA moGaButh
TepeHNe W 3aJHue Topu3oHTaibHBIE 1Y, BKIfOUeHWE KOTOpBIX Oyner
JIUIIb SMU30ANYECKUM ISl BBHITIOIHEHHUS JIArOBBIX JBV)KEHHH M ITOBOPOTOB
«HA MECTE».

B menmom, paboTa mokasanga MepCHEKTHBHOCTD TAKHX HCCIEIOBAaHHIA.
ABTOpBI HafelOTCSl B JaJbHEHIIEM IPOJOJDKUTh HCCIEJOBAaHHUSA H, IPU
BO3MOYKHOCTH, IPOJIOJIKUTE UX Ha AelcTByronieM Mmakete AHITA.

1. HW.A. Bacwuibes, /I.A. Boxmunnes, C.A. [Tonopko. Bo3HHKHOBEHHE CHIT
COTIPOTHURIICHHUS JBIKCHHUIO MOJBOIHBIX POOOTOB M JAPYIMX OOBEKTOB
MOPCKOTO 0a3upoBaHHs TPU padoTe MOAPYJIMBAIOIINX YCTPOUCTB.
PoGororexHuka u TexHudyeckas kubepHeruka, Nel —2017.

2. Fossen T.I. Guidance and Control of Ocean Vehicles. — New York:
Wiley, 1994.
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0.A. Shmakov
HYPER-REDUNDANT UNDERWATER ROBOT

Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
shmakov@rtc.ru

Currently, the volume of ocean resources is growing in the world.
This growth is associated with a depletion, a decrease of the production
efficiency, and a rise in prices for a number of the most important natural
resources on Earth, primarily oil and gas. The government formulate the
problem of raising the level of knowledge of the territory of the Russian
Federation, its continental shelf and the waters of the internal seas through
general geological and special-purpose works by 2020 till 50 %, and by
2030 — till 75%. To this end, large-scale engineering projects are being
implemented — bridges, dams, island-like platforms, etc. These objects
require regular inspection of the underwater part of the structures and the
timely execution of service operations. Thus, there is a clear need to create
robotic systems that have a modular design and are able to work in several
environments.

A hyper-redundant underwater robot (HRUR) is recognized as a
promising solution, which, in comparison with classical unmanned
underwater vehicles has a number of advantages in non-deterministic and
external-limited space: small transverse size provides the motion in narrows
and channels; a hyper-redundant number of degrees of freedom allows one
to realize a significantly larger number of locomotion modes, as well as the
manipulation of the objects; the modularity of the design makes it possible
to accommodate special modules; sealed hull provides amphibious
properties that allow for movement on the ground and in the water. At the
same time, the poor maneuverability of traditional remote-controlled or
autonomous unmanned underwater vehicles significantly limits their
functionality in the area of underwater structures. In addition, considerable
labor costs are required for their reconfiguration, recharge, etc.

Based on the development of snake-like robots and research works
related to the control problems of unmanned underwater vehicles, the
design of the new HRUR is presented, which has high maneuverability,
reliability, small overall sizes, and the ability to quickly change energy,
sensor and executive equipment.

HRUR is designed to perform a wide range of underwater technical,
research, monitoring operations on industrial and engineering sea-based
facilities, in the waters and on the bottom of the World Ocean, characterized
by complex terrain.
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The use of HRUR is promising for solving a number of tasks,
including: diagnostic, repair, inspection and other underwater technical
works at industrial and engineering sea-based objects in areas difficult for
traditional submersibles (areas of complex spatial structures, cavities, etc.);
a survey of areas of the shelf characterized by difficult terrain, the presence
of underwater rocks, caverns, and cracks.

0./3. IlImaxos .
IT'MIEPU3BBITOYHBIU MOBUJIBHBIN POBOT AJI51
PABOTBHBI B /KUIKHUX CPEJAX

THL] P® [JHUH PTK, Canxm-Ilemepoype
shmakov@rtc.ru

B mHacrosmee BpeMs B MHpE pacTeT OOBEM OCBOEHHS DPECYPCOB
OKeaHa. DTOT POCT CBSI3aH C WCTOIICHHWEM, CHIDKEHHEM 3(QeKTUBHOCTH
JOOBIYN M yIOPOKAHUEM psfia BKHEHITNX MMPUPOAHBIX PECYpCOB Ha CyIIe,
B TEpByI0O ouepenb, — HepTH M Traza. l'ocynapcTBO CTaBUT 3ajady
TIOBBIIIEHUS] YPOBHS U3YUEHHOCTH TeppUTOpHH PD, ee KOHTHHEHTAIBHOTO
menb(a u aKkBaTOpUi BHYTPEHHHX MOpPEH MOCPEACTBOM IPOBEAEHUS padoT
OOIIETe0IOTMUECKOT0 M creruanbHoro HazHaueHus k 2020 r. mo 50 %, a
2030 r. — g0 75 %. Iy 3TOro peanusyrloTcs MaclTaOHble WHXKEHEPHbIE
MPOCKTHI — MOCTBI, aMOBI, OCTpOBa-IUIATGOPMBI U T.1I. JlaHHBIE OOBEKTHI
TPeOYIOT peryiasipHOrO OCMOTpa TIIOJBOJHOM YacTH KOHCTPYKIMH ¢
CBOEBPEMEHHOI'0 BBITIOJIHEHUSI CEPBHUCHBIX omepauuid. Takum oOpasom,
CYIIECTBYeT sIBHas HEOOXOAUMOCTb CO3JaHUS  POOOTOTEXHHUYECKHUX
KOMITJIEKCOB, OOJIaAlOIINX MOAYJIBHOM KOHCTPYKIHEH W CIIOCOOHBIX
paboTaTh B HECKOJIBKHX Cpefax 0a3npoBaHUsL.

[lepcrieKTHBHBIM peIIeHNEeM PU3HAH THIEPU3OBITOYHBIH MOOWITHHBIH
pobot 3meeBugHoro THHA (I'MP), KOTOPEIIl B CpaBHEHNH € KIIACCHYECKIMH
HeoOHWTaeMBIMH IOABOIHBIMH amnmapaTaMy, 00JIagaeT psaoM MIPEUMYILIECTB
B HCIACTCPMUHHUPOBAHHOM W OrpaHMYCHHOM BHCIIHUMHU (I)aKTOpaMI/I
NPOCTPAHCTBE: MaJIbIe MOMEPEYHBIE pa3MePhl CIOCOOCTBYIOT MEPEMELICHHUEO
B Y3KOCTAX MW KaHaJlax; FHHCpI/I36LITO‘{HOC YHUCJIO CTENeHEeH IIOJABHXXHOCTH
MO3BOJISIET  peajiM30BaTh CYHNIECTBEHHO OOJbIIee KOJMYECTBO THUIIOB
JIOKOMOIIMOHHBIX ~ MOJ, a TaKkKe MaHWIYJIHPOBaHHWE OOBEKTAMH;
MOJIYJIBHOCTh KOHCTPYKIIMH JIa€T BO3MOKHOCTH Pa3MEIIEHHs] CIIEINaTbHBIX
MOIyIel; TepMETHYHBIA Kopmyc oOecreunBacT amM(UOMITHBIE CBOWCTBA,
YTO TO3BOJIIET OCYIIECTBIISATH IEPEMEIICHUS] Ha CyIle W B BOIHOW cpere.
[Tpn sTOM TUTOXast MAaHEBPEHHOCTh TPAAMIMOHHBIX TEJIEYNPABISIEMBIX WIN
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ABTOHOMHBIX  HEOOMTaeMBIX  TOJBOJAHBIX  amllapaToB  CYIIECTBEHHO
OrpaHMYMBaeT MX (PYHKIMOHAN B 30HE IOJABOIHBIX KOHCTpYKIHid. Kpome
TOTO, 3HAYMUTEIbHBIE TPYHO3aTpaThl TPeOYIOTCS Ha HMX MEpEHACTPOHKY,
nepe3apsaKy H T.IL.

OcHOBBIBasiCcb  Ha  pa3pabOTKax  3MECBUIHBIX  POOOTOB |
HCCIIeIOBATENbCKAX PAa00TaX, CBS3aHHBIX C yNPaBICHHEM HEOOHTAaeMbIMU
MTOJBOHBIMH allapaTaMy, MPEeCTaBlIeH POeKTHRINH 00mmuk HoBoro I'MP,
00JIaIatoImero  BHICOKOH MaHEBPEHHOCTBIO, HAIEKHOCTBIO, MAJIBIMU
rabapUTHBIMHU pa3mepamu, BO3MOKHOCTBIO OpICTpOIA CMEHBI
9HEPreTUIECKOro, CEHCOPHOTO, UCIIOTHUTEIBHOTO 000PY IOBAHHA.

I'MP npenna3HaueH A7 BBIIIOJIHEHUS IIMPOKOTO CIIEKTpa MOABOIHO-
TEXHUYECKHUX, HCCIIeAOBATEIbCKUX, MOHUTOPHUHTOBBIX OIeEpaluii Ha
NPOMBIIUICHHBIX M WHXEHEPHBIX O0BEKTaX MOPCKOro 0a3MpoBaHUs, B
aKBaTOPHMAX M HA YydyacTKax JHa MHpPOBOTO OKeaHa, OTINYAIOUIUXCS
CIIOYKHBIM penbedoM.

IIpumenenne I'MP npeacraBnsercss NEpCHEKTUBHBIM IPU PEIICHUU
psiga  3ama4, cpeld  KOTOPBIX:  JUArHOCTHUYECKUE,  PEMOHTHEIE,
WHCTICKIIMOHHBIE W JpyrHe IIOJBOJHO-TEXHWYECKHE pabOThl  Ha
MIPOMBINUICHHBIX W WH)XEHEPHBIX OOBEKTaX MOpPCKOro Oa3MpoBaHHS B
TPYXHOAOCTYNHBIX JUIS TPAAWIMOHHBIX MOABOAHBIX almapaTroB 30HaX
(Y4acTKH CIIOKHBIX HPOCTPAaHCTBEHHBIX KOHCTPYKIWH, MOJOCTH M T.IL.);
oOcneoBaHNE y4YacTKOB  mIenb(a, XapaKTePU3YIOIIUXCS  CIO0KHBIM
penbedom, HaTMIHEM MOBOAHBIX CKaJl, KABEPH M TPEIIUH.
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R.V. Krasilnikov
ROBOTIC COMPLEX TO RESCUE PEOPLE
WHO FELL OVERBOARD

BSTU « VOENMEH» n.a. D.F. Ustinov, St. Petersburg
r.v.krasilnikov@mail.ru

Over the past decade, one of the main trends in the development of
technology has undoubtedly been the question of creating and improving
samples of robotic complexes (RTC). Their capabilities and applications are
constantly expanding, hundreds of large companies are working on
improving their tactical and technical characteristics. One of the promising
areas of application of such complexes, which is beginning to actively
develop over the past few years, is the rescue of people in emergency
situations. The first case of successful use of an unmanned aerial vehicle
(UAV) in a rescue operation was recorded in 2013, and to date, more than
20 such cases have been known [1].

Most of the cases of rescue with the use of RTK is reduced to the
detection of people using video cameras or sensors placed on the UAV.
However, samples of devices are already being developed and applied,
allowing them to be used in order to save people at sea. In particular,
samples of UAVs used by Iran, the United States and the United Arab
Emirates are known. Also developed and unmanned boats (BEC) for lifting
people out of the water, for example, BEC AGaPaS, created by the
University of Rostock (Germany).

The disadvantages of these samples are their limited capabilities. First
of all, these funds are created for the rescue of those who are drowning in
the process of bathing or for cases of falling into the water of the attendants
of stationary offshore structures (this applies especially to such a massive
apparatus as the BEC). In such cases, the person is usually close to the point
of falling into the water (coastline) and the task of salvation is to keep it
afloat (reset by the lifejackel’s BLAH or vest) and selected using a floating
craft (including using BEC).

Separate technical solutions require cases of people falling into the
water from a mobile carrier (accidental fall, flushing overboard in stormy
conditions, falling on duty, etc.). The problems in this case are the short
duration of human contact (the ship is removed due to the stroke), the
limited possible time in the water due to hypothermia (especially in the
northern regions), loss of visual contact (most typical in dark, agitation).

One of the most suitable types of robotic systems, allowing to ensure
the rescue of people who fell overboard, are remote-controlled vehicles,
allowing you to get to the person caught in the water, grab it and provide
transportation to the board of the vessel. In this case, the wire of the
telecontrol of the apparatus is also a load-carrying cable, which is towed.
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In BSTU «VOENMEH» n.a. D.F. Ustinov, an initiative preliminary
elaboration of a remote-controlled apparatus, which has the following
characteristics: apparatus weight — up to 30 kg; body dimensions: diameter
220 mm, length up to 0,8 m; telecontrol cable length — up to 200 m.

1. Life-saving drones [Electronic resource]. URL:
https://www.aerosociety.com/news/life-saving-drones/ (mata
obpamiernns 30.03.2019).

P.B. Kpacunsnukos
POBOTOTEXHUYECKHNU KOMILJIEKC AJIsI
CIIACEHMSI JIFOJEM, YIIABIIHUX 3A BOPT

BI'TY « BOEHMEX» um. J[. @. Yemunosa, Canxkm-Ilemepoype
r.v.krasilnikov@mail.ru

3a mocnenHee NECATHIETHE OJHUM W3 OCHOBHBIX TPEHIOB Pa3BHUTHS
TEXHUKH, HECOMHEHHO, CTal BOIPOC CO3JaHUS M COBEPIICHCTBOBAHMSA
o0pa3moB poboTtoTexHmuecknx komiuiekcoB (PTK). Mx Bo3moxHOCTH U
chepsl NPUMEHEHUs] IOCTOSHHO PACHIMPSIOTCS, HaJ YIydIIeHHEM HX
TaKTHKO-TEXHHYECKUX  XapaKTEPUCTUK  pPabOTalOT COTHH  KPYITHBIX
komranuii. OpHa W3 TNEpCHEeKTUBHBIX cdep NPUMEHEHHS TaKhX
KOMILJIEKCOB, KOTOpas HA4YMHAeT AaKTHBHO pa3BUBAThCS 3a IOCIIEAHUE
HECKOJIbKO JIeT — CIIaceHue JIoAeH B aBapUiHBIX CHUTyanusx. llepBslit
Cllyyall YCIENIHOTO TPUMEHEHHUsS! OECIMJIOTHOTO JIETaTeNbHOTO armapara
(BJIA) B cmacarensHO# omepanmu 3adukcupoBan B 2013 romy, a
HACTOSIIEMy MOMEHTY U3BECTHO yxke Oonee 20 Takux ciayvaes [1].

Bonpmias yacts ciiydaeB crnaceHusi ¢ npuMmenenneM PTK cBogutes k
OOHAPY)KEHHIO JIIOJed C TOMONIBI0 BHICOKaMEp WIIM JIaTYHMKOB,
pasmemaemsix Ha BJIA. OmgHako, yke pa3paOaThIBAIOTCS M MPUMEHSIIOTCS
00pasmpl anmaparos, MO3BOJAIONINE MPUMEHATh HMX B LENAX CIIACEHUS
monei Ha mMope. B wactHOcTH, m3BecTHBI 00pasmsl BJIA, mpuMensembIx
Upanom, CIIIA n OAD. Takxke pa3zpabaThBarOTCsl M O€33KHITKHBIE KaTepa
(BOK) mns mogpema mrozieit u3 Boapl, Hanpumep, BOK AGaPaS, co3ganusrit
Poctokckum yHuBepcureroM (I'epmanus).

Henocrarkamu npuBeIeHHBIX 00pa3IOB SBISIOTCS X OTpaHHMYCHHBIC
BO3MOKHOCTH. IIpexne Bcero, naHHBIE CPEeCTBA CO3AAIOTCS IS CHACEHUS
YTOMAIOIIMX B IpOIEcce KyNMaHWs WM Al CIydaeB IaJeHUS B BOIY
00CITy)KMBAIOIIETO TIEPCOHATA CTallMOHAPHBIX MOPCKHX COOPYKCHHUI
(ocobeHHO, 3TO KacaeTcsl TAKOTO MacCUBHOTO anmapara, kak bOK). B Takux
Cllyyasx 4eJOBEK, KaK IPaBHJIO, HAXOIWUTCS OJM3KO OT TOUYKH MAJCHHS B
BoAy (OeperoBoii 4epTHl) U 3aa9a CIIACEHHsI CBOAUTCS K TOJACPKAHHUIO €TO
Ha w1aBy (cOpoc ¢ momompio BJIA crmacatenpbHOTO Kpyra WM JKHJIETa) U
o100y ¢ MOMOIIBIO TUIABCPECTBA (B TOM YHCIIe, ¢ mpuMeHeHneM bIK).
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OTaeIbHBIX TEXHUYECKUX PEIICHUI TPEOYIOT Cllyuau HaacHUs JIFOCH
B BOJIy C O0OpTa MOBMKHOTO HOCHTENIS (CITydaifHOe HaieHue, CMBIB 3a 00OpT
B IITOPMOBBIX YCJIOBUSX, TaJICHHE TMPH HCIOJHCHUU CITY:KEOHBIX
o0s3aHHOCTEH w T.1.). [IpoOneMamu B JaHHOM Cllydae SIBJISTFOTCS
KPaTKOBPEMEHHOCTh KOHTaKTa C YEJIOBEKOM (KOpaOJib ymayseTcs 3a CYeT
X0J]a), OTPaHWYCHHOE BO3MOXKHOE BpeMs MpeObIBaHWS B BONE W3-3a
TepeoXTaXaeHUS (OCOOCHHO 3TO KacaeTcsi CEBEpHBIX pailOHOB), TOTeps
BH3YAIILHOTO KOHTaKTa (HamOolee XapaKTepHO B YCIOBHSIX TEMHOTEHI,
BOJTHCHHS).

OmaruM u3 Hanbonee NOAXONAMMUX THIOB POOOTOTEXHHUYECKUX
KOMIUTEKCOB, MO3BOJIOMNX OOECHeYUTh CHACeHHWE YHaBIIUX 3a OOpT
JIIOJICH, SIBJISIOTCS TEJICYIPaBIsIeMbIC arapaThl, MO3BOJISIOIINE TOA0NTH K
YENIOBEKY, OKa3aBIIEMyCsi B BOJE, 3aXBaTHTh €ro U 00ECIeYHTh
TPAHCIOPTHPOBKY K 0OOpTy cymHa. IIpM 3TOM MPOBOA TeEICYIPaBICHUS
ammapara  SBISCTCS W TPY30HECYIIMM  KabeleMm, 3a  KOTOPBIA
OCYILECTBIIACTCS OYKCUPOBKA.

B BITY «BOEHMEX» wum. J.®. VYcTuHOBa BBINOJHEHA
WHUIMATUBHAs ~ TpeIBapuUTeNbHAass  NpopaboTKa  TENEYTPaBIIEMOTO
ammapara, o0JIaJaroIero CICeAyONNM XapakTepUCTHKAMK: Macca arapara
— no 30 kr; rabapuTsl Kopmyca: nuamerp 220 mm, amuaa 10 0,8 M; amuHA
kabess TeneympasieHus — 10 200 M.

1. Life-saving drones [DnexTpoHHBIH pecypc]. URL:
https://www.aerosociety.com/news/life-saving-drones/ (mara
obpamienus 30.03.2019).
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AIRBORNE ROBOTICS /
BO3AVIIHAA POBOTOTEXHMKA

V.P. Noskov, 1.0. Kiseley
A USING THE TEXTURE OF LINEAR OBJECTS, WHICH ARE
FORMED WITH HELP DATA FROM THE COMPLEXLY STV,
FOR THE SOLUTION OF THE SLAM-TASK

Bauman Moscow State Technical University, Moscow
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In the paper the actual problems of 3D-reconstruction of the model of
the industrial-urban environment and navigation, solved by combining the
textures of the identified and identifiable linear objects according to the
onboard integrated System of Technical Vision (STV) in the process of
movement, are considered. An integrated STV consists of 3D laser sensor
and a video camera with a common field of view, which are mutually
aligned [1]. An analysis of the features was carried out and algorithms for
solving the navigation problem were proposed depending on the number of
allocated and identifiable textured linear objects in the current video
distance-ranging images. The results of experimental studies of relevant
software and hardware in a real environment are given.

As is known, in order to solve a complete navigation task
(determination of 3 linear and 3 angular coordinates of the control object), it
is necessary to isolate and identify at least 3 mutually non-parallel flat
objects [2—4] in the process of movement. In this work, Algorithms are
proposed for solving the navigation problem when selecting and identifying
in the process of movement less than 3 flat objects: one textured flat object
or two flat objects that are not parallel to each other. It is shown that in the
first case, the use of texture makes it possible to reduce the solution of the
navigation problem to a three-dimensional optimization problem, and in the
second case to a one-dimensional one. The proposed algorithms are based
on the operations of superposition the flat objects corresponding to each
other, selected in the previous and new video-ranging images, to the same
plane and the best combination of their textures, visible from the previous
and new sensor positions.

In fig. 1 a) in the coordinate system of the sensor, flat objects P1 and
pl corresponding to each other, selected in the previous and new positions
are shown. In fig. 1 b) these planar objects P, and p, are shown, reduced to
the same plane (here p, is combined to P;) with a combination of their
textures. The superposition of textures occurs when the global minimum of
the texture difference functional are found:

_ ZiZj(eij—Emn)z*Cij(uJM)
AE(wn, 1) = XiXjcij(und) ’
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where p, 1 and A are, respectively, two linear displacements and the rotation
of a flat object p; relative to P; in the plane of reduction;

e;j — brightness of pixel in the texture of the p; plane;

Enn is the brightness of the corresponding pixel from the texture of
the P; plane, whose indices are calculated by the formula (2);

cij(,n,A) € {0,1} — is a number taking the value 1, if for the pixel e;;
there exists a pixel E,,, and taking the value 0 otherwise.

m*v| _ |ll| + || cos(A) sin(?\)” y i*v
n#*v n —sin(A) cos(}) j*v
where v is the linear pixel size.

In fig. 1. ¢) one-dimensional sections of the functional (1) are given at
the solution point <u0, n0, A0> for the considered example. The values
found <p0, n0, A0> uniquely determine the displacement of the sensor (Fig.
1 b).

»(2)
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Figure 1 — The result of the software and hardware

When selecting two flat objects, the functional (1) depends only on p -
coordinates associated with the intersection line of these flat objects, and in
formula 2)n=A=0,n=j.
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PaccMoTpeHsl akTyaspHble 3a7aud  3D-peKOHCTPYKIMHM MOJEIH
UHIyCTPHAJIBHO-TOPOJICKOW Cpelbl W HaBUTaIlMM, pellaeMble IyTeM
COBMEIIEHUS] TEKCTYp BBIIENSEMbIX W HMICHTH(GUIHMPYEMBIX JIMHEHHBIX
00BEKTOB 1O JaHHBIM OOpTOBOM KomiuiekcupoBanHoi CT3 B mporiecce
nerxenus. KommiekcupoBannast CT3 B paccMaTpuBaeMOM CITy4ae COCTOUT
U3 B3aMMHO-IOCTHPOBaHHBIX 3D-nazepHOro ceHcopa M BHIEOKaMEpHl ¢
obmreit 30H0# 0030pa [1]. [IpoBeneH aHamm3 0COOCHHOCTEH M TPEITOKEHBI
QITOPUTMBl  pEIICHUs HABUTAllHOHHOM 3aJadydl B 3aBUCHUMOCTH  OT
KOJIMYECTBA BBIIEJIIEMBIX W HMICHTH(GUIMPYEMBIX TEKCTYPHUPOBAHHBIX
JUHEHHBIX  OOBEKTOB B TEKylIMX  BHAEO-JAIbHOMETPUYECKHUX
n300paKEHUSIX. IIpuBenenst pE3YyIBTATEI JKCHEPUMEHTAIBHBIX
HCCIIEIOBAaHUM COOTBETCTBYIOIUX IIPOTPaMMHO-ANIAPATHBIX CPEICTB B
peanbHOM cpee.

Kak wu3BecTHO, Ans pelIeHHs MOJHOW HABUTALMOHHOW 3a1auu
(onpenenenne 3-X JMHEHHBIX W 3-X YIJIOBBIX KOOpAMHAT 0OBEKTa
yIpaBieHus) HEOOXOAMMO B TMpPOIECCe JBIDKCHUS  BBIIENATH U
WAEHTH(UIMPOBATh HE MEHee 3-X B3aMMHO HE MNapauleNIbHBIX IUIOCKUX
00bekToB [2-4]. B HacTosmeil padore mpeaokeHbl alTOPUTMBI PEIeHUS
HaBUTaMOHHOHM 3aja4uy IIPH BBIICICHUM W WACHTH(HMKAIUH B Ipolecce
JBIDKCHUSI MeHee 3-X IUIOCKMX OOBEKTOB: OIHOTO TEKCTYPHPOBAaHHOTO
IUTOCKOTO O0BEKTa WJIM JBYX TEKCTYPHPOBAHHBIX HE MapajuICNbHBIX IPYT
JpYTY II0CKUX 00bekToB. [Ioka3aHo, 4TO B EPBOM CIIydae HCIIOIb30BaHNE
TEKCTYpBl MO3BOJSAET CBECTH PpEIICHWE HABMIAlMOHHON 3aJadu K
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TPEXMEPHOH 3ajadye ONTHUMH3ALMM, a BO BTOPOM — K OJHOMEpHOH. B
OCHOBY TMpe[JlaraeéMbIX aJTOPUTMOB IOJIOKEHBI OIEepalyy TPUBEICHUS
COOTBETCTBYIOIINX Jpyr JpPYry IUIOCKMX OOBEKTOB, BBIJCICHHBIX B
MPEABIIYIIIEeM W HOBOM BHJIEO-JAIBHOMETPUYECKUX H300paKeHUsIX, K
OJTHOH TUIOCKOCTH W HAWIYYIIErO COBMEIICHHS MX TEKCTYp, BUANMBIX M3
MIPEABIIYIIET0 U HOBOTO ITOJIOXKEHUSI CEHCOpa.

Ha puc. 1 a) B cucTeMe KOOpIAMHAT CEHCOpa IOKA3aHBI
COOTBETCTBYIOIINE APYT APYTY IUIOCKHE OOBEKTHI P; W p;, BHIICICHHBIE B
MpeIBIAYIIeM U HOBOM TOJoKeHusx. Ha puc. 1 0) moka3zaHBI 3TH IIOCKHE
00beKTHl P; U p;, IPUBEICHHBIE K OJHOH IJIOCKOCTH (34€Ch p; IPUBEACHA K
Pj) c coBmemieHneM ux TekcTyp. CoBMeIIeHHE TEKCTYp MPOHMCXOIUT TPH
rI100aJTbHOM MUHUMYME (DYHKIIOHATA Pa3HOCTH TEKCTYP:

AE(um, ) = ZiZj(eij—Emn)z*Cij(u.nJ) )
XiXjcij(und) ’
IZe W, N ¥ A — COOTBETCTBEHHO [Ba JIMHEHHBIX CMEIICHHS W BpallleHHE
IUIOCKOTO 0OBEKTA p; OTHOCUTEIBHO P; B IJIOCKOCTH PUBEICHHHUS;

ejj — IPKOCTh TTHKCENIA U3 TEKCTYPBI IUIOCKOCTH Py;

E/nn — APKOCTb COOTBETCTBYIOILETO ITHKCENIA U3 TEKCTYPHI TNIOCKOCTH
P, M'HIEKCHI KOTOPOTO BBIUUCISIOTCS 110 hopmyute (2);

c;j(n,A) € {0,1} — gucro, mpuHMMarolIee 3HaueHHe 1, ecuu JUIA
NUKCENa €j CYIIECTBYeT nukcen Ep,, ¥ npunumaromee 3nauenue 0 B

MIPOTHUBHOM CITy4ae.
i*xv
v

m*v
nx*v

. (2)

1 | B

r7ie vV — IMHEHHBIN pa3Mep MuKcena.

Ha puc. 1. B) mpuBeneHsl oMHOMEpHEIE cedeHUs (yHKnnoHana (1) B
TOYKE peIIeHust <[ly,Mo,Ao> IS paccMaTpuBaeMoro mnpumepa. HailineHnsie
3Ha4YeHUA <[lp,Mo,A¢™> OJHO3HAYHO ONPENEISIIOT IEPEMEICHUE CEHCOpa
(puc. 1 6).

e bABiLY

" a) ‘ \’\6) i

Pucynoxk 1 — Pe3ynbTrar paboThl IporpaMMHO-anapaTHBIX CPEICTB
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ITpu BblmeneHnu 2-X IWIOCKUX 00BEKTOB (yHKIMoHan (1) 3aBucHT

TOJBKO OT [ — KOOPJIMHATBHI, CBS3aHHOW C JIMHHEH MepecedeHus] 3TUX
IUIOCKHX 00BEKTOB, a B popmyite (2) n=A=0, n=j.

Paboma evinonunena npu noooepoicke epanma PODOU Nel6-29-04178

ou_m.

1.

HockoB A.B., Py6bmos MW.B., Pomano A.}0. ®opmupoBanue
O00bEAMHEHHOW MOJENHM BHEIIHEW Ccpeabl Ha OCHOBE WH(opManuu
BHACOKaMepbl M maimpHOMepa. // M.: «HoBble TexHOIOTHNY,
«MexaTrpoHnKa, aBToOMaTH3anus, yrpasierne» Ne§, 2007. c. 2-5.
Kazemun B.H., HockoB B.II. BrigeneHune reoMeTpUYecKUX U
CEMaHTUYECKUX OOBEKTOB B JAaJbHOMETPHUYECKUX H300paKEHHSX IS
HaBHUTallMM POOOTOB M PEKOHCTPYKIMH BHelIHel cpexabl // M3Bectus
IODY. Texunueckue Hayku. — 2015. — Nel0 (171). — C. 71-83.

Hockos B.II., Kucenés M.O. BrigeneHue II0CKUX OOBLEKTOB B
JIMHEHHO-CTPYKTYpHPOBaHHBIX 3D-m300pakenusx / PoboToTexunka u
TexHUYecKas kuoepHeruka. — 2018. - Ne2 (19). — C. 31-38.

Hockos B.II., Kucenés U.O. TpexmepHbIii BapuaHT Metona Xada B
PEKOHCTPYKIIMM BHEIIHEH Cpeabl W HaBuraumu // MexaTpoHHKa,
aBTOMarm3anus, yrnpasienue. — 2018. — Ne§ (19) — C. 552-560.

249



E. Lyapustin
IDENTIFICATION OF UNCLEANED AIRCRAFT ON
SOUND PRINTING FOR DETECTION, RECOGNITION
AND DETERMINATION OF THE POSITION FOR
PREVENTION OF COLLISIONS IN AIRSPACE

Infosystems Jet , Moscow
es.lyapustin@mail.ru

Abstract

The article proposes a method for solving the problem of sound
recognition, produced by the motor and blades of the UAV, as well as the
detection of its location, to adjust the trajectory of motion in order to avoid
a collision. The methods of analysis and the system of coefficients of the
audio stream are considered. Algorithms for preliminary signal processing
and selection of criteria are given.

Introduction

Unmanned aerial vehicles (UAV) is a rapidly developing technology
that is currently widely used in the private, commercial and public sectors.
However, there are no safety measures that facilitate the safe operation of
these devices in populated uncontrolled airspace without potential danger to
other manned or unmanned aerial vehicles. Conventional collision
avoidance systems are only required for passenger aircraft weighing more
than 5,700 kg and must be present on both in order to be operational [1].

To accomplish the task, it is necessary to create an individual system
on each UAV to facilitate the detection and acceleration of the reaction rate,
which will help save another approaching UAV. It is believed that acoustic
sounding can be used to achieve this goal

The most common form involves the use of sensors, known as
microphones, that detect pressure fluctuations of sound waves generated
during UAV piloting. Acoustic sensing has many potential advantages over
more traditional non-cooperative technologies such as electro-optical (EO),
infrared (IR) and radar. Since the sensors are typically one-way, can be
achieved in a full spherical coverage of the sensors. This is a very important
feature because most air collisions occur from behind, from the side, above
or below; locations that are usually out of sight for most other sensing
technologies [2]. Sensor systems are usually very small and light, as they
consist of several microphones and a recording/data processing unit.
Requirements for the collection and processing of data is also much less
than for EO or IR due to the decrease in data transfer speed from sensors.
With the simultaneous use of multiple spatially spaced microphones in the
array configuration, it is possible to detect, locate and track a sound source
such as an aircraft [3-8]. In some cases, analysis of the Doppler frequency
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shift of the source signal over a period of time can also determine the speed
and direction of the sound source [9-13].

To implement the UAV collision avoidance system, it is necessary to
solve the following tasks:

1. To identify the sound of the blades and the engine blah BLAH

from other parasitic noises of the environment.
2. Determine the location relative to another UAV.
3. Perform a collision avoidance maneuver

Summary

It is possible to detect and identify UAVS to prevent collisions.
Acoustic sensing can be a viable technology for creating an Autonomous
collision avoidance system. However, the results regarding the system's
ability to localize and track detected targets still need to be worked out to
reduce the number of false positives. You can also use multiple arrays to
further extend the identity system. For example, the modernization of the
array of microphones electro-optical (EO), infrared and radar detection
systems. Also, since the direction of the motor noise remains constant with
respect to the array of microphones, this information can be used to further
improve the localization characteristics of the source, by suppressing the
noise of its own blades and motors is an interesting topic for future research.
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AHHOTAIUSA

B crarbe mpemnioxkeH METOJ pemieHus MpoOieMbl pacro3HaBaHUS
3ByKa, M31aBaeMblii MoTopoM H sonactssmMu BJIA, a Takxke oOHapykeHHs
€r0 MECTOIIOJIOXKEHHS, ISl KOPPEKTHPOBKH TPAEKTOPHU JBM)KEHHS, YTOOBI
n30exaTh CTOIKHOBEHHE. PaccMaTpuBarOTCsl METOAWKN aHAIN3a M CHCTEMBI
K03 HUIMEeHTOB ~ 3BYKOBOTO  MOTOKA. [TpuBeneHsl  anrOpPHUTMBI
MIPEABAPUTENHHON 00pabOTKN CHTHANIA U BBIZCTICHUS KPUTEPHUEB.

Beenenne

becniunotHeie JIeTaTeNIbHbIE anmnaparsl (BJIA) - 3TO
OBICTPOPA3BUBAIOMIASICS TEXHOJOTHS, KOTOpasi B HACTOAIICE BPEMs IITHPOKO
MIPUMEHSETCS B YaCTHOM, KOMMEPYECKOM M TOCYIapCTBEHHOM CEKTOpaX.
OpHako, HE CYIIECTBYEeT HUKAKHX Mep O€30MacHOCTH, CIOCOOCTBYFOIIIX
0e30macHOM  AKCIUTyaTallil  3TUX  YCTPOMCTB B 3acelleHHOM
HEKOHTPOJIMPYEMOM BO3IYIIHOM TIPOCTPAHCTBE ©0€3 IMOTEHIMATBHON
OIIACHOCTH JJIsl IPYTUX MHJIOTUPYEMBIX MM OECIUIIOTHBIX JIETATEIbHBIX
anmapatoB. OOBIYHBIE CHCTEMBI  IPEAOTBPAIICHUS  CTOJIKHOBEHUM
TpeOYIOTCSL TOJBKO JUIS MACCAXKMPCKHX BO3IYILIHBIX CYJOB BecoM OoJee
5700 kr W JOKHBI MPHUCYTCTBOBaTh HAa O00MX Ui OOCCIICYCHUS
BO3MOYHOCTH IKCIUTYaTau [1].

Jist  pemieHnst  MOCTaBJICHHOW — 3a7aud  HEOOXOJMMO  CO31aTh
WHAWBHIAYaTbHYIO CHCTeMy Ha KaxaoM bBJIA it obnerdeHus
oOHapy>XEHUsI U YCKOPEHUS CKOPOCTH PEAKIHH, YTO ITOMOXET CHACEHHUIO
apyroro mpubmmkatomerocss BJIA.  Cumraercs, dYTo aKycTH4eckoe
30HAUPOBAaHUE MOKET UCIOIB30BATHCS ISl JOCTIDKEHHS STOH IIETIH.

Hambomee pacmpocTpanenHass ¢opma BKIIOYAET WCIIOJIB30BAHHE
JAaTIYUKOB, W3BECTHBIX KaK MHKPOQOHBL, KOTOpbIE OOHApyKHBAIOT
KoneOaHMsl JaBIEHHWsT 3BYKOBBIX BOJIH, CO3JaBaeMble BO  BpeMs
nutotupoBanus  BJIA.  AkycTuueckoe 30HIMPOBAaHME HUMEET MHOIO
NOTEHIMAJBHBIX MPEUMYIIECTB [0 CPABHEHUIO C 0oJiee TPaAUIIOHHBIMU
HEKOOTIEPaTHBHBIMHU TEXHOJIOTHSIMHU, TAKUMH Kak 3i1ekrpoontudeckue (EO),
nHdpaxpacusie (IR) u pagapubie. [TockonbKy TaT4uKH OOBIYHO SIBIISIFOTCS
OJTHOHAIIPABJICHHBIMU, MOJET OBITh JOCTHUTHYT IIOJHBIA CchepryecKuit
OXBaT HATYMKOB. DTO OYCHb Ba)KHAS OCOOCHHOCTBH, MOCKOJBKY OOJBINas
YacTh CTONKHOBCHHH B BO3IyXe MPOUCXOIHUT C3aId, COOKY, CBEpXy WIIH
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CHH3Yy; MECTa, KOTOPbIe OOBIYHO BBIXOJAT 3a MpEAENbI IMOJSI 3PEHUsS s
OOJIbIIMHCTBA JPYTrUX TexHoJorui 3onaupoBanus [2]. CeHcopHble
CHCTEMBI, KaK NMpaBUJIO, OYEHb MAaJEHbKHE M JIETKHE, TaK KaK COCTOST U3
HECKOJIBKUX ~ MHKpPO(OHOB UM  OJIOKa  3amucH/00paOOTKH  JaHHBIX.
TpeboBanus k cOOpy U 00pabOTKE MAHHBIX TAKXKE HAMHOT'O MEHBIIE, YEeM
st EO nnu IR n3-3a CHUKEHUSI CKOPOCTH MEepeiadd TaHHBIX C TaTYMKOB.
[Ipr omHOBpEMEHHOM WCIIONB30BAHUN HECKOJIBKHX MPOCTPAHCTBEHHO-
Pa3HECeHHBIX MHKPO(OHOB B KOH(HIYPAIlMM MacCHBa MOKHO JOOHMTBCS
OOHapyXEHHs, JOKAIU3alUN U OTCIIC)KUBAHUS HCTOYHHKA 3BYKa, TaKOTO
Kak JeraTenbHBI ammapar [3—-8]. B HEKOTOpBIX ciydasx aHau3
JOIUIEPOBCKOTO ~ CIIBUTA YacTOTHl CHUTHala WCTOYHMKA B TEYEHHE
OTIPENIeJICHHOTO IePHO/ia BPEMEHHU MOJKET TakKe IO3BOJMUTH ONPEAEIUTH
CKOPOCTh M HallpaBJIeHHe UCTOYHHUKA 3ByKa [9—13].

Jna peamusanuu  CHCTEMBl YKJIOHEHHS CTOJNKHOBeHHs BJIA
HEOOXOMMO PEIINTb CIIEAYIONIHE 3a/1a4H:

1. Wnentndunmposars 3ByK, N3AaBAEMBbIH JIONACTSIMHU M JABHUTaTeNeM

BJIA ot npyrux napasuTUpyrOIUI IIyMOB OKPYXKArOMEH cpeibl.
2. OmnpenenuTts MECTOIOJIOKEHHE OTHOCUTENBHO Apyroro bJIA.
3. CoBepmHTh MaHEBP YKIOHEHHS OT CTOJIKHOBEHHUSL.

BriBoabI

OOHnapyxute W wuaeHTnounuponats bJIA s mpenoTBpameHus
CTOJIKHOBEHHH BO3MOXHO. AKYCTHYECKOE 30HAMPOBAHHUE MOXET OBITh
KHM3HECIIOCOOHAsT TEXHOJOTHS Uil CO3JaHMSl ABTOHOMHOM CHCTEMBI
MIPEAOTBPALCHHUS CTOJIKHOBEHUH. TeM He MeHee, pe3yIbTaThl B OTHOIICHUN
CTIIOCOOHOCTH CHCTEMBI JIOKAJIM30BaTh U OTCICKUBATH OOHAPY KEHHBIE LEITH
MO-TIPE)KHEMY TpeOyeT NpopaOOTKH, Ui YMEHBIICHHS YHCIA JIOKHBIX
cpabateiBaHuil. KpomMe TOro, MOXHO HCHOJIB30BaTh HECKOJIBKO MAaCCHBOB
JUIL JalbHEHIIEero pacIIMpeHusi cucTeMbl naeHTH¢ukanuu. Hampumep,
MOJICpHM3alMs ~ MaccuBa  MHUKpoQoHOB  snekrpoonTudeckum  (EO),
uH(pakpacHBIMH W palJapHbIMH CHCTEeMaMH oOOHapyxeHus. Taxxke,
MIOCKOJIbKY HAaIlpaBlIieHHE IIyMa JIBUraTeNs OCTaeTCsd HEU3MEHHBIM II0
OTHOIIEHWI0O K MAacCHBY MHKPO(OHOB, TO MOXHO HCIIOJb30BaTh 3Ty
MHQOPMALHMIO JUIsl TATBHEHIIEro yIyqlIIeHUs] XapaKTePUCTUK JIOKAIN3alun
WCTOYHMKA, WyTeM IIOJaBJIeHUS] IOyMa COOCTBEHHBIX JiomacTed u
JBUTATEICH SIBISCTCS MHTEPECHON TeMOH OyIyIIuX UCCIICTOBAHHN.
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A.D. Budnitskiy, O.V. Martianov, V.B. Sychkov
FEASIBILITY OF UAV UTILIZATION PILOT REGION
CREATION ESTIMATION ON THE TOMSK REGION CASE

Advanced research fund, Moscow
sib@jfpi.gov.ru

Wide application UAV in the civil industry is hindered with specific
of the air airspace management regulations and not matured UAV
technologies. Practical UAV utilization testing under conditions of Pilot
region (PR) is progressive tool for its integration at common air space. Such
approach allows operatively and safely explore obstacles in the legislation
and technical regulations, bring a practice in UAV systems utilization and
create technical demand for UAVs, a functional load and ground
infrastructures.

Analytic work aimed to estimation of feasibility and methodology for
creating of PR for service-transport tasks in Tomsk region was carried out
by Advanced research fund and engaged experts.

Demand in UAV functional services (FS) among companies and
organizations of the Tomsk region was analyzed to detect presence of an
economically proved base in the Tomsk region. The list of tasks including
103 items was created. The structure of demands divided on types of
services and consumers was analyzed in the paper.

Operation cards for FSs were created. FSs include customers’ objects
characteristics, specifications of FS results, FS realization scenario, list of
equipment and functional load required for each FS implementation.

Taking into account market growth forecast, expected demand of
Tomsk region in FSs is 1 367,8 mln.rubl. up to 2020 year.

Four possible types of management models and business models for
the PR were studied while determining of Tomsk PR concept. Optimal
models for evolution period of the PR and models for period of maturity
were chosen and proved. On the base of information about structure and
value of FS demand and using of the proposed business model was made a
business plan for the PR. Collective PR’ business processes breakeven point
is estimated for fourth year from PR start operation. It allows to conclude
that PR is self-sustainable and has internal resources for developing.

Obtained results allowed made a conclusion that there are enough
conditions to establish PR in Tomsk region and start to project a PR’s
infrastructure and regulations.

Description of PR’s structure includes a group of ground based and
informational infrastructure elements which will provide implementation of
all 103 tasks and perspective for PR developing.
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The informational infrastructure is shown as a description of a PR
management system including following modules: UTM, aeronavigation
and meteorological information providing, cyberattack defense, geofencing,
recording of UAVs, groundbase infrastrures and economic performance of
PR.

The PR passport was made to systematize of PR’s participants
interaction processes.

Lists of laws connected to UAV application were created in result of
the Russian Federation legislation analyze. Regulative barriers which block
using of UAV and activities to overcome these in PR are defined.

A draft of Pilot Region Policy was created to start administrative
procedure of legitimization PR at Tomsk region. The draft realized as an
appendix to a regulatory legal act of Russian Federation Government.

According to Road map of PR for UAV utilization in Tomsk region
creation all results will be transfer to Tomsk regional Administration for
further implementation.

Creation of the PR will allow safely and effective develop Russian
Federation legislation related to UAV, develop and test perspective
technologies in field of UAV utilization, and provide an instrument for
diversification of defense industry companies. This will provide sustainable
development and competiveness on the worldwide market for Russian
companies.
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0.B. Mapmpusanos, A./l. Byonuykuii, B.b. Coluxos
OLIEHKA BO3MOKHOCTH CO3JIAHUSI OITBITHOI'O PAMOHA
HNPUMEHEHUS BECIINJIOTHBIX ABUAIIMOHHBIX CUCTEM
(BAC) JIs1 BBIITIOJIHEHUSI CEPBUCHO-TPAHCIIOPTHBIX
3AJIAY HA TIPUMEPE TOMCKOM OBJIACTH

@oHO nepcnekmugublx ucciedosanuti, Mockea
sib@fpi.gov.ru

Hupokoe wucnons3oBanne BAC 11 pelieHns NPOU3BOACTBEHHBIX
3aJjad B TpaXTaHCKOW cdepe cAepKHBaeTcs Kak O0COOCHHOCTSIMHU
JCHCTBYIOIETO 3aKOHOJATEIbCTBA U  PErJaMEHTaMH HCIOJIb30BAHUSA
BO3IYIIHOTO NMPOCTPAHCTBA, TaK U HEJOCTAaTOYHBIM YPOBHEM TFOTOBHOCTHU
texHonoruii BAC. IlepcnekTHBHBIM HHCTpyMeHTOM HHTerpanuu bAC B
o0Iee BO3AYIIHOE MPOCTPAHCTBO SIBIAETCS IIPAaKTHUECKas OTPadOTKa HMX
IIPUMEHEHHS B YCJIOBHSX OIBITHOTO paifona (manee - OP). Oto mo3Boiut
OIIEpaTHBHO M 0E30MacHO BBIABIATH MPOOJIEMHBIX BOIPOC MPAaBOBOTO M
TEXHUYECKOTO PEryIHpOBaHus, POpMUPOBATh MPAKTHKY mpuMeHeHns BAC,
(hopMynHpOBaTH TEXHUYECKHE TpeOOBaHMUA K mepcreKTuBHEIM THIIaM bBC,
NIOJIE3HOW HAarpy3KH M Ha3eMHOW HH(PPACTPYKType 00eceYeHusl.

C nensto cozganuss OP npumenenust BAC, ®oHnoM mepcrneKTHBHBIX
UCCIICIOBAaHUH C TIPUBJICYEHHEM BPEMEHHOTO HAyYHOTO KOJUIEKTHBA
peanm3yercsi aHaNUTHYECKass paboTa, HaNpaBleHHAsT Ha  OLEHKY
BO3MOXKHOCTH U myTed co3maHuss OP 1y BBINOJIHEHUS CEPBHUCHO-
TPaHCIIOPTHBIX 3324 Ha TeppUTOpUH TOMCKOI 001acTy.

Jnst onpeneneHus HaTHMIUsT SKOHOMHUYECKH OOOCHOBAaHHOW 0a3pl Ha
tepputopun OP  ObUT  BBIIOJHEH  aHAIM3  BOCTPeOOBAHHOCTH
(yHKIHOHATBHBIX cepBHCOB (mamee - PC) co CTOpOHBI OpraHU3AIMi,
nerictByromux B ToMmMckoit o0macté ®u  chOPMHpPOBaH TeEpeveHb
nmotpebHOcTel, Brimrouatomuii 103 3amaun. B pabore mpoanammsmpoBaHa
CTPYKTypa TOTpeOHOCTed 10 THIAaM CEpBHCOB U  OTPACIeBOM
NPUHAJJISKHOCTH TTOTPEOHTENEH.

Pa3paboTanbl TeXHOJOTHYECKHE KapThl (DYHKIHMOHAIBHBIX CEPBUCOB,
KOTOpBIE colepkaT B cebe MH(OpMANUIO O XapaKTEPUCTHKaX OOBEKTOB
3aka3umka, TpeOOBaHUSIX K DPE3yJbTaTy CEpBUCA, CLCHAPUI BBITIOIHEHUS
paboThl M TepedeHb 00OpYIOBaHUS U TOJIE3HOM Harpys3KH, HEO0OXOIUMOM
JUISL pean3alii KOHKPETHOTO CepBHCa.

C yueToM INporHo3a pocTa phIHKAa ycIOyr ¢ Hcnonb3oBaHueM BAC
nepcreKkTuBHass notpedHocts Tomckoi obmactn B PC omperneneHa B
ooreme 1 367,8 MiH.py6. k 2020 T.

B pamkax ¢opmupoBanus obmumka OP paccMOTpeHBI deThIpe
BO3MOJKHBIX THIIA MOJIENIeH yIipaBieHus u ousHec-moeneit OP, obocHOBaH
BEIOOp ONTHMANIBHBIX MOJIENIed Ha repuoj cozfgaHus W pasButus OP, a
TaKke HeyeBble Mozxenn. Ha 6aze mHpopManuu o CTpyKType M oObeMe
ciupoca Ha O®C B ToMCKoOU 00JIACTH U C yYETOM IMPEAJIOKCHHON OHM3HEC-
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MOJIETTH BBIIIOJHEHO TEXHUKO-3KOHOMHYECKUi o0ocHOBaHue co3nanus OP.
Touka 6e3yOBITOYHOCTH KOJUIEKTHBHBIX OM3Hec-mporieccoB B OP HacTynaer
Ha 4 TOX peanu3aluy TPOEKTa, YTO MO3BOJSET CAeNaTh BHIBOA 00
SKOHOMHYECKOH camoocTaTouHocTd OP U HamMuuM BHYTPEHHUX PECYypCOB
JUISL pa3BUTHSL.

[TomyuyeHHBIE pe3yNbTaThl MMO3BOJIMIN CAEIATh BBIBOJ O JOCTATOUHOM
KOJIMYECTBE Mpennochuiok s cozmanuss OP B Tomckoit obmacta u
MIPUCTYTIUTH K BBINOJHEHHIO paboT IO MPOEKTUPOBAHUIO MH(PPACTPYKTYpHI
OP u hopMupoBaHHUIO HOPMATUBHOTO OOECIICUCHUSI.

Omnwucanne cTpykTypsl OP BkitodaeT HabOp 3JIEMEHTOB HAa3eMHOH U
MHPOPMAMOHHON HH(PACTPYKTYpPHI, 00ECIIEUNBAIOIINE PEATN3AIHIO BCEX
103 3amau u obecrieyaT MEpPCHEKTUBY PAa3BUTHSI.

Wudopmannonnas uHdpacTpykTypa mpeacTaBieHa B BHE ONMUCAHUS
nHQOPMAMOHHON cucTeMbl ympaieHus OP, Bxiouaromeil cpencrsa:
opranusaiun asmwxenns bBC, cpeacta odbecnieueHus a3pOHABUTAITHOHHON
U METEeOpOJIOTMUECKOH HWH(pOpMaIHeil, 3allUThl OT HENPaBOMEPHOTO
ncnons3oBanuss  BAC, yueta BAC u  SneMeHTOB  HazeMHOHU
HHPPACTPYKTYPHI, a TAKOKE ydeTa X03sSHcTBeHHON AesTenbHocTH OP.

Jnst cuctemaTtuzanuy npoueayp B3aUMOAECHCTBUS y4acTHUKOB OP u
peanm3aniy ONTHMalbHOM Mozenn ynpasinenusi OP paspaboran Ilacmopr
OTIBITHOTO paiioHa.

[To pesynpTaTam aHanu3a JEHCTBYIOIIETO 3aKoHojaTenbcTBa PD
c(OpPMHUPOBaHBl TEPEYHH HOPMATHBHBIX aKTOB, DPErJaMEHTUPYIOIINX
npumenHennss  BAC.  OmpepeneHbl  HOpMaTHBHBIE — OTPaHHUYEHHS,
MperATCTBYIoNMe 3P GeKTHBHOMY Hcmonb3oBaHi0 BAC u mpemmoskeHs!
MEpOTIPUATHSA TI0 X yCTpaHEHHIo B pamkax OP.

C menpio peanu3anuyl aAMHHACTPATUBHBIX NMPOLELYP IO MPHUIAAHHUIO
Tomckoit obmactu craryca OP paspaboran mnpoekt [lomoxeHus o6
OITBITHOM paioHe B (hopMaTe NPUIOKEHUSI K HOPMATHBHO-TIPABOBOMY aKTy
IIpaBurensctBa Poccuiickoit ®enepannu.

B cootBerctBuu c IIporpammoii MeponpusTuil (IOpOKHOU KapToil)
CO3JJaHUSl ONBITHOTO palioHa TNPHMEHEHHsI OECHMIOTHBIX aBHAIMOHHBIX
cucteM B ToMmckod o06nacTh pe3yiabTaThl BBITOJHEHHOW paboOTHl OyIoyT
mepesansl B AaMuHUCTparuio TOMCKOM 00macTé Ui HMCIIONB30BAaHUS B
nmanpHeHei padborte, MpexycMOTPEHHOHN YKa3aHHON TOPOKHOU KapTOM.

Coznanne op MTO3BOJIUT 6e30macHo u 3pPEKTHBHO
COBEpIIIEHCTBOBATh pOCCHiiCKoe 3akoHOHaTenscTBO B chepe BAC,
cO3J1aBaTh W OTpabaThIBaTh MEPCIEKTUBHBIE TEXHWYECKHE PEIICHHS II0
IpaKTUYeCKOMY HCIoib30BaHHI0 BAC, a Taike NMperocTaBUT IUIOLIANKY
JUIL  pelleHHs 3ajad  JUBEpPCUHKALUHM  NPEANPUATHH  0OOPOHHO-
MIPOMBIIIIICHHOTO KOMIDIEKca. JTo obecneduT mpouibHBEIM Poccuiickum
KOMITaHHUSAM YCTOHYMBOE Pa3BUTHS U KOHKYPEHTOCIIOCOOHOCTh HA MHPOBOM
PBIHKE.
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OPTIMIZATION PROBLEM FOR A GROUP OF UAVS
OF JOINT CONTROL, ENSURING THEIR DESIRED
SPATIAL TOPOLOGY

JSC «Concern «Vegay, Moscow

from_fn@mail.ru

The solution of a number of economic and military tasks is possible
only with the use of large groups of UAVs specially placed in the space.

The purpose of the report is to propose simplified ways of the
synthesis of group control for UAVs with long-term preservation of a given
topology of participants with reduced requirements for computational
performance. The problem was solved in two stages.

At the first stage, on the basis of the dynamic programming method, a
strict solution of the linear-quadratic-Gaussian problem was obtained using
the quality functional, in which besides the typical terms there was a
quadratic form of the weighted arrangement of the UAV. The specificity of
the obtained control law is the need to solve a high-dimensional two-point
boundary value problem in the reverse time, which requires large
computational costs.

At the second stage, by simplifying the previous solution, the task was
reduced to local optimization, which significantly simplified obtaining the
control law that ensures not only the group’s flight along the desired
trajectory, but also the prevention of collisions of the UAV within group.

Examples of the synthesis of control for a group of UAVs are
considered, the results of research are presented. One of the options for
building the desired UAV topology on the plane while bypass dangerous
area is shown on the figure.

UAV 2

Dangerous

\ uav3
area I

0 z
Figure 1 — Dangerous area bypass trajectories for a group of UAVs
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B.C. Bepoa, B.U. Mepxynoe
3AJAYA OITUMMU3AIINA COBMECTHOI'O YIIPABJIEHUSA
I'PYIIIIOM BJIA, OBECHEUMBAIOIIEIO UX TPEBYEMYIO
MNPOCTPAHCTBEHHYIO TOIIOJIOTUIO

AO «Konyepn «Beza», Mockea
from_fn@mail.ru

Pemmenue psga X03SHCTBEHHBIX M BOCHHBIX 33724 BO3MOXHO TOJBKO
IIPY UCTIOJIB30BaHUM OONBIINX TPYII pa3MelleHHbIX B pocTpaHcTBe BIIA.

Ilenp noxyiaga — MpPEUIOKUTH YIPOIIEHHBIE BapUaHTHl CHUHTE3a
rpynnoBoro ympasineHuss BJIA ¢ miuTenbHBIM COXpaHEHHEM 3aJaHHOU
TOMOJIOTUM  YYaCTHHUKOB  CO  CHIDKCHHBIMH  TpeOOBaHMSMH K
BBIYHCIIUTENFHOM MIPOU3BOANTEIBHOCTH. 33/1a4a pelaiach B 1Ba Tana.

Ha mepBom osrtame Ha  OCHOBE MeToJa JMHAMHYECKOTO
MIPOTPaMMHpPOBAHUS  OBUIO IOJIYYEHO CTPOroe pemieHne JIHHEHHO-
KBaJPaTUIHO-TAyCCOBCKOW 3aJaull C HCIOIb30BaHWEM (DYHKIMOHAIA
KayecTBa, B KOTOPOM KpOME THIIOBBIX CJIaraéMbIX MPUCYTCTBOBaIA
KBazgpatuuHas (opma B3BemieHHOTO pacmoioxenus BJIA. Crermmduxoit
MOJyYEHHOTO 3aKOHAa YIPABICHHUS SBIAETCS HEOOXOAMMOCTh PpEIICHUS
BBICOKOPA3MEpHOH JBYXTOUYEUHOW KpaeBOH 3afadu B OOpaTHOM BPEMEHH,
TpeOyIollei OOJIBIINX BBIYACIUTEIBHBIX 3aTpaT.

Ha BTropoMm 3Tamne myTeM yHpoLeHUH NPeAblIyIero peluleHus 3aaada
OblTa CBeEHA K JIOKAIGHOM ONTHUMH3AIMH, YTO CYIIECTBEHHO YIPOCTUIIO
MOJy4YEHUE 3aKOHa YIpAaBICHHS, OOECIIeUMBAIOMIETO HE TOJBKO IOJIET
Tpymmsl 1O  TpeOyeMbIM TpPaeKTOpHsAM, HO U IIPeJOTBpalleHHE
cronkHoBeHu# BJIA BHyTpH Hee.

PaccMoTpeHbl mpuMepsl cHHTEe3a yopaBiieHus rpynnoid  BIIA,
TIPUBE/IEHBI PE3YNIbTAaThl HccnenoBanuil. OOUH M3 BapHaHTOB MOCTPOSHHUS
Tpebyemoii Tomomorun BJIA Ha mimockocTm mpu 00X0Ae OMAcHOH 30HEBI
MOKa3aH Ha PUCYHKE.

BNA 2

BMNA 1 |

OnacHana

\ EnA3
30Ha /-

0 z
Pucynok 1 — TpaexTopun 06xoa omacHo# 30HsI Tpymmoi BJIA
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SYNTHESIS OF PHASED ANTENNA ARRAYS FOR LONG-
RANGE MOBILE RADARS BASED ON QUADCOPTERS

JSC «Concern «Vegay, Moscow
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Strengthening the role of unmanned aerial vehicles (UAVs) for
various purposes due to their group use allows obtaining a number of
advantages in solving a wide class of tasks. At the same time, the new
advantages of group use of UAVs are due to: the difficulty of separate
observation of the group members and, accordingly, the difficulties of
tracking and target distribution; the inability to serve the entire large group
with the number of participants exceeding the capacity of the information
control system of the opposing side; the increase in the behavioral
complexity of the UAV in solving various problems through the use of
artificial intelligence; random change of the spatial position of individual
UAVs within the group, preventing their detection and selection of virtually
all types of information systems.

The noted advantages of the UAVs groups are especially pronounced
in the implementation of such a new task as the formation and use of
temporary phased antenna arrays (PAA) of large sizes based on multikopter
for the implementation of long-range radar systems.

In this regard, the purpose of the report is to present a variant of the
algorithm for the formation and functioning of such a PAA. On the example
of solving the task of maintaining an air object, the features of the operation
of a radar with a PAA based on a group of UAVs are illustrated (see figure).

Figure 1 — An example of the PAA formation based on a group of UAVs
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B.U. Mepkynos, /].A. Munakos, A.C. IInawmeunux
CUHTE3 ®A3UPOBAHHBIX AHTEHHBIX PEIIETOK
J1JI1 MOBWJIBHBIX PJIC BOJIBIIOM JTAJIBHOCTH JENCTBUA
HA BA3E KBA/IPOKOIITEPOB

AO «Konyepn «Beza», Mockea
from_fn@mail.ru

Ycunenne ponu OeCHMWIOTHBIX JieTaTelbHbIX anmnaparoB (BJIA)
PA3IMYHOr0 HasHA4YCHUA 3a CUCT UX I'PYHIIOBOIO0 MPUMEHCHHS IMO3BOJIACT
MOJTyYUTh Psii MPEUMYIIECTB MPU PELIeHUH IHUPOKOro kiacca 3agad. Ilpu
9TOM HOBBIE NPEUMYIIECTBA rpymIoBoro npuMeHenus: bJIA o0ycnoBieHsI:
CIIOKHOCTBIO ~ Pa3[eNIbHOTO  HAOJIOJNEHWS YYaCTHHKOB TPYNIBI W,
COOTBETCTBEHHO, CJIOXKHOCTSIMH COIIPOBOXKICHUS W IeJIEPACIIpPE/IeIICHNS;
HEBO3MOXKHOCTBIO OOCIY)XKMBaTh BCIO OOJIBIIYI0O TpPYyNIy C YHUCIOM
YYaCTHHKOB, IPEBHIMIAIONINM IIPOITYCKHYIO CIIOCOOHOCTH HH()OPMALTMOHHO-
YTIPABISIFOIIEH CHCTEMBI IPOTHBOOOPCTBYIOLIEH CTOPOHBI; BO3PACTAHHEM
MTOBEIEHYECKOW CIOKHOCTH BJIA TipH pemieHnn pas3iimdHBIX 3a/1ad 33 CUeT
HCIIOJI30BAHMSA ~ HUCKYCCTBEHHOIO  HMHTEJUIEKTA;  CIy4yalHOM  CMEHOM
IPOCTPAHCTBEHHOI'O TOJIOKEHHUsT OTAeNnbHBIX bBJIA  BHYTpH TIpymmel,
NPENITCTBYIOIIEH WX OOHApY)KEHWIO W CEJCKIUH TNPAKTUYECKH BCEMHU
BU/IaMH UH()OPMALIMOHHBIX CHCTEM.

OtMeueHHble npeumymiectBa rpynn  BJIA  ocobeHHO — sipKO
TIPOSIBIISIIOTCS TIPY peaM3allii TAKOTO HOBOTO IpHeMa Kak (popMUpOBaHHE
1 WCIIOJIb30BaHNE BPEMEHHBIX (Da3MpoBaHHBIX aHTEHHBIX penieTok (PAP)
OosbIIMX pa3MepoB Ha 0a3e MYJIBTHKONTEPOB JUIA Pean3alyy OOIBIINX
JAITBHOCTEH MefcTBUS paanorokannoHHbEIX cucteM (PJIC).

B cBsi3u ¢ 3TUM menbio JO0KIaAa ABISIETCS NMPECTaBICHUE BapHaHTa
anroput™Ma QopmupoBaHus u (yHKIHOHMpoBaHus Takoii DAP. Ha
MpUMepPEe pEILIEHHs 3afadd  COMNPOBOXKAEHHWS BO3AYIIHOIO OOBEKTa
NPOWLIIOCTPUPOBaHbl ocobeHHocTH (yHKIMoHUpoBanus PJIC ¢ AP Ha
6a3e rpynmnsl BJIA (cM. pUCYHOK).

Pucynox 1 — Ilpumep q)opMHpOBaHMﬂ OAP na 6a3e rpynmst BJIA
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IMPLEMENTATION OF INTERPRETIVE NAVIGATION BY
THE COMPUTER VISION SYSTEM MODULES

Keldysh Institute of Applied Mathematics
Russian Academy of Sciences, Moscow
sokolsm@list.ru, anbg74@mail.ru, n_bekl@mail.ru

The implementation of interpretive navigation method by means of
the information system based on the computer vision system is considered
in the paper. The Interpretive Navigation (IN) method has being developed
in the Keldysh Institute of Applied Mathematics of the Russian Academy of
Sciences since the seventies of the last century. Under the IN method, the
mobile robot’s (MR) position in the field is defined not in the Cartesian
coordinate system (CCS) but based on the vicinity descriptions in terms of
the environment visible features: topographic features and the way they
change on the move. In this case, the analog of the CCS quantitative model
is a different, qualitative model — graph of information equivalence. In this
description, the graph nodes are aligned with the connected areas that have
the same information and visual content — areas of information equivalence,
and the graph edges correspond to the changes of these descriptions in the
transition from one area to another. In this situation, the MR movement is
based on a predefined set of informational and motor actions. The IN
approach allows effectively meet the challenges of the known direction in
providing targeted movement of mobile modes of transportation known as
the abbreviation SLAM in the Western countries. The interpretive
navigation obviates the need of collecting and processing huge amount of
three-dimensional data and allows us to focus on determination and
processing of the special features — operating environment landmarks.

The most complete information management system for terrestrial and
airborne modes of transportation is formed by the so-called “navigation
cross” scheme including global satellite system; traditional navigation
system consisting of inertial navigation system, system for dead reckoning
and correcting by landmarks; interpretive (or qualitative) navigation and
operator. The combination of all components of this scheme solves the
navigation problem in the majority of cases but requires different kinds of
infrastructural and sensory support. The vision systems provide the most
complete and reliable information on identification and relative disposition
of the vicinity objects and a mobile vehicle.

We target our efforts towards formation of the most efficient (based
on the quality-price ratio) standardized modular hardware and software
architecture of the technical vision system to solve a wide range of tasks
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regarding targeted movement of mobile vehicles with a high degree of
autonomy and fully autonomous vehicles in difficult operating conditions
when it is not possible to use all the variety of navigation aids at the same
time. The hardware part of these technical vision systems architecture
consists of recording units (RU) reconfigurable combinations (network) and
computing electronic units (CEU), and the software part is a large-scale
software framework of the real-time computer vision systems. The selection
of the landmarks is one of the key tasks of targeted movements provision.
At this stage of research, we simplified the task of identifying landmarks
and used special tags — markers. We analyzed the well-known marker
systems and decided to make our own: reliable and allowing making
improvements. We have examined two modes of information management
for targeted movements. First: through the observance of the landmarks
with known absolute coordinates, tracing the vehicle movement in a given
coordinate system. We used a computer vision system with one viewing
field (monocular RU) for this purpose. Second: through the observance of
the landmarks relative disposition, constructing the route from the initial
position to the position specified relatively to indicated one or several
landmarks. In this case, a computer vision system with a stereo module is
used, it allows us to qualitatively assess the mutual disposition of objects in
space. In both cases, an internal representation of the surrounding space is
constructed — model/map, graph of information equivalence. In one case it
is connected with absolute coordinates, in the other it has a relative
connection. When entering data on the mobile vehicle initial position or
specifying absolute coordinates of one of the landmarks, we can absolutely
bind all the landmarks and transfer the data to a traditional GIS map.

In parallel with the research activity, we work on automatic selection
of landmarks, in particular, the ones in the natural environment. In the near
future, the interpretive navigation method will be shifted to implement
autonomous movements in the natural environment without the need of the
special tags use.

265



C.M. Coxonos, A.A. bozycnaeckuii, H./]E Bbexknemuues
PEAJIMBALINS UHTEPIIPETUPYIOINEU HABUT'ALIUU C
MHOMOIIBIO MOJAYJIEU CT3

Hucmumym npuxnaonout mamemamuru um. M.B. Kenoviua PAH, Mocksa
sokolsm@list.ru, anbg74@mail.ru, n_bekl@mail.ru

B craTtbe paccmaTpuBaeTcs peanqm3alis METOAa WHTEPIPETUPYIOUIeH
HaBUTAIMH C MOMOIIbI0 MH()OPMALMOHHON CHCTEMBI Ha OCHOBE CHUCTEMBI
TEXHUYECKOro 3peHus. Merox wuHTepnperupyromeil Hasuramuu (MH)
paspabateBactcs B UTIM um. M.B. Kenneima PAH ¢ ceMuaecsTsix rofoB
npouuioro Beka. Cyts HWH 3axkmrouaercs B TOM, 4YTO MOJIOXEHUE
MoOmbHOTO podoTta (MP) Ha MecTHOCTH ompenessieTcst He B JIeKapTOBOU
cucreme koopauHaT (JICK), a Ha OCHOBE ONMCaHWI OKpPY)KAIOIIETO
MIPOCTPAHCTBA Ha SI3BIKE BHUAMMBIX OCOOEHHOCTEH Cpeibl — OPHEHTHPOB U
NX W3MEHeHHMH B mponecce aBmwkeHHA. Ilpm 3TOoM  aHamorom
kommyectBeHHON Monenu JICK BricTymaer nHasi, KaueCTBEHHAs! MOJIEIb, —
rpa¢ MHPOPMAIMOHHON 3KBHBAJIEHTHOCTH. B TakoM omnucaHWy BepIIMHAM
rpaga COOTBETCTBYIOT CBSI3HBIE pAllOHBI MECTHOCTH C OIMHAKOBBIM
UH(OpPMALIMOHHO-BU3YaJIbHBIM COJIEp)KaHHEM — paiioHbl MH(OPMALMOHHOI
SKBHUBAJICHTHOCTH, a pedpaM — U3MEHEHUE 3TUX OMMCAHUM MPH MEpexoe U3
paiiloHa B pailoH. B 3Tom ciywyae opranuzauus nepeasuxkeHus MP
OCHOBBIBaeTCss  Ha  (UKCHpPOBaHHOM  Habope  HMH(pOPMAIMOHHO-
nBuratenbHbIX aedicTBuid. [lomxox WMH mo3BosisseT 3peKTHBHO pemiath
3aJja4yll WM3BECTHOTO HANpaBICHUS B OOECHEYCHHH IEJICHANPABICHHBIX
TepeMenIeHni MOOWIIBHBIX CPEJCTB, MOTyYMBINEe Ha 3alafe COKpaEHHOe
Ha3Bane SLAM. HHTepnperupyromas HaBHTalUs HCKIIOYaeT cOop
00paboTKy OTpPOMHBIX MAacCHBOB TPEXMEPHBIX JaHHBIX W IIO3BOJIAET
KOHIICHTPHUPOBATh PECYPCHI HAa ONpeAeNeHHH U 00paboTke 0cOOeHHOCTEH —
OPHEHTHPOB Ccpebl (PyHKINOHUPOBAHMS.

Jlst Ha3eMHBIX M BO3IYIIHBIX CPEACTB HamOoJiee IMOJHYI CHUCTEMY
uHopmanmoHHoro  oOecriedyeHuss ~ oOpadyeT  Tak  Ha3bIBaeMbIil
«HABUTALIMOHHBIN KPecT», BKIIOYAIONIMNA: TJIOOATBHYIO CITyTHUKOBYIO
CHUCTEMY; TpPAJULMOHHYI0 HABUTALMOHHYIO CHUCTEMY, COCTOSALIYI0 U3
MHEpUUAIbHOW HABUTAllUOHHOM CHCTEMBI, CHCTEMBl CUHCIEHUS IyTH U
KOPPEKTUPOBKHU o OpUEHTHPAM; HUHTEPIPETUPYIOLIYIO (mmu
Ka4eCTBEHHYI0) HaBHTALMIO W omeparopa. KommiuekcupoBaHume Bcex
COCTaBJISIIOLIMX 3TOTO KpecTa oOecneynBaeT peIIeHHe HaBHTalMOHHOMN
3aJay B  OONBIIMHCTBE TPAKTHYECKHX  CiydaeB, HO  Tpedyer
pa3HoobOpa3HOit MHPPACTPYKTYpHOU U CEHCOPHON MOAAEPKKU. 3pUTEIbHBIC
CHCTEMBI MPEACTABILIIOT HanboJiee MOJIHYI0 U JTOCTOBEPHYIO0 MH(OPMALIUIO
00 wmeHTH(PUKAIMKM © OTHOCHTENBHOM PACIONIOKEHHH OOBEKTOB
OKPY’KaIOIIEeTo MPOCTPAHCTBA U MOIBM)KHOTO CPEJCTBA.
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Mpsl cocpemoTayrBaeM CBOM YCHJIHS Ha (OPMHPOBAHHUH HaunboJjee
3¢ PeKTUBHON (110 COOTHOIIEHHIO IIE€Ha/KaueCTBO) YHH(UIIMPOBAHHOU
MOJYJIBHOW IporpaMMHo-anmnapaTHoil apxurektype CT3 nmis pemieHus
[IMPOKOTO Kpyra 3ajau LeJICHANpPaBICHHBIX MepeMeIIeHHH IMOIBIKHBIX
CPEJ/ICTB C TOBBIILICHHOW CTENEHbI0 aBTOHOMHHU M TIOJHOCTBHIO AaBTOHOMHBIX
B CIOXHBIX YCIOBHSX (YHKIMOHHUPOBAHUS, KOTAAa HET BO3MOXKHOCTH
HCIIOJIF30BaTh BCE MHOT000pa3ye HABUTAIIMOHHBIX CPEJICTB OJHOBPEMEHHO.
AnmnapaTHyo 4acTh apXUTEKTYPBI ITUX CT3 o0pa3zyroT
pexoHpuUrypHupyeMbie KOMOMHAINH (ceTh) peructpupyrommx 6;okoB (PB)
¥ BBIYHCIHUTENBHO-yIpaBisonmx 010koB (BYB), a mporpammayro gacTh —
KpyIHOMAacCIITa0HBI Kapkac mporpammuoro obecneuenms (I10) CT3
peaJbHOTO  BpeMeHH. BBbIJEJICHHE OpUEHTUPOB B OKPYXKarolleM
IPOCTPAHCTBE MPEACTABISIET COO0 OHY U3 KIIOUEBBIX 337a4 00ecledeHus
LeJIeHAIIpaBJIeHHbIX nepeMeiniennii. Ha onucsiBaemMom 3Tane uccieaoBaHuil
MBI YNPOCTWJIM 3a/ady BBIIENCHHUS OPHEHTHPOB M  HUCIIOJIB30BaIN
CrenaIbHble METKH — MapKepbl. [IpoaHann3npoBaiy N3BECTHBIE CUCTEMBI
MapKepOB M PELIMIN MOJTOTOBUTH CBOIO, OTIMYAIOUIYIOCS HAJIEKHOCTHIO U
BO3MOXKHOCTBIO BHOCHTH yCOBEPIICHCTBOBaHuUS. MccnenoBany aBa pexxuma
MHQOPMAIOHHOTO  OOECIIeUeHHsI IEeNCHANPABICHHBIX IE€PEMENICHUM.
[epBerii: 1O HAONIOAEHUIO OPHUEHTHUPOB C H3BECTHBIMH aOCOJIOTHBIMHU
KOOpJIMHATAMH IOCTPOEHHE TPAEKTOPUU MEPEMEIIEHHUS ITOABMKHOTO
CpelcTBa B 33JaHHOM CUCTEME KoopAMHAT. Jlyid pelieHus 3TOH 3ajadu
ucnonwsszyetrcss CT3 ¢ onuum nonem 3penus (MoHOKyJsipHbIid PB). Bropoii:
10 HaOJIIOJICHUIO OTHOCHUTEIILHOTO PACIIONIOKEHNSI OPHEHTUPOB TIOCTPOSHUE
MapuipyTa JBIDKCHUS W3 HAYaJBbHOTO IIOJIOKEHWS B 3aJaHHOe
OTHOCHTEJIFHO YKa3aHHOTO OPUEHTHpa WM OPUEHTHPOB. B aToM ciydae
ucnons3yercss CT3 co crepeomMoayieM, MO3BOJSIOIMIMM KAauyeCTBEHHO
OLICHMBATh B3aMMHOE pAaCIIOJIOKEHHE OOBEKTOB B IpocTpaHcTBe. U B
OJHOM, M B JAPYroM Ciydae CTPOWTCA BHYTPEHHE IIPEACTaBICHUE
OKpYXaIOIIeTo  NPOCTPaHCTBA — MOJeNb/KapTa, B Buae rpada
MHPOPMAIMOHHON AKBUBAJICHTHOCTH. B OIHOM cilydae ¢ TNpHBS3KOH K
a0COJIFOTHBIM KOOpAWHATAaM, B IPYTOM C OTHOCHTEIBHOH IpuBs3Kko. Ilpu
BHECEHHH JAHHBIX O HAYaJIbHOM IOJIOXKEHHH MOIBHXHOTO CPEACTBA WIN
yKa3aHUM aOCOIIOTHBIX KOOPJWHAT OJHOTO W3 OPUEHTHPOB, BO3MOXHA
aOcoJIOTHasE TpHBSI3KA BCEX OPHEHTHPOB U TIEPEeHOC MJaHHBIX Ha
TpagumoHHyto kapty ['MC.

[MapannenbHO ¢ ONMUCHIBAEMBIMH HCCIIEAOBAHUSIMU BEIYTCS U PabOTHI
10 aBTOMAaTUYECKOMY BBIICJICHHIO OPHEHTHPOB B  OKpYJXKarolleM
MPOCTPAHCTBE, B YACTHOCTH, B €CTECTBEHHOW cpene. B Ommkaiinieit
MIEPCIIEKTUBE OYAET OCYIIECTBIEH IEPEHOC METO/a HHTEPIpEeTUpyrouien
HaBUTaMM 1T  OCYIIECTBICHUS  aBTOHOMHBIX  II€pEMEIICHHH B
€CTECTBEHHOM cpezie 0e3 BHECEHHUS CIIENNABHBIX METOK.
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A.E. Ananenkov, D.V. Marin, V.M. Nuzhdin, V.B. Schneider
INTERFEROMETRIC RSA FOR THE ICE SITUATION
MONITORING

Moscow Aviation Institute (National Research University), Moscow
vschndr@gmail.com

To conduct successful economic activities in the Arctic and solve a
number of scientific problems, it is necessary to monitor the ice situation
(MIS) - regular observations of the distribution, characteristics, and
dynamics of sea ice. The need for the widespread introduction of unmanned
aerial MIS vehicles in this area is due to the ability to reduce the risk of loss
of human life and the cost of monitoring, taking into account the lower cost
of flight hours, to eliminate the need to create and maintain readiness of the
landing field or helicopter platforms. The most promising in terms of
reducing the costs are small-class UAVs, the explosive growth of interest in
which is observed today all over the world.

International experience shows the desire to create radar monitoring
tools for unmanned carriers and, if possible, reduce their weight and size
characteristics, since UAVs with low take-off weight do not allow the use
of radar samples developed for traditional aircraft. As a result, the creation
of compact radars with synthesized antenna aperture (RSA), which allows
reducing the size and weight of the antenna system qualitatively, requires
the development of specialized solutions. Practical work on their creation is
carried out by experts in Germany, USA and Russia.

A miniature interferometric radar with synthesized antenna aperture
for installation on a small class UAV is being developed at MAI (NRU) on
the basis of existing radar samples for UAVs and compact radars for other
applications. The main technical characteristics of the interferometric RSA
for the MIS are summarized in Table 1.

Tabauna 1. OcHoBHBIE TexHUYeckue Xxapakrepuctuku PJIC MJIO

Parameter Value
Flight height (H), m 500...1500
Radiation wavelength, cm 3
Surface mapping range, km 4
Maximum geometric resolution, m 1
Weight, kg less than 10

268



Since the conducted studies showed the possibility of implementing
equipment with the required characteristics, the manufacture of an
experimental sample of an interferometric RSA MIS was started. The radar
has a transmitting channel and two identical receiving channels with the
homodyne receiving method. A broadband continuous signal with linear
frequency modulation is used as a probing signal.

In parallel, the development and testing of software and algorithmic
means of obtaining radar images were carried out. Figure 1 shows a RSA
image of a terrain area (brightness corresponds to the intensity of reflection)
and the same terrain area with interferometric processing (brightness
corresponds to height).

Figure 1 — RSA image of a terrain area (on the left — brightness
corresponds to the intensity of reflection) and the same terrain with
interferometric processing (on the right — brightness corresponds to height)

The implementation of the proposed solutions allows for the
production of a radar complex for operational monitoring of the ice
situation based on a small UAV with a minimum life cycle cost and
increased reliability.

This report is based on the results of applied research and
experimental work (PNIER) on the topic: “Creating a scientific and
technical reserve in the field of building a unified miniature onboard radar
target load of small-sized unmanned aerial vehicles for monitoring ice
conditions in the construction and operation of oil and gas platforms”.
Agreement No. 14.577.21.0226.

The unique identifier of PNIER RFMEFI57716X0226.
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A.E. Ananenxoes, /I.B. Mapun, B.M. Hyxcoun, B.b. Illnaiioep
UHTEP®EPOMETPUYECKASI PCA MOHUTOPHHT A JIEJIOBOM
OBCTAHOBKH

Mocxosckuil a8UayUOHHbII UHCIUMYM
(HayuoHabHbLI UCCIe008amenbckull ynusepcumem), Mockea
vschndr@gmail.com

Jlna BeneHus ycnemHol X03IHCTBEHHOM NesITeIbHOCTH B APKTHUKE U
pEeUICHUA psAAa HAYUYHBIX 3ala4 HCO6XO}II/IMO OCyHIECTBJIATD MOHUTOPUHI
nenoBoii  obcranoBku (MJIO) -  perymsipHble  HaONroneHMs  3a
pacnpesneneHueM, XapaKTepUCTHKaMM, JAWHAMHUKOW MOPCKUX  JIBJOB.
HeobxoauMocTh MIMpPOKOro BHeIpeHHs OecnmmwioTHBIX cpeacte MJIO B
JaHHOH o0jacTH OOYCIIOBIIEHA BO3MOXXHOCTBIO CHHM3HWTH PHCKH IIOTEPH
YENIOBEUECKUX KM3HEH U 3aTpaThl HA MPOBEJCHHE MOHUTOPHHIA C YY4ETOM
MEHBIIEH CTONMOCTH JIETHOTO Yaca, N30aBUTh OT HEOOXOIUMOCTH CO3/1aHHs
u noxpnepkaHuss B roroBHoctd BIIIl wnm BepTONETHBIX IIIOMIAJOK.
Hambomnee mepcnekTWBHBI B IUTaHE CHIDKeHHs u3nepkek BJIA wmamoro
KJlacca, B3PBIBHONH POCT MHTEpeca K KOTOPBIM CETOAHS HaOmogaercst BO
BCEM MUDE.

MexnyHapoAHblii ~ ONBIT  IIOKa3bIBa€T  CTPEMJICHHE  CO3JaTh
PaaMOJIOKAIIMOHHBIE CPEACTBA MOHUTOPHHTA I OCCITMIOTHBIX HOCHUTENCH
U CHHM3UTh 1O BO3MOXHOCTH HX MAacCOra0apuTHBIE XapaKTEPHCTHKH,
nockoibky BJIA ¢ ManbIM B3NETHBIM BECOM, HE MO3BOJSIOT MCIOIB30BAThH
o0paspl  paagnoJIOKaTOpOB,  pa3pabOTaHHBIE AL TPaIULIHUOHHOMN
aBHAIIOHHOW TEXHWKW. B pe3ynprare co3gaHue ManorabapuTHBIX
panuoIOKaToOpoB C CHHTE3HMpoBaHWEM amnepTypbl aHTeHHB (PCA),
MIO3BOJISIOIINX KA4EeCTBEHHO CHHU3HUThH rabapuThl U BEC aHTEHHOW CHCTEMBI,
TpeOyeT pa3paboTKM CIENUaTN3UPOBaHHBIX pemieHui. [IpakTiueckue
paboTel MO WX co3maHWI0 BemyTcs cnenuanuctamu B [epmanmm, CIIA,
Poccun.

B Hacrosmee Bpems B MAUW (HUY) na Oase cymiecTBYROIIUX
00pa3uoB paanonaokaTopo st BJIA u komnaktHeix PJIC must apyrux chep
MIpUMEHEHHsT pa3pabaTbiBaeTCss MHHHATIOPHBIH HHTEp(hEepOMETPHUECKHI
PaAMOJIOKATOp C CUHTE3UPOBAaHUEM alepTyphl aHTEHHBI JJIs YCTAHOBKU Ha
BJIA° manoro xmacca. OCHOBHBIE TEXHMYECKHE XapaKTEPUCTUKU
natepdepomerpuaeckoit PCA MJIO cBenens! B Tabimiy 1.

IlockonbKy mpOBEAEHHBIE HCCIENOBAHMS MOKa3ald BO3MOXHOCTb
peanm3aliy anmnapaTypsl ¢ TpeOyeMbIMH XapaKTepUCTUKaM{ OBIJIO HAYaTo
H3TOTOBJIEHUE AKCIIEPUMEHTAIBHOIO 00pasia HHTepPEepoOMETPUIECKON
PCA MIJIO. PagnonokaTop uMeeT nepeaaoniii KaHal M JBa HACHTUIHBIX
NpUEMHBIX KaHajJla C TOMOJIMHHBIM MeTonoM mnpuéMma. B  kadectBe
30HUPYIOLLETO CUTHAJIA HCIIONB3YETCs IIUPOKOIIOJIIOCHBI HENPEPHIBHBIN
CUTHAaJ C JIMHEWHOW YaCTOTHOW MOYJISLINEH.
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Tabauna 1. OcHOBHBIE TeXHUYECKHEe Xapakrepuctuku PJIC MJIO

IMapamerp 3HaueHHe
Bericora monera (H), m 500...1500
JITMHa BOJIHBI U3IIyYEeHUs], CM 3
JanpHOCTh KapTorpadMpoBaHus HOBEPXHOCTH, KM 4
[IpenensHOE TEeOMETPUYECKOE Pa3pelIeHIe, M 1

Macca, kr meHee 10

[MapannensHO  MPOBOAWNMCH — pa3paboTkKa W TECTHPOBaHUE
MIPOTPaMMHO-AITOPUTMUYECKIX CPEJICTB IOJMYYEHHUs PalroIOKalMOHHBIX
n3obpaxkennii. Ha pucynke 1 mpusenenst PCA m3o0pakeHne ydacTka
MECTHOCTH (SIPKOCTh COOTBETCTBYET MHTEHCHBHOCTH OTPAXEHUS) M TOT JKe
YY4acTOK MECTHOCTH ¢ uHTepdepomeTpniaeckoi 00paboTKoil (IpKOCTH
COOTBETCTBYET BBICOTE).

Pucynok 1 — PCA n3o0pakeHHe y4acTKa MECTHOCTH (Cl1eBa — SIPKOCTh
COOTBETCTBYET NHTEHCHBHOCTH OTPaXKEHH) M TOT K€ y4aCTOK MECTHOCTH C
nHTepdhepomeTpruIecKkoit 00paboTKOH (CIpaBa — IPKOCTh
COOTBETCTBYET BHICOTE)

BHenpenne MpemyioKEHHBIX PEUICHHH IO3BOJISIET  OOECIeYHTh
BO3MOXKHOCTb TIPOM3BOICTBA PazMoIOKalMOHHOTO KOMILIEKCa
OIIepaTHBHOTO MOHHUTOPHHIA JIEJIOBOM OCTaHOBKM Ha Oaze mainoro BJIA c
MHUHUMAJIBbHOM  CTOMMOCTBIO JKM3HEHHOTO [MKJIa ¥  ITOBBIIICHHON
HaJEKHOCTBIO.

JlaHHBIA JOKIIa[ cAenaH MO pe3yJjbTaTaM BBITOJHEHUS MPHUKIAJHOU
HAy4YHO-HCCIEIOBATEIbCKON U dKcrepuMeHTanbHoi padorsl (ITHUDP) mo
Teme: «Co3maHne HAyYHO-TEXHHYECKOTO 3ajelia B OOJIaCTH IMOCTPOCHHSA
YHUPHUINPOBAaHHONH MHHUATIOPHOW OOPTOBOI pajnoOKAIMOHHOW IEIEBOM
Harpy3kd Majlopa3MepHBIX OECHHIOTHBIX JIETaTeNbHBIX alllapaTtoB JUis
MOHUTOPHWHTA JIEJOBOW OOCTAHOBKH ITIPH CTPOUTEILCTBE M DKCILTyaTalluu
HedTerazoBsix miardpopm». Cornamenue Ne 14.577.21.0226.

Yuuxanvnouit uoenmughuxamop IHHUIP RFMEFI157716X0226.

271



A.B. Belskiy
TASKS OF CREATION OF ROBOTIC
HELICOPTER COMPLEXES

JSC Moscow Helicopter Plant M.L. Mile,
Lyubertsy, R.-P. Tomilino, Russia
abelskiy@mi-helicopter.ru

In modern conditions, the operation of a helicopter in difficult and
extreme climatic and geographical conditions is characterized by an ever
more complex process of information and control interaction in the «crew-
aircraft navigation systemy.

Viewgraph Ne 1

The main way to significantly improve piloting efficiency and
perform special tasks for modern and promising helicopters is, of course,
robotization of control functions, based on the intellectualization of the
decision-making process by crews in performing tasks, both individual and
in group use of helicopter complexes.

Robotization should be directed to the helicopters to perform a larger
volume of tasks in automatic autonomous mode. Such stages of flight as
takeoff, landing, hovering, flying along a given route, performing special
tasks can and should be considered for automation first of all.

Viewgraph Ne 2

The approximate stages of development of robotic complexes are
given.

Stage I: The onboard systems of the helicopter is additionally
equipped with a system of intelligent decision making (elements), which
should provide support to the pilot when performing the flight.

Consideration of equipping helicopters with special software and
hardware complexes.

Stage II: A smart control system can be implemented by helicopter.
Tasks will be performed by helicopter more automatically, but under the
control of the pilot.

All onboard systems of the helicopter function in this automatic mode.

The process of interaction of the helicopter with the ACS, ground
control points and other aircraft should also be worked out.

The following technologies should be implemented in the second
phase:

— automated management of group piloting, performing special
tasks;

— a system of intellectual support for crews in the performance of
basic flight and other tasks.

Stage III: The helicopter must «work» in an automated mode under
the control of the decision support system (intelligent system) with the
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support of solving tasks in various control loops as part of mixed-type
aircraft, while ensuring:

— full safety of the flight in an automated mode (including as part of
a group of helicopters);

— integration into a single network-centric control system, ensuring
interaction with UAVs, ground points taking into account the analysis of
preferred scenarios for their use, information exchange options and
management strategies.

Stage IV: The helicopter operates autonomously, without the
participation of the pilot. It provides autonomous piloting, the ability to
«think» and «make independent decisions» with significantly improved
parameters (in terms of speed and accuracy, quality of the decision).

Viewgraph Ne 3

By 2030, the proportion of unmanned helicopter complexes should be
more than 50%. The main trend is integration into the integrated tactical
command and control system. The main priorities are the creation of hybrid
(combined) man-robot complexes.

The priority technology of robotization is the creation of special
control rooms monitoring that ensure the autonomy of control and the
intellectualization of the onboard systems.

Viewgraph Ne 4

An example of a process of autonomous control of a helicopter
(AACUS program, the customer is DARPA).Robotization, as a mechanism
for software and hardware “learning” by the control, is to identify and
respond to dangerous events in flight and to adjust to ensure safe flight.

Viewgraph Ne 5

The main tasks and requirements for automation (robotization) of the
functions of helicopter complexes.

Viewgraph Ne 6

Methodological tools and mechanisms for the implementation of the
robotization process (automation and intellectualization) of the onboard
systems of helicopter complexes, including optimization, support and
decision-making procedures.

Viewgraph Ne 7

Proposals for the draft concept of helicopter robotization until 2025.

Viewgraph Ne 8

The principle of the hardware implementation (software and hardware
construction) of the intellectualization (automation of control) of the
onboard systems functions during the introduction of the combat
information and control system.

The possibility of introducing a combat information and control
system in regular onboard systems of upgraded helicopters is shown.
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Viewgraph Ne 9

Scheme of the “network robotization” of tactical tasks of helicopter
complexes.

Viewgraph Ne 10

Implementation of the management of autonomous group use of
helicopters based on information management systems and algorithms for
group use.

Viewgraph Ne 11

The scheme of automatic control of helicopters in the framework of
the creation of network contours.

Viewgraphs Ne 12-14

Basic technologies of structural and functional robotization of
subsystems onboard systems of helicopter complexes.
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URL: https: //www.ejwiki.org./wiki
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A.b. benvckuii
3AJJAYN CO3JAHUS POBOTOTEXHUYECKHUX
BEPTOJIETHBIX KOMIIJIEKCOB

AO «Mockoseckuii gepmonemuviil 34600 um. M.JI. Munsy,
2. Jliobepyut, p.-n. Tomununo
abelskiy@mi-helicopter.ru

B COBPEMCHHBIX YCJIOBUAX OKCILTyaTallvss BEPTOJICTOM B CIOKHBIX U
OKCTPEMATIBbHBIX KIIMMaTHYCCKUX n reorpa(bnqecm/lx YCII0BUAX
XapaKTCPU3YHOTC BCC Ooitee YCIOXKHAIOIIHUMCSA mpoueccoMm
I/IH(bOpMaHI/IOHHO-praBHHIOHIeFO B3aPIMO}.'[€I>iCTBPIH B CHCTEMC <«OKHIIaX-
HI/IJ'IOTa)KHO-HaBI/IFaHI/IOHHLJﬁ 60pTOBOﬁ KOMILJIICKC).

Caaiig Ne 1

I'naBHBIM C1OCOOOM CYIIECTBEHHOTO TOBBIIMICHHS A(PPEKTHBHOCTH
NUJIOTHPOBAHMS U BBIMOIHEHUs! CIIEIHANIbHBIX 3a/1ad Uil COBPEMEHHBIX U
MIEPCIIEKTUBHBIX BEPTOJIETOB, OE€3yCJIOBHO, CTaHOBHUTCS pPOOOTH3AIMS
(YHKIMHA yIpaBieHUs, OCHOBAaHHAash Ha HWHTEIUIEKTyalW3allMy Ipolecca
TIPUHATHSL PEICHNs] AKHUIAKaMH TIPU BBINOJIHEHWN TOCTABJIECHHBIX 337124,
KaK MHIVBHAYAITBHBIX, TAK M MPHU TPYNIIOBOM NPUMEHEHHH BEPTOJIETHBIX
KOMILIEKCOB.

PoGotn3anmst nomkHa  OBITH  HampaBjieHA Ha  BBIIOJHCHHE
BepTOoJIeTaMH OoJblIero o0béMa 3ama4 B aBTOMATHYECKOM aBTOHOMHOM
pexnme. Takue dTambl MONeTa, Kak B3JIET, MMOCaaKa, BUCEHHE, IOJET IO
3aJJaHHOMY MapUIPYTY, BHIIIOJIHEHUE CIIEIHATBHBIX 32/1a4 MOTYT M JIOJDKHBI
paccMaTpuBaThCs U aBTOMATH3ALUK B TIEPBYIO O4EPEb.

Caaiig Ne 2

[TpuBenena mpuMepHas 3TAHOCTh Pa3BUTUS POOOTOTEXHUUECKHUX
KOMIIJIEKCOB.

[-it stam: Boprosoit xommiekc (BK) BepTomera mOMONMHUTENTHHO
OCHAILIAETCSI ~ CUCTEMOW  MHTEIUIEKTYalbHOI'O  IPUHATUS  PEILICHUS
(371eMeHTamMM), KOTOpasl IOJDKHA OOecrevrBaTh MOJJEPIKKY JIETUYHKY HpPU
BBITIOJIHCHHUH I10JICTA.

PaccmarpuBaercs nmoocHameHne BK BeproneToB  crenuaibHBIMU
IIPOTPaMMHO-aNINAPATHEIMUA KOMIIEKCAMH.

II-it osram: Ha BepTosere MoXxeT OBITH peann3oBaHa CHCTEMaA
MHTEIIEKTYaJIbHOTO YIPABICHHS. 3a1aqi OyIyT BEITOIHSIOTCS BEPTOIETOM
OoJIbIIIe B aBTOMAaTHUECKOM PEKMME, HO IO KOHTPOJIEM JIETUHKA.

Bce OopToBBIE cHCTeMBI BepTOJIeTa NP 3TOM (DYHKIHOHHPYIOT B
aBTOMATHUYECKOM PEXHME.

[Iponecc B3aumoneiictBus Bepronera ¢ ACY, Ha3eMHBIMU ITyHKTaMH
ynpasieHus 1 Apyrumu JIA nomkeH ObITh Takxke 0TpaboTaH.

B pamxax BTOporo srama JOJKHA OBITH peaaM30BaHbl CIEIYIOIINE
TCXHOJIOTHH!
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— aBTOMATHU3HMPOBAaHHOE YIpaBJICHHE TPYIIOBBIM MIJIOTHPOBAHHEM,
BBINOJIHEHUEM CIIEHAIBHBIX 3a/1a4;

— CHUCTeMa MHHTE/UIEKTyaJbHOW  MHOJAEP)KKH JSKUNaKeH Ipu
BBITNIOJIHEHUH OCHOBHBIX MOJIETHBIX U APYTUX 3afad.

[II-# sram: Bepronmer momkeH «paboTaTtb» B aBTOMAaTH3UPOBAHHOM
pexxume mon ynpasineHueMm CIIIIP  (MHTeIUIEKTyanbHOH CHCTEMBI) C
obecrieueHNEM peIIeHHUs 33/a4 B Pa3IMuHBIX KOHTYpaxX YIpAaBJICHHUS B
COCTaBe IPyMITUPOBOK JIA cMelraHHOTO THITA, 0OecTIeurBast IPH 3TOM:

— TIOJHYIO 0e3011acHOCTh BBITIOJTHEHUS noseTa B
aBTOMAaTU3MPOBAHHOM pexuMe (B TOM 4YHCIE B COCTaBe TIPYIIIBI
BEPTOJIETOB);

— HHTCTPALUI0 B CIUHYIO CETCICHTPUYHYIO CHCTEMY YIIPaBICHHUS,
obecrieuenne B3ammopeictBus ¢ BJIA, HIIY ¢ ywerom anammsa
TPEAMOYTUTEIILHBIX CIICHAPHEB ux MIPUMEHCHUS, BapHUaHTOB
“HGOPMAIIMOHHOTO 0OMEHA M CTPATETHH yIIpaBJICHUS.

IV-it sram: Beproner ¢QyHKUMOHHpYET aBTOHOMHO, 0e3 ydacTus
nmetunka. (OOecreunBaeTCsl aBTOHOMHOE MHIIOTHPOBAaHHUE, CIIOCOOHOCTH
«MBICITUTE» U «IIPHHAMATHh CaMOCTOSTEIBHBIC PEIICHUI» CO 3HAYUTEIHHO
VIIy4IIEHHBIMH TapaMeTpaMd (10 CKOPOCTH W TOYHOCTH, KadeCTBY
MIPHHAMAEMOTO PEIICHIS).

Caaiig Ne 3

K 2030 romy nmoxnst Ge3skumnaxkubix BK momkna cocraBute Gonee 50
%. OcHoBHast TenaeHuust — uHrerpauus B ECY. OcHOBHbIE IPUOPUTETHI —
Co3JIaHNe THOPHUIHBIX (KOMOMHAPOBAHHBIX) KOMIDIEKCOB «IEIIOBEK-POOOT.

[MpuopuTeTHAst TEXHONOTHS POOOTHU3ANUN — CO3MAHUE CITCIHATBHBIX
[NAK, obecrieunBaromux aBTOHOMHOCTH YIpaBICHUS "
nHTeIekTyanu3anmo KbO.

Caaiig Ne 4

[Mpumep mporecca  aBTOHOMHOTO — YIIPaBICHHS  BEPTOJICTOM
(mporpamma AACUS, 3akazunk — DARPA).

PoboTm3anus, kak MEXaHHU3M TPOTPAMMHO-ANIIAPATHOTO «OOYICHUS
yIOpaBI€HHEM, 3aKIIOYAeTCS B BEIBICHHH M PEarHpOBaHUN Ha OIAacHBIE
COOBITHSI B TOJIETE M B KOPPEKTHPOBKE sl oOecredyeHus 0e30macHOro
ToJIeTa.

Cuaaiig Ne 5

OcHOBHBIC 32/1a9X U TPeOOBAHUS O aBTOMATHU3ANUH (pOOOTH3AIINH)
(yHKIHH BEPTONETHBIX KOMITICKCOB.

Caaiig Ne 6

MeTomoIoTHYeCKAe WHCTPYMEHTBI M MEXaHHU3MBI  pealTu3alliu
mporecca poOoTH3anuu (aBToMaTH3alMu W HWHTeIUIekTyanu3amun) KBO
BEPTOJICTHBIX ~ KOMIUIEKCOB,  BKIIOYas  MPOLEAYPHl  ONTHMH3AIUH,
TTOIICPIKKH U TIPUHSTHS PEIICHUH.
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Cuaaiig Ne 7
[Ipennoxxenus B npoekt kouuemniuu (KLIT) poboTuzannm BepToIeTOB
1o 2025 r.r.

Caaiig Ne 8

[Mpunamun  ammapaTHON  peanu3anuu  (TIPOTPaMMHO-ANIIaPaTHOTO
MOCTPOCHMS)  HMHTEIEKTyalu3aluy  (aBTOMATH3allUM  YIPaBJICHUS)
¢ynkumii KbO npu BHenpennn BIYC.

IToxa3ana Bo3MoxkHOCTh BHenpeHus BUYC B mratasie KBO
MOJIEPHU3UPYEMBIX BEPTOJIETOB.

Caaiig Ne 9
CxeMa «ceTeBOil pOOOTH3ALMM» TAKTUUECKHX 3a7ad BEpPTOJICTHBIX
KOMILIEKCOB.

Caaiig Ne 10

Peanu3zanusi ynpaBieHHss aBTOHOMHBIM TPYIMIOBBIM PUMEHEHHEM
BEPTOJIETOB Ha 0a3e MH()OPMAIHOHHO-YIIPABIISIIONIMX CUCTEM U aJITOPUTMOB
IPYIIOBOTO MPUMEHEHHSL.

Caaiig Ne 11
CxemMa aBTOMATHYECKOTO VIPABICHUS BEPTOJICTAMH B paMKax
CO3/JIaHUSI CETEBBIX KOHTYPOB.

Caaiignl 12-14
ba3oBbIe TeXHOIOTHH CTPYKTYPHOH U (PYHKIIUMOHAIBEHOW POOOTH3AIMH
noacuctem KbO BK.

1. Kenros 0.C. Busmmerep IO.B. Kuazp B.A. Brironos O.B.
OOHapyXeHHe NPEeMSITCTBHH B CHCTEME YIPABICHHS TPaHCIOPTHBIM
cpeactBoM. Jloknan Ha 3-oif  MeXIyHapOAHOH KOH(pepeHIINN
«udposas 06paboTka nHGOPMAINN U YIIPABICHUE B UPE3BBIYANHBIX
curyaruax» Muack, 2002

2. Makapeaxko H.C. PoGoToTexHWYeCKHE KOMIUIEKCHI  BOEHHOTO
Ha3HA4YeHHs — COBPEMEHHOE COCTOSHHE M IEPCHEKTHUBBI pPa3BUTHUSI.
YK 007.52.

3. CuzoB B.IO. Kakume OoeBbie pobOoThl HyxHbI Poccun// BoenHoe
obo3penue  (amekTpoHHEIH pecypc) 07.03.2016 — URL:https:
/Itopwar.ru/91912-kakie-boevye-roboty-nuzhny-rossii.html.

4. Mchenry R. ACTUV ASW Continuous Trail Unmanned Vessel
Industry Day — USA, DARPA, 2010.

5. The Navy Unmanned Undersea Vehicle (UUV) Master Plan — USA,
Department of the Navy, 2004.

6. bBecimnortHerii  smerarensHBN  ammapar  ELBIT  Hermes 900
(amextponHsIii pecypc). URL:https: //'www.ejwiki.org./wiki

277



.L. Zenkevich), A.V. Nazarova, Jianwen Huo

MOTION CONTROL METHOD OF GROUP ROBOT
BASED ON VISUAL INFORMATION FROM DRONE

Robotics Training-Research Center,
Bauman Moscow State Technical University, Moscow
zenkev@bmstu.ru,avn@bmstu.ru, huojianwen@hotmail.com

Currently, group robot is used in the fields of transportation, military
and so on. For example, in the case of an earthquake, two types of robots
are used: a drone designed to gather information and mapping or search and
rescue detection of suspicious objects, and ground robots will also head for
the object, scatter, surround and accompany it.

This paper discusses the movement of a group of robots in an
environment with obstacles, in which the drone and the lead robot must
install sensor system that allows to construct fragment of the trajectory
which robots move along, for example, vision system, laser scanning range
finder. However, due to the changing of external environment or assigned
task, it is difficult for a group of robots to maintain only a certain formation
when perform specified task. The purpose of this work is to control the
movement of a group of mobile robots based on data from the
accompanying drone. It is divided into two subtasks: first, the construction
of trajectory fragment in the robot coordinate system using the map
obtained from the drone. Secondly, the motion control of group robot in an
environment with obstacles.

Let the drone fly over obstacles and mobile robots, photographing
with camera and transferring obtained images to the lead robot to formed
global map by image stitching. And the local map is built by the lead robot
equipped a scanning laser range finder. In order to transform the global map
into the robot coordinate system,we use the method of least squares. After
that, two types of planning are used: global and local. In the global map
from the initial to the target position, global planning generates a sequence
of points based on the Dijkstra algorithm, and along the global trajectory,
local planning is carried out using the Dynamic Window algorithm based
on the incoming data from the scanner.

The strategy of controlling the movement of group robot is as follows:
when the topology formation of group robot is changed in an environment
with obstacles, the finite automata theory is used to controlled the state
transitions, and the principle of skew lines is used to avoid collisions, that is
when the paths cross, one robot stops to let another pass.

We have finished a series experiments to confirm the operability of
the proposed algorithm of trajectory planning and of the formation changing
strategy of group robot.
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, A.B. Hazapoesa, I[3anbeens Xo

METO/J YIIPABJIEHUA IBUKEHUEM I'PYIIIIbI POBOTOB
HA OCHOBE BU3YAJIbHOIH HH®OPMAIIAU OT JIPOHA

Hayuno-yuebnwiii yenmp « Pobomomexuuxay
MITY um. H. D. baymana, Mocksa
zenkev@bmstu.ru,avn@bmstu.ru, huojianwen@hotmail.com

B Hacrosmee BpeMs Tpyminsl poOOTOB  HCIONB3YIOTCA —IPH
TPaHCIIOPTHPOBKE TIPYy30B, B 33jJa4ax MOUCKM W OXpaHbl. Tak mpu
3eMJIETPSICCHUSX MCIONB3YIOTCSl J[BA THIIA POOOTOB: NPOHBI JUIS pPEIICHHS
3amad cOopa wHbOpMANMU M KapTorpadupoBaHUS MECTHOCTH WU IS
TTONCKOBO-CIIACaTENbHBIX OIepalysiX MOCTPAJaBIINX, U Ha3eMHbIE POOOTHI,
KOTOpBbIE HAamNpaBISIIOTCI K OOBEKTY, OKpYyXas M CONpPOBOXIas €ro,
9BaKyalHIO U3 OIIACHOH 30HEI.

B nmanno#f pabore paccMaTpuBaeTcs IBIKCHHE TPYNIBI POOOTOB B
Cpezie ¢ MPENATCTBUSIMH, NTPH KOTOPBIX IPOH M Ha3eMHBIN BEeAyIIHH poOOT
TPYIIBl JOJDKHBI OBITH CBS3aHBI CCHCOPHOM CHCTEMOH, ITO3BOJISIOUIECH
CTPOUTDH (parMeHTH! IPOrPAMMHOM TPAEKTOPHH, U BKJIIOYAIOIIEH CHCTEMbI
TEXHHYECKOTO 3pEHUs, CKAHUPYIOUIWE Ja3epHbIE JadbHOMEpPHI, Ha
OCHOBaHMHM MOJIYYEHHBIX JAHHBIX TPyINa MOOHIBHBIX POOOTOB B CTPOIO
JOJDKHA TepeMelIaTbCcs BIOJNb 3aJaHHOW NPOTPAMMHOW TpPAeKTOPHH.
OpHako, u3-3a W3MEHSIOIIEHCS BHEIIHEH Cpeasl WM KOPPEKIHU
MOCTaBJICHHONW  3a7aud  Tpynme poOOTOB — TPyIHO — TOAJEPIKUBATH
orpeziesIieHHyI0 (OopMy CTpOsl TSl peaiu3alun TpedyeMbIx 3anad. [Toatomy
LeNb JIAaHHOW padOTBl COCTOUT B YIPABJICHWH JIBIDKCHHEM TPYIIIBI
MOOWMJIBHBIX POOOTOB 1O MJAaHHBIM OT COMNPOBOKAAIOIIETO JPOHA.
VYnpasneHne 3aKI04aeTcsl B TOM, YTO TPYINIOBAas 3aj1ada pa3OMBaeTcs Ha
JIBE TI0/33Ja4M: BO-TIEPBBIX, IOCTpOEHHE (parMeHTa MPOTrPAMMHON
TPaeKTOPUH B CHCTEME KOOpDAMHAT Ha3eMHOro poboTa IO KapTe,
MOTY4YEHHOH OT JApOHA, BO-BTOPBIX, YIPABJICHHE J[BI)KEHHEM TPYTIIBI
MOOMIIBHBIX pOOOTOB B cpelie ¢ MPEISTCTBUAMHU.

[Tycte npoH oOneraeT 3aJlaHHYI0 TEPPHUTOPUIO TMPEMATCTBUSMH U
MOOWJIBHBIMH poOoTamu, (ororpadupyss e€ ¢ IOMOUIbI0 Kamepbl |
nepenaBas BeOyLIEMY pOOOTY TJOOAJIbHYIO KapTy, CHOPMHPOBaHHYIO
METOJIOM CLIMBaHMs M300pakeHWH. JIOKalbHas KapTa CTPOMUTCS BEXyLIHM
pOOOTOM TPYIHIIBI, OCHAIIEHHBIM CKaHWPYIONIIMM JIa3€pHBIM ATbHOMEPOM.
Tpanchopmanust T100aNEHONH KapThl B CHUCTEMY KOOpAMHAT poboTa
BBINOJIHSIETCSI C MCIOJNB30BAHMEM METOAa MHHHMMH3aUuK KBajapata. [locie
9TOTO pPEUIAIOTCS 3aJadyd IUIAHWPOBAHMA: TioOanpHAas M JIOKanbHas. B
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UCXOHOM Kapre riobanbHOe TUIaHUPOBAHUE TeHepUpyeT
MIOCJIE/IOBATENILHOCTh TOYEK OT HAa4yaJbHOTO N0 LIEJIEBOTO MOJOKEHHs Ha
OCHOBe anroput™ JleHKCTpbl, a 3aTeM, MO IIOCTYMAIOIIUM JaHHBIM OT
CKaHepa OCYIIECTBISIETCS JIOKAIFHOE IUIAaHWPOBAHUE BIOJb TIIOOAIBHOM
TPaeKTOPUH € MOMOIIBI0 anroputMa Dynamic Window.

Crpaterus ynpasieHUs IBHXCHHUEM TPYIIBI pOOOTOB COCTOHT B TOM,
YTO Ha JOTHYECKOM YPOBHE, OCHOBAaHHOM Ha TEOPHH amliapaTa KOHEYHBIX
aBTOMATOB, M3MEHSETCS TOCIE0BATEIbHOCTh IEPEXOI0B YIPABICHUS H
TOIIOJIOTHS TPYTIIEI POOOTOB B cpeae ¢ npenstcTBrsaMu. [Ipn nepectpoennn
o0ecreunTh HEOOXOIUMO OTCYTCTBHE CTOJIKHOBEHHHA pOOOTOB, I HYEro
HCIIONIB3YETCSI TIPHUHIIMI CKPEIIUBAIOLINXCS MPAMBIX, TO €CTh POOOT CTOHT
ONpEJEIICHHOE BpEMslT U  IPOIyCKaeT JApyroH, ABWXKYIIMHCA IO
nepeceKaroneicst TpaeKTOpUHU.

CCpI/IH MPOBCACHHBIX BBIYHUCIUTCIIbHBIX OKCIICPUMEHTOB IMOATBEpANIIA
paboTocnocobHOCTh NPEII0KEHHOTO anropuTMa MIOCTPOEHUS
MPOTPaMMHOM  TpaeKTOpHH, a  TakkKe  CTpaTeTMH  yIpaBlICHUS
TIepeCTPOSHNEM TPYIITEI POOOTOB.
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D.V. Senchuk, R.V. Meshcheryakov
DESIGNING CONTROL SYSTEM FOR REMOTELY
PILOTED AIR SYSTEMS (RPAS)

The Institute of Control Sciences V.A. Trapeznikov
Russian Academy of Sciences, Moscow
tyxer2006@gmail.com

Currently, the advanced technical studies of the scientific community
more and more often focus on idea of designing an effective control system
for autonomously operating multi-component remotely piloted aircraft
systems (RPAS), consisting of aircrafts with different functional purposes.
The study of this issue will discover how to solve successfully and
efficiently a wide range of problems in the case of limited time, adverse
weather conditions or places unfit for human habitation.

Designing RPAS control system is a complicated technology process,
due to a variable number of aircrafts in the autonomously operating multi-
component RPAS, as well as the dynamic and unpredictable nature of the
environment, where the tasks should be fulfilled. Thus, according to the
researcher’s opinion, it is expedient to determine the structural organization
of the group control system (GCS) right at the stage of development
scenarios of possible RPAS application. Let’s review some of available
options.

Centralized GCS is notable for simple organization and construction
of algorithm for group control, as in this case the entire RPAS is 6,
consisting of N robots, viewed as a whole, as a single control system with
many degrees of clamping. Thus each UAV (Unmanned Aircraft Vehicle)
of the system R; € @ (i = 1, N) must constantly transmit data to CCU about
its current state R;, ambient condition of the external environment E;, in
other words, the vector function information S; = (R;, E;). Based on this
information, GCS figures out automatically or with operator for all UAVs
task of forming actions A; (i = 1, N), aimed at optimal achievement of the
target group in the current situation.

Therefore, this option of RPAS control system construction does not
ensure the maximum certainly value for the successful solution of practical
problems, in case of nondeterministic environment and possible failures of
control signal transmission from CCU.

In order to neutralize weaknesses discovered during centralized GCS
construction, it is advisable to consider distributed (decentralized) systems
of group control for robots. Let us view an example of implementation of
the studied GCS as multicomponent RPAS consisting of three unmanned
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aircraft vehicles (UAVs). Aircrafts in the group are divided into patrol and
cargo ones, so they differ from each other in their cruising speed v k,
battery capacity b_k, and set of pre-installed aircraft hardware y{y, u},
where y is the useful load of pilot robot, and u is one of transport robot.

Structure of decentralized GCS, implementing collective control
strategy, is shown in Fig. 2. Here, each robot from group R; has its own
control system CS;. These systems are integrated with data communication
channel, but each CS; is responsible for selecting actions 4; for robot R; in
the group. Information about action 4;, selected by CS;, is announced to the
rest CS; (i = 1,N,i # j); on the basis of which the latter can adjust action
of “their” robots R;, taking into consideration action of robot R; in order to
optimize the achievement of group goals.

information channel

Task to deliver
medicines

‘ Environment E

Figure 2 — Distributed system of collective control for robots

Thus, we may refer high reliability and robustness of decentralized
GCS to the important advantages due to high possibility of adaptation to the
environment - situational changes in system "remotely piloted aircraft
system - environment", or to loss (malfunction) of one of the UAVs.

1. Butkovskiy A.G. The theory of optimal control of systems with
distributed parameters. - M.: "Nauka", 1965. - 476 p.;

2. Kutakhov V.P., Plyaskota S.I. Informational interaction in large-scale
robotic aircraft systems//Proceedings of the X International Conference
in 2 volumes, the Institute of Control Sciences named after V.A.
Trapeznikov; the Russian Academy of Sciences, 2017 — p. 93-96.

3. Hadad, Meirav; Kraus, Sarit et al. Group planning with time constraints
// Annals of mathematics and artificial intelligence, 2013, Vol. 69 P.
243-291.
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P.B. Mewepsaxkos, /I.B. Cenuyk
K BOITPOCY O NOCTPOEHUU CUCTEMBI YIIPABJIEHWU A
BECIINJIOTHOU ABUATUOHHOU CUCTEMBI

Hucmumym npobaem ynpaenenust um. B.A. Tpanesnuxosa PAH, Mockea
tyxer2006@gmail.com

B mocnenHee BpeMsi Bce dHamie B HCCIEHOBAaHUAX TEXHHUECKOM
HANpaBJIeHHOCTH B HAyYHOM COOOIIECTBE paccMaTpuBaeTcss Tema
MOCTPOCHUS 3¢ GeKTUBHOM CHUCTEMBI yIpaBIICHUS aBTOHOMHO
JIEWCTBYIOIIMX MHOTOKOMIIOHEHTHBIX OECIMIOTHBIX aBHAI[MOHHBIX CHCTEM
(BAC), cocrosimmx W3 PpazIMYHBEIX N0 CBOeMY (yHKIMOHAJIHLHOMY
HA3HAYEHUIO amnaparoB. M3ydyeHue NaHHOTO BONPOCa MO3BOJIUT YCHEIIHO U
OIIEPAaTHBHO pemaTh HIMPOKUH KPYyT MpoOJieM, B CIIydasX OTPaHWYEHHOTO
pecypca BpeMEHH, CIOKHBIX METEOYCIOBHSAX HIIM MECTaX HEIPUTOIHBIX
JUTS J)KU3HH YEJTOBEKA.

[IpoextnpoBanne cucremsl ympasienus BAC mpencraBiser coOoi
CIOXHBIA TeXHOJIOTWYeCKUH mpouecc. I[lo MHEHMIO HccCIenoBaTeNs,
LenecoobpasHo yxke Ha JTane pa3pabOTKH CLIEHAPHEB BO3MOXKHOTO
npuMeHeHrnss BAC ompenensaTs CTPYKTYpPHYIO OpPraHM3alUI0 CHCTEMBI
rpynmnoBoro ynpasienus (CI'YP). PaccMoTpuM HeKOTOpBIE U3 BO3MOXKHBIX
BapHaHTOB.

IentpanuzoBanHas CI'YP ormmuaercd mpocTOTOM OpraHu3allvd U
NITOPUTMU3ALUY TPYNIIOBOTO YIPAaBIEHUs, TaK KaK B JaHHOM ClIydae BCs
BAC 0, cocrosimas m3 N poOOTOB, paccMaTpuBaeTCsl Kak CIMHOE IENI0e.
Kaxnpiit BJIA cuctemsr R; € O (i = 1, N) A0JDKeH MOCTOSHHO TepeiaBaTh
B LYY onanHble 0 cBOEM TEKYyLIEM COCTOSHUM R;, COCTOSHUH
OKpY’KaIOIIEeTO ero ydJacTKa BHeIIHel cpensl E;, To ecTh MHPOpPMAILUIO O
BekTop ¢ynkuuu S; = (R;, E;). Ha ocHoBe st0it mHdopmaunun CI'YP B
ABTOMAaTHUYECKOM PEKUME WM TP 33AeHCTBOBAHUH OIlepaTopa peuaet s
Bcex BJIA 3amauy dopmupoBanus neivicteuil 4; (i = 1, N), HarpaBieHHBIX
Ha ONTUMAaJbHOE JOCTI)KEHHE IPYNIIOBOM 1IeTH B TEKYIEH CUTyalHH.

JlaHHBII BapHaHT NOCTPOEHUs cucTeMsl ynpasineHus bAC B ycnoBusax
HEIETEPMUHUPOBAHHOW Cpesl M BO3MOXHBIX COOSIX  ITPOXOXKICHHUS
CUTHAJIOB ympasieHus oT LIYY He mo3BosiseT obecrieunTh MaKCHMAIbHYTO
BEPOSITHOCTH YCIEIITHOTO PELICHHSI MPAaKTHYECKNX 3a1ad.

C nenplo HEWTpaNU3alUy BBIIBICHHBIX HEIOCTATKOB IENECO0OPa3HO
paccMOTpeTh  pacrpeleNicHHble  (IECLEHTPATU30BAHHBIE)  CHCTEMBI
IpYINOBOrO ymnpasieHus pobGoramu. [IpumepoM peanuzanmy n3ydaemoin
CI'YP moxer cuyxuTb MHOrokommnoHeHTHass BAC cocrosimas u3 Tpex
OECIMJIOTHBIX  JIETAQTEIBHBIX  amlmapaToB. Ammapartsl B TpyIIe
MOJIPA3AENAI0TCSA Ha JBYX Pa3BEAUUKOB U TPY30BOM.
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Crpyktypa aeuentpanuzoBanHoit CI'YP, peamusyiomieit crpateruio
KOJIEKTUBHOTO YIPaBIEHHUs, IPHBEICHA Ha pHC. 2. 31eCh KaX bl poOoT R;
rpynnsl  obnagaeT cBoei cucremoil ympapieHus CVY;. OTH  cucremsl
00BEANHEHBI C TIOMOINBI0 MH(POPMALMOHHOTO KaHaja CBS3M, HO KaxIas
CVY; orBewaer 3a BbIOOp jeificTBuil A; pobora R; B cocrtaBe rpymmsl.
Hudopmanmsa o neiictBum  A;, BeiOpanHoM CVYj, cooOmaercs BceM
ocranmsHbIM CY; (i = 1,N,i # j), Ha OCHOBAaHHMHM 4YE€ro MOCIEIHHE MOTYT
CKOPPEKTHPOBaTh AEHCTBUS «CBOMX» po0OTOB R; ¢ yderom meicTBus
poOoTa R; A7Is1 ONTHMU3AIMHU TOCTHXKEHUSI TPYIIIOBOH IIETH.

HupopMaHOHHEIH KaHAT

' 3amada MOCTABKH
\', L MeIHKAMEHTOB

‘ Cpena E

Pucynok 2 — PacnipenienenHas cucteMa KOJUIEKTUBHOTO YIIPaBJICHUS
pobotamu

Takum 00pa3oM, K BaXHBIM INPEHMYIIECTBAM JEIEHTPaTH30BaHHBIX
CI'YP MOXXHO OTHECTH BBICOKYIO HAJ€KHOCTh M JKHBYUYECTb, BCIEICTBHE
BBICOKOW BEPOATHOCTH TPHUCTIOCOOJEHUSI K OKpYyXKawllel cpene —
W3MEHEHUsIM CUTYyallud B cUcTeMe «OeCruIOTHAsI aBUAIMOHHAs CHCTEMa —
cpema», K TOTepe CBsA3M (BBIXOMY W3 CTPOs) OMHOIO M3 OECIHIOTHBIX
JIeTaTeNbHBIX anmnaparos.

1. byrtkoBckuit A.I'. Teopuss oNTHUManbHOrO YIpaBIEHHUsS CHUCTEMaMH C
pacnpeneneHHbIMU napamerpamu. — M.: U3n-Bo «Hayka», 1965. — 476
C.

2. Kyraxos B.II., [Tmackora C.M. MudopmanmonHoe B3anMoaelcTBHE B
KpYTTHOMACIITAaOHBIX POOOTOTEXHUYECKUX ABHALMOHHBIX CHCTeMax //
Martepuansr Jecaroil MexmIyHapoOHON KOH(EpeHIHH: B 2-X TOMax
WuctutyT ipobnem yrpasnenus uM. B.A.TpamesnnkoBa; Poccuiickas
akagemus Hayk. 2017 —93-96 C.

3. Hadad, Meirav; Kraus, Sarit et al. Group planning with time constraints
// Annals of mathematics and artificial intelligence, 2013, Vol. 69 P.
243-291.
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M.L. Kim
AUTOMATED INFORMATION SYSTEM OF MINE-RESCUE
PARTS BASIS OF UNMANNED AERIAL VEHICLES

SUEK JSC, Moscow
kimml@suek.ru

The fastest assistance of the people overtaken by accident in the mine
and accident elimination — the main objective of mine-rescue works, the
timely, truly made and quickly executed decision according to the analysis
of a miner situation on abnormal section can save the people who are in the
mine and minimize damage from accident.

During accident elimination there are such situations when mine
rescuers owing to the aggressive external environment cannot promote on
development for elimination of accident and rescue of people. In this
situation for saving of lives of mine rescuers use of robotic means is
reasonable. The existing caterpillar or wheel robotic means are slow-
moving and are not able in difference from autonomous flying means
quickly enough to solve monitoring mine-rescue problems [1].

The structure of an automated information system of mine-rescue
parts on the basis of unmanned aerial vehicles which allows to obtain
quickly reliable information about an abnormal situation in an excavation
after emergence in it different types of accidents is created.

The autonomous movement of the unmanned aerial vehicle is carried
out by the developed automatic management system the movement which
allows to execute in difficult mine conditions the set route with an adequate
accuracy. Post-abnormal mine conditions are characterized by constraint of
excavations, the changing geometry of external space, without power
supply and lighting, gas contamination, dust content, variable density of air,
high temperature, powerful variable air flows.

The automatic control system of the movement of the aircraft on the
selected route is structurally monitoring system with the adaptive regulator
allowing to react hard to mine perturbations from the variable density of air,
temperature and counter air flows [2; 3].

Created mathematical model of an automatic control system the route
movement of the aircraft, on the basis of the developed mathematical model
of the movement of the quadcopter in which perturbations to the movement
were considered passed investigation tests by modeling in software
environment of Simintech [4] having shown the adequate accuracy of the
movement on the set route flight trajectories in excavations from a starting
point to the place, admissible on safety, in the mine, necessary hangup and
return movement to mine rescuers.
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For execution of the main monitoring objective the aircraft is
equipped with sensors and a bypass of obstacles, execution of
measurements of structure of the miner atmosphere, temperature, existence
in abnormal development of people, means of a sensor network for transfer
of results of measurements to department of mine rescuers in the mine and
to the head of works on localization and recovery from the accident.

The concept of the mine unmanned aerial vehicle on the basis of
which technical sentences on development of the aircraft are developed is
created and proved, parameters and the instrument equipment sufficient for
necessary measurements, conversions and data transmission in the
deenergized mine are determined.

Using the unmanned aerial vehicle with the aircraft equipment
sufficient for post-abnormal measurement of parameters of the miner
atmosphere and data transmission to mine-rescue service significantly
reduces risk of danger of conducting mine-rescue works.

1. Kim M.L., Rodichev A.S., Pevzner L.D., Platonov A.K. O vozmojnosti
ispolzovaniia mobilnih robototehnicheskih letatelnih apparatov pri
vipolnenii operativnogo plana likvidatsii avarii ya shahtah // Ugol’. —
2018. - Nel. — C.34-38.

2. Anan'ev P.P., Meshcheryakov R.V., Kosterenko V.N., Kim M.L.,
Koncevoj A.S. Upravlenie RTK dlya monitoringa i obsledovaniya
podzemnyh vyrabotok // Progress transportnyh sredstv i sistemy-2018:
Materialy = mezhdunarodnoj  nauchno-prakticheskoj  konferencii.
Volgograd, 2018 g. — S. 164-165.

3. Volobuev M.F. Metodika ocenki tochnosti avtomaticheskoj sistemy
posadki samoleta v usloviyah vozdejstviya sluchajnyh vozmushchenij /
M.A. Zamyslov, S.B. Mihajlenko, S.V. Orlov // Sbornik dokladov XII
MNTK «K i VT XXI veka», tom 2. Voronezh, NPF «SAKVOEE»,
2011. 878 s.

4. Kartashov B.A., Kozlov O.S., Shabaev E.A., Shchekaturov A.M. Sreda
dinamicheskogo modelirovaniya tekhnicheskih sistem SimInTech, M.:
Izd-vo DMK-Press, 2017, 424 s.
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ML Kum
ABTOMATHU3UPOBAHHAS UH®OPMAIIMOHHASI CUCTEMA
TOPHOCIHACATEJIbHBIX YACTE HA OCHOBE
BECIIMJIOTHBIX JIETATEJIBHBIX AIIITAPATOB

AO «CYIK», Mockea
kimml@suek.ru

BricTpeliliee oka3zaHWe MOMOIIM 3aCTUTHYTHIM aBapuel B IIaxTe
JIOISIM UM JIMKBUJAAIUS aBapud — OCHOBHAas 3ajlada TOpHOCHAcaTeIbHBIX
paboTt, cCBOeBpeMEHHOE, BEPHO MPUHATOE U OBICTPO BBIIIOJIHEHHOE PELICHUE
10 aHAJTN3Y PYAHUYHON OOCTAaHOBKH Ha aBapHIHOM y4acTKE MOXKET CIIacTH
HaXO/SIIIUXCS B IIAXTE JII0JEH ¥ CBECTH K MUHUMYMY YIIEpO OT aBapHH.

Bo BpeMmsi nuKkBHIALUU aBapHUil CIly4alOTCs TAKHUE CUTYyalUH, KOrna
ropHOCHacaTeld B CHIy arpecCUBHBIX BHEIIHHUX YCIOBUH HE MOTYT
MIPOABUHYTHCA 110 BEIPAOOTKE JJIS JTUKBUIAIIH aBAPHH ¥ CIIACCHHUS JIFOJCH.
B oroil  curyamuu Uil COXpaHEHUs KM3HEH ropHocmnacarenei
enecoodpa3Ho HCIIOJIb30BaHUE POOOTOTEXHUIECKHUX CPELCTB.
CymiecTByoIme TyCeHHIHbIE HIIH KOJIECHBIE POOOTOTEXHIMUECKUE CPEICTBA
MAaJIOIIOABM)KHBI WM HE B COCTOJHHUUM B OTJIWYUHU OT ABTOHOMHBIX
JIeTaTeNbHBIX CPENCTB JIOCTATOYHO OBICTPO pellaTh MOHUTOPUHIOBBIC
ropHocmacarenbHble 3a1auu [1].

Co3maHa  CTpyKTypa  aBTOMAaTH3MPOBAaHHOW  WH(OpManMOHHOH
CHCTEMBl TOpHOCIIACATENbHBIX 4YacTed Ha OCHOBE OECIMIOTHBIX
JIETAaTeNbHBIX AaNlapaToB, KOTOpas IIO3BOJISIET ONEPATUBHO MOIyYaTb
JOCTOBEpHYIO HWH(pOpManuio 00 aBapuilHOH 0OCTaHOBKE B TOPHOHU
BEIpa0OTKE TTOCIIC BOSHUKHOBCHHUS B HEW PAa3TUIHBIX BHIIOB aBapHU.

ABTOHOMHOE JBIKCHHE OECIMIOTHOTO JIETATEIHHOTO ammapara
OCYILIECTBIISIET pa3pa0oTaHHAas aBTOMAaTHYECKash CHCTEMa YIpPaBICHHUS
JBIKECHUEM, KOTOpas TIO3BOJSET BBIIOJHUTH B CJIOKHBIX IAaXTHBIX
YCJIOBUSX 3aJJaHHBI MapuIpyT ¢ JOCTaTOYHOM TouHOCThI0. [locTaBapuiiHbie
MIaAXTHBIC YCJIIOBUA XapaKTCPUIYIOTCA CTECHECHHOCTBHIO TOPHBIX BI)Ipa6OTOK,
PI3MeH5[IOH.[eI71051 TreoMETprHU BHCIIHETO IIPpOCTpaHCTBA, OTCYTCTBHUEM
JJIETPOCHAOKEHNSI W OCBEUIEHHs, 3ara30oBaHHOCTBIO, 3allblJICHHOCTHIO,
NIePEMEHHOM IUIOTHOCTBIO BO3/yXa, BBICOKOM TeMmepaTypoi, MOIIHBIMU
NIePEMEHHBIMHU BO3AYIIHBIMU OTOKAMH.

CucremMa aBTOMAaTHYECKOTO YIPABJICHUS IBUKEHUEM JIETATEIbHOIO
ammapara 10 BBIOPAHHOMY MAapHIPYTy SBISETCS CTPYKTYPHO CIeIsmiei
CUCTEMOW C aNaNTHBHBEIM PETYISTOPOM, ITO3BOJSIOMMM POOACTHO
pearupoBaTh Ha IIAXTHbIE BO3MYLIEHHS OT IEPEMEHHOW IIJIOTHOCTH
BO3/yXa, TEMIIEPATyphl M BCTPEUHBIX BO3AYIIHBIX MIOTOKOB [2; 3].

Co3nanHass MaTeMaTH4yecKass MOJENb CHCTEMBI aBTOMATHYECKOTO
YIpaBIEHNUS MapIIPYTHBIM ABMKEHUEM JIETATEILHOTO alapara, Ha OCHOBE
pa3paboTaHHON MaTeMaTH4ecKOH MOJETH IBIDKEHUS KBaJpPOKONTEpa, B
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KOTOpOM ObLTH YUYTEHBI BO3MYILIEHUS JIBHOKEHHIO, npo1ia
UCCIICIOBATEIbCKHE HCIBITAHUS MOJCIMPOBAHHEM B MPOTPAMMHON cpeje
Simintech [4], TPOIEMOHCTPUPOBAB JOCTATOYHYIO TOYHOCTH JBIKCHUS IO
3aJJaHHBIM MapIIPYTHBIM TPACKTOPHUSAM IIOJIETa B TOPHBIX BHIPAOOTKAX OT
CTapTOBOM TOYKH JI0 JOMYyCTUMOTO IO OE30MacHOCTH MeCTa B IIIaxTe,
HE00XOAMMOTO 3aBUCAHUS U OOPATHOTO IBMKEHHUS K TOPHOCTIACATEIISM.

J1s1 BBIMIOJIHEHUS OCHOBHOM MOHHUTOPHHIOBOM 3aa4M JIETATEIbHBIN
ammapar OCHAIleH CpeACTBaMH OOHAapyKeHHs W 00XonIa MpersTCTBHIA,
BEITIOJTHEHUSI M3MEPEHUHA COCTaBa PyIHUYHOW aTMOC(epbl, TeMIIepaTyphl,
HaJIA4#e B aBapUTHON BBIPaOOTKE JIIO/IEH, CPEICTBAMH CEHCOPHOW CeTH IS
mepesadn pe3ynbTaToB M3MEPEHUI OTAETCHHUI0 TOPHOCTacaTeNeil B maxre
U PYKOBOIUTEIIO pabOT IO JIOKAJU3AI[MK M JIMKBHIAIIMHM IOCIEACTBUI
aBapuu.

CdopmupoBaHa U 000CHOBaHA KOHIIEHIIMS IAXTHOTO OECHMJIOTHOTO
JICTATEFHOTO  amiapara, Ha OCHOBaHWMHM KOTOPOW  pa3pabOTaHBI
TEXHUYECKHE TPEIUIOKCHUS Ha pa3pabOoTKy JIeTaTeIbHOTO armapaTta,
ONpENeNICHbl TapaMeTphl W TNPUOOpPHAS OCHACTKA, JJOCTATOYHAS ISt
HEOOXOAMMBIX W3MEpPEHHUH, MpeoOpa3oBaHWil ¥ Tepenavyd JaHHBEIX B
00eCTOUYCHHOH IIIaxTe.

Hcnonp3oBaHue OECHUIOTHOTO JIETATENBHOTO ammapara ¢ OOPTOBBIM
o0opyIOBaHHEM, IOCTATOYHBIM IS IIOCTaBapHHHOTO  W3MEPEHHUS
mapaMeTpoB  pyOHHYHOW  aTMocdepsl W Tepeiadd  JaHHBIX
TOPHOCIIACATEILHON CIY’KO€ CYIIECTBEHHO CHM)KAeT PHCK ONACHOCTH
BEJICHHUS TOPHOCIIACATEIBHBIX Pa0oOT.

1. Kum M.JL, Pommuer A.C., Ilesumep JILJ., IlmatonoB A.K. O
BO3MOXHOCTH HCIOJIb30BAHUS MOOWJIBHBIX POOOTOTEXHUUECKUX
JIeTaTeNbHBIX anmnaparoB MpPHU BBIMIOJHEHUH OIEPaTHUBHOIO TIIaHa
JIMKBUJIAIMY aBapuy Ha maxrtax // Yroms. —2018. - Nel. — C.34-38.

2. AmnanbeB ILII.,, MemepsikoB P.B., Kocrepenko B.H., Kum M.JL,
Konmnesoit A.C. Yrpasnenne PTK mis MoHUTOpHHTA B 00CIICIOBAHUS
MMO3eMHBIX  BEIpaboTOK // IIporpecc TpaHCHOPTHBIX CpPEACTB U
cucteMsl-2018: Marepranbl MeXIyHapOIHOW HAyYHO-TIPAKTHIECKOH
koH(pepenmmn. Bonrorpan, 2018 r. — C. 164-165.

3. Bonobyes M.®. Meroauka OICHKH TOYHOCTH aBTOMATHUYSCKOU
CUCTEMBI IIOCAJKH CaMoOJIeTa B YCIOBMSX BO3JEHCTBUS CIIy4alHBIX
Bo3mymienuii / M.A. 3ameicioB, C.b. Muxaiinenko, C.B. Opimos //
Coopnuk moxmanos XII MHTK «K u BT XXI Beka», Tom 2. Boporex,
HIT® «CAKBOEE», 2011. 878 c.

4. Kapramos b.A., Ko3nor O.C., [1labaeB E.A., lllekarypos A.M. Cpena
MUHAMAYECKOTO MOAenrpoBaHus Texauueckux cucteM SimInTech, M.:
M3n-so AMK-IIpecc, 2017, 424 c.
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THE RADIO ALTIMETER WITH SWEEP FREQUENCY
MODULATION FOR UNMANNED AERIAL VEHICLES

TUSUR, Russia, Tomsk, Russia
ivanruf-1@mail.ru

Now actively unmanned aerial vehicles develop. They find application
in the different industries. They are applied in scientific research of an earth
magnetic field and other geophysical surveys. For researches of this sort it
is required to know position of the UAV in space with a high accuracy.

Being guided by the described need, the radio altimeter radiating a
continuous signal with sweep frequency modulation in L-and X-ranges was
designed. Such solution allows to measure height both to the Earth's
surface, and to an upper edge of vegetation. Range of measurement of
heights was from 1 to 100 m, the measurement accuracy of height of 0.5 m.

Radio altimeters are a kind of radar stations (radar station) which as
the purpose use the spreading surface.

In the UAV use of altimeters with a continuous radiation of a
frequency-shift signal as UAVs are seldom used at big heights is
characteristic and the most part of the functionality is carried out at low
height.

For obtaining the maximum power of an input signal of the receiver at
measurement of height in the developed radio altimeter the most
advantageous is vertical radiation.

Use of sweep frequency modulation of an emitted signal gives the
chance to design the altimeter with a continuous radiation that allows to
reach the high accuracy and resolution capability. Control of height by a
frequency method is based on measurement of frequency of emitted
fluctuations for propagation time of a signal to the spreading reflective
surface and back.

At fixation by a frequency meter of mid frequency of beats of Fc=FD
the value of height of H becomes in proportion to beat frequency.

It is possible to measure height on a signal of beats from different
accuracy. For the developed altimeter the monitoring measuring instrument
of signal frequency of beats was selected as allows to achieve the largest
measurement accuracy of height.
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HU.B. Apacesukun, C.P. I'azumos
PAJIMOBBICOTOMEP C JIMHEMHOM YACTOTHOM
MOAYJISIMUEN JJIs1 BECIAJIOTHBIX JIETATEJBHBIX
AIIMIAPATOB

TYCVYP, Tomck
ivanruf-1@mail.ru

B  HacTosmee BpeMs aKTHUBHO  pa3BHBAIOTCA  OECHMIOTHBIC
netarenbHble anmapatsl (BITJIA). OHu HaxoIAT NMpUMEHEHHE B pa3IMYHbBIX
orpacinsax. OHM NPUMEHSAIOTCS B HAy4YHBIX HCCIENOBAaHHMAX MAarHUTHOTO
moJist 3eMIIM M JIpYTUX TeoQHU3NYecKuX HccienoBaHusX. [y mogoOHoro
pola uccienoBanuii TpedyeTcs 3HaTh nmosioxkeHue BITJIA B mpocTpaHCTBE ©
BBICOKOH TOYHOCTEIO.

PyKOBOICTBYSCH OIMCAaHHON HEOOXOIMMOCTBIO, OBLT CIIPOEKTHPOBAH
PaauoOBBICOTOMED, H3IYYAlOLIMHA HENPEpPBhIBHBIA CUTHAJI C JIMHEHHOM
yacTOTHOM Moaymsinuen B L- n X-nuanazonax. Takoe pelieHUe MO3BOJSET
M3MEPSATH BBICOTY KaK O MOBEPXHOCTH 3€MJIM, TaK U JI0 BEPXHEH KPOMKH
pacturenbHOCTH. JlMana3oH M3MepeHus BBICOT coctaBmi oT 1 mo 100 m.,
TOYHOCTh U3MEPEHUS BBICOTHI 0,5 M.

PannoBeicoTOMEpE! SBISIOTCA PAa3HOBUIHOCTBIO PAHONOKAI[MOHHBIX
craniuii (PJIC), xoTopsle B KadecTBe LIEIH HCIONB3YIOT MOJICTHIIAIOIIYIO
TIOBEPXHOCTb.

B BITJIA xapakTepHO HCHOJIb30BAHUE BEICOTOMEPOB C HETIPEPBIBHBIM
M3JIyYeHHEM CHUTHaja C 4acTOTHOM Mopyisauued, tak kak BIIJIA peaxo
WCIIONIB3YIOTCSl Ha OONBIIMX BBICOTaX M OONBINYI0O YacTh CBOETO
(YHKITOHAJIA BRIMOIHSIOT HAa HU3KOH BBICOTE.

Jis  monmydeHHs MaKCHMalbHOM MOIIMHOCTH BXOJHOTO CHIHAla
MIPUEMHHUKA TIPH MU3MEPEHUH BBICOTHI B Pa3pabOTaHHOM pPaJNOBBICOTOMEpE
HanboJIee BRIMTPBIIIHBIM SIBIISIETCS] BEPTUKAIBHOE OOITydeHHE.

Ucnonp3oBaHue JWHEHHOM YAaCTOTHOM MOIYJSIUU H3Iy4aeMOro
CHUTHaJIa JaeT BO3MOXKHOCTH CIIPOEKTHUPOBATh BBHICOTOMEpP C HENPEPHIBHBIM
U3Ty4EeHUEM, YTO TIO3BOJISET JOCTUYD BBICOKYIO TOYHOCTD U Pa3peIlaroyio
crocoOHOCTh. KOHTpPOJIb BBICOTHI YaCTOTHBIM METOJIOM OCHOBBIBAETCSI Ha
HM3MEpPEHNN YacTOTHI U3JIydaeMbIX KOJeOaHWi 3a BpeMsl pacrpoCTpaHEHHUs
CHTHAJIa JI0 MOJCTHIIAIONIEH OTpakarolieii MOBEPXHOCTH U 00paTHO.

IIpn QukcupoBaHMKM YACTOTOMEPOM CpeIHEH YacTOoThl OmeHuit
Fc = FD 3nauenue BbIcOTbI H CTaHOBUTCS NpPONOPIHOHAIBHO YaCTOTE
OueHwuii.

W3MepsTh BBICOTY 1O CHTHATY OWEHHI MOXKHO C Pa3HOW TOYHOCT.
s pa3paboTaHHOTO BBICOTOMEpa OBUT BBIOpAaH CIEOMIINAN H3MEpUTENh
YacTOThl CHTHaJda OMEHMH TaKk KakK MO3BOJISIET NOOWMThCS HaMOOJbLICH
TOYHOCTH U3MEPEHUS BBICOTHI.
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S.S. Tataurshchikov
PERSPECTIVE DEVELOPMENTS OF PHOTODETECTORS
BY JSC “NRI ’ELECTRON”

JSC ”NRI “Electron”, St. Petersburg
stataur.46@mail.ru

Future development of photoelectronic devices of JSC “NRI
“Electron”, produced on their own production and technological base
(vacuum and solid-state), are discussed. The devices feature with a high
level of basic characteristics providing leadership in the market. It is
reported about new directions of development of new solid-state and hybrid
photoelectronic devices, which have the required potential in the creation of
modern opto-electronic devices and systems.

C.C. Tamaypujukos
NEPCIHEKTUBHBIE PASPABOTKU ®OTOINPUEMHUKOB
AO «(IIHUUA «QJEKTPOH»

AO "LIHHUU "Dnexmpon", Cankm-Ilemepoype
stataur.46@mail.ru

B nmamHOIl cratbe  OOCYXKAAIOTCA  HEPCIEKTHBBI  Pa3sBUTHUS
¢doroanexTporHbIX yerpoiicTB AO «THWUU «3nekTpon», BBITyCKaeMbIX Ha
COOCTBCHHOH IPOM3BOACTBEHHO-TEXHOJIOTHIECKOH 0aze (BakyyMHOH U
TBEpIOTENbHOW). [IpHOOpPEI OTHMYAIOTCA BBICOKMM YpPOBHEM 0a30BBIX
XapaKTepUCTHK, 00ECIIeYNBAONINX JHIEPCTBO Ha phiHKE. Coolmaercs o
HOBBIX  HAaNpaBIICHUSAX  Pa3BUTUS  TBEPJAOTENbHBIX M  THOPUIHBIX
(HhOTOBICKTPOHHBIX YCTPOMCTB, 0013 Jar0INX HEOOXOAUMBIM MMOTECHIMAIOM
NPU CO3/IaHUU COBPEMEHHBIX ONTO3JIEKTPOHHBIX IPUOOPOB U CUCTEM.
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V.V. Voronov
THE TECHNICAL AND LEGAL ASPECTS OF AERIAL
ROBOTICS SYSTEMS DESIGN AND APPLICTIONS

R&D Kronshtadt Group,
«Transportationy branch in “Aeronet” workgroup, Moscow
viadimir.voronov@kronshtadt.ru

The unmanned aerial systems (UAS) are now most applicable robotics
systems. The UAS market forecasts and particularly their civil
implementaions will demonstrate up to 44% grow during the period till
2027. The market trend shows the service segment of the market will
prevail over R&D and production.

Unlike the ground and sea robotic systems the UAS are the subject of
the regulation, applicable for manned aviation. Nowadays many countries
are investigating the UAS regulation and several national and international
programs are under way. The aviation regulation requires from UAS several
technical issues for integration in the common airspace. Actually, the
avionics assuring the aircraft connectivity, surveillance, separation and
collision avoidance is not well adjusted for UAVs. The cybersecurity is a
specific problem to be resolved to guarantee the secure UAV flights. The
common and control (C2) data link is a necessary technical issue providing
UAV flight control and ground pilot communication with air traffic control.
The complex of technical and legal issues proving IAS integration in the
national airspace is commonly referred as unmanned traffic management
(UTM).

B.B. Boponos
HOPMATHUBHO-TEXHUYECKHE ACIHEKTbBI CO3JAHUSA U
MPUMEHEHUS CPEJICTB BO3JYIIIHOM POBOTOTEXHUKHA

Ipynna «Kpomwmaomy, pabouas epynna «Aspornemy
viadimir.voronov@kronshtadt.ru

Kommnekcsr ¢ OecnmimoTHBIME JleTaTtenbHbIME anmaparamMu (BJIA)
SBIIIOTCS.  HA  CETONHSINHMK  JeHb  Hambolee  NPUMEHSIEMBIMH
pobororexanyeckumu cucremMamu. Ouenku peiaka BJIA, B ocobeHHOCTH HIX
TPaXIAHCKUX NMPUMEHEHUH, MOKa3bsBaloT pocT 10 44% B mepuon mo 2027
roga. Toxpko B Poccum paspaboTkoit u mpousBoacTBoM BJIA 3anmMaroTcs
cepimie 200 xommaHui. TeHAeHIMM pHIHKA TaKOBBl, UYTO Ha
NPOTHO3UPYEMBIil EpHO HanOOoJIbIIAs OIS PhIHKA CMENaeTcsi B 00JacTh
OKCITyaTalluui U OKa3aHUs YCIYT. HpI/I'-ICM, Cp€au BUAOB YCIYT MOABIACTCA
CETrMEHT JOCTaBKH I'PY30B, a B Oojiee OTIaJIeHHOH MEepCIeKTHBE IIEPEBO3KH
MACCAKUPOB («AIPOTAKCHN).

292



OTin4ne CpeacTB BO3IYIIHONH POOOTOTEXHHKHU OT APYTHUX COCTOUT B
TOM, YTO OECIUIIOTHBIE JIeTAaTEbHBIE aIlapaTthl SBJISIOTCS aBUALMOHHBIMU
CHUCTeMaMH, T.€. HCHOIb3YIOT BO3AYIIHOE MPOCTPAHCTBO U MOJJIEXKAT
peryJupoBaHUIO BCeW  aBHMAIMOHHOM  oTpacnu. HopmaTuBHblE U
HOPMAaTUBHO-TEXHUYECKHE aKThl, Takue Kak «Bo3qymHslli Komxekcy,
@enepanbHble  aBHALMOHHBIE — mNpaBwiaa,  DenepanbHble  MpaBHiIa
HCIIOJIB30BAHMUSI BO3ILYIIHOTO MPOCTPAHCTBA MPUMEHNUMBI K becnmioTHeIM
aBHAIMOHHBEIM  cuctemMaM. OpnHako, crmemuduka BAC — tpeOyer
MOJEPHHM3AIMM HOPMATHBHO-TIPABOBBIX AaKTOB M MPHHATHA 0cO0OTO
perymupoBanus. B ampene 2018 roma mocraHoBienuneM llpaButenscTBa
MIPUHAT IDIaH MeponpusITuii ("' TOPOKHYIO KapTy') MO COBEPIICHCTBOBAHUIO
3aKOHO/IATEJIbCTBA U YCTPAHEHUIO aJMUHHCTPAaTHBHBIX 0apbepoB B IEISAX
obecrieueHnsl peajH3allii IUIaHa Meponpuatuii ("' IopoxHOW KapTh'")
HannonalbHOM  TEXHOJIOIMYECKOM  MHULMATHBBI 110  HAIPABICHUIO
"Asponer". Peanmmzanms sToro IraHa moTpeOyeT H3MEHEHHUS JApYIux
HOPMAaTHBHO-TIPABOBBIX aKTOB, OTHOCAIINXCSl K nHTEerpaunu BAC B obOmiee
BO3/YIIHOE NPOCTPAHCTBO. A 3TO B CBOIO OYEpe]b MOTPEOyeT CO3IaHus
TEXHUYECKHX PEIIeHHH, aJaNTUPOBaHHBIX Mox mnpumeHeHus bBAC,
00ecIIeunBaONINX BEINOJIHEHNE TPeOOBaHMHA 3aKOHOJATEIHCTBA.

K TakuM TeXHWYECKHM pPELICHUSIM OTHOCSTCS, B YacCTHOCTH, JIMHUH
CBSI3M W YNPABICHHSA, CHUCTEMBl aBTOMAaTHYECKOTO  3aBHCHMOTO
HaOMIONEHUS, CPEACTBA TPEIOTBPAINCHHS CTOJIKHOBEHHUS B BO3IYXE,
CTaHIIMsl BHEITHEro MIJIOTa, KubepHeTHyeckas 0e30macHoCcTh U aApyrue. B
psne ctpaH B oOecredyeHHe TIpaKJAaHCKUX TNPUMEHEHHH OeCIMIOTHBIX
JIeTaTeNbHBIX  allapaToB  pa3paldaThIBAlOTCSI  HAlMOHAJbHBIE U
MEXXIYHApOAHBIE TTPOTPAMMBI U MPOEKTHI, 00beanHsieMble onsitHeM UTM
— Unmanned Traffic Management. AHanOrHYHBI TPOEKT MPEATIOKEH K
peanusaiuu B Poccuiickoil ®enepauuu B pamkax JIopoxHOH KapTel
Asponer HamuoHanbHOW — TEXHOJIOTMYECKOHM HMHMLIMATUBBL. ['pynma
«KpormranTy mpemraraer co3gath NeTHy0 nabopatoputo Ha 0aze BJIA
OOJIBIION TPOJOIKUTENFHOCTH TIOJIETa JUIS amnpoOaru M BepuUKanuu
TEXHHUYECKHUX W OPTaHU3aLMOHHBIX PELICHUH 110 MHTETPAIMN OECIIIOTHBIX
aBHAIIMOHHBIX CUCTEM B 00IIlee BO3YIIHOE IPOCTPAHCTBO
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A.S. Lakhmenev
FUTURE PROFESSION: UNMANNED AVIATION
INTERFACE DESIGNER

GC Geoscan, Saint-Petersburg
a.lahmenev@geoscan.aero

In the atlas of future professions, there is such an amazing profession
as: a designer of unmanned aircraft interfaces. He is an expert in the
development of interfaces and a software technology package for managing
unmanned aerial vehicles, and is responsible for programming and
operating systems for providing unmanned aerial vehicles, navigation and
security. This profession will appear on the labor market after 2020. But the
training of professional personnel is starting today [1].

This specialist will be responsible for programming and operating the
support systems, navigation and security of unmanned aerial vehicles.

The report will reflect the main methods of teaching and motivating
the younger generation to the new specialty of the future based on the
quadcopter Geoscan Pioneer.

Geoscan Pioneer is a multifunctional educational and methodical
complex for educational institutions, aircraft models, circles of robotics or
self-study [2].

The work of additional modules necessary for solving educational
cases will be demonstrated. All educational cases are aimed at solving
problems posed directly by leading enterprises of our country.

1. Atlas of new professions. - Moscow: 2014. - 168 p
2. [Electronic resource]. URL: https://www.geoscan.aero/ru/pioneer/
(access date: 04/20/2019)
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A.C. Jlaxmenees
HPO(I)ECCI/IUH BYAYUIEI'O: HPOEE(TI/IPOBHII/IK
HUHTEP®ENCOB BECIINJIOTHOU ABUAITUN

I'K I'eockan, Canxm-Ilemepoype
a.lahmenev@geoscan.aero

B arace Oyaymux npodeccuii, eCTh Takas yIuBUTEIbHAS podeccHs
Kak: MPOEKTHPOBIIUK HHTEep(eHcoB OecMIOTHON  aBHaUH. OTO
CIeUUaIucT 1o  pa3paborke  MHTeppeHcoB W MPOrpaMMHOIO
TEXHOJIOTUUECKOT0 TTaKeTa JUIsl YIPaBJIeHUs] OCCIIMIIOTHBIMH JIETaTeIbHBIMU
amnmapaTaMy, OTBeYaeT 3a IpPOrpaMMHpOBaHME U pabdOTy CHUCTEM
obecrieueHnsl, HaBUTAIMM W 0€30MacHOCTH OECIMIOTHBIX JIETAaTEeIbHBIX
anmapartoB. [lanHas mpodeccus MOSBUTCS Ha peIHKE Tpyna mocie 2020
roga. Ho moxaroroBky mnpodeccHoHaNbHBIX KaIpoB HadMHAEM YKe
ceroans [1].

JanHbI crenuanuct OyAeT OTBeyaTh 3a IPOrPaMMHPOBAHHE U
paboTy cucteM oOecredeHrs, HABUTAUI0 U OE30MacHOCTh OECIHMIOTHBIX
JIeTAaTETbHBIX aIlapaToB.

B nokmanme Oyzmer oTpakeHbl OCHOBHBIE NMPHEMBI NMPU OOYYEHUH U
MOTHBAIlMM  TIO/IPACTAIOLIETO IOKOJIEHHS K HOBOH  CIEIHaIbHOCTH
Oyxayiiero Ha OcHOBe kBaapokonTepa ['eockan [Tuonep.

l'eockan  IImoHep- 3T0  MHOroyHKIMOHAJIBHBIA  y4eOHO-
METOAMYECKHA  KOMIUIEKC  JIsi  00pa3oBaTeNbHBIX  YUPEKACHHH,
aBHAMOJIETIBHBIX CEKIUH, KPYKKOB POOOTOTEXHUKH MM CAMOCTOSTEIFHOTO
u3yyeHus [2].

Byner mnpomemoHcTprupoBaHa paboTa NONONHHUTENBHBIX MOIYJIEH,
HEOOXOAMMBIX  UIA  pemIeHus  oOpa3oBaTeNbHBIX  KeiicoB.  Bcee
o0pa3oBaTenbHbIE KEWCHl HANPABJICHbI HAa PEIICHHE 3a]1ad, MOCTABICHHBIC
HETIOCPEICTBEHHO BEAYIIUMH TIPEIIPUSATUSIMH HAIIeH CTPaHbI.

1.  Amiac HOBBIX podeccuid. — Mocksa: 2014. — 168 c.
2. [Onexrponnsiii pecypc]. URL: https://www.geoscan.aero/ru/pioneer/
(mata oopamenus: 20.04.2019)
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LS. Fomin, A.V. Bakhshiev
USING OF DEEP NETWORKS FOR CLASSIFICATION
OF LOW-RESOLUTION OBJECTS IN INTELLIGENT
VIDEO ANALYSIS SYSTEMS

Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
i.fomin@rtc.ru, alexab@rtc.ru

The work is devoted to the description of the study of the use of
convolutional neural networks for the classification of objects detected by
the system of intelligent video surveillance. This task is relevant, since the
use of neural networks for the classification of objects will allow us to
significantly expand the capabilities of the intelligent video surveillance
system [1]. Determining the class of an object with sufficient accuracy will
allow throw out a significant number of false detections, as well as using
information about the class of an object to construct various scenarios for
issuing an alarm.

As a platform for building neural networks for the classification of
objects, Darknet was chosen [2], which was integrated into the video
surveillance system as a dynamic link library. In the process of building the
classifier, several variants of learning the architecture of the neural network
based on the convolutional layers from VGG-16 [3], with weights
previously trained based on ImageNet images, were considered. The
influence of the correlation of the training data on the quality of learning
and the number of iterations required by the network to achieve maximum
quality is considered.

Since construction of a classifier is being considered for use as part of
an intelligent video surveillance system, a set of data for training neural
networks within a specific task was obtained using this system. System
allow us to detect various moving objects in the video from a stationary
camera using background accumulation methods and intelligent analysis of
a differential image. The images were processed to have a same color order
and enlarged to a resolution of 224x224 pixels, which is the standard input
resolution of the VGG-16 network. Two different data sets have been
prepared, each divided into parts for training and testing.

On the first data set, the accuracy was obtained from 84.9% to 98.3%
for various network variants, erroneously classified images are difficult for
classification by human either. On the second data set, where both the
training and test data sets are significantly larger, it was possible to achieve
accuracy from 85% to 95.6% for various correlation options.

296



Taking into account the fact that the classification is not performed
autonomously, but as part of an intelligent video surveillance system that is
capable of tracking objects and building a trajectory of their movement, an
algorithm is proposed for post-processing the classification results on the
entire observation trajectory. This algorithm has improved the accuracy by
1-3% for various test video.

1. Bakhshiev A.V., Mikhailov V.V. Software system for the development
of technical vision systems and decision-making with dynamically
modified modular architecture / Robotics and technical cybernetics.
Vol. 4 (13) /2016. Ed. RTC, 2016 - C. 38-42.

2. Redmon J. Darknet: Open source neural networks in c. — 2013.

3. Simonyan K., Zisserman A. Very deep convolutional networks for
large-scale image recognition //arXiv preprint arXiv:1409.1556. — 2014

H.C. Domun, A.B. Baxwues
NPUMEHEHUE I''TYBOKHUX CETEMN JJISI KTACCUOUKALIAH
OBBEKTOB HU3KOI'O PASPEIIEHUSA B CHCTEMAX
HUHTEJUIEKTYAJIBHOI'O AHAJIU3A BUJIEO

T'HI] P® [JHUH PTK, Canxm-Ilemepbype
i.fomin@rtc.ru, alexab@rtc.ru

PaGora ToOCBsIeHA  ONHMCAHMIO  HWCCIENOBaHMS  TPHUMEHEHUS
CBEPTOYHBIX HEHPOHHBIX CeTell I  KiIacCUPHKaMM  OOBEKTOB,
00Hapy>KEHHBIX CHCTEMOW MHTEJUIEKTYaJIbHOTO BHJICOHA0MoeH s, JlaHHas
3amadya aKTyalbHa, TaK KakK [PUMEHCHWE HEUPOHHBIX CeTed s
KmaccuuKamuu  OOBEKTOB  TMO3BOJHUT  CYIICCTBEHHO  PACIIAPUTH
BO3MOKHOCTH CHCTEMBl HHTEIUIEKTYyalbHOTO BHAcoHaOmromeHus [1].
Omnpenenenne Kiacca OOBEKTa C JOCTATOYHOW TOYHOCTHIO TIO3BOJIUT
OTCeSATh CYIIECTBEHHOE YHCIO OMHUOOK TMepBOTO ponxa, a TaKke
HCTIIOTH30BaTh HH(POPMAIHIO 0 KiTacce 00beKTa TSI TOCTPOSHHS PA3IMIHBIX
CIICHapHEeB BbIIaYM CHUTHAJIa TPEBOTH.

B kauectBe mmaTopMbl Ui MOCTPOCHUS HEWPOHHBIX CeTeil s
ki1accudukanmum o0beKTOB ObUT BBIOpaH (peiiMBopk Darknet [2], koTopslit
ObUT WHTErpUpPOBaH B CHCTEMY BHJICOHAONIOACHUS KakK IMHAMHUYECcKas
6ubmmoTteka. B mpomecce mocTpoeHus KiaccudukaTopa paccMOTpPEHBI
HECKONIBKO BapWaHTOB OOYYCHHS apXHUTEKTYphl HEHPOHHOH  CceTH,
OCHOBaHHON Ha cBepTouHbIX cioax or VGG-16 [3], ¢ Becamu,
mpenBapuTenbHO  Oo0ydeHHBIMH Ha 0Oa3ze m300paxkeHmit ImageNet.
Paccmorpeno BnmsHME KoimdecTBa O0O0ydaeMBIX CIIOEB Ha KadecTBO
o0ydeHHs W KOJMYECTBO HTepanuii, HeOOXOAUMOE CETH IJISl JTOCTHKECHUS
MaKCHMaJIbHOTO Ka4eCTBa.
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Tak Kak paccMaTpuBaeTcsi IIOCTPOCHHE KiacCU(pHKaTopa s
NPUMEHEHHUS] B COCTaBE CHUCTEMbI MHTEIUIEKTYaIbHOTO BUACOHAOIIOJICHNS,
TO HaOOp JAaHHBIX U1 OOyYeHHs] HEHPOHHBIX CeTeil B paMKax KOHKPETHOU
3a7a4u ObLT MMOJyYeH C MCIIOJIb30BAaHUEM JaHHOH cucteMbl. OHA TIO3BOJISIET
OOHAapy)XMBaTh pa3iIM4YHbIE TIOABW)KHBIE OOBEKTHI HA BHIEO CO
CTAl[IOHAPHOW KaMephl C MOMOIIBI0 METOJ0B HAaKOIUIeHUs (oHa u
MHTEJUICKTYyaJIbHOTO aHalli3a Pa3HOCTHOTO Hu300pakeHus. M3o0parkeHus
Obutn  00paboTaHBl 1 (OPMHUPOBAHWS EOUHOTO TMOPSAKA IIBETOB U
YBENIMYEHBl [0 paspemenus 224x224 mnmkcens, KOTOpoe SBISETCS
CTaHIApTHBIM BXOTHBIM pa3zpemieHueM cetu VGG-16. [loxrorosieno nsa
pa3nUuYHBIX HAbOpa JAaHHBIX, KAXJIbIA pa3feieH Ha 4acTu s OOydeHus u
TCCTUPOBAHUA.

Ha nepBoM Habope naHHBIX ModydeHa TOYHOCTH OT 84,9% mo 98,3%
1A pas3IMYHbIX BapUaHTOB CETH, OIJ_H/I60‘IHO KJ'[aCCI/I(i)I/II_II/IpOBaHHLIe
n3o0pakeHUs TPYAHBI M ISl WAeHTU(HKAanWK dYenoBekoM. Ha BTopom
HaOope MaHHBIX, I/leé W OOYdYaloOIMi M TECTOBBIM HAaOOpPHI JaHHBIX
CYIIECTBEHHO OOJIBIIE, YIAIOCh TOCTUYb TOYHOCTH OT 85% 10 95,6% mns
pa3IMYHBIX BAPUAHTOB.

C yderoM Toro (hakra, YTO KJIacCH(UKAIWS BBITIOIHIACTCS HE
ABTOHOMHO, HO B cocTaBe CHCTEMBI MHTEJUICKTYalbHOTO
BHICOHAOIIOIEHNS, CITOCOOHON OCYIIECTBIISATH COPOBOXKIEHIE 0O BEKTOB 1
MOCTPOCHHE  TPACKTOPHU  MX  JBIIKCHUS, TPEIUIOKEH  allTOPUTM
NOCTOOPAa0OTKH  Pe3yJbTaTOB KIAacCU(HUKALUK Ha BCEH TPaeKTOpUHU
HaOroneHusi. JIaHHBINA aJrOpUTM TO3BOJIMJ MOBBICHTH TOYHOCTH Ha 1-3%
JUTA pa3jInYHbIX TECCTOBBIX BPII[COSaHPICCﬁ.

1. baxmmes A.B., Muxaiinos B.B. Ilporpammubeiii kommiuekc s
pa3paboTKM CHCTEM TEXHHYECKOTO 3pEHMs M TPUHSITUS pelieHuil ¢
JUHAMHYECKH  HM3MEHSIEMOH MO/IyJIbHOH apXHTeKTypod  /
PobGoToTexnmka w TexHMUeckas kubOepHeTmka. Ne4(13)/2016. Uzn.
I[IHNU PTK, 2016 — C. 38-42.

2. Redmon J. Darknet: Open source neural networks in c¢. —2013.

3. Simonyan K., Zisserman A. Very deep convolutional networks for
large-scale image recognition //arXiv preprint arXiv:1409.1556. — 2014

298



N.S. Filatov, LS. Fomin, A.V. Bakhshiev
RESEARCH ON APPLICABILITY OF SMALL NEURAL
NETWORKS USING POWER-LIMITED HARDWARE
IN VIDEO SURVEILLANCE

Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
n.filatov@rtc.ru, i.fomin@rtc.ru, alexab@rtc.ru

The perception of the surrounding space by a mobile robot is often a
necessary condition for its proper operation. It is necessary to correctly
assess the environment to plan a route or monitor the area of interest and
transmit information to the operator. One of the most accessible and
effective ways to obtain information about the surrounding space is the use
of video sensors. Computer vision, as the science of creating machines that
can detect, track and classify objects, allows the robot to evaluate the
environment. In connection with the development of computing hardware,
the use of deep neural networks for the tasks of detection, classification and
segmentation of objects has gained considerable popularity.

However, such machine learning models require a lot of memory and
computational power, which makes it difficult to use them in embedded
systems. Therefore, the creation of lightweight versions of neural networks
which will require fewer resources is an actual task. Creating neural
networks of small size allows them to be embedded in systems with a small
memory size. An equally important aspect for a mobile robot is the speed of
processing, some implementations of small neural networks and methods of
their compression also reduce the computational complexity, and thus
decrease the delay in the system.

In addition to the use of small and fast neural networks in the vision
systems of a mobile robot in the tasks of scene analysis, navigation and
decision making, the task of analyzing a video stream from a stationary
camera in order to protect a certain perimeter is also relevant. Such tasks are
traditionally based on motion detection based on a background and
foreground model [1]. This approach allows you to efficiently detect and
track moving objects, but does not allow the classification of objects.

To solve the classification problem, both traditional methods based on
the analysis of the metrics of motion of detected objects, and methods of
machine learning, including deep neural networks are used [2]. Since video
surveillance tasks usually require processing information from multiple
cameras, it is of particular interest to use small neural networks to solve the
classification problem in order to save computational resources.
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The paper presents an analytical review of high-performance neural
network architectures designed for image classification, such as SquezeNet
[3] and Mobilenets [4]. A review of neural network compression methods
was also conducted. For the considered neural networks, a comparison was
made with larger models in terms of accuracy and speed in the video
surveillance problem.

I. Verma G., Gautam S., Agarwal R., Saxena S., Verma D.
Implementation of Smart Video Surveillance System Using Motion
Detection Technique // Sensors and Im-age Processing. Advances in
Intelligent Systems and Computing / eds. Urooj S., Virmani J. 2018. V.
651.

2. C. Kim, J. Lee, T. Han, and Y. M. Kim, “A hybrid framework
combining background subtraction and deep neural networks for rapid
person detection,” J. Big Data, vol. 5, no. 1, 2018.

3. Forrest N. Iandola, Song Han, Matthew W. Moskewiczl , Khalid
Ashrafl, William J. Dally, Kurt Keutzer. squeezenet: alexnet-level
accuracy with 50x fewer parameters and <0.5 mb model size //
ArXiv.org, DeepScale & UC Berkeley, Stanford University 2016.
Available: https://arxiv.org/pdf/1602.07360.pdf .

4. Andrew G. Howard Menglong Zhu Bo Chen Dmitry Kalenichenko
Weijun Wang Tobias Weyand Marco Andreetto Hartwig Adam.
MobileNets: Efficient Convolutional Neural Networks for Mobile
Vision Applications // ArXiv.org, Google Inc 2017. Available:
https://arxiv.org/pdf/1704.04861.pdf .

H.C. Qunamos, U.C. ®omun, A.B. baxuiues
HNCCIEJOBAHHUE IPUMEHNMOCTHU CBEPXMAJIBIX
HEWPOHHBIX CETE HA MAJIOMOIIHBIX INIAT®OPMAX
B 3AJJAYE BUJIEOAHAJINTUKN

T'HI] P® [JHUH PTK, Canxm-Ilemepbype
n.filatov@rtc.ru, i.fomin@rtc.ru, alexab@rtc.ru

Bocrpusitue MOOHMJIBHBIM POOOTOM OKpYIKAIOLIETO MPOCTPAaHCTBA
YacTo SBJISIETCS HEOOXOMMMBIM YCIOBHEM €ro IPaBWIBHOW paboThL
Heo6xoauMo BEpHO OLIEHUTH OKPYIXKAIOUIyl0 OOCTAHOBKY JUISi IOCTPOSHHMS
MapupyTa JABWKCHHUS WIH IPOM3BECTH MOHHTOPHHI OOJIACTH MHTEpeca H
nepenath MHGopManmio omepatopy. OmHEM U3 Hamboiee NOCTYMHBIX U
3¢ (GeKTUBHBIX CIIOCO0OB TMONydeHHs WHQOpMAu 00 OKpYKaroIeM
MIPOCTPAHCTBE SBISETCS HCIIOJB30BAHHE BHIEOCEHCOPOB. TeXHHYECKOe
3peHHe, Kak HayKa CO3MaHHMs MAIlUH, KOTOpBIE MOTYT HPOU3BOAUTH
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OOHapy>KEHHE, OTCIIC)KMBAHUE W KIACCU(PHUKAIMIO OOBEKTOB, IMO3BOJIICT
poOOTY OLEHHUTH OKpYXKaloI[ylo cpeay. B cBi3u ¢ pasBuUTHEM
BBIYMCIIMTENFHON TEXHHKM 3HAYMTENBHYIO IOMYJSIPHOCTH IPHOOpEIo
NIpUMEHEHHEe TITyOOKMX HEWPOHHBIX CeTed Ui 3aj1ad JIeTeKTHPOBaHMS,
KJIaCCU(HKAINH ¥ CETMEHTAIlUN 0OBEKTOB.

OpHako TakWe MOJENM MAIIMHHOTO OOy4YeHHs TpeOyIoT MHOTO
TIaMSTH U BBEIYUCINTEIBHOW MOIIHOCTH, YTO 3aTPYAHSIET X NPUMEHEHHE BO
BCTpamBaeMbIX cucremax. IlosToMy cosgaHue OOJIETdeHHBIX BapHaHTOB
HEHPOHHBIX ceTell, KOTopble OyAyT TpeOOBaTh MEHBIIIE PECYPCOB, SIBIISCTCS
akTyanpHON 3amaueii. CosmaHme HEHPOHHBIX CETeH Maloro pasmepa
MO3BOJIIET BCTPaMBaTh WX B CHUCTEMBI C MajbIM pa3MepoM mamsaTH. He
MeHee BaXKHBIM aCIIEKTOM JUII MOOMJIBHOTO po0oTa SIBISIETCS CKOPOCTh
00paboTku MH(pOpMALUK, HEKOTOPbIE pealn3allid MaJeHbKUX HEHPOHHBIX
ceTed W METOABl HMX O00pabOTKM TO3BOJSIFOT TAaKKe CHHU3HTH
BBIYHMCIIUTENBHYIO CIIO)KHOCTB, a 3HAYUT YBEIUYUTH OBICTPOJEHCTBHE
CHCTEMBI.

[ToMmuMo mpUMeHEHHsS MalbIX W OBICTPHIX HEWPOHHBIX ceTed B
CHCTeMaxX TEeXHHYECKOTO 3peHHsl MOOMIBHOrO poOoTa B 3agadax aHaIN3a
CIIEH, HaBUTalWM W TPUHATHS PELICHUs, aKTyaJbHOH SBIAETCS TakKe
3aJjaya aHaJM3a BUAEOMOTOKA CO CTAI[MOHAPHOW KaMephl C HENbI0 OXPAaHBI
HEKOTOpOTo nepumerpa. Takoro pona 3a1adu TpaJULHOHHO OCHOBBIBAIOTCS
Ha oOHapy>KeHUH JBIKCHUS Ha 0a3e Monenu (poHa U mepenHero miaHa [1].
Tako#t noaxoj mo3BoisieT 3(h(GEeKTHBHO OOHAPYKHBATH U COMPOBOXKIATH
JBIDKYIINECS 00BEKTHI, HO HE MO3BOJISIET 00ECHEUNTh HX KIacCH(UKAIHIO.
Jdnst peumieHus 3aayd KiIacCU(HUKALMKM MPUMEHSIOT KaK TpPaJWUIMOHHBIE
METO/bl, OCHOBAaHHBIE Ha aHAIN3e METPUK JBIDKEHUS OOHapyKEeHHBIX
00BEKTOB, TaK M METOJbl MAIIMHHOTO OOyYeHUs, B TOM 4YHCIE TIyOOKne
HelipoHHble cetu [2]. [lockonmbKy B 3ajavax BHJICOAQHAIUTHKH OOBIYHO
TpeOyercs 00pabaTeiBaTh HHPOPMALIMIO CO MHOXKECTBA KaMmep, TO OCOOBIH
MHTEpEC BBI3BIBACT IIPUMEHEHHE MMEHHO CBEPXMAaJbIX HEHPOHHBIX ceTed
JUIL  pemIeHus  3aJadd  KIacCH(QUKaWd C  [eNbl0  3KOHOMHHU
BBIUHCIIUTENBHBIX PECYPCOB.

B pabote MIpeICTaBICH AHATTUTHYECKHIA 0030p
BBICOKOIIPON3BOIUTEIBHBIX APXUTEKTYP HEHPOHHBIX cereid,
TpeIHA3HAYCHHBIX IS KJIAaCCH(HUKAIMU 0OBEKTOB Ha H300PaKCHUAXK, TAKHX
kak SquezeNet[3] u Mobilenets[4]. Taxke mpoBeaeH 0030p METOAOB
CKaTHsl HEHPOHHBIX ceTei. [[s pacCMOTPEHHBIX HEHPOHHBIX CeTel OBbLIO
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IPOBEJICHO CpaBHEHHE C Ooyiee KPYIHBIMH MOJENAMH IO IOKa3aTelsiM
TOYHOCTH U OBICTPOJEHCTBHS B paMKaXx 3a7a4y BUICOAHATUTHKH.

1.

Verma G., Gautam S., Agarwal R., Saxena S., Verma D.
Implementation of Smart Video Surveillance System Using Motion
Detection Technique // Sensors and Im-age Processing. Advances in
Intelligent Systems and Computing / eds. Urooj S., Virmani J. 2018. V.
651

C. Kim, J. Lee, T. Han, and Y. M. Kim, “A hybrid framework
combining background subtraction and deep neural networks for rapid
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MASKING OF OPERATING SIGNALS OF AGENTS IN MOBILE
ROBOTIC GROUPS WITH NETWORK-CENTRIC MANAGEMENT

! SPIIRAS, Saint-Petersburg, shumskaya.oo@gmail.com
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Within the research the relevant problem of creation of new multi-
agent robotic complexes with protected network-centric control system is
considered. Process of operating signals transfer and tasks of their
concealment from third-party objects and possible means of investigation
are considered. The approach for operating signals masking, directed to
formation of mechanisms of protected interaction between agents of a
robotic system and based on the steganographic methods application for
concealment of operating signals, is offered.

The initial task is understood as performance of some operation with
robotic group involvement. Concealment of the fact of land robots group
existence is represented important. As a rule, video filming is result of
remote investigation, an attempt of operating signals concealment in a
digital video stream with application of steganographic methods is made. A
Digital Watermark (DW) can be placed as over an object, and into a video
stream, which is the sequence of digital images. Embedding into image’s
frequency domain allows to achieve resistance to a number of attacks due to
the properties irrespective of an embedding algorithm.

Identification process of DW existence in a stego-container is carried
out by means of correlation calculation between the estimated watermark
and the image in which, perhaps, DW is hidden [1]. Excess of the threshold
means that required DW is built in the image.

The offered approach includes algorithms of signal transformation to
DW, embedding of DW and check of its existence.

Calculation of DW’s values is performed according to the formula:

0,if R <r<R_.

, 1
Lif R . <r<R__ M

W(x,y)= {

. [ 2 2
where R, Ruqx —borders of ring area, ¥ =+/X" + y~ .

As an embedding method the multiplicative way was chosen. When
embedding new amplitude values are calculated by the formula (2):
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M’(x,y):M(x,y)+a-M(x,y)W(x,y) (2)

where M(x,y) — an initial amplitude value of DFT-coefficient with
coordinates x, y.

Verification of DW and masked operating signal by recipient is made
by application of the discrete Fourier transformation (matrix F’) and
calculation of quantity of positive and negative elements. Then the
calculated correlation is compared to the established threshold for decision-
making.

In robotics an effective solution of many tasks can be reached only in
group interaction of robots. The offered approach allows to suppress the fact
of operated signals transfer by agents of such systems. Advantage of the
approach is the lack of need of absolutely correct extraction of the built-in
data [2], unlike methods of the -cryptography and the classical
steganography. The offered approach can be used for formation of the
protected mechanisms of intermachine data exchange between agents in
group robotic systems.

The reported study was partially funded by RFBR according to the
research project Ne 19-01-00767.

1. Shumskaya, O.0., Budkov, V.Yu. Comparative research of
classification methods in the stegoanalysis of digital images. Scientific
Bulletin of NSTU. 3(72), 121-134 (2018) (in Russian)

2. Shumskaya, O.0., Zelezny, M. Adaptive algorithm of information
embedding into compressed JPEG-images based on replacement
operation. Information and Control Systems. 5, 44-56 (2018) (in
Russian)
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MACKHNPOBAHHUE YIIPABJISIIOIUX CUTHAJIOB A'EHTOB
B MOBMJIBHBIX POBOTOTEXHUYECKHUX I'PYIIIIAX
C CETEHEHTPUYECKUM YIIPABJIEHUEM
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B pamkax wuccnenoBaHUsT aBTOpaMH pacCMaTpHUBacTCs —3ajada
CO3J]aHUSl HOBBIX MHOTOAreHTHBIX POOOTH3MPOBAHHBIX KOMIUIEKCOB C
3alUIEHHON CeTeeHTPUUECKOH cucTeMoil ynpasnenus. PaccmarpuBaercs
MIpolLecC Nepelaul YIPaBIIOIUX CUTHAJIOB M UX COKPBITHS OT CTOPOHHHUX
00BEKTOB M BO3MOXHBIX CPEICTB Pa3BEAKH M TPEIJIaraeTcsl MOAXOM IS
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MacKUpPOBaHUSA YOPaBISIOMUX CUTHAJIOB, HaTpaBIEeHHBIN Ha
(bopMHpOBaHHE MEXaHU3MOB 3allIMIIEHHOTO B3aWMOJICUCTBUS MEXIY
areHTaMu poOOTOTEXHMUYECKOH CHUCTEMBI, OCHOBAaHHBIH Ha HPUMEHEHHUH
cTeraHorpau4ecKux METOJI0B JUIS COKPBITUS YIIPABIISIONIMX CUTHAJIOB.

Ilon wucxomHoOW 3amadell IOHMMAeTCs BBIIOJHEHHE HEKOTOPOU
Ollepaliii C TIPUBJIECYCHHEM pPOOOTOTEXHMYECKOH TpymIbl. BakHBIM
MIPEACTABIACTCS COKpBITHE (akTa HaIW4Ws TPYNIUPOBKH HA3EMHBIX
poboToB. Tak Kak pe3yabTaTOM AWCTAHIIMOHHOW pPa3BEIKH KakK IPaBHIIO
SIBISIETCS] BUACOCHEMKA, MPENPHHATA MOMBITKA COKPBITHS YHPABIAIOMINX
CHUTHAJOB B LU(PPOBOM BHIECONOTOKE C TIPUMEHEHHEM METO/OB
creradorpadpun. LludpoBoit Bomsnoit 3Hak (LIB3) MoxHO pa3MecTHTs
noBepx 00BbEeKTa WM CKPHITh B BHICONOTOK. BcTpamBaHue B 4acTOTHYIO
00J1aCTh M300paXKeHUs! MO3BOJISIET JOOUTHCS YCTOMYMBOCTH K PsIly aTak 3a
CYET CBOMX CBOMCTB HE3aBUCUMO OT AJITOPUTMA BCTpauBaHUs.

[Ipouecc  BoisiBneHuss Hanmuuusi [IB3 B crerokoHreiiHepe
OCYILECTBJIIETCSI C  IOMOILBIO  BBIUUCIEHHS]  KOPPEISILUU  MEXIY
MIPEANoaraeMbIM BOJASIHBIM 3HAKOM M HW300paKe€HHEM, B KOTOPOM,
BO3MOKHO, CKpbIT [IB3 [1]. IlpeBblmeHre HEKOro MOPOrOBOTO O3HAYAET,
YTO B M300pa’keHNe BCTPOEH HCKOMBIH 1[B3.

[Mpennaraemslii MOAXOJ BKIIIOYACT alTOPUTMBI NPE0OpasoOBaHUS
curnana B [{B3, srenpenus LIB3 u mpoBepky ero Hamu4us.

Pacuer 3nauenwmii LIB3 ocymmecTBisercs corinacHo Gopmyie:

O,ecniu R, <r<R_.

Wi(x,y)= (1)

<r<R__~

min max

1, ecu R

o 2 2
r7€ Ryyin U Ryyay - TPAHUIBI KOJIBLEBOM 00MacTH, ¥ = /X~ + V7 .
B kauectBe criocoda BcTpanBaHus ObLT BEIOpaH MYJIBTHIUTHKATHBHBIHA
cmoco6. Ilpm  BCTpamBaHMM  HOBBIC  AMIUIUTYJHBIE  3HAYCHHS
paccauThIBatoTCs 1Mo hopmye (2):

M'(xay):M(xay)+a'M(xay)W(xsy) (2)

rae M(x,y) — ucxomHoe aMmIDUTyaHOE 3HaudeHue Kodhdurmenta AIID c
KOOPJIMHATAMH X, ).

IIpoBepka Hammuus [[B3 1 MacKHpOBaHHOTO YIIPABIISAIOIIErO CUTHANA
MoJIy4uaTejieM IIPOU3BOAUTCA ImMyTeEM MMPUMEHCHUA JUCKPETHOC
npeobpasoBanne ®Dypbe (Marpuma F’) u  pacyera  KOJIMYECTBA
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ITOJIOKUTECIIbHBIX u OTPpULATECIIBbHBIX 3JICMCHTOB, ITOCJIC qero
pacCcurThbIBacEMasd KOPPEIIALUSA CpaBHUBACTCA C YCTAHOBJICHHBIM ITOPOTOBbIM
3HA4YEHHUEM JUIs TIPUHATHS PEIICHHSI.

B poGortorexuuke 3()(eKTHBHOTO pelIeHUs] MHOTUX 3a/1a4 BO3MOXHO
JOCTHYh  TOJNBKO  TpPH  TPYNIOBOM  B3aWMOAEHCTBUH  pOOOTOB.
[IpeanoxeHHBIA MOAX0] MO3BOJIAET CKPBITH (DaKT Mepefadr yIpaBiIsieMbIX
CHTHAJIOB areHTaMH TaKWX CHCTeM. [IpenMyIiecTBOM MOAXOAA SIBISETCS
OTCYTCTBHE HEOOXOAMMOCTH aOCOJIOTHO KOPPEKTHOTO  M3BIICYCHUS
BCTPOCHHBIX JaHHBIX [2, B OTIMYHE OT METOAOB KpUNTOrpadpuul u
Kkimaccudeckor creraHorpaduu. IlpemmoskeHHBII TOAX0A MOXeT OBITh
WCTIONB30BaH s (OPMHPOBAHMS  3AINMIICHHBIX ~ MEXAaHHU3MOB
MEXMAIIIMHHOro oOMeHa JAHHBIMU MEXKAY arecHrtaMu B TI'PYNIIOBBIX
POOOTOTEXHUYESCKHUX CHCTEMaX.

Hccnedosanue 6binonneno npu 4acmuyHol QUHAHCO80U NoO0epiicKe
PODH 6 pamkax nayunozo npoexma Ne 19-01-00767.

1. Hlymckas O.0., bynkos B.}O. CpaBHUTENBHOE HCCIEIOBAHNE METOOB
krmaccu(ukanuy B creroanaimse MuQpoBhIX m300paxkenuit // Hayunsrit
BecTHUK HI'TY. —2018. — Ne 3 (72). — C. 121-134.

2. Hymckas O.0., XKenesnsl M. AQanTUBHBIA aNrOpUTM BCTPAMBAHUS
nHpopmanmu B cxkaTtele JPEG-m300pakeHHs Ha OCHOBE OIEpaIiui
3amens! // UHpopMannoHHO-ypaBisonie cuctemsl. — 2018. — Ne 5. —
C. 44-56.
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SPACE ROBOTICS /
KOCMHYECKAA POBOTOTEXHMKA

A.V. Yaskevich, L.E. Chernyshev, Y.V. Rasskazov
DOCKING MECHANISM FOR INTERNATIONAL
SPACE PROGRAMS

PAO “RSC “Energia”, Korolev, Russia
post@rsce.ru

Spacecraft docking is a controlled on-orbit mechanical assembly
process realized using active and passive docking units. The docking
mechanism of the active unit provides capture conditions, attenuation of
active spacecraft approach energy, alignment and retraction of the docking
units before their hard connection [1].

Up to now, several docking systems have been developed under the
International Docking System Standard (IDSS) [2] by national space
agencies and private companies. Docking mechanisms of these systems are
based on different design and control principles. Thus a new peripheral
docking mechanism, with more simple kinematics and design than that used
in previous APAS docking unit, has been developed by Rocket Space
Corporation "Energia’ [3]. An accumulation of spacecraft approach kinetic
energy instead of traditional damping is used in this mechanism.

Active spacecraft approach kinetic energy is accumulated by using
springs with controlled recoil blocking. The blocking is activated before
docking and keeps the docking mechanism in its initial position. On the first
contact signal, the blocking is switched off releasing the energy of
compressed springs for quick forward moving of the docking ring and
improving capture. The blocking is activated again after capture and
approach energy is accumulated by the springs without returning to the
mechanical system. Spacecrafts are aligned and retracted by using
specialized rope device of docking mechanism after their relative velocities
are reduced to zero. Some features of spacecraft docking dynamic process
with the use of this mechanism are considered in this paper.

1. V.S.Syromiatnikov Spacecraft docking assemblies. — Moscow,
Mashinostroenie, 1984.

2. International Docking System Standard (IDSS) Interface Definition
Document (IDD). URL: http://internationaldockingstandard.com. [lata
obpamenns 19.09.2018.

3. A.V.Yaskevich, V.N.Pavlov, LE.Chernyshev, Y.V.Rasskazov,
G.A. Zemtsov, A.A.Karpenko The peripheral docking mechanism —
Patent RU Ne2657623.
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CTBIKOBOYHbBIN MEXAHW3M JIJIS1 MEKJTYHAPO/IHBIX
KOCMMWYECKHUX ITPOT'PAMM

TT1AO «PKK «Dnepeus», . Koponés
post@rsce.ru

CreikoBKa KocMuueckux ammapatoB (KA) sBnsercs ymnpaBiseMbIM
MEXaHUYECKUM IPOIeCCOM HX COOpKM Ha OpOUTE C HCIOJIb30BAaHHEM
AKTUBHOTO M TACCHUBHOTIO CTHIKOBOYHBIX arperaTtoB (CTA). CTBIKOBOUHBIN
MexanusM (CtM) aktuBHoro CTA oOecrmeuywBaeT yCIOBHS IS CICTIKH,
MOTJIONICHUE JSHEpruM CcONMKeHus akTuBHOro KA, BBIpaBHHUBaHHE U
crsruBanre CTA JUIsl KX OKOHYATENIbHOTO JKeCTKOro coequHenus [1].

Ha ocnoBe MexayHaponHoro crangapra cucreM cThIKoBkH IDSS [2]
HAIIMOHAIIFHBIMA KOCMUYECKHMH areHTCTBAMH M YACTHBIMH KOMITAHHSIMHU
pa3paboraHo Heckonbko BapuaHTOB CTA. CTBHIKOBOYHBIC MEXaHH3MEL,
BXOIIIMNE B HMX COCTaB, OCHOBAaHBI HAa Pa3IUYHBIX MPHHIUATAX
KoHCTpyupoBaHus u ynpasieHus. B PKK «Oneprus» s mepcrneKTHBHBIX
MEXIyHapOAHBIX KOCMHYECKHX MPOTpaMM pa3pabaThIBae€TCsl IMPOEKT
HoBoro CtM [3] ¢ Gonee mpocTOii KMHEMATUKON M KOHCTPYKIIMCH, YeM B
npennrectBytomem CtA AITAC-89/95, nocmyxuBmiero ocuoBoii IDSS. B
HOBOM MEXaHH3ME HCIIOJIB3YeTCS HAaKOIUIGHHE KHHETHYECKOM »HEepruu
cOmmkeHust akTuBHOro KA BMECTO TpaaUIIMOHHOTO JIeMII(pUPOBaHUS.

OHeprust COMMKCHUS HAKAIUIMBACTCS B MPYXHHAX C YIIPABISIEMON
OmokupoBKod WX oTmaud. I[lepen CTHIKOBKOW OJIOKHpOBKAa BKJIIOUCHA W
yaepxxkuBaeT CTM B ucxomHoMm monokeHnH. OHa BBIKIIOYACTCS MIPH
TIOSIBIICHIH CUTHAIIa TIepBOTo KoHTakTa CTA, 0CBOOOKIast SHEPTHIO CKATHIX
MIPY’KHH 111 OBICTPOTO BBIABIKCHHUS KOJBLIA BIIEPE M YIIYUIIICHUS CIICTIKH.
[Mocne cuenku ONOKMPOBKAa BHOBBH BKJIFOYACTCS, W SHEPTHA CONMKCHUS
HaKaIUIMBaeTCs B ATHX IpYXKWHAX 0e3 BO3BpaTa B MEXaHUYECKYIO CHCTEMY.
KocMuueckne kopaOiu BBIPABHUBAIOTCS W CTSATHBAIOTCS CIELUAIbHBIM
TPOCOBBIM YCTPOWCTBOM CTBIKOBOYHOTO MEXaHM3Ma IIOCJie TOTO KakK HX
OTHOCHUTEIIBHBIE CKOPOCTH CTAaHOBSTCS paBHBIMM HymTio. B gokiane
paccMaTpHUBAIOTCS HEKOTOPBIE OCOOCHHOCTH JTUHAMUKHA CTHIKOBKH MPH
UCIIOJIb30BaHUU HOBOTO CTM.

1. CsipomsataukoB B.C.  CTBIKOBOYHBIE  YCTPOMCTBA  KOCMHUYECKHX
anmnaparos. - M.: MammuHoctpoenue. 1984. — 216 c.

2. International Docking System Standard (IDSS) Interface Definition
Document (IDD). URL: http://internationaldockingstandard.com. [lata
obpamenns 19.09.2018.

3. SckeBuu A.B., Ilasmos B.H. u np. IlepudepuiiHpiii CTHIKOBOYHBIN
MexaHu3M — [latent PO Ne2657623.
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Training Center", Moscow region, Star City, bik43@mail.ru
7 State Research Center of the Russian Federation - Institute for Biomedical
Problems of the Russian Academy of Sciences, Moscow,
khoper.1946(@gmail.com

The ergonomic design and the ergonomic lab testing of Human-Robot
Interaction (HRI) can be performed using the research simulation
complexes (RSCs), based on Virtual Reality (VR) technologies. With
regard to the historical continuity of technologies for the design the robotics
complexes, it is necessary to take into account the previous experience of
creating spacecraft control simulators for Human Operator (HO) training for
manned flights. For realistic modeling HRI in lab experiments one needs
technologies for immersing HO in a virtual environment (VE) by using VR-
tools.

The RSC modules for robot control in distant mode may interoperate
as shown in Fig. 1.

Research Simulation Complex (RSC)

o Dynamics calculation
1 subsystem

A l

Visualization subsystem

Control subsystem -
al

Human-Robot Interface (HRI)
A 4 A

Control effectors i i
(real and virtual) Information display system

T :! HO ACTIVITY WL

Human - operator (HO)

Figure 1 — The structure of the simulation complex to control
a robot-manipulator

309



There are examples of modeling HRI in recent publications [2-4]. The
model for anthropomorphous robot’s control in manned flights deals in [2].
The Space Experiment ("Kontur-2") for study the remote control lunar
based robots from the ISS board presented in [3]. The new VR-tools for the
development of a prototype of a robot-manipulator for EVA proposed in
[4].

At the same time, we can state, that in common the interaction of HO
with a heterogeneous group of ground-based Autonomous Mobile Robots
(AMRs) for today studied insufficiently. The article deals with the issues of
VR-modeling to improve situational awareness (SA) of HO based on visual
feedback. The proposed VR-tools allow for improve SA in via: 1) 3D visual
representation of the AMRSs group; 2) display of digital data from simulated
VR-sensors of on-Board AMR systems; 3) electronic maps of areas; 4)
graphical representation of situations of potential conflicts of AMRs, based
on the exchange of messages of virtual agents ("proxy agents") in the
"virtual intellectual environment" (VIE) [5].

1. Mikhailyuk M.V., Bragin V.I. Virtual reality technologies in simulation
and training complexes for cosmonauts. / Manned Spaceflight. 2013.
No. 2(7). P.82-93. (In Russian).

2. Sokhin I.G., Kuritsyn A.A., Usov V.M. The problems crews'
interaction with anthropomorphic robots-assistants in the future space
missions. / The Human factor in complex technical systems and
environments: ERGO 2018. 3rd International conference proceedings.
4-7 July 2018. St. Petersburg.: "LETI" edition. (789 p.) P. 782-289. (In
Russian).

3. Zaborovsky V.S., Kondratyev A.S., Filonenko A.V., Mulyukha V.A.,
Ilyashenko A.S., Filippov M.S. Remote control of robotic objects in
space experiments of the Contour series. / Scientific and technical
sheets of SPb SPU. Informatics. Telecommunications. Management.
2012. Ne6 (162). P. 23-32. (In Russian).

4. Sergeev A.V., Guk M. Yu. Control of a space mobile robot using
virtual reality and force-moment perception. / Manned Spaceflight.
2018. Issue.4. P. 44-52. (In Russian).

5. Kryuchkov B.I., Usov V.M., Ivanko D.V. Prospects of using intelligent
spaces for operators information support during remote monitoring of a
group of mobile robots on the lunar surface // Information technologies
in the management. ITU-2018 Conference proceedings. SPb.: JSC
"Concern" CNII "Electropribor”", 2018. (742 p.) P.678-687. (In
Russian).
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" ®ry «®HI Hayuno-uccredosamensckuti uHCmumyn cucmemHblx
uccneoosanuii PAH», Mockea, mix@niisi.ras.ru
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3amaud HProHOMHUYECKOTO MPOEKTHPOBAHUS M IPrOHOMHUYECKUX
TECTOB B3aUMOJICHCTBHS 4enoBeK-po0oT (anri.: Human Robot Interaction —
HRI) MoryT BHIIOMHATBCS C HCIONB30BAHUEM  HCCIEIOBATEIHCKIX
Mozemupytonmx kKomiuiekcoB (MIMK), OCHOBaHHBIX Ha TEXHOJOTHSIX
BHUpTyasbHOU peanbHOCTH (VR-TexHOomornsx). YTo KacaeTcs HCTOPHUECKON
MPEEMCTBCHHOCTHU TEXHOJIOTUI IIPOCKTUPOBAHUA JI pO6OTOTeXHH‘{CCKI/IX
KOMIUIEKCOB Takoro pojJia, TO CJELYET YYUThIBaTb NPEABbIAYLIUN OIBIT
CO3/IaHUsl TPEHAKEPOB YIPABICHUS KOCMHUECKUMH ammapataMu s
MOJrOTOBKH YenoBeka-oneparopa (HO) K MAIOTUPYEMBIM ITOJIETaM.

Hna peaTuCTUYHOT O MOJIETUPOBaHUS B 71a00paTOPHBIX
SKCTIIEPUMEHTaX  HEOOXOAWMBI  TeXHOIormuM  morpyxenus YO B
BHPTYaIIbHYIO cpeny (aHri.: virtual environment — VE) myTem npuMeHeHUS
VR-UHCTPYMEHTOB.

Monymn UMK nmnst ynpaBieHuss poOOTOM B yHAJICHHOM DPEXKUME
MOTYT B3aUMOJEHCTBOBATh, KaK IIOKa3aHO Ha pHcC. 1.

Hccenenoparenbeknii mogenupyomuii kommiexe (MMK)

Ioacucrema ynpasJieHHsI Ioacucrema pacyera

|-
<> JIMHAMHKH

3 4

Iloacucrema BH3yaIu3aluu

Hnurepdeiic yeaoBek — podot (MYP)

A A

OpraHbl ynpabjieHust Cucrema oTodpazkennsi HHGopManHu
(peanbHpie H BUPTyallbHbIE)

e ) [Comomtmenn L]

YesoBek — onepatop (HO)

Pucynox 1 — Crpykrypa UMK nns ynpasienus
PpOOOTOM-MaHHITYIIATOPOM
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B HemaBHuX mMyONMKaUMsAX IPUBEICHBI NPUMEPHl MOJCTUPOBAHUA
UHTEP(EHCOB «UeoBeK-poboT» [2-4]. Moxens aHTpornoMophHOro podota
npeacrasnena B padote [2]. Kocmuueckuii sxkcniepument («KonTyp-2») 1o
W3YYEHHUIO JWCTAHIIMOHHOTO YIPaBJIEHHWsS Ha3eMHBIMH poboTamu c Ooprta
MKC paccmotpen B pabote [3]. HoBsle VR-uHCTpyMeHTHI 1 pa3paboTku
MPOTOTUINA POOOTA-MAaHUIYISITOpa TpetokeHs B [4]. B To xe Bpems
MOXKHO KOHCTaTHpOBaTh, 4YTO B IeiloM B3aummojeiicteue YO ¢
HEOTHOPOIHOHN TpPYNIIOi aBTOHOMHEIX MOOWIBHBEIX po6oTOoB (AMP) Ha
CETOIHAIIHUI NI€Hb W3y4YeHO HEAOCTaTOYHO. B craThe paccMmaTpuBaroTCs
Bompockl  VR-mojenupoBaHust A yAY4YUIEHMs] — CUTYallMOHHOM
ocsenomierHocty (CtO) YO mocpencTBom otobpaskeHus: 1) BU3yaabHOTO
npejacTaBiIeHusT nepemelneHnii rpynnel AMP B dopmare 3D; 2)
CHMBOJIHO-LIU(POBBIX JNAHHBIX C UMHTHUPYEMBIX BHUPTYaIbHBIX NaTYMKOB
6optoBbIx cucreM AMR; 3) ayekTpoHHBIX KapT MecTHOCTH; 4) rpadoBoro
MIPEACTaBICHUS] CUTYallMii MOTEHUIHUAJIBHBIX KOH(IUKTOB B Tpynmne AMP,
OCHOBaHHOT'O Ha aHaJIM3e 0OOMEHa COOOIIEHUSIMH BUPTYAJIbHBIX JBOHHHKOB
AMP (IpOKCH-areHTOB) B «BHUPTYaJbHOW HWHTEIUIEKTYaIBHOH Cpene»
(VIE) [5].
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Future projects in the sphere of manned space exploration presuppose
the expansion in the application of space robotic systems (SRSs) as a result
of the increased complexity of crews’ activities aboard manned space
complexes (MSCs) and volume of labour-intensive assembly-recovery
works and routine operations performed by cosmonauts aboard MSCs as
well as the heightened risks of dangerous situations for human life and
health during near and deep space missions. In this regard, the use of SRSs
as a high-tech toolkit of a cosmonaut when performing IVA and EVA as
well as on-planet operations during future lunar and Martian missions is of
particular interest. Special attention is paid to the creation and use of
anthropomorphous robotic systems (ARSs).

The paper considers the issues of the use of space dedicated robotic
systems (SRS KN) [1-4] and shows the role and place of
anthropomorphous SRSs as the high-tech service systems used to support
cosmonauts’ activities when implementing future space programs [5,6].
Also, the construction principles and application prospects of the versatile
computer stand of the SRS, created at FSBO “Gagarin R&T CTC” using
virtual reality technologies and means of controlling motor and behavioral
activity of a cosmonaut-operator [7] for purposes of cosmonaut training,
perfection of their skills of controlling various space robotic systems as well
as the performance of ergonomic and psycho-physiological research in the
course of creating promising SRS KN are examined in the paper [8,9].
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4. The role of dexterous robotics in ongoing maintenance of the ISS /
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NPUMEHEHUE KOCMUYECKUX POBOTOTEXHUYECKHUX
CUCTEM VI NOAAEPKKHU AEATEJIBHOCTHU
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HNEPCHEKTUBHBIX KOCMUYECKHUX ITPOT'PAMM

QI'BY « HUU LIIK umenu FO.A. I'acapunay, 36e30Hbiti 20p000OK
V.Dmitriev@gctc.ru, B.Burdin@gctc.ru,
V.Dovzhenko@gctc.ru, Y.Chebotarevi@gctc.ru

[TepcrieKTUBHBIE TPOSKTHI B O0JACTH MMJIOTHPYEMOIl KOCMOHABTHUKH
NpPEANONIarafoT — PacHIMpeHHe  OOJAaCTH  NPHMEHEHHS  KOCMHYECKHX
pobototexanueckux cucreM (PTC), uro 0OyCIIOBIEHO YCIOKHEHHEM
JeATeTbHOCTH JKHIaXeH IHIOTHPYEMBIX KOCMHYECKHX KOMIUICKCOB
(ITIKK), YBEIMYCHUEM 00BeMOB TPYAOEMKHUX MOHTa)KHO-
BOCCTAHOBHTEJIBHBIX Pa0OT M PYTHHHBIX ONEpanuii KOCMOHABTOB Ha OOpTy
[IKK, a Takxke BO3pacTaHHEM PUCKOB BO3HMKHOBEHHMS OMACHBIX CHTYaIMi
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JUIA JKU3HHU U 310poBhs wieHoB skunaxa IIKK B xocmMuueckux moserax B
OMWKHEM W JaJlbHEM KOCcMOoce. B 3ToH CBs3M 0COOBI HHTEpeC
npeacTaBiaser ucnois3oBaHue PTC B kauecTBe BBICOKOTEXHOJIOTMYHOIO
WHCTPYMEHTapHsl KOCMOHABTA IPH OCYLIECTBICHUH BHYTPHUKOpaOeIbHOH 1
BHeKkopabenbHOM nesitensHocTH Ha [IKK, a B mepcmexktuBe — um mpum
BBINOJTHEHNH HAIUIAHETHOH AEATEIBHOCTH B JIYHHBIX MHCCHSX W MHCCHSX
mo ocBoeHnio Mapca. Ocoboe BHUMaHHE YAETIETCS CO3IaHUIO U
HCIIOJIB30BAHUIO aHTPONIOMOP(HBIX poboToTexHIYecknx cructeM (APTC).

B cratee paccmarpmBaroTcs  Bompochkl  npuMmeHeHuss PTC
kocmmueckoro HazHaueHUs (PTC KH) [1-4], nokasana poms u mecto PTC
aHTPOMOMOP(}HOTO THIA KaK BBHICOKOTEXHOJIOTHYHBIX CEPBHCHBIX CHCTEM,
UCTIONB3YEMBIX IS TOJAEPKKH JeSTeTbHOCTH KOCMOHABTOB IpHU
peau3aliy MepcrieKTUBHBIX KOCMHUYECKUX IporpaMmM [5,6]. PaccmoTrpeHns!
HPUHIMIBI IOCTPOEHUS U MEPCHEKTUBB UCIIOIBb30BaHMs YHUBEPCATIHEHOTO
kommbloTepHoro crenna PTC, cozmanHoro B ®I'BY «HUUW HIIK umenu
IO.ATarapuHa Ha OCHOBE MPHUMEHEHHUs TEXHOJOTMH BUPTyalbHOU
pEaJIbHOCTH M CPEICTB KOHTPOJIL JABUTaTeIbHONM M IOBEIEHYECKOU
aKTMBHOCTH KOCMOHABTa-oreparopa [7] B IeIAX MOJrOTOBKH KOCMOHABTOB,
O0TpabOTKM MMM HaBBIKOB ympaBieHus pa3mnyaeiMH PTC kocmmueckoro
Ha3HAYCHUS, a TaKxe MIPOBECHNUS 9PrOHOMHYECKUX u
NCUXO(U3NONIOTHYECKUX ~ HCCIENOBAaHMH B TIpolecce  CO3JaHusA
nepcriektuBHBIX PTC KH [8,9].
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Abstract

In accordance with the “Fundamentals of the State Policy of the
Russian Federation in the field of space activities for the period till 2030
and beyond” the key development thrust of Russian manned cosmonautics
is being towards to the Moon exploration. Two key Russian Moon
Exploration Program events shall be: the landing of Russian cosmonauts on
the Moon in 2030 and the start of manned flights to the Moon on a regular
basis from 2032. Up-to-date, man activities at LEO are clearly considered to
be of applicable nature and this activity shifts from “exploration” stage
towards “utilization” one. Spacefaring nations are expecting to get notable
practical results, including commercial benefits and ability to export
“space” technologies to domestic market, as well as to reach a new
“continent” - the Moon.

It is expected that the profound exploration of the lunar territories will
become the main task of the world cosmonautics of the 21st century. The
restored interest in the exploration of the Moon is largely caused by the
discovery of the unique regions in the immediate vicinity of the lunar poles
that have highly favorable conditions for the future deployment of lunar
bases. There is hardly ever any sunset in the given regions, as well as in the
very vicinity thereof there is high probability of sizable lunar ice deposits to
be located.

If any favorable outcomes of these regions investigation are obtained
the competition to obtain access to the regions under consideration and their
resources will unfold, particularly taking into account new development
trends in international space law. In this very case space robotics gets a new
rational field of application, as well as its new development vectors are
emerging to address the tasks on effective Moon exploration and manned
missions support.

In this paper a methodological approach to form a basic set of
scenarios and determine the required range of spacecraft for the
implementation of a comprehensive long-term program of research and
exploration of the Moon is considered. Baseline scenarios are the input data
for the requirements definition to spacecraft, including space robotics. An
evaluation of the relevance of various baseline platforms of automatic
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spacecraft to accomplish the suggested scientific tasks to support manned
missions has been conducted based on the analysis of the Russian Academy
of Sciences priority tasks in the domain of lunar studies. Requirements for
the proposed platforms are set within the scope of the baseline scenarios.

The proposed approach will allow for reduce in the dimension of the
task of optimization of required range of spacecraft, functional and
technical requirements for them and their development sequence, and focus
on optimizing the range of “baseline spacecraft” (BS) and “baseline mission
scenarios” (BMS) to ensure the implementation of the strategy.

Key words

The Moon, manned Moon exploration, lunar missions, space robotics,
Russian Moon Exploration Program, rovers, lunar rovers, service lunar
rover.
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AHHOTAIIMA

B coorBerctBUM ¢ «OCHOBaMH TOCYHZApCTBEHHOW MOJHTHUKU
Poccuiickoit deneparuu B 00JacTH KOCMHYECKO# nesitensHocTH 110 2030
rofja M Ha JAIBHEHIIYIO IEPCIEKTUBY» OCHOBHOM BEKTOpP pa3BUTHA
NUIOTUPYEeMOH KOCMOHaBTHMKM Poccun HampasieH Ha ocBoeHHME JIyHBIL
JIByMsT KIFOYCBBIMH COOBITHSMHA B POCCHICKOW JIYHHOH mporpaMme
JIOJDKHBI CTaTh: BBICAJIKA POCCUICKMX KOCMOHABTOB Ha MOBEPXHOCTH JIyHBI
B 2030 rogy u Havano peryisipHbix mon€roB Ha Jlyny c 2032 roga. Ha
OKOJIO3eMHOH OpOHTE AEATEIHHOCTh UYEIIOBEKA MMEET SIPKO BBIPayKEHHBIN
MIPUKJIAJHOM XapakTep W TEPEeXOJUT OT JTama «OCBOCHMS» K JTaly
«UCTIONIb30BAHUS», KOCMHUYECKHE  JIEP)KaBbl ~ OXKMAAIOT  OLIYTHMBIX
MIPAaKTHYECKUX PE3yJBTATOB, BKIKOYAs KOMMEPUYECKYIO BBITOAY MU SKCIOPT
«KOCMUYECKHX» TEXHOJOTHUH Ha BHYTPEHHHH PBIHOK, JOCTHXXCHHUS HOBOTO
«KOHTHHEHTa» B BHUE JIyHBI.

Oxugaercs, 4To MpeIMETHOE OCBOCHUE JIYHHBIX TEPPUTOPHUIl CTaHET
OCHOBHOMH 3a/1aueii MHPOBOM KOCMOHABTHKH 21-ro Beka. Bo30OHOBNEHHBIN
HHTepeC K OCBOEHMIO JIyHBI B 3HAUUTEIBHON CTENEHM BBI3BAH HEABHO
YCTAaHOBJICHHBIM (DaKTOM HajJW4yhs B OKPECTHOCTH JIYHHBIX IIOJIFOCOB
YHUKQJIBHBIX paiiOHOB, KOTOpBIE O0JaNa0OT KpaifHe OJaronpHsTHHIMA
YCIOBUSIMA 7SI OyIyIIero pasBepThIBaHUS HAa HHUX JyHHbIX 0a3. B sTmx
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paiioHax TmpakTHYecku Hukorga He 3axogur CoiHoe ¥ B HX
HETOCPEICTBEHHON OKPEeCTHOCTH C BBICOKOM BEpPOATHOCTBIO MOTYT
pacronaraTbcs 3aJIeXKH JTyHHOTO JIbJa 3HAUUTEJIBHBIX Pa3MEpOB.

B ciydae OmaronpusTHBIX pe3yJIbTaTOB MCCIIEAOBAHUM 3TUX PaiiOHOB
pa3BepHeTCsl KOHKYpeHTHass O0oppOa 3a JOCTYIl K HHM U HX pecypcam,
OCOOCHHO YYMTHIBasE HOBBIE TEHICHIMH pPa3BUTHS KOCMHUYECKOTO
MEXIyHapOAHOTO TpaBa. B 3ToM ciaydae mepes  KOCMHYECKOH
pOOOTOTEXHNKOW  OTKpbIBaeTCI  HOBas ~ 00JacTh  palMOHAILHOM
MIPUMEHUMOCTH U BO3HHMKAIOT HOBBIE BEKTOPHI €€ pa3BUTH, HAIIPaBICHHBIC
Ha pemeHne 3amad obecnedeHus >PPEeKTHBHOTO ocBoeHHA JIyHBI U
obecrieueHNs MOANECPKKU MIIOTUPYEMBIX MUCCHH.

B pamkax pnaHHOW cCTaTbd paccMaTpUBAETCS METOJIOJIOTHYECKUN
noaxoJ 1mo (GpopMHUpOBaHHIO 0a30BOro Habopa CIIEHapHeB M OINpECIeHUs
TpeOyeMoii HOMEHKJIATYPhl CPEACTB JUIS OCYIIECTBICHUS KOMILIEKCHOU
JIOJITOCPOYHOM MHpOTrpaMMbl HccienoBaHus U ocBoeHHus JlyHbl. ba3zoBble
CIIEHapUM  SIBJSIFOTCS ~ WCXOJAHBIMM  JaHHBIMH Uil (DOPMHUPOBaHUS
TpeboBaHMII K 0ONMKAaM KOCMHYECKHX CpEICTB, B TOM 4YHCIE W JUIS
pobororexanknu. Ha ocHOBe aHanm3a mpuopuTeTHBIX 3amad PAH B dactm
nccnenoBaus JIyHBI MPUBOIMTCS OIEHKA BOCTPEOOBAHHOCTH Pa3IHMYHBIX
6a30BBIX TIATGOPM aBTOMATHIECKUX CPEACTB IOANCPKKH IMHIOTHPYEMBIX
MHCCHA, & Ha OCHOBE 0a30BBIX CIICHapHeB (OPMHUPYIOTCS TpeOOBaHHI K
TIPEAI0KEHHBIM IIaT(hopMam.

PaccMmarpuBaemblii  NOAXOA  TO3BOJUT  CHU3UTh  Pa3MEpPHOCTH
ONTUMH3AIMOHHON 3a7jadydl OIpeNeNeHUs] HOMEHKJIATyphl HEO0OXOIMMBIX
CpeACTB, QYHKIMOHAIBHBIX M TEXHUYECKHX TpeOOBaHHUI K HUM, ATAlTHOCTH
UX pPa3pabOTKM W CO3/laHMs, M CKOHICHTPUPOBATHCS Ha ONTHMH3AIMU
«bazoBoro coctaBa cpenctBy (BCC) m «0a30BBIX CIIEHAPUECB MUCCHID»
(BCM), oGecrieunBaronyx peann3alyio NPUHITOW CTPAaTETHH.

Kirouesnie ciioBa

Jlyna, nwmnorupyemoe ocBoeHue JIyHbl, JIyHHBIE  MUCCHUH,
KOCMHUYeCKas poOOTOTEXHHMKA, POCCHUiiCKasi mporpamMma ocBoeHusi JIyHbl,
POBEpHI, IYHOXO/Ibl, CEpBUCHBIH TyHOXO/.
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According to the Manned Space Exploration Strategy till the year
2035 [1], the following goals are critical for manned spaceflights: Moon
research and exploration as well as generating of technological knowledge
for further human expansion into deep space (towards Mars and asteroids).
To achieve such goals, we need to develop new technologies and create
advanced crew support systems for on-planet and space based flight crews,
particularly a wide variety of targeted Space Robotic Systems (SRS).

Currently in the program of the Moon exploration it is planned to
develop and create a line of moon rovers of various dimensions and
purposes for solving a number of different tasks: from selenological studies
to constructing on-planet bases as well as mining operations. At the same
time monitoring and controlling of moon rovers (as well as other on-planet
SRS) in the near future inevitably will be performed by human operators.
This implies the need for developing and testing out the technologies for
effective human-machine interaction, in particular tele-robotic technologies
for the movement of the SRS and performing various technological
operations associated with the manipulation of objects.

At the present time and up to 2024 advanced space technologies is
necessary for exploration of outer space beyond low-Earth orbits and for the
implementation of manned flights to the Moon and Mars, are tested out on
the ISS. Testing out of robotic systems in outer space on board the orbital
station allows to predict the influence of extreme factors of space flight (g-
force factor, zero gravity, communication delays, etc.) on SRS processing,
as well as on performing various operations with the use of SRS.

In this paper there are examined basic processes of controlling on-
planet SRS from the orbital station, the creation of human-machine
interface that ensures effective interaction of the space operator on board
the orbital station with remote on-planet SRS. Analysis of conducted and
upcoming SRS tests on the ISS RS is also carried out. A review of new joint
Russian-German project, in which it is supposed to develop methods and
technologies for controlling on-planet mobile robots from a manned space
station, is presented («Kontur-3»).

1. «Russian manned spacecraft strategy till the year 2035», 2015
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B cootBerctBHM co CtpaTermeil mMIOTHPYeMONH KOCMOHABTHKH [0
2035 roma [1] cTparermueckM 3HAUUMBIMU LEISIMH HUJIOTHPYEeMOH
KOCMOHABTHKH SIBIISIIOTCSl HCCIIeIOBaHME W ocBoeHue JIyHBI, a Takxxke
CO3JJaHME TEXHOJIOTHYECKOT0 3ajiea JUIs AaJbHEeHIIeH SKCITaHCHH YeTIOBeKa
B JanbHUHM KocMmoc (kK Mapcy u actepompam). Jms DOCTIOKEHHS HaHHBIX
neneid HeoOxommma pa3paboTKa HOBBIX TEXHOJOTHMH W CO3/1aHHE
MEPCTIIEKTUBHBIX ~ CPEACTB  TOANEP)KKM  OKHMAKa  HAIIAHETHOTO U
KOCMUYECKOTO 6azupoBaHus, B YaCTHOCTH KOCMUYECKHX
pobororexanyecknx cucteM (PTC) pa3nudHOTro 11e1eBoro Ha3HaAYeHUs.

B Hacrosimiee Bpemsi B mporpamme ocBoeHHs JIyHBI IUTaHHMpyeTcs
pa3paboTka U co3/aHHEe JIMHEHKU JIYHOXOAOB Pa3IM4HOW Pa3MEpHOCTH H
Ha3HA4YeHHWs JUId pelieHus 1eJoro psaa 3ajad: OT POBEICHUs
CEJICHOJIOTHYECKNX HCCIIEJOBAaHUH JI0 CTPOMTENBCTBA M OOCITY>KUBaHUS
HaIlIaHETHBIX 0a3, a Takxke JOOBIYM MOJIE3HBIX pecypcoB. [Ipu aTom paboTs
10 KOHTPOJIIO ¥ YNPaBICHUIO IJYHOXOAAaMH (TaK e, KaKk ¥ JpyTUMH
HamaHeTHEIME PTC) B Ommxaiimeidl mepcnekTnBe, HEM30€XHO, OymyT
BBIMOJTHATHCS YEIIOBEKOM-0IIEPATOPOM. DTO TpeIoiaraeT Heo0XoIMMOCTh
Pa3BUTHI M OTPAOOTKH TEXHOJOTHH 3(PPEKTHBHOTO YEIOBEKO-MAIIMHHOTO
B3aUMOJAEHCTBUS, B YACTHOCTH,  TEXHOJOTWH TeJeyNnpaBIeHUs, Ui
ocymectieHnss nepememieHuss PTC ¥ BBINONHEHUS MMH Pa3IMIHBIX
TEXHOJIOTUYECKUX  OMEepalyid, CBA3aHHBIX C  MaHUITYJIUPOBaHUEM
00BEeKTaMU.

B mHacrosiuee Bpems u BmioTh 1o 2024 roma otpaboTka
MIEPCIIEKTUBHBIX KOCMHYECKUX TEXHOJIOTHH, HEOOXOIMMBIX JUISi OCBOCHHUS
KOCMHYECKOT'0 TIPOCTPAHCTBA 3a MpeJieJlaMi HU3KHX OKOJIO3EMHBIX OpOUT 1
OCYLIECTBIICHHSI ~ MWIOTHpYyeMbIXx nonéroB Kk Jlywe wu  Mapcey,
ocymectBisiercss Ha MKC. OtpaboTka poOOTOTEXHHMYECKHX CHCTEM B
YCIOBHUSIX KOCMHYECKOTO ITPOCTPAHCTBA HA OOPTY OpOMTAaIbHOW CTAaHIMU
MO3BOJIIET Hawboyee TIOJHO YYUTHIBATH BIHMSHHE OKCTPEMANIBHBIX
(haKTOpOB KOCMHUYECKOTO TMOJeTa (Meperpy3oK, HEBECOMOCTH, 3aAepiKeK
CBSI3M U T.1.) Ha mpoueccs! ynpasieHus PTC, a Taxoke Ha BeimonHeHne PTC
Ppa3IuYHbIX ONEepaLui.
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B pamkax mpencTtaBiseMoro IOKNaga paccMaTpUBAIOTCS MPOIECCHI
ynpaeienus HaraneTHbIMA PTC ¢ GopTa opOUTaNbHBIX CTaHIMH, BOIIPOCHI
CO3JJaHUSl  YEJIOBEKO-MAaIIMHHOTO  uHTepdeiica,  obecneynBaroIiero
3¢ peKTUBHOE B3aUMOJIEICTBHE ONlepaTopa-KOCMOHABTA, HAXOAALIETOCs Ha
00pTy OpOMTANBHOW CTAaHIUH, C ynaneHHbIMU HarutaHeTHbIME PTC. Taxoke
TIPOBOJIUTCS aHAJIM3 MPOBEACHHBIX M TOTOBAIINXCS K peallu3aluy Ha OOpTY
PC MKC wuccnenoBanuit mo orpadorke PTC xocMudeckoro Ha3HAYCHUS U
CHUCTEM YTIPABIICHUS U IPHBOAMUTCS 0030p HOBOTO COBMECTHOTO POCCHICKO-
TepMaHCKOTO MPOEKTa MO OTPabOTKE METOJOB M TEXHOJOTHH YHpPaBICHHUS
HAIUIAHETHBIMH ~ MOOWJIBHBIMH poOoTamm ¢ OopTa MHIOTHPyeMOH
Kocmuueckoi ctaniun («KoHTyp-3»).

1.  «Crparerus poccuiicKoi MUIOTHPYEMO KOCMOHABTUKM Ha MEPHOA J0
2035 roga», 2015 r.
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A semi-natural tests of planetary rovers very important at the stage of
verification of design solutions applied to a specific sample. At the moment,
tests are carried out narrowly for the development of specific systems of
planetary rovers, such as: control system, running gear, etc.

Analyzing main testing methods of planetary rovers we came to
conclusion, that both physical and virtual models being used.

The semi-natural trials of planetary rovers can be carried out both on
the natural landscape and on special landfills. Complicated relief on
volcanic or deserts sand is usually chosen as a natural landscape [1]. When
tests are held on artificial landfills ordinary sand, quartz or analogue ground
are being used [2]. Analogue ground parameters can be calculated by
analyzing images obtained from already used spacecraft’s [3].

The main characteristic of a testing the running gear of planetary
rovers is the time to move from the starting point to the final point of the
route. In addition, the estimated average speed of movement over rough
terrain is being monitored. The parameters of the obstacles that the rover
can overcome without maneuvering are tested as well. These parameters
include: height of steps and stones, terrain elevation angle and loose soils
carrying capacity [4].

Running gear tests are also allowed to be held on planetary rover’s
virtual model. The article [5] deals with the problem of the longitudinal slip
of a six-wheeled planetary rover climbing along inclined terrain. The
experimental data for the simulation were obtained using a special stand.
Stand tests were carried out for only one wheel.

The testing of a traffic control system requires a combined system of
rover’s physical and virtual models. An example of such tests is given in the
article [6].

ESA installed the mock rover of the ExoMars program in France,
remotely controlled from a special laboratory in the Netherlands to test
planetary rover’s remote control telemetry method’s. The purpose of the test
was to check how the rover will move off the landing module after landing
on Mars. Telemetry sessions were held once an hour. Each new task was
initially modeled as a virtual model of the rover environment, and then
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compared with a panoramic image obtained from various cameras installed
on the rover [7].

The test examples described above are effective in studying the
capabilities of specific subsystems of planetary rovers. In this case, the
disadvantage of each method is the absence of accounting for the
gravitational effect, which is different from the earthly one.

To increase the completeness and accuracy of the assessment of the
planetary rover in the normal mode and in emergency, it is necessary to
develop an combined ground-based experimental testing of planetary
rovers, taking into account both the reduced gravitational effect and the
interaction of the planetary rover subsystems. The collection and analysis of
test results give us an opportunity to develop digital model that can be used
in the rover’s normal mode on another planet to simulate it’s movement in
order to substantiate and develop proposals for making a motion control
decision.

In the future, the digital model of the planet rover can be upgraded in
order to provide the ability to predict failures of the planet rover’s systems
during normal operation on another planet.

1. M.I. Malenkov, V.A. Volov, N.K. Guseva, Ye.A. Lazarev Analiz
podvizhnosti marsokhodov dlya razrabotki sistem peredvizheniya i
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[ToneBbIe UCTIBITAHUS TUIAHETOXOIOB HIPAIOT OOJBIIYIO POJIb HA JTAIle
0TpabOTKH KOHCTPYKTOPCKHUX PEIICHHUH, MPUMEHEHHBIX MJIsI KOHKPETHOTO
oOpasma. Ha nmaHHBIT MOMEHT WCHBITAHUS TPOBOIATCS Y3KOHAIPABICHHO
JUI OTPabOTKH KOHKPETHBIX CHCTEM IIAHETOXOJOB, TAKMX KaK: CHCTeMa
YIpaBJICHUS, X0J0Bask 9aCTh U T.1I.

AHanu3  OCHOBHBIX TIOAXOJOB K  TPOBEACHHUIO  HCIIBITAHUI
IUTAHETOXOJIOB TTOKA3bIBAET, YTO B TOW WM MHOM CTEIEHH HCIOJIB3YIOTCS
Kak (PU3MYECKHE MAKeThl, TaK ¥ BUPTyaJIbHBIC MOEIH IIJIAHETOXOI0B.

[TonyHaTypHBIE UCIBITAHUS TUIAHETOXOJIOB MOTYT MPOBOJMUTHCSA Kak
Ha MPUPOIHOM JaHmadTe, TaK U Ha CHCIUATBHBIX MOJIUIOHAX. B kadecTse
npuponHoro JaHAmadra oOBYHO BBIOMpaeTcsl CIIOXKHBIN penbed Ha
BYJIKaHUYECKMX TMeckax Wi B mycThiHAX [1]. [lpu wucnblTaHusx Ha
CHCIHAANTBHBIX TOJUIOHAX WCIIONB3YIOT OOBIYHBIA ITECOK, KBApICBBIH WU
rpyHT-aHaiuor [2]. [lapameTpsl TpyHTa-aHAIOTa MOTYT OBITH TIOJXYYEHBI IO
pe3ynpTaTaM aHaiuh3a CHHUMKOB, TIIONyYEHHBIX OT YK€ HCIIOIB3YeMBIX
KOCMUYECKHUX amnmnaparos [3].

IIpy wucnpITaHMSIX XOAOBOM YacTUM  IUIAHETOXOIOB  OCHOBHOM
XapaKTePUCTHKOH SBISCTCS BpeMs Ha IepeMelleHIe N3 HaJaIbHOTO ITyHKTa
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B KOHEYHBIH IyHKT Mapuipyta. Kpome TOro, oleHuBaercsi cpeaHss
CKOpOCTh TIE€pEMElIeHUs1 M0 IMepecedyeHHoM MmecTHocTH. Tak ke
OTCIIC)KUBAIOTCSl TTapaMeTphl IPENSTCTBUM, KOTOPBIE MOXKET IPE0J0eTh
IUTaHeToXxo ], 0e3 MaHeBpHpoBaHMs. K MaHHBIM TmapameTrpaM OTHOCSTCS:
BBICOTA CTYNEHEK M KaMHEH, yroil moJabéMa MECTHOCTH, Hecymias
CIOCOOHOCTH PBIXJIBIX TPYHTOB [4].

[TpoBeneHne WCHBITAHUM XOIOBOW YacTH TaK € BO3MOXHO C
WCTIONh30BAaHUEM BHUPTYaldbHOH MoOAeNmn TIwiaHeroxoma. B pabore [5]
paccmarpuBaeTcsl mpodiaeMa HpPOJONBHOTO CKOJBKEHUS IIECTHKOJIECHOTO
IUTAaHETOXOAa npu HoJbeMe 1o HaKJIOHHON MECTHOCTH.
OKCHeprMEeHTANbHBIE JaHHBIE IS MOJEIHPOBAHHSA ObUTH IOIYYEHBI C
HCIIOJIB30BAHUECM CIICHHUAJIBHOTO CTCHAA. WcneiTanus Ha CTCHAC MPOXOANTIN
TOJIBKO JUIS OJTHOTO KOJIeca.

UcnbeiTanusa CHCTEMBI yipaBJICHUA JBUXCHUEM Tpe6yeT
KOMIUIEKCHOTO ~ IIO/IX0/la C  HUCIIOJIb30BaHHMEM MakKeTa W MOJENH
rutaHeroxoza. [Ipumep Takoro poja UCTIBITAHUHN NIPUBEZEH B padoTte [6].

Jnst  mpoBeNeHWS  WCIBITAaHWE ~ MeTojga  TEIeMEeTpHuH  TpHU
JVCTaHIIMOHHOM YTIpaBJeHUM IutaHeToxonoM EBpomeiickoe Kocmmueckoe
ATEHTCTBO pPa3MECTIJIO MakeT Mapcoxojaa mporpaMmbl «Ox3oMapc» BO
@paHnyy, a ynpaBleHHE WM BEJIOCh W3 CIEHHAIbHONW J1abopaTtopuu B
Hupepnangax. Llenpto ucnplTaHui SBIsUIACH IPOBEPKA, KAaK POBEP CMOXKET
cbexaTh C ITOCAJOYHOTO MOXYJs Tocie npusemsieHus Ha Mapc. CeaHCb
TeJIeMEeTpUU MpOBOIMWINCH OAMH pa3 B yac. Kaxnmas HoBas 3ajgada
W3HAaYaJIbHO MOJIENMPOBANACh B BUAE BUPTYAIBHON MOJEIH OKPYKEHUS
poBepa, a 3aTeM CpaBHMBalach C [AHOPAMHBIM HW300pakeHHEM,
MOJTy4aeMbIM C Pa3lINuHbIX KaMep, YCTaHOBJIEHHBIX Ha Mapcoxon [7].

OnwucaHHbIE BBIIE MTPUMEPHI MCHBITAHUN SBISIOTCS 3()()EKTHBHBIMU
IPY MCCIIEA0BAaHNH BO3MOKHOCTEH KOHKPETHBIX MOJICUCTEM IIIIaHETOXO/IOB.
[Tpn 5TOM HEmOCTATOK KaXKAOTO MOJX0Ja 3aKII0YACTCS B OTCYTCTBUH yUu&Ta
TPaBUTAIIMOHHOTO BO3AEHCTBHUS, OTIIMIHOTO OT 3€MHOTO.

Jlns TIOBBIIIEHUWSI TIOJHOTHI W JOCTOBEPHOCTH OLEHKH paboThI
IUTAHETOXOAAa B INTATHOM PEKUME M IIPH BO3HUKHOBEHHH KPUTHYECKUX
cutyarmid TpeOyeTcst pa3paboTKa KOMIUIEKCHOW METOAWKH Ha3eMHOH
9KCTIIEPUMEHTAIbHOI ~ OTpa0OTKM  IIAaHETOXOJOB, YYHTHIBAIOIIYI0 U
TMMOHMKCHHOEC I'paBUTAllTUOHHOC BO3)ICI>1CTBPI€, )51 BSaHMOHeﬁCTBHe MOoJACUCTEM
mianeroxoaa. COop u aHANM3 Pe3yJabTATOB UCIIBITAHUHN JOJKEH MO3BOJIUTH
pa3paboTtaTh HMUGPOBYIO MOJIENIb, KOTOPYHO MOXKHO OyIeT HCIOJb30BaTh
mpu  IUTaTHOM pabore TIJaHeTOXOJa HA JIpYrod IUlaHeTe  Juis
MOJIETUPOBAHMSI €r0 JIBWKEHHS C Ielbl0 OOOCHOBAaHUS M pa3paboTKu
TIPEIIOKEHHUH sl IPUHSITUS PELISHUS 110 YIIPABICHHIO ABHKEHHEM.
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B nmanpHeiinieM nugpoBas MOIENb IUIAHETOXOJAa MOXKET OBITh
MOJIEPHU3UPOBAaHA C LENbI0 00eCTieueHUsI BO3MOXXHOCTH IPOTHO3HUPOBAHUS
OTKa30B CHCTEM ILIAHETOXO/Ia MPH IITATHON paboTe Ha IPYroi IIaHeTe.

1. M.U. ManenkoB, B.A.Bonos, H.K.I'ycera, E.A.JlazapeB Amnamus
TIOJIBIDKHOCTH MapcoXOJIOB UIsl Pa3pabOTKU CHCTEM IEpPEeNBIKEHHS U
QITOPUTMOB  YIIPABJICHUS IUIAHETOXOJAMH HOBOTO TITOKOJEHHS //
WzBectns FODY. Texunueckne Hayku. 2015. Nel (162).

2. A.®. baranos, B.A. BopoH1os, 10.A. XaxanoB Co3nanue
WHHOBAIMOHHBIX ~ KOCMHUYECKMX  IOJBIDKHBIX  IUIATPOpM €
SKOHOMHYECKH J(PPEKTHUBHBIMA TEXHOJIOTHSMH HCCIENOBaHUM// 2-5
HayuHo-TexHn4eckass KOH(EpEeHIMH ¢ MEeXIyHapOIHBIM y4YacTHEeM
«MHHOBAIIMOHHBIE aBTOMATHYECKHE KOCMHYECKHE amlmaparthbl Ui
(yHZaMEHTAIBHBIX W NPHUKIAJHBIX  HAYYHBIX  WCCJIEJOBAHHMH.
mpoOeMbl  CO3JaHusl CIIy)KEOHBIX W HAyYHBIX CHUCTeM»: Tpynsl
koHpepenmu. (Anana, KpacHomapckuit kpaii, 04-09 cenrsops 2017
r.) M: MWsparenbctBo: AkumoHepHoe oOmectBo  «HaydHo-
mpou3BoacTBeHHOe oOBenuHeHne uMm. C.A. JlaBoukwnay, 2017 — C.
141-150.

3. A.®. baranos, 10.A. XaxanoB HMccnenoBaHue NOBEPXHOCTHOTO CJOS
JIyHBI C TIOMOIUBIO [JEBSTOTO KOJIeCa JIYHOXOAAa M Pa3sBUTHE 3TOTO
meroga // XL  AxameMuyeckMe YTEHHS 110 KOCMOHABTHKE,
nocsimeHable mamatu akagemuka C.I1.Kopoxesa. Mocksa, 26-29.01.
2016 .

4. M.U. MajneHKOB, A.H. Boraues, B.A. Boios, H.K. I'ycesa,
A.Il'. Konkonosuu, JI.H. Ky3zemenko, B.M. Kypmswok, E.A. Jlazapes,
A.b. ®enopymkos, J.b. ®enopyuikon Hossle IIPOEKTHO-
KOMITOHOBOYHBIE ~ PEIICHHS JUIL TIOBBIIIEHUS] TIOJBM)KHOCTH U
(YHKIIMOHAJIBHBIX BO3MOXKHOCTEH TianeToxonos. // Uzsectus IODY.
Texumueckue Haykn. 2017. Nel (186).

5. L.Zhengca, W. Yang Robust Adaptive Fuzzy Control for Planetary
Rovers While Climbing up Deformable Slopes with Longitudinal
Slip // Hindawi Publishing Corporation Advances in Aerospace
Engineering Volume 2014, Article ID 620890, 10 pages.

6. A.C. Leite, B. Schafer, M.L. Souza Fault-Tolerant Control Strategy for
Steering Failuresin Wheeled Planetary Rovers // Hindawi Publishing
Corporation Journal of Robotics Volume 2012, Article ID 694673, 15
pages.

7. URL: https://www.esa.int/Our_Activities/Space Engineering Technol
ogy/ExoMars_software passes ESA Mars Yard driving test (mata
obpamenwns: 18.03.2019).

327



M.I1. Malenkov, V.A. Volov
SYSTEM OF FASTENING AND DEPLOYMENT OF ONBOARD
MANIPULATOR ORBITAL SHIP "BURAN".
PROBLEMS AND HISTORY OF CREATION

STC ROCAD, St. Petersburg
m.i.malenkov@gmail.com

As is known, the first flight of the orbiter (OK) “Buran” Ne 1K1, was
made in automatic mode on November 15, 1988. During the flight of the
second sample (No. 2K1), the work of the on-board manipulator (BM),
intended for carrying out various operations with spacecraft in orbits, was
planned. The fastening of the OM in the payload compartment (PC), the
deployment to the working position in orbit and the laying in the transport
position before landing must be carried out using the OM fastening and
deployment system (FDSOM).

In the USSR, it was known that similar functions are performed by a
similar system of American space shuttles. This circumstance
predetermined the identity of the composition of the FDSOM in both
countries (Fig. 1). But the design of FDSOM was made independently of
the American prototypes, the developers had no information in this part.
Synthesis of mechanisms, design of aggregates, testing of calculations and
test methods - all this was the result of VNIITransmash’s own research of
specialists conducted in collaboration with specialists of the main customer
(RSC Energia), TsNII RTK (OM design) and other partners (names -
modern).

FDSOM has a control unit, a cable network and 4 supports: one root
node (RN) and three lodgments. RN provides a constant mechanical and
electrical coupling of the OM arm with the airframe bearing beam in the
transport and operating positions of the OM. He perceives all the loads
acting on the OM during takeoffs and landings, reaching 36 kN along the
longitudinal axis. All lodgements are identical, but have two mirror
modifications. The lodgements include tape bandages with handles in the
form of round rods. Wide ribbons gently cover the links of the manipulator,
and the handles allow you to press the bandage to the bed trap using a fixing
hook. This design provides a gravitational static and dynamic loading of the
lodgments only perpendicular to the longitudinal axis of the OM. But the
lodgments do not prevent the longitudinal movements of the carbon-fiber
links of the OM with respect to the carrier beam made of aluminum alloys,
with its thermal deformations within + 40 mm, as well as with elastic, static
gravitational and aerodynamic deformations of the airframe in all other
directions. The maximum value of deformations, reduced to the longitudinal
axis of the OM (about 15 m long and weighing 380 kg) reached 100 mm in
the vertical and 40 mm in the horizontal planes.
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a
Figure 1 — The layout of the support of the FDSOM (starboard) in the OK
“Buran” (a), the scheme of interfacing of the supports of the FDSOM with
the beam of the airframe and the OM (b): 1- root node, 2, 3, 4 — shoulder,
cubital and wrist lodgements, 5 — bandages, 6 — control unit, 7, 10 — cable
network, 8 — OM (design TSNII RTK), 9 — transit cable OM, 11 — glider
carrier (beam)

All four pillars, with a total weight of 90 kg, are equipped with
electromechanical and redundant, in emergency situations, manual actuators
for turning OM from the transport position inside the PC to the working
position after opening the PC flaps. Three lodgments are equipped with
duplicated drives fixation - release of the links of the OM in the transport
and operating positions.

The creation of the FDSOM was entrusted to VNIITransmash by the
decision of the military industrial commission under the USSR Council of
Ministers in 1983. By 1990, autonomous tests of the FDSOM and tests of
the “carrier beam simulator - FDSOM - OM” complex were completed. In
1992, flight samples of the FDSOM were, under the control of the
developers, mounted and tested in the work on the right board OK in the
assembly and test body of the site 254 of the Baikonur spaceport. In 1993,
joint tests were conducted with the flight sample OM. This made it possible
to draw up a conclusion on the admission of FDSOM to flight tests as part
of the OK "Buran"Ne 2K 1. This sample, according to photos and videos on
Internet sites, in recent years, was located in the assembly and refueling
body of site 112.
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Kak u3BecTHO, niepBbIil nonér opobutansHoro kopadis (OK) «bypamn»
NelK1, ObL1 coBepIIéH B aBTOMaTHUECKOM pexxume 15 HostOpst 1988 roxa.
[Ipn nonere Broporo ob6pasua (Ne2K1) mimanuposanack pabora 60pTOBOTO
Manunyistopa (BM), mpeaHasHaueHHOTO JUIs TMPOBENCHUS Pa3IHYHBIX
orepalMii ¢ KOCMMYECKUMHU ammaparamu Ha opburax. Kperuenne BM B
orceke nosre3Horo rpysa (OIIT), pa3BépTeiBaHNe B paboydee MOJI0KEHHE Ha
opOuTe M yKITaaKa B TPAaHCHOPTUPOBOYHOE IIOJIOKEHHUE Mepes MOCaaKoH,
JOIDKHBI ~ TIPOM3BOAWTBHCS C  TOMOIIBIO  CHCTEMBI  KpCIUICHHS U
pa3sépteiBanus bM (CKEM).

B CCCP 06puto m3BEeCTHO, YTO ATH K€ (DYHKIWH BBIIOJIHIECT H
aHAJIOTHUYHAsT CHUCTEMa aMEPHKAHCKHUX KOCMHYECKHX HYEITHOKOB. OJTO
00CTOATENILCTBO MPEIONPEaeNInI0 UaeHTHUHOCTh coctaBa CKBM B 00enx
ctpanax (puc. 1). Ho xonctpykiuss CKBM BbINONHEHa HE3aBHUCHMO OT
aAMEpPHUKaHCKMX MPOTOTUIIOB, HHKaKoi HH(popManmued B JTOW YacTu
paspaborunku He pacronarany. CHHTE3 MEXaHU3MOB, NPOEKTUPOBAHHE
y3JI0B, OTpabOTKa METOJOB DPAcueTOB M HCIIBITAHWUH - BCE 1TO SIBUIIOCH
pe3yIpTaToM COOCTBEHHBIX MOWCKOB crermanuctoB BHUMTpancmam),
MIPOBEJICHHBIX B COAPYKECTBE CO CIICIHAINCTAMH T'OJOBHOTO 3aKa3dHKa
(PKK «9neprus»), THUU PTK (pa3zpabotka BM) n npyrumu naptHEpaMu
(Ha3BaHMA NPEANPUATHH - COBPEMECHHBIE).

CKBM mmeet 670K ympaBieHHs, KaOETbHYIO CeTh M 4 OIOpHI: OIMH
y3en kopHeBoil (YK) m tpm noxxemenra. YK obecreunBaeT MOCTOSHHOE
MEXaHHYECKOEe U DJIEKTPUYECKOe CONpsDKeHHE IUedeBOro 3BeHa BM ¢
OMMCOM B TPAHCIOPTHPOBOYHOM M B paboueM mojoxeHusx BM. Ou
BOCIIPUHHMMAET BCE HArpy3ku, JAeiicTBytomne Ha bBM mnpu B3nérax u
nocajkax, gocrurampomme 36 kH no mpomonsHON ocu. Bcee noxeMeHTHI
WAEGHTHYHBI, HO WMEIOT [BE 3epKalbHBIX Moanpukanuu. B nx cocras
BXOAAT JICHTOYHbIE OaHAaXHW C pydKaMH B BHJIE KPYIJIBIX CTEp)KHEH.
[Inpoxue neHTHI Oepe’KHO OXBATHIBAIOT 3BEHBS MAHUITYJSATOpPA, a PYUKH
TTO3BOJISTIOT TPIPKATh OaHAAX K YIOBUTEINIO JIOXKEMEHTA C IIOMOIIBIO KPIOKa
MeXaHU3Ma ¢uKcaum. Takas KOHCTPYKIIHS obecrieunBaeT
TPaBUTAIIMOHHOE CTaTHYECKOE M JUHAMHYECKOE HArpy)K€HHE JI0KEMEHTOB
TOJIBKO MEPIEHIUKYJSIPHO K MponosbHOM ocu BM. JloxkemeHTHl He
MIPEISITCTBYIOT TPOJOJIBHBIM TIEPEMEICHNUAM YITICTNIACTHKOBBIX 3BCHBEB
BM otHocuTensHO OMMca IUTaHepa, W3TOTOBJICHHOTO W3 allFOMUHHEBBIX
CILIABOB, MPU €ro TEIUIOBBIX JAedopMmanusx B mpenenax +40Mm, a Taxke
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NPy yOPYTHX, CTATHMYECKUX TPABUTALMOHHBIX M adpPOJANHAMHUYECKHX
nedopmanmsax miaHepa BO BCeX JAPYTMX HampaBieHWsX. MakcumanbHas
BeNMMYMHA JAedopMaryii, IpUBEAEHHBIX K MpojoibHOH ocu BM (mimHOM
okono 15 M n maccoit 380 kr) nocturana 100 MM B BepTukanbHO# 1 40 MM
B FOPU30HTAJIBHOM MJIOCKOCTSX.

Pucynok 1 — Cxema pasmenienus ormop CKBM (mpagerit 6opt) 8 OIII OK

«Bypan» (a); cxema conpspkennss CKBEM ¢ 6umcom mmanepa 1 BM (6): 1-

y3el KOpHeBOH; 2, 3, 4 — I0)KEeMEHTHI IJIEUeBOH, JIOKTEBOM, KUCTEBOM; 5 —

6anmaxu; 6 — 6ok ynpasnernss CKbM; 7 — kabenbHast cetb CKBM; 8 —
BM (pa3paborka [IHMU PTK); 9 — tpan3urHsiii kabeas BM

Bce uerhipe omopsl, oOmieir wmaccod 90 Kr, CHaOXXEHBI
JJIEKTPOMEXAaHUYECKUMH W IyOJHPYIOIIMMH, B aBapUHHBIX CUTYalHMsX,
PYYHBIMU NPUBOAAMH NOBOpPOoTa BM M3 TpaHCIIOPTHPOBOYHOTO MOJIOKEHHS
BHyTpu OIII' B pabouee nonoxxenue mocie packpsitist crBopok OIII. Tpu
JIOXKEMEHTa OCHAIIEHBl JyONMpOBaHHBIMH NPUBOAAMH  (pHUKCAIHH -
0cBOOOXIeHNE 3BeHheB bBM B  TpPaHCIIOPTHPOBOYHOM U  pabouemM
mojoxkeHusx. Ha cmywyaii oTkasa TIpUBOIOB, B COCTaBE  OIOP
MIPEAYCMOTPEHBI MUPOTEXHNIECKHE MEXaHN3MBI OTesIeHNsT BM.

Cozgaane CKBM 6b110 mopyaeno BHUW Tpancmam pemennem BITK
mpu CM CCCP B 1983 r. K 1990 romy Obumu 3aBepIIeHBl aBTOHOMHBIE
ucneitauusi CKBM un kommekca «umurarop 6umca — CKBM — BM». B
1992 nérupie ob6pazupt CKBM ObutH, mox KOHTpOJIEM pa3pabOTYMKOB,
CMOHTUpPOBaHBl Ha mpaBoM Oopty OK B MOHTa)XHO-HCIIBITATEIEHOM
KopIyce mionaaku 254 kocMoapoma ballkoHyp U MPOBEPEHHI B paboTe ¢
TEXHOJIOTHYECKUM, a 3ateM, B 1993 r., ¢ né€rHeiM obOpasiom BM. 3to
mo3Boywiio  oopMuTh 3akimrodeHnne o jgomycke CKBM  k  nérHBIM
ncnbitanusaM B coctaBe OK «bypam» Ne2K1. Drot obpazern, cormacHo GpoTo
1 BHAeoMaTepHanaM Ha Internet-caiiTax, B HOCIIEIHHE TOJbI HAXOJUTCS B
MOHTaXHO-3aIIPaBOYHOM KOpITyce Iuiomanaku 112.
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NON-COOPERATIVE SPACECRAFT

Military Space Academy named after A.F.Mozhaisky, St. Petersburg
i.v.fominov@gmail.com, saa-soso@rambler.ru,
kalabinpavel179@gmail.com

The development of technologies of microelectronics, robotics and
artificial intelligence contributes to the implementation of the tasks of
service maintenance of non-cooperative(passive) spacecraft (NCS).

An important feature of the implementation of passive spacecraft
maintenance tasks is the preliminary operations connected with the
necessity of:

— visual examination of the serviced NCS, in order to diagnose a
breakdown;

— preparation of special equipment of the space robot;

— waiting of a favorable situation to perform movement to contact to
NCS and conduct special maintenance tasks;

— construction of three-dimensional models of NCS by methods of
mapping photography well as a number of other tasks.

The above operations should be carried out at a distance of effective
operation of the target equipment of the space robot relative to the serviced
NCS during a sufficiently long interval of time (several turns). In the works
[1,2], the ways of a coplanar passive periodic fly-by are presented and the
conditions for its implementation are given.

The passive coplanar periodic overflight is understood as passive
(without switching on a corrective propulsion system) movement of one
spacecraft relative to another spacecraft along a closed trajectory in the
moving orbital coordinate system (MOCS) at a small distances (relative
distance is much less than the distance to the center of attraction) in a plane
coinciding with the planes of the spacecraft orbit. The flyby period, when
satisfying the specified relative motion parameters, is equal to the periods of
the orbits, moving spacecraft relative to each other.

The report shows that to ensure a closed path of passive periodic
overflown by space robot of NCS it is necessary to satisfy a number of
requirements for the initial values of the parameters of relative movement of
the spacecraft.

The results of numerical studies of the deviations of the initial values
of the relative parameters of the movement of the spacecraft from the
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required in the NCS on the type of the relative trajectory of the movement
of the spacecraft are given. The results of the research allowed to make
important practical conclusions:

1. If there is a deviation of relative coordinate A% # 0 from the
required one, the center of flyby trajectory moves along the axis of the NCS
OX MOCS, but the path remains closed.

2. If there is a deviation of the relative coordinates Ay #0 the
trajectory of the relative motion of the spacecraft is a cycloid. This mistake
is the most critical, since it can result in a collision of spacecraft and NCS.

3. If there is a deviation of the relative coordinates A2 %0 focus of
plane trajectory of NCS overflown varies by an angle proportional to the
value Az, around the axis OX system of relative coordinates NCS. In this
case the spacecraft circled NCS by space robot in a plane which does not
coincide with the plane of the orbit of spacecraft of NCS (out-of-plane
circled).

4. Passive coplanar flyby of the NCS can be implemented for both the
circular orbit of the NCS and its elliptical orbit. In the case of an elliptical
orbit of NCS, the trajectory of the bypass of the spacecraft is a closed curve
(in the absence of errors in the formation of the initial relative motion
parameters), which is not an ellipse.

1. Korolev S.Yu. Algorithm of the Initial Exhibition of a Spacecraft-
Robot for Circling an Orbital Object / I.V.Fominov, S.Yu.Korolev.
Proceedings of the Military Space Academy named after
A.F.Mozhaysky.2016. Ne655.P.157-161.

2. Fominov I.V. Analysis of the Influence of Errors in the Formation of
the Initial Relative Parameters of the Motion of a Space Robot on the
Trajectory of a Passive Periodic Flyby of an Uncooperative Spacecraft /
A.A.Sasunkevich, P.V.Calabin. Proceedings of the Military Space
Academy named after A.F.Mozhaysky- 2019. -Vol.666. - p. 210-218.
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Boenno-xocmuueckasa akaoemus umenu A.D. Mooxcatickozo,
Canxm-Ilemepoype
i.v.fominov@gmail.com, saa-soso@rambler.ru,
kalabinpavell79@gmail.com

Pa3zBuTre TEXHOJOTWMI MHUKpPOIIEKTPOHUKH, POOOTOTEXHHKH U
HCKYCCTBEHHOT'O MHTEJUIEKTa CIIOCOOCTBYET pean3aluy 3aja4d CepBUCHOTO
00CITyXMBaHHUSA HEKOOIEPHPYEMbIX (IACCHBHBIX) KOCMHYECKHX alapaToB
(HKA).

BaxHolf  0COOEHHOCTBIO  pealM3alii  3aJa4d  OOCITy>KHBAHUS
naccuBHoro HKA ABISIOTCS MOATOTOBHUTENBHBIE ONEPALUH, CBS3aHHBIX C
HEOOXOMMOCTBIO:

— BHBYaJIBHOTO KOHTpois obciyxmBaemoro HKA, c¢ mensio
JAarHoCTUpPOBAHUA HECUCIIPABHOCTH,

— TIOATOTOBKH CIIEIMaIbHOM anmapaTypsl KP;

— OXHIaHuA 6HaFOHpHHTHOﬁ CUTyalu JJIA BBIIIOJIHECHUA
commxenust ¢ HKA 1 npoBenienust crienaibHBIX 3a1a49 00CITy>KUBaHUS;

— IIOCTPOEHHE TpeXMepHOI MOJEIHN HKA METOJaMHU
(oTorpaMMeTpHH, a TAKXKe psiaa APYruX 3a1ad.

HasBanHble omepanny HEOOXOIMMO TIPOBOJWTH Ha PACCTOSHUHU
a¢¢exTuBHOW paboOTBI memeBo  ammapatypel KPP oTHOcHTENnsHO
obcmyxuBaemoro HKA B TedyeHMH [OCTAaTOYHO MPOJOKHTEIHEHOTO
HWHTEpBala BpeMeHH (HECKOJBbKO BHTKOB). B paborax [1,2] mpencraBieHsI
BapHaHThl TPOBEICHHUS KOMIUIAHAPHOTO ITACCHBHOTO MEPHOANYECKOTO
o0JieTa ¥ PUBEIEHBI YCIOBUS JJIsl €70 OCYIECTBICHUS.

IMong maccHMBHBIM  KOMIUIAHApHBIM  IIEPHOJUYECKHM  O0JIETOM
NIOHMMAETCs TacCHBHOE (0€3 BKIIIOUEHHs] KOPPEKTHPYIOIEH ABUIaTeNbHOM
ycTaHOBKHM) JBmkeHue onHoro KA otHocurensHo ppyroro KA mo
3aMKHYTOH TPaeKTOPHU B TIOABM)XKHOW OpPOUTaNbHON CHCTEME KOOpAWHAT
(ITOCK) Ha mManom paccTosHHM (OTHOCHTENIbHOE PacCTOSHHE BO MHOTO pa3
MEHBIIE PACCTOSHUS 1O TPHUTATUBAIOMIETO IIGHTpa) B IUIOCKOCTH,
coBmajaromeid ¢ miaockoctsiMu  opout KA. Ilepmoxm obGmera npu
yIOBJIETBOPEHUH 33[aHHBIX OTHOCHTEIBHBIX IAapaMeTpOB IBIKCHUS paBeH
MIEpUOaM OPOHT, ABIKYIIHUXCS IPYT OTHOCHTENBHO Apyra KA.

B nokmane mokasaHo, 4To Ui 0OECHEUCHUS 3aMKHYTOH TPaeKTOpUH
MMACCHBHOTO TMEPUOTUYECKOr0 obmera KocMmuueckuMm poborom HKA
HEOOXOAMMO  Y/IOBIETBOPUTH psifi  TpeOOBaHHW, MPEABSIBISEMBIX K
HavaJIbHBIM 3HAYCHUAM OTHOCHUTECJIbHBIX MMapaMETPOB ABUKCHUA KP.
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IIpuBeneHsl pe3ynpTaThl YHCICHHBIX HCCIEIOBAHUN OTKIOHEHHS
HayalbHBIX 3HAUEHHM OTHOCHUTENBHBIX MapameTpoB maBmwkeHus KP ot
tpebyembix B [IOCK HKA Ha BHJ OTHOCHUTENBEHON TPAEKTOPHHU JIBMKSHUS
KP. PesyneraTel wHcclneqoBaHUS IO3BOJIMIM  CAENATh BaXKHbIE B
MIPAKTUYECKOM OTHOIIEHUU BBIBOJIBL:

1. Tlpu HANTMYMHU OTKIOHEHHS OTHOCHTENbHON KoopauHaTel Ax # 0 ot
TpeOyeMoii, neHTp Tpaekrtopuu obieta HKA cmemaercs Bmoms ocu OX
INOCK, HO npu 3TOM TPaeKTOPHs OCTAETCS 3aMKHYTOH.

2. Ilpu HaJMYUM OTKIOHEHHS OTHOCHTENBHOM KoopauHatel Ay #0

TpaekTopusi OTHOcHTenbHOTo nBrkeHnms KP  mpencrasmser coOoi
OUKJIONTY. DTa OMMOKa SBIETCS Hanboiee KPUTHYHOW, ITOCKONIBKY OHA
MOXeET MpUBECTH K cTosikHOBeHHIO KP n HKA.

3. Ilpu HanM4MHM OTKIOHEHWS OTHOCHTEIBbHOH KoopamHathl Az #0
OpHEHTalMsI IIOCKOCTH Tpaekropuu obnera HKA m3mensercs Ha yrou,
MIPONIOPIMOHANBHBIN 3HaueHio Az , Bokpyr ocu OX OCK HKA. B stom
ciydae mpoucxonut odner HKA xocMuueckuM poGOTOM B IUIOCKOCTH HE
coBmnafaroneil ¢ mrockocthio opouThl HKA (HexoMIutaHapHBI 0011eT).

4. TlaccuBHblil komITaHapHbI 001eT HKA Moxer ObITh peann3oBaH,
Kak Uit KpyroBoit opoutel HKA, Tak u Ui €ro sJuIMnTHYecKoi opouTel. B
ciryyae ammuntuaeckoi opoutst HKA Ttpaektopust obnera KP siBnsiercs
3aMKHYTOH KpHBOW (IIpH OTCYTCTBHH OIIMOOK (pOpMHPOBAHMS HadallbHBIX
OTHOCUTEIIBHBIX NTaPaMETPOB JBU)KEHUS ), HE ABJISIOIIENCS IUTUIICOM.

1. Kopones, C.JO. AnroputM HaudalbHOM BBICTABKM KOCMHYECKOIO
amnmapara-po0oTa IS BBIOMHEHUS 007¢Ta OpOMTaIbHOTO OO0BEKTa /
N.B. ®ommuo, C.O. Kopomes. Tpymsl BoenHo-KOCMHUECKOit
akagemnu nmeHu A.dD.Moxatickoro. 2016. Ne655. C.157-161.

2. @ommuoB U.B. AHanu3 BausHAA OMNOOK (HOPMHUPOBAHUS HadaIbHBIX
OTHOCHTENFHBIX IapaMeTpoB JBHXKCHUS KOCMHYECKOro poboTa Ha
TPaeKTOPHUIO NMACCUBHOIO MEPUOANIECKOT0 00JIeTa HEKOOIEPUPYEMOTO
kocMuueckoro anmapara / A.A. CacynkeBuu, I1.B. Kanabun. Tpyzast
Boenno-xocmuueckoil akagemun umenn A.d.Moxaiickoro. — 2019. —
Bem. 666. — C. 210-218.
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The use of parallel kinematics mechanisms in space technology in the
tasks of precision instruments pointing, as well as their stabilization and
vibration isolation is very promising [1]. Russian developers are considering
the possibility of creating a multisection manipulator to provide navigation
tasks for the Millimetron orbital astrophysical observatory [2].

The basic principle of developing a high-quality positioning and
orientation system of an object is feedback control of its position. For the
type of pointing devices under consideration, these are three angular and
three linear coordinates. Extreme environmental conditions in which the
spacecraft equipment operates impose a number of restrictions on the
component base used [3]. The accuracy of moving an object placed on a
moving platform of a hexapod depends both on the manufacturing errors of
the mechanism itself and on correct accounting for all kinematic parameters
entered into the mechanism control system for solving the inverse
kinematics problem. But first and foremost, the accuracy of movement of
the output link - a moving platform with an object - is affected by the
accuracy of the linear drives. Due to the drawbacks of the above approaches
to building a system for measuring the position and orientation of a mobile
platform, as well as in accordance with the modular design principle of the
considered mechanism, it is optimal to ensure the functioning of linear
drives as closed-loop actuators or servo drives.

The application of system for indirect measurement of a linear
position as part of a linear actuator design is considered. In the course of
experimental studies, an assessment was made of the accuracy of
displacement of a linear actuator rod without feedback on the output
coordinate. The accuracy that is achievable when performing the calibration
of the ball screw of the linear drive, as well as taking into account the linear
temperature changes of dimensions, is estimated.

1. Gorbunov A. V., Korotkov E. B., Lekanov A. V., Rudyka S. A,
Slobodzyan N. S. The use of spatial mechanisms with a parallel
structure for the guidance, stabilization and vibration isolation of
onboard devices. Reshetnevskie chteniya, 2017, vol. 1, no. 21, pp. 117—
118. (In Russian).
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2. Artemenko Yu. N. Multifunctional use of the pointing pointing device
of the Millimetron space telescope. Vestnik Nizhegorodskogo
universiteta im. N. 1. Lobachevskogo, 2011, no. 4-2, pp. 44—46. (In
Russian).

3. International Space Station (ISS) Researcher’s Guide [Electronic
resource] / National Aeronautics and Space Administration. - Electron.
text given. - USA, 2015. - Access mode:
https://www.nasa.gov/sites/default/files/files/NP-2015-03-015-
JSC_Space Environment-ISS-Mini-Book-2015-508.pdf.

C.A. Mameees, E.b. Kopomkos, H.C. Cno6003an
OCOBEHHOCTU YIIPABJIEHUS IPUBOJAMMU 'EKCAIIOJJA
KOCMUMNYECKOI'O TIPUMEHEHUSA

Banmutickuii 2ocyoapcmeentviii mexHu1eckutl ynugepcumem
«BOEHMEX» um. /I.@. Yemunosa, e. Cankm-Ilemepoype
ebkorotkov@yandex.ru, ja-nikita@mail.ru

[lepcriekTHBHBIM ~ sIBISieTCS ~ TPUMEHEHHE  MEXaHH3MOB  C
NapaJyIeIbHOM KHHEMAaTUKOM B KOCMHMYECKOHM TEXHMKE B 3ajadax
HaBCICHUA W OPUCHTALMU MNPCIHU3NOHHBIX HpI/I60pOB, a TaKXeE Hux
crabwimzanuu ¥ BuOpouzossauuu [1]. OredecTBEeHHBIMU pa3paboTYMKaMU
paccmarpuBaeTcs BO3MOXXHOCTb CO3JIaHUs MHOTOCEKITHOHHOTO
MaHMIYJIATOpa Ul OOecrieueHHs HaBUTAlMOHHBIX 3agad OpOWTaIbHOU
actpodusnueckoii oocepBaropun « MmuIMETpoH» [2].

OCHOBHBIM TPUHIMIIOM TIOCTPOCHUS KAYECTBCHHOW CHCTEMBI
TTO3UIIMOHUPOBAHUS W OPHEHTAlMM OOBEKTa SBICTCS YIpPaBICHUE C
0o0paTHOW CBS3BIO IO €rO MOJIOKEHHWIo. [l paccMaTpmBaeMoro THIIA
YCTPOWCTB HAaBEACHUS — A3TO TPH YIJIOBBIX U TPH JIMHEHHBIX KOOPIUHATHL.
OKcTpeMaibHbIE YCIOBHS BHEIIHEH Cpeabl, B KOTOPBIX (DYHKIIMOHHPYET
amnmaparypa KOCMHYECKOTO almapaTa, HaKJIaIsIBalOT Psii OTPaHWYCHHAN Ha
UCIIONIB3YEeMYI0 KOMIIOHeHTHYI0 0a3y [3]. To4HocTh mepemenieHus
00beKTa, pa3MEIeHHOTO Ha MOJBIDKHOM IUIaTgopMe rekcarona, 3aBUCHUT
KaKk OT TOTPENIHOCTeH W3rOTOBIICHUS CaMOr0 MEXaHW3Ma, TaK U OT
MPaBWIIBHOTO yYeTa BCeX KHHEMaTHYECKUX I1apaMeTpoB, BBOJMMBIX B
CHCTEMY YIpaBJICHHS MEXaHW3MOM JUIS pEUIeHus oOpaTHOH 3anauu
KuHeMaTHkH. Ho B mepByro ouepeab Ha TOYHOCTH IEpEMEICHHUs
BBIXOJIHOTO 3BE€Ha — IIOJBM)KHOM IUTAaTGOPMBI ¢ OOBEKTOM — BIHSACT
TOYHOCTH  pabOTBl ~ NUHEWHBIX  TNPHUBOJOB. [3-3a  HEZOCTAaTKOB
BEIIIICONMCAHHBIX  TOAXOJOB K TIOCTPOCHHIO CHCTEMBI HM3MEPCHUS
MONIOKEHUSI W OpPUCHTAIlMH TIOABIKHOM IiatgopMbl, a Takke B
COOTBETCTBHH C MOJYJIFHBIM NPHHIUIOM TIOCTPOCHHUS PaccMaTpHUBAaEMOTO
MeXaHnW3Ma, HaubojJee  ONTHMAaNbHBIM  sBIseTcs  obecreueHue
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(bYHKIIMOHUPOBAHUS JIUHEHHBIX MIPHUBOJIOB Kak 3aMKHYTBIX
UCTIONIHUTENBHBIX YCTPONUCTB, UM CEPBONPUBOJIOB.

PaccMmoTpeH BapuaHT pa3sMeLIeHUsI CUCTEMbI KOCBEHHOTO M3MEPEHUS
JIMHEWHOTO TOJIOKEHUSI B COCTaBE€ KOHCTPYKLUU JMHEHHOro mpusoaa. B
XO/Ie OKCIEpUMEHTAJIBHBIX HCCIEJOBAaHWN ObLIa BBINIOJIHEHA OICHKA
TOYHOCTH TIEPEMEIeHNs ITOKA JTMHEHHOTO MpruBoja 0e3 o0paTHOW cBs3M
M0 BBIXOOHOM KoopauHaTe. OLlEHEHa TOYHOCTb, JOCTIDKAMAs MpHU
BBIMOJTHEHNH  KAIMOPOBKM  IIApHKO-BHHTOBOW TIepeladd JIMHEWHOTO
NIPUBOJA, 4 TaKXKe IpH YydeTe JIHHEHHBIX TEMIEPATyPHBIX W3MEHEHUN
pa3sMepoB.

1. TopoynoB A.B., KoporkoB E.B., JlekanoB A.B., Pympika C.A.,
Cnobomsssn H.C. IlpuMeHeHHe NpPOCTPaHCTBEHHBIX MEXAaHH3MOB C
napajulelbHOM  CTPYKTYpOH JUIsi HaBeJeHWs, CTaOwWiu3amuu U
BUOpoM30ISIIMK O0OpTOBBIX IpHOOPOB // PemerneBckue urenus. 2017.
T.1.Ne21.C. 117-118.

2. ApremeHko I0.H. MHorodyHKIMOHATILHOE HCIIOJIb30BAHUE
MaHHMITYJIATOpa HABEAECHUSI KOCMHYECKOTO TelecKona « MIIITIMETPOH»
// Bectauk Hmxeropoackoro yamsepcureta uMm. H.U. JlobadeBckoro.
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The relevance of the work lies in the fact that:

— as the size of the reflectors grows, their structural rigidity
decreases, and it is necessary to use shape control systems for large-sized
transformable structures;

— with the growth of a given period of active existence of large-sized
reflectors in orbit, the long-term factors of outer space have an increasing
effect on them, leading to a distortion of the ideal form of the radio
reflecting network; in addition, they begin to show relaxation changes in
materials and structures, also leading to deviations of the actual shape from
the set.

The aim of the project is to develop a wireless multipoint system for
controlling the shape of a radio-reflective network - mounted net tied onto a
large-sized transformable umbrella-type design; The control system is
intended to correct the shape of the radio reflecting network in the process
of long-term operation in the near-earth orbit in order to counter external
thermal and dynamic disturbances, as well as to reduce the effect of
relaxation changes in design parameters and network during space aging
under the influence of outer space factors.

The objectives of the project are as follows:

— the choice of microelectromechanical actuator, providing the
required effort and speed of movement of the control shafts with a
minimum weight of the actuator;

— development of a system for measuring the spatial position of the
characteristic points of a radio-reflecting network;

— development of the mathematical apparatus and software
implementation of the calculation of the minimum distance of movement of
the characteristic point of the network from the actual position to the
required one with recalculation into the change of the length of the control
cable;

— providing guidance of the pump laser to the required photodetector
and transmitting along the beam of power sufficient for the actuator to move
the characteristic point of the network to the specified spatial position;
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— development of an electrical energy storage device in an amount
sufficient to provide one complete predetermined cycle of the actuator
operation when the length of the cable is changed.

The main feature of the BSUF KTK is the provision of multipoint
distributed control of the shape of the elastic network with multipoint
wireless transmission of energy and information over a laser beam from a
single center.

In 2018, during the implementation of the work of the 2nd stage, a
design sketch documentations BSUF KTK was developed, a prototype
BSUF KTK was manufactured and tested while controlling the actuators by
a laser beam.

In the course of the third stage currently underway, the development
of the design sketch of the experimental model BSUF KTK was completed,
the purchase of materials and components for the experimental sample was
completed, the individual case parts of the actuators were manufactured, the
installation and laboratory studies of the purchased BSUF KTK
experimental model were started.

Prospects for practical use.

In large transformable space structures for active control of the radio
reflecting shape of the network during operation, in order to rebuild the
parameters of the reflector to the changed radiation frequency or to the
changed requirements on the radiation pattern of the radiator or receiver.

To compensate for relaxation distortions of the form during long and
very long operation, caused by long-acting loads and alternating
temperature deformations, as well as radiation degradation of the materials
of the reflector design.
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AKTyanbHOCTh PabOTHI 3aKJIFOYAETCS B TOM, UTO:

— ¢ pocTtoM pa3MepoB pedIIEeKTOPOB Yy HHUX yMEHbBIIAeTCs
KOHCTPYKIIMOHHAsE JKECTKOCTb M HEOOXOAWMO TIPHUMEHSTH CHCTEMBI
yTIpaBIeHUS ¢hopmoii KPYIHOTa0apHUTHBIX TpaHCHOPMHUPYEMBIX
KOHCTPYKILIMIA;

— C PpOCTOM 3aJaHHOTO CpOKa AaKTUBHOTO  CYyIIECTBOBAaHHS
KpyMHOTAa0apUTHBIX peQIIeKTOpOB Ha opdWTe Ha HHUX OKa3bIBaeT
BO3pacTalolllee BIWSHUE IOJNTOBPEMEHHBIE (DaKTOPHI KOCMHUYECKOTO
MIPOCTPAHCTBA, IPHUBOMAIINE K  HCKAKECHUIO HACATbHOM  (QopMbl
pamuoOTPaXKAIOIIEro CEeTENONIOTHA; KpPOME JTOro, Yy HHUX HaYMHAIoT
MPOABJIATHCA PEIAKCALIMOHHBIE UBMCHCHMA B MaT€praiaX U KOHCTPYKIHUAX,
TaKKe MPUBOASIINE K OTKJIOHEHUSIM (PaKTHIeCKOW (POPMBI OT 3aJaHHOM.

[enbto mpoekTa BIseTCS pa3paboTka OECIPOBOIHON MHOTOTOYSHYHOM
CHCTEMBbl  ynpaBiieHHST (OpPMOH  PagHOOTPAKAIOIIET0  CETEINOoJIO0THA,
HaTAHYTOTO Ha KPYMHOTaOapUTHYIO TpaHCHOPMHPYEMYIO KOHCTPYKIIHIO
THMA «30HTHYHBIH pedIeKTop»; CHCTeMa YNpaBICHUs IpeTHa3HAYaeTCs
JUISl KOPPEKTUPOBKH (POPMBI PaJHOOTPAKAIOIIETO CETETONIOTHA B IpoLecce
MHOTOJIETHEH OKCIUTyaTalldl Ha OKOJI03eMHOM opOuTe C  IeNbio
MIapUPOBAHMSI BHEIIHUX TETJIOBBIX M IMHAMHYECKUX BO3MYIIEHHUH, a TaKKe
YMEHBIICHNS!  BIWSHUS  PENAKCAlMOHHBIX HM3MEHCHHH  IapaMeTpoB
KOHCTPYKLIMM U CETENOJIOTHA B IPOIIECCE CTAPEHUs IMOJ BO3JEHCTBHEM
(haKTOPOB KOCMHUYECKOTO ITPOCTPAHCTBA.

3ajauyaMu MPOEKTa SBIISIOTCS CIIEYOLIHE:

— BBIOOD MHUKPO3JIEKTPOMEXaHHUECKOTO UCTIOJTHUTEIFHOTO
YCTPOWCTBA — aKTyaTOpa, OOECHEeYMBAIONICTO0 TpeOyeMble YCWINSA U
CKOPOCTH TIEPEMEILCHUsI YNPABISIOMINX BaHT IPH MUHHMAJILHOM Bece
aKTyaTopa;

— pa3paboTKa CHCTEMBI U3MEPEHUs IPOCTPAHCTBEHHOTO ITOJI0KEHHS
XapaKTEePHBIX TOYEK PAAHOOTPAKAIOLIETO CETETION0THA;

— pa3paboTKa MaTeMaTHYEeCKOTO ammapaTa W IporpaMMHas
peanm3anysi  pacdeTa  MHHUMAJIBHOTO  PAcCTOSHHUS — MEPEMEIICHHS
XapaKTepHOH TOYKHM CETENONOTHA M3 (aKTUYECKOrO TIONOKEHHSI B
TpebyeMoe ¢ MepecyeToM B M3MEHCHHE JJTHHBI YIIPABJISIOIICH BaHTHI,
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— ofecrieueHre HaBeACHHs Ja3epa HaKaykd Ha TpeOyeMblid
(GhOTOIPHUEMHHUK H TIepeaaya 1o Jy4dy MOIIHOCTH, JOCTaTOUYHOU s paOOTHI
aKTyaropa 0 IepeMeIEeHHIO XapaKTepHOH TOUYKH CETENOoJI0THA B 3aaHHOE
MIPOCTPAHCTBEHHOE MOJIOKEHHE;

— pa3paboTKa HAKOIUTEINS 3JIEKTPOIHEPTHU B 00bEME, TOCTATOYHOM
Ul 00eceueHns] OJJHOTO IIOJTHOTO 3aJ@HHOTO IMKJIA paboTHI aKkTyaTopa
MIPY U3MEHEHUH JJIMHBI BaHTHI.

OcHoBHOW ocobenHOCTRIO BCY® KTK sBusercs obecneueHwme
MHOTOTOYEYHOTO  PAcCIHpEeACIeHHOTO0 yIpaBieHus (OpPMOH  yIpyroro
CEeTENOJIOTHA TP MHOTOTOYEYHOH OecpoBOJHOM mepenade IHEPTUu M
MH()OPMANNH 10 JTa3€PHOMY JIydy U3 €JMHOTO IIEHTpA.

B 2018 roay B Xome BBIOJHEHUs pabOT 2-ro 3Tama IMpPOBEIcHA
paspabotka sckuzHor K/ bBCY® KTK, u3rotoBieH 1 MCMIbITAaH MaKETHBIN
obpazerr BCY® KTK npu ynpasiieHHr akTyaTopamH IO JIa3epHOMY JIydy.

B xonme maymero B HacTosiee BpeMsl TPEThEro dTana 3aBeplieHa
pa3pabotka ackm3Hoi K] skcmepumentansHoro obpasma bCY® KTK,
3aBeplIaeTCs 3aKylKa MaTepHaloB U KOMIUICKTYIOIIUX ISl U3TOTOBJICHUS
9KCIIEPUMEHTAIFHOTO 00pasna, MPOM3BOANTCS H3TOTOBICHHE OTICIBHBIX
KOPITYCHBIX JeTajJlell aKTyaTOpOB, HAdYaJlcsi MOHTX M Ja0OpaTOpHBIE
HCCIIeIOBAHMS 3aKyTJICHHBIX u H3TOTOBJIEHHBIX 3JIEMEHTOB
sKcriepuMeHTanbHOro oopasa BCY® KTK.

[TepcrieKTHBBI TPAKTHUECKOTO UCTIOIB30BAHMS.

B KPYIHOTa0apUTHBIX TpaHchopMHUpyEMBIX KOCMHMYECKHX
KOHCTPYKLMSX JJIsl aKTUBHOTO YIpaBJieHUs: (opMOi pamuooTpa)karomiero
CEeTerNoJIOTHA B TpOLEcCe OKCIUIyaTallid C LEeNbI0  [epecTPOCHUs
rmapameTpoB pediexropa MmoJ M3MEHEHHYIO YacTOTy M3JIy4eHHs WM I10J
W3MEHHUBIIMECS TPeOOBaHMS K JAWarpaMMe HaIpaBICHHOCTH H3ITydarels
WY TIPHEMHHKA.

Jlis  KOMITeHcaliy  pENaKCalMOHHBIX HMCKaXEHHH (QOpMBI  IpH
JUTUTENBHOW M OY€Hb JUTUTENBHON SKCIUTyaTalllH, BBI3BAHHBIX JJIHUTEIHHO
JEWCTBYIOIIMMH HAarpy3kamMl H 3HAKOIIEPEMEHHBIMH TeMIepaTypHBIMA
mepopManmsaMH, a TakKe paTualMoOHHON JAerpaganueil MaTepHaioB
KOHCTPYKIHHU pedIieKTopa.
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In modern practice, the design of spacecraft (SC) untight
compartments, except for the hull, performed from one or more segments of
the trusses, installed in the operating position by means of spring or electric
motors[1]. While the size of farms grows, the number of segments and the
actuators increases, so the reliability of the whole truss decreases, and mass
grows. The development of space technology requires an increase in the
length of such trusses, to increase the disposable energy onboard and the
main characteristics of SC. One of the possible ways of increasing the size
of farms without increasing the number of mechanisms for the disclosure is
assembling of such structures directly in orbit using robotic tools. Currently,
robotic systems capable of docking large modules in near-earth orbit are
being designed and operated ([2],[3]). But at present, no appropriate
building blocks have been developed that implement a mechanical,
electrical and thermal interface sufficient to ensure the operation of the
entire structure, and at the same time does not impose additional
requirements for a robotic assembly system. A good approximation to the
problem solving is the work[4], but the authors suggest using modules to
assemble the spacecraft hull, while for the implementation of large-size
trusses the module design has insufficient mass quality.

In this article, the basic design solutions of the node element for the
assembly of a untight truss mounted on a spacecraft are proposed. The node
element implements mechanical docking without backlash, provides
thermal contact, transmission lines of digital and analog (if necessary)
signals, as well as the transmission of electricity over a network with a
voltage of up to 27V. Node element design takes into account the
requirements of existing space robotics to the positioning of parts.

Structurally, the unit consists of two bushings with ledges and
matching grooves at the ends. On the cylindrical surfaces of the joint of the
bushings, the grooves filled with solder are made, and an isolated spiral of
the electric heater is laid on the solder ring of one of the bushings. The
design of each sleeve provides insulated space for the installation of
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electrical connectors and the heat pipe. The connection occurs as a result of
the fusion of two solder rings embedded in the groove of the sleeves. The
special shape of the jointed flanges unloads the solder ring from all loads
except compression/tension. Controlled winding of the heater coil provides
simultaneous and uniform heating of the entire solder mass.

The proposed design and method of assembly allows to achieve high

assembly accuracy in combination with sufficient strength of the
connection. The disadvantages of this method are its duration and energy
consumption. For a reliable connection it requires a waste of ~6A<h for 40
minutes.

1.

Koznos JI.W., AnmakoB I.Il., u np., mom pen. Kozmoma JI.W.
KoHcTpynpoBaHne  aBTOMAaTHUECKMX  KOCMHUYECKHX  amlllaparoB.
M.:MammnocTtpoenue, 1996 — 448 c.;

Coleshill E., Oshinowo L., Rembala R., Bina B., Rey D., Sindelar S.
Dextre: Improving maintenance operations on the International Space
Station // Acta Astronautica, 2009. 64(9-10), 869-874 c.;

Jlonora B. A., IlotanoB A. M., I'panoBueB A. A., Kapro A. U,
Hamses M. 0. TpaHCHOPTHO-MaHMITYJISIUOHHAs CHCTEMa AT
o0cITyKMBaHHs MeXTyHApOTHONH KOCMUYECKON CTAHIIMU M MOANCPIKKH
BHEKOpaOENbHONH JeATeNPHOCTH KOCMOHABTOB // MexaTpoHuKa,
aBromaruszaunus, ympasieHue. M.: M3n-Bo «HoBble TexHOIOTUMY,
2011. Ne2. 6-16 c.;

Kortmann M., Riihl S., Weise J., Kreisel J., A. Schervan T., Schmidt
H., Dafnis A. Building block — based “iBOSS” approach: fully
modular systems with standard interface to enhance future satellites //
66th International Astronautical Congress 2015: Space - The Gateway
for Mankind's Future, IAC 2015, Jerusalem, Israel,12 October 2015 -
16 October 2015.
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B coBpemeHHOH  IpakTUKE  KOHCTPYMPOBAaHUS  KOCMHUYECKHUX
anmapatoB (KA) HerepmeTMuHBIE OTCEKH, KpPOME HECYLIEro KOpITyca,
BHIMOJHSIOT W3  OJHOTO  WJIM  HECKOJIBKMX  CErMEHTOB  (epM,
yCTaHaBJIMBAaeMbIX B pabodee IOJIOKEHHE C MOMOIIBIO TPYXUHHBIX WIN
anekTpuueckux apurateneii[l]. [Ipm yBennmdeHnn pasMepoB ¢epM pacTer
YHCIIO CETMEHTOB CJIOKEHHS M, COOTBETCTBEHHO, NPHUBOJOB, HAIEKHOCThH
PacKpBITHS Ia/IaeT, a Macca BO3pacTaeT. Pa3BUTHe KOCMHYECKON TEXHHUKH
TpeOyeT yBEIWYEHUs] NPOTSDKEHHOCTH TakuxX (epM, A yBETUUCHHS
SHEPrOBOOPYKCHHOCTH M OCHOBHBIX XapakTepuctuk KA. Omaum u3
BO3MOJKHBIX ITyTE€H yBeIHUeHHs rabaputoB ¢epMm 0e3 yBeTWUeHHUS UYucIia
MEXaHU3MOB  PACKpBITHS  SBISETCA  OpraHu3alus CcOOpKM  TaKHX

KOHCTPYKLUH HEIOCPEICTBEHHO Ha opbure c MIOMOIIIBIO
POOOTOTEXHUYECKHX CPEACTB. B HacTosiiee Bpemsi MPOEKTHPYIOTCS U
SKCIUTyaTUPYIOTCS POOOTOTEXHUYECKHE CUCTEMBI, CIIOCOOHBIE

OCYIIECTBIISITh CTHIKOBKY KPYITHOTaOapUTHBIX MOMYJICH Ha OKOJIO3EMHOM
opoure  ([2],[3]), ommako He pa3pabOTaHBl  COOTBETCTBYIOIIWE
CTPOUTENbHBIE OJIOKH, pealn3yloNuIie MEXaHWMYEeCKHH, >JIeKTPHYECKUi MU
TeIUIOBOH wmHTep(eiic, MOCTAaTOYHBIN aims oOecmedeHwWss pPadOTHI Bcei
KOHCTPYKIIMH, ¥ B TO € BPEMsI HE MNPEABSIBISIOIINN JOMOTHUTEIBHBIX
TpeOoBaHUII K pOOOTOTEXHMYECKOW cHUCTeMe COOpKH. XOpommuM
MpHONMIMKEHNEM K pelraeMoi 3amade sBisercs paspaborka [4], omHaxo
ABTOPBI IPEAIONATalOT UCIONIB30BaTh MOIYJIH sl cOopku kopryca KA, B
TO BpeMsl Kak sl pealu3aluyd KpyIMHOraOapUTHBIX (epM KOHCTPYKIIUS
MOJyJIsI UIMEET HeI0OCTaTOYHOE MacCOBOE KauecTBoO.

B mHacTosmeil craThbe TPEIUIOKEHBI OCHOBHBIE KOHCTPYKTHBHBIE
pelIeHnsT y3JI0BOTO 3JeMeHTa Ml COOpPKM HErepMeTHYHOH (epMbl,
yCTaHABIMBAEMOM Ha KOCMHYECKOM ammapare. Y3JI0BOH  3JIEMEHT
peanmu3yeT MeXaHH4ecKyIo CTHIKOBKY 0e3 modToB, oOecreunBaeT TeIIOBOH
KOHTAKT, JINHUHM TIepeJadl HU(PPOBEIX U aHAIOTOBHIX (IIPH HEOOXOJUMOCTH)
CHTHAJIOB, a TaKKe IMepenady 3JIeKTPOIHEPIHH 0 CETH C HaNpsDKeHHEM JI0
27B. Pazpabotrka wuHTEepdeiica CTHIKOBKM YYHTHIBA€T TpeOOBaHMUS,
MIPEABSBIISIEMbIC CYILIECTBYIOIIUMHU CpeACTBaMHU KOCMUYECKOH
POOOTOTEXHUKH K NO3UIIMOHNPOBAHHUIO JETANICH.

KOoHCTpYKTHBHO y3eq mpelncTaBisieT coO00i JBe BTYJIKH C BBICTYTIaMU
U OTBCTHBIMH IIa3aMH Ha TOpLax. Ha MUIMHAPUYCCKUX TMOBEPXHOCTAX
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CTBIKa BTYJIOK BBIIIOJIHCHBI IMTPOTOYKH, 3alIOJJHECHHBIC IMPUIIOEM, NIPUYEM Ha
KOJIbLIC IIPpUIIOA OI[HOI7I M3 BTYJOK YJOKEHa H30JHUpPOBaHHAA CIUpAIb
JNeKTpoHarpeBarens. B KOHCTpYyKIUM KaXao0il BTYJIKH NPEayCMOTpPEHBI
TEIUIOU30IMPOBAHHBIE MECTA [l YCTAHOBKHU AJIEKTPOPa3beMOB U TEIUIOBON
TpyObl. CoeMHEHNE NMPOMCXOAUT B pe3yibTaTe CIUIABJICHHUS JBYX KOJeLl
MIPUNOs, 3aJOKEHHBIX B MPOTOYKM BTynok. CrhenmansHas ¢dopma
CTBIKYeMbIX (DIaHIEB MO3BOJISET Pa3rPy3WUTh IPHUIOH OT BCEX HArpy3oK,
KpoMe  cxatusi/pacTspkeHnsi.  KoHTponmwpyemas  HaBHBKAa — CIIMpPaNd
HarpeBaTelst OOECIeYMBacT OJHOBPEMEHHBIH M PaBHOMEPHBIH IPOTpeB
BCEU Macchl IPUIOA.

ITpennaraemast KOHCTPYKIHMS W CIOCOO CO3JaHMS COEAWHEHUS
MO3BOJIAKOT JOCTHUYb BBICOKOH TOYHOCTH C60pKI/I B COYCTAaHUHU C
JIOCTATOYHOM MPOUYHOCTHIO COeIMHEHN. B KauecTBe HEIOCTATKOB JaHHOTO
METOZa OTMEYAIOTCsl €ro JUINTENIBHOCTh U 3Hepro3arpaTtHocTh. s
HaJIeXKHOT O COEIIMHEHUS Tpedyercs HETPEePHIBHBII Harpes,
MIPOJIOJDKUTENBHOCTEIO ~40 MHHYT, C CyMMapHBIM 3HEPronoTpediIeHreM
~6Aseu.
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o0cmyxuBaHus MexTyHapoHOH KOCMHYECKOW CTaHIMU U TTOIEPIKKI
BHEKOPaOENIbHOM  JIEATETHHOCTH KOCMOHAaBTOB // MexaTpoHHKa,
aBTOMarHu3anus, ympasienue. M.: Uzn-Bo «HoBwle TexHOJIOTHIN,
2011. Ne2. 6-16 c.;
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66th International Astronautical Congress 2015: Space - The Gateway
for Mankind's Future, IAC 2015, Jerusalem, Israel,12 October 2015 -
16 October 2015.
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It is essential to know the inertia, mass and center of mass of the
manipulation systems for its precise control. In addition, knowledge of
inertia, mass and center of mass payload is important for simulation of
payload motion in different environments.

The measurement of the inertia, mass and center of mass of payload is
possible by various ways.

In industrial conditions, it is often case when the payload often change
or there are a large number types of payload or case when there are often
measurement of the payload with variable parameters. In this case, the fast
and convenient method of measurement the inertia, mass and center of mass
of the payload excluding often release of the payload from manipulator is
grow actual. This is the reason for the inertia, mass and center of mass
measurement system based on industrial 6DOF manipulator with force-
torque sensor presented in this paper. Also the advantage of using the same
manipulator for identification of parameters of the payload paper lies in the
fact that the system presented in this paper allow to estimate the internal
parameters of forse-torque sensor for full description of model of estimate
of applied load.

The major idea of the system is separate of measurement on two part:
the first part is the identification of mass and center of mass of payload, the
second part is the identification of inertia tensor of payload.

The first part is modification of the reaction method for identification
of mass and center of mass. The measurement body have only one point for
measurement of reaction is the point of fixing to the flange of the end
effector of the manipulator. This is the reason for simulation of two missing
points by changing orientation of the measured body and measurement of
the reaction in new positions.

The second part is generation of rotation around axes of the frame
attached in the center of mass identified in previous part and the
measurement of forces and torques generated during rotation.
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This paper except description of the method, also present the analyze
of sources of measurment errors, a theoretical estimate of the error in
measuring the mass, center of mass and inertia, an experimental
measurement the mass, center of mass and inertia for verification accuracy
of the method and for validation of theoretical estimation.

B.B. Tumoe, H.P. Hanazees
CUCTEMA OIPEJAEJEHHUS MACCO-UHEPIIMOHHBIX
ITAPAMETPOB IIOJIE3HOT'O I'PY3A NIPOMBIIIJIEHHOI'O
MAHHUITYJISITOPA OCHAHIIEHHOI'O JATYUUKOM CUJI U
MOMEHTOB: OIIBIT PABPABOTKHA U IIPUMEHEHU S

THL] P® [JHUU PTK, Canxm-Ilemepoype
i.nanjageev@rtc.ru, vtitov@rtc.ru

B 3anmagax ABMKEHHWS MaHUMYJIALHUOHHBIX CHCTEM 3HAHHE MOJEIH €ro
JVUHAMHKH M €€ TTapaMeTpoB SBIISICTCS HEOOXOIMMBIM yCIOBHEM TOYHOCTH
0TpaboTKH TpaeKTopuil. Takxke, 3HaHWE MACCO-WHEPIMOHHBIX MTapaMETPOB
MIOJIE3HOTO TPy3a, 3aKPEIUVIEHHOTO Ha BBIXOJHOM 3BEHE HMPOMBIIIICHHOTO
MaHHMITYJIATOpa, KpaifHe BayKHO JUIS MMUTALMK ABWXXEHUS JAHHOTO Ipy3a B
Ppa3IMYHBIX Cpeax.

W3mepeHne Macco-MHEPIIMOHHBIX MapaMeTpoB IMOJE3HOIO TIpy3a
BO3MOXHO pAa3NIMYHBIMH MeETOJaMH. B yCIOBHAX NPOMBIIIJICHHOCTH
Hepe/lKa CUTyalus, KOTAa Ipy3 4acTO MEHSETCS WM HUMeeTcst OOoJblIoe
KOJIMYECTBO PAa3IMYHBIX THIIOB TPY30B, WIM € HEO00XOIMMO YacTo
MAEHTH(UIMPOBATH MAapaMeTPhl OJJHOTO M TOTO K€ Ipy3a ¢ MEHSIOMINMHUCS
XapaKTepUCTHKAaMH. B [aHHOW CHTyalluM axkTyaJbHBIM CTaHOBUTHCS
ObICTpbIi W y#OOHBIN cIOCOO  ONpeneNeHHs MacCOo-MHEPIHOHHBIX
MapamMerpoB, MO BO3MOXKHOCTH, HCKIIOYAIONIMHA CHATHE TIpy3a C
MaHMITYJIATOpa, IIO3TOMY B [AHHOW CTaTbe MPEIJIaracTcsi CHCTEMa,
OCHOBaHHas Ha TPOMBIIUIEHHOM IIECTUCTENIEHHOM MAaHUITyJISTOPE,
OCHAIIIEHHBIM  IIECTUKOMIIOHEHTHBIM JAaTYMKOM CHJI M MOMEHTOB,
3aKpeIUIGHHOTO Ha BBIXOAHOM 3BeHE MaHUMyssiTopa. llpemmyrecTBo
UCIIONIb30BaHMs TOTO XK€ MAHHUIIYJISATOPA NPH WACHTH(UKAINY MapaMeTPoB
COCTOUT TaKkXke B TOM, 4YTO CUCTE€Ma, MpPEJACTABICHHAs B JaHHOM CTaTbe
MIOMHMMO NapaMeTPOB MOJNE3HOTO I'Py3a, MO3BOJISET ONPEAEIATh BHYyTPEHHUE
rapameTpsl JaTYNKa, 3HAHHE KOTOPBIX HEOOXOIUMO ISl TIOJIHOTO OIMCaHUS
IapaMeTpOB MOJIETIH OLICHKH NPUKIIAIbIBAEMON HATPY3KH.

B ocHOBe cucremsl omnpeneneHHs JISKHT CHOCOO HW3MepeHns,
3aKJIIOYAIOIINICS B Pa3ZeJICHUH M3MEPEHHWH Ha JJBa OCHOBHBIX d3Tama: 1)
OIIpeZIeTICHHEe MacChl, KOOPJMHAT LIEHTPa Macc U 2) ONpeAeNeHHE TeH30pa
MHEPIIMH NTOJIE3HOTO TPYy3a.
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[MepBbiii aTan sBisiercss Moaudukanmeil Meroga peakuuit ajs
OTIpeNIeIeHUsT Macchl M KOOPJMHAT IeHTpa Macc. Ilockonbky mM3MepseMblit
O00BEKT HWMEEeT JIMINb OJHY TOYKY MU H3MEPEHUs] pPEeakiuud — MeECTO
3aKkperuieHuss K (QraHy pabodeil TOYKM MaHMITYJISITOpa, OCHAIEHHOTO
JATYUKOM CHJI U MOMEHTOB, TO IMUTHPOBAHNE MUHUMYM JBYX OCTAaBIIUXCS
To4YeK OyaeT MPOHMCXOMUTH IyTeM HM3MEHEHHsI OPHUEHTAlnH H3MEpSIeMOro
00beKTa B MPOCTPAHCTBE M M3MEPEHUS CHJI 1 MOMEHTOB PEAKIH B HOBBIX
MTOJIOKEHHUSIX.

Bropoii sTam 3akitoyaeTcsi TEHEpalud BpAIEHUH BOKpPYT OcCed
CHCTEMBI KOOPIMHAT, HMMEIOUICH HAyaJllo KOOpPAMHAT B LEHTPE Macc
MOJ[y4EHHOM Ha MpPEAbIOYHIEM JTalle W U3MEPEHHH CHI H MOMEHTOB,
BO3HHKAIOIIUX BO BPEMsI IBI)KECHUS.

B cratbe moMuMo onucaHusi cocod U3MEPEHUs! TaK)Ke NPe/ICTaBIICH,
aHaTM3 HCTOYHHKOB BHOCHMBIX TIIOTPEIIHOCTEH, JaHa TeopeTHdecKas
OLlEHKa OIIMOKM B W3MEPEHHWH MacCO-MHEPIHOHHBIX MapaMeTpoB B
3aBUCHMOCTH OT BEJIMYMHBI OIMMOKM BXOJAHBIX mapamerpoB. [IpuBomsrcs
pe3yapTaThl 3KCIEPUMEHTOB IO OMPENENCHUI0 MAacCO-HHEPIMOHHBIX
IIapaMeTPOB M3BECTHBIX OOBEKTOB C IENBIO NMPOBEPKH TOUYHOCTH METOJA U
BaJIMIHOCTU TEOPETHYECKOTO pacdeTa MOrpelIHOCTEH.
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The possible schedule of the Moon exploration was repeatedly
discussed by domestic and foreign experts. To date, the overall structure of
these phases is generally clear, although there are some differences in the
composition, sequence, and projected timing of their implementation.

An essential part of the first stages of the Moon’s exploration in the
next 10-15 years will be to exploit mobile robots in solving a wide range of
tasks on the Moon’s surface - from research to construction. At present, an
outline of the possible range of required mobile robotic systems (MRS) has
already been formed, including: a heavy research lunar rover for geological
exploration on the lunar surface, a heavy unpressurized lunar rover with
piloting capability for transportation, handling and service tasks, heavy
sealed manned lunar rover, heavy moon rover-builder, light research and
service lunar rovers.

An important scientific and technological challenge on the way of
celestial bodies exploration by means of robotics is the creation and
development of a technology for their remote control. Despite the
significant success achieved in recent years in the field of creating of
autonomous control systems for MRS, the role of humans in the control
loop of planetary robots in the near future will remain significant.
Therefore, the development and improvement of remote control
technologies (telecontrol) for objects located at a considerable distance from
the control centers is a vitally important scientific and technical task.

A series of joint Russian-German space experiments (SE) «Kontur»
(the first two series of these SE were carried out in 2008-2016) aimed at
solving this problem, the purpose of which was to study how weightlessness
affects the operator on board the manned space station, as well as to develop
technologies for managing robotic complexes, taking into account delays in
the communication channel, to study the ergonomic issues of constructing
the operator’s workplace in a weightless state, to improve scenarios of
future rover-assisted missions to the moon.
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Within the framework of the currently planned SE «Kontur-3», from
the Russian side, it is proposed to use a small model (weighing about
150...200 kg) of the Lunokhod, intended both for scientific research and a
number of service tasks during maintenance of scientific and industrial
facilities on the Moon surface.

This report sets out the initial requirements for the construction of a
ground testbed, designed both for testing the main systems of the future
lunar rover, and for conducting research during future SE sessions.

A.B. Bacunves, A.B. Cepzees
PA3PABOTKA TPEBOBAHUI K HABEMHOMY CTEHY
(IIOJIUT'OHY) IJIsI MOAEJIUPOBAHUS U OTPABOTKH
TEXHOJIOTU JUCTAHIIMOHHOT' O YIIPABJIEHUSI MAJIBIM
HNCCIEJOBATEJbCKUM JYHOXOAOM

T'HI] P® [[HUU PTK, Canxkm-Ilemep6ype
andrey@rtc.ru, asergeev@rtc.ru

Bo3Mo)kHast ~ 3TalmHOCTh  MCCIENOBaHUS W oCBOeHUs  JIyHsl
MHOTOKpAaTHO  OOCyXJamach  OTEYECTBEHHBIMH U 3apyOeKHBIMU
cnenquanyucramMyu. Ha ceronHsIHUII J€Hb yKPYNHEHHas CTPYKTypa 3THX
STaloB B LIEJOM SICHA, XOTS HMMEIOTCS HEKOTOpHIE pa3iudus B COCTaBe,
MOCJIEIOBATENBHOCTH U IPOTHO3UPYEMBIX CPOKAX MX peaU3alliH.

Heorpemnemoii dacThl0 TEpBBIX JTaloB oOCBOeHUs JIyHBl B
ommkaiiimue 10-15 yeT cTaHeT npuBIEYEHHE MOOWIBHBIX POOOTOB JUIS
pelleHHus I[MUPOKOro Kpyra 3ajad Ha NOBEpXHOCTH JlyHBl — oOT
HCCIIEIOBATENBCKUX J0 CTPOMTENBHBIX. B Hacrosimee Bpems B 0OmIMX
yepTax yxe copMHUpOBaHO MPENCTABICHNE O BO3MOXXHOH HOMEHKJIAType
TpeOyeMbIXx MOOMIBHBIX poboToTexHmueckux cucrem (MPTC), cpemu
KOTOPBIX: TSKENBIM MCCIEN0BATEIbCKUM JIYHOXOH HJisl IE0JIOTMYECKOM
pa3Beaku Ha  1oBepXHOCTHM  JIyHBI, TSDKENBIA  HETepMETHYHBIM
TPAHCIOPTHBI JYHOXOA C BO3MOXKHOCTBIO THJIOTUPOBAHUSA IS
TPAHCIIOPTHBIX, PA3TPY30YHO-TIOTPY30YHBIX M CEPBUCHBIX 3ajay, TSHKEIBINA
TEPMETUYHBIA NHIOTUPYEMBIN JYHOXOJ, TSKEIBIM JIyHOXOA-CTPOUTEID,
NETKNE UCCIeN0BATENbCKUE U CEPBUCHBIE JTYHOXO/BI.

BakHoll HayYHO-TEXHMYECKOH 3a/1a4eil Ha ITyTH OCBOCHUS HEOECHBIX
TENl CpeACTBaMH pOOOTOTEXHHWKM SIBIIETCS CO3/JaHME U OTpaboTka
TEXHOJIOTUM  JUCTAHIMOHHOTO  ynpaBieHus uMH. HecMorps Ha
3HAYUTEIbHBIE YCHEXH, IOCTUTHYTHIE B IIOCIETHHE TOABI B oOnacTu
MIOCTPOEHMsI CHCTeM ympasieHHs aBTOHOMHBIX MPTC, poms uenoBeka B
KOHTypE YIIPaBIEHHS HAIUIAHETHBIMH pOOOTaMH B IIPOCMATPUBAEMON
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HEepPCHEKTHBE OCTAHETCS IMO-TIPeXHEMY 3HauuTesNbHOU. [loaToMy pas3BuTHe
U COBEpIICHCTBOBAHHE TEXHOJIOTHH  JMCTaHIIMOHHOTO  YIPaBJICHUS
(TeneympaBieHus) OOBEKTaMH, HAXOIIMMUCS HAa  3HAYUTEIHLHOM
yIAICHUM OT LEHTPOB YIPaBIECHUS SBIIETCS aKTyalbHOH HAy4HO-
TEeXHUYECKOIl 3amaueil.

Ha pemenne »5TOi 3amaum  HampaBieHa CepUsl MPOBOJUMBIX
COBMECTHBIX POCCHHCKO-TEPMaHCKHUX KOCMHUYECKHX dKcrepnMmeHToB (KOJ)
«Kontyp» (mepBbie nBe cepum >tux KO Bemonssuincs B 2008-2016 rT.),
LENpI0 KOTOPBIX SIBISIETCS HWCCIEJOBAaHME BIMSHHSI Ha OIeEparopa,
HaXOoAAIIerocs Ha 0opTy muioTHpyeMoro komudeckoro komrekca (ITKK),
BpaXJeOHBIX YeNOBEKY (PAKTOpPOB HEBECOMOCTH, a TakXke OTpaboTKa
TEXHOJIOTUH YIPaBJICHUs] POOOTOTEXHUYECKHMMHU KOMIUIEKCAMU C Y4YETOM
3aJiepkeK B KaHalle CBs3M, OTPabOTKa JProHOMHYECKHUX BOIPOCOB
HOCTpOeHHs paboyero Mecra oIepaTopa, HaXOMSIIETrocs B HEBECOMOCTH,
0TpaboTKa cleHapueB (DYHKIMOHMPOBAHMS JYHOXOJOB B XOJE OyIyIIHX
skcneauimil Ha Jlyne.

B pamkxax mnaHupyemoro B Hacrosmee Bpems KO «Kontyp-3» ¢
POCCHICKON CTOPOHBI B KadecTBE O0BEKTa YNpPaBICHHUs INpEAIoiaraercs
HCTIIOTh30BaHNE MakeTa maioro (Maccoit okoino 150...200 kr) myHOXO#a,
MIPEeAHA3HAYCHHOTO KaK AJISI TMPOBEICHMS HAyYHBIX HCCIENOBAaHWH, TaK U
BEITIOJIHEHUS Psila CEPBHCHBIX paboT B Xone OOCIyXMBaHHSI OOBEKTOB
HAYYHOTO ¥ MPOMBIIJICHHOTO Ha3HAUCHUS Ha TIOBEPXHOCTH JIyHBI.

B Hacrosimem noknane (GpopMHPYIOTCS UCXOAHBIE TpeOOBaHHS IS
NOCTPOEHHSI HA3eMHOT'O IMOJIMI'OHA, TPeIHa3HAYEHHOTO KaK JJIsl OTpabOTKU
OCHOBHBIX CHCTeM OyIylIero JyHOXO/a, TaK W MPOBEACHHS UCCIEIOBaHUI
B Xoze Oyaymux ceaHcoB KO.
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The exploration of the Moon resources is one of the strategic goals of
the Russian space program. The use of an autonomous robotic lunar rover
will allow to effectively and safely conduct explorations of the Iunar
surface, resources localization, as well as building of the Russian lunar
base. The remote control of the rover is conducted in the supervisor and in
manual modes.

Different input devices are used for the implementation of the manual
control: 7-DOF haptic device [1], 2-DOF RJo [2], Sensor shirt and gloves
[3]. The article presents a comparative characteristic of these devices.

When using the 7-DOF haptic device “Delta”, the information model
of the operator is supplemented with data on the force-torque interaction of
the controlled object with the external environment.

1. Kuznetcova, E[lena]; Titov, V[iktor]; Smirnov, E[vgeniy]; Dalyaev,
I[gor] & Truts, A[lexander] (2018). Design and Simulation Analysis of
Haptic Device With Parallel Kinematics, Proceedings of the 29th
DAAAM International Symposium, pp.0636-0644, B. Katalinic (Ed.),
Published by DAAAM International, ISBN 978-3-902734-20-4, ISSN
1726-9679, Vienna, Austria DOI:
10.2507/29th.daaam.proceedings.092.

2. J. Artigas , C. Riecke , B. Weber , M. Stelzer , R. Balachandran , S.
Schaetzle , R. Bayer , M. Steinmetz , J. Voegl , B. Brunner , A. Albu-
Schaeffer , M. Guk ,V. Zaborovskyi , A. Kondratiev , V. Muliukha , A.
Silinenko , O. Shmakov. FORCE-FEEDBACK TELEOPERATION OF
ON-GROUND ROBOTS FROM THE INTERNATIONAL SPACE
STATION IN THE FRAME OF THE «KONTUR-2» EXPERIMENT,
Proceedings of the International Scientific and Technological
Conference. — Saint-Petersburg: «AP4Print», 2016, pp. 50-56, ISBN
978-5-9909163-3-3.

3. Kinfinity Suit & Glove [Electronic resource] / Free access:
https://event.dlr.de/hmi2018/kinfnity-suit-glove/ — Screen title.
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OcBoenne JIyHbI sABIsAETCS OJHOW U3 CTpaTETMYECKUX IeNel
poccuiickoi KOCMOHAaBTKHU. Hcnonb3oBanue aBTOHOMHOTO
POOOTH3UPOBAHHOTO JIYHOXOMa TMO3BONUT 3((deKTHBHO U 0e30macHo
MIPOBOANTH  WCCIENOBAHUSI HA  JIyHHOH  IIOBEPXHOCTH, TI'€OJIOr0-
pa3BenbIBaTeIbHBIE PabOTHI, @ TaK K€ MOCTPOEHHE OTEYECTBEHHON TyHHOH
6a3pl. YmpaBieHHE JIYHOXOJOM MOXET OCYLIECTBISITHCS Kak B
CYNEPBU30HOM PEXUME AJIS IEepeMEeleHHs 110 MOBEPXHOCTH, BBINOTHEHUS
TUIOBBIX OIEpaluii, Tak M B pPYYHOM peXHUME M BBIIOJHEHUS
TEXHOJIOTHUECKUX OIepalif, CONpsIKEHHBIE C PUCKOM BO3HHUKHOBEHHUS
OIIACHBIX CUTYyalUH IJ1s poboTa.

Jns  peanm3anuM  MOCJIEAHETO MOTYT  OBITh  HCIIOJIB30BAHBI
CEMUCTENEHHOEe 3ajaromiee ycrporctBo [1], mxoiictuk «RJo» [2],
TaKTHIBHBIE 3a/1af0Iue ycrpoiicTa «Sensor shirt and gloves» [3]. B cratbe
MIpUBEJCHA CPAaBHUTEbHAS XapaKTePUCTUKA JAHHBIX YCTPOUCTB.

Hcnonp3oBaHue  CEMHCTENEHHOTO  3aJAIOIIET0  MaHMITYISTOpa
«/lenpTay TO3BOJNUT JONOJHUTH WH()OPMALMOHHYIO MOJENb olepaTopa
JAaHHBIMM O CHJIOMOMEHTHOM B3aHMMOJEWUCTBHM YIPaBISAEMOIro OOBEKTa ¢
BHEILIHEHN Cpeou.

1. Kuznetcova, E[lena]; Titov, V[iktor]; Smirnov, E[vgeniy]; Dalyaev,
I[gor] & Truts, A[lexander] (2018). Design and Simulation Analysis of
Haptic Device With Parallel Kinematics, Proceedings of the 29th
DAAAM International Symposium, pp.0636-0644, B. Katalinic (Ed.),
Published by DAAAM International, ISBN 978-3-902734-20-4, ISSN
1726-9679, Vienna, Austria DOI:
10.2507/29th.daaam.proceedings.092.

2. J. Artigas , C. Riecke , B. Weber , M. Stelzer , R. Balachandran , S.
Schaetzle , R. Bayer , M. Steinmetz , J. Voegl , B. Brunner , A. Albu-
Schaeffer , M. Guk ,V. Zaborovskyi , A. Kondratiev , V. Muliukha , A.
Silinenko , O. Shmakov. FORCE-FEEDBACK TELEOPERATION OF
ON-GROUND ROBOTS FROM THE INTERNATIONAL SPACE
STATION IN THE FRAME OF THE «KONTUR-2» EXPERIMENT,
Proceedings of the International Scientific and Technological
Conference. — Saint-Petersburg: «AP4Print», 2016, pp. 50-56, ISBN
978-5-9909163-3-3.

3. Kinfinity Suit & Glove [DnekTponHsIid pecypce| / CBOOOIHBIN TOCTY :
https://event.dlr.de/hmi2018/kinfnity-suit-glove/, cBoOomHBIN. — 3ari. ¢
9KpaHa

354



ROBOTICS FOR NUCLEAR INDUSTRY /
POBOTOTEXHMKA ANA ATOMHOW OTPACIH

Ji Sup Yoon, Youngsoo Choi, Kyung-Min Jeong, Jongwon Park
RESEARCH WORKS OF EMERGENCY RESPONSIVE
ROBOTS AT KAERI

Nuclear Robotics Lab, KAERI, Daejeon, Korea
Jjsyoon@kaeri.re.kr, yschoil @kaeri.re.kr,
kmjeong@kaeri.re.kr, jwpark@kaeri.re.kr

In 2012, the Nuclear Robotics Lab (NRL) of Korea Atomic Energy
Research Institute (KAERI) initiated research for an unmanned emergency-
response robotics system. To date, it has developed various types of
robotics systems based on the NPP (Nuclear Power Plant) maintenance
experiences. In this paper, its recent work is introduced, including an all-
terrain vehicle (ATV) and a remote controlled forklift, a radiation
monitoring drone, a range-gated image (RGI) camera system, and a heavy
duty mobile manipulator.

Radiation monitoring system

The NRL of KAERI has proposed a rapid radiation monitoring system
[1]. The system comprises an ATV, a drone, and two radiation detectors
(Fig. 1). The ATV has been modified for remote control and has excellent
speed and adaptability to various types of terrains. Moreover, it can be used
to carry the drone to a site to be monitored. The drone is equipped with two
radiation detectors, and can measure radiation and send radiation data to a
control station or smart phone. The two radiation detectors were designed to
have light weight so that they can be carried by the drone. Each detector
incorporates both low and high range Geiger Muller counters for wide range
measurement. The measuring range of each detector is 10 uSv/h ~ 100 Sv/h
and 1 uSv/h ~ 100 Sv/h.

Remotely operated forklift

The forklift (Doosan Pro 5) has been modified for remote operation
and has a maximum payload of 1.5 tons [2]. Moreover, it has been fitted
with seven motors for control of steering, brakes, acceleration,
forward/reverse gears, lift, and tilt (Fig. 2). In addition, it has been fitted
with two laser range finders, one on each side of the forklift. The forklift
can be used to transport heavy objects or to remove debris.
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Figure 2 — Remotely operated forklift 1
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Range-Gated Imaging Camera

In the event of a loss-of-coolant accident at a nuclear power plant
(NPP), visibility inside the reactor containment building of the NPP is likely
to be poor due to vaporized water. Visibility in a severe accident scenario is
likely to be only in the range of 0.4 ~4 m [3].

2ms = 1/500 Hz
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(a) Gate opened when reflected light returns back from the object
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control

(b) Gate closed when reflected light returns back from the particles
located between camera and object

Figure 3 — Operation principle of RGI system

In this study, we sought to utilize RGI technology to obtain visual
information in a poor visibility environment. As shown in Fig. 3, the
developed RGI camera system uses an ultrashort pulse laser as an
illuminator and an intensified CCD (ICCD) camera. Laser light is irradiated
to the ‘object to be observed’, and the ICCD camera receives only that light
which is returned from the ‘object to be observed’: all other light, such as
that reflected from particles or objects unrelated to the ‘object to be
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observed’, is filtered out. This is achieved by the gate control of the
developed RGI camera system, which regulates the opening of the shutter of
the ICCD camera at the instant where the returned laser light from the
‘object to be observed’ reaches the camera. Received light is amplified
using the on-board electronics.

A test result of RGI system is shown in Fig. 4. Fig. 4(a) depicts a CCD
camera image of the chess board is not visible, even at a distance of 3 m
from the camera. On the other hand, a chess board located 10 m ahead from
the ICCD is visible (Fig. 4(b)).

(a) CCD camera (b) ICCD camera
Figure 4 — Image of CCD(a) and ICCD(b) with fog.

1. J. Park and Y. S. Choi, “An Aerial and Ground Monitoring System for
Nuclear Accidents,” Transactions of the Korean Nuclear Society Spring
Meeting, Jeju, Korea, 2017.

2. J. Y. Park, et al., Advanced system establishment for nuclear system
integrity, KAERI/TR-6750/2017, 2017.

3. J. W. Cho, Y. S. Choi, and K. M. Jeong, “Verification of Range-Gated
Imaging Technology under Dense Aerosol Environments,” Journal of
Institute of Control, Robotics and Systems, Vol. 23, No. 7, pp. 606-617,
2017.
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1. Introduction

An accident in a nuclear facility causes a great social cost. To prevent
an unexpected nuclear accident from spreading to the catastrophic disaster,
emergency response action in early stage is required. However, high
radiation environment has been proved as a challenging obstacle for human
workers to access to the accident site and take an action in previous accident
cases. Therefore, emergency response robotic technology to be used in a
nuclear accident site instead of human workers are actively conducted in
domestically and internationally.

Robots in an accident situation are required to carry out a variety of
tasks depend on the types and patterns of accidents. An emergency response
usually includes removing of debris, make an access road to a certain place
and handling valves. These tasks normally involve high payload handling.
However existing human-sized robotic manipulators are not appropriate to
deal with heavy duty tasks due to the limit of payloads. Thus, a small sized
high power robotic manipulator can be an appropriate candidate to deal with
a wide spectrum of tasks in an emergency situation.

In this paper, we discuss about the design of a high power robotic
manipulator, which is capable of handling high payloads for an initial
response action to the nuclear facility accident.

2. Heavy Duty Dual Arm Robot

The size of the robotic arm is an important factor to be utilized in a
disaster situation such as nuclear accident. Because most man-made
structures are built for human, human-sized robots are ideal for
maneuvering freely inside and outside the accident site and handling the
tasks performed by workers. In this paper, we propose a robot manipulator
with a length of 1 m that simulates the linkage structure of a human arm in
order to carry out a disaster response tasks.

The robotic arm should be able to handle heavy loads for various
operations required in case of an accident, such as door opening and
closing, valve operation, radioactive contamination treatment, and debris
removal. Therefore, the robotic arm should be able to produce high power
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and large torque in a limited size. In order to implement the size and output
conditions mentioned above, we designed the robot based on the hydraulic
actuators.

The hydraulic actuators can produce approximately 10 times more
output compared to electric motors. In addition, the hydraulic actuators can
generate large force and torque without a gear reduction, therefore the
structure can be simple. Hydraulic actuators are strong against external
forces; thus they are suitable for work requiring large load.

In this study, we designed an eight degree of freedom dual arm robot
capable of handling objects over 100 kg.

Figure 1 — Heavy duty dual arm robot, ARMstrong

The linkage structure of the ARMstong robot was designed by
simulating the human body. For mobility, the caterpillar was adopted. The
small mobile hydraulic power pack was installed for the operation of the
robot. Fig. 1 shows the concept design of ARMstrong (Accident Response
Robot).

3. Simulation

The V-REP robot simulator was used to evaluate the characteristics of
the designed robot. In the simulator, the robot's work space, joint torque,
and control performance were accessed (Fig. 2). In addition, we constructed
a virtual nuclear accident environment and conducted the detail work such
as door opening and closing, valve operation, debris removal, hull
movement, and transfer of radioactive materials.
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Open door Turn lever

Arrange obstacles

Pass bumpy road

Carry drums

Figure 2 — Armstrong robot simulation in a virtual
accident environment

4. Conclusion

In this paper, we discussed about the design and simulation of heavy
duty dual arm robot for disaster response in case of a nuclear accident. In
the future, detailed design, manufacturing and control system development
of robot will be expected.

This paper was supported by the Ministry of Science, ICT & Future
Planning.

1. Design of a High Power Robotic Manipulator for Emergency Response
to the Nuclear Accidents, Jongwon Park, Yeong-Geol Bae, Myoung Ho
Kim and Young Soo Choi, Proceedings of the KNS 2016 Autumn
Meeting
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ATOMTEX Scientific and production unitary enterprise,
Republic of Belarus, Minsk
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The widespread use of small unmanned aerial vehicles (UAVs) for
detection of different ground objects stimulated the growing interest in
airborne small-sized gamma radiation detectors. The purpose of their
application as part of small and mini UAVs is to provide remote radiation
monitoring of environment in areas surrounding radiation-hazardous and
radiation-sensitive sites.

We offer the range of smart gamma radiation detection units
(Detectors) for use with such UAVs capable of performing the following
functions, depending on their purpose and active tasks:

— detection of sources of radioactive contamination;

— measurement of radiation levels at flight altitude;

—reduction of the dose rate value measured at the flight altitude to 1-
meter level (If altitude of flight above the object surface is
available);

—identification of radionuclide composition of contamination by
gamma radiation spectra;

— estimation of" surface contamination density.

This report presents main technical specifications of sixteen smart
gamma radiation detection units available to customers, from which an
acceptable variant can be selected according to requirements of maximum
payload mass and target application.

By now BDKG-11M, BDKG-24, BDKG-04 and BDKG-211M
scintillation detection units have already found their use as part of small
UAVs (aircrafts, helicopters, multicopters). This report presents detection
units used and recommended for use in assembly with these UAVs, features
of radiation monitoring, its advantages and expected results and validation
of aero-gamma survey results.
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B.A. Kosxcemarkun
AIIITAPATYPA PAJIMAITMOHHOI'O KOHTPOJISA JJIsA
JAUCTAHIIMOHHO YIIPABJISIEMbIX BECITMJIOTHBIX
JETATEJBHBIX AIIITAPATOB U OHEHKA JJOCTOBEPHOCTH
PE3YJIIBTATOB ADPOT'AMMA-CBEMKH

Hayuno-npoussoocmeennoe ynumapnoe npeonpusmue « A TOMTEX»,
Pecnybnuxa Fenapycs, 2. Munck
info@atomtex.com

[Tnpokoe pacnpocTpaHeHHE MaTOpa3MEPHBIX OECIMIIOTHBIX CUCTEM B
Ka4yecTBE CpEICTB OOHapy>KeHWs! Pa3HOIIAHOBBIX HA3eMHBIX OOBEKTOB
CTHMYJIMPOBAJIO HApacTAIOMIMN WHTEpeC K OOpPTOBBIM MaslorabapUTHBIM
YCTpOWCTBAM NETEKTHPOBAHUS TaMMa-m3IydeHns. Llens ux mpuMeHeHus B
COCTaBe Mallopa3MEepHBIX M MHUHHATIOPHBIX JIETATEIBHBIX almnapaToB —
obecrieucHrEe JTUCTAHITHOHHOTO paanuaIiOHHOTO MOHHTOPHHTA
OKpY’KaIOMIeW Ccpelbl B 30HAX, MPIICTAIONINX K PaIHalldOHHO-OTIACHBIM U
panuarMoOHHO-9yBCTBUTENEHBIM 00BEKTaM.

Jns wucronmp30BaHMA B COCTaBE TAaKWX JIETATEIBHBIX AalllapaToB
npejaiaraeTcs JIMHEHKa WHTEIUICKTYalbHBIX OJIOKOB JETEKTUPOBAHUS
(maT4MKOB) TraMMa-H3JIyYEHHUs, CHOCOOHAs  BBINOJHATH  CICAYIOIINE
(YHKIMHM B 3aBUCUMOCTH OT UX Ha3HAUEHHMs M PElIaeMbIX 3a/au:

— 00HapyXHMBaTh UCTOYHUKH PAJIMOAKTHBHOTO 3arpsi3HEHHS;

— M3MEPSTHh YPOBHU paJMalliy Ha BBICOTE MOJIETa;

— IPUBOJNUTH W3MEPCHHOE 3HAYCHHE MOIMHOCTH MJO3bI Ha BEICOTE
moreTa K ypoBHO 1 Metrp (mpu Hanwmynu WHOOPMAIMHA O BEICOTE
ToJIeTa HaJl TOBEPXHOCTHIO 00BEKTA);

— OCYHIECTBISITh ~ MACHTH(HUKAIWIO  PaAHOHYKIHIHOTO  COCTaBa
3arps3HEHUS 110 TaMMa-CIeKTpaMm;

— OIICHHUBATH IJIOTHOCTH MIOBEPXHOCTHOTO 3arPsS3HEHUS.

B noknazne npuBeneHbl OCHOBHBIE TEXHUYECKHE XapaKTEPUCTUKH 16-

TH HWHTEIUICKTYalbHBIX OJIOKOB JETEKTHPOBAHUS TIaMMa-U3Iy4YeHus, W3
YHCIIa KOTOPBIX MOXKET OBITh BHIOpaH MOTPEOHUTENIEM IPUEMIIEMBII BapUaHT
B COOTBETCTBHH C JOITyCTUMOM MAaccCOH TOJIE3HOH Harpy3KH M IIEJIEBBIM
TIPUMEHEHHEM.

K HacrosimieMy BpeMeHH CHUHTHIUISLIMOHHBIE OJIOKH A€TEKTHPOBAHUS
BAKT-11M, BAKI-24, BJKI-04, BAKI-211M yxe Hamiu CcBOe
MPUMEHEHHE B COCTaBE OCCHUIIOTHBIX MallOpa3MEpPHBIX JIETaTeIbHBIX
ammapaTtoB (CaMOJIETOB, BEPTOJETOB, MYJIBTHKONTEPOB). B mokmame
MIPECTAaBICHBI PEalN30BaHHBIE U PEKOMEHAYyEMBbIE K HCIIOJIB30BAHUIO B MIX
coctaBe OJIOKM NETEKTHPOBAHUS, OCOOCHHOCTH BEIEHHS paJHUaIlIOHHOTO
MOHHTOpPHHTA, €0 IMPEUMYIIECTBA W OXXHAAeMBIC PE3YyJIbTaThl, a TaKKe
OLIEHKa JIOCTOBEPHOCTH JTaHHBIX a3pOTaMMa-ChEeMKU.
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AUTOMATED STANDARD TOOLS FOR
CALIBRATION OF DOSIMETRIC INSTRUMENTS

ATOMTEX Scientific and Production enterprise,
Minsk, Republic of Belarus
info@atomtex.com

The present report lists materials related to development and
implementation of automated standard calibration dosimetry systems of new
generation for calibration of measuring instruments in gamma, beta, neutron
and X-ray fields.

The present report describes AT130 and AT110 dosimetric gamma
radiation units. They allow transferring units of air kerma and air kerma rate
to working and standard measurement instruments, as well as the following
dosimetric values: Exposure dose, ambient dose equivalent, personal dose
equivalent, and corresponding dose rates.

The report represents AT140 neutron calibration facility designed to
transfer units of flux density, ambient and personal dose equivalents of
neutron radiation, used to create a field of fast and thermal neutrons in
collimated beam, a field of fast neutrons in "open" geometry, and designed
for verification and calibration of neutron radiation dosimeters and monitors
in laboratory conditions.

The report describes the completion of development of AT300 X-ray
calibration facility for creation of X-ray fields as provided by international
standards using ISOVOLT 320 M2/4.5-13 X-ray apparatus. This
development was preceded by implementation of a similar project for
Federal State Unitary Enterprise "D.I.Mendeleyey Institute For Metrology",
resulted in UED 5-50M low-energy X-ray radiation calibration unit in
Russian state standard GET 8-2011.

AT200 Automated standard dosimetry system for absorbed beta
radiation dose control for use as part of the Russian state standard GET 8-
2011 has been developed and commissioned in accordance with technical
specifications of the Federal State Unitary Enterprise "D.I. Mendeleyey
Institute for Metrology." A similar facility has been manufactured and
commissioned for the Belarusian State Institute of Metrology as part of the
National Standard of the Republic of Belarus with in-house manufacturing,
assembly and testing. AT200 has the following main properties:
Implementation of a high-precision extrapolation method using a set of
Sr-90+Y-90, Pm-147 and Kr-85 beta sources and provides positioning error
of less than 2 microns. Automatic source positioning — extrapolation
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chamber with an error of less than 50 microns. Leak current of the
extrapolation chamber dose not exceed 5-10-16 A.

The report provides information on nuclear physics equipment
developed and manufactured by Atomtex for calibration of ionizing
radiation fields:

1) AT5351 X-ray and gamma radiation dosimeter

2) The range of highly sensitive scintillation comparators based on
Nal(Tl) detectors and tissue-equivalent plastic to certify photon
radiation fields from 0.03 pSv/h with various upper range limits of
dose rate and photon energy (up to 10 MeV).

3) Smart spectrometric detection unit based on LaBr3(Ce)
scintillator of high energy resolution (less than 3.5%) and 30 keV
to 10 MeV energy range, designed to analyze the spectrum of
capture gamma radiation from targets irradiated with neutrons at
AT140.

4) The version of AT1117M Radiation monitor with a spherical
moderator and an option to connect a set of Bonner spheres of
different diameters.

5) In cooperation with the Federal State Unitary Enterprise
"D.I. Mendeleyey Institute for Metrology" technical requirements
for pulsed photon radiation standards are being prepared.

All the listed equipment is designed to meet the requirements of ISO

and IEC standards.

B.A. Koscemaxun
ABTOMATHU3UPOBAHHBIE 3TA.JIOHI‘-‘IBIE CPEJICTBA
IT'PAAYUPOBKU JOSUMETPUUYECKOMU AIIIMTAPATYPbBI

Hayuno-npoussodcmeennoe ynumapnoe npeonpusmue « ATOMTEX»,
2. Munck, Pecnybnuxa bBenapyce
info@atomtex.com

B mokiame mpeacTaBiacHBI MaTepHalibl, Kacaroluecs pa3padOTKU W
BHEJPEHUS aBTOMAaTU3UPOBAHHBIX STAJTOHHBIX TIOBEPOYHBIX
JIO3UMETPUYECKUX YCTAaHOBOK HOBOTO TOKOJIEHUS, MpeJHA3HAYEHHBIX st
KaTMOPOBKH CPEJCTB M3MEPEHHUU B IMOJIAX TaMMa-, OeTa-, HeUTPOHHOTO U
PEHTI€HOBCKOTO U3ITyUYEHUSI.

B moxmaze paccMaTpuBaIOTCS YCTaHOBKH IO3WMETPHYCCKHE TaMMa-
m3nyuenuss YAI-AT130 u YAI'-AT110, npenHa3HaueHHble s IEperadn
pabodnM ¥ STaJOHHBIM CPEACTBAM M3MEPECHHI pa3MepoB €IUHHIl KEPMEI B
BO3QyXe H €€ MOIIHOCTH, a TakkKe IO3MMETPUYECKUX BEINYHH:
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SKCIO3UIINOHHOM JI03BI, aMOHEHTHOTO SKBHBAaJICHTA JIO3BI,
WHINBUAYAIHOTO SKBUBAJIEHTA JI03bI U UX MOIIHOCTH.

IIpencraBnena ycraHoBka moBepouHas HeWTponHas YIIH-ATI140,
NpeaHa3sHaueHHas JUIsl Iepefadd eIUHHIl IUIOTHOCTU MOTOKAa, MOIIHOCTU
aMOMEHTHOTO W WHAWBUAYaJbHOTO OSKBUBAJICHTOB JI03bI HEUTPOHHOTO
W3IYYCHUS, KOTOpas CIYXKUT A CO3MAHHS TOJsS OBICTPBIX M TETIOBBIX
HEHTPOHOB B KOJUIMMHPOBAaHHOM IIyYKe, MOJS OBICTPHIX HEHTPOHOB B
«OTKPBITOI» TEOMETPUU W TpeqHa3HaueHa A MOBEPKH W TPagyHpOBKH
HEUTPOHHBIX TO3UMETPOB U PAIHOMETPOB B TaOOPAaTOPHBIX YCIOBUSX.

PacckaspiBaercst 0 3aBepiieHHH pa3pabOTKH yCTAaHOBKH ITOBEPOYHOM
pertrenoBckoro m3nmydeHus YIIP-AT300, oGecmneunBaromieil cosmaHue
NoJie PEHTIeHOBCKOTO M3YYEHHUS B COOTBETCTBUM C HALIMOHAJIBHBIMH U
MEXIYHApOAHBIMH CTaHJApTaMH C HCIIOJIB30BaHUEM PEHTI€HOBCKOTO
anmapara ISOVOLT 320 M2/4.5-13. [lanHoii pa3paboTKe MpeIIecTBOBAIO
BBIMIONIHEHUE cXokero mpoekra it OI'VII «BHUUM wum. .U
MenneneeBay, BOIIOTUBIIETOCS B cocTaBe YCTaHOBKH
HU3KODHEPTreTHUECKOTO  PEHTTEHOBCKOTO  m3mydeHus YOI  5-50M
T'ocynapctBennoro stanona Poccuiickoit @eneparuu ['OT 8-2011.

B coorBetrctBum ¢ texuudeckum 3aganueM OI'YIT «BHUUM um. H.
WU. MenneneeBay paspaboraHa W  BBeIeHa B OKCIDTyaTalHIo
ABTOMATH3MPOBAHHAS YCTAaHOBKA JIO3UMETPHUECKAs IMOTJIOMIEHHON O3B
Oera-mmyuenmst  Y/b-AT200 pgns  ucmonb30BaHHMS B COCTaBe
T'ocynapctBenHoro atamona Poccuiickoit  @eneparmn  ['OT  9-82.
AHaslorn4Hasi yCTaHOBKAa H3TOTOBJIEHa M BBEAEHA B 3KCIUTyaTaLMIO IS
benopycckoro rocynapcTBEHHOIO WHCTHTYTa METPOJIOTHM B COCTaBe
HaunonaneHoro stanona PecnyOmukum bemapych, a Takke W3roTOBIIEHA,
CMOHTHpPOBaHa U MpPOTECTUpOBaHa Ha mHpeanpusTHd. OCHOBHBIMU
CBOMCTBaMU YCTaHOBKH Yb-AT200 SIBJISIFOTCSL: peanuzanus
BBICOKOTOYHOTO SKCTPANOJSIIIMOHHOTO METOAA C WCIOJh30BaHHEM Habopa
Oceta-uctouHnkoB  Sr-90+Y-90, Pm-147, Kr-85 ¢ o0ecneueHuem
TOTPENTHOCTH TO3WIMOHMPOBAHUS MEHee 2 MKM; aBTOMAaTHYECKOe
MMO3UIIMOHNPOBAHHE  WCTOYHMK —  OKCTPANOJSAIMOHHAI KaMmepa ¢
morpenrHocTe0  MeHee 50  MKM;  obecriedeHHe  TOKa  YTEUKH
SKCTPAMOIAMOHHO# Kameps He Goee 5-107'¢ A.

B nokmame mpexacraBieHa wuH(OpMAIMs O pa3pabOTaHHON W
CO3JaHHOH NPEAIPUATHEM sanepHo-(hru3nIecKon anmaparype,
UCTIONB3YEMOH ISl KATMOPOBKH MOJIeH HOHU3UPYIOLIETO H3ITyYeHUsL:

1) no3umerp peHTreHoBckoro u ramma-m3nydenust JKC-AT5350/1 u

JKC-AT5351;
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2) JuHeWKa CUUHTWUIALMOHHBIX BBICOKOYYBCTBHTEIBHBIX OJIOKOB-
kommapaTopoB Ha ocHoBe Nal(Tl)-gerekropoB, a TaKxke
TKAaHEIKBUBAJIEHTHOM  IJacTMacchl, MpeJHa3HAYCHHBIX I
arrecraiuu noned QortonHoro wuznmydenuss ot 0,03 Mx3B/4 ¢
pa3IMyYHOM BepxXHEW rpaHMIEN AMana3oHa MO MOILIHOCTH 03Bl U
sHeprud ¢potoHoB (no 10 M»aB);

3) UWHTEIIEKTyalbHBIH CIIEKTPOMETPUUYCCKUN OJIOK NETEKTHPOBAHMS
Ha OCHOBE LaBr3(Ce)-cunaTnmisitopa c BBICOKUM
9HEPreTUYECKNM pas3penieHueM (Meree 3,5 %) u 3HepreTHIECKUM
nmuamazoHoM oT 30 k3B mo 10 M»B, mpeanasHadeHHOTO IS
aHaIM3a CIEKTpa 3axXBaTHOTO TraMMa-M3IydeHHs W3 MHUIICHEH,
o0yuaeMbIX HeliTpoHamu Ha ycranoBke YITH-AT140;

4) nosumerp-paguomerp MKC-AT1117M B HOBOM BapuaHTe — CO
ceprueckuM 3aMEIJIMTENIEM U YYHUTHIBAIOIIEM BO3MOXKHOCTh
JonoigHeHuss Habopom U3  chep «boHHepa» pazaMyHOTrO
JUaMeTpa;

5) coBmectHo ¢ @I'YII «BHUUM wum. .M. MenneneeBa»
¢dopMupyroTcsi  TeXHHYeCKHe  TpeOOBaHMSA K  ITaJOHaM
UMITYJIECHOTO ()OTOHHOTO M3ITyUCHHSI.

Bce nepeunciennoe 060py1oBaHIe OPHEHTHPOBAHO Ha COOTBETCTBHE

TpeboBanusaM cranaaproB MCO u MDOK.
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A.N. Sevchenko Institute of Applied Physical Problems,
Minsk, Republic of Belarus

The problems of eliminating the consequences of Chernobyl NPP
accident and the construction of Belarusian NPP make the developing and
deploying an environmental monitoring system [1-3] in the adjacent areas
the number one task.

By now we have developed, manufactured and deployed an automated
system for radiation and meteorological monitoring of environment near the
Belarusian NPP. The system includes 10 Radiation monitoring stations
(RMS) and a Response centre (RC).

The RMSs are located in the zone of influence of Belarusian NPP in
residential areas of Grodno region and partially of Minsk region: Ostrovets,
Gudogai, Oshmyany, Gervyaty, Trokeniki 1, Mikhalishki, Lyntupy,
Kemelishki, Naroch and Kotlovka.

The Response centre is located in the Republican centre for
hydrometeorology, control of radioactive contamination and environmental
monitoring (Minsk).

Radiation monitoring stations communicate with the Response centre
over a dual redundancy GSM/GPRS channel. The software communication
modules in the RMS exchange information with a remote response centre
(RC) over the Internet using various protocols of the TCP/IP stack.

Meteorological parameters are monitored by the WXT-520 weather
stations (Finland) installed at the RMS locations.

A distinctive feature of the developed system is the use of a high-
sensitive spectrometric detection unit enabling the storage of measured
gamma radiation spectra in the Response centre database, automatic
identification of radionuclides, as well as recording minor changes in the
radiation background.
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HE3ABUCHUMASI ABTOMATU3UPOBAHHASI CUCTEMA
PAIUAIIMOHHOT'O MOHUTOPHUHI' A OKPYKAIOUIEU CPE/IbI

'Hayuno-npouseéodcmeennoe ynumapnoe npeonpusimue « ATOMTEX),
2. Munck, Pecnybnuxa Benapycw, info@atomtex.com
 Unemumym npuxnaonvix (usuveckux npoonem umenu A.H. Cesuenko
Benopyccroeo 2ocyoapcmeennoeo ynusepcumema,

2. Munck, Pecnyonuxa benapyco

B cBsi3n ¢ mpoOimemamMu JMKBUIAUMU TIOCIEACTBHH aBapuHM Ha
YepuoOsutbckolik ADC u  co crpoutenscTBoM — benopycckoit  ADC
aKTyaJlbHOM  sIBIsieTCsl 3ajada  pa3padOTKM M pa3BepThIBaHMS Ha
MIPWICTAIOMNX ~ TEPPUTOPHAX  CHCTEMBl  PAJHAIIOHHOTO  KOHTPOJIS
OKpYXXaIomIel cpebl.

K mHacrosmieMy BpeMeHM Hamu pa3paOoTaHa, H3TOTOBICHA U
pa3BepHyTa aBTOMAaTHU3UPOBAHHAS cucreMa panuanoHHO-
METEOpPOJIOTMYECKOTO0 MOHUTOPUHIA OKpyXkatouieil cpenbl benopycckoit
ADC. Cucrema mMeeT B cBoeM cocraBe 10 aBTOMATHYECKHX ITyHKTOB
usmepenus (AIIN) u uentp pearupoBanus (LIP).

AIIN pa3memniens! B 30He BiusHUA benopycckoit ADC B HacelneHHBIX
nyHkTtax I'pomHeHckodl u uactuyHo MuHckoi o6mactu: OcTposerl,
I'ynorait, Ommsiabl, [epBsitel, Tpokenuku 1, Muxanuiiku, JIBIHTYIIBI,
Kemenumku, Hapous, KoTinoBka.

LlenTp pearmpoBaHMsl pa3MelleH Ha Teppuropun PecrmyOnnkaHCKOTO
LIEHTpa MO THAPOMETEOPOIOTHH, KOHTPOIIO PAIHOAKTUBHOTO 3arps3HEHUS
1 MOHHTOPHHTY OKpYyXaromei cpeap! (MHUHCK).

Kanan csasu AIIU ¢ LIP — GSM/GPRS ¢ nBoiiHBIM 1yOiupoBaHUEM.
Kommynukarnumonnsie moxymu 110 AIIW, mponssogst oOMeH nHpopMmarmeit
C ynaneHHbIM neHTpoMm pearupoBanus (IIP) uepe3 cers wuHTEpHeT,
UCTIONB3YS pas3aryHble MPoToKojbl creka TCP/IP.

MeTteoponornuecKuii MOHUTOPUHT OCYIIECTBIISIETCS METEOCTAHIMSIMU
WXT-520 (PunnsHANsA), yCTAHOBICHHBIX B MecTax pa3BepTbiBaHusg AIIN.

OTIMYUTENbHONH OCOOEHHOCTBIO Pa3pabOTaHHOW CHUCTEMBI SIBIISIETCS
HCIIOJIb30BAHUE B COCTaBe AIN BBICOKOUYBCTBUTEIIBHBIX
OBICTPONEHCTBYIOMINX  CIEKTPOMETPUYECKUX OJIOKOB JETEKTHPOBAHUS
raMMa-u3JIydeHrs, YTO TO3BOJMJIO HAKAIUIMBATh H3MEPEHHBIC CIEKTPHI
raMMa-u3JIydeHnsi B 0a3e MaHHBIX IIEHTpa peardpoBaHWS W IPOU3BOIHUTH
AaBTOMATHUYECKYI0  WIACHTH()UKAIWMIO  PAAMOHYKIHIOB, (HKCHPOBATH
MaJieire N3MEHEHHUs! paIiallioHHOTO (OHa.
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Nowadays at nuclear industrial enterprises a lot of activities are
performed using mechanical or electro-mechanical manipulators with
“master arm — slave arm” (MA-SA) configurations. During the operation,
such manipulators are installed on the top sealed chamber cover and
relocates tools, devices and technological receptacles with materials by the
commands of the operator who is outside of the chamber. The kinematic
configuration of the slave arm drives is set by an operator by a mechanical
(manual) relocation of a kinematically similar master arm, a manipulator,
located at operator zone. A sealed chamber acts as a shield to protect the
personnel from radiation exposure. Operator visually checks the process
through the chamber front glass window. In addition to the typical
requirements for industrial robots (such as carrying capacity, positioning
accuracy and service area) there are a number of specific requirements for
manipulators working in such extreme environment, the main of which is:
high level of protection from radiation fields and the active chemical
components inside the sealed chamber. Mechanical and electro-mechanical
manipulators have been used in the nuclear industry since the 1970s, have
depleted their resource, become morally and physically obsolete, and the
manufacturer has stopped the production of both manipulators and spare
parts for them. The number of enumerated problems provides the necessity
of design and creation of modern manipulator robots for work inside sealed
chambers with radioactive and other aggressive media. In 2015-2018 the
robotics laboratory of South-Ural State University carried out R&D work
which resulted in making a prototype of an intrachamber manipulator robot
MR-48 [1,2]. In accordance with the technical requirements (TR), the
manipulator has 6-DoF all-revolute joints kinematic configuration equipped
with a fingertip gripper having smooth adjustment of its force (Fig. 1).
Operator can control manipulator using several modes: “Manual mode”,
“Gripper mode”, “Trajectory mode”. In each of these modes operator
declines joystick(s) to form the angular velocity of specified joint or linear
velocity of end-effector. This is a significant distinction from “master arm —
slave arm” configuration, because with joysticks it isn’t possible to directly
control the positions (orientations), only velocities (linear or angular) due to
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difference in controls and manipulator kinematics. Taking into account the
equipment and materials cost, limited chamber workspace, measurement
and technological equipment inside chamber, precision nature of the
operations and individual perception and tactile characteristics of the
personnel, it can be say, that operator training system and training
procedures are mandatory to initiate and improve operator skills. Such
system proposed as a next step in control system structure (Fig. 2).

Figure 1 — General view of manipulator MR—48 and its control station
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Figure 2 — Structure of the training system
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Relatively large distance between control stations and manipulators,
imperfection of visibility from control zone form necessity of vision
systems usage. Videocameras installed in chambers perform function of
general area observation, while cameras installed on manipulator end-
effector allow local work zone observation. Special technical solutions
such as additional radiation protection and algorithms of manipulator
control allow to increase lifetime of vision system.

Key words
Robot-manipulator, control system, ROS, training system, vision
system.
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COBpeMCHHBIC MHOTOKOOPJAWHATHBIC pO6OTOTeXHI/I‘ICCKI/Ie KOMIIJIICKCHI
(PTK) 1 MaHUITYISTOPBI C AIEKTPUUECKIMHU HCTIOIHUTEIEHBIMHI PUBOIAMHI
LIMPOKO HCIOJB3YIOTCSI BO MHOTHX OTpacisX IPOMBIIIJIEHHOCTH U B
OOJIBIIMHCTBE CITy4yaeB SBJISIIOTCS BBICOKOABTOHOMHBIMH  CHCTEMaMH.
OTaenbHBIM KJIACCOM POOOTOTEXHMUYECKHX KOMIUIEKCOB, MOOMJIBHBIX H
CTAI[IOHAPHBIX MAaHMITYJAHUOHHBIX CHCTEM SBISIFOTCS KOMIUIEKCHI C
y4acTHEM YeJIOBEKa HEMOCPEACTBEHHO B KOHType ympasieHus. OgHON u3
BaxkHeWmmx chep npumenenunss PTK Takoro Ttwma sBisiercs aTtomHas
MIPOMBIIIUICHHOCTb, TI€ BIUSHHE Psiia OMAacHBIX (pakTOpOB (paaualiOHHBIE
ImojiA, XUMHUYCCKHU arpecCuBHasA cCpcla U T.)I.) U BBICOKasa CTCIICHb
BapUaTUBHOCTH BBITIOIHAEMBIX OIEpPaIlUil COUETAIOTCS ¢ HEOOXOAUMOCTHIO
3alIMTHl YeJOBeKa OT oOmacHbX (akTopoB.  OmepaTop BBINOJIHSIET
TpeOyeMble  TEXHOJIOTMYECKHE  Olepaludd  IMyTeM  MEXaHHYECKOTro
BO3JEHCTBUS M TNepeMelleHHs] 3aJarolllero OpraHa, KHHEeMaTU4eCKU
MMOJJOOHOTO HMCHOJIHUTENBHOMY OpraHy. KOHTpONb BBHIIOJNHEHUS orneparui
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OCYILIECTBIIACTCS ITyTeM BU3YaJIbHOTO HAOIIONECHUS 4epe3 TOJICTOCTEHHOE
CTEKJIO IIepeJHEN CTEHKU KaMephl.

C  menpl0  HCKIIOYEHHS — psAfa  HENOCTATKOB,  IPUCYIIMX
JJIEKTPOMEXAaHUYECKUM KOTHMPYIOIIUM MaHUITYJIAITOpPaM IpelaraeTcsi psin
TeXHUYECKUX perieHuil [1, 2] mo KOHCTPYKIMK U alnapaTHON peanu3aluu
ncnionHuTeNnsHOTro oprana (M1O) poOOTOTEXHHMYECKOTO MaHMITYJISITOpa, €ro
CHCTEMBI YIPaBICHMS, 3aJalOlINX OPraHoB, CHCTEMbl BH3yaJIHM3aIllH,
MIpOrpaMMHOTO obecnedeHns: cucrembl. OOmmit Bua pa3paboTaHHOTO
MaHumynaropa MP-48 u ero mynsTa ynpaBieHus IpuBeIeH Ha puc. 1.

Jns  ynydineHWs HaBBIKOB pabOTHI olepaTopa Kak B OOBIYHBIX
YCIOBUAX OKCIUTyaTallMM, TaK M TPH HEIITATHBIX pEXHMax paboTel
IpeUIaraeTcss IMOACUCTEMa TPEHAXEPHOro 0Oy4YeHHs, MOHUTOPHHIA H
aHanM3a JeicTBUM omepaTopa Kak 4acTb IPOrpaMMHOIO KOMILIEKca
CHCTeMB! ympaBieHus (puc. 2). BpimonHeHue psna TEXHOJIOTHYECKUX
omepalMii ¢ y4eToM BBEICHMS IUTPUX-KOJOBOH  HAEHTH(UKAINK
71a00paTOPHO-TEXHOIOTHUECKON Tapbl (IPOOMPOK) MO3BOJISIET MPUMEHSTH
P TEeXHHYECKHX  CPEACTB  CHUCTEMBl  TEXHHYECKOTO  3pEHUs,
9KCIIEpUMEHTANIBHBIE Pa0OTHI 10 ocHamleHnIo MP-48 nanHON crcTeMoH.

BelmenpuseneHHbIN (yHKIIMOHATT peanusyercs B BUJIE
MEepapXUIecKOoro TOCTPOSHHS NPOTPAaMMHBIX MOIyJIeH C peanm3aiuen
3¢ PEKTUBHBIX METOIOB MEXIpOIEecCHOro odMena. KiroueBbiM (hakTopoM

MOCTPOCHHUS MOJJOOHBIX cucTeM SIBIISIETCSI HCIIOJIb30BAHHUE
BBICOKOHA/IKHBIX TIPOrPAMMHBIX CHCTEM PEabHOI'0 BPEMEHH.
Pa3pabotanubrii POOOTOTEXHUYCCKHIA KOMILIEKC MP-48

obecneyrBaeT BBIMOIHEHHE IIEIOT0 Psifia GYHKIIHOHATBHBIX BO3MOKHOCTEH
U SBJSIETCS TEPCIEKTHBHBIM JUII 3aMEHBI  YCTApeBIIEr0 KOMILIEKCa
000pyIOBaHHS.

Pucynoxk 1 — O6uuii Bu BHYTpHKaMEPHOTO aHnyMTopa MP-48
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Abstract

The paper considers the problem of assessment of digital threats for
cyber-physical objects of high operational risk — nuclear power plants
(NPPs). An assessment method combining an information model with a
simulator of physical processes is suggested. The method supports the
integration of smart mobile digital assets (e.g., robots). The method scope
matches with the standard template of cybersecurity assessment developed
by IAEA.

Keywords: cybersecurity, nuclear power plant, simulator, model,
discretionary model, cyber, physical.

The implication of information technologies into the operation of
nuclear power plants (NPPs) is steadily growing. The implementation of
digital and computer-based instrumentation and controls (I&C) systems
had been proceeding slower than in other technological sectors, for
example, petrochemistry and transport because of the conservatism, which
is inherent to the atomic industry.

However, recently, the process has gathered pace and found
acceptance [1,2,3]. A set of factors contributed to it: increased confidence in
digital technologies based on the operation experience in the industry; the
toughening competition with other power generation systems and the need
to implement more complex control algorithms that are difficult to
implement with analog technologies; NPP accidents (like Chernobyl and
Fukushima). The latter has highlighted the need for cybernetic autonomous
and automated devices in NPP critical events when a human cannot be
directly on the object.

However, digital technologies, being indispensable for some critical
cases or significantly increasing the operational efficiency, have also a
negative impact of operational safety of NPPs. The effect appears in new
vulnerabilities of NPP— cyber threats. The threats are mostly similar to the
informational threats known to the IT-industry, but they have a peculiarity
distinguishing it among the pure informational threats. The peculiarity is: a
cyberthreat unfolds to the full extent only by influencing the processes that
pass directly in the control object, and digital medium is just the carrier to
transfer the malicious influence.
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To assess threats of that nature and resist them, one has to use not only
computer security methods but also some methods developed for nuclear
(technological) safety provisioning for NPP. The paper suggests combined
usage of information models [4], which describe NPP cybersecurity
architecture at different stages of the NPP’s life cycle, and a simulator of
physical processes within the NPP.

The integrated security model of the NPP digital I&C system includes
the information model [4], and the physical simulator model. The simulator
model is under development in a frame work of IAEA project [5].

The paper considers the problem of assessment of digital threats for
cyber-physical objects of high operational risk (like modern NPPs). We
suggest a method based on the consistent application of an informational
model combined with a simulator of physical processes in the NPP. The
advantages of the method are its comprehensive approach which considers
both the attack medium (digital content) and the attack object (the real
equipment of NPP) and also transparent integration of smart mobile digital
assets (for example, robots) into the model. Existing formal security models
and physical simulators can be used as the tools of the method. The scope of
every model matches with the standard template of cybersecurity
assessment developed by IAEA.
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AHHOTAIUSA

PaccmarpuBaercs mpoOiema OILEHKH WHGOPMAIMOHHBIX — YTPO3
KnOeppu3nIeckuM 0OBEKTaM KPUTHYECKH Ba)KHOH HMHQPACTPYKTYpbl —
atoMHBIM  3nekTpocTaHmmsM  (ADC). IlpemnmoxeH MeTOA  OICHKH,
o0beaNHAIOMNH MHOOPMAMOHHYIO MOJENb C MMHUTATOPOM (HU3UUECKUX
mpomeccoB. MeTon MOAJEep)KUBAaeT WHTETPALUIO  HHTEIUICKTYalbHbBIX
MOOMIBHBIX aKTUBOB (po0otoB). IIpoBeneno comocraBieHne o00JIacTH
MPUMEHUMOCTH MeToAa co cTaHmaptHod Mmoxaenpio MATATD ouenku
KrOepOe301macHOCTH.

KaioueBbie cioBa: knbep0Oe30nacHOCTb, aTOMHAs 3JIEKTPOCTAHIINS,
uH(popMaLMOHHAsT MOJIENb, UMUTATOD.

[Mpumenenne 1MGPOBBIX TEXHOJOTHI B IPOLECCE SKCILTyaTalUH
atoMHbIX cTaHimid (ADC) HeyKIOHHO pacmmpsiercs. Brenpenune
KOMITBIOTEPHBIX ¥ LU(POBBIX CPEICTB  YIPABICHHUS IPOUCXOIHIO
HECKOJIBKO MEIUICHHEH, YeM B JAPYIHX TEXHOJOTWYECKHX OTpPaciiiX,
HampuMep HePTEeXWMHH, TpPAaHCIIOPTE W3-32 IPUCYIIEH  aTOMHOU
MIPOMBIIUICHHOCTH KOHCEPBaTH3Ma.

OpHako 3a TOCiHeIHEE BpeMs JaHHBIH IIPOLECC CYIIECTBEHHO
yckopmics ® momyumn mupmsHanue [1,2,3]. Otomy cmocoOGcTBOBaA
HECKONIBKO (DaKTOpPOB: BO3POCHIMK Onarozapsi ONBITYy 3KCIUTyaTalud B
NPOMBIIUICHHOCTH ~YPOBEHb JOBEpUsl K IU(PPOBBIM TEXHOJOTHSIM;
Y)KECTOYEHNE KOHKYPEHIIMU C APYTMMH CHOCOO0aMH BBIPAOOTKH SHEPTUH U
HEOOXOJMMOCTh pealH3alii Oojiee CIIOXKHBIX AITOPUTMOB YIpaBIICHHUS,
KOTOpBIE TPYJHO peaii30BaTh Ha aHAIOTOBOW TEXHHKE; HHIUAEHTH ¢ ADC
(UepnoObute u dDyxycuma).  MHOUIEHTHI  SIBHO  00OO3HAYMIIN
HeoOxoauMocTh npuMeHeHnst Ha ADC B KPUTHYECKHX CHTYallUsIX, KOTAa
YEeJIOBEK HE MOXKET HAaXOAWThCS HEMOCPENCTBEHHO Ha OOBEKTe,
KHOEpPHETHUYECKNX aBTOHOMHBIX U aBTOMaTH3WPOBAHHBIX YCTPOMCTB.

Ho mu¢poBbIe TeXHOIOTHH, HE3aMEHUMBIE B HEKOTOPBIX KPUTHUECKUX
CHUTyalluaX  JHUOO  CYImIECTBEHHO  MOBHIIaOUe  3()(HEeKTUBHOCTH
skciuryataiun ADC, UMEIOT W HEraTWBHOE BIMSHHE Ha 0€30IacHOCTh
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skcrutyataiun ADC. DOta BIMSHHE BBIPAXEHO B IMOSIBICHHMM HOBBIX
ySI3BUMOCTEH B cHCTeMe ynpaBieHus W (yHkumonupoBanus ADC —
knbepyrpo3. Takwe yrpos3bl B CyIIECTBEHHOW Mepe aHaJOTWYHBI YKe
W3BECTHBIM MH(OPMAaMOHHBIM yTrpo3am, cyniecTBytomuM B IT unmycTpun,
HO ¥ HMMEIOT XapaKTEepHYI0 OCOOEHHOCTb, OTJIHMYAMOUIYI0 HMX OT YHCTO
MH(POPMAIMOHHBIX YIpo3. DTa 0COOEHHOCTh COCTOMT B TOM, YTO B TOJHON
Mepe KHOepyrpo3bl pealnu3yroTCsi TOJNBKO IOCPEACTBOM BIHSHUS Ha
TIPOIIECCHI, HETOCPEACTBEHHO IPOXOJSNINe Ha OOBEKTe YNpaBieHHUs, a
mudpoBasi cpeja  ABIAETCA, B OCHOBHOM, cpemoil  ImepeHoca
3nMoHaMepeHHoro Bo3neiicteus Ha ADC.

Jns  OLEHKM TakMX YIrpo3 ¥ TNPOTHBOJACHCTBHA UM  HYKHO
UCIIONIb30BaTh HE TOJBKO METOAbI MH()OPMALMOHHOW 0€30MacHOCTH, HO U
MeTOoJbl, pa3paboTaHHble Il oOecredeHHs SIepHON (TeXHOJIOTHYECKOM)
6esomacHoctn ADC. B naHHOW pabore mpeluiaraercsi COBMECTHO
MIPUMEHATh HMH(GOPMAIIMOHHBIE MOJENH, OIKCHIBAIOIINE apXUTEKTYPY
knbepbesonacHoctt ADC Ha pa3IMYHBIX dTanax ee KU3HEHHOTO [UKIIA, C
¢du3ryecKkuM UMUTATOpOM TporieccoB Ha ADC.

B kadectBe WHGOPMAIMOHHOW MOJENH aBTOMAaTH3MPOBAHHOMN
CHCTeMbl YNIpaBJIeHHs TexHojorndeckumu mponeccamu (ACYTII) ADC
HCIIONIB3YETCSI MHTErPUPOBAHHAS MOJAENb Oe30omacHoCTH [4], B KadecTse
HMHUTAaTOpa — UMUTATOp, pa3padaTbiBaeMble B paMkax mpoekta MAT'ATO
[5].

B pabote paccmarpuBaercs nmpobiieMa OIEeHKH MU(POBBIX Yrpo3 yis
knoepduznuecKkux 00BEKTOB KPUTHYECKH BaXHBIX 00BEKTOB
uH(pacTpyKTyphl, Takux kKak coBpemeHHble ADC. [IpemnoxkeH wmeron,
OCHOBaHHBIH Ha IOCJIEIOBATEIFHOM MPUMEHEHHH WH()OPManOHHON
MOJIENT COBMECTHO C CHMYJSATOpOM (u3mdeckux mpoueccoB Ha ADC.
JloCTOMHCTBOM MeTojia SIBJISAETCS KOMIUIEKCHOCTB ITOJIX0J1a, TIPH KOTOPOM
paccMmarpuBaeTCs Kak cpena arakd (IUQpOBOH KOHTEHT) TaK M OOBEKT
ataku (peanpHoe obopynoBanne ADC) a Taxke IPO3pavyHOCTh HHTETPalnuu
MHTEIJIEKTYaJ IbHBIX MOOWIBHBIX KHOEPHETHYECKHX aKTHBOB (HAIpPHMED,
po6oTOB) B Mozenb. B kauecTBe HMHCTPYMEHTOB MOKHO HCIIOJIb30BaTh
cymecTByromue  ¢GopMambHBle MOAEeTH O0e30macHOCTH W (U3NIecKue
cumyisTopel. [l TumoBoro mranoHa OIEHKH KubepOe3omacHOCTH
paspabateiBaeMoro MAI'ATD yka3aHa mo3unus, rae NPUMEHSIIOTCS KaKaas
U3 MoJenen

1. Computer Security at Nuclear Facilities Technical Guidance Reference
Manual IAEA Nuclear Security Series. —2011. — N 17.
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The results of developing a robotic complex to work in hot cells at
nuclear industry enterprises are presented. The robotic complex consists of
several original elements: a robotic arm (manipulator), a control device with
force feedback, software (see Fig. 1).

ROS Environment
] (Ubuntu Linux based)

Controller Board Mechanical Part

Manipulator

Figure 1 — A generalized diagram of the robotic complex

The manipulator is a 6-DOF robotic arm with a 2-finger gripper
having the following features:

1) To ensure high resistance to ionizing radiation, the drives are
placed in the base of the robot arm outside the hot cell and are made in the
form of separate quick-detachable units.

2) Mechanical transmission of rotational motion from the drive unit to
the wave gearbox is implemented through coaxial gear shafts and backlash-
free bevel gears to reduce the positioning errors of the robotic arm.
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3) Resolvers are used as feedback sensors in drive units. They are the
least susceptible to the damaging effects of ionizing radiation in comparison
with semiconductor optical encoders.

4) The distance of object movement is the area inside a cubic hot cell
with dimensions of Im x Im x Im.

The control device is designed to ensure high ergonomics similar to
that of mechanical master-slave manipulators. The platform with a joystick
unit can be moved in six degrees of freedom and provides haptic feedback.

The control software has a modular structure and contains both
original and the state-of-the-art program components.

In the course of the work, an interactive 3D simulator of the robotic
complex in a hot cell has been developed, which has the following
functionality:

— detailed correspondence of the model with the technical
documentation for the hot cell and the robotic complex;

— ability to view a virtual production site and equipment using a VR
headset and/or a monitor;

— implementation of the interaction of objects in a virtual hot cell;

— ability of manual control of a virtual robotic arm using a joystick
with haptic feedback.

The work was supported by the Ministry of Science and Higher
Education of the Russian Federation, project REFMEFI57417X0173.
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[MpencraBneHsl  pe3yibTaThl  pa3pabOTKH  POOOTH3MPOBAHHOTO
KOMILIEKca Uil paboThl B pagualioHHO-3aMTHEIX Kamepax (P3K) na
MIPEANPHUATHIAX aTOMHOW OTpaciu. PoOOTH3NPOBaHHBIN KOMIUIEKC COCTOMT
U3 HECKOJBKUX OpPHIMHAJBHBIX SIIEMEHTOB: POOOTH3MPOBaHHAs pyKa-
MaHUITYJSITOP, YCTPOMCTBO YIpPABICHUS C CHIOMOMEHTHOH 0OpaTHOI
CBSI3BI0, IPOrpaMMHOe obecrieuerue (cM. Puc. 1).

ROS Environment
] (Ubuntu Linux based)

Controller Board Mechanical Part

Manipulator

Pucynok 1 — O6mas cxema poOOTOTEXHHYECKOTO KOMITIEKCa

MaHumynarop HpeAcTaBIsieT co00d POOOTH3MPOBAHHYIO PYKYy € 6
CTENEeHSIMH CBOOOBI C JIByXMAJbLEBHIM 3aXBaTOM, UMEIOLIYIO CIIEIYIOIINe
0COOEHHOCTH:

1) Jns obecredyeHUs BBICOKOH YCTOHYHMBOCTH K HOHU3HUPYIOLIEMY
W3JIYYEHHUIO TIPUBOJABI DPa3MEIIEHbl B OCHOBAHUHM PYKH-MaHHUITYJISTOpa
CHAapy)XH Tops4ell KaMepsl U BBINOJIHEHHI B BUAE OTIEIBHBIX
OBICTPOCHEMHBIX OJIOKOB.

382



2) MexaHu4eckasl mnepenada BpallaTEIbHOTO JIBIXKEHHS OT OJioKa
NPUBOAAa K BOJIHOBOMY PEIyKTOPY pealn3oBaHa uepe3 Oe3To(TOBbIC
KOHHYECKHE Tepetaudl JJIsl CHWKEHHS TOTPEHIHOCTEN MO3MIMOHUPOBAHUS
poboTa-MaHUITyISITOpA.

3) B xauectBe naryMkoB 0OpaTHO CBsI3M B OJOKax-NpHBOIAX
HCIIOJIB3YIOTCS Pe30i1bBephl. OHU HaHMEHee TOJBEPIKCHBI Pa3pyLIaoeMy

JeHCTBUIO HOHH3UPYIOIINX W3ITy4YCHUH B CpaBHCHUH c
TIOJTYTPOBOTHHKOBEIME ONITHYECCKHMH YHKOICPAMH.
4) Paccrosame mepememieHns o0OBeKTa — OONacTh BHYTpHU

KyOM4YecKO! paJnaiiOHHO-3aIIUTHON («ropsdaeii») KaMepsl ¢ pasmepamu 1
Mx1lmxIwm

YCTpOWCTBO yIpaBicHHs pa3pabOTaHO TakuM 00pa3oM, dTOOBI
00ecreunuTh BBICOKYIO DPrOHOMHKY, aHaJOTMYHYI0  MeXaHHYECKUM
KOMUPYIOIMM ~ MaHumynstopam. Ilnardopma ¢ OimokoMm mKoHCTHKA
00JIalaeT IIEeCThIO CTENEeHSIMH CBOOOABI M OOECIEYMBACT TaKTHIILHYIO
00paTHYIO CBS3b.

VYmpapnsroniee NporpaMMHOe  oOecrieueHHe HMEEeT MOJYJIbHYIO
CTPYKTYPY M COICPKHT Kak OpHWIMHAJIBHBIE, TaK W COBPEMCHHBIC
KOMMepUecKre 1 cBOOOTHBIE MPOTrPaMMHBIE KOMITOHEHTEHI.

B xoze pabot Hax IpoeKToM pa3padoTaHa TaKKe WHTEPaKTHBHEIH 3D-
CHMYJISITOP POOOTOTEXHHYECKOTO KOMILIEKCAa B paJnalMOHHO-3AIIUTHON
KaMepe, pean3yIoni CleAyomuii GyHKIIHOHAI:

— JleTajJpHOe COOTBETCTBHE MOZEH KOHCTPYKTOPCKOMH
noxymenraruu Ha P3K u poGoT-manumymsaTop;

— BO3MOXHOCTh HPOCMOTPa BHPTYaJbHOTO IPOU3BOJCTBEHHOTO
yyacTka © o0OOpYyIOBaHMS C HCIIOJIB30BaHHEM [IEMa BHPTYaJIbHOU
peasIbHOCTH W/MITH MOHUTOPA;

— peanuzaiys B3aUMOJIEHCTBHSI 00bEKTOB B BUpTyaibpHOU P3K;

— BO3MOXXHOCTb PYYHOTO KOTHPYIOIIETO YIPaBICHUS BUPTYaIbHBIM
pOOOTOM-MaHHMYIATOPOM TIPH TOMOIIM AamllapaTHOTO JKOHCTHKAa ¢
00paTHOM CBS3BIO.

Paboma nodoepycana Munucmepcmeom HaAyKu U GbICUIESO
obpazosanus Poccuiickoti @edepayuu, npoexkm REMEFI57417X0173.
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M.A. Akbarova
INTEGRATED SAFETY AND LABOR PROTECTION SYSTEM
FOR HAZARDOUS INDUSTRIES

Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
m.akbarova@rtc.ru

The new intelligent manufacturing (smart factory) is a cyber-physical
production system (CFPS), which combines four main components:

— mobile smart sensors equipped with built-in technology to interact
with each other or with the environment

— means of communication, including the integration of point
devices using peripheral computing technology (edge computing)

— cloud application layer that provides semantic links between
production data based on the ontological production model

— the new generation terminal devices (smartphones, smartwatches,
etc).

One of the main characteristics of CFPS is proactivity, i.e. the ability
to form advanced solutions, including anomaly detection. It is obvious that
ensuring a trouble-free operation of the CFPS requires the introduction of
appropriate means of industrial safety, integrated into an integrated system
(ISPS).

ISPS should have the following basic properties:

— traditional stationary sources of alarm and emergency information
(detectors, alarms, TV cameras, etc.) should be supplemented with mobile
robotic means of monitoring the territory (ground and air). Since the status
of each piece of equipment is constantly known in the CFPS, this data must
be continuously processed in the ISPS to form an operational map of the
danger zones. Means of monitoring the use of personal protective
equipment based on technical vision systems should be introduced;

— means of navigation and communication shall provide constant
monitoring of movements of personnel and mobile equipment on the basis
of technologies of technical vision and radio-frequency identification
(RFID);

— at the level of cloud applications should be provided with the
formation of an operational map of danger zones in relation to the digital
spatial model of the enterprise, multi-criteria analysis of the current
situation, forecast and support solutions in terms of industrial safety;
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— at the level of terminal devices, special means of informing
personnel should be developed. The concept of the device "smart helmet",
which, in particular, will provide an operational display of danger zones of
various kinds, the supply of warning signals when approaching the
employee to the working equipment, the choice of the safest route of
movement.

The most popular ISPS on construction sites and outdoor industrial
sites, saturated with potentially dangerous or constantly moving equipment.

M.A. Axbaposa
HUHTEI'PUPOBAHHASI CUCTEMA ITPOMBIIIJIEHHOM
BE3OIMACHOCTHU U OXPAHBI TPYJA AJIs1
OIMACHBIX MPOU3BOJACTB

T'HI] P® I[HUU PTK, Canxm-Ilemep6ype
m.akbarova@rtc.ru

CoBpemenHoe  IippoBoe  TPOM3BOACTBO  (yMHas  ¢abpuka)
MpeaCTaBIseT co00il Kubep-Gu3nIeckylo NpPOM3BOACTBEHHYIO CHCTEMY
(K®IIC), 00beqiHSAIONTYIO YETHIPE OCHOBHBIX KOMIIOHEHTEHI:

— MOOWJIbHBIE HUHTEJUIEKTyallbHble  JaTYUKH, OCHAIIIEHHBIE
BCTPOCHHBIMU TEXHOJIOTHUSMH AJIS B3aMMOJEHCTBHS APYT C OPYyroM MU C
BHEILIHEW cpeioit

— CpeAcTBa CBS3M, B TOM 4HCJe, OOECIIEUHBAIOIINE HHTETPALHIO
TOYEYHBIX YCTPOHCTB C HCIIOJIBb30BAHHEM TEXHOJOTHUH HeprdepHitHbIX
BBIYHUCIICHUH.

— ypOBEHb 00JIaYHBIX TIPHIIOKEHHH, obecrieunBaronii
CEeMaHTHYECKHE CBS3M MEXIy IPOM3BOACTBEHHBIMH NaHHBIMH Ha 0aze
OHTOJIOTUYECKON MOJIENH ITPOU3BOICTBA

— TEpMHHAJIBHBIE YCTPOICTBA HOBOTO TOKOJEHHUS (cMapT(OHBI,
YMHBIE 4achl U T.II. TAIKETHI).

Omnoit u3  kmoueBBIX  xXapakTepuctuk  KOIIC  saBnsercs
NPOAaKTUBHOCTb, TO €CTh CIIOCOOHOCTh K (DOPMHUPOBAHUIO OMNEPEIKAFOIINX
pelieHui, BKiItoYas BBIABICHHE aHOManuid. OueBHAHO, 4yTO obecneueHue
6e3aBapuitnoii paborer K@OIIC TtpeOyer BHeIApEeHHS COOTBETCTBYIOLIMX
CpeICTB MPOMBIIITIEHHON 6e3omacHoCTH, 00BEIMHEHHBIX B
nHTerpupoBannyio cucremy (UCIIB).

UCITIb pomkHa UMETh CIEAYIOINE OCHOBHBIE CBOMCTBA!

— TpPaAWIHOHHBIE CTAIlMOHAPHBIE HCTOYHUKH TPEBOXKHOH W
aBapuifHOW WHQOpPMANWU (WM3BEIATENH, CHUTHAIH3AaTOpHl, TB-kamepsl u
T.I.) TOJDKHBI OBITh JOTOJHEHB MOOWIBHBIMH POOOTH3MPOBAHHBIMU
CPEACTBAMH MOHHUTOPHHTA TEPPUTOPHH (HA3€MHBIMH M BO3IYIIHBIMH).
[ockonpky B KOIIC moCcTOSHHO M3BECTHO COCTOSHUE KaXKIOW €IMHUIIBI
000py1oBaHusl (BKIFOYEHO, BHIKIIFOUEHO, XOJIOCTOM X0/ U T.I1.), OTH JaHHBIE
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JOJDKHBI  HenpepblBHO oOpabateiBateest B WCIIB mnst  dopmupoBanus
OIlepaTHBHOW KapThl 30H OMacHOCTU. [IOMKHBI OBITh BHEIPEHBI CPEICTBA
MOHHUTOPHWHTA 32 WCIIOJb30BAaHWEM CPEICTB MHIMBHUAYaTbHOHM 3aIlUTHl Ha
0a3e CHCTEM TEXHHYECKOTO 3pEHUS;

— CpeAcTBa HABUTAIMU U CBSI3U JOJDKHBI 00ECTIEYnBaTh MOCTOSTHHBIH
MOHHUTOPHUHT TIEPEMEIICHUI MepcoHala M IOJIBIKHOTO 00OpYIOBaHMS Ha
6aze TEXHOJIOTUHTEXHUIECKOTO 3peHns n panrov4acTOTHON
uneatudukaym (RFID);

— Ha ypoBHE OONAaYHBIX NPHIOKEHHH MOIDKHO OBITH 00ecredeHo
(opMHpOBaHHE ONEPATHBHOW KapThl 30H ONACHOCTH B TPHUBSI3KE K
unpoBoi MIPOCTPaHCTBEHHOU MOJAEIU MpEeANPUSTHS,
MHOTOKPUTEPUAIIGHBIA aHAIM3 TEKYIeH CHTYyalllH, IPOTHO3 M MOJAEpIKKa
pelIeHunit B 4acTH IPOMBIIIIEHHOI 0€301acHOCTH;

— Ha YpPOBHE TEPMUHAJIbHBIX YCTPOHCTB JOJKHBI OBITH IPOPaOOTAHBI
crenajbHble CcpencTBa HWH(OpMHpOBaHMS TepcoHana. [Ipemmaraercs
KOHLIEMNIUST YCTPOWCTBAa «yMHas Kacka», KOTOpOe, B TOM dwHcie, Oyner
obecrieunBaTh ONepaTuBHOE OTOOpa)KEHHE 30H ONMACHOCTH Pa3sHOro poja,
nojady IMpeayNpeIuTeNbHbIX CUTHAJIOB NMPH NMPHUOMIKEHNH paOOTHHKA K
paboTaromemMy 000pyIOBaHHUIO, BEIOOp Hambojee 0Ee30MacHOTO MapuipyTa
TIepeMEICHUs.

Hambomnee BoctpeboBana VCIIb Ha CTpPOMTENBHBIX IUIOMAAKAX H
OTKPBITBIX IPOMBIIUICHHBIX IUIOMIAZKaX, HACBHIIIEHHBIX IOTCHIHAIBHO
OIIACHBIM HJIM TIOCTOSIHHO NIEPEMEIIAIOIIUMCST 000pyJOBAaHHUEM.
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MEDICAL ROBOTICS /
MEAWLUHHCKAA POBOTOTEXHMKA

Alireza Mirbagheri, Alireza Alamdar, Mehdi Moradi
INTRODUCING THE SINAg,, AS A ROBOTIC TELESURGERY
SYSTEM WITH FLEXIBLE INSTRUMENTS

Research Center for Biomedical Technologies & Robotics (RCBTR)
Dept. of Medical Physics and Biomedical Eng., School of Medicine
Tehran University of Medical Sciences, Tehran, Iran
ar_mirbaghery@yahoo.com

Abdominal surgery is one of the most areas of surgeries which
motivated researchers to practically facilitate its methods through robotic-
assisted surgery. Commercially available robots for this area of surgery,
play a very important role in this way and nowadays there are more the
4000 installed robotic surgery systems all around the world and surgeons
perform near 10% of abdominal surgeries using this kind of technology.
However still there are several limitations on the way of using such a
technology. The most important is the initial, consumable and maintenance
cost of such a technology. Other limitations are lack of force feedback,
limitations in design of architecture of surgery and portability of the
machine.

This article briefly introduce Sinag, which is a robotic telesurgery
system and designed to compete with currently available machines through
several advantages at the mentioned limitations of other competitors. The
Sinag,, can be used for locally performing abdominal surgery operations in
an ergonomic posture for surgeon and also remotely through internet or
other communication channels. This system has two main subsystems
including a master robotic console at the surgeon’s side and a slave robotic
system at patient’s side with two or three surgical robots which are installed
on the sides of a specific surgery bed. A robotic cameraman called
RoboLens” is also integrated into the system to take the intra-abdominal
images of the patient and send them to the surgeon’s master console. The
master robots receive the surgeon’s hands movements and transmit them to
the patient’s side slave robots that mimic the surgeon’s hand movements in
a real-time manner. Simultaneously, the slave robots measure the robot and
patient interaction forces/torques, including the pinch forces under
instruments jaws and transmit them to the surgeon’s side master robotic
system. As a result, all tool-tissue interaction forces are fed backed to the
surgeon’s hands. The cameraman robot may be controlled through foot
pedals from the surgeon’s side or smartly track the surgery instruments with
no need to any human control command. Other operating room equipment
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such as electro surgery device may be also remotely controlled from the
surgeon’s side master consol.

The Sinag,, system has a reconfigurable surgery console. Using this
system the surgeon may sit behind the surgery console and adjust it for the
best ergonomic posture of him/herself. Also for long lasting surgeries which
surgeon may prefer to stand during surgery and reduced his fatigue, the
console may be pre adjusted and reconfigured to standing posture with
special ergonomic parameters of each specific surgeon.

Also, the Sinag,, slave subsystem, has a modular design for placement
of surgical robots, so surgeons may design their surgery architecture
themselves by reconfigure the placement of surgery robots at one side or
both side of surgery bed.

Using the Sina system, surgeon may use single or multiple use straight
instruments for simple surgeries and also single use flexible instruments for
more complex surgeries and through this way they may reduce the cost of
surgeries. Figure 1 shows the the Sinag,, system. The machine is under
animal trials and shortly will start human trials to practically inter to the
market of robotic-assisted abdominal surgery.

Figure 1 — The Sinag,, robotic telesurgery system
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A.V. Kapustin, Y.V. Loskutov, 1. A. Kudryavtsev
PROVIDING VERTICAL SUPPORT OF A MEDICAL
EXOSKELETON. PROBLEMS AND TECHNICAL SOLUTIONS

FSBEI of Higher Education “Volga state university of technology”,
Yoshkar-Ola, Russia
KapustinAV@volgatech.net, LoskutovYV(@volgatech.net;
KudryavtsevIiA@volgatech.net

One of the major problems when designing a medical exoskeleton is
the problem of providing a stable vertical support of human-exoskeleton
mechanical system during locomotions. Based on the review of Russian and
foreign scientific papers and analysis of unstable positions, the present work
suggests possible ways to solve this problem.

The paper contains design and technical solutions to provide support;
ways based on the control processor algorithm, models based on
equilibrium principle of an unstable inverted pendulum with one or two
links [1]. To provide different ways for the implementation of balance
maintenance system, there have been identified basic criteria which
maintain the balance. Examples which illustrate different ways to provide
balance are also given. There have been introduced applied design solutions
and principles which will prevent the human-exoskeleton system from
turning over. The problems which have a difficult solution and are still to be
solved are stated.

A prototype of a medical exoskeleton has been introduced. It has been
designed within a project called “Design of a high-tech manufacturing of a
multifunctional robotic medical exoskeleton (“REM”)”. For the prototype,
there have been set further steps on the improvement of the human-
exoskeleton system stability.

1. Formalsky, A.M. Control of the motion of unstable objects. — M.:
FIZMATLIT. 2012. — 232 p. — ISBN 978-5-9221-1460-8.

2. Kapustin, A.V., Loskutov Y.V., Belogusev V.N., Ways to provide
stable position of a medical exoskeleton designed for rehabilitation
purposes while walking // Bulletin of Volga state university of
technology. Section: Materials. Constructions. Technology. 2018. Ne 4.
11 p.
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A.B. Kanycmun, I0.B. J/lockymoe, H.A. Kyopsaeues
MOJJIEP)KAHUE BEPTUKAJIBHOM YCTOMYUBOCTH
9K30CKEJIETA MEJUIIUHCKOI'O HASBHAYEHUSI.
MNPOBJIEMbBI U TEXHUYECKHUE PEHIEHUSA

@I'BOY BO «llosonicckuii 20Cy0apCcmeen bl MeXHOL0SUYeCKUll
yHusepcumemy, 2. Howxap-Ona
KapustinAV@volgatech.net, LoskutovYV@volgatech.net;
KudryavtsevIiA@volgatech.net

OpHolt M3 mpoOJeM MPOEKTUPOBAHUS IK30CKEJIETOB MEIUIMHCKOTO
Ha3Ha4yeHUs  sgBsieTcss  mpoOiemMa  MOJJEpXKaHHs  yCTOWYMBOTO
BEPTUKAJIBHOTO IOJOXKEHUS MEXaHUUECKOW CUCTEMBI UEJIOBEK-3K30CKENET
IIPY BOCTIpOM3BeNeHHN JIokoMmonwnii. Ha ocHOBe 0030pa oTedecTBeHHOH n
3apyOeXHOW JMTEpaTyphl, aHaJdW3a HEyCTOWYMBHIX COCTOSHHHA B padote
paccMOTPEHBI BO3MOXKHBIE BAPHAHTHI PEIICHHS IIPOOJIEMBEI.

ITpuBoAsITCS: KOHCTPYKTUBHBIE M TEXHUUECKHUE PELICHUS TTOANECPIKKY;
CIIOCOOBI, OCHOBAaHHbIE HA aITOPUTME PadOTHI YNPABIISIOLIETO MPOLECCOPa;
MOJENH, OCHOBaHHBIC Ha MPUHOWIE pPABHOBECHA HEYCTOHYMBOTO
NepeBEPHYTOTO MasTHUKA C OJHUM M JABYMs 3BeHbsMH [1]. [l pa3nudHbIX
Croco0OB peanu3allud CHCTEMBl TOIJEPKKH PaBHOBECUS BBIICIICHBI
OCHOBHBIE KPUTEPHUH, 33 CUET KOTOPBIX MPOUCXOIUT NOAJIepKaHKe OanaHca.
[IpuBeneHs! mpuMepsl pa3IMYHBIX BapHaHTOB OOECIIEYEHHsI PaBHOBECHSI.
IIpencraBneHsl NpUMEHsEMble KOHCTPYKTHBHBIE DPELIEHHMS U IPUHIUIBI
peanu3aniy  MPOTHBOJCHCTBHS ONPOKUABIBAHUIO CHCTEMBI YEJIOBEK-
sk3ockeneT. ChopmynupoBaHbl MPOOIEMBI, KOTOpbIE HMEIOT CIIO0XHOE
peIIeHnE U SBISIOTCS HEPEIICHHBIMU Ha CETOAHSIIHUN 1EHb.

[IpencraBnern ONBITHBIA OOpasel; SK30CKeneTa MEIUIIMHCKOTO
Ha3HA4YCeHUs,  BBINOJNHEHHBIH B  pamMkax  mpoekta  «Co3nmaHue
BBICOKOTEXHOJIOTHYHOTO MIPOMU3BOJICTBA MHOTO()YHKIINOHAJILHOTO
POOOTH3MPOBAHHOTO HK30CKENIeTa MEIUIUHCKOro HazHaueHHs («POMy).
s ombITHOTO  00Opa3ma  3K30CKeNeTa  ONpeIeNieHbl  JAaabHEUIIHe
HaIpaBJICHUA I/ICCJ'[GI[OBaHI/II‘/‘I IO ITOBBIIICHUIO yCTOfI‘IPIBOCTPI CHUCTEMBI
YeJIOBEK-IK30CKeET.

1. @opmansckuit AM.  VYmpaeneHue — ABIKEHHMEM  HEYCTOHYMBBIX
00bexToB. — M.: ®USMATIINT. 2012. — 232 c. — ISBN 978-5-9221-
1460-8.

2. Kamyctmn A.B., JlockyroB l0.B., bemorycee B.H. Cmoco6st
MOJ/IEPKAHUSI ~ yCTOWYMBOTO  TIOJIOKCHUS  PEaOMIMTAIlMOHHOTO
9K30CKeNeTa METUIIMHCKOTO HazHa4eHus npu xonxpde // BecTHHK
[ToBOMKCKOTrO TOCYIapCTBEHHOTO TEXHOJIOTHYECKOTO YHHBEPCHTETA.
Cep.: Marepuainsl. Konctpykuuu. Texnonoruu. 2018. Ne 4. 11 c.
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Yoshkar-Ola, Russia
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KudryavtsevIiA@volgatech.net

The process of product development and manufacturing includes
pretesting of the prototypes to analyze the compliance of a developed
product with the requirements of work specification including reliability
requirements. Durability tests define the level of product reliability. While
refining the product design, it is necessary to conduct laboratory tests to
check the reliability of the durability tests. These tests are conducted to
define and evaluate the useful service lives both of the product and its
elements. They are performed by the product developer. Besides, they are
included in acceptance and periodic tests before and during the process of
its manufacturing according to the purpose of the product.

The exoskeleton is used to increase the possibilities of an able-bodied
person as well as to provide assistance for those suffering from muscle-
skeleton disorders [1]. Before launching the production of the exoskeleton,
it is necessary to perform durability tests. The tests check the parameters
given in the design specifications, find out drawbacks and defects of
produced nodes, errors in the operation algorithm of electromechanical parts
and the processor. Testing under normal conditions of operation (walking,
bending at the knees) is dangerous for a user and requires a lot of space and
man-hours of operators and assistants looking after the balance and
reliability of the human-exoskeleton system (or a man-simulator).
Therefore, the relevance of the work results from the necessity to develop
steady state methods for exoskeleton testing which would let reconstruct
different operation cycles including those in the augmented rating without
any spatial motion.

The aim of the work is to evaluate the possibilities and give reasons to
perform tests of electromechanical parts of the rehabilitation exoskeleton
drive on the stationary bicycle.

The work contains the calculations of the equivalence of energy
indicators of exoskeleton operation modes with a man-simulator while
cycling on the stationary bicycle and walking. Equivalence criteria of
motions in the joints are accepted as the following: RMS torque
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>uM} , >tpP?
M,, = Z’:t ~, Nm, equivalent power P, = Z’t’ , W, average
i i

Sin

L L cycles per second.

2l

The results of the calculations are:

— Comparison of indicators of basic parameters of locomotions
(walking, standing up and bending the knees, cycling [2-5]) gives
insignificant difference between the biggest equivalent moments, middle
interlink cycle frequencies and equivalent powers in the joints at similar
energy consumption.

— According to the energy consumption, the operation modes of the
exoskeleton with the man-simulator inside, the locomotions (walking,
standing up and bending the knees, cycling) can be equivalent in the
suitable choice of the motion parameters.

— The use of the stationary bicycle to test the reliability of the
exoskeleton can be quite acceptable.

1. Kapustin A.V., Loskutov Y.V., Skvortsov D.V., Nasybullin A.R.,
Klyuzhev K.S., Kudryavtsev A.I. Circuit design solutions of the control
system of the rehabilitation exoskeleton used for medical purposes //
Bulletin of Volga state university of technology. Section: Radio
technical and IT systems. 2018. Ne 2 (38). P. 77-86.

2. Winter, David A., Biomechanics and motor control of human
movement / David A. Winter. — JOHN WILEY & SONS, INC., 2009 —
370 p.

3. Beletsky, V.V. Biped gate: model tasks of dynamics and control. — M.:
Nauka, 1984. — 288 p.

4. Lyubovitsky, V.P. Racing bicycles. — L.: Mashinostroenie, 1989. — 319
p-

5. Turlapov, R.N. Models and algorithms to control the motion of an
exoskeleton for vertical orientation and improvement of functional
abilities of a human // doctoral thesis in Science. - Kursk: FSBEI of HE
“South-west state university”. —2015. — 172 p.

cycle frequency between the links n,, =
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PECYPCHBIX HCITBITAHUM YK30CKEJIETA
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@I'BOY BO «llosonicckuii 20Cy0apcmeen bl MeXHOL0SUYeCKUll
yHusepcumemy 2. Howkap-Ona,
LoskutovYV@volgatech.net, KapustinAV@volgatech.net,
KudryavtsevIiA@volgatech.net

IMpouecc pa3pabOTKM M TOCTAHOBKM U3/ENUSl Ha IPOU3BOJCTBO
BKIIIOYaeT B ce0sl NMpOBeJEHHE NPENBAPUTEIBHBIX HCIBITAHUN OITBITHBIX
00pa3loB ¢ ILENbI0 aHallM3a COOTBETCTBHSI Pa3padaThIBAEMOTO M3
TpeOOBaHMSAM TEXHHYECKOTO 3aJaHus, B TOM 4YHcIe TpeOOBaHMAM
HaJIe)KHOCTH. PecypcHBbIE HCTBITAaHHS ONPENENSIOT YpOBEHb HaJIeKHOCTH
W37enus. OTH WCHBITAHUS TIPOBOIAT JUI OINpPENENCHUS WM OLECHKH
TEXHHYECKOTO pPecypca KaK H3JENHs B LEIOM, TaK W OTIACIBHBIX €ro
aneMeHTOB. OHHM BBIIIOTHAIOTCS Pa3paOOTIMKOM H3MENUs, TaKKe OHHU
BXOAAT B IIPUEMOYHBIE M TEPHUOJUYECKHE HCIBITAHUS MPU IOCTaHOBKE
n3gcigd Ha IPOU3BOACTBO U }:[a.]'[LHeﬁHleM €ro IMnpous3BOACTBE. H
CaMOCTOATEIbHO, U B XOA€ MEPUOANYCCKUX UITU IPUEMOYHBIX HCIIBITAaHUH B
3aBUCHUMOCTH OT HA3HAYCHUA HSHGHHﬁ.

DK30CKeNeT HCHOJNb3YeTCsl KaK sl YBEIWYEHHs BO3MOXKHOCTEH
3JI0POBOTO YEJIOBEKa, TaK M [yl TMOMOIIM OOJIHBIM C HapyIICHUSIMHA
omnopHo-ABUrarenbHoro ammapara [l]. Ilpu 3amycke »sk3o0ckenera B
MIPOM3BOACTBO HEOOXOIUMBI €ro pPecypcHble HCHBITaHusi. B mpomecce
WCTIBITAaHUH TPOBEPSIOT IApaMeTPhl, MPETyCMOTPEHHBIE TEXHUYECKUM
3aJJaHUeM Ha MPOEKTHPOBAHME, BBIABIIOT HEIOCTATKH M IOTPEIIHOCTH
W3TOTOBJICHHS Y3JIOB, OIIMOKM adropuTMa paboThl 3NIEKTPOMEXaHUIECKON
4yacTH U paboTs! Iporeccopa. [IpoBeneHne HCHBITAaHNH B IITATHOM PEKHME
9KCIUTyaTauu (Xoa60a, Mprcen) OnacHo sl oneparopa, Tpedyer OObIINX
NOMEIICHUIT W  3aTpaT 4YelOoBEKO-4acoB  OIEepaTropoB, aCCHCTEHTOB,
cleIMX 3a OaJaHCOM PaBHOBECHSA U 0E30TKa3HOCTBIO CHUCTEM YeJIOBEK-
9K30CKeJeT (MM BEeCOBOW MaHEKeH-dk3ockeneT). [oaTomy akTyambHOCTH
pabotel  oOycinoBieHa HEOOXOAWMOCTBIO pPa3pabOTKH  CTallMOHAPHBIX
METOJMK  MWCHBITAaHMHA  DK30CKeNeTa, IO3BOJSIONMX  JKBUBAJICHTHO
BOCCO3/aTh PA3JIMYHbIC UKJIBI pabOTHl, B TOM 4YHCiIEe B (HOPCHPOBAHHOM
pEeXUMe, HCKITIOYAONINX MIepeMeIIeHHEe B TPOCTPAHCTBE.

Ilens paboThl — OIlEHKa BO3MOKHOCTH M OOOCHOBaHHE HCITBITAHUI
JIEKTPOMEXaHUIECKHUX YacTe NMpHBOJAA PEaOMINTALMOHHOTO 3K30CKENeTa
MEIUITMHCKOTO Ha3HadeHus (POM) Ha BemocTeH/e.

B pabote BhIIIONTHEHO pacueTHOE 0OOCHOBAaHWE SKBHBAJIECHTHOCTH IO
9HEPreTUYeCKUM MOKa3aTesiM PEXUMOB pabOThl IK30CKENIETa C BECOBBIM
MaHEKEeHOM IpH TMeJaIMPOBAaHUM Ha BeEJIOTPEHaXkepe M Xoanlde ¢
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ManuCHTOM. KpI/ITCpI/ISIMH 9KBHUBAJICHTHOCTHU JIBI/I)KCHI/Iﬁ B IDapHUPE

NPUHUMAETCS:  CPEIHEKBAJAPaTUYHBII  MOMEHT _ [ XuM? . Hwm,
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OKBUBAJICHTHAsI MOIIMHOCTb p  —
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MEXITy 3BCHBSIMU ng, = M , 00/c.
li

[To pe3ynbpTaTaM pacyeTHOr0o 0OOCHOBAHHS ClIEJIaHbI BHIBOJIBL:

— CormocTaBieHue 3HaUYCHUH OCHOBHBIX IapaMeTPOB JIOKOMOLMH
(xompba, BcTaBaHHWe-TIpHUCEN W BelomemanupoBanue [2 - 5]) maer
HeOOJbIIE PACXOXKICHUS HAWOONBIINX OSKBUBAJCHTHBIX MOMEHTOB,
CPeHUX MEX3BEHHBIX 4acTOT OOOPOTOB M SKBUBAJICHTHBIX MOIIHOCTEH B
IapHUpaX MPU COMOCTABUMBIX YHEPro3aTpaTax.

— TIlo »HepreTHdecKnM MoKa3aTesiM PEXUMBI pa0OTHI SK30CKeIeTa ¢
BECOBHIM MAaHEKCHOM JIOKOMONHMH (Xompba, BcTaBaHHe-TIpUCEN U
BEJIONIEIAIMPOBAHUE)  BIIONHE MOTYT  OBITh  SKBHUBAJICHTHBHI  IIpHU
COOTBETCTBYIOIIEM BEIOOpE TTAPaMETPOB ABIKCHUN

— Hcmons3oBaHWEe BEIOTpEHAXKepa ISl MMPOBEACHUS HCIBITAHUA Ha
HaJIe)KHOCTh DK30CKEJIETa BIIOJIHE MOXKET OBITh JOMYCTHMO.

Paboma ewvinonnena 6 pamxax peanuzayuu KOMNIEKCHO20 NPOeKmda
«Co3z0anue 8bICOKOMEXHONIOSUUHO20 npouseoocmaed
MHO2ODYHKYUOHATLHO20 PODOMUSUPOBAHHOZO IK30CKEIeMd MEOUYUHCKO2O
Haznauenust («POMy)», wugp 2017-218-09-1807, ymeepoicoénnozo no
nocmanosnenuro Ilpasumenvcmea Poccuiickoi @edepayuu om 9 anpens
20102 Ne 218.

1. Kamyctur A.B., JlockyroB }O.B., CkBopuos .B., HaceiOymmma A.P.,
Kmoxes K.C., KyapsBuer A.Ml. CxeMmHBIE pemIeHHS CHCTEMBI
VOpaBICHUS  PEAOWIMTAIIMOHHBIM  JK30CKEIETOM  METUIIMHCKOTO
HazHaueHuss //  BectHmk  IIOBOKCKOTO  TOCYZapCTBEHHOTO
TEXHOJIOTHUECKOro yHuBepcuteTa. Cepus: PamuorexHudeckue WU
uH(poxoMMyHHKaIMOHHBIe cucTeMbl. 2018. Ne 2 (38). C. 77-86.

2. Winter, David A., Biomechanics and motor control of human
movement / David A. Winter. — JOHN WILEY & SONS, INC., 2009 —
370 p.

3. Bemenxwuii, B.B. [IByHoras xompba: MOAETbHBIC 3aa4d TUHAMUKA U
ynpasnenus. — M.: Hayka, 1984. — 288 c.

4. Jlrobosunkuii B.I1. Tonounsle Benmocunensl.- JI.: MammHOCTpOCHHE.
Jlenunrp. otn-aue, 1989. —319 c.

5. TypnanoB P.H. Mogenu ¥ anropurMmsl YIpPaBJICHUS ABUKCHHEM
9K30CKeNeTa Ui BePTHKATU3AINH W PACIIUPEHUs (PyHKIIMOHAIBHBIX
BO3MOXKHOCTEH 4dernoBeka // Pyk. aucc. Ha COUCK. Y4Y. CT. KaHJ. TEXH.
HayK. - Kypck: @I'BOY BO «tOro-3anaz. roc. yH-m». —2015. — 172 c.
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ROBOTIZED REHABILITATION COMPLEX WITH
BIOFEEDBACK FOR UPPER EXTREMITIES

FSBEI of the "Volga State University of Technology", Yoshkar-Ola, Russia
KudryavtsevIiA@volgatech.net

The robotized complex of rehabilitation for upper extremities with
biofeedback is an exoskeleton of a medical type, i.e. equipment used for the
rehabilitation of the disabled people and can be used to set the desired
trajectories of the patient’s arms with motor disabilities. In this case, the
method of rehabilitation of upper extremities is based on the use of the
musical instrument «Thereminy.

In the process of rehabilitation, biofeedback (BFB) is established
between the patient’s movements and his mind, which encourages the
patient to learn how to play a musical instrument as well as develops his
creative abilities. The ecoskeleton helps the patient to play a predetermined
melody and the degree of participation of the exoskeleton is inversely
proportional to the degree the patient’s recovery in the rehabilitation
process. When the rehabilitation is completed, the patient is given an
opportunity to independently create a melody without an exoskeleton.

Such an exoskeleton is able to improve the quality of rehabilitation of
patients with impaired motor functions of hands through the use of audio
biological feedback when performing motion with music produced by
“Theremin” controlled by the patient’s movements with the help of an
exoskeleton.

1. Machenin, A.A. Multimedia, art-preventive and educational non-verbal
cyber environment of music and physics of the great L.S.Termen.
Media Education. Media Education. 2015 Ne 3.

2. Bogdanov, A.A. and others. Remote manipulator. Pat RU 125508.
Publ. 03/10/2013 Bull. Ne7.
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POBOTU3UPOBAHHBIN KOMIIEKC PEABWJINTAIIAN
BEPXHUX KOHEYHOCTEM C BUOJIOT'MYECKOM OBPATHOM
CBSI3bIO

@I'HOY BO «llosomicckutl 20cyoapcmeentbvitl
mexHono2uyeckuil ynugepcumemy, 2. Howxap-Ona
KudryavtsevIiA@volgatech.net

PoGoTH3MpOBaHHBI KOMILIEKC PEaOMIINTALMH BEPXHUX KOHEUHOCTEH
¢ Ouonoruueckoil OOpaTHOH CBSA3BIO IIPEACTABIAET COOOH 3K30CKENeT,
KOTOPBIH OTHOCHUTCSI K MEIUIIMHCKON TEXHUKE, B YACTHOCTH K TEXHUYECKHM
cpeAcTBaM peaOMINTAlMd MHBAIWIOB U MOXKET OBITH HCIOJIB30BaH IS
3aJ[aHusl )KETAeMbIX TPACKTOPUH ABIXEHUS PyK MalWeHTa ¢ HapyIICHUSIMA
nx ¢QyHkmmi. [Ipym 3ToM cmocod ocyIiecTBICHUS] peadMINTalul BEpXHUX
KOHEYHOCTEH OCHOBBIBAETCS HA MPUMEHEHHUH MY3BIKAIbBHOTO WHCTPYMEHTa
«TepmeHBOKCY.

B mponecce peabunuTanuy MeXIy ABWKEHHSIMH MAlMEHTa U €ro
CO3HAaHHEM yCTaHaBIMBaeTca Owosormueckas oOpatHas cBs3p (BOC),
noOyjaronast — MalMeHTa HaydyuTbcd UIpaTh Ha  MYy3BIKaJbHOM
UHCTPYMEHTE, a TaKXKe pPa3BUBAIOIIasi €ro TBOPUYECKHE CIIOCOOHOCTH.
OKOcKeJIeT IOMOraeT MalMeHTy B  BOCIPOU3BEICHHUU  3apaHee
OIIpEe/IeTICHHON MENIOJMH, NPUYEM CTETNeHb Y4acTHsl 9K30CKejera oOpaTHO
MPONOPIMOHATIBHA CTENEHH BOCCTAHOBJIEHMsS DallUeHTa B Ipolecce
peabunuTanyy. ITo 3aBEPIICHHIO peabunuTanuu TIAIMEHTY
MIPEIOCTABISETCS BO3MOXKHOCTh CAMOCTOSITENBHO CO3/1aBaTh MEJIOIUI0 0e3
y4JacTHsl 9K30CKeJeTa.

Takoif 3K30CKeNeT CMocoOeH IOBBICUTh KAadeCTBO peadWIHTaIliH
MAIeHTOB C HAapyUIEHHEM JBHUTATENbHBIX (QYHKIMH pPyK 3a CYeT
HCIIOJIb30BAHUSI ayJHOONOIOTHYECKONH OOpaTHOW CBSI3M IIPU BBIOJIHEHUU
JABUTaTCIIbHBIX pra)KHeHI/Iﬁ C MY3bIKaJIbHBIM COITPOBOXJICHUEM,
dbopmupyeMbiM «TepMEHBOKCOMY, YIPaBISEMbIM IBIKCHHSMU IMAIlHCHTA
P TTIOMOIIH HK30CEIIETa.

1. Mauennn A.A. MyntumenuiiHas, Xy105KeCTBEHHO-NIPO(HIIaKTHYECKast
n  o0pa3oBaTelbHO-MHTETPAIlIOHHAs  HeBepOajbHas  Kubepcpena
My3blkd W ¢usuku Benmukoro JI.C.Tepmena. MenmaoOpa3oBaHue.
MediaEducation. 2015Ne 3.

2. bormanoB A.A. u gp. HuctanuumonHblid manumysstop. Ilar. RU
125508. Omy6a. 10.03.2013 brom. Ne7.
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Federal State Budgetary Educational Institution of Higher Education
«Volga State University of Technology», Yoshkar-Ola, Russia
masha_ru94@mail.ru

According to expert estimates, the number of consumers of
rehabilitation products is more than 60 million people, including the
disabled, elderly, children, people injured and undergoing the rehabilitation
and recovery period. [one]

The Government of the Russian Federation has approved the
Development Strategy for the production of industrial products of a
rehabilitation orientation until 2025.

Currently, medical exoskeletons are used for the rehabilitation of
patients with disorders of the musculoskeletal system. The main problem
today is to ensure the sustainability of the exoskeleton when performing a
motor act. The paper provides solutions to this problem.

The purpose of this work is to develop and analyze an effective way to
solve the problem of ensuring the stability of the exoskeleton during the
reproduction of locomotion.

The proposed method is carried out with the use of parallel right and
left legs, with additional drives installed in place of the hip joints.

When the exoskeleton's right leg moves, the left parallel leg makes
equal angular movement in the opposite direction to balance the moments.
A similar cycle of movements is repeated for the left leg.

Also in the work considered a mathematical model, algorithms for
controlling the movements of an exoskeleton with a parallel structure and
presents the main results of the work.

1. Recommendations of the Council for Persons with Disabilities under
the Council of Federation of the Federal Assembly of the Russian
Federation [Electronic resource] // The official website of the Council
of the Federation - Access Mode:
http://council.gov.ru/media/files/fDqG0zASINAALmMOjQoiE96H3 APp
4ivlh.pdf

2. Kapustin A.V., Loskutov Yu.V., Kudryavtsev I.A., Belogusev V.N. /
Ways to maintain a stable position of a rehabilitation exoskeleton for
medical purposes when walking // Bulletin of the Volga State
University of Technology. Ser .: Materials. Constructions. Technology.
-2018. - Ne 3 (7). - p. 44-54.
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KOHEYHOCTEN

@I'BOY BO «llosonicckuii 20Cy0apCcmeen bl MeXHOL0SUYeCKUll
yHusepcumemy 2. Howkap-Ona
masha_ru94@mail.ru

ITo sKcrepTHBIM OIIEHKAM, YHCIIO TOTpeOuTeNnel peadiIuTalnOHHON
MPOAYKIUU COCTaBisieT CBhIme 60 MIIH. YeNOBEK, BKIIOYAs HHBAJIHIOB,
TTOKWIIBIX TPaKIaH, ACTEH, JFONEH, MONyYUBIIAX TPABMY H IMPOXOISIIIX
peadmIHTaIIIOHHO-BOCCTAHOBUTEIBHEIH TTepro. [ 1]

IIpaBurensctBom  P®  yrtBepxnaeHa  Crparerus  pa3BUTHA
MIPOU3BOJICTBA MIPOMBIIITIEHHON MIPOAYKLIUU peadHIMTalMOHHON
HanpasieHHocTH 70 2025 rona.

B HaCTOAIIEC BPEMA IJIsA pea6I/IJ'[I/ITaHI/II/I NMaouEHTOB C HAPYIICHUAMU
(GyHKIUH OMOPHO-IBUTATENBHOW CHCTEMBI IPHMEHSIOTCS HSK30CKEIIETHI
MeIUIUHCKOTO HazHaueHus. OCHOBHOM MpoOIeMOil Ha CErOqHSIIHINA AeHb
SIBIIETCST  OOECICUCHHE YCTOWYMBOCTH AK30CKENeTa TIPH COBEPIICHUH
JIBUTATEIFHOTO aKkTa. B pa0oTe MpHBeNeHBI BapHaHTHl PEIICHHUS NaHHOU
poOIEMBI.

Llenpto naHHOM  paboOTBHl  sABIsIETCST  pa3padOTKa W aHAJIM3
3¢ (GEeKTUBHOTO CIMOCco0a pelIeHUs 3amadyd O00CCIICYCHUS YCTOHYMBOCTH
9K30CKeNeTa IPH BOCIIPOU3BEICHUN JIOKOMOITUH.

[IpenioskeHHBIH CIOCO0 OCYMISCTBISACTCS C MOMOINBIO MPUMEHCHHS
MapajuleNbHBIX TPaBBIX M JIEBRIX HOT, WMEIOMINE JOTOIHUTEIbHBIE
MIPUBOBI, YCTAHOBIICHHBIX HA MECTE Ta300€eIPEHHBIX CYCTaBOB.

[Ipu nBMXEHUNM TIPaBOI HOTH IK30CKEINETa, JIeBas mapariebHas Hora
UL  YpaBHOBEIIMBAaHUS MOMEHTOB  COBEpIIACT paBHOE  YTIIOBOE
NepeMeIleHue B TPOTUBOMNOJIOKHYIO CTOPOHY. AHAJIOTHYHBIA  IMKI
JIBIDKEHUH ITOBTOPSIETCS TSI JICBON HOTH.

Tak xe B paboTe paccMOTpeHa MaTeMaTudecKas MOAENb, aITOPUTMBI
YOpaBIEHUS JBIDKEHUSAMH HK30CKeJleTa € TMapajuleNbHOM CTPYKTypoil u
MIPECTaBICHBI OCHOBHBIC PE3YJIBTATHl paOOTHI.

1. Pexomenmanuu CoBeta mo nenam uHBanunoB npu Cosere depepannn
Denepanbaoro Cobpanusi Poccuiickoit ®Denepanun [ DNeKTPOHHBIN
pecypc] // Odunmansusiii caiit Cosera @enepannu — Pexxum gocryma:
http://council.gov.ru/media/files/fDqG0zASINAALmMOjQoiE96H3 APp
4ivlh.pdf

2. Kanmyctun A.B., Jlockyros }O.B., Kyapsues 1.A., benoryces B.H. /
Cnoco6s1 MOJ/IePIKaHHS YCTOWYIHBOTO TIOJI0KEHHSA
peadMINTAIIMOHHOTO 3K30CKeNeTa MEIUIUHCKOTO Ha3HAa4YeHUs Ipu
X0ap0e I BectHuk [ToBomxkckoro rOCYAapCTBEHHOTO
TexHooruueckoro ynuepcurera. Cep.: Marepuansl. KoHcTpyKium.
Texnonoruu. — 2018. — Ne 3(7). — C. 44-54.
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This paper presents an intelligent human-machine interface designed
to control the medical robotic lower limbs exoskeleton “Remotion” [1].
This bimodal interface combines tools of contactless voice control, as well
as touch-based control tools.

The developed multifunctional robotic medical exoskeleton
“Remotion” is designed for rehabilitation of patients with impaired lower
limbs, and also can be used as an individual tool of movement for patients
with partially or completely lost functions of the lower limbs.

At the moment, two ways of interaction between the user and the
exoskeleton are implemented within the interface: touch-based and voice-
based. The first way involves the use of a wired control panel equipped with
a graphical user interface (GUI) based on a touchscreen smartphone. The
second approach presupposes an automatical recognition of voice
commands in Russian.

Patients who are about to start a rehabilitation course are not always
able to perform a certain movement on their own, therefore, to control the
exoskeleton via GUI or voice commands is the only way to perform the
movements.

Voice input of particular commands significantly increases the level
of naturalness and efficiency of contactless control of the exoskeleton.
Intelligent voice control is more preferable when choosing from a relatively
small number of commands available for executing, due to its speed and
convenience (pronouncing a command is always easier than finding and
pressing the corresponding button). In the course of rehabilitation, the
patient makes certain efforts to perform certain exercises, therefore, touch
control may deflect his attention and adversely affect his concentration.
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Improving ergonomics by introducing an additional modality could
allow the use of similar devices in everyday life in the future, and not only
in medical institutions.

The following conclusions can be drawn as the result of the study:

1)

2)

3)

4)

Exoskeleton Remotion is distinguished, first of all, by the
presence of an intelligent user interface, which can significantly
improve the ergonomics of the exoskeleton;

The use of several channels of information exchange with the user
(multimodal interface) increases the naturalness of the user
interaction with the exoskeleton, improving the quality of the
device;

A combination of intelligent control methods, namely, voice
commands, touch controls, the presence of voice and visual
prompts significantly increases the security level of the user when
using the exoskeleton;

A prototype of the exoskeleton neurocomputer control module
(neurointerface) is currently at the development stage, the existing
similar developments are relevant in the development of assistive
exoskeleton for paralyzed people.

1. Kapustin A.V., Loskutov J.V., Skvortsov D.V., Nasybullin A.R.,
Klyuzhev C.S., Kudryavtsev A.l. Circuit solutions for the control of a
medical rehabilitation exoskeleton // Vestnik Povolzhskogo
Gosudarstvennogo Texnicheskogo Universiteta. 2018. Ne 2 (38). P. 77—
86. [in Russian]
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'®IrBYH Canxm-Ilemepbypeckuii uncmumym ungopmamuxu u
aemomamuzayuu PAH (CIIMHPAH), Canxm-Ilemepbype
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yuusepcumemy (@I'BOY BO III'TY), Howikap-Ona
karpov@iias.spb.su

B Hacrosmiell cTaThe OMHMCHIBACTCS WHTEIJICKTYaJIbHBIH YeEIOBEKO-
MAaIllMHHBIA ~ WHTepdeiic il ymnpaBiIeHUs  pOOOTH3MPOBAHHBIM
9K30CKEJIETOM MEIUITMHCKOTO HazHavyeHnss Remotion [1].

Pazpaboranusrit MHOTO()YHKITHOHAIIHBII pOoOOTH3NPOBAHHBII
9K30CKETIEeT MEOULMHCKOTO Ha3zHaueHus Remotion — 3TO 3K30CKeneT,
MIPEeAHA3HAYCHHBIH s peabwiInTaluy IalHeHTOB C  HapyLIICHUSIMHU
(GYHKIMHA HIDKHUX KOHEYHOCTEH, MOBBIIICHUS JBUTATENILHON aKTUBHOCTH
NAalMeHTOB C YaCTUYHO WM TOJHOCTBIO YTPayeHHbIMU (GYHKIHIMHU
HWXKXKHHUX KOHC‘IHOCTCFI, a TaKXC I HCIOJb30BAHHA B KadCCTBC
WHIMBHUYAIFHOTO CPEACTBA IIEPEIBIDKCHUS] MAallMEeHTOB C YacTUYHO WA
MOJTHOCTBIO YTPaueHHBIMH (DYHKIUSIMUA HHOKHUX KOHEYHOCTEH.

Ha panHBlii MOMEHT B OMMOZANbHONH CHCTEME YNpPaBICHUS
pean30BaHbI /[Ba crioco0a B3aMMOJEHCTBHS C IK30CKEIETOM: CEHCOPHBIHN U
ronocoBoi. IlepBbIii cnoco® 3akimroyaercss B MPHUMEHEHHH HPOBOIHOTO
MynbTa  yOpaBIeHUs, CcHaOXeHHOro rpaduueckuM  uHTepdeiicom
mons3oBarens (GUI) ma Gasze cmapTdoHa ¢ CEHCOpHBIM 3KpaHOM. Bropoit
BapHaHT COCTOMT B AaBTOMAaTHYECKOM pPACHO3HAaBAHUM YIPaBISIOIINX
TOJIOCOBBIX KOMAaH]I, IPOM3HOCUMBIX MTOJIF30BATEIEM Ha PYCCKOM SI3BIKE.

[Tonp30BaTen-NaMEHTHI, TOJIBKO HAYMHAIOIINE KYypC peaOUINTaIIH,
HC BCEraa CHOCO6HI)I BBITIIOJTHUTH OIIPCACIICHHOC JBHIXCHUC
CaMOCTOSITENIHO, TI0ATOMY YIPABICHHE 3K30CKEJIETOM  OKa3bIBaeTCs
€/IMHCTBEHHBIM CITIOCOOOM BBITTOJTHEHUS IBHYKCHUH.

l'omocoBoit BBOJ OTAENBHBIX KOMaH] CYIIECTBEHHO IOBBIIIAET
€CTECTBEHHOCTh M 3(P(PEKTUBHOCTH  OECKOHTAKTHOTO  yNPaBIICHUS
9K30CKeTIeTOM. MHTeIneKkTyanbHOe TOJ0COBOE YIPaBIEHHE OKAa3bIBACTCS
Ooylee TIPENNOYTHTENGHBIM B YCIOBHSX BbIOOpa M3 CpPaBHHUTEIBHO
HEeOOJIBIIIOr0 KOJIWYIECTBA KOMaH/, IOCTYIHBIX JUI BBIIIOJHEHHMS, Onaronaps
OpIcTpOTE M YHOOCTBY (TIpOM3HECEHHE KOMAaH/bI BCETa MpOIIe, YeM ITOUCK
1 Ha)kKaTHe COOTBETCTBYIOIIEH BUPTYyaIbHON KHOIKHM Ha CEHCOPHOM 3KpaHe
nyneTa). KpoMe Toro, mpu mpoXoXAeHWH Kypca peaOdHIvTaIllud TalHeHT
npujara€t ONpCACICHHBIC YCHUIWA JIA BBIIIOJTHCHUA TEX WU HWHBIX
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yIpaXHEHUH, T03TOMY HEOOXOIMMOCTh OTBJIEKAThCSI HA CEHCOPHOE
yIpaBJIeHUE MOXET HETaTHBHBIM 00pa30M CKa3aThCs Ha €ro KOHLEHTPAIHH.
VYiry4iieHre SproHOMHUKH 33 CUeT BBEACHHS JOTOIHUTEIEHON MOAIIEHOCTH
B JJIbHEWIIEM IO03BOJHUT II0JIb30BaThCsl IMOJOOHBIMU YCTPOWCTBAMH B
TTOBCE/THEBHOM JKHM3HH, a HE TOJIFKO B MEANIIMHCKUX YUPEXKICHUSIX WIIH IT0JT
TIPUCMOTPOM BpadeH.

ITo pesympraram OaHHBIX pa3pabOTOK M HCCIENOBAaHWH MOXHO
ClIeNaTh CIIEAYIOINE BHIBOIBI:

1) »ox30ckeneT Remotion orTimyaercs, B MEPBYIO O4epensb, HATHIHEM
MHTEJJIEKTyalbHOTO HHTep(eiica Mmoap30BaTeNs, YTO IMO3BOJSIET
CYIIECTBEHHO YJIyUIIUTh 3PTOHOMHUKY K30CKENEeTa;

2) HCMOJIb30BaHHE HECKOJBKHX KaHajIoB oOMeHa wH(popMaImen ¢
nojp3oBareneM (MHOTOMOJAIBHBIA  WHTepdeiic) MmoBbILaeT
€CTECTBEHHOCTh B3aMMOJICHCTBHUS TTOJIb30BATENS C SK30CKEIETOM,
TTOBBIIIAsT KAYECTBO PabOTHI YCTPOUCTRA;

3) coderaHue crioco0OB HHTEIUIEKTYAJILHOTO YIIPABIICHUS, a UIMEHHO,
TOJIOCOBBIX ~ KOMaHJ, CEHCOPHOTO  YIpaBJICHHS, HaJH4He
TOJIOCOBBIX M BH3YaJIbHBIX ITOJCKAa30K CYIIECTBEHHO ITOBBIIIAET
YpOBEHb  O€30MAacHOCTH  TIOJIB30BATENSl HPH  TOJB30BAHUH
9K30CKEJIETOM;

4) wHa cTamum pa3pabOTKH B HACTOSIIEE BPeMs HAXOJUTCS MPOTOTHUIT
MOJyNsd HEHPOKOMIIBIOTEPHOTO  YIPABICHHS  SK30CKEIETOM
(uetipouHTepdeiic), CymECTBYIOIIME MOAO0OHBIC pa3pabOTKU
SBJISIIOTCSL  aKTyaJlbHBIMH B cepe pa3pabOTKH aCCUCTUBHBIX
9K30CKEJIETOB JIJIsl MApATH30BaHHBIX JIFOJIEH.

1. Kanyctun A.B., JlockytoB FO.B., CkBoprios /1.B., HaceiOymiua A.P.,
Kmoxxes K.C., Kynpssues A.M. CxemHble pelIeHUS CHCTEMBI
yIpaBJeHUS] PEaOMIMTALMOHHBIM  HK30CKEIETOM  MEAUIIMHCKOTO
HazHaueHUss //  BectHmk  [IOBOIDKCKOTO  TOCYZapCTBEHHOTO
TexHonoruueckoro yansepcurera. 2018. Ne 2 (38). C. 77-86.
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There are several segmentation tasks for medical images: MRI, CT,
ultrasound and X-ray, for example, the selection of organs, tissues and
tumors in the images. There are many images per patient. Processing,
including manual segmentation, is a time-consuming process. Due to the
growing computational capabilities of technology, it has become possible to
create algorithms that can significantly speed up the process of
segmentation of medical images while possessing good quality work.

Although such algorithms already exist, they continue to actively
develop, new methods and results of experiments appear.

The following methods of segmentation of general-purpose images
can be distinguished [1,2]:

— threshold segmentation;

—edge segmentation;

—region-based segmentation;

— segmentation methods based on the division and integration of areas;

— segmentation by watersheds;

— methods based on partial differential equations (PDE);

— segmentation methods using neural networks.

The threshold segmentation method is not suitable for solving the
problem of high-quality segmentation of medical images, because it has
very specific conditions for its work: an object against an almost uniform
background. The marginal method may fail, since biomedical images have a
lot of noise and a lot of borders, and sometimes vice versa, the borders of
the desired objects are too blurred. This is also true for watersheds methods.

Methods based on regions, clustering and based on PDE can be
suitable for pre- and post-processing, they can also be tested as independent
segmentation methods, in order to compare with them the results of the
methods of interest.

Atlases are poorly suited for small objects, but at the same time large
ones show acceptable results.

Segmentation methods using convolutional neural networks [3-5]
should be specified as the most promising general-purpose methods.

Neural network methods have good speed and quality. This group of
methods is most effective for image segmentation. Classical methods can
also be implemented to compare with them the results of the work of
methods based on in-depth training or as pre- and post-processing results.
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The most popular neural network architectures for biomedical image

segmentation tasks are U-net based architectures. Also in recent years,
residual connection and recurrent blocks, three-dimensional convolutions
have been used in the development of architectures.
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CymiecTByeT psj 3a7ad CerMEHTallui MEIUIIMHCKUX CHUMKOB: MPT,
KT, Y31 u peHTreHOBCKUX, HalpUMep, BbIIEIEHHE OpraHoOB, TKaHEH u
omyxosieil Ha cHMMKax. Ha ogHOTrO mnamueHTa MPUXOIUTCS MHOMXKECTBO
n3o0pakenuit. O0paboTKa, B TOM YHCIIC U CETMEHTAIUS CHUMKOB BPYYHYIO
SIBJISIETCSL  3aTpaTHBIM [0 BPEMEHHM MpolleccoM. BBuay pacTymux
BBIYMCIUTENBHBIX BO3MOXHOCTEH TEXHHUKH CTajO BO3MOXHBIM CO3JaHHE
QIrOPUTMOB, KOTOpPBIE  MOTYT  3HAUUTENBHO  YCKOPUTH  IpOLEcC
CEeTMEHTAIMM MEIUIIMHCKUX W300pakeHW, W TIPH D3TOM 00JamaroT
XOPOIIIMM KadecTBOM paboTeL. HecMOTps Ha TO, UTO TaKWe alTOPUTMBI yiKe
CYILIECTBYIOT, OHM NPOAOJIKAIOT AKTUBHO pPa3BUBATHCS, MOSBISIOTCA BCE
HOBBIE METO/IBI U PE3YJIBTAThI 3KCIIEPUMEHTOB.

MOHO BBIICTUTH CIEAYIONINE METOIBI CETMEHTAIIMN W300paskeHHA
obmrero HasHaueHwus [1,2]:

— CerMEeHTAIIs TI0 TOPOTOBOMY 3HAYECHHIO;

— CerMEHTAIMsI 110 KpasiM;

— CEerMEHTAIIUs Ha OCHOBE PETHOHOB;

— METOJTbI CETMCHTAIIMH, OCHOBAHHBIC HA Pa3/ICIICHUU U OObCAMHCHUH

obnacreit;

— CerMEeHTalMs 0 BOAOpa3AeiiaM;

— METO/Ibl, OCHOBAaHHBIE HA YPaBHEHHSX C YACTHBIMH IIPOU3BOIHBIMY;

— METOJbI CETMEHTALMU C IIOMOILBbIO HEUPOHHBIX CETEM.

Meton cerMeHTanuu Mo MOpory HE MONOMIET Ui pEelIeHUs 3aJadu
Ka4eCTBEHHOW CErMEHTAllMd MEIWIWHCKUX H300pakKeHUH, MOTOMY YTO
UMeeT BechbMa  crenu(pUYecKhe  YCJIOBHS Ui CBOed  paOoThI:
BBIICIIAIONINICS OOBEKT Ha MOYTH OAHOpomHoM Qone. Kpaesoit meron
MOJKET J1aTh COOM, Tak KaKk OMOMEIUITMHCKHE W300paKeHHsS UMEIOT MHOTO
myMa ¥ OYEeHb MHOTO TPaHHUIl, a WHOTJAa HA00OPOT, TPaHUIIBI HYKHBIX
O00BEKTOB CIIMIITKOM Pa3MBITHL. TO ke KacaeTcs U METOJIOB CETMEHTAITUH 110
BOJIOpA3enam.

Metonbl Ha OCHOBE PErHOHOB, KIAacTepU3allMM M Ha OCHOBE
YpaBHEHU € YAaCTHBIMH MPOU3BOJHBIMM MOTYT MOJOHUTH Uil Mpea- M
mocToOpabOTKA, TaKkKe HMX MOXKHO OmpoOOBaTh KAaK CaMOCTOSTEIBHBIC
METOJIbI CETMEHTAINH U OLEHUTh X MOKa3aTeIH PaOOTHL.

MeTonbl CErMEHTalMM C KCIIOJIb30BAHUEM AaTIAcOB MaJIO MOAXOIST
UIA  MEJKHX OOBEKTOB, HO TPH 3TOM Ha KPYHHBIX ITOKa3bIBAIOT
MpUeMJIEMbIE PE3YJIbTATHI.
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B xauectBe HaM6onee MEPCHECKTUBHBIX METO0B 061uero Ha3HA4YCHUS
CllelyeT yKa3aTb METOJbl CErMEHTAllMd C TIOMOINBI0 CBEPTOYHBIX
HEUpOHHBIX ceTeit [3-5].

HeiipocereBble MeTOABI 001aAaI0T XOPOIIEi CKOPOCTHIO U KaUECTBOM.
OTa rpynmna MeToAoB sBiseTCsl Hanbonee 3)(HEKTUBHON Tl CErMEHTALIMN
n3o0paxenuid. Kiaccuueckue MeTOABI TakKe MOTYT OBITH pealn30BaHEI
IUIsl CPaBHEHWsI C HUMH Pe3yJbTaToB pabOThl METOAOB, OCHOBAHHBIX Ha
rryOOKOM OOYYeHWH, WM JK€ B KadecTBE IMped- U MOCTOOpadOTKH
PE3yIbTATOB.

Hanbonee momynspHbl I 3aJadd CETMEHTAlMH OMOMEIHUIIMHCKHX
n300pakeHN HelpoceTeBbIe apXUTEKTyphl, ocHoBaHHBIE Ha U-net. Taxke
B MNOCJICAHUC TOABI B ApPXHUTEKTYypax CTaJIM HCIIOJb30BATHCA OCTATOYHBLIC
CBSI3U U PEKYPPEHTHBIE OJIOKH, TPEXMEPHBIE CBEPTKH.
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4. Olaf Ronneberger, Philipp Fischer, and Thomas Brox U-Net:
Convolutional Networks for Biomedical Image Segmentation.
arXiv:1505.04597

5. Haozhe Jia, Yang Song, Donghao Zhang, Heng Huang, Dagan Feng,
Michael Fulham, Yong Xia, Weidong Cai 3D Global Convolutional
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Neural-control interfaces (brain-computer interfaces) are devices
designed to directly exchange information between the nervous system and
an electronic device. The most important signs of neurointerface
classification for robotic devices are their location in the body (invasive and
non-invasive; in the central or peripheral nervous system) and principle of
operation (based on the analysis of chemical or electrical activity of the
nervous system) (Fig. 1).
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Figure 1 — Classification of the most common neural-control interfaces in
robotics by location and principle of operation

Based on the analysis performed, it can be concluded that existing
invasive neurointerfaces cannot yet be widely used for use in humans due to
health hazards, and non-invasive ones do not allow full control of moving
objects. Non-invasive neural-control interfaces based on the electrical
activity of the nervous system cause difficulties in recognizing mental
commands, and neural interfaces based on the chemical activity of the
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nervous system have a low reaction rate. Consequently, the most promising
in the near future is the use of combined non-invasive neural interfaces in
robotics, for example, based on a combination of electroencephalography
(EEG) and functional near-infrared spectroscopy (fNIRS). In these neural-
control interfaces, the disadvantages of one method are compensated for by
the advantages of another.

For invasive neural interfaces, the main area of application in the near
future will be experiments on animals, including the creation of cyborg
animals. The use of invasive neural interfaces on a person, including for the
rehabilitation of disabled people, will be widely used only after the
emergence of fundamentally new, secure neural interfaces of this kind.

Combined non-invasive neurointerfaces, in particular neurointerfaces
based on a combination of EEG and fNIRS, will find wide application for
bionic prostheses, exoskeletons and other robotic devices intended for the
rehabilitation of disabled people.

Robotic games and simulators with neural interfaces based on
electromyography, EEG and fNIRS will find more and more widespread
use.

The use of neural-control interfaces for other robotic devices will be
only of scientific importance until the emergence of new, safe, invasive
neural interfaces, since non-invasive neural interfaces do not have
significant advantages over traditional control systems for healthy people.

The study was carried out with the financial support of the Russian
Foundation for Basic Research and the Administration of the Belgorod
Region as part of a research project 18-48-310028 p_a
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HEUPOUHTEP®ENCHI B POBOTOTEXHUKE
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Heiipounrepdeticamu (maTepdeticamu «Mo3r-KOMITBIOTEP)
Ha3bIBAIOTCSl YCTPOWCTBA, INpeIHA3HAYEHHBIC JUIS HENOCPEICTBEHHOTO
oOMeHa HH(OPMAIIUEH MEKIy HEPBHOH CHCTEMOW U 3JIEKTPOHHBIM
YCTPOMCTBOM. Baxxnelmumu MIPU3HAKAMHA ki1accudukamm
HelipouHTepdeiicoB asi pOOOTEXHUUYECKHX YCTPOWCTB SIBIIAIOTCS MX
pacriojio)keHHe B oOpraHu3Me (MHBa3WMBHBIE ¥ HEWHBAa3WBHBIC; B
LEHTPaIbHOH WM Tepu(epuuecKod HEpPBHOW CHCTEME) M IPHUHINI
JeWcTBHA (HAa OCHOBE aHAIM3a XWUMHYECKOM WM  3JIEKTPUYEeCKOH
AKTUBHOCTH HEPBHOM cUCTEeMBI) (puc. 1).

Hetfipounrepderice
Ha ocnoBe anextpudeckoit Ha ocHoBe xumunueckoit
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Pucynoxk 1 — Knaccudukarms Handoee pacipocTpaHEeHHBIX B
poboToTexHnKe HeliponHTEep(EHCcOB 1O PACIOIOKEHNIO ¥ IPUHIIUITY
HEUCTBUA

Ha ocHOBaHUM NpPOBEIEHHOTO aHAIW3a MOXHO CJIIENaTh BBIBOJ, UTO
CYIIECTBYIOI[€ HWHBa3WBHbIE HEWPOMHTEp(EHCH HEe MOTYT MOKa HaWTH
LIMPOKOTO MPUMEHEHHUs Ul UCIOJb30BAHUS Ha JIIOJIX M3-32 OMACHOCTHU
JUISL 3/10pOBBSl, & HEMHBA3WBHBIE HE IO3BOJITIOT MMOJHOLIEHHO YIPABIATH
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JIBIKYIIAMHUCS 00bekTaMu. HenHBa3uBHbIC HEHpOUHTEP(EHCH Ha OCHOBE
3IEKTPUUYECKON aKTUBHOCTH HEPBHOW CHCTEMBI BBI3BIBAIOT 3aTPYJHEHUS
IIPY pacrio3HaBaHWU MBICIEHHBIX KOMaH[, a HeiiponHTepdeiickl Ha OcHOBE
XUMHYECKON aKTUBHOCTH HEPBHOM CHUCTEMBI HMMEIOT HHU3KYI0 CKOpPOCTh
peakuuu. CrenoBarenbHO, Haubojiee NEPCIEKTHBHBIM B Onmkaiimem
OynmymieM SIBIsSETCS NPUMEHEHHE B POOOTOTEXHHWKE KOMOWHHPOBAHHBIX
HEMHBA3UBHBIX HelponHTepdeiicoB, HanpuMep Ha ocHOBe codeTanus DI
u fNIRS. B namsbIX HelipomHTepdelicax HEZOCTaTKH OJHOTO METona
KOMIIEHCHPYIOTCS IOCTOMHCTBAMH JIPYTOTO.

Jna  WHBa3WBHBIX  HEWPOWHTEP(EIHCOB  OCHOBHOH  OOJIACTHIO
MpUMEHEHHs B OmkaiimeM OyIyIneM OCTaHyTCS SKCIIEPUMEHTHI Ha
JKUBOTHBIX, B TOM YHCIJI€ CO3JaHUE XHUBOTHBIX-KMOOProB. Mcmons3oBanue
WHBa3HMBHBIX HEHPOUHTEp(EHCOB Ha 4YelOBEKEe, B TOM 4YHCIE W M
peaduIUTallMi MHBAIUAOB, MOJYYUT IIUPOKOE NMPUMEHEHHE TOJBKO IOCIe
MOSIBJICHUS] TNPUHIMIHAIGHO HOBBIX, O€30IacHBIX HeHpouHTepdencoB
TaKoro poja.

Jnst  OMOHMYECKMX  IIPOTE30B,  OK30CKEJIETOB M JIPYTUX
POOOTOTEXHNYECKHX YCTPOMCTB, MNpeAHA3HAYCHHBIX IS PeadMInNTalun
WHBAJIHWIOB, HAWIyT MIMPOKOE  TNPHMEHEHHE  KOMOWHHMPOBAaHHBIC
HEMHBA3UBHbIC HEWpOMHTEp(EHCh, B YaCTHOCTH HEHpOMHTEepQelcH Ha
ocHoBe komOuHaru O0I" u fNIRS.

Bce Oomee mmpokoe pacmpocTpaHeHwe —OymyT — HaXOIHTh
POOOTOTEXHUYECKUE UTPBI U TPEHAXKEPHI ¢ HEHpOHHTEepQelicaMu Ha OCHOBE
OMT, 33T u fNIRS.

[Mpumenenne HeWpOMHTEPPEUCOB ISl APYTMX POOOTOTEXHUYECKHX
YCTPOMCTB OyIeT MMETh TOJBKO Hay4YHOE 3HAU€HHE 10 MOSBICHHS HOBBIX
0e30MacHbIX MHBa3WBHBIX HEWPOMHTEP(ENCOB, TOCKOIbKY HEMHBAa3WBHBIE
HelipouHTepdeiickl HE WMEIOT CYIIECTBEHHBIX MPEUMYIIECTB Mepen
TPaAUIIOHHBIMU CHCTEMaMH YIIPaBICHNUS JUIS 3MOPOBBIX JIFOEH.

Hccredosanue evinonneno npu @urancogoii noddepicke PODU u

Aomunucmpayuu Beneopoockou obracmu 6 pamkax HayuHoz2o npoekma 18-
48-310028 p_a.
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In recent years, there has been observed the growth of the introduction
of robotic systems in medicine. In 2017, the market for medical robots was
estimated at 5.7 billion US dollars. It constituted about one-eighth of the
whole market of industrial robots. However, by 2025, there is expected the
growth by more than 20% which means a much faster rate than that shown
by the market of industrial robots (by 9%).

In this paper, we propose a novel approach for solving the inverse
problem of kinematics for multisectional continuous medical robots for
endovascular heart operations based on the Forward And Backward
Reaching Inverse Kinematics algorithm (FABRIK). The approach allows
reaching the target point by controlling the orientation of the distal end of
the catheter. In particular, a single-section solution allows solving the
multisection task when the end point of each section is known. For the
iterative FABRIK algorithm, based on the constant curvature approach,
each bend section is represented by a chord that connects the beginning and
the end of the section (a link with a variable length).

As the input data for direct and inverse kinematics, there were studied
159 possible positions and orientations of the distal end of the catheter. It is
assumed that the algorithm reaches the target point if the distance from the
tip to the specified point is less than 100 microns and the angle between the
target vector and the orientation vector is less than 0.1 °. Using simulation,
there was evaluated the efficiency of inverse kinematics for the two-section
robot. There were viewed such parameters as working area coverage,
dexterity and operating time. The working area of the sample and the
dexterity were calculated with the help of the Monte Carlo method.
According to the results obtained, the inverse kinematics is capable of
reaching 98.5 + 1.3% of the working area of the robot and 92.7 + 4.6% of
dexterity. The cpu performance is 92.7 + 4.6 ms. The distribution of the cpu
performance on the working area shows that the part of the labor-intensive
positions is located on the outer edge of the working area. We assume that
the reason for this is the target points located outside the area of interest.
The other part is located along the Z axis, which is associated with the
singularity. It is worth noting that the algorithm is relatively simple and
enables to perform computations at the real time mode.
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3a mocnenHue rofpl HAOMIOAAETCS CTPEMHTENBHBIN POCT BHEIPEHUS
POOOTOTEXHUYECKUX cUCTeM B MemuuuHy. B 2017 1. ppIHOK MEIUIIMHCKUX
pobotoB oreHuBaics B 5,7 wmipa momutapoB CIIIA, dWro cocraBiser
MIPUMEPHO OJJHY BOCHMYIO YacTh PBIHKA ITPOMBIIUICHHBIX poOoTOB. OtHaKO
k 2025 r. oxupmaercsi, 4To OH BhIpacTeT Oosee yeM Ha 20%, 4TO HAMHOTO
ObIcTpee, YeM PHIHOK IIPOMBIIIIEHHBIX poOOTOB (Ha 9%).

B pabore mpemiokeH HOBBIM IMOAXOMA K PEIICHHI0 OOpaTHOH 3a1adu
KMHEMAaTHKH 11 MHOTOCEKIIMOHHBIX HEMPEPBIBHBIX METUINHCKUX pOOOTOB
JUIL TIDOBENICHMS SHAOBACKYJLSIPHBIX OIEpaluii Ha CcepAle Ha OCHOBE
anmroput™Ma mpsimoii u  oOparHoi kmHematmku (FABRIK). Ilomxon
MIO3BOJISIET TOCTHYb LIEJIEBON TOYKHM, YIPABJISAS OPHEHTAIMEH ANUCTAIBHOTO
KOHIIa KaTeTepa. B YacTHOCTH, OIHOCEKIMOHHOE PEIICHHE I03BOJISET
peLINTh MHOTOCEKIIMOHHYIO 3ajady, KOTJa H3BECTHa KOHEYHas TO4Ka
Kaxoi cexiuu. s urepatusHoro anroputma FABRIK, ocHoBanHOTrO Ha
NOAXOJIe MOCTOSTHHOW KPUBU3HBI, KaX/IbI Y4aCTOK MU3rnda MpelcTaBiIeH B
BUJE XOpIbl, KOTOpas COEAMHSET HAYaJlo M KOHELl CeKIHMW (3BeHa C
TIepeMEHHOH JUTMHOH).

B kadecTBe BXOAHBIX JaHHBIX IS MIPSIMOM M 0OpaTHON KMHEMAaTHKH
ObUTH M3y4deHB! 159 BO3MOXHBIX TOJOKEHWH M OPHEHTAINH HCTAIFHOTO
KOHIIAa KaTeTepa. YCTaHAaBIMBAIOCH [OMYIICHHE, YTO AITOPUTM JOCTHUT
LIENIEBOM TOYKH, €CIIM PACCTOSIHWE OT HAKOHEYHHKA 10 33JaHHOM TOYKH
Menbpmre 100 MKM, a yrom MeXAy BEKTOPOM-MHIICHBIO W BEKTOPOM
opuenranuu Mesbie 0,1° .IIpu ncHoap30BaHUN ABYXCEKIIMOHHOTO poOoTa
3¢ GeKTUBHOCTh 00paTHOW KUHEMATHKH OILICHUBAIACH MIPH MOJCIUPOBAHUU
1O TaKkUM MapamMerpaMm, Kak OXBaT pado4ero MpOCTPAHCTBA, JIOBKOCTh U
Bpemsi pabotel. [locpenctBom merona Monrte-Kapio mpousBenen pacuer
paboueii obmactu oOpasnma u JoBKOcTH. COMTacHO MOJMYYCHHBIM
pe3ynpTataM, oOpaTHas KHHEMAaTHKa CrHocoOHa pocturatk 98,5+1,3%
pabodero mpocTpaHcTBa pobora U 92,7+4,6% noBkoctH. Bpems paOoOThI
anroput™a cocraBisieT 92.7+4.6 mc. Pacnipenenerne pabodero BpeMeHH 110
paboueil 00nacTH TOKa3bIBAE€T, 4YTO YAacTh TPYNOEMKHX ITO3HIUHA
pasMeniaeTcs 1Mo BHENIHEMY Kparo pabodeil oOmactu. MBI mpenmnonaraem,
YTO MPUYMHON 3TOTO SBIAIOTCS IIETIEBbIE TOYKH, PACIHOJIOKEHHBIE BHE
obyiactu nHTEpeca. Jpyras 4acTb pacroiokeHa BIOJIb OCH Z, YTO CBSI3aHO
C cuHTyJsIpHOCTBIO. CTOMT OTMETHTb, YTO TIOJyYEHHBIH aJIrOpPUTM
OTHOCHTENIFHO IPOCT M TO3BOJISET BBINOJHATH BBIYHCICHHS B PEXHUME
pEarbHOrO BPEMEHH.
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Pain is an important diagnostic factor in identifying pathologies and
monitoring the disease dynamics. Existing methods of pain syndrome
analysis are mostly non-specific or subjective, which makes diagnostics
difficult and sometimes falsifies it. [1]

The main disadvantage of measuring conduction current or skin
resistance is the inaccuracy of these measurements, due to the effect of skin
polarization that occurs when a low electric current is passed through the
tissue. The skin prevents the passage of current, reduces its amplitude
characteristics by more than 100 times. Also, skin resistance in humans
sometimes differs by more than 10 times. Indicators of changes vary even in
one patient during the day, and skin resistance at the time of measurement
changes in the first 10 minutes. [2] As a new approach, we propose the use
of relative indicators of changes in the electrical characteristics of the
pathological zone instead of the absolute indicators.

The proposed functional diagram of the designed device for the
method of assessing pain syndrome study is presented in Figure 1.

WcTosnuk
NHTaHHA

Tenepatop
HMNYTNBCOB SnexTpop 1

DC/DC
58_to_3.38
YeunwTens
ZnekTpon 2 Curvana Aun

Apamiep
MK UART/USB > K

Teno yenoseka |L‘
Figure 1 — Functional diagram of the device

The principle of the device operation consists in the generation of an
electrical impulse through a body covering and the subsequent analysis of
the parameters of the generated impulse passed through the skin.

This process is carried out using a pulse generator based on the
flyback converter. This scheme was chosen because of the simplicity of its
implementation, the smaller number of necessary electrical components
comparing with other solutions, and the availability of a change in the
amplitude and frequency of the generated electrical pulses. The pulse is
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passed through the electrode 1, applied to the skin of a person. Next, the
emitted pulse is captured and recorded by electrode 2, the signal from
electrode 2 is fed to the input of a signal amplifier based on an operational
amplifier connected in a differential circuit, and then to the input of an
analog-to-digital converter (ADC).

A unified analysis of pain with the help of measured physical
quantities will improve the quality of remote diagnostics, determine pain of
young children, unconscious and anesthetised patients.

1. A.V. Kozhevnikova // Objectives of registering pain syndrome by
analyzing changes in capacitive impedance BIOPHYSICS, 2018,
volume 63, vol. 1, c. 164-167

2. A.A. Gerasimov // Method for objectifying the diagnosis of pain in the
extremities in the muscle-fasciaol syndrome. - Problems of medicine in
modern conditions / Collection of scientific papers on the basis of the
international scientific-practical conference. - Kazan, 2014. - 362 p.

A.B. Ka.)fceemfxoea, O.JI. Baacosa, E.D. Xomymoes, B.C. Iloonecnutii
YCTPOUCTBO AJIs1 UHCCJIEJOBAHUA BOJEBOI'O
CHUHJIPOMA

Canxm-Ilemepoypeckuii Ilonumexnuueckuil ynusepcumem
Ilempa Benuxoeo, Canxkm-Ilemepoype
alina-k-spb@yandex.ru

Bome — BakHBIH JMArHOCTHYECKMH (AKTOp TIIpU  BBLIBICHUU
MaToJIOTHA ¥ HaONIOAeHWs AWHAMUKK 3aboneBanms. CyliecTByoNye
METO/bl aHaNIN3a OO0JIEBOTO CHHAPOMA NPEUMYIIECTBEHHO HECTICIM(UIHBI
WM CyOBEKTHUBHBI, YTO 3aTPYAHSET, @ HHOTNA U (abCU(UIMPYET, TpoIiece
JMUATHOCTHKH. [1].

OCHOBHOM HEIOCTaTOK M3MEPEHHs MPOBOAMMOCTH TOKAa HIH
CONPOTHUBIICHUSI ~ KOXH - HEIOCTOBEPHOCTh JAHHBIX W3MEpPEHHMH,
oOycnoBiaeHHas 3(PQPEKTOM TMOJIAPU3ANKUK KOKH, BO3HUKAIONIMM TIPH
NPOBEJCHUH Yepe3 TKaHW CJaboro JyekTpuueckoro Toka. Koxa,
OPEIMATCTBYET IPOXOXKAEHHIO TOKa, YMEHBINAaeT ero aMIUIMTyIHbIe
xapakrepuctuku Oonee yeM B 100 pas, a cONpOTHBIEHHE KOXHU Yy JIIOJEH
pasnuuaercss mHOorma Oomee uwem B 10 pa3. [lokazatenn wu3MeHEHM
BapbUPYIOTCS JaKE Y OJJHOTO MAalMeHTa B TEYEHHUE CYTOK, a COIPOTHUBIICHHE
KOKM B MOMEHT M3MepeHUsl MeHseTcs B nepsble 10 MuHyT. [2] B xauectBe
HOBOTO IMIOJXOJa HAaMM HpeaIaraercs HCIOIb30BaHHE OTHOCHTEIBHBIX
MIOKa3aTeNne M3MEHEHUS JIEKTPUYECKUX XapaKTEPUCTHK MaTOJIOTMIECKON
30HBI B3aMEH a0COIIOTHBIM.

ITpennaraemast pyHKIMOHAIBHAS CXeMa IPOEKTHPYEMOTO YCTpOiicTBa
JUISL KCCIIeTOBaHMs crioco0a OLIEHKH OOJIEBOrO CHHIPOMA IPEACTaBlIeHa Ha
pucyske 1.
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VICTOMHUK rexepatop Snextpoa 1

NUTaHUA MMMYNBCOE

DCDC
?| 5810338

Yeunutenb
3nekTpon 2 curvana AUn

Anantep
M K UART/USB MK

Teno yenoseka I-L

Pucynok 1 — @yHKIIMOHAIBHAS CXeMa yCTPOHCTBa

IMpuanmn  paboTel  yCTpOWCTBAa  3aKimioyaeTcs B TeHepanuu
JIEKTPUYECKOTO HMITyJIbCa Yepe3 MOKPOB YENOBEKAa M IOCIEIYIOLIEM
aHaIM3€ MapaMeTpPOB MPOLIEINIET0 Yepe3 KOXYy CreHEepHPOBAHHOTO
HMITyJIbCA.

JlaHHBI TIpolLiecC OCYIIECTBIISIETCS C IOMOIIBIO TeHeparopa
UMITyJIbCOB Ha OCHOBE 00paTHOXOJOBOTO mpeodpaszoBareis. JlaHHas cxema
BhIOpaHa W3-3a MPOCTOTHl CBOEH peann3aly, MEHbBIIET0 KOJIUYEeCTBa
HEOOXOJMMBIX JJICKTPHUECKHX KOMIIOHEHTOB II0 CPaBHEHHIO C JPYyTUMHU
PELICHUSIMH, a TaK)Ke HaIW4Ms BO3MOXXHOCTH W3MEHEHHS aMIUTUTYIBI U
YacTOTHl ~ TEHEPUPYEMBIX  DJIEKTPHYECKUX  HMMITYJIbCOB.  MMmynbc
MIPOITyCKaeTcs 4epe3 3JEKTpox |, NMpHKIagsIBacMbIi K KOXKE YEIOBEKa.
Janee wWcIycKaeMblii HWMITyJbC — yJIABIUBAETCSI W PETUCTPHPYETCS
JIEKTPOJOM 2, CHTHAJI C BJIEKTPOAa 2 TOCTYNaeT Ha BXOJ YCHIIMTEIS
CHTHaJa Ha OCHOBE OMNEPAlMOHHOTO YCHJMTENS, BKJIIOYEHHOTO IO
muddepeHInaIbHON cxeme, a 3aTeéM — Ha BXOJA aHAJIOTO-IH(POBOTO
npeobpazosarens (AL).

YHUOGUIMPOBaHHBIN aHanM3 OOJIEBOTO OIIYHICHHS C I[TOMOIIBIO
N3MEPACMBIX (I)I/ISI/IHGCKI/IX BCJIMYUH IIO3BOJIUT IIOBBICUTH Ka4d€CTBO
JMCTAaHIIMOHHOW JMarHOCTHKH, ONPEJAENATh OOJEBble OUIYIIEHUS Y
MaJICHBKHX JIETEH U MalMeHTOB 03 CO3HAHMs, B TOM YHCIIE MO HApKO30M.

1. A.B. KoxepHukoBa //OOBEKTHBH3AIMS PETUCTPAIIMA  OOJEBOTO
CHHIIpOMa METOAOM aHallN3a W3MEHCHHH E€MKOCTHOH COCTaBIIIOUICH
nmnenanca BUODU3NKA, 2018, Tom 63, Beim. 1, ¢c. 164—167

2. A.A. TepacumoB // Cioco6 OOBEKTHBM3AIMH TUATHOCTHUKU OOIU B
KOHEYHOCTSX IMPH MBIIIEYHO-(PacIHa0IbHOM cHHApOME. - [Ipobiaembl
MEIWIUHBI B COBPEMEHHBIX ycioBusAX / COOPHHUK HAyIHBIX TPYIOB IO
WTOTaM MEXAYHApOTHOH HAYYHO-TIPAKTHYECKOW KOH(pEepeHIHHu. —
Kaszans, 2014. — 362 c.
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Introduction

Terminal liver failure is a terrible complication if it is not possible to
perform a liver transplant. High mortality in the waiting list, an increase in
the number of donors with extended criteria, a still high percentage of
failures from liver removal, due to pronounced fatty hepatosis (macro- and
microscopically confirmed), created the prerequisites for the development
and implementation of isolated perfusion devices for liver in everyday
clinical practice. The most promising option is currently considered to be
the normothermic mode of perfusion. “Conservation” of injuries (ischemia,
hepatosis, toxic damage, etc.) using simple cold storage with an existing
technological resource can be considered an unacceptable way of preserving
donor organs in modern practice. The development of new devices for
perfusion of donor organs and their introduction into the protocols of donor
and transplant services can significantly increase the availability of
transplant care to patients on a waiting list for liver transplants.

Material and methods

In 2018 in our University we carried out testing of a prototype of the
perfusion complex to rehabilitation and saving the viability of donor organs
for transplantation (liver) (LifeStreamHepar). Under sterile operating
conditions, isolated normothermic perfusion of two donor’s liver with
pronounced fatty hepatosis was carried out; the decision was made to
abandon the transplant on the basis of macro- and microscopically
confirmed pronounced fatty hepatosis. The parameters of the organs:
biological sample Nel (liver) - weight 1,450 g, single vessels - common
hepatic artery, portal vein, inferior vena cava without defects, primary warm
ischemia time (26 min), cold ischemia time - 36 hours; biological sample
Ne2 (liver) - weight 1.250 g., single vessels - common hepatic artery, portal
vein, inferior vena cava - free of defects, primary warm ischemic time - 27
minutes, cold ischemic time - 23 hours. The permeability of the
microvascular tree and the state of hepatocytes was assessed using a
Mindray M5 Doppler, Mindray, China, internal temperature sensors
(venous and arterial line) sensors were calibrated by perfusion using a
RotaFlow, Maquet transducer, biochemical parameters were also monitored
in the perfusate every 60 minutes.
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Results

After preparation and cannulation of the vessels on the “backtable”
under hypothermia, liver transplants were transferred to a specially designed
container for fixing and connecting the donor organ and attached to the
perfusion circuit. After checking the fixation of the common hepatic artery
(CHA), the portal vein (PV) and the intake cannulas, which exclude their
bends, an isolated normothermic (temperature 36.8°C) perfusion of the liver
ex vivo (outside the donor's body) was started. PC DO included: PC with a
pump drive, a container for fixing and connecting a donor organ with
prepared pre-modified donor blood, a centrifugal pump head, a membrane
oxygenator, an arterial and leukocyte filter, an oxygen supply source, a port
system for sampling and drug administration (Figure 1). The perfusion was
carried out at a speed of from 0.1 to 1.1 I/min (a gradual increase from 0.1
1/min to the recommended values (for CHA - 0.3 1/min, for explosives - 1.1
l/min), a stream of oxygen from 25 to 150 ml/min. The duration of
perfusion in both cases was 360 minutes.

During the perfusion, spontaneous recovery of bile outflow was noted,
which was controlled through the cannula installed in the choledoch grafts
(volume 27.8 and 43.7 ml), the color and consistency of the grafts did not
differ from normal values, the biochemical data were higher than
physiological values, which was most likely due to a long cold storage
period, reduced the number of leukocytes in the circuit to 1x10° per liter,
during 128 and 186 minutes, respectively. Hemoglobin perfusate was 34.93
(12.39) g/1, hematocrit 0.33 (0.16). The AST level increased to a maximum
of 1293 and 986 mmol/l at 240 minutes, after which there was a tendency to
decrease to the level of 982 and 823 mmol/l, respectively. In the dynamics
of total bilirubin, an increase was observed during the first 60 minutes to 6.4
mmol/l and 10.7 mmol/l, then during the entire period of perfusion, there
was a persistent decrease in the rate to 4.4 mmol/l and 3.4 mmol/l.

An increase in linear blood flow velocity parameters and a decrease in
the resistive index (RI) within 1.5 hours from the onset of perfusion
indicated a decrease in liver spasm of pre- and postcapillaries, a decrease in
endothelium edema, and a decrease in the number of activated leukocytes
and their conglomerates in the perfusion region.
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Figure 1 — General scheme of the components of a PC DO (front view): 1 -
a container for fixing and connecting a donor organ, 2 - a display for
controlling parameters, 3 - volumetric infusion pump, 4 - a portable oxygen
source

Conclusion

1. Developed on the basis of hydrodynamically grounded principles of
designing a PC DO is a medical device for separate perfusion of the portal
and arterial systems of the liver with a range of regulation of flow from 0.1
to 1.1 I/min. and low injury formed elements, which allows its use in the
system of isolated perfusion of donor organs (liver).

2. The use of an ultrasound for the study of blood flow makes it
possible to most fully assess the condition of the microvascular tree of the
donor organ, which may be a prognostic criterion for the quality of a future
transplant.

3. The flow-rate characteristics of a PC DO allow for the pressure
drop at the organ entrance, both in the common hepatic artery system and in
the portal vein system, which allows adequate perfusion of the entire
vascular region of the liver and ensuring minimal trauma of the choledoch’s
vascular system, which significantly reduces the risk of ischemic
cholangitis.

4. Perfusion using PC DO makes it possible to rehabilitation and
saving the viability state of the liver after 25 minutes primary warm
ischemia and pronounced fatty hepatosis, as evidenced by the spontaneous
recovery of bile outflow (volume of 27.8 and 43.7 ml), the color and
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consistency of the graft do not differ from normal values. Biochemical data
stabilize or begin to decline after 240 minutes after the start of perfusion.

5. The use of PC DO on the basis of automatically controlled blood
pumps for the extracorporeal rehabilitation and saving of the viability of
donor organs allows for medical and genetic remodeling of the donor organ.

The thesis was prepared with the financial support of the Ministry of
Education and Science of the Russian Federation as part of a
comprehensive project of 03/03/2017 No. 03.G25.31.0218: “Development
and mastering the production of a complex of perfusion modules and
devices for mobile cardiopulmonary bypass systems”.
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BBenenue
TepMmuHanpHasi MEYEHOYHAs] HEIOCTATOYHOCThH SIBISIETCS TPO3HBIM
OCJIO’KHEHHEM, npu OTCYTCTBUH BO3MOKHOCTH BBITIOJTHUTD

TPaHCIUTAHTAIIMIO IICYCHH. BBICOKas JETAIFHOCTh B JIMCTE OXKUAAHHSA,
YBEIMYECHHE KOJIMYECTBA JOHOPOB C DPACIHIMPEHHBIMH KPHUTEPUSIMH, IIO
MIPEXHEMY BBICOKHH MPOLEHT OTKAa30B OT HM3BATHS II€YEHH, B CBSA3U C
BBIDOKCHHBIM  KMPOBBIM T€NaTo3oM (Makpo- W  MHUKPOCKOIHMYECKU
MIOATBEPKAECHHBIM), CO3/1JI0 TIPEITIOCHUTKH I pa3paboTKu U BHEAPCHHUS B
MIOBCEIHEBHYIO KIMHUYECKYIO NMPAKTHKY aIllapaTroB Al W30JIMPOBAHHOU
nepdy3un nedenu. Hanmbosiee NepCcrieKTHBHBIM BapHaHTOM B HACTOsIIEe
BpeMsl TNPHHATO CYUTaTh HOPMOTEPMHUUECKHHA pexuM 1nepdys3um.
«KoHcepBaruio»  MOBpeXAeHMH  (MIIEMHs, TemaTo3, TOKCHYECKOoe
MIOBPEXK/ICHHE U T.I1.) IPU UCIIOIH30BAHUU MPOCTOTO XOJIOAOBOTO XPaHEHHUS
IpU CYLIECTBYIOIIEM TEXHOTYMaHUTAPHOM pecypce MOXHO CUUTaTh
HENpHEeMIIEMBIM ~ CIIOCOOOM ~ COXpaHEeHHS  JOHOPCKHX  OpraHoB B
COBpPEMEHHOH TpakThke. Pa3paboTka OTEYeCTBEHHBIX YCTPOWCTB IS
nepdy3un JOHOPCKHX OPraHOB M BHEAPEHHE WX B IPOTOKONIBI pabOoTHI
JOHOPCKHX WM TPAHCIIAHTAMOHHBIX CITY>KO MOKET 3HAYHTEILHO TOBBICHTH
JOCTYMTHOCTh ~ TPAHCIUIAHTALMOHHOM MOMOIIM MalWeHTaM B JIUCTE
OKHJJaHUS Ha MEePecasiKy MeUeHH.
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Martepuan 1 MeTObI HCCIe0BAHMS

B 2018 roay B IIC6I'MY um W.II. TlaBnoBa Hamu OblIa BBHINOJTHEHA
anpobanust  ONBITHOrO  oOpa3ua  rnepdy3MOHHOTO  KOMIUIEKCa IS
BOCCTAHOBJICHUS M TIOJIEPXKAHUSI KU3HECTIOCOOHOCTH JJOHOPCKHUX OpPIraHOB
st tpaHcmutantauu (nedenn) (OO IIK J0). B ycioBusix crepuibHON
OTIEPAIIMOHHON TIPOBEIEHA M30JIMPOBaHHAs HOPMOTEpPMHUUECKas Hepdy3ust
JIBYX IOHOPCKMX TPAHCIUIAHTATOB IIEYCHH C BBIPAKCHHBIM >KHPOBBIM
TeraTo30M, OT IEPECAAKNA KOTOPHIX OBIJIO NPUHATO pELICHHE OTKa3aThCs Ha
OCHOBaHMM MaKpO- ¥ MHUKPOCKOIHMYECKH HMOATBEPKICHHOIO BBIPAXKEHHOTO
JKHPOBOTO remaro3a. Ilapamerpsl opraHoB: Omonormdeckmii odpazer; Nel
(mewenp) — Bec 1,450 1., cocymbl — OXWHOYHBIE, OOMmIas TEYCHOYHAS
apTepus, BOPOTHAs BEHA, HIDKHAA Iojass BeHa — 0Oe3 JedeKToB, Bpems
TeIUIoBOM wumeMun (26 MHH), BpeMs XOJOJOBOH wumemun 36 Yacos;
Oouonorudeckuit obpasery No2 (meuenn) — Bec 1,250 1., cocymsl —
OJIMHOYHEIE, NIEUYCHOYHAasi apTepusi, BOPOTHAsI BEHA, HIDKHSS MOJas BeHa —
6e3 nedeKToB, BpeMsl TEIJIOBOW WIIEMHHU - 27 MHUHYT, BpEMs XOJOIOBOM
nmremun — 23 vaca. [IpoxoauMocTh MUKPOCOCYIMCTOTO pycila U COCTOSTHUS
TeIaToNUTOB OBITO OLEHEHO ¢ IMOMOMBI gomieporpadga Mindray MS,
Mindray, Kwraii, mokasarequ IaT4MKOB TEMIIEPATypbl BHYTPEHHETO
KOHTypa (BEHO3HBI W apTepHalbHON IWHUH) OBUIM KaduOpOBaHE B
nponecce mepdy3uu C MOMOIIBIO JaTYMKa amnapara HCKyCCTBEHHOTO
kpoBooOpamienusi RotaFlow, Maquet, Takke OCYIIECTBISIICS KOHTPOIb
OMOXMMHUYECKHX MOKa3aTejaed M KUCIOTHO-OCHOBHOTO coctosuus (KOC)
nepdysara kaxaple 60 MUHYT, NapajuleIbHO MPOBOAMIACH KaTMOpOBKA
Bcex nmoacuctem OO I1K J10.

PesynbTaTsl

[Tocne MOATOTOBKY M KaHIOIALINHU cOCyoB Ha “backtable” B ycrmoBmsix
THIIOTEPMHHM, TIEYEHOYHBIE TPAHCIUIAHTAThl MEpEMEIand B CIECIUAIBHO
pa3paboTaHHBI KOHTEHHep IS (PUKCAMH W TMOAKIIOYCHUS JOHOPCKOTO
OpraHa W MPHCOEIUHSUIN K KOHTYpY nepdy3uu. [Tocne nmpoBepku dukcaumu
o61eit neyenouynoit aprepun (OITA), BopoTHOI BeHbl (BB) u «3a00pHBIX»
KaHIOJIb, WCKJIIOYAIOIIMM WX IIepernObl, HaYWHAIK H30JIMPOBAHHYIO
HOpMoTepMHUecKyto (Temmepatypa 36,8°C) mepdys3uro medyeHH ex Vvivo
(BHe Tema mouopa). I[IK IO Bxmrouamo: OO TIK JIO mis mpoBeacHus
HOPMOTEPMHUYECKON Meppy3ud W30JIMPOBAHHOW JIOHOPCKOM IIEYeHH C
TIPUBOJIOM Hacoca, KOHTeHHep s (PUKCALUH M TTOKITIOYSHUS] JOHOPCKOTO
OpraHa Cc 3aroTOBJIEHHOH 3apaHee MOAN(UIIMPOBAHHON TOHOPCKOI KPOBEIO,
neHTpu(yXHas ~ TOJOBKA  Hacoca,  MEMOpaHHBIH  OKCHI€HATOD,
apTepuaNbHBIA U JTEHKOIUTAPHBIN (GUIBTPHI, HICTOYHHUK MOJAYN KHCIOPOAa,
cHcTeMa IOPTOB I 0TOOpa MPoO M BBEACHHS JIEKAPCTBEHHBIX NIPENapaToB
(Puc.1). Ilepdysus mpoommnack co ckopocteio oT 0,1 mo 1,1 n/mun
(nocrenenHoe ypeiundenue ot 0,1 1/MHUH 10 peKOMEHyeMbIX BEJIHYHMH (Ha
OITA - 0,3 n/muH, Ha BB — 1,1 1/MuH)), HOTOKOM Kuciiopona ot 25 mo 150
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mi/MuH. [IpogoimkurensHOCTh niepdy3un B 000oux cirydasix cocraBuia 360
MUHYT.

Pucynok 1 — O6mas cxema kommorenToB OO IIK 10 (Bux cnepenn): 1 —
KOHTEWHEp 11 (PUKCAIMU M MTOIKIFOUYEHUS TOHOPCKOTO OpraHa, 2 —
JUCIUICH yIpaBIeHUS U KOHTPOJIS MapaMeTpoB, 3 — uH(y30MaThl, 4 —
MMOPTATUBHBIA HCTOUHUK KHUCIIOPOIa

Bo Bpems mpoBemeHus 1mepdy3uM OTMEHaloCh  CIOHTaHHOE
BOCCTaHOBJICHHE  OTTOKa K€Y, 4YTO KOHTPOJMPOBAJIOCH  Uepe3
YCTaHOBIIEHHYIO B XOJEIOXe TPAaHCIUIAHTATOB KaHIOMIO (00beM 27,8 u 43,7
MJI), LBET W KOHCHCTCHLUs TpPAaHCIUIAHTATOB HE OTIMYAINCh OT
HOpPMaJIbHBIX  IIOKa3aTeled, OWOXMMMYECKHe JaHHble OBUIM  BBINIE
(U3HOIIOTHYECKUX 3HAUYEHWH B TEUYEHHU BCEro Iepuona mnepdys3uu, 4To
BEpOsITHEE BCEro OBUIO CBA3aHO C JUIMTENBHBIM IIEPHOJIOM XOJOBOTO
XpaHEHUs, COKpalleHNne KOJINIeCTBa JIEHKOIMTOB B KOHTYpe a0 1x10/9 B 1,
mpou3onuio B TedeHume 128 m 186 muH, cooTBeTcTBeHHO. I'eMorioOuH
nep¢ysara cocrasun 34.93 (12.39) r/x, remarokxput 0.33 (0.16). YpoBens
ACT wmakcumanbsHO yBennumics K 240 muHyTe 1m0 3HadeHuid 1293 n 986
MMOJIB/JI, TIOCIIe Yero 0TMevanach TEHISHIUS K CHU)KEHHIO 10 YPOBHs 982
u 823 MMOJB/I, COOTBETCTBEHHO. B amHamuke oOmero OumupyOHH
O0TMEUalioCh yBEIUYEHHE B TeUeHHEe MepBbix 60 MUHYT 10 6,4 MMOIB/I U
10,7 MMombB/1, 3aTeM B TEUYEHHH BCEro Iepuoia mneppy3ud OTMEedaoch
CTOIKOE CHIDKEHHME MToKas3aTens 10 4,4 MMOJL/1 U 3,4 MMOJIB/J.

[ToBelleHHEe mNapaMeTpoB JIMHEWHOM CKOPOCTH KpPOBOTOKAa U
cHkeHne pesuctuBHoro uuaekca (RI) B Teuenme 1,5 wacoB or Hauanma
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nepdy3ud  CBHUIETEILCTBOBAJIO O  CHIDKEHHH  ClasMa Ipe- H
NOCTKAIMWUIAPOB IEYEHH, YMEHBIIEHHS OTeKa DJHIOTeNus, Ha (oHe
CHIYKEHHSI KOJIMYECTBA aKTUBUPOBAHHBIX JICHKOIIUTOB U UX KOHTJIOMEPATOB
B peruoHe nepdysuu.

BriBoabl

1. Pa3paboTaHHBIi Ha OCHOBE THIPOJMHAMHYECKH OOOCHOBAaHHBIX
npuHIunoB KoHcTpyupoanus OO IIK JIO sBisgercs MeTUIIMHCKUM
U3JIeNIMEM JUTS Pa3leNibHO nepdy3un NopTaIbHOM U apTepualibHOM cucTeM
MICYCHU C JMANIa30HOM peryIupoBaHus 00beMHOH ckopoctu oT 0,1 mo 1,1
J/MHMH. W HU3KOW TpaBMOW (DOPMEHHBIX JIEMEHTOB, YTO MO3BOJISIET €ro
WCIIOJIb30BATh B CHCTEME M30JIMPOBAHHOM Mep(dy3uu TOHOPCKUX OPTaHOB.

2.  Hcnomp3oBaHWe  yJNbTpa3ByKOBOTO  jgommuieporpada  ais
HCCIIeIOBaHMUS KPOBOTOKA ITO3BOJISIET HAanOOJIee MOJTHO OLEHUTh COCTOSTHHE
MHKPOCOCYIMCTOTO pycClla JTOHOPCKOTO OpraHa, 4YTO MOXKET SBISTHCS
MIPOTHOCTUYECKUM KPUTEPHEM KauecTBa OyIyIero TpaHCIUIAaHTATA.

3. Hamopno-pacxonusie xapakrepuctuku OO IIK O mo3Bossttor
obecreunTsh Nepenaj AaBICHUS Ha BXOJE B OpraH, Kak B cHcTeMe oOImeit
[ICYCHOYHOU apTepuu, TaK U B CHUCTEME BOPOTHOW BEHBI, 4YTO JAET
BO3MOJKHOCTb aJIeKBaTHOW Tep(y31H BCET0 COCYIUCTOTO PErMOHA MeUYeHH U
obecrieueHre MUHIMAIBHON TPaBMbI CUCTEMBI KPOBOOOPAIICHUS X0JIe0Xa,
YTO CYIIECTBEHHO CHMXKAET PUCK PAa3BUTHUS HIIEMUYECKOTO XOJaHTUTA.

4. TlpoBenenue mepdysuu ¢ wucnoip3zoBanuemM OO TIK JIO nmaer
BO3MO)KHOCTh BOCCTaHABJIMBATh M COXPAHATH (PyHKIMOHAIFHOE COCTOSHHE
MeYyeHu 4epe3 25 MUH. NEPBUYHOM TEMJIOBOW HIIEMHHM M BBIPAXKEHHBIM
KUPOBBIM  TE€Maro3oM, O  YeM  CBUJACTEIbCTBYET  CIIOHTaHHOE
BOCCTaHOBJIEHHE OTTOKa kemuun (oobem 27,8 w 43,7 wmi), OBET H
KOHCUCTEHIMSl  TPAaHCIIAaHTaTa HE OTIMYAlOTCS OT  HOPMAallbHbIX
nokazarenei. bruoxumudeckue DaHHBIE CTAOMIM3HMPYIOTCA MM HAYMHAIO
CHIDKaThCs yepe3 240 MUHYT mociie Havana nepdy3um.

5. HUcnonp3oBanme OO IIK JIO Ha oOcHOBE HacocoB KpOBH C
ABTOMAaTHYECKUM yIpaBIeHUEM Ui AKCTPAKOPIIOPATIEHOTO
BOCCTAHOBJICHUS M TIOJIEPXKAHUSI KM3HECTIOCOOHOCTH JOHOPCKUX OpPTaHOB
MO3BOJISIET  OCYILECTBJIATH  MEIUKAMEHTO3HOE M TEHETHYEeCKoe
peMoJeTupOBaHUs JOHOPCKOTO OpraHa.

Tesuc  6vi1  nodecomosnen  npu  (PUHAHCOBOU  NOOOEPICKe
Munucmepcmeom obpazoganus u Hayku Poccutickoti @edepayuu 6 pamxax
komnnexcno2o npoexkma om 03.03.2017 2. Ne 03.G25.31.0218 no cozoanuio
BbICOKOMEXHONO2UUHO20 NPOU3BOOCMEA C YHACMUEM 20CYOapCMBEHHO20
HayuHo2o yupeodicoeHus no meme: «Paspabomxa u oceoenue npouzsoocmea
Komniekca nep@y3suoHublx MOOYel u YCmpoucme 08 MOOULbHbIX cucmeMm
UCKYCCMBEHHO020 KPOBOOOpaujeHUs»
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Federal State Autonomous Educational Institution of Higher Education
«Belgorod National Research University», NRU «BelSU», Belgorod, Russia
1195507@bsu.edu.ru, hudasova_og@bsu.edu.ru,
861991@bsu.edu.ru, aleinikov@bsu.edu.ru

The presence of only clinical knowledge is not able to fully provide
quality medical training. Lack of practical skills, insufficient feedback
between the teacher and the student, as well as moral and ethical standards
in the interaction of students and the patient can serve as reasons for poor-
quality training of specialists in the medical field. The main task is to create
the necessary conditions for the full development of students and securing
the material they received with virtually no likelihood of harm. Various
models of phantoms, models, models designed for practicing primitive
skills have been used in the field of education for a long time. The
introduction of computer technology and robotic systems has prospects.

The creation of simulators [1], by their properties approaching the
natural physiological analogs of human functions, computer modeling,
development of clinical situations in a dynamic course and the introduction
of virtual reality, make it possible to recreate real situations in practice, to
improve the skills of not only doctors, but also all medical staff, as well as
students.

The aim of the work is the development and implementation of a
robotic simulation simulation system of diagnostic procedures (ultrasound
of the lower extremities, visual examination of the patient, palpation) in
order to conduct a simulation surgery (removal of blood clots
(thrombectomy), removal of atherosclerotic plaques (endarterectomy))
while simulating the symptoms (from cyanosis, erythema, etc.).

To realize this goal, a model of the lower extremity was reproduced
from the photopolymer flex using the FormLabs form2 3d printer,
(previously obtained by using the EinScan PRO Plus 3d scanner).

(Fig. 1)
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Figure 1 — Model of the lower limbs

A block diagram of a robotic simulation model is shown in Figure 2.

6

—

-

4

Figure 2 — Structural diagram of the simulation model

— (1) Atmega 32 microcontroller;

— (2) actuator drivers;

— (3) actuators (LEDs for cyanosis and erythema, peristaltic pump
for modeling blood flow, switching valves for active cavities (for modeling
swelling, thrombus formation), etc.);

— (4) an RFID tag system (to simulate diagnostics by ultrasound);

— (5) wirelesstransmissionmodule;

— (6) cathetersimulationmodule.

1. Simulation training in medicine / Edited by Professor A. Svistunov.
Compiled Gorshkov MD - Moscow .: Publishing House of the First
MGMU. I.M.Shechenova, 2013 - 288 p., Il.
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PA3PABOTKA U PEAJIU3AIIMSI AIIITAPATHO-ITPOTPAMMHOM
CUMYJIAIMOHHOM MOJEJIA J1JIS TIPOBEJIEHUS
JAUATHOCTHUYECKHUX MPOUEAYP HA COCYJJAX
HUKHUX KOHEYHOCTEM

@DI'A0Y BO «beneopodckuii 20cy0apcmeentblil HAYUOHANbHbIIL
uccnedosamenvckuil ynusepcumemy, HUY «benl Yy, e. Bencopoo
1195507@bsu.edu.ru, hudasova_og@bsu.edu.ru, 861991 @bsu.edu.ru,
aleinikov@bsu.edu.ru

Hannume TONbKO KIMHUYECKUX 3HAHUH HE CIIOCOOHO B MOJIHOM Mepe
00ecIeunTh KaueCTBEHHYIO TIOATOTOBKY Bpada. OTCYyTCTBHE NMPAKTHUECKUX
HaBBIKOB, HEJOCTATOYHAs oOpaTHas CBsI3b MEXIy IpernojaBaTesieM Hu
CTY[IEHTOM, a TaKke HOPMBI MOpald M O3THKH BO B3aWMOICHCTBHU
o0ydJaromuxcs ¥ MalueHTa MOTYT ITOCITYKUTh MPUYNHAMI HEKa4eCTBEHHOMH
MMOATOTOBKH CHENHANMCTOB B MEOUIHUHCKOW cdepe. [maBHON 3amaueit
CTaHOBUTCA CO3JJAHUE HEOOXOJWMBIX YCIOBHI JUIi BCECTOPOHHETO
pas3BUTHS OOYYAIOMIMXCA W 3aKpEIICHHE IIOMYyYEeHHOT0 MMM MaTepHana
NpaKkTHYeCKn Oe3 BepOSATHOCTH HaHeceHWs Bpena.PaszindHbie Monenu
(aHTOMOB, MaKeTOB, MYJSDKHM, MpeJAHa3Ha4YeHHblE Ui  OTpabOTKU
NPUMHUTHBHBIX HABBIKOB, YK€ OYEHb JABHO HAXOJAT CBOE IPUMEHEHHE B
obiactn oOy4yeHusi. BHenpeHue k€ KOMIBIOTEPHBIX TEXHOJOTHH U
POOOTH3UPOBAHHBIX CHCTEMUMEET NEPCIEKTUBHI.

Co3nanne TpeHaxepoBs[1], mo cBonM cBoiicTBaM NMPHOIIKAFONIIMXCS K
€CTECTBEHHBIM  (PM3MOJOTMYECKHM  aHajoraM  (yHKIOUA  YeloBeKa,
KOMITBIOTEPHOE MOJICIMPOBAHUE, PAa3BUTHs KIMHWYECKHX CHUTyalnd B
JVUHAMHYECKOM TE€UEHHM W BHEIPCHHE BUPTYAIBHOH PEANbHOCTH, JENaroT
BO3MOXKHBIMH BOCCO3[]AHHE pEalbHBIX CHTyallMii Ha IPaKTHKE, Ul
TIOBBIIIEHUS] KBATH(UKALUN HE TONBKO Bpadel, HO M BCETO MEAUIMHCKOTO
IIepcoHaa, a Takke 00yJaroIxcs.

Llenpto  paboThl  siBhsieTcst — pa3paboTka W peaju3anus
poGOTH3UPOBaHHOW MMHTAIMOHHON CUCTEMBI MOJICTTHPOBAHHUS
JuarHoctuueckux mnpouenyp (Y3W HMXKHHMX KOHEUHOCTEH, BHU3YaJIbHOTO
OCMOTpa TalMeHTa, MAJIbIALUKN) C IEJbI0 MPOBEICHNUS HWMHTAIMOHHOTO
XUPYPrHYECKOTO0 BMEIIaTeNbCTBa (yAaneHne TPOoMOOB (TPOMOOIKTOMHUS),
yIaJeHHE aTePOCKICPOTHYCCKUX ONSmieKk  (PHIAPTEpIKTOMHUSA)) TpH
OJHOBPEMEHHOM MOJEIHPOBAHNH CHMIITOMATHKH (OTEK, IIMaHO3, SpUTEMa
7 1p.).

Hdna peanmzammm  moctaBieHHoW menm u3  flexdortomomumepa
mocpenctBoM 3d mpuHTepa FormLabsform2 O6pita Boctipon3BeneHa MOIENb
HIDKHEH KOHEYHOCTH, (TPeABapHTENBHO IIONyYeHHas mocpeacTtsoMm 3d
ckanepa EinScanPROPlus).(puc. 1)

425



Pucynok 1 — Mogens HHUKHEH KOHEUHOCTH

CrpyKkTypHass cxemMa pOOOTH3MPOBAHHOW CHMYJISIIMOHHOM MOJENN
NIpUBEJCHA HA PUCYHKE 2.

Pucynok 2 — CTpykTypHas cxeMa CUMYJIIHOHHOW MO/ENN

— (1) mukpokoHTpOIIEp Atmega 32;

— (2) npaiiBepbl HCTIOHUTEIBHBIX YCTPOHCTB;

— (3) wucnonmHMTENBHBIE YCTpOiicTBa (CBETOAMOIBI IMAHO3A W
SPUTEMBI, TIEPUCTATBTHUECKUN HACOC MOJIETMPOBAHMS KPOBOTOKA, KJIATTAaHBI
TIePEKITIOYECHUs] aKTUBHBIX MOJOCTEH (U1 MOAENHPOBAHUS TPHITyXJIOCTEH,
TpoMO00Opa30BaHs) U TIP.);

— (4) cucrema RFID wmerox (mns MOIEMUpPOBaHHA IHATHOCTHUKU
mocpenctsom Y3N);

— (5) momynb GecTipOBOIHOM TIepenay;

— (6) MOIYJIb CUMYJISIIMKA PAOOTHI C KATETEPOM.

1. CumymsauuonHoe o0ydenue B menunuae / [lon penakmuei mpodeccopa
CeuctynoBa A.A. CocraBurens I'opmkoB M.J[. — Mocksa.:
MznarensctBo [leporo MI'MY um. 1.M.Ceuenona, 2013 — 288 c., ui.
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LLC “BIOSS Clinic”, Moscow
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Anorectal area diseases take the big part of all proctological problems.
The share of hemorrhoids and anal fissure account about 50%. [1].

Patients with all hemorrhoids grades from I to IV come to clinic for
medical treatment. New minimally invasive methods of hemorrhoid
treatment are coming to replace traditional traumatic hemorrhoidectomy.
Minimally invasive treatment even in complicated grades of hemorrhoid is
possible!

Let’s consider preoperative examinations, variants of preparation for
minimally invasive operation and different anesthesia methods.

Minimally invasive technique: suture legation of the hemorrhoid
artery. This method based on Doppler guided suture legation. Mucopexy is
used together with suture legation in a number of cases. Mucopexy is the
suture fixation of the hemorrhoids prolapse, it allows treating of Il and III
grades hemorrhoids with high effectiveness.

Laser technique in proctology — an effective tool to treat anorectal
area diseases. Using of dual-line laser allow to do all necessary
manipulations to treat hemorrhoids: cutting off, coagulation, vaporization.

Using suture legation of the hemorrhoid artery technique together with
laser vaporization allow treating hemorrhoid up to IV grade and decrease
maximal risk of complications from surgeries. In addition, the concomitant
diseases problems could be solved in one operation.

Post-operation patient management after minimally invasive
procedure.

1. V.L.Rivkin. Proctological disease incidence and specialized service
standards. Consilium Medicum. 2017; 8: 89-92
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000 «Knunuxa BUOCCy, e. Mockea
lantan.doctor@gmail.com

3aboeBaHusl aHOPEKTAILHOM 30HBI 3aHUMAIOT OOJIBIIYIO TOJIO CPEIU
BCEX MPOKTOJIOTMYECKUX 3a0oieBaHMH, a Takue 3a0oJjeBaHMs, Kak
reMoppouaibHas 0oJie3Hb U aHaJIbHBIE TPEILIMHBI, COCTABIAIOT Ooiee 50
%. [1].

3a MEOWIMHCKOW TOMOINBI0 B KIMHHKH OOpAIafOTCsl MAIMEHTHI C
pa3iuYHBIMU  cTagusiMu remoppost: ot 1 -H nmo 4-i. Ha cmeny
TPaAUIIOHHOW TPaBMATHYHON TeMOPPOUI3KTOMUH MPHIIIA COBPEMEHHBIE
MaJIONHBa3MBHBIC METOIBl  JICUCHHUS TeMOpPOS. [Tpumenenne
MaJIONHBAa3UBHBIX METOAMK JaXXe IPH CJIOXKHBIX CTaJusX TIeMOppost
BO3MOJKHO!

PaccMoTpuM 00BEM mpemonepanuoHHOro 00cIen0BaHus, BapUaHTHI
INOATOTOBKHN K MaJOMHBAa3UBHOM ornepanyvyu MW pas3jindHbIC CHOCO6BI
aHECTE3UU.

ManouHBa3uBHas MeToAMKa: JlesapTepusald TIeMOpPPOUAAIbHBIX
y3JI0B. B OCHOBE METOAMKH JIGKHUT IepeBsizka (IIOBHOE JIMTUPOBAHUE)
TEeMOPPOMIATBHBIX  apTepuil  TOA  KOHTPOJIEM  YJIbTPa3ByKOBOU
nonmieporpaguu. B psme choydaeB coBMECTHO ¢ Je3apTepu3aiiei
BBINOJHSETCST JIMPTUHT CIM3UCTOM — MYKOIEKCHS, 3aKITIOYAIoMmascs B
IIOBHOH (prKcanuy BHINAAAIOIMINX TEMOPPOUAANBHBIX y3II0B, YTO TO3BOJISIET
JIEYUTH TeMOPPOii 2 1 3 CTaguH ¢ BBICOKOH CTENEHBIO 3 (HEeKTUBHOCTH.

JlazepHbIE TEXHOJIOTHH B IIPOKTOJIOTHH - 3()(HEKTUBHBINH HHCTPYMEHT
JedeHus] 3a00JeBaHUN aHOPEKTaNbHON 30HBL [IprMeHeHHe IBYXBOJIHOTO
Jlja3€pa TMO3BOJIACT IMPOBOAUTHL BCE HCO6X0)II/IMI)IC MaHUIYJSAOUA - JJ1
JIEYEHUs TeMOPPOs: OTCEUEHHUE, KOaryJIsAIfio, BaTOPH3AIHIO.

CoBMecTHOE IIpUMEHEHUE METOJUKHI Jie3apTepu3alumn
TeMOPPOUAAIBHBIX Y3JI0B M JIa3epHOIl BallOpH3aLMH ITO3BOJISET: JICYUThH
TeMOpPOH BBICOKHX CTaAWH (BIIOTH 10 4-1) 1 MaKCUMAaJIbHO CHU3UTH PHCK
TIOCIIEOTIEPAIIMOHHBIX OCJIOKHEHHH. Kpome 3Toro, B X01€ OXHOH onepanyn
MOYKHO PEIINTH MPOOIEMy COYETaHHOMN ITAaTOIOTHH.

[TocneonepaniioHHOE BEAEHHE IAIMEHTOB IIPH MAJOWHBA3HBHBIX
BO3JIEHICTBUSIX.

1. B.JLPuBkun. IlpoxTomornueckas 3a00jeBaeMOCTe ¥ HOPMATHBEI
crienuain3upoBanHoi ciyx0bl. Consilium Medicum. 2017; 8: 89-92
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It is well known that the key to success in the treatment of cancer
patients is timely diagnosis of the tumor process in the early stages. One of
the most reliable methods of diagnosing malignant neoplasms, especially at
the I-II stages, is a biopsy of a suspicious focus in order to detect tumor
cells there. The effectiveness and reliability of the biopsy method depends
mainly on the accuracy of the localization of the tissue area under study and
the positioning accuracy of the biopsy needle, which the doctor manually
enters. Emerging errors in visualization of the study area and positioning of
the needle, associated with the human factor and the limitations of
individual imaging methods, often lead to the fact that the material taken for
the study is uninformative, or does not contain tumor cells despite the fact
that in fact the tumor process takes place (false-negative result). As a result,
the patient loses precious time, and returns to the doctor with the III-IV
stage of the disease, accompanied by severe clinical symptoms. Thus,
according to various data, patients with suspected prostate cancer can not
take enough material for the study in almost 30% of cases, which requires a
second biopsy [1]. In patients with breast cancer, for example, the frequency
of false-negative biopsies performed in specialized cancer centers is on
average 2.5 to 6% [2], which is not so small, given the leading position of
breast cancer among the causes of cancer morbidity and mortality in women
[3]. Thus, the problem of insufficient effectiveness of standard biopsy is
acute in the context of finding ways to improve the results of diagnosis and
treatment of cancer patients.

The solution to this problem can be a new fusion biopsy technology,
which has a number of advantages over conventional biopsy and has proven
itself in clinical practice. Fusion biopsy, as well as classical biopsy, is
performed under ultrasound control. The main technological difference is
that during fusion biopsies are used previously obtained on magnetic
resonance imaging (MRI) images, the image of which is superimposed on
the image during ultrasound (ultrasound), so that the doctor receives a three-
dimensional image of the tissue (organ) of interest. Thus, the doctor has the
opportunity to take samples (biopsies) even in the most remote places. This
combination of the two imaging techniques ensures accurate localization of
the area to be sampled and accurate real-time localization of the biopsy
needle. In published studies, the authors report that fusion biopsy can detect
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malignancy in a much larger number of patients than a conventional
biopsy [4,5]. At the same time, manual fusion biopsy still does not solve the
question of the accuracy of the biopsy needle guidance, which means that
the problem of taking biopsies from a given area remains unresolved. The
development of a robotic complex for fusion biopsy, which provides not
only optimal visualization of a given area, but also almost any given
precision of the tool guidance, which can not be achieved manually, will
significantly increase the efficiency of the biopsy procedure, reduce the
need for repeated biopsies, minimize the likelihood of false-negative results,
which will contribute to the detection of malignant tumors in the early
stages.

1. Serefoglu EC, Altinova S, Ugras NS, Akincioglu E, Asil E, Balbay
MD. How reliable is 12-core prostate biopsy procedure in the detection
of prostate cancer? Canadian Urological Association journal. 2012:1-6.

2. Boba M., Koltun U., Bobek-Billewicz B., Chmielik E. et al. False-
negative results of breast core needle biopsies — retrospective analysis
of 988 biopsies // Pol. J. Radiol. —2011. — Vol. 76. — P. 25-29.

3. Malignant neoplasms in Russia in 2016 (morbidity and mortality) /
A.D. Kaprin, V.V. Starinskiy, G.V. Petrova. — M.: P. A. Hertsen
Moscow Oncology Research Center - branch of FSBI NMRRC of the
Ministry of Health of Russia, 2018. — 250c.

4. Pinto PA, Chung PH, Rastinehad AR, Baccala AA, Jr, Kruecker J,
Benjamin CJ, et al. Magnetic resonance imaging/ultrasound fusion
guided prostate biopsy improves cancer detection following transrectal
ultrasound biopsy and correlates with multiparametric magnetic
resonance imaging. The Journal of urology. 2011;186:1281-5.

5. Miyagawa T, Ishikawa S, Kimura T, Suetomi T, Tsutsumi M, Irie T, et
al. Real-time Virtual Sonography for navigation during targeted
prostate biopsy using magnetic resonance imaging data. International
journal of urology : official journal of the Japanese Urological
Association. 2010;17:855-60
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XopoIo M3BECTHO, YTO 3aJOT yCIexa B JICYEHHH OHKOJIOTHYECKHUX
MaIlMeHTOB — 3TO CBOEBPEMEHHAs AMAarHOCTHKA OIyXOJIEBOTO Ipollecca Ha
paHUX craauax. OpHUM U3 Hambosiee HAJEKHBIX METOIOB JAMArHOCTUKU
3JIOKAYECTBCHHBIX HOBOOOpa3oBaHWi, B ocobeHHocTH Ha [-II crammsx,
SIBIISIETCSl OWOTICHSI TOJO3PHUTENIFHOTO OdYara C IEJbI0 BBIIBICHHS TaM
OITyXOJIEBBIX KJIETOK. D((PEKTHBHOCTh M JIOCTOBEPHOCTh METOAA OHOICHHU
3aBUCHT, TJIaBHBIM 00pa3oM, OT TOYHOCTH JIOKAJIHM3AaLIUH HCCIIETyeMOn
o0JIacTH TKaHW ¥ TOYHOCTH TIO3HUIIMOHUPOBAHUS OWOICHMHHON WIJIBI,
KOTOpPYIO BBOAWT Bpad BpydYHYIO. Bo3HMKaiomue OmMMOKN BU3yalIn3aluu
HCcIeIyeMol 00NacTH ¥ TO3WIMOHMPOBAHUS WIJBI, CBSI3aHHBIE C
YEJIOBEUYECKHMM (AaKTOPOM U OTPAHUUCHMUSAMH OTAENBHBIX METOJOB
BU3YyaJIM3aIMH, 3a4aCTyI0 IIPUBOIAT K TOMY, 9TO B3ATHIH Ul UCCIEIOBaHUS
Marepuall  OKa3blBaeTCs MaJOWH(QOPMATHUBEH, WIA HE  COIEPXKUT
OITyXOJIEBBIX KJIETOK IPU TOM, YTO Ha CaMOM JIeJie OIyXOJIEBBIH Ipoliecc
UMeeT MecTO (JI0KHO-OTPHUIIATENbHBIN pe3ynbTaT). B pesynbraTte, mamueHT
TepseT AparolieHHOe BpeMs, U Bo3Bpalaercs k Bpauy yxe c [II-1V cragueit
3a0oeBaHus, COIIPOBOXKIAIOIIEHCS BBIpa)KEHHOMI KIIMHUYECKON
CHUMITOMAaTHKOH. Tak, 1Mo pa3HbIM JaHHBIM Y MAIEHTOB C IT0JI03PEHNEM Ha
paK MpeACTaTeNbHOM JKeNle3bl He yNAeTCsl B3ATh JOCTATOYHOE KOJIMYECTBO
Martepuana Uil uccienoBanus moutd B 30% ciydaeB, 4ro Tpedyer
MOBTOpHOU Oworicuu [1]. Y mMmammeHTOK ¢ pakoM MOJIOYHOW JKEIle3bl,
HampuMep, 4dYacToTa JIOKHOOTPHUIATENBHBIX PE3ydbTaTOB  OMOICHA,
BBINOJHSIEMBIX B CIEHUAIM3UPOBAHHBIX OHKOJIOTHUECKHX LIEHTpaxX, B
cpemHeM cocTaBisier oT 2,5 mo 6% [2], 9To He Tak Majo, yYUTHIBas
JTUAMPYIONIME TMO3MIHMU paka MOJOYHOM JKeNe3bl Cpeid MpUYIHMH
OHKOJIOTHYECKON 3a00JIeBa€MOCTH M CMEPTHOCTH y XeHIuH [3]. Takum
oOpa3zoM, mpoOiieMa HEZOCTATOUYHOH J(PQEKTUBHOCTH  CTaHAAPTHOM
OMOTICHH, OCTPO CTOHUT B KOHTEKCTE MOUCKA ITyTeH yIydIlIeHns pe3yIbTaToB
JMAarHOCTHKH U JIYEHUS] OHKOJIOTUUECKUX OOJBHBIX.

PemennemM naHHOW TpOOJIEMBI MOMKET CTaTh HOBas TEXHOJOTHS
(GBIOKH OHMOIICHH, MMEIOIasi LEblil PA MPEeHMYIIECTB INepex OOBITHOM
Ouoricuel M ycrieBmas 3apeKOMEH/I0BaTh ce0sl B KIMHUYECKOH HMpaKTHKE.
Dbl0XKH OHOIICHS, TaK kK€ KaK M KJacCHUecKas OMOIICHS, MPOBOAUTCS IOJ
KOHTpPOJIEM yNIbTpa3ByKa. [ TaBHOE TEXHOJIIOTHYECKOE OTIINYNE 3aKIII04aCTCs
B TOM, YTO BO BpeMs (BIOKH OHMOICHHM HPUMEHSIOTCS NPEIBAPHTEIHEHO
NOJyYeHHbIE Ha MAarHUTHO-pe3oHaHcHOM Tomorpade (MPT) cHuMKw,
n300pakeHHe C KOTOPBIX HAKIAIbIBACTCS Ha H300pakeHHE BO BpeMs
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yIbTpa3ByKkoBoro uccieaoBanus (Y3U), BcineacTBre 4ero Bpay Mogydaer
TpexMepHOe H300pakeHHe MWHTepecyrome TKkaHu (opraHa). Takum
o0pa3oM, y Bpaya IMOSBISETCS BO3MOXKHOCTH B3sITh MpPOOBI (OMOMNTATHI)
Jake B CaMbIX TPYAHOJOCTYIHBIX MecTax. Takoe COBMENICHHE JABYX
METO/IOB BH3yaJHM3allMK 00eclieunBaeT TOUYHYIO JIOKAJTH3alnIo 00JacTH, u3
KOTOPO#i ITaHUPYeTCs B3ATh MPOOBI, H TOYHYIO JIOKAIU3ALUI0 OHOTICHIHOM
UIJBL B PEXKUME PEabHOTO BPEMEHHU. B OImyOIIMKOBaHHBIX HCCIICIOBaHHSIX
aBTOPBI COOOMIAIOT O TOM, YTO (PBIOKH OHOIICHS ITO3BOJISICT BBISBUTH
3JI0Ka4eCTBEHHOE HOBOOOPA30BaHUE Y 3HAYUTEIBHO OOJBIIETO KOJIMYECTBA
MAIEHTOB, YeM oObryHas Owmoricus [4,5]. Ilpu 3TOM pydHOE BBHITOTHEHHE
(GBIOXKH OHOIICHH TO-IIPEKHEMY HE pellaeT BOIPOC TOYHOCTH HaBEICHHS
OMOIICHIHOW WIJIBI, a 3HAYMT, MpoOiieMa B3ATHSI OHONTATOB M3 3aJaHHOU
obyacTh  ocraercsi  HepelleHHOW. Pa3paboTka  poOOTH3MPOBAHHOTO
KOMIUIeKca Ui (bIOKH Ouorcuu, O0ECHEeYHBAaIOIIEro HE TOJBKO
ONTHMAIBHYIO BH3YyalH3alUIO 3aJaHHOW 00JacTH, HO W NPaKTUYEeCKH
moOyr0 3afaHHYyl0 TOYHOCTH HaBeJEHHS HWHCTPYMEHTa, KOTOPYIO
HEBO3MOXKHO JIOCTHTHYTHb pYYHBIM CHOCOOOM, 3HAYUTENHHO TOBBICHT
3¢ (GEeKTUBHOCTh TPONEAYPHl OWOICHH, COKpaTHT MOTPeOHOCTH B
MOBTOPHBIX OHOICHAX, CBEICT K MHHHMYMY BEPOATHOCTH JIOKHO-
OTPHULIATENFHOTO pe3yJjibTaTa, 4YTo OyIeT CIOCOOCTBOBATH BBISBICHHIO
3JI0Ka4eCTBEHHBIX HOBOOOPa30BaHHUI Ha PAHHUX CTaHsIX.
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In this study a portable and automated robotic instrument based on
Nano sensor is designed to determine Phytic acid concentration in bread and
other cereal products. Myoinositol hexakisphosphate (Phytic acid) is a
source of storage phosphorus in different plants that occurred naturally in
most if not all seeds and cereal grains. There are twelve replaceable protons,
with a high density of negatively charged phosphate groups (varying with
the pH) in its unique structure, the molecular formula for which is
C6H18024P6, and the molar mass is 660.08 g mol. approximately 1-2% of
the weight of the cereal seed is Phytic acid or its salt, that can reach to 3—
6%. However the Phytic acid contents of cereals typically vary from 0.5 to
2.0%. Phytic acid can form a strong complex with multivalent metal ions,
especially zinc, calcium, and iron. This binding caused forming very
insoluble salts with poor bioavailability of these minerals. Until now,
different methods such as high-performance liquid chromatography
(HPLC), colorimetry and spectrophotometry have been reported for
determination of Phytic acid in food samples. However, most of these
methods are time consuming and/or suffer from many interfering
compounds that restrict their applications in food samples. Recently,
electrochemical methods are used as simple and inexpensive methods to
determine different compounds. Moreover, electrochemical devices, are
easy to miniaturize and automate.

Now, we decide to design and fabricate a new portable robotic device
to accept small amount of cereal sample and automatically prepare the
sample and analyze it through Nano Fe based sensor with microgram scale
of limit of detection. The automated robot dried and milled the sample and
mixed with 50 ml deionized water, finally, supernatant is used as a prepared
sample to determine Phytic acid using Nano Fe sensor. This system is
highly recommendable duo to maintaining the level of accuracy and
sensitivity of laboratory diagnostics along with portability, low-cost, easy-
to-use and possibility of miniaturizing. Given to the fundamental
importance of complexing Phytic acid with divalent ions specially Fe**, we
decided to investigate the interaction of Phytic acid and Nano ferric
electrode by an automated electrochemical robotic instrument.
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The objective of this study is to design a portable and automated
electrochemical DNA-sensor based robotic device to automatically
preparate of samples for folic acid determination in food and drug samples.

Folic acid is one of the water-soluble vitamin B groups, that is a
tasteless and odorless yellowish orange crystal. Folate has been identified as
one of the most important vitamin for normal human metabolic function.
The amount of folic acid perception is important to neural tube defects in
newborns, cardiovascular diseases, colon cancer and certain anemia. Also,
folic acid is essential for cell growth and division and participates in lots of
other reactions in body.

Recently, high-performance liquid chromatography (HPLC), HPLC-
MS, Colorimetry, Spectrophotometry, Chemiluminescence, Flouorimetric
and Microbial methods have been reported for determination of folic acid.
However, most of these methods are expensive and time consuming and/or
suffer from many interfering compounds, and thus restrict their applications
in food analysis. In compare, it is well known that electrochemical methods
are simple and inexpensive and require small amount of sample. Also
electrochemical devices, are easy to miniaturize and automate through an
inexpensive instrument and reusable electrodes. During this research, we
intend to design and fabricate a new portable robotic device to accept small
amount of food or drug sample (less than 5 g) and automatically prepare the
sample, analyze it through an electrochemical method with reusable
electrodes, and report the folic acid concentration in less than 15 min with
proper limit of detection. The automated progresses in this robotic machine
include: accepting the sample, drying, milling, picking up a specific weight
of sample powder (1 g), mixing with 50 ml deionized water, centrifuging
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for 10 minutes at 5000 rpm and finally using 20 ml of the supernatant as
prepared sample to folic acid determination by the DNA-based Nano
biosensor. This sensor be immersed in the prepared sample solution and
measured the folic acid concentration in less than 30 sec. Finally, the
binding of folic acid to DNA was measured through the variation of the
electrochemical signal of adenine. Folic acid could be measure in the range
of 0.1 — 10.0 pmol L™ with a detection limit of 1.06 x 107 mol L™'. After
finishing the measurement process, the reusable electrodes will be cleaned
through Alumina abrasion procedure. Characteristics such as low-cost,
easy-to-use, portability, and miniaturizable, along with maintaining the
level of accuracy and sensitivity of laboratory diagnostics, made this system
highly desirable. Given the fundamental importance of ds-DNA and specific
interactions with selective compounds, we encouraged to investigate the
interaction of folic acid and a ds-DNA by an automated electrochemical
robotic system.
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Robotics is an area in which complex knowledge of team members is
important. Also a high rate of technology introduce strict limitations on
choice of educational methods. In our opinion, the most effective way to
motivate learning, self-learning and the search for new methods for solving
problems is competitive robotics. Additionally, the team captain is tasked
with team building, motivation, and performance monitoring. One of these
competitions is Eurobot.

Eurobot - international youth competitions in which hundreds of
teams from dozens of countries participate. They are divided into “Eurobot
Junior” (for children under 18 with easier tasks) and “Eurobot Open” (for
young people and older with more difficult tasks) in that there are 4
autonomous robots on the field at the same time (2 from the team),

World Skill Robotics does not require specific equipment
requirements (with the exception of safety requirements), a relatively long
time frame for designing and manufacturing robots, and the need for a full
cycle of developing robots in preparation for competitions.

6-8 months are allotted for preparation for competitions, and every
year tasks change a lot, which is why development of completely new
robots is necessary. Before robots, both simple and complex tasks and
teams are put due to limited resources and, as a consequence of the rapid
specific fall of points to increase the complexity of the systems, they should
restrict themselves in the number of tasks to be solved.

To achieve a world-class result, it is necessary to build a rather
complex systems. Thus, the result was the development of two robots,
leading leaders, 7 DC motors, 6 servo drives and 15 different sensors (color,
weight, distance, current), control PCs of the upper and tender levels. All
equipment except of the localization system, according to the rules, is
located inside the compact robots with a perimeter of 850 and a height of
350 mm.

The lower level stack is written in C, tasks are rotated with
FreeRTOS, the upper level is written using ROS (robotics operation system)
in python and C++.
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Figure 1 — Conceptual diagram of robots

As can be seen from the scheme, robots contain all subsystems
inherent in large robots (taking into account several sources of unreliable
information localization, route planning, collision avoidance, actuators).
Thus, we can assume that for a period of about six months, the team almost
from scratch, based on the experience of last year, develops a simplified
version of the logistics robot robot architecture is almost identical to the
architecture of collaborative robots developed by the robotics laboratory of
Sberbank, with some simplifications due to the work of robots in a more
specific, model environment. The ability to rely on the experience of last
year allows not only to design unique robots, but also new, standard for the
team, components and software. As an example, the trajectory controller
and the system of external localization by Aruco markers have been used
for several years with minimal changes.

For all functions in a team, people with different competencies should
be involved: designers, high-level programmers, low-level programmers,
and electronics engineers. All solve problems at different levels.
Determined by the need for evidence:
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— limited team members

— rotation of team members between years

— change of participants

— the main design work, as well as the development of electronics,
falls on the first half of the project.

Because of the above factors among teams, participants with broad
skills are required to make the most of the opportunities. For example,
programmers of the lower level - electronics.

Thus, participation in Eurobot robotic competitions allows us to delay
very strongly in order to ensure the full development cycle of logistics
robots. For participants, the team becomes an opportunity to develop in new
directions.

A.A. Ezopos, A.C. I'onnouenko
POBOTOTEXHMYECKUWE COPEBHOBAHUA EUROBOT,
KAK CPEACTBO NIOATOTOBKH CIIENUAJIMCTOB

Jlabopamopust Po6omexnurxu Coepoanka, [IA0 Coepbank, Mockea
robotics@sberbank.ru

PoGoroTexHuka sBisieTcss O0JACTBIO, TJle BAXHBI KOMILIEKCHBIE
3HaHMS YYACTHUKOB KOMAaH/Ibl, IPU ATOM CKOPOCTh M3MEHEHUS TEXHOJIOTHIA
JMKTYET KECTKHE OrpaHUueHHUs] Ha BBIOOp MeTo0B 00yueHus. [lo Hamemy
MHEHUI0, Hanbojee 3PQEeKTUBHBIM CHOCOOOM MOTHBAIMU K OOYyYEHHIO,
CaMOOOYUYCHHIO M TIOMCKY HOBBIX METOJOB pEIICHHs 3a/ad SIBISETCS
COpEeBHOBAaTEIbHAs POOOTOTEXHHUKA. JIOMOJIHMUTENBHO TeEpe] KalmuTaHOM
KOMaHZbI CTaBUThCA 3a7ada MO (OPMUPOBAHUIO KOMAHIbI, MOTHUBALUH U
KOHTPOJIIO 32 BbIMONHeHHEM. OJHUMH W3 TaKWX COPEBHOBAHHWH SIBIISCTCS
Eurobot.

Eurobot — wmexayHapoaHbIe MOJOEKHBIE COPEBHOBAHHUS POOOTOB,
mpoBosAmmecs exerogHo ¢ 1998 roma, B KOTOPBHIX NPUHUMAIOT yYacTHE
COTHU KOMaHA U3 JecaTkoB crpad. Jlemsitcs Ha «Eurobot Junior» (mms
nereit no 18 ner c¢ Gonee nerkumu 3axaHusMu) U «Eurobot Openy (muis
MoJonéxu oT 18 u crapie seT ¢ 6onee TpyAHBIMU 33JaHUSIMH) B KOTOPBIX
Ha ToJie OJHOBPEMEHHO BCTpedaloTcst 4 aBTOHOMHBIX poboTa (rmo 2 or
KOMaH/IbI),

B ornmmunu ot BcemupHoii omumnuansl podotoB (WRO) n World Skill
Robotics He mpempsBusieTcs TpeOOBaHMI IO KOHKPETHOMY HaOOpy
WCIIONIB3yeMOTO  000pyIOBaHMS (32 HCKIIOUYCHHEM TpeOOBaHUHA K
0€301acHOCTH), OTHOCHTENFHO OOJBIION CPOK Ha MPOEKTHPOBAaHHE M
H3TOTOBIICHHE POOOTOB M HEOOXOIMMOCTH B TIOJIHOM IIMKIIE Pa3paOdOTKH
po6oTa IIpH MOATOTOBKE K COPEBHOBAHUSM.

Ha noaroToBky kK COpeBHOBAaHHMSM OTBOAUTCA 6-8 MecsAIEB, IPHU 3TOM
KaXIbI TON 3afaHusi CHJIBHO MEHSIOTCS, M3-3a 4Yero HeoOXoauMa
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pa3paboTKa IOJHOCTHIO HOBBIX P00OTOB. Ilepex poGoTamu CTaBATCS Kak
MIPOCTBIC, TaK M CJIOXHBIC 3aJja4yd W KOMaHAbI H3-3a OTPAHUYCHHOCTH
peCypcoB M B CIEACTBHM OBICTPOTO YJENBHOTO MaJeHHs HaOMpaeMbIX
0aJyIOB K POCTY CIIOKHOCTH CHCTEM JIOJDKHBI CaMH OTPaHHYMBATHCS B
KOJIMYECTBE peIIacMbIX 3aiad.

He cmoTps Ha KaXymIyrocs HpOCTOTY NpaBHWJ, U JIOCTIDKCHUS
pe3yibTaTa MHPOBOTO YpPOBHS HEOOXOIMMO IIOCTPOEHHE JOBOJBHO
CIIOKHBIX cHCTeM. Hampumep, pe3ynbTaToM TeKyIIero Troja crajia
pa3paboTka IByX poOOTOB, comepxamux Jtuaap, mo 7 de/bldc motopos, o
6 cepBO TPHBOAOB W TOpPAOKa 15 pasmUUHBIX CEHCOpOB (I[BETa, Beca,
paccrosiHuA, ToKa), yrnpasistomue 11K BepxHero u HexxHero ypoBHel. Bee
000py/IOBaHUE KpOME BHEUIHEH CHCTEMbI JIOKAJIU3alWH, MO IIpaBHiIaM,
HAXOJAWUTCSl BHYTPU KOMIIAKTHBIX POOOTOB ¢ mepumeTpoM 850 U BBICOTOMH
350 mm.

Crex HmwkHero ypoBHsS Hanucan Ha C, 3amaud  pPOTUPYIOTCS
FreeRTOS, BepxHuit ypoBeHb Hammcan ¢ npumeHeHnem ROS (robotics
operation system) Ha Python n C++.
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Kak BuIHO M3 cXeMbl, pOOOTHI colep)KaT Bce MPHUCYIIHE OONBIINM
pobotam MOJICUCTEMBI  (YUHTBIBAIOIIAS HECKOJIBKO HCTOYHUKOB
HEHaZeKHOW WHGOpPMAIMK JIOKAIM3alus, IUITAHWPOBAaHUE MapIIPYyTOB,
MIPEAOTBPAICHHE CTOJIKHOBEHHUH, WCIIOJHUTEIbHbIE MEXaHWU3MBI). Takum
00pa3oM, MOXHO CYMTaTh, 4YTO 3a CPOK OKOJIO MOJNyroga KOMaHIa
MIPAaKTHYECKH C HYJIS, ONMUPAsCh HAa OMBIT MPOIUIOr0 rofa pa3padaThiBacT
YIPOIIEHHBIH BapHaHT JIOTUCTUYECKOr0 poOOTa apXWTeKTypa poborta
MPAaKTHYECKH HJCHTUYHA apXHUTEKType KOJUTa0OpaTHBHBIX POOOTOB,
pa3pabaTbiBaeMBIX  J1abopaTtopmei  poOOTOoTeXHWKH  cOepbaHKa, ¢
HEKOTOPBIMH  YIPOIIEHUSIMH  H3-3a  paboTel  poboToB B  Oomee
ONPEIEIICHHOM, MOIENbHON cpene. Bo3MOXHOCTH ONMpaThCsl Ha OIBIT
NPOLUIOrO TOoJa TMO3BOJSIET HE TOJNBKO IPOEKTUPOBATh YHHUKAJIbHBIX
pO6OTOB, HO W HOBBIC, CTAHAAPTHBLIC JII KOMAaH/bl, KOMIUICKTYIOIIHUE U
codr. Kak mpumep, yxe HECKOJIBKO JET ¢ MUHUMAJIbHBIMU W3MEHCHHUSIMU
HCIIONIB3YETCSI TPACKTOPHBIN PETYJISITOP M CHCTEMa BHEUIHEH JIOKann3alun
o Aruco Mapkepam.

Jns yeremHoro (yHKIIMOHMPOBAHMS KOMaHIA JIOJDKHA BKIIIOYATh
IO ¢ PasIMYHBIMH KOMIETEHIUSMH, OCHOBHBIMH BETBSIMH KOTOPBIX
SIBIIIOTCSI:  KOHCTPYKTOPBI,  TPOTPaMMHCTBI  BEPXHEr0  ypOBHS,
MIPOTPaMMHUCTHI HIDKHETO YPOBHS W HWHXKCHEPHI SJIEKTPOHUKH. | paHMIBI
JAHHBIX KOMIICTEHIIMH, Ha MPAKTUKE, SBIAIOTCS CHIIBHO Pa3MbBITBIMU H3-32
Yero OJMH YEJOBEK Ha Pa3HBIX 3Talax MPOEKTa peIIaeT 3aJaddl pa3HbIX
HanpaBineHuil. Tak >xe HeoOXOAMMOCTh B MCKYCCTBEHHOM pa3MbIBaHUU
HaIpaBJICHU# 00yCIaBIUBACTCS CICAYIOUMMHU (HaKTOPaMU:

- OFpaHquHHLIﬁ COCTaB KOMaH/bI,

— pOTalysl WICHOB KOMaH/Ibl MEKAY FOAaMH,

— CMEHA YYaCTHHKOB,

— OCHOBHAas KOHCTPYKTOpCKas pabora, a Takxke pa3pabdoTKa
JIEKTPOHUKH MIPUXOIUTCS Ha TIEPBYIO ITOJIOBUHY ITPOEKTA.

W3-3a BBIIEnepeyrciIeHHBIX (pakTOPOB Cpean KOMaHAbl HEOOXOANMBI
YYaCTHHKH C ITUPOKUMH HABBIKAMHU JJIs1 HANO0O0JIee TIOTHOTO MCIIOIb30BaHUS
noreHnuana. Hampumep, B 3TOM rofy d9acTb HPOTPaMMHCTOB BEPXHETO
YPOBHS 3aHUMAJINCh TaK K€ HIKHUM YPOBHEM, & IIPOTPaMMHUCTBHI HIDKHETO
YPOBHS — 3JIEKTPOHUKOM.

Takum 00pa3oM, ydacTHe B pPOOOTOTEXHUYESCKHX COPEBHOBAHHUSX
Eurobot mos3Boisier 3a OYeHb CXKATbli CPOK IPONTH TOJHBIA LUK
pa3paboTKu JIOTUCTHYECKOTO POOO0Ta MaKCUMANbHO MPUOIMIKEHHOTO K
MIOJTHOIIEHHOMY, OT cOOpa KOMaH/bI ¥ MIPOEKTUPOBAHUS JI0 peali3alliy ero
B JKelle3e ¥ MHOTOKPAaTHOM HCIIBITAHWU Ha HaJEKHOCTb. J[JIs y4acTHHKOB
KOMaH/Ibl 3TO CTAaHOBHUTCSI BO3MOKHOCTBIO Pa3BHBAThCs B HOBBIX JUIS HUX
HaIpaBJICHUSX.
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EXPIRIENCE OF EUROBOT TEAMS
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Education along with health care are two areas of human activity
whose value is constantly increasing. According to the Nobel Prize Winner
in Economics L.H Summers [1], over the past 40 years college tuition fees
have increased 140 times compared with the cost of consumer electronics,
such as TVs.

In other words, a multiple increase in the relative cost of education,
accompanied by a decline in the cost of technology, creates at the same time
the need for increasing the education’s availability and the ability to
provide this availibity through technology.

Another factor in the modern education’s development is the
transition to life-learning education (learning during almost the entire
human life). First of all, this relates to the education in the field of
technology, as the rapid change of technology generations compels all
categories of workers to constantly retrain, not only by improving the
qualification, but also by changing it.

In a wide sense educational technologies can be used in two ways:

1) transfer of traditional educational content to the audience. For
example, the use of VR/AR technology in a biology class at school offers a
new method of learning in adapting traditional knowledge that has been
available to students for decades.

2) technological skills development for the implementation of product
specific prototypes, proof of scientific hypotheses, analysis and data
synthesis. For example, creating a unique robot that performs in offline
mode a sequence of actions that can dynamically change depending on
environmental conditions. This type of training is known as the “project
approach”.

In our opinion, the transfer approach (1) is not sufficient for a modern
knowledge-hungry economy. In particular, a survey conducted by the WEF
[2](World Economic Forum) showed that employers will demand from
employees following skills:

People Management
Coordinating with others

Negotiation
0. Cognitive flexibility

1. Complex problem solving 6. Emotional Intelligence

2. Critical thinking 7. Judgement and decision making
3. Creativity 8. Service orientation

4. 9.

5. 1
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The authors of this article believe that the approach (2) to the modern
technologies development is possible in conditions of limited availability of
funds and teachers of high qualification. This approach helps students and
learners to form a good basis for difficult skills along with the highest skills
in these 10 top skills that WEF experts acquire for future generations.

Technologies themselves become a learning tool. Competitive
educational robotics in unique educational technologies, where members of
a t student team work in groups to create reliable and smart robots, capable
of solving real-world tasks. Also, the competitive nature makes such an
approach to learning more attractive for young talents and sponsors.

In our laboratory, we study how Eurobot competitions help students
develop critical skills (WEF). The table below shows our observation and
interrelation of skills in teams during the preparation of Eurobot and during
the competitions themselves. Our field research includes quantitative
interviews with Eurobot (robotics) team.

Critical skills in Educational robotics

Complex problem solving Robotics need to evaluate a very diverse
set of trial and error with problems in
three areas: design and design, software
and electronics.

Critical thinking Roboticists need to sort out opinions of
own team members along with mentors
and experts. Everyone can be wrong.
Finding right answer is key question.

Creativity Roboticists meet very many engineering
constrains like size of robots, time, cost
and others. Finding solution out these
constrains is very challenging.

People Management A team of one person has no chance of
winning. Successful robotic teams have
more than 6 members. Therefore, team
leaders and mentors must demonstrate a
very good people management skills.

Coordinating with others Team leaders coordinate multiple tasks,
one of which is finding financial
sponsors to support their teams.

Emotional Intelligence Teams are very loosely to manage, so
team leaders have no financial
instruments of punishment / reward. The
only way to control - is to convince the

team.
Judgement and decision Each team member must make bold and
making fast decisions based on many variables
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and dimensions.

Service orientation Service orientation is something that
teaches team members to be very useful
to each other.

Negotiation Antagonism between competing teams is
very hard. So fair play is key paradigm
of engineering competitions. However,
misunderstandings still occur. Team
members must seek negotiations with
others who show different opinions.

Cognitive flexibility Cognitive flexibility is something to be
featured in every challenge. Teams
follow simple but winning strategies,
changing their approach according
constrains, adversaries and achived
results.

1. Lawerence H. Summers, Economic Possibilities for our children,
NBER Reporter, 2013 Number 4

2. Melanie Curtin, The 10 Top Skills That Will Land You High-paying
Jobs by 2020, According to the World Economic Forum

A.P. E¢pumos, H.A. Cmonsapos, /].A. Ezopoe
IMPOSIBJIEHUE KPUTUYECKHUX HABBIKOB BYJIYIIEIO
B OBPA3OBATEJILHON COPEBHOBATEJIBHOM
POBOTOTEXHUKE HA IPUMEPE IPAKTUYECKOI' O
OIbITA KOMAHJI EUROBOT

Jlabopamopus Pobomexnuxu Coepoanka, [IAO Coepbank, Mockea
robotics@sberbank.ru

OOpa3zoBanne HapsAy C 3APABOOXPAHEHHEM  SBISIIOTCS  JBYMS
00NIaCTSIMHU YEJIOBEYSCKOH NIEITEbHOCTH , CTOUMOCTD KOTOPBIX IIOCTOSIHHO
pacrer. CoriacHO MJaHHBIM, NpPUBEIEHHBIM JaypearoM HoOeneBckoi
npemun 1o skoHoMEKe JI.X.Cammepcom [1], 3a mocneqaue 40 et mrara 3a
o0ydeHne B KOJIeMKe yBenwmuwinch B 140 pa3 B cpaBHEHHH CO
CTOMMOCTBIO MTOTPEOUTENHCKOI AEKTPOHUKH, HAIPUMED TEJIEBH30POB.

WHpIMH  clOBaMH, MHOTOKPaTHOE YBEJIMYEHHWE OTHOCHTENBHOI
CTOMMOCTH 00pa3oBaHMs, CONPOBOXKIAEMOE CHIKEHHEM CTOMMOCTH
TEXHOJIOTMA CO3/MaeT OJHOBPEMEHHO IMOTPEOHOCTh B  YBEJIMYEHHU
JIOCTYITHOCTH 00pa30BaHMsI U BO3MOXKHOCTH OOECIIEUHTH 3Ty JIOCTYHMHOCThH
3a CUET TEXHOJIOTHH.

Jpyrum (akTopoM B pa3BUTHH COBPEMEHHOIO 00pa30BaHUs SBISCTCS
mepexo]] K OOYYEeHHIO B TCUCHHUH TPAKTHUECKU Beel xm3HM denoBeka (life-
learning education). [Ipexkae Bcero, 3To Kacaercs oOpa3oBaHHSA B 00JIacTH
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TEXHOJIOTUH, TAaK KaK CTPEMMTEIbHAs CMEHA IIOKOJIEHUH TEXHOJIOIUM
NPUHYXKAAaeT BCE KAaTErOpUH TPYIAIIMXCS TMOCTOSHHO IMEpeyunBaThCs, HE
TOJIBKO TOBBIIIAs KBATH(HUKALNIO, HO M 3a4aCTyI0 MEHsIS ee.

B mmpokoMm cMmbiciie, 00pa3oBaTeNbHBIE TEXHOJOTHH  MOTYT
WCIIOJIb30BATh JBYMSI CIIOCOOaMU:

1) Tpancmsammsa (mepemada) TPaIWIMOHHOTO  00Pa30BaTEIHFHOTO
KOHTeHTa aynuropud. Hanpumep, ucnonb3oBHame TexHosnornn VR/AR Ha
ypoKe OHOJOTMH B IIKOJNE IIpeAsiaracT HOBBIM METOA OOydeHHs IIpH
ajlanTayy TPaJUIUOHHBIX 3HAHUH, JOCTYNHBIX CTY/A€HTaM Ha NMPOTSHKCHUN
JIECSITKOB JIET.

2) OCBOGHHME  TEXHOJOTMYECKHMX  HABBIKOB OISl  pealu3alif
KOHKPETHBIX TNPOTOTHUIIOB M3JENHH, JO0Ka3aTeNbCTBA HAYUHBIX THUIOTE3,
aHalM3 U CHUHTe3 NaHHBIX. Hampumep, co3naHHe YHHKaJIbHOTO po0oTa,
BBITOJIHAIONIETO B aBTOHOMHOM peXHMeE I0CJIeI0BATEIbHOCTh JIeHCTBHUH,
KOTOpast MOKeT TUHAMUYECKH MEHIThCA B 3aBUCIMOCTH OT YCJIOBUH Cpebl.
OTOT TUI 00YYEHHsI U3BECTEH KaK «IIPOCKTHBIH MOIX0.

[To wHamemy MHEHUIO, TPAHCIAMUOHHBIA Tomxox (1) k oOydeHHIO
SIBIISIETCS] HEAOCTATOUHBIM JUIS JUISI COBPEMEHHOM 3HAHMEBOH SKOHOMUKH. B
YaCcTHOCTH, OMpOC, MpoBeaeHHbI BO® [2](BcemupHbiii DKOHOMUUYECKHN
®opyMm) mokaszan, 4ro paboTomartenu OyayT TpeOoBaTh OT pPaOOTHHUKOB
CJICIYOIINX HABBIKOB:

1. KowmmiekcHOe MHOTOYpOBHEBOE 6. OMOLMOHAIBHBIA HHTEIUIEKT

perieHue mpobiaem 7. ®opmupoBaHue
2. Kpurudeckoe MbIIIICHHE COOCTBEHHOTO ~ MHEHHUS U
3. KpeaTuBHOCTH (B LIMPOKOM NIPUHATHE PELLIECHUN

CMBICJIE CII0BA) 8. KiueHTOOpHEeHTHpPOBAHOCTH
4. YMeHue ynpasisiTh JIOJbMU 9. YMeHHe BeCTH EPEroBOPEI
5. BsaumogeiicTBe ¢ mr0abMU 10. I'mbxocTh yma

ABTOpBI HACTOSIIEH CTaTbU MOJAraroT, 4To MOoaXoA (2) K OCBOCHHUIO
COBPEMEHHBIX TEXHOJOTMH BO3MOXEH B YCIOBHSIX OTpPaHHYEHHOMN
JOCTYITHOCTH CPEACTB M TperojaBarenell BHICOKOH KBaludukauu. DTOT
MOJXOJT TIOMOTaeT CTYJECHTaM W ydauiuMcsi B ()OPMUPOBAHUHM XOPOILOW
OCHOBBI JUIA TPYAHBIX HABHIKOB Hapsay C BBICOYAWIINM MacTepCTBOM B
tux 10 JMy4mmx HaBbIKax, KOTOpBIE 3kcnepTsl BO® mpumobperaror s
OyIyIIMX MTOKOJICHHH.

TexHonornn camu CTaHOBSTHCSA CpPEACTBOM 00ydeHusL.
Konkypenrococo6nass oOpa3oBaTenpHas poOOTOTEXHHWKAa B YHUKAIBHBIX
00pa3oBaTENbHBIX TEXHOJIOTHUSAX, TI€ WICHBI KOMAaHIbI CTYJEHTOB paboTalOT
B TPYIIax, 4TOObI CO3/IaTh HAaJI)KHBIX U YMHBIX POOOTOB, CIIOCOOHA pelIaTh
3aJaud peasbHOro Mupa. Takke COpPEBHOBATENbHBIM XapakTep JAeiaeT
TaKOW MOAXO0J K H3yueHHI0 OoJjee IpUBIEKATeIbHOW [UIi MOJOABIX
TaJIaHTOB U CIIOHCOPOB.
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B nameii maboparopuu MbI M3ydaeM, Kak copeBaHoBaHusi Eurobot
MIOMOTal0T (POPMHUPOBAHUIO Y CTYJCHTOB KPUTHYECKUX HaBhIKOB (BOD). B
Tabnuie HWXKe MOKa3aHO Halle HaOJIOJICHWE M B3aUMOCBS3b HaBBIKOB B

KOMaHJIaX BO
COpPEBHOBaHUM.

KOJINYECTBEHHBIC
(poOoTOTEXHUKM).

Bpemsi moarotoBkn Eurobot u Bo
Hamm moneBble wWcciieoBaHUsl BKJIIOYAlOT B ceOs
HHTEPBBIO  C

BpEMd CaMUX

YJIeHAMU KOMAaH/IBI Eurobot

Kputnyeckue HaBbIKM

JdemoHcTpauusi B 00pa3oBaTe/bHOM
poGoTOoTEXHUKE

KommmekcHoe
MHOTOYPOBHEBOE pCIIICHHE
mpooIeM

Kpurundeckoe MplieHue

KpearuBHOCTS (B IIMPOKOM

CMBICIIE CJIOBA)

YMmenue
JIFOIBMU

YIPaBIATh

BsanMmoneiicTtBe ¢ moapMu

OMOIMOHAILHBIN
MHTEIEKT

PoGoToTexHHKaM HEOOXOAUMO OLCHUBATH
BeChMa pa3HOOOpa3HBIW Habop Tpod
omuO0OK ¢ TpobdJeMaMu B TpeX 00JacTsX:
KOHCTPYHPOBaHHE M IH3aifH, MpOrpaMMHOE
obecrieueHre 1 3JIEKTPOHUKA
PobGoTtoTexnmkam  Hamo pa3dupatbes €O
MHEHUSIMH 4JICHOB COOCTBEHHOW KOMaHJIbI
Hapsily C HACTaBHUKAMH M OKCHEPTaMH.
Kaxnpiit  Moxxer  ommbarbes.  Haiitu
MIPaBUJIBHBIA OTBET - 3TO KIIIOYEBOH BOIPOC
PoOOTEXHUKH CTaIKUBAIOTCS C OUYeHb
MHOTMMH WH)XEHEPHBIMH OTPaHUYEHHSIMHU,
TaKUMH KaK pasMep poOOTOB, BpeMs,
CTOMMOCTE H JIpyTHE.

KoMaHna W3 OIHOrO delnoBeKka HE HMeeT
IIAHCOB Ha mobexny. VYcnenuse
pOOOTOTEXHNYECKHE KOMaHIbl HMMEIOT B
cocTaBe oKoio Ooiee 6 yenosek. IlosTomy,
PYKOBOAMTENM KOMaHJ M  HacTaBHHUKH
JIOJDKHBI ~ TIPOJICMOHCTPUPOBaTh  OYEHb
XOpolee yMEHHE YIPaBIATh JIFOAbMH.
PykoBogurenmn  KoMaHJ — KOOPIUHHUPYIOT
MHOTOIIJIAHOBBIE 33/1a4H, OJTHOM U3 KOTOPBIX
SBJIACTCSA IONCK (PUHAHCOBBIX CIOHCOPOB
IUTS TOJIEPKKH CBOMX KOMAH]I.

KoMaHIBI yNpaBISIOTCS OYeHb CBOOOIHO,
MIOATOMY Y PYKOBOIHTENEH HET (PUHAHCOBBIX
MHCTPYMEHTOB HaKa3aHHs/BO3HATPAXKICHUS.
EnuHCcTBeHHBI cnoco0  ympaBleHHS —
yOexKICHHE KOMaHIbI.
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DopMupoBaHue
COOCTBEHHOI'O MHEHHS H
MIPUHSATUE PEIICHUN

KnuentoopueHTHpOBaHOCTH

YMeHue BeCTH eperoBopsl

I'ubkocTh yma

Ka)KZ[BIﬁ YJICH KOMaH/bl JOJDKCH IPUHUMATDH
CMCJIIBIC U 6BICTpI)Ie peuieHusA, OCHOBAHHBIC
Ha MHOTHX ICPEMCHHBIX U U3BMEPCHUSX.

CepBuc-opueHTalMsl - 3TO TO, YTO YYUT
YIICHOB KOMAaHIBI OBITh OYEHB IIOJEC3HBIMH

JIpYT VIS IpYyTa.

AHTaroHu3M MeXJy KOHKYpPUPYIOIUMU
KOMaHJaMH - O4YeHb CWIbHBIA. Tak 4TO
YecTHas Wrpa - KIOYeBas Mapagurma
WHXEHEPHbIX  CcOopeBHOBaHU.  OnHAKO
HEIOpa3yMEHHUS BCE JK€ MPOUCXOIAT. UIeHBI
KOMAaHIBI JOJDKHBI CTPEMHUTHCS K
IIeperoBopaM ¢ T€MH, KTO HPUAEPKUBACTCS
JIPYTOTO MHEHHSL.

I'mbkocTh yma - 3T0 TO, YTO JOJKHO OBITH
MIpPEeACTaBIeHO B Kaxkaoi 3amaude. KomaHabl
CIENYIOT TPOCTHIM, HO  BBIUTPHIIIHBIM
CcTpaTrerusiM, MeHsi1 CBOM TMOAXOA B
3aBUCUMOCTH oT OoTrpaHUuEeHUuH,
MIPOTUBHUKOB U JOCTUTHYTHIX PE3yIbTaTOB

1. Lawerence H. Summers, Economic Possibilities for our children,
NBER Reporter, 2013 Number 4

2. Melanie Curtin, The 10 Top Skills That Will Land You High-paying
Jobs by 2020, According to the World Economic Forum

446



M.V. Yarmolinskaya, T.M. Cherkasov
CREATING CONDITIONS IN SCHOOL FOR THE
DEVELOPMENT OF EXTREME ROBOTICS

State budgetary educational institution secondary school Ne255 with in-
depth study of the subjects of the artistic and aesthetic cycle of the
Admiralteisky district of St. Petersburg
mail@school255.ru

From the early beginning, competitions for the RTK Cup have
become popular and loved among teenagers. Removing tight restrictions in
the choice of technical solutions that can be used for creating a robot, on the
one hand, and the transparency of competitive criteria, on the other, makes
the RTK Cup competitions both creative and sporting. Constantly updated
competition field and new, previously absent, challenging tasks for the
robot, make the participants go forward all the time, improving both
mechanics and algorithms. One should note for these competitions that for
beginners the threshold of entry is rather low in terms of the level of
training of participants and tools required for creating robots, therefore it is
available, and at the same time, it defines the vector of development of
skills and technologies from simple to serious high level of robotics. All this
makes the direction of extreme robotics attractive for children.

The concept of school technology education orients teachers to a new
level of technology available to students at school. The lessons in of
technology the new format, supplemented by the extracurricular activities of
students, can create new opportunities for training children in the field of
extreme robotics.

The development of the robot involves mechanics design, electronic
and algorithmic components. Depending on the complexity of the goals,
there are three options for organizing classes in extreme robotics which can
be offered, bear in mind the draft the new educational standard of basic
general education (grades 5-9), which was discussed in March-April 2019.
It was proposed to organize the teaching of the subject technology
according to the modular principle and equip schools in accordance with the
following modules: “Production and Technologies”, “Materials and Food
Products Processing Technologies”, ‘“Robotics”, “Automated Systems”,
"3D-modeling and prototyping”, "Computer graphics and drawing."

Option 1: Creation of extreme robots from ready-to-use educational
robotics constructors (the subject of "Technology" module "Robotics").
Such robots are quite competitive, but only at the RTK-mini test site. Two
hours per week of classes in extracurricular activities should be enough to
prepare teams and participate in the RTK-mini Cup.

Option 2: Extending robots from robotic constructors by third-party
components, including their own design for improvement of characteristics
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of robots (increased maneuverability, manipulation). Development of new
components in CAD and subsequent production using 3D printing and laser
cutting (the subject “Technology” modules are “3D modeling and
prototyping” and “Computer graphics and drawing”). Integration of in-class
and extra-curricular activities.

Option 3: Development of robots from scratch on electronic and
structural components that are not coming from robotics constructors. For
example, utilizing embedded controllers like Arduino or Rasberry Pi;
creating our own original designs and mechanical parts, etc. From the
standard educational modules offered, this could be the "Automated
Systems", although "Electrotechnics and Electronics" would fit better even
it is not considered in the subject of "Technology" but can be implemented
as a supplemental education program. It will require specially equipped
workplaces for working with electronics (soldering irons, testers, exhaust,
etc.). Such classes could be organized as an integration of technology
lessons, extracurricular activities, and classes in the supplementary
education department.

In all three options, the qualifications of the teacher must correspond
to the equipment of workplaces and the level of technical equipment, which
is currently a challenging problem and the issue of training and retraining
teachers of "Technology" should be solved first. Everything described can
be implemented at school, and taking into account the current program of
gradual reequipment of technology classrooms, it seems to be quite realistic.
Purchase of additional components for the robot can be addressed for
sponsorship. The development of methodological support is a topic for lead
schools. From our side, we are currently working on programs for
extracurricular activities of a technical nature and after testing they will be
published on our portal proiskra.ru.
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M.B. Apmonunckaz, T.M. Yepkacos
CO3JAHHUE YCJOBUU B HIKOJIE V51 PA3BUTHS
9KCTPEMAJIBHOU POBOTOTEXHUKHA

Tocyoapcmeennoe 6100xcemunoe 00ueobpazoeamenbHoe yupexncoenue
cpedHsis 0bugeobpazoeamenvras wkoaia Ne255
C yenyOneHHbIM U3yUeHUeM NPeOMEno8 XY00ACeCMEEHHO-ICMEemU4ecKo20
yuxna Aomupanmetickoeo paiiona Cankm-Ilemepoypea
mail@school255.ru

C MomeHTa cBoero ocHoBaHusi copeBHoBaHus Ha Kybok PTK cramm
MOMYJSIPHBL M JIIOOMMBI  CpPelM  TOJPOCTKOB. OTCYTCTBHE IKECTKUX
OTpaHWYEHUH B BBHIOOPE TEXHUYECKHX CPEJACTB, KOTOPHIE MOXHO
HCIIOJIB30BATh NTPH MOCTPOSHHUHN pOOOTa, C OHON CTOPOHBI, X IPO3PAdHOCTh
COpPEBHOBATEIBHBIX KPUTEPHUEB, C Ipyroi, memaeT cocts3anns Kyoka PTK
OJHOBPEMEHHO ¥  TBOPYECKHMMH, W  CHOPTHBHBIMH. [locTOSHHO
OOHOBIISIEMBI COPEBHOBATEIbHBINH IIOJIMTOH M HOBBIE, OTCYTCTBOBAaBILINE
paHee, MHTEPECHbIE 3a1a41 ATl poO0Ta, 3aCTaBISIOT yYACTHUKOB BCE BPEMs
HATH BIEPE]l, COBEPIICHCTBYSI KOHCTPYKIMIO U anropuTMbl. OCOOEHHOCTH
9THX COPEBHOBAHUI B TOM, YTO JJIsl HOBUYKOB MOPOT BXOXKJCHUS TOBOJILHO
HHM30K 10 YPOBHIO HOATOTOBKH YYaCTHHKOB, MO3TOMY IOCTYIIEH, M TpH
3TOM Cpa3y 3a7aeT BEKTOP Pa3BUTHSA HABBIKOB M TEXHOJIOTUI OT MPOCTOTO K
CEephE3HOMY B3pPOCIOMY YPOBHIO POOOTOTEXHHKH. Bce BblmeckazanHHoOe
JieTlaeT HalpaBlIeHHEe HKCTPEMANIbHON POOOTOTEXHHKH HHTEPECHBIM JUIS
eTel.

Konnenmunn IIKOJIEHOTO TEXHOJIOTUIECKOTO 00pa3oBaHUA
OPHEHTHpPYET IIe[aroroB Ha HOBBIA YPOBEHb TEXHOJOTHH, JOCTYITHBIX
y4alyMes B IIKOJIE. YPOKH TEXHOJIOTUH B HOBOM (hopMaTe, JOMOITHEHHBIE
BHEYPOUHOH  JESTENbHOCTHIO  yYaIIUXCs, MOTYT C€O3/1aTb  HOBBIE
BO3MOXKHOCTH JAJISI MOATOTOBKH JAETEH II0 HANpaBICHUIO SKCTPEMaTbHOU
POOOTOTEXHUKH.

Pazpabotka poboTa mpexmnonaraeT KOHCTPYKTOPCKYIO, JIEKTPOHHYIO
U aJTOPUTMHUYECKYI0 KOMIIOHEHTH. B 3aBHCHMOCTH OT CIIOKHOCTH Iieseit
MOJKHO IPEIJIOKUTh 3 BapuaHTa OpraHU3allMu 3aHITUH 110 HKCTpEeMabHON
POOOTOTEXHUKE C YYETOM IIPOEKTa HOBOTO 00pa3oBaTENILHOTO CTaHIapTa
OCHOBHOTO 001ero odpasoBanus (5 - 9 kimacchl), 00CyXIIEeHHE KOTOPOTO
npoxoawino B Mapre-anpene 2019 roxpa. IlpennoxeHo opraHU30BaTh
NIpEenofaBaHue IpeIMeTa TEXHOJOTHS 10 MOJIYJIBHOMY TNPHHIUIYY U
OCHACTUTH IIKOJBI B COOTBETCTBHH CO CIEAYIOIIUMH MOJIYJISMH:
«I[Ipom3BoacTBO M TexHoNOrnmM», «TexHomormn oOpabOTKM MaTepHAIIOB,
MUIIEBBIX ~ NPOAYKTOB», «PoboTOTeXHMKa», «ABTOMAaTH3MPOBaHHBIC
cucTeMbl», 3D-MozpenupoBaHuE, MPOTOTUIIMPOBAHWE M MAaKETHPOBAHHUEN,
«KommnetoTepHas rpaduka, 4epueHUe».
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1 BApUAHT: Coznanue 3KCTPEMaJIbHBIX poboTOB u3
POOOTOTEXHUYECKHX KOHCTPYKTOPOB (Tpeamer «TexXHOmorus» MoIyIb
«PobororexHuka»). Takue poOOTHI BIOJIHE KOHKYPEHTOCHOCOOHBI, HO
Tonibko Ha monurone PTK-mMuHu. 2 yaca B Henmedro 3aHATHH B pamKax
BHEYPOUHOH  JIESTENBHOCTH  TO3BOJAT  MOATOTOBUTH  KOMaHABI U
y4acTBoBaTh B KyOke PTK-Munm.

2 Bapmantr: [lomomHeHme  poOOTOB M3  0Opa3oBaTEIBHBIX
KOHCTPYKTOPOB CTOPOHHUMH KOMIIOHEHTaMH, B TOM HYHCII€ COOCTBEHHOU
pa3paboTku, A YAyYIICHHS XapakTepUCTUK pPOOOTOB (HOBBINICHHE
MIPOXOANMOCTH, MaHHUITYIHpoBaHmst). Pa3spaboTka kommonenTtoB B CAIIP u
MOCTIeAyIoIIee M3TOTOBJICHNE C MOMOIIbi0 3D-mevaTn u ja3epHO pe3ku
(mpenmer «Texnomorus» MOJYJIH «3D-mopenupoBaHue,
NPOTOTUIMPOBaHME W MakeTupoBaHue» U «KowmmblotepHas rpaduka,
yepueHue»). HTerpaius ypouHoil 1 BHEYPOUHON AEATEIbHOCTH.

3 Bapuant: Pa3paboTka poOOTOB ¢ HyJs Ha JJIEKTPOHHBIX H
KOHCTPYKTHBHBIX KOMIIOHEHTaX, HE SIBISIIOMINXCS POOOTOTEXHUYECKUMHU
KOHCTpYKTOpamH. Vcnonp30Banne, HalpuMep, KOHTPOJUIEPOB HAa ApAyHHO,
Rasberry Pi; pa3paboTka cOOCTBEHHBIX OPUTHHATBHBIX KOHCTPYKIIHM, U TIp.
4K TIpeJIaraeMbIx CTaH/apTOM MoJyiei 3TO MOJYJb
«ABTOMaTH3UPOBAHHbIC CHCTEMBI», XOTS HaIpanmBaeTcs
«OIEKTPOTEXHNKA M 3JIEKTPOHHKA», KOTOpPBIE HE BBIICICHBI KaK MOIYJb
npeameTra «TexHOIOTHM», HO MOTYT PEalN30BBIBATHCS KaK IMPOrPaMMBI
JIOTIOJTHUTEIBHOTO 0Opa3oBaHus. TpeOyercs creruaibHO 000pYyI0BaHHBIC
paboure Mecra Juisi pabOTBl C DIIEKTPOHUKOW (MAsUIbHUKU, TECTEpBI,
BBITSDKKA M TIp.). OpraHu3aIiioHHO 3aHATHS MOTYT HHTETPUPOBATH YPOKU
TEXHOJIOTUH, BHEYPOYHYIO [ESTENbHOCTh W 3aHATUS B  OTACJICHUU
JIOTIOJTHUTEIBHOTO 00pa3oBaHusl.

Bo Bcex Tpex BapuaHTax KBanuHKanus IeAarora J0JDKHA
COOTBETCTBOBATh OCHAIIEHHIO pab0YMX MECT U YPOBHIO TEXHOJIOTHYECKOTO
000py/IOBaHUs, YTO Ha JAHHBIH MOMEHT SIBIIsIeTCSl OOJBIION mpobiaeMol 1
BOIIPOC IMOJTOTOBKH M HEPETIOrOTOBKH IEJaroroB TEXHOIOTHH TPEICTOUT
pemIars.

Bce onmcanHOoe MOXET OBITh pPEATM30BaHO B IIKOJIE, a C YYETOM
MIPOTPaMMbI  TIOCTETIEHHOTO IIE€PEOCHALICHUs] KaOMHETOB TEXHOJIOTHH
BUJUTCSl BIIOJIHE peajbHBIM C TOYKH 3peHHs] 000pyJoBaHMA. 3aKyIka
JIOTIOJTHUTEIBHBIX KOMIUIEKTYIONUX i POoOOTa — BOMPOC CIIOHCOPCKOTO
yuactusi. Pa3paboTka METOIMUECKOTO CONPOBOXKACHHS — TeMa VISl LIKOJ-
munepoB. Co cBoel CTOPOHBI, MBI cefiuac paboTaeM HaJ| MpOrpaMMaMH
BHEYPOUHOH JIESITENbHOCTH TEXHUYECKON HANPaBICHHOCTH, allpoOUpyeM UX
u myOnrKyeM Ha cBoeM nopraie proiskra.ru.
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L.A. Lototskii
ROBOTICS AT MY SCHOOL FROM WEDO 2.0 TO ARDUINO

MBOU "School Ne37", Vyborg, Russia
alexloto72@yandex.ru

Our school has been developing robotics for the last 3 years. In the
first year, it all started with the purchase of educational sets LEGO
Mindstorms EV3.

The first year of training showed that children can be divided into 3
groups:

1) Designers (engineers) - prefer to assemble robots, but are not good

at programming or they are not interested in this stage of work.

2) Programmers — do it show interest in writing programs for robots
and can do it the building process does not inspire them.

3) Generalists are equally good at in both design and programming
skills.

A group of programmers and generalists turned out to be the smallest,
so we set the task to raise children who are passionate about robotics since
primary school. For this reason, in the second year of work we purchased
sets for Junior school LEGO WEDO 2.0. To study "Robotics" school put on
an educational conveyor that helped us to train 4 class pupils during
extracurricular activities, which allowed us:

— to acquaint children with robotics, project activities and

programming, both in WEDO 2.0 and Scratch;

— to identify capable and interested children at an early stage with
whom we will continue to work hard within the framework of both
additional education and the formation of the profile class.

At the same time there was a problem with the fact that older pupils
outgrew LEGO with its limitations on the platform and they need to move
to more serious level. Special sets were purchased for them based on
ARDUINO. And here we are talking about individual work with those who
have already gone through LEGO and have not dropped out, have not lost
interest in "robotics".

A group of "designers" develop their skills through participation in
robotics competitions "Cup of RTK mini" for the category of 10+; project
activities from participation in the municipal stage of the educational-
research conference of students of the municipality "Vyborg district" to the
all-Russia festival "RoboFinist".

451



"Programmers" and "universalists" are trained through participation in
various robotics nominations to JuniorSkills that require concerted
teamwork skills.

We plan: expanding the material base of educational designers LEGO
Education SPIKE Prime, VEX 1Q, EduBot.

AJL Jlomoukuit .
POBOTOTEXHUKA B MOEU HIKOJIE
OT WEDO 2.0 1O ARDUINO

MBOY «COLL Ne37», 2. Bvibope
alexloto72@yandex.ru

Hama mkoma pasBuBaer HamnpaBieHne «PoOoTtoTexHuka» Ha
MIPOTSHKEHUH TOCHEeTHNX 3 jeT. B mepBblif rog pabGoThl Bce Hadasloch ¢
MOKYTKH 00pa3oBaTenbHbIX Ha0opoB LEGO Mindstorms EV3.

ITepBBiii TOM OOY4YeHHS IOKa3al, dYTO peOSAT YCIOBHO MOXHO
pa3menuTh Ha 3 TPYIIIEL:

1) KoHCTpyKTOpHI (MH)KEHEPHI) — MPEANOYUTAIOT cOOUpaTh poOOTOB,

HO HE JIpy’kaT C IPOrpaMMHUPOBAHUEM WM UM HE HHTEPECEH 3TOT
3Tamn paboThI.

2) IlporpaMMHUCTBI — MOTYT W MpPOSBISIOT MHTEpEC K HAMHCAHHUIO

IporpaMm Ajst poOOTOB, HO HpoIiecc COOPKH UX HE BIOXHOBIISET.

3) VHuBepcansl — OJMHAaKOBO XOpOLIO BIA/CIOT KaK HaBBIKAMHU

KOHCTPYHWPOBAHUS, TaK U IPOrPaMMHUPOBAHMSI.
I'pynma mporpaMMHCTOB ¥ YHHBEPCAIOB  OKa3ajlach  CcaMoOH
MaJIOYHCIIEHHOH, II03TOMY MBI IIOCTaBHJIM 3afady pacTHTh peosT,
YBJICUYCHHBIX POOOTOTEXHUKON C HaYaNbHON IIKONEL [lo 3TON mpuumHe Ha
BTOpO# TOA paboTel mpuobpenu Habopsl it muaamei mkorsl LEGO
WEDO 2.0. Usyuenne «POOOTOTEXHWKW» INKONA ITOCTaBWIA Ha HEKHH
o0Opa3oBaTenpHBI KOHBEiiep, depe3 KOTOPHIH B paMKax BHEYpPOYHOH
JeSITETFHOCTH MPOITYCKaeM Bce 4 KIIacChl, YTO MO3BOJIMIIO HaM:
— II03HAKOMHUTH pebar c POOOTOTEXHUKOIH, IIPOEKTHOM
JIeSTeTFHOCTRIO M IIPOrpaMMUpoBaHueM, kKak B cpere WEDO 2.0
Tak u Scratch;

— Ha paHHEM OTare BBISIBUTh CIIOCOOHBIX M 3aMHTEPECOBAHHBIX
pedsIT, C KOTOPBIMU MBI YCHJIEHHO IIPOAOJIKAM paboTaTh B paMKax,
KaK JOTOJIHUTEIFHOTO 00pa3oBaHWs, Tak W (OPMHUPOBAHUSA
poQHIBHOTO KJIacca.
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[MapannensHO BO3HHKIA HpoOiieMa C TeM, 4YTO crapiiue pedsra
nepepociii LEGO ¢ ero orpaHu4eHusMH 1O IUiarpopMe U IS HHX
TpebyeTcst mepexos Ha Oosee cepbe3Hble pemenus. s Takux pedsT Opum
proOpeTeHsl Habopkl, B ocHOoBE KOoTopbIX JIekuT ARDUINO. U 31eck uner
peus yxe 00 MHIUBHIYyalIbHOI paboTe ¢ TeMH pedsiTaMu, KOTOpPBIE TPOIIIIH
yxe uepe3 LEGO wu He oTcesanuch, He TMOTEPSIH HHTEpPEC K
«POOOTOTEXHUKEY.

I'pynmy  «KOHCTPYKTOpPOB»  pa3BHBaeM  dUepe3  ydacTHe B
pobororexanyecknx copeBHoBaHMAX «Kyboxk PTK munm» mis xateropun
10+; TpOEKTHYIO [EeSTENbHOCTh OT y4YacTHsl B MYyHHIMIIAIIBHOM JTare
y4e0HO-HUCCIIeI0BATEIECKOM KOH(pepeHIHn IIKOJHHUKOB MO
«Bp10oprekuii paiion» 1o Bcepoccuiickoro ¢ectuais «PobodunucTy.

HaBpIku TpyMNIBl «IIpOrpaMMHCTOB» M «YHHBEPCAJIOB» OTTaYHBaeM
Yyepe3 ydyacTHE B PpA3IMYHBIX POOOTOTEXHHUYECKHX HOMHHAIMAX JIO
OnmoplIpodu, rae TpeGyroTCs clia)keHHbIE HABBIKM KOMaHTHOM paboTHI.

[Tmanbl: pacmmpeHue MarepuanbHOM 0a3sl  00pa3oBaTEIbHBIMHU
koHcrpykropamu LEGO Education SPIKE Prime , VEX 1Q, EduBot.
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G.A. Pinchuk
DEVELOPMENT AND PROMOTION OF EDUCATIONAL
ROBOTICS IN SMALL CITIES

Municipal budgetary institution of additional education
"Information Technology Center", Kingisepp,
Leningradskaya oblast, Russia
pinchuk-ga@kngcit.ru

Robotics is the most important direction for the future technological
and economic development of the country. Educational robotics makes a
significant contribution to the vocational guidance of modern students.
Therefore, it is important that robotics circles develop everywhere.

Small cities with a population of 30-60 thousand people located
remotely from regional centers experience a number of difficulties in
promoting innovative educational ideas. Problems include inadequate
transport accessibility, insufficient human resources, and poor financing.

In order to draw attention to such areas as educational robotics, we, in
addition to circle activities, conduct large-scale events combining circle
competitions, exhibition and educational activities, issues of vocational
guidance for students, and master classes.

Such events were the “Start into the Future” District Robotics Forum
with international participation, the “Professions of the Future” Foresight
Conference, in which teams from the nearest districts of the Leningrad
Region and Estonia are invited to participate.

The partners are universities and research institutes, including the
Central Scientific Research Institute RTC, as well as equipment suppliers.

The holding of such events contributed to increasing interest in
educational robotics from children and their parents and to the emergence of
support from the district administration. As a result, our children began to
fall into such competitions as Robofest, RTK Cup, JuniorSkills and bring
prizes.

Figure 1 — Robotics Forum Participant
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Figure 2 — Partners Forum CSRI RTK

I'.A. ITunuyk
PA3BUTHE U ITPOJIBUKEHUE OBPA3OBATEJIBHON
POBOTOTEXHUMKMU B MAJIBIX T'OPOJJAX

Mynuyunansvroe 6100xcemuoe yupexcoeHue OONOIHUMENbHO20
o6pazosanus «Llenmp uH@DOPMAYUOHHBIX MEXHOIOUTLY,
2. Kuneucenn, Jlenunepackas oonn.
pinchuk-ga@kngcit.ru

PoOoToTexHuKa SBASETCS BaXKHEHIIIMM HAIpaBICHUEM AJSI OyIyIIero
TEXHOJIOTUIECKOTO u 9KOHOMHUYECKOTO pas3BUTHS CTpaHBI.
OO6pa3oBarenbHasi pOOOTOTEXHWKA BBIONHAET BECOMBIH BKJIaX B
npoQOpUEHTALIMIO COBPEMEHHBIX MHIKOJILHUKOB. [103TOMY BakHO, 4TOOBI
KPY>XKH pOOOTOTEXHHUKHU Pa3BUBAJIKMCH TOBCEMECTHO.

Mausie ropoza ¢ HaceneHreM 30-60 ThICSY 4eTOBeK, PACIIOIOKEHHBIE
YIAJIICHHO OT PETMOHAJIBHBIX IEHTPOB, UCHBITHIBAIOT s TPYAHOCTEH INpH
MIPO/IBM)KEHUH MHHOBAIIMOHHBIX 00pa3oBaTeNbHbIX uaeil. B uncio npobdiaem
BXOJUT  HEYAOBJIETBOPUTEIbHAs  TPaHCHOPTHAs JIOCTYTTHOCTB,
HEIOCTaTOYHBIM KaJAPOBBI MMOTEHINAN, c1aboe (PMHAaHCHPOBaHHE.

Jns  mpuBnedYeHWs BHAMaHWS K TaKUM  HANpaBICHWAM, Kak
oOpa3oBaTenbHasi pOOOTOTEXHNKA, MBI TIOMUMO KPY>KKOBOH NEeSTEIFHOCTH,
MIPOBOAMM  MacIITaOHBIE MEPONPHATHS, OOBEAUHAIOIINE COCTI3aHUS
KPY’KKOBIIEB, BBICTABOYHYIO M IIPOCBETHTENBCKYIO JIESTENBHOCTD, BOIPOCHI
podeCCHOHATBHON OPUEHTAIMH [UISl YHAIIUXCsl, MACTEP-KJIACCHI.

Takumu  mepomnpusitusimu cranu  OkpyxHoi  dopym 1o
pobororexauke «CTapT B Oymymiee» C MEKIYHAPOIHBIM Y4acTHEM,
®opcaiit-kondepentms «IIpodeccun Oymymiero», K y4acTUIO B KOTOPBIX
MIPUTTIANIAIOTCS KOMaHAbl W3 OmKaWmmx paiioHoB JIeHWMHTpaacKon
00Jy1acT ¥ DCTOHUH.

B xauectBe maptHepoB BbeicTymaroT BY3el u HUH, B ToMm umcie
HWU PTK, a Taxxe mocTaBIUKH 000PYIOBaHUS.
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[IpoBeneHNEe TAaKUX MEPONPHUATHH CIOCOOCTBOBANO MOBBIILICHUIO
uHTepeca K 00pa30BaTeNbHON POOOTOTEXHUKE CO CTOPOHBI JAeTell W HX
poaMTENeH U TOSBICHHUIO IOAJEP>KKH CO CTOPOHBI aIMHHUCTPAIIH palioHa.
B pesynbrare Hamm AeTH CTadM MOMANaTh Ha TaKUEe COPEBHOBAHMS, Kak
PoGodect, Kybox PTK, JuniorSkills 1 mpruHOCHTE IPH30BBIE MeCTA.

Pucynok 2 — INaptaepsr @opyma [THUU PTK
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P.N. Pustylnik
ROBOTICS IN EDUCATION:
PROBLEMS AND SOLUTIONS

The Herzen State Pedagogical University of Russia, St. Petersburg
petr30@yandex.ru

Educational robotics (ER) is called a metasubject discipline, as
theoretically it can be taught in the educational process (tabl. 1).

Table 1. Academic subject and element of ER

The Subject | Element

Informatics Algorithms. Computer language

Physics Robot mechanics

Technology | Technology of designing robots. Technical project

In Federal State Educational Standard-3 [1] on General education
(2019), time is allocated to study the basics of ER (tabl. 2).

Table 2. The period of the study ER

Period Element
Informatics

2and3 One of programming languages (school algorithmic

years language, Pascal, Python, Java, C, C#, C++)
Technology

Module 3 Robotics

Module 4 Automated systems

Module 5 3D modeling, prototyping and prototyping

Module 6 Computer graphics. Drawing

For teaching schoolchild the materials of modules 4 and 6, it is
necessary either to train teachers of Informatics technology or to involve
teachers of Informatics in teaching technology. How can teachers be
interested in learning new subjects?
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Problem: low wages, since the rate of teacher 11 600 rubles, and then
added coefficients: for category, for the presence of the honorary title, etc.,
young teachers are not eligible for surcharge.

The solution to this problem is to set the teacher's rate at the level of
not less than 30 000 rubles on the territory of the Russian Federation,
regardless of the location of the school — urban or rural areas. This will
increase the prestige of teachers, and graduates of pedagogical universities
will work in the specialty, and not where higher wages.

1. Draft new standard of basic General education (grades 5 - 9). URL:
http://www.consultant.ru/law/hotdocs/57359.html/ (accessed
30.04.2019).

ILH. Ilycmubinonuk
POBOTOTEXHHUKA B OBPA30OBAHUM:
ITPOBJIEMbBI 1 PEHIEHUSA

@I'BY BO «Poccutickuii 20cy0apcmeeHHblL nedazo2uyeckull
yrusepcumem um. A. U. I'epyenay, Cankm-Ilemepbype
petr30@yandex.ru

Oo6paszoBarenbHyio poboToTexHuKy (OP) Ha3bIBaIOT METANIPEIMETHOM
JUCHUIUIMHON, TaK KaK TEOPETHYECKH €€ MOYKHO MpEIoaaBaTh B paMKax
y4eOHOTo mporecca (cM. Taou. 1).

Tabmuna 1. Yuebnsiii npenmer u anemeHT OP

Mpeamer JJjIeMeHT

Wndopmarnka | Anroputmsl. S3bIKH MPOrpaMMHUPOBAHUS

duznka ®dusznka pobOTOB

TexHonorus KOHCprI/IpOBaHI/Ie pO6OTOB. Texauueckue IMPOCKThI

Bo ®I'OC 3 mna obmero obpasoBanus (2019) [1] amsa u3yueHHs
ocHOB OP BEIIIeIeHO Bpems (cM. Tad. 2).

Jna mperonaBanus Moxmyneil 4 m 6 Hago wiM o0ydyaTh yduTeNel
TEXHOJIOTUU WH(POpPMATHUKE WU yuuTelell WHPOPMATUKU TPHUBIEKATH IS
mperojaBaHusl TexHoJornyu. Kak 3amHTEepecoBaTh y4HWTENeHd OCBaWBaTh
HOBBIE y4eOHbIE TPEeIMETHI?
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Tabmuna 2. Ilepuon nzydenus snemeHToB OP

Mepuon DJjieMeHT
WNudopmarnka

OnuH u3 s136IK0B porpamMmmupoBanus (ILIkoasHEIH
2 u 3 ronpl Anroputmuueckuii S13bik, [Tackans, Python, Java, C,

C#, C++)

TexHonorus

Moayns 3 Po6GororexHmnka
Moayns 4 ABTOMAaTU3UPOBAHHBIE CUCTEMBI

3D-MonenupoBaHue, MPOTOTUITHPOBAHNE U
Mopnyns 5

MaKEeTHPOBAHHUE
Momyns 6 Kommnprotepras rpaduka, yepueHue

[Mpobnema: HHM3Kas oIIaTa TpyHda, Tak Kak craBka yumrens 11 600
pyOneli, a mamee HO0aBIAIOTCS KOX(PQUIMEHTH: 3a CTaX pPadOTHL, 3a
KaTEeTOPHIO, 32 HAIMYUE IOYETHOTO 3BaHMS U T.A. Y MOJIOJBIX YUUTEINEH HEeT
IIpaBa Ha MHOTHE JIOTLIATHI.

Pemenne 31o# mpoO1eMbl — YCTaHOBJIEHHE CTaBKU YUUTEISI HA yPOBHE
He Hmxe 30000 pyGneir Ha Tepputopun PP He 3aBHCHMO OT MecTa
pacIoNoKEHHUsl IIKOJABI — TOPOACKAsh WM CeIbCKas MECTHOCTb. JTO
TIOBBICUT ITPECTHK pabOThl YUHUTENS, U BBIMTYCKHUKH MEAarorn4ecKix By30B
OynmyT paboTaTh MO CIEIUATBHOCTH, a HE TaM, I/Ie BBIIIE OIIaTa Tpy/aa.

1. TIpoekT HOBOrO cTaHZapTa OCHOBHOTO o6Iero oopasomaHus (5 - 9
kmaccel).  URL:  http://www.consultant.ru/law/hotdocs/57359.html/
(mata obpamenus 30.04.2019).
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O.P. Menshikov
ORGANIZATION OF ACTIVITIES OF THE CIRCLE
OF EDUCATIONAL ROBOTICS

VIT "ERA", G. K. Anapa 2019, Russia
olejka_vmi@mail.ru

We live in the age of information technology, science and technology.
And the most popular profession in the country and the world is the
profession of engineer. However, given the lack of qualified specialists in
the design of automatic control systems, and accurate mechanisms, clearly
expressed the problem of the lack of a unified system of training and
identification of personnel at the stage of development and formation of the
individual.

Starting the training of children "from scratch" it is difficult to
determine the composition and number of the Association, to choose the
necessary equipment, its number and supplier. The simplest and most
profitable solution for beginning teachers is to participate in simple,
affordable and effective competitions. The most common is the competitive
direction "Halo, Robot", "Cup mini RTC", "RTC Cup" nomination "the
Seeker" and has a great variety of competitions for aspiring engineers.
However, the competitive direction "RTK Cup" (against others) is exciting,
spectacular and the most effective in the training of young specialists of
extreme robotics, used in practice in the Ministry of emergency situations,
the Ministry of defense and some other structural units.

The obvious need of the interested organizations is revealed in the
presence of the trained young people capable not only to solve an objective,
but also capable to serve independently and to put into practice complex
technical devices, their components and mechanisms.

The solution to this problem can be timely and sufficient equipment of
institutions with specialized focus of material and technical base, unified
and standardized training system, qualified mentors. Continuous
improvement of professional skills in practice in the conditions of
approximate to real, continuous exchange of experience and improvement
of noble professionalism.
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O.11. Menvuiuxos
OPTAHU3ALIUSA I[ES[llEJILHOCTI/I KPYXKKA
OBPA3OBATEJBHOU POBOTOTEXHUKHA

BUT «OPAy, 2./x. Anana 2019
olejka_vmi@mail.ru

Mpl xuBEM B Beke HH(DOPMAIMOHHBIX TEXHOJOTHH, IOCTIIKCHHN
HAYKW U TeXHUKHU. 1 camoii BocTpeOoBaHHOI npodeccuei B cTpaHe U MUpe
cTaHOBUTCS mpodeccus umxeHep. OOHAKO, y4YUTHIBas  HEXBATKY
KBAIM(UIMPOBAHHBIX CHEIUAINCTOB B O0JIACTH TPOSKTHPOBAHUS CHCTEM
aBTOMAaTHUYECKOIO YIPABICHHSA, M TOYHBIX MEXAHHU3MOB, SIBHO BBIpa)k€Ha
npo0ieMaTnka OTCYTCTBHSI €AMHOH CHCTEMBI MOJTOTOBKH M BBLIBICHHUS
KaJ[pOB Ha CTaJNU Pa3BUTHUS U CTAHOBJICHHS JINIHOCTH.

Haumnas oOydenue nereil «c HyJsD» CIIOXKHO OIPEACIHTh COCTaB U
YHUCIIEHHOCTh OOBEAMHEHNUs, BBHIOpPAaTh HE0OXOIMMOe 00OpYyIOBaHHE, €ro
KOJIMYECTBO M mMocTaBIIyKa. Hanbosiee IpOCTHIM M BBITOAHBIM PELIEHHEM
HauMHAIOMMX TEJaroroB SBISIETCS y4acTHE B TPOCTHIX, JOCTYIHBIX WU
3¢ ¢dexTUBHBIX copeBHOBaHUAX. Hambomee pacrnpocTpaHEHHBIMH SIBISETCS
COpEeBHOBATENILHOE HampaBicHue «Xaoy, Pooor», «Kybok PTK munuy,
«Ky6oxk PTK» HomuHammsa «MckaTens» u emé BEIHKOE MHOXECTBO
COpPEBHOBAHHUM I HAYMHAIONINX MHKeHepoB. OHAK0, COPEBHOBATEIbHOE
Hanpasnenne «Kyook PTK» (Ha ¢one npyrux) sBisieTcs 3aXBaThIBAIOIIIM,
3peNUIIHBIM U HanOosiee S(QEKTHBHBIM TIPH IOJITOTOBKE MOJIOJBIX
CTELHUATINCTOB  3KCTPEMaJbHOW pPOOOTOTEXHWKH, TPHMEHSEMBIM Ha
mpaktuke B MYC, MO P® u HEKOTOpBIX Jpyrux CTPYKTYPHBIX
TIOPa3ACIECHISX.

BersaBisiercst siBHast MOTPEOHOCTh 3aMHTEPECOBAHHBIX OPTaHHU3ALUN B
HaJIMYUK OOYYCHHBIX MOJIOJBIX JIOJIEH, CIIOCOOHBIX HE TOJIBKO pEIaTh
MIOCTABIICHHYIO 33/1a4y, HO U CIIOCOOHBIX CAMOCTOSITENBHO OOCIYXHBaTh U
IPUMEHATh Ha MPAKTHKE CIIOXKHBIE TEXHUYECKHE YCTPOMHCTBA, MX Y3l U
MEXaHU3MBI.

PemenneM naHHOW mpoOJIeMbl MOXET OBITh CBOEBPEMEHHOE U
JIOCTATOYHOE OCHalIEHUE yUpexaeHun CieNUaNTU3UPOBAHHON
HaIpaBJIEHHOCTH MaTepHalIbHO-TEXHUYECKOH 0a30i, YHH(UIMPOBAaHHON U
CTaH/JapTU3UPOBAHHOW CHUCTEMOH  00y4yeHHWs, KBaJM(OUIMPOBAHHBIMHU
HacTaBHUKaMH. [1oCTOsIHHOE MOBBIMIEHNE MPO(ECCHOHATBHBIX HABBIKOB Ha
MIPAaKTHKE B YCIOBUSAX MPUOMMKEHHBIM K peajbHBIM, HENPEPBIBHBIN 00MEH
OITBITOM M COBEPIIIEHCTBOBAHHE OJIaropoIHOTO MpodecCHOHATN3MA.
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COLLABORATIVE ROBOTICS /
KONNAGOPATHBHARA POBOTOTEXHHKA

V.P. Andreev
THE CONCEPT OF USING THE THEORY OF MULTI-AGENT
SYSTEMS TO DESIGN CONTROL SYSTEMS FOR MOBILE
ROBOTS WITH MODULAR ARCHITECTURE

MSTU “STANKIN”, IINET RSUH,
IL “Sensorika”, Russia, Moscow
andreevvipa@yandex.ru

The approach to the solving of the actual fundamental and applied
scientific problem — development of principles and methods of robotic
complex and systems design with modular architecture based on pyramidal
(hierarchical) build-up topology of their computational and control systems
is considered. Modular architecture makes it possible to execute fast
reconfiguration of robotic systems. The use of hierarchical topology for
constructing the robot’s IMCS, when each module and submodule has its
own IMCS with a separate processing unit, allows increasing the
computation speed in the system by distributing the computational load
between the modules computing devices. It begs an analogy with such
directions of scientific research in the field of information technologies as
distributed information systems, computer networks, methods of artificial
intelligence. Achievements in these areas are integrated in research, united
by the common name "multi-agent systems". In this paper, we consider an
approach that allows us to describe the hierarchical topology of the design
of the robot’s IMCS with modular architecture in terms of multi-agent
systems, which will allow us to use modern achievements in this scientific
field.

Research is supported by the Russian Foundation for Basic Research:
Grant 19-07-00892a.
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B.II. Auopees
KOHIIENIHUS UCITIOJIb30BAHUS TEOPUU
MYJbTUATEHTHBIX CUCTEM JIJISI CO3JIAHUSI CUCTEM
YIIPABJIEHUS MOBUJIBHBIX POBOTOB C
MOJYJBbHOM APXUTEKTYPOM

MI'TY « CTAHKUH», MUHOT PITY,
MII «Cencopuxay», Mockea
andreevvipa@yandex.ru

PaccMoTpeH TMOAXOA K pEIIeHHIO aKTyaJlbHOH (yHIaMEHTalIbHOH U
MPUKJIAJHOM HAy4YHOW 3afadu — pa3paboTKa NPUHIUIOB W METOJOB
CO3JaHUSI POOOTOTEXHUYECKMX KOMIUIEKCOB W CHCTEM C MOJIYJIbHOM
ApXHUTEKTypOoH Ha OCHOBE NHPAMHUAAIBGHON (MEpapXW4ecKOW) TOIMOJIOTHH
MIOCTPOEHHS MX BBIYHCIUTEIBHBIX M YNPABIAIOMMX cHCTeM. MopaynbHas
apXHUTEKTypa MO3BOJISIET pean30BaTh ONEPATHBHOE PEKOH(HUTYpPHPOBaHNE
POOOTOTEXHUYECKUX CHCTEM. VICIONb30BaHUE HEPAPXUIECKON TOMOIOTHH
JUIL  TIOCTPOCHUSI HMH(MOPMAIIMOHHO-U3MEPHUTENFHON M yNpaBiIsIoOUIeh
cucremsl (MUYC) pobota, xorna Kakgslii MOXYIs M CyOMOAYNb HMEET
cobctBeHHy0 UMY C c OTAenbHBIM BBIUMCIUTENEM, NTO3BOJISET YBEINIUTH
ObICTpOIEICTBIE CHCTEMBbl 3a CYET paclpeeNieHns] BBIYUCIUTENIbHON
HAarpy3Kd  MEXKIY  BBIYHCIHTEIBHBIMA  YCTPOWCTBAMH  MOJYJICH.
HanpammBaercss aHasorums C TakMMW — HalpaBlICHUSMH — HAay4YHBIX
HcchenoBaHUd B oOjacTH  MH(MOPMAIMOHHBIX  TEXHOJIOTMH,  Kak
pacripeniesieHHbple  MH(GOPMAIMOHHBIE CHCTEMBI, KOMIIBIOTEPHBIE CETH,
METO/IBl HMCKYCCTBEHHOTO HHTE/UIeKTa. JIOCTMXKEHHsS B NepEeYHCICHHBIX
00JIacTAX WHTETPHPYIOTCS B HCCIENOBAHMAX, OOBEAMHSIEMBIX OOMNM
Ha3BaHUEM “MHOTOAreHTHBIE CUCTeMBI . B HacTosmielt paboTe paccMoTpeH
MOJX0/JI, TTO3BOJIAIOIINI OMHICAaTh NEPAPXUIECKYIO TOIOJIOTUI0O TOCTPOCHHUS
NNYC poboTOB ¢ MOIYIHHON apXUTEKTYPOI B TEPMIHAX MYJIbTHATSHTHBIX
CHCTEM, YTO TO3BOJIUT HCIOIb30BAaTh COBPEMEHHBIE TOCTIDKEHHUS B 3TOH
o0acTH.

Paboma evinonnsemes npu gunancosoii noddepaicxke PODU: I panm
19-07-00892a.
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R.R. Galin™?, P.M. Trefilov’
THE IMPACT OF COLLABORATIVE ROBOTIC SOLUTIONS
FOR INCREASING EFFICIENCY OF HUMAN ACTIVITIES

"Moscow State Technological University “STANKIN”,
Moscow, rinat.r.galin@yandex.ru
V. A. Trapeznikov Institute of Control Sciences of Russian Academy of
Sciences, Moscow, grr@ipu.ru, petertrfi@gmail.com

Abstract

This paper describes the role and place of collaborative robotics of
automation in different human activities in the context of rapid industrial
development. Collaboration of humans and robots in close proximity in a
single workspace is a stimulating feature of Industry 4.0. To urgent
research, issues in the field of modern robotics include problems of
developing safer robots in the human-machine interaction systems. Due to
the close collaboration between humans and robots, many of the problems
of robotics are associated not only with technical issues, but also with social
aspects. Optimization and automation of human activities through the
introduction of robotic solutions is widely used. In the future it will become
the basis of all business processes.

Key words: robotic automation, cooperation, coexistence, human-
robot interaction, collaboration, collaborative robots, safety issue.

The development of robotics and the efficiency of its application
affect the increase in productivity and improves the quality of products,
contributes to the modernization of technological processes. As the
functional capabilities of robots have grown, the number of their possible
applications in various fields of human activities has increased many times
and different ways, however, today many workflows are still impossible to
use with full automation. Thus, there is a real need for the collaboration of a
human and robot in the performance of tasks. Human participation in the
production process together with a collaborative robot creates a complex
control system, let's call it an ergatic robotic control system of a
collaborative robot. The task of this ergatic system is to collaborate the
process of human-robot interaction, where the elements of the system are
intelligent agents. It is necessary to take into account the organization of
interaction and coordinate the capabilities of the intellectual agents in the
solution of production tasks.

Robotics that intended as “the branch of technology that deals with the
design, construction, operation, and application of robots” is a very wide,
complex and multidisciplinary matter. Therefore, the classification of robots
is not trivial nor unique. In understanding of human-robot interaction
taxonomy allows you to understand the principles and practices of
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classification and systematization of complex hierarchically correlated
entities.

There is an important aspect related to human safety in HRI. First,
human safety is providing by international standards and regulations. In
human-robot interaction to the following take into account: the harm caused
by the collision of a human and a robot, the psychophysiological effect of
contact with a robot, not a safe approach to the robot in the workspace,
setting robot’s sensors and the correctness of the control algorithms of the
robotic system. The development of a perfect taxonomy of standards will
continue as the technology improves. It should assume that the period when
the peak of technological progress will never come due to the complexity of
knowledge of human nature and the limitless of his consciousness.
However, we are trying to rely on the developed rules and exist
classification of the basic safety standards to build an effective control
system in the ergatic robotic system.

Collaborative robotic solutions have received a strong impetus to its
widespread use today. The application of technologies of artificial intellect,
adaptive learning and vision systems greatly enhances the ability of robots.
Taking into account the tightness of collaborative robots, such as
compactness, easy reprogramming and standardization in the field of safety
allows expanding the scope of their application.

Creation of conditions for collaboration between the human and the
robot will provide efficiency and productivity of technological processes at
the expense of division and automatization of operations. In the future, it is
necessary to solve complex problems of information processing in the
interaction of a human and robot, the study of human-agent characteristics
in the robotic system HRI, also to investigate effective solutions for the
distribution of functions between humans and robots with different degrees
of autonomy.

The reported study was partially funded by RFBR according to the
research project Ne 19-08-00331.
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AHHOTAIUSA

B crarbe omnmchIBarOTCA poNb M MECTO  KOJUIADOpaTHBHOM
pPOOOTOTEXHUKM B aBTOMATH3alMU pPAa3IHYHBIX BHJOB YEIOBEYECKOM
JeITENIbHOCTH B YCIOBUSIX OypHOTO  INPOMBIIUIEHHOTO — Pa3BUTHS.
Kommabopammss genmoBeka W poboTa B eIWHOW paboueil 30HE SBiISETCA
cTuMmynmpylomeld  ocobenHocTeio Uumyctpum  4.0. K akryamsHBIM
HCCIIEIOBAaHUSAM B 00JIACTH KOJIIa0OPAaTHBHOW POOOTOTEXHHKH OTHOCSTCS
mpobieMbl  pa3paboTKH 0e30macHBIX POOOTOB B CHCTEMaxX YEIOBEKO-
MAaIIMHHOTO B3aHMMOJCHCTBHA. 3a CUET TECHOT'O B3aMMOJCHCTBHS YEIOBEKa
1 poboTa, OONBIIMHCTBO MPOOIEM POOOTOTEXHHWKH CBS3aHBI HE TOJBKO C
TEXHMYECKUMH BOIMPOCaMH, HO M C COIMalbHBIMH acrekramu. lllupoko
UCIIONIb3YEeTCsl ONTHUMHU3AIMSA U aBTOMATH3aLMs JesTeIbHOCTH YelloBeKa 3a
CueT BHEJpEeHHs1 poOOTH3NPOBAHHBIX pellleHnil. B mepcrnekTuse 3To craHeTr
OCHOBOI1 BCEX OM3HEC-TTPOIIECCOB.

KaioueBbie cioBa: aBTOMaTH3aLus, KOOTEpaIHs, COCYIIECTBOBAHHE,
B3aUMOJIEHCTBUE 4YeJloBeKa M poboTa, KoJutaboparms, KoiadopaTHBHBIC
poOOTEI, 6E30TTaCHOCTD.

PazButne poboTtoTexHUKH M 3P (HEKTHBHOCTH €€ MPUMEHEHUS BIHSIOT
Ha TIOBBIIICHWE ITIPOM3BOJWTEIFHOCTH TpPyJa W IIOBBIIICHHE KadyecTBa
BBITyCKa€MON TPOAYKIMH, 4YTO TaKXe CIOCOOCTBYEeT MOJECpPHU3AINN
TEXHOJIOTHYECKUX TpoueccoB. [lo Mepe pocta (QyHKIMOHATBHBIX
BO3MOXKHOCTEH pOOOTOB MHOTOKPATHO BO3POCIO  KOJHMYECTBO  HX
BO3MOJXKHBIX NPUMEHEHUI B Pa3NM4HbIX cepax NesTelIbHOCTH YellOBEKa,
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TEM He MEHee Ha CErOJHSIIHHUN JIeHb MHOXKECTBO pabO4HX MPOILIECCOB IO-
MPpEKHEMY OCTAarOTCA HEBO3MOXHBI B HCIOJIB30BAHUU IIpU MMOJTHOM
aBTOMaTrH3anuyu. TakuM o0pa3oM, BO3HHKAET MOTPEOHOCTh B COBMECTHOIM
pabore uenmoBeka M poOOTa TPH BBHIMOJHEHUH MOCTABICHHBIX 3a/ad.
VYyactne uYenoBeKa B MPOU3BOJCTBEHHOM IIPOIECCE COBMECTHO C
KOJUTAOOpaTHBHBIM POOOTOM CO3JaeT CIIOXKHYIO CHCTEMY YIPaBICHUS —
Ha30BEM €€ 3PraTH4ecKoi POOOTOTEXHHYECKOH CHCTEMOW YIpaBIICHUS
KOJUTa0OpaTHBHBIM pOOOTOM. 3ajmada JAaHHON 3PraTHYECKOM CHCTEMBI
3aKJII0YaeTCsl B KOIIabopanyy Ipolecca B3aHMMOJCHCTBHA YeIOBEKa MU
poboTa, THE OSJIEMEHTHl CHUCTEMBI — HHTEUIEKTyalbHbIE areHTHIL.
Heo6xoaumMo y4InuTHIBaTh OpPraHM3aIMI0 B3aUMOJCHCTBHA M COTIIACOBHIBATH
BO3MOXXHOCTHU paccMaTpuBaACMBIX HMHTCJUICKTYaJIbHbBIX arcHTOB npu
PEHICHNHU TTOCTABJICHHBIX ITPOU3BOACTBCHHBIX 3ajJiay.

PoGoToTexHHKka — 3TO OTpacib TEXHOJOIHWH, B IEepedeHb BOIIPOCOB
KOTOPOW OTHOCSITCSI: NPOEKTHPOBAHUE, KOHCTPYHPOBAHHUE, DKCILTyaTallys
poboToB. B moHMMaHNM Yen0BEKO-pOOOTOTEXHUYECKOTO B3aMMOJICHCTBHA
TaKCOHOMMS TO3BOJISIET MOHITH IPUHIUIIEI U TPAKTHKY KIACCU(PHUKALNH U
CHCTEeMaTH3aLlIH CIIOKHBIX HEPAPXUUECKN B3aHMOCBSI3aHHBIX OOBEKTOB.

CymecTBYIOT BaXKHbIE aCTEeKTHI, CBS3aHHBIE C  0E30IaCHBIM
B3aMMOJEHCTBHEM dYeloBeka M poboTa. Bo-mepBbIX, 0e30macHOCTH
obecrieunBaeTcsl 3a CYET CTAaHAApPTOB W HOPMAaTHBHBIX akToB. llpm
B3aMMOJEHCTBUH YEJIOBEKAa U poOOTa HEOOXOAUMO YUUTHIBATH CIIEAYIOLIEE:
BpEX, NIPUYHMHEHHBIH CTOJIKHOBEHHEM YEeJI0BEKa 51 poborta,
ncuxodusnonornueckuii 3dpdexkr koHTakTa ¢ poOOTOM, HeOE30MmacHBIH
HoAX0J K poOOTYy B pabodyeM NpOCTPaHCTBE, yCTAaHOBKA TATYMKOB poOOTa U
MIPaBUIIHOCTD aJTOPUTMOB YIIPAaBIEHUS POOOTOTEXHUYECKOH CHCTEMOM.
Pa3paboTka coBepIIeHHOW TaKCOHOMHH CTaHIApTOB OYJET MpOaOIDKATHCS
10 Mepe COBEPUICHCTBOBAaHUS TeXHOJOTWH. CleayeT HpennoioXuTh, Y4TO
MUK TEXHWYECKOTO IpOTpecca HUKOTAA HE HACTYIHT H3-3a CIOKHOCTH
TIO3HAHMS TPUPOJBI YeJIOBeKa W OE3rpaHWYHOCTH €ro COo3HaHusA. Tem He
MEHee, MBI IIBITAEMCSl ONHUpaThcs Ha pa3pabOTaHHBIE TMIpaBWIA U
CYIIECTBYIOIIME KJIACCH(UKAINU OCHOBHBIX HOPM O€30MacHOCTH s
noctpoeHus 3()(EeKTHBHOW CHUCTEMBl YNPaBICHUS B  3PraTudeckon
POOOTOTEXHUIECKOH CHCTEME.

HpI/IMeHCHI/IC TEXHOJIOTUM HNCKYCCTBCHHOT'O MHTECJIJICKTA, aIallTUBHOT'O
O6y‘IeHI/Iﬂ U CUCTEM TCXHUYCCKOTO 3pCHUA 3HAYWUTCIBHO IIOBBIIIAKOT
BO3MOXKHOCTH POOOTOB. YUeT XapaKkTepHUCTHK KOJIa0OpaTUBHBIX POOOTOB,
TaKMX KaK KOMIIAKTHOCTb, IIPOCTOTa HEPENporpaMMHPOBAHUS U
CTaHzapTu3anus B 001acTi 0€30MaCHOCTH MTO3BOISIET PacIIUPUTh chepy ux
MIPUMEHEHHSI.

KomrabopaTtrnBHast poOOTOTEXHHKA COUETAET B cede JTydIlne KadyecTBa
yenoBeka W pobota. CBoicTBa poOOTa MO3BOJSIOT JOCTHYH BBICOKOTO
YPOBHS TOYHOCTH, CKOPOCTH M TIOBTOpSeMOCTH. B coderanum c
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KOTHUTHUBHBIMH XapaKTEPUCTHKaMH 4YeJIOBEKa IPOIECC B3aUMOJACHCTBUS
MIO3BOJIUT JOCTUYB JTYUIIHX MTOKA3aTelNeH.

Co3anve ycnoBWil aisl B3aUMOJEHCTBUSL 4YenoBeka M pobora
obecrieuuT  APPEKTUBHOCTE M  NPOAYKTHBHOCTH  TEXHOJOTHUECKHX
MPOLIECCOB 3a CUET pasJeleHUs] W aBTOMAaTH3aluM onepauuii. B
JaJpHeWIIeM HeoOXOAMMO pEIUUTh CIOXKHBIE 3amaud  00paboTKH
uHQOpPMAIMK TIPH  B3aUMOJCHCTBUHM 4YeNOBeKa M podoTa, HU3YYHUTh
XapaKTePUCTUKH YeIOBeKa-areHTa B pOOOTOTEXHUUECKOH CHCTEME, a TaKKe
nccienoBaTh 3(pPeKTUBHBIEC PEICHHS I pactpeneneHus GyHKINH MeXIY
JIIOBMU U pOOOTaMU € Pa3sTMYHON CTEIIEHBI0 ABTOHOMHOCTH.

Hccredosanue 8vinonneHo npu yacmuyHou UHAHCOB0U NOOOepicKe
PODU 6 pamkax nayunozo npoexma Ne 19-08-00331.
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A.N. Semochkin, S. Zabihifar, A.R. Efimov
GRASPING OF OBJECTS BY MANIPULATOR WITH
SPECIFIED METHOD USING KEYPOINTS

Sberbank Robotics Laboratory, Moscow
Semochkin.A.N@sberbank.ru, Zabikhifar.S@sberbank.ru,
AREfimov@sberbank.ru

The solution of the problem of taking objects by the manipulator at
pre-defined points and pre-defined grasping methods for cases of arbitrary
location and orientation of objects is considered. The main idea is to search
on a real object for key points specified by the human operator in the image
of this object. Due to the fact that these points can be localized on the
object, it is possible to scale the sequence of robot manipulations recorded
for one case, on the situation of arbitrary location and orientation of the
object in the working area of the robot. For recognition of the set points and
capture of object in vicinities of the specified points the robot manipulator
equipped with working body in the form of a combination of the camera of
depth and anthropomorphic grasping system is used.

To solve the problem of finding key points in the image of the object,
we relied on the works [1], [2], which used convolutional neural network.
Using a neural network, we can map from the color image space to the
descriptors space in such a way that for two pixels from two different object
images corresponding to one point on the object surface, the distance
between their descriptors is minimal. As a result of this training, the neural
network forms an idea of the shape of the object from any of its image. In
our work, we use a robot manipulator to automatically create a dataset for
training such a neural network. We also propose a new automatic method of
capturing an object at user-defined points, applicable to grippers with a
large number of degrees of freedom such as the anthropomorphic brush
used in our installation, and to simpler ones. In our experiments, the user
defines two key points on the image of the object, then in free-motion
mode, the robot moves by human so as to capture the object in a certain
place with a certain orientation and configuration of the gripper. The
training procedure can be easily performed using a graphical user interface
without programming. Grasping an object and manipulating it is carried out
in the same way as humans do, since anthropomorphic hand is used (Fig. 1).
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Figure 1 — Different configurations of anthropomorphic hand
when manipulating an object

The novelty of these demonstrations is that our method is able to
handle large variations within a category of objects without any specific
configuration for a particular type of objects.

In this paper, we present an approach to object manipulation using
semantic key points, which provides the ability to operate on classes of
objects of different sizes and deformations. Moreover, it allows you to form
actions to capture and move the object in an interactive mode of interaction
between the human operator and the robot without the need for
programming tasks.

1. P. R. Florence, L. Manuelli, and R. Tedrake, “Dense Object Nets:
Learning Dense Visual Object Descriptors By and For Robotic
Manipulation,” arXiv, pp. 1-12, 2018.

2. M. Klingensmith, I. Dryanovski, S. Srinivasa, and J. Xiao, “Chisel:
Real Time Large Scale 3D Reconstruction Onboard a Mobile Device
using Spatially Hashed Signed Distance Fields,”
Robotics:ScienceandSystems, vol. 4, 2015.
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1140 Coepbanx, Jlabopamopus pobomomexnuxu, Mockaa,
Semochkin.A.N@sberbank.ru, Zabikhifar.S@sberbank.ru,
AREfimov@sberbank.ru

PaccmartpuBaetcs perieHue 3a1a4u B3STHI 0OBEKTOB MAaHHUITYJIATOPOM
B 3apaHee OIPEAEICHHBIX TOYKAX W 3apaHee ONpeeIeHHBIMU CIoco0aMu
3axBaTa MU CIy4aeB IPOM3BOJIBHOTO pACIONOXKEHUS U OpHEHTalluu
00bexToB. OCHOBHAsI MJes 3aK/IIOYaeTCs B MOUCKE HAa PealbHOM 00BeKTe
KITIOUEBBIX TOYEK, 33JaBaeMbIX ONEpPaTOpOM-4YeJIOBEKOM Ha W300pa)kKeHHH
9TOro o0bBeKTa. B cmiry TOro, 4ro 3TH TOYKH MOXKHO JIOKaJM30BaTh Ha
00bEeKTe, TO  BO3MOXHO  MAacImITadMpOBaTh  IIOCIEIOBATEIHHOCTH
MaHHIYJIOUA poOoTa, 3alMCaHHBIX UIS OIHOTO Ciydas, Ha CHTyalun
MIPOU3BOJIEHOTO PACIIOJIOKEHHSI M OpHEeHTanu 00BeKTa B pabodeil obmactu
poGota. [lns pacno3HaBaHUS 3aJaHHBIX TOYEK M 3axBaTa OObBEKTa B
OKpPECTHOCTAX YKa3aHHBIX TOUYEK HCIOIb3YyeTcs pPOOOT-MaHHITYJISITOP,
OCHAIIICHHBIN pa0oYlM OpPraHoOM B BHJE KOMOWHAIMHM KaMepbl TIyOWHBI U
AHTPOTIOMOP(HO 3aXBaTHOM CHCTEMBI.

Jnst peuleHus 3aadM MOWCKA KIIOYEBBIX TOYEK Ha W300pakeHHH
00BEKTa MBI OMHPATUCH HA padoThl [1], [2], B KOTOPBIX HCIOJB30BaNIaCh
cBéprouHass HeWpoHHass ceTb. C MOMOINBIO HEHPOHHOM CEeTH MOXHO
MIOCTPOUTH OTOOpaKEHHE W3 TPOCTPAHCTBA IBETHBIX H300pakKeHHH B
MIPOCTPAHCTBO JIECKPUITOPOB TaKMM 00pa3oM, 4TOOBI IS ABYX IMHUKCEIEH
13 JIBYX Pa3HBIX M300pa’keHWil 00BEKTa, COOTBETCTBYIOUINX OJHOM TOUYKe
Ha TIOBEPXHOCTH OOBEKTA, PACCTOSHUE MEXKIY HX IECKPHITOPaMHU OBLIO
MHHHUMaIbHO. B pe3ynprate Takoro oOy4yeHust HeHpoHHAas ceTh (OPMHUPYET
mpeacTaBieHne o popme oObeKTa Mo JF0oMy ero n3o0paxennto. B Hamreit
pabore wucmonb3yeTcs PpoOOTa-MaHUMYJSATOP Il  aBTOMAaTHYECKOTO
co3JaHusl 00ydaroleil BEIOOPKH JUIsi TPEHUPOBKU TaKOW HEHMPOHHOH CETH.
Taxke HamMu mpe[ularaeTcsi HOBBIH aBTOMATHUECKMH CIOCOO 3axBara
00beKTa B 33JaHHBIX IOJH30BATEIEM TOYKAX, IIPUMEHUMBIH K 3aXBaTHBIM
yCTpOHMCTBaM KakK € OONBIIMM KOJMYECTBOM CTENEeHEell CBOOOIBI THIIA
aHTPONOMOP(HON KHCTH, WCIIOJIH30BAHHOW B Halleld YCTaHOBKE, TaKk M K
Oosiee IpoCTHIM. B Hammx SKCIeprMEHTax IOJIB30BATENb ONMPEAEIIeT JIBE
KITIOUEBBIE TOYKHM Ha N300pa)XKEHHN OOBEKTa, 3aT€M B PEXHUME CBOOOIHOTO
JBIDKEHUSI POOOT TepeMemiaeTcsi TakK, 4YTOOBl 3aXBAaTHUTh OOBEKT B
OTIPEeNIeJICHHOM MeCT€ C OIpEeNeNeHHOW OpHeHTalmued W KOHQHUryparmen
3axBaTHOTo ycTpoicrea. Ilpomemypa oOydeHHs MOXKET OBITh JIETKO
BBINOJIHEHA C WMCIONb30BaHUEM Tpaduueckoro mHTEpdelca Mmonb30BaTess
06e3 mnporpamMupoBanus. lcnonb3oBaHne aHTPONOMOP(HOrO 3axBara
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npeanojiara€t OCymeCTBICHUE XBaTaHUA W MaHUNYJSIUA C O6'I)CKT8.MI/I
TaKUM K€ 00pa3oM, Kak 3To JenaeT yesioBek (Pucynok 1).

=
A

Pucynox 1 — Paznmansie KOH(GUTYpaI aHTPOIIOMOP(HOTO 3aXBaTa
IPY MaHUITYJSILHUAX ¢ 00BEKTOM

HoBu3Ha 3THX AEMOHCTpAIMii 3aKIIOYaeTcss B TOM, YTO HAIl METO[
criocoOeH 00pabaThIBaTh OOJBINHE BapHALMU BHYTPH KaTETOPHH OOBEKTOB
0e3 KakoU-ITnO0 KOHKPETHOW HACTPOUKH IO YACTHBIA THIT OOHEKTOB.

B oroif cratee MBI MPEACTAaBISIEM MOAXOX K MAHUITYJALHUAM
00bEKTaMH C WCHOJb30BAHUEM CEMAHTHYECKHX KIIOUEBBIX TOYEK, HUTO
obecrieunBaeT BO3MOXKHOCTH OINEPHPOBATh Cpa3y KiaccaMH OOBEKTOB
pasnu4yHOro pasmepa u aAedopmanuu. bomee Toro, 3To MO3BONSAET
(dbopMupoBaTh JEWCTBHS 10 3aXBaTy W IEpEeMEUICHUsIM OOBEKTa B
WHTEPaKTUBHOM DPEXHMME B3aMMOIEHCTBHUSI OoIleparopa-deioBeka U podoTa
6e3 HeoOXOAMMOCTH NMPOTPaMMHUPOBAHHMS 33/1a4.

1. P. R. Florence, L. Manuelli, and R. Tedrake, “Dense Object Nets:
Learning Dense Visual Object Descriptors By and For Robotic
Manipulation,” arXiv, pp. 1-12, 2018.

2. M. Klingensmith, I. Dryanovski, S. Srinivasa, and J. Xiao, “Chisel:
Real Time Large Scale 3D Reconstruction Onboard a Mobile Device
using Spatially Hashed Signed Distance Fields,”
Robotics:ScienceandSystems, vol. 4, 2015.
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The article considers a simulation modelling problem related to the
chess game process occurring between two three-tier manipulator robots.
The objective of the game construction lies in developing the procedure of
effective control of the autonomous manipulator robots located in a
common operating environment. The simulation model is a preliminary
stage of building a natural complex that would provide cooperation of
several manipulator robots within a common operating environment. The
main focus of the work is the construction of models and robotic complexes
that would allow obtaining necessary research and development skills
related to the robot cooperation in groups and their coordinated actions to
solve the problems that require participation of several robots and/or
heterogeneous "robot-human" groups.

The important subset of such problems is comprised of the operations
that are executed by several robots or in robot-human groups. They are also
called "collaborative robots" [1]. The main requirement set for such robot-
robot groups or robot-human groups is taking into account other group
members or coordination of their engagement. Thus, in various assembly
operations, robots must adhere to a certain sequence of actions. Therefore,
the chess game between two manipulator robots may become a useful
model for developing the robot operation algorithms, their sequence of
actions etc. Moreover, using the framework of the model, it is also possible
to master various types of grips and/or to optimize the control system used
for grabbing different objects etc. [2].

Currently, there are several implementation types of mechatronic
devices [3, 4] that move chess pieces on the board and choose the move.
Industrial robots are also used when moving the chess pieces in a robot-
human game or in other games like Go [3]. However, the work is focused
on the chess game between two manipulator robots. This problem is a part
of a wider research on a robot-robot and robot-human cooperation as well as
the robot training.

In order to simulate the chess game between two manipulator robots,
we have developed a program that implements and demonstrates the process
as a sequence of 3D stages. The program has been developed in C# using
Unity, a cross-platform environment for the computer game
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development [5]. The program provides accumulation and output of
measurable data per each simulated game. In particular, it is possible to
measure the length of the grip trajectory as well as the time required for
each move. These indicators can be used to optimize the movement of
manipulators, for example in relation to the operating speed and/or power
consumption.

The chess context allows working over structure and combination of
algorithmic and program elements, their cooperation as well as optimizing
the parameters.

The developed module totality of the simulation model showed its
functionality, making it possible to develop it further in the direction of the
simulation & nature research complex.

1. A.S. Yushchenko, K.V. Ermishin. Collaborative Mobile Robots - a
New Stage of Robotics / Works of International Scientific and
Technological Conference "Extreme Robotics". Saint Petersburg:
AP4Print LLP. 2016. p. 480. pp. 455-459.

2. Arm Dynamics. URL: https://www.armdynamics.com/

3. V.Ye. Pavlovsky, A.V. Podoprosvetov, V.S. Smolin, I.A. Orlov.
ManGo Manipulator with Intelligent Technologies // Intellectual
Systems and Technologies: Modern Condition and Prospects.
Collection of Scientific Papers of IV International Summer Seminar
School on Artificial Intelligence (Saint Petersburg: June 30 - July 30,
2017). Saint Petersburg: Politeknika-Servis. 2017. p. 224. pp. 128-137.

4. ChessBot - wooden chess-playing robot. URL: https://youtu.be/tmG-
FIrXAj8

5. Unity, a cross-platform environment for the computer game
development. URL: https://unity.com
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B crarbe paccMmaTtpuBaercs 3aaua UMHTAIMOHHOTO MOJEIUPOBAHUS
nmpouecca Urpbl JABYX TPEX3BCHHLIX MAHUITYJIATOPOB B IIaxMaThbl JAPYyT C
apyrom. Llems mocTpoeHust MOJenH 3aKIF4YaeTcsl B 0TpabOTKe MpOoLeayphl
3¢ (PEKTUBHOTO YNpaBIEHUsS aBTOHOMHBIMH MaHHMITYJSITOPAMUA B €JHMHOM
ONIEpAllMOHHOM  IPOCTpaHCTBE. VMWTanMOHHAas  MOJENb  SIBISIETCS
NIPEABAPUTENBHBIM ~ 3TAallOM  CO3JaHUs ~ HATYpHOTO  KOMIUIEKCa,
00ecIeuynBaONIET0 B3aNMOJCHCTBHE TPYIIBI MAHMITYJISITOPOB B 00IIEM
OTIEpAIIMOHHOM TIpOcTpaHcTBe. PaboTa HampasieHa Ha CO37jaHue MoJeNel 1
POOOTOTEXHNYECKNX KOMILIEKCOB, KOTOPBHIE ITO3BOJIMIIM OBl MONYyYHTh
HaBBIKM Pa3pabOTKU M MCCIEJOBAaHMS B3aMMOJECHCTBHS POOOTOB B IpymIax
U CKOOPIMHHPOBAHHOTO pEIICHUS WMH 3ajgad, TPeOyIOmMX Y4acThs
HECKOJBKUX POOOTOB W/MITM T€TEPOTeHHBIX TPYII POOOTOB U JIFOJEH.

BakHOoe TOAMHOXKECTBO TakMX 3aJad COCTAaBIISIIOT — OIEpallvy,
BBITIOJIHSIEMbIE TPYINNONH pPOOOTOB WIIM COBMECTHO C YEJIOBEKOM. JTO TaKk
Ha3bIBaeMble KoytabopaTuBHBIE poOOTHI [1]. BaxkubiM TpeOoBaHueM B
TaKUM TPyIIaM poOOTOB, WIIM B YEJIOBEKO-MAaIIMHHBIM TPYIIaM, SIBJISETCS
yUYeT JIPYTruX WICHOB IPYINBI WM KOOPJMHAIMS WX COBMECTHOH paboTHI
Bo BceBO3MOXHBIX COOPOYHBIX IPOU3BOICTBAX POOOTAM BaXKHO COOJIIOCTH
OIIpEZIeTICHHYIO IOCIIEA0BAaTENIFHOCTD JecTBuid. U 1maxmarHas mapTust
JBYX POOOTOB-MaHHIYJIATOPOB MOXKET MOCITY>KUTH yJOOHOW MOJENBIO IS
0TpaboTKH AITOPUTMOB (hyHKIMOHUPOBAHUS po6oToB,
MOCJIENOBATENILHOCTH UX JeHCcTBUM U T.. Kpome Toro, B pamkax Takoi
MOJIENH MOTYT OBITh OTPaOOTaHbI pa3INYHbIC BAPUAHTHI 3aXBATOB, CHCTEMA
yIOpaBIEeHUS YCHIMEM 3axXBaTa Ui pa3HbIX IPEAMETOB U 1Ip. [2].

B Hacrosimiee BpeMsi CyIIECTBYET psili peajM3alldii MeXaTpPOHHBIX
ycTpoiicTB [3, 4], obecrieunBammKX epeMelieHne GUryp Ha MaxMaTHOU
JIOCKa 1 BBIOOp X07a poboToM. KpoMme TOro, MpUMEHSIOT U IPOMBIIIIIEHHBIX
poOoTOB JyIs IepeMenieHus GUTyp B MIAXMAaTHON WUTPE C YEIOBEKOM WIIU B
JpYTHX BUAax Wrp, Hampumep, B urpe ['o [3]. Ognako, B gaHHOI padote
paccMaTpMBaeTCsi CHUTyallMsi WIPBl MEXIy co0oi JaByX poOOTOB-
MaHMIYJIATOPOB, B KOHTEKCTE [IAXMAaTHOM Wrppl. OTa 3a1ada
paccMaTpuBaeTcsi KakK ~ 3JEMEHT I[IMPOKOTO Kpyra  HCCIIETOBAHUH
B3aUMOJEHCTBUSI POOOTOB B IpyMIax, C YEJIOBEKOM, a TaKke OOydeHHs
POOOTOB YETTOBEKOM.

Jis MomenupoBaHWSI TApTHM LIAXMAaTHOM WIPBl ABYX pPOOOTOB-
MaHMITYyJIATOPOB ~ MEXAYy co00if  Obuta  pa3paboTaHa  Iporpamma,
peanm3ylomas ¥ OTOOpakamomias  3TOT  Tpouecc B BHIC
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nocienosarenbHoctd 3D crieH. [Iporpamma paspaborana Ha si3bike CH ¢
MOMOIIBI0 MEXKIUIATHOPMEHHON Cpeabl pa3pabOTKH KOMIIBIOTEPHBIX HIP
Unity[5]. Tlporpamma TmO03BOJISIET HaKalJUBaTh K BBIBOJAWUTH JAaHHEIE,
KOTOpBIE MOTYT OBITH M3MEPEHBI B DPE3yJIbTaTe MOJCIUPOBAHUS MMapPTUH
urpel. B YacTHOCTH, B BBITOJHCHHBIX JKCICPUMEHTAX H3MEPECHUIO
JOCTYITHBI POTSHKCHHOCTD ITYTH U BPEMsI BHITIOJIHECHHUS KaXXIOTO U3 XOJOB.
OTH MOKa3aTeNd MOTYT OBITH MCIIONB30BAHBI IS ONTHMHU3ALNH TBHKCHUS
MaHUITYJIATOPOB, HAIPUMEp, IO CKOPOCTH BEHITIOJHEHUS OIEpalnil W/Win
SHepro3aTpaTam.

[IMaxmMaTHBIT KOHTEKCT ITO3BOJSET OTPAabOTaTh CTPYKTYPY M COCTaB
ANTOPUTMHUYECKAX W TPOTPAMMHBIX JJIEMEHTOB, WX B3aMMOJCHCTBHE U
ONTUMU3UPOBATH IAPAMETPHI.

PazpaboTaHHass COBOKYMHOCTh MOAYJIEH HWMHTAIIMOHHOW MOJENH
NOKa3asa CBOI (PYHKIIMOHAIBHOCTbB, YTO Ja€T OCHOBAaHHE VIS €€ Pa3BHTUS
B HAlpaBJICHUHM CO3JAaHHUS MMHUTAIIMOHHO-HATYPHOTO HCCIIEIOBATEIBCKOTO
KOMILIEKCA.

1. HOmenko A.C., Epmummmu K.B. KomnmaGoparuBable MOOMIBHBIE
poOOTBI — HOBBIA 3Tanm pa3BuTHsA poOororexHuku // Tpyasl
MexayHapogHou Hay4HO-TEXHUYECKOU KOH(EepeHITNH
«OxcTpemanbsHas pobororexHuka». CII6: OO0 «All4IlpunT». 2016.
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2. Arm Dynamics. URL: https://www.armdynamics.com/
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Manunynsatop Manl'0o ¢ HMHTEIUIEKTYaJlIbHBIMH  TEXHOJOTHUSAMH  //
WHTenneKkTyaabHble CUCTEMBI U TEXHOJIOTHH: COBPEMEHHOE COCTOSIHUE
n nepcrektuBbl. COOpHMK HaydHBIX TpyaoB IV MexayHapoxHoi
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[erepOypr, 30 uronst — 3 uronst 2017 r.). CII6.: [lonurexHuKa-cepBHC.
2017.224 c. C. 128-137.

4. ChessBot - wooden chess-playing robot. URL: https://youtu.be/tmG-
FIrXAj8

5. MexmnardopmenHas cpea pa3padOTKH KOMITBIOTEPHBIX urp «Unity».
URL: https://unity.com
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Robotic systems (RTS) include the latest advances in mechanics,
electronics, computer science and many other areas of knowledge that are
necessary to know both operators and RTS developers. Training of
professional personnel, selection of the most motivated young people for
further training in more in-depth aspects of robotics may require a long
cycle of training, most fully implemented within the framework of the
concept of continuing education. [1]

Due to the complexity of the system, sensory redundancy and
diversity of applications, RTS represent a variety of interrelated options for
the interaction of robotics and humans. At the same time, a person can act
as a simple user — operator of a single RTS, and as a Manager of a group of
communicating and self-organizing RTS having elements of artificial
intelligence in control systems.

The need to consider many interrelated factors in the evaluation
processes of the functioning of the RTS, the complexity and high cost of
modern RTS creates a number of problems in the "classical" scheme of
development, testing and implementation into production of new models of
RTS. One of the fundamental problems is the inevitable increase in the
complexity of software and hardware of RTS control systems and the
associated progressive increase in the volume of testing options and
combinations of RTS States requiring assessment for efficiency and safety.
The mass use of advanced neural network solutions for the
intellectualization of RTS brings its share of tasks related to the training of
neural networks and expert systems of elements of "intelligent" control
systems (ICS), evaluation of the quality of training, the stability of the
obtained solutions under uncertainty.

As part of the research "Virtual training space", performed by the IPI
"[EP", developed the concept and layout of hardware - software complex
virtualization advanced testing of human - machine robotic systems "Virtual
test site RTS". This system implements the methods and algorithms of
simulation modeling of RTS application, includes a set of tools that allow to
simulate, visualize and evaluate the potential results of the use of multiple
RTS in the conditions specified by the simulation scenario and the
effectiveness of the "operators — server VTS - robots" link [2].
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Further development of such modeling systems will allow to
implement the concept of full transfer of robotic "inconvenient" processes
in a virtual environment, in order to reduce the real negative effects in the
search and selection of technical and technological solutions.

1. Umnikov E.V., Tsarkov A.N., Grachev V.A. Educational aspects of the
use of simulation tools for intelligent control systems "virtual polygon»
/I Proceedings of the VIII all-Russian scientific and practical
conference "Modern continuous education and innovative
developmenty. 2018. C. 133-137.

2. Umnikov E.V., Grachev V.A., Murashov A.G. The concept of a virtual
multi platform for the robotic systems simulation test - materials of the
XI All-Russian Scientific and Practical Conference "Perspective
Systems and Management Problems"; South Federal University. -
Rostov-on-Don: Publishing house of the Southern Federal University,
T. 2.-2016.
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IMPUMEHEHMEM BUPTYAJIBHOI'O ITIOJIUT'OHA

Meoicpeauonanvroe obuecmeenoe yupesxicoenue
«HUncmumym unsicenepnoii uzuxuy, 2. Cepnyxog
rtk@jifmail.ru

PoGororexunyeckne cuctemsl (PTC) Bkmrouaror B cebst camble
COBpPEMCHHBIC JOCTIKCHUSI MEXaHWKH, JJICKTPOHUKH, HH(OPMATHKH U
MHOTHX JpPYrHX o0OJacTeldl 3HAaHUH, KOTOpBIE HEOOXOAWMO 3HATh Kak
oreparopam, Tak u paszpadorurkam PTC. [TonroroBka npodeccnoHambHBIX
KaJpoB, oTOOp Hanboyiee MOTHBHUPOBAHHON MOJOJCKH K JalbHEHIIEMY
o0y4yeHur0 Bce Oojiee YIIIyOJICHHBIM acleKTaM pPOOOTOTEXHHKHA MOXKET
NoTpeOOBaTh  JUIUTENBHOTO  LUKJIa  OOydYeHus, Hauboiee  IOJHO
peann3yeMoro B paMKax KOHIIETIIIUU HEMPepBIBHOTO 00pa3oBaHus. [1]

B cuminy cuCTeMHOH CIIOXKHOCTH, CEHCOPHOW H30BITOYHOCTH U
MHOTromjgaHoBocTd  npumeHeHud, PTC mnpencTaBiasioT  MHOXECTBO
B3aMMOCBSI3aHHBIX ~ BapHaHTOB  B3aMMOJCHUCTBHS  POOOTOTEXHUKH U
yesoBeKa. [Ipy 3TOM UYEIOBEK MOXKET BBICTYNATh KaK B POJIM IMPOCTOTO
monp3oBarenss — omeparopa eauHnyHoil PTC, Tak W ympaBisiomuM
TPYyNIUPOBKON  coobmaromuxcss u  camoopranmsyromuxcsi  PTC,
HMEIOLIMMH  JJIEMEHTBl MCKYCCTBEHHOTO HWHTEJUIEKTa B  CHCTEMax
yTIpaBICHUSI.

Heo0x0auMOCTh yUUTHIBATH MHOXKECTBO B3aUMOCBSI3aHHBIX (DAaKTOPOB
npu OLeHKe TporeccoB GpyHkunonupoBanust PTC, cl0XXHOCTh M BBICOKas
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ctoumMocTsh  coBpeMeHHBIX PTC, mopoxmaer psg  mpobiem B
«KJIACCHUECKOW» CcXeMe pa3pabdOTKH, TECTUPOBAaHMS U BHEIpPEHHS B
MPOU3BOJICTBO HOBBIX 00pasnoB PTC. OmHOM W3 NPHUHIMIHAATBHBIX
mpoOieM  sBIsieTCSt HEW30EXKHBIH  POCT  CIOXKHOCTH — ITPOTPaMMHO-
anmnapaTHoro odecniedenus: cucreM ynpasienusi PTC u cBsi3aHHBIH ¢ 3TUM
MIPOTPECCHPYIOIINIA pPOCT 00beMa TECTHPOBAHHS BapHaHTOB AEHCTBUI H
komOuHarui coctostanii PTC TpeOyromux omeHKH Ha 3()(EeKTHBHOCTH U
6e30omacHOCTE. MaccoBoe HCIOJIB30BaHUE MEPCIEKTUBHBIX HEHPOCETEBBIX
pemreHnit s mHTEekTyanunzanun PTC BHOCHT CBOIO [IONIO 3ajad,
CBSI3aHHBIX C OOydUeHHEM HeHpoceTe M IKCIEPTHBIX CHUCTEM DJIEMEHTOB
«MHTEIUIeKTyanbHBIX» cucteM ympasienus (MCY), omeHkod kadecTBa
00yd4eHust, CTaOMIbHOCTH (YHKIIMOHUPOBAHUS IIOJyYCHHBIX PELICHUH B
YCIIOBUSX HEONPEIEICHHOCTH.

B pamkax HUP «BuptyanpHblif moauron», BeimonHsemoir MOY
«VN®D», pazpabaTbiBaeTCss KOHLEIIUS 1 MAaKET IPOrPaMMHO- allapaTHOTO
KOMIUIEKCA BUPTyalU3allMd  OMNEPEeXKAIONMX  HUCIBITAHUN  4YEIOBEKO-
MAaIIMHHBIX POOOTOTEXHUYECKHX cucTeM «BupryansHeiii nomuron PTCy.
JanHas cucreMa peaqu3yeT METOAbl M aITOPUTMBl HWMHTAIMOHHOTO
MogenupoBanus npuMeneHust PTC, Bitoyaer B cebs KOMIUIEKC CPEICTB,
MO3BOJISIIOIINX ~ TIPOMOJIENMPOBATh,  BU3YAJH3HPOBAaTh W OICHHUTH
MIOTCHLIMANBHBIE PE3YNbTaThl HCIONB30BaHUS MHOXecTBeHHbIX PTC B
YCIIOBUSIX 33JaHHBIX CIICHApHUEM MOJCIUPOBAHUA U 3GPEKTUBHOCTD CBA3KU
«ormeparopsl — cepep BII - pobote» [2].

JlanbHeiiee pa3BUTHE MOTOOHBIX CUCTEM MOJIEITUPOBAHHS TTO3BOJIHUT
peanu3oBaTh  KOHIEMIHMIO  IIOJIHOTO  TEepeHoca  poOOTH3HPOBAHHBIX
«HEYZAOOHBIX» TIPOIECCOB B BHPTYAJIbHYIO CpEIy, C ILIEJbI0 CHIDKCHUS
peaJbHBIX HeraTUBHBIX S(QEKToB B Ipolecce NOWCKa M 1oadopa
TEXHUYECKHUX U TEXHOJOTMUYECKUX pPeIIeHUI.

1. VYmuukoB E.B., IlapskoB A.H., I'paue B.A. OO6pa3oBarenbHble
aCTieKThl TPUMEHEHUS CpEICTB HMHTAIMOHHOTO MOJAEIHPOBAHUS
MHTEIIEKTYaJIbHBIX CHCTEM YIIPABICHHUS «BHPTYaJIbHBIH MOJHUTOH» //
Co6opauk  TpymoB ydactHukoB VIII  Bceepoccuiickoit  HaydHO-
MIPaKTHYECKON KOH(pepeHInn «CoBpeMeHHOe HETPEPHIBHOE
00pa3oBaHHe U MHHOBAIMOHHOE pa3BuThey. 2018. C. 133-137.

2. YmuukoB E.B., TIpaues B.A., MypamoB A.I'. Konmenmus
MHOT'OIIEJIEBOTO  BUPTYQJIBHOTO POOOTOTEXHHYECKOTO IIOJIUTOHA -
Matepuansl OnpuHHaguatoil Bceepoccuiickoil Hay4HO-IPaKTUYECKOM
koHpepenmn «llepcriekTUBHBIE CHCTEMBl M 3aiadyd yIPaBICHUS»;
IOxHbBII (benepabHbIH YHUBEPCUTET. — PocroB-na-/lony:
WznarensctBo KOxHOTO denepansHoro yausepeurera, T. 2. —2016.
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Radar-based sensor “Evalkit SiRad Simple 120” has sub-millimeter
resolution and due this capable to discover small-size obstacles, identify
objects and leaving organisms by breathing and heartbeat cycles. In contrast
to laser-based sensors it is capable to work in dusty and smoky
environments and invisible to the eye.

It is built on the basis of the transmitter TRX 120 001 by “Silicon
Radar” company, which is functional in ISM band 122-123 GHz and
outside it as well. Using FMCW modulation span 5-7 GHz, sensor provides
resolution 2-3 cm by FFT. When phase information is used its resolution
capability will be around tenths of microns.

Patch antennas already built-in into transmitter with radiation pattern
about 45 degrees. So there is no need to develop a complex RF part. Using
cheep plastic lens beam can be focused up to 2-5 degrees and working range
will expands up to 40 meters respectively.

K.B. I'opoamos, A.K. Poircakos, T.10. Mamaesa
BBICOKOTOYHBIN PAJJAPHBIV CEHCOP KOMIIAHUM
«SILICON RADAR»

000 «2®0» Canxm-Ilemepbype, kvg@efo.ru
AO «Bocmox» Canxm-Ilemepbype, akr@vostok-24.ru, tm@vostok-24.ru

Papapueiii cencop “Evalkit SiRad Simple 120” o0nagaer cy0-
MIUIMMETPOBOM  paspemiaronief  CrmocoOHOCTBIO,  4YTO  TO3BOJIAET
OOHapy)XHUBaTh  Majopa3MepHbIE  NPEMATCTBUS,  UICHTU(DHIUPOBATH
00BEKTHl M )KUBBIE OPraHU3MBI 10 IMKJIAaM JbIXaHus U cepauedneHus. B
OTJIMYME OT JIa3epHBIX AATYUKOB, OH CIOCOOEH paboTaTh B 3albUICHHBIX
cpeiax M He3aMeTeH.

Ero ocHoBy cocraBmser npuemonepenatuuk TRX 120 001
kommannn “Silicon Radar”, kotopsiii paboTocrioco0eH Kak B JAWara3oHe
ISM 122-123 ITu, tak u 3a ero mpemenamu. [Ipm JIUM wmoxymsimuu
M3ITy4aeMOro CUTHajla CEHCOp o0ecreynBaeT TOYHOCTh 2-3 CM IO OTcYeTaM
BII®. C ucnonp3oBanneM ke (Pa30Boil MHPOPMAIIMH €ro paspemaromas
CIIOCOOHOCTH COCTABIISIET YK€ IMOPSIKA IECITKOB MUKDPOH.

BerpoeHHble B mpHeMoOIepeaTYMK aHTeHHBI obecreunBator JIH
oKoJI0 45 rpagycoB W H30aBIAIOT OT HEOOXOAMMOCTH MPOEKTHPOBAHUS
cnoxxHo CBY uactu. C noMounplo A€mIEeBOM IIACTUKOBOM JIMH3BI JIy4
MOXHO (OKycHpoBaTh 10 2-5 TpaaycoB, YTO IIO3BOJSIET IOJNYYHTh
JATEHOCTH paboTHI 10 40 MEeTpOB.
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S.A. Matyunin
FIBER-OPTIC SENSORS FOR ANTHROPOMORPHIC ROBOT
GRIPPERS
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Currently, technologically advanced countries are conducting
intensive research in the development of new types of sensors, especially
for robotics. Of particular interest are fiber-optic sensors (FOS) with a
closed optical channel due to their insensitivity to electromagnetic
interference, operability from cryogenic (minus 200 °C) to high
temperatures (+400 °C) and principally explosion-proof design [1-6].

The Samara University developed the provisions of the theory, and the
report describes the features of the implementation of the tactile force and
the angular position FOS for the phalanges of the anthropomorphic robot
grips, based on two physical principles: on the macro-bends of the optical
fiber and the Faraday effect [6-10].

Experimental studies of experimental samples (with the participation
of R&D company "Android technology", Moscow) tactile forces and
angular position FOS for the gripper phalanges have been conducted and
the following characteristics have been achieved [10-11]:

— controlled tactile force not less than 0 ... 10 N;

— controlled angular positions of phalanges 0 ... 60 degrees;

—basic control error is not worse than 1%;

—the size of the contact spot of tactile force FOS is not less than 3x3

mm;

—resolution of the electronic transceiver is not less than 10 bits;

— operating temperature from minus 100 to plus 100 ° C;

—relative air humidity up to 100%;

— atmospheric air pressure from 133*10 to 202*10° Pa;

— supply voltage of an electronic transceiver, 5 V.

1. Koyama, Yu. Multi-channel measurement for hetero-core optical fiber
sensor by using CMOS camera [Tekcr] / Yuya Koyama, Michiko
Nishiyama, Kazuhiro Watanabe // Proc. of SPIE, Fifth Asia-Pacific
Optical Sensors Conference, 2015. — Vol. 9655. — Ne 965525-4.

2. Silva, A.S. Design and characterization of a wearable macro bending
fiber optic sensor for human joint angle determination [Tekct] / Ana S.
Silva, André Catarino, Miguel V. Correia, Orlando Frazdo // SPIE,
Optical Engineering, 2013. — 52(12), Ne 126106.
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Babaev, O.G., Matyunin, S.A., Paranin, V.D. Linearization of
Positional Response Curve of a Fiber-optic Displacement Sensor. IOP
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Matyunin, S.A., Stepanov, M.V., Babaev, O.G. Simulation of the
Characteristics of a Magneto-Optical Displacement Transducer.
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BOJOKOHHO-OIITHUYECKUE JATYUKH 3AXBATOB
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S.4A.Matyunin@yandex.ru

B mHacrosmee BpeMsi B TEXHOJOTHYECKH Pa3BUTHIX CTPaHAX BEAYTCS
WHTCHCHUBHBIC WCCIEIOBaHMWSA B 001acTH pa3pabOTKM HOBEIX THIIOB
JATIUKOB, OCOOCHHO IS poO0TOTeXHUKH. OCOOBI HHTEPEC MPEACTABIITIOT
BOJNIOKOHHO-onTH4eckne pgatanku (BOJl) ¢ 3aKkpeITBIM  ONTHYECKUM
KaHaJIOM KaK HEYYBCTBUTENBHBIE K DSJICKTPOMAarHHTHBIM HaBOIKAM,
paboratomue ot kpuoreHHbIX (MuHYC 200 °C) M0 BBICOKHX TEMIEparyp
(+400 °C) u B IpUHIIUIHAIBHO B3PbIBOOE30MIACHOM HCIIONHEHUH [1-6].

B CamapckoMm yHHBEpPCHTETE pa3pabOTaHbI MMOJIOKEHHS TCOPHH, a B
JIOKJIaJie PacCMOTPEeHbl O0coOeHHOCTH peanu3aiuu BOJ] TakTUIbHOTO
YCWINSL W YIJIOBOTO TIOJIOKEHWsSI (hamaHr 3axBaToB aHTponomMopdHoro
po0oTa, OCHOBaHHBIX Ha JBYX (M3MYECKMX NPUHIMIAX: HA MaKpOU3rnoax
ONTHYECKOTO BOJIOKHA U Ha ¢ dexte Dapanes [6-10].

[IpoBeneHB! 3KCIIEpUMEHTATBHEIC MUCCICIOBAHUS OMBITHBIX 00pa3IoB
(mpu ygactin OA «AnaponaHas TexHuKa» T. Mocksa) BO/l TakTuisHOTO
YCHIUS W YIJIOBOTO TOJOXCHHS (hamaHr 3axXBaTOB W JOCTHUTHYTHI
crenyromnue xapakrepuctuku [10-11]:

— KOHTpOJIMpyeMoe TakTuibHoe yerue He MeHee 0...10 H;

— KOHTPOJIUpYeMble YIIIoBbIe mojoxeHus ¢ananr 0...60 rpax.;

— OCHOBHAsI TIOTPEUTHOCTh KOHTPOJIs He Xyxe 1 %;

— pa3Mephbl MSITHA KOHTAKTa TAKTWIBHOTO YCHJIMS He MeHee 3X3 MM;

— pa3pemaromnias ClloCOOHOCTb IEKTPOHHOTO TpaHcuBepa He MeHee 10

our;

— TeMIepaTypa dKCILTyaTamuu ot Munyc 100 1o mmoc 100 °C;

— OTHOCHTENbHAS BIaKHOCTH Bo3ayxa 10 100 %;

—arMoc(epHoe JaBiieHNe Bo3ayxa otT 133+ 107 1o 202-103 Ila;

— HalpsDKSHHUE TTUTaHUS 3JICKTPOHHOTO TpaHCHBepa, 5 B.
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D.A. Pavlyukov, E.S. Kvas, S.V. Solyonyj
ORGANIZING SECURE ACCESS TO THE INDUSTRIAL
AUTOMATION SYSTEM AND IOT SYSTEMS

Saint-Petersburg State University of Aerospace Instrumentation
Den2691@list.ru

This article describes the types of information attacks on management
automation systems and IoT systems. The main methods and objectives for
information security in the field of industrial control systems and
automation are considered. The classification and definition of types of
attacks are given, the negative consequences of their implementation are
indicated. In the course of the analytical work, they hit the real cases of the
realization of attacks, indicating the losses that the organization suffered.

Keywords: information security; Database; protective equipment;
information security methods; synthesis of information security systems.

M. A. Ilasniokos, E.C. Keac, C.B. Conenvtii
OPT'AHU3AIIUA BE3OITACHOI'O JTJOCTYIIA K CUCTEME
MPOMBIIIIJIEHHON ABTOMATHU3ALIUU U IOT CUCTEM

I'VAII, Canxkm-Ilemep6ype
Den2691@list.ru

B nanHO#l crathe paccMOTpeHB! BHIBI MH(GOPMAIIMOHHBIX aTak Ha
cuctembl aproMaTusauuu ynpasineHus U [oT cucrem. Paccmorpensl
OCHOBHBIE METOJBI M eNU 0 HH(pOpMaIoHHOH 0e30macHOCTH B 00JacTH
MMPOMBIIIJICHHBIX CUCTEM YIipaBJICHUA u aBTOMaTHU3alluu. )laHa
KJ'[aCCI/I(bI/IKaHI/IH U OIpeACJICHUA BHUAAM aTaK, YKa3aHbl HETAaTHBHBLIC
NOCJIE/ICTBUSA WX peaju3alud. B xoxe aHanuTHueckodl paboThl, ObUTH
BBISBJICHBI peajbHBIE CIIydyal pealu3aliil aTak C yKa3aHueM I10Tepb,
KOTOpBIE TIOHECIIa OpTaHU3aIlHsl.

KaioueBnie cioBa: Oe3onmacHOCTh HH(pOpPManuu; 0as3bl JaHHBIX;
3alIUTHBIE CPEICTBA; METOIBl 3aIMUTHl HMH(GOPMAIMH; CHHTE3 CHCTEM
3aIIMUTH HH(OPMALIHH.
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A MODEL OF THE PNEUMATIC ARTIFICIAL MUSCLE

"Lomonosov MSU, Moscow, chym4@mail.ru
Keldysh Institute of Applied Mathematics, Moscow, vipavi@mail.ru,
legovas@gmail.com, i.orlov@keldysh.ru

This paper gives a mathematical description of the pneumatic artificial
muscle. The fundamental of such a mechanism is conversion the energy of
expanding gas to elastic elements tension and subsequently to the
mechanical work purposing to move objects. In this article we will consider
the work of a single pneumatic muscle set in motion by a compressor and
research its movements, as well as various objects to the muscle both under
the effect of gravity without it.

Consider an artificial pneumatic muscle, in which the left end is fixed.
We assume that the force of gravity acting on the shell is negligible. The
muscle is a thin-walled cylinder on which a thread of length b is wound, # is
the number of turns of the thread. The initial length and radius of the muscle
are x, and y,, respectively. 0 - the angle between the wound thread and the
axis Ox. By virtue of circular symmetry, we will consider the plane problem
of moving a rectangle.

Figure 1 — Artificial muscle

In addition to the assumption that the muscle walls are negligibly thin,
we assume that the muscle remains cylindrical when contracted (in fact, the
experiment shows that except for the ends on which the braid is fixed, the
muscle remains cylindrical).

The hose from the compressor is brought to the left end of the muscle.
The diameter of the hose (inlet) — d,,. Characteristics of the compressor is
consumption — Q [m3/s].

Q = mdiw
W [m/s] — air velocity at compressor outlet.

Connection of geometrical parameters of the system:
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x = bcos#,
2nny = bsind,
0<§<=
2 )
V =my?x.
V' — muscle volume.
Ultimately, muscle contraction is described by a system of two

kinematic equations, one of which describes muscle contraction, and the
second - the change in its diameter.

2

() = b2(0) + 2= (1 = C22)(0t + my3xg) = 0
n_yoz b yO o) — Y

Yo x(t)
= 1 —_(— 2’
y(t) 1_(%)2 , S

b
— < x(t) < xo,

V3

Yo < y(t) <yob

b? —xZ
In the conducted research a rigorous mathematical model was

constructed, and kinematic and dynamic equations were obtained, which
was the main goal of the work. This was not done in the review articles
reviewed. On the basis of the obtained solutions, a method for determining
muscle parameters for solving specific problems has been proposed. It can
be argued that the main tasks considered in the work were performed.

The research was made with the financial support of RFBR within

scientific projects Ne 18-31-20068 u Ne 18-08-01441.
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M.A. Yymuues', 1.A. I puﬁkmfL B.E. Iagnosckuii’, HA. Opnoé’
MOJEJIb TIHEBMATUYECKOHU NCKYCCTBEHHOHN MbIIIIbI

'MT'Y um. M.B. Jlomonocosa, Mocksa, chym4@mail.ru
2UTIM um. M.B. Kenovuua PAH, Mockea, vipavl@mail.ru,
legovas@gmail.com, i.orlov@keldysh.ru

B nmanHO#l paboTe oOmUCHIBae€TCS TMOBEAECHHE ITHEBMAaTHUECKOMH
HUCKYCCTBEHHOM MBIIIIBI, NPUHIMI JAEHCTBHS KOTOPOH OCHOBaH Ha
MpeoOpa3oBaHNK BHYTPEHHEH OJHEPIMM CXKaTOro ra3a B 3HEPIHUI0
HalpsDKeHHSI yNPYTUX OJIEMEHTOB, a BIIOCIEICTBHHM B pPaboTy IO
nepemMenieHnio  o0bekToB.  PaccMmaTpuBaercs — paboTta  OAWHOYHOH
ITHEBMATUYECKOM MBIIIIBI, MPUBOAUMON B [BUKEHHE KOMIIPECCOPOM M
HCCIIEIOBaTh €€ COOCTBEHHBIE JBIDKEHHSA, a TakkKe JBIDKCHUS
MIPUKPEIUIEHHBIX K HEH PA3IIMYHBIX TPY30B IPU HAIMYUU TIOJS CHJ TKECTH
U €T0 OTCYTCTBHH.

MplIiia npeacTaBiseT co00i TOHKOCTCHHBIN IMWJIMHAP, HA KOTOPBIMA
HaMOTaHa HHUTh JUIMHBI b, N — 4YHCJIO BUTKOB HUTH. [lepBOHadanbHbIE
JUTMHA ¥ PaJIiyC MBIIIIBI PAaBHBI X U g COOTBETCTBEHHO. § — yToi MeXIy
HAMOTaHHON HUTBIO W ochio Ox. B cuimy kpyroBod cuMMmeTpuu, OyaeMm
paccMaTpHBaTh IIIOCKYIO 3a1a4y ABMKEHUS IPSMOYTOJIbHUKA.

IToMuMO TPETIONIOKEHUS O TOM, YTO CTEHKH MBIIIIBI IPEHEOPEKIMO
TOHKHE, OyAeM cUHTaTh, YTO TIPH COKPALICHWH MBIIIA OCTACTCA
LHUITHHAPUIECKON (GOPMBI (B caMOM Jielie, TPU SKCIIEPUMEHTE BUAHO, YTO 32
UCKIIIOUYEHHEM KOHIIOB, Ha KOTOPBIX 3aKpelyieHa OIIETKA, MBIIIIA OCTaeTCs
MUIHHIPUYECKON ).

Pucynok 1 — MickyccTBeHHAs MBITIIIIA
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K J5ieBOMYy KOHIly MBIl TO/IBEACH UHUIAHT OT KOMIIPECCOpA.
Juamerp mnwuianra (BXxogHoro orBepctusi) — dy. XapakTepUCTUKOU
KOMIIpeccopa sBnsercs pacxoq — Q [m3/s].

Q = nd3W

W [m/s] — ckopocTh BO3yXa Ha BBIXOJIE M3 KOMIIPECCOpa.
3anuiieM cBI3b TCOMETPHUUCCKUX MTAapaMETPOB CUCTEMBI:
x = bcos6,
2nny = bsind,
0<6<=
>
V =my?x.
V — 00beM MBIIIIIBL.
B KOHEYHOM HTOTe COKpAICHHE MBIIIIBI OMUCHIBACTCS CHCTEMOU M3
JIBYX KHHEMATHYECKHX YPaBHEHHH, OJHO U3 KOTOPBIX OIHKCHIBACT

COKpalICHNUE MbIIIIBI, 4 BTOPOC — U3MCHCHUC €€ JuaMeTpa.
2

238 = b2(0) + 2= (1 = (220t + my3xg) = 0
n_yoz b yO o) — Y

y(t)—L
1—( 0)2
) b
ﬁ<x(t) < x,
2
3

Yo <y(t) < Yob——=.
Vb?% —x§

B npoBeleHHBIX HCCIENOBaHMSAX ObUla TMOCTPOCHA  CTpOras
MaTeMaTtuveckass MOJelb, a TaKKe MOJyYeHbl KHHEMATHYECKUE U
JMHAMHYECKHE YPaBHEHHs, YTO U SBJISUIOCH OCHOBHOM ILIENIbI0 pabOThI, TakK
KaKk 3TO He OBUIO MPOJENaHO B PAacCMOTPEHHBIX OO30pHBIX CTaThsix. Ha
OCHOBE TIOJIyYCHHBIX PEIICHUI TMPEUIOKEH METOHI  ONpeeeHUs
MapamMeTpOB MBIIIIBI ISl PEIICHHUsT KOHKPETHBIX 3a7ad. B cBsi3u ¢ 3TUM
MOJKHO YTBEPIKIaTh, YTO OCHOBHBIC 3aJa4yM, pacCMaTpHBaeMbie B padore,
OBLTH BBITTOJHEHBI.

Hceneoosanue evinoaneno npu @urancogou noodepicke PODU 6
pamkax Hayunvix npoekmog Ne 18-31-20068 u Ne 18-08-01441.
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V.1 Shiryaev, D.P. Klepach, D.O. Malyugina, A.A. Romanova
ABOUT GUARANTEED ESTIMATION OF THE LINEAR
DYNAMICAL SYSTEM STATE VECTOR IN THE
CONDITIONS OF UNKNOWN INPUT

FSAEIHE SUSU (NRU), Chelyabinsk, Russia
shiriaevwi@susu.ru, klepachd@mail.ru

The problem of estimation of the linear dynamical system state vector
in the conditions of incomplete data is considered. There are two different
approaches to the estimation of the linear dynamical system state vector: the
statistically distributed, e.g. Kalman filter for a statistical application and
the guaranteed estimation. Kalman filter is based on the assumption, that
statistical noise and other inaccuracies, affecting the system, are known.
However, under real circumstances there may not be statistical input, what
makes Kalman filter implementation invalid and the estimation results
inaccurate, and the true state can remain beyond the confidence sets. In that
case, the estimation task is considered in the guaranteed or minimax
approach. Minimax Filter involves implementation of Minkowski sum of
sets operations, linear transformation and intersection of sets. However,
construction of information structures is a complex computational problem
for large dimensionality systems, and then an approximation is used instead
of information sets precise construction.

The equations of motion and measurements are considered in the
linear approximation.

X1 = Axy +Twy, (1)

Yis1 = GXpyq + Hupy, k=0,1,...,N =1, 2

where x;, is the state vector , wy, is the process noise yy, is the measurement

vector, vy is the measurement noise, A, I', ,G, H are known matrices of
corresponding dimensions.

It is known that the initial state x, of the system, disturbances wy,
measurement errors v, can take any values from a priori given sets
respectively (3)

Xo € Xo,w, EW, v, EV, 3
the convex polyhedra in corresponding dimensions.

It is known [1-2], the result of the guaranteed estimation of the state
vector X, of the system (1)-(3) is information sets

Xierr = Xicwre 0 X [Yiewa]: 4)

As was mentioned above this approach is a quite sophisticated
computational task, therefore it is relevant to consider an alternative
representation of information sets.

As noted [2], the implementation of set operations in (4) in real time is
computationally complex. Therefore, it is proposed in the paper to construct
an estimate Xak+1 of the information set X, in the form of a convex
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polyhedron, obtained by approximating from above the "exact", but
implicitly defined by the system of linear inequalities of the information set
obtained from the system (1)-(3)

Xagey = k1 € R™MApy1x < byq} %)

Furthermore approximate information structure includes the valid and
correct information structure.
Xak+1 =2 Xk+1

Figure 1 — Information structure approximation. Comparison of the
guaranteed estimation with the stochastically one

Therefore, we deduced the algorithms of estimation of the linear
dynamical system state vector by the means of linear programming
methods. One of the possible ways of computation process acceleration is
its neural network realization. An example of the computation of the
estimation algorithm and a comparison with the Kalman filter (Figure 1) are
given.

1. Kats I.Ya., Kurzhanskiy A.B. [Minimax Multi-Step Filtering in
Statistically Indeterminate Situations]. Automation and Remote
Control, 1978, no. 11, pp. 79-87. (in Russ.)

2. Shiryaev V.. [Control Algorithms of Dynamical Systems under
Uncertainty]. Mechatronics, 2001, no. 8, pp. 2-5. (in Russ.)
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B.U. lupses, /I.I1. Knenau, /I.0. Manwzuna, A.A. Pomanosa
O TAPAHTUPOBAHHOM OIIEHUBAHUWUA BEKTOPA
COCTOSIHAS JUHAMUWYECKOM JJMHEMHON CUCTEMBI
B YCJOBUAX HEOIIPEAEJIEHHOCTH

@I'AOY BO «fOVplI'Y (HUY)», e. Yenabunck
shiriaewi@susu.ru, klepachd@mail.ru,
malyugina.97@mail.ru, dikayavishnya@mail.ru

PaccmarpuBaercss  3amaya  OIIGHMBAaHUS ~ BEKTOpa  COCTOSIHMSA
JUHAMUYECKOH CHUCTEMBI B yCIOBUAX HeomnpeneneHHocTH. CyliecTByeT 1Ba
pa3IMuHBIX MOJXOAA K OIICHMBAHUIO BEKTOPA COCTOSIHUS JIMHEHHBIX
JMHAMHYECKUI CHCTEM: BEpOATHOCTHBIH, Hanmpumep, ¢unbtp Kanmana n
rapanTupoBaHHbil. OuneTp KanMana ocHOBaH Ha TPEAIIONOKEHHUH, YTO
CTaTUCTHYECKHUE XapaKTEPUCTHUKH BOSMYIICHUH 1 TIOMeX, JEWCTBYIONINX Ha
cucreMy, u3BecTHB. OTHAKO B pEaJbHBIX VCIOBHSX CTaTHCTHYECKAs
nHpOpMasI MOXET OTCYTCTBOBaTh, IIO3TOMY NpUMEHEHHE (HIbTpa
Kammana MoxeT OBITH He 00OCHOBAaHHBIM M OLIEHKH MOTYT OBITh HETOUHEIE,
a ICTUHHOE COCTOSHHE MOXKET HaXOOUTHCA 3a IpefellaMH JOBEPHTEIbHBIX
MHOXecTB. Torzaa 3agady OLIEHUBaHUS pacCMaTpPUBAIOT B rapaHTUPYIOLIEH
WM MUHHMAaKCHOW MOCTaHOBKE. MHUHUMAKCHBIN (DHIBTP BKIIOYAET B ceOs
BBIITIOJIHCHUEC onepaum‘& CYMMbl MHOXECTB B CMBICIIC MI/IHBKOBCKOFO,
JWHEHHOrO TpeoOpa3oBaHMs M  IepecedeHne MHoxecTB. OnHako
MOCTpOoeHHEe WH(POPMALMOHHBIX MHOXKECTB SBJSIETCS  BBIYMCIHMTEIBHO
CIIO)KHOW 3amadeil Jis CHCTeM OOIBIINX Pa3MEPHOCTEH, TOTIa BMECTO
TOYHOTO  TOCTPOCHHA WH(POPMANMOHHBEIX  MHOXECTB  HCHOIB3YIOT
MIPHOMKCHHOE 3HAYCHUE, TO €CTh AIIPOKCHMAITHIO.

PaccMarpuBaroTcsi ypaBHEHUS BUKEHUS U U3MEPEHUH B JIMHEHHOM
TIPHOIKSHAN

Xi+1 = Axy +Twy, (1)
.Vk+1 = ka+1 +Hvk+1,k = 0,1,...,N_ 1, (2)
rae X € R, w, € R"™,y,.1 € R™, v .1 €ER™ — BEKTOPHl COCTOSHHUS

CUCTEMBI, BO3MYIICHUH, U3MEPEHUA, OIMHOOK U3MEPEHUN COOTBETCTBEHHO,
A, T, G, H — u3BeCTHBIE MaTPUIbl COOTBETCTBYIOIIMX Pa3MEPHOCTEMH.

O HavaNEHOM COCTOSIHHH X, BO3MYIICHUSIX W), OITUOKAX H3MEPCHHUS
V) W3BECTHO, YTO OHH MOTYT NMPHUHUMATh B KaXKIBI - MOMEHT BPEMEHH
mo0oe 3HaYeHHE U3 MHOYKECTB

Xy € Xo,w, EW, v, €V, k=01,..,N—1, 3)

KOTOpPBIE 3aJIaHbI B BHJIE BHIMYKIBIX MHOTOTPAHHUKOB.

W3BectHO[1], 4YTO pe3yabTaTOM TapaHTUPOBAHHOTO OLIEHWBAHUS
BEKTOpa COCTOSIHMS Xp.q1 cucrteM (1)-(3) sBisercss uHOpMaIMOHHOE
MHO>KE€CTBO

Xis1 = Xiw1/k N X[Vies1], 4)

493



e Xypq/x = AXy41 + TW, — MHOECTBO HPOTHO30B BEKTOPA COCTOSIHUS,

X[Yis1] = {x € R*|Gx + Hv = y},11,v €V} — MHOKECTBO COCTOSHHIA,
COBMECTHMBIX C U3MepeHneM y_k+1.

Kak ormeuanocs [2], peanu3anus oneparuii Hag MHOXKeCTBaMu B (4) B

PCaJIbHOM BPEMCHMU ABJISICTCS BHIYUCIUTECIIBHO CIIOXKHOM. HOSTOMy B pa60Te

TIpe/IaraeTcsi CTPOUTD OLIEHKY X, a4, MHGOPMALIMOHHOTO MHOXKECTBA X 11

B BHJIC BBIMYKIOTO MHOTOTPaHHHKA, IMOJYYCHHOTO IIyTeM ampoKCHMAaIuN
CBEPXY «TOYHOTO», HO 3aJaHHOI'0 HESIBHO CUCTEMOM JTHMHEHHBIX HEPABCHCTB
“H(POPMAIIMOHHOTO MHOXKECTBA, TOTY4YeHHOTr0 U3 cucteMsl (1)-(3)

Y — m

Xagyr = (Xt € R™Aps1x < by},

®)
npu4eM BepHO X, 2 Xpyq.

e

oo

001 \
|
oml-

008
E1

L L
20 20 001

Pucynoxk 1 — Anmmpoxcnmanust ”HPOPMaMOHHOTO MHOXecTBa. CpaBHEHHUE
TapaHTHPOBAHHOTO OIEHWBAHMUS CO CTOXAaCTHIECKUM

HOJ’Iy‘{eHH AJITOPUTMBL  OLICHUBAHUA  COCTOSIHUSA I[HHaMH‘IeCKOﬁ

CHCTEMBI C TIOMOIIBI0 METOJIOB JINHEMHOT0 IporpaMMupoBanus. OTHUM U3
BO3MOXXHBIX METO/IOB YCKOpEHHsI palbOThl aJropuTMa SBISIETCS UX
HelpocereBast peamu3anms. [IpuBomuTcs TNpuMmep pacdera anropuTMa
OLICHWBAHMA U cpaBHeHHUe ¢ GprpTpoM Kanmana (pucyHoxk 1).

1. Kam, W.J. MunumakcHas  MHOromaroBas  (QuibTpamus B
CTaTUCTHYECKH HeompeneneHHpx curyarmmax / WA Kam, A.B.

Kypxanckwuii / ABTomMaTtnka u Tenemexannka. — 1978. — Ne 11. — C.
79-87.

lupses, B.W. AnropuTms! yrpaBieHUs JUHAMUYECKUMHU CHCTEMaMHU B

ycnoBusix HeonpenenenHoctu / B.M. Ilupsie / Mexarponuka. — 2001.
—Ne8.-C.2-5.
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Peter the Great St. Petersburg Polytechnic University,
Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint Petersburg
a.safonov@rtc.ru, shmakov@rtc.ru

Analysis of modern theoretical developments in the field of active
exoskeleton control algorithms show that to design such a control system
and to “learn” it, it is necessary to use a significant number of different
sensors: strain gauges for measuring the applied forces in mechanical gears,
linear motion sensors, and inertial navigation modules with MEMS -
accelerometers, and gyroscopes; at the same time, a multi-loop motor
control law is necessary, which includes, at a minimum, a linear position
loop, a speed loop, and a torque-moment loop.

It is advisable to divide the computing system that implements the
exoskeleton control algorithm into two parts — the control system of the top
and executive levels. The top-level control code is executed on the
microcomputer under the control of the real-time operating system and
provides control of the target variables (position of the links and the force
developed), as well as a learning strategy. The executive level is
implemented by programs on microcontrollers and regulates the rotation of
the motors and receives information from the sensors.

The communication channel between the top and executive control
levels should provide the transfer of 164 bytes of information with a
frequency of 1 kHz, therefore, its throughput should be more than 1 Mbit/s.
Also, such a channel should have significant noise immunity. It is desirable
that its connection to the microcomputer does not require additional
converters. From the point of view of transmission speed and noise
immunity, as well as for economic reasons, the Ethernet interface is most
suitable for implementing such a channel.

The executive level of the exoskeleton control system is proposed to
be implemented on the basis of eight computational modules with
microcontrollers — four motor control devices and four system modules. The
motor control modules process the sensory information directly involved in
the motor control loop. System modules are connected via Ethernet to the
microcomputer, sending data from other sensors to it, and also provide
communication with the motor modules, sending to them the signals from
the top level and receiving from them some of the sensory information.

495



Communication between the system and motor modules is based on the
CAN interface. Based on the analysis of the CAN work sequences and the
interfaces of communication with the sensors, it is required to organize
multitasking algorithms execution on all modules. Such an architecture is
the most optimal from the point of view of minimizing information
propagation delays and maximizing the synchronism of the work of all
nodes of the control system.

A.B. Caghonos, O.A. llImakos
noaxoabl K MIOCTPOEHUIO CUCTEM YIIPABJIEHUST
AKTUBHBIMHU 3K30CKEJETAMU

CIloIly, 'HL] P® [[HUN PTK, Canxkm-Ilemepbype
a.safonov@rtc.ru, shmakov@rtc.ru

AHanm3 COBPEMEHHBIX TEOPETHUYECKHX pa3paboTok B obiactu
ITOPUTMOB YIPABJICHHUSI aKTUBHBIMU SK30CKEIE€TaMU MOKa3bIBAET, YTO JJIS
MIOCTPOEHHS TaKOH CHCTEMBI YIPABJICHHA U €€ «0oOydeHus»» HeoOXOoAuMo
WCIIOJIb30BAHUE 3HAYUTEIBHOTO KOJIMYECTBA  PA3NUYHBIX JATYUKOB!
TCH30METPUYECKUX CHUCTEM JJIsI W3MEPEHUS DPAa3BHBAEMOTO YCHIHS B
MEXaHHYECKUX Ieperadax, JaTYUKOB JMHEHHOIO INepeMeIleHUs 3BEHbEB,
MonyJed wuHepuuanbHOM Hapuraumu ¢ MOMC-akcenepoMeTpaMu U
THPOCKONIAMM; IIPU 3TOM HEOOXOJUM MHOTOKOHTYPHBIIN 3aKOH yIpaBICHUS
MIPUBOJIOM, BKJIIOYAIOMIMN B ce0s, KaK MHHUMYM, KOHTYp JIMHEHHOTO
TIOJIO’KEHU S, KOHTYP CKOPOCTH U CUJIOMOMEHTHBII KOHTYD.

BeruncnnrensHyro CHCTEMY, OCYIIECTBIISIONIY IO ANTOPUTM
YIpaBICHUS HK30CKENETOM, LEeNeCO00pa3sHoO pa3leinTh Ha JBE YacTH —
CHCTEMy YUPAaBICHHS BEPXHEr0o M WCHOJHUTENbHOTO ypoBHeH. Kon
BEPXHET0 YpPOBHS YNPABICHUS BBINOJIHAETCS HA MHKPOKOMITBIOTEPE IO
yIpaBICHUEM  ONEPAlMOHHOW  CHCTEMBI  PEIPHOTO  BPEMEHH U
obecrieunBaeT YIPaBICHHE LEIEBBIMH IEPEMEHHBIMH  (IIOJOXKEHHEM
3BEHBEB M pa3BUBAEMBIM YCWIIMEM), a TaKXKe CTPaTerHi0 OO0y4eHHSsI.
HcnonuurenbHbIN YPOBEHD peanusyercs IporpaMMaMu Ha
MHUKpPOKOHTpOJJIEpaX M  OCYLIECTBISIET  PEeryJHpOBaHHE  BpAIICHUS
TIPUBOJIOB ¥ cOOp MH(POPMAINH C JATYNKOB.

Kanan cBs3Mm MeXIy BEpXHUM U UCIONHUTEIBHBIM YPOBHSIMHU
yIIpaBJIeHUs NTOJDKeH olecrieunBarh HepechliKy 164 Oaiit mHbopmanum c
gactoToi B 1 K['11, CllefoBaTenbHO, €ro MPOIyCKHAsl CIIOCOOHOCTH IOJDKHA
cocTaBiATh Oosiee 1 MoOwut/c. Taxke Taxkoil KaHall OODKEH o00JagaTh
3HAYNUTEIBHON TOMEX0YCTOIUMBOCTEIO. [Ipn 3TOM *KenaTesnpHO, 9TOOBI ero
MOJKIIOYEHHE K MHKPOKOMIIBIOTEPY HE TpeOOBalo JOMOJHHUTEIBHBIX

496



npeobpasoBarenieii. C  TOYKM  3peHUs  CKOPOCTH  Iepefayd H
MIOMEXO03alIMIIEHHOCTH, & TAKKe MO SKOHOMHUYECKHM COOOPaXKESHUSIM, IS
peanH3anuy Takoro KaHajia HanOostee moaxoaut uarepdeiic Ethernet.

HcnomHUTENBHBIA  ypOBEHb CHUCTEMBI YIPABICHHS HK30CKEIETOM
MIpeaJiaraeTcsl peaju30BbIBATH Ha OCHOBE BOCHMH  BBIYMCIHMTEIBHBIX
MOZyJied ¢ MHKPOKOHTPOJUIEPAMH — YETHIpe YCTPOWCTBA YIpPaBICHUS
NPUBOJIAMHA M YETBIpE CHCTEMHBIX MOAyJs. MOIylnH  yHpaBieHUs
NPUBOJIAMH 00padaTHIBAIOT CEHCOPHYI HH(MOPMALUIO, 33/eHCTBOBAHHYIO
HEMOCPEACTBEHHO B KOHTYpe YIIpaBIeHUs ABUratensiMu. CHCTEeMHbIE
MOZYyIH MoAKIroyatoTes no Ethernet k MEKpoKOMITBIOTEpY, Iepechlias Ha
HEro JaHHbIE C OCTAJBHBIX NaTYMKOB, a Takke OOECIEYMBAIOT CBA3b C
NpUBOJAHBIMHU MOAYJIAMH, NEPECHUIass Ha HUX 3aJalolue CUIHaJIbl OT
BEPXHET0 ypOBHS U COOMpasi ¢ HUX 4acTh CEHCOpHOW MH(popmaruu. CBsi3b
MCXIY CHUCTEMHBIMU W TPUBOAHBIMU MOAYJSAMHU OCYIIECTBIIACTCA Ha
ocHoBe nHTepdeiica CAN. Mcxons n3 ananuza nukmnorpamm padotst CAN
u uHTEpEHCOB CBS3M C JaTYMKaMH, Ha BCEX MOXYJSIX Tpedyercs
OpPraHM30BaTh  MHOT'033Ja4YHOE  HWCIIOJIHEHHWE  aJIrOpUTMOB.  Takas
apXuTeKTypa sBJIsSeTcs HamOojee ONTUMANTBHOH C TOYKH 3peHHs
MHUHUMHU3ALIUH 331ePKEK PaclpocTpaHeHHss HHYOPMAIUK 1 MaKCUMHU3alUH
CHHXPOHHOCTH PabOTHI BCEX Y3JIOB CHCTEMBI YIPaBICHHUS.
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ANALYSIS OF POTENTIAL CRITICAL SITUATIONS AND
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Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
andrey@rtc.ru, i.shardyko@rtc.ru

Mobile robots represent an extensive trend in robotics and are widely
used in the world. The defining features of mobile robots are the presence of
two main subsystems: a mobile platform and a manipulation complex. The
use of mobile robots is largely associated with non-deterministic
environmental conditions, which naturally increases the probability of
mission failure. This is especially true for relatively small lightweight
mobile robots (LMR). This report gives a brief description of modern
mobile robots; analyzes the tasks they solve; identifies factors that could
lead to the failure of the robot or the failure of the mission (risk factors).

Risk factors may have an objective (environmental factors and inertial
forces) or abnormal nature (failure of aggregates). In the present study, only
the first ones are considered. The report based on the analysis of tasks and
risk factors identifies the main types of critical situations (CS) that LMR
may encounter. An analytical review was conducted on the detection and
response to CS, based on which little-studied areas that deserve further
research are identified.

Consideration of factors that can adversely affect the operation of
mobile robots should begin with an analysis of tasks that can be divided into
two levels: 1) operational, (general tasks in terms of the robot purpose); 2)
tactical (elementary (simple) tasks of moving and manipulation, which
constitute the work scenarios, that together represent the operational level of
the tasks of the robot).

Operational tasks (assignments) may include:

— actions in conditions of chemical, biological and radiation
contamination, as well as in conditions of increased background radiation at
nuclear facilities (Chemical, Biological, Radiological and Nuclear - CBRN);

— actions in conditions of man-made and natural disasters, potentially
dangerous situations at city facilities and industrial infrastructure (Search &
Rescue, Maintenance & Repair, Disposal of Explosive Objects - EOD);

— ground-based planetary research.

From the point of view of the LMR control system, in whose interests
the present study is being carried out, the solution of most of the elementary
tasks considered in the report is the responsibility of its mobile platform. In
turn, the manipulation complex can both complicate the execution of tasks
related to the movement of the robot and also assist the mobile platform (for
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example, by moving the robot center of mass in a given direction). In the
context of the proposed study manipulation tasks are not considered in
detail. However, the movement and the current configuration of the
manipulation complex, of course, must be taken into account, because they
can play a significant role in causing the CS as well as in parrying it.

Figure 1 presents the results of the analysis of risk factors for CS.

Geometrical Characteristics of the
characteristics of the propulsion-surface Gravity characteristics
locomotion environment system

Local LA ? Slippery Voge ? .| Propulsion AN 9
irregularities ﬁﬁ surfaces ﬁ/ loss "
Mobile platformL % 2

14 = ¥
Cliffs 4@ — 2 Soil %;. 2 take-off P
- Tip-over \('p
?

Figure 1 - Risk Factors for Critical Situations

CSs are processes occurring with a mobile robot, leading either to the
termination of the robot operation or to deviations from the normal course
of the mission, requiring additional corrective actions from the operator,
including non-trivial ones. The ultimate goal of this study is to build a
mobile robot control system capable of detecting and responding to CS
while being as robust to emerging CSs as possible.

CS, which may occur as a result of actions that are caused by the
following factors: partial loss of wheel/track traction (towing; longitudinal
and lateral sliding and, as a result, deviation from the trajectory); complete
loss of wheel/track traction (detachment of one or more traction units from
the surface); burying into the ground; tip-over; complete mobile platform
detachment from the surface (uncontrolled take-off); falling off a cliff.

For CS detection, as well as for counteraction and prevention, it is
necessary to track the metrics that reflect the distance of the current state of
the robot from the boundary of the CS. To calculate the metrics, it is
necessary to know the relevant mathematical models of the robot and
models of interaction of the robot with the environment, in particular -
models of dynamics.

Modeling the dynamics of LMR in the general case includes modeling
of the following interactions (subsystems of the general model):

1. surface — propulsion («soil/surface-wheel» model);

2. propulsion — drive («drive and transmission» model, taking into
account elasticities and nonlinearities);
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3. propulsion — mobile platform («suspension and MCG» model,
where MCG are mechanisms for changing chassis geometry);

4. mobile platform — manipulator («platform-manipulator» model of
their dynamic interaction, taking into account the geometry, inertia,
elasticity of the manipulator);

5. manipulator («manipulator» model taking into account its internal
characteristics);

6. manipulator — tool/payload («manipulator-TP» model);

7. tool/payload — objects of the environment («TP-environmenty
model);

8. mobile robot — objects of the environment («robot body-
environment).

It is important to determine which of the interactions are necessary
and sufficient to take into account for detecting and preventing various CSs,
as well as the minimum amount of sensor information required.

A publications review on methods for detecting and parrying CSs
showed that while some types of CSs were studied in sufficient detail,
others received less attention. Thus, a significant number of metrics and
algorithms have been proposed for estimating the probability of tip-over
occurrence and countering it. However, there is currently no complete
analysis of the proposed metrics and algorithms in terms of their reliability,
speed and suitability (optimality) for robots of a particular configuration.
No studies of the effects of speed and changes in speed of a mobile platform
on resistance to rollover and sliding on the surface, as well as studies of
locomotion on elastic surfaces and overcoming elastic obstacles were found.
No publications were found that considered such situations as free fall and
uncontrolled take-off.

The solution to these open questions is the subject of future research.
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A.B. Bacunves, H.B. Illapoviko
AHAJIN3 TOTEHIUAJBHBIX KPUTHUYECKUX CUTY AU
P ®YHKHUOHUPOBAHUU MOBUJIBHBIX POBOTOB
JETKOT'O KJIACCA, METOJIOB X JJETEKTUPOBAHMSI,
MMAPUPOBAHUS U TIPEJOTBPALIEHUS

T'HI] P® [JHUH PTK, Canxm-Ilemepbype
andrey@rtc.ru, i.shardyko@rtc.ru

MoOunbHBIE pOOOTHI MPECTABISIOT COO0W OOIIMPHOE HAPABICHUE B
POOOTOTEXHUKE W MOMYYHIH IIHPOKOE IPUMEHEHNE B COBPEMEHHOM MHpE.
OmnpenensiomyuMy 9epTaMi MOOWIIBHBIX POOOTOB, SIBIISIETCSl HAIWYHE JIBYX
OCHOBHBIX TIOJICHCTEM: MOOMJIBHOW IIaTGOPMBI M MaHMITYJISIIUOHHOTO
KomIuiekca. [IpuMeHeHne MOOMIBHBIX pPOOOTOB B 3HAYMTENBHOM Mepe
CBSI3aHO C HEACTCPMHUHHPOBAHHBIMH YCIIOBHSMH BHEIIHEH CpPEAbl, UTO
€CTEeCTBEHHBIM O00pa3oM TIOBBIMIAET BEPOSTHOCTh MpPOBaja MHCCHH.
Oco0OeHHO 3TO aKTyaJbHO JUIi OTHOCHTENIFHO HEOONBIIMX MOOHMIBHBIX
pobortos nérkoro kiacca (MP JIK). B macrosmme#t paboTe maHa kpaTkas
XapaKTEepPUCTHKA COBPEMEHHBIX MOOWMIBHBIX POOOTOB; NMPOBENEH aHAIIN3
pelraeMbIX UMH 3a/1a4; BBISIBICHBI (DAaKTOPBI, CIIOCOOHBIE PUBECTU K OTKA3y
poboTa uiu npoBaity Muccuu ((haKTOpbl pUCKa).

®dakTopsl pHCKa MOTYT HMMETh OOBEKTHBHYIO ((akTOphl BHEUIHEHl
Cpe/bl U CHIIbI HHEPIIMH) JTM00 HEIITaTHYI0 NpUpoay (OTKa3bl arperaros). B
HaCTOSIIEM HCCIIEIOBaHUU PAacCMaTPHBAIOTCS TOJBKO NEpBble M3 HUX. B
JOKJIaje Ha OCHOBE aHaIM3a 3agad M (PAaKTOPOB pHCKa OMpENeTIoTCs
OCcHOBHBIE BHUABI KpuTtHiyeckux curyannii (KC), ¢ KoTopeIMH MOTYT
cronkHyThcst MP JIK . BrmonHeH aHanmuTH4eckuit 0030p MO BOIpocaM
JereKkTupoBaHuss M mapupoBanus KC, Ha OCHOBaHHH KOTOPOTO
OIIpEZIeTICHbl MaJIOM3Yy4EHHBIE OOJACTH, 3aCIy>KUBAIOLINE abHEHIIETOo
HCCIIEIOBAHMS.

Paccmotpenune (akTOpoB, CIIOCOOHBIX HETaTHBHO IOBIHATH Ha
(YHKIIMOHMPOBaHHWE MOOWIBHBIX POOOTOB, ClieNyeT HayMHATh C aHAJIU3a
3ama4, KOTOphle Ienecoo0pa3sHO pa3fgenuTh Ha JABa ypoBHA: 1)
OIlepaTHBHBIN, (OOIIMe 3a1audl C TOYKM 3pPEHUS Ha3HAauYeHHs poboTa); 2)
TaKTHYECKUI (PJIEMEHTapHbIE 3aJadll IIepeMEIIeHNs] U MaHUITyTUPOBaHUS,
W3 KOTOPBIX CKJIAABIBAIOTCSl CIEHapuu paboThl, B  COBOKYITHOCTH
COCTABJISIOLINE ONEPaTUBHBIN YPOBEHb 33/1a4 PacCMaTPHUBAEMOro poboTa).

OmnepaTuBHbIC 3aJa49H (3aa4 Ha3HAUYCHNS) YKPYIHEHHO MOTYT OBITh
TIPEACTABIICHEI B CIIEIYIOIEM BHE:

— JEWCTBHS B YCIOBHAX XHUMHYECKOTO, OHOJNIOTHYECKOTO W
pPagMallOHHOTO 3apaXXEHWs, a TaKKe B YCIOBHAX IOBBIIICHHOTO
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panuanmoHHoro ¢ona Ha 0ObekTax aToMHOW mpombinuieHHocTH (Chemical,
Biological, Radiological and Nuclear - CBRN);

— JEUCTBHS B YCJOBHUSIX TEXHOTCHHBIX M IPHUPOJIHBIX KaTacTpod,
MOTEHIMAIbHO ~ OMNACHBIX CHTyalMsIX Ha O0OBEKTaX TOpOJACKOW ¢
mpoMbIuIcHHON — mHppacTpyktyper (Search &  Rescue, Industrial
Maintenance & Repair, Explosive Ordnance Disposal - EOD);

— HarwraHeTHbIe nccienoBanus (On-Planet Research).

C touku 3penus cucrems! ynpasienus MP JIK, B untepecax koTopoit
NPOBOJWUTCS  HACTOSINEE  MCCIECOOBaHHE, pEIleHHEe  OOJBIIMHCTBA
SJIEMEHTapHBIX 3aJad, PAacCMaTPHBaeMbIX B MHOKJAle, JIEKUT B chepe
OTBETCTBEHHOCTH ero MoOmnbHOW Tmuatdopmel. B cBoio ogepens,
MaHHITYJLIIMOHHBI KOMILIEKC MOXET KaK YCJIOXKHHUTH BBINOJIHEHHE 3ajad,
CBSI3aHHBIX C NEPeIBMKEHHEM po0O0Ta, TaKk U OKa3aTh MOMOIIb MOOWIIBHOI
wiatropme (HampuMep, MyTEM IEpeMENIeHUs] B 3aJlaHHOM HAIpaBJICHUU
IeHTpa Macc pobota). B oOmieM cMmbicie 3amauyd MaHHITYJTHPOBAHUS, B
KOHTEKCTE IpeaJIaraeMoro MCCiel0BaHus, He paccMaTpuBaroTcs. OmHaKo,
JBIDKEHWE M TeKyllas KOHQUrypauus MaHUITYJISIHOHHOIO KOMIUIEKCa,
0e3yCIIOBHO, JIOJDKHBI YYUTBIBATHCS, T.K. MOTYT HIPaTh CYHIECTBEHHYIO
pOJIb Kak ¢ TOYKH 3peHHs Bo3HMKHOBeHMs KC, Tak W ¢ TOYKH 3peHHs eé
TIApUPOBAHMUSL.

Ha pucynke 1 npencraBieHbl pe3yibTaThl aHAIN3a (aKTOpOB pHCKa

Bo3HuKkHOBeHus KC.

XapaKTepHCTHKI

T'eomerpirdgeckie

XapakTepHCTHKI

XapaKTePHCTHKI
TpaBHTAIIIIT

CpeIbl IIEPEABIDKEHIL

CHCTEMBI ABIDKHUTEIb-
IIOBEPXHOCTh

JloxamsHeIe — ? Cxomp3ke  Vy ? | OtpreB Y, 2
HEePOBHOCTH TIOBEPXHOCTH JBIDKHTeNeil *
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Pucynox 1 — ®@akTopsl prcka BO3HUKHOBEHUS] KPUTHUECKUX CUTyalui

KC mpencraBnstoT coboil mporeccsl, MpoUCXoasImue ¢ MOOHUIBHBIM
pobotom, Benymme 00 K MPEKPaIeHN0 (QYHKITMOHUPOBAHUS KOMILIEKCa,
00 K OTKIIOHEHHSM OT HOPMAaJbHOTO TEUYEHHsI MHCCHH, TPEOYIOIIUM
JIOTIOJTHUTEIBHBIX KOPPEKTUPYIOIUX ACHCTBUN OT ONIEPATOPA, B TOM YHCIIE,
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HEeTPUBUATBHBIX. KOHEUHOHN I1epI0 HACTOSIIEr0 HCCIEIOBAHUS SIBISIETCS
NOCTPOEHHE CHCTEMbI YIpaBieHHs MOOWIBHBIM pPOOOTOM, CIIOCOOHO
nerexktupoBaTh KC u, Mo BO3MOXKHOCTH, MapHpoBaTh MX, a TaKke OBITh
ycroitunBoii k Bo3HuKaromum KC.

KC, xoTopble MOTYT BO3HUKHYTh B PE3yJIbTaTe JEUCTBHS BBISIBICHHBIX
(haKTOpOB pHUCKA SIBISIOTCS: YaCTHYHAS MOTEPs CIEIUICHHS IBIDKHTENEH C
MIOBEPXHOCTHIO (OYKCOBaHME; MPOJOIBHOE M IIONEPEYHOE CKOJBKEHUE H,
KaK CIIeICTBHE, yXon (YBOX) OT TPaeKTOPHWH); MOJHAS TOTEPs CUEIUICHHS
IOBIKUTENell  (OTPBIB  OT IOBEPXHOCTH OJHOTO WIJIM  HECKOJBKHX
JBIDKHUTENEH); 3apblBaHWE B TPYHT; ONPOKUABIBAHUE; TOJHBIH OTPHIB OT
MMOBEPXHOCTH MOOWIBHON IUIaTGOpMBI  (HEKOHTPOIUPYEMBIH  B3JIET);
naJicHUe ¢ 00OphIBa.

Jlnst  IeTeKTUpOBaHWs, pPaBHO Kak W JUId TapUpOBaHUi U
npenotepamienns KC, HeoOX0auMO OTCIeKUBAaHUE METPUK, OTPaKaIOLIHX
YIaIEHHOCTh TEKYIIETO COCTOSIHUS POOOTa OT cocTosHus Ha rpanmie KC.
Hdns  pacu€ra MeTpUK  HEOOXOAMMO  3HaHHWE  COOTBETCTBYIOIIUX
MaTeMaTH4ecKHX Mojesiell poboTa W Mojenei B3auMoJeicTBHI poboTa ¢
OKpYXaIoIIeH cpeqioi, B YaCTHOCTH — MOJIENEH THHAMHKH.

MopemupoBanne auHamukan MP JIK MoOmmbHOTO poboTa JErKoro
Kjlacca B 0OmeM ciydae BKIIOYaeT MOJCIUPOBAHUE CIEAYIOIINX
B3aUMOJICHCTBUH (ITOACHCTEM OOIIeH MOIEIH):

1. omopHas MOBEPXHOCTH — ABIKHUTENH (MOJETh «TPYHT-KOJIECO»);

2. NBHXHTENb — NPUBOJ (MOJENb «IIPUBOJ M TPAHCMHUCCHA» C YUETOM
yOpYyrocTel n HeMHMHEeHHOCTeH);

3. mBmwxuTenb — MoOOWIbHas Twardpopma (MOJENb «IOJBECKa W
MUTI», tne MUI" — MexaHU3MBI U3MEHEHHUS TCOMETPHH IIIACCH)

4. MoOwnbHas 1aThopmMa — MaHHIYJISATOp (MOIENb «IuIaTdopma-
MaHMITYJIATOP» - AWHAMUYECKOE B3aMMOJIEHCTBHE C yYETOM T'€OMETpHH,
HMHEPIINH, YIIPYTOCTH MaHUIYJIATOPA);

5. MaHUOynATop (MOJENb «MAHHOYJIATOpPa» C  y4ETOM  €ro
BHYTPEHHHX XapaKTEPUCTHK);

6. MaHUIYJIATOp — HWHCTPYMEHT/TIONIE3HBIA TpPy3 («MaHUITYJISATOP-
HIIT»);

7. WHCTPYMEHT/TONE3HBIN Tpy3 — 00BeKkTsl BHemHel cpensl («UIIT-
cpenay);

8. MOOWJIBHBIN POOOT — OOBEKTHI BHEIIIHEH CPEIbI (KKOPITYC-Cpeaay).

BaxHo ompenenuth, Kakhe U3 B3aMMOICHCTBHH HEOOXOIUMO H
JOCTaTOYHO YYMTBHIBATH JJI JECTEKTUPOBaHMA U  MPEJOTBPALICHUS
pazmmunbix  KC, a Takke Kakod MHHHUMaJbHBIH HabOp CEHCOPHOM
nHpOpManH TpedyeTcs I 3TOTO.
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0030p MyOIHMKALUiA IO METOJIaM JeTeKTHpoBaHus 1 napuposanust KC
Mokaszajl, 4To B TO BpeMs Kak oaHu Buabl KC wu3ydyeHBl I0OCTaTOYHO
MoJpoOHO, JApPyrMe NONYyYWJIM MEHbIIee BHUMaHHWe. Tak, Uil OIEHKH
BEPOATHOCTH  BO3HUKHOBEHHS U  IApUPOBaHMUA  OMNPOKHBIBAHUS
MIPEUI0’KEHO 3HAUYUTENIbHOE KOJIMUYECTBO METPUK U anroputMoB. OnHako, B
HacTosIllee BpeMs OTCYTCTBYeT CKOJNBKO-HHOYIOb TIONHBIM  aHaJU3
MPEUIOKEHHBIX METPUK KM QJITOPUTMOB C TOUKH 3PEHHS UX HAAEKHOCTH,
OBICTPONEHCTBYSL M MPUTOTHOCTH (ONTUMAJIBHOCTH) Uit pOOOTOB TOH WITH
nHOW KoHGuryparmu. He oGHapyKeHO MCCIeTOBaHUN BIMSHUAS CKOPOCTH U
W3MECHEHHS CKOPOCTH MOOWJIBHON IUIaTGOpMBl HAa YCTOHYMBOCTH K
ONPOKH/IBIBAHUIO U CKOJBKEHHIO MO TIOBEPXHOCTH, a TaKXkKe MCCIIEeI0BAHUN
JOBIDKEHUSI [0 YIPYTMM TIOBEPXHOCTSIM UM IPEOAOJICHHS  YNPYIHX
npenstcTBuid. He Obuto HaliieHO MyOJMKAaIWid, pacCMaTpHBAIOIINX TaKUE
CHUTYaIlH, KaKk CBOOOIHOE TIaJIEHUE U HEKOHTPOJIUPYEMBIi B3JIET.

Pemienue nepeuncieHHbIX OTKPBITBIX BOIPOCOB COCTABISET MPEIMET
OYIyIINX HCCIICIOBAHUIA.
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V.M. Kopylov, 1.V. Shardyko, A.A. Truts
DEVELOPMENT OF A MODULAR MECHATRONIC UNIT
WITH ENHANCED REALIABILITY OF TORQUE
MEASUREMENT

Russian State Scientific Center for Robotics
and Technical Cybernetics, Saint-Petersburg
v.kopylov@rtc.ru

Among the variety of tendencies in mechatronic units design
nowadays there exist the use of modularity and the enhancement of torque
control strategies. The principle of modularity is well-known in technical
science, and it is employed in robotics on a number of levels, from large
subsystems (robot arms) to joint parts. It is widespread that a manipulator
contains only limited number of joint types (sizes) [1] or only one joint type
at all [2]. Generally speaking, modularity is connected with two strategies
of its employment: interchangeability of the components and extensibility
of the system. In the latter case, modularity brings the opportunity to create
a row of joints that differ only in composition, e.g. with or without
electromagnetic brake or link-side position sensor, which leads to enhanced
versatility and average decrease of expenses.

Considering torque control, there are currently three main strategies to
measure the joint output torque, i.e. sensorless method, micro- and
macromeasurement. Sensorless torque measurement and control [3] is based
on the knowledge of motor current as well as relevant models linking output
torque with motor current, primarily, friction models. Micromeasurement
assumes measurement of microstrains with such transducers as, e.g. strain
gauges [4]. Conversely, macromeasurements are related with introduction
of elastic elements into the joint structure and measurement of their
deflection with position sensors, such as resolvers or optical encoders [5].
The elastic element contributes to the unit reliability, behaving as a filter
and not requiring elements with relatively low reliability (strain gauges).

In the course of this work a joint with elastic element based on a
modular concept is designed. The joint structure is shown in Figure 1 with
drive assembly 1, brake 2 and wave gear 3 as basic elements and elastic
element (torsion spring) 4, interface for unlimited rotation 5 and link-side
position sensor as optional ones.
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Figure 1 — Joint structure (slice)

Special attention is paid to design of the torsion spring due to its
important role within the mechatronic unit. The spring is constrained by its
inner and outer diameters while it should have required strength and
elasticity. Strength analysis is performed in the Solidworks.

1. T. Debus, S. Dougherty. Overview and Performance of the Front-End
Robotics Enabling Near-Term Demonstration (FREND) Robotic Arm.
2009.

2. S. Jaekel et al. Design and Operational Elements of the Robotic
Subsystem for the e.deorbit Debris Removal Mission. 2018

3. A. De Luca, R. Mattone. Sensorless Robot Collision Detection and
Hybrid Force/Motion Control. 2005

4. G. Hirzinger et al. On a New Generation of Torque Controlled Light-
Weight Robots. 2001

5. G. Pratt, M. Williamson. Series Elastic Acturators. 1995
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B.M. Konvinos, H.B. Illapoviko, A.A. Tpymc
PA3PABOTKA MEXATPOHHOTI'O Y3JIA MOAYJbHOM
KOHCTPYKIIAH C TOBBINIEHHOM HA TEXKHOCTBIO

MN3MEPEHUSA KPYTSAILIEIO MOMEHTA

THL] P® [JHUU PTK, Canxm-Ilemepoype
v.kopylov@rtc.ru

IIpu co3maHMKM  COBpPEMEHHBIX MEXaTPOHHBIX  MoAaynel s
NPUMEHEHHUs] B pOOOTOTEXHHUKE CPEI MHOYKECTBA TCHACHIMH CYLIECTBYIOT
TaKue, KaK pa3BUTHE MOIYJIBHOTO PUHIIUIIA U COBEPILIEHCTBOBAHUE CUCTEM
MOMEHTHOTO YIIpaBieHHs. MOIYJIBHBIA TPHHIMII XOPOIIO H3BECTEH B
TEXHHUKE, U B poOOTaxX OH NMPUMEHSETCS Cpa3y Ha HECKOJIBKHUX YPOBHSX, OT
KPYIHBIX TOJCHCTEM (PYyKH-MaHHUITYJIATOPHI) JIO 3JEMEHTOB IIapHHPOB
MaHHIYJIATOPOB.  YacTo  MaHMIYJNATOp  BKIIOYAET  OTPaHHMYCHHOE
KOJIMYECTBO THITOpa3MepoB HIapHUpPOB [l] imbo BooOmIE TONBKO OIWH
Tumopazmep [2]. B menom, wumes MOIYIBHOCTH CBsi3aHa C JBYyMSA
CTpaTerusiMu MIPUMEHECHHUS: B3aMMO03aMEHAEMOCTBIO y3JI0B "
pacumMpsieMOCTbI0O  CHCTEMBL. B mociegHeM  ciiyyae  NpHMEHEHHE
MOJYJIBHOCTH OTKpBIBa€T BO3MOXKHOCTH JJISI CO3JaHHUSA CeMelcTBa
HIAPHUPOB, pa3IMYAlOIIUXCA KOMIUICKTallMel, Hampumep, ¢ (0e3)
JNIEKTPOMArHUTHBIM TOPMO30M, JHOO ¢ (0e3) NaTYMKOM TOJIOKEHUS
BBIXOJIHOTO Bajla, YTO MPUBOJMUT K IOBBIIIEHHOH T'MOKOCTH pa3paboTKu n
CHIYKEHHIO CTOMMOCTH pa3pabOTOK B CPETHEM.

B gactu ynpaBneHusI MOMEHTOM B HACTOSIIIEE BPEMS CYIIECTBYET TPH
OCHOBHBIX TEXHOJIOTHH M3MEPEHUS] MOMEHTa Ha BBIXOJHOM Bally IIapHUpa
MaHHITYJIATOPa, KOTOPBIE YCIOBHO MOXKHO OIPENENHTh KaK KOCBEHHOE
HN3MEpEeHNe MOMEHTAa, MUKPO- U MakpousMmepeHne. KocBeHHOe n3MepeHne
MoMeHTa (sensorless torque measurement) [3] OcHOBBIBaeTCS Ha 3HAHWUU
TOKa JBUTATENs, a TaKKe HEOOXOAMMBIX MOJENEH, CBA3BIBAIOLINX TOK
JBUTATENIl C MOMEHTOM IIapHUpPA, B IMEPBYI0 OdYepelb, MOJEIHU TPEHHUS.
Mukpou3MepeHre MOMEHTa NperoiaraeT u3MepeHne MUKpoaehopMaIuii,
Harpumep, TaKUMH UHCTPYMEHTAIbHBIMH CpeACTBaMH, Kak
TeHzope3ucTopsl [4]. HanpoTus, Makporu3MepeHue CBSI3aHO C BBEJCHUEM B
LIApHUPBl CYILECTBEHHOIO YIPYTUX OJJIE€MEHTOB U HU3MEPEHHEM HX
negopmanmy  JaTYMKaMM  [IOJIOXKEHMs, TaKUMH KaK Bpallaroluecs
TpaHcopMaTopsl WM ONTHYECKHE JATIMKH MoJoKeHWs [S5]. Ynpyrui
MEXaHWIECKUI 3JIEMEHT CIIOCOOCTBYET MOBBIIICHHIO HAAEKHOCTH MOJIYIIA,
BBINOJIHSISL pOJTb QUIBTPa U He TpeOys! 3JIEMEHTOB CO CPABHUTEIBHO HU3KOU
HAAEKHOCTHIO (TEH30PE3UCTOPHI).

B xome mHacrosmied paboTHl pa3paboTaH MIAPHHP C MEXaHWYECCKH
YIOPYTUM 3JIEMEHTOM Ha OCHOBE MOAYJBHOTO NPHHIMIMA, TJ€ B YHCIO
00s13aTeNbHBIX JJIEMEHTOB BXOJSAT TNPHBOAHOW arperar 1, Topmo3 2,
BOJIHOBOH PEeIyKTOp 3, B TO BpeMs KaK YIPYTH# 3jeMeHT 4, KaOelbHBIN
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Pucynok 1 — KoHcTpykuus mapHupa B pa3pese

Ocoboe BHUMaHHE YACJIEHO YIPYroMy OJ3JIEMEHTY B CBsA3H C €I0

BaXHOW pOJIBIO B COCTaBE MEXAaTPOHHOTO MOXyJsl. Pasmepbl ympyroro
9JIEMEHTa OTpaHWYeHbl BHYTPEHHUM U BHEIIHHM JHaMETPOM, IIPU 3TOM OH
JOJDKeH o0nazaTh HEOOXOOMMOH IPOYHOCTBIO M LENEBOH YIPYrOCTBIO.
Pacuér npounoctu snemenTa nmposenéH B nakere Solidworks.
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A. De Luca, R. Mattone. Sensorless Robot Collision Detection and
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G. Hirzinger u np. On a New Generation of Torque Controlled Light-
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