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Yeascaemoie konnezu!

Om UMeHu
MeAHCBEOOMCMBEHHOU pabouell epynnol

Boenno-npomvluinennoii KoMuccuu
Poccuiickou Dedepayuu
npugemcmeayio VUACMHUKOB
MeAHCOYHAPOOHOU HAY4YHO-
mexHuyecKkoll KOH@epeHyuu
«OKCTPEMAJIPHAA
POBOTOTEXHUKA».

Obecneuenue 6bezonacrocmu
eocyoapcmea U e20  HACeNeHus —

KOMNJIEKCHAA 361()61’{61, sKodarowas 6

cebs paszeumue cucmembi
npeoomspaujeHus upe36bIualiHbIX
cumyayuii, — cucmemvl  HOMOWU U

Nno00epIHCKU NOCMpaoasuwiux, 6 mom
yucne coseputeHcmeosanue
MEXHUUeCK020 OCHAWeHUs NOUCKOBO-
CRACAMENbHBIX CYHCO.

Dear Colleagues!

On behalf of the Interagency
Task Force of the Military-Industrial
Commission ~ of  the  Russian
Federation | greet participants of the
International Scientific-and-
Technological Conference
«EXTREME ROBOTICS».

Ensuring the security of the
state and its population is a complex
task including the development of a
system for preventing emergencies, a
system of assistance and support to
victims including updating technique
of search and rescue services.

I am glad that the Conference
devoted to these problems is held
annually in St. Petersburg. Scientists
and young specialists, developers and
customers will be able to become



A pao, umo ¢ Canxm-
Ilemepbypee  exnceco0no  npoxooum
KOH(epenyusi, NnocesaujeHnas mum
séonpocam.  Yuenvle U MONOObIE
cneyuamucmul,  paspabomuuKu - u
3aKA3YUKU cmoaym cmamu
VUACMHUKAMU UHMEPECHBIX OUCKYCCULL
no  KIIOUesblM B0Npocam 8 cgepe

pobomomexnHuieckux — cucmem — u
cpeocms  6e30naAcHOCm,  NOJYYUMb
ungopmayuio 06 aKmyanbHolx

HANpAaeIeHusIx uccied08anull 6 OAHHOU
obaacmu, NYOIUYHO Npeocmasumv U
o0bcyoumas pe3yivmamol c80UX
uccred08aHull U paspadomox.
Veepen, umo xongepenyus ne
MOIbKO npedocmasum
O0ONOIHUMENbHbIE BO3MONCHOCTU 0I5
6€0CHUSL NPSAMO20  OUALO2d  MeAHCOY
paspabomuuxamu npooyKyuu u
npeocmasumensiMuy  MUHUCMEPCME U
68edoMCme, omeeuaruux 3a
obecneuenue  00OPOHOCNOCOOHOCMU
eocydapcmea U €20 HAYUOHATbHOU
beszonacrocmu, HO u b6yoem
cnocobcmeogams — N0020mMosKe U
B60CHNUMAHUIO MOTIOObIX CHEYUATUCITLOB.
JKenaio yuacmuukam
KOH(pepenyuu ycnewnou u
n1000meopHot pabomoi!

Pyrosooumens
MedANc6e00MCMEeHHOU pabouell
epynnuvl Boenno-npomvlinennoii
xomuccuu Poccutickoii @edepayuu

participants of the interesting
discussions on the key questions in the
sphere of robotic systems and security
equipment, to get information on
current research trends in this field, to
publicly present and discuss the

results of their research and
development.

I am sure that this
Conference will give not only
additional possibilities for direct

dialogue between product developers
and representatives of the ministries
and agencies, which are responsible
for ensuring a defense capability of the
state and its national security, but will
contribute also to the training and
education of young specialists.

I wish all participants of the
Conference successful and fruitful
work!

Head of the Interagency Task Force
of the Military-Industrial Commission
of the Russian Federation

-

O.B. Mapl’nb}l;lO(f
Oleg Martyanov



Yeaoicaemvie xkonnezu!

Hpueemcm@yio yuacmHuxkoe

28-u  Meowcoynapoonoti  HayuHo-
MexHu4ecKou KoHpepenyuu
«OKCTPEMAJIPHAA
POBOTOTEXHUKA» 8
20CY0apCmMBeHHOM HAVYHOM YeHmpe
Poccuiickoii Deodepayuu
«Llenmpanvhulii HAy4HO-
uccne008amenvbCckuil. U ONbIMHO-
KOHCMPYKMOPCKULL uHCmumym
pobOmMOmexHuKy U MexXHU4ecKou
KUOepHemuKu.

Cezo0ns IKCMpemManbHas
pobomomexnuka — OmMHOCUMCA K
Haubonee nepCcnekmusHoOMY
HANpagnenuio  Hayku U  MexXHUKU,
onpeoensiioujemy memnvl U XapaxKmep
paszeumus MHO2UX ompacie.
Heobxooumocmo €O30aHUs

po50m0mexHultec;<ux cpe()cme HOB8020
NOKOJIeHU: cmaesum 3610611{)/
meaqnrcompaciiesoco xapaxkmepa,

Dear Colleagues!

| am glad to welcome

participants  of the  28th
International  Scientific  and
Technological Conference

«EXTREME ROBOTICS» at the
Russian State Scientific Center
for Robotics and Technical
Cybernetics  (RTC), Saint-
Petersburg, Russia.

Today extreme robotics
belongs to the most promising
direction  of science and
technology, determining the pace
and nature of development of
many industries. The need to
create robotic devices of a new
generation robotic tools poses a
task of an interbranch nature
associated with a development of
mechatronic  technologies, an
implementation of the principles



CBAZAHHYIO c paseumuem
MexampoHHbIX mexHono02Ul,
peanuzayuell NpUHYUNO8 yHuuxayuu
U MUHUAMIOPUZAYULL.

B amom 200y ronghepenyus

cocmoumcst 6 PacuupeHHom
opmame, u ee 3acedanusi npoudym Ha
basze 6b1e30HbIX NIoWAooK,
npeooCcmasieHHbIX Boennoti

axademueti cesizu um. C.M. Bydenrnozo,
THonumexnuueckum  yHusepcumemom
Ilempa Benukoco, Ilepsvoim Canxm-
IlemepoOypeckum  2ocyoapcmeeHHbiM
MEOUYUHCKUM ~ VHUBEPCUMENOM  UM.
axaodemurxa M.I1. TMasenosa, a maxoice

Ljenmpom 0emcKO-10HOUECK020
MEeXHUYecKo20 meopyecmsa u
UHPOPMAYUOHHBIX — MEXHONO2UL 2.
Ilywkuna.

Yeepen, umo 6 smom 200y
obwenue npeocmagumencii CUILOBbIX
MuHucmepcme u eoomcme Poccuu,
HAYYHbIX U  YYEOHBIX OpeaHu3ayull,
obusneca u NPOMBIUIEHHOCIMU
nO360AUM  BbLIPAOOMAMb KAK HOBbLE
cmpamezuu pazeumus
IKCMPEMATbHOU pobomomexnuxu,
max u cpopmuposams npeonoicenus
no nepCneKmueHbIM
06pasosamenbHbIM MEXHON02USIM
no020moeKu Kaopos onst
8bICOKOMEXHONOLUYHBIX NPOUZBOOCME.

Kenaio nI000MBOPHOU
pabomul 6cem VUACMHUKAM
KOH@hepeHyuu!

Jlupexmop-enaemwiii KOHCMPYKMOp
T'HI] P® [[HUHU PTK, 0.m.H.

-

[

of unification and
miniaturization.

This year the conference
will be held in an expanded
format, and its sessions will be
held on the basis of distributed
venues provided by the Military
Academy of the Signal Corps
named after S.M. Budjonny, Peter
the Great St. Petersburg
Polytechnic University, Pavlov
First  Saint-Petersburg State
Medical University, as well as the
Center for Children and Youth
Technical Creativity and
Information  Technologies in
Pushkin town.

| am sure that this year
the communication of
representatives of the Russian
power ministries and agencies,

scientific and educational
organizations,  business and
industry  will allow  both

developing new strategies of
development of extreme robotics

and forming proposals on
promising educational
technologies for training
personnel for high-tech
industries.

I wish fruitful work to all
participants of the Conference!

Director-Chief Designer RTC,
Doctor of Technical Sciences

w’t

A.B. Jlonoma

Alexander Lopota
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Tocyoapcmeennviii  nayunvii  yeuwmp  Poccuiickoiu  @edepayuu
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Kypnan «Hoeuviii OboponHulil 3axas. Cmpamezuuy,
Canxkm-Ilemepoype
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TEOPETUYECKOE, YNCJIEHHOE U HATYPHOE
MOIEJUPOBAHUE PTK / THEORETICAL, COMPUTATIONAL
AND FULL-SCALE MODELING OF ROBOTIC SYSTEMS

H.A. Bacunves
IMAPAMETPUYECKHU-AIIITPOKCUMAIIMOHHBIA METO/I
PEILIEHHSI OBPATHOM KUHEMATUYECKOM 3AJJAYM JJ151
MAHUMITIVJISITOPOB

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

Pemennsm  oOpatHO#  kmHematmueckodt 3amaum  (OK3)  mma
MaHMITYJTAOHOHHBIX ~ POOOTOB  IOCBSIIEHBI  THICSYM  ITyOJMMKanmii.
[IpuMeHstOTCS pa3NuUYHblE AaHATUTUYECKME M UYHUCJIEHHBIE METOJbl e¢
peuieHusi.  ABTOpOM  JIlaHHOW  CTaTbd  Ipeajiaraercs  OrpoOOBaHHBIN
OpUI'MHAJIbHBIM MeTOoJ peuieHus. [Ipu pemieHun npsMoOl KMHEMAaTHYECKOM
3a/laud COCTABJIAIOTCS MAaCCHBBI 3aBHCHUMOCTEH IOJOXKEHUH 3aXBaTHOTIO
ycrpoiictBa (3ddekropa) ManumynsTopa OT OOOOIIEHHBIX KOOPAUHAT
3BEHBEB. 3aTEM MPOM3BOJAUTCS ANNPOKCHMAIMs MOJIMHOMAMHU OOJIBIIUX
pazMepHOCTEN.

Beiroma Takoro noAaxoxa  OYEBMAHA:  BO-IEPBBIX, HET 9JTamna
HemnocpeacTBeHHO pemteHuss camod OK3. Bo-BTopbix, anmpoxcumarnus
MIPOBOANTCS B TpeOyeMbIX AMara3oHax OOOOMEHHOTO MPOCTPAHCTBA, BHE
KOTOPBIX aNNpOKCUMAllMM HE CYIIECTBYeT. B-TpeTbux, B OTIMYUE OT
YHCJICHHBIX METOJOB PEIICHMS 37eCh HET 3aBHCHUMOCTH OT KOH(HTyparuu
MaHMITYIATOpa. B-4eTBEPTHIX, MPOTPaAMMHBINH KOJ CTPOr0 YHH(HUIIMPOBAH U
CTPYKTYPHUPOBaH.

MeTox MOXET HPUMEHSTHCSA JIUIIb IS TPAKTHYSCKOTO YTIPAaBICHUS
MaHMITYJIATOPAMH, U HE TIPUTOJICH [T TEOPETHYECKUX M3BICKAaHUH, TaK KaK B
pe3yabpTaTe TaKoi almpOKCHMAIINH MTOTyYaloTCsl TPOMO3IKHE (POPMYIIBL.

Kirouessie ciioBa: Po6oT, MaHUIynATOp, KHHEMaTHYECKAas 3a/1a4a.
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|.A. Vasiliev
PARAMETRICALLY-APPROXIMATE METHOD FOR SOLVING
THE INVERSE KINEMATIC PROBLEM FOR MANIPULATORS

RTC, Saint-Petersburg
vas@rtc.ru

Solutions of the inverse kinematical problem (IKP) for manipulative
robots are devoted to thousands of publications. Various analytical and
numerical methods for its solution are used. The author of this article proposes
an original method of solution. When solving a direct kinematical problem,
arrays of dependencies of the positions of the manipulator gripper (effector) on
the generalized coordinates of the links are made up. Then an approximation
is made by polynomials of large dimensions.

The benefit of this approach is obvious: firstly, there is no stage in
directly solving the IKP itself. Secondly, the approximation is carried out in
the required ranges of generalized space, outside of which there is no
approximation. Third, unlike the numerical methods of solution, there is no
dependence on the configuration of the manipulator. Fourthly, the program
code is strictly unified and structured.

The method can be used only for practical control of manipulators and is
not suitable for theoretical studies, because as a result of this approximation,
cumbersome formulas are obtained.

Keywords: robot, manipulator, kinematical problem.
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B.I I'paoeykuii, M.M. Knaswvxos, A.H. Cyxanos, B.I. Yauyyxun
KOJIEBATEJIBHBIE ITPOLIECCHI B JIEKTPOMATHUTHBIX
MHUHUATIOPHBIX POBOTAX"!

UlIMex PAH, Mockea
gradet@ipmnet.ru

PaccmaTtpuBaercss ~ BIMSHHE ~ TeHEPHPYEMBIX  KojeOaHW  Ha
XapaKTEePUCTUKHU 3JEKTPOMATrHUTHBIX MUHHATIOPHBIX POOOTOB MPH MPSIMOM 1
PEBEPCUBHOM JIBW)KEHHH BJIOJIb BHYTPEHHHX IIOBEPXHOCTEH TpPYyO MajbIx
quaMmeTpoB. Iloka3aHo BIMAHUE YACTOTHI, MPOTSHKEHHOCTH U AJTUTEIBHOCTU
YIOPaBIAIONUX UMITYIbCOB Ha M3MEHEHHE CKOPOCTH U YCKOPEHHUS JBUKEHUSL.
ITpuBOAATCS pe3ynbTaThl SKCIEPUMEHTATIBHBIX UCCIIEI0OBAHUI.

KiroueBble crmoBa: MHHHATIOPHBIH — POOOT, AIEKTPOMArHUTHEII
NPUHOWT ~ JAeHCTBUS,  KonebaTenbHbIE  INPOIECCH,  (YHKIMOHATIbHBIC
XapaKTEePUCTHKH.

HccnenoBanue KoneOaTENbHBIX — MPOIECCOB, IPOUCXOJSIINX B
MHUHHUATIOPHBIX 3JICKTPOMAarHUTHBIX POOOTaxX, TPOBOAWTCS B BEAYIINX
MHUPOBBIX HAay4YHBIX IICHTPaxX W SIBICTCS aKTyaJbHOW 3agadeid, MOCKOJIbKY
MO3BOJISIET BBIOpATh HAWIYYIIHE BO3MOJKHBIC XapaKTEPUCTHKH, ONPEACTHTH
COOTBETCTBHE PabOUYUX MapaMeTpPOB TPeOYyEeMbIM 3HAYCHHSM, YIYUIIHTh
KaueCTBO M PACIIUPUTH BO3MOXKHOCTH POOOTOB. MHUHHMATIOpHBIE POOOTHI C
ANIEKTPOMArHUTHBIMA NPHUBOJAHBIMM CHCTEMaMH M TEXHOJOTMYECKHUMHU
JaTYuKaMH Ha OOpTy MpeqHa3HAa4deHbl Il MPSIMOTO M PEBEPCHUBHOTO
JIBIDKGHUSI BHYTpU TpyO Mamoro numamerpa (SmMm-20MM) M MOTyT OBITH
UCIIONIb30BAHbl U aHAJIM3a KadecTBa BHYTPEHHUX IOBEPXHOCTEH TpyoO,
HEepa3pylIAloIero KOHTPOJII W JIPYTUX HHCICKIMOHHBIX  OIEepars,
HarpuMmep, B  JHEpPreTMKe, B aBHAIIMOHHOW W  aBHAKOCMUYECKOU
MPOMBIIIICHHOCTH.

! PaGora BbimonHeHa B pamkax KOMIUIEKCHOH — IIpOrpammel

¢dynnamenranbHbIx uccneposanuit OOMMITY PAH [11.411.
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V. Gradetsky, M. Knyazkov, A. Sukhanov, V. Chashchukhin
OSCILLATORY PROCESSES IN ELECTROMAGNETIC
MINIATURE ROBOTS*

Institute for Problems in Mechanics RAS
gradet@ipmnet.ru

The generated oscillations effect on the characteristics of electromagnetic
miniature robots under direct and reverse motion along the internal
surfaces of small diameter pipes is considered.

The influence of the frequency, length and duration of the control pulses
on the change in speed and acceleration of motion is shown. The results
of experimental studies are presented.

Key words: miniature robot, electromagnetic operation principle,
oscillatory processes, functional characteristics.

The study of oscillatory processes occurring in miniature electromagnetic
robots is carried out at leading world scientific centers [1-6] and is an
actual task, since it allows choosing the best possible characteristics, and
determining the correspondence of operating variables to the required
values, improving the quality and expanding the capabilities of robots.
Miniature robots with electromagnetic drive systems and technological
sensors onboard are designed for direct and reversible movement inside
small diameter pipes (5mm-20mm) and can be used for analysis of the
quality of internal pipe surfaces, non-destructive testing and other
inspection operations, for example, in power engineering, in aviation and
aerospace industries [6-9].

* The work was carried out within the framework of the Complex Program
of Fundamental Research of the Department of Power Engineering,
Mechanical Engineering, Mechanics and Control Processes of the Russian
Academy of Sciences I11.4P.
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A.A. ITuckapée, b.b. Muxaiinos
METO/bI OIIEHKA HAYAJIbBHOT' O ITPUBJINKEHHS B 3AI[AIIAMX
AIMIMTPOKCUMAIIUAU ITPOCTPAHCTBEHHBIX IOBEPXHOCTEH

MITY um. H.D. baymana, Mockea

B 3amauax anmpoKCHMaIiuy 9acTo NCIONB3YIOTCS HTePAI[HOHHBIE
METOJIbI, CXOAMMOCTH KOTOPBIX 3aBUCUT OT HaYaJIbHOTO MPUOIMKeHus. B
JTOM CTaThe CPAaBHUBAIOTCS METOBI OIIEHKHM HAYaJbHOTO MPUOIIKEHUS Ha
OCHOBE TEOMETPHUYECKOTO aHATN3a MHOKECTBA TOUYCK, ITOTyYCHHBIX OT
CUCTEMBI 00BEMHOTO 3peHUs. Pe3ynbTaThl OIIEHKH B TajdbHEUIIEM
WCIIOJIB3YIOTCS IS alPOKCUMAIIUU UCXOJHBIX TOUEK KPUBOJIMHEHHBIMU
MOBEPXHOCTSMHU.

KitroueBrle cioBa: 00bEMHOE 3peHNE, AIPOKCHMAITHIS TIOBEPXHOCTEH,
HENUHEHHAs ONTHMH3ALHS, aHATUTHIECKAsk TCOMETPHSI.

A.A. Piscariov, B.B. Mikhailov
INITIAL ESTIMATE EVALUATION METHODS IN 3D-SURFACE
APPROXIMATION TASKS

BMSTU, Moscow

Iterative methods are frequently used in approximation tasks. Their
convergence strongly depends on initial estimate. In this article some initial
estimate evaluation methods based on geometry analysis of 3D-vision point
set are compared. Evaluation results are then used to approximate source
points with curvelinear surfaces.

Keywords: volume sight, approximation of surfaces, nonlinear
optimization, analytical geometry.
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B.H. Kazanues, B.A. Ilaenos
TEPMHWHOJIOT'MsI M TOAXO/1bI K ONIPEJAEJTEHUIO
MOAYJIBbHOU CTPYKTYPbBI POGOTOB

I'HI] PO [[HUU PTK, Cankm-Ilemepbype

PaccmoTper o0muii moaxo K HHTEPIPETAHY CYIIEeCTBYIOMIEH
TEPMHHOJIOTMH ¥ IPIMEHEHUIO KIIACCU(PHUKALNA MOIYIBHOCTH
KOMITOHEHTOB CEpBHCHBIX poOoToB. KoHnenmu pa3paboTku MOy IbHOM
APXUTEKTYPBl pOOOTOB PACCMOTPEHBI € TIO3UINH KOMIIOHEHTHOTO U
(hyHKIIMOHATILHOTO 1M0X0/10B. [IpecTaBieH kpaTkuii 0030p
pa3pabaTbIBa€MBbIX B HACTOSILEE BPEMSI METO0B MOP(HOTPOHUKH U
KOHTAaKTHO-KaHAJIBHOTO METOAA Il CTPYKTYPHOT'O MPOEKTUPOBAHUS
poOOTOB.

V.N. Kazantsev, V.A. Pavlov
TERMINOLOGY AND APPROACHES TO ADEFINITION OF
MODULAR ROBOT STRUCTURE

RTC, Saint-Petersburg

A general approach to an interpretation of the existing terminology
and to an application of the service robot component modularity
classifications is considered. Concepts of the modular robot architecture
development are considered from positions of the component and functional
approaches. A brief overview of the morphotronic methods being developed
currently and the contact & channel method used for the robots structural
design is presented.
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U.B. Bamamaniok, A.U. Casenves
MOBMJIBHASI POBOTOTEXHUYECKAS IIJIAT®OPMA KAK
KOMIIOHEHT KUBEP®U3NYECKOI'O HHTEJUIEKTYAJIBHOT'O
IMPOCTPAHCTBA

Canxm-Ilemep6ypeckuil uncmumym ungopMamuKy u agmomamu3ayul
Poccuiickoii akademuu nayx, Cankm-Ilemepoype
vatamaniuk@iias.spb.su

[MpeanoxkeHa  KoHUrypanmus  MOOMJIBHON  pOOOTOTEXHHYECKOU
wiatpopmsl  (MPII),  sBustomeiicss  31eMeHTHOM  Kubepduznueckoro
uHTe/UIeKTyanbHoro mnpoctpanctea (K®II). Tlpeacrasieno ¢dopmaiibHOE
onucanue KoMrnoHeHTos MPII u cepBUCOB, IPEAOCTaBISIEMBIX I10Jb30BATEINO.

KiroueBbie cioBa: KuOeppU3MUECKHE CHCTEMBI, MHOTOMOMAJbHEIC
HUHTEPQEHCHI, HMHTEIUICKTyaTbHOE MIPOCTPAHCTBO, MOOHMITEHAS
poboToTexHUYecKas IaThopma

PaccmoTrpuMm xopropatuBHOe kubepdusndeckoe mpoctpancTBo (KDIT)
Ha MpUMEpe MHOTOMOJATBHON HH(pOPMAIIMOHHO-HABUTAIIMOHHONW OOJIauHON
cucremsl (MUHOC) [1]. Ee 0CHOBHBIMH KOMIIOHCHTAMH SIBJISSIOTCS: CUCTEMA
KOPITIOPATHBHOTO TENICBUACHUS [2]; crucTeMa aBTOMATH3alUU 000PYI0BaHHUS;
cucTeMa BHICOKOH(EPEHIICBSI3M; CUCTEMa PErucTpalud U HIACHTH(UKAMN
MOJIB30BaTEeNEH; CHCTEMa HABUTAIMM IOJB30BATEIsl BHYTPHU IOMELICHUN

OpraHu3alyy, JaroIast
H0JIL30BATEIII0 BO3MOXHOCTb MPL
HIPOJIOKUTD MapmpyT K F " Tporpawmmoe obecrewenme

MHTEPECYIOIEMY €ro OOBEeKTYy, a
TaK)KE CEPBHUC COMPOBOKICHHS

O6paborka nHdopMaLun
JIATYNKOB

HH (opMaLuy

OGpaborka ay110BU3yalbHOI

wiatdopmsr (MPI).

O6paborka mpoduns

OnunreM  KOH(QUrypanuio
MPII MRP (puc. 1):

\
l
. . \
MOOWILHOW POOOTOTEXHHUYCCKOU " VrpaBlieHne ABIKEHHEM
\
|
\

’ TI0JIB30BATEJIS

110JIL30BATEJISA

O6paborka 3anpoca

MRP = <H, S, SRV>, R T 3
rne H = <M’ > - anrapaTHoe \ AnmaparHoe ofecreyeHue T‘
obecrnieuenne, BKIoydatomee: M — \ [ Nowwcmasmaers | | Tepwman li
000py10BaHKE TOABUKHON YacT s |
wiaTopMbl  (ABUraTend, IUaTa Pucynox 1. Ctpyxrypa MPII

yIpaBJCHUS, JATYUKH
paccTosiHHs, CUCTEMa 3apsga Hu

MUTaHUs, CETEBOC o00opymoBaHme), T — TepMuHan (kamepa, MHUKPO(DOH,
YCTPOMCTBO BBIBOJIA 3BYKAa W CEHCOPHBIM 3KpaH Ul B3aMMOJCHUCTBHS C
nons3oBarenem); S = {Sist, Smot, Spows Scps, Su, Scam, Smic, SINT} — TporpaMMHOE
obecrieuenue, rje: Sgist — 0710k 00paboTKH HHGOPMAIINN TATIUKOB PACCTOSTHHS
U OJIOMETPUH, Smot — OJIOK YIIPABICHUS IBHIKCHUEM, Spow — OJIOK YIpaBICHUS
nuraueM, Scps — 610k koMmyHuKanuu ¢ KOII, Sy = {SuP™, Sy'°¢, Sy, Sy}
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— 610K 06paboTKK HHOPMALMH O MOIL30BaTeNe, BKIOUaomuii: SyP®f — yuer
TNpeANouTeHn Momb3oBaTene, Su'® — mocnemHee 3aperncTPUPOBAHHOE
MECTOIIOIOKEHHE TTOIb30BaTel s, Su?™ — mocuegare eHCTBHS MOIb30BATENS B
K®II, Sy - ncuxohusnueckoe U SMOLMOHAIBHOE COCTOSIHUE MOJIb30BATENs,
Scam, Smic — OJIOKH 0OpaOOTKH JaHHBIX, TOCTYIAIONIMX C KAMEPbI H MEKPO(OHa,
BKJTFOUAsT: Sgpch — OJIOK pacrio3HaBaHUs PeUH, Stace — OJIOK paclio3HABAHMUS JIHIL,
SINT - OJIOK B3aMMOJENCTBHS C IOJL30BATENIEM, BKIIFOUAONM: SN — OJIOK
MOUCKa HeoOXoauMoW uHpopMammu, Sty — OJOK  KOPIOPAaTHBHOTO
TeNEBUACHUS, Syc — OJIOK BHICOKOH(PEPEHIICBS3H, Sesc — OJIOK HABUTAI[MH U
conpoBoxkaenust mosp3oBatess; SRV = {SRVing, SRV1y, SRVvc, SRVesc} —
CEpPBHUCHI, MPEIOCTaBIIEMbIC TOJB30BaTEN0, BKIOYas: SRViNe — mouck
HeoOxoxnumoit nHpopmarmu, SRVry — 1okas KOpHopaTHBHOI'O TEJIECBUICHHMS,
SRVyc — BumeokoH(pepeHICBsi3b, SRVese — HaBUTALUMS W COMPOBOXKICHHE
TIOJTH30BATEIIS.

B oTcyrcTBHEe KakMX-THOO aKTHBHBIX NEHCTBHI TONB30BaTeNs, B TO
BpeMsl, TTIOKa OH HaxXoJuTcs B npenenax Buaumoctd MPII, HO He B akTUBHOM
30H¢ Dagt, Ha dkpane MPII oroOpaxaroTcst clnaiabl KOPIOPATHBHOTO
teneBuaeHns. Muabopmanmo o npoduie moms3osarens MPII momygaer ot
KOTII. Ecnu nose3oBatens BXOAUT B Dagt, Ha 9kpaHe oToOpaxaetcst MeHto [1]:
1) mnokaz cmaiipoB; 2) wuHbopmaumuss 00  opraHuzauuu;  3)
BUJICOKOH(DEPCHIICBA3b; 4) TMOWCK TIOMCHICHHS, 5) COMPOBOXKICHHE
nojbp3oBarenss. B cimydae OesneiictBust mosb3oBatenss MPIT mepexoaut B
pexuM ToKaza ciaiinoB. B cmydae mpucytcTBusi B Dat IByX u Ooiee
nonb3oBarenieli, MPII BeiOupaeT mis JanpHEWIIEr0 B3aUMOJCHCTBUS
Ommkaiiimero K HeW monb3oBatens. lIpemmaraemas MPII  sBiseTcs
MOJYJBHOHM, TpeAroysaraeT COOBITHIHO-OPHEHTHPOBAHHOE YIPABICHHE W
MOJKEeT OBITh HCIIONIF30BaHA HE TONBKO B pamkax K®PC, HO u, K mpumepy, B
pPOEBOI POOOTOTEXHUKE.

1. JleomeBckuii J[.K., Baramanioxk I.B., Casemse A.ll
MmuoroMmonansHasi  HH)OPMAIIMOHHO-HABUTAIIMOHHAS ~ OOJIayHast
cucrema MUHOC juiss  kopropatuBHOro KuOep(hU3MUECKOTO
UHTEJUICKTYaJbHOTO TPOCTpPaHCTBA. [lporpaMMHas HHXKCHEPHS.
2017.T. 8. Ne 3. C. 120-128.

2. JleBonesckuii /I.K., Batamantok U.B., CaBenbeB A.U., [lenucos A.B.
KopropatuBHass ~ uH(MOpMAIMOHHAS  CHCTEMa  OOCITY)KHBAHHUS
MOJTb30BaTeICH KaK KOMIIOHEHT KHOep(hU3NIECKOTo
WHTEIUIEKTYallbHOTO TpocTpaHcTBa //M3BecTHsl BBICIINX Y4EeOHBIX
3aBeneHnid. [Ipudopoctpoenne. 2016. T. 59. Ne 11. C. 906-912.
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1.V. Vatamaniuk, A.l. Saveliev
MOBILE ROBOTIC PLATFORM AS A COMPONENT OF CYBER-
PHYSICAL SMART SPACE

St. Petersburg Institute for Informatics and Automation of the Russian
Academy of Sciences, St. Petersburg
vatamaniuk@iias.spb.su

The paper discusses configuration of a mobile robotic platform as a
component of a cyber-physical smart space. The components of the mobile
robotic platform as well as the services provided to user are formally described.
Some scenarios of user interaction with cyber-physical space through a mobile
robotic platform are discussed.

Keywords: cyber-physical system, multimodal interface, smart space,
mobile robotic platform

Let us consider a corporate cyber-physical environment by the example
of a multimodal information and navigation cloud system (MINOS) [1]. Its
main components are: corporate television system [2]; system of equipment
automation; videoconferencing system; system of user registration and
identification; system for user navigation inside the organization, which offers
the user to map a route to the object of interest, as well as to escort him\her by
the mobile robotic platform.

Consider the configuration of the mobile robotic platform MRP (fig. 1):

MRP =<H, S, SRV>,

where H = <M, T> is _the Mobile Robotic Platform
hardware, including motion T T T T T T ofware T T 7
module M (control board,

|
|
motors, distance  sensors, |
|
|
|

Sensor Data Processing |
IAudiovisuaI Data Processing l |

Motion Control l

I User Profile Processing l |

charge and power system,
network  equipment)  and
terminal T (camera,

I User Request Processing l |

I
I
I Power Control l
|

microphone, sound output, s Ty T T v
touchscreen); S = {Saist, Smot, i_ T ~ " Hardware T T T
Spow, Scps, Su, Scam, Smic, SINT} 1S L I_ _M(fon_Mqu _l_ e T_erm_inzi — _I _|

the software, including: module
of distance and odometer
sensors data processing Sqist,
motion control module  Smot,
power control module Spow, module of communication with other parts of
cyber-physical environment Scps,

Su = {SuPe, Sy'°c, Sy, Sy} is the user data processing module including
user preferences SuP™®, last registered user location Sy'°c, last user actions in the
cyber-physical environment Sy, user psychophysical and emotional state
Syt camera image processing module Scam, microphone sound processing

Figure 1.
Structure of the mobile robotic platform
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module Smic, speech recognition module Sspen, face recognition module Stace,
user interaction module St including information search module Sir,
corporate television module Sty, videoconferencing module Syc, user
navigation and escort module Seg;

SRV = {SRVinrk, SRV1v, SRVyc, SRVesc} are services provided to the user
including search for necessary information SRV g, corporate television and
slideshow SRV+y, videoconferencing SRVyc, user navigation and escort SRVesc.

Consider some scenarios of user interaction. The mobile robotic platform
is being in the slideshow mode in the absence of any active user action, while
he\she is within the visibility of the mobile robotic platform but not in the
active zone Dact. The slideshow can be personalized according to the user
profile provided by the cyber-physical environment. When the user enters the
active zone Dac, the mobile robotic platform displays the following menu: 1)
slideshow; 2) information about organization; 3) videoconferencing; 4) room
search; 5) user escort. In case of user's inactivity, the mobile robotic platform
goes into the slideshow mode. If there are two or more users in the active zone
Dact, the mobile robotic platform choses the closest one for interaction. The
proposed mobile robotic platform is modular, it assumes event-oriented control
and can be used not only within the cyber-physical space, but also, for example,
in swarm robotics.

1. Levonevskiy D.K., Vatamaniuk 1.V., Saveliev A.l. MINOS
Multimodal Information and Navigation Cloud System for the
Corporate Cyber-Physical Smart Space. Software Engineering. 2017.
vol. 8. no. 3. pp. 120-128.

2. Levonevskiy D.K., Vatamaniuk I.V., Saveliev A.l., Denisov A.V.
Corporate information system of user service as a component of
cyber-physical intellectual space. Journal of Instrument Engineering.
2016. vol. 59. no. 11. pp. 906-912.
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O.M. Kanycmuna
AHAJIMTUYECKOE PEIIEHUE OBPATHOM 3AJIAYA
KUHEMATUKHN KUKAYOUBOT, HIAPAMETPU30BAHHOE
OBOBIIEHHBIMU KOOPITUHATAMM ETO TIJIAT®OPMBbI

Hayuonanvnuiii uccnedosamensvckuil ynusepcumem “Mockosckuti
anepeemuueckuii uncmumym’”’, Mocksa,
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[Ipy rulaHMpoOBaHMU JBMKEHUH W B NPOIIECCE YIPaBICHUS POOOTaMU
TpeOyeTcsl pemarh OOpaTHYH 3aja4y KHHEMAaTHKH. J[Is KHHEMaTH4ecKH
M30BITOYHBIX MEXaHU3MOB 3Ta 3aJ1aua sIBJSICTCS] HEOMPEACIEHHOM, T.K. YHCIIO0
YpaBHEHHMI MEHbBIIE 4YHCIA TOAJEKAIINX OIPEACICHUI0 0000IIEHHBIX
KoopauHatT. IImaHupyst OBIKEHUS W yNpaBisis poOOTOM, BaXKHO 3HATh BCE
peUIeHUsT W HMMETh BO3MOXHOCTh BBIOMpATh OTAENBHBIC. UHMCIEHHBIMU
METO/IaMH HaXOIATCSI TOJIBKO HEKOTOPBIC M3 HUX. AHAINTHYECKOE PEIICHHE
CYIIECTBYET HE /IS BCEX MOJIeNeil poOOTOB.

B noxmane paccmatpuBaercs podor KUKA youBot, npencrasisronuit
coboil ynpasisiemyto miarhopMy, HECYIIYIO MATHOCHBIH MaHMITYJISATOP CO
CXBAaTOM Ha KOHIEe pykdH. MekaHyMm Kkoséca 00ecreunBarOT BO3MOMXKHOCTh
BCCHAIPABIICHHOTO  JiBWKeHHs Twiaropmbl.  OTKpbITOE MPOrpaMMHOE
obecrneyerre poboTa MO3BOJSET MIMPOKO MPUMEHSThH €r0 B HCCIISTOBAHUAX U
o0pazoBaHu.

Panee ObII MpEJACTaBICH  QITOPUTM  IOJYYCHUS TOYHOTO
AHATUTHYCCKOTO pemieHnus oopatHoit 3amaun kuHeMaTnkn KUKA youBot ¢
yuéroM MOOMIBHOCTH TIaTGOpMBL. [yt 0TOOpa OTAEIBHBIX penIeHui ObLUI0
MPEUIOKEHO TpU ‘“‘TapaMeTpa MHOTO3HAUHOCTW : JIMHEWHas M yrioBas
KOOpJMHATa TIOJIOKEHUS IUIaTPOPMBI OTHOCHTENILHO pabodero opraHa H
rapameTp, ONpPECISIIONINNA TTOJIOKEHUE TPEThEro IapHUpa pyKH (“JOKTS
OTHOCHTEJILHO 3BCHBEB.

B psize 3anau TpeOyercs pemats 0OpaTHYO 33124y KHHEMaTHKHY, CUUTas
U3BECTHBIM I0JI0KEHHE TIAaT()OPMBI B AOCOIFOTHOM NPOCTPAHCTBE.

B mactosmei#n pabore moka3aHO, YTO Ha0Op  IMapameTpos,
OTIPEISIIAIONINX OT/IEIbHBIE pelIeHus 00paTHOH 3amaun kuaeMatukn KUKA
youBot ¢ yuérom MoOMIBHOCTH TUIATGOPMBI HE SIBISCTCS €IUHCTBEHHBIM.
TakuMu mapameTpaMu MOTYT OBITH JIOOBIE JIBE M3 TPEX OO0OOIIEHHBIX
KOOpJHMHAT TIaT()OPMBbI Ha IIIOCKOCTH.

[IpeacraBnens GopMyIIbI TOYHOTO AHATUTHYECKOTO PELICHUsI 00paTHON
3agaun kuHematnkn KUKA youBot B 3aBHCHMOCTH OT KakMX-mHOO JBYX
00O0OMIEHHBIX KOOpAWHAT IUIATGOpMBL. PaccMOTpeH mNpuMep BBIYHCICHHUS
TOYHBIX pelreHuil ¢ momomnibio Mathematica. DkcrepiUMeHTBI, B KOTOPBIX
peansHBII podor KUKA youBot 6511 BEICTaBIICH B ITOJIOKEHHSI, OTBEYAOIITIEC
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HaWJGHHBIM B  HpPUMEpE PpCIICHMSM, HOATBEPAMIM  NPABHIBHOCTH
pe3yJIbTaToB.

[peioxeHHbIE MTOAXOABI MOTYT OBITH HCIOJIB30BAHBI IPH AHAIN3E
Pa3IMYHBIX TEOPETHUECKUX W MPAKTHUECKUX HpoOieM ympasieHus. Meron
mapaMeTpu3alid  pemeHusT 00O0OMEHHBIMU KOOpPIAWHATAMH  IUIAT(GOPMBI
NPUMEHUM ¥ JJIsL APYTUX THIIOB MOOMIBHBIX POOOTOB.

O.M. Kapustina
AN ANALITICAL SOLUTION OF THE INVERSE KINEMATICS
PROBLEM OF KUKAYOUBOT, PARAMETERIZED BY
GENERALIZED COORDINATES OF ITS PLATFORM

National Research University "Moscow Power Engineering Institute™,
Moscow,
KapustinaOM@mpei.ru

For motions planning and in the process of robots control, it is required
to solve the inverse kinematics problem. For kinematically redundant
mechanisms, the inverse kinematics problem is undefined, since the number of
equations is less than the number of generalized coordinates to be determined.
When planning the motions and control the robot, it is important to know all
the solutions of this problem and be able to choose individual solutions.
Numerical methods find only some of them. The analytical solution does not
exist for all robot models.

In the report a robot KUKA youBot is considered, which is a controlled
platform carrying five-axis manipulator with a gripper on the end of the arm.
Mekanum wheels provide the possibility of omnidirectional motion of the
platform. The open software of the robot makes it possible to widely use it in
research and education.

An algorithm for obtaining an exact analytical solution to the inverse
kinematics problem KUKA youBot taking into account the mobility of the
platform was presented earlier. For the selection of individual solutions, three
" redundancy parameters" were suggested: the linear and angular coordinate of
the position and orientation of the platform relative to the end-effector and the
parameter determining the orientation of the third join ("elbow") relatively to
the links.

In a number of problems it is necessary to solve the inverse kinematics
problem, assuming that the position and orientation of the platform is known
in absolute space.

In this work it is shown that the set of parameters that determine the
individual solutions of the kinematics inverse problem KUKA youBot, taking
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into account the mobility of the platform, is not the only one. These parameters
can be any two of the three generalized coordinates of the platform in the plane.

Formulas of the exact analytical solution of the inverse kinematics
problem KUKA youBot which depend on any two general coordinates of the
platform are presented. An example of calculating exact solutions using
Mathematica is considered. Experiments in which the real robot KUKA
youBot was exposed in the configurations corresponding to the solutions found
in the example, confirmed the correctness of the results.

The proposed approaches can be used in the analysis of various
theoretical and practical problems of control. The method of parameterization
of the solution by generalized coordinates of the platform is applicable to other
types of mobile robots.
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MexaHu3MEBI napannenLHoﬁ CTPYKTYpPbI COCTOAT H3 HCECKOJBbKUX
KMHEMATUYECKUX I[ETICH, COCAUHSIONINX BBIXOJHOE 3BEHO C OCHOBAHHMEM, U
MOTYT BOCIPHHMMATh Harpy3ky IOJOOHO IPOCTPAHCTBEHHBIM (epMam.
JlaHHasi KOHCTPYKLMS HAJIEIseT MEXaHHU3Mbl [apaJUICIbHON CTPYKTYpbI
ITOBBIIIICHHBIMU IIOKa3aTeIsIMUu TOYHOCTHU u TPy30IIOABEMHOCTHU 1o
CpaBHCHUIO C TpaaUuIIMOHHBIMU MaHUITYJIAOUOHHBIMU MEXaHHU3MaMH
KOHCOJIBHOI'O THIIA. leyroe JOCTOMHCTBO TaKUX MEXAaHU3MOB — BO3MOXXHOCTb
YCTaHOBKHU NPHUBOAOB BHC pa60qel“4 30HbI, 4YTO IIO3BOJISICT CHHU3HUTH
HMHEPUHUOHHOCTL U NOBBICUTH 651CTp0,I[eI71CTBH€.

B HaACTOs1IEeC BpeMs O,Z[HOI71 N3 CEPLE3HBIX HpO6J‘I€M SABJIACTCA PCIICHUC
3aga4du MAaHUITYJIUPOBAHUA MOJCIAMHA A3POKOCMUYCCKUX CHUCTEM B
aSpOI[HHaMH‘IeCKOf?I pr6€ B YCJIOBUAX MHTCHCUBHOI'O BO3AYLIHOI'O IMOTOKA.
I[J'ISI peaicHus 3TOM 3aJa4yu ObL1a pa3pa60TaHa CcXeéMa MEXaHu3Ma
napajuIeIbHON CTPYKTYPBI C MIECThIO CTEMEHSIMHU CBOOOBI, OTIIMIUTEIHLHOMN
OCOOEHHOCTBIO KOTOPOW SIBISIETCSI PACIIOJNOXKEHHE BCEX IPHUBOJIOB BHE
paboueit 30HbI. Takas KOHCTPYKIHS TIO3BOJISIET KaK 3allUTHTh MPUBOIBI OT
BO3/ICMCTBUSL OKPYKAIOLIEH Cpefbl, TAK M COXPAHUTh YUCTOM OKPYIKAIOIIYIO
cpemy OT BO3JCHCTBHS TPHUBOJOB. [l000HOE pelieHne MOXKET HaWTH
NPpUMEHECHUE U B JAPYTUX TEXHUYCCKUX IMPUIIOKCHHAX, B YaCTHOCTU IIPpU
HCHBITAHUAX B TAKUX arp€CCUBHLIX CPE€AaX, KaK KOCMOC UJIU OKCaH.

O6paTHa$I 3a7a4a O MOJIOKCHUH 3aKIII0YaCTC B ONPCACICHUN 3HAYCHUU
0606H1€HHLIX KOoOpAuHAT MEXaHU3Ma q IpU U3BCCTHBIX BCKTOPC MOJIOKCHUU

T
(Xp, Yo Zpl) U yrilaX OpUeHTAINT (pppepp\llm BBIXOIHOTO 3BeHa. J{J1st
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paccMaTpuBaeMOro MeXaHu3Ma CYIIECTBYET aHATMTHUSCKOE PEIICHUE JTAHHOM
3a7a4H.
Tlpsimast 3amada O MOJIOKEHUH 3AKJIFOYACTCS B OINMPEICIICHHH BEKTOpPA

.
TTOJIOKEHUS (XpI Yol Zpl) U VYIJIOB  OpPHUEHTALNH (Pp|,9p|,Wp|

BBIXOJHOTO 3BEHA IPH M3BECTHBIX 3HAYCHUAX OOOOIICHHBIX KOOPIMHAT
MexaHu3ma (. PaccMoTpuM reomeTpuueckoe pelieHue JaHHOW 3aaadu. B
pe3yabpTaTe MOTyYnM CUcTeMy W3 18 ypaBHeHMH, 12 M3 KOTOPBIX SBISAIOTCS
KBaJIpaTHBIMHU B 6 — TMHEHHBIMH, OTHOCHUTEIHHO |8 HEN3BECTHBIX, KOTOPBIMH
SIBIIIIOTCSL KOOPJAMHATBI LIECTU ToueK. Jljisi ATOW CUCTEMBI ypaBHEHUN HeE
CYIIECTBYET pEIICHUS B aHAJUTHYECKOM BHAC, MOATOMY OyaeM WCKaTh
YHCIICHHOE PELICHHUE.

[TocTpoenne paboueil 30HBI MeXaHW3Ma 3aKJIIOYACTCSl B OINpPECICHUH
00JIaCTH TPOCTPAHCTBA, KOTOPYIO MOXKET 3aHUMAaTh BBIXOJHOE 3BEHO
MexaHn3Mma (raTdopma) ¢ yueToM KOHCTPYKTHBHBIX ¥ IPOYMX OTPAaHUYCHHH.
B paccMaTpuBa€MOM MEXAaHU3ME TAaKUMH OrPaHUYCHUAMU  SABJIAIOTCA
OTpaHMYCHUS Ha TUANa30H W3MEHEHHs 00OOIIEHHBIX KOOPIMHAT MEXaHU3Ma
g.

Omnpenencare pabodeil 30HBI MEXaHH3Ma OYyIEeM IMPOBOIUTH METOJOM
CKaHUPOBAHMSA MPOCTPAHCTBA  BOKPYr  IUIATOPMBI  MEXaHM3Ma C
HCTIOJIF30BaHUEM peIIeHUs 00paTHON 3aa4H O MOJIOKEHHUH. J{JIsI ToCTpOeHHS
pabodeii 30HBI OBLT COCTAaBIICH aNrOpuTM. Ha OCHOBE MOJIYYCHHOTO ITOCIE
CKaHMWPOBAHUS IPOCTPAHCTBA MACCUBA TOUEK, IPHHAIISIKAIMX paboueii 30He
MEXaHU3Ma, CTPOUTCA MOBECPXHOCTH, OXBaThbIBAalOIIasd 3TU TOYKH, a TaKKE
onpezensercs 00beM paboueit 30HbI.

Jlis IpoBepKH pe3ynbTaToOB, MONMYUYEHHBIX MPU MOJCTUPOBAHUHU, ObLIA
M3TOTOBJICHA SKCIIEPHMEHTAJIbHAs YCTAaHOBKA. Y CTaHOBKA BKIIIOYAET B cebs
MEXaHU3M, a TAKXKC CUCTEMY YIIPABJICHUA OTUM MEXaHU3MOM.

B xome ucmbITaHWIl MO YNPaBICHHUIO MOJOXCHHEM W OpHCHTAIHCH
m1aTOpMBbI MOKHO BHU3YallbHO HAOJIOJATh IMOATBEPKICHUE TEOPETHUCCKUX
pacyeToB M3 IMyHKTa O pelIeHHH 00paTHOMH 3a1auu o mosiokeHnu. OCoOeHHO
HarJSHBIM  SIBJISIETCSL  Pa3JelIbHOE YNpaBJICHHE 110 KakOW-TMOO OaHOU
KOOpJuHaTe (YIiy OPHEHTALMH): MOXXHO OTYETJINBO HAOJIO/NATH JBHIKECHHE
m1aTGOpMBI BIOJIb ATONW KOOPIUHATHI (M3MEHEHHUE 3TOTO yTIila OPUECHTAIINH) C
COXpAaHCHHEM OCTAJIbHBIX KOOPAMHAT ¥  YIJIOB TIOCTOSHHBIMH U
COOTBETCTBYIOITIMH HaYaTbHOMY TTOJIOKEHHUIO IIaT()OpPMEL.

PesynbraTel maHHOM pabOTHI MOTYT HEITOCPEICTBEHHO HCIIOIB30BAaTHCS B
JMATBPHEHITNX WCCIICAOBAHMIX MEXaHM3Ma, CBA3AHHBIX C aHAJIM30M OCOOBIX
MTOJIOKEHUH, pEIIeHHEM 3aJa4d O CKOPOCTAX, TUHAMHUYECKHM aHaIN30M
MexaHusMa. [losydeHHoe perieHre oOpaTHOM IMO3MIIMOHHON 3a/a4l MOXKET
HCIIOJIb30BATHCS JUIsl KHHEMATHYECKOT0 YITPABJICHUs IBKEHUEM TIIIaT(hOPMBI,
YT0 OBUIO YCHEHIHO MPOJEMOHCTPUPOBAHO HA OKCIEPUMEHTAIBHON
YCTaQHOBKE.
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B crarhe mpencTaBICHO aHAIMTUUYECKOE peElICHUE OOpaTHOH 3ajayu
KMHEMAaTUKH Ul LIECTUCTEIIEHHOIO MAHUILYJIATOPa, KUHEMATUYECKas CXeMa
Koroporo Omm3ka kK cxeme Manumyistopa PUMA. Otinuuuem siBisierTcst
CMEILEHHE OCEl NIApHUPOB TAaHTaXka IJleda U TaHTraXka JIOKTS OT TJIaBHOI OcH
MaHUIYJIATOpA, YTO MPUBOIUT K MOSBICHUIO B PELIEHHU JIOTOJHUTEIbHBIX
KOMIIOHEHT YIJIOB JJIsl JAHHBIX MIapHUPOB. [IprBeI€HHBIN aITOPUTM SBISAETCS
TOYHBIM, TO3BOJISIET CPAaBHUTEJBHO MPOCTO  OCYIIECTBIATH  BBIOOD
ONTHMAJIFHOTO pEHICHUsI W3 BCEX BO3MOXKHBIX M TIPH 3TOM Tpedyer
BBITOJIHEHUS JIMILb OJJHOM UTEpalUy Ul OITY4YEHUs pe3yIbTara.

Taroke mpeacTaBiIeHa METOMKA Pealln3allii TPAEKTOPHOTO YIIPaBJICHNUH,
B KOTOPOH IpeNIaraeTcsi HOBBIM MOAXOJA K pacu€Ty UHTEPBAIOB BPEMEHU
MEXly TOUKaMH TPAEKTOPHUH U YTJIOBBIX CKOPOCTEH IAPHUPOB B 3TUX TOUKAX.
[Toka3aHO MpenMyIIECTBO B OBICTPOJICHCTBUN MPEACTABICHHBIX aJITOPUTMOB
OTHOCUTEJILHO U3BECTHBIX YHUCICHHBIX U ONTUMU3ALMOHHBIX AJITOPUTMOB.

KnroueBble citoBa: MaHHITYJISITOPBI; OOpaTHas 3ajadya KHHEMATHKH;
YacTHOE peIIeHHe; TPACKTOPHOE YIpaBJCHUE; pacuéT YIJIOBBIX CKOPOCTEH
LIAPHUPOB

B panee omyOIMKOBaHHBIX pabOTax aBTOPOB OBUIO MPEACTABICHO
peurenue oOpatHoit 3amaun kuHematuku (O3K) g msaTECTENEHHOTrO
MaHUITYJIATOpa. PaccMaTpuBaeMblii B TaHHOW CTaThe MAaHUITYJIATOp (manee —
MI1), umeeT miecTh CTeleHeld CBOOONBI, BCE M3 KOTOPBIX MPEICTABICHBI
mIapHUpaMH  BpallaTenbHoro THma. JlaHHas cXema SBISETCA IIMPOKO
W3BECTHOH, €€ oOmee OmMCcaHWe JOCTATOYHO YacTO BCTpPEYaeTcs B
nutepatrype. Hambomee W3BECTHBIM TIPUMEPOM SBIACTCS MAaHUIYISTOP
PUMA.

B Hactosiiee Bpemsi aOCOJIOTHOE OOJBIIMHCTBO MAHHITYJISITOPOB
paboTaeT B JEKaPTOBOM MPOCTPAHCTBE B KHHEMATHYCCKHX PEKHMAX,
yIpaBJisis MOJOXKCHUEM ompeaenéHnoi touku unerpymenra (TCP), mubdo eé
CKOPOCTEI0, JIN00, B 00IIeM city4yae, TpaekToprei. TpaeKkTopHOe ynpaBiieHHE
B TIOJTHOM CMBICIIE TPENoaraeT CHHXpPOHHOE IBHIKEHHE LIAPHUPOB Yepe3
MMOCTICIOBATEIPHOCTE TOYEK B  ONPENEIEHHBIE MOMEHTHI BPEMEHH C
OmpeneNéHHON CKOPOCTBIO. 3amadeil SBIAETCS TOCTPOUTH TPeOyeMmyro

43


mailto:i.shardyko@rtc.ru
mailto:vtitov@rtc.ru

MOCJIEA0BATEIBHOCTh TOUEK, ONPEACIIUTh UHTEPBAJIBI BDEMEHHU MEXIAY HUMU U
paccunTaTh 3HAYEHUS CKOPOCTH B HUX IIPH YCIOBHH, YTO JaHBI HadaJIbHAS U
KOHEYHAasI TOUKa JJIS OTpe3Ka MPsIMOH JINOO TOCTATOYHBIN HAOOp TOUEK IS
3aaHusg HEKOTOPOW KpWBOH. s 3TOTO HEOOXOIMMO PEIINTh MPSIMYI0 H
o0paTHyI0 3amaun KHHEMAaTHKH, a Takke MpIMyI0 M OOpaTHyIO 3amady
MTHOBCHHOW KHHEMAaTHKH. Kpome Toro, HEOOXOIWUM aiuropuT™M ydéra
OTpaHUYCHHUH Ha YTJIOBBIE CKOPOCTH M YCKOPSHHUS IIaPHHUPOB.

Jlnsa manunymnstopa PUMA u3BectHo gactHoe pemenne O3K, nmeroriee
JI0 8 BO3MOXKHBIX PEHICHUH Jid KaxJI0i U3 Bo3MOXkHbIX no3uimii TCP, npu
STOM MOJ TO3MIHEH MOHMMAeTCsl COYeTaHHE MOJIOKEHUS U OpPUEHTALUH.
Ananornuno PUMA, wmanunynstop M1 obnamaer T.H. chepuueckum
3amsicteeM. Kpome Toro, eciam paccmMarpuBaTh KOHQUTYpaNnio, KOra 3BEHbS
MaHHMITYJIATOpA MapayIeIbHO OQHON OCH, OCh IIAPHHUPA PhICKaHUs JOKTS (J4)
1, COOTBETCTBEHHO, OCh IIAPHUPA KpeHa KUCTH (J6) Takke COBMANAIOT C OCHIO
IIapHUpa peICKaHus mwieda (J1) — riaBHOM ocklo ManumysiTopa. OqHaKo ocn
LIAPHUPOB TAHTAXKa IUICYA W JIOKTS TPH 3TOM HE MEPEceKaroTCsl C TIIaBHON
ocpro. Takum 00pa3oM, CYIIECTBYET CMEHICHHWE OCH J2 OT IIIaBHOW OCH U
cMmenieHne J4 oT mIocKocTH oced mapHUpoB J2 u J3, KOTOpBIE YCIOXKHSIOT
perieHue.

O3K Obuia YCHCIIHO pellieHa, Oo0Iee KOJIMYSCTBO PEIICHUN s
MO3UIIMOHHON MOACHUCTEMbI MAaHUITYJIATOPA COCTABHIIIO YETHIPE, UL KaXKJ0T0
U3 KOTOPBIX TakKe CYIIECTBYET JBa pPEIICHHUS i1 OpPHUEHTHUPYIOIIEeH
nojacucteMbl. OmnuWcaH ajaropuT™M BbIOOpa ONTHManbHOTO (Hambosee
moxxoxasmero) pemenus. s omenkm momHoro amroputMa O3K, ObwIO
MIPOBEJICHO €r0 CPaBHEHHE C TUIOBBIM YHCIEHHBIM METOJIOM (IPaJleHTHOTO
CIyCcKa), ITOKa3aBIlIee CYIIECTBEHHO O0Jjee BBICOKYIO OBICTPOTY HYacTHOTO
pelIeHus..

K wmaHumynstopaM 4YacTo MpeabsBiIseTCs TpeOOBaHHWE ILIABHOCTH
JIBIDKEHHSI BIOJIb HEKOTOpPOH KpuBoil co ckopocteto TCP, 3amanHOi B
JeKapTOBOM IpocTpaHcTBe. OJJHAKO BCET A CYIIECTBYIOT MPEEIIbl CKOPOCTEH
U YCKOPEHHH LIAPHMUPOB, BBHI3BAHHBIC OTPAHMUCHUSAMH 110 MOIIHOCTH H
TeOMETpuu. OTH TpeAesbl JOIKHBI YYUTBHIBATHCS, YTO OTPAXKAETCs B
OTIPEJICTICHNY HWHTEPBAJIOB BPEMEHM HA IEPEMEIICHHE MEXAY TOUYKaAMHU
TPaeKTOPUH. 3a OCHOBY OBLI B3SIT IT0JIX01, IPE/JIOKEHHBIN B pab0oTax aBTOPOB
Besruorti 1 Menxoppu (Biagiotti, Melchiorri), ogHako, BMECTO NpUMEHEHHUS
METOJMK ONTHMHU3AlMHU, ObLI pa3padoTaH OJHOMTEPAIIMOHHBIH AJITOPUTM,
COYETAIONIMH TJIABHOCTh JBIDKEHHUS 10 TPACKTOPUHM C OBICTPHIM BpEeMEHEM
pacuéta 3a c4€T OTKJIOHEHUH OT 3aganHoN ckopoctu TCP.
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AND A TECHNIQUE OF FAST JOINT SPACE TRAJECTORY
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The paper presents an analytical solution of inverse kinematics task for a 6-
DOF manipulator with kinematics similar to that of PUMA, except additional
angular components introduced by the linear offsets of the shoulder and elbow
pitch axes from the main manipulator axis. The described procedure is exact,
provides the convenient choice of the optimal solution from all the possible
ones and requires only one iteration to obtain this solution. Implementation of
trajectory control is proposed for which a new approach for computing the
sequences of time intervals and joint speed is introduced. The results show the
relative fastness of algorithms in comparison to the widely-known numerical
and optimization techniques.

Keywords: manipulators; inverse kinematics; closed-form solution; trajectory
control; joint speed computation

The authors have previously suggested a solution for a type of a 5-DoF
manipulator, which can be found in. The manipulator in discussion (further
referred as M1) has six DOF and all the joints of its kinematic chain are
revolute. This type of structure is widely known, its description being easily
found in literature, and the most famous example is PUMA.

For the present day, the absolute majority of manipulators operates in Cartesian
space in kinematic mode, controlling the tool center point (TCP) position,
velocity or, in general case, trajectory. Full trajectory control assumes
synchronous motion of joints through a set of intermediate points at the certain
moments of time with required speed. The task is to create this set, determine
the time intervals and calculate the speed, with the beginning and end points
as input for a line or with any sufficient set of points for a given curve. To
achieve this, forward and inverse kinematics tasks (FK and IK) and
instantaneous FK and IK are to be solved and an algorithm considering joint
speed and acceleration bounds should be provided.

The case of PUMA has the known closed-form IK solution with a total of at
most 8 solutions for any pose of the TCP, where pose includes both position
and orientation. The manipulator in discussion also has a spherical wrist, and
when all the pitch joints are oriented vertically, the axis of elbow rotation joint
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(J4), and, naturally, the axis of wrist roll joint (J6), coincide with the axis of
shoulder rotation joint (J1), which can therefore be called the main manipulator
axis. However, the axes of shoulder pitch joint (J2) and elbow pitch joint (J3)
do not intersect the main axis. In other words, there is an offset of J2 from the
main axis along the X1 and an offset of J4 along the axis X3, which both
complicates finding the solution.

The task has been solved with a total of four solutions for the position structure,
and for each of them a pair of solutions for orientation structure exists. An
algorithm is given to choose the optimal solution. To evaluate the proposed
technique, it was compared with a common numerical method for IK task
(method of gradient descent) and showed the significantly higher fastness.

It is often desired of manipulators to move smoothly along some curve or
polygon with the velocity given in Cartesian space, referred as TCP velocity.
However, there always are constraints on the speed and acceleration of joints
due to power limitations. These constraints should be taken into account, which
mainly results in defining the appropriate time intervals between trajectory
points. The approach suggested by Biagiotti and Melchiorri has been
considered, however, instead of applying optimization techniques, an
algorithm of one iteration has been developed to combine the smoothness of
a trajectory with a smaller time of execution. The price is the deviation from
desired TCP velocity profile.
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B.M.Konbvinos . .
CIHOCOB U3MEPEHUSA MAJIBIX KOJTEBAHUU ITOJIE3HOU
HAT'PY3KHN KOCMHUYECKHX AIIITAPATOB

THI] P® I[HUU PTK, 2. Canxm-Ilemepoype
v.kopylov@rtc.ru

W3mepenne nedopmannii W yCWINH, BO3HHKAIOMNX NPH KOJEOAHMIX
MPOTSDKEHHBIX YIPYTHX TeJ, SBISAETCA Ba)KHOM 3amadyell B MEXaHHKE
AIPOKOCMHUYECKUX  OOBEKTOB.  OCHOBHBIM  METOAOM  OMpEICICHUS
JneopManuii B HaCTOSIIEE BPeMst SIBISICTCS (POTOrpaMMETPUsl. Y CTAHOBKH IS
(hoTorpaMMETpUU HE SIBJISFOTCS KOMITAKTHBIMH, U HE MOTYT HCIIOJIb30BATHCS
Ha OOpTy ympaBisieMoro o0Obekta. J[yisi ompenesicHUus yNpyrux CHJI MOTYT
UCIIOJIb30BaThCsl CHJIOMOMCHTHBIC JAaTYMKH, OIHAKO OHH HE IO3BOJISIOT
pa3genuTh KoeOaTeIbHYI0 M TOCTYNATEIbHYIO COCTABILIONINE IBIKCHUS,
YTO BaXHO MU yIpaBlieHWs. B maHHOW cTaThe MpPEIIOKEH IOAXON K
n3MepeHuro aedopMarnii ¥ yCHIHH B YIPYroM Telle, 3aKpeIUIeHHOM Ha
JKECTKOM O0BeKTe (HampuMep, KOCMHYECKOM ammapare), C ITOMOIIBI0
KOMOWHAIIMK TPSAMBIX HHTEPPEPOMETPHUCCKUX H3MEPEHHHA PACCTOSIHUS WU
MOCTEIYIOMe MaTeMaTHIecKoil 0OpabOTKM C HCHOJIB30BAHHEM KOHEYHO-
JMeMEHTHOW Mojaenu Tena. CBepTka KOHEUHO-JIEMEHTHOH MOJENH C
MOMOIIBI0 YaCTOTHOT'O aHalu3a Wi MetonoM Kpoitra-bammntona mo3Bosser
MOJYYHTh CBSI3b Ae(opMaIiii ¥ yCuianid, BOZHUKAIOIINX B JTI0OOM KOHEUHOM
3JIEMEHTE Tella, ¢ 000OMICHHBIMY KOOPAMHATAMHU KOJIeOaHU Bcero Tea. Tak
KaK 4HCJIO O0OOIIEHHBIX KOOPJMHAT COOTBETCTBYET 4YHCIYy COOCTBEHHBIX
4acTOT, W OOBIYHO He TpeBocXoauT 20, MOSBISETCS BO3MOXKHOCTH IIO
OTHOCHUTEIIFHO MAallOMy YHCIY 3aMEpOB OIPEICIUTh IOMHYI0 KapTHUHY
KomeOanuit.  JImsd  STHX  HW3MEpPeHHH  IpemjiaraeTtcs — HCIOJbh30BaTh
uHTEepPEpOMeTp cXeMbl MalKelbCOHAa C HECKOJIBKUMH HU3MEPUTCIHHBIMU U
OIHUM 0a30BbIM TuTe4OM. [IpHUBeeHBI OCHOBHEIC pacdeTHBIC COOTHOIICHUS
METOa, CXeMa MPUOOopa U €ro OPUCHTUPOBOYHBIC XaPAKTCPUCTUKH.

KitroueBble c10Ba: IPOTSHKCHHBIC YIIPYTHe dieMeHThI, KA HaOmroneHus,
naTepdepomerp, popma KoIeOaHHH.
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V.M. Kopylov
AMETHOD FOR MEASURING OF OSCILLATIONS OF
SPACECRAFT PAYLOAD

RTC, Saint-Petersburg

Long flexible bodies' deformation and stress measuring is an important
problem inaerospace engineering. Currently the main method of deformation
measuring is photogrammetry. Photogrammetry mountings are not compact or
portable, and cannot be installed onboard. It is possible to use force-torque
sensors for stress measuring, but they can't separate oscillatory and
translational movement, which is important for control system. In this paper a
way to measure deformations and stress in flexible body, firmly fixed on the
spacecraft, is suggested. This method is based on combination of direct
interferometric distance measuring and following mathematical processing
using a finite element body model. Finite element convolution by modal
analysys or Craig-Bampton method allow to derive a relation between
deformations and stresses of any finite element of body and generalized
oscillation coordinates of all body. Since the number of generalized
coordinates corresponds to the number of natural frequencies, and usually does
not exceed 20, it becomes possible for a relatively small number of
measurements to determine a complete picture of the fluctuations. For these
measurements it is suggested to use a Michelson scheme interferometer with
multiple measuring arms and one base arm. The basic method's equations, the
scheme of the device and its approximate characteristics is provided.

Keywords: long flexible parts, observations spacecraft, interferometer,
mode shape.
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AJTIOPUTMBI IBU/KEHU S KOJTECHO-IIATAIOIIENA
IJIAT®OPMbI

T'HI] P® IJHNU PTK, 2. Cankm-Ilemepbype
vas@rtc.ru

CymecTBYIOT 3aa4ll aKKypaTHOTO TMEepeMEIIeHHsI TPy30B, T.€. TaKOTO
nepeMeIleH s, KOTr/la yCKOpEHUE TPaHCTIOPTHOTO CPEICTBA, MepeaaBaeMoe Ha
rpy3, CTPOro orpaHm4cHo. [Ipu 3TOM TepeMelIcHue TIpy3a Tpedyercs
OpraHu30BaTh M0 NEPECEUEHHON MECTHOCTHU.

DTy 3a7auy pemaroT ABOSKO: JTUOO YIyUIIEHHEM KauyecTBa MOIBECKU
KoJéc, T.e. Oosiee MArKoii nmoiBeckoil. JInbo nprumMeHeHeM YHCTO NIaraoero
npuBona. B maHHO#W paboTe mpUMEHEH HOBBI IMOAXOI, TPH KOTOPOM
COBMEIIICHBI KOJICCHBIC U IIaTrafolie mpuBoa. s nepeceuéHHO MECTHOCTH
MIPUMEHSIOTCS AITOPUTMBI IIIATAHIS, & ISl POBHBIX TIOBEPXHOCTEH — OOBIYHBIC
Konéca.

[IprMeHeHHEe TaKOTO MOIXOAA M KOJECHO-IIATAIONINX IDIaT(hopM
OYCHb IIMPOKO — OT JHUKBUAALUHU TIIOCICACTBUH aBapuii W KatacTpod
(mepemereHre paHeHbIX) A0 MMOMOIIHN B Pa3BeJIKe MPUPOIHBIX PECYPCOB.

KiroueBbie crmoBa: anropuTMbl, POOOTOTEXHHKA, POOOT, KOJECHO-
maratomias miathopma.

LA, Vasilyev
ALGORITHMS OF MOTION OF THE WHEELED-WALKING
PLATFORM

RTC, Saint-Petersburg
vas@rtc.ru

There are tasks of accurately moving loads, i.e. such movement, when the
acceleration of the vehicle, transferred to the cargo, is strictly limited. At the
same time, the movement of the cargo is required to be organized over rough
terrain.

This problem is solved in two ways: by either improving the quality of
the wheel suspension, i. e. softer suspension, or using a purely walking drive.
In this paper, a new approach is applied, in which wheeled and stepping drives
are combined. Alteration algorithms are used for the crossed terrain, and for
normal surfaces, conventional wheels are used.

The application of such an approach for wheel-walking platforms is very
broad from the elimination of the consequences of accidents and disasters
(moving the wounded) to aid in the exploration of natural resources.

Key words: algorithms, robotics, robot, wheel-walking platform.
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BbIBOJA JJU®PEPEHIITUAJIBHOT O PET'YJISITOPA N-TO
MMOPAIKA HA OCHOBE IMHAMUWKU CUCTEMBI.

T'HI] P® IJHNMU PTK, 2. Cankm-Ilemepbype
vas@rtc.ru

B crarhe ommchIBaeTCS MPOCTOH BBIBOJ PErynsiTopa. 3Has AWHAMUKY
CHCTEMBl MOJKHO «3aCTaBUTBb» CHCTEMY JIBUTaTbCsi MO TpeOyeMbIM
TpaekTopusM. JlJIst 9TOro ypaBHEHUs, OTBedarolue 3a (opMy TPaeKTOpHU
napaMeTpu3yloTcss  Ains  TpeOyeMbIX  TpaHHYHBIX — ycJIOBUH.  3areM
NOJCTABIISIIOTCS. B ypaBHEHMs] JUHAMHMKH. TakuM 00pa3oM MOJIydaroTcst
YpaBHEHMs YIPABICHHUS CHCTEMOH. 3aMedaTesNbHO TO, 4YTO B pe3yJbTare
nosnyyatorest [T /I-perynstopsl. To ecTh, B cTaThe ONMCAH aHAIUTUYECKUH
BBIBO/JI PETYJISITOPOB.

KiroueBble ciioBa: po0OT, CHCTEMa YIPaBJICHHS, PETYIHPOBAHHUE.

I.A. Vasilyev
DERIVATION OF THE DIFFERENTIAL CONTROLLER OF THE N-
TH ORDER ON THE BASIS OF THE DYNAMICS OF THE SYSTEM.

RTC, Saint-Petersburg
vas@rtc.ru

The article describes a simple output of the regulator. Knowing the
dynamics of the system, you can "force" the system to move along the required
trajectories. For this, the equations responsible for the shape of the trajectory
are parametrized for the required boundary conditions. Then they are
substituted into the equations of dynamics. Thus, the system control equations
are obtained. Remarkably, the result is PID regulators. That is, the article
describes the analytical conclusion of regulators.

Keywords: robot, control system, regulation.
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B.A. Bunucos
OBYYEHUE POBOTOTEXHUYECKON CUCTEMBI
OIITUMAJIBHOMY
MOBEJEHHUIO B YCJIOBUSIX IPOTUBOJAEVMCTBUS

00O «Bnuepeus UT», Mocxk. 0oa., e. Kopones
wib@yandex.ru

Bonbiyro rpynmy NpUKIAQAHBIX OTpaciel, e CYIIEeCTBYET ocTpast
MOTPEeOHOCTH B HCTIOJIb30BAHUN MaKCHMAaJIbHO ABTOHOMHBIX
pobororexandecknux cucteM (PTC), cocTaBisroT cdepsl ¢ IKCTpeMaTbHBIMA
ycnmoBusamu [1-3]. B manHON paboTe pacCMOTPEHBI CHTYaIlNH, KOTOPBIE MOTYT
OBITh ONHCAaHBl AHTATOHUCTHYECKUMH MATpHUUHBIMH wurpamMu (AMU) c
HyJIeBOU cymMmoii [4].

[IpuMeHeHHe TeX WM UHBIX MOJeNiell B MPAaKTUKE MPOEKTHPOBAHUS
CHCTeM MWJIM YNpPaBJICHUS UMM OCHOBAHO Ha BbIOOpE THMA (CTPYKTYphI) W
napaMeTpoB Mojeliell, B MaKCUMaJIbHOW CTETeHU aIeKBAaTHBIX 00beKTy. st
o0ecrieueHNs aJJleKBaTHOCTHU MO/IEJICH B MTOIABIIAIOIIEM OOIBIIMHCTBE CITy4aeB
UCTIONB3YeTCsl HOPMATUBHBIN Mojaxox [3], mpu KOTOpPOM CTpPyKTypa H
napamMeTpsl Mojienieil BBIOUparoTcsad U 000CHOBBIBAIOTCS alPUOPH, HA CTAIUU
1X pa3pabOTKH M HA4YaIbHON HACTPOHKH.

[Tpennaraemslii B 7aHHOI paboTe 1MOAX0/] K 00€CTIeueHHIO aJIeKBaTHOCTH
MO/IEIT OCHOBAH Ha MPHUHIMIIAX alalTAllUX CTPYKTYPHI ¥ TapaMeTPOB MOJEIN
K LEJIEBBIM TPEIOYTCHUSM JHna, npuHuMatomero pemenust (JIIIP), B
uHTepecax KoTtoporo ¢yHknmonmpyer PTC. AnmanTuBHBIA — MOAXO,
OCHOBaHHBIN Ha pemeHnn oOpatHoit AMU, mo3BoisieT 00eCceYnTh BRICOKHI
ypoBeHb 3P (HEKTUBHOCTH, KUBYUECTH U aBTOHOMHOCTH PTC mms mmpoxoro
Kpyra npuKiIaHbx 3amad [1-3].

B kagecTBe MOAEIBHOTO MPHUMEPA, HIUTIOCTPUPYIOIIETO MpeaIaraeMblil
MOJXO0M, PACCMOTPEHA MOJIENIb B3aWMOJEHCTBHA OOOPOHSIEMBIX HA3EMHBIX
enei ¢ aTaKyIoIINMHY UX JIeTaTeIbHBIMY alapaTaMu.

O6parnas AMU o cTpyKType OTHOCHUTCS K 3a/1a4aM mapaMeTpUIecKOn
naeHTHUKanuu [5], B KOTOPOH OIIEHMBACMBIMH IapaMeTpaMi SIBIISIOTCS
SJIEMEHTHI MIATEeKHON MaTPUIBL.

HccnenoBanust  agantuBHOro — anroputma  ynpasieHus — PTC,
OCHOBAHHOTO Ha pemeHn o0paTHOH 1 npsimoit AMU, nokazaim ycToH4nBbIfd
XapakTep CXOJUMOCTH IO OIEHKaM M pELIeHUAM A pa3lIU4HbIX
pa3MepHOCTEH MO/IENN ¥ BAPHAHTOB CKOJIB3AIINX HHTEPBAJIOB HAOIIOICHUH.

Hcnonp30BaHNE METO0B ONTHMAIBHOTO TUIAHUPOBAHUS SKCIIEPHMEHTA
B TIpOLIECCE peIIeHMs OOpaTHOM 3aJadd TO3BOJIUT COKPATUTh BpeMs
ajantaluyuu MoJenu K npeanoyrenusm JIIIP.

Hactpoennas u 3amoxkeHHas B PTC mopenp sBIseTCs B BBICOKOM
cTereHu afexBaTHOH nmpeanourenusM JIIIP, a mpuanmaemsie PTC pemenns
MO Ka4ecTBY HE OyIyT YCTYNaTh PEIICHHSM «y4YHTEINsD UTPOBOW MOMIEINH.
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Opnnako, B ominuue ot ynpasieHuss PTC omepaTopom, ympaBiieHHE €ro
«JIBOMHUKOM)» - MOJIEJIBIO UI'PBI, TO3BOJISET:
®  CYLIECTBEHHO COKPATUTh IPOJOHKUTEIBHOCTD LIUKIIA YIPABICHUS;
e CHM3UTHh  3HAYUMOCTh  KaHaJlOB  CBSI3W,  IOJBEPKEHHBIM
BO3JIEHCTBUIO CPEJICTB PaTno00PHOBI;

e  MOBBICUTH aBTOHOMHOCTH PTC.

IIpu mnosiBIEHWM TNPU3HAKOB HECTAIIMOHAPHOCTH CpEeAbl WIH MpHU
u3MeHeHuu npennouyrenuii JIIIP, Monens BHOBb MOXKET OBITh HACTPOCHA U
nepesarpyxkena B PTC. Ilponecc HacTpoiiku (0Oy4deHUs) MOJEIH MOXKET
MIPOXOUTH U B CHEIHABHBIX CUTYalIMOHHBIX [IEHTPaX ¢ MPUBJICUCHUE TPYIII
9KCIIEPTOB, @ HACTPOCHHAs JUISl HOBBIX YCJIOBHI UTPOBAsi MOJIEb MOYKET ObITh
3arpykeHa, Kak «ropsuee» OOHOBJIEHHWE, HE TMpepbIBas TEKYLIEro
HOpManbHOTO pyHKIHOHUpoBaHust PTC.
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LEARNING A ROBOTIC SYSTEM HOW TO BEHAVE IN AN
OPTIMAL MODE IN THE CONDITIONS OF RESISTANCE

Energy IT LLP, Korolyov city, Moscow Oblast
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Extreme condition environments exist in a majority of applied industries
that are in an acute need of using Robotic Systems (RS) that would be as
autonomous as possible [1-3]. The work considers situations, which can be
described using zero sum Antagonistic Matrix Games (AMG) [4].

When building or managing systems, the choice of using specific models
is based on the choice of the type (structure) and parameters of the models that
are considered as much appropriate to them as possible. In order to make sure
that chosen models are appropriate, we often use a normative approach [3]
where structure and parameters are selected and justified a priori at the level
of their development and initial adjustment.

The model appropriateness approach that we use in the work is based on
the principles connected with the structure adaptation and model parameters
set in regard to target preferences of the Decision Taker (DT) who controls the
RS. The adaptive approach allows providing RS with a high level of
effectiveness, survivability and independence in regard to a wider range of
applied problems [1-3].

As a model example that demonstrates the suggested approach, let us
consider the model where defended land targets and attacking aircrafts are
closely interconnected.

According to its structure, Reverse AMG is a problem of parametric
identification [5] where elements of a payoff matrix are the estimated
parameters.

The research conducted in relation to the adaptive algorithm of the RS
control, which in its turn is based on the solution of a direct and reverse AMG
showed a stable nature of an estimate-based and a decision-based convergence,
also using different model dimensions and different variants of variable
intervals of observations.

Using the experiment optimal planning methods within the process of
solving a reverse problem shall reduce time of the model's adaptation in
relation to the Decision Taker's preferences.

The model that is adjusted and pre-built within the RS is highly
appropriate to the preferences of the Decision Taker, while the quality of
decisions that are taken by RS are not inferior to the quality of decisions made
by the "teacher" of a game model. However, what makes the RS different when
it is controlled not by the operator but by its "twin", i.e. the game model is the
following:

e aconsiderate reduction of the control cycle duration;
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e reducing significance of communication channels that are
susceptible to the impact of electronic wars;

e increase of RS independence.

Should the signs of the environment nonstationarity appear or should the

Decision Taker's preferences change, the model can be adjusted and reloaded
into the RS. The process of adjusting (educating) the model can be conducted
in special situational centers using expert groups, while the game model that
has been adjusted for new conditions can be loaded as a "hot" update without
interrupting normal operation of the RS.
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XXI Bek - Bexk nH)OPMAIMOHHBIX TEXHOJIOTHIA, B KOTOPOM BCE OYEHB
OpicTpo MeHseTcs. B HacTosmmee BpeMs MHpP CTOWT Ha TpaHH HOBOH
HNPOMBIIIJIEHHON peBoitonuu — uerBepTodt mnu Wupyctpus 4. «YMHbIE»
(aOpuky, 3aBOJBI-IIPUHTEPB] U MHTEPHET BELIEH YK€ 3aMEHSIOT YEIOBEKa B
MPOU3BOJICTBE.

OcHoBHBIE KOMIIOHEHTHI MHayctpun 4.0: yMHBIE CEHCOPBI, KOTOpBIE
MO3BOJISIIOT COOMPATh JaHHBIE B MIPOLIECCE IIPOU3BO/ICTBA; Nepeaaya OOIbIINX
00bEMOB JaHHBIX JIIOASM, IPYTUM MalllMHaM M 3aB0JiaM; 00JIauHbIC CEPBHCHI,
KOTOpPBIE TPEIOCTaBIAIOT IaHHBIE W3 JIOOOTO MECTa; «YMHBIC CTaHKH»,
KOTOPBIE CaMH OIpPEICISIOT CBOIO IPOU3BOJICTBCHHYIO TPACKTOPHH, T.€
OXBATBIBAIOT BCE CQEphI KI3HHA YETIOBEKA.

TeXHOIOTHYECKN 3TO O3HAYAaeT HE TOJHKO CO3JaHME «EAMHON ceTn
CTaHKOB W MaIlIMH», HO U CAMOCTOSATECIBHYIO W HEIIPEPHIBHYIO ONTHMH3AIINIO
UX TeKymed paboThl, OOJBIIYI0 THOKOCTh MPOU3BOICTB, MEPCOHATU3AINIO
3aKa30B U 00JIee TECHYIO CBS3b C IOTPEOUTEIIEM.

B pamkax mpoekra HeMelkoro mpaButenbcTBa Industry 4.0 mo
KOMIIbIoTepHU3auu npombinuieHHoctd B 2006 rony Xenen JKuin BBed
HOHATHE KHOEpPHU3NIECKHE CUCTEMbI, KOTOPBIE BKIIIOYAIOT B CEOsL:

— CHUCTEMBbI YIPaBJICHUS IPOU3BOJCTBOM;

— OecnMJIOTHBIE JIETaTEIbHBIC alllapaThl 1 aBTOMOOWIIH;

— CHCTEMBI BOCHHOTO Ha3HAYCHHS,

— poOOTH3NPOBAHHBIC CHCTEMEI.

Ocoboe BHUMaHUE 3apy0OeKHOE PYKOBOICTBO YACHACT BHHUMAaHWE
POOOTH3MPOBAHHEIM CHCTEMaM. B KadecTBEe OCHOBHBIX KaHAJIOB BO3/ICHCTBHSA
Ha HAX PacCMaTPUBAIOT CIICTyTOIIHE:

— BO3JEICTBUS HA MOJICUCTEMBI YIIPABICHMUS;

— BO3JICICTBUE HA YETOBEKO-MAaIIMHHBIA HHTEP]EC;

— BO3JEHCTBUS Ha IPOTOKOJIBI B3aUMOAEHCTBHUS;

— BO3JCHCTBUS Ha YCTPOWCTBA, BXOJSIIME B POOOTHU3MPOBAHHBIC
CHCTEMBL.
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C  umenpto  BO3AEHCTBUSL  HAa  pOOOTH3MPOBAHHBIE  CHCTEMBI
3MIOYMBIIIJICHHWK TIEPelIesl OT MAacCOBBIX aTaK K TapreTHPOBAHHBIM, WIIH
reneBeIM. LleneBas aTaka Bcerja CTPOUTCS 10T OOBEKT BO3ICHCTBHSA, SBISACH
MPOyMaHHOW onepanyneil. OTINYreM OT APYTHX aTak SBIIETCA: aPECHOCTB;
CKPBITHOCTE; MIPOAOIKUTEIHHOCTE; HCTIONB30BaHUE  Pa3sHOPOIHBIX
WHCTPYMEHTOB ¥ METOJOB; HM3MCHYMBOCTH BEKTOpa  aTakd, ee
WHCTPYMEHTApHUs N0 Mepe Pa3BUTH, HAJTUUWE IEHTPa YIPABICHHUS aTaKoO;
Pe3yIbTaTUBHOCTb.

TapretupoBanHas  kubOepHernueckass araka (TKA)  oGmanmaer
BEPOSATHOCTHO-BPEMEHHBIMU Xapakrepuctukamu (BBX), onpenenenne wux
MO3BOJIUT OLCHHUTH CTCIICHb HMX OIIaCHOCTH, BI)I6paTI) U peain30BaTb MEPLI
3amuThl. C 3TOW LENIBIO MpejIaraeTcs UCIoJIb30BaTh NPO(UIbHBIE MOJIEIN
TKA ©m MeTOoJ TOIOJOTHYECKOTO MPeoOpa30OBaHUS CTOXACTHUCCKUX CeTeil
(TIICC) [1].

IIpodunbras MO/IEITh - YCIIOBHOE TIPEICTABIICHHE
(TmocnenoBaTeNbHOCTh  EHCTBUI  WJIM  QJITOPUTM) pPEabHOrO0 O0BEKTa,
CHUCTEMBI HJTU TIporiecca (KOMIBIOTEPHBIX aTaK) B opMe, KOTOpasi CO3aeTCst
JUTst OoJtee TITy00KOTO M3ydeHust X QYHKIMOHUPOBAHUS.

CroxacTnyeckasi CeTb — COBOKYITHOCTh B3aHMMOYBSI3aHHBIX Y3JIOB
(BeplIMH) W BeTBEW, COEAMHEHHE KOTOPBIX COOTBETCTBYET aITOPUTMY
(DyHKIIMOHMPOBAHMUS HCCIIElyEMON CHCTEMBI.

B wmerone TIICC wuccnenyercss He cucTeMa, a LEIEBOM MpoLEcc,
KOTOpBI OHa peanu3yeT. JTOT CIOXHBIA MpOLEcC JEKOMIO3UpYyeTcs Ha
9JIEMEHTApHbIE, KKIBIH U3 KOTOPBIX MOKET XapaKTepu30BaThcs (QyHKIMEH
pacripenielleHusl BPEeMEHH €ro BBITONHEHHSA, IUIOTHOCTHIO BEPOSTHOCTH,
BEPOATHOCTHIO MJIM CPETHUM U IUCTICPCHEH BPEMEHH BBITIOTHECHUS.

Cymuocts MeToga TIICC cocTouT B IpeACTaBICHUN aHATH3HPYEMOTO
mpoliecca B BUAE CTOXaCTUYECKOM CeTH, 3aMEeHE MHOXKECTBA AIIEMEHTAPHBIX
BETBCH CETH OIHOH OKBUBAJICHTHOW W TMOCJICIYIOIIUM OIpeaesiCHIEeM
OKBHBAJCHTHOW (YHKIMH CETH, HAYaJlbHBIX MOMEHTOB W (OYHKIHH
pacnpezieneHus CIy4ailHOrO BpPEMEHH ee peajM3alud, T.e. peaju3aliu
aQHATU3UPYEMOTro TpoLecca.

AHanm3 BepOSTHOCTHO-BPEMEHHBIX XapakTepucTuk TKA mo3Bomut
00OCHOBATh HaIpaBlicHHUs pa3paboTku cucteMbl 3amutel PTC, 1enbio
KOTOPO# SIBIIsIETCS peoTBpalieHue (3arpyanenue) peanuzanuu TKA.

1. TIpuBanoB A.A. MeTox TONOJOTHYECKOTO MPEOOPa3OBaHMs

CTOXaCTUYECKHX CETEH M €ro HCIOIb30BaHME JUIS aHAIM3a CHCTEM CBS3U
BM®. - CII6: BMA, 2000. — 240 c.
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! Southern Russian State Polytechnical University of M.1. Platov
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PoGotusmpoBannsie cucreMbl (PTC) xak 0OBEKT  yIpaBJICHHUS
MpeACTaBIsIeT CcOOOM  CIOXKHYIO CHCTEMY, BKIIOYAOIIyl0 B  cels
MHOT'03BEHHYIO MEXaHUIECKYIO0 KOHCTPYKIINIO C UCTIOTHUTEIFHBIMHU ITHEBMO-
, THAPO- WM SJEKTPOIPHBOAAMH, AaKTHBHO B3aMMOACHCTBYIOIIYIO C
OKpY’KaIOMIeH Cpeioi M XapaKTePH3YIOUIYIOCsS COBOKYITHOCTBIO MTapaMeTpOB,
M3MEHSIOMNXCS BO BPEMCHU.

Bmecre ¢ Tem, HemocpeactBeHHoe BHeapenue PTC mnpuBonut k
YCUJICHHIO OMAacCHOCTH CYIIECTBYIOUIMX U TMOSIBJICHHIO HOBBIX aTak
NPOTUBHMKA HA TO/UTMHHOCTH M JIOCTYIHOCTH Ie€peaaBacMoil HH(pOpMaIHH,
nepeaasaeMoii no kaxnanam ynpasinenus (KY) PTC.

Bo3moxxHpIME pe3ynbTaTamMu Bo3jeiicTBus atak Ha PTC sBnsrorcs
HECAHKIIMOHUPOBAHHBIH JOCTYI, OJIOKHPOBaHKE YIPABIAIONICH HH(OpMAIHH,
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BHEJIPEHHE JIOKHOI HHPOPMAIK, HApyLIEHUE YCTAHOBICHHBIX PETJIAMEHTOB
cOopa, 00paboTkH 1 Tiepeaun nHPOPMAINH, 0TKa3bl U coou B padore PTC, a
Takke KOMIIPOMETAalUs IIepeJaBaeMoOil MM TI0MydaeMol HH(OpManuH.
OnHako, aHajaW3 araKk IOKa3bIBaeT, 4To Hambojiee omacHbIMH a1 PTC
ABISIIOTCSl aTaKW, HANpPaBICHHbIE Ha I€peXBaT KaHaja YIpaBICHUS, T.€.
MHTEJUIEKTYaIbHbIE BO3JEHCTBUS.

Ilon wHTeNNEKTyalbHBIMH BO3JEHCTBHAMU B CTaTbeé IOHMMAIOTCS
I[eJICHANPaBJICHHBIC, COTJIACOBAHHBIE IO MECTY M BpPEMEHHM BO3JEHCTBUA,
MpCeAHa3HAYCHHBIC JIA MCPEXBaTa KaHalla YIIpaBJICHUA CUCTEMOH.

VYuuThiBasi BBINICU3I0KEHHOE, HEOOXOJIMMO pa3padoTarh CIOCOOBI
sautel KY PTC oT uHTemnekTyanbHBIX Bo3fedcTBuil. [l mocTpoeHus
CHUCTEMbI 3alllUThl NOpeIaracTcd MNepBOHAYAJIBHO MNOCTPOUTHL MOJCIIN
HHTEJUIEKTYaIbHbIX BO3ACHCTBUIL, ONPENEIUTL UX BEPOSTHOCTHO-BPEMEHHBIE
XapaKTEPUCTHKH U HCIOJIb3Ys MOJIy4YEHHbIE, B KAUeCTBE UCXOIHBIX JaHHBIX,
obocHoBarts 3ammuty KY PTC.

Ilonxon, paccmMaTpuBaeMbIi B HACTOALIEW cTaTbe, MPETNONAraer
MOCTPOCHHUE AaHAJTUTUYECKUX MOJENEH MHTEIIEKTYalbHbIX BO3JAEHCTBUI
(B). PesymbraToM MoOJenMpOBaHMS SBISETCS (DYHKIMS pacnpeeneHns
BpEMEHM U cpeaHee Bpems peanuzauuu MB. [l nocTpoeHuy aHaIuTHYeCKOM
mojzenn WB mpumensieTcs MNOAXOZ, OCHOBaHHBIM Ha MNpeoOpa3oBaHUU
CTOXAaCTHUYECKUX ceTel. DTOT MOJX0/l OTJINYAETCs 00Jiee BEICOKONW TOYHOCTHIO
U yCTOMYMBOCTBIO MOJYYAEMBIX PEUICHUH M XOPOIIO 3apeKOMEHI0BaJ cebs
JJIA MOACTIUPOBAHUA MHOTOIIArOBBIX CTOXACTUYCCKUX ITPOLECCOB pa3HI/I‘IHOﬁ
MIPUPOJEI.

IIepBbIM dTanom pu MOJAEIUPOBAHUH SBJISAETCS IIOCTPOECHUE HTATIOHHON
MOJIeTT. DTaJOHHAS MOJIENh aTaKd — 3TO IMOCIEeNOBATEIILHOCTD (JITOPUTM)
JIEWCTBHUI 370yMBIIUUICHHUKAa Tipu peanmzanuun MB. B kauectBe mpumepa
MOCTPOEHHS HTAIIOHHOW MOJENN aTaKh PacCMOTpeHa aTaka «YenoBek Mo
CEepesIHEY.

Crenyromuii 3Tamn - MOCTPOEHUE CTOXACTUYECKOW CETH M HAXOKACHHE
SKBUBAJICHTHON (DYHKLMH, COXpAHSIONIIEH B CBOCH CTPYKType HapameTpsbl
pacmpeseneHuss M JIOTUKY B3aUMOJEHCTBUS D3JIEMEHTapHBIX CIy4alHBIX
NPOLIECCOB. DKBHMBAJIEHTHAs (DYHKIMS [O3BOJISICT ONPENENUTh IepBbIe
MOMEHTHI CJIy4aifHOro BPEMEHHU BBIMIOJHEHNUS IIEJIEBOTr0 Ipolecca.

Janee ucnons3ys npeodpazoBanue Jlamnaca u pasnoxenue Xesucaiina,
HaxoJsTCS ~ PAcueTHBIC  BBIDAKCHUS  JUIA  ONpEleNeHus  (QYHKIHUN
pacopeneneHnss BEpOSATHOCTH BpeMeHu peanuzauun HB  «Yenosek 1o
cepelluHe» U cpefHee BpeMsl, 3aTpaunBaemMoe Ha peanuzauuio B «Yenosek
MO CEPEAMHE.

PesynbraTel  pacyeTbl NPEACTaBISAIOTCA B BUAE  3aBUCHUMOCTEN
MHTETPAJIbHOW (YHKIMM pACIpeNeNieHHus] BEPOSITHOCTH OT BPEMEHHU
peanuzauuu VB u 3aBUCHMOCTH cpenHero BpeMeHu peanusauuu MB or
BEPOSTHOCTH.
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Takum o0pa3zoM, Marepuaj HACTOSIIEH CTaThbU IpeylaracT HOBBIN
MOJIX0J K aHAJIMTHYECKOMY MOJAEIMPOBAHUIO aTaK, OCHOBAHHBIA Ha METOJNE
npeoOpa3oBaHus CTOXacTHUECKHX ceTedl. CyImIHOCTh JaHHOTO METOoAa
3aKJII0YAETCSl B 3aMEHE MHOKECTBA DIIEMEHTAPHBIX BETBEH CTOXACTHYECKOU
CeTH OJHOM DKBHMBAJICHTHOW BETBBIO M TOCIEAYIONIMM OIpPEIeIEHHEM
SKBUBAJICHTHON (DyHKINHU CeTH, a Tak)Ke HadyaJbHBIX MOMEHTOB U (DYHKINN
pacrpeeNneHust CIy4aiiHOrO BpEMEHH pealu3aliiy aTaKH.

[IpoBepka mpeAIOKEHHOTO  IMOAXOJAa ObUla MPOM3BEACHA  JUIA
Mozenuposanus B «YenoBek 10 cepeuHe», KOTOPbIE SIBIISIOTCS OAHUMU U3
HanOoJiee pacpOCTPAHEHHBIX M OMACHBIX JII KOMIIBIOTEPHBIX CeTel.
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Wndopmarnmst o cereBoM Tpaduke MMEET CTATHCTHYECKHH Xapakrep |
npejcTaBisier  co0OM  BpEMEHHBIE  IOCIEAOBATEIBHOCTH.  MeToJbl
CTAQTUCTUYECKOTO aHaIM3a CETEBOro Tpauka IITHMPOKO OCBEIEHBI NPU HX
UCIIOJIb30BaHUN B KQUECTBE MHCTPYMEHTOB IIPOTHO3UPOBAHMUS 3arPy’KEHHOCTH
KaHaJIOB YMNPABIICHHS, ONPEAENICHNS MOTepb, KauecTBa ympasiaeHus u T.m. C
TOYKHA 3peHHs1 OOECTeueHHs] CETeBOM Oe30IacHOCTH, MPOBOAWTH AHAIN3
cereBoro Tpaduka KpaifiHe HEOOXOAMMO JUIA pEIICHMS 3aJad CETEBOTO
aJIMMHHUCTPUPOBAHUS, W MOHHTOPHHTA KOPPEKTHOTO (hYHKIHOHUPOBAHUS
pobotusupoBanusix cucteM (PBC).

Kax xmacc craTucTHdecKMH aHalU3 OTHOCUTCS K IIOBEAEHYECKHUM
METOJlaM OIPEJEJICHUs] HApYIIEHUI B KaHallaX YIPABJICHUS U OCHOBAH Ha
COTOCTaBIEHUHU Tekymero cocrosHuss PBC ¢ HekuMmu omnpenereHHbIMU
3apaHee NpU3HAKaMH, XapaKTePU3YIOIUMHU ITATHOE NX (YHKIIMOHUPOBAHUE.
MeToapl CTaTHCTUYECKOrO aHalW3a MMEIOT pas3ln4Hble HHTEPIPETALu,
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OCHOBAHHBIE HAa PA3JIUYHBIX JAWHAMMYECKHX XapaKTEePUCTUKAX CETEBOTO
Tpaduka, omHako Oa30BBIC MPHUHIUMBI MPAKTHYECKA Yy BCEX HICHTHYHEI.
HeocrmopumpIM TIPEUMYIIECTBOM MPUMEHEHHS METOIOB CTaTUCTHYECKOTO
aHalM3a SBISETCS BO3MOXHOCTH OIPEICIICHUS BIIEPBEIC PEaI30BbIBAEMBIX
METOZOB HETaTUBHOTO BO3ACUCTBHS Ha OOBEKT aTakKd CO CTOPOHBI
3MOyMBIIICHANKA. OHAKO Ui €r0 YCICUTHON peanu3aliii HeoO0XOIUMO
ompenenuTh OOBEKT aHajin3a, MMETh ONPEACICHHBIC CTPYKTYpHUpPOBAHHBIC
XapaKTEepPUCTHKH, O0pa3ylolne KOPPEKTHYI0 KOH(UTypauuio, HMETh
KPUTEPUH, IO KOTOPBIM MOXKHO OIpPEEIUTh NMOTEHIMAIBHOE MPOTOKOJIBHOE
BozeiictBue (I1B). [[ns1 ymMeHblIeHrs BEPOATHOCTH MOJYyUEHHUsT OITUOOUHBIX
pe3ynpTaToOB aHAIN3a, OCHOBHOTO HENOCTaTKa MPUMEHEHHs MOBEIEHUYECKUX
METOJIOB BBISIBJIICHHS HMHIUJICHTOB WH()OPMAIMOHHON 0€301acHOCTH, NpHU
peanmu3anui KOMIUICKCHOTO IOJX0/1a, TIOJ0KEHHOTO B OCHOBY pa3paboTKh
CHCTEMBI TPOTOKOJIBHOM 3aIINUTHl KaHAJOB YIPABICHUS POOOTH3UPOBAHHBIX
cuctem (CII3 KY PBC) MmeTon CcTaTUCTHYECKOTO aHaln3a HCIOIb30BaJICS
COBMECTHO C METOJJAMH HEHPOCETEBOTO M CUTHATYPHOTO aHAIIN3a.

Takum o00pa3oM, OCHOBHBIMH pCIIACMBIMH 33Jla4aMU  SBIISUIUCH:
OTIpeielIeHHue aHATU3UPYEMbIX H KOHTPOIUPYEMBIX XapaKTePHCTUK CETEBOTO
tpaduka — npusHakos [1B, pazpaboTka METOAMK OLEHKH MHPOPMATHBHOCTH
u uaeHtudukanuum npusHakoB [IB, mocTpoeHMe MpaBMWII  MITATHOTO
¢yakunonmnpoBanus  (IMI®P) KY  PBC, paspaborka  anropurma
MPOTHO3MPOBAHUS, a TaKKe€ WHTETpPAIlUsl METOJO0B IporHo3upoBanus 1B B
paspaborannyio CII3 KY PBC. us upentuduranuu I[1B HeoOXomumo
cOpPMHUPOBATH HX CHUTHATYpPBL. 31€Ch YYHUTBHIBAIOTCS KaK KIACCHYECKHE
npm3Haku [1B, Tak wm poGaBouneie — ¢aza [IB u tun yrpossl. [us
MIPOTHO3UPOBAHUS (PUKCUPYETCsl 00BEM NAaHHBIX, T.€. JUIMHA MaKeTa.

Taxum oOpazoM, nMeeM TpH IPU3HAKa: "TIOPOTOBBIN Ha OCHOBE I1a0JI0HA
mraTHoro  QyHkuuonuposanust cern  (LIIIDC)", "nosepurenbHOro
uHTepBana", "HOBepUTENbHOrO MHTepBana Ha ocHoBe IIIIDC".
Hcnonp3oBaHue Tpex MNPU3HAKOB CPABHEHHS XapaKTEPUCTHK IO3BOJSET C
Ooiee BBICOKOH CTEMEHBIO BEPOSATHOCTH BBIIBUTH HMEHHO JICHCTBHA,
HaTpaBJICHHBIC HA HApYIICHHE 0€301TacHOTO CETEBOTO B3anMoaeicTBus. [Ipn
CTATHCTUYECKOM aHaim3e HeoOXOJUMO YYUThIBaTh, 4To Tpaduk PBC
oOmamaer CBOHCTBOM MacIITaOHOW WHBAPHAHTHOCTH — HMMEET O0CO0YIo
(pakTaapHYIO (CaMOTOZOOHYIO) CTPYKTYPY, COXPAHSIOMIYIOCS Ha Pa3HBIX
Macmrabax. B mporecce mnepepaun BO3HHMKAIOT OOJIBIIME BCILIECKU IIPU
OTHOCHTEJIFHO HU3KOM CPEJHEM yPOBHE Tpa(uKa, YTO BAKHO YYUTHIBATH IIPU
CTaTUCTUYECKOM aHaJIM3e.

IIpousBoas nepHOANUECKU WM MOCTOSHHBIN aHanu3 coctosiHusi PhC,
HOSIBIISICTCS] BO3MOXKHOCTD HACHTH(OUIIMPOBATD JEHCTBHS 37I0yMBIIIJICHHUKOB,
HaNpaBJIEHHbIC HAa MOJATOTOBKY K MPOBEICHMIO aTaK: CKAHUPOBAHUE MOPTOB,
CIy’XOBI, TIONMy4eHHe WHGPOpMAIMA 00 WCIOIB3YeMOM IPHUKIIAJIHOM,
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CHCTEMHOM IIPOTPaMMHOM OOECIICYEHHHM W CHCTeMax 3alluThl (Ha JTare
PEKOTHOCITUPOBKH).

OmnucaHHble BBINIE METOABl OOHAPY)KEHWS MOMNBITOK HAPYIICHUS
oe3onacuoct B KY PBC ocHOBaHbI Ha TOM OOCTOSATENBCTBE, YTO B 3TOM
Cllyda€ MOTYT HU3MEHSATHCS HEKOTOpPhIE CTATHCTUYECKHE XapaKTEPHUCTUKU
NMOTOKa TakeToB. COMOCTaBIsIA PE3ylbTaThl, MOJKHO CJHENaTh BBIBOJ, UTO
Jara3oHbl 3HAYCHWH XapaKTepUCTUK MTaTHOTO (yHKIMoHUpoBanus KY
PBC, wuMelOT OTHOCHUTENBHOE  IOCTOSIHCTBO  YPOBHEH  3HaueHM
MaTEeMaTUYECKUX OXKMJIAHUU U aucnepcuil. IIpy BOSHUKHOBEHUM HEIITATHOMN
CUTyallUd AaHAJOTUYHbIE OLEHKH MO pa3IUYHBIM  XapaKTepUCTHKAM
U3MEHSIOTCSA 3HAUUTENBHO.

63



ILII. Benonooicko
CPABHUTEJIbHBI AHAJIU3 JUHAMUKHA OJHOCTENEHHBIX
MAHHUITYJISITOPOB HA ITIOJABU)KHOM U IMIAPHUPHO
3AKPEIIJIEHHOM OCHOBAHHUHA

Mockosckuii 2ocyoapcmeeHHbll MeXHUYeCKull YyHugepcumen
um. H.O. Baymana, Mockea
byelonozhko@mail.ru

P.P. Belonozhko
COMPARATIVE ANALYSIS OF DYNAMICS OF ONE-DEGREE OF
FREEDOM MANIPULATORS ON MOVABLE AND HINGED
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Bauman Moscow State Technical University, Moscow
byelonozhko@mail.ru

B [1-2] B popme ypaBHenust Payca nonyueHo HezaBUCHMOE ypaBHEHHE
JVUHAMHUKH OTHOCHTEJIFHOTO JIBIDKEHHS OJHOCTEIIEHHOTO KOCMHYECKOTO
MAaHUITYJISATOPA HA MMOJABUKHOM OCHOBAHHUU JIA ClIydas OTCYTCTBUSA BHCHIHUX
CHJI 1 MOMEHTOB. BBITIOJIHEH KaueCTBEHHBINH aHAJIN3 IUNIOCKUX MHEPLIHOHHBIX
JIBMDKCHUH, BBIJICJICHBI CYILIECTBEHHO Pa3JIMYalOIINecs PEKUMBI — KoJieOaHus
U KpyroBpameHusi. HecMOoTpss Ha MOJENBHBIM XapakTep 3aJaud, Ba)KHOU
0COOCHHOCTBIO ~ KOTOPOW  SIBIISIIOTCS ~ BO3MOXKHOCTH ~ Ka4E€CTBEHHOTO
AQHATMTHUYECKOTO HCCIIEA0BAHUS M HATJIITHON MHTEPIpPETAlu Pe3yIbTaToB,
NOJY4EHHOE  ypaBHEHHME  MpeAroiaraeT  TakXke  HEeMOCPEICTBEHHOE
NPUKJIAJAHOE HCIIOIb30BAaHUE NPH HCCIECIOBAHUM, HAMPUMEP, HEKOTOPBIX
PEKMMOB JIBH)KSHHSI MOHTXKHO-CEPBHCHBIX aBTOHOMHBIX POOOTH3NPOBAHHBIX
KOCMHYECKHMX Moyjei [3—4].

B [5] nmpumeHuTEeNFHO K BONIPOCY 00 HCIIOJIB30BAaHMM COOCTBEHHBIX
WHEPLUUOHHBIX JBW)KEHUH MAHUITYJISATOpa TPH MOCTPOSHUU YIPaBICHUS
paccmarpuBaeTcsi CBOOOJHOE JIBIDKCHHE NIAPHUPHOTO JIBYX3BEHHHMKA —
OJTHOCTEIICHHOTO MAaHHITYJISITOpa Ha HIAPHUPHO 3aKPEIUIEHHOM OCHOBAaHHM.
JlunamMyka MaHHIYJIATOpPa ONMCHIBAEeTCS cHCTeMoW auddepeHnnantbHbIx
ypaBHeHHﬁ, OITUCBIBAIOIITNX a0coJI0THOE JBHKCHHUC OCHOBAaHUA n
OTHOCUTENIbHOE JBIKEHHE TIpy3a. HesaBucumoe ypaBHEHHE IMHAMUKU
OTHOCHTEIILHOTO ABIDKCHHA B [5] He ncnoip3yercs. B mokiane mokasaHo, 9To
TaKoe ypaBHEHHE MOKET OBITh MOJIydeHO (Takxke B opme ypaBHeHHs Payca
[6]), mpu AToM nBWXKEHHUE Tpy3a OTHOCHUTENHHO HMIAPHUPHO 3aKPETIICHHOT'O
OCHOBaHHMSI C TOYHOCTBIO 70 BBIPAKEHHUH JUIsi KOI(PPHUIMEHTOB ONHUCHIBACTCS
TeM JK€ YypaBHEHHEM, 4YTO ¥ JAWHAMHUKAa OTHOCHTEIBHOTO JIBYDKCHUS
OAHOCTCIIECHHOTO MAaHUITYJIATOPA HAa TOABUKHOM OCHOBAHUMH.
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[Toy4yeHHbIe pe3ysIbTaThl MOKA3aJdH MEXaHHYECKYIO0 YKBHBAJICHTHOCTb
(TIpH BBITIOJTHEHUN COOTBETCTBYIOIINX YCIIOBHI SKBUBAJIICHTHOCTH, MMEIOIINX
BUJ COOTHOLICHHI MEXTYy MacCO-MHEPUUOHHBIMH H TI'€OMETPHYCCKUMHU
rapamMeTpamMH) paccMaTpUBACMBIX PACUCTHBIX CXEM B CMBICIIC OJIMHAKOBBIX
lIBI/I)KeHI/Iﬁ IO COOTBETCTBECHHBIM KOOPJUHATAM. HpI/I OTOM ABUXCHUSA HEHTPOB
Macc cucTeM OyIyT pa3IMYHbIMH.

[TomyyeHHBIE pe3yNbTaTHl JalOT BO3MOXHOCTH 0Oojiee TIIyOOKOTro
COIIOCTABUTEIBHOTO  aHAJINW3a  CIy4aeB  3aKpEIUIEHHOTO  OCHOBAHMS
MaHHITyJIATOpa, Oojiee XapaKTepHOro ISl HA3eMHOH POOOTOTEXHMKH, H
OCHOBaHHs TIOJBIDKHOTO B  HMHEPUMAJIBHOM  IPOCTPAaHCTBE,  Oolee
XapaKTepHOro JUIsi POOOTOTEXHUKHA KOCMHYECKOIA.
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N3y4arorcst ycioBHs U3MEHEHUsI THIIA TIOXOJIKH IIararomero podora 3a
cuéT SBICHMS CaMOCHHXPOHM3aIMM paboThl MpuBOAOB. Omnpenensrorcs
YCIIOBUSI, IPU KOTOPBIX HanOoJIee SHEPTETHIECKH BBITOHON OKa3bIBACTCS Ta
WM UHAs MOXOKa.

KiroueBble c0Ba: MOXOJKa IIATAIOLIEr0 po0oTa, CaMOCHHXPOHHU3AIHS
JIBIOKCHUSI, SHEPTreTHUCCKas 3P PEKTHUBHOCTb.

3ajaya MOBBINICHUS DHEPreTHYeCKOW A(PPEKTUBHOCTH IIArarol[ux
poOOTOB ABTISIETCA OAHOM U3 BAKHEHIITNX MPH UX pa3pabOTKe U IKCIUTyaTaI[IH
[1, 2]. Huskas nsHeprermueckas >(PQPEKTHUBHOCTh MIaraloIinux poOOTOB
00yCIIOBIICHA TEM, YTO IIATAIOIINH IBMKUTENb SIBJISICTCS] HEYPAaBHOBEILICHHBIM
MEXaHU3MOM [3] U Ipu ero NepuoANYECKOM IEPEHOCE B HOBOE IOJIOKEHHE
3HAYMTENbHAS 4aCTh MOIIHOCTH JIBUTATENS PACXOAYETCsl Ha MPEOJONIECHUE CUIT
nHepuuy. M3BecTHO, 4TO, KaK MPaBUIIO, 3Ta MOIIHOCTb IIPU MOCTYNATEIEHOM
PaBHOMEPHOM JBM)KEHHH KOpITyca poOoTa MporopIHoHaibHa Ky0y CKOPOCTH
[4].

IIpyn ABM)KEHHMH MHOTONPHUBOINHON CUCTEMBI, @ TAKOBOH SBISETCS U
mro00#  mararommii  poOOT ¢ PasNMYHBIMA CHCTEMaMH  yIIPaBICHHS
HIArafolUMK  JIBIDKMTEIAMH,  BO3MOXKHO  BO3HHMKHOBEHHME  SIBJICHUS
CaMOCHHXpOHU3aIuu npuBoIoB [5]. [ToaTomy 3amava yu€ra Takoro SBICHHUS
JUTSI TIOCTPOCHHUS dHEPreTHIecKH d(PPEKTUBHBIX MMOXOAO0K MIATAIONTUX POOOTOB
SIBIIICTCS AKTyaabHOI.

PaccmaTpuBatoTcs mararonipe poOOTHl € WHAMBUAYAJIbHBIMH HWIIN
TPYNIOBBIMU MEXaHU3MaMH IlIaraHus, B IpocTeiiiem ciydae caBoeHHbIMU. K
TaKkuM poOOTaM, B YaCTHOCTH, OTHOCHUTCS IIararouuii podor «OpToHO»
BoarI'TV [6] co ciBOEHHBIMU OPTOrOHAIBLHO-IIOBOPOTHBIMU JIBIKUTENISAMHU.
CraButcst 3ajaya  ompenelieHus  9HeprodP(EeKTHBHOCTH  Pa3IHMYHBIX
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pacrucaHuii moxo0k [ 7] mararomiero podora B 3aBUCUMOCTH OT CKOPOCTH €ro
JBIKEHHSI. DHEPTrodPPEKTUBHOCTh OIIEHUBAETCS YPOBHEM TEIIOBBIX TIOTEPh
B TIPUBOTHBIX TBUTATEIISAX.

[TomydeHbl yCHOBUS Ui COTJIACOBAHHOTO JIBWDKCHHS IIAararoIInx
IBIDKATENCH TIpH yuéTe SBICHHWS CaMOCHHXPOHH3AIHNH, 00ECIeUnBaIOIINe
SHEPreTHYECKNd ONTHUMANBHBIE C TOYKH 3PEHHs MHHHMYMa pPacCeHBaeMOM
MEXaHWYECKOM HHEPrHMHM pPEXHUMBI IBIDKCHUS (paclUCaHds TOXOIOK
HIararpIero podora). ITH pe3ysibTaThl COOTBETCTBYIOT BBIBOJAM TCOPHUHU
camocunxponuzanuu M.M. bnexmana [8] U OSKCHEPUMEHTAIbHBIMU
MCCIICIOBAaHHUSIMU JIBHXKCHUS IArarolmx poooTos [9].

* PaboTa BbInosIHEeHA ITpu prHaHCOBOMH noanepkke PODU (npoextsr No
16-31-60042, 17-01-00675), rpanTa [Ipesunenra PO MK-1493.2017.1.
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Pazpaboran mporpaMMHO-anmapaTHbIii KOMIUIEKC JUIs IOJIyHATYpHOTO
MO/JICTTMPOBAHUSI MAHUITYJISIIIMOHHBIX POOOTOTEXHUYECKUX CHCTEM.

[onynarypHoe MozaenupoBaHue OoJblIe TPUOIMKEHO K pealbHOCTH, YeM
MaTeMaTH4ecKoe U TIPU TOM HET HEOOXOANMOCTH B MOJTHOM HATYpHOI MOJIEIH
cucteMbl. CoueTaHne 3THX IBYX METOJIOB II03BOJIICT CKOMOMHHPOBATH CUCTEMY
TaK, 4TOOBl B PEaJbHO CYIISCTBYIOIICH €€ 4YacTH HAXOIWINCh CIIOXKHBIC
YCTpOHMCTBA, a WX B3aMMOJCHCTBHE M BIHMSHHE HAa HUX BHELIHUX YCJIOBHI
MOJCIUPOBATh MaTeMaTHYeCKH. MeTOIbl TMOJIyHaTYPHOTO MOZAEIUPOBAHUS
NPUMEHSIOTCS UL MCCIEeOBaHuUs paboThl MAaHMIYJIITOpPa Ha dTare, KOraa OH
ellle He CO3/JaH, HO KOMIUICKTYIOIIE MEXaTPOHHBIX MOIYJICH yKe 0100paHbl,
MN3BCCTHA KHWHEMATHYCCKasA CXEMa MEXaHu3Ma M €ro MacCO-MHEPILUHUOHHBLIC
XapaKTepUCTUKU. B cBs3W ¢ 9TMM, Tpelyiaraercs  HMCIOJb30BaTh
QJIEKTPOJIBUI'ATENIM KaK HATYPHbIE YCTPOWCTBA, a HArpy3KH, NEHCTBYIONIME HA
HUX B COCTAaBC MAHUITYJIATOPA, MOJACIUPOBATL MAaTEMATUYCCKU.

ArnmnapaTHas 9acTh KOMIUIEKCA MPECTaBIsIeT COO0H CeTh YHUBEPCATbHBIX
y‘le6HO'I/ICCHeI[OBaTeHBCKI/IX CTCHI0B JJIsL UMUTAIUU Harpy>XeHus
anektpoaBuratens. Kakmplii CTEHA COCTOMT M3 JBYX [BHIATeled, Bajbl
KOTOPBIX CKpEIUIeHBI ypyroi Mydroil. Takas KOHCTPYKLHS HO3BOJISET OTHOMY
JBHUTATENIO (HArpyKaroleMy) BOCIPOU3BOAUTD 3aJaHHYIO HArpy3Ky Ha APYroi
JIBUTATEIh (MCIBITYEMBIi).

[lporpaMmHasi 4acTh KOMIUIEKCa — YyOpasisiomas mnporpamma. Ee
Ha3HAueHHWE 3aKI04aeTcss B cOope MHPOPMAIMH O TEKYIIeM COCTOSHUU
JIBUraTeJIed, pacueTe MOMEHTA Harpy KEHUS U1l KaXKA0r0 CTEH1a U YIIPABJICHUU
BCEMHU JIBUTaTCIIAMU, KaK UCIIBITYEMBIMH, TaK U HArpy>KaronyuMH.
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OTaenbHO CTEHJ CIIYKUT JIa0OpAaTOPHOM YCTAHOBKOW JUIS MMHTALUU
Harpy’KeHHsl Ha JBUTATEIb M HMCHONB3YeTCsl KakK Il 1abopaTOpHBIX palorT,
MPOBOANMBIX JAJISI HIKOJIBHUKOB M CTYAEHTOB, TaK M MHPU TNPOCKTHPOBAHWUHU
MEXaTPOHHBIX MOJyJlel poO0TOB. OMBITEI MOKAa3bIBAIOT, UYTO PE3YIbTAThI
paboTHI CTEH/1a OTJINYAIOTCS OT PE3YJIBTATOB MATEMATHIECKOTO MOJCTHPOBAHUS
AHAJIOTMYHBIX KOMOMHAIMI HAarpyxeHus He Oosee, ueM Ha 10 %.

Jns mpoBeseHUs TMOJIYHATYpHOTO MOJEIHPOBAHHMS MAHMITYJIATOpa BCE
CTeH/Bl OOBEIUHSIOTCS B EIUHYIO ceTh. Pa3paboTaHHOE TpOorpamMMHOE
06ecnequl/Ie KOMILJICKCA MO3BOJIACT YHOPaBJIATL BCEMH CTCHAAMU C OJHOTO
komnbioTepa. Kaxaplii cTeHA MMUTHPYeT OJHY CTENeHb MOJBMKHOCTU
MEXaHuU3Ma. I/ICHbITyeMbIﬁ JABUTATCIIb MOJCIUPYET JABUIaTC]ib M3 COCTaBa
MaHUIYJISATOPA, a HArPYKaoIIMM BOCCO3/1a€T IEUCTBYIONIYIO HA HETO HArpy3Ky
B cocTaBe poboTa. /st pemenus oOpaTHOH 33124y ANHAMUKH MaHHITYJIATOpa
npuMeHsieTcs ypaBHeHue Jlarpanxka-Oiiepa.

B mepcnekTtmBe — mpeuaraeTcsi  MCIOJB30BaTh — KOMIUIEKC UL
MOJTYHATYpPHOTO MOJICJIIMPOBAHUS HE TOJIHKO MaHMITYJISIIHOHHBIX, HO M APYTHX
THUIIOB, HATIPUMEP, MOOMIIBHBIX POOOTOB.
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PaccmarpuBaercss 3amada MPOCKTHPOBAHUS OIOPHON KOHCTPYKIIUH
TA30BOI'0 MEXaHU3Ma JUIsl aHTporoMop¢HBIX podoToB. [IpemiokeH BapuaHt
KOHCTPYKIIMU Ta30BOT0 MeXaHW3Ma JUisl pa3padbarbiBaeMoro pobota AHTapec.
OnopHass KOHCTPYKIMSI BKIIOYAeT B ce0sl ynpyrue 3JeMEHThI, CHIDKAIOIINE
yJlapHbIe BO3/ICHCTBUS HA MEXaHUYECKUE y3JIbl POOOTA.

KiroueBble ciioBa: aHTPOMOMOP(hHbBIE POOOTHI; CEPBONPUBOIBI,
AHTapec; Ta30BbIi MexaHU3M; (DIaHIeBas onopa; ynpyras Mmyra.

[oBpIIeHNEe YCTOWYMBOCTH W OMOPHOH MPOXOIUMOCTH MOOMIBHBIX
POOOTOB SBNISICTCS OTHOW U3 OCHOBHBIX 33724 pa3pabOTYMKOB anapaTHOTO U
MPOTpaMMHOTO  obOecriedeHuss  aHTPOMOMOP(HBIX  poboToB.  Ta30BEIiA
MEXaHU3M MPEJCTaBIsIeT c000¥ HanbosIee CIOKHBIN y3€, TOABEPTaOIIHIACS
MOBBIIEHHBIM Harpy3kam. CremeHb JedopManid W CKOPOCTh H3HOCA
MEXaHUYECKUX Y3JIOB KOHCTPYKLMHM MOXXHO CHHU3HMTH 33 CUET YBEIMUYCHHUS
IUIOLIA/I  OTOPbI, PACCEMBAHMS M CHIDKCHHUS] IMHAMHYECKHX Harpysok.
Hecmotps Ha TO, 4TO pRIYaKHO-IIAPHUPHAS CUCTEMa, CIIPOCKTHPOBAHHAS MO
AQHAJIOTHM C Ta30BBIM IIOSCOM HYEJOBEKa, TMPEJCTaBiseTcs Hauboiee
nenecooOpa3sHoil  MpH  KOHCTPYHPOBAHWU — aHTPOIOMOP(HOTO  poboTa,
MOBTOPHUTH €€ B ICXOHOM BHJIC MMPAKTHICCKH HEBO3ZMOKHO BBUTY CII0KHOCTH
€e CTPOCHHSI.

Taxk kak Amnrapec [1,2] sBisiercss aHTPOIOMOP(HBIM IBYHOTHM
[IararIuM poOOTOM, €ro Ta30BbI MEXaHU3M, OCYIICCTBISIOIIUN OCEBOC U
CaruTTaJbHOC JBIKCHUC TEAUMYISATOPOB, SBISCTCS OJHUM M3 BaXKHCHIIIHX
Y3JIOBBIX JJIEMEHTOB B KMHEMAaTHKe, JHHAMHKE M (U3HMUYECKOHl CTPYKType
pobora. Uepe3 maHHBIN y3eN MPOXOIUT OOJbINAs YacTh yJapHBIX HATPY30K,
MPUXOISIINXCSA Ha Kapkac podoTa BO BpeMs JABIKCHHUS JaKe MO POBHBIM
noBepxHOCTsAM. C y4eTOM HEOCTaTKOB IIEPBOIf BEPCHH Ta30BOTO MEXaHW3Ma
ObIT paszpaboTaH Y3JOBOW JJIEMEHT (IIaHIe0Opa3HON OMOphl W YIPYyroi
My(Thl. B mpencTaBieHHOM pELICHUU yhpyras My(Ta COCTOMT W3 IBYX
noiaymy(dt, oJlHa M3 KOTOPHIX yCTAHABIUBACTCS Ha ()IaHEI] IPUBOJISIICTO B
JIBIDKCHUE CEPBOIPHUBOJIA, BTOpas NOJIyMydra MOHTHUPYETCS Ha BEpXHEH
(nanuesoit onope. OcHoBaHUEM (TaHIICOOPA3HOW OMOPHI C YIIPYTrol My(hTOH
sBIsieTCss (pIaHIeBast OMoOpa, JJIsl MPOCTOTHI M3TOTOBJICHUS COOHMpacMas H3
JIBYX TUIACTHH, HUMCIOIIUX YCTAHOBOYHYIO IUIOINAAKY JUIS ITOAIIMITHUKOB,
OTIIMYAIOIIYIOCS IIMPHUHONH B 3aBHCHMOCTH OT THIIA YCTaHaBIMBAaEMOTO
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nommunHrKa. C  TOMONIBI CHUMYJISLUH B CHUCTEME TBEPIOTEIHLHOIO
MO/ICTIMPOBaHUS ObLIO MTPOBEICHO MCCIEI0BAHUE MOJIENU HA YCTAOCTh MPU
npoxoxaenun 1000 nuKiIoB, ¢ NpuKIaabiBaeMoii Harpyskoit B 100 kr/cM?. TTo
pe3ysbTataM CHMYJSIIMU ObLT MpeIBapUTEIbHO OMpEENIeH CPEeJHHUIA CPOK
CIy’XOBl  pa3paboTaHHOH (iaHIeBOW OmOpPeI C  ympyroi Mydroii,
COCTABHBIIHUI MPUMEPHO 8§ MUIIJIMOHOB LIUKIIOB MEPEMEHHOIN HArpy3Ku, mpu
9TOM CpOK CIYXObI JAeTalieil, pacCUNTaHHBIX Ha 3aIJIAHUPOBAHHBIA H3HOC
coctaBuil 30 THICSY LIUKIIOB.

KoncTpykius ¢raHIeBO# OMOpPHI yBETHUUBACT CPOK pabOTHI AeTaiei 3a
cuet Ooniee 3(h(HEKTUBHOTO pacHpeACICHUs HATPY3KH MO TUIOINAINA OMOPBI U
OTCYTCTBHA B KOHCTPYKIIUM CJIOKHBIX B HU3TOTOBJICHUU HW HMCIOIIUX
OTHOCUTEIIbHO MaJjblii CpoK paboThl JeTaled, Takux KakK [IeCTepHH.
HWccnenoBanus pa3pabOTaHHOTO MEXaHU3Ma MO0Ka3ajiH, YTO OCHOBHBIE JIETAIIN
UMEIOT OOJIBIION CPOK CITy:KObI M HamboJiee ObICTPON YCTAIOCTH MaTepuasa
MOJIBEP)KEHBI JICTAH, CHPOCKTUPOBAHHBIE KAK PACXOHBIA MaTepHal, Mpu
9TOM OHH TaK)Ke CIIOCOOHBI BBIIEPKATH OOJBIIOE KOJUYECTBO IHKIIOB
MEPEMEeHHON M  IHUKIUYECKOM HArpy3Kd BO BpeMsl  SKCILTyaTallUH.
HUccnenoBanue BoinonHeHo npu noaaepxkke PHO (rpant Nel16-19-00044).

1. Tasmoxk H.A., Byakos B.1O., buzun M. M., Pomxun A.JI. Pazpabotka
KOHCTPYKIIMU Y3J1a HOT'M aHTponoMopdHoro podora AHTapec Ha
OcHOBe JAByXMoTOpHOro KkoiseHa // M3sectus IODY. Texuuueckue
Hayki. 2016. Ne 1 (174). C. 227-239.

2. Pavluk, N., Denisov, A., Kodyakov, A., Ronzhin, A.: Mechanical
Engineering of Leg Joints of Anthropomorphic Robot // International
Conference on Power, Energy and Mechanical Engineering 2016,
MATEC Web of Conferences, 77, art. no. 04006.
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The problem of designing the bearing supporting structure of the pelvic
mechanism for anthropomorphic robots is considered. A variant of the design
of the pelvic mechanism for the developed robot Antares is proposed. The
support structure includes elastic elements that reduce impacts to the
mechanical components of the robot.

Keywords: Anthropomorphic robots; servomechanisms; Antares; pelvic
mechanism; flange bearing; elastic coupling.

Increasing the stability and bearing patency of mobile robots is one of
the main tasks for hardware and software developers of anthropomorphic
robots. Pelvic mechanism is the most complex node, subjected to high loads.
The degree of deformation and the wear rate of the mechanical structure of
nodes can be reduced by increasing the bearing area, dispersion and reduction
of dynamic loads. Despite the fact that the lever-hinged system designed by
analogy with the pelvic belt of a man seems most suitable for the construction
of an anthropomorphic robot, it is almost impossible to repeat it in its original
form due to the complexity of its structure.

Since Antares [1,2] is an anthropomorphic bipedal walking robot, his
pelvic mechanism, which carries out the axial and sagittal movement of the
pedipulators, is one of the most important nodal elements in the kinematics,
dynamics and physical structure of the robot. Through this node passes most
of the shock loads that fall on the frame of the robot during the movement,
even on flat surfaces. Taking into account the shortcomings of the first version
of the pelvic mechanism, the nodal element of the flange-like support and
elastic coupling was developed. In the presented solution, the elastic coupling
consists of two coupling halves, one of which is mounted on the flange of the
actuating servomotor, and the second one is mounted on the upper flange
support. The base of the flange-like support with an elastic coupling is a flange
support, for ease of manufacture, it is assembled from two plates having a
mounting platform for bearings, differing in width depending on the type of
bearing to be installed. The developed solution was studied in a solid modeling
system. The fatigue study of the simulation model was conducted during the
passage of 1000 cycles, with the applied load of 100 kg/cm?. According to the
simulation results, an average life cycle of the developed flange bearings with
flexible coupling was pre-defined, amounting to about 8 million cycles of
variable load, whereas the service life cycle of parts designed for scheduled
depreciation amounted to 30 thousand cycles.
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The design of the flange bearing extends the life of the details by more
efficient load distribution over the bearing area and the absence of components
that are difficult to manufacture and have relatively short service life, such as
gears. Study of the developed mechanism has shown that the main parts have
a long service life and the most rapid fatigue of the material is susceptible to
parts designed as an expendable material, while they are also capable of
withstanding a large number of cycles of variable and cyclic loading during
operation. The presented work was supported by the Russian Science
Foundation (grant No. 16-19-00044).

3. Pavliuk N.A., Budkov V.Y., Bizin M.M., Ronzhin A.L. Design
engineering of a leg joint of the anthropomorphic robot Antares based
on a twin-engine knee // Izvestiya SFedU. Engineering Sciences.
2016. Ne 1 (174). P. 227-239.

4. Pavluk, N., Denisov, A., Kodyakov, A., Ronzhin, A.: Mechanical
Engineering of Leg Joints of Anthropomorphic Robot // International
Conference on Power, Energy and Mechanical Engineering 2016,
MATEC Web of Conferences, 77, art. no. 04006.
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UCHOBITATEJbHBIMA NOJUTOH U151 OEHKH TEXHUYECKHX
XAPAKTEPUCTHK MPK CBEPXJIETKOI'O M1 JIETKOI'O
KJIACCOB
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m.nogin@rtc.ru, rogov@rtc.ru, shmakov@rtc.ru

A.L. Korotkov, M.A. Nogin, A.V. Rogov, O.A. Shmakov
TEST SITE FOR EVALUATION OF TECHNICAL
CHARACTERISTICS OF MOBILE ROBOTIC COMPLEXES OF
ULTRA-LIGHT AND LIGHT CLASSES

RTC, Saint-Petersburg
m.nogin@rtc.ru, rogov@rtc.ru, shmakov@rtc.ru

CoriacHO TOCYIapCTBEHHOMY CTaHOAPTY, CYIISCTBYET KiacCH(UKAIUS IS
MOOMITBHBIX POOOTOTEXHIUUECKIX KoMIUTekcoB (MPK), mpenqHa3sHaueHHBIX ISt
MPOBEACHUS aBapUITHO-CIIACATEIBHBIX PAa0OT ¥ TOKAPOTYIICHUSI. Ta
KkImaccuuKausa He IpUMeHNMa Ko BceM coBpeMeHHBIM MPK B crity Toro, 9To
MHOTHE€ H3 HUX, pasinvdaronuecsa no IMpUMEHCHUIO, 6y[[yT OTHOCUTH K
cBepxy€rkomy kiaccy. s 6onee moapoOHoii kinaccuduxanuu PTK Hb
BBEJICHO JICJICHHE CBEPXJIETKOT0 Kiacca Ha MOJKIACCHI.

Knaccudukanus MPK  Tosmpko 1Mo Macce HE OTpakaeT —IOJHOCTBIO
MEXaHHNYCCKUC XapaKTCPpUCTHUKH, BKJIFO4as MpOXOANMOCTb n
TPY30MOILEMHOCTh, YTO HE CIOCOOCTBYET H0CTaTouHOW ornenke MPK,
OCHOBBIBasICh Ha ero kiacce. [l cocTaBieHHS NPEICTABICHUS O
BO3MOXKHOCTSX MPK pasznuyHbIX KilacCOB HEOOXOIMMO IPOBEICHUE psiia
WCCIICIOBAHUIA JUII MHOXECTBA IPEACTaBUTEICH KaXIOoro kiacca. YToObl
00ecreYnTh IOCTATOYHYH TOYHOCTh M OJHOOOPAa3HOCTh HCCIICHOBAHHUIA,
HE00XOIMMO MHHUMH3HPOBATh BIHMSHUE YEIOBEYECKOTO (PaKTOpa Ha XOJ
uccienoBanus. s BBIIOJHEHUS 9TOM 3ajauM MpejiaraeTcsi UCoIb30BaTh
UCTIBITATEIbHBIM  TIOJIUTOH, OOOPYMOBAaHHBIM  TOCTATOYHBIM  HaOOpOM
MPENATCTBUHN AJ POBECHHUS MOJTHOMEPHOM OIleHKH Xapaktepuctuk MPK.
Hmxke mnpuBeneHsl KpaTKWe ONMCAHUS TPENSATCTBUH, pa3pabaThIBaeMbIX
ITHUUW PTK mnst npoBeaenwust mpobderoBbix uenbiTanmii MPK cBepxierkoro u
NETKOTO KIACCOB, OIPEIENIECHUS XOIOBBIX, IHEPTETHUECKUX M TOIUIMBHO-
SKOHOMHUYECKHUX XapaKTePUCTHK, MAHEBPEHHOCTH U YMPABISIEMOCTU IPHU
MIPEOJI0JICHUH MPEISTCTBUH.

1. Kommnekc coopyxkeHMid  JJjii  TPOBEJACHHUS  MCMBITAHWA O
MPEOJIOJICHUIO TPENSATCTBUI C pa3iMyHBIM TPYHTOM. B cocTaB KomIuiekca
BXO/ISIT TOPU3OHTANIbHBIE U HAKJIOHHBIE MTOBEPXHOCTHU C yrilaMu HakioHa 20°,
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25° n 30° ¢ mecyaHbIM, TJMHSHBIM M TPaBUMHBIM HOKPBITUSIMM, a TaKXkKe
3CKapIbl KpyTHU3HOM 45° 1 60°.

2. CoopykeHne Uil IPOBEACHUS HCTBITAaHUH 110 MPEOJ0JICHHIO
NPENATCTBUH ¢ OETOHHBIM IIOKPBITHEM. B cocTaB coOpyXeHHS BXOAAT
TOPM30HTANBHBIC W HAKJIOHHBIC IUIOMAIKK ¢ yriamu HakiaoHa 20° u 30° m
JIECTHUYHBIE MapIIH.

3. KoMmmnekc coopyxeHMH i1 OPOBEAEHUS  MCIBITAHMM IO
MPEOIOJICHUIO TIPEMATCTBUI C 3JIeMEHTaMH >kKeJe3Hoi poporu. B cocras
KOMILJIEKCa BXOST YYAaCTKH SKEIE€3HOAOPO’KHOTO TOJNOTHA C YKJIAAKONH Ha
TOPH30HTAIBHYIO IOBEPXHOCTh U IPAaBUIHYIO HACHIIIb.

4. Kommnexkc coopyxeHuii, KOTOPbII BOCIPOU3BOAUT  YCIOBHUS
OTPAaHUYEHHBIX MPOCTPAHCTBA U BUIMMOCTHU. B cocTaB KOMIIEKCa BXOJAT
peKoH(UTypUpyeMBIC COOPY)KEHHS C HMHTalMeH WHTEepbepa CKIAJCKHX,
JKUIIBIX M IPOYUX MOMEIIEHUI.

5. CoopyxeHne [ HPOBEACHUS HCIOBITAaHUH MO MPEOIOJIEHHIO
MPEMSATCTBUNA € TMONHOM MIM YaCTUYHOM MOTPYKaeMOCTbIO B JKUAKYIO WIIH
CHIBHO chilydyto cpeny. CoopykeHHue TIpeicTaBisieT coOoi Oaccein
MepeMEHHOM TITyOHHBI.

6. KowMmmexkc  coopykeHuid  Afisi  TPOBEACHHSI  WCHBITAHUNA IO
MPEOJIOJICHUI0 TPENSATCTBUM C PA3IMYHON CIIOKHOCTBHIO IPOXOAUMOCTH. B
COCTaB KOMIUIEKCA BXOMAT KOHCTPYKIHH C PEKOHQHUTYPHUPYEMBIMU
OCTOHHBIMM HAJ0JNO0aMHM Ul BOCCO3JaHUS TPYAHONPOXOIUMBIX YYacCTKOB, B
TOM YHCJIC 3aBaJIOB.

7. PexoHnpurypupyemblii  MOAYIbHBIM  CTEHI Ui TPOBEACHHS
UCHBITAHUN MO MPEOAOJIEHUIO Pa3JIMYHBIX HpensTcTBUil. B cocraB crenna
BXOJST MNPSIMOJIMHEIHbIE Y4aCTKU C IECYAaHBIM, T'PaBUMHBIM U TPaBSHBIM
HOKPBITUSIMH, HAKJIOHHBIE TTOBEPXHOCTH Pa3IMYHOIN KPYTHU3HBI, JECTHUUHBIE
MapIIy HECTAaHAAPTHBIX Pa3MEPOB.

8. Pexonpurypupyemblii  MOAYIBHBIH  CTEHX Ul IPOBEACHHSA
uccinenoBanuit maneBpupoBanuss MPK maccoit no 50 kr u snerarenbHBIX
anmapaToB. CTena 000pyI0BaH CUCTEMOH 3aXBaTa IBIKCHHUS ISl HOCTPOCHUS
KOMIIBIOTEPHBIX MOJIEIICH.

PaspabareiBacMblc TUIIOBBIE METOAMKH MPOBEICHUS HCIIBITAHWN U BEICHHE
MPOTOKOJIA UCCIIE0BAHNI B aBTOMATHUECKOM pexXnuMe OyIyT ciocoOCTBOBATh
MOJIHOTE W TOYHOCTH WCCIIEAOBAHWH, a TaK )€ BBIIBJICHHIO HamOoiee
HEepCIEKTHBHBIX HanpasiieHnit paspadorku MPK.
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ONEPATUBHOE KOMIIVIEKTOBAHWE U MIPUMEHEHUE
I'PYINIIUPOBOK PABHOPOJIHBIX CPEJACTB BEJIEHU S
MOJABOJHBIX UCCJIETOBAHUM U PABOT

DedepanvHoe eocyoapcmeenHoe Ka3eHHoe 80eHHoe 00pa308amenbHoe
yupesicoenue «Llenmp noocomosku cneyuanucmos 8 oonacmu
2nyooK0800HOU desimenbHocmuy Munucmepcemea 060poHbl

Poccuiickou @edepayuu
89213074327@mail.ru

A.l. Oparin
OPERATIONAL FORMATION AND APPLICATION OF
HETEROGENEOUS GROUPS TO REALIZE UNDERSEA
RESEARCH AND WORK

The training center in the field of deep-water activities
of the Ministry of defense of Russia
89213074327@mail.ru

BeezeHo noHsiTHE MOOMIILHOTO POOOTHU3UPOBAHHOTO TEXHOJIOTHYECKOTO
KOMIUIEKCa KaK OINepaTHBHO (OPMHUPYEMO#l TIpYNIIMPOBKH Pa3HOPOIHBIX
TEXHUYECKHUX CPEJCTB BBINOJHEHHUS MOIBOJHBIX HCCIEIOBAaHUN M PpaboT.
IIpencraBiens OTIIMYUTEIbHBIC XapaKTepUCTUKH, poOIeMbI
KOMIUIEKTOBAHHS M TPHUMEHEHHUS ONEPATHBHO (OPMHUPYEMBIX TPYIITUPOBOK
Pa3HOPOJHBIX TOABOMHBIX AaNNapaToB M JPYTrHX TEXHUYECKHX CPEJICTB
BE/ICHUS TIOBOIHBIX MCCIIEIOBaHNI U padoT.

KiroueBbie cioBa: MOOMIILHBIIN pO6OTH3HpOBaHHLIﬁ TEXHOJIOTMYECKUHN

KOMIUJICKC, OII€paTHBHAsA TI'PYHIIMPOBKA Pa3sHOPOAHBIX pO60TOTeXHI/I‘IGCKI/IX
KOMIIJICKCOB
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H.B. Manromun
NPAKTUKA U IEPCHEKTUBBI PA3BBUTUS PACUETHO-
AHAJIMTUYECKUX METOJA0B AHAJIU3A CTOMKOCTH
AIIMAPATYPBI K BO3AENCTBUS SKCTPEMAJIbHBIX
JECTABMJIN3UPYIOIIIUX ®PAKTOPOB.

000 «Kb UT'AC»
mnv220609@mail.ru

B nmnocnennee BpeMs BO3pOC MPaKTUUECKUM HHTEpeC MPUMEHEHHUs
METO/IOB BHPTYalbHOW HHXXCHEPUH IPH MPOCKTUPOBAHUM aNNapaTypsl.
ABTOMaTH3aIMs TIpollecca IMPOEKTUPOBAHUS OOECTICUNBACT yMCHBIICHHE
TPYIOEMKOCTH PabOT W yBEIMYEHHWE KadyecTBa pa3pabOTKH 3a CUér
BO3MOXKHOCTH TIPOBEJICHHS] aHAJIN3a CTOMKOCTH armapaTrypbl K BO3JA€HCTBUIO
MEXaHWYECKHUX, TEIUIOBBIX U CIIEIHAIbHBIX JecTa0mIn3upyomux (Gpakropos
6€3 MU3roTOBJICHUS anmapaTyphl.

IIpakTuka npUMEHEHUs PACUETHO-AaHAIMTUYECKUX METOAOB aHalIu3a
CTOMKOCTH amnmaparypbl K BO3JICHCTBHIO AECTa0MIM3MPYIOIIUX (akTopoB
MO3BOJISIET OOOCHOBAHHO OTKAa3aThCsl OT MOJYHATYPHBIX W HATYPHBIX
WCTIBITAaHWH, €CIIH MTOKa3aH JOCTATOYHBIHN 3aIac CTOMKOCTH ammapaTypsl. JTo
0c00eHHO 3((EKTHBHO TPH HCHBITAHUSIX Ha OMNPEACICHHHM CTOHKOCTH K
BozpeiicTeuio crengakropos mo 'OCT PB. 20. 39. 305 — 98.Kak mpaswuuo,
anmapaTtypa TIOClie TNPOBEJICHHS TAKHX HCHBITAHUH HE Mojnaérest
BOCCTAaHOBJICHUIO U yTHIIM3HpYeTcs. B Toxe Bpemst, eciin mpnOops! 00131310t
3HAYUTEIBHBIM 3aI1aCOM CTOHKOCTH K Bo3zeicTBri0 CD, TO B COOTBETCTBHU
cm 6.2.1 TOCT PB 20.57.308-98 mpoBeneHne X aBTOHOMHBIX HCIBITAHUN
(1e B cocTaBe 00BEKTa) HAa JAHHBIE BO3ACHUCTBHS HE TpeOyeTcs.

OmHHUM 13 TOCTOMHCTB MPOBEACHHUS CUMYIISLUN KOMITBIOTEPHOM MOACTH
anmapatypbl ~ Ha 3ajaHHble B T3  mapamMeTpsl, MO3BOJAET MPOBECTH
WCCIICIOBAaHNS  TTOKA3BIBAIONINE 30HBI YCTOHYMBOCTH M BBIABHTH «y3KHE»
MecTa B CO3/aBaeMoOM INpuOope a0 ero um3rorosieHus. Hampumep, mpu
aHamu3e CTOWKOCTH amnmapaTtypbl Ha BO3ACHCTBHE  DIEKTPOMArHUTHOIO
umnyasca ¢ npumeneHueMm —noacucteMsl ACOHUKA (B uwactu OMC)
obecrieuynBaeT NHIMKALUIO BO3MOKHOI HECTAOMIBHOCTH 3aIIUTHBIX CBOMCTB
KopItyca mpudopa B HEKOTOPBIX 00JIACTSAX YacTOT IPH BO3/CHCTBUH.

MonenupoBaHusl CTOMKOCTH ammapaTypsl kK BosfeiicTButo C® mno3Boiser
000CHOBaHHO  pa3paboTaTh  PEKOMEHIAITUH Mo  TPUMEHEHUIO
JIOTIOTHATEIFHOW 3aIMTHI JJEKTPOHUKHA OT Bo3aeicTBusi CD (cBEeTOBOTO
MTOTOKA, yJapHOH BO3AYIIHOM BOIHEI, OMMU 1 paanarum). DTo 00eCTIednBaroOT
WHHOBAIMOHHBIE MaTepuanbl Ha 0a3e HAHOCTPYKTYp (3alIUTHBIC CTEKIA,
MaTepHualsl OoKupyrontue Bo3aeiictene OMU u panuanmn).
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PasBurue mopenupoBaHus U IPPEKTHUBHOCTh MPUMCHCHUS OTCYCCTBECHHBIX
CAIIP mpu mpoeKTHPOBaHUH U UCTIBITAHUAX PAIHOdIICKTPOHHON ammapaTypsl
BO MHOTOM CJIEPXKMBAETCS OTCYTCTBHEM HeoOxoauMbIx qokymenToB (I'OCT,
oTpacileBble CTaHAAPTHI, PYKOBOMAIINE yKa3aHWS W T.X.). LlermecoobpasHo
obOparuts BHHUMaHue Munnpomrtopra Poccun, MO P® Ha HeoOXoamMocTh
pa3paboTKN COOTBETCTBYIOMINX TOKYMEHTOB.

N. V. Malyutin
PRACTICE AND PROSPECTS OF DEVELOPMENT OF
ANALYTICAL METHODS FOR THE ANALYSIS OF EQUIPMENT
RESISTANCE TO EXTREME DESTABILIZING FACTORS
EXPOSURE

LTD "CB IGAS"
mnv220609@mail.ru

In recent years, practical interest in the application of methods of virtual
engineering in the design of the equipment. Automation of the design process
provides a reduction of the labor intensity and increase the quality of
development due to the possibility of analyzing the resistance of equipment to
the effects of mechanical, thermal and special of destabilizing factors without
manufacturing equipment.

The practice of applying analytical methods of resistance analysis of
equipment for destabilizing factors allows reason to refuse the half-scale and
full-scale tests, if shown sufficient resistance equipment. This is particularly
effective when testing for determining resistance to impact of special factors
under GOST RV. 20. 39. 305 - 98. As a rule, the instrument after carrying out
such tests is not recoverable and disposed of. At the same time, if the devices
have a significant resistance to the effects of SF, in accordance with clause
6.2.1 GOST RV 20.57.308-98 conduct their battery tests (not part of the object)
on these impacts is not required.

One of the advantages of simulation, a computer model of the equipment
specified in the TOR settings that allows you to conduct research showing the
areas of sustainability and identify bottlenecks in the generated device before
its production. For example, in the analysis of the resistance of equipment to
electromagnetic pulse with the subsystem ASONIKA (part of EMS) provides
an indication of the possible instability of the protective properties of the shell
of the device in some frequency ranges under the influence.

Modeling the durability of the equipment to the effects of SF can reasonably
develop recommendations on the use of additional protection of the electronics
from the effects of SF (luminous flux, air shock wave, EMP, and radiation). It
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provides innovative materials based on nanostructures (safety glasses,
materials for blocking electromagnetic effects and radiation).

The development of the modeling and the effectiveness of the domestic CAD
in the design and testing of the electronic equipment is largely constrained by
the absence of necessary documents (GOST, industry standards, guidelines,
etc.). It is advisable to draw the attention of the Ministry of industry and trade,
RF Ministry of defense on the need to develop the relevant documents.
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O.10. Ocunos, Meujepsaxoe P. B., Illenenenxo M.I.
MPOEKTUPOBAHHUE HUD®POBBIX MOJEJEN YJIEMEHTOB
IEKTPOMAIINHHOMN YACTHU DJIEKTPOMEXATPOHHBIX

MOJYJIEM POBOTOTEXHUYECKHNX CUCTEM

DI'BY BO «TYCYP», Tomck
ems2009@mail.ru, ems2009tomsk@gmail.com

Beimomnena HUP  «Pa3paboTka METOAMKH aBTOMAaTU3UPOBAHHOTO
pacueTa aCCOPTUMEHTHOTO PsAJa MEKTPOMEXAaTPOHHBIX MOyJIEH IBIKEHUS C
M3TOTOBJICHHEM  OINBITHOrO  obOpasma». B cratke  paccMOTpeHO
MIPOEKTUPOBAHNE U(POBBIX MOJEICH 3JIEMEHTOB JICKTPOMAIIMHHON 4acTH
9JIEKTPOMEXATPOHHBIX MOJIYJIEH IBWKCHUS POOOTOTEXHHUYECKHX CHCTEM,
MO3BOJISIOIIEH: MTOBBICUTH IIPOU3BOIUTEIBHOCTD MIPOEKTUPOBAHUS
9JIEKTPOMEXaTPOHHBIX KOMIIOHEHTOB MaHUIIYJIATOPOB POOOTOTEXHUIECKUX U
MEXaTPOHHBIX CHCTEM.

PaspaboTannoe 10 mo3BomseT 00eCTIeYnTh:

- 2D/3D-monenupoBaHue 3JIEKTPOMAIINHHON YacTH,;

- pacyeT OAJIEKTPOMEXaTPOHHBIX UM  JIEKTPUYECKHX  JIEMEHTOB U
BU3YaJIU3AIHIO IEKTPOMAIINHHON YacTH;

- aBTOMATHMYeCKOe  TOJIy4eHHE  KOHCTPYKTOPCKON  JTOKyMEHTaluH,
oopmiiennoii mo ECKJI;

- CHU3HUTH CTOMMOCTb MPOEKTUPOBAHMS HJICKTPOMEXATPOHHBIX KOMIIOHEHTOB
MaHHITYJIATOPOB  POOOTOTEXHMYECKHX W MEXAaTPOHHBIX  CHUCTEM B
COOTBETCTBUH C LIEJIEBBIM KPUTEPUEM «IIEHA-KAUECTBOY.

Jlurepatypa:

1. Ocumos O. 0. , Ocmmos O. M. , C. B. [epOounanH
MynbTHKOOpANHATHBIE JIEKTPOMEXATPOHHBIE CHCTEMBbI JIBIKCHUS:
moHorp. — Tomck: MW3a-so Tomck. roc. yH-Ta CHUCTEM YOp. U

paauo3nexTponuku, 2010. — 320 c.

2. Oo6mree HpeL[CTaBJ'IeHI/Ie o CAIIP Autodesk Inventor [DnexTpoHHBIH
pecypcl]. Pexum JIOCTYyTIA:
http://www.autodesk. ru/adsk/servletllndex’>5|te|D 871736&id=22741018.
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O.Yu. Osipov, Meshcheryakov R.V., Shepelenko M.G.
DESIGNING DIGITAL MODELS OF ELEMENTS OF THE
ELECTROMASHINE PART OF ELECTROMECHATRONIC
MODULES OF ROBOTIC SYSTEMS

FGBU VO "TUSUR", Tomsk
ems2009@mail.ru, ems2009tomsk@gmail.com

The research work "Development of a technique for the automated calculation
of the assortment of electromechanic motion modules with the production of a
prototype" was carried out. The article deals with the design of digital models
of electromechanical parts of electromechanic modules for the movement of
robotic systems that allows: improving the design of electromechanic
components of manipulators of robotic and mechatronic systems.
The developed software allows to provide:
- 2D / 3D simulation of the electromechanical part;
- calculation of electromechanic and electrical elements and visualization of
the electrical Shalumov machine part;
- automatic reception of the design documentation issued on ESKD;
- reduce the cost of designing electromechanic components of manipulators of
robotic and mechatronic systems in accordance with the target criterion "price-
quality".

Literature.

1. Osipov O. Yu., Osipov Yu. M., Shcherbinin SV Multicoordinate
electromechanic motion systems: monogr. - Tomsk: Publishing house Tomsk.
State. University of Management Systems. And radio electronics, 2010. - 320
S.

2. General idea of CAD Autodesk Inventor [Electronic resource]. - Access
mode:
http://www.autodesk.ru/adsk/servlet/index?sitelD=871736&id=22741018.
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H.A. Bacunves
MOIEJIUPOBAHUE CITACATEJBHOI'O CPEJICTBA J1JIs
HNCHOJBb30BAHUS B CITACATEJBHBIX T'PYIIITIAX
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vas@rtc.ru

CriaceHre Tepnsamux OeJCTBHE IIOACH IOCPEICTBOM ABTOHOMHBIX
CPEJICTB HBaKyalliu B PsJIe CIydaeB SIBJISIETCS €IUHCTBEHHONW BO3MOMXKHOCTBIO
OPeJIOTBPATUTh WX THOENb. MHUCCHHM CHACeHUsT YacTo TMPOXOISIT B
TPYIHOJIOCTYIIHBIX MecTax. B craTtke paccMaTpuBaeTcs MOJACTUPOBAHUE
YHUBEPCAIBLHOTO CHAcaTeNbHOTO CPEJICTBA, B KAYECTBE JABUIKHUTEIST KOTOPOTO
MPUMEHEHBI IIIHEKOBbIE MPUBOA.

KiroueBsie citoBa: PoOoT, sBakyamus, ITHEKO-POTOPHBIN IBIKUTEITb.

I.A. Vasilyev
SIMULATION OF RESCUE ROBOT FOR USE IN RESCUE
OPERATIONS GROUP

RTC, Saint-Petersburg
vas@rtc.ru

The rescue of people in distress through autonomous means of
evacuation in some cases is the only way to prevent their destruction. Rescue
missions are often in inaccessible places. The article discusses the modeling
of a universal rescue vehicle (URV), as an engine which applied screw
drives.

Keywords: robot, evacuation, screw drives.
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A.S. Shalumov
AUTOMATED MODELING OF EXTREME EXTERNAL FACTORS
IN DESIGN OF ROBOTIC SYSTEMS

Scientific-research institute "ASONIKA" LTD, Kovrov
als@asonika-online.ru

The problems of designing robotic systems (RTS) and business reasons
for launching the project and basic assumptions are considered.

Thermal, mechanical, electromagnetic, radiation effects can lead to RTS
failures. The use of full-scale RTS testing for external factors without
modeling is not very informative and inefficient. For many years, the Russian
market has been dominated by imported software, which has not taken root at
Russian enterprises.

The main buyers and potential consumers of the proposed technology are
research institutes, design bureaus, research and production associations,
factories and various information and research centers engaged in the design
and production of RTS.

Guaranteed we will be able to implement the results of the project at the
enterprises of the military-industrial complex of the Russian Federation, since
the products are accepted by the military representatives of the customer, and
they require the provision of high reliability indicators and the fulfillment of
all the requirements of the terms of reference (TR) for external factors.

The concept of creating on the basis of the ASONIKA system of
domestic CAD systems of robotic systems and the mechanism for its
implementation are proposed.

It is necessary to create new software modules that are not available in
the Russian Automated System for Assuring Reliability and Quality of
Equipment (ASONIKA), but which are extremely necessary for RTS
developers to fulfill all the requirements of TR for developing RTS for external
influences.

Their implementation in conjunction with the ASONIKA system and
with the domestic systems of simulation of the electrical characteristics of
SIMIKA, Delta Design will allow for end-to-end computer modeling of the
RTS in the shortest possible time and at minimal cost, significantly reducing
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the number of tests and ensuring high reliability of the RTS. The paper presents
a mechanism for implementing this concept.

The available potential is revealed.

Scientific Research Institute "ASONIKA" is a scientific organization
engaged in the development, development and implementation at the
enterprises of the Russian Federation of the Automated System for Ensuring
the Reliability and Quality of the Equipment ASONIKA in Accordance with
the Requirements of CALS-technologies at the Stages design-production-
operation.

As a part of Scientific Research Institute "ASONIKA" there are 15
specialists with scientific degrees of candidates and doctors of sciences and are
participants of the scientific school of modeling, information technologies and
automated systems NSh-5574.2014.10 in the field of knowledge "Military and
Special Technologies™ under the guidance of professor Shalumov A.S.

The ASONIKA system has been implemented in more than 100 domestic
industrial enterprises developing RTS military and national economy, in
particular, in space rocket corporation "Energia” when developing electronic
instruments for the International Space Station.

ASONIKA is the replacement of the RTS tests by computer simulation
even before prototype production. The system is certified in accordance with
GOST R 1SO 9001-2008, it is certified by the Ministry of Defense of the
Russian Federation, and the Governing documents are issued by the military.
There is a license of Roskosmos. The active use of the ASONIKA system in
the industry allows us to move to a significant saving of money resources and
a reduction in the timing of the creation of the RTS, while improving their
quality, reliability and reducing the number of full-scale tests.

The report offers proposals for standardization in the field of simulation
of robotic systems for extreme external factors.
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L.A. Stankevich, K.M. Sonyikin, F.V. Gundelakh
HUMAN-ROBOT INTERACTION BASED ON NONINVASIVE
BRAIN-COMPUTER INTERFACE

SPbPU, Saint-Petersburg

B mocnennee BpeMmst Bo3pacTaeT MHTEpPEC K B3aUMOJICHCTBHIO MEKIY
YEJIOBEKOM C OTrPaHHYCHHBIMH JIBUTATEIBHBIMH  BO3MOXHOCTSIMH U
00CITyXKMBAIOIIUMHK €ro podoTaMu. [lepcneKTHBHBIM crIocOOOM peanu3annn
JAPYKECTBEHHOI'O BSaHMOHeﬁCTBHH MEXKIY YCIOBEKOM H pO6OTOM SABJIACTCA
HCTIONIb30BaHNUe, TaK Ha3bIBa€MbIX, HHTepdeiicoB mMosr-kommnbiorep (MMK).
NMK - coBpeMeHHass TeXHOJOTHS M CPEJACTBA, CIIOCOOHBIE 00eCreunBaTh
BSaHMOI[eﬁCTBHe YCJIOBCKa C BHCIIHHUMU yCTpOfICTBaMH Ha OCHOBC
peructpanvu MU JACKOJUPOBAHHA CUI'HAJIOB 3J'[eKTpPI‘IeCKOfI AKTHUBHOCTHU
rojoBHoro mo3ra. UMK momkHel paboTaTh B pealbHOM BPEMEHH, TO €CTh
(hopMHpOBaTh CUTHAJIBI YIIPABJICHHS C MUHUMAIILHOM 331€P/KKOH.

B nacrosimee Bpems nennBaszuBHble UMK Ha ocHoBe D0I peanusytores
JUISL IEKO/INPOBAHUS BOOOPaXKaeMbIX M peallbHbIX JBIKCHNH KPYIHBIX YacTel
Tena, Harmpumep, pyk um Hor. Onnako takune MK He sddexrtuBHbI [UIs
JICKOIMPOBAHUSI MEJIKOM MOTOPHMKHM, HalpUMep, JABWKEHHH MajbLEB OJHOU
pyKu.

[emnpro 9TOM pabOTHI ABISETCS pa3pabOTKa MPUHITUIIOB B3aUMOICHCTBHS
4yenoBeka W podorta ¢ mcrosb3oBanneM VMK U cucTeMBbl CynepBH30pHOTO
ynpaBieHus: pooorom Ha ocHoBe UMK, mo3Bomsioniero kiaccupuimpoBaTh
O0T" marTepHbl BOOOpakaeMbIX JBMKCHHIA B PeaIbHOM BPEMEHHU.

Jna HCCIIEI0OBaHMI BO3MOKHOCTH peanm3anu CHCTEMBI
B3aMMO/ICHCTBUS YesioBeka U poOora Ha ocHoBe HenmHBasuBHOro UMK Obut
HCIIONIb30BaH KJacCHU(PUKATOP BOOOpaKaeMbIX JABWMKEHHH IaJbIEB OJXHOW
pyku, pa3paboTaHHBIN aBTOpaMU paHee.

Amnanus curHanoB DD mpoBoamicss Bo BpeMeHHOW obOmactu. Jlms
obecrieueHns1 HEOOXOIUMOM CKOPOCTH BBIYMCIICHHSI (DYHKIIMHA CHCTEMBI OBLI
MPOBEJCH AaHAIN3 KaXAOTO OTICIBHOIO WCIBITAHUS 0e3 HaKOIUICHHS.
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Vcnonb3oBascs alnropuT™M COBMECTHOTO YU€Ta IByX MPOCTPAHCTB ITPU3HAKOB!
TUTOIAIb TIOJ] KPUBOW ¥ JUTMHA KPUBOW OTpe3Ka curHama. /lanHeie QyHKIHN
BBIYUCISUTHCH B CKOJB3SIIEM OKHE, YTO MO3BOJIJIO BBIOpaTh Hamboiee
nHPOpMATHBHBIE OKHa. Pa3zpaboTaHHBIH KOMHTET KiaccupukaropoB DI
MaTTEPHOB OCHOBAH HAa MCKYCCTBEHHBIX HEeHpOHHEIX ceTsax (ANN) u merome
OTOPHBIX BEKTOPOB (SVM).

Brur mpoBemeH SKCIEPUMEHT MO YIPaBICHHIO aHTPOIIOMOPGHHBIM
podorom NAO c 23 creneHsiMu CBOOO/IbI ¢ TIOMOIIBI0 HenHBa3uBHOro UMK ¢
cucremoii  knaccupukaumu I3 -marrepuoB. C  momompio VMK
(hopmupoBaHCh yIpaBJIsIoNIne CUTHAJIBI BBICOKOTO YPOBHS
(cynepBuzopHble). Vcronb3oBannch KOMaH/Ibl YeThIpEX KiaccoB: «Buepeny,
«Cromy, «Hampasoy, «HaneBoy.

[IpoBenennsie uccnenoBanust npororuna MMK mnoxazamu, yto ero
XapaKTePUCTHKH COOTBETCTBYIOT TpeOOBaHUAM peanbHOro BpeMeHH. [Ipu
uccnepoBanmax VMK OBITM  TONMYYECHBI CIEAYIOMIME pEe3yNbTaThl: B
ABTOHOMHBIX CeaHCaX MpH Kiaccupukanuu marrepHoB DD BooOpakaeMbIxX
KoMaHJ 0e3 HaKOIUICHHUS MPOO BEPOATHOCTH YCICHTHOHN Kiaccupukanmu 4-x
THIIOB BOOOpa’kacMbIX KOMaHJ IpeBbIIIANa CIydaiHbIil mopor B 25% u B
cpenHeM coctapisuia 36 = 5% mist kananoB C3, Cz u 50 + 5% 151 kaHAIo0B
F3, C3. B pexume on-line Ha stame 0OydYeHHss BEPOSTHOCTH YCIEIIHOM
kiaccudukanuu no 4-m THnam KomaHna Obuia B cpeaHem pasHa 40%. B
npolecce TECTUPOBAHKS CHCTEMBI C HCIOJIb30BAaHUEM OOpaTHOW CBSI3W IS
HEKOTOPBIX BOOOpa)kaeMbIX KOMaH] IMOJy4YeHa TOYHOCTh KiacCHU(pHKAIHH,
paBHasg 58% u 56% cooTtBercTBeHHO. OnHAKO, Kak Moka3aHo B [18], gacTp
ucnbsiTyeMbix (okosio 30%) He crocoOHa HayunThes padorate ¢ UMK na
ocHoBe curnajnos D0I.

[TpoBeneHHbIE HCCNENOBAHUS  IOKA3aIM, YTO JUISI  pa3paboTKu
(G QEKTUBHBIX CHCTEM B3aWMOJEHCTBUSI 4eJiOBeKa M poOOTa Ha OCHOBE
HenHBazuBHoro VIMK TpeOyercst pemnTh 3aayl MOBBIIICHUS TOYHOCTH U
ckopocTn kiaccupukanuu OOI-nmaTTepHOB BOOOpPaKaeMbIX JABMIKECHHH,
yBenmueHus: crenenn cBoboxasl MK m onmTumu3amuy BEIYHUCIUTEIHHBIX
PECYPCOB ISl peanu3auu aroputMoB GyHkironuposanns UMK, Pemenune
9TUX 3a7ad MO3BONIHT co3naTh dddekruBabie MK, koTopbie obecmedar
JIOASM C OTPAaHWYCHHBIMH JBUTATEIBHBIMU (DYHKIHSIMA BO3MOXKHOCTH
yIOpaBieHUs POOOTHU3MPOBAHHBIMH yCTPONCTBAMHM, WCIONB3YysS CHIHAIBI
MO3ra, YTO MOXKET 3HAUMUTEIbHO YIYUYIINTh UX (PYHKIMOHUPOBAHHE B MHUpE
370POBBIX JIIOJIEH.
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W3BecTHBI UCCIIeI0BaHUs B obuacti POOOTOTEXHUKHN
B3aUMO/ICHCTBYIOIIECH ¢ ToAaTiIuBbIME 0ObekTamu [ 1,2,3]. B padote [1] Obutn
OIIHCAHBI METO/IBI TOJJATIMBOTO M YIIPYTOTO YIPABIECHHUS POOOTOB C MOMOIIBIO
JIEMOHCTpAIINH, YYUTHIBarOIEeH AeopMupoBaHie MATKAX TKaHeH. B manHoi
CTaThe paccMaTpuBaeTCst peanmu3ars METO/IOB YTIpaBICHUS
MaHHITYJAIHOHHBIM POOOTOM ¢ OMOMEXaTPOHHBIM MOMYJIEM C MOMOIIBIO
pa3paboranHoro HWHTepdelica, Uepe3 KOTOPHIA 3aJaf0TCd  PEKUMBI
TaKTIWJIBHOTO B3aMMOJICHCTBUSA C MOJATIMBBIMU OObekTamMu. B crarbe
paccMaTpHBaOTCS 3JIEMEHTHI HHTEp(eiica, ¢ TAKTHILHON COCTABIISIONICH JIJIst
o0yueHuss U rpa)MuecKOil COCTABISIONICH Uil HACTPONKU BBOJA-BBIBOIA
JIAHHBIX 0 HEOOXOIMMBIX YCHIIMSIX U ABHIKEHUSIX HHCTpyMeHTa podoTta. UToOb!
MOKa3aTh PeaJbHOCTh NMPHUMEHEHHUs po0oTa I 3ajady BOCCTAHOBUTENIBHOMN
MEIUIMHBL ObUT MPEAJIONKEH MaHUIYJSIHOHHBIH POOOT OTEYECTBEHHOTO
MPOU3BOJICTBA PM-01 c HMHTETPUPOBAHHBIM OTEYECTBEHHBIM
TPEXKOMIIOHEHTHBIM ~ YCTPOHCTBOM  CHMJIOBOTO  O4YyBCTBIeHHA. Kpome
TPEXKOMIIOHEHTHOTO JIaTYMKa YCWJINS B COCTaB POOOTOTEXHHYECKOTO
KOMIUIEKCa Ul KOHTPOJISI CHJIOBOTO B3aUMO/ICHCTBUSI BXOIMI MTPOTPAMMHO-
anmnapaTtHbId KOMIUIEKC Ha 0a3e cpepl mpoektiupoBanus LabView ¢ cucremoit
peoOpa30BaHMsl AHAIOTOBBIX CHUTHAJIOB B YIPAaBJISIONIee BO3JCHCTBHE Ha
Manumynatop. CormacoBaHue pabOTB TPEXKOMIIOHEHTHOTO  CHIJIOBOTO
Jatynka ¢ poOOTOM  BBINOJHSUI  YEIIOBEKO-MAIIMHHBIA  UHTEpdeiic
peann30BaHHBINA Ha 0a3e MePCOHAILHOTO KOMIIBIOTEPA, CIIEHNATN3NPOBAHHBIX
KOHTPOJIEPOB M aHAJIOTOBO-IIU(POBBIX MpeodpazoBaTeneit.

Jl1 moBBIIIeHNS cepBrCa IPU HACTPOHKE U MTPOTPAMMHUPOBAHUH PAOOTHI
MaHMITYJIATOPa B COCTaBE€ C CHJIOBBIM JAaTYWKOM OBLIT TPEITIOKEH METOJ
MIPOTrPaMMHO-ANIIAPATHOTO MPEe0Opa30BaHKsl CHIIOBBIX CHI'HAJIOB, KOTOPBIN
MO3BOJISIET 33/aBaTh PEXKUMBlI IO3UIMOHHO-CUJIOBOTO yIpaBleHusd. B
HCCIIEIOBAaHUAX  POOOT JOJDKEH BBITOJHATH JBHMIKCHUS, COCTOSIIHME W3
HEKOTOPOH KOHTPOIUpPYEeMOH MocaenoBaTenbHOCTH AeicTBui. CymiecTByer
MHOTO BO3MOXKHBIX TPAeKTOPUA Ha KOTOPBIX MPOUCXOAUT TaKTUIBHOE
B3aUMO/IeicTBHE ¢ 00BEKTOM, IPH 3TOM CHIJIOBOE B3aUMOJEHCTBHUE OJKHO
BBITIOJTHATBCA C OMNPEIENEeHHON TOYHOCThIO. Kaxaoe mnepeMelneHue Io
TpaekTopuu  (OpPMHpPYETCS  HAa  OCHOBAaHMM  CHUTHAJIOB  YCHIJINS,
peoOpa3oBaHHBIX YIPABIAIOMIEH MPOTPaAMMOI SBIAIONICHCS COCTaBHOM
4acThIO YeJIOBEKO-MaIlIMHHOTO nHTEepdeiica. TakTunpHas yacTh nuHTEpdeiica
OTIpEICTIIETCS TapaMeTPaMH MEXaHHMIECKOTO B3aUMO/ICHCTBUS ¢ MOAATINBON
Cpeloil IOCPEACTBOM CHJIOBOI'O KOHTAaKTa olieparopa ¢ poOOTOM uepe3

87



OnomexaTpoHHbI Moxynb. I'paduueckas dacte uHTEepdelica omneparopa
ompenenseT pPeXHMBI TEepeMeIIeHHsT MaHHUITyJIITopa H o0eclednBaeT
HETIPEPBIBHBIM CHUIIOBOM KOHTpPOJIb. [lo/ B3anMonecTBUEM C MOAATIUBBIMU
00BEKTaMH, BBIONHAEMBIM C y4acTHEM MAaHHITYJSIIHOHHOTO pPO0OOTa,
MIOHUMAETCS He MHBA3UBHOE, KOHTPOIMPYEMOE, B OCHOBHOM ITOBTOPSIFOIIICECH,
KOHTaKTHOE Je(hOpMUpPOBAHWE MATKOW TKaHW, 0€3 M3MEHEHHUS ee (POpMEI.
W3BecTHB TEXHOJOTHYECKUE 3aJaud, TAC YMECTHO IPHMEHEHHE MeTOoIa
CHJIOBOT'O OOY4YEeHHS MaHMMYJIAIMOHHBIX cucteM [1]. B mocnemnee Bpems
MaHUITYJSIHUOHHAaA TEXHHUKaA craja BCC rny6>1<e BHEAPATHCA B
HENPOM3BOICTBEHHbIC 3aJlaul, Takue Kak ¢uznorepanus [2], Xupyprus,
conuaipHas cdepa, BoeHHas MemunmHa [3]. B mamHBIX  cdepax
MPCABABIIAIOTCS MOBBINICHHBIC Tp66OBaHI/Iﬂ K aJallTUBHBIM BO3MOXHOCTIM
MaHHITYISAUOHHBIX cUcTeM. OJHUM W3 TJIAaBHBIX ITapaMeTPOB, TPEOYIOIIIX
HETIPEPHIBHOTO KOHTPOJIS, SBJSCTCS KOHTAKT POOOTa C YCIOBEKOM, KOTOPBIH
MPOSBISIETCS. B YCHIIMAX UX B3aUMOACUCTBHA. TakuM 00pa3oM, aKTyalbHOU
3amadeil sIBIseTCS CHaOXKeHHWE po00Ta YeJIOBEKO-MAaIllMHHBIM HHTEpdericoM
00eCTIeYMBAIOIINM CEPBHC IS ONepaTopa MOBHIMAIMHNA 3PPEKTHBHOCTH
paboTHI U HACTPOIKHU CHCTEMBI.

1. TomoBun B.®., Apxunos M.B., XKypasnés B.B. PoGororexnuka B
BOCCTAHOBUTEJIEHON MEIUIITHE. PobGoter s MEXaHOTEPaIuH.
LAPLAMBERT Academic Publishing, GmbH&Co. KG, 2012. 280 p.

2. Byxob6patoBuu M. Kak ympaBiasTh B3aUMOJCHCTBHEM C AMHAMHYECKON
cpenoii // Journal of Intelligent and Robotic System, 1997. Ne 19. — P. 119-
152.

3. ApxwumoB M., 'onosun B., Kouepesckas JI., BxxecueBckuii E., Yries A.,
Jlerorun C. Pacmmpenue 53proHOMHUYECKMX (QYHKIMH B MEAUIIUHCKON
pobororexuuxe / HSOA Journal of Alternative, Complementary & Integrative
Medicine, 2017. Ne 3: 031. — C. 5. DOI: 10.24966/ACIM-7562/100031.
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There are studies in the field of robotics interacting with compliant
objects known [1,2,3]. In work [1] methods of admittance and elastic control
of robots were described with the help of a demonstration taking into account
the deformation of soft tissues. This article deals with the implementation of
methods for control a manipulation robot with a biomechatronic module using
a developed interface through which the modes of tactile interaction with
compliant objects are assigned. In the article the elements of the interface, with
the tactile component for teaching and the graphical component for setting up
input-output data on the necessary efforts and movements of the robot tool are
considered. To show the reality of using a robot for the tasks of restorative
medicine, a manipulative robot RM-01 of domestic production with an
integrated domestic three-component force sensor was proposed. In addition
to the three-component force sensor, the robotic complex for controlling force
interaction included a software and hardware complex based on the LabView
design environment with an analog signal conversion system in the control on
the manipulator. The coordination of the three-component force sensor with
the robot performed a human-machine interface implemented on the basis of a
personal computer, specialized controllers and analog-digital converters.

To improve the service while setting up and programming the
manipulator's operation with a force sensor, a method of software-hardware
conversion of force signals was proposed that allows you to assign the
position-force control modes. In the research, the robot must perform
movements consisting of some controlled sequence of actions. There are many
possible trajectories on which the tactile interaction with the object occurs,
while the force interaction must be performed with a certain accuracy. Each
movement along the path is formed on the basis of the force signals
transformed by the control program, which is an integral part of the human-
machine interface. The tactile part of the interface is determined by the
parameters of mechanical interaction with the compliant environment by
means of the operator's force contact with the robot through the biomechatronic
module. The graphic part of the operator interface determines the manipulation
movement modes and provides continuous force control. Under the interaction
with the compliant objects performed with the manipulation robot, we mean a
non-invasive, controlled, mainly repeated, contact deformation of the soft-
tissue, without changing its shape. Technological tasks are known where it is
appropriate to use the method of force training of manipulation systems [1].
Recently, the manipulation technique has implemented into non-production
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tasks, such as physiotherapy [2], surgery, the social sphere and military
medicine [2]. In these areas, the increased requirements for adaptive
capabilities of manipulation systems are made. One of the main parameters
requiring continuous monitoring is the interaction of the robot with the person
what express itself in the interaction efforts. Thus, the actual task is to provide
the robot with a human-machine interface for operator’s service to increase the
efficiency and system settings.

1. Golovin, V., Zhuravlev, V., Arkhipov M., Robotics in Restorative
Medicine. LAPLAMBERT Academic Publishing, GmbH & Co. KG, 2012.
280 c.

2. Vukobratovic M. How to control interacting with dynamic environment.
Journal of Intelligent and Robotic System, 1997. Ne 19. — pp. 119-152.

3. Arkhipov M., Golovin V., Kocherevskaya L., Vzhesnevsky E., Uglev A.,
Legotin S. Expansion of ergonomic functions in medical robotics / HSOA
Journal of Alternative, Complementary & Integrative Medicine, 2017. Ne 3:
031.- C. 5. DOI: 10.24966 / ACIM-7562/100031.
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PABPABOTKA U UCCJIEJOBAHHME JBUXEHUSI TOJTHON
KOMIIBIOTEPHOIN MOJEJIU
TPAHCIHHOPTHOM CUCTEMbI MOBUJIBHOI'O MUHU-POBOTA
C PEKOH®UT'YPUPYEMbBIM IIIACCH

THI] P® [[HNUU PTK, Canxkm-Ilemepbype
andrey@rtc.ru

PaGota mocBsmeHa  BompocaM — MPOCKTUPOBAHUS — MaJorabapHTHBIX
TPAHCHOPTHBIX CHCTEM MOOWIBHBIX MHHH-poOoToB (MMP). IlpuBomsarcs
pe3ysbTaThl CTPYKTYPHOTO aHaiu3a TpaHCIOpPTHOM cuctemel MMP ¢
pEeKOH(UTYpHUPYyEMBIM ~ IIACCH. IlocTpoens!  maremaTHueckwe U
KOMITBIOTEPHBIE MOJICJIN BCEX 3BEHBEB, U pa3paboTaHa MOJIHAS KOMITBIOTEpPHAS
MOJIEJIb  TPAHCIOPTHOW  CHUCTEMBI, BKJIIOYAIONIas JB€ MOJCHCTEMBI:
MOJCUCTEMY MEPEJBIDKEHUS] M IMOACUCTEMY H3MEHEHHUS T'€OMETPHUECKON
KoH(purypauuu maccu. IIpoBeneHo wuccieoBaHUE JABMIKEHHS MOJCIH
TPaHCIIOPTHOW CHUCTEMBI B JIBYX KOH(PHI'YpalUsX: TYCEHUYHOH M KONECHOH —
OpU  PA3IUYHBIX yIJlaX HAKJIOHA IOBEPXHOCTH M pPa3IMYHBIX Maccax
noje3Horo rpysa. IIpoBeAeHBI COOTBETCTBYIONIHE HKCIEPUMEHTAIBHBIC
HCCIICIOBAaHUsT Ha MakeTHOM obOpasne MMP. CpaBHeHHWe pe3ynbTaToB
TI0KA3aJI0 XOPOIIYIO CXOANMOCTb PACUETHBIX U HKCIIEPUMEHTAILHBIX JaHHBIX,
YTO MO3BOJISICT TOBOPHUTH 00 aJ€KBATHOCTH pa3pabOTaHHBIX KOMITBIOTEPHBIX
MOJIENEN.

MoOwieHBIA POOOT; MOOWMIBHBIA MHUHH-POOOT; TPAHCIIOPTHAsT CHCTEMA;
PEKOH(UTYpaIHS; IIACCH; KOMIBIOTEPHAs MOAEIb; MOACINPOBAHUE
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TRANSPORT SYSTEM

RTC, St. Petersburg
andrey@rtc.ru

The work is devoted to the design of small-sized transport systems for mobile
mini-robots (MMR). The results of the structural analysis of the MMR
transport system with a reconfigurable chassis are presented. Mathematical and
computer models of all parts of the transport system have been developed
along with a complete computer model of the transport system, which includes
two subsystems: a locomotion subsystem and a subsystem of the chassis
geometric configuration changing. A study of the transport system motion has
been carried out on the computer model in two configurations (tracked and
wheeled) with different angles of the surface and different weights of the
payload. The corresponding experimental studies were carried out on the
physical prototype of the MMR. Comparison of the results showed good
convergence of the calculated and experimental data, which indicates the
reliability of the developed computer models.

Mobile robot; mobile mini-robot; transport system; reconfiguration; chassis;
computer model; simulation
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G.A. Prokopovich, 1.V. Podmazov
ANEW KIND OF SPHERICAL ROBOT MOTION USING THE
MECHANICAL ENERGY RECUPERATION

United Institute of Informatics Problems, Minsk, Republic of Belarus
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ITo crocoOy co3maHus Bpalllaloiero MOMEHTa BHEIIHEro KOpIyca Bce
M3BECTHBIE MOJIENIM CHEPUUECKHX POOOTOB MOKHO pa3ieliuTh Ha YeThbipe
paznuunble Tpynmsl [1,2]: konécHble MmIaTGOpMBI, HAXOJSIIUECs BHYTPU
chepruveckoro Kopryca M HCIOJb3YIOIUE €ro B KauecTBE TPEXMEPHOU
TYCEHHUYHON JIEHTBI; MEXaHU3Mbl MAasTHUKOBOIO THIA, KpEMsIluecs Ha
TJIABHOM OcH  CEepHYECKOTO KOPIyca; HCIIOJIB3YIONINe MEepeMEHHBIN
THPOCTATHYECKUH MOMEHT; HCIOJB3YIOIIUE pa3JIMdHbIC TOJIKATECIbHBIC
9JIEMEHTHI; U HAKOHEL, MCIOJb3YIOINE MEXaHU3MbI Je(OpPMAIK BHEITHEH
(hopmal camoro chepuaeckoro kopryca. OgHako HECMOTpPS Ha CBOE O0IbIIOE
pa3HoOOpa3ue, BCe M3BECTHBIE MOJIENN CEepHUIECKUX MOOMIIBHBIX POOOTOB B
TOW WM WHOW CTENEHW HMMEIOT Takue oOIIne HeIOCTaTKH, KaK HU3Kas
MaHEBPEHHOCTh W Manas d(dexTuBHOCT, ABWKeHHA. Ilog  wmamoit
3¢ GEKTHBHOCTHIO JBIKEHUS aBTOpAaMH TOHMMAaeTCs, 4YTO B Ipolecce
IBIDKEHUS (KadeHus) cdepuyeckoro poboTa MO TOPU3OHTATBHOM WM
HAKJIOHHOM MOBEPXHOCTH HE peajn3yeTcs HAKOIUIEHHEe U JajbHenIee
HCTIONIb30BaHUE COOCTBEHHOH NPHOOPETEHHON KHWHETHYECKOH »HEpPTruu
ceprudeckux poOOTOB.

B cBsi3u ¢ aTUM aBTOpamMM OBUI TPEUIOKEH OPHUIMHAIBHBIH CrIOCO0
HepeIBIKeHNsT chepruueckoro podoTa, KOTOPBIA 3aKII0YaeTcsl B CMEIICHUN
IIEHTpa Macc BCero po0oTa OTHOCHUTEIHHO TEOMETPUYECKOr0 IIEHTpa €ro
cepryeckoro  Kopmyca € TIOMOIIBIO  HANpaBJICHHBIX  JIBIKCHHH
napauienbHoro MaHunyssropa [2,3]. IlapannaensHblil MaHUIYJIATOP COCTOUT
U3 PaJMaNbHO PACHONIOKEHHBIX 3BEHBEB, KOTOPHIC COCMHEHBI C BHYTPEHHEN
MOBEPXHOCTHIO KOPITyca M pabodnM OpraHoM ImapHupamu. B pabouem oprane
PACTIONIOKEHBI BCE JKU3HEHHO BaKHBIC (PYHKIMH MOOHMIBLHOTO poOOTa: OT
OJI0KOB MMUTAHUS U 3aPSIAHBIX YCTPOICTB U 10 OJIOKOB CHCTEMBI YIPABICHHUS.
braromaps BceHampaBIEHHOMY IIE€PEMENICHUIO pabodyero opraHa BHYTPHU
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nojoro cdepuueckoro kopmyca (B pamkax ero paboueil  30HBI)
o0ecrieunBaeTCst He TOJIBKO JIBIDKEHHS C HYJIEBBIM PaJnyCcOM MIOBOPOTA, HO U
BO3MOXKHOCTb CO3/]aBaTh yNpPaBIsIEMbIE NMEPUOJMIECKOE OTKIOHEHHE HEHTpA
Macc M3 TEOMETPHUYECKOro IIEHTpa CEpPHUECKOr0 KOpIyca B CTOPOHY
IBIDKEHUS caMoro pobota. Ha mpuBenéHHOM Tpaduke CIUIONTHON JIMHUCH
MOKa3aHO HM3MEHEHHE CKOPOCTH MepeMeIIeHHus cdepudeckoro poborta, a
MPEPHIBUCTON — MEPHOANYECKOe OTKIOHEHHE pabdodero opraHa oOT
TeOMETPUYECKOT0 LIEHTpa 000JOYKH B CTOPOHY BpaiieHus. J{aHHbIH criocod
JIBIDKEHUSI TTO3BOJIICT 3HAYUTEIBHO 3KOHOMUTH DHEPIHIO, 3aTPAYCHHYIO Ha
JBIDKEHUE chepruuecKoro podoTa.
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BOIIPOCHI KHBEPBE3OITACHOCTH B COBPEMEHHOU
POBOTOTEXHUKE

OAO «Hngpomexcy, Mockea
gusev@infotecs.ru

B noxmnazne paccMaTpuBaroTCs BOIIPOCH! KNOEPOE30MaCHOCTH NP peaTn3aIin
pa3HoOOpa3HbIX POOOTOTEXHMYECKUX CHCTEM M KOMIUIEKCOB. lIpuBojsTcs
NpUMepbl yrpo3 0e30macHOCTH HMHGOpPManuu H3 cepbl KOPIOPAaTUBHBIX
MH(OPMALMOHHBIX CUCTEM M OOOCHOBAHHE IEPEHOCHUMOCTH 3THUX YIpo3 U
NPUMEpPOB aTak B 00J1aCTh POOOTOTEXHUKH.

KuroueBblie ciioBa

3amura HHOOPMAIINH, CETH JaHHBIX, KHOepOe30macHOCTh, MHTepHET Bemei
(Internet of Things/loT), Wuaycrpuansueiit Muteprer Bemieit (Industrial
Internet of Things/l1oT).

Te3ncsl

CoBpeMeHHasi poOOTOTEXHHMKA, BKJIIOYas SKCTPEeMalbHYIO, HeMbIcinMma Oe3
HIMPOKOTO MCIOJIb30BAHUS COBPEMEHHBIX K€ MH(OOPMALMOHHBIX TEXHOJIOTHI
W COOTBETCTBYIONIEH JJIEMEHTHOW 0a3bl. ABTOHOMHBIE MOOWIbHBIC
POOOTOTEXHUYECKHE CHCTEMbl M KOMIUIEKCHI —INPAKTHYECKH  BCeria
CHa0>KarOTCS CPEJICTBAMH Y/IAJICHHOTO YIPABJICHHUS U MOHUTOPUHIA, & TaKKe
pa3pabaThIBAlOTCS ¢ YY€TOM BO3MOXKHOCTH pabOThI B COCTaBe MOOMIIbHBIX
TPYII C OpraHu3aluel MOJBIKHBIX ceTeil cBA3M. MOKHO KOHCTaTHPOBATb,
YTO JII000H COBPEMEHHBIH POOOT Beeraa 00OPYAyeTCsl CPeICTBAMH CBS3H U
SIBIISIETCS YaCThIO JIOKAJIbHOM WM TII00aIbHON MH(pOPMAMOHHON ceTH. s
TPaKAAHCKOH POOOTOTEXHUKH yKe ceiyac He TOJIBKO OOCYKIAIOTCS, HO W
peanusyrotcs obnaynsie miatdopmsal ynpasienus (Cloud Robotics), kotopsie
B HejajekoM  OyaymeMm  JOJDKHBI — craTh  4acTelo  MHrepHera
Bemeit/UanycrpransHoro MIHTEpHETA BEIIeH.

Kommanuss MupoTeKC, Bemymuii OTeuecTBEHHBI pa3pabOTIHUK CpPEJCTB
3amuThl MHGOPMAIMKM € 25 JETHUM CTAaXEM, IOCIEIHHE HECKOIBKO JET
aKTHUBHO paboTaeT B HampaBieHHH oOecriedeHus HWH)OPMAIMOHHON
0€301acHOCTH NH/LyCTPHAIBHBIX HH()OPMALMOHHBIX CHCTEM U PACCMATPUBACT
POOOTOTEXHUKY, KaK OJJHO M3 HAIpPaBJICHUH pa3BUTUS TAKUX CHCTEM. AHAIN3
pe3ysibTaToB  HANIero  ONpoca  YYacTHUKOB — POCCHHCKOIO  PBIHKA
POOOTOTEXHUKH, BKJIIOYasi pPa3pabOTYNKOB POOOTOTEXHUYECKUX CHCTEM
BOCHHOTO HAa3HAU€HMs, NPOBEJCHHBII B paMKax psAla BBICTABOK H
koH(pepeHimi B 2015-2016 rr., NpUBOANT K HEYTEHIIUTEILHOMY Pe3yJIbTaTy —
OOJIPIIMHCTBO TaKUX pa3paOOTYMKOB HE 3aHMUMAJNCh yYETOM TPeOOBAaHMM
WHPOPMAIMOHHOM 6€30MTaCHOCTH B CBOMX pa3padoTKax M c1abo MOHUMAIOT, O
YeM HJIET Pedb.
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OkcTpeMaibHas poOOTOTEXHHKA B OTIMYHME OT TPAXKJIAHCKOH NPaKTHYECKU
BCET/Ia HAIlEJeHa Ha pEIIeHHE 3a/ad, CBS3aHHBIX C O€30MaCHOCTBIO
rocynapcTBa M obOmecTBa. JIroObie HapymeHUs B paboTe MOJOOHBIX CHCTEM
MOTYT TIPHBOJUTB K CEPbE3HBIM IIOCIHEJICTBUSIM  3KOHOMHYECKOTO,
COIIMAIBHOTO XapakTepa. A IMEHHO B 3TOM 3aWHTEPECOBaHbI MOTCHIHATbHBIE
HAapyIINTEIW, K KOTOPBIM B IIOCIEAHEE BpPEMs BCE 4Yalle OTHOCAT W
CIICTICITYKOBI 3apyOeKHBIX TOCYapCTB. [Mostomy  TpeboBanms
nHGOpMAaMOHHO 0e30MacHOCTH  JOJDKHBI B 00S3aTEIBHOM  IOPSIIKE
paccMaTpuBaThCsl HapaBHE C TPCOOBAHUAMHU OC30MACHOCTH (DU3UUCCKON U
(yHKIIMOHATIBHOM.

JlokazaTenbCTBOM CEpbe3HOCTH paccMaTpUBaeMOM MPOOJIEMBbI SBISIOTCS yKe
NpOM30LIEIINEe U 0OHAPOJOBAHHBIE CIyYad WHIMACHTOB MH(POPMAIIMOHHON
6e3omacHocTH, HpUBE/IINE K HapyIICHUSIM paboTsI psina
MPOMBIIICHHBIX/NH/Ly CTPUAIbHBIX/TPAHCIIOPTHBIX CHCTEM TPaKAAHCKOTO U
BOCHHOTO Ha3HauCHWIA: BUpYycHas ataka Stuxnet B Mpane (2010), octanoBka
CTaJleTaBIIIbHOTO Iexa B [epmanmu (2014), xoMIbpIOTepHas araka Ha
aToMHyt0  cranmmo B Smommm  (2015),  oTkmOYeHHWE ~— YacTH
JJIEKTPOIHEPTETHUCCKOW  cucTeMbl  YKpamHbl  (2015), memoHcTpamms
BO3MOXKHOCTEH IO yJaJ€HHOMY BBIBOAY HU3 CTPOsS OOPTOBOW CHCTEMBI
ynpasjenust aBromoousiem Jeep Cherokee (2015).

MO>KHO BBIICTUTD CIEAYIONINE IPUYHUHBI, IPUBOAIINC K MTOSIBICHHIO PHCKOB
MHQOPMALMOHHOW 0E30MaCHOCTH, CBOWCTBEHHbIE BCEM COBPEMEHHBIM
MHQOPMALMOHHBIM TEXHOJOTHAM M KOHEYHBIM IPOrPaMMHO-TEXHHYECKUM
PeIICHHSIM:

1. Cnabas moAroToBKa HHXXCHEPOB M Pa3pabOTUMKOB (IIPOTrPaMMHUCTOB,
AQHAIUTHKOB, apxurekTopoB) IIO B obnacti wHOpMaLMOHHOM
6e3omacHocTH

2. UrnopupoBanue pa3paboTunkaMu MEXTyHAPOIHBIX "
HallMOHAJIBHBIX CTaHAAPTOB B 00JacTH pa3paboTKH Oe30macHOro
MPOrPaMMHOTO 00eCTIeUeHHs

3. AKTHBHOE NpUMeHeHHe OPen SOUrce KOMIIOHEHTOB B pa3paboTke 6e3
MIpOBECHUS paboT 0 OLIEHKE NX 0€30MacCHOCTH

4. ®@axTnyecku Oe3aIbTEPHATHBHOE HCIIOJIBb30BAHHE 3apyOeKHOU
3JIEMEHTHOH 0a3sbl (IPOIIECCOPHBIE MOTYIIH, MOIYJIH CBSA3H)

5. OrcyrcTBHE HAIMOHANBHBIX HWHCTUTYTOB CTaHAAPTU3ALUN |
rapMoOHM3allii B oOyacTh  pOOOTOTEXHHWKH, TJ€ BOIPOCHI
HHQOPMAMOHHOW  OE30MacHOCTH  MOTAM OBl  CHCTEMHO
paccMaTpuBaThCS U YIUTHIBATHCS

Kommanus MHDoTeke B HacTosmee BpeMs BEJET pa3palboTKy psijga CpeiCTB
KpHunrorpaduaeckoit 3aIIUThI nHpopManuy, HaLEJICHHBIX Ha
WHAYCTpUANbHBIE HMH(MOPMAIIMOHHBIC CHUCTEMBI, BKJIIOYAsh KOHTPOJUICPHI
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ynpasienust (PLC) u cucremsr ACY TII (SCADA). OmubiTHble 00pa3iibl
IPOAYKTOB YK€ BHEAPAIOTCS B HEKOTOPBIC COBMECTHBIC ITAPTHEPCKHE
pelLIeHHs, B TOM YHUCJIe OJUH M3 MPOCKTOB MOCBSIICH 3aIUTE TeJIEMETPUH U
HOTOKOBOT'O BHEO KBaApoKoNTepos. [Ipurianraem Bcex 3aMHTEPECOBAHHBIX K
UaJIOTy W TOUCKY A(PQEKTHBHBIX pEIIeHHH MO 3auTe WHPOPMAIUU B
POOOTOTEXHHYECKUX CUCTEMaX M KOMIUIEKCax !

D. Gusev
ISSUES OF CYBERSECURITY IN MODERN ROBOTICS

JSC InfoTeCS, Moscow, Russia
gusev@infotecs.ru

The report deals with the cyber security issues that arise during the
implementation of robotic systems. The report provides examples of
information security threats that exist in corporate IT infrastructures and
proves that the same threats and attack examples can be projected into robotics.

Keywords
Data protection, data networks, cyber security, Internet of Things / loT,
Industrial Internet of Things / I10T.

Report Theses

The modern robotics, including extreme robotics, cannot exist without the
extensive use of the state-of-the-art information technologies and the
corresponding hardware components. Autonomous mobile robotic systems are
almost always equipped with some remote management and monitoring tools
and designed in such a way as to form a part of mobile groups and create
mobile communication networks. We can claim that any up-to-date robot is
always equipped with communication tools and belongs to a local or global
information network. In the civil robotics domain, scientists have already
discussed and even started implementing cloud-based management platforms
(Cloud Robotics), which in the near future will become a part of the Internet
of Things / Industrial Internet of Things.

For the last few years, Infotecs, the leading national developer of data
protection tools with 25 years of experience, has been actively working in the
field of information security for industrial IT infrastructures and considers
robotics as one of the development directions for such systems. During a series
of exhibitions and conferences in 2015-2016, we conducted a survey among
the robotics market players in Russia, which included the developers of
military-purpose robotic systems. The survey results were disappointing: most
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of the developers did not take into account the information security
requirements and hardly understood what it was about.

As opposed to civil robotics, the extreme robatics field almost always aims at
solving issues related to the security of the state and society. Any disturbances
in the operation of such systems can lead to severe consequences of an
economic and social nature. And that’s precisely what potential intruders (by
which we currently often mean special agencies of foreign countries) are
interested in. That’s why the information security requirements must always
be considered equally important as the physical and functional safety
requirements.

To prove that the issue in question presents a major concern, we can mention
the security incidents that have already revealed the disruption of a number of
civil and military purpose industrial / transport systems: Stuxnet virus attack
in Iran (2010), attack on a steel mill in Germany (2014), computer attack on a
nuclear power plant in Japan (2015), disconnection of a part of the electric
power system in Ukraine (2015), remote inactivation of the Jeep Cherokee
onboard control system (2015).

We can name the following reasons that give rise to the information security
risks inherent in all modern information technologies and end software and
hardware solutions:

1. Training of software engineers and developers (programmers,
analysts, architects) in the field of information security is of a low
quality.

2. Developers ignore international and national standards in the field of
secure software development.

3. Developers actively use open-source components without assessing
their security.

4. There are virtually no alternatives for the foreign hardware
components (processor modules, communication modules).

5. There are no national institutes of standardization and harmonization
in the robotics field to examine and consider the information security
issued in a consistent manner.

Infotecs is currently engaged in the development of a number of cryptographic
data protection tools for industrial IT infrastructures, including programmable
logic controllers (PLCs) and process control systems (SCADA). We have
already implemented prototype models in some collaborative partner
solutions, among which one project deals with the quadcopter telemetry and
video streaming protection. Everyone who is interested in discussing and
searching for efficient data protection solutions in robotic systems is welcome
to join!
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C.P. Opnosa
HCCJIEJOBAHUE ITTYBOKOM CBEPTOYHOM CETH SSD B
3AJJAYE OGHAPYKEHMS JIFOOIEA U ABTOMOBWJIEN JIJISI
CUCTEMBbI TEXHUYECKOI'O 3PEHUSI MOBUJIBHOT'O POBOTA

CIIolly, Canxm-Ilemepoype
orsveri@gmail.com

B nmanHO# pabote mpomsBeneHbl pazdop CTPYKTYPBl U IPHHIUIA
paboTel rmyOoKoi# cBeprouHOW HeiponHoW cetn SSD (Single Shot
MultiBox Detector) u skcriepuMeHTaIbHOE HCCIC0BAHIE BO3MOXKHOCTH
NPUMEHEHMs] JaHHOH CeTH B 3ajade OOHapyXKeHUsl JIoaed |
aBTOMOOWMIICH JIJIsl CUCTEMbI TEXHUYECKOTO 3PEHHsI MOOMIBHOTO poOoTa.
[TpuBeeHb! OIMCaHUE M PEe3yJbTaThl YKCIEpHUMEHTOB. MccnenoBanue
MoKasano, 4to cetb SSD MoskeT ObITh MpUMEHEHa JUIA MOCTaBJICHHON
3a/1a9M, OTHAKO NMEET He OUCHb BBICOKHE TOYHOCTb M CKOPOCTh PAOOTHI.
[TOBBICHTE TOYHOCTH CETH YHAJIOCh C IIOMOLIBIO MOAU(UKALUH
(9KBaU3aIMH THCTOTPAMM) BXOIHBIX M300paXCHUH W OOyUCHHS CETH,
C/IeNiaH BBIBOJ O HEOOXOAMMOCTH CO3JaHMs COOCTBEHHOW 00ydaroei
0a3pl MaHHBIX U JOPAOOTKH apXUTEKTYPHl CETH UL emé OOobIIero
MOBBILIEHUST 3PPEKTUBHOCTH METOA.

S.R. Orlova
EXPLORING OF DEEP CONVOLUTIONAL NEURAL NETWORK
SSD FOR PEOPLE AND CAR DETECTION BY THE MOBILE
ROBOT VISION SYSTEM

SPbPU, Saint-Petersburg
orsveri@gmail.com

The study search into the structure and operation of the deep
convolutional neural network SSD (Single Shot MultiBox Detector) and
describes the experimental research of the possibility of using this
network for people and car detection by the mobile robot vision system.
The paper contains description and results of experiments. The research
showed that the SSD network can be used for this task, but it does not
have very high accuracy and speed. The accuracy of the network was
improved by modifying (histogram equalization) of input images and
network training; The research concluded that the need to build own
training database and refine the network architecture to further improve
the efficiency and effectiveness of the method.
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YK 533.69

.C. Anucvkun, A.b. Anopees
PACUETHBIE HCCJIEJTOBAHUS ASPOJIMHAMUYECKHX
XAPAKTEPUCTHUK MTPAMOYTOJIbBHOTI'O KPBLJIA C
CUMETPUYHbBIM MPOPUJIEM C MIOMOIIBIO
MPOTPAMMHOI'O KOMIIJIEKCA ANSYS CFX

Tl'ocynapcTBenHbllt HayuHbll HeHTp Poccuiickoit @enepanuun
®DenepanbHOE TOCYIAPCTBEHHOE YHUTAPHOE MPEANPUITHE
«lleHTpanbHBIA HAYYHO-UCCIEIOBATENLCKUI HHCTUTYT XUMUU U MEXaHUKU
umenu J[.11. Menneneesa» (I'HL] PO OT'VII «ITHUUXM»)
mail@chiihm.ru

D.S. Aniskin, A.B. Andreev
COMPUTATIONAL RESEARCHES OF AERODYNAMIC
CHARACTERISTICS OF ARECTANGULAR WING WITH A
SYMMETRIC PROFILE BY MEANS OF AANSYS CFX PROGRAM
COMPLEX

Central research institute of chemistry and mechanics, Moscow

IIpu paspaborke OccrnmiaoTHOro JjeratenpbHoro ammapata (BJIA),
OCHOBHOH ()yHKIHEH KOTOpPOro OyaeT I0CTaBKa IICJICBOM HArpy3Kd B
3aJJaHHYI0 TOYKY Ha MOBEPXHOCTH 3€MJIH, HEOOXOIMMO MMETh B HAIMYHH
MaTeMaTHUYECKYyI0 MOJIENb MOoJETa anmnapara.

Matematunueckast Mmojens bJIA ucnonbs3yercs mpu HaCTPONKE CUCTEMBI
ynpaBineHust W HaBeneHua. OHa JODKHAa OTpaxaTh JAWHAMHYECKHE
XapaKTEpPUCTUKN pa3pabaTbIBAEMOrO ammapara, HO TIPH 3TOM  ObITh
JOCTaTOYHO TPOCTOH. OIEHKa a9pOIMHAMUYIECKNX XapaKTEPHUCTHK arnmapara
SIBIITIOTCSI OJTHOW M3 Ba)KHEWIMUX 3amad npu paszpadortke. OT e€ TOYHOCTH
HarpsMyIo 3aBUCHUT 3((HEKTUBHOCTD CHCTEMBI yIIPABICHHS.

B nmoxmaze mpuBOAMTCS mpHMep pacdéra Kpblla B IPOTPAMMHOM
komiuiekce  Ansys CFX. Hccmenyercs TpsIMOYroJlbHOE — KpbUIO €
CUMMETPHYHBIM NIpOQMIeM Uil pasHbIX BapUAHTOB OTHOCUTEIHLHOU
tonuuHel. Takoit npoduis Hanbosiee XapakTepeH Uit cCoBpeMeHHBIX BJIA,
BBITIOJTHSIOMINX (DYHKIMU JIOCTaBKH.

Take B JOKJIafe  NPUBOJAMTCS ~ CPaBHEHHWE  PE3YJIbTaTOB
MaTEMaTHYECKOT0 MOJICITUPOBAHNS C HATYPHBIMH HCITBITAHUSIMH.
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C.A. I'aspunenxo, B.B. /lasviouux, H.A. Enucees, C.H. Cesacmvanos
BEPOATHOCTHO-BPEMEHHBIE MOJIEJINU 1 METOAbI
JJ1s1 OBOCHOBAHUSI COCTABA KOMIIJIEKCA ITPUEMHBIX
CPEACTB CBA3U MAJIOTABAPUTHOT' O
POBOTU3UPOBAHHOI'O ITOABOJHOT'O OBFBEKTA

Ilybnuunoe akyuoneproe oduecmeo « Ungpopmayuonrvle

menekoMMyHuKayuonHvle mexuonoauuy, Cankm-Ilemepoype
zavit@bk.ru

s ompezeneHus 1eIecO00pa3HOTO cocTaBa OOPTOBOrO MPUEMHOTO
KOMIUTEKCA CpPEACTB CBS3M MaJora0apHUTHOTO TIOABIDKHOTO YIIPABISEMOTO
00BEKTa POOOTH3MPOBAHHOTO THMA MPEIOKEHAa MaTeMaTHdecKas MOJENb
(hyHKIIMOHUPOBAHUS, YYUTHIBAIOIIAS YCIIOBHSA 00CTaHOBKH,
MPOCTPAHCTBEHHO-BPEMEHHBIE ~ OCOOCHHOCTH  JIBIDKCHHS  OOBEKTa U
TpeOOBaHMUS K MCIIOJIF30BAHHUIO CPEICTB CBA3M. Ha OCHOBE MOJEIH BBEACHBI
nmokazareian >PQPEKTHBHOCTH M TPEIOKEH JOTHKO-aHATHTHICCKUH METO[
onpe,ueneHI/m nux 3Ha‘leHI/II‘/II HpI/I HpI/IHﬂTI)IX ILOHyIlleHI/ISIX.

KiroueBrie cJIOBa: MaJiorabapuTHBIM I10IBOIHBII 00BEKT
pOOOTHU3UPOBAHHOTO THIIA, OOPTOBOW KOMIUIEKC MPUEMHBIX CPEJICTB CBS3H,
MaTeMaTHUYECKasi MOJCTh (PYHKIIMOHUPOBAHHUS, TIPOCTPAHCTBEHHO-BPEMCHHAS
MOJIeJIb, OCOOCHHOCTH JBW)KCHUS 00BEKTa, TPeOOBAHUS K CPEICTBAM CBS3H,
MoKa3arejb 3¢ dheKTUBHOCTH, 1esecoo0pa3HbIil COCTaB, JIOTHKO-
AHAJIMTUYECKUH METO/I.
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S.A. Gavrilenko, V.V. Davydchik, I.A. Eliseev, S.I. Sevastjanov
THE TIME-PROBABILITY MODELS AND METHODS FOR
MOTIVATION OF THE COMPOSITION OF RECEIVING COMPLEX
OF COMMUNICATIONS FOR COMPACT ROBOTIC SUBMARINE
OBJECT

Publik Share Society «Information Telecommunication Technologies»,
Saint-Petersburg
zavit@bk.ru

For the determination of the expediency composition of the receiving
complex of communications compact guided object proposed a mathematical
model of the functioning, taking into account the conditions of environment,
spatial and temporal features of the use of the object and the requirements for
its communication facilities. Based on the model introduced performance
indicators and proposed a logical and analytical method for the determination
of their values at the assumptions.

Keywords: maritime mobile robot managed object type, on-board
compact complex of receiving means of communications, the time-probability
model, spatial and temporal features of the use of the object, requirement for
its communication facilities, performance indicators, expediency composition,
logical and analytical method

102


mailto:zavit@bk.ru

VIIPABJIEHUE PTK /
ROBOTIC SYSTEM CONTROL

JI.H. Cmenanos, E.FQ. Cuupnosa
METOJ KOPPEKIIMM OLIEHKHU MMOJIOXXEHUS MOBUJIBHOT'O
POBOTA C UCITOJIB30BAHUEM BU3YAJIbHOM JTOKAIINA
ECTECTBEHHBIX OPUEHTHUPOB

THI] P® [[HUHU PTK, Canxm-Ilemepoype
dnstepanov@rtc.ru

B cratbe npecTaBieH NOAX0/1 K UCTIOIB30BAHUIO BH3YAIBHOM JTOKAIUI
W3BECTHBIX OPUCHTUPOB VIS MOBBIINICHHUS TOYHOCTH HABUTAI[MK MOOUIILHOTO
pobota (MP). [Tonxoa 0OCHOBBIBaEeTCS HA aHAJIN3E U300PAKCHUI OT OTHOW HITH
HECKOJBKIX TEICBU3MOHHBIX KaMep, YCTaHaBIMBaeMbIX Ha MP, 1 mo3BosseT
MOBBICUTH TOYHOCTh JIoOKanu3auuu MP 10 BenuuuHBI, CpaBHUMOHM C
TOYHOCTBIO ONPEICICHHS TOJI0KCHUS OPHESHTHPOB.

3amava ompeneneHus mojokeHHs MP Tpu IBIDKEHHH B yCIOBHSAX
c1a0oil OINpENEeNIeHHOCTH B HACTOSAIIEe BpeMsl dalle BCETO pemraeTcs ¢
NPUMEHEHHEM  TOPOTOCTOAIIMX  JIA3epHBIX  JaIFHOMEPOB  (JIHIApOB).
AKTHBHOE pa3BUTHE CHUCTEM TEXHHYCCKOIO 3PCHHS IMO3BOJISCT CO37aBaTh
3HAYUTEIBPHO MCHEE JOPOTHEC W TPOMO3JKHE CHCTEMbI, 0a3UpYIONIUCCS Ha
aHanM3e M300pakeHUH OT TeJIeBU3UOHHBIX Kamep MP. Taioke A1 HaBUTAIH
IIMPOKO MCIOJIB3YIOTCS CITyTHUKOBBIe HaBUranuonHusle cuctems! (CHC) tuma
GPS/TJIOHACC u BHyTpEeHHHE CEHCOPBI — KaK MPaBUIIO, 01oMeTpbl. OIHAKO,
XapakTep MOTPEIIHOCTH TAKHX CHCTEM HE MO3BOJISIET BBIMOJHSITH TOYHOE
MaHEBPUPOBAHHE — HATIPUMED, ITPH ABIDKCHUH IO IEPEKPECTKAM.

CuctemMa TEXHHYECKOTO 3PEHUsS II03BOJISICT ITAPHPOBATH YKa3aHHEIC
HEJIOCTATKH M B I[E€JIOM IIOBBINIATH TOYHOCTH HaBUTAlMH. V3BECTHBIMHU
npuMepaMu uctionb3oBaHust CT3 Uil HaBUTAIUM SIBISTIOTCS BU3YaJIbHBIN
SLAM wu Bm3yanbHas OJOMETPHSA, OJHAKO OHH TaKke OO0CCICUYNBAIOT
JIOCTAaTOYHO HHU3KYH TOYHOCTBH, HAIPUMEpP, IIPH MAaHEBPUPOBAHUH HA MECTE
(korma  OBW)KGHHE  KaMmephbl  SIBISICTCS B 3HAYMTCIBHOW  CTCIICHHU
BpaInaTeIbHbBIM).

[pu HanMYMK KapThl BU3YAJIbHBIX OPHEHTHPOB BO3MOYKHO IIPUMECHEHUE
CT3 st oOHApY)KEHUST OPUSHTHPOB U ONPEICTICHUS HAPaBICHUH Ha HUX B
peanbHOM MacmTabe BpemeHH. CyIIECTBYIONIME PEIICHUs TpeiararoT
pelICHUE YaCcTHBIX 337ad MPU OTPAaHWYCHUU HA MHHUMAIbHOE HEOOXOIMMOC
KOJINYECTBO OPUCHTUPOB.

[IpemmaraeMpiii MOAXOJ OCHOBAaH Ha TPUMCHECHUH DPACIIMPCHHOTO
¢uwnprpa Kanmvana gy 3(Q(QEKTHBHOrO  KOMIUIGKCHPOBAaHUS  JAHHBIX
onomerpun/CHC u BU3yanbHOU JoKamuu. [[Jsi 3TOro UCMONB3YyeTCsS MOJICIb
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mekenuss MP u mogenr HaOmomenus. KiroueBbIMH JOCTOMHCTBAMH
MPEJIOKEHHOTO OAX0/1a SBIISETCS BO3MOKHOCTh KOPPEKITUH TTOTOXKESHUS 1
opuerTar MP 110 m000My KOJIHYECTBY OPHEHTHPOB (HAUYMHASI C OJTHOTO), a
Takke€ BO3MOXKHOCTH HCIOJB30BAaHUS TPOU3BOJIBHOTO KOJMYECTBA Kamep.
OpHOKpaTHOE HAONIOJCHWE OpPHUEHTHpPA C HW3BECTHBIMH KOOPIWHATAMHU
obOecrieunBaeT yMCHBIICHHE OMMOKA HAaBUTAlMM B  HAIPaBIICHUH,
TIEPIICHANKYIAPHOM JHHAU BU3WPOBAHUS OpHEHTHpA. [10CKOIBKY KaXIIbIi
OpUCHTHD OOBIYHO HAOIIOJACTCS B TCUCHHUEC HEKOTOPOrO BPEMCHH,
MOCTCIICHHO MOXET OBbITh chucaHa oOmKMOKa 0 BCEM KOOPIMHATAM.
Bo3MOXHOCTh HE3aBUCHMOM pabOThl C HECKOJIBKHUMH TEJICBU3UOHHBIMHU
KaMepaMH MO3BOJISIET pachapajliesInTh 3Tal 00pabOTKH H300paKCeHUH, a TIPU
NPUMEHCHUU CHUCTEMbI KPYroBoro 0030pa MP 3HAuMTENBHO YBEIMYHUTH
Ha0JII01aEMOCTh OpPHCHTHPOB. [IpoBencHHbIC 9KCIICPUMCHTABHBIC
WCCIICIOBAaHMS II0KA3ajH, YTO METOJN IIO3BOJISET JOCTHYh MOTPEITHOCTH
MTO3UIIMOHUPOBAHUS [0 CMEIICHUIO B IUIOCKOCTH JOpPOTH Topsiaka 10 cM u
meHee 1° mo yrimy opuenraunu MP. IlpemyiokeHHbI MOAXOA SIBISETCS
YHHBEPCAJIBHBIM W MOXET OBITh MPUMEHECH U KOPPEKIHU 110 H3BECTHBIM
BU3YAJIBHBIM OpHEHTHpPAaM B pa3lUYHBIX ClIydasxX, HampuMep, NpH
OTIpEJICICHUH OTHOCHUTENLHOTO TIOJOXEHHsI aBTOHOMHBIX —CITacaTelbHBIX
CpPEJICTB MOPCKOTO Oa3MpoBaHMs, KOCMHYECKHX amMapaToB WA MpH
BBITIOJTHEHUH CTHIKOBKY aBTOHOMHBIX HEOOUTAEMBIX MOJBOIHBIX allapaToB C
HOCHTEJIEM.
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A METHOD OF MOBILE ROBOT POSITION ESTIMATION
CORRECTION USING VISUAL LOCATION OF NATURAL
LANDMARKS

RTC, Saint-Petersburg
dnstepanov@rtc.ru

The article presents an approach to using of visual location of an arbitrary
number of known natural landmarks for correction of position estimation of a
mobile robot. The approach is based on using of the Extended Kalman Filter
to perform steps of the position prediction and correction based on the visual
location. The visual location is performed using a calibrated camera (or a set
of cameras) installed on the mobile robot.

The task of a mobile robot navigation in a case of poorly determined
conditions is often soled using a set of expensive LIDARs. Other sensors like
GNSS and odometer often used in mobile robots are usually not precise enough
(for example when maneuvering on intersections). The recent research in the
field of computer vision allows creation of much less expensive systems based
on image analysis from one or several cameras. When used together with other
sensors such system can significantly increase the navigation precision and
stability.

Known visual navigation approaches like visual SLAM and visual
odometer are often used but they are often not precise enough especially when
the camera movement is mostly rotating. A set of one or more natural visual
landmarks can be located automatically in real time using mobile robot
cameras. Existing methods provide partial solutions for the position or
direction estimation using 3 or more landmarks.

The proposed approach is based on using of the Extended Kalman Filter
for efficient fusion of the odometer and GNSS data with the visual location of
one or more landmarks. Since all the landmarks are used one at a time
independently the number of landmarks, cameras, their types and positions are
arbitrary. The method is working with one camera and one landmark as well
as with a round view camera system with one or many landmarks.

Experiments involving autonomous driving through different
intersections shown the feasibility of reaching of the accuracy of horizontal
position of 10 cm and rotation of 1° and below. The method has been
developed for improving of unmanned vehicles navigation at intersections but
can be applied to navigation of different ground, space, marine and underwater
mobile robots.
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K.HU. Kun

AJITOPUTMBI KOMIIBIOTEPHOT O 3PEHUS AJIS1 AHAJIN3A

CUTHAJIbHBIX OBBEKTOB B JIOPOKHOW CIIEHE

Huemumym [puknaonoi Mamemamurxu um. Kenoviuwa PAH,
Mockea

B pabGore paccmorpeHa 3amada OOHApYKEHHS CHUTHAIBHBIX
00BbEKTOB Ha H300paXKEHHSIX JIOPOXKHBIX CIEH U  IPEIIOKEHBI
aNrOPUTMBI  €¢ PCIICHUS Ha OCHOBE METOJa TI'€OMETPU30BAHHBIX
TCECTOTpaMM, pa3paboTaHHBIX aBTOPOM. OTHCBHIBAIOTCS TPUHIIMIIBI
MIPOrPaMMHOTO KOMILICKCa, Pa3padOTaHHOTO Ha OCHOBE MPEIOKEHHBIX
aNrOpuUTMOB. PaccMaTpUBAIOTCSI TPUMCHEHUS K OOHAPYKECHUIO 30H
Fa6apI/ITOB U CUTHAJIOB TOPMOXKCHHUSA Ha COCECAHUX aBTOMO6l/lJ'l§IX npu
JIBIDKEHUU pOOOTAa-aBTOMOOWIISI 10 jopore. HameuaroTes: npuMeHeHus
pa3paboTaHHBIX METOAOB K OOHAPYKCHUIO CHIHAIbHBIX OTHEH
BEPTOJIETOB.

KmroueBbie  cioBa: CErMCHTal A 1/1306pa>i<eH1/1171, CHUCTEMBI
IIOHMMaHHI 1/1306pa>1<eHI/1171, aHaJIn3 BI/I,I[GOHOCHGHOBaTeHBHOCTeﬁ, aHaJIu3
JAOPOKHBIX CIICH, HABUT'allhsl aBTOHOMHBIX pO6OTOB.

K.I. Kiy

COMPUTER VISION ALGORITHMS FOR ANALYZING SIGNAL

OBJECTS IN AROAD SCENE

Keldysh Institute of Applied Mathematics
(Russian Academy of Sciences)

In this paper the problem of detecting signal objects in images of
road scenes is addressed and algorithms for its solving based on the
geometrized histograms method are proposed. The main ideas of the
program complex, developed based on the proposed algorithms, are
described. The applications to detecting sidelights and breaking signals
zone of adjacent vehicles in the motion of a robot-vehicle on a road are
considered. The application of the developed methods to detecting signal
lights of flying vehicles, e.g. helicopters, is outlined.

Key words: image segmentation, image understanding systems,
video sequences analysis, navigation of autonomous robots.
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C.H. Kupunnos, H.B. Kocmxun
AJJATITUBHBINA AJITOPUTM NPEJOBPABOTKHU IOABOJIHBIX U
HAJIBOJAHBIX M30BPAKEHUM IMPU JEMCTBUU MEIIAIOIIMAX
DAKTOPOB

00O «Hbcesckuti paouosasooy, Hocesck,
kirillov.lab@mail.ru, kost_vk@mail.ru

OcHoBHasi mpobiema  NpegoOpabOTKU IOJBOAHBIX H300paKEeHUH
BbI3BAHA 3HAYMTENILHBIM OCJIA0JICHHMEM CBETa, YTO YMEHBIIACT JIAJIbHOCTh
BuguMocTd 70 20 METpoB B YHCTOM BOJIE UM JI0 5 METPOB B MYTHOM.
OcnabneHue 00BbSICHIETCS MOTJIONIEHUEM U pacCeMBaHUEM, Kak B CaMOH BOJE,
TaK ¥ PACTBOPEHHBIMH B HEHl OPraHWYECKUMH BEIIECTBAMH W MalbIMU
B3BCIICHHBIMU YaCTHIIAMH.

HeoOxomumMo OTAEIBHO OTMETHUTh, 4YTO IOXO0XKHE HCKAKCHHSA
MIPUCYTCTBYIOT Ha HAJBOIHBIX M300pPaKCHUSX, KOTOPBIC BBI3BAHBI TaKHMMU
MeIIAoNMMy (pakTopaMu Kak TyMaH, JOX[b, CHET, IONAaJaHhe BOJBI HA
JMH3BI (POTOPETHCTPUPYIOMIETO YCTPOICcTBa U JIp.

B coBpemeHHBIX cucTeMax O0OpaOOTKM IIOJBOJHBIX M HAJIBOJHBIX
BUACOU300paKeHU st OOpbOBI CO  CHEHU(UUSCKUMHU  HCKAKCHHUSIMU
UCIIOJNIb3YIOTCS  JIOTIOJHUTEINIBHBIC —alliapaTHble CpeJCTBA, B YacTHOCTH
Ja3epHasi TOJCBETKA, NPUMEHEHHE TOJISIPU3ALMOHHBIX JIMH3, BHELIHSS
nojicBeTKa 00bekTa cheMku U apyrue [1...3]. TTomoGHbIe MOAX0/1bI TPUBOISAT
K  YBEJIMYCHHIO  MaccorabapuTHBIX  MOKa3aTejed,  IOBBILICHHOMY
SHEPronoTPEOICHUI0 U POCTY CTOMMOCTH amNapaTypbl AJsl HOABOJHON
BH/ICOCHEMKH B PEaTbHOM MacITade BPEeMEHH.

B orimume OT M3BECTHBIX METOAOB B JaHHOW paboTe mpejyiaraercs
MIOJTHOCTBIO TIPOTPAMMHBII aJITOPUTM YCTPAHCHMS IOABOJAHBIX, a TaKXKe
HAJIBOJHBIX HCKAXCHUH U YITy4IICHUS KauyecTBa m300paxkeHuit [7, 9]. JlaHHbrid
MoJX0J He TpeOyeT NpenBapUTEIbHONH KalMOpPOBKM, PaboOTas OJMHAKOBO
3¢ (hexKTHBHO ¢ N300pakeHISIMH, MTOTYYCHHBIMH Ha IiryOnHax ot 1,5 mo 6000
MeTpoB. Mcxoast W3 mpeaBapuTeNbHO pa3pabOTaHHOW MOAETH HCKAKCHHS
NOJBOJIHBIX M HAJBOJHBIX H300paKEHMH  TPU JIEHCTBUM MEIIAIONUX
(bakTOpOB B BHJE TyMaHa, OIS CHETa | T.1., [ 10] pazpaborana MeToanKa ux
00paboTKH, B KOTOPOW MpPEIOKEHO MPOBOANTH 00pabOTKy B CTPOro
omnpeneneHHoM nopsiake [7, 9]

DKCHEepUMEHTAIbHBIC — MCCIICAOBAHUS  MPEUIOKCHHOTO — JITOPUTMa
YIYYIIeHUS Ka4eCTBa IOBOIHBIX BUICOAAHHBIX MPOBOAMINCH Ha IIBETHBIX §-
MU OMTHBIX BHJICOM300paskeHMsIX pazmepoM 480X360 mukcenei, ¢ yactoTon
25 KaJpoB B CEKyH]1y, OJIy4EHHBIX Ha TiyonHax ot 30 no 150 m. Kpowme Toro,
JUISL  aHaJM3a TMOJBOAHBIX M300paKCHWI ObLIa HCIOJIb30BaHA MOJIENb
«Maxkrmaiimepu» [3] TmpH  TaycCOBCKOM IIyMe Kak  aJAWTHBHON
COCTaBJIAIONICH, a TaK)Ke CY)KEHHE I[BETOBOTO IHANa30Ha THCTOIPAaMMHBIM
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MmerosoM [6]. B Xone MMHUTAlMOHHOTO MOJEIMPOBAHMS ObUIM 10100paHBI
ONTHMAaJIbHBIE JUIS TT0/IBOTHOM M HaJJBOAHON CpeJbl MapaMeTpsl (GUIbTPALHH,
JKECTKOE 3a/1aHME KOTOPBIX MO3BOJIMIIO 3apAHEE PACCUNTATh HEOOXOIMMBIE
K03(pPHUINEHTH! QUIBTPOB, YTO 3HAYUTEIHHO YBEITHYMIO CKOPOCTH PabOTHI
JITOPUTMA.

JlauHbrii anroputM OBIT TpoTecTHpoBaH Ha coBpeMeHHOM I[IK ¢
gactoToii mporeccopa 3,3 I'Tm, g9to obecrmeunno paboTy B peasbHOM
Mmacmrabe BpeMmeHH. Ha pucyHke 2 mpejicTaBiIeHBl pe3yJibTaThl pabOThI
MpCAJIOKEHHOTO ajropurma Yay4dlIeHus KadecTBa IIOABOJHBIX
Busieon3obpaxennil. CyObexTnBHas onenka kadecrsa no 'OCT 26320-84
nokasajia, 4To pa3pabOTaHHBIN alIrOpUT™M 00PaOOTKU MO3BOJSICT YBEIUYHUThH
Ka4yecTBO MOJBOJIHBIX BHJICOM300paskeHnH ¢ 3 10 5 6ayuioB (110 msaTHOauIbHON
mkane). Kpome Toro, TecTupoBaHue MOKA3alo0, YTO MPETI0KECHHBIH allrOPUTM
npeo0paboTKH MO3BOISICT YBEJINUMBATh JaJbHOCTh BUAUMOCTH B 3...4 pasza
W TIpH 3TOM paboTaeT C BUACONOTOKOM B PEXHUME PEalbHOTO BPEMEHH HA
CKOpOCTH Tiepenauu ao 1,5 Mour/c.

JIONONHUTENBHBIM  TIIIOCOM  JUIsI NIPUMEHEHHsT Ha OOpTy sBIIsieTCs
aBTOMATHUECKass HACTPOHKa alropuTMa OOpabOTKH C YdYeTOM TEKYIIUX
XapaKTCPpUCTUK MOABOAHBIX HJIM HAABOJHBIX BUACOJAHHBIX, YTO IMO3BOJIACT
MOJY9aTh HA BBIXOJIE CTA0MIBHBIHN IpeACcKa3yeMblil pe3yIbTaT IPH Pa3INIHBIX
YCIOBUAX HOI[BOI[Hoﬁ nin HaI[BO)IHOﬁ CbCMKH, a TaKXC B YCIOBUAX
HEN3BECTHOM WJIM HEJ0CTATOYHO OIpPE/ICICHHON MOABOIHON Cpebl.

OTnenpbHO HEOOXOOMMO OTMETHTh, UYTO pa3pabOTaHHBIM aIropuUTM
oOnerdaer  JanmpHeHmiee  BBIICTICHHE  KOHTYPOB 00BEKTOB  Ha
BU/ICON300paKEHUAX, YMEHBIIACT BIMSHHE LIYMOB M CIEHU(DUYECKUX
MOJBO/IHBIX HCKaKCHHWH, a Takoke paclIMpsieT NPOCTPAHCTBO HPU3HAKOB
ki1accuukanuy  (ONTUMAJbHOE — IepepaclpeseieHHe  MHTEHCHBHOCTH
[[BETOBBIX KaHAJOB W OTAENbHAs (QWIbTpalus W HeJIWHelHas oOpadoTka
KaHajlla SIPKOCTH), YTO JIOJDKHO 3HAUUTEIBbHO YIYYIIUTh aJrOPUTMBI
OOHapy)XEHHs W CONPOBOXKICHMS MOABOAHBIX W HAJBOAHBIX OOBEKTOB, a
TaKke MOBBICUTH XapaKTEPUCTHKH METOJOB IMOWCKAa M OOHApYKCHUS
HETUIIMYHBIX OOBEKTOB B YCJIOBHSAX HEM3BECTHOH WM HEIOCTATOYHO
OTIPEe/ICIIEHHON TTO/IBOJIHOM CPEJIbI.

108
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ADAPTIVE ALGORITHM FOR PROCESSING UNDERWATER AND
OVERWATER IMAGES UNDER INFLUENCE OF INTERFERENCE
FACTORS

00O “Izhevskiy Radiozavod™, Izhevsk town, kirillov.lab@mail.ru,
kost_vk@mail.ru

The main problem of preprocessing underwater images is caused by a
significant attenuation of light, which reduces the range of visibility to 20
meters in clean water and up to 5 meters in a cloudy one. The attenuation is
explained by the absorption and dispersion, both in the water itself, and
dissolved in it by organic substances and small suspended particles.

It should be separately noted that similar distortions are present on the
surface images, which are caused by such disturbing factors as fog, rain, snow,
water ingress on the lenses of the photographic device, etc.

In modern systems for processing underwater and surface video images,
additional hardware is used to combat specific distortions, in particular laser
illumination, the use of polarizing lenses, external illumination of the subject,
and others [1 ... 3]. Such approaches lead to an increase in mass-size indicators,
increased power consumption and an increase in the cost of equipment for
underwater video shooting in real time.

Unlike the known methods, in this paper we offer a completely software
algorithm for eliminating underwater, as well as surface distortions and
improving image quality [7, 9]. This approach does not require preliminary
calibration, working equally effectively with images obtained at depths of 1.5
to 6000 meters. Based on the previously developed model of distortion of
underwater and surface images under the action of interfering factors in the
form of fog, rain of snow, etc., [10] developed a method for their processing,
in which it is proposed to carry out processing in a strictly defined order [7, 9]:

Experimental studies of the proposed algorithm for improving the quality
of underwater video data were carried out on color 8-bit video images with a
size of 480x360 pixels, at a frequency of 25 frames per second, obtained at
depths from 30 to 150 m. In addition, for the analysis of underwater images,
the McGlymeri model was used [ 3] for Gaussian noise as an additive
component, as well as the narrowing of the color range by the histogram
method [6]. During the simulation, the optimal filtration parameters for the
underwater and above-water environments were selected, the rigid
specification of which allowed the predetermined calculation of the required
filter coefficients, which greatly increased the speed of the algorithm.

This algorithm was tested on a modern PC with a processor frequency of
3.3 GHz, which provided real-time operation. Figure 2 shows the results of the
proposed algorithm for improving the quality of underwater video images.
Subjective quality assessment according to GOST 26320-84 showed that the
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developed processing algorithm allows to increase the quality of underwater
video images from 3 to 5 points (on a five-point scale). In addition, the testing
showed that the proposed preprocessing algorithm allows to increase the range
of visibility by 3 ... 4 times and at the same time it works with the video stream
in real time mode at the transmission speed up to 1.5 Mb / s.

An additional advantage for using on board is the automatic adjustment
of the processing algorithm, taking into account the current characteristics of
underwater or above-water video data, which allows obtaining a stable
predictable result at the output under various conditions of underwater or
above-water survey, and also in conditions of unknown or insufficiently
defined underwater environment.

Separately, it should be noted that the developed algorithm facilitates
further allocation of the contours of objects on video images, reduces the
influence of noise and specific underwater distortions, and also expands the
space of classification features (optimal redistribution of the intensity of color
channels and separate filtering and nonlinear processing of the brightness
channel), which should significantly improve the algorithms Detection and
tracking of underwater and above-water objects, as well as to increase the
characteristics of search and detection methods Atypical objects in conditions
of unknown or insufficiently defined underwater environment.
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A.G. Leskov, E.V. Seliverstova
PLANNING AND CHOICE OF METHOD OF CAPTURE OF THE
DEFORMABLE OBJECT ALGORITHM

Bauman Moscow State Technical University, Moscow

['maBHOE IOCTOMHCTBO POOOTOTEXHHUYECKHUX CHCTEM — BO3MOYKHOCTH
BBITIOTHEHUST 337a4  JIOBKOTO MAHWIYJIHPOBAHHS C OOBEKTaMH MpH
JIOCTAaTOYHOM Y/AJCHHW 4YeJIOBEKa OT OINepannoHHOW 30HBL. OcobeHHO
aKTyaJIbHBIMU SIBJISIFOTCSL BOIPOCHI pOOOTH3ALMKM Oliepauuii npu pabore ¢
B3PBIBOOIIACHBIMH O0BEKTAMHU, MPEICTABISIONIMMU YIPO3y ISl KU3HH U
3JI0pOBBs uesioBeka. Ha naHHBII MOMEHT poOOTH3MPOBAHHBIE ONEpALUH C
B3PBIBOOIIACHBIME OOBCKTAMH PEATH3YIOTCS 3@ CUCT MPUMCHCHHS METOOB
yAaneHHOTo ynpasieHus. Takoi cnocod uMeeT CylIeCTBeHHbIE HETOCTAaTKH —
HepabOTOCHOCOOHOCTh TPU TOTEpPE CBSI3H MEXKIYy POOOTOM U IYJIHTOM
YIpaBJICHUS U YBEJIMYCHUE CIIOKHOCTHU YIIPABIICHUS TIPY HATHYINH 3aICPKKH
CUTHAJIA, 9YTO MOXKET MPHUBECTH K Pa3pYIICHUIO 00BEKTa MAHUIYJIHPOBAHUS
(OM) mim ero BBIMTAACHUIO U3 3aXBaTHOTO ycTpoiicTea (3Y) u, Kak CIeICTBHE,
B3pBIBY.

ATnpTepHATHBOW poOOTaM, YIpPaBICHHE KOTOPBIX OCYIIECTBISICTCS
YIAJCHHO YEIIOBEKOM, SIBIISIOTCS ABTOHOMHBIC CHCTEMBI, OCHAIICHHBIC
3JIEMEHTaMU UCKYCCTBEHHOT0 MHTesiekTa. OIHAKO K HACTOSIIEMY BpEMEHU
HE ylaeTcsi HalWTH MPUMEPOB MOJHOCThIO aBTOHOMHBIX CHCTEM, CITOCOOHBIX
BBITIONHATH  CJIOXKHBIE omepanuu ¢ moosiMu  OM. [loatomy 3amauy
ABTOHOMHU3AIMKA TIPUHSATO pEIIaTh IMOATAIHO, BKIIOYas B PACCMOTPEHHE
OTJeNbHBIE (Pa3bl OTIEPALIUH.

K mpocredmmm MaHHUIYJISIIIMOHHBIM 3aJladaM OTHOCHUTCs 3axBaT OM,
KOTOPBIH SBJISICTCS] HAYAILHBIM 3TarloM OOJBIIUHCTBA onepanuii. 3axsat OM
SIBIIICTCS POOIeMOit ero MMoOwIH3anuy BHyTpu 3Y podota. Pernrenue atoit
poOJIeMBI JaeT BO3MOXHOCTh yAepkuBaTh OM B NMPUCYTCTBHU BHCIIHUX
Bo3MmylieHud. OauH u TOoT k¢ OM MOXHO 3aXBAaTUThb Pa3IUYHBIMHU
criocobamu, MO-pa3HOMY pacioiarasi 3BeHbsi 3Y OTHOCHUTEIIFHO ITOBEPXHOCTH
OM. Ot BbeIOOpa crocoba 3axBaTa 3aBUCHT BO3MOXKHOCTH peaH3alIliu
MaHUITYJSIIAOHHOW 3a/aud W BEHINOJHEHHUS OIeparuu B IeroM. Bwibop
crioco0a 3axBaTa OCYIIECTBISIETCS Ha dTare TUIaHUpOBaHuA. Pemrenne 3amaun
IUTAHUPOBAHMS 3axBaTa M IIOCIEAYIOIIETO MAaHUIYJIHPOBAHUS TPeOyrOT
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aHanmu3a pe3ynbTaToB MojenupoBaHus OM u 3V B mpouecce BBINOTHEHUS
OTieparyy.

Ha nanHBII MOMEHT 3ajada aBTOMATHYECKOTO 3axBaTa peIIeHa Uil
xkecTknx OM. 3axBaTt xectknx OM HHTEHCHBHO M3y4aercs yxe 6omee 30 neT.
Co3nmaHbl Teopws, ONMCHIBAIONIAs KHHEMATHKY W IMHAMHUKY 3axBarta,
JITOPUTMBI TUIAHUPOBAHUS 3aXBaTa M CIIOCOOBI aHAIN3a €ro cBoHcTB. Ha mx
OCHOBE pa3paboTaHBl CHMYIATOPHl 3axBara kecTkux OM - Grasplt! u
OpenRAVE,  xoropple  4YacTo  HCHOJNB3YIOTCS B COBPEMEHHBIX
POOOTOTEXHUUECKHUX CHCTEMAX.

CyIeCTBEHHBIM HEAOCTaTKOM TaKHX CHMYJATOPOB 3aXBaTa SIBIISETCS
OTCYTCTBHE PACCMOTPEHHUS ITOH ONepaldud B KOHTEKCTE MOCIETYIOLINX
JeficTBUl, KoTophele Heobxonumo coBepumuts ¢ OM. Tak, Hampumep, mpu
OXBATBIBAIOIIEM 3aXBATE JKEJIAEMOE M3MCHEHHE IIOJIOKCHUS W OPHUEHTAINN
OM B 1poCTpaHCTBE BO3MOXHO TOJNBKO 3a CYET JBW)KEHHS BCETO
MaHUIYJSIHOHHOTO poboTa. Ilpm 3ToM ecnm mpW IIIAHWPOBAHWM 3axBaTa
y4ecTb  IOCIEAYIONIYI0  MaHHUIYJSIIMOHHYIO — OIEPalfio  M3MEHEHHUS
nosnoxeanss OM B IPOCTPAHCTBE MOXKHO JIOCTHYb 33 CUET JIBIKCHHUS 3BCHBEB
3Y, d4ro sBisercss Oosee 0O€30macHBIM C TOYKHM 3peHHs H30eraHus
CTOJIKHOBEHHH ¢ 00BEKTaMH, HAXOAIMNUMHUCS B paboUeil 30He MaHUITYIATOPA.
Kpome TOro, CymecTByOI[He CHMYISTOPHI 3aXBaTa HE CTaBAT IEJIBIO
MUHUMU3ALKI0 cuil, TpuiaraeMbix kK OM co croponsl 3Y. MuHuMU3AIUS
TaKUX CHJI MO3BOJISICT U30€XkKaTh YPE3MEPHON eopMaIii WK Pa3pyIICHHs
OM, 4T0 0cOOEHHO Ba)KHO MPH pabOoTe C B3PHIBOOTIACHBIMU OOBEKTAMH.

B pabote ommcaH OpHTHHAJIBHBIN aJTOPUTM IUIAHUPOBAHMS 3aXBaTa,
yuuteiBatomnii  gedopmanuio OM B mipoliecce BBINOTHEHHS ONEpalnH,
MOCJICYIONIYI0 MAHMMYJISIIUOHHYIO OIEpalMi0 M MHUHHMHU3AIMIO  CHII,
npunaraeMbix kK OM co croponsl 3Y. ANropuT™ IUITaHUPOBaHMS 3aXBara
BKJIIOYAET B ceOs: alropuT™M (OpPMHUpPOBAHMS TMIIOTE3 3axBaTa; alrOPUTM
IJIAHUPOBAHUS TPAeKTOpUH JBMKeHUs 3BeHbeB 3Y 11 3axBata OM;
AITOPUTM ONpEJEICHUs IEePEecCeUeHU MOJUTrOHaNbHBIX Mojaeneili OM u
3BEHbEB 3Y; alrOPUTM pacueTa CHJI KOHTAKTHOTO B3aMMOJECHUCTBHS MEXIY
OM wu 3BeHbsMH 3Y; QITOPUTM  OIpeAeNeHHs IIeHTpa  Macc
neOpMHUpPOBAaHHOTO B mporecce 3axBara OM; aJroput™M  OICHKH
YCTOWYMBOCTH 3aXBaTa; aJITOPUTM IIPOBEPKU JOCTIKUMOCTH JKEJIAEMOTO
nonoxkeanss OM; anropuT™M IUIAaHMPOBAHMS JBIDKCHMS IIapHUpOB 3Y s
nepemeriennss OM; aaropurm onpeJiesieHus crocoda 3axBarta.

OTIMYUTENBHBIME ~ OCOOCHHOCTSIMH ~ PaCCMOTPEHHOTO  CUMYJISITOpa
3axBaTa OT CYIIECTBYIOUIUX SABJISIOTCS IMpOBEpKa Ha JOCTHKHUMOCTb
JKenaemoro nojoxenus OM Ha sTane MIaHUPOBAaHUS 3aXBaTa, MUHUMM3ALUs
CHJI, IPUKJIABIBAEMBIX K TOBepXHOCTH OM co cTopoHbl 3Y, yueT u3MeHeHHe
¢dopmbl moBepxHocT OM M cMelleHHE ero ILEeHTpa MacC, BbI3BaHHBIE
nedopmanmeit OM B mpomecce 3axBaTa W BBITOJHEHUST MAHUITYJISIIMOHHON
3aJauH.
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B.I1. Makapuiuee
AJTIATITUBHOE BU3YAJIBHOE CEPBOYITPABJIEHUE POBOTOB

THI] P® [[HNUU PTK, Canxkm-Ilemepoype
makar@rtc.ru

Cucrems! ynpasieHus (CY) coBpeMEeHHBIX HHTEIUICKTYaIbHBIX pOOOTOB
JOJDKHBI  OBITh YHU(UIIUPOBAHBI W OONAaTh JJOCTaTOYHO MOIIHBIMH
anroputMamu ynpasieHus. OHa JOMKHA cOepKaTh CIeTyIOlUe OCHOBHBIE
KOMITOHEHTBI:

— 3aJaHue LeJNM WM 3aJadyd poOOTy B BHJE IPOrpaMMbl Ha

CIICIHATTLHOM SI3bIKE POTrpaMMHUpoBanus pobotos Voldemar;

— IOCTPOEHHE MIPOTrPaMMHBIX TPACKTOPHI POOOTa, B TOM YHCIIE B CpPE/Ie

C TIPETATCTBUAMH, CTATHICCKAMH U JHHAMHYECKUMH;

— cucrema TexHudeckoro 3perus (CT3);

— OTCIC)KWBaHUE TIPOTPaMMHOM TPaeKTOPUHU aanTUBHOMN

CepBOCHCTEMOI poboTa.

CT3 coBpeMEHHBIX pPOOOTOB WCIONB3YIOT Pa3sHOOOPA3HBIC METOIBI
o0paboTkn m3obpaxkeHwit. B mocmexame 30 ner Ha 3amaze BO3HUKIO U
YCIIEIIHO pa3BUBAeTCs HOBOE HANpaBlICHHE, TONydYMBIIee Ha3BaHHE
BH3YaJbHOTO cepBoympasieHus (Visual servoing), korma obpaTHast CBSI3b IS
yOpaBleHUs JBIKEHHEM po0OoTa OCYIIeCTBIAETCS 0e3  BBIYMCICHHUS
00OOIMIEHHBIX ~ WM  MNPOCTPAHCTBEHHBIX  KOOpAMHAT  pobora, a
HETIOCPE/ICTBEHHO N0 BU3YalIbHOI HH(OpMalny.

TpagumnoHHOE BU3yaJbHOE CEPBOYIPABICHUE WCIIONB3YET BMECTO
KOOpAMHAT POOOTa TPU3HAKKM Ha HW300paKCHWM BHEUTHEH Cpelbl M UX
paccormacoBanme. [Ipemmaraercss BMECTO NPU3HAKOB WCIIONB30BaTh BCE
n300pakeHNe JMOO €ro YacTH, a PACCOTNIACOBAHWE B JIMHAMHKE MEXKIY
M300paKEHISIMH ONPEACTIATh C TIOMOIIBIO CBSA3BIBAIONIETO UX HEMPEPHIBHOTO
npeobpa3oBaHus. B kauecTBe TakuX IpeoOpa3oBaHMil MOTYT HCIIOIB30BATHCS
TPy IBIKEHNH II0CKOCTH, ad(DUHHAS U POCKTUBHAS TPYIIIIBI.

IMomydeHHoe paccoriacoBaHue HW300paKEHUH IEPECUUTHIBACTCS B
KOOpAWHATHI, CKOPOCTH WJIM MOMEHTH TpHUBOAOB poborta. Jlamee
HCTIOJIB3YIOTCS OOBIYHBIE aJITOPUTMBI YIIPABICHUS HA OCHOBE OOPATHBIX 3a71a4
JUHAMUKH.

[Ipy BHU3yaqbHOM CEPBOYIPABICHHHA OCHOBHBIM HMHCTPYMEHTOM
WCCIICIOBAHUS  SIBIISICTCS  OTOOpaKCHHE g= (I)(x) MPOCTPAHCTBA
abCONIOTHBIX JIEKAPTOBBIX KOOPMHAT B POCTPAHCTBO BUAeonpusHakos J .

Jlis ero monydeHns HEOOXOTUMO 3HATH MATPHILy Pa3MEPHOCTH 2x4 MOJCTH
Kamepsl M, ocymecTBisromei mpeoOpa3oBaHWe B  TPOEKTHUBHBIX
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T

KOOpJHMHATaX TPEXMEPHOTO MPOCTPaHCTBA cpeabl X = (Xl, X51 Xg ,l) eR*
- - 3

B IByMepHOE H30Gpaxerme | = (|1, I ,1) eR’ | =Mx.

OcHOBHas ujes NpeylaraeMoro MeTo/ia YIpaBJICHHs 110 N300paKEHHIO
COCTOMT B  BO3MOXKHOCTH  HAaWTH  HENpPEphIBHOE  IpeoOpa3oBaHHe,
CBSI3BIBAIOIIME JIBA M300paXKECHUSI: [IEJIEBOE, JKenaeMoe, 1 Tekyiiee. Jis atoro
MOYKHO HCIIOJIb30BaTh Pa3HbIe METO/Ibl, B TOM YHUCIE: JIOKAIbHbIE KOPPEISIIHH,
ONTHYECKUE MOTOKH, HAKOHEeI, Hanbosiee MOIIHBIA — YaCTOTHBIA METOJ Ha
OCHOBE TEOPHH MMPE/ICTABJICHUS TPYIIIL.

B o0mem cmydae Takoe mpeoOpa3oBaHHE SBISETCS IPOCKTUBHBIM

npeoOpa3oBaHUEM  IUIOCKOCTH R?, Ho mpe/roiaras PUHAICKHOCTb
OCHOBHBIX 3JICMEHTOB CIIEHBI OJIHOI INIOCKOCTH (Y4TO HMEET MECTO, HaIIPUMED,
MPU HAMHOTO OOJIBIINX PACCTOSHUSAX 0 OOBEKTOB CIICHBI [0 CPABHCHHUIO C
PacCTOSIHUSAMH MEXIy OOBEKTaMH) MOXXHO OTpaHW4YHUThCA adPUHHBIM

2
npeobpaszosarnem | € R*.
Ilycte B pesympTaTe  0OpabOTKHM  HM300pakeHHUS]  MOJTydaeTcs

npeodpasosanne ® (nBwkeHns, ag@puUHHOE, IPOSKTUBHOE), CBA3BIBAIONICE

n3o0paxenust |, u |,: WETEBOE M TEKyIIEE, Il = I(t), Iz = Ig(t),

COOTBETCTBEHHO: I(t):®|3(t). Henp ynpaBiaenus pobGOTa COCTOMT B

MaKCHMaJIbHOM TPHONIDKCHWH TI0JIy4aeMOro C  IOABM)KHOH — KaMepbl
BUJICOpsiJia K 3aIlJIaHUPOBAaHHOMY Ha BU3yaJbHOW NPOrpPaMMHON TPaeKTOPHH.
[Ipn BuU3yanbHOM CEpPBOYNpPABIEHHMM OT YyKa3aHHOH BbIIE (HYHKIHUN
npeoOpa3oBaHMs IOJIOKEHUSI MAHUIYISATOPA WM MOOWIBHOrO poOoTa B

npusuaku g = d(x) nepexoast auddepenumposannem k Sxodnany J
CBA3BIBAs CKOPOCTb POOOTA CO CKOPOCTBIO M3MEHEHHs BEKTOPA MPH3HAKOB.
Jlanee cTaHAAPTHBIM CrIOCOGOM, pelras oOpaTHYIO 3a1a4y KMHEMAaTHKH UL
CKOPOCTeil MOXHO TNEpedTH OT aOCONIOTHBIX KOOPAMHAT poboTa K €ro
OTHOCHTEbHBIM  KoopiaumHataM  (  npuBojmoB.  Takum  obpasom,
pAacCOriacoBaHME — M300pakeHHil, T.e.  M300pakeHHE,  MOJNYYEHHOE
BbIYMTAHMEM JBYX W300pakeHMH cocTosiiee U3 N, X N, [HAKCEIeH,
npeobpasyeTcst B BEKTOP YHPABICHHH Pa3MEpPHOCTH N — YUCIIO YHPABIAEMBbIX
KOOP/IHHAT.
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V.P. Makarychev
ADAPTIVE VISUAL SERVO CONTROL OF ROBOTS

RTC, St. Petersburg
makar@rtc.ru

Control systems (CS) of modern intelligent robots should be harmonized
and possess powerful enough control algorithms. This paper describes how
such a control system, which was created over several decades and has been
implemented in several terrestrial and space robots. Such unified SU must
contain key components to ensure the functioning of the robot from the
formation of the job before his execution servo system drives:

- setting goals or tasks the robot in the form of a special program of robot
programming language Voldemar;

- building a software robot trajectories, including steeplechase Wednesday,
static and dynamic;

- vision system (VS);

- software tracking the trajectory of an Adaptive robot servo system.

In the past 30 years occurred in the West and successfully developed a
new direction, called Visual servo control (visual servoing) when feedback to
control the movement of the robot is carried out without calculate generalized
or spatial coordinates directly on the robot, and Visual information. The
present work is devoted to, first of all, this topic, although it considered the
methods can be successfully applied in other ways. Traditional

Visual servo control uses instead the robot coordinate features and their
disagreement. It is proposed instead of signs use the entire image or parts of it,
and disagreement in the dynamics between the images defined by linking their
continuing transformation. As these changes can be used by groups of
movements of the plane, affine and projective group.

To find such a transformation used frequency methods based on the
representation theory of groups and spatial methods based on optical flow or
local correlation image areas.

The resulting image mismatch is recalculated in the coordinates, speed,
or moments of drives the robot. Next, use conventional control algorithms
based on inverse problems of dynamics.

When a Visual Servoing research tool is displaying absolute Cartesian
space in features space g = cD(x). To obtain it, you must know the matrix

dimension 2x4 camera model M, which is carrying out the conversion in
L . \ .

projective coordinates of a 3D space X=(X1,X2,X3,1) e R%in two-

) ) 3 . - 3

dimensional image | = (Il, I2,1)€ R’ =Mx.

The main idea of the proposed method of image management is the ability
to find a continuous transform, interrelating two images: target, desired, and
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current. To do this, you can use different methods, including: local correlation,
optical flow, finally, the most powerful-frequency method based on the theory
of representations of groups. In General, such a transformation is the

transformation of the projective plane R?, but assuming affiliation the basic
elements of the scene the same plane (which is the case, for example, when a
much greater distances to objects in the scene compared to the distances

between objects) can focus on affine transformation | € R?.

Let the result of image processing produces the transformation ®

(motion, affine, projective) linking images 1, and [,: target and

current, |1 = |(t), |2 = |3(t), respectively: |(t)= ®|3(t).

As the target image can act as an image in target position of the robot,
and images that match the interim provisions during the movement: that can
be considered visual programming path and finds its expression depending on
time t. The robot is close-ups from mobile video camera for the Visual software
path. Thus, the misalignment of the images, i.e. image obtained by subtracting
two images composed of n, < n, pixels must be converted to vector offices

dimension n -number of managed coordinates. Therefore, it is necessary to
solve the problem of conversion matrices of dimension control into a vector of
dimension n. Note that similar problems arise in the classical sense and
convert relative coordinates to absolute, and in the case of classic Visual servo
when converting absolute or relative coordinates of robot in features space.
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10.U. Munkun®, A.B. Ilanuenxo?, A.IO. Ilkanaee®, H.A. Konoeanenxo*,
JI.H. ITymunuyee®, P.H. Cadexog®
OIHEHKA KAYECTBA ITIIIEHUIBI BHYTPU 3EPHOBOI'O
BYHKEPA KOMBAMHA HA OCHOBE TEXHOJIOT U
KOMIIBIOTEPHOI'O 3PEHU S

Y40 Koznumus, 2.Mockea, y.minkin@cognitive.ru; 240 Koznumus,
2.Mocksa, panchenko@cognitive.ru; 340 Koznumus, 2.Mockea,
a.shkanaev@cognitive.ru; 40 Koznumus, 2.Mockea;, HCA ®UL] UY PAH,
SInstitute for Systems Analysis, FRC CSC RAS, 2.Mockea,
putincevd@gmail.com; SMOY «HUncmumym unocenepnoii pusurxuy,
2.Cepnyxos, sadekovlar@mail.ru.

B paGoTte onuckiBaeTCS TEXHOJIOI U, T03BOJIAIONIAS aBTOMATH3HPOBATh
Ipolecc OLEHKM KayecTBa 3epHa B 3E€pHOBOM OyHKepe KoMOaiiHa.
dotorpaduueckre nzo0paxkeHus, GOpMUpyEMble KaMepoi, aHAIU3UPYIOTCS
CHeUaJIbHBIMHU AITOPUTMAaMH PACIIO3HABAHUS, YTO 00ECIIEYNBACT MOIyUCHHE
OLICHOK MAaccoBOM JIoaM OHMTOrOo 3€epHAa W HaIM4Ms IpuMeced B
aBTOMAaTHYeCKOM pexuMe. ONuChIBaeTCS TEXHUYECKHE IMOJPOOHOCTH
CO3aHHOTO Makera OyHkepa. [lpuBojsTcs TOKazaTead  TOYHOCTH
pa3pabOTaHHBIX alTOPUTMOB.

KitoueBsle clioBa: TOYHOE 3eMJle/ieiIne, OUThIC 3epHa, IIPUMECH B 3epHE,
KOMIIBIOTEPHOE 3pEHHE, PACIIO3HABaHUE 00Pa30B, CTATHCTHYECKOE 00yUCHHE.

Yu.l. Minkin 1, A.V. Panchenko.!, A.Yu. Ilxanaes *, 1.A. Konovalenko
D.N. Putbntcev 2, R.N. Sadekov 2
VISION SYSTEM: ATOOL FOR EVALUATING THE QUALITY OF
WHEAT IN A GRAIN TANK

1JSC «Cognitive»; 2Institute for Systems Analysis, FRC CSC RAS; Institute of
Engineering Physics, Serpukhov town

The paper describes a technology that allows for automatizing the
process of evaluating the grain quality in a grain tank of a combine harvester.
Special recognition algorithm analyzes photographic images taken by the
camera, and that provides automatic estimates of the total mass fraction of
broken grains and the presence of non-grains. The paper also presents the
operating details of the tank prototype as well as it defines the accuracy of the
algorithms designed.

Key words: precision agriculture, broken grain, non-grain, computer
vision system, pattern recognition, statistical training.
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A.B. ITanuenxo', A.JO. Llxanaes®, /JI.A. Kpoxuna®, /I.B. Ilonesoit*,
P.H. Caoexos®
AHAJIN3 IT'PAHUIL BAJIKOB HA U3OBPA’KEHUU J1JI51
VIIPABJIEHUS TPAEKTOPUEN JABUKXEHUA
CEJBCKOXO3SIMCTBEHHOI'O KOMBAMHA

123000 Koenumusnwvie Texnonoeuu, 2. Mockaa,
panchenko@cognitive.ru,
*UCA ®UI] Y PAH, Institute for Systems Analysis, FRC CSC RAS,
SMOY «Hncmumym unocenepnoii pusuxuy, 2.Cepnyxos,
sadekovlar@mail.ru.

B pabore mnpemmaraercs pemeHWe 3aJaddl  aBTOBOJKACHWSA BJOJIb
COJIOMEHHBIX BaJKOB 0 M300paKCHUSIM KaMepbl YCTAHOBJICHHOH B KaOMHE
KoMmOaiiHa. Pacnio3HaBaHME COJIOMEHHBIX BaJKOB Ha H300pakeHHH
peamzyercst  cetbio  U-Net. Kpas Bamka anmpokcUMHpYIOTCs — Ha
CEerMEHTHPOBAHHOM M300payKeHUU KPUBBIMHU JIMHUSIMH ¥ [IEPECUUTHIBAIOTCS B
CHCTEMY KOOpJAMHAT KOoMOaiiHa Juisi cUcTeMbl aBTo BeneHus. [IpumeneHue
«HOBOW» apXUTEKTYPHI CETH U ITOAXO0/I0B K alMPOKCUMAIIH BAJIKOB OBBICUIIO
KauecTBO PELICHUS 3aa41 PACIO3HABaHUS U CKOPOCTH 00PabOTKU KafpoB O
96% n 7.5 KapoB B CEKYHy COOTBETCTBEHHO.

KiroueBbie croBa: 3epHOYOOpPOYHBIM  KOMOAifH, CceMaHTHYeCKas
CerMEHTALUsI M300paKCHUs, CBEPTOYHBIE (KOHBOJIIOLMOHHBIE) HEHPOHHBIE
CETH, COJIOMEHHBIH BaJIOK.

A.V. Panchenko %, A.Yu Shkanaev.?, D.A. Krochin 3, D.V. Polevoy 4,
R.N. Sadekov ®
ANALYSIS OF STRAW ROW IN THE IMAGE TO CONTROL THE
TRAJECTORY OF THE AGRICULTURAL COMBINE HARVESTER

123)SC «Cognitive»; 2Institute for Systems Analysis, FRC CSC RAS;
Institute of Engineering Physics, Serpukhov town

The paper proposes a solution to the automatic operation of the combine
harvester along the straw rows by means of the images from the camera,
installed in the cab of the harvester. The U-Net is used to recognize straw rows
in the image. The edges of the row are approximated in the segmented image
by the curved lines and further converted into the harvester coordinate system
for the automatic operating system. The “new” network architecture and
approaches to the row approximation has improved the quality of the
recognition task and the processing speed of the frames up to 96% and 7.5 fps,
respectively.

Keywords: grain harvester, semantic segmentation, convolutional neural
networks, windrow.
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E.A. Illunosanos, B.E. IIpanuunukos
ABTOIIJIAHUPOBAHUE MUCCHUII MOBWJIBHBIX POBOTOB
BOPTOBBIMHU BHIYNCJIUTEJIBHBIMU KOMITJIEKCAMM C
I'MBPUJHON APXUTEKTYPOI

HIIM um.Kenoviua PAH, MUHOT PITY, MI'TY ""Cmanxkun', MJI
«Cencopuxa», Mockea
v.e.pr@yandex.ru

OnuchBaeTCs ~ OPUTHMHAJIBHBIA ~ MPOTPAMMHBIH  KOMIUIEKC — JUISt
ABTOMAaTHUYECKOTO IIJIAHUPOBAaHHUS MHCCHH MOOMJIBHBIX POOOTOB METOJOM
9BPUCTUYECKOTO MOUCKA B MPOCTPAHCTBE COCTOSHUH, aJaNTHPOBAHHBIN IS
paboThl B THOpUIHBIX BEIYHCAUTEIRHBIX cucTeMax (CPU + GPU). IIpemmosxeHst
HOBBIC aJTOPUTMBI C BBICOKHM YPOBHEM MapajuIeNn3aluy. AHAIU3HPYIOTCS
TEeKyILee COCTOSTHIE aBTOMaTHYECKOr0 IOMEHHO-HE3aBUCHMOTO TIIaHHPOBAHHS,
MO3BOJISIOIIETO  MHTCIUICKTYaJIH3UPOBaTh  OOPTOBBIC — BBIYUCIHTEIBHBIC
KOMIUIEKCHl MOOMIIBHBIX POOOTOB. PaccMarpuBaroTcss MpoOIeMBbl MOBBILICHUS
MPOU3BOAUTEIFHOCTH M MacIITAOMPYyEeMOCTH IUIAHUPOBOYHBIX aJIrOPUTMOB H
npejaiaraercs myTh ux peuienus. Ocoboe BHUMaHUE YAEJICHO afalTaluu K
BBIYHCIIUTEIBHBIM  IIaTopMaM € HU3KHM  DHEPronoTpeOseHHeM,
MOCTPOCHHBIM Ha OCHOBE YHHMBEPCAIM3AIMH TEXHOJOIMH TIpadUuecKux
akcenepatopoB. IlpemnoxeHHble TOIXOAbI OCOOEHHO aKTyaldbHBI  JJIS
NPUMEHEHHs] Ha pOO0TAaX, IKCILTYaTUPYEMBIX B OKCTPEMAaJIbHBIX YCIOBUSIX.
KiroueBble clioBa: aBTOMaTHYECKOE IUIAHWPOBAHHUE, JOMEHHO-HE3aBHCUMOE
mwranupoBanne, STRIPS, PDDL, »sBpuctHyeckuii TOWCK, NapaicibHbIC
BBIYMCIICHUS, MCKYCCTBCHHBII HMHTEIUICKT, MOOWJIBHBIH POOOT, rpaduuecKuii
akceneparop, GPU, GPGPU, CUDA
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E.A. Shipovalov, V.E. Pryanichnikov
AUTOMATED MISSION PLANNING FOR MOBILE ROBOTS
USING ON-BOARD COMPUTERS WITH HYBRID
ARCHITECTURES

KIAM RAS, IINET RSUH, MSTU “STANKIN™, IL “Sensorika”, Mocksa
v.e.pr@yandex.ru

Design of original hybrid parallel (CPU+GPU) software solution for
automated planning of mobile robot missions using heuristic state space search
is described. New massively parallel algorithms are proposed. Also included is
an analysis of current state of domain-independent planning in artificial
intelligence research, review of challenges for improving planner performance
and scalability, and possible solutions. Special attention is given to adaptation of
planner software to mobile low-power parallel computing platforms based on
generalized GPU technology. Suggested approaches are very useful in extreme
robotics.

Key words: automated planning, domain-independent planning, heuristic
search, parallel computation, STRIPS, PDDL, artificial intelligence, mobile
robot, GPU, GPGPU, CUDA.
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A.C. FOwenkxo, K.P.JIebeoes, C.X. 3abuxagap
YIPABJIEHUE KBAJIPOKOIITEPOM C HCITOJIb30OBAHUEM
AJIATITUBHOU HEMPOHHOMU CETHU

MI'TY umenu H.O. baymana, Mocksa
robot@bmstu.ru

B nanHoii pabote npejuiaraercs peleHne npoosieMbl yIpaBiIeHHUs CI0KHBIM
JUHAMHYECKAM O00BEKTOM—KBaJPOKONTEPOM C IOMOIIbIO HEHPOCETEBOrO
perynatopa. PaccMmarpuBaeTcss MeETOA  YNpaBI€HUs, OCHOBaHHBIM Ha
aJanTUBHOM  aNrOpUTME HACTpOWKM HeHlpoHHOW cetu. B  ocHoBe
IpeIaraeMoro MeToJia JISKHUT oOecleueHHe YCTOHYMBOIO CKOJIB3SIIEro
peXuMa OpHU AEUCTBUU CIydalHbIX Bo3MylleHuil. Ilpennmaraembiii meTon
MO3BOJISIET YNPABIISTH CUCTEMOW 0€3 anpuopHOi HHpOpMAINH O TapaMeTpax
JTUHAMHUYECKOH MOJIEH yIIpaBIlsieMoro oobekTa. HacTpoiika HEHpOHHOM ceTn
MPOUCXOJUT B PEATbHOM MacIuTabe BPEMEHN HCIOJIb30BAHNEM a/IallTUBHBIX
airoputMoB. C momomupto Meroja JlsmyHoBa 0Ka3aHa YCTOMYMBOCTB
JOBIDKCHHS B  OKPECTHOCTH  CKOJIB3SIIEr0 peXuma. MojenupoBaHue
MPEJIOKEHHOT0 criocoba ynpasieHHus kBaapokonTtepoM B cpene MATLAB
JIEMOHCTPHUPYET ero 3 HEKTUBHOCTD.

KiroueBsle cnoBa: BIIJIA, xBaapokonTep, HEJNIMHEHHOE YyIpaBlIEHUE,
CKOJIb3dlIlee yNpaBlIeHHE, alalTUBHAsl HEHPOHHAS CETh.
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A.S. Yushenko, K.R. Lebedev, S.H. Zabihafar
ADAPTIVE NEURAL NETWORK CONTROL OF QUADROTOR
HELICOPTER

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

This paper proposes to solve the problem of controlling such a complex
dynamical object as a quadrotor helicopter by using a neural network
controller. A control method based on the adaptive algorithm of neural network
tuning is considered herein. The proposed method is based on the system
equilibrium in the sliding mode. This method enables to control the system
without a priori information on parameters of a dynamic model for a controlled
object as well as on environmental perturbations. To determine optimal weight
factors for the neural network, adaptive algorithms are used. The network
stability is proved by Lyapunov method. The proposed control method
achieves good results through the simulation of a neural network controller and
a dynamic quadcopter model in the MATLAB environment.

Keywords: UMAV, quadrotor helicopter, nonlinear control, sliding-mode
control, adaptive neural network.
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B.E.Ilagnoeckuit, A.1O. Hlamun
JTUHAMMWYECKHU OIITUMAJIBHOE YIIPABJIEHUE POBOTOM-
BYEPOM C PAJIMYHOM ®OPMOM MTAPYCA

Hnemumym npuxnaonoti mamemamuxu um. M.B. Kenoviua PAH; Mexanuxo-
mamemamuueckul paxyromem MI'Y um. M.B. Jlomonocosa, Mockea

PaboTta mocBsIIeHa MOCTPOCHHUIO TEOPETHUSCKOW MOJEITH IIBHKCHUS
TPEXKOJICCHOTO poOoTa-Oyepa ¢ TapycoM U  HKCCICJOBAaHUIO 3alaud
ONTUMAJILHOTO OBICTPOACHCTBUS MPH PA3IMIHBIX POpPMAX mapyca.

Byep-3T0 crucTema TBEpIbIX TEJ, MPEICTABISIONINX CEOSI TPEXKOJICCHYIO
TEJIEKKY C YCTAHOBJIEHHBIM HapycoMm. J[BHikeHHe KoJjieC IO IJIOCKOCTH
OCYILECTBIIICTCST 0€3 MpOCKalb3biBaHUs. J[isi cOCTaBiICHUS ypaBHCHUUN
MOJIYyYEHHON HEroJOHOMHOW CHCTEMBI MCIIOJIb30BAJIUCh YpPaBHEHUS B
JAKOHWYHBIX (opMaxX. AdPOIMHAMHECKOE BO3JCHCTBHE MOICIUPYETCS
KBa3UCTaTUYECKUM MpeacTaBiieHueM. llogydeHbl BbIpaKE€HUS [UIsl CHJIBI
Iopefida W TOXBEMHOHM CHIIBI, JEHCTBYIOIIMX Ha CHCTEMY. YTIpaBICHHE
pPOOOTOM OCYIIECTBIIACTCS MO ACUCTBHEM [BUTATENEH, YCTAHOBICHHBIX Yy
MauThl IApyca ¥ BAJIKM IIEPETHErO KOJIeca.

Permranace 3a1a4a ONTUMAaILHOTO OBICTPOACHCTBHS TSI TIEPEBOIa pOOOTA
W3 COCTOSIHUS TIOKOSI B OJTHOM TOYKM TUIOCKOCTH 10 JAPYroi 3a HauMeHblllee
BpeMS NP pa3inyHbIX Qopmax mapyca. Pemenue 3amaum oCyIiecTBIISIIOCH
YHCICHHO ¢ oMoIsio makera TOMLAB.

B pesynbTaTe 4MCIEHHBIX SKCIEPUMEHTOB BBIICHWIIOCH, YTO (GopMa H
IJIONIAb [Tapyca BIMSAIOT HA JUHAMUYECKUE XapaKTEPUCTUKN ONTUMAJIbHBIX
JIBUKEHHUH, IPUYEM NPU Pa3IUYHbIX OFPaHUUYCHHSIX Ha MOMEHTBI CHJI Ilapyca
pobot Bemer celsi MO-pa3HOMY: B ciiydae CIIa0bIX OTPaHWYCHUH CTapaeTcs
MaKCUMH3UPOBATh a3POAMHAMUYECKOE BO3ACUCTBUE, UTO NPUBOJUT K TOMY,
4TO poOOT JOCTHTAaeT IENM 3a MEHBINEE BpPEMs, MPH ITOM, 4eM OOJIbIIC
IUIOIIAb Tapyca, TeM OBICTpee OH JOCTHUTACT IEeNU. B cilydae ¢ CHIBHBIMH
OTPaHUYCHUSMH CHTYallHs MCHSCTCS U POOOT BBICTABISICT MApyC TaKUM
00pa3om, uTOOBI IBUTATETTN MOTJIA 00ECTIEYNTh HEOOXOIUMBI MOMEHT CHIJI.
bubnuorpaduueckuii cnimcox
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V.E. Pavlovsky, A.Yu.Shamin
DYNAMICALLY OPTIMAL CONTROL OF THE ROBOT-
YACHT WITH DIFFERENT FORMS OF THE SAIL

The work is devoted to the construction of a theoretical model of the
motion of a three-wheeled robot with a sail and to the study of the optimal
performance problem for different forms of the sail.

The robot-yacht is a system of solids representing a three-wheeled cart
with an installed sail. Movement of the wheels along the plane is carried out
without slipping. Equations in laconic forms were used to formulate the
equations of the nonholonomic system obtained. The aerodynamic effect is
modeled by a quasistatic representation. Expressions are obtained for the drift
force and lift force acting on the system. The robot is controlled by the engines
installed at the mast of the sail and the fork of the front wheel.

The optimal speed problem was solved for transferring the robot from a
state of rest in one point of the plane to another in the shortest time with
different forms of the sail. The solution of the problem was carried out
numerically using the TOMLAB.

As a result of numerical experiments, it became clear that the shape and
area of the sail affect the dynamic characteristics of the optimal motions, and
under various constraints on the moments of the sail forces, the robot behaves
differently: in the case of weak constraints, it tries to maximize the
aerodynamic action, which results in the robot reaching Goals in less time,
while the larger the area of the sail, the faster it reaches the target. In the case
of strong restrictions, the situation changes and the robot does expose the sail
in such a way that the engines can provide the necessary torque values.

Bibliographic list
1. Tatarinov Ya. V. Equations of classical mechanics in a new form. Vestnik

MSU, department mechanics and math, 2003, num. 3, p. 67-76.

2. Lokshin B.Ya., Privalov V.A., Samsonov V.A. Introduction to the problem
of motion of a point and a body in a resisting medium. Moscow, MSU,
1995, 75 p.

3. Zhukovsky N.E. Theoretical fundamentals of aeronautics: part 2//
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Semenov; Central Institute of Aerohydrodynamics, Moscow-Leningrad:
Oborongiz, 1939, 206 p.

4. Leontyev E.P. School of the Yacht Captain. Moscow. Physical Education
and Sports. 1983, 245 p

5. Pavlovsky V.E., Glazkova L.V., Panchenko A.V. Dynamics, modeling and
control of the wheeled yacht robot // Nonlinear dynamics. 2012, vol. 8,
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10.A. Kykos, E.b. Kopomkos, H.C.Cno6003an
YIPABJIEHUE BBICOKOTOYHOM CUCTEMOM
MHMO3UIMUOHUPOBAHUS 1 OPUEHTAIIM KOCMHAUYECKOI'O
HA3BHAYEHMUS HA BA3E TEKCAITIOJA C
«ITIPOCTPAHCTBEHHBIM JATYUUKOM ITOJIOKEHMU SI»

Banmuiickuii 2ocyoapcmeennulii mexuuieckuil yHugepcumen
«BOEHMEX» um. /[.@. Yemunosa (BI'TY), Canxkm-Ilemepbype,
zhkv@rambler.ru

B BI'TY «BOEHMEX» um. J.®. YcruaoBa u AO «CC» wum.
akagemMrnka M.@. PemeTHeBa BemeTcs COBMECTHAas aKTyalbHas paboTa mo
CO3JaHMIO  psia MHOTOCTENEHHBIX  MEXaHU3MOB C  HapajUIebHOMN
KAHEMATHUKOM I 00eCTIeYeHHsT TOYHOTO TTO3UITHOHUPOBAHNS W OPUEHTAIINN
GOpTOBBIX MIPUOOPOB U YCTPOUCTB KOCMUYECKOTO Ha3HAYEHUSI.

J1st  AOCTMKEHMSI BBICOKOHW TOYHOCTH YMPAaBJICHHsI TEKCAroJoM B
SKCTPEMANIBHBIX YCIOBHSIX AKCIUTyaTallM MpeajiaraeTcs MOJX0J] Ha OCHOBE
MPUMEHEHUS CHCTEMbl BHEIIHHX JIMHEHHBIX JaTUYMKOB TIOJOXKEHUS, IO
JAHHBIM KOTOPBIX (OPMHUPYETCS CHTHAI O TIOJOKCHHH W OpPUCHTAIMU
wiaThopMbl, TaKHUM O00pa3oM CO3[aCTCsI «IPOCTPAHCTBCHHBIN TaTUYUK
TTOJIOKCHHUSI.

Ilenpro  HACTOSIIIETO HCCIICIOBAHMS  SIBJISICTCS  OLIGHKA TOYHOCTH
QJICOPUTMOB  YIPABJEHUS TEKCalloJ0M Ha OCHOBE JaHHBIX BHELIHEH
M3MEPUTENILHON CUCTEMBI, @ TAaKK€ OLEHKA UX PEaIu3yeMOCTH B MAKETHOM
oOpasme Onoka ympaBJieHHs TekcarmoaoM. B pabore paccMOTpeHBI 3amadn
yIpaBJICHUS BBICOKOTOYHOH TIATPOPMOI MO3UIIMOHUPOBAHUS U OPUCHTAIHH
KOCMHUYECKOTO HCIONHEeHHs Ha 0aze rekcamoja ¢ [PUMEHEHHEM
«MPOCTPAHCTBEHHOTO JIATYMKA TIOJOXKEHUSI», OCHOBAHHOTO Ha PEUICHUH
MpsIMOM 3a7]aui KHHEMATHKH 110 JTAHHBIM JIMHEHHBIX AaTYUKOB. PaspaboTaHa
MMUTAITMOHHAS MOJIENIb CUCTEMBI YIIPaBIEHUS reKcano1oM. PaccMoTpeHs! aBa
BapuaHTa CHCTEM YMpaBJICHHs TeKcamojgoM. [IpencTaBieHbl pPe3yJbTaThl
MojienupoBanus. OmHcaH peaTn30BaHHBIA OJIOK YIIPABJICHHUS T'eKCAIOJIOM.
IIpencraBneHa olleHKa peaqu3yeMOCTH aITOPUTMOB YIIPABICHUS B CUCTEME Ha
0a3e 0TEYECTBEHHOTO PaJHallMOHHO-CTOHKOTO MUKPOKOHTPOJIIEPA.

Pe3ynbpTaThl HCClEIOBaHUM HCMOJB3YIOTCS B XOJ€ MPOEKTUPOBAHUS
TeKCaro/ia B HAy9HO-UCCIIeA0BATEIbCKON TabopaTopun «PoO0TOTEXHUYECKHE
u MexaTpoHHsle cucteMbl» BI'TY «BOEHMEX» um. J1.®. Yctunosa.

B Oyamymem mnmaHumpyeTcs  pa3BHTHE  aJITOPUTMHUYECKOTO U
MMPOTPAaMMHOTO  00ECHeUeHHsT CHCTEMBI YyIPaBICHHWS TEKCAlloJOM B
HANpaBJICHUH peau3alii 3aja4d TUIAHUPOBAHMS TPAEKTOPHUM, MOCTPOCHMS
KOMIIJIEKCHOM CHUCTEMBI YNpPaBICHUS JMHEMHBIMHU LIArOBBIMU NPUBOJAMU U
MO3ULMOHUPOBAHUEM M OpPHUEHTALMEN TIeKcanoja, CO3AAaHMs aJanTHBHON
CUCTEMBI YIIPABICHUS U Pa0OTHI B YCIOBUSAX OTKPBITOTO KOCMOCA.
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Y. A. Zhukov, E. B. Korotkov, N. S. Slobodzyan
CONTROL OF HIGH-PRECISION SPACE APPLICATION SYSTEM
OF POSITIONING AND ORIENTATION ON THE BASIS OF
HEXAPODE WITH "THE SPATIAL SENSOR OF POSITION"

BALTIC STATE TECHNICAL UNIVERSITY «VOENMEH» named after
D.F. Ustinov, St. Petersburg
zhkv@rambler.ru

BSTU "VOENMEH" named after D.F. Ustinov and JSC "ISS" named
after Academician M.F. Reshetnev are working together to create a number of
multi-step  mechanisms with parallel kinematics to ensure the precise
positioning and orientation of spaceborne instruments and devices.

To achieve high accuracy of hexapod control under extreme operating
conditions, an approach based on the use of a system of external linear position
sensors is proposed, according to which a signal of position and orientation of
the platform is generated, thus creating a "spatial position sensor".

The purpose of this study is to evaluate the accuracy of the hexapod
control algorithms based on the data of the external measuring system, as well
as to assess it’s feasibility in the prototype of the hexapod control unit. The
problems of control of space execution high-precision positioning and
orientation system based on hexapod with the use of "spatial position sensor"
(based on solving a direct kinematics problem) are considered. A simulation
model of the hexapod control system has been developed. Two versions of
hexapod control systems are considered. The results of modeling are presented.
The implemented hexapod control unit is described. The evaluation of the
feasibility of control algorithms in a system based on a radiation-resistant
microcontroller is presented.

The results of the research are used in the development of hexapod in the
research laboratory "Robotic and mechatronic systems" of BSTU
"VOENMEH" DF. Ustinov.
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E.C. bpuckun, H.I: Illaponos, A.B. Kanunun, A.B. Manonemoa,
B.A. Cepos
OB YIIPABJIEHUU ABUKEHUEM MOBWJIBHBIX POBOTOB C
JBUKUTEJISAMHU, TMCKPETHO B3AMMOJIEMCTBYIOIIIMMMU C
OINOPHOM MOBEPXHOCTHIO

Bonel' TV, 2. Boneozpao,
dtm@vstu.ru

PaccmatpuBaroTCsl IBMKUTEIH: POTOPHO-OPTOTOHANIBHBIN JIBHIKUTEIIb,
3aKJIMHUBAOIIC-CKOB3SIIIUN  JBIDKUTENb,  3aKJIMHUBAIOIIC-TIOBOPOTHBIM
JIBIOKUTEIIb, IKOPHO-TPOCOBBIN TBUKUATEIb. J{JIsl KaXKIOT0 M3 HUX ONPE/ICIICHBI
BO3MOJKHBIC OOJIACTH TNPUMCHEHUS, IMOCTABICHBI HauOOJice AaKTyaJlbHbIC
3a/la4d YIPaBICHHUS JBIKCHHEM.

Jlist  pOTOPHO-OPTOrOHAIBHOTO — JIBUKUTENsI  TOCTABJIEHA  3ajada
OMpe/Ie/IeHUs] 3aKOHOB HM3MEHEHUs JUIMH KPHUBOIIUIOB ABrkuTenei. Jls
3aKJIMHABAIOLIE-CKOIB3SILETO JBWKHATEIIS OTpe/IeIeHbI ypaBHEHHUS
MIPOTPAMMHOTO JIBIXKEHHUsI, 00ECIICUUBAIOIIEr0 MUHIUMYM dHepro3arpar. Jis
3aKJIMHUBAOIIE-TIOBOPOTHOTO  ABKMXKUTENSI  ONpEJesieHa  3aBHCHMOCTb
pacmopHOro YCHaHMs OT BHEIIHMX HArpy3ok. Jljis sIKOPHO-TPOCOBOTO
JBIDKUATEJIS [TOCTABJICHA 3ajada OMNPEACICHUS MECT YCTAHOBKUA TPOCOB H
3aKOHOB YIPABJICHUS UX TBUKCHUCM.

E.S. Briskin, N.G. Sharonov, Ya.V. Kalinin, A.V. Maloletov, V.A. Serov
ON THE FEATURES OF MOTION CONTROL OF MOBILE ROBOTS
WITH WALKING LOCOMOTOR OF DISCRETE INTERACTING
WITH THE SUPPORT SURFACE

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

The some propulsion devices are considered: the rotary-orthogonal
propulsion device, the wedging-sliding propulsion device, the wedging-rotary
propulsion device, the cable-anchors propulsion device. For each of them,
possible areas of application are defined, and the most urgent tasks of traffic
control are set.

For the rotary-orthogonal propulsion device, the task is to determine the
laws for changing the lengths of crankshafts of mechanisms. For a wedge-
sliding propulsion device, equations of program motion that ensure a minimum
of energy costs are defined. For the wedge-rotary propulsion device, the
dependence of the spreading force on external loads is determined. For the
cable-anchors propulsion device, the task is to determine the location of the
cables and the laws governing their movement.
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A.B. Bopucoe
MOJIEJIb 9K30CKEJIETA CO 3BEHbSIMU TEPEMEHHOM
JJIUHBI C ITPOU3BOJIBHBIM KOJIMYECTBOM
COCPEJOTOYEHHBIX MACC HA 3BEHE: UCCJIEJJOBAHUE
BJIUSAHUS PACIIOJIOKEHUSI MACC HA EI'O JIMHAMUKY

Qunuan pedepanbHozo 20cy0apcmeeHH020 OIOHICEMHO20
06pazosamenbHo20 yupescoenus gvicuie2o 0opazosanus « Hayuonanvhulil
uccreoogamenvckuil yHusepcumem « MOHy» 6 2. Cmonencke . Cmonenck

BorisowAndrej@yandex.ru

B craTtbe omnuckiBaeTCs HOBask MOZIENb 3BE€HA 9K30CKeJeTa IepeMEeHHON
JUIMHBI B BHUJIE HEBECOMOTO CTEpPXKHS ¥ PpACIOJIOKECHHBIX Ha HEM
COCPEOTOUCHHBIX TOYEUHBIX Macc. Koan4ecTBo U pacroiokeHue TOYeUHbIX
Macc Ha CTPEXHE IPH aHAJIUTHYECKOM HCCICIOBAHUM IMPOM3BOJIBHO. Jliist
YHCIICHHBIX PAcyYeTOB OepeTcsi KOHKPETHash MOJENb C TPEeMs TOYCYHBIMH
MaccaMi. [IpOBOAMTCS MCCIENOBAHHS BIUSHHUS PACIIOJIOKCHUS TOYEYHBIX
Macc Ha JUHAMHKY 9K30CKeJeTa. Y CTaHOBJICHbI 3HAYNTEIbHbIC H3MCHCHHUS B
YIOPABISIONMX ~MOMEHTAaX U HPOJOJBHBIX CHJIAX [PU H3MCHCHUH
PACIIONIOKEHHUS COCPEIOTOUCHHBIX Macc.

KnmtoueBble — clIOBa:  JK30CKENET, 3BEHO IEPEMEHHON  JIMHBI,
COCPEZOTOUCHHBIE MACChl, MPOA0JDKAEMOCTh PeIIeHH s, U PepeHraIbHbIe
YpaBHCHUA ABUKCHUS, YITPABIAOIIUE MOMCHTBI, ITPOJOJIbHBIC CUJIBI.
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A.V. Borisov
THE MODEL OF THE EXOSKELETON WITH LINKS OF
VARIABLE LENGTH WITH AN ARBITRARY NUMBER OF
LUMPED MASSES ON THE LINK: STUDY OF THE INFLUENCE OF
THE LOCATION OF THE MASSES ON ITS DYNAMICS

The Branch of National Research University "Moscow Power Engineering
Institute™ in Smolensk, Smolensk
BorisowAndrej@yandex.ru

The article describes a new model of the link of the exoskeleton of
variable length in the form of a weightless rod and concentrated point masses
placed on it. During the analytical study, the number and position of point
masses on the rod are arbitrary. Specific model with three point masses is taken
for the numerical calculations. Study of the effect of location of point masses
on the dynamics of the exoskeleton is made. Significant changes in control
moments and longitudinal forces when you change the location of the
concentrated masses are found.

Keywords: exoskeleton, link of variable length, concentrated masses,
continuity of the solutions, differential equations of motion, control points,
longitudinal force.
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A.A. Joopeinun .
MHNPUHIUIIBI MIOCTPOEHUSA OBYYAEMOUN CUCTEMbI
YIIPABJEHUSA JJI51 3ATAYA YITPABJIEHUSI DK30CKEJETOM

Dedepanvhvlil ucciedosamenvcekuil yenmp « Mugopmamuxa u
ynpaenenuey PAH, 2. Mockea
minirobot@yandex.ru

B paborte onmncaHbl OCHOBHBIE NPUHIUIBI MOCTPOEHHST 00ydaeMoi
CHCTEMBI ~ yNPABICHUS AKTUBHBIM 9K30CKEIETOM IS  MEAWIMHCKON
peabmnmuranmu. CucTemMa YHOpaBICHHS MOCTPOEHA C HCIIOJIB30BAaHUEM
nuHamuueckoro JICM-merona.

KiroueBbie cioBa: 3K30ckeneT, cuctema ympasieHus, CM-meton,
MaIIHHOE 00yJeHHeE.

DK30CKeeThl NMPOYHO BXOMAAT B HAIIYy XKM3Hb U CTAHOBSTCSA BaXKHBIM
HHCTPYMEHTOM, PACIIUPSIONINM BO3MOXKHOCTH 4enoBeka. OHOM U3 BaXKHBIX
3aa4  ABISETCA  YNpaBIEHHE AKTUBHBIM 9SK30CKENEeTOM Ul 3ajad
MeAUIMHCKON peabumurtanyuu. CreayeT OTMETUTh, YTO BO MHOTHX CIydasx
[0 ©CTECTBEHHBIM MPHUYMHAM 4YEJIOBEK B TaKOIl CHUCTEMe SBJISIETCS YUCTO
MACCUBHBIM 3BEHOM, HarpuMmep, NpH arpouu HIDKHUX KOHEYHOCTEH WIIN
HEIOCTaTOYHOM IOJBIKHOCTH. JIBIKEHME 3K30CKeNneTa B TAKHX CIIydasix
MPOUCXOUT CAMOCTOSITEIBHO, YEJIOBEK 33/1aeT JKEJIAEMbI PEKUM JIBIKCHIUS
— BCTaTh, MOJOMTH, mpucecTh W T.I. K cucTeMam Takoro Tuma OTHOCSTCS,
Harpumep, sk3o0ckeneT kommanuu REX Bionics w3 Hosoii 3enanauu u
sk3o0ckener ExoLite FOro-3amagHoro rocyniapcTBEHHOTO YHUBEPCUTETA U3 T.
Kypck. /i 3QQeKTHBHOTO HCIOIB30BAHUS TOJOOHBIX CHCTEM BaKHO
00ecTeunTh MIaBHOCTh JBIKCHHUS, O€30IACHOCTh U MOJCTPOWKY ABIKCHHN
O] K&)KJIOT0 KOHKPETHOTO YeJIOBEKa.

Orta 3agada MOXXET OBITh peIIeHa pPa3TUYHBIMH METOJaMH: OT
MOCTPOCHUS TPACKTOPHUH MAaTEMaTHYECKUMH METOAAMU [0 Pa3IMn9HBIX
METOA0B HcKyccTBeHHOTro mHTemIekTa (MW). Tak kak akTHBHBIN 9K30CKENIET
ABISICTCA CHCTEMOH peambHOr0 BpPEMEHH, TO €CTECTBEHHO, YTO IIpH
peanu3anyy INpeaIoYTeHne OyAeT OTAaBaThCs METOoAaM, O00JIaaroIUM
HaUMEHBIIEH BHIYUCIUTENBHOM CII0KHOCTBIO, IPU COXPAHEHUH IPUEMIIEMOTO
KadecTBa ynpapieHus. OIHUMH M3 TEPCHEKTUBHBIX SBISIOTCS METOJBI,
OCHOBAHHBIC Ha 00YYCHHH, TO3BOJISIONINE TIOIYYUTh TPEOYEMBIH pe3yabTaT U
000HTHCH O€3 MOCTPOCHHS CIIOXKHBIX MaTEMaTHYECKHX MOJICIICH.
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DESIGN OF LEARNING CONTROL SYSTEM FOR EXOSKELETON
CONTROL TASKS

Federal research center "Information and control”, Russian Academy of
Sciences
minirobot@yandex.ru

The paper describes the basic principles of learning management system for
active exoskeleton for rehabilitation. Management system built using dynamic
JSM-method.

Keywords: exoskeleton, management system, JSM-method, machine learning.

Now the exoskeletons are firmly part of our lives and become today an
important tool to empower the humans. One of important objective is
management of active exoskeleton for rehabilitation tasks. In many cases of
natural reasons the human in this system is purely passive part, for example, in
the case of atrophy of the lower extremities or the lack of mobility. In these
cases the movement of the exoskeleton occurs independently. The man sets the
desired mode of movement — stand up, come, sit down, etc. For example
systems of this type are the exoskeleton company REX Bionics from New
Zealand and the exoskeleton ExoLite South-West state University, Kursk,
Russia. For effective use of such systems it is important to ensure smooth
movement, safety and fine-tuning of the movements to each individual.

This problem can be solved by various methods: from constructing path by
mathematical methods to a variety of artificial intelligence methods. Because
the active exoskeleton is a real-time system it is natural that during the
implementation, preference will be given to the methods with lower
computational complexity and maintaining acceptable quality control. Among
the most promising are the methods based on the learning. They are allowing
you to get the desired result and to do without constructing complicated
mathematical models.
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C.B. Manwko, C.A.K. /luane, B.M. Jloxun, A.K. Hoéocensckuii
I'PYIIIIOBOE YIIPABJIEHUE POGOTAMMU B 3AI[A‘L§X PA3BOPA
3ABAJIOB 1 IEMOHTAXKA OBFBEKTOB ATOMHOMU OTPACJIA

Mockosckuii mexunonoeuveckuti ynusepcumem MHPOA, MocCksa,
cpd@mirea.ru

DhheKTUBHOCTD BBHINOJIHEHHST aBapUHHBIX Pa0OT MOXHO CYIIECTBEHHO
MOBBICUTH 32 CUET NPUMEHEHUS! aBTOHOMHBIX POOOTOB M MHOTOAreHTHBIX
pPOOOTOTEXHUYECKHX CHCTeM. B 1aHHOW paboTe pemaroTcs BOTIPOCHI
OpraHU3aliHy IPYIIIOBOrO yIpaBiIeHHs poOoTaMH B 3a/1a4ax pa3dopa 3aBajioB
1 JEMOHTaka 00BbEKTOB aTOMHOM OTPACIIH.

OmvH ¥W3 OYEBHAHBIX IIOAXOIOB K IUTAHHPOBAHWIO KOJUICKTUBHBIX
JMEHCTBUH Tpynmbl poOOTOB TPEATIONATaeT aHallu3 alpHOPHO-M3BECTHOM
CLIEHapHOM MOJIeJM pelaeMoil MpUKIAJHON 3aJauyMd C I0CJIeN0BaTEIbHO-
napajuieIbHOM  0YepeTHOCThIO  BBIMIOJHEHUS HEOOXOJUMBIX — OIMepaIuii,
OIMMCBbIBAEMbBIX Ha YPOBHE€ KOHCYHBLIX aBTOMATOB. OZlHaKO, B psAac 3agad €
HCABHO-3aaHHBIM CIICHAPWUEM BBINTOJIHCHUS, HOI[O6H8.H CliI€HapHasis MOJECJIb
JIOJDKHa aBTOMAaTHYeCKH (DOPMHUPOBATHCS HENOCPEJCTBEHHO B Ipolecce
pelieHus 3a1a4un.

Pa3paboTaHHbIi aXrOpUTM aBTOMATHIECKOTO ()OPMUPOBAHUS CLICHAPUS
Ha OCHOBE aHallM3a TPEXMEPHBIX CIIEH oOpadarsiBaeT mosrydaemoe ¢ 3D-
CeHcopa 00JIaKO TOYEK JJISI BBISIBIICHUS CTPYKTYpHI 3aBasia. OH OCHOBBIBACTCS
Ha KJIACTEPHOM AaHaJIM3€ W I03BOJSIET HE TOJBKO PA3IIMUUTh OTAEIbHBIC
OOBEKTHl JICHCTBHHM, HO ¥ YCTAaHOBUTh OYEPEJHOCTH BBIOJHCHUS
COOTBETCTBYIOIINX TEXHOJIOTHUECKHX OIEpali MO0 HX JIEMOHTaXy H
TPAHCHOPTHUPOBKE.

B Xone 3KCIEepHMEHTOB MO MOAEIMPOBAHUIO TPYIIBI POOOTOB MPH
BBITTOJTHCHUH 3a1a4d c HESIBHO-OIPEICICHHBIMH CIICHAPHSIMU
paccMaTpUBANINCh TPUMEPHI, CBs3aHHBIE C pa3dopoM 3aBanoB (IpH
JMUKBUJALAN  TIOCJIEACTBUN  YPE3BBIYAMHBIX  CUTyalmi). Pe3ynbraThl
MOJICIIUPOBAHMS TOJTHOCTBIO MOATBEPANUIH Y(PPEKTUBHOCTD MPEIIIOKESHHBIX
MoJieJIel U aJIrOPUTMOB IUIAHUPOBAHUS Ui KOOPAMHALMM U KOHTPOJIS
1eJIecCO00pa3HbIX JEUCTBUH aBTOHOMHBIX POOOTOB, (PYHKIMOHHPYIOMINX B
coctaBe OOBEIMHEHHOW T'PYNIUPOBKU IIPHU BBIMOJHEHUH MHOTOATAIHBIX
MPUKIIAJHBIX 3a/1a4 ¢ HEABHO-ONPEAEICHHBIMU CLICHAPUAMHU.
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S.V. Manko, S.A K. Diane, V.M. Lokhin, A.K. Novoselsky
ROBOTIC GROUP CONTROL FOR DEBRIS REMOVAL AND
CONSTRUCTION DISASSEMBLY IN THE ATOMIC INDUSTRY

Moscow Technological University MIREA, Moscow, cpd@mirea.ru

Emergency operations efficiency can be greatly enhanced through the
use of autonomous robots and multi-agent robotic systems. In this paper, we
address issues of group control of robots in the problems of debris removal and
disassembly of nuclear facilities.

One of the obvious approaches to planning collective actions of a group
of robots involves an analysis of an a priori known scenario model of an
applied problem with a sequentially parallel order of operations, which is
described at the level of finite automata. However, in a number of problems
with an implicitly specified execution script, such a scenario model should be
automatically generated directly at the time of the problem solving process.

The presented algorithm of automatic creation of scripts based on the
analysis of three-dimensional scenes processes the 3D sensor point cloud to
identify the structure of the blockage. It is based on the cluster analysis and
allows not only to distinguish individual target objects, but also to prioritize
the implementation of appropriate technological operations for their removal
and transportation.

In the experiments on modeling a group of robots for problems with
implicitly defined scenarios, we considered several examples related to the
removal of debris (in the aftermath of emergencies). The results of the
experiments fully confirmed the effectiveness of the proposed models and
algorithms for planning for coordination and control of the expedient actions
of autonomous robots, which operate as part of a group to solve multi-stage
problems with implicitly defined scenarios.
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C.P. Onpuxos, B.E. IIpanuunuxoe
TEXHOJOTUU MHOTOATEHTHOT O IIPABJIEHU S
POBOTAPUYMAMM U ITPON3BOJICTBEHHBIMH SIYEMKAMMU C
OJJHOBPEMEHHOM UMYJISILUE.

Meorcoynapoonas nabopamopus « CenCopukay, troksid@yandex.ru
MITY "Cmanxun", MUHOT PI'TY, HIIM um. M.B.Kenoviuma PAH,
Mocxea, v.e.pr@yandex.ru

[Ipu pa3paboTke MHTEIIEKTYaJIbHBIX POOOTOB OJHOW W3 MPOOIEM
ABISICTCA OTCYTCTBHE 3(P(PEKTHBHOTO TPOTPAMMHOTO OOECIICUeHUS IS
CO3/IaHMsl CHCTEM TPYIIIOBOTO yIpaBieHUs. Hampumep, B W3BECTHBIX
nporpaMMHBIX maketax (ROS, MRS wu npyrme) He npemycMOTpEHBI
CICHHANBHBIC CpPEACTBA pa3pabOTKH  YOPABJICHUS  PaACIPEICICHHBIMU
MEXaTPOHHBIMH CHCTEMaMHU, TEeM OoJiee, B TUCTAHIIMOHHOM pekume. OHH
Takke O00JIaAl0T OOLIMM HENOCTaTKOM - HEONPaBJAHHO BBICOKUMU
3aTpaTaMi, CBS3aHHBIMHU C yCTaHOBKOﬁ, O6HOBJ1€HI/I€M n noaacpIKaHuemM
paboTocniocoOHOCTH 000pyI0BaHUs M PabOTAIOIIEro Ha HEM MPOrPAMMHOIO
OKPYKEHHUSI.

B nmamHO#t paboTe mpeACTaBICHBI pPE3yNbTaThl Pa3pabOTKH U
TECTHPOBAaHUS  HOBOH  IPOTPaMMHO-WH(POPMALIMOHHOW  IUIAT()OpPMEL,
MTO3BOJISIONICH MPEIOCTABIATH IOIB30BATEN0 YHUDUIIMPOBAHHBIA JOCTYI K
MPOTPpaMMHOI cpene sl YIpaBICHUS Pa3IHIHBIX POOOTOB, BKITIOYAS
OTIEPATHBHYI0O W YHAJCHHYIO CMEHY IPOTpaMM YIpAaBJICHHS BO BpEMs HX
(yHKIHOHHPOBAaHUSA. DTO Ma€T CICIYIONIMEe BO3MOKHOCTH: YMCHBIICHHE
3aTpaT Ha CO3JaHUC IMpOorpaMM YIIpaBJICHUSA, BBIIIOJHCHHUEC OIICPATUBHBIX
KOPPEKTHPOBOK, B TOM YHCJIE HEIOCPEICTBEHHO BO BpeMsi paboThl poOOTOB;
IIOBBIIIICHUEC 3(1)(1)6KTI/IBHOCTI/I HUCIIOJIb30BAaHMUsA pa3pa60TaHme TEXHUYCCKUX
CPeACTB JJIsl YJydlIeHHs O0pa3oBaTEJbHBIX IPOLECCOB Y CTYACHTOB
pobororexHndeckux u IT- crmenumampHOCTEH, yBenndeHue Kod(pQuIneHTa
UCIIONIb30BaHMsl y4eOHOTro O00OpYZOBaHUS 3a CHUET pacHapauieIMBaHus
JOCTyTIa K poboTam.

[IpuMeHeHHEe pa3padOTaHHBIX CHMYIISITOPOB-TPCHAXKEPOB, aKTOPHOI
MOJICIH K CO3JaHHI0 WH(POPMAIUOHHO-TEXHOJOTHYSCKON TIATGOPMBI IS
pacmpeielIeHHOr0 IIPOTPaMMHOT0 YIIPABJICHHUs, 00SCIICUMIN OHOBPEMEHHBIH
JIOCTYII HECKOJIBKUX II0JIb30BATEINCH K rpyIiie MOOWIBHBIX POOOTOB M K HX
BUpPTyaJbHBIM MOJEsIM. BriepBble B paMkax €IWHON NpOrpaMMHOMN
IaT(OPMBI COBMEIIEHO MPOTPAMMHPOBAHHE W YIPABICHHE MapailIeIbHO
paboTaIOMMMKU  BUPTYIBHBIMU  MOJIEISIMH  MOOWJIBHBIX pPOOOTOB W HX
peambHBIMH  TpoTOTHNAMH. Ilmatdgopma TMO3BOMSET OMEPATHBHO W
JTUCTAHIIMOHHO TMEPerpoTrpaMMHAPOBATh CHCTEMBI, CYIICCTBEHHO YMEHBIIHUTH
TpeOOBaHMS K YPOBHIO KBATH(UKAIIUN  CIICIIHATHUCTOB-Pa3pabOTINKOB
MPOrPAMMHOTO O0ECIieUeHUs, 00ECICUUTh BO3MOKHOCTh MACIITAOUPOBAHHS
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KQ)XIOro KOMIIOHEHTAa CHCTEMbl 1O  (U3MYECKH  pacrpeeseHHbIM
KoMIptoTepaM. TakuMm 00pa3oM, CYIIECTBEHHO CHIXKAIOTCSI 3aTpaThl HA
a/IalTalyio MPOrpaMM I0Ji KOHKPETHBIE 3aJadud, PaJUKaIbHO YIPOIIACTCS
pa3paboTKka CHCTeM YIpaBICHUS U HHTEP(EICOB MOIb30BaTENeH.

JlaHHBI TOAX0/ OBLT OIIPOOOBaH HA MOOHMIIBHBIX pOOOTaX ¢ pa3HBIMU
KMHEMaTHYECKUMH CXEMaMH{, Pa3HBIMH THUIAMH MHKPOIIPOIECCOPHOTO
YOpaBICHUSI W C IPUMECHEHHEM [aTYMKOB, pabOTAlOIIMX Ha pa3HbIX
¢usnyeckux npuHIMNaX. TecTHpoBaHHE MPOBOAMIACH HAa podoTax AMYP-
105, AMVYP-107, tpex pobGortax Robotino u aByx MamorabapuTHbIX
MOOMJIBHBIX POOOTaX, pa3MEIEHHBIX B TPEX J1abopaTopusix-podoTapuymax, a
TaKXkKe IpU OJHOBpEMEHHOM 3amycke 80 BUPTyaJdbHBIX CHMYIATOPOB,
paboTaronyx B peKUME PEATLHOI0 BPEMEHH. DKCIIEPUMEHTBI NOATBEPAMIH
BCE MIEPEUNCIICHHBIC TPEUMYIIECTBA.

Janbreiimme TUTAHBI MIPeayCMaTPUBAIOT pacimpeHue
WCIIONIb30BAHUS 3THX MOAXOJOB Uil y4eOHO-HAYYHBIX AKCIICPUMEHTOB WU
paszBuTus cet poborapuymoB, cozmaHHelx MWHOT PITY, xadempoit
Cencopuabix u ympaBmionmux cucteM MITY «CTAHKHWH» (6a3oBas
kadenpa mpu UIIM mm. M.B.Kenaprima PAH) coBMecTHO ¢ yHHBEpCHTETAMH
Poccun, XopBatum (3amapckuii yHuBepcuteT) U ABcTpuu (BeHckuii
TEXHUYECKUH YHHBEPCHUTET), B TOM YHCIIE IyTeM OObEAMHEHHs C Yy4eOHOM
ceTbio «Cuneprus» (mpoekT kKoHnepHa «Pectoy). [IpenycmarpuBaeTcs Taxke
JanpHeIee yaydlieHHe XapaKTePHCTHK, BCTPAUBAEMBIX B IPOTPAMMHYIO
wiathopMy (Qu3MUECKUX IBMKKOB, TECTUpOBaHUE MIaTGOpMbl mpu
pa3paboTKke CHUCTEMBI YIPABICHHS IPOU3BOACTBEHHBIMHU IIPOIECCAMHU CO
BCTPOCHHBIMH ~ CPEJCTBAMH  JIOTHYECKOTO  KOHTPOJII ~HA  IIpUMeEpe
aBTOMATH3alUK 1eXa, peasu3yomiero koHuenuuio «Mumycrpun 4.0%».

KnroueBble cioBa: MHOCTpOEHHME CeTH pPOOOTApUYMOB, pPaCHpe/eNICHHOE
yIpaBJjeHuEe MOOMIBHBIMU POOOTAMH U X CUMYJISITOPAMH.
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TECHNOLOGY OF MULTI-AGENT CONTROL OF ROBOTARIUM
AND PRODUCTION CELLS WITH SIMULTANEOUS SIMULATION.

International Laboratory «Sensorika», Moscow, troksid@yandex.ru
MSTU “Stankin”, INET RSUH, KIAM Russian Academy of sciences,
v.e.pr@yandex.ru,

When developing intelligent robots, one of the problems is the lack of
effective software to create systems of group control. For example, in the well-
known software packages (ROS, MRS, and others) does not included specific
development tools for control of distributed mechatronic systems, especially in
remote mode. They also have a common disadvantage, that is the unreasonably
high costs associated with installing, upgrading and maintaining equipment and
working in this software environment.

This paper presents the results of the development and testing of the new
software-information platform to provide the user with unified access to the
software environment to control a variety of robots, including operational and
remote changes of executing programs during their functioning. This enables the
following: reducing the cost of setting up executing programs; implementation
of operational adjustments during operation of the robots; improving the
efficiency of the developed technical tools for teaching and learning processes of
the students, specialised in robotics and IT- industry, by increasing the use of
training equipment due to the paralleling of the access to it.

Developed simulators and usage of the actor model were the base for
creating the technological platforms for distributed software control, providing
the simultaneous access of several users to a group of mobile robots and their
virtual models. It's the first time, then under a single software platform are
combined programming and control in parallel of virtual models of mobile robots
and their real prototypes. Platform allows you to quickly and remotely reprogram
systems and significantly reduce requirements to the level of training of
specialists-software developers, to ensure the scalability of each component
system on physically distributed computers. Thus, significantly decrease the
costs of adaptation programs for specific tasks, and radically simplifies
development of control systems and user interfaces.

This approach was tested on mobile robots with different kinematic
schemes, different types of microprocessor control with the use of sensors
operating on different physical principles. Testing was conducted on robots:
AMUR-105, AMUR-107, three Robotino robots and two small mobile robots,
placed in three laboratories-robotariums, as well as the simultaneous launch with
80 virtual simulators, operating in real-time. The experiments confirm all these
advantages.
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Future plans include the expansion of the use of these approaches for
teaching and scientific experiments and development of a network of robotarium
created by MINOT Russian State University Humanitas, Chair of Sensory and
control systems MGTU "STANKIN" (basic department with KIAM Russian
Academy of Sciences) jointly with universities in Russia, Croatia (Zadar
University) and Austria (Vienna technical University), including the association
with the educational network "Synergy" (project of Concern "Festo™). It is also
envisaged to improve further characteristics of embedded in the software
platform physical engine, as well as the testing platform in the development of
the system production processes with integrated logical control, for example, in
automation workshop, implements the concept of "Industry 4.0".

Keywords: building a network of robotarium, distributed control of mobile
robots and their simulation.
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A.B. Hazapoesa, Maiicuny Yocaii .
PACHTPEJEJEHHOE PEINIEHUE 3AJIAY B MHOT'OATEHTHOU
POBOTOTEXHUYECKOW CUCTEME

MI'TY um. H. 3. baymana, Mockea
avn@bmstu.ru , 982696853@163.com

3a mocnenHUE /Ba MECATWICTHS, poiib MHOroareHTHhIX cucteM (MAC)
MHOTOKPaTHO BO3pOCJIa, OCOOCHHO B KOHTEKCTE JOCTH)KEHHH B 00J1acTH
HCKYCCTBEHHOTO HHTEJUIEKTa M pacHpefeleHHOro pemeHus 3axad. Yacrto
BBIMOJIHEHHE CJIOXKHBIX 3a/ad TpeOyeT OT areHTOB aBTOHOMHOM paboTsl 6e3
KaKoro-1m0o BMEIIaTeIbCTBA U3BHE, UTO 00YCIOBIMBAET BEICOKYIO HA/I€KHOCTh
1 QIANTUBHOCTb MOJ00OHBIX CUCTEM. B IPeI0:KEHHOM CTaThe PacCMaTPUBAKOTCS
pa3yMuHbIe MOJXO0BI K MPOOJIeMe paclpeieieHus 3a1ad MEXAy areHTaMu C
LEIbI0 JOCTHIKEHHSI ONITHMAIIBHOTO Pe3yJIbTaTa NP MUHUMAJIbHBIX BPEMEHHBIX
3aTpaTax U OTCYTCTBUU KOH(JIUKTOB B CHCTEME.

B craree npencrasiena kinaccuuKanys pacupeiesieHus 3a1a4d Mo THUITY
YNpaBICHNUS: EHTPAIN30BAHHbIHA, CTIEHTPAIN30BaHHbBIN 1 THOPUAHBIN. 3aTeM
paccMaTpHBaIOTCsl Pa3IMYHbIC TTOIXO/IBI K PACTIPEIEIICHNIO, TAKNE, KaK POCBOH
MHTEJJIEKT, BKIIOYAeT B ce0s MypaBbHHBIN JITOPUTM M aITOPUTM POSI YACTHII,
SBOJIIOLMOHHBIH METOJI, MPUHINIBI PRIHOYHOW YKOHOMHKH, TaK KaK IPOTOKOI
CeTn KOHTPAKTa, TEOPHUsI WIP, aJTOPUTM ayKIMOHA. B KOHIle craThe jaemaercs
CpPaBHEHHE MEXKAY ITOPUTMAMH POSI YaCTHIl U TCHETHYECKOTO alropuTMa ¢
nomoteio maketa MATLAB B ciyuae cTaTHUeCKOro pacrpeneneHus 3a1ad U
MEXIY METOoAaMH ayKMOHa W TEOopud HUIp B Clyda€ IWMHAMHYCCKOTO
pacnpeneneHus 3aaad.

PaznooOpasHble METO/BI paccMaTpHUBAIOTCS B JAHHOH CTaThe, OCOOCHHO
Teopus urp. Teopust urp, 3T0 pasges MaTEMATUKH, CBSA3AHHBIA C U3Y4CHHEM
OIITUMAJIBHBIX CTpaTeFI/Iﬁ B UI'paxX U NPEACKA3aHWEM IMOBEACHUA YUYaCTHHUKOB
urp. Ilog urpoil moHMMaeTcs Mpolecc, B KOTOPOM YYacTBYIOT JBE M Ooiee
CTOpPOHBI, BeAylIHe OOpHOY 3a peanu3aliio CBOMX HHTEpecoB. OnTHUMallbHAS
cTpaTterusi uMeeT "paBHOBecne H»amma", KoTopoe O3Ha4YaeT, YTO WIPOK BCET/a
BBIOMpAeT HAWIYYIIHH, C TOYKM 3PEHMsS IIOJIC3HOCTH, XOJ B OTBET Ha XOJI
COIEPHHUKA.

B naHHOI cTaThe paccMaTPHBAIOTCS M CPABHUBAIOTCS Pa3HBIC allTOPUTMBI
U METOABl  paclpeieNeHus 3agad  Mexay  areHramu.  [lokaszaHbl
LEHTPAJIN30BAHHbIE M JACLEHTPAIN30BaHHbIE METOABI, ACLEHTPAIN30BAHHBIC
METO/Ibl HAMHOTO JIy4Ille, YeM I[EHTPaIN30BaHHbIe. B KOHIIE CTaThu NPUBEAECHO
HECKOJIbKO NMPHMEPOB paclpesiesieHus 3ajad Mexay areHTamu. UM pesynbrar
MOKa3aH, YTO KaXJbli METOJ UMEET CBOM MPEUMYIIECTBA U HE JOCTATKa, HO B
JMHAMHUYECKOW cpeJie JeleHTPaIM30BaHHbIe METO Ikl OoJiee 3 EeKTUBHEIE.
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Bauman Moscow State Technical University, Moscow
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Over the past two decades, the role of multi-agent systems (MAS) has
multiplied many times, especially in the context of advances in artificial
intelligence and the solve of distributed problem. The execution of complex tasks
often requires the agents to work autonomously without any outside interference,
which causes high reliability and adaptability of such systems. In this article
proposed various approaches to the problem of distribution of tasks among
agents with the goal of achieving an optimal result with minimal time and no
conflicts in the system.

The article presents a classification of the distribution of tasks by type of
management: centralized, decentralized and hybrid. Then, different approaches
to distribution of tasks among agents are considered, such as swarm intelligence,
including the ant algorithm and the swarm algorithm, the evolutionary method,
the principles of the market economy, for example, network protocol, game
theory, auction algorithm. At the end of the article, a comparison is made
between the swarm algorithms and the genetic algorithm using the MATLAB
package in the case of static task distribution and between auction methods and
game theory in the case of dynamic task distribution.

A variety of different methods is discussed in this article, especially game
theory. Game theory is a branch of mathematics related to the study of optimal
strategies in games and prediction of the behavior of participants in games. A
game is understood as a process in which two or more parties participate in the
struggle for the realization of their interests. The optimal strategy is the "Nash
equilibrium", which means that the player always chooses the best, in terms of
utility, course in response to the opponent's move.

We consider and compare different algorithms and methods for distributing
tasks among agents. Centralized and decentralized methods are described in
details; the result is showed that decentralized methods are much better than
centralized ones. At the end of the article, several examples of the distribution of
tasks between agents are given. The result shows that each method has its
advantages and disadvantages, but in a dynamic environment, decentralized
methods are more efficient.
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JLA. Mapmbmoea,ul“.B. Konroxoe, U.B. Ilawkeeuu, H.H. Pyxnoe
MVYJIBTUATEHTHBIN ITOAXO/I K FPSZHHOBOMY YIIPABJIEHHUIO
AHITA TTPU BEAEHUHN CEUCMOPA3BEJIKHA

AO «Konyepn « [HUU «Onexmponpubdopy, Canxkm-Ilemepoype,
martynowa999@bk.ru, iv@bk.ru, kongvl@yandex.ru, ruhlov_nn@elprib.ru

PaccmartpuBaercst  3ajaya  IPYIIOBOIO  KCIOJIb30BaHUS ~ aBTOHOMHBIX
HEOOMTaeMbIX TOJBOAHBIX AaIIapaToB MPH BEACHHU CEHCMOpasBelKH B
ApkrudeckoM menbde. OTMEUarTcsi 0COOCHHOCTH YMPABICHHUS annapaTami,
CBSI3aHHBIC, BO-TICPBBIX, C HEOOXOJMMOCTBIO TOYHOIO MO3HIHOHUPOBAHMUS
K@KIOrO armmapara B MOMEHT MPOCIYIIMBAHUS OTPAKCHHBIX OT TOJIIN
MOPCKOTO JHA CHTHAJIOB, CO3/1aBAEMbIX H3JTy4aTelIeM, H BO BPEMSI [ICPEMEILCHHS
anmaparoB K HOBOMY MECTY HX [HCJIOKAalHH, M BO-BTOPBIX, C ABIDKCHHCM
anmaparoB, COTJIACOBAHHBIM C JABIKCHNUEM H3JTydatess. st obecredeHus CToNb
CIIOKHOTO YIPABICHHUS alllapataMd B TPYNNE MPEIAracTtcs COBMECTHOE
HCIIOJIb30BAaHKUE MYJIBTHATCHTHOTO TTOIX0/1a C DIEMEHTAMH LICHTPAIN30BaHHOTO
MOAX0Ma K MOCTPOCHUIO CHCTEMbI YNPABICHHS almapaTaMu. Takoe pelieHHe
CO3/IaCT OMPENeNCHHYI THOKOCTh B pacmpeielieHnd  (YHKIHOHATIbHBIX
o0sl3aHHOCTEH ~ MEXIy ammapataMd H JellaeT ceficMopasBeaky Oosee
3 PEKTUBHOM.

KnaroueBble ciioBa

aBTOHOMHBIH HEOOMTAaeMbIH IMOJABOIHBINA armapar, MYJIbTHATEHTHBIA ITOAXOI,
CHCTEMa YIPaBJICHHUS, MOPCKas ceiicMopa3BeIKa
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L.A. Martynova, G.V. Konyukhov, I.V. Pashkevich, N.N.Rukhlov
MULTI-AGENT APPROACH TO THE GROUP MANAGEMENT OF
AUV IN CONDUCTING SEISMIC EXAMINATION

Concern CSRI Elektropribor

The problem of group use of autonomous underwater vehicles in the conduct of
seismic prospecting in the Arctic shelf is considered. The peculiarities of the
apparatus control are associated, firstly, with the necessity of precise positioning
of each apparatus at the time of listening to the signals reflected from the seabed
depth generated by the emitter and during the movement of the apparatus to a
new location of their dislocation, and secondly, with the movement of
apparatuses, Coordinated with the motion of the radiator. To provide such a
complex control apparatus in the group, it is proposed to share the multi-agent
approach with elements of a centralized approach to the construction of an
apparatus control system. This solution creates a certain flexibility in the
distribution of functional responsibilities between the devices and makes seismic
exploration more efficient.

Keywords

autonomous underwater vehicle, multi-agent approach, control system, marine
seismic survey
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C. JI. 3enkesuu, Xya Qoicy, Mritcuno Uocaii
YHPABJEHUE ABUKEHUEM POBOTOB B I'PYIIIIE HA OCHOBE
CITIA’KUBAHUSI TPAEKTOPUUN

Hayuno-yuebnuuii yenmp «Pobomomexuuxay MI'TY um. H. 3. Baymana,
Mocxea
mr.zenkev@mail.ru , zhuhual302@gmail.com , 982696853@163.com

B nanHO# pabore paccmarpuBaeTcsi JIBHIKEHHE TPYIITBI MOOMIBHBIX
pOOOTOB B CTPOIO THMA “KOHBOW ™, IPH KOTOPBIX BEAYIINI poOOT MOKEH OBITH
OCHAaIleH 0oraTtoii CEHCOPHOW CHCTEMOH, TITO3BOJISAIONICH IIIAHUPOBATH
TPAaeKTOPHIO B HENpecKazyeMoil 00CTaHOBKe, HAIpPHMeEp, CKaHHPYIOLIHMMH
Ja3epHBIMA  JaJbHOMEpaMH,  CHCTEMaMH  CIlyTHHKOBOW  HaBUTalWH,
CTEPEO3pEeHHEM, a BEJOMbIE POOOTEI B 9TOM CIIy4ae JOJDKHBI TOJIBKO CICIHTH 32
MOJIO)KEHHEM CBOero Bexymiero pobora. llenp naHHOW paboOThl COCTOMT B
yNpaBJIeHUH IBHKEHUEM BEJJOMBIM POOOTOM B TPYIIIE HA OCHOBE CTIIaKUBaHUS
TPAaEKTOPUHU CBOETO BEAYIEro podoTa, COOTBETCTBYIOIIMIT KOTOPOMY JaHHas
paboTa COCTOMT M3 JIByX YacTH: pa3paOOTKH 3aKOHA YIPaBJICHUS ABHKEHUEM
BEZIOMBIM POOOTOM U pa3pabOTKH alropUTMa CrIIaXKUBaHMS TPACKTOPHU.

Crtpaterusi ynpaBjeHHs COCTOUT B TOM, UTO KaXIbIH BEAOMBIH poOOT
JIBHTAJICS 110 TPACKTOPHH, BIOJIb KOTOPOH JIBIIKETCS CBOSTO BEIYIIEro podora,
C HEKOTOPBIM BPEMEHHBIM 3ara3abiBanueM T', T.e. B BBIIIOJTHEHHU COOTHOLICHHUS:

X (t) =Xt =T)

rae, X;(t) npeacrasisier co00ii mostokeHue podoTa R; B TCKYIIMIA MOMCHT,
X;_1(t —T) — nonoxeunue pobora R;_; (Bemyuwwmii poboT mis podora R;) B
MoMmeHT BpeMmeHH t — T. IIperMyIIecTBO Takoro Meroja COCTOMT B TOM, BO-
MIEPBBIX, PACCTOSIHUE MEX]ly pOOOTaMHU SIBJISICTCS IEPEMEHHOI, T.€. 4eM ObIcTpee
CKOPOCTH JIBMDKEHHUSI KOHBOS, TEM OOJIbIIE PACCTOSIHUE MEXIy poboTamu, a
napamerp ynpasieHHs T SBIISETCS IOCTOSHHBIM; BO-BTOPBIX, IIPHU IPOXOJE
gepe3 Y3KyI0 OOJNIaCTh BEIOMBIA pPOOOT yCHemHo OOXOIHWT TPETSITCTBHUE,
KOTOPBIH y’Ke 00XOIUT ero BeAyImuii poooT. PazpaboTaHHbII 3aKOH yIIpaBICHHS
OCHOBAaH Ha JaHHOH CTpaTeruu.

AJITOpUTMa CIIIAXHMBAHUS TPACKTOPUH C IIOCTOSHHBIM 3alla3blBaHHEM
COCTOUT B TOM, ‘{TO6]>I OIMpCACIUTL OUCHKHU IOJIOKCHUSA p060Ta B Ka)l(ﬂblﬁ
MOMeHT BpeMeHH t — T ¢ y4eToM Bcero MaccuBa U3MEpHTeNIbHOI nHdopManu,
HOHy‘leHHbIﬁ J10 MOMCHTA BpEMsL t, TEM CaMbIM HUCII0JIb3Yysd B COOTBETCTBYIOILEM
ITOPUTME KaK «IpOILIbIe», Tak W «OyInymme» W3MepeHHs. YpaBHEHHE
CIVIQKUBAHUS, IIOCTPOCHHOE HA OCHOBE METOJOB PEKYPPEHTHOW (HIBTpaluiH,
UMEeT BH:

X(t|t) = P(7,)X(t)

rae X(t) — oueHKa, MONyYCHHAs B Pe3yJIbTaTe NPUMEHEHHS METO/Ia
TeOpuu peKyppeHTHo#l ¢mibTpaunu Kanmana, ®(t,t) — dyHaameHnranbHas
Mmarpuia cuctemsl X(t) = A(t)x(t), pemeHui MOUCK KOTOPOH MPEACTABIACT
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HEKOTOpYyI0 Mpo0ieMy, OCOOCHHO JUIsi HECTallMOHApHBIX cucTeM. B pabote
MIPEUIOKEH CII0CO0, MO3BOJSAIOMNI M30€XKaTh MOoCTpoeHNE (HyHIaMEHTAIbHON
MaTpHIIbl, T.€. UCIOJIb30BAHNE HEKOTOPHIX CBOMCTB (DyHIaMEHTHON MATPHIL:
20D = A@(1,t) 52 = —ao(z, HA(L)

C I/ICHOJ‘IL30BaHI/I€M MPEUIOKEHHOTO AJITOPUTMA MPOIIECC BHIYUCICHHUS
OIICHKM CIJ&XUBaHWS C [OCTOSHHBIM 3ama3fblBAaHHEM ObUI TakK: IO
MOCTYMAONIMM  3alIyMJICHHBIM ~ M3MEPCHUSIM  MApajuIeIbHO  MPOBOJISATCS
MpOIeCChl (PUIBTPAIIMA U CIIIAXKUBAHUS, B TOM YHCIIC, BBIYUCICHHS OICHKH
CrJIaXMBaHKsSI 3aBUCUT OT 3HAUCHHH, TOJIYYEHHBIX B POLecce (PUIbTPALIH.

Cepwusi IPOBEICHHBIX BBIYHCIIUTEIBHBIX SKCIICPUMEHTOB MOATBEPIHIH
paboTOCOCOOHOCTh MPEITIOKEHHOTO 3aKOHA YITPABJICHHS, a TAKXKE aJrOpUTMa
CIJI)KMBAHUSI C TOCTOSIHHBIM 3aMa3/(bIBAHHEM.

S. L. Zenkevich, Hua Zhu, Meixin Zhai
THE MOVEMENT CONTROL OF ROBOTS IN A GROUP BASED ON
THE SMOOTHING TRAJECTORY

Robotics Training-Research Center, Bauman Moscow State Technical
University, Moscow
mr.zenkev@mail.ru , zhuhual302@gmail.com , 982696853@163.com

In this paper, we consider the movements of a group of mobile robots
in the convoy type, in which the leading robot should be equipped with a rich
sensor system that allows planning the trajectory in an unpredictable
environment, for example, with scanning laser rangefinders, satellite navigation
systems, stereo vision, and the slave robots in that case should only follow the
position of its leading robot. The purpose of this work is to control the movement
of the slave robot in a group based on the smoothing trajectory of its leading
robot, corresponding to which this work consists of two parts: the development
of the motion control law for the slave robot and the development of the
algorithm for smoothing the trajectory.

The control strategy is that each slave robot moved along the trajectory
along which its leading robot moves, with some time lag T, that is to say, the
following relations are satisfied:

X (6) =x;1(t—=T)

Where, x;(t) is the position of the robot R; at the current moment,
X;_1(t — T) is the position of the robot R;_, (the master robot for the robot R;)
attime t-T. The advantage of this method is, first, the distance between the robots
is variable, i.e. the faster the convoy's speed, the greater the distance between the
robots, in the same time the control parameter T is constant; Secondly, when
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passing through a narrow area, the slave robot successfully bypasses an obstacle
that already bypasses its leading robot. The developed control law is based on
this strategy.

The fixed-lag smoothing algorithm is to determine the position
estimates of the robot at each instant of time t-T taking into account the entire
array of measurement information obtained before the time t, thereby using in
the corresponding algorithm both "past” and "future” measurements. The
smoothing equation, constructed on the basis of recurrent filtering methods, has
the form:

R(t|]t) = P(7,0)R(t)

Where R(t) is the obtained estimate as a result of applying the Kalman
filtering algorithm, @®(z,t) is the state-transition matrix of the system x(t) =
A(t)x(t), the solution of which is a problem, especially for non-stationary
systems. In this paper, a method is proposed that makes it possible to avoid
constructing a state-transition matrix, i.e. use of some properties of state-
transition matrix:

% = A(D)®(1, ) "“’;Z'” = —®(t, HA()

Using the proposed algorithm, the process of calculating the fixed-lag
smoothed estimation was as follows: on the incoming noisy measurements, the
filtering and smoothing processes are carried out in parallel, and the calculation
of the smoothed estimation depends on the values obtained during the filtering
process.

A series of computational experiments confirmed the operability of the
proposed control law, as well as the fixed-lag smoothing algorithm.
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B.I. I'padeyxuii*, H.JI. Epmonos', M.M. Knasvxoe', E.A. Ceménos,
C.A. Cobonvnuros?, A.H. Cyxanos*
OCOBEHHOCTHU I'PYIIIOBOI'O B3AUMOJENCTBUSI POBOTOB,
OCHAIEHHBIX JBUKUTEJISIMA BBICOKOM MPOXOJAUMOCTH,
IMTPU BBINIOJIHEHU N EI[HHOFI TPAHCIIOPTHOM 3AJJAYMH.

LYIIMex PAH, Mocksa,
ermolov@ipmnet.ru
2 @I'VII "BHUHA", Mocksa,
sobolnikov@gmail.com

B pabote paccmarpuBaeTcs MaTeMaTHUYECKash MOJENb TPYIIEI poOOTOB,
BEIMIOJTHAIONINX ~ 3a/ady TPYNIOBOH TPAHCIOPTHPOBKH Tpy3a, KOTOpas
UCIIOJIb3YEeT METOJ MITHOBEHHBIX LIEHTPOB CKOPOCTEH M I03BOJISIET HA OCHOBAaHUHU
LIEJICBOM TPACKTOPUM JIBHXKEHHSI Tpy3a ONPEACIUTH IIeJeBble TPAaeKTOPHUU
JIBIDKEHHUS] pOOOTOB, a Takke TpeOyeMble CKOPOCTH BPAILEHUs KOJIEC pOOOTOB.

[Ipeanoxena MareMaTHyeckas MOJIeNIb OJJHOTO po0OTa, JEHCTBYIOIIETO B
TpyIIIe, BBITOJIHSIONIETO TPAHCTIOPTHYIO 33/1a4y Ha MepeceuyéHHON MECTHOCTH C
HEPEMEHHBIM TI'PYHTOM, KOTOpas YYMTHIBACT PACIPEICIICHUE TPAHCIOPTHOU
HaTrpy3KH Ha poOOT B 3aBHCHMOCTH OT pPACIIOJIOKEHHs ILEHTpa Macc Tpy3a
OTHOCHTEIIEHO PO00Ta, OCOOEHHOCTH TPYHTa W MECTHOCTH, IO KOTOPBIM
nepeMeniaeTcs poooT, a TakKe MapaMeTphl 3aJaHHOH TPaeKTOPHH.

PaccmoTpeH MeTo1 yIipaBIeHHS €TUHIIHBIM POOOTOM U TPYIIIIOH poOOTOB
C KONECHBIM IIAcCH, TEPEMCEHIAOIIUMUCS IO IEPEeCeYCHHON MECTHOCTH C
Pa3TMIHBIME CIETTHBIMH CBOMCTBAMH I'PYHTA. METO I HCTIOIB3yeT KOPPEKIIUIO C
IIPUMEHEHHEM OOpaTHOM CBSI3M MO ciie (MpHU JKECTKOH ClLIENKe) WIN 0OpaTHOM
CBA3M IO OTKJIOHEHHIO TOYKH KpEIUIEHUS TIpy3a OT HOMHUHAJIBHOH (TIpH
HEXECTKOM CLIETKE).

IIpennoxkena  00OOMEHHAST  CTPYKTYPHO-(QYHKIIMOHATbHAS ~ MOJEIH
CHUCTEMBI I'PYIIIIOBOTO YHPABJICHUA JJIA BBINIOJHCHUSA TPAHCHOPTHBIX 3ajadv. B
MOICJIb BXOIAT (byHKHI/IOHaJ'H)HI)Ie KOMIIOHCHTHBI: JACKOMIIO3UIIUA 0611_[61\/'1
TPYIIIOBOM 3aJadd, paclpelelieHue Moa3aaad MeEXITy pPoOOTaMH TPYIIIIEI,
KJIaCTEpH3alys, OpPTraHU3aIlWsl IUIAHHPOBAHUS JCUCTBUH Kakaoro poOora,
ynpasieHue apmkeHneM PTK cormacHo BeIpaboTaHHOMY IutaHy. OTHCaHBI
QJIEMEHTHI MOJICNIM M CBSI3M  MEXAYy HUMH. Takke paccMOTpeHa
CHeLUaI3UpOBaHHasl  CTPYKTYPHO-(YHKIMOHAIbHAs  MOJAENb  CHUCTEMBI
TPpyHnIioBOro yrnpaBJICHUA NJIS BBINIOJIHCHUA TPAaHCIIOPTHBIX 3a1a4.

Jis pereHust mpo6ieM, BOSHUKAIONINX BO BPEMs IBHKEHUS pOOOTOB B
rpynmne, MpPeIIoKeH HOBBIM JABMKUTEIb KOJECHOTO THUMA C H3MEHsSEMOM
reoMmerpueit. Kaxxmoe koneco podora crmocoOHO U3MEHATh KOHPUTYpaIrio pu
KPUTHYECKHIX M3MECHEHUX CICTIICHUS KOJieca C TPYHTOM.

Pabora nonnepskana rpantom PODU Nel16-29-04199 odu ™
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V.G. Gradetsky?, I.L. Ermolov?, M.M. Knyazkov!, E.A. Semenov?,
S.A. Sobolnikov?, A.N. Sukhanov!
INTERACTION PECULIARITIES FOR COMMON
TRANSPORTATION TASK WITHIN A GROUP OF UGVS EQUIPPED
WITH HIGH PASSABILITY MOVERS.

IPM RAS, Moscow,
ermolov@ipmnet.ru
2 FSUE VNIIA, Moscow,
sobolnikov@gmail.com

Mathematical model of UGVs performing transportation task within a
group was designed. It uses Instantaneous Velocity Centre technique. This
allows defining target trajectories for UGVs and for their wheels via trajectory
definition of the load.

Another mathematical model was created for a single UGV performing
transportation task under variating load and over undefined cross-country terrain.
This model considers load distribution on UGV’s hull, terrain and soil type and
also target trajectory.

Control techniques for a single UGV and for a group of UGVs (wheel-
based) moving on cross-country terrain with various soil conditions were
developed. This method uses force-based feedback correction (in case of rigid
hitch) and load deviation-based feedback (in case of non-rigid hitch). A
generalized function-based structural model for transportation task performing
by group of UGVs was developed. It consists of following basic components:
task decomposition for the group, task distribution within group, clusterization,
task planning for each UGV, UGVs' motion control according to planned
mission. Elements and links of the model are described and considered. This
model will be used to develop software for a transportation task performed by a
group of UGVs. A specialized function-based structural model for transportation
task was obtained.

To solve the problem of moving in undefined environment with
obstacles a new type of mover was proposed. It is based on wheel’s geometry
shifting. Every UGV’s wheel has the ability of controlled geometry shifting
under changing of the soil’s adhesive conditions.
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CJI. I'epaciomo, U. B. ITooma3zos, I'.A. IIpoxonoguu, B.A. Cviuég
MYIBTUKAMEPHASI CUCTEMA TEXHUYECKOI'O 3PEHUSA JJIA
COEPUYECKOI'O POBOTA

Obveounennbvill uncmumym npoonem ungopmamuxu HAH Benapycu,
aabopamopust pobomomexnuxu, Munck,

contacts@robotics.by, podmazov@gmail.com,
rprakapovich@robotics.by, vsychyov@robotics.by

B crarbe uccienoBaHbl acneKkThl pabOThl ONTHYECKOH MYJIBTHKaMEPHOH
CUCTEMbI TEXHHYECKOTO 3peHHMsl I cephuueckoro podoTa THma B 3ajadue
JMCTAHIIMOHHOTO ympaBiieHus: podoTtoM. [IpeaniokeH OOUMH M3 BO3MOMKHBIX
BAPUAHTOB  IIPOIPAMMHO-ANIAPATHOIO pELICHUS JUId  3allaTeHTOBAHHOU
aBTOpaMM KOHCTPYKLMH poOoTa-mapa (mareHT Poccuiickoit ®enepanmu Ne
RU2600043C2).

Kirouesble cioBa: MylIbTHKaMEPHOE TEXHHUECKOE 3peHHe, chepruuecKuit
poboT, cmmBaHWEe H300paXKEHWH B TAHOpPaMy, YCTPOWCTBA OTOOpa’KCHMS
BHUPTYyaJIbHOI PEalIbHOCTH, MEXAHU3M MapallIeIbHON CTPYKTYPBI.

S.L. Gerasuto, I.V. Podmazov, G.A. Prokopovich, V.A. Sychev
MULTI-CAMERAVISION SYSTEM FOR A SPHERICAL ROBOT

United Institute of Informatics Problems, Minsk, Republic of Belarus

contacts@robotics.by, podmazov@gmail.com,
rprakapovich@robotics.by, vsychyov@robotics.by

The aspects of the operation of an optical multi-camera system of technical
vision for a spherical robot in the problem of remote control of a robot are studied
in the article. One of the possible variants of the software-hardware solution for
the robot-ball design patented by the authors is proposed (patent of the Russian
Federation No. RU2600043C2).

Multi-camera technical vision, spherical robot, stitching images into the
panorama, virtual reality display devices, parallel structure mechanism.
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I’ A. Ilpoxonosuu, B.A. Coiuée
PABPABOTKA KOHIEIIINA MEXATPOHHBIX BOPTOBBIX
BBIYNCJIIUTEJIBHBIX CUCTEM JIJIS1 PEAJIN3AITANA
TPYIIIIOBOT'O YITPABJIEHHUSA MUKPOPOBOTAMM

/ MECHATRONIC ONBOARD COMPUTATION SYSTEM
CONCEPTUALIZATION FOR GROUP CONTROL OF
MICROROBOTS

Obveounennviii uncmumym npooaem ungopmamuxu HAH Benapycu,
Mumnck,
rprakapovich@robotics.by, vsychyov@robotics.by

G.A. Prokopovich, V.A. Sychev
MECHATRONIC ONBOARD COMPUTATION SYSTEM
CONCEPTUALIZATION FOR GROUP CONTROL OF
MICROROBOTS

United Institute of Informatics Problems, Minsk, Republic of Belarus

B mocnennee BpeMmsi MIMPOKOE PACHPOCTPAHEHHE IOJTyUHIIa KOHLETIINS
«cucrema Ha Kpuctase» (anen. - System on chip — SO0C). OcHOBHbIE AJIEMEHTbI
BBIYHCIIUTEIBHOTO YCTPOICTBA — MPOLECCOp, MaMsTh, CHEIUATM3UPOBAHHBIC
KOHTPOJUIEPHI, W TIp. M3TOTABIMBAIOTCA B BHJE HMHTEIPATbHOM MHUKPOCXEMBI.
3aKOHOMEPHBIM pPa3BUTHEM JaHHON KOHIEMIMU [JOJKHO CTaTh IOSIBICHHE
«poOOTOB Ha KpUCTAIJIE», KOTOPOE OTKPOET HOBbIE BO3MOXKHOCTH B Pa3BUTHH
POOOTOTEXHUKH.

1) Co3nanme «yMHOW MBUTH» - MHKPOPOOOTOB /ISl HA MAacCOBOTO
MIPOU3BOJICTBA U TPYMIIOBOTO BBINOJHEHMS 337a4 MOHHUTOPHUHIA Ha OOJBIINX
IUTOIIA/SX, @ TAaKKe B 3JAHMAX M COOpYKeHMsX. Tak Kak 3(pQeKTHBHOCTh
LEHTPAIN30BAHHOTO YIPABICHUS TPYHIIOH POOOTOB MAmaeT ¢ POCTOM dYHCiIA
poboroB B Trpymme [l], mpuopuTeTHOW sBIsAETCA pa3paboTKa poOOTOB,
OpPHEHTHPOBAHHBIX Ha JCLECHTPAIU30BAHHOE YIIPaBIICHHE.

2) Pa3paboTka MaccOBBIX M KOMIIAKTHBIX POOOTOB Ha OCHOBE HOBBIX
THUIIOB IIE€PE/IBUKEHHS, TAKUX KaK poOoT-1uap, TpeOyrommx 00ibmnuX 00bEMOB
BBIYHCIIEHUH, THOO0 OOIBIION CKOPOCTH 00PabOTKH CEHCOPHOK MHPOPMAITUH.

3) TosBreHNe pa3HOOOPA3HBIX METUIIHHCKUX MHKPOPOOOTOB.

4) TloBslilieHre ypOBHS 00pa30BaTEIbHBIX YCIYr OJarofapst pasBUTHIO
BO3MOKHOCTEH IPOTOTUITUPOBAHHS POOOTOTEXHUYECKUX yCTPOUCTB

Cucrema «po0OOT Ha KpHCTaUIe» MOXET COBMeIlaTh B cebe Takue
TEXHOJIOTUH, KaK:

1) MEMS-cencopsr 1 MEMS-akryaropel. CymiectByromune MEMS-
TEXHOJIOTHH MO3BOJISIIOT Peann3oBaTh 9QGEKTHBHYIO HABUTAMIO poOOTOB [2].
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2) Ipuémo-nepenaroiine paauioCuCTEMBl, B T.4. pagapsl. CyIiecTByOIIIe
paauonepeaaoue CUCTEMBI, PEAIN30BaHHbBIE HA OJJHOM KpHCTAIlIe, CTPAgaloT
OT BIHSHUS PaJMON3TyUCHNs] aHTEHHBI, O/IHAKO BEIYIIHECS B JAHHBIH MOMEHT
pa3pabOTKH MO3BOJISIT MIPEOJOIETh 3TOT HEJOCTATOK U PA3MECTUTD 3IEKTPOHHBIE
CHCTEMBI Ha OJTHOM KPHCTAJIIE C AaHTEHHOM.

3) AHaNOrOBBIC M aHAIOTO-TM(PPOBBIC (THOPHIHBIC), BBHIUHCIUTEIbHbIC
YCTpOMCTBA.

MuHnariopusanys poOOTOB  JleNlaeT HEBO3MOXKHBIM —TPHUMEHEHHE B
KayCCTBC 60pTOBOI>1 CHUCTEMbI YIIPABJICHUA CYIIECCTBYIOIINX BbIYHUCIIUTCIBHBIX
YCTPOMCTB, U MOOYXkKJaeT K pa3pabOTKe HOBBIX OOPTOBBIX BBIUUCIIUTEICH,
OTJIMYHBIX OT (POHHEHMAHOBCKON WIIM TapBapACKON apXxuTekTypsl. [Ipumepom
TAKUX  CHCTEM  MOXET  CIYXHThb  XaOTHYeCKWi  mporeccop  [3-5].
PoOoToTeXHNYECKHE MIACCH JIOOBIX THIIOB, B TOM YHCJIE M POOOTHI-IIAPHI,
TpeOYIOT Ul YHpaBJICHWS pEHICHWsS TaKuX 3aJad Kak HWHTETPUPOBAHUE,
muddepeHmpoBanne,  BBIYMCICHHE  TPUTOHOMETPHUYCCKHX  (DyHKUMIL.
AHanoroBble BBIYNCIUTEIbHBIC YCTPONHCTBA, PEATM30BAaHHBIC IO COBPEMEHHBIM
TEXHOJIOTHUECKMM  IIPOIIecCaM, IMO3BOJISTIOT — BBIIOJIHATH  IIEPEUHCICHHBIC
olepanuy € YAOBJICTBOPUTEIBHONW TOYHOCTBIO M OBICTPOTOH, OCTaBasCh
TEXHOJIOTHUECKH poIe COBPEMEHHBIX MHUKPOIPOIIECCOPOB "
nporpamMmmupyeMoil Jioruku. TakuMm o0pasom, B camoe Oiikaiiliee Bpems
0’KHIaeTCsI MOSBJICHUE MUKPOPOOOTOB HAa COBEPIIIEHHO HOBOM anmapaTHOI 6ase,
KOTOPBIE IPHU TIOMOIITH TPYNIOBBIX CTPATeruit OyAyT CIIOCOOHBI peIiaTh 3aAa4H
MOHUTOPHHIA CJI0KHON MECTHOCTH.

1. Ilpoxomosuy, I'. A. Oco6eHHOCTH MacIITAOMPOBAHNS MHOT'OAT€HTHBIX
CHCTEM Ha IpHMepe IEHTPATN30BAHHOTO U JICHIEHTPAIIN30BAHHOTO AITOPUTMOB
YIpaBieHUSI TPYNIOH MajoradapuTHbIX MOOWIBHBIX pobotoB / I A.
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KOHIENIHUS CUCTEMBI YITPABJIEHUA MUKPOPOBOTOM
KOCMMYECKOI'O HASBHAYEHHU A

Shilayev S.N., Shilayev A.S., Zhukov A.A., Zakirov R.N., Gradetsky
V.G., I'paoeuxun B.I', Bolotnik N.N.
CONCEPT OF A CONTROL SYSTEM OF THE MICROROBOT FOR
SPACE APPLICATION

UlIMex PAH, 2. Mocksa,e-mail; zhukov@mail.ru

[lararompe MUKpOPOOOTHI KOCMHYECKOTO Ha3HAUCHHMSI IIPU3BAHBI peIaTh
cleAyloIMe  3aJayd:  MHCIEKLUUS  TPYJHOJIOCTYHHbIX  oOmacteit KA
(xocMudeckoro anmapaTa) (Kak BHYTPH ammapara, Tak U B OTKPBITOM KOCMOCE);
yZaJeHHOEe HaOJIIOACHNE; BBINOJIHCHWE HAIUIAHETHBIX MHCCHH B YacTH
MepeMeIIeHNs M0 MOBEPXHOCTH IUIAHET W cOopa TpyHTa; MaHWITyJIMPOBaHHE
MHUKPOOOBEKTAMH B HCCIIEI0BATEIbCKIX LEIIX; obecrieueHme
MIO3UIIMOHUPOBAHUS U KOHTPOJIS NO3UIIMOHNpOBaHus Moayneil KA. Oxnum u3
BapUaHTOB peaM3ally MATa0IIEro MUKPOPoO0Ta KOCMUYECKOTO HA3HAYCHNUS
SABJISACTCA MPUMCHCHUEC TECPMOMEXAaHNUICCKUX AKTH0aTOpOB B Ka4yCCTBC
HCIIOJITHUTCIIbHBIX KOMIIOHCHTOB, KOTOPbIMH cHaOeHa nepemMeniacmas
wiatpopma [1, 2]. Co3paHue mararmero MHKpOpoOoTa KOCMHUYECKOTro
Ha3HA4YeHUs HEM30eKHO YITUPAETCs B 33]ja4y pealln3alii OJHOTO U3 OCHOBHBIX
KOMITOHEHTOB —CITy>KEOHON CUCTEMBI yIIPaBICHHUS.

Lenb paboTel — OIEHKAa BO3MOXKHOCTH CO3J[AHHS CHCTEMBI YIPaBICHUS
IIaraiomero MUKpopoooTa KOCMHUYECKOTO Ha3HAYCHHUSL.

K TtpeboBanMsM, TpenbsBISIEMBIM K CHCTEME YIIPABJICHHS, OTHOCST
TpeOOBaHMUS K AIEKTPOHHBIM OJIOKaM, BBITTOJTHEHHBIM Ha OCHOBE OTEYECTBEHHBIX
Wi 3apyOeXKHBIX DJICKTPOHHBIX KOMIIOHEHTOB. CXema yNpaBieHUs J0JIKHA
OBITH aBTOHOMHOW, HEPEMOHTOIPUTOJHOM, CTOMKOM K BO3/ICHCTBHUIO TSKEJIBIX
3apsDKEHHBIX YaCTHI], COXPaHATh pab0TOCIOCOOHOCTh B JMAIa30He TeMIIepaTyp
ot — 150 go + 150 °C nmpu panmanuoHHoil croiikoctu He xyxe 100 xpan u
BpeMeHH paboThl He MeHee 15 ner, ObITH YCTOMYMBOM K BO3AEHCTBHIO
aTOMapHOTO KHUCIOpOJa B OTKPBHITOM KOCMOCE Ha HHU3KHUX OpOHTax.
KoHuenryanbHO cucTeMa YIpaBiI€HHs COCTOMT W3 psijia (PyHKIMOHAIbHBIX
OJI0KOB: IIEHTPAJILHOTO TMpoOLEccopa, JATYMKOB YCIOBHI DKCILTyaTallHH,
ZIpaiiBepoB yIPaBICHUs UCIOIHUTEIBHBIME YCTPOICTBAMHU, HEIIOCPEACTBEHHO
WCTIONTHATENFHBIX ~ YCTPOWCTB  (aKTIOATOPOB),  JaTYHUKO-TIPeoOpas3yrome
ammapatypsel  ([AITA). Mukpocxemy ympasnenus (LIIT), AIIA wu nppaiiBeps
ynpaBieHUs HEOOXOJMMO BBINONHATH B OAHOM KpucTamie. [lockombky
MHKpOpPOOOT ~ TpeacTaBiIsieT  coOOW  KPEeMHHEBBI  KpHCTalUl €O
c(OpMUPOBAHHBIMM ~ METOJAMH  TOHKOIUIGHOYHOW  MMKPOTEXHOJIOTHH
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«KOHEYHOCTSIMM»  —  aKTI0aTOpaMH,  CIIOCOOHBIMM  3aleIuIsiThCcs 32
KOHCTPYKTHUBHBIE YaCTH KOCMHYECKOTO ammapara, JOTMYHO C(HOPMHUPOBATH
MHKpPOPOOOT B BHAE CHCTEMbBI HA KPUCTAJUIE, T.6. KOHCTPYKTHBHO CHUCTEMY
YTpaBIeHNUS IPEAIAraeTCsi COBMECTUTB C KPEMHHUEBOM «TEJIOM» MHKPOPOOOTa ¢
npuMeHeHneM MukKpoTtexHonoruid [3]. Takum oOpa3oMm, HCIOTHUTEIHHEIC
KOMITOHEHTBI — «HOTH» — JOJDKHBI YIPABISITECS HEMOCPEACTBEHHO OT YHIIA.
OreHka MaccorabapuTHBIX XapaKTEPUCTUK MOKA3bIBAET, YTO B MHTETPAILHOM
HCTIOJTHEHUN BeC MHKPOpPOoOOTa C CHUCTEMOIl ymnpaBieHus OyAeT COCTaBIATbH
npubauzurenbHo 30 Tyt pabouero obOpasua. B cBS3M ¢ KOMIUIEKCHBIM
XapakTepoM 3aJadd CO3JaHUS MHUKPOPOOOTa, KOTOPYIO HEBO3MOXKHO PEIIUTh
CWJIaMH OJHOTO TPENNpPUATHS, [UIS pealu3allud CHCTEMBl YIIPaBICHUS
IpeAIaraoTcsl CIAEAYIOIIUE dTalbl: ONpPEIeJICHUE COCTaBa COUCIIOIHUTEINCH,
O0TpabOTKa OT/AENBHBIX Y3JOB MakeTa, pealu3anusl JCHCTBYIOIIETO MaKeTa,
peanu3anys MHKPOCHUCTEMbl — WHTETPAJIbHOW CXEMBI CHCTEMbI YIIPaBJICHHUS,
COBMEIIICHHON C UCTIOIHUTEILHBIMA 3JIEMEHTAMH (aKTIOATOPAMH).

Pabora BBITOTHEHA TIPW YaCTUYHOW MOIAEPIKKe PoccHiickoro HaydHOTO
¢donma B pamkax npoekra PH® Nel14-19-00949.

Jlureparypa
1. N. N. Bolotnik, V. G. Gradetsky, A. A. Zhukov, D. V. Kozlov, I. P. Smirnov.
V. G. Chashchukhin. Mobile Microrobotics for Space Exploration: The State-of-
the-Art and Prospects. CLAWAR-2016. 19 th International Conference on
Climbing and Walking Robots and the Support Technologies for Mobile
Machines. London, UK, 12 — 14 September 2016. Advances in Cooperative
Robotics. World Science Publishing Co. R. Wahab (ed;). Singapore. 2017.
P.739-746
2. NL.I1.CmupHos, /JI.B. Koznos, A.A. XKykos, B.I'.'Hamryxun, B.I'. I'panernxwii,
H.H.bonoTtHuxk. MuUKpOCUCTEMHBII KOCMUYECKUHI POOOT-HHCIICKTOP
(Bapmantsr). [Tatent P® 2 566 454.
3. ®.JL.UepHoycbko, U.I1.Cmupnos, [1.B. Kosnos, A.A. XKykos, B.I'.HamyxuH,
B.I'. I'panenxwuit, H.H.bonorauk, I'.B.CamoxBaioB. MoOHIBHBIN MUKPOPOOOT.
[Monesnast monenb k mateHty 154 708.

152



KOHCTPYKTUBHBIE PEHIEHUS U TIPUMEHEHUE
PTK / CONSTRUCTIVE DECISIONS AND APPLICATIONS OF
ROBOTIC SYSTEMS

M.U. Manenkos, B.A. Bonos, H.K. I'vceea, /I.H. Ky3omenxo, E.A. Jlazapes
PE3VYJIBTATBI IPOEKTHO-KOMIIOHOBOYHBIX
HCCJIEJOBAHUM IO MOBBILIEHUIO XOJ0OBbIX KAUECTB
MJAHETOXO/JOB"

AO Hayuno-mexuuueckuii yenmp « POKA/]», Cankm-Ilemep6ype
info@rocad.ru

B nokmame 0000maroTcs pe3yiabTaThl MPUKIAAHBIX IMPOEKTHO —
KOMIIOHOBOYHBIX HcclieoBaHui, BbimoigHeHHBIX AO HTI[ «POKAIl» B
xooreparuu ¢ 'HI[ P® ITHUUW PTK (mHaycTpranbHBIA TapTHEP) B paMKax
npoekrta Noe 14.576.21.0050, MunoOpHaykn (MICHTH(UKAIIMOHHBIA HOMEp
RFMEFI57614X0050) B 2015 -2016 r. 'maBHOI LeibI0 TPOEKTA SBISUIIACH
pa3paboTka NPOEKTHOTO OOJMKa W QJITOPUTMOB YIPABICHUS CHCTEM
nepeasmwkenuss (CII) m HaBuranum, a TaKke MAHUMYJSIIMOHHOM CHCTEMBI
«ITomonrankoB kocMoHaBTay (I1K) - maHeToX0 0B HOBOTO MOKOJICHHUS.

IIpyu  mpoBeneHMHM  UCCIEAOBAaHMNM  YYHUTBIBAJIUCh  MPOEKTHHIE
XapaKTEPUCTUKH BCEX OCTAJIbHBIX OOPTOBBIX CHCTEM IUIAHETOXOAOB —
KOMMYHUKAINHU, SHEPTONUTAHUS, TEXHUIECKOTO 3PEHHUS, TEPMOPETYITNPOBAHNUS
W yOpaBIECHUS, a TakkKe XapaKTePUCTHKH HAYYHOTO 00OpYyIOBaHMUS,
IPeAHa3HAYCHHOTO Ui TPOBEACHHMS KOHTAKTHBIX  HCCIEJOBaHMI  Ha
ucciegyeMoi moBepxHocTH. OnNTHMmM3amMs TEXHHYECKHX pPEUICHUH |
XapaKTEepUCTUK BBINOJHEHA HAa OCHOBE 3aJ€Jid, MOJIYYEHHOTO IIPH CO3/IaHHU
COBETCKHX JIYHOXOJIOB M XOJIOBBIX MaKETOB IUTAHETOXOAOB Il OTEYECTBECHHBIX
1 MEXYHAPOJHBIX JIYHHBIX U MAPCUAHCKUX IIporpaMM XX BeKa. YUTECH TaKke,
OMyOJMKOBAHHBIH aBTOPAMU OINBIT MNPOCKTUPOBAHUS M IKCIUTyaTaI[UH
aMepuKaHCKUX MapcoxooB X X| Beka.

BrIcokne MpoeKTHbBIE XOI0BBIE KaueCTBa IIAHETOXO0J0B 00ECIICUNBAIOTCS
IIPUMEHEHNEM B cocTaBe deThipex kosecHoil CII (HomuHanbpHas KonecHas 6aza
1,45 m, kones 1,0 m, nuametp koneca 0,4 M, perynupyemslii kiuperc 0,209 m —
0,529 M), yHUBepcambHOU MJIs SKCIDTyaTanuu Ha JlyHe m Mapce, HOBBIX CXeM
OaaHCUPHBIX (TTACCHBHBIX) IOJBECOK M KOJECHO - IIAraiomiero JIBHKHUTEIS
(KILI). [TomMmumo peanu3amuu pekuMa KOJIECHOTO [IaraHusi, 00eCIeYnBaIOIero
npeojoneHue mnoapeMoB 30° - 32° Ha cnabo cBs3HBIX rpyHTax, cxema KIIJ|

* PaboTa BHINOJIHEHA IIPH MOUIEP)KKE MUHUCTEPCTBA 0OPA30BAHMS M HAYKH: IPOEKT
Ne 14.576.21.0050, unenruduranuonnsiii Homep RFMEFI57614X0050 /

This work was supported by the Ministry of Education and Science: Project No.
14.576.21.0050, identification number RFMEFI57614X0050 /

153



MO3BOJISIET  O0ECIEYNTh HHAMBUAYaJIbHOE pErYJIMPOBaHUE [0 BEPTHUKAIN
OTHOCHUTEIIHHOTO TIOJIOKEHHSI KaKJOTo Kojeca MPH ABIDKCHHH B KOJECHOM
peknMe (aKTHBHAs TOJBecka). XojJa AaKTUBHOM W TACCHUBHOM TOJIBECOK
obecreunBalOT TPEOJ0ICHHe TpersaTcTBuil BeicoTo A0 0,5 M. Ilpm sToMm
MTaCCHBHAS TTO/IBECKa obecrieunBaeT, 6e3 MOIKITIOUCHII MEXaHI3MOB IaraHus,
MTOCTOSTHHBIA KOHTAKT BCEX YETHIPEX XOJOBBIX KOJIEC C TPYHTOM IPU ABIKCHUH
10 HEPOBHOM Tpacce ¢ BBICOTOM HepoBHOCTEH B npenenax +180 mm, a Takxke npu
IIPEOI0JICHIH OHUM KOJIECOM OJJMHOUHBIX MPENSATCTBUM BEICOTOM 10 360 MM Ha
poBHOI momanke. JIByXCTymeHYaTble aBTOMAaTHYECKHE KOPOOKH Tepenad
MOTOp — KOJ€C, B COYETAHHU C PEryJHMpOBAHHEM CKOPOCTU BpallleHHs
6€CKOHTaKTHbIX TSATOBBIX 3J'leKTpOI[BPIFaTeJ'IeI7[, O6eCHe‘~II/IBa}OT JABUXKCHUE Ha
BTOPOI1 epeade co CKOpoCThIo J10 1,5 KM/4ac Ha CrioKoitHOM penbede ¢ yriamu
mogpemMa He Oomee 7° - 10°. Bomee dem TpexkpaTHOE yBEITHUCHHE
TUHAMAYECKOTO (akTopa Ha TMEpBOH Ieperade IO3BOJSCT IUIAHETOXOMY
[IPE0J0JIEBATh MOIBEMBI 10 25° - 27° Ha CBSI3HOM I'PYHTE CO CKOpOCThio 10 0,4
kM/49ac. CKOPOCTh B peKHMe KOJICCHOTO IIaraHus MPH IPEOJOJICHAH TTOIHEMOB
1o 32° Ha CBS3HOM H CBIITy4eM rpyHTax cocraBisieT 0,025 km/gac.

[ToBrIlIeHNe KauyecTBa HaBUTAIMHM OOECIICUYMBACTCS YCTAaHOBKOH BYX
OIHOTUITHBIX MOHOXPOMHBIX IIap HABUTALIMOHHBIX KaME€p Ha HOCY U Ha KOpME
IJIaHeToxo4a. B coderaHum ¢ CUMMETPUYHOM  CXEMOH  OIOPHOIO
YEeTHIPEXYTOJbHIKA OTHOCHUTENIFHO TIPOGKIMM LIEHTpa MacC Ha OIOPHYIO
MTOBEPXHOCTh, 3TO PEIICHHE MO3BOJSET 00CCICYUTh PABHOLIEHHOCTh HPSMOTO
XO0Za M peBepca KaK IO XOMOBBIM KadecTBaM, TaK M MO YCIOBHSAM 0030pa
MCECTHOCTH B HaIllpaBJICHUN OBUXCHUA. Pexum HEIPEPBIBHOTO KOHTPOJIA
(haKTUYECKOTO IYTH IIO3BOJISICT PEAIH3AIUI0 aBTOMATHYCCKHX aJTOPUTMOB
aBapUMHONH OCTaHOBKHM IUIAHETOXOJA TIPH IPEBBIIIEHMH MaKCHMaJIbHO
JIOITYCTUMOTO KO3 uimeHTa OyKCoBaHMs. JTO MCKIIOYAECT XapaKTepHbIE JUIs
aMEPUKAaHCKUX MapCOXOJ0B CUTYallUX C 3apbIBAHUEM KOJIEC B MATKOM TPYHTE
JI0 TIOJIHOM OCTAaHOBKHU JABIJKEHMSI M JONOJIHUTEIbHOE MaHEBPUPOBAHHE IPU
JIBIDKCHUH 33JJHAM XOJIOM JUTSl YJIy4dlIeHHUsT 0030pa MECTHOCTH B HAIIPaBJICHUN
JIBIDKCHUS TIepEeTHIMH HaBUTAIIHOHHBIMH KaMEPaMH.

Pazpaborana nomnas 3D mozaens yauBepcanbpaoro CIT maccoit 110 xr, 9To
BCETO0 Ha 5 KT MPEBBIIIACT MacCy CaMOXOTHOTO macc «JIynoxoma-1». [Ipu aTom
monHble TipoekTHass Macca IIK (760 xr) m macca «JlyHoxoma-1» (756 kr)
MPAKTUYECKH COBMATAIOT TIPH CYIIECTBEHHO Ooiiee BBICOKMX IPOSKTHBIX
nokasaressx. [TonHas macca mapcoxoza ¢ npoekTHoit CIT MoXkeT coCTaBISTh He
MeHee 325 Kr.

154
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THE RESULTS OF THE DESIGN&LAYOUT RESEARCHES AIMED AT
THE IMPROVEMENT OF THE TRAVERSABILITY OF THE
PLANETARY ROVERS ~

JCS Scientific-Technical Center kcROCAD»
info@rocad.ru

The paper presents the results of the applied design&layout researches,
carried out by JSC STC “ROCAD” in cooperation with GSC RF RTC (industrial
partner) in the frame of a project Ne 14.576.21.0050 of Russian Ministry of
Education and Science (identification number RFMEFI57614X0050) in 2015 -
2016. The main purpose of the project was the development of the concept and
the control algorithms of the locomotion systems (LS) and navigation and also a
manipulating system for the “Astronaut Assistants” (AA) — the new generation
of the planetary rovers.

During the researches the designed parameters of the all on-board systems
of the planetary rovers were taken into account — communication, power supply,
machine vision, thermal control, as well as the parameters of the scientific
equipment, intended for the contact investigations of the explored surface. The
optimization of the technical solutions and parameters was implemented based
on the background, obtained at the development of the Soviet Moon Rovers and
planetary rover mock-ups for national and international Moon and Martian
missions of XX century. The practice of the development and operation of the
American Mars rovers in this century, published by the authors, was also
considered.

High designed traversability parameters of the planetary rovers are ensured
by the usage in a four-wheel LS (hominal wheelbase 1,45 m, track -1 m, wheel
diameter 0,4 m, adjustable clearance 0,209-0,529 m), that is suitable for the
operation both on Moon and Mars, new concepts of the balancing (passive)
suspensions and a wheel-walking propulsors (WWP). Besides the
implementation of the wheel walking mode, which allows to negotiate low
cohesion soils slopes of 30° - 32°, the WWP concept provides individual vertical
adjustment of each wheel in the wheel mode (active suspension). The stroke of
the active and passive suspension allows to overcome the obstacles with height
up to 0,5 m. The passive suspension ensures, without engaging the walking
mechanisms, permanent contact of all four wheels with the soil when moving

* PaboTa BBINOJIHEHA IIPH MOIEP)KKE MUHHUCTEPCTBA 0OPA30BAHMA M HAYKH: IPOEKT
Ne 14.576.21.0050, unenruduranuonnsiii Homep RFMEFI57614X0050 /

This work was supported by the Ministry of Education and Science: Project No.
14.576.21.0050, identification number RFMEFI157614X0050 /
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over uneven surface with unevenness up to £180 mm and, when moving over an
even surface, negotiating by a wheel of an obstacle with height up to 360 mm.
Two-speed gearboxes in the motorizes wheels with speed-variable brushless
electric motors provide second gear speed up to 1,5 km/h in a smooth relief with
slope angles not more than 7° - 10°. More than triple increase of the tractive force
in first gear enables the planetary rover to overcome the slopes up to 25° - 27°
on cohesive soils with speed up to 0,4 km/h. The speed in the wheel-walking
mode when negotiating the slopes up to 32° on cohesive and loose soils is 0,025
km/h.

The improvement of the navigation quality is ensured by mounting two, of

the same type, pairs of the monochromatic navigation cameras at the front and at
the rear of the planetary rover. In conjunction with the symmetric layout of the
bearing rectangle relative to the position of the Centre of Mass, this solution
provides the equity of the forward and reverse driving capabilities in terms of
traversability and landscape viewing conditions in the direction of the
locomotion. A mode of continuous monitoring of actually covered distance
allows to implement the automatic algorithms of the emergency stop of the
planetary rover in case of achieving the maximum allowed slippage of the
wheels. This will exclude the typical situations occurred with American Mars
rovers when the wheels have been digging into the soft soil until complete rover
stop and additional maneuverings when moving in reverse, caused by the
necessity to improve the viewing of the environment in the direction of
locomotion using front navigational cameras.
A complete 3D model of universal LS with mass 110 kg has been developed.
This mass exceeds by only 5 kg the mass of the “Lunokhod-1" LS. At the same
time, the design mass of the AA ((760 kg) and mass of the “Lunokhod-1" are
nearly the same, while the designed performance parameters of the AA are
considerably higher. Total mass of a Mars rover
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Kuban State University, Krasnodar, Moscow Technological Institute

3HAYUTENbHOE  KOJIMYECTBO  MNEPEeMEIAoIIUXCAd  TPAHCIOPTHBIX
POOOTOTEXHUYECKUX KOMIUIEKCOB HMEIOT KOJECHBIH MJIM T'YCEHHUUYHBIH XOJI.
OnHako OrpaHU4YeHHE, HAKJIAQJblBAEMOE Ha TMPEOAOJIEHHE MPENsTCTBUN
KOJICCHBIMH pOOOTaMH, HANpPSIMYIO 3aBHCUT OT AMaMeTpa Kojeca. B To Bpems
Kak IIararoiue poOOThl MOTYT IIPEOJOJIEBATh IPEISTCTBUS U OIPaHUYCHBI
umHOHM Horw. Illaratomme poOOTHI OBUIM MCHONB30BaHBI MPH HCCIIEIOBAHUA
YZQJIEHHBIX MECT, HCCIEIOBaHMS MOPCKOTO [HAa W IUIAHET, HAa AaTOMHBIX
UEKTPOCTAHIMAX, a TaKXKE B CracaTelbHbIX onepanusx. Ilomumo 3Toro
TPAHCIIOPTHBIE CPEJCTBA C IMIATAlOMNM HPUHIUIIOM MOTYT HCHOJIB30BATHCS,
HampuMmep, Hpu cOope MarepuanoB, IIPH IEPEeBO3KE TI'Py30B, B KadecTBE
CEpBUCHBIX POOOTOB, ISl MEPEMEINCHHS B TPYAHOJOCTYIHBIC YYacTKH
MPOU3BOJCTB M MAaruCTpaJdbHBIX TpyOompoBonoB. Eme o7aHO BakHOE
MIPEUMYIIECTBO INATAIOUINX POOOTOB 3aKIIOYACTCS B IMPEOJONEHUH KPYTHIX
VIJIOB TIPU COXPAHEHHHM YCTOWYMBOCTU. HecmMoTps Ha MMIMPOKUN CHEKTp
MIPUMEHEHUS, MHOTHE 3aJa4dl OCTAIOTCS HE PEIICHHBIMH, YTO 3aTpPyJHSCT
IIMPOKOE IpHMEHEeHHWe Iararoumx poboroB. K HemocTatkaM OTHOCATCA
BBICOKAsl CJIO)KHOCTh YINpPABJICHUS M CTAOMIHM3allM{, CTOMMOCTb, HH3Kas
9HEeprodQPEeKTUBHOCTH ¥ OTHOCUTEIILHO HU3KAasl CKOPOCTb.

Jlokmag — TOCBAIIEH — NMPOCGKTHPOBAHUIO  IIarampomiero  podora,
IIPOTrPaMMHO-aIIapaTHOMY obecIieueHuto, TIPUHIIMIIOB YIIpaBICHUS
paspaborannoro MmobuiabHOro pobora AnyWallker. B mpeacraBmsiemoii
KOHCTPYKIIMH CTABUJIACh 3a/1a4a NPOEKTHPOBAHMS pOOOTA B JIETKO YIIPABIIEMOM

2 PaboTa BBIMOJIHEHA B PAMKAX Toc3afaHus MUHHCTepCTBA 00pa30BaHUs U HAYKH, TPOEKT No

Ne 8.2321.2017/TT4 «Pa3paboTka 1 amantauus CUCTEM YIPaBICHUS KOMIICHCAIIUEH TNHAMIYECKUX
OTKJIOHSFOIIMX BO3JCHCTBUI HA MOOMIIbHBIC O0BEKThI, HAXOIAIIUECS B COCTOSIHUM JAMHAMHYECKOTO
PaBHOBECHSD)
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camocTabmin3upyemMoit miardopme, ¢ OOJIBIIUM JHANIA30HOM HPOXOAUMOCTH.
Pemenune >TMx 3amad obOecredyeHO KOHCTPYKIMEH KOpIyca, MO3BOJIIONIEH
OCYIIECTBIISATH OBICTPOACHCTBYIONIYIO CTAOMIM3ANNIO, & TAKKE OPUTHHAIBHON
CXEMOMH I1accH, HAPaBJICHHOM Ha MPEOI0JIEHUE TTPETSTCTBHUM.

B kagecTBe KopITyca, Kak CTaOMIN3NPYEIIyrocs IeHTpa Macc, BEIOpaHa
chepa muamerpom 0.4 M. CtabmiM3amnus MOJIOKESHHS TeJla OCYIIECTBIIICTCS 32
CYET CWJIOBOW KOMIIEHCALMEH OTKJIOHSIOUIMX BO3AEHCTBUNH. B KOHCTpyKLUIO
YCTPOWCTBA BXOJSIT JIBa MaXxOBHKA, MPUBOJBI MAaXOBHMKOB, OJIOK YyIPaBJICHHUS,
JIATYNKH TTOJIOKEHUS Tella, JaTINKU YTIIOBOH CKOPOCTH MaXOBHUKOB U HCTOYHUK
anexTponuranus. O6a MaXxOBHKa HAXOAATCSI BHYTPU CTAaOMIM3UPYEMOTo Teja.
Ilpn 5TOM ULEHTPHI Macc MaxXxOBHUKOB COBNJAIOT, a WX OCH BpAalICHUS
nepecekaroTcs.  BHemrHue — BO3AEHCTBUSL  PETHCTPUPYIOTCS — JAaTYUKAMHU
MOJIOKCHNUSA Tella W TIepelaloTcsl Ha OJOK YIpPaBICHHSA, ITOCHUIAOIITHIA
COOTBETCTBYIOIUI CUTHAJT Ha IPUBOBI MAXOBUKOB M TEM CaMbIM TTPHUBOISIIIHIA
WX B JBIDKEHHE. MOMEHT MHEPIHH BPAIIAIOIINXCSI MaXOBHKOB KOMIICHCHPYET
OTKJIOHEHHS, BBI3BIBaEMBbIE BHEUTHHUMH BO3JEHCTBHSAMH, CTaOWIM3HPYS
TTOJIOXKEHHE TeJla B TPOCTPAHCTBE.

Peanm3oBana KHHEMaTHIECKas CXeMa CO CIICIHaIbHO Pa3padoTaHHBIMU
LIaCCH, IPUUYEM KaXJasi U3 HOT poOOTa COAEPIKUT BEPXHEE 3BEHO JUIS ONOPHI
00BbEMHOTO Tella yepe3 MepBhIi MIapHUP, U HIDKHEE 3BEHO ISl ONOPbI BEPXHETr0
3BEHa 4Yepe3 BTOPOW MIAPHUP, a TAK)KE CTYIHH, IOJBMKHO COEJMHEHHBIE C
Ka)XJbIM HI)KHUM 3BEHOM 4Yepe3 TpeTHH ImapHup. BepxHee 3BeHO COCTOHT U3
JIBYX 4acTel — COEIMHEHHBIX JPYyr C APYroM dYepe3 YEeTBEpTHIH LIapHHUD,
IIPUYEM NepBast 4acTh BEPXHET0 3BEHA TeJla Yepe3 MePBbIi IapHUp COSANHEHA C
OOBEMHBIM TEIIOM, a BTOpas YacTh BEPXHETO 3BEHA 4Yepe3 BTOPOW IMapHHUP
COCIMHEHA C HIDKHUM 3BCHOM, IIPH STOM B TOJOKCHHU POOOTa CTOA Ha JBYX
HOTaX, YeTBEPTHI MIAPHHUP Ka)KAOH HOTH PoOOTa PACIIONIOKEH BHIIIE MEPBOTO,
BTOPOTO U TPETHETO IMAPHUPOB
PacderHast ckopocTh mepeMerneHus IIaTGopMbl ¢ radapuTaMu KoOpIyca,
ykiamgeiBatomerocss B chepy 40 cM, MO TOPU3OHTANFHOW, B CpEIHEM,
MOBEPXHOCTH, B PEKUME IlIara COCTABHT 5 KM/4ac, a B PEKMME KayeHUs Ha
KOpIyce C IMOJHATHIMH MaHHITyJSITOpaMH 0 15 KM/4, CMOXET aBTOHOMHO
(GYHKIMOHMpOBATh B Te4eHHE 24 YacoB B PEKUME TPAHCIILUH BUJIEO,
aKTMBHOIO  YIPAaBJIEHUS U  IIEPEMEIUECHUS 1[I0 MECTHOCTU  CpelHel
MIEPEeCceUYeHHOCTH, HECTH 3,8 KT MOJIC3HON HArpy3KH.
Pa3zpaboTanHas poOoTu3MpoBaHHAs IUIaTGoOpMa JIEMOHCTPUPYET BBICOKYIO
9HEProdPPeKTUBHOCTH, B CPABHEHUH C JPYTHMH KOHCTPYKIMSIMH MIArarOIIuX
poGoToB. Paspaborannbiii maratomumii podor AnyWallker siisiercst nmpumepom
CEPBHCHOI'0 MOOHMJIBHOTO YCTPOUCTBA, CIIOCOOHOTO CIPABUTHCS C HECH3BECTHOM
MECTHOCTBI0, HaJIS)KHO U THOKO MEPEeMEIasch 10 MyTH.

[ararommrie poOOTHI MpeIHA3HAYCHBI I TPEOJOICHUS IMPETIITCTBHIHA

npu nepemMerieHnn. Paspaboran mararormmuii pocot AnyWallker, B koHcTpyKItnn
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KOTOpOI'0 pelieHa 33jaya camMoCTaOWIIM3alMK IEHTpa Macca, pa3padoTaHbl
CIELMAIbHOTO BUJA IIACCH, OOECIeYMBAIONIME MEepeMENIeHHe 110 BBICOKOH
IPOXOJMMOCTH. B 1oknmajge NpHBEeNeHBl pe3yiabTaThl NPOEKTHPOBAHHA H
yhopaBieHuss ~ poOOTOM,  apXWUTEKTypa  NPOrpaMMHOIO  KOMIUIEKCa,
00eCTIeUYNBAIOIIETO YIPABICHNAE U MaCIITA0UPOBAHHE alllIapaTHON TIaT(GOPMEIL.

KiroueBrie citoBa: mararomiue poOoTsl, caMOCTaOMITH3anus TIATPOPMEI,
YCTOIYMBOCTh ~ AMHAMHYECKHX  CHCTEM, [IacCH  POOOTOTEXHHYECKHX
KOMIIEKCOB.
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A. E. I'aspunos, A. B. Jleonapo, O. A. Muwycmun, /l. M.Cenonun,
C. b. Xaumumupoea
YHUBEPCAJIBHAS INATAIOIIASI UTHCEKTOMOP®HASI
MJIAT®OPMA?

Bonzoepadckuii cocyoapcmeennviii mexuuyeckuil ynusepcumem (Boael'TY),
Bonzoepao
krobotechvlg@gmail.com

PazpaboTka m BHeapeHHME MOOMIBHBIX POOOTH3MPOBAHHBIX CHCTEM IS
peaiM3alM  pPa3IMYHBIX  CJIOKHBIX  3a/ad  CTAHOBUTCS  NPHOPHTETHBIM
HarpasJjeHUuEeM pa3BUTHs. POOOTHI C MIAraloUMK JABHKUTEIISIMH UMEIOT BBICOKHE
BO3MOXKHOCTH MO aJaNlTaldk K OKpyKalomieil cpene, OONbLIYIO NPOQUIBHYIO
HPOXOIMMOCTB, & TAKKE MAaHEBPEHHOCTH, JOIYCKAIOIYI0O B OOJBLINHCTBE CIIy4acB
nepeMelnieHre B IPOU3BOJILHOM HampaBieHHH. PoGoToTexHHYecKas miatdhopma ¢
IIATAIONIMM JBIKUATEIEM CIOCOOHA OCYILECTBILITH Pa3sBOPOT Ha MeCTe, MMEeT
BO3MOYKHOCTB ITPOBOJIUTE Pa0OTHI HA HEYCTONYHMBBIX IPYHTAaX M CTAOMIIM3HPOBATDH
CBOE IOJIOXKEHHE 10 YIIaM KPeHa, TAaHI'a)a M PhICKAHBSL.

Ha ceropusmHuii JeHb mararonie HHCEKTOMOP(QHBIE ABHKUTEIH SIBIISIOTCS
HOBOW W MEpPCHEKTUBHOM, OJHAKO, IOJHOCTHIO HE HCCIEIOBAaHHON 00JacTbiO
TeXHUKH. llenplo mpoekra siBisiercsi pa3paboTKa YHUBEPCAIbHOW IlAraromiei
nHcekroMopdHoi mathopmsl «AGy». B paboTe nmokasansl KOHCTPYKIHUS, 3JIEMEHTBI
ITOPUTMOB TEPEMELICHUsI, MaTeMaTHYecKas MOJENb, a TaK e, BO3MOJKHBIC
BapHaHThl HCIOJIB30BAHMS YHHUBEpCaIbHOW Imiararomeil miatdopMel «AG» mis
pELICHUS IIUPOKOT0 CHEeKTpa 3a1ad. PoboTu3npoBanHble m1aTOpPMbL, OCHAILICHHBIE
JBHKHATEISIMH I0OOHON KOHCTPYKIMH MIEPCIIEKTUBHBI TS IIPUMEHEHUS B COCTaBE
MHOTO(YHKIMOHAJIEHBIX HA3€MHBIX M IIOABOJHBIX TPAHCIIOPTHO-TEXHOJIOIHIECKHX
KOMIUIEKCaX, a TakoKe IPUMEHEHHS! B KOCMUYECKOH TeXHUKe.

8 Pa6ota BeimonHena npu noanepikke PODOU nmpoekt Nel5-08-04166 a, Ne16-38-00755 mon_a, Ne 15-41-02578
p_noBoinkbe_a, Nel16-38-60086 mon_a_ax
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A. E. Gavrilov, A. V. Leonard, O. A. Mishustin, D. M. Selyunin,
S. B. Hantimirova
THE UNIVERSAL WALKING INSECTOMORPHIC PLATFORM*

Volgograd state technical university (Borel'TY),
Volgograd
krobotechvlg@gmail.com

Development and deployment of mobile robotic systems for implementation of
different complex challenges becomes the priority direction of development. Robots
with the walking mover unit have high opportunities for adaptation to the
environment, big profile passability, and also the maneuverability allowing in most
cases relocation in arbitrary direction. The robotic platform with the walking mover
unit is capable to realize a turn on the place, has an opportunity to carry out
operations on unstable soil and to stabilize the situation on angles of bank, pitch and
yaw.

Today the walking insektomorfic mover unit are the new and perspective,
however, completely not probed field of technique. A project objective is
development of the universal walking insektomorfic AG platform. In operation
construction, elements of algorithms of relocation, a mathematical model, and also,
possible options of use of the universal walking AG platform for the solution of a
wide range of tasks are shown. The robotic platforms equipped with mover unit of
similar construction are perspective for application as a part of all-in-one terrestrial
and underwater transport and technological complexes, and also applications in
space technique.

4 This work was supported by The Russian Foundation for Basic Research — grant Ne15-08-04166, Nel5-41-
02578, Ne16-38-00755, Nel6-38-60086
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H.A. I'pasnos, B.B. Xapnamos, C.A. Hukumun, /I.I. Illamapun,
A.FO. Kapceesa, I.C.Kupeesa
MEI[I/IHI/IHCKI/Iﬁ POBOTU3UPOBAHHBIN KOMIIJIEKC JUISA
JEYEHUSA TEMOPPOSA METOJ10M JIABEPHOM
KOAT'YJIAIUUA ITOA AOIITIVIEP-KOHTPOJIEM

THI] P® I[[HUHU PTK, Canxm-Ilemepbype
a.karseeva@rtc.ru

[lepciekTUBHOE pa3BUTHE MAJOMHBA3UBHOW JIa3€pHOW XUPYPIrUU B JIEUEHUU
TEMOPPOs  CBA3aHO C BPEMEHHBIM M TMPOCTPAHCTBEHHBIM COBMEIIEHUEM
JUArHOCTUKU W JedeHus. llenblo NpOBENEHHOIO aBTOPAMU HCCIENOBAHHS
SIBJSUIACh Pa3padOTKa CTPYKTYpBl TaKOTO aNNapaTHOTO KOMILIEKCA, KOTOPBIN
MO3BOJISUT OBl TPOBOJWTH MaJOMHBA3UBHOE JICUCHHE TE€MOPPOS METOJIOM
JIA3CPHOU KOAryJsilMU IOJ KOHTPOJEM BHYTPUTKAHEBOU YJIBTPA3BYKOBOU
BH3yaJIN3aI[H B PEKUME PEaTbHOTO BPEMEHU.

CTpyKTypa MeAHIMHCKOI0 KOMILIEKca

Jna neueHuss reMopposi MOCPEJCTBOM JIA3€PHOM KOAryysiiuU COCYOB TOJ
KOHTPOJIEM MpoILiecca ¢ MOMOIIbI0 Jonuieporpadgun HeoOX0 MM MeTUINHCKUN
kommiekc (MK), KOTOpBIH MOXXET peIiaTh CIEAYIONINe 3aJadd: IOUCK
MECTONOJI0XKEHUS apTEPUANIBHBIX M BEHO3HBIX COCYJOB; JIa3epHasl KOaryJIsiys
COCYI0B, MUTAIOLIUX T€MOPPOUIANBHBIN y3€Il; KOHTPOJIb CTENEHU KOATyJIALUH.
Paspabotannas ctpykrypHas cxema MK mpencraBnena Ha puc. 1.

1. MK

2. BNOK QUarHOCTHI | 3. Nazepwesi Gnoe(NB) 4, Cactesa yrpannemus ME |
§ : " e 7. Naseprsii 8. Cucrema | (. i
5 7 | B. ¥3M cranep | 10. B
3. Apneeporpeds (1) ) ! X J wamysaTens ynpaanawss N5 \ MOy |
" 1. Nonnneposcawn | | 12, Y3l aram 13, Cucrema 14, OnrononoroHR | 15 pocamen | [ 16. Mporpammmae

ki y MTEHIR 1 | MeCTRYMEHT _ L] 3 \__ obecneveHne
- e | oxnawpessn N6

17.Cucrema ) (" 18 Cucrema
Iy ¥au)

MERATYTATOD

Puc. 1. CTpykTypHas cxeMa MeAHIHHCKOI0 KOMILIEKca Il JIa3epHOii
KOAaryJisiluH COCY/0B.

C ucnoinp3oBanueM Y3U CKaHEpa ONpeACIA0TCA NATOJIOT'MYECKUC COCYAUCTBIC
C6I)OCI)I, YTOYHAIKOTCA pasMEphbl U X0 COCYAOB, NUTAIOIIUX I‘eMOppOPLHaJ'ILHLIﬁ
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y3en. Bes mpouenypa NpoxXOoAMT MNPU HENPEPHIBHOM JOMILIEP-KOHTPOJIE.
Bnauane mpokTockom BBOAWTCS B aHaimbHOe oTBepcTHe. C momompio Y3U-
JATIUKA OCYIIECTBIISIETCS TOWMCK COCYJOB, YTOUHSIOTCS MX pa3mepsl. [locie
HaXO0’KJCHUS COCyJIa, OCHOBBIBASACH Ha MOJyYCHHBIX JaHHBIX O pa3Mepe cocyna,
CKOPOCTH TOTOKAa KPOBH M TSKECTH IATOJOTHMYECKOTO IMpoIlecca, BRIOMpaeTcs
ONTUMAIIBHBIA ~ PEXKUM  BO3JICHCTBHSA  Ja3epHOTO  W3IYYCHHA.  3aTeM
TIPOU3BOIUTCS TPOLIEAYPa Ja3epHON Koarysaun. C TOMOIIBI0O XUPYPTHIECKOTO
MaHUITYJIATOPa CBETOBOJ MOJBOJUTCS K BBIOpAHHOMY cocyny (TOJIOKCHUE
cBeroBosa KoHTponupyeTrcsi Y3U ckanepom). Bo Bpems mpouenypsl mon
JICCTBUEM JIa3€PHOIO U3IIyYEHUS KPOBb BHYTPU COCYJA KOAryJludpyer, U OH
cragaercs. VIMEHHO TMOJIHOE CKJIEHMBAaHUE COCYJa U SIBISETCS JOCTUTaeMOMN
LIEJbI0 M KOHTPOIUPYETCSI C MIOMOIIBIO YIIBTPa3BYKOBOTO JIATYMKA JIOTITIIEpA.
3akJrouenue

Takum 00pa3oM, IpH YCIICITHON peann3aliil KOHCTPYKTUBHOTO COBMEIICHHS
MUATHOCTUKH B PEXKHME PEaTbHOTO BPEMEHH M TPOBEACHUS OIECPalnu C
MOMOIIBI0  Ja3epa, TMONYyYUTCS CO3MaTh YHHUKAJIFHOEC MAIIOMHBAa3HBHOEC
MEIHIIMHCKOE PEUICHHE IS JICYCHHS TeMOppOs, HE HMMEIOIIee aHaJlorOB B
HacTosiIee BpeMs. Takke NaHHAs WIS MOXET Jiedb B OCHOBY IOCTPOCHHS
KOHCprKHI/Iﬁ MCOUIIMHCKHUX KOMIIJIICKCOB IJIst MaJIOWHBA3UBHOM XHUpypruu,
NMpEeAHA3HAUYCHHBIX UIA JICYCHUA COCYAUCTBIX U OHKOJIOTUYECKUX 3a00JIEBaHUH.
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N.A. Gryaznov, V.V. Kharlamov, S.A. Nikitin, D.G. Shamarin, A.Y. Karseeva,
G.S. Kireeva
MEDICAL ROBOTIC APPRATUS FOR TREATMENT OF
HEMORRHOIDS BY METHOD OF LASER COAGULATION UNDER
DOPPLER CONTROL

RTC, Saint-Petersburg
a.karseeva@rtc.ru

The promising development of minimally invasive laser surgery to treat
hemorrhoids is associated with combination of diagnosis and treatment in time
and space. The aim of the current study was to develop a structure of such
apparatus allowing performing minimally invasive hemorrhoids treatment with
laser coagulation under interstitial ultrasound (US) visualization in real time.
Structure of the medical apparatus

To treat hemorrhoids by means of laser coagulation of the vessels controlling the
process with dopplerography a new medical apparatus (MA) is required, which
can perform several tasks including: search for the location of arterial and venous
vessels; laser coagulation of the vessels, feeding hemorrhoids; coagulation rate
control.

The structure of the developed MA is presented in Fig.1.

)

[ 2. Diagnostics umit | 3. Laser Unit (LU) ‘ | 4. MA control system ]

[ ) 1 T :

5. Dopplerograph (D) ‘ 6. US-scanmer | 7. Laser emitier 8, LU control 9. Interface l 10. Calculator |
\ | I | system module )

11. Doppler sensor ] 12. US sensor l '4_‘;\ - \ - .
\ . 13. LU Power and | 14. Fiber optic tool | | 15, Digplay 16. Software
T cooling system ! IR °
[ 17. D control system | 18. US control |
J system

[ 19. Surgical manipulator |-

Fig. 1. Structural diagram of the medical apparatus for laser vascular
coagulation.

US scanner allows detection of pathological vascular discharges, and

specification of the sizes and the course of the vessels feeding the hemorrhoidal

node. The whole procedure is performed under continuous doppler control. At

first proctoscope is introduced into the anus. By means of the US-sensor the

search for vessels is performed and their size is determined. After finding the
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vessel an optimal regimen of laser radiation is chosen, based on the data about
the vessel size and severity of the pathological process. Then laser coagulation is
performed. Using a surgical manipulator, the light guide is brought to the selected
vessel (light guide position is controlled with US scanner). During the procedure
the blood inside the vessel coagulates, and the vessel recedes. It is the complete
gluing of the vessel that is the achievable goal and it is controlled by the US
doppler sensor.

Conclusion

Therefore with successful implementation of a combination of diagnostics in
real-time with laser surgery, it will be possible to create a unique minimally
invasive medical solution for the treatment of hemorrhoids, which has no
analogues at present. Also this idea could be the basis for building of medical
devices for minimally invasive surgery designed for the treatment of various
vascular and oncological diseases.
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M.b. Henamves, B.A. Epoxun, f1.A. /lununckuii, II.LH. Makun
NH®OPMAIINOHHO-BBIYUCIUTEIBHAS CUCTEMA
AJJATITUBHOI'O IIATAIOIIET O POBOTA JIJISI OBCJIIEJJOBAHUSA
T'A30OIIPOBOJIA

Cankr-IletepOyprekuii rocy1apcTBEHHBIH YHUBEPCUTET a9POKOCMHYECKOTO
pudOpOCTPOCHHS
ignatmb@mail.ru

B cratbe paccmartpuBaeTcss HH()OPMAIMOHHO-BBIYUCIUTENBHAS —CHCTEMA
po0boTa, mpenHa3HAYeHHOTO Uil 00CIeI0BaHus Ta30npoBoaa. KOHCTpyKuus u
MPUHIIUI ASHCTBHUS aalITHBHOTO IIATalOIIero poOOoTa OMUCAHBI B ITyOIMKAIHIX
[1], [2] u narenre na wu3obperenme Ne 2571242 [3]. Jus oGciiemoBaHus
ra30IpoBOJIOB MPUMEHSIOTCS pa3inuHble METOIbI U yCTpoiicTBa. Tak, Hampumep
N3BECTEH JIePEKTOCKOIN-CHAPS, C YCTAHOBICHHBIMH Ha HEM pa3IMYHBIMHU
JaTYMKaM¥, JBIKYIIUICS TOJ BO3ACHCTBHEM JaBICHUS IE€PEKAYNBACMOTO
npojaykra. HemocTaTkoM JaHHOTO —yCTpOWCTBA SIBJSiIeTCS TO, 4YTO IS
MPOBEJICHUSI KAUYECTBEHHOTO OOCIE0BaHUS TPYObI, HEOOXOJMMO CHUKEHHE
CKOPOCTH MEPEKAYKH Ta3a, YTO MPUBOJMUT K 33JICPIKKE €ro mocTaBku. Mmerorcs
KOHCTPYKIIUH p060TOB KOJIECHOT'O THIIa, HCIOCTATKOM KOTOPBIX SABJIACTCA
HEBO3MOXKXHOCTH NPOXOKACHUA CUIIbHOHAKIIOHHBIX 1 BEPTUKAJIBHBIX YHYaCTKOB.
[IpennaraeMblii BapuaHT aJaNTUBHOTO IIATralpINero podoTa, Hapsay ¢
TPpaJUIIMOHHBIMU CPCACTBAMH AWArHOCTHUKHU, IMO3BOJUT MHOBBICUTH Ka4C€CTBO H
4acTOTy 00CJeq0BaHMs Ta30npoBoOB. [Ipu 3TOM He Tpedyercs nepeKphIBaTh
WIM OrpaHUuYWBATh I10JIa4y ra3a B TpPyOe, YTO SBISETCS HEOCIIOPHUMBIM
MPEUMYIECTBOM. POOOT SBISICTCS MOJHOCTHIO ABTOHOMHBIM, 32 CYET
MPUMEHEHHUs] OPUTMHAIIBHOM BETPOBOW TYpOUHBI, 00ECIIEUNBAIONICH TTOTyYeHUE
HEOOXOAMMOH ANEKTPOIHEPTUH MOTOKOM Ta3a. CIOBO alaliTUBHbIH, B HA3BAaHUU
CHCTEMBI, [OJPa3yMeBaeT BO3MOXXHOCTh pOOOTa MPUCIOCAOIUBATHCS K
pa3uuHBIM JieopManysIM U U3rudaM, MOACTPAUBATHCS MO/ TUaMETP TPYObI B
3aJ[aHHBIX MpeeIax. ITO JOCTUraeTCs 38 CYET OPUTHHAIBHON KOHCTPYKIIUH HOT
poboTa, KOTOpbIC [OOYCPEIAHO BTATHBAIOTCA WM  BBITATHBAIOTCS 10
COTIPUKOCHOBEHUS CO CTEHKAaMH TPYOBI.

KmtoueBbie  cinoBa:  poOOT, ajmanTamusi, JAMAarHOCTHKA  Ta30MpPOBOIOB,
pacrio3HaBanue JeheKToB, IHEProodecedeHne, CBSI3b C OIEPATOPOM.
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M.B. Ignatyev, V.A. Erokhin, Ya.A. Lipinskiy, P.I. Makin
INFORMATION-COMPUTATIONAL SYSTEM
OF AROBOT DESIGNED TO INSPECT THE PIPELINE

Saint-Petersburg state University of Aerospace Instrumentation
ignatmb@mail.ru

The article observes the information-computational system robot designed to
inspect the pipeline. Design and principle of operation of adaptive walking robot
are described in publications [1], [2] and the patent for the invention Ne 2571242
[3]. For inspection of gas pipelines by using different methods and devices. So,
for example a well-known flaw detector-projectile mounted thereon various
sensors, moving under the pressure of the pumped product. The disadvantage of
this device is that for the qualitative examination of the pipe, it is necessary to
decrease the speed of pumping gas, which leads to a delay in its delivery. There
are construction robots wheeled type, the lack of which is the impossibility of
passing strongly acidic and vertical sections.

We offer the option of adaptive walking robot, along with the traditional
diagnostic tools that will improve the quality and frequency of inspection of
pipelines. You do not need to block or limit the flow of gas in the tube, which is
a huge advantage. The robot is completely Autonomous, due to the use of the
original wind turbine, providing the necessary electricity by the gas flow. The
word adaptive in the name of the system implies the ability of the robot to adapt
to different deformations and bending, to adapt to pipe diameter is within the
specified limits. This is achieved by original design of the robot's feet, which in
turn is drawn or pulled to contact with the walls of the pipe.

Key words: robot, adaptation, diagnostics of pipelines, detection of defects,
power supply, communication with operator.
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1O.B. Ilooypaes
MOIXO/I ¥ ONBIT MPOEKTUPOBAHUSA MEJIAITMHCKOM
KOJIJIOBOPATUBHOM POBOTOTEXHUKM JIJISI JIASEPHOM
XUPYPI'UU U BUOTIPUHTUHTA

MITY « CTAHKHH», Mockea
y.poduraev@stankin.ru

Yu.V. Poduraev
APPROACH AND EXPERIENCE OF DESIGN OF MEDICAL
COLLABORATIVE ROBOTICS FOR LASER SURGERY AND
BIOPRINTING

Moscow State University of Technology «STANKIN»
y.poduraev@stankin.ru

B pabote mpoBeneH aHanu3 COBPEMEHHBIX TEHACHIMH pa3BUTHS M METOJOB
MOCTPOCHUS KOJUTOOOPATHBHBIX MEIWIIMHCKUX POOOTOTEXHHYECKHX CHCTEM.
[IpennoxkeH MOAXOM K MPOECKTHUPOBAHUIO MEIUIIMHCKON KOT0O0paTUBHOM
POOOTOTEXHUKH, KOTOPBHI HANpaBICH HAa IEJCHANPABICHHBIA HAYYHO-
TEXHHYECKAH  TIOMCK  POOOTHYECKMX W  MEXAaTPOHHBIX  TEXHOJIOTHH,
MO3BOJSIIOIIMX IPUHIUIMAIBHO IIPEBBICUTE BO3MOXKHOCTH €CTECTBEHHBIX
CHUCTEM YEJIOBEKa NPU BBINOJIHEHUUM MEIUUMHCKUX omnepauuid. IlpuBogsrcs
pe3ysbTaThl  pa3pabOTKU  HMCCIIEIOBATENILCKUX IPOTOTHIIOB  MEIUIIMHCKUX
pPOOOTOB M HMX 3KCIIEPUMEHTAIBFHOTO TECTUPOBAHHS HA OIEPAIMAX JIa3ePHOU
YENIOCTHO-JIUIICBON XUPYPTUH W OWONPHHTHHTA, BBIMOJHCHHBIX COBMECTHO
cnequanuctaMd  MOCKOBCKOTO — TOCYAapCTBEHHOIO  TEXHOJIOTMYECKOTO
yauBepcuteta «CTAHKHMH» n MOCKOBCKOTO TOCYIapCTBEHHOTO MEIHKO-
CTOMATOJIOrMYeCKOro yuusepcurera uM. A.M. EBgokumosa.

Knrouessle citoBa: kou1000paTHBHAS pOOOTOTEXHUKA, METUIIMHCKIN poOOT,

poOOoTHYECKHE TEXHOJIOTHH, MEXaTPOHHbBIE TEXHOJIOTHH, POOOTHI IS JTa3epHON
XUPYPTUH, POOOTHI 151 OMOTIPHHTHHTA.
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_ A.B. Cunecyo
PABPABOTKA YCTPOUCTBA VIS MEXAHOTEPAIINU U
AJEKTPOCTUMVJISIHUU ITAJIBIIEB PYK

CIIoITY, Cankm-Ilemep6bype,
a.sinegub@yandex.ru

Heonenuma  BaxHOCTH M A3((QEKTHBHOCTH  MEXaHOTEpaluu B
BOCCTaHOBUTEIBHOM Iporiecce. OcoOyro Ba)KHOCTh MMEET MEXaHOTepanus Ha
PaHHUX CTa WX PeadMINTALUNY TIOCIIE MHCYJIBTHBIX aTakK, TaK KaKk KOHTPaKTYpbI
U Jp. OCJIOXHEHHs HAYMHAIOT (OPMHUPOBATHCS YK€ C MOMEHTA TIOJIyYECHUS
ataku. Ho B Kkyme ¢ 2JeKTpOCTHUMYNIALHUEH Mpouecc MEXaHOTEparuu MOXKET
YBEJIMUYHUTH CBOIO 3 (PEKTUBHOCTD B CHET CHHEpreTHueckoro 3ddekra. B nannoit
CTaThE paccMaTpUBacTCsl pa3paboTKa yCTPOWCTBA Al MEXaHOTEpaluu H
EKTPOCTUMYJISIINY TTAJIBIEB PYKU U TI0 JINTEPATYPHBIM JIaHHBIM OLICHUBACTCS
CHHEPIeTHYECKUN ekt 00beMHEHNS MeXaHOTEpAITUH c
IIEKTPOCTUM YIISIIUEH.

KiroueBble cjioBa

MexaHOTepanHﬂ, BHCKTpOCTI/IMyHHHI/IH, MI/IOCTI/IMyJ'IHHI/ISI,
pOOOTH3UpPOBAHHAS MEXaHOTeparus, peaOWInuTaIMs, HHCYJIbT, IaCCUBHASI
J1eyeOHast THMHACTHKA.

A.V. Sinegub
DEVELOPMENT OF DEVICE FOR MECHANOTHERAPY AND
ELECTROSTIMULATION OF FINGERS OF HANDS

SPBPU, St. Petersburg,
a.sinegub@yandex.ru

The importance and effectiveness of magnetotherapy in the recovery
process is invaluable. Of particular importance is the mechanotherapy in the early
stages of rehabilitation after stroke attacks, as contractures and other
complications begin to form already from the moment of receiving the attack.
But in the compartment with electrostimulation the process of mechanotherapy
can increase its efficiency in the account of synergetic effect. The article deals
with the development of a device for mechanotherapy and electrostimulation of
the fingers of the hand and according to literature data, the synergetic effect of
combining mechanotherapy with electrostimulation is estimated.
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IBAKYALISI KOCMOHABTA B CKA®AH/IPE BO BPEMS
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Motienko A.1.1, Ronzhin A.L., Altunin A.A.2, Kryuchkov B.1.2, Usov V.M.?
A EVACUATION OF ACOSMONAUT IN ASPACESUIT DURING
EXTRAVEHICULAR ACTIVITY ON THE LUNAR SURFACE WITH
ASSISTANCE OF RESCUE ROBOTS

ISPIIRAS, St. Petersburg; 2Gagarin Research&Test Cosmonaut
Training Center, Star City, Moscow region

B paborte nenaercs NONBITKA PACHPOCTPAHHUTH OINBIT HPUMEHEHHUS
aBapHUiHO-cIIacaTesIbHBIX POOOTOB B DKCTPEMAJbHBIX YCJIOBHSX Ha 3emie U
ombIT BHeKkopabenmpHON nestensHOcTH (BKJ/) Ha MKC Ha curyammio
puMeHeHns poboTa-cracatesns Bo Bpems BK/] Ha TyHHO# TOBEpXHOCTH.

KnroueBble crmoBa: MOOWIbHBIE pOOOTHI Ha TIOBEPXHOCTH IIJIAHET,
9KCTpEeMaslbHas Cpenia, BHEKOpaOenmbHas JesTenbHOCTh Ha JlyHe, cracenue n
9BaKyamus, poOOT-criacaTelb.

Jlns mepcHneKTMBHBIX TporpaMM OcBoeHHs JIyHBI akTyaleH BOMPOC
ucnonb3oBanus npu BK]] MoOuiIpHOTO poOOTa, CIIOCOOHOTO K BBIMOJHEHHIO B
ABTOHOMHOM pEXHME HaBUTallMd B CIOKHOH oOcraHoBke. CIIOXKHOCTh
JIMCTAaHIIMOHHOTO B3anmozencTBust yuactHukoB BK/] ¢ po6oTom u noctpoeHus
o0OpaTHOM CBsI3M Il KOCMOHAaBTa-AMCIIETYEpa O COCTOSHUM OKpYIXKalomieH
cpeabl TpeOyeT pa3paboOTKu CpeACTB HMH(POPMAILMOHHOTO OOeCleueHus: ¢
NPUMEHEHHUEM psijia COBPEMEHHBIX MH(OpMalMOHHBIX TexHosorui [1]. Eme
OoJbIINE TPYAHOCTH CBSI3aHBI C IPOOIEMON CIIACEHHS M 9BAKyaI[I KOCMOHABTa
B cKkaaHape ¢ TMOBEPXHOCTH B JIyHHBIH aImapar B CIydae OTKa3a CHCTEMBI
xKm3HeoOecneueHNsT  ckadaHapa  WHWIHM  TOTEpH  pabOTOCTIOCOOHOCTH
KOCMOHABTA.

Ceronmust cymiectBytor mnpototunsl PTC s pa3pabotkm  pobora-
criacaresis IPUMEHHUTENILHO K 9BaKyallK Ha TOBEPXHOCTH JIyHbI KOCMOHABTOB B
ckadanape B JyHHbIH anmapar B ciydae HemratHod BKJ[ [2]. Beicokas
CJI0)KHOCTh BHEKOPAOCIbHOU [ICSTEIBHOCTH TPEOYET 0COOBIX Mep OC30MacHOCTH
U CHEeUUaIbHOW oOpraHu3anuu KomMmyHukanuu yuacTHukoB BKJI. Ilpu
wianupoBannu BKJ] Ha MKC 06osbpiioe BHUMaHHE YACISIETCS COOJIOCHHIO
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TpeOOBaHMIT 10 BPEMEHHBIM OIPaHUYCHMSM, CBSI3aHHBIM C HEOOXOJAMMOCTBIO
obecrieueHusi Bo3BpaileHusi HepaboTocmocoOHoro omeparopa (HPO) B
HIJII030BOH OTCeK. B manHOM ciydae motpeOyercst moMomlb poOOTH3MPOBAHHBIX
YCTPOWCTB C 3armacam JJIsi CHCTeMBI obectiedenus xu3HenesaTnesHocT (COXK).

IIpu paspaboTke TpeboBaHWA K crmoco0aM SBaKyallii KOCMOHAaBTa B
ckapaHApe C JIyHHOH TIOBEPXHOCTH IIOJE€3HO OOpaTUThCs K MPAKTHKE
obecrnieueHns1 0€30TTACHOCTH TIPH TIPHU3EMJICHHH cityckaemoro ammapata (CA).
DOBakyanusi KOCMOHaBTOB mocie mnpuzewsieHuss CA mpexacraBisier coOoi
CJIOXKHYIO ONCpalvio U ABJIACTCA OTBETCTBECHHLIM J3TallOM WU B MCAUIMHCKUX
acIIeKTax.

Crenyromye NMpU3HaKK OTIIMYAIOT TPUIOJHBIC Ui OCBOCHUS YEJIOBEKOM
Jlynst  pemenuss  PTC: 1) MaccorabapuTHbIe XapaKTEePUCTUKH,
IPY30MObEMHOCTh, YCTOHUHUBOCTD K OTPOKUABIBAHHIO TIPH IIEPEHOCKE TPY30B,
COIOCTaBUMBIX T10 MACCE C MAaccOi poOoTa.; 2) mepeaBIKEHHE 10 TEPECCUCHHON
MECTHOCTH U PA3IMIHBIM I10 TNIOTHOCTH ITOYBaM, IPEOIOJICHIE €CTECTBEHHBIX 1
HCKYCCTBCHHBIX TPEISITCTBHUN; 3) 3aXBaT M yAEp)KaHUE MPEAMETOB pa3InIHON
(OpMBI, KECTKOCTH, B TOM YHCJE M TeJla YeIOBEKa; 4) MO3MIHOHMPOBAHUE U
HaBHTalLlUsl B YCJIOBUSIX OCBOEHHS JIyHBI, HCIIOIb30BaHME HIICKTPOHHBIX KapT U
JUCTAHIIMOHHO 3a/laBa€MbIX KOMaHJI Ha BHUABI MAHCBPOB OT YCJIOBEKa-
omeparopa; S5) TPEKHUHT TIOABWKHBIX OOBEKTOB, OTNpeAeNieHHue pPaCCTOSHUM,
pacro3HaBaHWE OPUEHTHPOB M  XapaKTepHBIX OOBEKTOB C  TOMOIIBIO
KOMIIBIOTEPHOTO 3peHHsA poboTa; 6) OpraHu3aiisl YeJIOBEKO-MAIIHHHOTO
B3aUMOJICHCTBHS, NPUMEHEHHE  MHOIOMOJAIBHBIX  MHTEpEcoB  uist
JUCTAaHIIMOHHOT'O YIPaBJICHUA pO60TOM, OECKOHTAKTHEIE BUABI YIIPABJICHUA C
NPUMECHEHWEM  TEXHOJOTMH  BHUPTYaJbHOM  pEaJbHOCTH,  [TOCTPOCHHE
pacuIMpeHHO W YIydIIeHHOW BH3yaJbHOW OOpaTHOM CBs3W; /) BBINOJHEHHE
TOHKMX MaHMNYJSIMH B KONHMPYIOIIEM PEXHUME M KOIHUPYIOMNI pexuma
CJIE/IOBAHMS 32 YEJIOBEKOM IPH NEPEMELICHUH «B ITape».

1. Kprwoukor b.M.,, Muxaimok M.B., VYcor B.M. TexHonoruu
MOJICIIUPOBAHMUA JJII 3PTOHOMHYECKOTO MPOCKTHPOBAHUS CHUCTEMBI
«KOCMOHABT — MAHHITYJISIIMOHHBIA pOOOT — pabodast cpenay // Marepuaiibt
KoH(pepeHInH «YTPaBICHHE B MOPCKAX W a3POKOCMHUYECKUX CHCTEMAax)
(YMAC-2014). CII6.: OAO «Konueps «[THUU «dnexrporpubopy. 2014.
C.367-377.

2. Motuenko A.U., Pomxun A.JL., ITaBnrox H.A. CoBpemeHHbIE pa3paboTKu
aBapUHHO-CIIacaTeNIbHBIX POOOTOB: BO3MOXXHOCTH M TPHHIMIIBI HX
npumenenus // Hayunsiii Bectux HI'TY. 2015. Tom 60. Ne 3. C. 147-165.
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Koshurina A.A., Gai V.E., Dorofeev R.A., Hapilov E.M., Bobko S.S.
THE DEVELOPMENT OF THE ROBOTIC PLATFORM FOR RESCUE
OPERATIONS IN EMERGENCY COAL MINES

NNSTU, SEC «Transport», Nizhny Novgorod

AKTYaJIbHOCTh TPOEKTa I0 CO3JIaHUI0 POOOTOTEXHHYECKUX CPEICTB U
MOOMIBHBIX TIO/IBI)KHBIX POOOTOB CIIEIMAIBHOTO HA3HAYEHWs CBs3aHa C
BBITIOJTHEHHEM aBapUHHO-CIIACATENBHBIX pabOT, MPEACTaBIAIOIINX ONACHOCTh
JUIL JKU3HU 4YenoBeka. IlepBocTeneHHON LeIb0 JAHHBIX IPOEKTOB SABISAETCA
MUHMMH3ALUS ~ CTENIEHHM pUCKAa AN CrHacaTeleldl 1pu  IPOBEIEHHUH
pa3BedbIBaTEIbHBIX, MOHUCKOBBIX M CIACATEIbHBIX ONEpaluid B MHIAXTax.
[TocraBieHHas e MOXKET OBITH APPEKTHBHO TOCTHUTHYTA TOJIBKO 3a CYET
HCTIONB30BAaHUSI TEXHUYECKUX CPEACTB, CO3/1aBaéMbIX C MPUMEHEHUEM
0€3JTFOTHBIX TEXHOJIOTHH.

PazpabarpiBaeMOoe  MHOTO3BEHHOE  pPOOOTOTEXHHUYECKOE  CPEACTBO
MpeJHa3HAYeHO JUIl TPOBEJACHMS Ppa3BEbIBATENbHBIX, CHACATEIbHBIX W
[IOMCKOBBIX OIl€palui JUIsl JUMKBUJAUUM IOCIEACTBUM aBapuil B IlIaxTax.
[MoTeHuManbHOM MOTPEOUTENSIMU POOOTOTEXHUUECKOTO CPEJICTBA MOT'YT OBITh
aBapHifHO-CTIacaTeNbHBIC CITYKOBI, ciry>k061 'O 1 YC.

MHOT03BEHHOE POOOTOTEXHHIECKOE CPEACTBO TPEIACTABIACT W3 ceOs
w1aT(GopMy, COCTOSIILYIO U3 TPEX WX O0JIee COWICHEHHBIX MOJIYJIEH ¢ pOTOPHO-
BUHTOBBIM JBWKHTENeM. Kakapli MOAynb OTBEYaeT 3a BBIIOJIHEHUE
onpeneneHHon 3a1aun. Kax bl MOAyJIb OCHAIAETCS] HECKOJIBKMMH KaMepaMHu
JUIl  OCYIIECTBJICHHUsI KPYroBoro o0030pa W HENPEpPHIBHOIO MOHHTOPHHIA
00CTaHOBKH B 30HE paboT.

B nacrosmiee BpeMs co34aH XOZOBOW MAaKeT OJHOTO 3BEHA MOJ3EMHOTO
MHOTO3BEHHOTO POOOTOTEXHHYECKOTO CpeAcTBa. MakeT pa3pabaTsiBaics
WHUIMATUBHOM TPYMNIOH, cOCTOSIIEH U3 aCUPaHTOB, MaruCTpOB U CTYJCHTOB
crapmux kypcoB HI'TY um. P.E. AnexceeBa. X0/10BOH MakeT MpeaHAa3HAYCH
JUIsl OTPaOOTKH CUCTEM JIMCTAaHIIMOHHOTO YIPABIJICHUS U TEXHUYECKOTO 3PEHHS,
a TaKKe TPHHATBHIX KOHCTPYKTHBHBIX PELICHHUH, ¢ IENbl0 IOoMCKa Hauboiee
ONITHUMAJIBHBIX JUI YCJIIOBHH aBapUHHBIX MIAaXT. MakeT MOXeT ObITh 000py10BaH
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nByms u 6onee RGB wim UK kamepamu, a Takke JaTIUKaMU ISl MOHUTOPHHT A
COCTOSTHHSI OKPY’KaroIlel cpeibl (TeMIeparypa, BIaXXHOCTb, 3ara30BaHHOCTb 1
T.1.). KOHCTpyKIUsI 1O3BOJISIET yCTaHABIMBATh HA MAKET POTOPHO-BHHTOBBIC
JBIDKUTENN C Pa3IN4YHOW KOH(UIryparuel, BBIIOJHEHHBIE U3 Pa3IHIHBIX
MaTepHaoB (CTajb, IUIACTHK, PE3UHA).

B cucreme ympaBieHHS NPHUCYTCTBYIOT CIEAYIOIIHE MOIYJIH: MOAYIb
CBSI3H, MOZYJb YIIPABICHUS, MOIYIb APAHBEPOB, MOIYIb BHACOHAOIIOACHMS,
MO/IyJIb aKKYMYJISITOPOB, JIBa JIBUTATEIIs], SIEMEHTHI CUCTEMbI OCBEILICHHSL.

Jnist ynpaBiieHUsT XOZ0BBIM MaKETOM HCIOJB3YETCsl MyJIbT YIpPaBICHHS,
NIPEACTABISIIOMMNA U3 ce0sl JUKOMCTHK C MPONOPLUHOHAIBHBIM YIpPaBICHHEM
JBIKUTEIISIMHM, @ TaKKe pPEryJMpOBKOH MOIIHOCTH 3JIEKTpOJBUraTesIen
X0J/I0BOTO MakeTa. J{ONOJHUTENBHO ITyJIBT OCHAIAETCSI OJCBETKOM.

Bb11 mpoBeieH psl XOMOBBIX UCTIBITAHWH MakKeTa B PA3JIMUHBIX YCIOBHUIX
(OuTeIit 7enm, TIryOOKWIA CHEr, MEep3NBId TPYHT, TIHHA ® 1p.). VcmbITaHus
XO0J/I0BOTO MaKeTa ITO3BOJIMIIN allpoONpPOBATh TEXHUYECKUE PEUICHHS M OLICHUTh
pas3yMgHbIE TapaMeTpsl (CKOPOCTh, BpeMs pabOTHI, TAIbHOCTD ACHCTBUS U T.1.).
B Xone wcnbITaHWM BBIICHWIOCH, YTO Ul HawOoniblield >(QeKTUBHOCTH
(YHKIIMOHMPOBAaHUSI HEOOXOJMMO NPOBECTH KOHCTPYKTHBHYIO J0pabOTKy
HEKOTOPBIX 3JIEMEHTOB KOHCTPYKIHMH X0/J0BOro Makera. OJHON M3 OCHOBHBIX
JI0pabOTOK SIBJISETCS YBEJIIMUEHHE JraMeTpa 0a30BOTO IMIMHAPA U U3MEHEHHE
TEOMETPUH JIOTIACTH POTOPHO-BHHTOBBIX JBIKHTeNei. JlaHHas mopaboTka
NpU3BaHa YBEJIWYUTHh MOKa3aTeIH HPOXOAUMOCTH IIaThOpPMbI, a TaKKe
YMEHBILIUTh BEIMYNHY CONPOTHUBICHUS IBMKeHUs1. Takke Tpedyercs 1opadboTka
CHUCTEeMbI  YIpaBlICHHSI Ha MpeAMET CTaOWwiIn3alMd TPACKTOPHH  IIPU
MPSMOJIMHEHHOM JIBWOKEHHM 32 CUET CHHXPOHM3AIMHM CKOPOCTEH BpaleHUs
awxkuresiel. TeM He MeHee, TNpPOBEJCHHBIE HCHBITAHUS  IOKa3aIn
KHM3HECTIOCOOHOCTh TIATGOPMBI M BO3MOXKHOCTh €€ HCIIOJIBb30BAHMS IS
pemieHusl 3ajady  pa3BeJKM B YCJIOBHMSX TEXHOTCHHBIX KaTacTpod u
9KCTPEMAIIBHBIX YCIIOBHSIX.

JanbHeHmuM STarmoM pa3BUTHSL NPOEKTa CTaHET CO3JlaHHE XOI0BOTO
MakKeTa €Ile OJHOTO 3BEHa, a TAKXKE y3/la aKTHBHOTO COYJICHEHHMs, pa3paboTka
CHCTEMBI YIIPABICHUS K HUM.
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Korotkov A.L., Nogin M.A., Rogov A.V., Shmakov O.A.
TEST SITE FOR EVALUATION OF TECHNICAL
CHARACTERISTICS OF MOBILE ROBOTIC COMPLEXES OF
ULTRA-LIGHT AND LIGHT CLASSES

RTC, Saint-Petersburg

CoracHO TOCYIapCTBEHHOMY CTaHAApTy, CYIIECTBYET KiacCH(UKaIMs st
MOOMIBHBIX poboToTexHn4ecknx kKoMruiekcoB (MPK), mpeaHazHaueHHBIX [UIst
NIPOBEJICHUSI  aBapHIHO-CIIACaTeNIbHBIX  pabOT M MOKapOTyHIeHWs. JTa
KiaccuduKkanys He MpUMeHNMa Ko BceM coBpemenHbIM MPK B cuity Toro, uto
MHOTHE W3 HHUX, pa3iIdYaloliuecs M0 IPUMEHEHHIO, OyIyT OTHOCHTh K
cBepxJ€rkoMy Kkiaccy. Jns Oomee mompoOHo#t knmaccupukamum PTK HB
BBEJICHO JICNIEHUE CBEPXJIErKOro Kacca Ha MOKIACCHI.

Krnaccudukams MPK  Tonpko 10 Macce He OTpakaeT —IOJHOCTBIO
MeXaHHUYeCKue XapaKTePUCTHUKH, BKJTFOYAs MIPOXOAUMOCTh u
Ipy30NOIEMHOCTh, UYTO HE CHOCOOCTBYeT [ocTarouHoil orneHke MPK,
OCHOBBIBAsICh Ha €ro Kiacce. [ COCTaBIeHHs MPEICTaBICHHUS O BOZMOKHOCTSIX
MPK pa3nuyHbIX KJIaCCOB HEOOXOIUMO MPOBEACHHUE Psa UCCICTOBAHUMA s
MHOXKECTBAa  NPEACTaBHTENEeH  Kaxaoro kiacca. YrtoObl  obecneynTth
JIOCTaTOYHYI0O TOYHOCTh W OJHOOOPA3HOCTh HCCIENOBAaHMH, HEOOXO0AMMO
MHUHHMH3HPOBATh BIMSHUE YEJIOBEUECKOTo (hakTopa Ha X0 uccieroBanus. s
BBIMOJIHEHUsI 3TOM 3aJauM INPEeAnaraeTcs MUCHONb30BaTh HUCHBITATENbHBIN
MOJIMTOH, OOOPYIOBAaHHBIM JOCTATOYHBIM HAO0OPOM  TPENATCTBUH  JUIst
IIPOBEICHUS MTOJIHOMEPHOH o1leHKH xapakTepuctuk MPK.

Hwmxe npuBeneHsl KpaTKUe OMMCaHUs MPETSTCTBUM, paspadarbiBaeMbix [THUN
PTK s mpoBenenus nmpoOeroBeix ucnsitanuit MPK cBepxiierkoro u J€rkoro
KJIaCCOB, ONPE/CICHUS XOI0BBIX, SHEPIETHUECKUX U TOIUIMBHO-3KOHOMUYECKUX
XapaKTEpPUCTUK, MAHEBPEHHOCTH M YNPABISIEMOCTH IPU  MPEOAOJICHUU
MPENnsATCTBUI.

1. Kommiexc coopyxeHuil At IpoBeA€HUS UCTIBITAHUHN MO PEOJI0IECHUI0
HOPEmATCTBUA € Ppa3IUYHBIM TIPyHTOM. B coctaB koMmuiekca BXOAST
TOPU30HTAJILHBIC U HAKJIOHHBIE IOBEPXHOCTH C yriiaMu HakjioHa 20°, 25°u 30° ¢
MeCUaHbIM, TTIMHAHBIM U IPAaBUNHHBIM MOKPBITUSIMHU, a TAKXKE ICKapIbl KPYTUZHON
45° n 60°.
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2. CoopyxeHue Ui NPOBEIEHHMs] HUCHBITAHUNH 1O IPEOAOJICHUIO
NPensITCTBUH ¢ OETOHHBIM TIOKPBITHEM. B cOCTaB COOpYXEHHS BXOAAT
TOPU30HTAJBHBIE W HAKIOHHBIC IUIOMIANKKA C yriaMu HakiaoHa 20° m 30° m
JIECTHUYHBIE MapIIH.

3. Kommnnekc coopysxeHuit 1uis NpoBEAEHHs UCIIBITAHUH 110 IPEOA0IEHHIO
MNPEMSATCTBUM C 3JEMEHTAMHU KEJE3HOM noporu. B cocTaB KoMIulekca BXOIST
YYaCTKH JKEJIE3HOJOPOKHOTO TMOJIOTHA C YKIAJAKOH Ha TOPU3OHTANIBHYIO
MIOBEPXHOCTh ¥ FPAaBUIHYIO HACHIIb.

4. Kommniekc  coopykeHHMH, KOTOPBII  BOCHPOM3BOJAUT  YCIIOBHUS
OTPAHMYEHHBIX MPOCTPAHCTBA M BHUIAUMOCTH. B cocTaB KoMmIiekca BXOAST
PEeKOH(UTypUpyeMBbIE COOPYKEHUsSI C IMUTALEeH HHTEPbepa CKIAACKUX, XKHIIBIX
U IPOYMX IIOMELICHUM.

5. CoopyxeHue Uil NpPOBEIEHHsS HUCHBITAHUH 1O IPEOAOJICHUIO
HOPEMATCTBUNA € MOTHOM WJIM YaCTHUYHOM MOTrPYKAaEMOCTBIO B JKUAKYIO WIH
CHUIbHO chiydyto cpeny. CoopyxeHue TmpencraBiseT coOoi Oaccein
MIepEeMEHHOM TITyOUHBI.

6. Kommuiexe coopy:xeHuil At IpOBEAECHUS UCTIBITAHUH MO IPEOOIEHUIO
MPEMATCTBUNA C Pa3IMYHON CII0)KHOCTBIO MPOXOJUMOCTH. B cocTaB koMIiekca
BXOJSIT KOHCTPYKIIMHM C PEKOH(MUTYpHUPYEMBIMH OCTOHHBIMH HAJ0N0aMH IS
BOCCO3/JaHUS TPYIHOIIPOXOAUMBIX Y4aCTKOB, B TOM YHCIIC 3aBAJIOB.

7. PexonpurypupyeMsIii MOy TbHBIN CTEHA IS IPOBEICHHUS UCIIBITAHUN
10 TPEOJOJICHUIO PAa3IMUHBIX MpensarcTBui. B coctaB cTeHAa BXOIAT
MIPSIMOJINHEHHBIE YIaCTKU C TIECYaHbIM, TPABUHHBIM U TPABAHBIM MOKPBITUIMH,
HAKJIOHHBIC TOBEPXHOCTH PpA3IMYHON KPYTHU3HBI, JICCTHUYHBIC MapIIH
HECTaHAAPTHBIX Pa3MEPOB.

8. Pexonpurypupyemblii  MOIYNBHBI  CTeHJ  JUli  HPOBEJCHUS
uccienoBanuil manespupoBanusi MPK wmaccoit no 50 kr u neraTesbHBIX
anmnapaTtoB. CTeH/; 000py/I0BaH CUCTEMOH 3aXBaTa JBWKEHHS JUIS TIOCTPOCHUS
KOMIBIOTEPHBIX MOJENeH.

Pa3pabarpiBacMble THIIOBBIE METOJIWKH IPOBEICHUS HCIBITAHUM W BeICHHE
MIPOTOKOJIA MCCIIEOBAHUHA B aBTOMaTHYECKOM PeXuMe OyayT criocoOCTBOBATH
MOJHOTE W TOYHOCTH HCCICJOBAaHMH, a TaK >K€ BBIABICHUIO Hauboiee
MePCTIEKTUBHBIX HaMpaBieHui paspadotku MPK.
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M.B. Cagun ', C.I. Ilapuuenxo *
POBOT JIJISI ITAXTHBIX PABOT

L@I'BY BHUHUIIO MYC Poccuu, Mockosckas obracme, 2. Barawuxa;
2HUHU «Ieooesusny» Mockoeckas obaracme, Kpacnoapmeiick

M.V. Savin %, S.G.Tcarichenko 2
ROBOT FOR MINE

IEMERCOM of Russia; Scientific research Institute
2"Geodesy", Moscow region

25 ¢espans 2016 rona Ha maxte «CeBepHas» MPOU3OLIET BHE3AIHBIN
BBEIOPOC METaHa, YTO IMOBJICKIO CEPUIO MOCICTYIONINX B3PHIBOB, OOpYyIICHHE
MTOPOJIBI M BOSHUKHOBEHHUSI MHOTOYHCIICHHBIX 0YaroB IOKapa.

27 despans 2016 roga B paiion YUC Obuta HampaBiieHa JOTIOJHUTEIbHAS
TPYNITUPOBKA CHJI, OCHAIIEHHAass pPOOOTOTEXHWYECKUMHU CPEICTBaMH (Iamee —
PTO).

OneparuBHO# Tpynmon coTpyaankoB MUC Poccum ObutH McciieJOBaHbI
BO3MOKHOCTH MPHUMCHCHHUS POOOTOTEXHHMYCCKUX KOMIUICKCOB, CTOSIIMX Ha
Boopyxenun MUC Poccun.

Ha Tteppuropun yueOHO#M maxThl [leuepckoro BOCHU3UPOBAHHOTO
TOPHOCIIACATEILHOTO  OTpsiia OTpadaThIBANIMCh 3alaydl 10 BO3MOXHOMY
npumenenuto PTC.

ITo pe3ynbpTaTtam BBIIIOJTHEHHBIX 33]1a4 BBISBICHO, UTO:

- Ha maHaelii MomeHT PTC, criocoOHBIX BBINOJHSITEL 3aJadM B IIAXTE Ha
mryonne 750 METpOB ISl MPOBENICHUS Pa3BEIKU U pa300pOB 3aBAIOB U IPYTHX
pabot Ha ocHamenun y MUC Her;

- HMCHOIIHCCA PTC B cmacareiabHBIX ornepanuiax HO,HO6HOFO pola HE
TIPUMEHAIIUCEH.

PTC B mnacrosimiee Bpemsi umeromiyecss Ha BoopyxkeHun MUC He
MPUCIIOCOOJICHBI JJIsl MIPOBEACHUS Pa3BEIKH M aBapUHHO-BOCCTAHOBUTEIBHBIX
paboT B YCIOBUAX aBapUIHBIX YTOJIBHBIX MIAXT MO TPEM OCHOBHBIM MPUIHHAM:

- OTCYTCTBUC B3pLIBO6630HaCHOFO UCIIOJIHCHU S,

- OTCYTCTBHE HaJIC)KHOU CBSI3M M CHCTEM YIIPABJICHHS B YCIOBHSAX TOPHBIX
BBIPaOOTOK;
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- HU3Kas OpoXOAUMOCTb HA3€MHBIX KOMILJICKCOB B YCJIOBUAX aBapHﬁHLIX
IIaxT.

[lostomy mns nanbreiimero s¢dekruBHoro npumenenuss PTC mnpu
mukBupanuu - nociencteuii  UC  Ha  IpEANPHATHSX  TOPHOIOOBIBAOIICH
MIPOMBIIIICHHOCTH HEOOXOJUMO CO31aTh POOOTOTEXHUUCCKUN KOMILICKC JUIs
MIPOBE/ICHHUS aBapHIHO-CIIACATENbHBIX PabOT B YCIOBUAX aBapUHHBIX YTOIHHBIX
[IaXT.

Po6oT mns paGoT B mIAXTHBIX BBIPAOOTKAaxX JOIDKEH COOTBETCTBOBATH
CIEIYIOUINM TPEOOBAaHUIM:

- koHcTpykuust PTC nomkHa ObITH BBINOJIHEHA BO B3pPBIBOOE30IIACHOM,
HCKpPO -  TI0KapoOE30macHOM,  TEPMOCTOMKOM,  yOapOINpOYHOM U
BJIarOyCTOIYMBOM HCIIOJTHCHUH;

- pa3paboTaTh MPUHIUIHAATGHO HOBBIE nBrkuTenn A PTC B ycinoBmsax
CJI0YKHOM IPOXOJUMOCTH, B TOM YHCJIE B BOJHOM cpeje;

- PTC noskHBI OBITH OCHAILIEHBI Pa3IMYHBIMU MPUOOPaMH KOHTPOJSI U
00OHapy KeHHsI B3PbIBOOIIACHBIX ITpUMeCcei B BO3/IyXe (ILIMPOKOTO CIIEKTPa);

- pa3paboTaTh CUCTEMBI CBSI3U W YIPABJICHUS B YCIOBUSX MOTJIOLICHUS U
NepeoTPaKeHNsI Ha OOJIBIINX PACCTOSHUAX U MIyOMHAX IIAXT;

- c037aTh KOMIUIGKCHYIO CHCTeMy obecrieueHus OecrepeOoitHbIM
snepronuranueM PTC Oonee 8 uacos.
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P.B.I'ozun, H.B.3apyykuit
PASPABOTKA PEKOHO®UTYPUPYEMOT O IBUKUTEJISA
KOJIECHOT'O TUIIA JJIsI MOBMWJIBHOT'O PT TC

T'HI] P® [[HUU PTK, Canxkm-Ilemepoype
r.gogin@rtc.ru, zarutskiy@rtc.ru

PaccmaTpuBast Bompoc NpOXOAMMOCTH IJIAHETOXOJAa MOXKHO CJesaTh
BBIBOJ] O TOM, YTO B JAHHOE BPeMs KOJIMYECTBO ABHIKUTENEH, BOSMOXKHBIX JUIs
MpUMEHCHH Ha IUIAaHETOXOJaX, YPE3BBIYAWHO pPa3sHOOOpa3HO. Ho =Ha
CCTONHAIIHMN  JI€Hb EAWHCTBEHHBIM OTPAa0OTaHHBIM  BAPHAHTOM  JUIS
IUTAHETOXOMOB SIBIAETCS KOJIECHBIM JBIKWTENb, KaK Hanboiee MpOCTOH u
3¢ G eKTHBHBIH.

Konecubiif nBWKUTENb SIBISETCS HanOOIee YHHUBEPCAIBHBIM THUIIOM
JIBHDKHTEIIS,, HO BEIOOP (PMKCUPOBAHHOTO pazmepa 000/1a U IIMHbI HAKJIabIBaeT
CYIIECTBEHHBIC OrpaHUYCHUA 10 napaMeTpam IPOXOANUMOCTHU u
9KOHOMHUYHOCTH HCIOJIb30BaHUS IHEPTOPECYPCOB MIIAHETOXO0/1a.

Pacmnpym) Auara3oH IMPpUMEHCHUA KoOJIECa MOXKHO IYTEM HU3MCHCHHA
pa3mepoB 00oza kojieca. B cBsizu ¢ ywem Obul pa3pabOTaH NPUHLUN JCHCTBHS
MEXaHHU3Ma peKOHq)I/IpraHI/II/I KOJICCHOTO ABWKHUTEIIA, MPEAHA3HAUYCHHOTO JJId
TUTAHETOXO/IOB.

B JTAaHHOH cTaTbe MPUBOMUTCS 0030p CYLIECTBYIOIINX
PEKOH(UTYPUPYEMBIX KOJIEC, H PACCMATPUBACTCS OPUTMHAJIBHAS KOHCTPYKIIHS
¢ 00BbsICHEHNEeM TPUHIUIA JIeHcTBH. Tak e KpaTKO pacCMOTPEHBI OCHOBHBIE
XapaKTEePUCTUKH, TOKA3aHa BBITO/IAa OT IPUMEHEHHUS PEKOH(HUTYPALIIH.

KiroueBble cioBa: IIAHETOXOJ, IPOXOJUMOCTb, PEKOH(UTrypHUpyeMoe
KOJIeCO.
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R.V.Gogin, N.V.Zarutskiy
DEVELOPMENT OF RECONFIGURATION MOVEMENT
WHEEL TYPE FOR MOBILE RT TS

RTC, Saint-Petersburg
r.gogin@rtc.ru, zarutskiy@rtc.ru

Considering the question of the of a planet rover, it can be concluded that
at the present time the number of mobility systems possible for use on planet
rovers is extremely diverse. But for today the only well-developed option for
planet rovers is wheeled drive, as the most simple and effective.

The wheel chassis is the most universal type of chassis, but choosing a
fixed, specific size of the rim and tire, there are significant restrictions on the
parameters of all-terrain ability and economy in utilizing of the planet rover
energy resources.

It is possible to expand the range of application of the wheel by changing
the size of the rim of the wheel. In this connection, the principle of the mechanism
for reconfiguring a wheel for planetary vehicles was designed and developed.

This article provides an overview of the existing reconfigurable wheels, the
principle of operation and the original design are proposed. The main
characteristics are briefly considered, the benefits from reconfiguration are
shown.

Key words: planet rover, all-terrain ability, reconfigurable wheel.
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HU.B. Jlazapes, A.H. Tumodgpees
MEXAHW3M PABOYEI'O OPTAHA MAHUITYJISITOPA
KOCMHMYECKOT'O HABHAYEHUSI

THI] P® [[HUU PTK, Canxkm-Ilemepoype
ricnz_07@mail.ru, timofeevan@inbox.ru

[MpennokeHa  KOHCTPYKIMS  MEXaHM3Ma NpHBOAAa  pabodero  opraHa
MaHUMYJISATOpa JUIsi o0ecrieueH st Hale)kKHOH (pUKcauy podoTa ¢ 6a30BOW TOUKOM,
YCTAQHOBJICHHO Ha MOpyYHE BHEIIHEH MOBEPXHOCTH KOCMUUYECKHX alapaTos.

KiroueBble ciioBa: pabouuii opras, MaHHUITYJISITOP, KOHCTPYKIHMS, (pUKcanusl.

1.V. Lazarev, A.N. Timofeev
END-EFFECTOR MECHANISM OF SPACE MANIPULATOR

RTC, Saint-Petersburg
ricnz_07@mail.ru, timofeevan@inbox.ru

This paper proposes the design of the end-effector mechanism of the manipulator
to ensure reliable fixation of the robot with a base point installed on the outer surface
of spacecrafts.

Keywords: end-effector, manipulator, construction, fixation.
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HAIMPABJIEHUSI YHUOHUKAIIUNA POBOTOTEXHUYECKHX
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HA3HAUEHMU ST

Hayunwii cosem no pobomomexuuxe u mexamponuxe PAH, Mockea,
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I.L. Ermolov !, A.F. Kononov 2, S.P. Hripunov ?
UNIFICATION IN ROBOTICS

1 Scientific Council on mechatronics and robotics of Russian Academy of
Sciences;
2Fund of perspective researches, Moscow

B pabote paccmarpuBaroTcss BONPOCH! YHH(DUKAIMH POOOTOTEXHUYECKUX
KOMILIEKCOB BOEHHOTO, CclieliMaibHoro u aporHoro HazHauenus (PTK BCIH).

[IpoBomuTcs aHaNW3 pPE3yIBTATHBHOCTH YHH(MUKAIUH C TO3HWIUU
MIPEUMYIIECTB, NOTY4YaeMBIX Ha pPAa3MUYHBIX J3Tamax >KU3HEHHOTO ITUKIIA
pobororexandyeckux komrmiekcoB (PTK). K dmnciry ocHOBHBIX mpenmMymiecT
OTHOCSITCS CIITYIOIINE:

- COKpalleHWe BpEMEHH W 3aTpaTr Ha pa3paboOTKy, MPOU3BOJICTBO H
noctaBky PTK;

- MOBBIIIEHNE Ka4ecTBa U HAJIE)KHOCTH 00pa3iioB (KOMIIEKCOB);

- yYMCHBIICHME CPOKOB  OCBOCHHS  00pa3loB  (KOMIUIEKCOB)
MOTpEOUTENSAMH,

- moBbIeHue roropHoct PTK;

- ympoleHue cHab)eHus, sKkcruryatanuy u pemonra PTK.

[IpuBoauTcst 0030p pPasAMYHBIX BUAOB YHU(PHUKALUK: MEKBHIOBAsS
yHU(HUKANWs, BHIOBas YHUGUKAIWS, yYHUPUKAIHS 0Opa3loB M COCTaBHBIX
YyacTei.

B pamkax paboTel 0co0oe BHHMaHUE YACTSACTCS MPOBEICHHIO
MeponpusTuii o yaudukanuu PTK BCIH, npencTaBneHHBIX TSI ATHX IeNeH B
BUJIC THIIOBOU CTPYKTYPHO-(PYHKIIMOHAIEHOW CXEMBI MOYJTFHOTO ITOCTPOCHHS
(Puc. 1).
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OtaenbHOE BHUMAHHUE YJIEISIETCS IPOTHBOPEUHIO, 3aKIIIOYAIOIIEMYCSl B
OrpaHMYCHUH YHUUKauued (yHKIMOHANBHBIX  BO3MOYKHOCTEH  HOBBIX
obpasmnos PTK BCIH.

B 3acimroYeHHMHM ~— pacCMaTpPHBAIOTCS  PA3IMYHBIE  IEPCHECKTHBHBIC
MepOnpHUATHS U HanpaBieHus padot no yaudukammu PTK BCIH.
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AU, I'ankun
OPTAHUM3AIINSI HABUTAIIMOHHOI'O OBECITEYEHUSI MOPCKHUX
POBOTOTEXHUYECKHUX KOMIIIEKCOB BOEHHOI'O
HA3HAYEHUS B OITEPATUBHO-BAKHBIX PAMOHAX MUPOBOI'O
OKEAHA

Galkin LA,
ORGANIZATION OF NAVIGATION SUPPORT FOR MARINE
ROBOTIC COMPLEXES IN OPERATIONALY IMPORTANT AREAS
OF THE WORLD OCEAN

Naval academy, Saint-Petersburg

B Hacrosmee Bpems, B uHTepecax BoenHo-Mopckoro @iora
MPOBOANTCSA PsA HAYYHO-HMCCIIEAOBATEILCKMX M OINBITHO-KOHCTPYKTOPCKHX
paboT IO CO3AAHUIO MOPCKHX POOOTOTEXHHYECKHX KOMIUIEKCOB BOECHHOTO
Ha3HA4YeHWsl s JeHCTBUMM Kak B BO3AYIIHON cpene, Ha IOBEPXHOCTH
AKBaTOPHH, TaK M IO/ BOAOMH, a TaKkKe psJ HAyIHO-HCCIEAOBATEILCKIX padoT
1o pa3paboTke PYHKIIMOHAIBHBIX MOJIENeH, 000CHOBaHUIO (hOPM U CITOCOOOB MX
MIPUMEHEHNS, B TOM YHCIIE ¥ B COCTABE IPYIIIL.

B nepcnexruse, rpymmosoe npumenerre MPTK BH nienecoodpasHo mpu
BBITIOJTHEHHUH 3a]ad MO MPeAHAa3HAuYCHNIO 332 MUHIMAJILHOE BpeMs Ha OOJIBIINX
npocTpaHcTBaXx MHUPOBOTO OKeaHa, HallpHUMep: MPOM3BOACTBE ChEMKH pelbeda
JIHA, JIMIAPHOW  CBEMKH  MEJIKOBOAbS W  I00EpEeXbs, HM3MEpeHH
OKCaHOJIOTHYECKUX  BEJMYMH,  OCBEUICHHA  MOJBOJHONH  OOCTAHOBKH,
MPOTUBOMHUHHBIX JICUCTBUH, OOCIEIOBAHUS TOJBOJHBIX THIPOTEXHUYECKHX
COOpYXEHHUH U UH(PACTPYKTYPBI, CO3/IaHHS TOJIsI PETPAHCISTOPOB, MPUBSI3KU
00EBBIX TOPSAIKOB, OPTaHM3AIMN HABUTALIMOHHOTO 00ECHEeUeHHs TI'PYMIIOBOIO
MIPUMEHEHNUS POOOTOTEXHUYECKUX KOMIIJIEKCOB BOCHHOTO HAa3HAYCHMS IIPH
BBITTOJTHEHUH UMM 33]1a4 B OIIEPAaTUBHO-BAKHBIX palioHax MHUPOBOTo OKeaHa.

Cy1iecTByromas OpraHu3alis HABUTAIMOHHOTO 00ecTieueHus IeHCTBUI
pOOOTOTEXHMYECKUX  KOMIUIGKCOB  BOCHHOTO  HA3HA4YeHHs, a  TaKkKe
TpaJulMOHHBIX cuil BoenHo-Mopckoro @nora, B HacTosilee BpeMs,
OCYULIECTBJIICTCS C UCIOJB30BAHUEM CITYTHUKOBBIX HABUTALMOHHBIX CHCTEM U
paaMOHABUTAIIMOHHBIX CUCTEM, — IpPHU BBINOJIHEHWHM HUMU 3a/lad Ha BOJHOM
[IOBEPXHOCTHU © B BO3JAYLUIHOM [POCTPAHCTBE, U C HCIOJb30BAHUEM
TUIPOAKYCTUUECKUX HABUTAIIMOHHBIX CUCTEM, — [0/ BOJOH.

OpmHako, MCHOJIb30BAaHUE CHYTHUKOBBIX HABUTALMOHHBIX CHUCTEM He
BCerma YIOBICTBOPSCT TPeOOBAaHUWSIM, MPEIBSBIIEMBIM K TOYHOCTH,
HEOOXOIMUMOW [UIS BBITIOMHEHUS psma 3amad cwiaMmu BM®, ocobeHHO B
palioHax, HaXOAALIUXCS BHE 30HBI MOKPBITUS KOHTPOJIbHO-KOPPEKTUPYIOLIUX
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cranuuit. Kpome s1oro, B onpesneneHHbIX pailonax MUpOBOro okeaHa, CUTHAJIBI
KOCMHYECKHX alllapaToB, coAep)kKamme WHGOpPMAIMio O HaBUTAIIMOHHBIX
mapamMeTpax, MOTyT OBITh OTKJIIOYCHBI, TIOJABIICHBI, CYIIECTBEHHO 3arpyOIIeHbI
WIA 3aMEHEHBl Ha JIO)KHBIE BEPOSATHBIM TPOTUBHUKOM. B TakWx yCIOBHAX
BEIpa0OTKAa HABHTAIIMOHHBIX MAapaMeTPOB, C HEOOXOOMMON TOYHOCTBIO, C
MTOMOIIBI0 CITyTHHKOBBIX HABHTAIIMOHHBIX CHCTEM OYAET CHIHHO 3aTpyJHCHA
WA BOBCE HEBO3MOJKHA.

CyIiecTByIOIINE PaaHMOHABUTAIIMOHHBIC CHCTEMBI, HCIOJb3yEeMBbIC IUIA
obecieuernss cun  BMO®  HaBurammoHHOH wuHpOpManueld, MO3BOJAIOT
OTIpEeNIeATh KOOPAWHATHI OOBEKTOB Ha MgaibHOCTAX A0 3000 kM oOT
MECTOHAXOXXACHUS  CTAaHIMH, HO, TPH OSTOM, O0OmamaroT  OOJNBIIOH
MOTPEHIHOCTBI0, cocTaBistomied or 50 nmo 700 m B 3aBucumoctu ot PHC.
CylecTBYIOT Takke MOPCKHE paJdOHABUTALMOHHBIE CHCTEMbI BBICOKOM
TOYHOCTH, TO3BOJISIONINE OOECIeYUTh HEOOXOIMMYH) TOYHOCTh BBIPAOOTKH
HABUTAI[MOHHBIX MapamMeTpoB 10 1 M, HO manpHOCTH Takux PHC cocraBuser
mopsinka 150 kM. [is wcnonb3oBanus Takux PHC, ux HeobOxomumo
pa3BopaunBaTh B HEMOCPEICTBEHHOW OIM30CTH OT BBINOJIHEHUS 3a/1ad
obecrieynBaeMbIMH CHJIAMH, YTO B HACTOSIIIEE BPEMS IS YAAJICHHBIX aKBaTOPHIA
HE pearn30BaHo.

Bonpocsl HaBUrallMOHHOM ITOJEPKKH aBTOHOMHBIX HEOOMTaeMbIX
nmoaBoaHBIX ammaparoB (AHITA), wuMmerommx OOJIBITYI0 aBTOHOMHOCTh W
JATbHOCTh JIGWCTBHS, CYIIECTBEHHO NPEBBIMIAIONIYI0 JAIbHOCTh JEHCTBHSA
OOBIYHBIX TAJILHOMEPHBIX THAPOAKYCTHUECKUX CHCTEM, IOCTATOYHO aKTyaJIbHBI.
OTH npo06IIeMBI JOBOJIBHO YCIEIIHO PEIIAIOTCS B COCTaBE anMapaToB OOIBIIOT0
BOJIOM3MEIICHNS, HMEIOIINX HMHEPIHUAIbHBIC HABUTAIMOHHBIE CHCTEMBI,
cucteMy OOpTOBOH HAaBHTAalUH, KOPPEKTHPYEMYlO, KaK NpaBWIO, IIO
JTATbHOMEPHBIM JIaHHBIM C 3a0JIarOBPEMEHHO PAaCCTaBICHHON CETH MasKOB-
OTBETUMKOB IO Tpacce ABIKEHHsS WIM B palioHe paboT. MasKu-OTBETUMKH
(paznuuaroT JOHHBIC MasKU-OTBETUHUKH M MOBEPXHOCTHBIE MAasIKM-OTBETUMKH)
yCTaHaBJIMBAIOT JUIsl o0ecrieueHust paboThl THAPOAKYCTHYECKO HABUTalIMOHHOM
CUCTEMBI C JUIMHHOM 0a3MCHOIT JTMHUEH.

Jlng anmapatoB ¢ MajbIM BOJOM3MEIIEHHEM U C YIeTOM TpeOoBaHUil Kk
BBICOKOM MoOmIbHOCTH AHITA, kemaHue HCKIIOYUTh MAsSKH, 3HAYUTEIHHO
YBEJIMYHMBAIOIIUE CTOMMOCTh M BpeMs NPOBEICHMsI pabOT, SIBJISIETCS BIIOJHE
onpaBAaHHBIM. BmecTe ¢ TeM, rHpoaKyCcTHUECKUEe HABUTAIIMOHHBIE CUCTEMBI C
YIIBTPaKOpOTKOU Oa3nucHOM nuHMEH, kKoraa aprokyuiics AHITA conpoBoxmaeT
CyIHO obecriedeHus ¢ OyKcHpyeMOoU MPUEeMHOM aHTEHHOH, TaKXKe HeI0CTaTOUHO
XOpOIIM, TPEKAE BCETO, W3-32 YBEIMYCHUS IIOTPEIIHOCTH BHIPAOOTKH
HaBUrallMOHHBIX HapameTpoB, 1o cpaBHenutro ¢ ['AHC JIb, a Takxe
3HAUUTEJIBHOTO YBEJINYEHHS CIIOKHOCTH OyKCHPYEMOro yCTPOWCTBa, KOTOPOE,
kpome aHTeHHBI YKDB, mOJKHO cozmepXaTh JAaTYMKH YTIIOBOM OpHUEHTAIMN
AQHTEHHBI, TaTYUKU Kypca, TIIyOUHBI, CHCTEMY Mepeay JaHHBIX U T.1. BaxkHbIM
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siBIsieTess Takke To, uro YKB cucTeMbl B psje ciiydyacB HE OOCCICUMBAIOT
HE0OX0IMMOW TOYHOCTH IPH BBIITOJIHEHUH 3aj1a4 B HHTepecax BM®.

CyIIeCTBYIOT TaK)Ke HABUTAI[MOHHBIC THUAPOAKYCTHYCCKHE CHUCTEMBI
KOMOWHHUPOBAHHOTO THUIIA, COBMEIIAIONINE HCIOJIb30BAHUE TOHHBIX MAasKOB-
OTBETYHMKOB U OYyKCHPYEMOW THIPOAKYCTHUCCKOW CUCTEMBI C YIBTPAKOPOTKOM
OasucHoil nuHHMEH. Takwe CHCTEeMBI HCIONB3YIOT B paifoHax OOdbIION
MPOTSDKEHHOCTH. HemocTaTkoM TakWX CHCTEM SBIACTCS HEOOXOIUMOCTD
3a0JIaTOBPEMEHHON TMOJATOTOBKH paifoHa BBIITONHEHHS 3a1ad  (ITOCTaHOBKA
JOHHBIX MAasKOB-OTBETYMKOB), a TaKXKe HEOOXOAMMOCTH CyIHY OOecTedeHHs
cinenoBath 3a AHITA.

CyIecTByIOIIHE CIIOCOObI HABUTAIIMOHHOTO O0ECIICYCHUS HUMCEIOT P
HEIOCTAaTKOB, BIMSHHE KOTOPBIX BO3MOKHO MHHUMHU3UPOBATh B MUPHOE BpEeMs
32 CYeT YBEIMYEHHMsS BPEMEHHBIX 3aTpaT Ha BBINOIHEHHUE MEPONPHSATHH IO
3a0aroBpeMeHHOMY 000pyIOBaHUIO paiioHa BeImoiHeHus 3axady MPTK BH B
HABUTAIMOHHOM OTHOIICHUU. DTO HE MO3BOJISIET MPOU3BOAUTH dPPEKTHUBHOE
HaBUTAI[MOHHOE obecreueHne npu omnepaTuBHOM pas3epTeiBaHnu MPTK BH,
0COOEHHO B ONIEPATUBHO-BaKHBIX pailoHax MHUPOBOTo OKeaHa.

TakuM 00pa3oM, BO3HHKAET IPOTHBOPEUHE MEKAY BO3PACTAOMICH
poboTH3anueil coBpeMeHHbIX cui BM®, uto Bieder 3a coboii U pa3paboTKy
HOBBIX MCTOIOB, MOHeHeﬁ MMPpUMECHCHUA pO6OTOTeXHH‘IeCKI/IX KOMIIJICKCOB
BOCHHOI'O Ha3HAYC€HUA B pa3IMYHBIX YCJIOBUAX O6CTaHOBKI/I, B YJaJICHHBIX
paiioHax MuUpOBOTO OKeaHa, I/I€ CYLIECTBYIOIIME CHUCTEMbl HABUTALIMOHHOIO
oOecrieueHHs BbIPAOATHIBAIOT ~HABUTAIMOHHBIC TapaMeTpbl €  OOJIbIION
MOTPEIIHOCTBIO, JIMOO BOBCE OTCYTCTBYIOT, M HEOOXOIMMOCTBIO IPOU3BOIHUTH
a¢pdextuBHOe obecrieuenne MPTK BH ¢ moctarouHoll ONMEepaTHBHOCTBHIO H
3aJaHHOM TOYHOCTBIO B YJAJICHHBIX palloHaXx MHpPOBOTO OKeaHa, B CIlydae
BO3MOXKHOTO IIPOTUBOJCHUCTBHS IPOTHBHHKA, a TaKXKe II0J BOJOW, MpH
HEOOXOAMMOCTH  BBINOJHEHUs] ONCPATHUBHBIX 337ad, HE IO3BOJIIONINX
3a0JIarOBPEMEHHO  ITPOM3BECTH PA3BEPTHIBAHME HABHUTALMOHHOW CHCTEMBI,
HEBO3MOXXHOCTH 33JIeiICTBOBATH IIPH BBHITIOJIHEHHUH 3aJ]1a4 Cy/ia 00eCTIeUeHHMS.

Oco0eHHO aKTyalbHOM JaHHas TpoOJieMa CTaHOBHTCS B CIydae
rpymmoBoro mpumeHennss MPTK BH, T.x. BO3HHKaeT HEOOXOIMMOCTH
OJHOBPEMEHHON BBIPAOOTKM HABHTALMOHHBIX ITapaMETPOB s OOBEKTOB,
JNEHCTBYIONMX B PA3IHYHBIX CpPEAax, OCYIIECTBICHHE WX HABUTAIMOHHOW
MIPUBS3KHU U ONPEACTICHNS B3aNMHOTO PACIIONIOKEHHUS IPYT OTHOCUTEIHHO JIpyTa
JUISL YCIICIITHOTO BBITIONTHEHUS ITOCTABICHHBIX 33724, 0€30MacHBIX COBMECTHBIX
JIEMCTBUM, UCKITIOYAIOIINX CO3/IaHUE aBAPUMHBIX CUTYallMM M B3aUMHBIX TTOMEX
MIPUMEHEHHIO BOOPYKEHHSI U TEXHUUECKHUX CPEICTB.

B kadecTBe pemICHHS BBISBICHHBIX MPOTHBOPEYHH HEOOXOANMO
pa3paboTaTh aBTOHOMHYIO JTOKAJIbHYIO HABUTALIHOHHYIO CHCTEMY, COUETAIOILYIO
B ce0e BO3MOXKHOCTH ONEPATUBHOTO pPa3BEPTHIBAHMS, OJHOBPEMEHHYIO
BBIPA0OTKY BBICOKOTOYHOI HaBUIaLIMOHHOM MH(OpManuu AJsl ONPEeICHHOTO
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YHCIIa MOTpeOUTENeH, JEUCTBYIOIUX B PA3IMYHBIX CpelaX, UX KOOPANHATHYIO
MIPUBSI3KY U BbIIady JaHHBIX 00 NX B3aMMHOM PAaCIIOIOKECHHUH.

B xauectBe  (YHKIMOHAJIBHOTO  HJIEMEHTa  JIAHHOW  CHCTEMBI
MepCIEeKTUBHBIM ~ OBbUIO OBl  MCIIOJBb30BAaHHE CHEHHAIBHBIX aBTOHOMHBIX
anrnapaToB: ABTOHOMHBIX HaBUTAIIMOHHBIX IIOJIBIKHBIX OYeB, CIOCOOHBIX
MIPOM3BECTH CAMOCTOSITEIbHOE Pa3BEPThIBAHWE ABTOHOMHOM JIOKAJIBbHON
HaBUTAIIMOHHON CHCTEMBI B 3aJlaHHOM palioHEe, BBIPAOOTKY HABHUTAMOHHON
nHpopmanmy ¢ HEOOXOAMMOW TOYHOCTBIO JUIi HAABOAHBIX, ITOJIBOJHBIX
00BEKTOB, a TaKkKe OOBEKTOB, ACHCTBYIOIIMX B BO3AYIIHOM IIPOCTPAHCTBE,
BO3MOXKHOCTh CBOPAUMBAHUS CHCTEMBl U CaMOCTOSATEIBHOE CIIEAOBAHUE K
KOPaOITF0-HOCUTEIIIO TI0 OKOHYaHUH oOectiedeHust cii1 BMO.

D¢ dexruBroe mpumenenne MPTK BH moxet ObITE 00ecTiedeHO TOTBKO
B YCIIOBHSX HOJIHOTO ¥ HEMIPEPBIBHOT'O TIOKPBITHS 30HBI €r0 dKCIUTyaTtaunu. Jis
9TOrO0, B 30HE Pa3BEPTHIBAHNU, ABTOHOMHAs JIOKaJIbHAsI HABUTAMOHHAS CHCTEMa
JIOJDKHA 00€CIeYHTh HAJISKHYIO U 0e30IM00UHYI0 BEIpAO0TKY MH(OpMALUK O
MECTOIIOJIOXKEHUHU NOTpeOuTeNed B IPOCTPAaHCTBE.

Opranuzanuss aBTOHOMHOW JIOKAJIbHOM HABUTAllMOHHOM CHCTEMBI
MMOCTPOCHa Ha OCHOBE CaMOOPTaHM3YIOIIUXCSA ceTeil. Bce aBTOHOMHEBIC
HABUTAI[MOHHBIC MMOJBUKHBIC OYH ONMPEACISIIOT B3aUMHOE PACIONIOKEHUE IPYT
JIpyTa, CO3/1aBasi 3aMKHYTYIO JIOKAJIbHYIO ceTh. OJIMH HIIH HECKOJIBKO 3JICMCHTOB
CETH OIpEACSICT CBOC MECTOIOJOXKCHUE OTHOCHUTEIILHO KOPaOJISI-HOCUTEII,
100 0coOeHHOCTEH penbeda MeCTHOCTH, JIN00, B ciiydae (yHKIHOHHUPOBAHHMS
CIIyTHUKOBBIX HABUTAI[HOHHBIX CHCTEM — 10 ITUM CHCTEMaM.

Bce aboHeHThI aBTOHOMHOHM JIOKQJbHOM HAaBUTAIMOHHOW CHCTEMBI
ONPEIEIIAIOT CBOE MECTOIOJIOKEHUE OTHOCHUTEIBHO €€ DJIEMEHTOB, KOTOPbIE
HaxomATcss B Jpeiide. B uTOore mMpOMCXOTUT TOCTPOECHHE MOOMIBHOM
JIMHAMUYECKOW  JIOKAJIbHOM  CHUCTEMBl  OIPENEIIEHUS  MECTOIOJIOKECHHUS
morpebutenet —  ABWKymuXca  00BEeKTOB.  OTHOCHTENBHO  ONH3KOE
MECTOIIOJIO)KEHHE JJIEMEHTOB CHUCTEMBI ITO3BOJINT MHHHUMM3HMPOBATH OLIMOKH
B3aMMHOTO OIIPEIENIEHUS HX MECTOMOIOKEHHUS.

Wudpactpykrypa aBTOHOMHOI JIOKaJIBHON HaBUI'alIMOHHON CHCTEMBI:
aBTOHOMHBIC HABUTAI[MOHHBIC TIIOJBIDKHBIC OyH, OJDKHBI O0O0CCIeYUBATh
BO3MOKHOCTh OIICPAaTHBHOTO HapaIlWBaHUs MacliTada CHCTEMBI BIUIOTH [0
[IOJIHOTO MOKPBITHSI pailoHa BOGHHBIX JE€HCTBUI.

KiroueBoii 0COOEHHOCTBEIO aBTOHOMHOM JOKaJIbHON HaBHUTAIIMOHHON
CHCTEMBI SIBIISICTCSI BO3MOKHOCTD 0O€CIeueH s MOoTpeOuTeNeil HaBUTrallMOHHON
uHpopmarmeil ¢ TOYHOCTHIO (B paMKax 3aJ@HHOTO PaloHa), MPEBBIMIAIONICH
TOYHOCTH O3UIIUOHUPOBAHHUS 110 «TPATUIIMOHHBIMY HABUTAIIHOHHBIM CHCTEMaM
(HampuMep, CIIyTHHKOBBIM HABHTAIlMOHHBIM CHCTEMaM), a TaKke ee
MOOWJIBHOCTh, — OCHOBa OOECIICUYCHHUsS €¢ OIEPATUBHOIO pA3BEPTHIBAHUS B
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3aJaHHOM paifoHe, OBICTPOrO NHEpEeMEICHHs M pa3BEpPTHIBAHUS B CMEXHOM
paifoHe, B cirydae HEOOXOAUMOCTH.

Jdnst  opraHmsanuu  BBIpaOOTKM — HAaBUTAIIMOHHOW  HMHQOpManuu
ABTOHOMHOI JIOKaJIbHOM HABUTallUOHHOM CHCTEMOH Mpe 1araeTcsi OCHACTUTD €€
9JIEMEHTHl — ABTOHOMHBIE HABUTAI[MOHHBIC IOJIBKHBIE OYH BBICOKOTOYHOM
paJMOHABUTAIIMOHHON CHCTEMOH, — /Ul 00eCTIeYeH s HaIBOJHBIX OOBEKTOB 1
JIETaTeJIbHBIX aNllapaToB, U MAPOAKYCTUYECKON HAaBUTALIMOHHOM CHUCTEMOH C
JUIMHHOM O0a3MCHOM NMHUEH, — 11 0OecIlieueHuss aBTOHOMHBIX HEOOHMTaeMBIX
TIOJIBOAHBIX allNapaToB, ONPEAEICHHUS UX KOOPIMHAT U JJIEMEHTOB JBIKeHUs. K
Hactosimemy Bpemern 'AHC JIb SBISIOTCS XOPOIIO OCBOSHHBIM M HaIC)KHBIM
HaBUTAllMOHHBIM  CPEJCTBOM, IIO3BOJIIIOIIMM  OOECIIeUMBaTh  3aJaHHOE
KOJIMYECTBO MOTpeduTeneld HaBUTalMOHHOW HMH(pOpMalueld, B 0COOCHHOCTH,
Korja nmpeabsaBJIAIOTCS MMOBLIIIECHHLIC Tpe6OBaHI/Iﬂ K TOYHOCTHU HABUTALITUOHHOI'O
obecrieueHwsl.

Kpome HaBuranmonHoro obecneueHus, B CIydae YCTAHOBKHU
COOTBETCTBYIOIIET0 000pyIOBaHMS, aBTOHOMHAs JIOKaJbHAs HABUTAllMOHHAsS
cucTeMa JONOJHUTEJBHO MOXET BBICTYHAaTh B  KayeCTBE CHCTEMBI
peTpaHCIsATOpOB, obecrieunBasi oOMeH MH(pOpPMalHMed Kak MEX1y LEeHTpamu
ynpaBnenuss 1 MPTK BH, Ttak um mexny ammapatamy, AEHCTBYIOIIMMHU B
Pa3IMYHBIX Cpeax HEMOCPEICTBEHHO B palioHe BHITIOJIHEHHS 3a/1a4.

Takum 00pa3oM, aBTOHOMHas JIOKalbHAs HAaBHIALMOHHAS CHCTEMa
JOJDKHA OyJeT oOecrednTh OJHOBPEMEHHOE ONpeAeiICHHE MECTOINOJIOKCHUS
HECKOJIKUX IOTPeOnTENeH, ACHCTBYIONMX B PA3IMYHBIX Cpelax, a TakkKe UX
B3aMMHOE PACIOJNIOKEHHE, B TOM HYHCIEe M C MPUBA3KOH K reorpapuuecKuM
koopauHaTam. Jl1d  (QyHKIMOHMPOBAaHMSA TakOW CHCTEMbl HEO0O0XOIMMa
IPYyNIUPOBKA, COCTOSIAS HE MEHEE, YEM U3 TPEX ABTOHOMHBIX HABUTaIlIMOHHBIX
TIOJIBIDKHBIX OyeB. DTO MO3BOJUT OOECHEUYUTh BBIPAOOTKY HABUTAIIMOHHOU
nHGopmManuy JUIs BO3AYIIHBIX, HAJBOAHBIX M TOABOJHBIX OOBEKTOB C
HEOOXOAMMON TOuHOCTHIO. [l peanmsanum mMOZOOHOTO oOecredeHus
«TPAJNIMOHHBIMI» CPEJICTBAMH C BBIPAOOTKOM HABHTALMOHHBIX ITapaMeTpOB
paBHOM TOYHOCTH, HEOOXOIUMO Pa3BEPHYTh CHCTEMBI, B COCTAaB KOTOPBIX BXOJAT
paAMOHABUTAIMOHHBIE CTAHIMM (HE MEHee [BYyX), MOBEPXHOCTHBIC, JHOO
JIOHHBIE MasIKU-OTBETYMKH (HE MeHee Tpex). Takoe olecrieueHue TOBIIEYET
JIOTIOJTHUTEIbHBIE (PMHAHCOBBIE, BDEMEHHBIE M SKCILTyaTallMOHHBIC 3aTPATHI.

Ceenenust 00 aBTOpE:

JlotieHT Kadenps HaBUTAITMOHHO-THAPOTPAPUIECKOTO u
THIPOMETEOPOJIOTHUECKOTO 00CCHeueHHsI BOCHHOTO HWHCTUTYTa (BOCHHO-
mopckoro) BVYHI[ BM® «BoeHHo-MOpckas — akaaeMus», KaHIUaar
TexHn4eckux Hayk, nqoueHT ['AJIKIH Unbs AnexceeBud.

Cexrusi: BoeHHast 1 aHTUTEPPOPUCTHUECKast pOOOTOTEXHUKA.
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H.B. Maniomun
NEPCHEKTUBHBIN MOPCKOM POBOTOTEXHUYECKUM
KOMILJIEKC OBHAPY KEHUSI, TPAHCIIOPTUPOBAHUSI 1
YTUWIN3ALIMA ONMACHBIX BEIIIECTB U IIPEJMETOB

000 «Kb UT'AC», 2. Mockea,
mnv220609@mail.ru

Okojoruueckue MnpoOneMbsl, 00YCIOBIEHHbIE TEXHUYECKOH IESTEIbHOCTHIO
YeJIOBeKa W YPE3BBIYAWHBIMHM CHUTYALMSIMH TEXHOTEHHOTO XapakTepa, IMOKa3aid
OTCYTCTBUE KOMILIEKCA TEXHUUECKUX CPEICTB 00ECHEUMBAIOIIUX PEIICHUE 3a1aun
0oOHapyKeHNSI, TPAHCIIOPTUPOBAHUS 1 YTHIIM3ANH ONACHBIX BEIIECTB U IIPEAMETOB.
Orta npobiieMa 0COOEHHO MPOSBIIETCS IPU PEIICHUN 3aay YTUIN3aluy B MOPCKOH
cpexne.

IIpeanaraercs co3aHue MOPCKOrO pOOOTEXHUUECKOrO KoMILlekca. B cocras
KOMIUTEKCa BXOAAT CPEICTBA MOMCKAa W MOAbEMa Ha OOPT CylHA MaTEpHAIOB H
CpEeICTBa, X YTHIIM3AIMHU U TPAHCIIOPTUPOBAHHUS (€CII HEBO3MOKHA YTHIIN3ALHS HA
o6opry cymHa). Ilouck m mnoabém MarepualioB Ha OOpPT cynHa OOECIEeYHBAIOT
aBTOHOMHBIE IOJBOJHbIE HEOOUTaeMble POOOTHI IOMCKA OOBEKTOB U  KOHTPOJIA
00CTaHOBKH, 3Banarop (rudkas Tpyba) ¢ MaAaHMITYJISTOPAMH Ha KOHIIC. Y THIIM3AIIUs
MaTepuagoB M ONACHBIX IPEJAMETOB BBIIOJHACTCS C IIOMOLIBIO Jlazepa Ha
pacctosanun 10 50 M. YTHau3upyemble MaTepHaibl M TPEAMETHl CHKUTAIOTCS
(nednarpauus) B nepsoii kamepe npu temneparype 2000 °C. Bo Bropoil kamepe
BBITIOJIHACTCSL  «JOKUTAHHME» OCTABILHMXCS B NEPBON KaMepe Tra3oBbIX (pakuuil.
OTX0zbl yTWIM3AUMK M MaTepHajbl, HE TOMJIeKAIIUEe TEIUIOBOH 00paboTKH,
pasMemaroTcss B KOHTEHHepe I IOCJIEAYIOUIEro  TPAHCIOPTHPOBAHUS
HacHelUalIbHOCIPEAIPUITHUE.

CreneHb TOTOBHOCTH OCHOBHBIX TEXHHYECKHX CPEICTB - BBHICOKas,
TaK KakK I10/1BOJJHbIE aBTOHOMHBIE POOOTBI 3KOJIOTMYECKOI0 KOHTPOJISL, OXPAHbl 30HBI
paboT, MOWCKAa ONACHBIX MAaTEPHAIOB W TPEIMETOB, a TaKKe HEaBTOHOMHEIC
(TeneynpaBisieMble) POOOTU3UPOBAHHBIE CPEACTBA, B LIEJIOM HOHITHBI, UMEIOT
IPOTOTUNBEI M HE TPeOYIOT KaKUX-THOO MCCIENAOBAaHMH A WX CO3aHMS.
HanBonHblif KOMILIEKC YTHIM3alMM MOKHO pEaaM30BaTh Ha 0a3e HU3BECTHOrO
OTEYECTBEHHOTO JIa3ePHOT0 KOMIUIEKCA yIaIEHHOTO Pa3MHUHUPOBAHMS CHApPSIOB U
MUH.  BblcokoTemmepaTypHble — KaMepbl — U3roTaBiuBaioTcss B Poccum.
TpaHCHOPTHPOBAaHNWE OTXOJIOB YTWIM3AIMM, pAAMANMOHHBIX MaTE€pUAOB H
IIPEAMETOB, MOXKHO 00€CIeuUTh B YHU(HULUPOBAHHBIX KOHTEHHEpaX JOIOJIHEHHBIX
3alIMTON U3 MHHOBALIMOHHBIX MaTepuaiios ¢ 10-20 kpaTHbIM ocitabieHueM 1eicTBhs
paguanym.

IIpeanaraemblii MOPCKOH  pOOOTOTEXHUUECKUI KOMILIEKC OOHApyXKEHUs,
TPAHCTIOPTUPOBAHYS M YTHIM3ALMN OTACHBIX BEIIECTB M NMPEIMETOB MOYKET HAHTH
mupokoe mnpumenenue it MO PO, MUYC PO 3apybexHoro mnorpedutess.
AHAJIOroB NpeIaraeMoro KOMIIIEKCa He BBISIBICHO.

Mopckoit POGOTOTEXHUUECKUI KOMILIEKC oOHapyKeHus,
TPAHCIIOPTUPOBAHKS M YTHJIM3AIIMH OMACHBIX BEIIECTB M mpeamMeToB ox00pen HTC
OI'VII «O60ponnpomskonorus» MO PO.
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N. V. Malyutin
PROMISING MARINE ROBOTIC SYSTEM FOR DETECTION,
TRANSPORTATION AND DISPOSAL OF HAZARDOUS SUBSTANCES
AND ITEMS

" LTD «CB IGAS», Moscow
mnv220609@mail.ru

Environmental problems caused by technical human activity and emergency
situations of technogenic character, showed the absence of complex of technical
means ensuring the decision of tasks of detection, transportation and disposal of
hazardous substances and objects. This problem is particularly evident when
solving problems of disposal in the marine environment.

Proposes the creation of a marine robotic complex. The system includes
search tools and a hoist on Board material and the means of disposal and
transportation (if impossible disposal on Board the vessel). Search and recovery
of materials on Board the vessel provide the uninhabited Autonomous
underwater robots search for objects and control of the situation, evaluator
(flexible tube) with manipulators on the end. Recycling materials and dangerous
items is performed using the laser at a distance of 50 m. Recyclable materials
and items incinerated (deflagration) in the first chamber at a temperature of 2000
°C. In the second chamber is "post-combustion” remaining in the first chamber
gas fractions. Waste disposal and materials not subject to thermal treatment, are
placed in a container for subsequent transport a special enterprise.

The degree of readiness of major equipment, high, as underwater
Autonomous robots, environmental control, protection of work areas, finding
dangerous materials and items, as well as non-Autonomous (remote-controlled)
robotic means are generally understood, are prototypes and do not require any
research to create them. Surface complex recycling can be implemented on the
basis of well-known domestic laser system for the remote clearance of shells and
mines. high temperature cameras are made in Russia. Transportation of waste
disposal of radioactive materials and items can be provided in standardized
containers supplemented with the protection of innovative materials with 10-20
fold weakening of radiation.

The proposed marine robotic system for detection, transportation and
disposal of hazardous substances and items can be widely used for the defense
Ministry, emergency situations Ministry of foreign consumers. Analogues of the
proposed complex have not been identified.

Marine robotic system for detection, transportation and disposal of hazardous
substances and items approved by NTS FSUE "Oboronpromecology" MO of the
Russian Federation.

189



A.A. Apvickun, A.A. Kcensenxo, F0.C. Map3anos, E.A. Ilpvices,
B.E. Ilpanuunuxos, P.B. Xenemenoux, C.P. Inpuxos
MPOMBIHIJIEHHASI ABTOMATHUKA C JUCTAHIUOHHBIM
JOCTYIIOM U ABTOMATUYECKHUM PASPEIIEHUEM
JOTUYECKHUX MPOTUBOPEYAM JIJISI UHIYCTPUH 4.0

Meswcoynapoonas nabopamopus « CenCopuray, MI'TY "Cmanxun”,
MUHOT PITY, UIIM um. M.B.Kenoviua PAH, Mocksa,
v.e.pr@yandex.ru

Hauunas ¢ nepBoil IPOMBIIJIEHHON PEBOJIIOLUHN, TEXHOJIOTHYECKHE
JOCTHKCHUSI ~ TO3BOJISIIIM  CYIIECTBEHHO, CKAayKOOOpa3sHO  yBEJIMYUBATH
MIPOM3BOMUTENBHOCTh  TpyAa.  KpaTko — oXapakTepu3oBaTb  MHPOBBIE
uHIycTpUanbHele peBosoru -1V MOXHO OyKBaJbHO OJHUM  CJIOBOM:
MeXaHM3alus, OJICKTpU(UKAIMS, aBTOMATH3aLMs, WHTEIJICKTyaln3alus.
OcHoBoit ans konuenuuu Mugyctpun 4.0 mocmyxuna CHHEprus TaKUX HIeH
kak: Internet of Things («Mureprer Betueii»), Big DATA («bonbline naHHbIeY),
Cyber-Physical Systems («Kubep-¢pusudueckue cucTeMbI»).

B pamkax AaHHOM KOHLENLUU, OJAHOU M3 OCHOBHBIX 3aJay SBISIETCA
obecrieuerre 3()(HEKTHBHOIO BBITYyCKA AK€ MHHUMAIBHBIX TMapTHH HpH
OBICTPOM BHECEHHMHM W3MEHEHHMH B TPOAYKIMIO. [IpMEHEHHE BCTPOSHHBIX
JIATYMKOB/MCIOTHUTEIBHBIX MEXaHU3MOM C CETEBBIM JIOCTYNOM HPUBOAMT K
HEOOXOANMOCTH CO3JIaHMSl HOBBIX METOZOB ONTHMH3AIMU JJISI COXPAaHEHUS
pecypcoB B TIPOM3BOACTBEHHOW cpene. Craso HEOOXOAWMBIM CO31aHHE
MeXaHM3Ma NpE/ICKa3aHWs MOMEHTa IIOBPEXICHHWS KOMIIOHEHTOB WIIN
obopyaoBaHus, a  TaKkke  BO3MOXKHOCTH  BKJIIOYEHHS  Mpoliecca
CaMOBOCCTAHOBJICHHS, HAXO0XK/ICHHUS albTEPHATUBHBIX PELICHUN UL TEKyIeH
MIPOU3BOJICTBEHHOM 3a1a4H, pa3peIleHHe MPOBECHHU COOTBETCTBYIOIIHNX padoT
110 PEMOHTY WK TeX00cmykuBanuto. Eciu emé HemaBHO MOTPEOUTENN CPENICTB
ABTOMATH3AIMM HE MPEIOCTaBIIIIN MPOU3BOIUTEIIO JOCTYI K 3aKyINICHHOMY
000pyIOBaHMIO, TO 3a MOCIECTHHE TOIBI TOSABWICA OONBIION CHpoc Ha
MOXXHU3HEHHOE CONPOBOXKIeHHE 000pynoBaHus. OJTHUM M3 JINAEPOB peann3alun
JTAHHOH KOHIeNuH siBisieTcst KoHuepH FESTO, paboratommii B OoJiee, 4eM cTa
ctpanax ¢ 300000 norpebuTeneit u Ha mpakTHKe obecrieynBaronmi just in time
production.

B Poccuiickoit ®enepanun He BCe MPEINPUATHS FOTOBBI K BHEIPEHUIO
KOHLETIIUH «YMHOTO IPON3BOJICTBAY, TAK KaK 3TO SIBISIETCS CIIOKHBIM, JT0JITUM
U JOPOTOCTOSIIIMM TIPOIIECCOM. B ToXe BpeMst MPeAnpusiTHs, CO3JAIOLINECs «C
HyJ», 00jee BOCIIPUUMYHBEI K HOZOOHBIM HHHOBAIHSAM. MextynapoHas
naboparopusi «CeHCOpuKa» COBMECTHO CO CIEIHMAINCTAMH W acHUpaHTaMu
MI'TY «CTAHKWH», UTIM M. M.B. Kengeima PAH, MUHOT pa3zpaboraia
TEXHOJIOTHIO PEATM3allii U BHEAPECHUS] «YMHOTO NPOU3BOACTBA» HA TPUMEpPE
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CO3/IaHUSI HOBOHM aBTOMATHYECKOH JIMHUM MO TPUTOTOBJICHHIO HATPUEBOTO
CTEKJIa ¥ u3/1enuii u3 Hero B ropoae Kumpsl. CructemMa aBTOMaTuKH, BHEAPsiEMast
B paMKax JaHHOTO NPOEKTa, CTPOUTCS Ha OCHOBE 3alaTEHTOBAHHON paHee
METOIUKH  aBTOMATHYECKOTO  PA3PEUICHUs] JIOTHYECKUX  MPOTUBOPEUHH
(mopabaTteiBaeTCsT Ui amanTallid K MOTPEOHOCTSM peIIaeMBIX 3amad). JTa
METOIMKA TTO3BOJISET CIIPOTHO3UPOBATH BEPOSATHBIE OTKA3bl CHCTEMBI B TEX HIIH
WHBIX CHUTYalWsIX, YTO SBJISAETCS OJHOW W3 OCHOB HAJEKHOCTH IIPOEKTA.
ABTOMaruka, BHeApsieMas B MPOEKT, NPEACTaBIsieT co0oi  cuMOKMo3
JICLIEHTPAJIM30BaHHBIX CHCTEM, OOBEAMHEHHBIX B OOLIYI0 HU(POBYIO CETh C
BO3MOKHOCTBIO NTEPEX0a Ha KECTKOE MPOrPaMMHOE MIIN PYYHOE YIPaBJICHUE B
ciaydyae HeoOoxoauMocTH. Pa3pabaTbiBaeMasi KOHIEMIIHS TO3BOJISIET BBITIOJIHSATH
HETPUBHAJIBHBIE  33Ja4d  «yYMHOTO»  YIpABJIEHHS  UCIOJIHUTEIbHBIMU
JIEMEHTaMH  TEXHOJOTWYECKOTO TMpolecca, HaImpUMep, MNEepPeKIIOUeHHEM
KJIallaHOB,  33/IBM)KEK, YINPaBICHHEM [BHUTaTeJSIMH ISl TO/a4d, BBIBOJA,
MepeMEIIEHUsT  COCTABILIIONINX IIPOM3BOJICTBEHHOTO Ipolecca B Mporecce
W3TOTOBIICHHUS TOTOBOH INPOIYKIHH. B TtexHomormueckoM mporecce
MIPOM3BOJICTBA 3a/ICHCTBOBAHA CICIMAIIM3UPOBAHHAS TPAHCIOPTHAsI CHUCTEMA,
paspaboTaHHas Npu ydacTuu MexayHapoaHoi saboparopueit «CeHcoprukay u
npeiHa3Ha4YeHHas ISl CYLIKH M MEPEMEIIeHUs OTJIIMBOK FOTOBOW MPOJIYKIUH B
HPOU3BOJACTBEHHOM IIPOCTPAHCTBE ILIOMAAbl0 mHopanka 1400 w2 Jlannas
cUcTeMa BBIIIOJHEHA HA OCHOBE MHAMBU/1YaIbHBIX POOOTH3MPOBAHHBIX TEJIEKEK,
KOTOpBIE NPHUBOJATCS B JIBM)KCHHE MTOCPEJCTBOM T1ap OOPTOBBIX JBHUrareseil n
KOMIUIEKTa CEHCOPHBIX ycTpolcTB. OjHa Takas TpaHCIOPTHAas €AMHHIA
CHocoOHa repeMeniath 10 CI0KHOH TPAEKTOPUU BHYTPHIIPOM3BOACTBEHHOTO
MIPOCTPAHCTBA 3JIEMEHTHl TOTOBOH MPOAYKIIMH BECOM JI0 2-X TOHH B YCIIOBHSX
C TIOBBIIICHHON BIAXXHOCTRIO. B coctaB oO0med CHCTEMBI YIIpaBICHUS
MIPOM3BOJCTBEHHBIM  IMKJIOM  BXOAWT  umHTepdeiic, obecneunBarommit
KPYTJIOCYTOUHBIH JOCTYN K HEH, C Ienbl0  JUCTAaHIMOHHOTO KOHTPOJI,
TECTUPOBAHUS U MOJICPHHU3ALIMH TEXHOJIOTHYECKOTO mponecca. [Ipu pazpaboTke
CHCTEMbI YNpaBICHMUS TPAHCHOPTHBIX M MAHUITYJSIIMOHHBIX POOOTOB TIO
texHostoruu «Mumyctpust 4.0», B HalleM NMPOEKTe M3HAYaJIbHO HCKIIOYaUCh
nepudepuiiHbie yCTPOWCTBA, KOTOPBIM HE CBOMCTBEHHa I'mOKocTh. [Ipu sTom
NpeyCMaTpPUBACTCs «UHTEIICKTYalbHBIH BBOJ JIAHHBIX» Yepe3 CUCTEMY
MATYUKOB M OOpaTHBIX  CBsI3cH, KOHTPOJHPYIONIUX  paboTy  Bcex
UCIIOJTHUTENIBHBIX MEXaHM3MOB C JIOTHYECKHM aHaJM30M U  BBISIBICHHEM
HEKOPPEKTHOTO XOJa IPOW3BOJCTBEHHBIX IIPOIECCOB, YTO CYIIECTBEHHO
YMEHBIIIAET BEPOSITHOCTh HapyUIEHUsI TEXHOJOTHYECKOTO IMKJA M aBapUitHOM
CHUTYaIUH.

Kirouesble cnoBa: mHayctpusi 4.0, yMHOE IIPOHM3BOJACTBO, CEHCOPHBIC
cucrembl, Cyber-Physical Systems, Internet of Things, wuckyccrBeHHbII
WHTEJJIEKT, CHUCTEMBl aBTOMAaTHKH, JIOTHYECKHE MPOTHBOpPEYHs, OOJauHbIC
TEXHOJIOTUH, TIPOMBIIIICHHAs: aBTOMATHKa, TUCTAaHIIMOHHBIH KOHTPOJIb.
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A.A. Aryskin, A.J. Ksenzenko, Yu.S. Marzanov, E.A. Pryceyv,

V.E. Pryanichnikov, R.V. Khelemendik, S.R. Eprikov
INDUSTRIALAUTOMATION WITH REMOTE ACCESS AND
AUTOMATIC RESOLUTION OF LOGICAL CONTRADICTIONS FOR
INDUSTRY 4.0

International Laboratory «Sensorika», MSTU ““Stankin™, INET
RSUH, Moscow
KIAM Russian Academy of sciences, v.e.pr@yandex.ru,

Since the first industrial revolution, technological advances had significantly,
rapidly increase productivity. Briefly describe the global industrial revolutions I-
IV can be just one word: mechanization, electrification, automation,
intellectualization. The basis for the concept of Industry 4.0 was the synergy of
such ideas as: “Internet of Things”, “Big Data”, "Cyber-physical system™. Under
this concept, one of the main tasks is to ensure effective releasing of even
minimal parties with the rapid changes in production lines. Using built-in
sensors/actuator network access leads to the necessity of creating new methods
of optimisation for resource conservation in a production environment. It was
necessary to create a mechanism for predicting the fault of the components or
equipment, as well as the possibility of integrating the process of self-repair,
finding alternative solutions to current production problems, the resolution of the
relevant repair or maintenance. If more recently, consumers of automation did
not provide the manufacturer access purchased equipment, in recent years, a
large demand for life support equipment. One of the leaders of implementation
of this concept is the Concern FESTO, working in more than hundred countries
with 300,000 users and in practice, providing just-in-time production.

In the Russian Federation, not all businesses are ready to introduce the concept
of "Smart production”, as this is a difficult, long and expensive process. At the
same time enterprise, created "from scratch”, more receptive to such innovations.
International laboratory "Sensorika" together with specialists and graduate
students MSTU "STANKIN", KIAM RAS, IINET has developed a technology
implementation and deployment of "Smart production” by building a new
automatic line for manufacturing of sodium glass and products from him in the
city of Kimry. The automation system implemented in the framework of this
project, based on the previously patented methods automatically resolve logical
contradictions (refined to adapt to the needs of the tasks). This technique allows
to predict the probable failures of the system in certain situations is one of the
foundations of the reliability of the project. Automation implemented into the
project is a symbiosis of decentralised systems integrated into a digital network
with the possibility of switching to a hard program or manual control if
necessary. The developed concept allows to perform non-trivial tasks for the
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intelligent control of Executive elements of technological process, for example,
switching valves, dampers, motor control for input, output, for moving
components of the production lines in the manufacturing process. In the process
of production involved specialized transport system, developed with the
participation of the International laboratory "Sensorika™ and is used for drying
and moving of castings and finished products in a production space with an area
of about 1400 m2. This system is made on the basis of individual robotic trucks,
which are driven by electro engines and a set of sensor devices. One such
transport unit is able to move in complicated paths of internal space elements of
the finished product weighing up to 2 tons in conditions of high humidity. Part
of the overall management system of the production cycle is the interface, that
provides access to it with the purpose of remote monitoring, testing and
upgrading process. When developing control systems of transport and
manipulation robotic technology "Industry 4.0", in our project initially excluded
the peripheral devices, which are not have a characteristics of flexibility. At the
same time provides "intelligent data entry” through a system of sensors and
feedback controlling the operation of all actuators with logical analysis and the
detection of incorrect manufacturing processes, which significantly reduces the
probability of violation of the technological cycle and emergency.

Keywords: industry 4.0, intelligent manufacturing, sensor systems, Cyber-
Physical Systems, Internet of Things, artificial intelligence, automation, logical
contradictions, cloud computing, industrial automation, remote monitoring.
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M.b. Henamowes, B.I1. Ilonoe, M.b. Cepzees
MPOBJIEMbI BHEHIHET'O YITPABJIEHUS ABTOMOBUJISIMU-
HAPYUWUTEJSIMU JJIS1 HOBBIIIEHUS BE3OIMMACHOCTHU
JOPOXHOI'O ABUKEHUS

Canxm-Ilemepbypackuii 20Cy0apCcmeeHHblll YHU8epcumen adpoKoCMu4eckoeo
npubopocmpoerus
ignatmb@mail.ru, mbse@mail.ru

PaccmaTpuBaeTcs mpobieMa MoBBIIEHNsT 0€301TaCHOCTH JJOPOKHOTO JBIKCHUS
1 TIpEJIaracTcsi BBOAUTH BHEIITHEE YIIPABICHNE aBTOMOOUIISIMH-
HapyMINTEISIMA Ha OCHOBE NCTIOJIb30BAHMS MHTEIICKTYaIbHBIX (DyHKITHH
YMHBIX aBTOMOOWJICH U YMHBIX JIOPOT. AHAJIM3UPYETCs podiiemMa
oIIpe/IeTIeHUs aBTOMOOMIIeH — HapyluTeneil B pexume on-line Buieokamep
HAOJIOICHUS 32 TPAHCIIOPTHBIM ITOTOKOM.

KiroueBsle ci10Ba: BHEITHEE yNpaBieHUE, YMHbIE aBTOMOOMIIH, YMHBIE JOPOTH,
0€30IMacHOCTh JOPOKHOTO JIBUIKCHUSI.

M.B. Ignatiev, V.P. Popov, M.B. Sergeev
THE PROBLEM OF THE EXTERNAL DRIVING OFFENDERS TO
IMPROVE ROAD SAFETY

Saint-Petersburg state University of Aerospace Instrumentation
ignatmb@mail.ru, mbse@mail.ru

Considers the problem of improving road safety and proposed to introduce
external control of vehicles-violators based on the use of the intelligent
functions of smart cars and smart roads. Examines the problem of determining
the vehicles of offenders in the on-line video cameras monitor traffic flow.

Keywords: external control, smart cars and smart roads.
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A.H. Bracenko, 9E Janun
HPI/IMEHEHI/IIE KOI[I/IPOBAHHOI/IV AITEPTYPBI ITPU BEJEHNUN
BO3AYITHOU PAJIMAITMOHHOMU PASBEAKW MECTHOCTH

THI] P® [[HNUU PTK, Canxkm-Ilemepoype
vlas@rtc.ru

A.N. Vlasenko, O.Ev. Lapin
APPLICATION OF THE CODED APERTURE WHEN CONDUCTING
AN AIR RADIATION SURVEY OF THE AREA

RTC, Saint-Petersburg

B nacrostee Bpems B Poccu 1 3a py0ekoM akTHBHO BEAyTCs pa3pabOTKu
OecnIOTHBIX JieTaTebHbIx anmnapatoB (BJIA), cnocoOHBIX HECTH MOJIE3HYIO
Harpy3ky Maccoidl OT OJHOIO J0 HECKOJBKHX JECATKOB Kuiorpamm. BJIA
SIBIIIIOTCS IEPCIIEKTUBHBIMUA HOCUTEIISIMU alllapaTyphl AJIsl BEACHUS BO3AYIIHON
pasBelKH B pailloHaX PaJUAllMOHHBIX aBapuil C LEJbI0 ONPENEICHHs I'PaHMIL
30HBI PaIMOAKTHBHOTO 3apPAXKCHUS K MECTOTIOJIOKEHNUS HAaNOOoIIee 3arpsi3HEHHBIX
y4acTkoB MecTHOCTH. [IpuMenenne BJIA BMeECTO MUIOTUPYEMBIX TE€TAaTENbHBIX
anmnapaToB B 30HE paJUAllMOHHOM KaTacTpO(bl MO3BOJHT ITOJHOCTBIO CHSTH
JIO30BYIO HAarpy3Ky Ha SKHMIaXX BO3YIIHOTO Cy/HA.

AHann3 COBPEMEHHBIX CPEJICTB M METOJOB OECHMJIOTHOTO MOHHTOpPHHTA
nokasai, 4to bJIA B HacTosIee BpeMst B OCHOBHOM KOMIUIEKTYIOTCSI IOMCKOBOM
annapaTypom, cocTosiel U3 OJJMHOYHBIX JIETEKTOPOB raMma-u3iayyeHus. Takoi
JICTEKTOP MO3BOJISIET 0OHAPYKUBATH JIOKAIBHBIC 3arPA3HEHUS TI0 MPEBBINICHHUIO
panuanoHHoro ¢oHa Ha BbicoTe noseta BJIA, a Tarke MACHTHOUIMPOBATH
PaZMOHYKIMIHBIN COCTaB TaMMa-u3Iy4deHus. TeM He MeHee, €CIU B 110JI€ 3pEHUs
JIETEKTOpa Ha MOJIOCE MOMCKA IMOMAaTyT HECKOJbKO JIOKAIBHBIX HMCTOYHUKOB,
PAacIoIOKEHHBIX Ha HEKOTOPOM PACCTOSHUM APYT OT ApyTa, anmnaparypa BIIACT
CUTHAJ KaK OT OJIHOTO 3arpsi3HEHUS] CyMMapHO# akTUBHOCTH. Takum oOpazom,
UCIIOJIb30BAaHHE OJMHOYHOIO JIETEKTOpA MO3BOJISIET TOJBKO I'py0O OLEHHTH
palMalMoOHHyI0 OOCTaHOBKY B pailoHe paJUalMOHHOW aBapHH, INPHYEM
COCTaBJICHHAS TI0 UTOTaM IIOJIeTa KapTa PaJMOAKTHBHOTO 3apa)kKeHUS MOXKET
COJIepKaTb HETOYHOCTH B IUIAHE ONPEAEICHUS MCTUHHOIO IOJIOKEHHS
HNCTOYHHUKOB FraMMa-N3ITy4eHNUsI.

Hpyroii BaxxHOM 3a1aueld IpyU BEICHUH PaIUallMOHHON pa3BeKH SBISETCA
OTIpeicTICHHE aKTUBHOCTH Ka)XXJOro OOHApYKEHHOTO JOKAJILHOTO 3arpsi3HCHUS
JUIL  COCTaBJIeHHs O€30IacHBIX MapIIPyTOB CJIEJAOBaHUS TeXHUKH. Ecin
palfoaKTHBHOE 3arpsi3HEHUE IIPEJCTaBISICT COOOW JIOKAIbHBIH HCTOYHUK
raMMa-u3JIydeHuss U  HaXOAUTCS TOYHO mnoxa auHueil monera BJIA, ero
AKTUBHOCTh MOXKHO OIIGHUTb, HCIONB3Yys JaHHBIE O BBICOTE TIONETa MU
3apErUCTPUPOBAHHON JIETEKTOPOM IUIOTHOCTU MOTOKa raMMa-u3inydenus. Ho
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€CIIM 3arps3HEHHME COJICPIKUT HECKOJBbKO (ParMEHTOB, PACIHOJIOKCHHBIX B
pasHBIX MECTax MOJIOCHI MOUCKA, ONpPEeNeHHe aKTUBHOCTH JaHHBIM METOJI0M
OyneT conepkaTh 3HAUMTENbHYIO OmHMOKy. lcmonmp3oBaHMe pazHOTO poja
3alIMTHBIX SKPAaHOB, KOTOpblE (HOPMHUPYIOT AMATPaMMy HAIPaBIEHHOCTH
JIETEKTOpa AJIsl ONpEJeNIeHHs HAIpaBICHUS HA HCTOYHHUK M3IYyYEHHS U €ro
TOYHOTO MECTOIOJIOKEHHS, OyAET CYIIECTBEHHO YBEIHMYMBATH Maccy OJloKa
JIETEKTUPOBAHUS U YMEHBINATh €T0 YyBCTBUTEIBHOCTb.

Pewmnte nocrasiieHHy0 3a1a4y IOMOKET IPUMEHCHUE YCTPOUCTB, TAKKE
U3BECTHBIX KaK «T'aMMa-BU30PbI», [IOCTPOCHHBIX HA IPUHIUIEC KOAUPOBAHHOU
anepTypbl. JlaHHBI NPUHLUIL, 3aKIIOYAIOIUICS B MOAYJIMPOBAaHUU IIOTOKA
raMma-KBaHTOB  KOJMPYIOLIEH  Mackod, IO3BOJISIET  BU3YyaJlM3UPOBAaTh
MHO>KECTBEHHBIE HCTOYHMKU raMMa-U3JIy4€HUs M OIPEACIATb YIJIOBbIE
KOOPAMHATHI Ka’KJ0r0 UICTOYHUKA B IIOJIE 3pEHUs yCTPOiicTBa. 'aMMa-BU30pEI B
TIOCJIeIHeE BPEMSI IPHOOPENHN IUPOKOE PA3BUTHE B CBSA3H C MOSBICHHEM HOBOM
JIEMEHTHOW 0a3bl M KOMITAKTHBIX BHICOKOUYBCTBHTEIBHBIX JIETEKTOPOB raMMa-
W3JIyYeHHS] C IIUPOKMM pabOdYlM AMarna3oHOM MO MOIIHOCTH O3Bl raMma-
n3nydeHus. TpagulMOHHO TaMMa-BH30PBI CTPOSITCS HAa OCHOBE JBYMEPHOM
KOAMPYIOUIEH MAacKd M IMO3UIIMOHHO-YYBCTBUTEIBLHOIO JETEKTOpPA, KOTOpHIE
MO3BOJISIFOT IOJIy4aTh OJHOBPEMEHHO J[IBE€ YIJIOBBIE KOOPAMHATHl MCTOYHUKA
M3TYYEeHNSI OTHOCHUTENIFHO YCTPOWCTBA (Q3MMYTANbHBIM U MOJSAPHBINA yriusl). C
JIPYTOil CTOPOHBI, TIPY30MOIBEMHOCTh OosbIIMHCTBA BJIA He mpeBblmacT
HECKOJIBKUX KMJIOTPaMM, M JAHHOE OOCTOSTEILCTBO HAKIIAABIBACT OTPAHIMYCHHS
Ha MaccorabapUTHBIC XapaKTEpUCTHKH ycTpoiicTBa. CHHM3UTH Maccy raMma-
BHU30pa MOJKHO IIE€PEXOIOM OT ABYMEPHOI'O BapUaHTa KOJUPYIOLIUX MAacoK K
0JIHOMEPHOMY BapHaHTy KOANPYIONIEH JIMHEHKH, KOTOpast Oy/1eT epeMeIaTbest
BMecTe ¢ BJIA HaJl MOBEPXHOCTBHIO 3€MJIM M MOJYJIHPOBATH HMOTOKH OT BCEX
HCTOYHUKOB TlaMMa-U3JIy4eHMs, PACIONOXKCHHBIX Ha II0JIOCE  IIOMCKA.
[IpeuMyiiecTBOM TakOro BapHaHTA SIBISIETCS CYIECTBEHHOE YMEHBIIECHUE
rabapuToB M, Kak CIIE/JICTBHE, MAcChl JETEKTHPYIOIIETO yCTPOWCTBA, TaK Kak
BMECTO JIBYMEpPHON MAaTpHIbl TEHEPh JOCTATOYHO UCHOIB30BATH OJHOMEPHYIO
JINHEUKY JIETEKTOPOB.

Hcnonw3oBanue B KayecTBe Tmosie3HOM Harpy3ku BJIA  ycrTpoifctB ¢
KOJMPOBAHHOM amepTypoil IMO3BOJINT COCTaBIATH OoOJiee TOYHYIO KapTy
PACIIONIOKEHHS «TOPSYMX IISITEH» B ONACHOM 30HE, TaK KaK KOOPIWHATEHI
UCTOYHMKOB TaMMa-H3JIydeHUs] MOTYT OBITh OIPEAENEHBI C TOYHOCTBIO IO
HECKOJIBKUX METPOB II0 BCEH MHIMPHHE IMOJIOCH MOUCKA. [IOMOJHUTENbHBIM
HIPEUMYLIECTBOM SIBJIETCS BO3MOXKHOCTb OIIPEIEICHUs aKTUBHOCTU Ka)I0I0
00HapyKEHHOTO JIOKAJILHOTO 3arpsi3HEHUSL.
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A.B. Ackesuu, U.E. Yepnoviuies
MPOEKTUPOBAHUE MMAPAJIJIEJIBHOTO MAHUITYJISITOPA
HOBOT'O NEPU®EPHUIHOI'O CTBIKOBOYHOI'O MEXAHU3MA

IT1AO Paxemno-xocmuueckas kopnopayus «nepeusy um. C.I11. Koponesa,
Kopones
Andrey.Yaskevich@rsce.ru

PaccmaTpuBaeTcs KMHEMaTHUECKas CXeMa M NPHUHIMI JEHCTBHS HOBOTO
nepu(GepuifHOr0 CTBIKOBOYHOIO MeEXaHHW3Ma Ha OCHOBE IIaTGOpMEl ['bro-
CreroapTta. Ero 0cHOBHO# 0COOCHHOCTBIO SBISIETCS] HAKOIUICHUE KIHHETHIECKON
SHEPTrUr COMIKEHHUS aKTUBHOTO KOpaOis B MpYKWHAX IMITAHT TUIaTGOPMBI O3
nx ormaun W Jemnduposanus. KuHemarnueckass MoJenb IDIaTGOPMBI C
MIPOBEPKOM CHUHTYJISPHOCTH, TpEXMEpHas KOHTAaKTHAas MOJE/b 3BEHbEB U
CHeHHaH];HLIﬁ AJITOPUTM  CKAaHUPOBAHUA HUCIOJB3YIOTCA Jid ONPEACIICHUA
pabodero  MPOCTPAHCTBA  CTHIKOBOYHOTO  MEXaHM3Ma, OIPAaHHMYCHHOTO
BO3MOXXHBIMH, HO HCXKCJIATCIIBHBIMH KOHTAaKTaMH. Ilocne aToro BI)I6I/IpaIOTCﬂ
napaMeTphbl IMPYKHUH HITAaHT JId HUCKIIOYCHHUA HCEKCIATCIIbHLBIX KOHTAKTOB B
HauXyJlIeM Cjy4ae C MaKCUMaJbHOM BEJIMYMHON KUHETUYECKOW BHEpPruu
COMMKEHUS] aKTUBHOTO KOCMHYECKOTO aIapara.

KnroueBble coBa: CTHIKOBOYHBIM MEXaHW3M KOCMHYECKHX allllapaTos,
wiatgopma I'pro-Ctproapra, pabodee NPOCTPAHCTBO, IPEJOTBpAICHUE
KOHTaKTOB
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A.V. Yaskevich, I.E. Chernyshev
DESIGNING OF PARALLEL MANIPULATOR FOR ANEW
PERIPHERAL DOCKING MECHANISM

Energiya Rocket and Space Corporation
Andrey.Yaskevich@rsce.ru

The kinematical scheme and principle of operation of new peripheral
docking mechanism based on Gough- Stewart platform are considered. Its main
features is accumulation of kinetic energy of active spacecraft approach in
platform rod springs without theirs recoil and damping. Platform kinematical
model with singularity check, links 3D-contact model and special scanning
algorithm are used for determination of docking mechanism workspace limited
owing to possible but undesirable contacts. Then parameters of rod springs are
selected for avoidance of all undesirable contacts in worst case with max value
of kinetic energy of active spacecraft approach.

Key words: spacecraft docking mechanism, Gough- Stewart platform,
workspace, contact avoidance.
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A.B. Jlonoma, C.A. Ilonoexo, E.FO. Cmupnosa, ILK. IIlyoun
KOHUENTYAJIBHBIE BOITPOCHI UTHHOBAIIMOHHOT'O
PA3BUTHSI MOPCKOM CITACATEJIbHON POBOTOTEXHUKH 15
3KCTPEMAJIBHBIX YCJIOBHUI APKTUKHA

THI] P® I[[HUH PTK, Canxm—Ilemepoype
alopota@rtc.ru, polovko@rtc.ru, eus@rtc.ru, shubin@rtc.ru

OmnpeneneHbl akTyalbHOCTh CO3AaHHS M 00JAaCTH MPUMEHEHHS MOPCKHX
OECIIIOTHBIX POOOTH3UPOBAHHBIX cllacaTeNbHbIX cucteM. ChopMyIHpOBaHbBI
MPUHIMUIIBI BHCAPCHUA p060TOTeXHI/I‘{€CKl/lX KOMIIJICKCOB I pCIICHUA 3aJayd
MOUCKA ¥ CIIacaHWsi Ha MOPE M 9BaKyallMd C aBapUHHBIX MOPCKUX OOBEKTOB.
PaccMOTpeHBbl  KOHIEINTYalIbHBIE ~ BONPOCHI  HAy4yHO  O0OOCHOBAaHHOTO
WHHOBAllMOHHOTO Pa3BUTHSL MOPCKOIl criacaTeslbHOH POOOTOTEXHUKH JUIS
NPUMCHEHHS B 9KCTPEMAJbHBIX YCIOBUSIX ApPKTHKH. [IpemnoikeHa KOHLEMIHS
CO3IaHHS aBHa-JCCAaHTHPYEMBIX aMOUOMHHBIX ~ POOOTOTEXHHYECKHX
OCCIMIIOTHBIX CPENICTB HHTETPUPOBAHHBIX B COCTaB POOOTH3UPOBAHHBIX CHCTEM
Ha 0a3e aBHALIMOHHO-MOPCKHX MOUCKOBO-CIIACATEIbHBIX KOMILICKCOB.

KiroueBble ciioBa: IMOMCK M CIIAaCAaHHE HA MOpE, DBaKyalus ¢ MOPCKHX
aBapUUHBIX 00BEKTOB, MHHOBALIMOHHOE pasBurue, MOpCKHe
poOOTH3UpOBAaHHBIE OECHWJIOTHBIE CIAacaTelbHbIe CUCTEMbI, KOHIICTIIIHS
co3maHus, Oe3’KumakHOe amMQHuOuiiHOe YHUBEpCAJIbHOE CIAcaTelbHOEe
CPE/CTBO, aBHa-ECAaHTHPYEMbIe OCCIHIOTHBIE POOOTOTEXHUUECKHE CPE/ICTBA,
9KCTPEMaIbHBIC YCIOBUS APKTHKH.
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A.V. Lopota, S.A. Polovko, E.Yu. Smirnova, P.K. Shubin
CONCEPTUAL ISSUES OF INNOVATIVE DEVELOPMENT OF
MARINE RESCUE ROBOTICS IN EXTREME ARCTIC CONDITIONS

RTC, Saint-Petersburg
alopota@rtc.ru, polovko@rtc.ru, eus@rtc.ru, shubin@rtc.ru

Annotation: Relevance of development and application areas of unmanned
marine robotic safe systems are defined. Implementation principles are set for
robotic complexes that are intended to find and rescue in the sea and evacuation
from emergency marine facilities. Conceptual development issues of marine
rescue robots for use in extreme Arctic conditions are considered. Development
concept of avia drop pod amphibious robotic means that are integrated into
robotic systems based on the avia marine search and rescue complexes.

Keywords: sea search and rescue, evacuation from emergency marine
facilities, innovation development, marine rescue unmanned robotic complex,
design concept, unmanned amphibian universal rescue device, avia drop pod
robotic means, extreme Arctic conditions
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H.3. Hosuxos
MU3YUYEHUE BO3MOXHOCTEM MOBBILLIEHUS
IDPPEKTUBHOCTHU ABUAIITMOHHOT'O PAJIMAIITMOHHOT O
MOHHUTOPHUHTA ITIOBEPXHOCTH 3EMJIA

novikov@rtc.ru
T'HI] P® [[HUU PTK, Cankm—Ilemepbype

Pemarorcs 3aJa4ur MOHCKa JIOKAJbHBIX MCTOYHUKOB raMMa-u3jydCHUS U
JUCTAHIUOHHOTO M3MCEPECHNA MOMIHOCTHU O03bl raMMa-u3JIyd€HUs Ha BBICOTC 1
MeTpa HaJ] TOBEPXHOCTb 3eMIIH.

PazpaboTtaHbl IpOrpaMMHBIIT KOMIDIEKC MaTEMaTHYECKOIO MOICIIUPOBAHUS
MPOLIECCOB MEPEHOCA M PErUCTPAlMKM I'aMMa-H3JIy4eHHUs, a TaKKe METOIbl M
QITOPUTMBL ~ O0paOOTKM ~ CHEKTPOMETPUYSCKOW  MHpOpPMAUWM Uit
NPOCKTUPOBAHMS M OOCCIICUCHUs] CUCTEM aBHALMOHHOTO pPaJHalldOHHOTO
MOHHTOPHHT'A IIOBEPXHOCTH 3EMIIH.

KnroueBsle ci0Ba: ABHAIIMOHHBIA pajlalliOHHBIII MOHUTOPUHT; KOHTPOJIb
MIPUPOIHBIX CPEM; CIEKTPOMETPHI TaMMa-u3TydeHus; mMeToasl Monre-Kapio;
ANTOPUTMBI 00PabOTKH CTIEKTPOMETPHUIECKON MH(OPMAIUY; TOUCK JIOKATBHBIX
HNCTOYHHUKOB FaMMa-HM3JIy4eHHs; U3MEPEHHE MOIITHOCTH O3Bl FaMMa-H3JTy4eHHS.

AKTyanbHOCTh pabOThl 00YCJIOBIEHa HEOOXOIUMOCTBIO MOJEPHU3ALNN
CYIIECTBYIOIIUX M Pa3pabOTKN HOBBIX CHCTEM aBHAIMOHHOTO PAIMALIMOHHOTO
Monuropunra (APM) moBepxHoCTH 3eMiM AJsl yIyYIIEHUS HX TEXHHYECKHX
XapaKTEePUCTUK M 0OECIICUCHHs] BO3ZMOXKHOCTH 3((PEKTHBHOTO PEUICHUS C MX
MIOMOIIBIO PSAZIA 33/1a4 B c(hepe COBPEMEHHOH paualiMOHHON 0€301acHOCTH.

[IpoBeneHo wucciaeqoBaHWE M MOJAEPHHU3ALMUS METOIOB JIMCTAHIIMOHHOTO
0OHapy)KEHHsI JIOKAJIBHBIX NCTOYHHKOB raMMa-U3JIy4eHHs ¥ JUCTAHIIMOHHOTO
M3MEPEHUS] MOIIMHOCTH J103bl TaMMa-H3IydeHHUs Ha BblcoTe | MeTpa Hanx
MOBEPXHOCTh 3eMJIM OT PaAMOAKTUBHOTO 3arpsi3HEHMS MECTHOCTH Ha Oasze
CHEKTPOMETPUYECKHX  CHUHTHWUIILHMOHHBIX  OJIOKOB  JICTEKTHPOBAHMA,
pa3MelIaeMbIX Ha OOPTY JeTaTeNbHBIX allapaToB, AJIs OBBIIIEHUS TOYHOCTH U
JIOCTOBEPHOCTH PE3YJIbTATOB M3MEPEHUH M PACIIMPEHUs] 00JIaCTH MPUMEHEHHUS
9THX MeToJI0B. Tarke Ha Oa3e MareMaTHYeCKOro MOEIMPOBAHHUS TPOBOMIACH
paspaborka 3(P(EKTHBHBIX CPEACTB IMPOSKTUPOBAHUS M  TPaJyHPOBKH
N3MEPHUTENBHBIX CHCTEM, PEaIM3YIOIINX YKa3aHHbBIC METO/BbI.

Pazpaborana kounenuus mnoseimeHust 3¢¢dextuBHocTH APM 3a cuer
KOHCTPYKTUBHOTO Yyd4eTa CIeUU(UKN YCIOBUH H3MEpeHHH, pa3paboTKu u
MPUMEHEHHSI COOTBETCTBYIOIIMX METOJJOB MaTeMaTHYECKOTO MOJICIIMPOBAHUS U
00paboTKM creKTpoMeTpudecko wHpopMammu a Takke d(PpPEeKTHBHON
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peanu3anuy KOMIUIEKCHOTO MOAXO0Ja Ul yBEJIUYEHUs] TOUHOCTH HM3MEPEHHUH,
[IO3BOJISIIOIIETO  CYLIECTBEHHO YMEHBIIUTh BEJIMYMHY IOIPELIHOCTH IpU
KOCBEHHBIX HM3MEPEHMAX MapaMeTpOB IOJS raMMa-U3JIydeHHs] B IPHUPOJHBIX
cpenax.

Pa3paboTaH yHWKaNbHBIA NakKeT CHECIHATH3HPOBAHHBIX IPOrPAMMHBIX
CPEJCTB U PEAIN30BAHHBIE B HEM MaTEMaTHYECKUE METObI, HETOCPEICTBEHHO
[IpeHAa3HAYEHHbIE I pELIeHMs Kilacca 3aJad, CBSA3AHHBIX C IOJIy4EHHEM
MeTogoM Monre-Kapno anmapaTypHBIX CHEKTPOB U XapaKTEPUCTHUK IO
raMma-u3JIydeHus: BOJIM3M TPaHULBl pasjiena IBYX cpell, HEOOXOIUMBIX ISt
MIPOEKTUPOBAHUS U TPAAYHUPOBKH CHCTEM IUCTAHIMOHHOTO PaJHALMOHHOIO
MOHUTOpHHra mnoBepxHocth 3emun [1,2,3]. Cnemyer OTMETHTb, 4YTO
MIPOM3BOJIUTCSL PACUYET HE TOJBKO MHTErPajbHBIX, HO U AU (hepeHInanIbHbIX
XapaKTEPUCTHUK IOJIs U3aydyeHus. Vcnonp30BaHue JaHHOIO MakeTa MporpaMm
MTO3BOJISICT MOBBICUTH TOYHOCTH MONydaeMOH HH(OpMAIH 10 CPABHCHHIO C
TPaAULIMOHHBIMU KCIIEPUMEHTATBHBIMU METOAAMM, OTKA3aThCs OT NPOBEACHUS
JIOPOTOCTOSIIIMX HATYPHBIX HCHBITAHUN C BBICOKOAKTHMBHBIMH HMCTOUYHHUKAMH
HOHU3UPYIOLIETO M3JIyYEHHUs] OMACHOrO JJIsl 310pPOBbS JIIOJEH M OKpYKarolen
Cpemsl, pACIIMPHUTh OOJACTH TPUMEHEHHUS ammapatypsl © POBOIUTH
TPagyHPOBKY JaXe A UCTOYHUKOB M3TYYCHUS HEAOCTYIHBIX B COBPEMEHHOM
MIPAKTHKE.

Pa3pabotan u IIPOTPaMMHO peanu3oBaH MHOTOKAHAIbHBIH
CHEKTPOMETPUIECKUH METOJ AUCTAHIMOHHOTO M3MEPEHHs MOIIHOCTH J03bI U
COOTBETCTBYIOIMK  paspadorannbii B [MHWUW PTK  opuruHaibHbBIH
MaTeMaTHYeCKUil ammapar JUId pacueToB T'PaJHPOBOYHBIX XapaKTCPUCTHK
JI03UMETPUYECKOI anmnaparypsl, [103BOJISIIOILU N MHHUMHU3HUPOBATD
HMOTPEHIHOCTb OT PA3JIUYUN SJHEPreTHYECKHX CIIEKTPOB PEaNbHO U3MEPSIEMOro U
YYTCHHOTO HMCTOYHHMKA H3JIyYCHHS W HCIIOJIb30BaTh MUHHMMAIBHBIH 00BEM
HEOOXOIUMBIX HCXOIHBIX  JAaHHBIX JUI1 TPagyupoBKH ammapatypsl [1].
PazpaboTanHbIii MeTOA 00Ia1aeT MPOCTOTON M yIOOCTBOM IPH SKCILTyaTaLUH,
oOecrieunBaeT HATJSIIHOCTh HPEICTABICHUSI MPOMEKYTOUHBIX M KOHEYHBIX
pe3yJbTaTOB PAaCcuEeTOB IPaIUPOBOYHBIX XapaKTEPUCTHK, YTO AAET BO3MOKHOCTb
HIPUMEHSTH 3TOT METOJI LIUPOKUM KJIACCOM I'aMMa-CIIEKTPOMETPOB AJIs PELLIECHUS
pa3Ho0Opa3HBIX JO3UMETPUICCKUX 3a1ad.

PaspaboTan MeToJ  AMCTAHIMOHHOTO  OOHApPYXEHHS  HWCTOYHHUKOB
HOHU3UPYIOLIETO M3JIY4YEHMs], UCIOJIb3YIOLIEr0 BPEMEHHBIE U CIIEKTPAJIbHbIE
OTJIMYHMS TIOJIE3HOTO CHI'HANA OT ()OHA Ha OCHOBE ITPUMEHEHHS Pa3pabOTaHHOTO
B IUHMU PTK opurnnansHOro anroputma oOpabOTKHM CHEKTPOMETPUYECKOMN
nndopmannu [1] U MareMaTHYECKOTO MOJEIMPOBAHHUS IIOJIE3HOTO CHTHAJA,
MO3BOJISIET ~ MAaKCHUMaJbHO  TIOBBICHTH  OOHApYXHUTEIbHBIE  CIOCOOHOCTH
annapaTypbl AUl Pa3IMYHBIX YCIOBUH NPUMEHEHUs, 00ecrednBaeT ya00CTBO
MPOBEACHUS TPaJyHpPOBKM U  OLEHKH MPEAETbHBIX  MOTEHIHAIBHBIX
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00HapYKNUTEIBHBIX BO3MOXKHOCTEH aIaparypbl METOJAOM MaTeMaTH4eCKOro
MO/JIETTMPOBAHHSI.

PesynpraTel paboTHl ampoOMpOBaHBl M HCIOIB30BAaHBI B amNapaTHO-
MPOTrpaMMHBIX KoMIulekcax APM M B JIpyrux KOMIUIEKCAaX pPaanalMOHHOTO
kouTposst THMUM PTK.

1. CyxopykoB A.N., Xucmato N.®., HoBuxo 1N.D. OcHOBBI Teopun
AIPOKOCMUYECKOTO pajuallMOHHOro MoHuTOopuHra 3emuu. Y. 1. dusuueckue
OCHOBBI PaJIMAIIMOHHOTO AUCTAHIIMOHHOTO 30HAUpoBaHus 3emnu. M.: U3a-Bo
BVYHII BBC «BBA um. npo¢. H.E. XXykosckoro u F0.A. I'arapuna», 2011. 312
c.

2. HoBukos M.D. Tlaker nporpaMm MaTeMaTHYeCKOr0 MOJECINPOBAHUS
MIPOIIECCOB MEPEHOCa U PETHUCTPALNN TaMMa-H3ITydeHHsI CHCTEM aBHAIIMOHHOTO
paMaliMOHHOT0 MOHUTOpHWHTA // HaydHO-TeXHUYECKHA ¥ TIPOW3BOICTBEHHBIN
)KypHay "BeCTHHK KOMIBIOTEPHBIX W WHPOPMAIMOHHBIX TeXHOJIOTHH" Ne §,
2013 C.16-21.

3. HoBukoB W.D. TIporpaMMHBIH KOMIUIEKC MaTeMaTHYECKOTO
MOJICIIPOBAHUS MIPOIECCOB TEPEHOCA W PETHCTPAIUH TaMMa-M3IydIeHUs IS
pa3paboTKu  CcUCTeM  JUCTAHIMOHHOTO  PaJMAllMOHHOIO  MOHHTOPHHIA
nosepxHoctd  3emiu. // Tpynmsl MexayHapoJHOH Hay4YHO-TEXHHYECKOU
koHpepenimu «OKCTPEMAJIBHASL POBOTOTEXHUKA» 24-25 Hos0ps
2016, Cankr-IletepOypr. C.441-446.

|.E. Novikov
STUDY OF THE POSSIBILITIES OF THE EARTH'S SURFACE
AERIAL RADIATION MONITORING EFFICIENCY INCREASING

RTC, Saint-Petersburg
novikov@rtc.ru

The problems of searching for local sources of gamma radiation and remote
measuring the dose rate of gamma radiation at a height of 1 meter above the
ground are solved.

Software complex for mathematical simulation of processes of transfer and
registration of gamma-radiation and methods and algorithms for spectrometric
information processing are developed to obtain and ensure systems for the earth's
surface aviation radiation monitoring.

Keywords:  Aviation radiation monitoring; environmental media
monitoring; gamma-radiation spectrometers; Monte-Carlo methods; algorithms
for processing spectrometric information; local gamma-radiation sources search;
gamma-radiation dose rate measurement.
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Co31aHne Ha3eMHOTO POOOTOTEXHIUECKOTO KOMITIEKCA ITEPEI0BOTO
apuannonHoro HaBoauuka PTK ITAH opueHTHpoBaHO Ha ABa OCHOBHBIX
IIPEUMYIIECTBA: TIEPBOE - YMEHBUICHUE MTOTEPH JIAYHOTO COCTaBa U TEXHUKH
P BBITIOJTHEHUH OOEBBIX M BEBICOKOPUCKOBBIX 33/1a4; BTOPOE - TOBBIIICHUE
9 PEKTUBHOCTHU PELICHUS U3BECTHBIX 3a/1a4 U TOSIBJICHUE BO3MOKHOCTH
BBITOJIHEHHSI HOBBIX 33/1a4, HEJJOCTYITHBIX /I PELICHUS YeJI0BEKOM B CHITY
(U3HOJIOrMYECKUX U MHTEJUIEKTYaJIbHBIX OrPaHMYCHUH.

[Tpennaraemblii Ha3eMHBIH POOOTOTEXHUYECKUH KOMIUIEKC 110 CBOEMY
OCHAII[CHUIO SIBJSIETCSI MHOTO(YHKIIMOHAIBHBIM BUIOM BOOPYKECHUS,
o0ecrieunBaoLIMM yIpaBlIeHHE aBUalyeil (JieTaTelbHBIMU anmnaparamMmu) npu
BBITTOJTHEHNH O0EBBIX 3a]a4 KaK COBMECTHO C OOIIEBOHCKOBBIMHU
COCAMHEHUSIMH, YacTsIMH (TTOpa3eICHUSIMHA), TaK U OTJCIBHO Ul HAHECCHHS
YAapoB 0 NPOTHBHUKY HA U30JMPOBAHHBIX HANPABICHHUSAX.

Komrutekc cTpyKTypHO U ()yHKIIHOHAIBHO COCTOHT M3 CHCTEM,
o0ecrieunBaroNIiX ero padboTy B aBTOHOMHOM (aBTOMATH3HMPOBAaHHOM) PEKHME
U TIPU TUCTAaHIIOHHOM YIIPaBIEHHU.

KutioueBblie ciioBa

PoGoToTexHUYECKHI KOMITIIEKC, TIEpEIOBOM aBUAITMOHHBIN HaBOIUHK,
aBTOMATH3UPOBAHHOE paboyee MECTO, MyHKT YIIPABJICHHUS, JTeTaTEIbHBIN
anrnapar.
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Annotation

The creation of a ground-based robotic complex of advanced aircraft aimer
is focused on two main advantages: first, - reduction of losses of personnel and
military equipment in combat high-risk tasks; second, - increase the efficiency
of task performance and creation of possibility for new tasks not available for
human capability.

The ground-based robotic complex is a multipurpose type of weapons. He
provides aviation management in combat task performance both with troops
and without them.

The complex can operate autonomously and in remote control mode.

Keywords

robotic complex, advanced aircraft aimer, computer workstation, control
center, aircraft
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B.A. Koswcemaxun
BJIOKHU JETEKTUPOBAHUSA TAMMA-U3JTYUYEHUSA TSI
NCITOJb30BAHUA B COCTABE JUCTAHIIMOHHO
YIPABJIISIEMbBIX BECIIMJIOTHBIX CPEACTB PAIMAIITMOHHOI' O
MOHHUTOPHUHTA

Hayuno-npoussoocmeennoeo ynumaprnoe npeonpusmue « ATOMTEX»,
Pecnybnuxu benapyco, Munck
info@atomtex.com

[Iupokoe pacmpocTpaHEHHE Manopa3MEPHBIX OECIMIOTHBIX CHCTEM B
Ka4eCcTBE CPEJACTB OOHApYKEHUS PA3HOIUIAHOBBIX HA3EMHBIX OOBEKTOB
CTHMYJIMPOBAJI0 HApacTAIOIIMH HHTEpPEC K OOPTOBBIM MayorabapuTHBIM
YCTpPONCTBAM JETEKTHUPOBAHUS TramMMma-u3iaydeHus. Llenp uX NpuUMEHEHUs B
COCTaBe MaJOpa3sMEpPHBIX U MMHHUATIOPHBIX JIETATEIbHBIX aMNMapaToB —
obecrieueHre JUCTAHIMOHHOTO PaJMAllMOHHOIO MOHUTOPUHIrAa OKpYIXKarolien
cpeasl B 30HAX, MPWIETAONMX K PaJuallMOHHO-OMACHBIM M paJuallMOHHO-
YyBCTBUTEIHHBIM OOBEKTaM.

JUis  uCrmonb30BaHUS B COCTaBe TAKHUX JICTATENbHBIX —AamlapaToB
mpeanaraeTcss — JMHEHKa  MHTEIUICKTYAJIbHBIX — OJIOKOB — JICTEKTHPOBAHUS
(TaTYMKOB) TaMMa-H3JIy4YeHHs, CIOCOOHAS BRITIOJHATH Clieayroniie GpyHKunu B
3aBUCHMOCTH OT WX Ha3HAYCHUS 1 pEIIacMBbIX 3aad:

— 00HapyXnBaTh UCTOYHWKH PaJMOAKTHBHOTO 3arPSI3HEHHUS;

—  W3MEpSATh YPOBHM PaAMAINK HA BHICOTE MOJIETA;

— MPUBOAMTH U3MEPEHHOE 3HAYCHNE MOIIHOCTH 03Bl HA BHICOTE TTOJICTA

K ypoBHIO 1 MeTp (npu Hamuuuu MHGOPMALMK O BBICOTE I10JIETa HaJl
MOBEPXHOCTHIO 00BEKTA);

—  OCYWIECTBIISITh ~ WACGHTH(UKAIMIO  PAJAMOHYKIHIHOTO  cOCTaBa

3arps3HEHUS 110 raMMa-CIeKTpam;

—  OICHMBATH TIOTHOCTH MOBEPXHOCTHOTO 3arpsI3HEHUSI.

B noxmane mpuBeneHb! OCHOBHBIC TEXHHYECKHE XapaKTEPUCTUKH 16-Th
MHTEJJICKTYaJ bHBIX OJIOKOB JICTEKTHPOBAHMS TaMMa-H3JIydeHHs, W3 YHCIa
KOTOPBIX MOET OBITh BBIOpaH NOTpeOMTENIEM NpPUEMIIEMBIH BapHaHT B
COOTBETCTBHUHM C JIONyCTHMOM MaccOW TIOJIE3HOH HArpy3ku U IEJIEBBIM
MIPUMEHEHHEM.

K HacrosmieMy BpeMeHHM CUUHTWUIAIMOHHBIE OJIOKHM IETEeKTHPOBAHUS
BJAKT-11M, BJIKI-24, BAKT-04, BAKI-211M yxe Hauiu cBoe MPUMEHEHHE B
cocTaBe OECITMIIOTHBIX MaJIOPa3MEPHBIX JIETATEIBHBIX alMapaToB (CaMOJETOB,
BEPTOJIETOB, MYJIbTUKONTEPOB). B noKmaze mpencraBieHbl peann3oBaHHBIE U
PEKOMEHIyeMbIe K HCIIOJIb30BAHUIO B HMX COCTaBE OJOKM AETCKTUPOBAHUS,
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0COOEHHOCTH BCICHUA paauallUOHHOTO MOHUTOpHHIA, €TI0 IMpPCUMYIIECTBa U
OXHUIAEMBIE PE3YJIbTATHI.

UDC 623.454.862

V.A. Kozhemyakin
GAMMA RADIATION DETECTION UNITS FOR USE WITH
REMOTELY PILOTED AIRCRAFTS FOR RADIATION MONITORING
PURPOSES

ATOMTEX Scientific and production unitary enterprise, Republic of Belarus,
Minsk
info@atomtex.com

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.
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ATHOS AJis1 TPYIIIT POBOTOB C BO3MOXKHOCTSIMHU
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M. Dudziak
ATHOS, AFUNCTIONAL-LOGIC OPERATING SYSTEM FOR ROBOT
COMMUNITIES WITH SELF-ORGANIZATION AND PERSISTENT
LEARNING CAPABILITIES

MIRNOVA Academy, Zelenograd, Russia
martinjoseph@mirnova.org

This paper provides a summary of the ATHOS real-time meta-level operating
system which is designed to serve as a cloud-based interpretative language
enabling robots and other systems, including “internet of things” (1oT) apparatus,
to establish multidirectional levels of communication, command and control.
ATHOS is being developed using functional programming paradigms and is
intended to be an open-source platform available to cooperative user
communities and capable of integrating diverse hardware protocols and software
systems within a device-independent computational environment.

Keywords: cooperative network, device independence, command and control,
operating system, machine learning

The rapid development and proliferation of robotic systems, particularly UAV
and UGV (ULV) units, for commercial applications, creates both opportunities
and challenges that are not dissimilar to the situation in earlier decades with the
introduction of personal devices for computing, telephony, and data storage uses.
Presently there are diverse platforms and software modules and the proliferation
of variety continues and even accelerates. The aim of the ATHOS architecture
project is to produce a suite of tools, initially focusing upon software logics but
also extending to physical modules, which can accommaodate diverse designs and
open-ended functions for robots that ultimately must be organized into
cooperative networks and “teams” for tasks that span from agriculture to public
health to security to space exploration.

In the past the dilemma of diversity and nonconformity has led to standardization
and conformity, such as those relating to data storage and distribution via HTTP
and other protocols on the internet. Rather than to attempt such measures as in
the past, involving industry committees and formal standards, something that in
the present economic and techno-accelerative climate is almost certain to meet
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enormous resistance, we are taking a different approach with ATHOS. There are
three foundational points.
[1] The combination of computational speed, coupled with the availability of
both massive memory and distributed computing platforms, makes it practical to
extend the use of interpretive scripts and languages including XML-type
“markup languages” into functional areas that heretofore were the domain of
classical “programming” languages. Such compiler-based and interpretive,
machine-independent languages are ultimately the mechanism for command and
control within any device such as a robot, but the highest-level system-level
language can be independent of the machine software on which different
functions will execute.
[2] The ease and efficiency of networking computing over distributed and time-
shared platforms with sophisticated redundancy capability, such as with the
mature and globally deployed Berkeley Open Infrastructure for Network
Computing (BOINC), creates an opportunity for implementing high-demand
computational tasks in high-mobility systems such as a group of robots operating
in remote and even harsh conditions, including with limited or absent
connectivity to the internet
[3] Inclusion of artificial (synthetic) intelligence capabilities, including self-
generated machine learning, is both a practical and arguably a necessary
component for multi-robotic networks that will operate on real-time tasks which
introduce highly variable operating conditions. Robotic elements will need to
share in the cybernetic functions of their operations and not depend upon
connectivity and time-constrained interfacing with human operators. Simple
autonomous operations that do not enable active real-time new learning and
active cooperative command-sharing among robots is inadequate for the long-
term.
Thus, ATHOS is being designed to incorporate the progressive and stepwise
development of an artificial intelligence (Al) based operating system and
programming language suite, along with appropriate electro-mechanical devices
and systems that can interface to such software, within principally unmanned
robotic sensing, data collection, analysis and knowledge generation, provided
through UAV (unmanned air vehicles; “drones”), UGV (unmanned ground
vehicles) and AUV (unmanned water (surface and subsurface) vehicles).
The range of such applications is diverse and open-ended and includes these eight
main categories as a “mandate” list of functions that can be performed by robot
networks and for which a new “C3” paradigm of command, control and
communication such as ATHOS is necessary:

e energy conservation, discovery, generation, optimization
environment and ecosystem management
public and personal healthcare
security including incident and emergency management
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space-based construction, exploration, and industry

entertainment and leisure including gaming

civil engineering including infrastructure maintenance, construction
agriculture - food and water production and management

ATHOS is described (and thus named) as an Adaptive set-Theoretic Hierarchical
Operating System. It derives architecturally from prior research that originated
in the early 2000’s with the CUBIT architecture for implementation of sensor
and sensor + actuator networks used for environmental, health and emergency
situations. This became implemented first as an “Internet of Things” (1oT)
system that was geographically distributed but operating as data collectors
(sensors for CBRNE (chemical, biological, radioactive/nuclear and explosive)
substances. Known as Nomad Eyes, its mobility was strictly limited to
positioning of static sensors in different locations by human operators, and
through mobility of wireless devices such as mobile phones with sensor devices
as auxiliary attachments. The chart below illustrates a portion of the formal
taxonomy of CUBIT. Figure 1 shows the general features of the Nomad Eyes
system architecture.

The fundamental basis for ATHOS derives from classical parallel processing of
the type known as MIMD (multiple-instruction, multiple-data) networking,
involving asynchronous and asymmetric-load processes that communicate
through a hierarchy of message types. These processes are mapped across the
computing resource pool of devices such as active UAV and UGV robots and
also conventional computers and servers. Through ATHOS, users and robots
communicate with one another independent of the specific platform logics and
protocols for the individual devices. In the background of ATHOS is processing
that employs open-ended machine learning such as HORUS (Hierarchically
Organized Reasoning and Understanding System) and APIS (Anomaly and
Pattern Interface Schema).

(cubit-element  /* cubit-¢ --- fundamental cubit logic element */

(binar /* elementary agent unit — computational and physical
components (Biological-like Intelligent Neural Adaptive Recognizer) */

(cybot [* generic, limited-autonomy, limited-modifiability binar —
computational element (analogous in some respects to “bots”) */

(cybernaut /* a type of cybot dedicated to coordination and control functions
within a cubit-structure */)

(cybereng /* cybot dedicated to energy, power, and mechanical functions
within a cubit-structure */)

(cyberent /* cybot dedicated to environmental data acquisition and effect
functions within a cubit-structure */)
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(cybermed /* cybot dedicated to biological and medical-type functions
within a cubit-structure */)

(cybersec /* cybot dedicated to security and countermeasure functions within
a cubit-structure */)

) [* cybot */

(mentat [* self-organizing and semi-autonomous binar — computational
element with greater complexity than a regular cybot (analogous in some
respects to “bot masters” - subtypes include the same classification order as
with cybots */

(m-cybernaut /* a type of cybot dedicated to coordination and control
functions within a cubit-structure */)

(m-cybereng /* cybot dedicated to energy, power, and mechanical functions
within a cubit-structure */)

(m-cyberent /* cybot dedicated to environmental data acquisition and effect
functions within a cubit-structure */)

(m-cybermed /* cybot dedicated to biological and medical-type functions
within a cubit-structure */)

(m-cybersec /* cybot dedicated to security and countermeasure functions
within a cubit-structure */)

) /* mentat */

(kyber I* type of binar specifically dedicated to KYBEROS hyper-
encryption and hyper-security tasks */)

(soph [* higher-complexity, higher-autonomy binar — essentially an
assessor, evaluator, and coordinator of mentats and cybots and elemental binars
— subtypes include the same classification order as with cybots and mentats
(e.g., cybernaut... cybersec) */)
) /* binar */ )
[* cubit-¢ aka cubit-element */

(cubit-structure /* cubit-e --- fundamental cubit machine structure */

(cubit-A aka logic-cubit /* algorithmic, logical, computational
structure — manifest in software, not in physical components, although the logic
may be implemented in firmware such as a micro/nano-processing object */

(binet /* configuration of logical, computational operations and
processes constituted and conducted by binars */)
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(cyborg /* organism/community-configuration of binets —
example: as implemented in an 10T device */)

(cyberecos /* ecosystem-configuration of cyborgs — example: as
may be implemented in a LUXworld */)

(LUX [* computational configuration (environment) for the control
and operation of cubits in AR (“augmented reality”) and VR applications
involving interactions and interfaces with conventional computing devices and
humans */)

) [* cubit-A aka logic-cubit */

(cubit-p aka cubit-Mod /* physical, mechanical, modular device —e.g.,
micro/nano-processing object, MEMS device, electromechanical machine,
module composed of several integrated circuit components, simplex or
complex cubit physical device, macroscopic machine, etc. */

(cubit-6 aka simplex-cubit /* simpler, unitary, modular “building-block”
type of physical cubit that can be combined physically and functionally with
other simplex and complex cubits */

(cube /* physical cube-geometry cubit */

(C-cube  /* computation cube */) (D-cube  /*
data-acquisition cube */)

(F-cube  /* function cube */) (I-cube /*
interface cube */)

(M-cube  /* memory cube */) (P-cube /*
power cube */)

(R-cube  /*router cube */) (T-cube /*
transform cube */)

) [* cube */

) [* cubit-6 aka simplex-cubit */

(cubit-k aka complex-cubit /* non-simplex, non-cube, variational
design and function, compound-element cubit */
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(cebit /* chemical, environmental, biological interaction
technology unit — a specialized F-cube or multi-cube device that serves as a
sensor or actuator designed to react with one or more specific stimuli of
inorganic or organic chemical compounds including biologically-active and

Figure 1 — Nomad Eyes architecture
(system-level)

Within ATHQOS, this architecture undergoes significant modifications. Sensor and
actuator management, and other device-operation tasks, along with data acquisition,
error-correction, mapping, and knowledge extraction processes, are handled as
distributed processes following the CSP (CDP) overall process architecture, based upon
classical MIMD parallel processing.

Agents (known as cybots, binars) are assigned responsibilities for tasks including
resolution of information conflict and uncertainty. The human element in the system is
“adjustable” on a metaphorical “sliding bar” ranging from full engagement (non-
autonomous real-time and constant control) to fail-safe interruption (autonomous, but
humans can override at any point).

radioactive substances
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Communicating Dynamic Processing (CDP) derives from Communicating
Sequential Processing (CSP) and the seminal work of Hoare and others, leading
to process algebras that establish the communications among individual nodes
(units, robots) and the distributed knowledge processing (e.g., HORUS). The
importance of process algebras within ATHOS is central for development of an
extensible platform that will be capable of process distribution and resource
allocation. In other words, an array of robots and the dynamic processing in a
given task will be distributed among all available devices in a manner designed
to optimize performance, taking into account location, security, and projected
task demands upon individual processor elements such as UAVs and UGVs. An
algebraic approach will enable both “look-ahead” and “fault-tolerance”
functionality.

HORUS is a computational system for maintaining a library of knowledge about
objects and their relations that can be used by a wide variety of humans and other
computational systems for understanding the meanings, uses, and relationships
between different concepts, terms, physical objects, and media including objects
that are text, audio, image, video, and other hypermedia (web-based) entities. As
illustrated in Figure 2, HORUS provides a mechanism for the use of incomplete
concepts, terms and functions, including “shell” code that is incrementally built
up and completed. Such an approach will initially require human intervention of
what may be future autonomous functions, and in the process there is opportunity
for refinement of algorithms and the interim use of pre-existing software even if
such use demands less autonomy and more direct intervention by operators.
APIS is a mechanism for building the knowledge world of HORUS which in turn
serves the applications of multi-user network communities such as robots. APIS
provides a means for design-agents (human or robot) to create real-time (*“on the
fly”) packages of definitions, functions, and software for use in searching for,
identifying, comparing, and acting in response to different categories (types) of
patterns within data streams where the patterns of interest are typically those that
stand out as being of interest by virtue of being anomalies, discrepancies,
disturbances, departures from the norm, and other situations requiring some type
of attention and intervention. The capabilities of APIS and its applications
extend far beyond the customarily connotations of “anomaly” and similar terms.
In effect, APIS provides a cybernetics language and computational environment,
an architecture and toolset for control of exceedingly diverse systems, from
purely informatics resources, to autonomous devices and machines, to highly
complex networks of humans, autonomous agents and machines operating in
SCADA-type networks.

APIS has been designed to accommodate any type of data stream that can be
treated in terms of objects with definable, separable attributes and behaviors.
Figure 2 illustrates in Backus-Naur format the APIS schema. Thus it is an
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architecture and set of computational tools for use with subject matter as diverse
as:

e people or vehicles moving through corridors, channels, passageways,
gateways, etc.

e financial and general text transactions and messages
e real-time medical instrumentation readings and measurements

e power consumption by machines, sectors of a building, regions of a
neighborhood or city

e traffic system flow on highways, rail lines or air routes

e people interacting with co-workers and customers in business or social
contexts

This can be adapted to serve comparable needs within a network of robots and
other autonomous systems, not only to detect and manage anomalies as such but
for a wider class of patterns such as behaviors that need to be performed in the
course of a mission, some of which will be triggered by observed events during
that mission.
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Flgure 2 — APIS Schema in BNF

The use of an XML-type scripting language for encoding actions to be performed
by devices will enable operators to express the logic of a mission (e.g., surveying
of an agricultural area, or an environmental zone after some event such as a flood
or storm) in progressively human-language and “ad hoc” terms. This will aid in
the process of planning such missions. From the tagged (markup) commands,
selection is made from libraries of existing “API” code for specific instruments
(e.g., UAVs). This also aids in the meta-task project management tasks for
identifying software modules that require new composition or editing.
Scheduling issues can be minimized by having a clearer understanding of what
software engineering tasks require priority attention. This also enhances
adaptability of the entire deployed system (robot network) for being able to
accommodate new assignments (e.g., switching from agricultural to other
assignments).

Two projects are currently providing platforms for development and testing of
ATHOS modules and their integration. One is the AgriBrains project for open-
ended and interchangeable-component networking of UAVs and other robotic
units in agricultural and environmental applications such as monitoring of
irrigation, soil conditions, insect and other pest behavior, and harvest readiness
of fruits and vegetables. A second project is underway as part of a research
consortium spanning from theory to applications that are space-focused but still
very much involving networks of cooperative, diverse-architecture and multi-
task robots — ASTRIC (asteroid deterrence, space-debris management, and future
216
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space-based mining/manufacturing). This project will draw upon ATHOS for
the end-user device operations. Involved currently are researchers in cybernetics
and control systems, aerospace, and materials science from Saint Petersburg and
South Urals Universities, Norwegian University for Science and Technology,
and the NEOShield-2 program co-managed by European Space Agency and
other members.

In summary, ATHOS will be a self-adaptive, self-learning, self-modifying
operating system for hierarchically-organized communities of machines that
perform tasks involving motor, sensory, and cognitive processes. It provides for
limited-restrictive dynamic construction of a vocabulary and grammar that is
used to describe and control processes in dynamically-configured networks of
heterogeneous machines. Such networks typically involve autonomous and
semi-autonomous robotic devices equipped with a variety of sensors, actuators,
and analytical processor components.
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Deterministic control of complex systems, particular those with multiple
components exhibiting high degrees of uncertainty and asymmetric behavior, is
subject to both unpredictable error and computational performance limits. This
is seen particularly in systems whose components (such as robots, satellites and
other “agent” devices) are constrained by limited size, power and computational
capacity, such as in remote operations such as space-based engineering.
Stochastic approximation and randomized algorithm methods offer sound
alternatives when coupled with adaptive pattern recognition and machine
learning, plus experience-trained heuristic models. Heterogeneous approaches
that can incorporate learning and self-correction models during remote
autonomous operations offer solutions for reducing state space complexity and
avoiding critical instability and catastrophe points. Experiments in aerodynamic
turbulence are providing a platform and set of models that can be transferred into
such diverse applications as cooperative robotics in construction, network
management, biomedical monitoring, and space-based challenges such as
defense from asteroid impacts.

Keywords: complex systems, uncertainty, stochastic algorithm, randomized
algorithm, cooperative network, device independence, space robotics, command
and control, artificial intelligence, machine learning

Multi-agent networks and autonomous systems including mobile-capable robots
become more common in life-critical applications such as mass transportation,
military and security operations, manufacturing, healthcare, and public
infrastructure management. Such systems are increasing in their capabilities and
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diversities of tasks that can be performed, including unattended tasks that can be
life-saving when performing optimally and according to design. Stabilization,
cooperation within confined physical and operational environments, and
solutions to turbulence are among the types of problems that are addressable and
desirable, thus compelling the argument for introducing more robots and more
Al (artificial intelligence) into critical infrastructure and life-support systems.

However, there are also vulnerabilities that derive from the inherent high
dimensionality of any system state space and the critical points into which
functions within such a system may lead. Simply put, singularity events can be
more sharply and irreversibly catastrophic. The goal of reducing a complex state
space is a challenge in any environment where there can be uncertainty or
fuzziness with regard to that dimensionality and the relations between parameters
which may be inherently noisy or difficult to measure under any circumstances.
Risks of system instability and criticality are further exacerbated by conditions
that can be introduced from external agents and unpredictable configurations into
which even a well-designed and well-tested system (e.g., aircraft, rail, satellite,
wireless network) may be placed. External-origin disorders and failures increase
in relation to not only complexity within a control system model and its physical
and computational implementation, but also in response to other paths to
vulnerability.

The outcome for end-users (passengers, patients, bankers, communication
networks, civil engineers) may be quite more severe in cases of critical
mechanical failure, incidents of cyberhacking, or system critical points and
singularities that were not projected during the design process. The increased
capabilities (as well as the sharper vulnerabilities) may often be linked directly
to the capabilities (and limitations) of machine learning and artificial intelligence
(Al) mechanisms, coupled with the performance speeds and responsiveness of
computing and communication devices for managing the individual components
and composite systems. Supercomputing, high-bandwidth and Al can offer a
“double-edged sword” in many respects — improved or optimal performance and
beneficial results, when everything is running smoothly, or else true “crash and
burn” catastrophic results when some critical point has been reached, especially
if the existence of the critical points or regions in a system's performance are
unknown or insufficiently predictable.

All of these issues become even more delicate and potentially severe in impact
when the operations are conducted in remote environments such as orbital, lunar
or interplanetary space. The majority of space-based tasks, to date, have been
generally limited to singular (even composite) devices (e.g., satellite or landing
rover) with limited variations in the type of interactions that may take place. As
complex as have been missions to Moon, Mars, Jupiter, Saturn,
67P/Churyumov—Gerasimenko and other destinations, there have been limited
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and strongly constrained operations involving two or more robot devices
interacting with each other and/or with manipulation-type operations involving
other objects such as an asteroid or a fragment of space debris. Moreover,
command and control involving human operators has been highly constrained in
order to accommodate normal signal transmission delays as well as periodic and
asymmetrical breaks in uplink or downlink signaling. Space robotics has, until
recently, been kept quite simple in comparison to what demands are now
emerging, particularly in some areas of space engineering.

The growth of interest and the emergence of capable instrumentation — coupled
with the need for productivity and commercial return values - demands much
more complexity in future space operations. These include space-based
construction and assembly for both habitation and manufacturing, asteroid
mining, and also asteroid deflection and other forms of NEO impact deterrence.
This “demand portfolio” alters radically the requirements for intelligent,
adaptive, and fault-tolerant control systems. Deterministic models cannot work
satisfactorily when parameters cannot be identified, measured and estimated with
sufficient certainty.  This critical claim is directed also at such quasi-
deterministic models which include Bayesian probabilitistic networks, neural
networks, and other variants of both statistically-based and rule-based “machine
learning.”

It is thus argued here that a new type of thinking about command and control is
necessary, and with it, a new type of computing architecture as well, for the types
of machines and systems that offer such dual-impact concerns which may be
termed “Extreme Complex Systems” or XCS. However, this new cybernetics
and new computation is not simply a move into multi-agent parallelism, which
is still inherently deterministic (in most architectures; Figure 1). We suggest, on
the basis of formal and experimental results, that stochastic, randomized, and
non-parametric-dependent modeling may be often more effective for stable
control of such XCS environments.
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Figure 1 --- Hierarchical vs. Multi-Agent Control - but still deterministically
based [1]

Such XCS-type systems are not only of a type such as multiple robots working
together to construct a space station on the Moon or Mars, or to perform drilling,
ballistic blasts or other forms of trajectory change for an asteroid, but such
examples are among the most clear-cut cases of a class of problems that are
presenting themselves for solutions and for which traditional “linear” thinking
and also conventional Turing-Machine computation is running into barriers of
performance and accuracy. There are many other “earth-bound” problems that
approach or match the complexity, uncertainty and non-deterministic character
of space-based multi-agent robotics — for example, aircraft turbulence, high-
density highway traffic, global wireless network load balancing, and
cardiovascular arrhythmia response.

We make a distinction here from other forms and levels of complexity in both
natural and artificially-engineered systems. By XCS we mean those types of
systems which are inherently hard to formulate into models and algorithms to
process such models, by virtue of the uncertainties and stochastic, random-like
natures of their parameters, and through the complex relationships and inter-
dependencies among those parameters. Computationally, these may be NP-hard
problems, but not necessarily so. Instability and insufficiency within a given
control system may be not only due to the calculations that must be performed in
order to ascertain values and even value ranges for such parameters. Limitations
on physical hardware and long-distance communications, for instance in
aerospace as well as high-speed rail, subsurface sea, and high-density highway
traffic, curtail the ability to perform calculations that even in “polynomial time”
may Vvastly exceed the time limits for answers, for decisions on course correction.

An XCS environment can be considered as having an unknown and uncertain
structure, where that structure sk changes in time instances to,t1,tz,... The task of
understanding how sk changes at specific instances tiand in response to certain
parameter changes may not be computationally achievable, certainly within

221



finite time intervals when change (adaptation) is required in order to avoid
catastrophic critical values. The path forward to understanding how changes and
how to adapt in terms of a control system may be realized by a technique of
dividing the state space into regions, clusters, or cellular networks. Clustering of
the state space may be understood as:

Kk = {X1, X250, Xngsk) 1 X = Uim1,2,0...0n(sk0Xi, Where X X

The goal from a cybernetic perspective becomes then one of identifying changes
within dynamically defined regions or clusters, making use of simplified
sampling and adaptation, avoiding the computationally intensive and
deterministic methods which can be less resilient to unexpected and non-linear
behaviors, and impractical from the standpoint of practical engineering,
especially in the case of microscopic-sized or ultra-light devices.

Networks of both mobile and stationary robots and other autonomous or semi-
autonomous devices are often characterized by uncertainty in data reporting,
sharing and analysis within the network. Again, these problems become
exacerbated by factors such as physical distance (light-years or simply “light-
minutes”), bandwidth competition, and asymmetric threats (e.g., cyber-hacking).
Furthermore there can be problems of conflict or “un-cooperativity” which
pertain to conflicting agent goals and sharing of resources such as energy (fuel,
accessory equipment and supplies, etc.). This can also be described in terms of
load-balancing problems, but the problem becomes more complicated as the
autonomy and independence of the agent subsystems increases. Competition
over resources can include inadvertent competition for access to a physical
connecting port, for example, or a location for either placing or retrieving some
object (e.g., drilling or removing a machine part or a sample from an asteroid
surface). The overall mission task of the robot network (“team”) may be further
complicated by a combination of other factors, all of which carry elements of
uncertainty and undecidability — for example:

o fuel/power consumption during repositioning or “wait-mode” states
e maintaining a steady position relative to another moving object

e irregular and “wobbly” motion of some target object (e.g., asteroid or
fragment thereof)

e collision avoidance and consumption of fuel with reverse thrusters, etc.

e performing work tasks within a prescribed period (e.g., sufficient access
to sunlight for solar panels)

The principle challenge with XCS is the issue of undecidability about critical
points and regions, also known as singularities. A general or comprehensive
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model of interaction within distributed and non-stationary spaces that does not
allow for the appearance and even dominance of critical points can lead to
catastrophic results (mathematically and physically). Failure to observe minute
variations and gradient changes can lead to irreversible situations. However,
such minute variations may be measured and analyzed much faster through
attention to local neighborhoods and cellular-type regions or fields of data. This
path has led to new approaches using sets of localized models that have simpler
and potentially faster computational loads and which can be conveniently
mapped to parallel architectures. Such models are characterized by asymmetric,
stochastic methods for sampling, estimating, and assessing predictive values for
regions in a data space where changes may otherwise be unobserved within
constraints of computational time.

Stochastic programming is one framework for modeling of optimization
problems that involve uncertainty in both the identity and interrelationship of
parameters and in their values at given instances and configurations. Whereas
deterministic optimization problems are formulated with known parameters, real
world problems almost always include some unknown parameters. One of the
approaches for solving such problems, when the parameters are known only
within the certain bounds, is called the robust optimization. Here, the goal is to
find a solution, which is feasible for all such data and is optimal in some sense.
Stochastic programming models are similar in style, but take the advantage of
the fact that probability distributions governing the data are known or can be
estimated. The goal here is to find some policy that is feasible for all (or almost
all) the possible data instances and minimizes the expectation of some decision
functions and the random variables. More generally, such models are formulated,
solved analytically or numerically, and analyzed in order to provide useful
information to a decision-maker. The approximation techniques are then
extensible to randomized selection and trial (an interpolation process) of
algorithms for adjusting system parameters (Figure 2). In the experimental case
described here, this randomization is performed with wing-flap adjustments in
response to randomly sampled pressure readings.
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The Local Voting (LV) control protocol developed by Granichin et al [1] is one
such model. It operates with a nonvanishing step-size for conditions of
significant uncertainty and external disturbances [2]. The objective is to detect
changes that may be insignificant in most cases but which can be
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Figure 2 — Random selection of estimation and control
coupled with learning and optimization of choice [1]

indicative of developing conditions that could have irreversible effects. This
stochastic gradient-like (stochastic approximation) method has also been used
before in other works (see, e.g. [3], [4]) but with a decrease to a zero step-size.
Usually, the stochastic approximation is studied for unconstrained optimization
problems, but the above-mentioned results stimulated the development of new
approaches [5] to track the changes in the parameter drift using the simultaneous
perturbation stochastic approximation [6].

An experimental platform has been developed [1] (Figures 3-6) which addresses
one major problem in aerodynamic stabilization during turbulence, focusing
upon wing surface pressure points as the key observable parameter. This may be
considered as a prototype for use of the LV protocol to other applications
including the interactivity among a group of cooperating robots, or the dynamics
of one or several robots manipulating an unwieldy, relatively amorphous and
free-standing object, such as an asteroid or other object in low-gravity or zero-
gravity (e.g., “space-debris” in near-earth orbit). In such a case the “turbulence”
is not present in a classic aerodynamic or hydrodynamic phenomenon but there
are comparable dynamics in the forces exerted between the target object and the
robot apparatus operating with it. Simple joining of satellites, robots, and
manipulation of fixed-geometry parts in zero-G space offers challenges that are
“extreme” in comparison to those in an earth-gravity or planet-gravity region,
and the demand for computational simplicity and speed (other than what can be
provided by impractical “supercomputers” or machines requiring cryogenic
environments (e.g., contemporary “quantum computers”) becomes mandatory.

Consider a wing structure whose surface is covered with actuators that serve as
mini-wingflaps, each coupled with a pressure sensor, such as illustrated in Figure
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3. Each sensor-actuator unit may be considered as an active agent in a
computational network. However, sampling — and motor response — can be
performed asynchronously and asymmetrically — this derives from the use of the
stochastic approximation methods.

A [FELAR e St

Figure 3 --- “Wings with feathers” [1]

Let X' be the integrated pressure deviation for “feather” a' — data derived
from sensor measurement

Agent dynamics may be described as: X1 = f (X', Uk ), i € N={1,...,n}
Observations: y'x = X +&ik
The Local Voting Protocol is given by: U= o " bl ( yik — y')
jEN'k
Consistent behavior (consensus): X'k ~ xi, i,j € N

In a turbulent flow environment, with no responsive adjustments to the sensor-
actuator units, LV readings across the wing surface will resemble a
“kaleidoscope” effect among the regions, as shown in Figure 4 below. All
actuator units “feathers”) in the wing remain unadjusted and with no change in
orientation in response to changes in applied external pressures. The consensus
“goal” state (illustrated in Figure 5) provides for uniform or within-threshold
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values from all LV “cellular regions” (clusters) during turbulent conditions,
achievable in this case through servo-controller adjustments of the sensor-

actuator “feather” units.
Figure 4 --- Wing sensor field under turbulence [1] Figure 5 --- Wing

Figure 6 — Experimental Wing Sensor Platform [1]

In this given experimental case the LV clusters are statically defined by the
geometry of the sensor-actuator units (Figures 3 and 6). However, stochastic
approximation and randomized sampling and perturbation is not limited to a
static architectural model of the given system, but quite to the contrary. A
conventional aircraft wing, and the entire vessel, constitutes a static geometry —
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the wing has a defined and permanent geometry. In other applications and tasks
the LV regions need not be uniform, nor static, in their geometry. For instance,
consider cooperative agents working with interchangeable components (such as
tool fittings) in physically dynamic environments with unpredictable kinetics
(such as an asteroid in the process of being mined or split into fragments with the
intention of reducing impact threats to Earth or some other habitation). It is
possible to create different “dynamic” maps of LV cellular regions and also
larger assemblies of clusters, with different geometries that correspond to how
the system is being affected by its environment at any given time period.

Within XCS operations there are critical time intervals for such adaptations that
can avert an critical “singularity” event affecting the entire system. Adaptation
of wing surfaces (and potentially also other components) in an aircraft to
atmospheric turbulence requires that decisions be made regarding adjustments of
multiple actuators. Randomized alterations to small regions (clusters) of the
system space have two unique advantages over models that attempt to
comprehensively address the entire system. First, results can generally be
achieved faster and with fewer computational resources. This is significant for
mobile, remote and compact device platforms (such as satellites and other space
vehicles, robotic or otherwise). Secondly, and very significantly, errors in the
decision process — which can be frequent in beginning stages of a cybernetic
system adaptive learning process — will be more localized, more containable, and
more easily correctable, than errors which affect large sectors of some system
performance. Drawing from the illustration of wing adaptation to turbulence -
adjustment of several “feather” actuators, in a way that has an adverse or
otherwise non-beneficial effect on the overall system, will (generally) be more
easily correctable and offset by other adjustments, in contrast to a system-wide
adjustment that may be irreversible.

A Thought-Experiment with “Cosmic” Implications

Consider a network of 10, 20, 50 or more robot devices, each powered by an ion
propulsion engine, each equipped with a toolset that may consist of drills,
impactors, chisels, cables and grappling hooks, and apparatus for placing ballistic
charges. These form a cooperative team of robots working on an asteroid
(perhaps 10m — 20m in approximate diameter) traveling in space, perhaps even
on a potential collision course with Earth. There is limited opportunity for use
of massive or physically cumbersome supercomputing, and real-time human or
even Al control from Earth may be completely out of the question. The objective
is to alter the asteroid's trajectory or to otherwise reduce its capacity for surface
impact or for a severe air burst with consequences for human life Earth.
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Tunguska and Chelyabinsk offer two actual case histories within the past
century-plus.

Consider the stochastic approximation and randomized algorithm methods being
applied within a sensor-motor control system that is intended to optimize the
cooperation among several robots to orient the asteroid rock and to configure the
positioning of robots and tools for a variety of engineering tasks. The range of
operations spans from drilling to use of ballistics, kinetics, gravitation mass
adjustments and the use of nets and tethers. All of these decision processes
ultimately depend for their possible successful completion upon the control of
multiple units in what amounts to being a turbulent, dynamic, uncertain
environment in which there are many critical points within the overall system
state space, and wherein there is a high degree of uncertainty, noise, and
unpredictability. The “turbulence” is not involving air, water or any physical
“fluid” but it involves the movements and positioning of multiple bodies, the
largest and most massive being the least controllable and adjustable (namely, the
asteroid object). During all of this process there are two major limits that have
critical “countdowns” - the amount of time that can be expended operating the
robots, because they all have finite fuel and power reserves, and the amount of
time before a projected Critical Point of the asteroid's movement, namely a point
beyond which there will be irreversible consequences of impact or atmospheric
burst.

Control functions may be distributed across virtual as well as literal physical
surfaces and spaces. An aircraft wing and fuselage surface has distributed forces
and air pressures which can be measured as points, then as cellular
neighborhoods, then as increasingly larger regions. Parallel and competing
analysis can provide sets of points where adjustments should be made that will
offset pressures positively or negatively and lead to a stable laminar flow, the
goal state for the plane in flight. The same model can be applied to the virtual
space of robots manipulating amorphous shapes that have multiple axes of
motion and angular momentum. There are goal states which involve positioning
of devices and avoidance of collision impacts including those that could occur
between the cooperative robots. The suggestion made here is that for some levels
of extreme complexity, a rethinking of what we mean by “control” and by
“learning” and indeed by “intelligence” is required, and in this process, also, a
rethinking of how we can perform the computations that are required to operate
multiple motors in parallel. We are only at the beginning of what appears to be
a revolution in how we think about computability and control, but the key may
be found in looking at the simpler ways that some tasks are done in Nature, in
Biology, more than at any other example. Flies and mosquitoes fly very well and
avoid obstacles and threats. Synchronized swimmers and dancers do not rely
only upon knowing the score and the choreography. Infants learn to handle balls
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and toys first with touch, then with eyes, and last of all comes learning via
discourse, logic, and formal arithmetic. Food for Thought, in a world
increasingly dominated by Extreme Complex Systems.
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This paper presents an overview of a new program in STEM education, teacher
training, and integrated application development. Each project, engaging
students ranging from pre-high-school classes to post-graduate university levels,
is focused strongly upon coupling robotics research and field testing of new
devices and algorithms within the context of practical everyday environments,
beginning with agriculture and monitoring of chemical, microbiological and crop
parameters using UAV and ULV systems.
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The pace of new technology development and implementation within the broad
sector of commerce and industry, particularly in the domains of robotics and
distributed network systems, is extraordinarily rapid. Challenging situations are
arising for the general society and its economy, in virtually all countries
including the most technologically developed, to keep up with that pace and to
accelerate educational proficiency among students and adults who are
increasingly faced with both job requirements and opportunities that depend
upon knowing more about many new technologies and STEM (science,
technology, engineering, mathematics) skill sets. As the variety and complexity
of new technologies is increasing, so is the need for people at all levels of usage
and engagement to be skilled in systems thinking, project management and the
disciplines for working together as teams, often distance-based and remote in
locations. This is true and demanding for the research world as well as in
applications for conventional business, manufacturing and other uses.

MIRNOVA Academy is a private non-profit institution established in the
Russian Federation. It has committed to implementing a novel plan that
addresses such problems and also other challenges that face current youth
entering into both adolescence and future employment and social frameworks
which are characterized by uncertainty, the needs to know more substantial and
practical STEM knowledge and skills, and the needs to be adaptive and
innovative. A Program has been designed and implemented for conducting
projects that involve collaboration between students at multiple levels of
knowledge, skill, aptitude and competence, ranging from elementary to high
school class levels, and mentors who may be teachers, university or post-
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graduate students, professors, and experts from industry and the research
community.

Unlike many programs worldwide which focused upon short-term projects which
will begin and end within the confines of a few months and which are often
competitive challenges with specific rules and guidelines, the MIRNOVA
Program creates projects are multi-year in nature, intended to involve
participants from multiple institutions including schools and universities, and to
do so in a manner that is consistent with contemporary project management
methods and techniques as practiced in higher education and within industry.
There are several reasons for this program architecture, four in particular.

¢ First, such methods (including, for example, AGILE software engineering, and
formal project management disciplines, aid in the educational process for
students, teachers and mentors alike in training within the pertinent disciplines
of product design and commercialization, business and financial development,
and entrepreneurial management. This is important for future scientists,
engineers and technologists, whether such persons focus their careers in basic
research and academics or in the domain of commerce and industry.

4 Second, the nature of projects that involve multiple technologies and interfaces
between systems is such that strongly disciplined project management is a
fundamental prerequisite for successful completion. Projects involving distance-
based team members operating in not only different time zones but different
personal schedules require the structure for scheduling and completing assigned
tasks and for arranging real-time interactions using internet-based
communications.

¢ Third, the nature of a project such as AgriBrains puts demands upon all team
members and all technical components for improved communications between
diverse groups. Simply put, the engineering and technical people need to be able
to communicate clearly and efficiently with persons who may be experienced in
fields such as agriculture, aeronautics, healthcare, environmental testing or
public safety and security, in order for complex and complicated systems such as
UAVs and other robotic devices to be used in optimal ways for the final
applications. This communication pathway is bi-directional; application experts
need to understand the potentials and the limits of the hardware and software
systems in order to know better what can be done with the technology and in
order to ask the right questions and make the right requests for new development.
¢ Fourth, the trends and requirements in both education and “large-scope”
research programs — the type of research that typically demands time, diverse-
capability teams, extensive experimentation and replication for verification —
demand both more adept and experienced work forces, people who will have
vocational as well as academic skills and training, and opportunities to do more
variety of trials and field-tests, and all with greater economy and reduced costs
for such tasks. Examples can be found in fields like “self-driving cars,”
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cooperative robots in space-based engineering (e.g., NEOShield for asteroid
impact deterrence), environmental and especially climate-change monitoring,
and several aspects of agriculture including pest control and abatement. These
needs from the research and commercialization sectors complement the needs
for the educational process, beginning at earlier ages and skill levels, to include
more opportunity for students to interact, within projects directly, with those
engaging in “deep” research. The opportunities include internships and
apprenticeships, often enabled or enhanced by today's internet and “virtual
reality” capabilities; these opportunities are part of the motivation and the
technical basis for MIRNOVA Projects.
Thus, this STEM initiative within MIRNOV A places a strong emphasis upon the
development of interaction and communication skills, along with the work on
actual electronics, software, and mechanical engineering.
Each project in the overall Program is designed to engage students at multiple
levels of their schooling in sequential phases of a multi-year, multi-institution,
and also, gradually, a multi-national project that will share in being open-source,
readily deployable for experimentation and testing, extensible to new
applications, and producing intellectual property and tangible tools that will have
demonstrable value for potential commercialization. AgriBrains is the first
project within the Program. It has been selected and designed in order to provide
the optimum foundations — organizationally, technically, and financially, for
conducting future projects, for generating a platform upon which future projects
can extend research and provide testing and validation, and for creating
sustainability through commercial value. Currently, it is defined as:
Agricultural Productivity Optimization using cooperative robots for
sensing, analytics and control.
In its initial work, AgriBrains concentrates upon using individual units and
clusters (groups) of UAVs for:
Monitoring of crop conditions for humidity (irrigation), pest control and
ripeness.
This project encompasses the following objectives in the subject matter of study,
training, experimentation and new research conducted by the project team
members:
e Use of robot networks (UAV, ULV, AUV) with both human-assisted
and autonomous functionality, employing a diverse array of CBR
(chem-bio-rad) and EM (electromagnetic) multi-spectral sensors as well

as electromechanical actuators.

e Onboard and mobile, as well as manually-delivered

e Dynamic mobile operation, and static-placed stationary operation

e  “Plug-n-play” device independence for all platforms including other
non-UAV systems
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e Dataacquisition and integration with satellite-based and other telemetry
and knowledge sources

e Analytics employing human expertise and synthetic (Al, machine-
learning) intelligence

e BOINC-based distributed processing for massive computational tasks
(open-source, UC-Berkeley)

e Data management and knowledge representation and distribution

This project builds upon extensive and proven prior research by members of the
technical and management team within MIRNOVA as well as by other research
and development that is accessible to the team. The scope of the project is open-
ended and will evolve over time as new participants and stakeholders enter into
direct activity and indirect collaboration, making use of the open-source platform
created in the first phase.

AgriBrains begins with technical components that are currently “COTS”
(commercial-off-the-shelf) — available devices and components including
software modules. All of the core technologies and tools, including electronics,
software, project management, are currently existing and accessible for this
project. Research leading to new designs, both physical and in control systems
such as software, will develop after teams have achieved sufficient familiarity
and skill levels with system operations. Furthermore, there is much new
development in the application areas, using todays’ existing UAVs and software.
Two major areas within agriculture that are only beginning to receive attention
are:

e Fruit crops, in particular orchards, especially high-sensitivity crops such as
grapes, cherries, and citrus fruits

e Monitoring and management of livestock including herds of cattle, sheep,
goats and even reindeer

Among the UAV systems for use within AgriBrains are devices that have already
been introduced successfully into both the agricultural industry and the
educational/research sector in China, EU and USA. These include three
specialized UAVs already being successfully deployed in agricultural settings.
It is significant that these and many other UAVs do not conveniently
communicate with one another, either in sharing of data and control parameters,
nor in direct cooperative actions. Furthermore, autonomous operations are
virtually nonexistent. These tasks constitute part of the focus within the
AgriBrains Project as it is currently underway.
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Figure 1: eBee SQ drone for spectroscopic surveys Figure 2: DJI eight-
rotor drone with 10-liter capacity
Not every task nor every project team needs to work hands-on with the most
sophisticated or expensive equipment. This is a major consideration for being
able to offer educational and internship opportunities to a larger and more diverse
population of participants and to make project activities be more adaptive and
useful to research groups who may have limited mobility, budgets, and who also
may desire increased testing of devices (including onboard sensors) without a
high learning curve or a high budget for platforms such as the more “industrial
level” UAVs. Figure 4 below illustrates two low-cost UAVs, one of which is
capable of being produced using low-cost 3D printed structural components, an
Arduino or Rasberry Pi motherboard, and about one hour of concentration in an
ordinary home or garage environment.
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Figure 3: Sentroid UAYV illustrating air sampler, analytical results and control
unit

Figure 4: CopterExpress UAVs for education and low-end commerce (delivery)

The AgriBrains Project delivers first and foremost an Engineering Platform
(“Testbed”) that can be employed in many future ways by different teams
including those who graduate formally and informally from the MIRNOVA
Program and from their university programs. This platform is as much one for
testing new devices including UAVs, and software, as it is also for new methods
in every dimension of agriculture including all types of livestock farming such
as cattle, pigs, sheep, and fish in the form of aquaculture.

As a platform, AgriBrains is designed to provide reusable toolsets and libraries,
both hardware and software, that may be used across different experiments
conducted by totally distinct teams. This process is not only about technology
but about project management and cooperativity among teams. Here is where
AgriBrains, and the MIRNOVA Program as a whole, makes a substantive
departure from a dominant tradition of competition and contest-oriented projects
within especially the educational domains (e.g., FIRST Robotics, an eminent and
pioneering  robotics competition, very international in scope -
www.firstinspires.org), and other competition-oriented STEM programs (e.g.,
Intel Science Fair). The primary differentiator is the emphasis upon working on
projects that will produce components that others can use — including multi-year
participants (e.g., through middle and high school and then into college levels)
— and to link project technical activity and success directly with training for
internships, apprenticeships, and entrepreneurial business “start-up” initiatives.
In the process, those persons who are mentors, advisors and trainers, coming
from the research centers of universities and institutes, gain tangible results for
their efforts and energies in guiding youth to “find their guiding stars and reach
them.”

First there are direct, concrete Technical Outcomes and Benefits:

This initial project will enable participating students, teachers, mentors and
teams to implement practical technologies, products and services serving the

236


http://www.firstinspires.org/

global agricultural industry in the following 12 manners, gradually over a period
of months and years:

e CB (chem-bio) sensing and monitoring — focus upon toxins, bacteria
and viruses

e  Frost control — this is an emerging problem given the trend in non-linear
climate change

e Seed planting — focus upon actual planting and follow-up for
germination/replanting

e  Fertilizer optimization — focus upon reduction of excess use and cost

e lrrigation optimization — focus upon balance in hydration

e Pest control — focus upon emerging insect and micro-fauna due to
climate change

e Sugar content — a critical area for fruits and for crops used in beverage
production

e Ripeness and harvest readiness — focus upon increasing yield and turn-
around

e Tree and bush pruning (management and planning)

e Differentiation and specialization for crop type variants

e  Predator control (e.g., birds, foxes, wolves) — focus upon deterrence

e Planting and harvest planning (info [“maps [CAl-recommendations)

These technical outcomes from this foundational project are remarkably wide,
open-ended and expansive, and this governs the choice of such an area for the
Program’s Initial Project undertaking. These outcome values extend beyond
agriculture into many other application areas, all of which have value for training,
education, research, and commercialization.

Next, in principle with the MIRNOVA mission, there are other significant
outcomes besides those of technology development. These are also areas of study
and new learning for all participants — students in pre-college and university
levels, as well as teachers and expert mentors. In essence, the use of “STEM”
activity provides the matrix and basis for learning important social and economic
principles and skills often missed.

Social Outcomes: Students, including the pre-risk/higher-risk group of students
who may initially not be interested in STEM topics will be more attracted to a
project that is more visibly connected to more “concrete” and “business-tangible”
topics such as food production.

Educational Outcomes: There will be teachers, university students and
professors experienced in training teachers and peers for expansion of STEM
into all school levels and especially for addressing populations of non-STEM-
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interest students, especially those who will not be likely to attend university and
go into STEM careers. There will be a refined group of students identified as
top-choice candidates for employment in companies that are constantly seeking
to identify and evaluate their “next generation” of employees.

Financial Outcomes: There is ample evidence, worldwide and especially from
studies conducted in USA, Korea and China (2015-2017), that there will be
commercially viable intellectual property (“IP”) from the AgriBrains Project,
and such will be marketable as technology and potentially through
entrepreneurial spin-off and startup companies.

Conclusion:

To paraphrase one of the producers of the futuristic film, “Interstellar,” regarding
our current socioeconomic, educational, and also agricultural climate, “We are
not there yet, thankfully, but we could find ourselves there sooner than we think
possible.” James Cameron’s “there” refers to a world where basic farming and
agriculture is a major challenge that demands far more daily attention than our
highly urbanized and geographically sequestered populations on this planet
currently devote to the process of producing what we will eat each day.

The specific AgriBrains project is designed to provide re-usable, reconfigurable
software and hardware that can be deployed in other topics (this model derives
from the historical successes in many computing systems especially; e.g., object-
oriented design, interpretive programming, XML-based scripts). High on the list
for extensions of AgriBrains are applications in climate change and ecosystem
monitoring as well as corrective action (use of actuators, not only sensors),
experimental field studies in turbulence and non-linearity wind patterns, as well
as in energy optimization, water control, and the critical domain of public health
(epidemiology of emerging infectious diseases, many deriving from global
warming and climate change).
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B crathe omucan moaxo. K 00CCIICYCHUIO 3alUIICHHOCTH KaHajla yIpaBlICHHS
POOOTOTEXHUYECKMM KOMIUIEKCOM, OCHOBAaHHBIN Ha aHajan3e OOMEHa MEXIy
ONepaTopoM U KOMIUIEKCOM C UCIOJIb30BAaHUEM IPOTOKOJIOB MaKETHON
nepenavyu JaHHbIX. [ aHanu3a rnpeajgaraeTcsl UCIoab30BaTh PA3INYHbIE THUIIBI
HEHPOHHBIX ceTell. B cTarbe paccMOTpeHbl THUIIOBBIE 3aJaul, pELIAEMble
Ppa3IMYHBIMU TUIIAMU HEHPOHHBIX CETEH, U BOIIPOCHI CBOAUMOCTH JaHHbBIX 3aJa4
K 3amade oOHapyKeHUs aHOMAJIWHB Tpoliecce OOMEHA NAaHHBIMH YIIPABICHHS
MEXIy POOOTOTEXHUUECKAM KOMIUIEKCOM U OIIEPaTOPOM.

KiroueBbie cioBa: poOOTH3MPOBAaHHBIE CHCTEMBI, CHCTEMa yIIPABIICHHS,
0eCIPOBOHOE YIIPABJICHUE, MPOTOKOJBI YIPABJICHUS; 3al[uTa WHGOPMAIINU;
HUCKYCCTBEHHbIE HEHpOHHbIE ceTu. Ha Texymiem aTame pa3BUTHUS TEXHOJOTUH
poboToTexunueckre komuiekcbl (PTK) BBITOMHSIOT MIMPOKUHA CIIEKTP 3a1a4 B
pa3IMYHBIX 00JACTAX JCSATCIBHOCTH 4YEJIOBEKA: HAYYHOW, MPOMBINUICHHOH,
MemuiuHcko. OtaenvHyro Humy 3aHumaroT PTK, BwimonHstomue 3agadu
cnenuanbHoro HasHaueHus: Boennele PTK, PTK, o0ecneuuBaromme
JIMKBUJIALMIO TOCIEACTBUM 4pe3BbIYAHBIX MPOUCHIECTBUM W JIpYyrux 3ajad,
CBSI3aHHBIX C PUCKOM JUISI )KU3HU YEJIOBEKA.
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Opno#l m3 BaxkHelmux 3amad npu noctpoeHun PTK kak cneuuansHOro
Ha3HA4YEHWs, TaK W HEKOTOPBIX JPYrMX THIOB, SBIAETCA OOecleueHne
ynpasiieHus: kommuiekcoMm. Ilox ynpasinenunem PTK nonumaercs peuienue
KOMIUIEKCa 3aJa4, CBSI3aHHBIX C ajanTanueid poOoTa K KPyTy PEmaeMbIX UM
3aj1a4, TPOrPaMMHUPOBAHIEM JIBIKCHNH, CHHTE30M CHCTEMBbI YIIPABICHUS U €&
porpamMMHOTO obecnieueHus [1].
Cucrems! ynpasieans PTK MoxHO kmaccuUIIIpoBaTh CIEAYIOMIMM 00pa3oM:
— buoTtexHnueckre — OCHOBaHHBIE HAa IIOBTOPEHUH POOOTOM JIBHIKCHUI
orepaTopa.

— ABTOMATHYCCKHE - CHUCTEMBI yIpaBJICHUS, CIIOCOOHBIC
(YHKIIMOHUPOBATH O3 y4acTus onepaTopa.
— lHTepakTBHBIE — CHCTEMbI  yNpPaBJEHUs, CIIOCOOHBIE  Kak

(YHKIMOHHPOBAaTh B ABTOMAaTHYECKOM pEXHUME, TaK H 00eCIeYnBaTh
JIBYCTOPOHHEE B3aUMOJEHCTBHE C ONEPATOPOM JUIsl PELIEHHUS CIOKHBIX 3a/1a4.
Haubonpmmii mHTEpEC U PEIICHUs 3a/1a4, CBI3aHHBIX C PUCKOM JUIS KH3HH
YEJI0OBEKa, MPEJICTaBIISIIOT UHTEPAKTUBHBIE CUCTEMBI YIIPABJICHUS, TaK KaK IpHU
pEIICHUH CIIOKHBIX 3aJad TO0Ka 9YTO W30eKaTh HEOOXOIUMOCTH YUACTHS
omeparopa m30exats He yaaéres. [Ipu aTom, Goree mepCcrieKTHBHBIM METOIOM
uHTepakTuBHoro ympasienust PTK sBnsiercst aucraHumnonHoe OecrpoBoHOE
yrpaBJICHHUEC. HpI/IMeHeHI/Ie JaHHOT'O MeToaa yapaBJ€HUA IIO3BOJIACT
M30JIMPOBATh ONEPATOPa OT ONACHBIX JIJIsl )KM3HU (DPaKTOPOB, a TAK)KEe 00ECIICYHTh
MaKCHUMaJIbHO MOOWJIBHBIM TpOIeCC yMpaBIEHUs, HE TPEOYIOIMN HaTHIHS
KaKoro-1mbo MaTeprualbHOTO HOCUTENS IS Iepejadydl CUT'HAJIOB YIIPABICHHS.
HpOTOKOHOM YHOpaBJIC€HUA HA3bIBACTCA CTaHAAPT, OHI/ICI)IBaIOL[II/Iﬁ IpaBujia
B3amMoOJNCHcTBH ~ OObekTa ¥  omeparopa. [  pemeHus — 3amadd
nHTepakTuBHOroynpasienuss PTK waime Bcero npuxoaurtcs HCIOJIb30BaTh
HECKOJIPKO ~ TIPOTOKOJIOB, OOBCAMHEHHBIX B TaK HAa3bIBACMBIH  «CTEK
poTOKOJIOB». Ha HIDKHEM ypoBHE CTeKka pacroJiaraercs IMpOTOKOII,
OMHCHIBAIONINH (DU3NIECKUN TIPOIIECC MEpeadyn CHTHAJIOB YIIPABJICHUS, a Ha
BEPXHEM - IIPOTOKOJI, OHI/ICBIBa}OIHI/Iﬁ HETIOCPCIACTBCHHBIC KOMaHbI
YIOpaBJIeHUs, IPHHUMAaeMbIe pOOOTOM U IepeiaBaeMble UM CUTHAIIBL.
CpaBHHTENbHAS  XapaKTEPUCTHKA  OCHOBHBIX  IPOTOKOJIOB  Mepemadym,
WCTIONB3YEMBIX JUISI JIUCTAHIIMOHHOTO OecmpoBonHoro ympasieaus PTK,
npexacraBieHa B Tadsmie 1[2].
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Tabmmua 1 — XapakrepucTHKH OECIPOBOJHBIX IMPOTOKOJIOB, HCHOJIB3YEMbIX IS
npasienust PTK

Ucnons3 Tun l};[;;onycx Jlansu Tun
[porokon yema MOJYJISIIT | CHOCOOH oerb COeMHEeHN [MOIIHOCTh
4acToTa, neiicts
ITu uu OCTb, s o s
Mobwut/c i
UK xanan - - 0.1-4 4 Touka- 5 MBT
TOYKA
Bluetooth 2.4/5 FHSS 0.72 10-100 | Ad-hoc 0.3-30 MBt
IEEE 2.4/5 DSSS 55-11 30-100 | Uepapxuu | 2 Bt
802.11b eckoe,Ad-
hoc
IEEE 2.4 DSSS/ 20-54 100 Hepapxuu | 1.5 Br
802.11g OFDM eckoe, Ad-
hoc
IEEE 2.4/5 OFDM 200+ 100+ Hepapxuu | 4.3 Br
802.11n eckoe, Ad-
hoc
IEEE 0.868/0. | O- 0.02/0.0 | 10-100 | Ad-hoc 10-60 MBt
802.15.4 915/ QPSK/ 4/0.25
2.4 DSSS

PaccMOTpeHHbIE TMPOTOKOJBI  SIBJISIOTCS NAKETHBIMH, TO €CTh JaHHBIC,
nepesiaBaéMble  C HCIOJIBb30BAaHMEM OTHX IPOTOKOJOB pa30uBaroTCsi Ha
JIOTUYECKUE EJMHMIBI — [AKeThl, B IPOCTEHIIEM Cly4ae COCTOSIINE U3
3aroJIOBKa IakeTa M coaepkumoro. [Ipu 3ToM, COAEpKMMBIM NakKeTa OJHOTO
MIPOTOKOJIA MOXKET BBICTYNATh MMAaKeT JPYroro MpOTOKoJia 0oJjiee BBICOKOTO
YPOBHSI B CTE€KE TIPOTOKOJIOB.
Baxkneimum BorpocoM, Ipu MOCTpOeHUH U ucnoib3zoBanuu PTK cnenuansHoro
Ha3HaueHUs, a B ocobeHHocTH, PTK, mpuMeHseMBIX CHIOBBIMH CTPYKTypaMH,
SBISIETCST OOecHeueHne 3allMIIEHHOCTH KaHajla YIPABICHUS KOMIUICKCOM.
[TonyueHue 370yMBIIUIEHHUKOM IIEpEaBaEMBbIX CBEJICHHMH, WX MOAMEHa,
UCKa)KCHNE WM TIO/IaBJIICHHE MOTYT NPHBECTH K PA3IWYHBIMH HETATHBHBIM
MOCJIEAACTBHSAM BILIOTH JI0 TOTO, YTO MOTYT IMOTHOHYTH JFOJIH.
MOKHO BBIJICTUTH JIBa OCHOBHBIX IOJXOJa K OOECHEeYeHHI0 0e30MacHOCTH
nepeaayy curuaioB ynpasiaenus PTK:

1. Ucnonp30BaHKWEe CPEACTB 3alIMThI [EpeAaBaeMoil  HH(pOpMaIUH,
MIPEI0CTABIISIEMbIX POTOKOJIOM IEpeIaun.

2. BueapeHue NONOJIHUTEIBHBIX CPEICTB 3aLIHTHI.
Tak, mpotokomsl cemeiictBa 802.11 m 802.15 (ZigBee) mnpenocraBistor
BO3MOXKHOCTh MIM(POBAHUS JAHHBIXC HCIIOJIB30BAaHUEM KPHUNTOCTONKHX
anmroputMoB, Takux kak AES (AdvancedEncryptionStandard). Tarxke B
MIPOTOKOJIBI  BCTPOCHBI ~Pa3JIMUHbIe MEXAaHW3MBl 3alIUTBl OT MOMEX U
HaMEPEHHOT'0 NCKa)KCHUS! TaHHBIX.
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K nomonHuTenbHBIM CpEACTBAM 3aILUTHI MOKHO OTHECTH HCIIOJIb30BaHHE
tyHHeNpHOTO mmdpoBanus (VPN) mis mepemadn MaHHBIX, WCIONB30BaHUE
ITUPOKOTIONOCHBIX CUTHAIIOB | JIp. [3].

BoNBIIMHCTBO PaCCMOTPEHHBIX METO/OB ITIOJIATAIOTCS Ha KpUMNTOrpadudecKne
MEXaHU3MBI 3aIIUTHl NepeaaBaeMoil nHpopManuu. JJaHHBINH MOIXOT SBIACTCS
3¢ PEKTUBHBIM C TOUKU 3PEHHS 3aIIUTHI OT MOIYICHHs], HOAMEHBI 1 NCKaKCHUS
JAHHBIX 3JOYMBIINIJIEHHUKOM, HO TIPH 3TOM aOCOJIIOTHO YTPAauMBaeT CBOIO
(G (PEKTUBHOCT B Cilyyae, KOrJa 3JIOYMBINUICHHUK O00JaIaeT CeKPeTHBIMHU
KIIt0O9YaMH, HUCIIOJb3YCMbIMU JJIA LlII/Iq)pOBaHl/lﬂ U TMOoANUCH TepeaaBaC€MbIX
JIAHHBIX.

Jlist oOHapyKeHUs 3JIOYMBIIUICHHUKA ¥ MPOTHBOJACHCTBHS €My B OIMCAHHOM
CUTYyaIlUM TpeAaaraeTcs HCIOJb30BaTh CUCTEMBl, KOHTPOJMPYIOIIHNE MPOLECC
oOMeHa maHHBIMH B Tpouecce ynpaieHus PTK u  BemomHSommmu
oOHapyXeHHE aHOMAaJbHONW AaKTHBHOCTH Ha OCHOBE aHaJM3a IPOTOKOJIOB
Pa3IMYHBIX YPOBHEH, yUacTBYIOIINX B OOMEHE.

MOXHO BBIIENUTH /BA OCHOBHBIX MOAXOAAa K OOHApY)KEHHIO AHOMAJIMH B
IIPOTOKOJIEHOM o0OMeHe B mpouecce ympasieHus PTK: ucronb3oBannem
CTaTUCTUYECKUX JAHHBIX, IPUMEHEHHE METOI0B HCKYCCTBEHHOIO HHTEIIEKTA.
CraTuCcTHYECKUH TIOAXOJ TOApa3yMeBaeT co00HM CHATHE pPAa3IUYHOTO pPoja
METPHK, XapakTepu3ymmux mporecc ymnpaierus PTK 3a onpenenéHHbIi
IIPOMECIKYTOK BPEMCHH U IMTOCTPOCHUE HAa OCHOBAHUHN JAHHBIX MCTPUK HpO(bI/IJ'ISI
HOpPMAaJIbHOT'O0  IOBCIACHMA. IIanLHeﬁmee BBIYUCJICHUEC JaHHBIX METPHUK
HeMoCpeICTBEHHO B mporecce skciutyaranun PTK u cpaBHeHue ux ¢ npoduiem
HOPMaJIbHOTO MOBEJICHUS MTO3BOJISIET ONPEAEIUTh OTKIIOHeHHE noseaeHus PTK
OT HOPMAaJbHOTO U MPHUHATH PEIIEHHE O HAJIMYUM HECAaHKIMOHUPOBAHHBIX
BO3JICHCTBUI Ha KOMILIEKC.

[IpumeHeHne METOJOB HMCKYCCTBEHHOTO HMHTEIUICKTa JUISi OOHapys>KeHUs
aHOMaJIMH TIPOTOKOJBHOTO OOMEHa TaKXKe OCHOBBIBAETCS Ha MOCTPOCHHU
IpoQuIIsE HOPMAIBHOTO OBEICHHS, HO B OTJINYNE OT CTATUCTUYECKOT0 MOAX0/a,
JTAaHHBIN MIOAXO HCHOJIB3YET MEHEEe CTPYKTYPHUPOBAHHBIN NPO(MIIb, KOTOPHIH He
CTPOUTCS COTJIACHO 3aJaHHBIM METPHKAaM, a MOXET BKIIOYaTh B ceOs
IIPOMU3BOJILHBIA HA0Op NAHHBIX, XapPaKTEPU3YIOMINX T€ WM HHBIE MPOTOKOJBL,
BKIIIOYEHHBIE B MCIOJIB3YEMBIH CTeK. B nanbHeiem, aHanu3 3TUX JaHHBIX B
pEeXHMME DPEATPHOTO BPEMEHHM W CPAaBHEHHE HMX C IPOQHIEM HOPMAIBHOTO
MOBEICHUE TAKXKE TIO3BOJIUT OOHAPYKHUTh OTKIOHEHHS OT HOPMaIbHOTO
MOBEJICHUS U CIEJIaTh BBIBOJ] O HAJIMUNU HECAHKI[MOHUPOBAHHBIX BO3/EHCTBHUIL.
Xopo11o 3apeKOMEH/IOBABIIUM ce0s ITOIX0J0M K PELICHHIO IOI00HbIX 33/1a4 ¢
IIPUMEHEHUEM METO/I0B UCKYCCTBEHHOIO MHTEIIIEKTA ABISETCS UCIONb30BaHUE
ncKyccTBeHHbIX  HeHponHeix  cerer (MHC). HWHC  npeacraBnsior
MaTeMaTH4ecKu-(hOpMaIn30BaHHYI0 MOJEIb E€CTECTBEHHOT'O MBICIUTEIBEHOTO
npolecca 4YejloBeKa, OCHOBAHHOIO Ha Iepefade HMHGPOPMALMHA  MEXIY
[IPOCTEUIIMMH CTPYKTYPHBIMHM €IMHULAMU — HEWpoHaMu. JlaHHBIA MOAXO0.
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SIBIISICTCS. OJTHMM U3 HAauOoJiee MEPCICKTUBHBIX U MO3BOJISICT PEIIATh IIUPOKUIA
CIIEKTp 3a/1a9: KIaCCUPHUKAIHS, ONTUMHU3AINS, KITaCTSPU3AIH, alllIPOKCHMATIHS
(yHKIWH, TPOrHO3UPOBAHKE H JIP.

[Iporiecc mocTpoeHnss NpodUIsT HOPMATBFHOTO TIOBEACHHS B CIydae C
HEHPOHHBIMHU CETSIMHU CBOIUTCA K CO3aHUIO 00yJaromeil BRIOOPKH, COCTOAIICH
13 MIPUMEPOB, COACPIKAIINX TaHHbIe HopManbHOTO oOMeHa PTK ¢ onepaTtopowm,
u ganpHeero ooyuenus THC ¢ ucmonp30BaHreM 3THX TaHHBIX. ANTOPHTMEI
0o0yueHMsI, OOBIYHO, BHIOMpAKOTCS Ha OCHOBe BhIOpanHoro tuma WHC.
[Mapamerper MHC BBIOMpAIOTCST SMOMPUYCCKUAM IMYyTEM B 3aBUCUMOCTH OT
KOHKpETHOM 3ajauu [5, 7].

B cnyuae, xorga mpoguiib HOPMAJIBHOTO TIOBEJICHHSI CTPOUTCS Ha OCHOBE
JITAaHHBIX TPOTOKOJIOB MEpeayuy, B KAUeCTBE XapaKTePUCTHUK UCTIOIb3YIOTCS OIS
3aroJIOBKOB ITAKETOB, a TAKXKE JIOTIOHUTEIbHBIC TaHHbIC, TAKHE KaK, HalpuMep,
BpEMCHHAs METKa, €CIIM J3TH IaHHBIE HE TPEAYCMOTPEHBI MPOTOKOJIOM, HO
SIBIISTFOTCS CYIIECTBCHHBIMU JIJISI OOHAPYKCHUS aHOMAITHIA.

B cimyuae ke, xorma mpodnib HOPMAadbHOTO TMOBEICHHS COICPIKUT JTaHHEIC
MIPOTOKOJIA HETMOCPEICTBEHHOU repenagu KOMaH][ yIpaBJICHUS,
XapaKTepUCTHKAMH  MOTYT  CIY)KHUTh  CBs3aHHBIE  MEXAy  COOOM
MOCJIE/IOBATENILHOCTH KoMaH . Takol mojaxon siBisieTcs: 0osiee 3 PEeKTUBHBIM,
TaK KaK aHaJIN3 3aKOHOMEPHOCTEH B MOCIEI0BATEIBHOCTSIX KOMaH]{ MMO3BOJISET
TMOJIYYHUTh Ooiee KOHKPETHBIC CBCACHUSA O I[eﬁCTBHﬂX N HAMCPECHHUAX Oor€paTopa
B mpomecce ero B3amMmopedcTBust ¢ PTK u Oonee TowHO mpomsBecTH
oOHapy)KeHUEe aHOMAJIMH MTPH €€ HATMYUH.

Jlanee OyayT paccMOTPEHBI Pa3JIMYHbIC 3a/1a4H, PeIlacMble ¢ HCII0JIb30BAHUEM
HWHC, tunmer MHC, ucnonb3yembie il penieHus STHX 3adad W METOJIbI
MIPUMEHECHUS JaHHBIX 3a/1a4 K IIpoIieccy 0OHapyKeHUSI aHOMAJIBHBIX COOBITHI B
nporiecce ynpasnenust PTK.

1. 3anmaga xnaccudpukanuu. CeTH IpsSMOro pacrpoCTpaHSHUS
Knaccuueckold  CTpyKTypodl  HEHpPOHHOM CeTHM JUlsl  pElleHus  3ajadu
KaacCU(UKAIMK ABJISIETCS MHOTOCIONHBIH nepcentpon (MLP) — ceTh npsimoro
pacripoctpanenus. [Ipumep Takoit cetn 300pakéH Ha pucyHke 1:
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Pucynox 1 — Muoeocnotinwiti nepcenmpon

Ilepcentpon mnpuHMMaeT Ha BXOJ 3aJ@aHHBI BEKTOp U  ONpeJeseT
MIPUHAJIEKHOCTh STOTO0 BEKTOpa K TOMY WM HMHOMY Kiaccy. B 3amaue
OOHApY)KCHUsI AaHOMAJIHMH YIPABICHUS BXOJHBIMU NAHHBIMH MOTYT CIYXKHUTb
noJis 3arosioBkoB naketoB. Ha Beixoge MHC Mbl MOXeM MoJIydaTh CBEIEHUS O
TOM, SIBIISFOTCS JI BXOJTHBIC JaHHBIC «HOPMAaTbHBIMHY, THO0 «aHOMAaJIbHBIMI.
CymecTBeHHBIM HenmocTaTkoM AaHHOH Tomoyorun MHC sBiseTcst To, 9To OHa
HE MTO3BOJISAET paboOTaTh C MOCICIOBATEIEHOCTAMH JAaHHBIMH, YTO OTPAaHHIHBACT
BO3MOKHOCTH 00paOOTKH TOCIEOBATEIFHO MPUXOISIINN KOMaHI, T. €. TaKas
CeTh cIocoOHa J1eNaTh BBIBOJBI TOJBKO Ha OCHOBE OJHOTO HAa0Opa BXOIHBIX
napaMeTpoB. Bo3MOXKHBIM pellieHHeM JTaHHOU MPOOJIEMBI SIBIISICTCS JOOABICHHE
BXOJIHOTO TOJIsI, COAEPIKAIEI0 BPEMEHHYIO METKY ISl KaXKJIOTO TaKeTa, 4To
«ynopsimounBae™» makeTsl it MHC u ma€t eif BOZMOKHOCTH yCTaHOBUTH
3aKOHOMEPHOCTH, CBSI3aHHBIE C TOCIEAOBATEIHHOCTHIO TOSBICHUS TEX WIIU
MHBIX BXOJHBIX JAHHBIX.
2. 3anaua kiacrepuzanui. CaMoOOpraHU3YIOIIHECs KapThl

Opnoit u3 tonosoruid MHC, mnpenHa3HaueHHBIX JUIs pELICHUs 3aJadu
KJIAaCTepU3alMd WM 33Jauyd [MPOEUUPOBAHUST MHOTOMEPHOTO IPOCTPAHCTBA B
MIPOCTPAHCTBO C O0JIee HU3KOH Pa3MEPHOCTHIO SBIITIOTCS CAMOOPTaHU3YIOIITHECS
kaptel Koxonena (Self-organizingmaps — SOM). Ilpumep Takoii cetu
n300pak€H HA pUCYHKE 2:
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Pucynox 2 — Camoopeanusyiowascs kapma Koxonena

Pesyneratom paboter Takoit MHC sBisieTcst hopMUpOBaHHE TOMOIOTHYECKON
CTPYKTYPHI (KapThl), KOTOpas KiIacCU()UITUPYET BXOTHBIC TPUMEPHI Ha KITaCTePhI
(TpymIIBI CXOXKHX MPHUMEPOB) M BU3YAJIFHO 0TOOpaskaeT MHOTOMEpPHBIC BXO/IHBIC
JTaHHBIC HA TIOCKOCTH HEHPOHOB.
BaXHBIM TNpEerMyIIECTBOM NAaHHOTO IOAXOIa sBIsAeTcs TO, 4To 3Ta MHC
SIBJISIETCSI CaMOOOYyUaloIeics, To ecTh st o0ydeHusl el He HY>KHBI HaOOpBI
BXOJHBIX JAHHBIX U COOTBECTCTBYIOIINX UM «IIPAaBUJIBHBIX» BBIXOJAHBIX JaHHBIX.
Jdnst upentudukanuy aHOMAaJbHOW aKTHBHOCTH IO pe3ysibTaTtaM padoThI
omnepatopy PTK cnenyer noxxaarbcs popMUpOBaHHs YCTOSIBIIEHCS] CTPYKTYPBI
kiactepoB Ha Beixoze MHC, a B npornecce nanpHeimero GyHKIMOHUPOBAHUS
PTK HaOmiozath 3a HM3MEHEHHEM JI@aHHOW CTPYKTypbl. Hamuuue sBHBIX
W3MEHCHH! B Hel Oy/IeT CBHICTEIHCTBOBATh 00 aHOMAJIFHOM TTOBEICHUN.
OdYeBHIHBIM HEJOCTATKOM JAaHHOTO TOIXOJA SBISIETCS CIOXKHOCTH aHan3a
nostyqaeMbix oT UHC nanHbIX.

3. 3amaua nmporrosupoBanus. Pexyppentasie MTHC
Haubomnee xopormo 3apekoOMEeHIOBABIINMH ce0sl B PEIICHAN 3a/1a4, CBSI3aHHBIX C
MIPOTHO3UPOBAHNEM, SBISIOTCS TaK Ha3bIBACMBIC PEKypPPEHTHBIC HEHPOHHEIC
cern. Otnuume nanHoro kimacca MHC coctouT B TOM, YTO B HHUX HMMEETCS
oOpaTHasi CBsI3b: BBIXOJbI HEHPOHOB CKPBITOTO CJIOSI CETH COCAMHSIIOTCS C
BXOJIaMU CETH, T. €. Tpu 00pabOoTKe HOBOTO HaOOpa BXOIHBIX MapaMETPOB
YUUTBIBaCTCSI KOHTEKCT, BO3HUKIIMA B TIpolecce 0O0pabOTKH MpebIAyIINX
Habopos. [Ipumep Takoit cetn nzoopaxén Ha pucynke 3 (Cerb DnmaHa).
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Pucynox 3 — Cemwv Damana

VYuuTeiBasgs JUHAMHUYECKMH M TOCJEAOBATENbHBIA  XapakTep Mpolecca
ynpasienuss PTK, Takoii momxox MOXeT MOKa3aThCsl HAMOOJee ITOIXOISIIIM
IPU TIOCTPOGHUM CHUCTEM OOHAPY)KEHWsS AHOMAIIMH, TaK KaKBO3MOXHOCTh
YUHUTBIBATh B3aMMOCBA3b MEXKIY Pa3IMYHBIMM KOMaHAAMHU IO3BOJHUT CHCTEME
6osiee A3 PEKTUBHO BBINOIHATH CBOH (DYHKIHH.

3ajaya MPOrHO3MPOBAHMSI B KOHTEKCTE OOHApY>KEHUS! aHOMAaJMi yIpaBICHUS
PTK Oyzmer 3akirodaThCsl B ONPEACICHUMA BO3MOXHOM CICIYIONICH KOMaHJIbI
PTK Ha ocHOoBe mH(popManmu o npeablaymux. [Ipu oToM, eciiv nosiyueHHas
KOMaH/1a OyJIeT 3HAaYUTEIbHO OTIMYATHCS OT BO3MOXKHBIX TPOTHO3UPYEMBIX, TO
MOJKHO C/IeJIaTh BBIBOJI 00 aHOMaJIbHOM OBE/ICHHH.

Kpome Toro, pekyppeHTHbIE HEHPOHHBIE CETH MOTYT OBITh UCIIOIB30BAHbI U JUIS
pemieHust 3aqad KIacCH(HUKAIMK KaK MEpPCENTPOHBI, IPH ATOM, TP aHAIHN3E
MOTOKOBBIX HAHHBIX, K KOTOPBIM OTHOCATCS MOCIIEIOBAaTEIILHOCTH KOMaHJ
ynpasiernus PTK, oHr ciocoOHBI BRIAABATE JIyUIIHE PE3YIbTaTH [4, 6].

K coxanenuto, ToOsIBICHHE OOpAaTHBIX CBA3E€H NPHUBHOCUT HEKOTOpHIC
CIIOKHOCTH, CBsi3aHHBIe C u3MeHeHueMm cTpykrypel MHC. Kiaccuueckue
QITOPUTMBI 00yUEHUS, HCIIONb3yeMbIe U CeTeil MpsSMOro pacipoCTpaHEHHUS,
HE MOTYT OBITh UCIIOJIb30BaHbI Juisi 00yuenus Takux MHC.

CranoButcst nousaTHo, 4To MHC mo3BomA0T 3G PEKTHBHO peIIaTh pa3IduHbIe
3a1a4d, CBA3aHHBIE C OOHApy)KEHHEM aHOMAJBHOTO MOBEACHHSA B IIPOLECCE
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ynpasienust PTK. Takum o6pasom, ucnons3oBanre HC 1mo3BosuT MOBBICUTH
3aIMUIIEHHOCTh CUCTEM JIMCTAHIIMOHHOTO OecrpoBoaHoro ynpasienus PTK u
obecrieunTh Oosee BRICOKHH YPOBEHb OE30ITaCHOCTH MPOIIecca yYIPaBICHHUS 10
CpPaBHEHHUIO C TPAAWUIIMOHHO-UCIIONB3YEMBIMH CPEACTBAMHU 3aIUTHI, TaK Kak
MTOMHUMO KPHUNTOTPapUIECKOTO IMOAX0a HCIIOIB3YET MOIX0, TOCTPOCHHBIN Ha
aHaJIN3e TIOBEICHUS CHCTEMBI.
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ABTOMAaTH3UPOBAaHHbIE W POOOTH3UPOBAHHBIE CHCTEMBI  00JIQTafOT
HEPa3pBIBHOW CBSI3bI0 MEXKIY BXOASIIMMH B HUX BBIYHCIUTCIBHBIMH U
¢dusnyecknmu a1emerTaMu. CeroJiHs MpeICTaBUTENN TAKMX CUCTEM MOT'YT OBbITh
HalJIeHbl B CaMbIX Pa3HOOOpa3HbIX O0JACTSIX - KOCMOC, aBTOMOOWIIbHBIE,
XMUMHUYCCKass TEXHOJIOTHUsS, TIpaKTaHCKas HH(paACcTPyKTypa, DHEPreTHKa,
3paBOOXpaHEHUE, POU3BOACTBO, TPAHCIIOPT, M NOTPEOUTEIBCKUE YCTPOHCTBA.
Taxo#i kiacc cucteM paccMaTpuBaeTcsi Kak KnoeppHu3niyeckue CHCTEMBI.

C omHO# cTOPOHBI, KHOEPPHU3MIECKUE CUCTEMBI 3a CUET PacTIpEICICHHON
CeTH JIATYMKOB U OJIOKOB YIPaBJICHHS IO3BOJSIIOT PEUINTH MHOTHE
MPaKTHYECKHUE 3a/1a4d, [O3BOJISIONINE COKOHOMHUTh BpPEMsI M YMEHbBIIHUTH
4eJIOBeUeCKHe  IMOTEPH, 3a  CUYeT  BBIINOJHEHHS  OMACHBIX  3aJaHUi
POOOTH3NPOBAHHBIME CHCTEMAMH.

C apyroit CTOpOHBI, 33 CYET UCIOIb30BAHHS OTKPBITBIX PaJHOKAHATIOB U
MPOTOKOJIOB  KHOep(hHU3MYECKHE  CHCTEMBI  MOJBEP)KEHbI  BO3ACHCTBHUIO
KOMITBIOTEPHBIX aTaK, KOTOPBLIE B HAWIy4YIIEM CIIydae MOIYT IPHBECTH K
HapyIIeHUIO pab0TOCTIOCOOHOCTH CETH, a B XY/IIIEM K MepEXBaTy yIpaBICHHUS.

K naumbomee pacmpocTpaHEeHHBIM  KOMIIBIOTEPHBIM  aTakam  Ha
KI/I6ep¢)I/ISI/I‘IeCKI/Ie CHUCTEMBI OTHOCATCA: AKTHUBHBIC M IIaCCUBHBIC BUIbI
KOMITBIOTEPHBIX aTaK.
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VYuuThIBask BHIIIEH3I0KEHHOE, B HACTOSIIIIEE BPEMSI OCTPO CTOUT BOIIPOC O
3amUTeKnOepPU3NIECKUX CUCTEM M KaHAJOB yrpasieHus UMH. C 3TOH [enbio
MIPEATIaraeTcs CTIOIb30BaTh KPUIITOTpa(hUUIECKHE IPOTOKOJIBI  alITOPUTMEL.

Jui  peanmmsanum  3alIMTBl KaHala yNpaBieHUs KuOepdusnueckoit
CHCTEMBI, PAIlHOHAIBHBIM SBJISICTCS CUMMETPUYHBIH anroputM AES, xotopsrii
OTIIMYACTCS KPUITOCTOMKOCTBIO U OBICTPOICHCTBUEM.

B mactosmee Bpemst kpunTorpadus pemaer Clieayrolle OCHOBHBIC
3aa4m:

1. OGecneyenne KOH(PHUICHUUAIBHOCTH COOOLICHUH —  pelieHue
npoOsieMbl 3alKUThl MHGOPMAMKM OT O3HAKOMIICHHUSI C €€ COJIEPXKAHHUEM CO
CTOPOHBI JIMI, HC UMCIOIIUX IIpaBa K HEH.

2. OGecrieuenne [[EJIOCTHOCTH JTAaHHBIX —HEBO3MOXHOCTb
HECAaHKIIMOHNPOBAHHOTO N3MEHEHHS HH()OPMALIUH.

3. AyrtenTtn(uKanus — MOATBEP)KACHUE HMOMIMHHOCTH CTOPOH M CaMoO
nH(popmanuu B npouecce 0OMeHa JaHHBIMU.

4. HeB0O3MOXHOCTh OTKa3a OT aBTOPCTBA — IPEJOTBpAICHHE OTKa3a
OT COBEPILEHHBIX JACHCTBUH.

OTH 3aJa4¥l 3alIMTHl JaHHBIX PEaM30BaHbl B CIIEIHAJIBHOM amlapaTHOM
610Ke, KOTOPBbIii Ha3bIBAIOT KpHUITOrpagpuIecKum YCKOpHUTEJIEM
(xpunrorpaguyeckum GJIOKOM).

Jliist obecrieueHus: KpUNTOrpapuuecKu CTOUKOTO MPOTOKOJIA YIIPABJICHUS B
pa3paboTaHHOI poOOTHU3MPOBaHHOU cucTeMe UCIIOJB3YETCS
MUKpOKOHTpoJuiep ¢  32-paspsimabiM  simpom ARM  Cortex—M4F ¢
kpurnrorpaduueckuM yckopurenaeMm Stm32f415rgt npousBoiacTBa  KOMIIAHHU
«STMicroelectronics». J[ist Toro, 9T00BI YMIl AeMUPPOBAT MPUHATHIE ITAKETHI,
B Ka4yecTBe aJiropuTMa AemundpoBanus ucnoiabzyetcst AES ¢ mmiHo# kiroua 128
owr.

B kagecTtBe anropuTMma pacmpeselieHus KiIouel OBIT pacCMOTpPEeH |
peanu3oBaH anroput™ Juddr—Xemmana, KOTOPBIN MO3BOJISCT ABYM CTOPOHAM
MOJyYUTh OOINMI CEKPETHBIM KIFOY, HWCHONB3Yys HE3alUIIECHHBI OT
MPOCITYIIUBAHMS, HO 3AIIUIICHHBIN OT OJMEHBI, KAaHAJ CBSI3H.

Takum 00pa3oM, B HACTOSIICH CTAaThe MPEICTABICH MPUMEDP CO3IAHHS
POOOTHU3UPOBAHHOTO KOMILIEKCa, Kak aneMeHTa KBC, ¢ 3amuieHHo# cucreMoit
YOpaBJICHHS UM Ha OCHOBE ajroputma mudpoBanus AES, sBigrommMcs Ha
CETOMHANIHAN MOMEHT HanOoJIee KPUITOCTONKIIM.

Kpom TOro, s 3amuTel OT aTakkm  «rpyboro  mepedopar
KpUNTOTpaQUIECKOTo  KIIF0YaB  CHCTEME  YIpaBICHUS  HEOOXOAWMO
peamu30BBIBATh ~ ANTOPHTM  pACHpENCTCHHS  KIIOYeH,  TIO3BOJIIOLIUA
TeHEPHUPOBATh HOBBIM KITFOU, KaKIBIH pa3 Tepe/1 BEIOJHEHHEM KOMaH/IbI.
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COMPLEXES

RTC, Saint-Petersburg

[Ipu nmpon3BoacTBE POOOTOB C KAXKABIM FOJIOM HMPEIBSBISIOTCS Bee Goee
BBICOKHE TpeOOBaHMS K  JeTalssM W KOMIIOHGHTaM poOOTOB M
pPOOOTOTEXHUYECKUX CHCTEM, B YACTHOCTH 3TO KacaeTcsi IPOM3BOJCTBA
KOPITyCHBIX 3JieMeHTOB. K Kopmycam poOOTOB pa3iMYHOrO HA3HAYCHHS
NPEABSBISIIOTCS pa3yinuHble TpeOoBaHus. B 0COOGHHOCTH 3TO Kacaercs
POOOTOB-MaHMITYJIATOPOB,  AHTPONOMOP(]HBIX ~ poOOTOB U poOOTOB
CHELHUaNbHOTO HAa3HA4YeHHUs, B T.4. OIKCTpeManbHble poOoThl. KopmycHbie
9JMIEMEHTH POOOTOB CTAHOBATCS Bce Ooyiee  CIOKHBIMH, oOierdaercs
KOHCTPYKIIUS, UCIOJBb3YIOTCS MaTeMaTHUeCKOe MOJICIMPOBAaHKME JUIs ITOMCKa
ONTHMAJBHBIX ~ BapUaHTOB  KOHCTPYKIMH, OTBEYAIOIIMM  TpPeOOBaHHAM
NPOYHOCTH, TA0APUTHBIX PAa3MEPOB, MACChl, TUHAMUKH U (YHKIHOHAIBHOCTH.
[Ipumepamu Takux neraneil sBistoTcs Kopmyca podotoB KUKA, ESTUN,
Kawasaki u 1ap. B mnpoMBIIUICHHOCTH BCe OOJbIIE BO3PacTacT BIHUSHHUE
OMOHMYECKOTro Ju3aifHa, dTa TEHJICHIHUS OTPAKAeTCs M B IPOCKTHPOBAHWUHU
poOOTOB, Bce OOJIbIIE KOHCTPYKIMI CTAaHOBSITCS TOHbIIE, U3SIIHEE, Jerde, Mpu
9TOM COXPaHSIOTCS IPOYHOCTHBIE XaPAKTEPUCTHKH.

Jns  mpuMeHeHHs — pe3ylJbTaTOB  pacdeToB M MaTeMaTHYEeCKOro
MOJECIUPOBAHUS  BO3HUKAeT HEOOXOIUMOCTh NPHUMEHATH COBPEMEHHBIC
TEXHOJIOTUH IIPOM3BOACTBA, TAKHE KaK AIXJUTHBHBIC TEXHOJIOTHH.

BOoBIIMHCTBO KOPITYCHBIX 2JIEMEHTOB POOOTOB BBITIOIHAETCS C HIOMOLIBIO
JHUTHS METaLIOB. [IpuMepsr poGOTOB ¢ TAaKMMH >JIEMEHTaMH IPEICTaBIeHbl Ha
puc.l u puc.2.
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JInTeie netanu

Puc.1 Po6orer KUKA, Kawasaki
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Puc.2 KopmycHsle 31eMeHTs pob0ToB pa3zpadaTtsiBaembix B [IHMU PTK

ITIpumenenune 3D npuHTEpa JUISI CO3MIAHUS JIMTEHHBIX (OPM ITO3BOJIAT
N3rOTaBJINBATh KOPITYCHBIE 3JIEMEHTHI BEICOKOH CIIOKHOCTH B KOPOTKHE CPOKH.
OcHoBHast obOmacte mpuMmeHeHns 3D mpuHTepa: BapuWaTHBHBIA IOWCK MIPH
pa3paboTKe KOHCTPYKIMH HOBBIX POOOTOB, M3rOTOBJICHHE NMJIOTHBIX CEpHUH
MIPOJIyKTa, U3TOTOBJICHHE HEOOJBIINX CEPH CHEIUATBHBIX U AKCTPEMAIbHBIX
poOoTOB.

TexHosorus co3ganus JIUTEHHBIX (OPM METOJOM TOCIOHHOTO CHUHTE3a
(3D neuaTn) 3aKIFOYACTCS B IIOCTOWHOM MMOCTPOCHUH JI€TaJICH TUTSHHON GopMBbI
U3 TOPOIIKOBBIX MAaTepHajoB, TaKMX KaK KBapLEBBIH WM KepaMHUUECKHU
TIOPOIIOK, UCTIONIB3Ys B KAUECTBE MCXOAHOTO 33aHMs TPEXMEPHYIO HU(PPOBYIO
MO/JIETIb JINTEHHOH (hopMbL. B 1iuypoBoit MOJENIH yXKe YITECHBI TEXHOJIOTHIECKHE
0coOeHHOCTH (DOPMBI, JUTHUKOBO-TIMTAIONIAS CHCTEMA, BHINOpa, MPUOBLIH.
[Tpouecc mocTpoeHus AUTEHHONW (HOPMBI COCTOMT M3 ABYX ATAIOB HA KaXIOM
cinoe. IlepBblil oTam: HaHeceHME MOPOLIKOBOIO MaTepuayia (KBapLEBOTO HWIIN
KEepaMHUYEecKoro) B Kamepe mocTpoeHus. [lopomiok, B 3aBHCHMOCTH OT
TIOCIEAYIOIETO Ha3HA4YECHUA JIMTEIHON (hopmsl, NIPEABaAPUTENIBHO
MOJIrOTaBJIMBACTCS. BTOPOI 3Tar: nociie HaHeCeHMUs KayKI0ro CJIOs TIPOUCXOIAHUT
BHECEHHE CBS3YIOLIETO0 B TOPOWIKOBBIA Martepuasn. C(Cxema mpouecca
IIpeJCcTaBeHa Ha pHc.3

Limapmobioe CoCmosHUe ni 1 HaHecesue L/08 oooua Jnan 2 Byeconue cossymezo
YompoucmBa Brecenus (hasypwess
Yompoucméo HaKeceHuSs NopawKka

n__ R -B 5 B

» T =

Kavepa nocmpoeriug i wa Aumedkas papd
Puc.3 Cxema nocioiHOro co3aanust IMTeHHON GopMbl
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[IpeumyiiecTBO  ONMCHIBAEMOM  TEXHOJOTHH TIE€pe] TpaJULHMOHHOMN
3aKJII0YAETCS B CIEAYIOMEM: TPAAUIMOHHAS TEXHOJIOTHS peau3yercs JU0o ¢
MIOMOILBIO JINTBSI B pa3oBble (OPMBI CO3JAaHHBIC BPYUYHYIO 10 (HH3HYECKHM
MacTep-MoJelsiM, 4To TpedyeT JUIMHHOH TEXHOJOTMYSCKOW JIMHUM IO
U3TOTOBJICHHUIO MacTeP-MOJEIH, IOATOTOBKE CMeCH, (OPMOBKe dacTeil GopMBL,
UX CYIIKH, MeCTa Ul XpaHeHWs MoJeledl W T.J, THOO0 JHThS B KOKWIb
(MeTamTIaecKyo GopMy), 9TO SBISETCS O9CHB NOITHM (0T 6 Mec. no 1-2 ier),
3aTpaTHBIM, TPYJOEMKHMM M JKOHOMHYECKH HEBBITOJHBIM  CIIOCOOOM,
COIPSDKEHHBIM C BBICOKMM PUCKOM Opaka IpH HM3roTOBJIEHHHM KOokuist. Ooe
TPaIMLUMOHHBIE TEXHOJOIMH HMMEIOT TEXHOJIOTMYECKHE OrpaHUueHHs] Ha
CJIO)KHOCTh BHYTpEHHeH KoH(urypaumu omimBku. Mcnosb3yst TpajnuMOHHBIE
TEXHOJIOTMM HEBO3MOXKHO MIIM KpaHE CJI0KHO BBINOJHHUTH CIIOYKHBIE KaHAIIbI
OXJIAXKJICHUs, ONTUMH3UPOBATH KOHCTPYKLUHMIO W CHH3UTH NPHIYCK HA
HOCHEYIONyl0 00paboTKy, 4YTO OrpaHMYHMBAeCT IIOTCHLIMANT pPa3pabOTKU
HPOIYKLHUH.

[lepeuncnennple TPOOIEMBbl 3aTPYIHSAIOT BBIIYCK HOBBIX MOJENCH H
HOBBIX BHOB NPOAYKLHUH, YBEIMYHUBAIOT CPOKU BHIX0OJa HOBHHOK Ha PHIHOK U
CTOMMOCTh 3allycKa B IPOM3BOJCTBO, YTO HEraTHBHO CKa3bIBaeTCs Ha
KOHKYPEHTOCIIOCOOHOCTH ~ TPOAYKIMH. [IpoGnemMbl ¢ HEBO3MOXKHOCTBHIO
peanM3zalMM  TPAAMUMOHHBIMH  TEXHOJIOTMSMH  HAWIYYIIMX  pacyeTHbBIX
KOH(UTypanuuid KOHCTPYKILMM BEIeT K CHIDKCHHIO OSKCIUTyaTallMOHHBIX
XapaKTEePUCTHUK IIPOAYKIHH.

Jlist Ipeo10JIeHMs TEXHOJIOTHUECKUX OTPaHMYCHUIT U YCKOPEHHS CPOKOB
MIPOCKTUPOBAHKS ¥ MPOU3BOJICTBA B IMOCIEAHEE BPEMsI MUPOBBIMHU JIHJEpaMU
MaIIMHOCTPOCHUS aKTUBHO NMPUMEHSIOTCS aAINTHBHBIE TexHotoruu. Co3nanne
JUTEHHBIX ()OPM C UCIIOIB30BAHMEM METOJIOB IOCIOWHOTIO CHHTE3a MO3BOJISIET
00OHTH TEXHOJIOTMYECKHE OrPAaHWYEHUs] TPATULIHOHHBIX TEXHOJOTHH U
COKPaTUTb TEXHOJIOTUYECKYIO LIETIOUKY OTKa3aBIINCh OT CIEAYIOIINX ONepaIHid:
W3TOTOBJICHHSI MAacTEepP-MOJEIH U3 MeTajula WIM KOMIIO3UTHBIX MaTepualIoB,
N3rOTOBJICHHE JIMTHUKOBOW CHUCTEMBI M NpHObLICH (hopMoBKa wacTel (Gopmbl
(ycTaHOBKa MacTep MOZENU M JIMTHHKOBOW CHCTEMBI B OIIOKY M 3achIlIKa
CMeCBHI0). DTO MPUBOAUT K COKPALIEHHIO BPEMEHH ITPOU3BOJCTBA U CHHIKCHHIO
CTOMMOCTH (OpMBI Ha MOPSAOK. Vcronp3oBaHME anbTEPHATHBHBIX BHIOB
QUINTHBHBIX TEXHOJIOTHH I 3aMEHBI TPaJUIIMOHHBIX TEXHOJIOTHH ITOJIy4eHHs
OTJIMBOK, HE CMOTPsS. Ha IOBBIEHUS TOYHOCTH, YCTYIAIOT OIMCHIBAEMOW
TEXHOJIOTHH 10 CKOPOCTH IOJy4eHHs OTIMBKM (TexHoyoruu tuma SLA, SLS,
FDM, MIM) T.k. mo-nipesxHeMy TpeOyIoT (POPMOBKH, yIaJICHUSI MacTep-MOJIeIH,
MIPOKaJIKK (hOPMBI, WIIM Ype3BbIYaiiHo Joporu (texHosoruu thna SLM, DMD,
LDM). B TexHOI0THY CO31aHUS TUTEHHBIX ()OPM METOJIOM MOCIOWHOTO CHHTE3a
MIPUMEHSIIOTCS.  HEJIOPOTHE  PACXOJHBIE MaTepHajbl, CTOUMOCTH T'OTOBOU
JUTEHHOW (OPMBI JUIS JIMThSl AJIOMUHMS, CTald, MarHusi HE NpEBbIIIACT
100py6/kT hopMBI.
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Bce Bhlllecka3aHHOE TO3BONAET CHeNaTh BBIBOJ, UYTO HPUMEHEHUE
TEXHOJIOTHH TPSMOTO CO3aHUS JTUTEHHBIX (POPM METOIOM ITOCTIOHHOTO CHHTE3a
mo mu¢ppoBoi 3D momenm A MONMYYeHHS OTIMBOK CIIOKHBIX KOPITYCHBIX
JJIEMEHTOB POOOTOB M POOOTOTEXHWYECKHX CHCTEM II03BOJIUT CHHU3UTH
M3JCPKKU Ha CTaTUH MPOU3BOJCTBA OMBITHBIX 0OPA3IOB, YCKOPUTH IPOIECC
pa3paboTKK HOBBIX BHIOB MPOIYKINH B 00ECTIEYNTh NX BBIBOJ] HA PHIHOK.

PabGora BrpmmomHeHa npu (QUHAHCOBOW ToAnepkke MUHHCTEpCTBa
oOpa3oBanust u Hayku P® B pamkax cormamenus Ne 14.575.21.0162 o
npegoctaBicHur  cyOcumuu  Ha  BeimosHenwe — [IHW.  YHukanbHbIif
naeHtudukarop pador (npoekra) — RFMEFI57517X0162
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B mocieanue ro/pl BHOBb HaOJII01a€TCsI TIOBBIILICHHBIH HHTEPEC CIICLHAINCTOB
K UCKYCCTBEHHBIM HEHPOHHBIM CETSIM U aJTOPUTMAaM Ha UX OCHOBE. Bbicokas
MIPOU3BOIUTEILHOCTh COBPEMEHHBIX BBIUHCIUTEIbHBIX MAIIMH MO3BOJISET
CTPOUTh W HCIOJIB30BaTh 0O0JIee CIIOKHBIE apPXUTEKTYPhl HCKYCCTBEHHBIX
HEWpOHHBIX ceTell 4eM B mpormnioM. MIMeHHO Onaromapst MIMPOKOMY CHEKTPY
penaeMbIX 3a1a4 HEHPOHHBIE CETH IMOJB3YIOTCS TAaKUM OOJIBIINM CIIPOCOM B
COBpPEMEHHOM MUpe. BenencTue cioxHON 1 THOKOI CTPYKTYPBI, a TaKKe 09eHb
OOJIBIIOTO KOJIIMYECTBA HACTPAMBAEMBIX IApaMETPOB, CHCTEMbl HAa OCHOBE
HEWPOHHBIX CEeTel CIOCOOBI BOCIIPON3BOUTE MOBEICHHUE CIIOKHBIX (DYHKIMH U
3aBUCUMOCTEH.

B pamkax uccieoBaHMI UCKYCCTBEHHBIX HEHPOHHBIX CETEH Ha JaHHOM 3Talle
pa3paboTaHO MHOXKECTBO AapXUTEKTYp HEHPOHHBIX ceTed. D(PQPEeKTHBHOCTH
K10} apXUTEKTYPHI MIPOSABISIETCS TP PEIICHUH KOHKPETHOH 3a/1a4H.

Meural Networks
| i

Networks

Unregular Nets ] Spiking Neural ] [ Recurrent Neural Residual Neural

Networks Networks

Convolutional Neural
Metworks (CNN)

[ron ] [ oo ]

Faster R-CNN

Puc. OcHOBHBIEC Pa3HOBUIHOCTH UCKYCCTBEHHBIX HEHPOHHBIX CeTeH.

Heperymsipusie ueiipornsie cetr (Unregular Nets) ncrosb3yrores B 3a1auax, rie
HEeoO0X0MMa KilacTepu3aius JaHHbIX. MIMynscHbIe HeliporHble cetu (Spiking
Neural Networks) moryr momemupoBath MpoCThie OUONOTHYECKHE MPOIECCHI
LEHTPaJIbHO HEPBHOW CHUCTeMBL. B peKyppeHTHBIX HEHPOHHBIX CETIX
(Recurrent Neural Network) — curnasn o6pa3yeT 0Hy UK HECKOJIBKO METENb BO
BpeMsl IPOXOXKACHHS Yepe3 CJIOH HEHPOHOB. B 0CTaTOUHBIX HEHPOHHBIX CETIX
(Residual Neural Networks) curuan MokeT pactipoCTpaHsTCst B 00X0 OJHOTO
WIM  HECKOJIBKMX cloéB. CaMbIMH  paclpOCTpaHeHHBIMH B  3ajadax
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TEXHUYECKOT0 3peHHsI cCunTarTest cBEpToUHbIe HeiipoHHsie cetu (Convolutional
Neural Networks).

JlanHBII MaTepmanm BKmMIOYaeT B ce0f 0030p HOBEHIINX apXHTEKTYp
HCKYCCTBEHHBIX HEWPOHHBIX ceTell riybokoro oOyuenums. Takmx kak SSD
(Single Shot Detector), R-CNN (Region-based Convolutional Neural Network)
[1], Faster R-CNN [2] u YOLO (You Only Look Once) [3, 4]. [Ipuenens! Takue
CpaBHHUTEIIbHBIC IOKAa3aTeIM I3THX HCKYCCTBEHHBIX HEHPOHHBIX CeTeH Kak
CKOpOCTh 00paboTku wu3o0paxkenuid [5, 6], TOYHOCTH OOHAPYKECHHS U
kiaccudukanun o0beKTa, a TakKe pazmep M Tornosorus cetu. Jlannas padora
MO3BOJISIET ClieNaTh BBIBOJ O 11€1ecO00pa3HOCTH BbIOOpa TOM WM MHOM
APXUTEKTYphl CETH [IyOOKOro OOYYeHHST B YCJOBUSAX HCIOJIb30BAHHUS
MoOuibHOTO poborta [7]. PaccMoTpeHBI OCHOBHbIE HAOOPHI JIAHHBIX IS
OCYIICCTBIICHUSI OOYYCHHs] TPEICTaBICHHBIX apXuUTeKTyp. [IpemmoxeHst
NOTCHLHUAJbHBIC HANIPABICHUS U 00JIACTH NPHUMEHEHHS PACCMOTPEHHBIX CeTei
riry6okoro o0yuenus [8].

1. S.Ren, K. He, R. Girshick, and J. Sun. Faster r-cnn: Towards real-time
object detection with region proposal networks. arXiv preprint
arXiv:1506.01497, 2015. 2, 3,4, 5,6

R. B. Girshick. Fast R-CNN. CoRR, abs/1504.08083, 2015. 4, 5, 6

3. Joseph Redmon, Ali Farhadi. YOLO9000: Better, Faster, Stronger.
University of Washington, Allen Institute for Al. 2016.

4. J. Redmon, S. Divvala, R. Girshick, and A. Farhadi. You only look
once: Unified, real-time object detection. arXiv preprint
arXiv:1506.02640, 2015. 4, 5

5. K. Simonyan and A. Zisserman. Very deep convolutional networks for
large-scale image recognition. arXiv preprint arXiv:1409.1556, 2014.
2,5

6. K. He, X. Zhang, S. Ren, and J. Sun. Deep residual learning for image
recognition. arXiv preprint arXiv:1512.03385, 2015. 2, 4, 5

7. Anton Korsakov, lvan Fomin, Dmitry Gromoshinsky, Aleksandr
Bakhshiev, Dmitrii Stepanov, Ekaterina Smirnova. Determination of an
Unmanned Mobile Object Orientation by Natural Landmarks //
Supplementary Proceedings of the Fifth International Conference on
Analysis of Images, Social Networks and Texts (AIST-SUP 2016),
Yekaterinburg, Russia, April 6-8, 2015. Published on CEUR-WS, vol.
1710, pp. 91-101, 17.11.2016. Online: http://ceur-ws.org/\Vol-1710/

8. Fomin, L.S., Bakhshiev, A.V., Gromoshinskii, D.A. Study of Using
Deep Learning Nets for Mark Detection in Space Docking Control
Images // Procedia Computer Science. Issue 103C, 2017. — pp. 59-66.

n

257



A. Komarov, A.V. Bakhshiev
REVIEW OF ARCHITECTURES OF ARTIFICIAL NEURAL
NETWORKS FOR COMPUTER VISION SYSTEMS IN MOBILE
ROBOTICS

SPbPU; RTC, Saint-Petersburg
alex_komaroff007@mail.ru

In recent years, there has been an increased interest of specialists in artificial
neural networks and algorithms based on them. High performance of modern
computers allows to build and use more complex architectures of artificial
neural networks than in the past years. It is due to a wide range of problems that
neural networks can solve that they are in great demand in the modern world.
Due to the complex and flexible structure and a very large number of adjustable
parameters, a system based on a neural network is capable of reproducing the
behavior of complex functions and dependencies.

In the field of studies of artificial neural networks at this stage, many
architectures of neural networks have been developed. The effectiveness of
each architecture is revealed when solving a particular problem.

Neural Networks
I |

¥ h 4 Y

Unregular Nets J [ Spiking Neural ] [RecurremNeural ] [ Residual Neural

Networks Networks Networks
Convolutional Neural
Networks (CNN)

T N O

Faster R-CNN

Pic. Main categories of artificial neural networks.

Unregular networks are used in tasks where clustering of data is necessary.
Spiking neural networks can simulate simple biological processes of the central
nervous system. In recurrent neural networks - the signal forms one or several
loops during its passage through the layers of neurons. In residual neural
networks, the signal can propagate bypassing one or more layers. Convolutional
neural networks are considered to be the most common in the computer vision
tasks.

The given material includes a complete review of the newest artificial neural
networks of deep learning. Such as SSD (Single Shot Detector), R-CNN
(Region-based Convolutional Neural Network) [1], Faster R-CNN [2] and
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YOLO (You Only Look Once) [3, 4]. Here is also given a comparison of such
qualities of these networks as the speed of image processing [5, 6], the precision
of detection and classification of the object, and also the size and the topology of
the network. The given work allows to make a conclusion about the effectiveness
of choice of one or the other architecture of the deep learning network under the
conditions of use in the mobile robotics [7]. The main datasets for training of the
given architectures were considered. Potential directions and areas of application
of the deep learning networks were also offered [8].
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B.B. Bapnawiun, O.A. IlImakog
TPOTPAMMHO-ATIITAPATHBII KOMILJIEKC JIJIS ITIPOBEJIEHUS
3KCHEPUMEHTAJIBHBIX UCCIEJOBAHUAN JIOKOMOITAA
3MEEBU/IHOI'O POBOTA
HA BA3E CUCTEMBbI 3AXBATA ABUKEHUS

CIIoIly; 'HL] P® IJHUU PTK, Canxkm-Ilemep6ype
botanic-8@yandex.ru, shmakov@rtc.ru

[IpuBeneHO OMUCaHKE MPOTPAMMHO-AMIMAPATHOTO KOMILIEKCA IS
UCCIIEIOBAHMS JIOKOMOIIMM 3MEEBHIHOTO POOOTA C MCIIOJIb30BAHUEM CHUCTEMBI
3axBaTa JBWXKEHHs. B cOCTaB KOMIUIEKCA BXOJAT KaMepbl C IOIEPIKKON
UK-auana3ona, 51abopaTOpHBIA NPOTrpaMMHUPYEMbIH HCTOYHMK IMHTaHUS WU
pabouasi craHiysl sl YOpaBJieHHss poOOTOM, CUCTEMOM 3axBaTa JIBUKEHHS U
00paboTKK MONTyYeHHBIX AaHHBIX. [IporpaMmHOe 00ecreUeHHe peain30BaHo B
makete Simulink Matlab, o0ecneunBaromiero B3auMOAEHCTBHE € CHUCTEMOMH
3axBaTa [BIDKCHUS] M HWCTOYHHKOM MHTaHUS TPH MOMOIIHM CTaHIAPTHBIX
HHCTPYMEHTOB. [IpencraBieHbl pe3ynbTaThl HCIBITAHUNA MPH BBINOJTHEHUN
JIOKOMOIIMOHHBIX MOJ,.

KiroueBble cjioBa

3MEEBI/IIIHBHZ POBOT, IIPOTPAMMHOE OBECIIEHEHUE
VIIPABJIEHUS POBOTOM, CHUCTEMA 3AXBATA JBWXEHUSI,
OKCIIEPUMEHTAJIbBHOE UCCJIEJJOBAHUE.

V.V. Varlashin, O.A. Shmakov
HARDWARE AND SOFTWARE SYSTEM FOR CONDUCTING
EXPERIMENTAL STUDIES OF LOCOMOTION OF SNAKE ROBOT
BASED ON A MOTION CAPTURE SYSTEM

SPbPU RTC, Saint-Petersburg,
botanic-8@yandex.ru, shmakov@rtc.ru

A description of the design of hardware and software system for study
modes of locomotion of snake robot using motion capture system are presented.
System includes cameras with IR support, a laboratory programmable power
supply and workstation for controlling the robot, motion capture and data
processing. The software is implemented in the Simulink Matlab, which provides
interaction with the motion capture system and power supply with standard tools.
The results of tests for the performance of modes of locomotion are presented.

Keyword: SNAKE ROBOT, THE SOFTWARE ROBOT CONTROL,
MOTION CAPTURE SYSTEM, EXPERIMENTAL STUDY.
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H.A. Pyouanos, B.C. Xpyuies
OPTAHM3AIIAA MPUOBPETEHUS U ®OPMAJIM3AIIAN 3HAHUI
HUHTEJJIEKTYAJIBHBIX CUCTEM NEPCIIEKTUBHbIX
ABTOHOMHBIX PTK BOEHHOI'O HABHAUEHU S B XOJAE
OIIBITHO-BOMCKOBOM DKCILIYATAIIMA JUCTAHIIMOHHO-
YHPABJISIEMbBIX KOMIIIEKCOB

3 IJHUU MO P®, Mocksa

PaccmatpuBaroTcsi BOIPOCHI IPUOOPETCHHS 3HAHUIA 1151 TOCTPOCHUS
MHTEJUICKTYaJIbHBIX CUCTEM YIPABJICHHUS BOOPYKCHHUEM aBTOHOMHBIX
Ha3eMHBIX po00TOB. [IpeayaraeTes Tako 3TaI )KU3HEHHOTO IHKJIA, KaK
OTIBITHO BOMCKOBAsI AKCILTyaTAlK POOOTOTEXHUIECKUX KOMILIEKCOB BOGHHOTO
Ha3HAYCHUsI UCTIOJIL30BATh JIJIS OIIpe/ielieHns: 00IrKa U HOpMHUPOBAHUS
MHTEJJICKTYaJ bHBIX CUCTEM MPUHSTHUS PELICHU, TPHOOPETEHHUS B X0/I€ Hee U
(dbopmanuzaiuu 3HaHUii 0 TUIIOBBIX 33a4ax (PyHKIIMOHUPOBAHHS, IEPEUHIO,
XapaKTEePUCTUKAM U MPHU3HAKAM THITOBBIX IIEJIEH, MOCIIeI0BATEILHOCTH
JICUCTBUH, MEPEUHIO BO3HUKAIOIINX AJIbTEPHATHUB TP MPUHITUH PELICHHUN B
xoJie 60eBOi pabOTHI U TIpaBUIIaX UX BHIOOpA.

N.A. Rudianov, V.S. Khruschev
ORGANIZATION OF THE ACQUISITION AND FORMALIZATION OF
KNOWLEDGE OF INTELLIGENT SYSTEMS OF PROSPECTIVE
AUTONOMOUS MILITARY RTK IN THE COURSE OF PILOT
OPERATION OF REMOTE-CONTROLLED COMPLEXES

3 CNII MD RF, Moscow

The issues of acquiring knowledge for the construction of intelligent
weapon control systems for autonomous terrestrial robots are considered. This
stage of the life cycle is proposed as an experimental operation of the operation
of robotic military complexes used to determine the appearance and formation
of intelligent decision-making systems, the acquisition and formalization of
knowledge about typical tasks of operation, a list, characteristics and
characteristics of typical goals, sequence of actions, a list of emerging
Alternatives when making decisions in the course of combat operations and the
rules for their selection.
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C.M. Cokonos, A.A. Bozycnaeckuit, H./l. bexnemuuies,
O.B. Tpugonos, O.U. /lasvioos
K BOITPOCY O BbIBOPE JAJIbHOMETPUYECKHX CEHCOPOB B
3AJAYAX MOBUJIBHON POBOTOTEXHUKM*.

HUITIM um. M.B. Kenovuuua PAH, Mockea
sokolsm@keldysh.ru

, Sokolov S.M., Boguslavskiy A.A., Beklemishev N.D.,
Trifonov O.V., Davydov O.V.
REGARDING THE CHOICE OF THE RANGE-FINDING SENSORS IN
THE TASKS OF MOBILE ROBOTICS

Keldysh Institute of Applied Mathematics (Russian Academy of Sciences),
Moscow
sokolsm@keldysh.ru

B noknane npuBOAATCS TEHAEHIMH Pa3BUTHS COBPEMEHHOW MOOHMIIBHOM
POOOTOTEXHUKH, CPEAM HHUX BBIICISAIOTCA: MEPEXOJ K IPAKTUIECKOMY
UCTIONIb30BAHMIO  OCGCHMIIOTHBIX YCTPOHCTB C  TIOBBIIICHHOW CTENEHBIO
ABTOHOMHOCTH U TIOJIHOCTBIO aBTOHOMHBIX; BO3PAcTaHHE POJM IPOTPaAaMMHOTO
obecrieueHnss B CO3JaHHM POOOTOTEXHHMUYECKHX KOMIUIEKCOB U CHCTEM
TEXHUYECKOTO 3PEHHMS B YaCTH CUCTEM MH(POPMAMOHHOTO obecriedeHus [ 1, 2].
OO6cyxnaroTcs TpoOIeMBbl CEHCOPHOTO obOecreueHusi MOOMIBHBIX POOOTOB ¢
MOBBILIEHHON  CTENeHbI0  aBTOHOMHOCTH.  ONMCBIBAIOTCS — pe3yJIbTaThl
CPAaBHUTEIBLHOTIO aHAJIN3a 00pa3I0B YCTPONUCTB YETHIPEX TUIIOB, UCIIOJIB3YEMbIX
B COCTaBe CHCTEM HH(OPMALMOHHOTO OOecredyeHuss MOOMIbHBIX CpelcTB. B
pacCMOTPEHHH ydacTBOBajM: JaszepHbiii ckanep Hokuyo URG-04LX-UGO01;
narunk ynainensoctu Kinect for Windows; spemsinponetnas kamepa Basler ToF
640-20gm_850nm (Time-of-Flight); crtepeocuctema, obGpasoBaHHast IBYMS
KaMepaMH, YCTaHOBJICHHBIMH Ha 3BEHBSIX MAHUITYJSATOpA HA IIOJBI)KHOM
OCHOBAHHMHU.

DKCHEPUMEHTBHI 110 cO0PY JTAaHHBIX TPOBOJIMIIMCEH C TIOMOIIBIO OABHKHON
1aThopMBI, Ha KOTOPOH ycTaHoBIeH ManumysiTop PBUXK.442469.001 (OAO
«HUUBK M. M.A. Kap1ieBay») 1 Bce CEHCOPBI, y4aCTBOBABIIHE B IKCIICPHMEHTE

(puc. 1).
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Buaeokamepa
MaHunynsaTopa

Bugeokamepa
MaHunynaTopa BpewmanponetHan

kamepa Basler ToF

JIEY T
rnyGuHBI

Puc. 1. Muorodyaxmmonansasiit Manumyssitop PBMIK.442469.001 Ha
MTOJIBIHKHOM TTaT(hopMe ¢ yCTAaHOBICHHBIMHU TaTbHOMETPHYECKIMHA
CEHCOpaMH.

[Tnatpopma C mepedyHCICHHBIMM CEHCOpaMM  IepeMeliaiach Mo
NIPOCTPaHCTBY J1abopaTtopuu. Mojiellb Cpejibl, UCTIOIb3yeMasl B JaHHOW padoTe,
sBIsieTcst MeTpuueckoit 2.5D Mopenblo, cocrosiieil U3 TOPU3OHTAIBHBIX U
BEPTUKAJIBHBIX IUI0cKocTeil. [TogpoOHo 3Ta Mosenp onucana B pabdore [3]. s
TaKOW MOJETM B KAueCTBE OTIMYHMTENIBHBIX IPHU3HAKOB - OPUEHTHPOB
BBIOMPAIOTCSI TTOBEPXHOCTU CTEH M NPEIMETOB, HAXOMSIIMXCS B MOMELICHUH,
YTIIBI MEKAY TIOBEPXHOCTSIMH, & TAKXKe KPOMKH ITHX ITOBEPXHOCTEH.

AHanmu3 XapaKTepHCTHK CEHCOPOB M UX TPUMEHHMOCTH IPOBOIMIICS B
KOH(HUTYpaIIMOHHOM TPOCTPAHCTBE CHCTEM HH()OPMAIMOHHOTO O0eCTeUeHHS
MOOMITEHBIX POOOTOTEXHUIECKUX KOMIUIEKCOB [4].

Ha ocHOBe CpaBHHUTENBPHOT'O aHalW3a PACCMOTPEHHBIX CEHCOPOB U
MMEIOLIErocs OIbiTa B pa3pabdoTKe CHUCTEM HMH(POPMAIIMOHHOIO 00ECHeYeHUs
MOOHIBHBIX CpCACTB C MOBBIIIEHHON CTENEHBI0 ABTOHOMHOCTH npeajiararoTcsa K
o0cyxkaeHuto Haubosiee 3(PPEKTHBHBIE KOMIIOHOBKH HabHOMETPHUCCKUX
CHUCTEM U HAMEYAIOTCS MyTH AAJIbHEHIINX UCCIeJOBaHUMH.

1.CaliT TpOeKTa «caMoyIpaBisieMblity aBroMobmmb (self-driving car)
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pexxum nocryma https://www.google.com/selfdrivingcar

2. Maimone M. et al. Autonomous Navigation Results from the Mars
Exploration Rover (MER) Mission / Experimental Robotics 1X, STAR 21,
Springer-Verlag, pp.3-12, 2006.

Ellery A. Rover vision — fundamentals / Planetary Rovers, Springer, 2016,
pp.199-262.

3. O.1. HaseinoB, A.K. [TmatonoB. KommuiekcHast kKapTa OTepamoOHHOMN
cpenbl podora. //PoboToTexHHKa M HICKYCCTBEHHBIN HHTEIUIEKT. MaTtepuaist VII
Bceepoccuiickoll HayuHO-TexHHYeckol KoHpepeHuuu, JKemnezHoropck, 2015,
ctp. 108-114.

4. S.M. Sokolov, A.A. Boguslavsky Methodological aspects for the
development of information systems of unmanned mobile vehicles. Proc. 13th
International Conference on Informatics in Control, Automation and Robotics
(ICINCO2016), pg. 492-498.
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C.H. Aumonenxo, B.I1. Makapsrues
HUCCIEJOBAHUE JUHAMUKHU ABUKUTEJEU TOABOAHOI'O
ATITITAPATA

THI] P® [[HHUU PTK, Canxkm-Ilemepoype
makar@rtc.ru

Haubonee mnepcHeKTUBHBIM ~ METOJOM  YNPABJICHHS  TOABOJHBIMH
amnmapaTaMu SBJISiETCSA YIpaBJIeHHE Ha OCHOBE Mojenu. IIpu 3Tom Ha OcHOBe
ypaBHCHHUU OOpaTHOM IMHAMHUKHU arapaTa BBIYUCISIOTCS CHAuajia TJIaBHBIH
BEKTOpP CHUJI-MOMEHTOB, KOTOPBI 3aTeéM pacKJIaabIBaeTCs Ha HEOOXOIHMBbIE
YCUJIUS ABUKUTENCH.

OOBIYHO, ¢ TOW WM WHOH CTENeHBI0 TOYHOCTH, HW3BECTHHI MPSMBIC
YpaBHCHWSI, TAIOIIHE BRIPAKCHHUS YCHUIIAN TBIKUTENCH OT CKOPOCTEH BpameHHs
BUHTOB JABIKUTeNeH. Tpebyercs TOCTpOUTH OOpaTHBIH omepaTop, dTO
MpeACTaBIsIeT COOOH HE COBCEM TPHBHAJBHYIO 3aJady: OMNpPEICITUThH
HEOOXOIMMBIC CKOPOCTH BPAIICHHS JBIKHUTEICH OTHOCHTEIBHO HEOOXOUMBIX
pa3BUBAaCMbBIX UMH YCHIIMH U psa JPYTUX MapaMeTpOB.

JlanHas paboTa MOCBSIIEHA MCCIEIOBAHUIO DPELICHUS TaHHOM 3aJadu
AQHAJUTUYECKMM METOJOM M METOAOM KOMIBIOTEPHOIO HMHTAIIMOHHOTO
MOJICIPOBAHHS BCETO ammapara.

B nmanHOoW pabote mpemmaraeTcsi Ba crocoba  KOMIIEHCAIMH
HeompezeneHHocTH MoAenu: (1) amanTuBHAs TacCHBHAs cXeMa YIpaBlIEHUS U
(2) ruOpuaHbIM (aJanTHBHBIM ¥ CKOJB3ANINIA) KOHTpoiutep. I MOpUAHBIN
KOHTPOJUIEP COCTOUT M3 MEPEKIFOYAIONIETO JICMEHTa, KOTOPBIA KOMIICHCHPYET
HEOTPEJICICHHOCTH BO BXOAHOW MaTpuIle W alNropuTMa OHJAWH OIIEHKH
napameTrpoB. OOmas craOWIBHOCTE OOecreunBaeTcs 3a CUeT NPUMEHCHHMS
nemmbl bapOanara—JlsmyHoBa. ['MOpUIHBIN KOHTpOJIEp MOJACNUPYETCS JUIs
TOPU30HTAJIBHOTO JBWKEHUSI HOPBEKCKOTO IKCIIEPUMEHTAIILHOTO ammapara ¢
JucTaHIMOHHBIM yrpaBienueM (NEROV).

B pabore ommcaHbl ypaBHEHHS MABIDKCHHS, aJalTHBHOEC IACCHBHOE
yOpaBJIeHHEe W THOPHIHOE aJalTHBHOE YIIPABICHHE ITOABOIHBIX aIapaToOB C
HEOIPEIeIEHHOCTHIO BO BXOIHOW MaTpHIIE.

[IpuBeneHbI pe3yabTaThl, KOTOPBIE MOTYT OBITH MPUMEHEHBI K ITOIBOTHBIM
ammapataM C MYJBTHUIUTHKATHBHBIMH BXOIHBIMH HETOYHOCTAMH. Ormmucana
rubpunHas (aJanTHBHAs M CKOJIB3SIIAsl) CXEMbl YHPABJICHHS, KOTOpBIE
KOMITCHCUPYIOT HETOYHOCTH BXOJHOW MAaTpHIBl IPHU TOMOIIM BBEICHUS
HEMOCTOSIHHBIX YWICHOB B CYIIECTBYIOIINI a1aTHBHBIN 3aKOH yIIPaBJICHUSL.

B nanHoii pabote ObUIN MpeCTaBICHbI ABa aJallTUBHBIX KOHTPOJUIEpa JUTs
HEITMHEHHBIX POOOTH3MPOBAHHBIX CHCTEM. [lepBbIi KOHTpOJUIEp SIBISICTCS
pa3BUTHEM aJIalTUBHOIO MTACCHBHOTO KOHTPOJIIEPa, IIPUMEHSIEMOTI0 OT poOOTOB
MaHUITYJIATOPOB M KOCMHYECKHX alllapaToB M0 HEIHMHEHHBIX TOIBOIHBIX
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pOOOTH3MPOBAaHHBIX cUCTEM. BTopasi cxema mpencTaBisieT co00i TMOpHIHbINA
KOHTPOJUIEP, B KOTOPOM TIPUMEHSIOTCS KaK HNPUHIUMBl  aJaNTHBHOTO
KOHTpOJUIEpa, TaK H TEOpHsl CKOJB3SIIET0 pPEeXHMa  YIPaBICHHUS.
PaccMaTpuBarOTCS CHCTEMBI C BXOAHBIME HETOUHOCTSIMH. PaboTa mokaseIBaer,
KaK aJanTHBHBIA W THOPHUIHBIN (aJanTUBHBIA M CKOJB3AIIMN) KOHTPOJUICPHI
MOTYT HCIIOJb30BaTh HEJIMHEHHBIC XapaKTCPHCTHKH  IIOJPYJIHBAIOLIETO
YCTpO#CTBa, MOJYYEHHBIE M3 TECTOB Ha OTKpHITOW Bome. CMmozaennpoBaH
ruOpuHBI KoHTpoIutep st anmapata NEROV.

S.1. Antonenko, V.P. Makarychev
STUDY OF UNDERWATER VEHICLE MOTOR DYNAMICS

RTC, St. Petersburg
makar@rtc.ru

The most perspective method of controlling underwater vehicles is the
model-based control. In this case, on the basis of the equations of the reciprocal
dynamics of the apparatus, the principal force-moment vector is first calculated,
which then decomposes into the necessary forces of the propulsors.

Usually direct equations that give expressions of the forces of the propellers
from the rotational speeds of propeller screws are known with a certain degree
of accuracy. It is required to construct an inverse operator, which is not quite a
trivial task: to determine the necessary rotational speeds of the propellers relative
to the necessary forces developed by them and a number of parameters.

This paper is devoted to the study of several methods for solving this
problem by the analytical method and the method of computer simulation of the
whole vihicle.

In this paper, two ways of compensating for model uncertainty are
proposed: (1) an adaptive passive control scheme and (2) a hybrid (adaptive and
sliding) controller. The hybrid controller consists of a switching element that
compensates for the uncertainties in the input matrix and the algorithm for online
parameter estimation. General stability is provided by applying of the Barbalat-
Lyapunov lemma. The hybrid controller is modeled for the horizontal movement
of a Norwegian Experimental Remotely Operated Vehicle (NEROV).

The paper describes the equations of motion, adaptive passive control,
hybrid adaptive control of underwater vehicles with uncertainty in the input
matrix is considered.

The results that can be applied to underwater vehicles with multiplicative
input inaccuracies are presented. A hybrid (adaptive and sliding) control schemes
are described that compensate for the inaccuracies of the input matrix by
introducing non-permanent terms into the existing adaptive control law.
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In this paper, we presented two adaptive controllers for nonlinear robotic
systems. The first controller is the development of an adaptive passive
controller, applied from robots of manipulators and spacecraft to nonlinear
underwater robotic systems. The second scheme is a hybrid controller in which
both the results of the adaptive controller and the theory of sliding control are
applied. Systems with input inaccuracies are considered. The paper shows how
an adaptive and hybrid (adaptive and sliding) controller can use the nonlinear
characteristics of the thruster, obtained from open water tests. A hybrid
controller was modelled for NEROV.
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HNPOTOTUIMNPOBAHUE BECKOHTAKTHOT'O OBMEHA
JAHHBIMU U DHEPTOOBECIIEYEHMUSA I'PYIIIIMPOBKHU
MOABOJHBIX POGOTOB-CATEJJIMTOB C IATAIOIIEM ITO JIHY
BA30BOI CTAHLIMEN
Meoicoynapoonas rabopamopus « CenCopurar», MI'TY « Cmanuxuny, MUHOT
PITY,
UIIM um. M.B. Kenoviwa PAH, Borel TY
v.e.pr@yandex.ru

Pabora MOCBsIICHa BOIIpocaM CO31aHUsA IIOABOJHBIX
pO60TOTeXHI/I‘~IeCKI/IX KOMIIJICKCOB. Pa3p360TaHLI KJIFOYCBBIC DJJICMCHTBI H
APXUTCKTYpa pO60TOTeXHI/I‘IeCKOI‘O KOMILJICKCAa, COCTOAIIETO us3

B3aUMOJICHCTBYIOIIMX MeEXay coOoi uwacrei. Paznenenne Ha wactu -
MAaJIOTIOJBIDKHYI0, HO XOpOIIO MNPOXOJUMYI0 IO IHY O0a30BYyIO CTaHIMIO,
CBSI3aHHYIO Ka0eleM ¢ JUCTAaHIMOHHBIM ITyJbTOM YIpPaBICHHWA, M Ha
BBICOKOMAHEBPEHHBIE MOJTHOCTHI0 aBTOHOMHBIE MOJYIH (C TIOMOIIBIO KOTOPBIX
HETIOCPECTBEHHO BBIMIOIHSIOTCS TIOIBOTHBIE PAOOTHI) MTO3BOJIAET CYIIECTBEHHO
pacHIMpUTh KCILTyaTalMOHHBIE BO3MOXKHOCTH KOMIUIeKca. Takoe ammapaTHOE
MOCTPOGHHE JAeT MOJOKUTEIbHBIH 3((GEKT Ipu YCIOBUM OpraHU3alnu
OMEpaTUBHOW  TOA3ApAIAKH  aKKyMYJISTOPOB ~ aBTOHOMHBIX  MOJyJel
HEIMOCPE/ICTBEHHO B 30HE MPOBE/IeHHsI padoT 0e3 uX MojbemMa Ha TIOBEpXHOCTb,
a TakKe pas3JieNieHHs KaHala yYNpaBlICHUS Ha JIBE 4YacTU: KaOEIbHYIO |
THIPOaKyCTHUECKyI0. MakeTupoBaHHEe ©a30BOT0 MOJYISI U CHUCTEMBI
OECKOHTAKTHOM Iepeaady YHEPTUH U TAaHHBIX JUIsi pOOOTOB-CAJIIUTOB [TOKA3aJI0
peann3yeMoCcTh TaKOTO ITOIXO0/a.

PaGora BeImoTHEHA IPU YacTHYHOU (prHAHCOBOW Moanepkke PODU,
mpoekTsl 16-07-01264a, 16-07-00811, 16-07-00935a, 16-08-01109a

KnroueBble  ciosa: OecnMJIOTHBIE  TIOJIBOJHBIC  armaparsl,
OECKOHTaKTHOE 3HEproodecreyeHne, TPYNIOBOE B3aWMOAEHCTBHE, KaHAJbI
JIICTAaHIIMOHHOTO CYNEPBU30PHOTO YIPABICHHS
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A.Ya. Ksenzenko, Ju.S. Marzanov, E.A. Prysev, V.E. Pryanichnikov,
V.V. Chernyshev
PROTOTYPING OF A CONTACTLESS DATA EXCHANGE AND
ENERGY SUPPLY FOR A GROUP OF UNDERWATER ROBOTS-
SATELLITES WITH WALKING ON THE BOTTOM THE BASE
STATION
International Laboratory «Sensorika», MSTU «Stankin», INET RSUH,
KIAM Russian Academy of Sciences, Moscow;
Volgograd State Technical University
v.e.pr@yandex.ru

The work is devoted to creating and prototyping underwater robotic
systems. An architecture is proposed to build robotic complex consisting of 2
interacting parts. The separation of slow-moving, but well passable on the bottom
of base stations connected by cable with a remote control, and highly
maneuverable, fully self-contained units — direct executors of underwater
operations can significantly extend the operational capabilities of the complex.
This hardware build has a positive effect on the organization and operation of
rapid charging of batteries autonomous modules, directly in the area of the works
without their ascent to the surface, as well as the separation of the control channel
into two parts: the cable and sonar. Prototyping of the walking on the bottom the
base station and contactless data exchange and energy supply device had show
the efficiency of the suggested approach. The paper is partially supported by
RFBR grants: 16-07-01264a, 16-07-00811, 16-07-00935¢, 16-08-01109a.

Key words: unmanned underwater vehicles, contactless power supply,
group interactions of UAV, channels for remote supervisory control.
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A.B. Yaonoes, O.U. Ianuii, M.A. I'yokoe
PA3BPABOTKA TEXHOJIOT'M1 BOEHHOM MOBWJIBHOM CBSI3U U
VYIIPABJIEHUSI BECOIUJIOTHBIMA MOBUJIbHBIMU
POBOTU3UPOBAHHBIMU KOMILIEKCAMHW HA OCHOBE
JTOPABOTAHHOM TEXHOJIOT'MHU LTE-ADVANCED PRO

Boennas akademus ceasu um. C.M. Byoennozo, Cankm-Ilemep6ype
chadap@yandex.ru

A.V. Chadnov, O.1. Paliy, M.A. Gudkov
DEVELOPMENT OF TECHNOLOGIES MILITARY MOBILE
COMMUNICATION AND MANAGEMENT PILOTLESS MOBILE
ROBOTIC COMPLEXES ON THE BASIS OF THE MODIFIED LTE-
ADVANCED PRO TECHNOLOGY

Military Academy of the Signal Corps named after S.M. Budjonny, Saint-
Petersburg
chadap@yandex.ru

O0oOmenHass (yHKIMOHANBHAS apXuTeKkTypa TexHonorun LTE-
Advanced Pro ¢ texnonorusmu eEMTC/NB-10T s cereii MOOUIIBHON CBSA3U U
ynpaBiieHus: 4++ NOKOJIEHUSL.

XapakTepuCTHKH HOBBIX TEXHOJIOTHH MEKMAaIIMHHOTO
B3anmmoneiicteus eMTC u UWarepuer-Bemerd NB-10T Ttexmomormm LTE-
Advanced Pro.

OCOOEHHOCTH TEXHOJOIMH MEKMalIMHHOTO B3auMmojencTeus eMTC
JUIsL  O0ECIIeUeHUs] CBS3BI0 M YNPaBICHUS OCCHMIOTHBIMH MOOMIBHBIMHU
poboTtuzupoBanHbiME KomIuiekcamu (BMPK), Bkirouast rpynmuposku BITJIA,
OCCHWIOTHBIA ~ TPaHCIOPT,  POOOTHI ~ MOOWJIBHOTO  CHEHUAIBHOTO U
MIPOMBIIIUICHHOTO Ha3HAYCHMSI.

JloMEHBI ~ TIpUMEHEHHsS  TPOAYKTOB  TEXHOJIOTHM  OOpabOTKH
KOMIUIEKCHBIX IHU(POBBIX CUTHAJIOB C KOTHUTHBHOM ajamnTanueil K cpeaam
pacrpoCTpaHeHUs PAIMOBOIH U YPOBHSAM CHTHaJOB B pamuonmausax LTE-A Pro
Uit o0ecriedeHnss MOMEXOYCTOHUYMBOI CBSI3bIO M YNPABICHUS KOMILUIEKCAMHU
BMPK.

Cxema pa3pabOTKH MPOAYKTOB TEXHOJIOTUH 00pabOTKM KOMILIEKCHBIX
U(POBBIX CUTHAJIOB ¢ KOTHUTHBHOW aJanTanuell K cpeJaM pacripoCTpaHeHUs
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PaJMOBOJIH U YPOBHSIM CUTHANIOB B panunonnuusx LTE-A Pro mist obecnieuenus
IIOMEX0YCTOMYMBOM CBA3BIO U yIpaBieHus komruiekcamu bMPK.
OyHknuoHanbHas Mojenab anpobamumu B cpene  Matlab/Simulink
ITOMEXOYCTOWYHMBBIX ~ KOMIUICKCHBIX ~ CHTHAJIBHBIX  CO3BE3AMI  TpakTta
nepenadn/mpuémMa HUCXOAsIIel paguoauaun TexHomoruu LTE-A Pro.
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