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shmakov@rtc.ru

B Hamm aHM HCHONB30BaHME POOOTOTEXHWYECKUX CPEACTB IPH
00€3Bpe)XMBAaHUU U HCCIIEAOBAHWH B3pBIBHBIX ycTpoicTB (BY) crano-
BHTCS Bce 0oJIee aKTyalbHOM U BOCTPeOOBaHHOM 3a1adeid.

HauGonpmiee mpakTHUECKOe PacIpOCTPAHEHHUE IMOIYYHIH MOOHIIb-
HbIe poboTel (MP) mns oGe3BpexuBanus u pazdoopku BY Ha mecre mx
YCTaHOBKH Teppopuctamu. st pabotel ¢ BY oHM ocHamaroTcs MaHu-
MyJIATOPaMH JTOCTaTOYHON Tpy3omoabeMHocT (10...20 xr) ympasise-
MBIMH OIIEPATOPaMH JUCTAHI[HOHHO.

B 0030pHO#i yacTH paboOThI, pacCCMaTPUBAIOTCS CYILECTBYIOLINE PO-
0O0TH3HMpPOBAaHHBIE KOMIUIEKCHI, NpeJHa3HAYECHHbIE CIICIHAIbHO JUIS
B3pBIBOTEXHMYECKUX 33/1a4. B XoJie MX aHanm3a BBISICHWIOCH, YTO TaKo-
T'O poJia TEXHUKA CIIOCOOHA 0OHAPYXKHUTh, IEPEMECTHTh MIIH YHUUTOXKUTH
BY mpoctoit reomerpuueckoil (GopMbl, HaxXOIAIIMECs HAa OTKPHITOH
MectHOCTH. OpmHako Takue MP He B COCTOSIHUM BBINIOJIHUTH Ooiee
CJIOKHBIE OIepanuy 00e3BpeXKMBaHUS M pazdoopkn BY Ha smeMeHTSI,
KOTOpBIE 3aTE€M OTIPABIIAIOTCS B CIEHHUAIBHBIEC LIEHTPHI IS UCCIIE0Ba-
Hust. TakuM 00pa3oMm, TIpH CO31aHUN POOOTOTEXHUUECKHUX CPENICTB, BO3-
MOXXHOCTH KOTOPBIX JOCTATOYHBI IJI BBIIIOJTHCHUA OTHUX 3ajJia4, BbISABJIC-
HBI CIIEIyIOIIHE B3aUMOCBSI3aHHBIE POOJIEMBI:

— HENPHCIOCOOIICHHOCTh MAaHHITYJIATOPOB M 3aXBATHBIX YCTPOHCTB
(3Y) aust paboThI C pa3nU4HBIMHU HElpeAcKkazyeMbiMi BY B y3kux crec-
HCHHBIX 30HaX,
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— amanrarus 3V K crienuduke puzngeckux cBoiicts BY.

3agactyio BY umeror ¢opmy OIHM3KYyIO K TelTaM BpAIIeHHS W MOTYT
MMETh 3aMBICIIOBATHIC BBICTYNAIOIINE HCHOIHUTEIbHBIE MEXaHU3MBI.
Takoke MPUXOANUTCS MAaHUITYJIMPOBATh PA3HOOOPA3HBIMH ANACTUYHBIMU U
HEMpOYHBIMH KOHTEHHEpaMH WM MaKeTaMHu C KUAKOCTAMHU. OOBEKTHI
MaHUITYJIMPOBaHUSl HEPEJKO CBSA3aHBI MEXIY COOOH DIEKTPHYECKUMHU
MPOBO/IaMH, CKOTYEM MJIM KJIEEM, a TaKXe CLEIJICHBI BBICTYIAIOIINMHU
9JIEMEHTaMU KOHCTPYKIIHH.

TecHOTa M TPYIHOAOCTYITHOCTD 30H IPOBENCHUSI PadOT 3aTpyAHSET
3axBaT W MaHMIyIHpoBanue BY. PazHooOpa3Hble npenaTcTBus U mpen-
METBI 3arpOMO’KAAI0T IMPOCTPAHCTBO JUISi MAHUITYJIMPOBAHKS WU MPEBpa-
[IAI0T €T0 B HUIIN C y3KHUM H3BHIIMCTBIM BXOJIOM M BBIXOAOM C OOBEK-
TOM MaHMIYJIHpOBaHWA. Takxke HE MCKIIIOYEHA BEPOATHOCTB, YTO IIPO-
JONbHBIE pasMepsl BY okaxxyTtcst Gonbine pasMepa CEYCHHS BXOAa B
HUIIY, B TAKOM CJy4ae MOSIBUTCS HEOOXOAUMOCTH B JIOTIOJHHUTEILHOM
MaHeBpeHHOCTH 3Y IpU HAXO0XIECHUH HEIIOCPEICTBEHHO B Y3KOU 30HE.

Pemenus npoGiiem HenpucriocobneHHoctd BY k 3axBaty poboTom n
TECHOTHI 30HBI IPOBEJICHUS PA0OT B3aUMOCBSI3aHBI.

[To BO3pacTaHMIO CTENEHHU CJIOXHOCTH B padOTEe MpPOCMaTpHBaETCs
CJICIYIOIMH PsIZi METO/IOB U CPENICTB aanTaiuu K crenupuke BY Taknx
CMEHHBIX pab0OYMX OPraHOB:

— yIOpyrue «aAanTHBHBIE» MANbIBI WIA TYOKH C «IIpOrpaMMHpYe-
MO# medopmanuein;

— cmeHHble 3Y, ucnoip3ylomue dQEeKThl OTBEPKIAEMBIX BaKyy-
MOM 3JIaCTHYHBIX 000JIOYEK C CHITyYHM HAITOJTHUTEIIEM;

— 0c000 KOMIAKTHBIE CMEHHBIE 3Y C Ka4aloIUMHUCS MHOTOCYCTaB-
HBIMH TTAJIBIIAMHY;

— CMeHHBIE 0c000 JUIMHHBIE TYOKH («3Y-uHIeT»);

— Tagblbl WM TyOKH, ITUIACTUYECKH Je(OpPMHUpYEMble BHEIIHUMHU
CpeACTBaMHU PEeKOH(UTYpaLHH;

— TaJgblbl HA TTOJTOPMOXKEHHBIX KMHEMAaTHYECKUX Iapax, clIBUTrae-
MbIE W/WJIM TTIOBOPAYNBAEMbIE BHEIIHIMH CPEJICTBAMHU PEKOH(PHUTYpaLIUH.

Berpeuatores curyanuu, koraa BY HaxoauTcst B CTECHEHHOM HULLE C
Y3KUM BXOJOM, HaIllpuMep, B CyMKe, MakeTe WM TPaHCHOPTHOM KOH-
TeifHepe. B 3TOM citydae Bce MexaHM3MBI KHCTH M 3Y 1ie1ec000pa3Ho
OCTaBIIATh HAa cBOOOJE 0 BXOJA B HHUIIY, a YACPKaHWE W MaHHITYIIHPO-
BaHHE OOBEKTAMH BBIMONHATH ANMHHBIMH, mopsaka 100...300 mm,
nanbiamu. [lomydaercs KOMIOHOBKA, KOTOPYIO IUISi KPaTKOCTH yCJO-
BUMCS Ha3bIBaTh «3Y-ITHHLETY.

B crarbe npejcTaBieHbl BAPHAHTHI KOMIOHOBKH «3Y-IHHIETY VIS
paboThl B TECHOM NPOCTPAHCTBE, YCTAHABIMBAEMbIC HA MaHUITYJISATOPE
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AHTYJISIPDHOI'O THUIIA. B kauectBe AJIBTCPHATUBHOI'O BapuaHTa p€ajn3alun
npeyiaraeMoro Metoza agantanuu 3Y k cnenuduke BY mpeacraBiena
MPUHIMIHAIBHAS CXeMa CUCTEMbI pekoHpurypauuu 3Y cralnyuoHapHbI-
MU JUCTAaHLMOHHO yNPaBIIeMbIMU MEXaHU3MaMU

Takum 00pa3oM, MaHUITYJISITOP C IUCTAHIMOHHBIM YIPABICHUEM I10-
JIYYUT BO3MOXKHOCTH BBINIOJIHATH 33Jady 00€3BPEKHBaHUSI U Pa30OpKH
Herpeckasyemoro BY Ha Mecte ero oOHapyskeHusI.

Pe3ynpTaTe! OBUIH MTOTYYEHBI B paMKax BBITOJIHCHHUS TOCYIapCTBEHHO-
ro 3aganus MunoOpuaykn Poccun FNRG-2022-0012 1021051302301-9-
2.2.2 Ne 075-01623-22-01 «Pa3paboTka KoyutabopaTuBHOTO pobora ¢
ACCHUCTUPYIONIEH ABYPYKOH aHTPONIOMOP(HON MaHUITYJISIIIOHHONW CHCTE-
MO 171 pabOTHI B IPOCTPAHCTBAX MAJIIOTO O0BEMaY.

0.A. I('omoel, .0. Cymenx02 .
INEPCIHEKTHUBBI PA3BBUTHUSA HASEMHOMU
POBOTOTEXHUKU B UTHTEPECAX POCI'BAPJIUN

! Vnpaenenue apmunnepuiickoeo eoopysscenus u pobomomexnuxu PedepanvHoil
CYAHCcObI BOUCK HAYUOHATbHOU 28apouu Poccuiickoii @edepayuu, Mockea;
Iasmoiii yenmp nayunvix uccaedosanuti PedepanvHoli cryorcobl GOUCK
HayuoHanbHou 2éapouu Poccutickoti @edepayuu, Mocksa
dvrh@yandex.ru, orvb@list.ru

0.A. Kozlov', D.O. Suschenko’
PROSPECTS FOR THE DEVELOPMENT OF THE GROUND-
BASED ROBOTICS IN THE INTERESTS OF THE NATIONAL
GUARD OF THE RUSSIAN FEDERATION

"Department of Artillery Armament and Robotics of the Federal Service
of the National Guard of the Russian Federation, Moscow; *Main Center
for Scientific Research of the Federal Service of the National Guard
of the Russian Federation, Moscow
dvrh@yandex.ru, orvb@list.ru

HaygHo-TexHIUECKHiT Tporpecc, a Takke ocodasi pois Pocreapanu B
obactu obecnieueHnst OOMIECTBEHHON W rocyaapcTBEHHOW Oe30macHo-
CTH, TIPENoiIaracT HeoOX0ANMOCTh TOUCKA HOBBIX (P (PEKTHBHBIX CIIO-
cO0OB JICHCTBUI1 BOICK C MPUMEHEHHEM MEPCIEKTUBHBIX 00pa3loB BO-
OpY’KEHHs, BOGHHOM U CHelualbHON TeXHUKH. B CBOIO odepenb ONbIT
BOOPYKCHHBIX KOH()IMKTOB M KPH3HMCHBIX CHUTYAlMH MOCICTHUX HeCs-
TWJIETHH, B3MJIAABI BOGHHOro pykoBozacTBa Poccuiickoil denepanyu Ha
MOJTOTOBKY M BEEHUE BOCHHBIX JEMCTBUH, aHAIU3 IEHCTBUI TeppopH-
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CTHYECKUX OpTraHU3alrii CBUICTEIHCTBYIOT O BO3PACTAIOLIECH POJIH IIep-
CHEKTHBHBIX CPEJICTB BEACHHS BOOPYKEHHOH OOpBOBI, OOPEOEI ¢ Teppo-
pU3MOM, TIpeceueHHs] M JUKBUIAINN MAaCCOBBIX OECHOPSIIKOB B TOM
yucie poboToTeXHMYECKUX KoMIuiekcoB (nanee — PTK).

3HaunTeNIbHOE MECTO B 3TOM Bompoce orBoauTcs PTK, mpumenenune
KOTOPBIX MOTEHIMATBHO MO3BOJUT YMEHBIINTh WM HCKIIOYUTH TOTEPH
JIUYHOTO COCTaBa B XOJI€ BBIMOJHEHMS MOCTABJICHHBIX 3a/1a4; CHU3UTh
CTETICHB €0 YYacTUs B HAaHOOJIee OMACHBIX OMEPAIUsIX; MOBBICHTH OOCBbIC
BO3MOXKHOCTH TIOZIpa3/Ie/ICHU BOMCK 0€3 YBEIMUYCHUSI X YUCIICHHOCTH.

B nepcnekruse HazeMHble PTK npeacTaBiisitoT MHTEpEC i BOMCK B
YaCTH PEIICHUS CICIYIOIINX OCHOBHBIX TPYII 3a/1a4 (PUCYHOK 1):

— IOpaKeHHe NMPOTHBHHKA, OXpaHa U 000pPOHA OOBEKTOB;

— BCJICHUC Pa3BC/IKH U HAOJIOJICHHS, aHATIN3 00CTaHOBKH;

— TIOUCK M O0HApYKCHHE B3PBIBOOIACHBIX MPEIMETOB, H BBITOJIHE-
HUE B3PBIBOTEXHUYECKUX pador [1].

f (OCHOBHBIE PYNMs! 33734, PELIAEMBIE C MOMOLLIbHO HA3EMHbIX POBOTOTEXHUHECKIX KOMMNEKCoB \
— = . e -

[ p " I Bt
| Habniopenus, awanua obeTaHoBkN “, .

Boiickam HeoGxoanMb! KoMNNeKch! npeacTanaiowme coboit yHueepcansHbie

06 opmbl G yHHHUMP Yy Harpyaku
(Boopyxenue, cp kT p "
NpOBE/EHNA BIPLIBOTEXHUUECKMX paboT)

Pucynok 1 — 3amaun, pemaeMbie pu moMomy HazeMHbIX PTK

[TpoBeneHHbBII aHaNN3 BBISIBICHHBIX HEJOCTATKOB ITO3BOJIMII OTIpeie-
JIUTH TEPCTIEKTHBHBIC HaNpaBieHus pa3sutus HazeMHbIX PTK B unTepe-
cax PocrBapnun, OCHOBHBIMH M3 KOTOPBIX SBJISIFOTCS: CO3JaHHE Majora-
G6aputHbIX 1 MHOrodyHKIHoHANBHBIX PTK; obecnieuenne MogynpHOCTH
MOCTPOEHHS ¥ PEKOH(DUTYPHUPYEMOCTH; TIOBBIIIEHHE HMHTEINICKTYaIbHON
W PECypcHOH aBTOHOMHOCTH; CO3/aHHE YHHU(HIMPOBAHHBIX O0a30BBIX
1aThopM IS BCEX CpeA MPUMEHEHHs; CO3JaHNe THOPUIHBIX CHIIOBBIX
YCTaHOBOK; CO3JaHHE MOJIYJIEH IIOJIE3HOM HArpy3KH, IOBBIIIAIOLIINX
BosmoxkHocT PTK; ocnamenune PTK cpeactBamu HeneTalibHOTO BO3-
JEUCTBHSA; POOOTH3AIMS DKHIAKHBIX, OOMTAEMBIX M IHIOTUPYEMBIX
obpasuoB BBCT; cHmkeHue J0IM NPUMEHSIEMBIX MHOCTPAHHBIX KOM-
TUIEKTYIOIINX; CO3/IaHME W COBEPLICHCTBOBaHWE O00EBBIX (yIapHBIX)
PTK; obecnieuenne koHcTpykTiBHOH yHudukauu PTK [2].
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IIpu sToM ocHOBHBIM acmekToM paspaborku PTK B umHTepecax
Pocrapnuu siBisieTcs 00s13aTeNIbHBIN ydeT crielu(UKU peraeMbix BO-
CKaMM CIIyKeOHO-00eBbIX 3a/1a4, (OpM NPUMEHEHUS] M CIIOCOOOB HX
JeicTBuil, a Taxoke onelta npuMmenenus PTK apyrumu BegomcTBamu.

Takum 00pa3om, HECMOTPSI Ha OTAENBHBIE TPYIHOCTH U (pUHAHCOBEIC
orpaHHYeHUs], paboTa MO OCHAIICHHIO BOMCK MEPCIEKTUBHBIMHU 00pa3a-
vu PTK, B HanbompIei CTENICHN OTBEYAIOIINX TPEOOBAaHHUSIM BOFCK, Be-
JeTCsl CTPYKTYPHBIMU HOApa3ieNieHussMU PocrBapayun ¢ MOI0KUATEIbHON
JIVMHAMHEKOI. B Omipkaiiell mepcreKTrBe B BOWCKAX IUIAHUPYETCS OCYIIe-
CTBUTH MOATANHBIM MEPEXOA OT CO3JAaHHs OTIEIBHBIX 00pa3loB K OCHA-
IICHUIO CEPUITHBIMU ITepCHeKTUBHBIME oOpa3mnamu PTK.

1. Kozmo O.A., IlomsxkoB O.A. CoctosHHE U TEPCHEKTHBHI
pa3BUTUS OECIMIOTHBIX JIETATENIBHBIX ANIapaTOB BOCHHOI'O Ha3HAYCHUS
B Poccuu u B 3apyOexubix crpaHax / O. A. Kosnos // Akagemuueckas
nyosmnucTrka. — ¥Yga: Ne 5-2/2022, — C. 84-90.

2. Cymenko [1.0. IlepcniextuBHble HanpapieHus passutus PTK Bolick
HaIMOHAIILHOM TBapIuu Poccwiickoit ®deneparn [Tekcrt]:
nH(popMaroHHo-aHamTHYeckuit 0030p: HLICH Pocreapauu. — M.: 2018.

A.B. Kyuepenko', A.JI. Kopomkoé®
HNCCJIEJOBAHUE BJIUAHUSA 3AMKHYTOI'O OFBEMA
KAHAJIA CBSI3H BOJIBIION MPOTSI)KEHHOCTH
HA KAYECTBO INEPEJJAYU UTH®OPMALINA IUD®POBBIMU
MOJEMAMHU

'000 «I1JIA3y, Canxkm-Ilemep6ype, a.kucherenko@plazlink.com;
’I'HI] PO 1JHUHU PTK, Canxm-Ilemepbype, a.korotkov@ritc.ru

AV. Kucherenkol, A.V. Korotkov’
INVESTIGATION OF THE EFFECT OF CLOSED VOLUME
OF A LONG-DISTANCE COMMUNICATION CHANNAL
ON THE QUALITY OF INFORMATION TRANSMISSION
BY DIGITAL MODEMS

'«PLAZ», St. Petersburg, a.kucherenko@plazlink.com; *Russian State Scientific
Center for Robotics and Technical Cybernetics, St. Petersburg, a.korotkov@rtc.ru

OnHMM U3 MEepPCHEeKTUBHBIX HANpaBJIeHUH HCIIOIb30BaHHsI POOOTOTEX-
Hryeckux komiurekcoB (PTK) siBisiercst uccnenoBanne 00bEKTOB, pa3Me-
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IICHHBIX BHYTPH 3aMKHYThIX 00BeMOB. OTHENBHO CIEIyeT BBIACIHTH
3aMKHYTbIe 00bEMbI 0OJIBIION NPOTSKEHHOCTH (BOJHOBbIE KaHAJIbI).

B yka3aHHBIX YCIOBUSIX yIpaBieHHe POOOTOM IIeleco00pa3HO peain-
30BBIBATh 10 PAJMOKAHATY C UCITIOIb30BaHUEM [IU(POBBIX MOAEMOB.

PazpaboTunkam anmnapaTypbl IPUXOAUTCS CTAJIKUBATHCS C PSIOM TIPO-
071eM, OOYCJIOBJICHHBIX OCOOEHHOCTSIMH PacHpOCTPAHEHHs DJIEKTpOMar-
HHUTHBIX BOJIH B IAHHBIX YCIIOBHSIX.

OnHOM M3 HepeIIeHHbIX 3a/1a4 SBJISIETCS YUeT BIMSHHUS MHOTOIYYEBO-
IO paclpoCTpaHEHHs SHEPIrHU B KOHKPETHBIX YCJOBHSX Ha KadyeCTBO
(YHKIMOHMPOBAHNUS KaHaJIa CBSI3H.

Hmerorasicss B COBPEMEHHBIX JIMTEPATYPHBIX HCTOYHHKAX TEOPETHYC-
ckast 0a3a He TI03BOJIIET B MOJTHOM Mepe OTBETUTH Ha ATOT Botpoc [1], [2].

Hpezlnal“aeMbIe MCTOJbI pacucTa aaallTUPOBAHBI K YCJIOBUAM MHOI'O-
JIY4E€BOr'0 pacrpOCTPaHCHHSA, BBI3BAHHOTO OTPAXXCHUAMHU OT OTACJIBHBIX
IPeIMETOB.

3amaueil HACTOSIIErO MCCIENOBaHUs SBJISETCS cOOop M 00paboTKa
CTaTUCTUYECKOr0 Marepuasa Juisi pa3paboTKU INPHUKIaTHON METOIUKH
pacuera BIMSHHMS BOJIHOBOTO KaHalla Ha XapaKTEPUCTHKUA CUCTEMBI
yhpaBieHus: poOOTOM. B KadecTBe KpuTepusi NpHHATA peauzyemas
CKOPOCTb Hiepeaayn nHdopMarmu.

DKCIEepUMEHTHI NTPOBOAMINCH NPH Pa3MEIIEHUH aHTEeHH MOJIEMOB B
ra3oBoit Tpyode quamerpom 1,5 M Ha pacctosauE 5000 M. Ouenka pado-
TOCTIOCOOHOCTH BBITIOJMHEHA Ia paboumx dwactor 1190, 2334, 2586
MI'u. Tun moaymsiuu BPSK u QPSK.

Pe3ynpTaThl HCIIBITAaHUH [TPUBEEHBI B Ta0IHIE 1.

Ta6ﬂ1/1ua 11— Pe3yJ'II)TaTLI OKCIIEpUMEHTA 10 UBMEPCHUIO CKOPOCTHU €pE€aavu

nadopmarmu PTK
Moayasinus RSSI, nbm FES FER FES interation
BPSK -25 0 1
QPSK -25 1 20

BausiHus Hecy1leil 4acTOThI Ha PE3yJIbTAaThl UCIIBITAHUI HE BBISIBIICHBL.

BriBoabr:

— YCTaHOBIJICHA KOJMYECTBEHHAs! 3aBHCHMOCTh CKOPOCTH Iepeaadn
nH(pOpMaIUH OT THITA MOIYJIALH;

— 000cHOBaHAa HEOOXOANMOCTH YBEIMUYECHHUS TTOJIOCH curHana 1o 20
MTI'1, 9TO MO3BOJIUT YBENUIUTH CKOPOCTH 0OMeHa Ha 80%;

— TOATBEpK/IeHa HEOOXOANMOCTb M3MEHECHHUS BEIMUMHBI [IUKIIYC-
CKOTo mpedukca 1 ONTUMH3ALNH (HYHKIIMOHUPOBAHUS KaHANIa CBA3H.
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Pabora Beimonnena B pamkax HUOKTP, Bemonnsembix [IITHUU PTK
Ipu pe€aIn3anvi KOMIIIEKCHOT'O IMPOCKTA 10 CO3JaHUIO BBICOKOTEXHOJIO-
TUYHOI'O IIPOMU3BOJICTBA «Pa3pa60TKa pO60TH3HpOBaHHOF0 JHUArHOCTH-
YCCKOI'0 KOMIUICKCA Jid BHyTpI/Ipr6HOFO KOHTPOJIA TPY6OHp0B0)IOB»
npu GuHaHCOBOW mojiepKKe MUHHCTEPCTBOM HayKH M BhICIIEro o0Opa-
3oBaHus Pocculickoi (Denepaunn; COTJIalICHUE O NPEaOCTaBICHUU Cy6-
cuanu Ne 075-11-2022-035.

1. A. CemenoBa PazpaboTka Meronma OUIEHKH 3(PQPEKTHUBHOCTH
npueMa MHOTOYACTOTHBIX CHTHAJIOB B YCJIOBHSAX MHOIOJYYE€BOIO pac-
npoctpanenns. CIIGBHTOPOC: Tpyas exxerognoit HTK, Nel, 2020.

2. TlepoB A.U Cratuctrudeckas TeOpus PaIuOTEXHUICSCKUX CHCTEM.
M.: Pagnorexnuka, 2003.400 c.

C.M. Cokonos
AHAJIMN3 CIIEHBI B COCTABE AJITOPUTMHUYECKOI'O
OBECIIEYEHUA CUCTEMbI TEXHUYECKOI'O 3PEHUSA
ABTOHOMHBIX HASEMHBIX POBOTOTEXHUYECKHNX
KOMIIJIEKCOB

HUIIM um. M.B. Kenoviua PAH, Mockea, sokolsm@list.ru

S.M. Sokolov
SCENE ANALYSIS AS PART OF THE ALGORITHMIC
SUPPORT OF THE VISION SYSTEM OF AUTONOMOUS
GROUND-BASED ROBOTIC COMPLEXES

KIAM RAS, Moscow, sokolsm@list.ru

[Tpu3HaHHOW TEHACHIMEH W, Jake TPeOOBaHHWEM COBPEMEHHOW MO-
OMJIBHOW POOOTOTEXHUKH SIBJISIETCS IIEPEXO/ K aBTOHOMHBIM POOOTOTEX-
nuueckuM komrutekcam (PTK). Uem Oomnbiryto cTeneHb aBTOHOMHOCTH B
pa3IMuHBIX YCIOBUAX (YHKIMOHMPOBAHUS MBI XOTUM nepenath PTK,
TeM OoJiee pa3HOOOpa3HbIE 3HAHUS U CHOCOOBI MONYYEHHS JaHHBIX 00
ycnoBusAX (pyHKIMOHUPOBAHMS JIOJDKHBI OBITH IIPEJCTABICHBI U peau-
30BaHbl B OOPTOBOH MH(pOPMAaIMOHHO-YIIpaBItomiei cucreme. Ha stom
IyTH WUCIIOJIb30BaHNE CYIEPBU30PHOIO YIPABICHUS C Iepegadeil BcE
6onpmero uncna GyHKIMA OOpTOBOI MH(POPMAIIMOHHO-YIIPABISIOMIEH
cHCTEMeE SIBIIeTCA TEeKylIel 3anadeil. DTa 3aaada, B CBOIO OUepesib, pac-
MalaeTcs Ha s 1MO/A3aAad, OMHON M3 KITFOUEBBIX CPEIH KOTOPBIX, SBJIS-
eTcsi obecrevueHrne CUTyallnOHHONW OCBEIOMIIEHHOCTH. B cuTyalmoHHON
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OCBEZIOMJIEHHOCTH, MTOMUMO (P (QEKTUBHOTO NPEICTABICHUS allPHOPHBIX
3HaHUW U MOJIeJIeH OKPY’Kalollero Mupa Tpedyercsi cucrema Bepuduka-
MK 3TUX Mogeliei. Takyto 3aady MpU3BaHbl peliaTh CUCTEMbI HHDOP-
MalMOHHOTO o0ecIieueH s, CPeu KOTOPHIX LEHTPAJIbHOE MECTO 3aHU-
MalOT CHCTEMbI TEXHHYECKOTO 3pEHHUs. 3pHUTENbHBIC JIaHHBIE BO BCEX
JMana3oHax JIydHuCTOH OSHEpPTUH, C OJHOW CTOPOHBI MPEIOCTAaBISIOT
6oJIbIIIOE KOJIMYECTBO MH(pOPMAIMK 00 00BEKTaX OKpPY’KarolIero MHpa,
HO, C JIPYTOH, JUIs MOJy4eHHsI 3TOH nHpopMannu TpeOyIoTCsl HHTEIIEK-
TyaJbHBIE aJTOPUTMBI 0OPaOOTKH W BBICOKOTIPOM3BOAMUTEIBHbIE BBIUHC-
JUTENbHBIE cpencTBa. Pa3paboTKe anropuTMOB aHAIN3a CIIEHBI B COCTa-
BE aNropuTMHYEcKoro obecredeHus: 6oproBeix CT3 ¢ mensio nHpopMa-
LMOHHOTO OOeCTeUeHNs LENCHANPABICHHBIX MEPEMEIICHNII aBTOHOM-
HbIX HazeMHBIX PTK mocBsimena HacTosmas padora.

AHanu3 clieH UMeeT JONTYI0 UCTOPHIO, TPAKTHUECKH COBIAIAIOIIYIO
C HCTOpPHEN KOMIBIOTEPHOTO 3peHus. Eciu mnepBble HcCIeqoBaHUSA B
9TOM 00JaCTH paccMaTPUBAIM MOJENBHBIE CLEHBI M aKLEHTHPOBAJIH
JIOTHUYECKUH ypoBeHb paccMoTpeHusd [1, 2], To B HacTosIee BpeMs Ha
NEepBBIA IUIaH BBIXOJUT aHAJM3 €CTECTBEHHBIX CIIEH C IEJIbI0 M3BIICUe-
HUsI MTHQOPMAIMH, HEOOXOANMOH, B YACTHOCTH JUISL CUCTEM YIIPaBJICHHS
ABTOHOMHBIX pOOOTOTEXHHUYECKIX KOMITIEKCOB [3, 4].

B nameit rpynme nccnenyercs NpUMEHEHHE aHalli3a CIEH sl To-
BEIIICHUS d(PQPEKTHBHOCTH pemIeHust Takux 3afgad ooptoBoit CT3 kak
ompenenenne odux ycmoBuid nsrkeHms PTK (xakas cpema: ypOanm-
CTHYECKasi, €CTeCTBCHHAs, CMEIIaHHas); IOTOJHbIC YCIOBHSA; BpeMs
CYTOK; aBTOMaTHYECKHU TOUCK/BBI/ICICHHE OPUEHTUPOB B OKPYKaIOILEM
MPOCTPAHCTBE; ONpPEIEICHUE MOJIOCHl JBIXCHHUSI TPAHCIIOPTHOTO Cpe/l-
cTBa. Mccneyrorest anropuTMbl pa3innyHON TPUPOIBL: TPAUIIMOHHEIE (C
MOIIATOBBIM  OOBSCHEHHWEM THIIAa 00paboTkM U €€ pe3ylbTaToB),
HelpoceTeBkle.

Cam aHaiM3 CIEHBI COCTOMT M3 HECKONbKMX moazanad. Ilepsoil u3
9THX T0J3a/1a4 SIBJISIETCS CErMEHTAlMsl M300pa)KeHUs! CLEHbl Ha OJHO-
poanbie obmacti. COBMECTHO C ampHOpHON HHGpOpMaImeil 0 BO3MOX-
HBIX 00BEKTax MHTEpeca B MOJE 3PEHUS PE3yNbTAaThl CETMEHTAINH 1103~
BOJISIIOT 00Jiee TOYHO M HaAEKHO HMCCIIEN0BATH OOBEKTH MHTEpECa, CO-
cpefoTauynBas BHUMAHHE HAa TEX OOJIACTAX, B KOTOPBIX MOTYT COZIEp-
KATBCA TOTOJIHUTEIIbHBIC XapaKTCPUCTHUKH 3TUX O6'beKTOB. HpI/IBO)]ﬂTCSI
PE3yJbTaThl SKCIIEPUMEHTOB 110 00pabOTKe 3PUTEIBHBIX AaHHBIX, MOJY-
YEHHBIX C PA3JIMYHBIX IIOJIEH 3pEHUS B IIPOLIECCE IBUKEHUS TPAHCIOPT-
Horo cpexcTBa. Jaércsi CpaBHUTENBHBIM aHAIW3 NMPUMEHEHHs pa3ind-
HBIX aJITOPUTMOB M Psii PEKOMEHIAMI K UX UCIIOJIb30BAaHHIO B 3aBUCH-
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MOCTH OT pelIaeMoil 3ajaui U JOCTYIHBIX CEHCOPHBIX U BBIYMCIUTEINb-
HBIX CPE/ICTB.

1. Minsky M., Papert S. Perseptrons. - Cambridge, Mass.: MIT
Press, 1969. [Pycckuit nepeBoa: Munckuit M., Ileiinept C. [lepcentpo-
HBL - M.: Mup, 1971.].

2. Nyna, P. PacmosHaBanne o0pa3oB u aHamm3 cieH / P. Jlyna, I1.
Xapt. — M.: Mup, 1976.

3. Razavian A. S., Azizpour H., Sullivan J., and Carlsson S., “Cnn
features off-the-shelf: an astounding baseline for recognition,” CVPR
workshop, 2014.

4. Liang-Chich Chen, Yukun Zhu, Papandreou G.,  Schroff
Florian, Hartwig Adam. Encoder-Decoder with Atrous Separable Con-
volution for Semantic Image Segmentation, ECCV, 2018, Corpus ID:
3638670.

B.®. ®unapemos™’, A.A. Kauypun®
CHUCTEMA COI'JTACOBAHHOM MMOJTYABTOMATHYECKOMN
PABOTHBI IBYX MOBUIBHBIX POBOTOB

IHHcmumym asmomamuxu u npoyeccos ynpaeienus JBO PAH, Braougocmox;
?lanvnesocmounviti hedepanvhpiii yrusepcumem, Bradusocmox; *Hrucmumym
npobrem mopckux mexnonoeuti IBO PAH, Bradusocmok
filaretov@inbox.ru, katsurin@mail.ru

V.F. Filaretov"z, A.A. Katsurin®®
THE SYSTEM OF COORDINATED SEMI-AUTOMATIC WORK
OF TWO MOBILE ROBOTS

!Institute of Automation and Control Processes FEB RAS, Viadivostok; *Far East-
ern Federal University, Viadivostok, *Institute of Marine Technology Problems
FEB RAS, Vladivostok
filaretov@inbox.ru, katsurin@mail.ru

Cosnanne >(QeKTHBHBIX MOOWIBHBIX POOOTOTEXHHMYECKHX KOM-
IUIEKCOB, TPEIHA3HAYEHHBIX Ul HPOBEACHHUS PabOT B TPYTHOAOCTYII-
HBIX yCJIOBHSX OCTAaeTCs aKTyallbHOM 3aqadeii COBpeMEHHOW po0OTOTEX-
HUKHU. [Ipy 3TOM 0OBIYHO MPUMEHSIETCS OJIyaBTOMATHYCCKOE YITPaBiie-
HHUE, KOTJa YeJOBEeK-omeparop oOecrneurBaeT IepeMelleHne pabodero
oprana (PO) mHorocrenenHoro Manumnynsropa (MM) ¢ momoiisio 3a-
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nmatormero ycrtpoiictBa (3Y), OpHEHTHPYSICH TONBKO MO H300paKEHHIO
pabodero MpoCTpaHCTBA HA SKPaHE TEIEMOHHUTOPA.

B pabote pemraercs 3agada co3aHNsA CHCTEMBI IOITyaBTOMAaTHIECKO-
ro yrpasieHuss MM, ycTaHOBIICHHBIM Ha OCHOBHOM MOOMIJIBHOM po0OTe
(MP), c momomsto creraigsHoro 3Y. Ilpu 3ToM ucnonb3yemas cuctema
MO3BOJISIET ONEPaTOpy padoTaTh Jaxe ¢ 00bEKTaMU, HAXOASIINMHUCS BHE
30HBI BUJMMOCTH cucteMbl TexHuueckoro 3penus (CT3) ocHoBHOrO MP,
3a cyer (popMHUpOBaHMS M300paKEHUsI paboUero MPOCTPAHCTBA HA Telle-
MoOHHUTOpe onepaTtopa ¢ nomoiupto CT3, ycTaHaBnMBaeMOW Ha BCIOMO-
raTeJibHOM - Oosiee MaHeBpeHHOM MP.

OOmmit Bua cucteMsl MoKazaH Ha pucyHke 1. B mpomecce paGoTs
ocHoBHoro MP 1, ocnamennoro MM 2 ¢ PO 3 u CT3 4, MoryT BO3HHK-
HyTh cutyarmn, korgqa CT3 4 He mo3BomuT BUIETh 00BEKT pabor 5. B
9TOM CIIydae JJIs HaOIIFoJeHHS 32 00BEKTOM 5 MOXKET OBITh HCITOIB30BaH
BCIIOMOTATENbHBIN, OoJiee MaHEBPEHHBIH W, BO3MOXHO, MEHBIIHAN IO
rabapurtam BTOpoit MP 6, ocnamenusiii CT3 7. Dtot manbeiii MP moxer
MOIXOANUTh K 00BEKTY 5 ¢ yIOOHOrO pakypca Tak, 4TOObI OIepaTop Ha
JKpaHe MOHHUTOpa 8 OHOBPEMEHHO BHET 3TOT 00BheKT ¥ PO 3 maHwmIy-

nsitopa 2.
I e
2 Q h Vo C. _
X, ¥, .

6

!

Pucynox 1 — Cucrema corjiacoBaHHOTO I10JIyaBTOMaTHYECKOTO YIIPaBICHHS
MOOWIBHBIMU poboTaMu

[Ipennaraemas cuctema ympasieHuss MM MmoxeT paboTaTh B JBYX
yepeayromuxcs pexumax [1, 2]: crabunmzanuu (BCIIOMOTaTeILHOM) U
cnexenus (pabouem). B pexxume cradumusanu MM HemoABIMKHO (PHK-
CUpYyeTCs B MPOCTPAHCTBE, a OMEPAaTOP UMEET BO3MOXKHOCTH M3MCHSTH
koHpuryparmo 3Y 9 u opuenrarmo CT3 7. B pexxume crnexxeHus uc-
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TIOJIHSIOTCS JTIOOBIE BUXKEHHUS, onpezaenseMble 3Y, U MOAEPKUBAETCS
B3aWMHas OpHeHTauus pyKosTku 3Y u nzobpaxenuss PO MM na skpane
TeneMoHuTopa § npu b0 opuentannu CT3 7.

B pabote mpesyiokeHa CUCTEMa MOTYaBTOMATHUECKOTO YIPABICHUS
MM, ycTaHOBJICHHBIM Ha OJJHOM U3 MP poOOTOTEXHUYECKOTO KOMILICK-
ca, BKJtroyaromiero Asa MP. OHa no3BonsgeT ylydluTh 3KCILTyaTalluoOH-
HBIC XapaKTEPUCTUKHA 3TOTO KOMIUIEKCA, OOecrednBas HEMPEpPBIBHOEC
MOJy4eHHEe BU3YaIbHOH MH(pOpMamu 00 00bekTe paboT ¢ HECKONBKUX
pakypcoB, maxe korma 3ToT o0bekT He BuaeH CT3 ocHoBHoro MP, a
Habmomaercs CT3 BcomoratenpHoro MP.

Pabora BemomHsTace npu QuHAHCOBOM mommepxkke PH® (rpanT
PH® 22-29-01156).

1. ®unaperos B. @., Kauypun A. A. MeToj 101yaBTOMaTHIECKOTrO
MO3ULHOHHOIO YIPaBJICHUS MaHUIIYJISITOPOM C IOMOIIBIO TEJIEKaMepsbl,
U3MEHSAIOLIEH IPOCTPAHCTBEHHYIO OPHEHTALHIO CBOEH ONTHYECKOH ocH //
MexatpoHuka, aBToMarusanus, ynpasienue. —2008. —Ne 9. — C. 15-22.

2. ®wunaperoB B. @., Kanypun A. A. Cucrema TeieynpaBieHUsI
MHOTO3BEHHBIM MAaHUITYJIITOPOM, YCTaHOBJICHHBIM Ha MOOWIBHOM pO-

6ote // UnbopMannoOHHO-N3MEPHUTENbHBIE H YIPABIISIOIINE CHCTEMBL. —
2018. — Ne 12. — C. 40-48.

B.II. Hockoe, H.0. Kucenes, A.H. Kypvanoe
BUAEO-JAJIBHOMETPUYECKUE JECKPUIITOPHI
MNJIOCKHUX TEKCTYP B HABUT'ALIUU POBOTOB

MI'TY um. H.D. baymana, Mockesa, noskov_mstu@mail.ru

V.P. Noskov, 1.0O. Kiselev, A.N. Kuryanov
RGB-D DESCRIPTORS OF FLAT TEXTURES
FOR ROBOTS NAVIGATION

Bauman Moscow State Technical University, Moskow, noskov_mstu@mail.ru

PaccmoTpena akTyanpHas 3aa4a ONPENEICHHUS TEKYILETO MOJIOXe-
HUST MOOMIBHOTO po0oTa (OECMIIOTHOTO JIETATEIBHOTO amiapara) o
BHJC0-TATFHOMETPHUYECKUM H300pakeHMsIM (0OBEMHBIM pacKparieH-
HBIM 00JlakaM To4eK), (OpMHUPYEMbIM OOPTOBOW KOMIUIEKCHPOBAHHOM
CHCTEMOIl TEXHHMYECKOTO 3peHHs, IIOCTPOSHHOH Ha 6a3e Juaapa M LBeT-
HOW BHIECOKaMepHl, IIPH JIBIDKEHUH (T0JIeTe) B ypOaHU3UPOBAaHHOM cpe-
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Jie, comeprKaiieil MmIocKue 0ObeKThI (CTEHBI, MOTOJKH, TPOTYyaphl, A0PO-
rH,...) [1-3]. IlpeanoxeH adropuTM BHICO-HABUTALMU, OCHOBAaHHBIN Ha
HCTIONBb30BaHUH TUTOCKHUX KOMILIEKCUPOBaHHBIX (Bumeo-
JATbHOMETPUYECKHX ) JIECKPUIITOPOB, BBIJIENSIEMBIX Ha IIOCKUX TEKCTY-
PpUpOBaHBIX 00BEKTaX BHEUIHEH Cpe/bl, Ul OMUCAHHUSI KOTOPHIX MCIOJb-
3YIOTCSl SIPKOCTHBIE M TeoMeTpuyeckue mnapamerpbl. ChopMyIHpoBaHbl
npaBwiia (POPMHUPOBAHUS TUIOCKOTO KOMIUIEKCHPOBAHHOTO JECKPHIITOPA,
obecrieunBaroNIve BBIICIICHHE ¢ MOMOIIbI0 onepaTopa Cobenst ocoboit
(ueHTpanbHOM) TOYKM NECKPHITOPA M BBIYHMCICHHE SIPKOCTHBIX M T'€O-
METPHUYECKHX ITapaMeTPOB B €€ IUIOCKOH JIOKabHOH oOmacTu. [JomomHe-
HHE SPKOCTHBIX MapaMETPOB IUIOCKOTO JECKPHNTOPA, (OPMHUPYEMBIX
BHCOKaMEpPOH, TEOMETPHUECKUMH NapaMeTpamMy, (POPMHUPYEMBIX IaJlb-
HOMETPHYECKUM CEHCOPOM, CHHMAeT NpoOJieMy HWHBAapUAHTHOCTH Jie-
CKpHIITOpa K MacmTaldy M TEM CaMbIM CYIIECTBEHHO CHIDKAET TPYI0EeM-
KOCTh BBIUMCIICHUH TIpH ero Boiaenennu [4]. ChopMynupoBaHbl IpaBuiia
HaXO0JXK/ICHHUsI COOTBETCTBYIOIIUX JIPYT JPYTY NECKPUITOPOB HA BBIIEIS-
€MBIX B IpoLecce IBIKEHUS IUIOCKUX TEKCTYPHPOBAHHBIX OOBEKTaXx,
OCHOBaHHbIE Ha BBIYHMCIEHUHM Pa3HOCTU SPKOCTHBIX M T'€OMETPHUYECKUX
rapaMeTpoB CPaBHUBAEMBIX JAECKPUITOPOB. BhIMoONHEHa oLeHKa OmMo-
KM peIICHHs HABUTAI[MOHHOW 33Ja4M C WCIOJIb30BAHUEM IIOCKUX KOM-
TUIEKCUPOBAHHBIX JIECKPUIITOPOB B 3aBUCHMOCTH OT OIIMOKH CEHCOpPOB
CHCTEMBI TEXHHIECKOTO 3PEHHUS U TEOMETPUIECKUX Pa3MEPOB AECKPHUII-
TOpa. 3a CYeT HOCTPOEHMS THCTOTPaMM PEIICHUS] HaBUI'aLMOHHOM 3a/1a-
YH 110 KaXKI0M KOOpIUHATE 00BbEKTa YIPaBICHHS JUIsl BCEX I1ap COOTBET-
CTBYIOIIUX JPYr JAPYrY JECKPUITOPOB JOCTHIHYTa CTATHCTHYECKH
YCTOWYMBAs BBICOKAS IOCTOBEPHOCTh PELICHUs IIOJHOW HABUTALIMOHHON
3amaud. TOYHOCTH pelleHHs HABUTALMOHHOW 3aJaud MOJIy4yujach He
xyxe TouHoct CT3. Mcnonp3oBaHME IUIOCKMX KOMIUIEKCHPOBAHHBIX
JECKPHUIITOPOB MO3BOJIMIIO TIPU CPABHUTEIFHO MaJOM 00bEMe BBIYHCIIE-
HUH C IpUEeMIIEMOH TOYHOCTBIO U OBICTPOJCHCTBHEM DEIIUTH IMOJTHYIO
HaBUTaMOHHYIO 3a7jady Ha OOPTOBBIX BBIYMCIHUTENAX B TEMIIE JBHXKE-
Husl (monera) oOBeKTa ympaieHHs. DPPEKTUBHOCTH NPEUIOKEHHBIX
ITOPUTMUYECKUX U Pa3pabOTaHHBIX MIPOTPAMMHO-ANINAPATHBIX CPEICTB
MTOATBEPK/ICHA HATYPHBIMH 3KCIIEPUMEHTAMH, ITPOBEJCHHBIMHU B PEaJlb-
HBIX YCIOBHUSX ypOaHU3UpPOBaHHOH cpensl. Ha puc. 1a mokazansr ocoObie
TOYKH Ha TEKCTYPHUPOBAHHOM ILJIOCKOM 00BEKTe, Ha puc. 10 u 1B moka-
3aH OJUH U TOT € JECKPUIITOP, HAMIEHHBIH Ha COOTBETCTBYIOLIUX JPYT
JIPYTY TEKCTYPUPOBAHHBIX IUIOCKUX OOBEKTaX, BBIACICHHBIX M3 JBYX
KOMIUIEKCUPOBAPHHBIX M300pPa)KCHUH, MMOJYYEHHBIX IPHU PasHbIX MOJI0-
wenusax CT3 (pobota).

35



CBOPHUK TE3NCOB 33 MexayHapoaHOM Hay4YHO-TeXHUYECKOWN KOHdepeHLmmn
«9KCTPEMAJIbHASA POBOTOTEXHNKA»

a) 0) B)

Pucynok 1 — Oco0ble TOUKH ¥ KOMIDIEKCHPOBAHHBIH JECKPHIITOP HA INIOCKUX
TEKCTypPHPOBAHHBEIX 00BEKTaX

Ha pucynke 2a mNpHBEAEHO HCXOJHOE BHACO-JATBHOMETPHIECKOE
M300pakeHne TNOMeEIleHus, a Ha puc. 10 pesymprar peienus SLAM-
3aj1a4u C MCIIOJIb30BaHUEM KOMIUIEKCHPOBAHHBIX IUIOCKHX JIECKPUIITOPOB,
Haﬁ)leHHbIX B TCKCTYPUPOBAHHBIX INIOCKHUX O6’BCKT3.X, BBIJICIIACMBIX B I10-
CJIEIOBATEIILHOCTH KOMILJIEKCHPOBaHHBIX HM300paKeHUH, (DOPMHUPYEMBIX
6oproBoii CT3 B mpouecce ABMKEHMS (T0JieTa) 00BEKTa yIpaBIeHHSI.

Pucynok 2 — Pemenune SLAM-3anauu ¢ HCTIONB30BaHIE KOMIUIEKCUPOBAHHBIX
IUIOCKHX JIECKPUIITOPOB

Vcnonp30BaHue IUIOCKUX KOMIUIEKCUPOBAHHBIX JECKPUITOPOB IMO3-
BOJIMJIO CBECTH TPYIJOEMKYIO TPEXMEpHYIO 3ahady ONTHMH3alHUU COB-
MEIIEHUS TEKCTYP IIOCKUX TEKCTYPHPOBAHHBIX 00BEKTOB [3] K IpocTo-
My COBMEUIEHUIO COOTBETCTBYIOUIUX APYT APYTy JECKpPUNTOPOB[4].

1. Hockos B.IT., Kucenes 1.0. TpexmepHBIit BapranT Metona Xada
B PEKOHCTPYKIMU BHEIIHeW cpenbl u HaBurauuu. / M.: «HoBble TexHO-
noruny, «MexaTpoHHKa, aBTOMaTu3alus, ympasienue» Ne§, 2018. c.
552-560.

2. Hockos B.II., Kucenes 1.O. Beinenenue MmIOCKUX OOBEKTOB B
JMHEHHO CTpYKTypupoBaHHBIX 3D-m3obpaxenusix. // C-IlerepOypr:
PobororexHuka u TexHuyeckas kubepHeruka Ne2(19), 2018. C. 31-38.
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3. Hockos B.IL., Kucenes M.0. Hcnosb30BaHHe TEKCTYPhI JHHEH-
HBIX 00BEKTOB JIJIsl IIOCTPOCHUS MOJICNI BHEIIHEH CpeAbl U HaBUT AU //
M.: «HoBble TexHOIOTUM», MexaTpoHHKa, aBTOMaTH3allUs, YIIpaBICHHE.
2019. Neg, 1. 20. C. 490-497.

4. Hockos B.II., KypesaoB A.H. Hcnonp3oBaHue KOMILIEKCHPO-
BaHHBIX IECKPHUITOpOB B peurennn SLAM-3anaun. // Taranpor, W3Be-
ctust FODVY. Texuuueckue Hayku. Nel, C. 268-278.

®.M. benvuenko, H.J1. Epmonos
BHEAPEHUWE TEXHOJIOT YU MPEOBPA30BAHUSA
MNEPCIIEKTUBBI HA BUJEOU30BPAKEHUSAX
BO BCTPAUBAEMbBIX CUCTEMAX POBOTOTEXHUYECKHUX
KOMILUIEKCOB

Hucmumym npobrem mexanuxu um. A.FO. Muwnunckoeo PAH, Mocksa,
philepp@mail.ru, ermolov@ipmnet.ru

F.M. Belchenko, I.L. Ermolov
IMPLEMENTATION OF PERSPECTIVE CONVERSION
TECHNOLOGY ON VIDEO IMAGES IN EMBEDDED SYSTEMS
ROBOTIC COMPLEXES

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, philepp@mail.ru,
ermolov(@ipmnet.ru

B pabote uccienyioTcs BO3MOKHOCTH CHCTEMBI TEIEMETPHH, BHO-
CSILEH IIeJeBble MCKKEHHU B IEpelaBacMoe BHICOM300paKeHue, MpH
(hYHKIIMOHMPOBaHNHU BO BCTPaWBaeMBIX cHcTeMax. MccienoBaHa pabora
b.B. Paymen6axa o paboTe kamMep KOCMHYECKIX CITyTHHKOB [1].

[IpennoxeH psn peleHuid MO COBEPUIEHCTBOBAHUIO CUCTEM TeEJe-
metpun PTK [2]. B kauectBe 1ieneBoi IuaThoOpMbl ISl UCIBITAHUN
npemiokeHo wucnons3oBath NVIDIA Jetson Nano (puc.l). [lannas
matpopMa MMeeT BO3MOXKHOCTD 3aIlyCKa IIOJHOIIEHHON ONepanioHHON
CHCTEMBI U Y/IOBJIETBOPSIET BCEM TPEOOBAHMSM IO POU3BOIUTEIBHOCTH
annapaTHbIX PECypPCOB.

Jnst pa3paboTKy mporpaMMBbl HCTolb30BajIack ondmrorexka OpenCV
JUIsL paboTBI C CHCTEMaMH TEXHHYECKOro 3peHus. s nmpeoOpa3oBaHuMii
MEPCIEKTUBBI BHYTPH OMOINOTEKN HCTIONB3YETCS MAaTPHIIA, TIO3BOJISIOIIAS
OCYIIECTBIISITH MOBOPOTHI, IIEPEHOCHI M MacIITaOMpOBaHWE PA3TMYHBIX
TUIAaHOB m300pakeHus. Jlanee OBIIO peaii30BaHO BHECCHHUE LIENICBBIX HC-
Ka)KEHHH, TIO3BOJIMBILEE PEIINTH PS MPOOJIeM Ha M300paKEeHUIX, TAKHUX
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Kak: qucTopeus (puc. 2), m3MEHeHne 0TOOPaKeHUS pa3INIHbIX IUIAHOB Ha
BHZICO0, BUPTYAIBHBIA IOBOPOT TUIOCKOCTH [3, 4].

Pucynok 2 — VcnipaBiienne nmpo0ieMbl IUCTOPCHH TIPH BHECEHUH IIEIEBOTO
HCKa)KEHHsI IEPCIIEKTUBBL

B nacTosiiee Bpemst IIPOBOJSITCSL UCTIBITAHUS 110 pa3padaThiBAeMOMY
npoekty. COBMECTHO C TEXHOJIOTHEW INpeoOpa3oBaHUs IEPCIEKTHBBI
BHEJIPSIETCSL Psl TEXHOJIOTMH CErMEHTAlMU M300pakeHHUH, AJISI OLEHKH
3¢ PEKTUBHOCTH TEXHOJOIMU MPU BO3MOXHOM BHEJPEHHH B CHCTEMax
TEXHUYECKOTO 3PEHHUS.

Jlokian mpencraBieH B paMKax BBITOJIHEHHUS roc3agaHust MuHoOOp-
Hayku PO Ne AAAA-A20-120011690138-6.

1. Paymen6ax b.B. 'eomMeTpust KapTHHBI 1 3pUTEIBHOE BOCIIPHSTHE.
— CII6. Azbyka-knaccuka, 2002. — 320 c.

2. benpuyenko @.M., Epmonos MN.JI. Pa3paboTka KOHIEMIIUK CHCTE-
™Mbl TeneMeTpud PTK ¢ BO3MOXHOCTRIO BHECEHHS IEIEBBIX MCKaKEHHHA
0TOOpakaeMoro MpoCTPaHCTBa, POOOTOTEXHUKA M TEXHUUECKas KuOep-
Heruka. — T. 9. - Nel. — Cankr-IlerepOypr : HTHUU PTK. — 2021. — C.
26-31.
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3. benpuenko ®.M., Epmornos N.JI. BHecenne 1eneBbIx CUTyalu-
OHHBIX MCKa)XCHUH B cucTemax tenemeTpun// Marepuansr XIV Beepoc-
CHICKOW MyJIbTHUKOH(EPEHIMHU 1o mpodiieMaM yrpasieHus. — PocTos-
Ha-/lony: Taranpor, 2021. —c.119-121.

4. benpuenko ®.M., Epmosos U.JI. HoBerit moaxon k npeodpa3opa-
HUIO TICPCICKTHBBI M300paKEHHWI B CHCTEMaX TEIEMETPUU POOOTOB.
MexaTtponnka, aromaru3anus, ympasineHue. 2021;22(12):644-649.
https://doi.org/10.17587/mau.22.644-649.

AM. Boﬁkol, A.A. Ey03a2, A.T. Keacxos, I1.B. Kocmbtpunz,
K.A. MaKCMMOBZ, J.B. Ti Kauem(oz, 11.10O. llIaMpaﬁz
BbICOKOITPOU3BOJAUTEJBHAS OIITO3JEKTPOHHA I
CUCTEMA OTCJIEXKUBAHMSI ITOJIOXEHUS
BECIMMJIOTHBIX JIETATEJIBHBIX AITITAPATOB (BJIA)

' OTH un A.®. Hoppe, Canxm-Ilemepbpye, boiko@theory.ioffe.ru;
’HHAL] « BHUMIKTy, Canxm-Ilemepopye; “1]3H 000 «Koupudenmy,
Canxm-Ilemepbpye

A.M. Boiko’, A.A. Budza, A.G. Kvasko, P.V. Kostyrin,
K.A. Maksimov, D.V. Tkachenko, P.Yu. Shamray
HIGH-PERFORMANCE OPTOELECTRONIC TRACKING
SYSTEM FOR AERIAL ROBOTICS (UAV’s)

'Toffe Institute, St. Petersburg, boiko@theory.ioffe.ru; *JSC Railway Research
Institute (VNIIZHT), St. Petersburg; *Information security center «Confidenty,
St. Petersburg

CoBpeMeHHbIE HCCIIEIOBaHUS B 00JIACTH TEOPUH YIIPABJICHHS B NPU-
MEHCHMH K OeCImIOTHBIM JietaTenbHbiM anmapat™ (BJIA), TpeOyrot
COBPEMCHHOI J1abopaTopHON mHpuOOpHO# 0a3bl. CaMbIM TPOCTHIM, U
JOCTYIHBIM CIIOCOOOM H3MEpUTH MOJ0XKeHHe M KoopauHatel BJIA Bo
BpeMs1 uccienoBanuil sBistrorcest cucremsl HCC, kotopeie obecrieun-
BAalOT TOYHOCTb MO3HWIIMOHUPOBAHMUS B €IMHUIBI CAHTHMETPOB U OIpesie-
JICHHE CKOPOCTH C TOYHOCTHIO E€MHUI] CAHTHMETPOB B CEKyHAYy ( mpH
HaJIMYUH CUCTeMbI Koppekinu). Ho Takue mcciaenoBaHus MOXKHO MPOH3-
BOAWTH TOJIBKO Ha OTKPBITOM BO3IyXe, UTO TpedyeT obecrieueHus pabdo-
THI BEChMa 3aTPaTHOW MOJIEBOH TabopaTOPHH C OAHOM CTOPOHEL, C ApY-
ro#f - TpedyeT pa3pelieHus] Ha MOJIETHI B BO3AYIITHOM IIPOCTPAHCTBE IS
OECHMJIOTHUKOB, KOTOpbIE ellle HE HMEIOT HHKAKOIr0 PHUIMYECKOrO
ctaryca. Ecinu MBI XOTUM IIPOBOJIUTH HUCCIIEAOBAHMS MOJ KpHIIeH B 00-
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nee KOM(MOPTHBIX YCIOBHSX, HE Hapyllasi paBHia UCIIOJIb30BaHUS BO3-
AYIIHOTO TIIPOCTPAHCTBA, TO TaM CTAHOBATCA HCEAOCTYIIHbBI HOaHHBIC
I'HCC. CnenoBarenbHO, NPUXOJUTCS HUCIOJIB30BATh CUCTEMBI, paboTa-
IoLIMe N0 Kamepam, IO yJIbTpa3ByKy, 1o paauo. Kaxknas w3 Takux cu-
CTEM HMEET CYLIECTBEHHBIE ISl MOJIb30BaTelIsl HEJAOCTaTKH — HauWHast
OT LIEHBI B JECSATKH M COTHM pa3 MPEBOCXOASAILIECH LIEHYy HCCIEeTyeMbIX
BJIA wn 3akaHuMBas HEBO3MOXKHOCTb HANpPSMYI HU3MEPHUTh JTHHEHHYIO
CKOPOCTbH 0€3 IPUMEHEHHUS JONOIHUTENbHBIX N3MEPHUTEIBHBIX CHCTEM H
ITOPUTMOB.

B nameii pabote moka3aHo, KaKk MOXHO CO3[IaTh ONTORJIEKTPOHHYIO
CUCTEMY, OOJaIafoIIy0 HEOOXOAWMOW HPOM3BOAUTEIHHOCTRIO (Ooiee
25000 «chIpbIX» M3MEPEHUI B CEKyHIY), KOTOPOH HE TpeOyeTcs HHKa-
KHX JTOMOJIHUTEIIbHBIX MHEPHHUATIbHBIX M0)1yne171 " paauocCBA3U, IJId O/11-
HOBPEMEHHOTO OIpeieeHus monoxeHusa u ckopoctu BJIA B mpenenax
JIeHCTBUS JTOKAJILHOTO HABUTalTMOHHOTO 1o [1-3].

KiroueBast uest COCTOMT B TOM, 4TOOBI UCIIOIB30BATh KJIACCUUECKUN
MIPUHIMI M3MEPEHHs yIila HalpaBlIeHHs Ha OOBEKT, UCIOJIb3yEMBIH B
MOHOMMITYJIbCHON pasinosiokannu [4]. A MOCKOIBKY AJIs pajuouana3o-
Ha XapakTepHb! KPYHMHOTabapUTHBIE aHTEHHBI, TO MBI UX 3aMEHIIM Ha
MasiorabapuTHBIEC CBETOIUOAHBIC MasIKK ¥ (POTONPUEMHHIKH. DTO TO3BO-
JWJIO YMEHBIIUTH rabapuThl M CTOMMOCTh MOAYJICH H3MEPHUTEIHHOM
CHCTEMBI 10 rabapuTOB M CTOMMOCTH, IPHEMIIEMBIX B J1a0OpPaTOPHOM
HCIIOJIb30BAHHH.

[TonyuyeHHass TOYHOCTh U3MEPEHHUN COMEPXKUT OIMKOKY (36) He Oosee
0.1 rpagyca, 4TO COOTBETCTBYET JMHEHHOMY OTKJIOHEHHIO 3 MM Ha JH-
CTaHIMK 2 METpa OT Maska. A omIKOKa ONpeae/ICH ST CKOPOCTH HE Ipe-
BOCXOAUT 2cM/ceK Ha TOM e paccrosHud. CrenoBaTenbHO, Takas CH-
cTeMa ro3BosisieT uMuTHpoBaTh nokazanus ' HCC B nmaGoparopHoM mo-
MEILEHNH, HE BHOCS JIOMOJHUTEIbHBIX H3MEHEHUI HU B JIOTHKY padoTy,
HU B KOHCTPYKIHIO.

1. «Pa3paboTKa 3JI€MEHTOB CHCTEMBI ONTHYECKOTO HHCTPYMCHTAIb-
HOTO 3aX0Za Ha I0CaJKy OECIMIOTHOIO JIeTaTeIbHOro anmapara», A.A.
Bynza, numnomuas pabdora, CIIOITY, 2016.

2. «Pa3paboTKa aBTOHOMHOI'O allapaTHOrO KOMIUIEKCA BHICOKOTOY-
HOT'O M3MEPEHUsI MTPOIOJILHOM CKOPOCTH Ha OCHOBE (ha30BOrO METOJay,
I1.B. Kocteipun, Marucrepckas auccepranus, CII0ITY, 2017.

3. «PaspaboTka ycTpoicTBa MpuéMa M 06pabOTKH CHUTHAJIOB OITH-
YEeCKOM CHCTEMBl HHCTPYMEHTAIIBHOTO 3aX0la Ha MocauKy OecIIOTHOrO
JieTaTeNbHOrO anmapara», A.A. Bynaza, BbilycKHas KBanu()UKaLHOHHAS
pabota maructpa, CIIOITY, 2016.
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4. «OGecneyeHre MPOCTPAHCTBEHHOM YCTONYMBOCTH POSI ABTOHOM-
HBIX OECHIJIOTHBIX JIETaTeIbHBIX anmnaparoBy, A.M. boiiko, P.A. I'upru-
noB, PoboToTexHuka u TexHu4yeckas kubepHeruka, 9(2)2021.

B.I1. Anopees
OBECIIEYEHUME BE3OITACHOCTHU PABOTbI KHUHO-
U TEJIEX)KYPHAJIMCTOB CPEJICTBAMM YKCTPEMAJIBHOM
POBOTOTEXHUKHA

Mockosckuii cocyoapcmeennviii mexnonocuueckuti ynusepcumem « CTAHKHUH»,
Mockea, andreevvipa@yandex.ru

V.P. Andreev
SAFETY OF THE WORK OF FILM- AND TV-JOURNALISTS
BY MEANS OF EXTREME ROBOTICS

Moscow State University of Technology «STANKIN», Moscow,
andreevvipa@yandex.ru

B Hacrosmee BpeMs 0€30MacHOCTh KHHO- U TEJIEONEpaTopoB, pado-
TAIONIMX B «TOPAYMX» TOYKaX, OOECHEeYMBAETCS WHIWBHIYaTbHBIMU
CPEICTBaMHU 3aIIUTHl — KackaMH U OpOHEeXHIeTaMH. DTH CpEeACTBA HE
MO3BOJISIOT 3AIUTUTHCS OT CHAMIIEPCKOrO OTHS M MUHOMETHBIX CHaps-
noB. B cuy cBoeit mpodeccuu BOeHHBIE JKypHAIHCTBHI M ONEPaTOPEI
paboTaroT B TOH k€ 30HE, I'/Ie ¥ COJIAThI, TOJIBEPIaloTCs TEM XKE PHC-
KaM, 9TO U OOMIIBI.

[ento poboTuzanmy BoopykEHHBIX cuil PD sBisiercst ocBoeHHne 0e3-
JIFOJTHBIX TEXHOJIOTHH, 00ECHeYMBAIONINX IOJHOE WM YacTUYHOE HC-
KITIOUEHHE JJMYHOTO COCTaBa IpH peleHnr 00eBbIX 3a71a4d. Heooxommumo
JaHHYIO LIeJIb PACHPOCTPAHUTh M HA BOCHHBIX )KypHAJIHMCTOB U OIIEPATO-
pOB W co3maTh cHenuaibHble podoToTexHmueckne koMmruiekchl (PTK)
JUIS KYPHAIIICTOB, OCBEINAIOINX OoeBbIe AeiicTBus. [y 3TOTO TMpeuia-
raeTcs HCIOJb30BaTh COBPEMEHHBIE CPEIICTBA SKCTPEMalIbHOW POOOTO-
TEXHUKH — JMCTAHIIMOHHO yrpasisemble MoOmibHbie PTK, ocHaménHble
CTepEOCKOIMMYECKIMH cucTeMamu Texaudeckoro 3penus (CT3) u coot-
BETCTBYIOIIIMMU CPEACTBAMH KHHO-TEJIECHEMKH.

[TpumepaMu Takux SKCTpeManbHBIX poOoToB Moryt ciyxuth PTK ¢
JVCTaHIIMOHHBIM ympaBieHueM (puc. 1), paspaborannsie B LleHTpans-
HOM Hay4YHO-UCCIIEOBATEIbCKOM U OINBITHO-KOHCTPYKTOPCKOM HHCTH-
TyTe POOOTOTEXHUKH U TexHUUecKkoi knbepuetukm» (LITHUU PTK).
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a)
Pucynox 1 — Mob6unsasie po6oTtsr «KATIUTAH» (a) u «kKYPCAHT» (6)

JlucTaHIMOHHOE yrpaBiieHHe MOOHIbHBIME poboTamu (MP) mo pa-
JIMOKAHATY yXKe He SBJISeTCs 00NbIIoN mpobiemMoit. OTHAKO TaKOH KOM-
MYHUKaIMOHHBII KaHaJl, KaK IPaBWIo, He NpeJHa3Ha4YeH JUIsl Mepeaadn
10 paJroKaHaly MHOTOIOTOKOBOro BHieo. OcHaileHue poOOTOB CTe-
peockonmueckoit CT3 u crienuansHON ONepaTOpcKoi TeneKkaMepon Tpe-
Oyer OoJiee MUPOKOMOIOCHOTO KOMMYHHKAI[HOHHOTO KaHaia, MOCKOJIb-
Ky HeoOX0IMMO IepeaBaTh HECKOJIBKO BHIEOIIOTOKOB OJHOBPEMEHHO.
Kpome Toro, omeparopckasi Tenekamepa MOXeT paboraTh B (opmate
BBICOKOTO Pa3pelleHusi, YTO CYLIECTBEHHO MOBBIIIAET 00bEM MepeaaBa-
eMOoil HHpOpPMAaIIMK B €IMHUILY BPEMEHHU.

((p2),
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Pucynok 2 — CrpykrypHas cxema CT3 111 KUHO- U TEJIEKYpPHAIUCTA
Pemenne nanHoM mpodieMbl pepoxkeHo B [1]. Paspaborantas u us-
rotoBneHHas CT3 Obuta mpeaHa3HavYeHa /Il MOJIYYCHUS U OECPOBOIHOM

nepenauyn BuaeonH(opMmauuy Ha mynsT ynpasinenus (I1Y) omeparopa on-
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HOBPEMEHHO C IIeCTH Teekamep, ycraHoBineHHbIX Ha PTK BROKK-110D
1 BROKK-330 (IlIsernms). Ananoruanoe ynpouiénHoe pemenne CT3 mis
PTK MOXHO NPEATIOKHUTD JUIS KUHO- U TEJIEKYPHAIICTOB (pHC. 2).

B CT3 M0OXHO MCHONB30BaTh CTAHJAPTHHIE AaHAJIOTOBBIC TEJIEKaMe-
P, BUIEOCHTHAJ KOTOPBIX C MOMOLIBIO BHIEOCEpBEpa rpeodpasyercs B
mdpoByo (opMy M BBINOJNHSETCS CXKAaTUE BUAEONOTOKA. Bce anek-
TpoHHbIE 37eMeHTHl CT3 00beMHEHBI B JIOKAIBHYIO BBIYUCIUTEIbHYIO
ceTb. KOMMYHHKAIIMOHHBIA KaHall MEeXly OOPTOBBIMU CHCTEMaMH pobo-
ta n I1Y oneparopa ¢opMupyercst Ha 0OCHOBE OECIPOBOAHOTO CETEBOTO
coequaeHuss Wi-Fi. Mcnomnb3oBanme creka mportokonoB TCP/IP cran-
nmaprta Ethernet u pa3zpaboranroe 1O obecriedunBaroT HaIEKHYIO BBICO-
kockopocTtHyHo (30 k/ceK) mepenady BceX BHICOTIOTOKOB OJJHOBPEMEHHO
[0 pajJMoKaHajly B 30HE MPSIMOH BHIMMOCTH Ha PAcCTOSHHE HE MEHee
200 meTpoB.

1. CuctemMa TEXHHYECKOTO 3pEHHS Uil CYNEPBH30PHOTO YIpaBile-
HHS pOOOTH3MPOBAHHBIX CPEJCTB, MOCTPOEHHAS C MCIIOJIb30BaHHEM Oec-
npoBoaHoi TexHonorun Wi-Fi / Aunpees B.I1., Kupcanos K.b., u ap. //
Marepuansl XX MextyHapoJHOI HayYHO-TEXHHUECKOH KOH(EpEHIINH:
OkcrpemainbHas pobororexnuka (OP-2009). — Taranpor: Usn-so TTU
0DV, 2009. — C.364-368.

A.U. ®eoomos, /.A. Aumonos, U.B. bozosuna
CUCTEMA TEXHUYECKOI'O 3PEHUS (OBHAPYKEHUS
BO3I'OPAHNS), HABUT'ALIUN, CTBIKOBKHU U CBSI3U B
ITPOTUBOIIOKAPHOM KOMIIJIEKCE HA OCHOBE
MOBMJIBHOTI' O ITOKAPHOTI'O POBOTA

000 «Asmomamuueckue Cucmemvr Cnacenusy, Cankm-Ilemepoype,
fedotov@acc-project.ru, antonov@acc-project.ru, bogovina@acc-project.ru

A.L Fedotov, D.A. Antonov, I.V. Bogovina
THE SYSTEM OF TECHNICAL VISION (FIRE DETECTION),
NAVIGATION, DOCKING AND COMMUNICATION IN A FIRE-
FIGHTING COMPLEX BASED ON A MOBILE FIRE ROBOT

Automatic Rescue Systems Ltd, St. Petersburg, fedotov@acc-project.ru,
antonov@acc-project.ru, bogovina@acc-project.ru

B Hacrosiiiee BpeMsi CTOMT BOIIPOC O 3aIUTE KPYIHBIX 3/IaHUH U CO-
OpY’XEHHH OT Io>kapa.
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Jna takux o0bektoB kommaHus ACC pa3pabaTbIiBaeT MPOTHBOIIO-
JKapHBIA KOMIUIEKC Ha OCHOBE MOOMIBHBIX poO0TOB. OH ycTaHAaBIMBa-
eTcs Ha OOBEKTE Ha CTaJUH CTPOUTEIHCTBA MIIM MOJCPHHU3ALUH, U TIPE-
Ha3Ha4eH Jyisi 00pbOBI C I0YKapaMu Ha paHHEH CTajuu.

Hama cucrema npezcraBisier co6oi (cM. puc. 1) MoOMIIBHBII poOOT,
KOTOPBII IBIKETCS 10 HarpasistomuM (10 400 M), pacTiyioxKeHHBIM O]
noroiakoM. OH BbIE3XKAET K MECTY I0)Kapa, HaXOJIUT €ro, MOJIKII0YaeTCs
K Marucrpanu (Ipy IOMOIIY pa3pabOTaHHOTO y3Ja CTHIKOBKH) C BOJIOM
WJIY TIEHOH U MPOU3BOJUT HANPABJICHHOE Ha MOXap TYIICHHE.

Jy1st TaHHOTO KOMIUIEKCa HaMH pa3paboTaHbl:

— Cucrema obOHapysxeHust noxapa Ha ocHoBe MK n3Berarens. Ona
yCTaHABJIMBACTCS Ha poOOTE W IO3BOJISIET HANPABIATH CTPYIO OTHETY-
IIAIIero BellecTBa TOYHO Ha MoKap. B HacTosIiee BpeMst MpakTHIecKast
JAITBHOCTH TakoW cucTeMsl 10 50 M. B HacTosmiee Bpemst BemyTces pado-
THI 110 yBEJHYEHHE NAIBHOCTH OOHapykeHHs moxkapa mo 75-100 m c
TOYHOCTBIO *+ 0,5 M, a Tak k& aBTOMaTHYECKOTO ONPE/EICHHs PaccTos-
HUS JI0 TToKapa (cedgac crcteMa TOJBKO HANpPaBIseT CTPYIO).

PucyHok | — OOwmuii Buji MpOTHBOIOKAPHOTO KOMILIEKCA HA OCHOBE
MOOMIBHBIX poboToB ACC

— Pazpaborana cucrema HaBurarmu podora. Tak Kak poOOT IBIDKET-
Cs1 II0 HaIPaBJIAIOLIEH, TO OH OPUEHTHPYETCSI IIPU IIOMOILU METOK Ha HEM.
B Hacrosimiee BpeMst IUisl 3TOTO MCHOJB3YIOTCS WHIYKTHBHBIA O€CKOH-
TaKTHBIN JaT4YHUK Ha po60Te 1 METAJUIMYCCKUC TUIACTUHBI Ha HaAIIpaBJIAIO-
mux. B Hacrosimee Bpemst BeayTcsi paOOTBI MO Pa3pabOTKU aJIpPEeCHBIX
METOK, KOTOpbIE POOOT MOXKET CUMTHIBATH HA CKOPOCTH 110 8 M/C.
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— Pa3pabortana aBromaTideckas CHCTEMa CTHIKOBKHU € TPYOOIPOBO-
JOM Ul MOJauyMl TyIIAIeH >KUAKOCTH Ioj AaBieHueM 6 atMm. Tak xe
JaHHBIN y3€JI IO3BOJISAET MOABOANTH MUTAHHUE ISl poOOTA MPH TYIIEHHH,
YTO MO3BOJISIET €My paboTaTh 0e3 OrpaHU4eHHs M0 eMKOCTH aKKyMyJisi-
TOPOB.

— PazpabarbiBaeTcsi KOMIIGKCHAsE CUCTEMa CBSI3M M TNEpeAavyd WH-
(dopmaryu (B TOM 4KCIie BUIEO), TaKk Kak ucronb3oBanue Wi-Fi Ha pac-
crostauu 400 M B IPOM3BOACTBEHHBIX TTOMEIIEHHUIX (B T.4. IPH MOXKape)
3aTpynHeHo rnoMexamu. KoMIuiekcHasi CBsI3b OCHOBaHA Ha WCIIOJIb30Ba-
HUM PaJHOCBSI3M MErareploBOr0 Iuana3oHa /s Mepefadd KOMaHI |
nepefavya MHGOPMAIMH 110 TPOBOIAHON CBSI3H B MECTE CTHIKOBKH C TPY-
0OIPOBOIOM.

O.H. I' anaxmuouoe', M. T omcxuxz, C.A. 3aeb;moe’,
I.3. Pezo’, J.2K. Kopsyn'

O KOHCTPYKIIMHM KOJIECHOI'O IITACCH U CEHCOPHOM
CUCTEMBI U151 ABTOHOMHOI'O AIBU/KEHUSI 1O
TPYJHOIIPOXOJIMMOM MECTHOCTH C TPEOJOJIJEHUEM
M OBXO/IOM IPEISAATCTBHUM ITPHU BBINTIOJTHEHUN
JECOXO3SMCTBEHHBIX PABOT

'Iempl'y, 2. Ilemposasodck, ong66@mail.ru, szal23@list.ru, regogr@yandex.ru,
dkorzun@cs.karelia.ru; Z,ZIPOHCXAE, Mocxkea, info@droneshub.ru

O.N. Galaktionov', M. Tomskil’, S.A. Zavyalovl,
G.E. Rego’, D.Zh. Korzun'

ON THE DESIGN OF WHEELED CHASSIS AND SENSING
SYSTEM FOR AUTONOMOUS MOVEMENT ON DIFFICULT
TERRAIN WITH OVERCOMING AND BYPASSING
OBSTACLES WHEN PERFORMING FORESTRY WORK

!PetrSU, Petrozavodsk, ong66@mail.ru, szal 23@list.ru, regogr@yandex.ru,
dkorzun@cs.karelia.ru; ’DRONESHUB, Moscow, info@droneshub.ru

B necHoMm komiuiekce P@ cnoxunach KpUTHYECKasi CUTYalusl B YaCTH
BOCHPOHM3BO/ICTBA M OPraHHU3AIMU YXOJIOB 32 JIECOM, OOYCIIOBJICHHAs! CHU-
YKEHHEM YHCIICHHOCTH paOOTHUKOB, IPUBJICKAEMbIX HA CE30HHBIE PAOOTHI.
OnHuM U3 MyTel peleHnsT MOXKeT CTaTh BHEAPECHHUE B JIECOXO03SIICTBEHHOE
MPOU3BOJICTBO poOOTH3MpOBaHHOW TexHUkH [1]. PaccMoTpum paboThl,
CBSI3aHHBIE C JIECONOCAJKaMU M YXOJOM 3a JIECOM Ha PaHHUX BO3pac-
tax [2]. OcHOoBHOe TpeOOBaHME HA JBIDKEHHE TEXHHUKH - CIIOCOOHOCTH
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ABTOHOMHO TIEPEABUTATECS 10 TPYIHOIPOXOAUMOI MECTHOCTH C TIPEO0-
JIeHneM M 00X0/I0M IpersTCTBuii [3].

[TpuponHbIe YCIOBHUS B 30HE YXOJa M JIECOMOCAJOK XapaKTEPU3yIOTCs
MaJIOTIEPECEUCHHON MECTHOCTBIO, O0JIafaroleii BhIPAXKEHHBIM MHUKPOpe-
J'H)e(bOM, HaJIMYUEM NIEPCYBJIAXKHCHHBIX 1 3a00JI0YEHHBIX Y4acCTKOB, OTXO-
JIOB JIECO3arOTOBUTENILHOTO MPOIlecca — OOJIOMKOB U LIEJIbIX CTBOJIOB Jie-
peBbeB, BETBEH, Kojeu, chpopMHUPOBAaHHOM JIECO3arOTOBUTEIBHBIMH Ma-
muHamu. [Ipy moaroToBKe K JIECOMOCa04HbBIM paboTaM JIOTOIHUTEIBHO
(opMUPYIOTCS TPSAAbI, CHOPMHUPOBAHHBIE TPYHTOM M OTXOJIAMU JIECO3aro-
TOBOK.

[Tpu nBWXEHUN MO TaKOW MECTHOCTH pOOOTH3MpOBaHHAs IIaT(opma
OylleT CTaKMBaTHCS C MPOOIIEMON MPEOIONCHNS MPEHSATCTBUS WM IS
o0xoza TIPEmSATCTBHA, YTO TpeOyeT KOppEeKIHH paHee pa3paboTaHHOTO
MapIIpyTa 110 X0y IBIKEHHUS. TakuM 00pa3oM, IPUXOIUM K CIIETYIOIINIM
JIBYM 3a[adaM Io pa3paboTke poOOTH3NPOBAHHOM TIAT()OPMEIL:

a) KOHCTPYKIHS KOJIECHOTO IIACCH, 00ECIIEYNBAIOLIEI0 BO3MOXKHOCTh
TIEPEBIDKEHUS C PEOJI0JIEHUEM U 00XO00M MPENATCTBUM;

0) ceHcopHasi cucTema, o0ecleurBarollas pPaclo3HABaHUE IMPETIsT-
CTBHS JIJIsI OTIPEZAEIICHUs ClI0c00a MPeoI0IeHNs WM 00X0/1a.

B noknane npencraBieHbl TeXHHYECKHE TPeOOBaHUS M 00CyKaaeTcs
BapHaHT KOHCTPYKIMH KOJIECHOTO IIACCH U CEHCOPHOM CHUCTEMBI.

KonecHoe maccu nommkHO o0ecnieunBaTh ABM)KCHHE B COOTBETCTBHH C
33JlaHHBIM MapILIPyTOM, CO CKOPOCTHIO CPaBHHMOM HJIM IPEBOCXOSIICH
CKOPOCTH MEPEIBHKEHHS YEIIOBEKA, a TAKXKE OCTABKY TEXHOJIOTHIECKOTO
000pyZOBaHUS IUIS1 BBITOTHEHUS PaObOT ¢ SKOHOMUYECKH 3(P(PEeKTHUBHBIMU
3atparamu. KoHnenrtyanpHas cxema npeacTaBieHa Ha puc. 1.

Pucynok 1 — Cxema maccu. Bo3amoxHa ycTaHOBKa ABYX
[apaieNbHbIX GhepM Ha MOTOP-KOJIECO

CeHcopHas cucTeMa JO/DKHA 00ecleunBaTh Kak TEXHUIECKOe 3pEHHe
(HabnrozieHHe Ha OCHOBE BHJIEOKaMep, B T.Y. TEIUIOBU3MOHHBIX), TaK U
KOMIIJICKCHOE MCIOJIb30BaHUE IPYIMX CIOCOOOB paclo3HaBaHUS IIpe-
IATCTBUHA. B 4acTHOCTH, MpeayaracTcsi HHTETPUPOBATH B CHCTEMY JIHJIa-
pBl, MUKpO(OHBI M MaT4MKK Jedopmanuii, aKTHBHO HCIIOJIb3yeMbIE B
OMOHNYECKNX KOMIIOHEHTaX POOOTOTEXHUKH M TAKTHIBHOM HHTEPHETE.
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1. BecnuioTHbIe MAIIMHBI U aNmaparhl B jiecHoM xo3siictse / 10. B.
Cyxanos, I1. O. Ulykun, O. U. I'aBpusiosa [u np.] // Hayka, rexnonorumu,
o6mmectBo - HTO-11-2022 : cOopHuK Hay4HBIX cTarel o Marepuanam 11
Bcepoccuiickoii HayuHO# koHpepenimu, KpacHosipek, 2022. C. 46-66.

2. Luiz F. P. Oliveira, Antonio P. Moreira, Manuel F. Silva. Ad-
vances in Forest Robotics: A State-of-the-Art Survey // Robotics, 2021,
Ne 10(2). DOI 10.3390/robotics10020053.

3. Features of Building a Forestry Intelligent Robotic System /
O. Galaktionov, S. Zavyalov, L. Shchegoleva, D. Korzun // Conference of
Open Innovations Association, FRUCT. — 2021. — No 29. — P. 433-436.

C.I'. Hemuunos, A.A. Typosckuii, P.B. IIpuxoouenxo
CUCTEMA TEXHUYECKOI'O 3PEHUSA J1JIsA
POBOTU3NPOBAHHBIX YCTAHOBOK INIOKAPOTYIIEHUSA

000 «Hncenepnuiii yenmp nodxcapuou pobomomexuurxu «IDIPy,
2. Illempo3sasoock, info@efer.pro

S.G. Nemchinov, A.A. Turovskiy, R.V. Prikhodchenko
TECHNICAL VISION SYSTEM FOR IMPLEMENTATION
IN ROBOTIC FIRE SUPPRESSION SYSTEMS

«Engineering centre of fire robots technology «FR» LLC, Petrozavodsk,
info@efer.pro

B pabote paccMmaTpuBaercst poOOTH3MPOBAaHHASI YCTAHOBKA OXKAPO-
TYLIEHUSI C CUCTEMOH OIPEAEIEHHS MECTOIOIOXKEHHUS U KOPPEKTUPOBKH
HalpaBlCHUS MOJAYl CTPYM OTHETYIIANIEro BellecTBa. lIpemioskeHsl
cnocoObl  ymyumennus 3()(eKTHBHOCTH paboTHl poOOTH3MPOBAHHON
YCTaHOBKHU MOXAPOTYHICHUA 3a CYHET IMOBBIIICHUA TOYHOCTU ITONaJaHUA
MOYKApHOTO po0oTa CTPYEH OTHETYINAIIEro BEIIeCTBA B IENIb MyTEM
KOPPEKTUPOBKY TPAECKTOPUH CTPYU IO HH(PAKPACHOMY H BHIUMOMY
kaHaiy. [IpuBoaMTCsl cXema YCTaHOBKHM, aJTOPHTM IIOWCKa MPOEKLUH
TpPaeKTOpuu M janbHelniero 3D-BOCCTAHOBIICHHSI TPACKTOPUHM CTPYH
OTHETYNIAIEro BellecTBa Uil pacuéra KOppeKTHUpoBKU. [lomydyeHHas
KOPPEKTHPOBKA KOMIICHCHPYET CMEIICHHE CTPYH B ONPENCIEHHOM Jana-
1a30HE BETPOBBIX HArPy30K.

PaccmoTpeHs! s1Ba crioco®a HCMONIB30BaHUS OOpaTHOW CBSI3M IpH
TYLIEHHH OYaroB BO3TOpPaHMs: 1O MH(paKpacHOMY M BUANMOMY JHara-
30Hy. McmplTanusi Ha MOJUTOHE MOKAa3alW IMPAaKTHYECKYIO 3((eKTHB-
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HOCTBh 000ux MeToj0B. JlopaboTka cucTeMbl JJisl paboThl PacCMOTPEH-
HEIX CITOCOOOB B KOMIIEKCE IO3BOJIUT 6BICTpee 1 TOYHEC JIOKAJIN30BaTh
oyar BO3ropaHus 1npu He6HaFOHpI/I${THBIX TMOTOAHBIX YCIIOBUAX.

U.A. IIlunos .
MOJAEJUPOBAHUE HABUTAIITMOHHOU CUCTEMbI
HA3EMHOI'O POBOTOTEXHUYECKOI'O KOMIIVIEKCA

AO «BHUH «Cuenany, 2. Kospos, pill4@inbox.ru

IL.A. Shipov
NAVIGATION SYSTEM SIMULATION OF UNMANNED
GROUND VEHICLES

VNII Signal JSC, Kovrov, pill4@inbox.ru

IIpu mpoextupoBanum pobdoTtoTexHHUecKknx kKomiuiekcoB (PTK) B
HEJIOM U OTpabOTKE TEXHMYECKMX PELICHUH HAa YPOBHE MX IOJCHUCTEM
3¢ eKTUBHBIM UHCTPYMEHTOM SIBJISIETCSI TIPOrPaMMHO-aNNapaTHOe MOJIe-
npoBanue. [Ipu 3TOM 3HaYMMOCTH 3Tala MOJEIMPOBAHHS BO3pacTaeT
BMECTE CO CJIOXHOCTBIO CTPYKTYpPBI M pacUIMpeHHeM Habopa (yHKIHO-
HaABHBIX 337324 HazeMHOro PTK. YuuTeiBas SKOHOMHYECKYIO IIEJIECO00-
Pa3HOCTb, JUINTENBHOCTh 3aKynku OPU M CIOXXHOCTH MPOEKTUPOBAHUS
COBPEMEHHBIX aIllapaTHBIX CpeAcTB [l] mpoBeneHHEe HMMHUTAIMOHHBIX
9KCTICPIMEHTOB MOXKET CYIIECTBEHHO CHU3HTh PHUCKH KOHCTPYKTHBHBIX
nedeKkToB IpH OTHOBPEMEHHOM COKpAIIEHHH CPOKOB Pa3pabOTKH.

CpencrsaMu MOJICIHMPOBAHUS MOTYT OBITH OTPaOOTaHBI OCHOBHEIE Oa-
30BbIC QJITOPUTMBI PEIICHUS 3aJadd OPHEHTHPOBAHUS W OIPEICNCHUS
MECTOIOJIOKEHHSI O0BEKTa, CKOPPEKTUPOBAHBI OCHOBHbIE (YHKIMH C
Y4ETOM CrHeU()UKH IPUMEHEHUSI U OTIPE/ICNIeH OOJIMK CUCTEMBI B LIEJIOM.

Mertonpl MOAENTHPOBAHMS HABUTAIIMOHHBIX cHUCTeM Ha3eMHBIX PTK
MOYKHO pa3JIeJIUTh Ha JBa OCHOBHBIX THIIA:

— MOJIETUPOBaHKE apXUTEKTYPHI;

— MOJIETUPOBaHKE TIOBEIICHNUSI.

[TpoBeneHue MoMENMPOBAHUSI APXUTEKTYPBI MO3BOJISIET CHOPMHUPO-
BaTh 00JMK OyayIleil HABUTallMOHHON CHCTEMBI C Y4€TOM THIIOBBIX OCO-
OCHHOCTEH KaXJIOT0 CTPYKTYPHOTO 3eMeHTa [2]. i npoBeneHus 00b-
€KTHBHOTO CPaBHUTEJBHOIO aHalnW3a BapHaHTOB HEOOXOJMMa MaKCH-
MaJIbHO JOCTOBEpHAs pEAIN3alusl AJTOPUTMOB (YHKIMOHUPOBAHUS
BCEX ITOJICHCTEM.
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D¢ GeKTUBHOCTh MOJEIUPOBAHUS TOBE/ICHHS HABUTAIIMOHHOW CH-
CTEMBI 3aBUCHUT OT IOJHOTHI (PYHKIUI HCIIONb3YEMbIX MOJeEJel, HeMa-
JIOBAXXHYIO POJIb WTPACT peanu3alys UMUTALUK B3aUMOCBA3EH MEXIy
3JI€MEHTaMHU C Y4eTOM IPUBSA3KH K €UHOM IIKajle BPEMEHH.

Pa3paboTaHHbIi TpOrpaMMHO-aNNapaTHbIi KOMIUIEKC MOZEIMpOBa-
HUS COCTOUT U3 CJIEAYIOUIUX TUIOBBIX MOTYJIEH:

— MOIyJNb HWMHTAIMU (YHKIMOHHUPOBaHUS OecruiaThopMeHHOH
HMHEPIHUAIBFHON HABUTAITMOHHON CHCTEMBI;

— MOAYJIb UMUTAIUH anapaTypbl CITyTHUKOBON HaBUTaLIUU;

— TpOrpaMMHO-aIMapaTHbIl MOJyNlb UMHUTAIUU OJIOMETPUUYECKUX
JIaTYUKOB;

— MOJYJIb UMUTALUK OJIOKa UyBCTBUTENIBHBIX DJIEMEHTOB;

— MOJy/ib YHH(UIMPOBAHHOTO MOTPEOUTENsS] HABUTAIIMOHHOW WH-
dhopmaruu.

HaGop nporpaMMHBIX KOMIIOHEHTOB JaeT BO3MOXHOCTH pa3paboTdu-
Ky TMPOBOJWTH TIyOOKHH aHamu3 (PYHKIMOHHUPOBAHUS KAaK CHUCTEMBI B
LIEJIOM, TaK M OTIEJbHBIX ee yacreil. TakuM o0pa3oM MOyJIb MMHUTALUH
anroputMoB (pyrkumonupoBanuss BMHC mMoxkeT B3anMOJeHCTBOBATh Kak
C amnmapaTHBRIM OJIOKOM YyBCTBHUTEIBHBIX AJIEMEHTOB IT0 KaHaiIaM HHQOP-
MAIIMOHHOTO B3aMMOJICHCTBHS, TaK W MOJICIUPOBATH (PYHKIIMOHUPOBAHIE
M0 YHU(HIMPOBAHHBIM 3aITUCSIM TEIEMETPHUN TOTYYSHHBIX TPU PasiIid-
HBIX YCIOBHAX JKCIUTyaTtarmu. OyHkums paboTel ¢ (aiimamu JaHHBIX
JieJaeT BO3MOXKHBIM aHAIUM3 alroputMoB (yHkiuonupoBanus BUHC,
MOCTPOEHHBIX Ha YyBCTBUTENIBHBIX IEMEHTaX PAa3IMYHOTO THIIA, a TAKKe
HOBBIIIAET 3(P(PEKTUBHOCTH aHATHM3a MOJIEIT KOMIICHCAIIUN CHCTEeMaTHYe-
CKHUX rnorpemHocTelt. [IporpamMmmHbIe MOy OJJOMETPUYECKUX JATUMKOB
B COYETaHMU C UMHUTAIMEH anmapaTypbl CIIyTHHKOBOW HaBHMTanuu odec-
MIEYHBAIOT IIPOBEJICHHUE UCCIIEI0BaHMA B 00J1acTH co31aHMs (P PEKTHBHBIX
anropuT™MoB KomriekcupoBanus BUHC B coctaBe moIBIXKHBIX 00BEKTOB,
MIPU PA3JTUYHBIX YCIOBHUIX SKCILTyaTalUH.

B pamkax mporpaMMHO-anmapaTHOrO KOMIUIEKCAa peaju30BaHa BO3-
MOKHOCTB BOCIIPOM3BEICHNUS CIIeHApHeB (yHKIIMOHUPOBaHUS. B cBsi3m ¢
STUM OJHHM M3 BO3MOXKHBIX TOIXOIOB K PacCIIMPEHHI0 (yHKIHOHATIA
SBIISICTCS HAKOIJICHNE 0a3bl CTATHCTHYECKUX JaHHBIX.

Pa3zpaboTaHHBIT KOMIUIEKC MMHTAI[IOHHOTO MOJEINPOBAHMS HABU-
TallMOHHBIX CHCTEM IMO3BOJSIET pEIIaTh IIUPOKUI CHEKTp HCCIeI0Ba-
TENbCKHUX 33/1a4 Ha PA3MUYHBIX 3Tamax >XU3HEHHOTO IUKJIAa Ha3eMHBIX
POOOTOTEXHUUECKHX OOBEKTOB.
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1. IlIumos M.A., Peanmzamms pacnpeneleHHBIX BBIYMCICHHUN Ha
OTEUECTBEHHBIX MHKPOIIPOLIECCOPHBIX ycTpoiicTBax. // U3Bectust IODY.
Texauueckue Hayku. - 2022. - Nel (225) — C. 218-226.

2. IumnoB U.A., Beromkun E.B., KoMiuiekcupoBanHasi HaBUTalust
HAa3eMHBIX POOOTOTECXHUUCCKUX KOMIUICKCOB. // POOOTOTEXHUKA U TeX-
HUYecKas knoepHeruka. - 2021. — T.9 No2 (225) — C. 127-132.

A.H. ZKupabok, A.B. 3yee, Kum Yxyn Hp
HUHTEPBAJIBHOE OHIEHUBAHUWE INEPEMEHHbBIX
JIEKTPOIIPUBOJA POBOTA

Jlanvnesocmounwiii ghedepanvhuiii yuusepcumem, 2. Braousocmorx; Hnemumym
npobrem mopckux mexnonoeutl JJBO PAH, 2. Bradusocmox
zhirabok@mail.ru, alvzuev@yandex.ru

A.N. Zhirabok, A.V. Zuev, Kim Chung Ir
INTERVAL ESTIMATION OF ELECTRIC ACTUATOR ROBOT
VARIABLES

Far Eastern Federal University, Viadivostok; Institute of Marine Technology
Problems, Vladivostok
zhirabok@mail.ru, alvzuev@yandex.ru

Knaccnueckast 3amada WHTEPBAJIGHOTO OIEHHBAHUS COCTOHWT B IIO-
CTPOCHUHU MHTEPBAIBHOTO HaOIIOAaTeNsI, (OPMUPYIOIIETO OLEHKY MHO-
JKECTBa JIOMYCTHMBIX 3HAYCHHH BEKTOPAa COCTOSHHS IS Pa3IHIHBIX
KJIACCOB ITHHAMHUYECCKHX CHCTEM C HEOMPEACICHHOCTAMH; 0030p MOJy-
YEHHBIX pe3yJbTaToOB cofepxurcs B [1]. B HacTosmeit pabore craBUTCA
W pelIaeTcst 3agada IMOCTPOCHHUS HWHTCPBAIBbHBIX HaOMtomaTenci s
JUHENHBIX JUHAMHYECKHUX CHUCTEM C HEOMPENETCHHOCTSIMH, MO3BOJISIO-
IIUX OIEHUTh MHOXECTBO JOMYCTUMBIX 3HAUEHUHN 3aJaHHOW JTUHEIHHON
¢byHKIMU BekTOpa cocTosiHus. COOTBETCTBYIOIICE PEIICHUE MOXKET OKa-
3aThCs CYIIECTBEHHO Ipole, Hexkend B [1], a ximacc cuctem, I KOTO-
PBIX TaKO¥ HAOIIOAATENb MOXKET OBITH IIOCTPOCH, PACIITHPHUTCS.

PaccmarpuBaemasi cucremMa OnUChIBa€TCSl ypaBHEHUSIMU

X(0) = (F+ AF(u)x(t) + Gu() + L), y(0) = Hx(1) +v(0), (1

rae x(t), u(t) u y(t) — BEKTOPHI COCTOSIHUS, YIPABICHUS U BBIXOJA;
F, G, L v H — noCTOsIHHBIE MaTpHLbl; O(f) — HEW3BECTHAsl OTpaHH-
4yeHHass (YHKIMS BPEMEHH, ONMCHIBAIONIAas BO3MYIICHHS Ha CHUCTEMY,
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|| o(t)||I€ po+; v(t) — HewsBecTHas orpaHWYcHHAs (YHKIHS BpEMEHH,
ONUCHIBAMONIAs IIYMbl W3MepeHud, ||v(¢)||<vs; marpuunas GyHKUHS
AF () onmchiBaeT TapaMETPHUECKYIO HEOTPE/ICICHHOCTh, OHA OTPAHH-
YeHa JUIsi U3BeCTHBIX AF U AF - AF SAF(u) < AF .

TpeOyercst OCTPOUTh WHTEPBAIbHBIN HAOIIOATENb MHUHUMAIBHOU
pa3MepHOCTH, GOPMUPYIOLINN HWKHIOIO z(f) ¥ BEPXHIOIO Z(f) TpaHu-
Il U3BECTHON TMHEWHOW (YHKIIMH BEKTOpA COCTOSHUS X(f), 3aJaHHOM
MaTpunier M B Bune z(¢f)= Mx(t), A KOTOPBIX CIpaBEAIHBO Hepa-
BeHCTBO z(¢)<z(t)<Z(¢t) mpu Bcex ¢=0. [IpuBeneHHbIE BBINIE OTHO-
meHust < Ui BEKTOPOB M MaTPHIl IIOHUMAFOTCS TT03JIEMEHTHO.

Pemenune ocHOBaHO Ha Mojeu cucTeMbl (1) MUHHUMAaTBLHOM pa3Mep-
HOCTH, HE YyBCTBUTEIBHOW K BO3MYIIECHUIO 0O+, OLIEHHBAIOIIEH Iepe-

MeHHYI0 z(?):
Xe(t) = (Fe + AF)x« () + J«Hx(¢) + Gru(t), z(t)=H.()+0y(?),

rae x«(f) € R* — Bexrop cocrosuus, J+, G+, H., Q, H. — marpupl,

MOJJIC)KAIIME OMMPEACICHNIO, MaTprla Fx HUIICTCA B BUAC

A 0 - 0
O R P
0 0 - A

AF, = DAFDT(@DT), AF+=DAFOT(ODT)!, e marpnma P

Takas, uto x«(¢) = ®x(¢) . [lokazano [2], uro MmaTpuiia F+ cyIliecTByerT.
B [2] 3amaua pemanachk B MpeANoNoKEHUH, YTO MapaMEeTPUIECKHE He-

OIIPEIEIICHHOCTH OTCYTCTBYIOT, B HACTOSIIIIEH Pab0Te OHM YYUTHIBAIOTCS.
HaOGmonarens onuceiBaeTcsl ypaBHEHUSIMA

£.(0)= (Fe = PHe+ AE )x. (1) + Py + J-y(t)+ Gau(0)=| J- | Exve,

¥ () = (Fs = PHo + AF X (£) + Py + Joy(t) + Gou(t)+ | J+ | Egve,

Z(N=H:x.(0)+0p(1),  Z(1)=H:X:(t)+ (1),

2.(0)=x,, %(0)=TFu.

)

3nmech |J+| COCTOMT M3 aOCONIOTHBIX 3HAYCHUN DSJIEMEHTOB MATPHIIBI
Je«, Ex=(11..1)T, P u P — HEKOTOpbIe MaTPHILBI, y» = Rxy JUIs HE-
KOTOPOW MaTpuLbl R« , Takoi, uto R«H = H+® .
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Teopema. ITycts H. =0, AF, 20 u 0<x,(0)<x+(0)< X+(0), TO-
r/1a JJ1s1 HHTEPBaJIbHOTO HaOMoaaTe s (2) BRIOIHICTCSA COOTHOIIICHHE

X.(O)Sxe()SX(t), z@)<z()<Z(1).

[oyyeHHBIE TEOPETHUECKUE DPE3yJbTaThl NPUMEHEHBI K OICHKE
KOMIIOHEHTHI BEKTOpa COCTOSHUS JIEKTponprBoa podora. Pabora moa-
nepxana PoccuiickuM HaydHBIM (poHIOM (TIpoekT Ne 22-29-01303).

1. Edumor /I.B. IlocTpoeHne MHTepBalbHBIX HaOIO#ATENICH LIS
JMHAMHYECKUX CHCTEM C HEOINPEesICHHOCTSIMU // ABTOMAaTHKa U Tele-
MmexaHuka. 2016. Ne 2. C. 5-49.

2. JXKupabox A.H., 3yes A.B., Kum Uxyn Mp Meron moctpoeHus
WHTEPBAIBHBIX HaOJIIOAATeNeH I CTAllMOHAPHBIX JIMHEWHBIX CHCTEM //
W3sectus PAH. Teopus u cucremsl ynpasnenus. 2022. Ne 4 C. 22-32.

A.JO. Ucxaxoe, A.O. Ucxaxoea, P.B. Mequpm(oe
O BE3OINACHOCTU BEB-UHTEP®ENCOB
B KUBEPOUBNYECKUX CUCTEMAX

HUITY PAH, Mockea, iskhakovandrey@gmail.com

A.Y. Iskhakov, A.O. Iskhakova, R.V. Meshcheryakov
ABOUT WEB-INTERFACE SECURITY IN CYBER-PHYSICAL
SYSTEMS

ICS RAS, Moscow, iskhakovandrey@gmail.com

Kubepduznueckue cucreMsl B IIEJIOM H pOOOTOTEXHUKA B YaCTHOCTH
TpeOyIOT TapaHTHPOBAHHOTO OOECIIeYEeHHs HAJEKHBIX M Oe30MacHBIX
KaHaJIOB yIIPaBJIEHUs CO CTOPOHBI orepatopoB. [Ipu aTom 3avactyro npu
CO3JJaHUH MPOTOTHUIIOB CUCTEM YIPABICHUS POOOTOTEXHUUECKHIMHU KOM-
mwiekcamu (PTK) pa3paboTdnky orpaHMYMBAIOTCS MPUMEHEHHEM 0a30-
BBIX METOZOB MIM(POBaHMSA KaHAJTa CBSI3M W HE YJIENIIOT JOJDKHOTO
BHUMaHMUs 3aj1a4e 3allUThl HHTep(eiica B3auMOIeHCTBHSI.

Ananmuz paboT mo cucremam obecredenus 6e3omacHocTH PTK 1mo3-
BOJIICT YTBEP>KIaTh, YTO OCHOBHOM MPOOIEMOiA, CBSI3aHHOM C pa3paboT-
KOIi cHCTEeM 06ecnequ1/151 3al0UThI JJI1 CCTU pO6OTOB, SABIISICTCA OTIIMYHC
JaHHOT'O THIIa CETU OT MPUBBIYHBIX KOMIIBIOTCPHBIX ceteii. 910 Tpe6yeT
pa3paboTKu 0COOBIX METOIOB U MOAX0/I0B, KOTOPBIE JOJDKHBI yYUTHIBATh
orpeziesieHHble (hPaKTOPbl: OTPaHWYEHHOCTh BBHIYMCIUTENBHBIX U YHEpre-
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THYECKHUX pecypcoB poboroB [1]. Mexay TeM B XOj€ BBINOJIHEHHS O]
HOM M3 0a30BBIX 33/1a4 IMPOCKTUPOBAaHUs MOOMIBHOTO YCTpOiicTBa C
HEOOXOAMMOCTBIO YIIPaBJICHHs Ha OOJIBIIMX PACCTOSIHUSX Iepe] paspa-
0OTYMKaMHU BCTAaeT BOIPOC O BHIOOPE TEXHOJIOTUH, TTO3BOJISIONIEH obec-
MIEYUTh YHUBEPCAIBHBIH MHCTPYMEHTApH sl TIepeiaud KOMaH]| U To-
ny4deHust oOpaTHOH CBsi3M oT Kubeppusnueckoit cucremsl. U 3agacryio,
TaKUMH TEXHOJIOTHSIMU SIBJISIIOTCS BEO-OPHEHTHPOBAHHBIC MHTEPQENCHI,
MTOCTPOEHHBIE C TOMOIIBI0 BeO-cimyx0 u SOA [2].

Jns opranmzanmm B3auMmojeicTBus ¢ Web-cinyx00if HE0OX0IUMO
3HaTh €e CeTeBOM anpec, nmonyuuth XML-onucanue unrepdeiica u me-
penaBars/mpuauMars coodbmenuss HTTP (HTTPS), cocraBneHHbie B
COOTBETCTBMM C OIlMCaHWEeM uHTepdelica. SI3pIK peayn3anyu W IUIat-
(dbopma pysKIOHUpOBaHUS 111 Web-Cciryk0 He periaMeHTHPYIOTCS.

MexaHu3M IOMCKa W YCTAHOBJIEHHS CBSI3H C KOHKpeTHoW Web-
cimyxo6oi 6asupyercs Ha crerudukanua UDDI (Universal Description
Discovery & Integration) u npennonaraer nanmmuue UDDI-cepBepa, Ha
KOTOPOM Da3BEpHYTHI CIIEIHAJIbHAS pEerucTpanust HoBbIX Web-ciyx0 u
(yHKIIMOHAJT OTBETA Ha ITOMCKOBBIE 3aIIPOCHI O PACIIOJIOKEHUH CITYXO0
3aJaHHBIMH aTpuOyTamu. B nokmane pazOHparoTCss OCHOBHBIE ACHEKTHI
WH(POPMAIIMOHHOH 6e30MmacHOCTH (YSI3BUMOCTH, METO/IBI aTaK ¥ 3aIUTHI)
U BeO-UHTEPPEHCOB pa3IIHBIX KHOSP(HU3NIECKUX CHCTEM.

HccnenoBanue BBIMOJIHEHO MPU YaCTUYHOW (DUHAHCOBOM MOAEPIKKE
PODU B pamkax HayuHoro npoexra Nel9-29-06-44, coBera 1o rpanTam
IIpesunenta Poccuiickoil Penepaliiu B pamMKax HAYyYHOI'O IPOEKTa
NeMK-3172.2021.1.6

1. Bacan Anexcaunp Cepreesud, bacan Enena Cepreena, Maxape-
Bua Oner BopucoBnu Anamu3 u Pa3pabotka cpenctB obecricueHus Oe3-
OIIACHOCTH I CUCTEM TPYIIIOBOTO YIPABJICHUS aBTOHOMHBIMU MOOWJIb-
HbeIMH pobotamu // Bonpocs! knbepdeszomacHoctu. 2017. Ne5 (24).

2. Munees Cepreii Anekceeud [Ipumenenne Web-ciy:x6 B po6oTto-
texnuke // Becrank HHI'Y. 2010. Ne5-2.

3. Xamuer C.Y., ITaxaes X.X. Mudopmanuonnas 0e30IMacHOCTL B
pobororexnuke // UBM. 2019. Ne4 (55). URL: https://cyberleninka.ru/
article/n/informatsionnaya-bezopasnost-v-robototehnike (mara obparue-
Hus: 21.04.2022).
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H.JI. Epmonos, M.M. Kuazvkos, E.A. Cemenos,

A.H. Cyxanos, @.M. benvuenxo

AJITOPUTM HACTPOMKHA YYBCTBUTEJIBHOCTH

CUT'HAJIA YIIPABJIEHUA MEXATPOHHBIM ITPUBO/1I0OM
3K30CKEJETA K OCOBEHHOCTSIM OT'MBAIOIIEN
SJIEKTPOMUOI'PAMMBI OITEPATOPA

Deodepanvroe 2ocyoapcmeaennoe rdxcemHoe yupexcoeHue Hayku Mucmumym
npoonem mexanuxu um. A.FO. Hwnunckoeo Mockea, sukhanov-artyom@yandex.ru

LL. Ermolov, M.M. Knyazkov, E.A. Semenov,
A.N. Sukhanov, A.V. Belchenko
ALGORITHM FOR ADJUSTING THE SENSITIVITY
OF THE CONTROL SIGNAL OF THE MECHATRONIC DRIVE
OF THE EXOSKELETON TO THE PECULIARITIES
OF THE OPERATOR'S EMG ENVELOPE

Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences,
Moscow, sukhanov-artyom@yandex.ru

OTnenbHAs CKeJleTHas MBI padoTaeT UCKIIOYNTEIBHO Ha COKpa-
mienre. [1o3ToMy AJsl MOJHOLIEHHOTO YIPAaBJICHHs IABHKEHHEM KOHEY-
HOCTH (XOT4 OBI B OTHOM IJIOCKOCTH) HEOOXOIMMO ABa MYCKYJla aHTaro-
HHUCTA. B HaIeM HUCCJICAOBAHUU MbI HUCCJICAOBAJIN I[ByFJ'laByIO MI)I]_HLIy
ieya 4esioBeKa MM OWIIETIC, aHTArOHUCTOM KOTOPOW SBJISICTCS TPEX-
IJIaBas MBIIIIA IJIeya, UMEHyeMas enié TpuierncoM. Pabotas B mape,
JAaHHBIC MEBIIIIE KOMICHCUPYIOT IBIDKCHUS JIPYT JAPYra, TEM CaMbIM,
MTO3BOJISAS YIIPABIIATH ABIKCHHEM MPEIUICYbs B JIOKTE. Takum oOpa3zom,
B2)KHO YYUTHIBATh OJHOBPEMEHHEIA BKJIAJ]] OOCHX MEIIII] B YIIPABICHHUE
nBikenneM. OHAKO TIOCIE YKOPOUCHHS MBIIICYHBIE BOJIOKHA JOJIXKHBI
pacciadbuthces. B pacciabieHHON MbIIIiie KaabIIUeBbIe KaHAIBI 3aKPBITHI,
HO MO 3aKOHY CYNEPKOMIICHCAI[MH B OKOJOKJIETOYHOM MPOCTPAHCTBE
CHOBa TMOSIBJSIFOTCSI HOHBI, 00pa3ysl TOK, KOTOPBI PErUCTPUPYETCs AaT-
YUKaMU OHOIOTEHIIMAIIOB U MOXET ObITh WHTEPIPETHPOBAH CHCTEMO
YIpaBJICHUS KaK CUTHAJ K ICHCTBUIO.

Ecnu peann3oBbIBaTh YIPaBICHUE MEXATPOHHBIM IIPUBOAOM, MC-
noJib3yst MH(OPMAIMI0 O OWOMOTEHI[MAAX MBI AHTArOHUCTOB, TO
KpaiiHe He0OXOAUMO YUUTHIBATh HAKOTUICHHYIO HH(POPMALIUIO O COCTOSI-
HUU CHUCTEMBI Ha HEKOTOPOM BPEMEHHOM OKHE U, aHATM3HUPYS €€, yKe
MPUHUMATH pEIICHHEe O KOMIIGHcCAnuu yrpaBieHus. Cpeau MeTOJOB,
KOTOPBIE MOKHO TPUMCHHUTH JUII KOMIICHCAIIMU CUTHANA YIPaBICHHUS
MOXXHO Ha3BaTh IMHAMUYECKOC HM3MEHEHUE YPOBHS MEPTBOW 30HBI, a
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TaKKe JUHAMUIECKOE N3MEHEHHE YyBCTBUTEIBHOCTH CHCTEMBI K YIIPaB-
JISIFOIIMIM CHTHAJIAM.

B pabote nmpuBoasTCS pe3ynbTaThl SKCIEPUMEHTOB, IIPOBEAEHHBIX C
LEJIBIO BBIABIICHUA OCOOCHHOCTEH MOBEACHUS OrMOaroIeil 31eKTpOMHUo-
rpaMMbl OIIEPATOPA IPU Pa3JIMYHBIX [apaMeTpax, 3aHECEHHBIX B aJro-
PHATM 9yBCTBUTEIBLHOCTH CUCTEMEI YIIPABICHUS YK30CKEIETOM.

JanHas paGoTa HoKa3bIBaeT OCOOCHHOCTH M3MEHEHUs orubaroeil
9JIEKTPOMHUOTPAaMMBI B IPOLIECCE PEaln3aliy OBICTPBIX M MEIJICHHBIX
JIBIDKEHUI U BIUSHUE I€aKTHUBAIIMU MYCKyJia Ha 3aTyXaHHE aMILIUTY b
orubaromiei AMeKTPOMHOTPaMMBI Ha TIPHMEpE ABYTJIABON MBIIIIIBI IIeda
omeparopa (puc. 1).

70 0
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S w0 S5
3 3

15
Bpeus, ¢ ° 0s 1 2 25 3

Boin
" MeaneHHoe crubaHune-pasrubaHue
B IoKTe

w - 6e3 rpyaa

» 1 -1 nogxon

2 28 s -3a 3 cekyHabl

Lyms! yeununuce

Pucynok 1 — PaGora anroputma HaCTPOMKH 4yBCTBUTEIEHOCTH

IIpuBoaMTCS aHANM3 DIEKTPOMHOIPAMMBI TP B3aUMOJEHCTBUU C
TSOKENBIM OOBEKTOM B MPOCTpaHCTBE. [IpuBOIUTCS pe3ynbTaT MpUMEHe-
HUsI aJITOpPUTMA, KOMIIEHCUpYIoUIero BiusHUe d((deKTa 3aTyXaHus am-
TUIMTY/Ibl 3JIEKTPOMHUOTPAMMBI TIPH pacciabieHnl MyCKyna Ha (opMu-
pOBaHUE CUT'HAJIA YIIPABICHUS.

1. Holobar, Ales & Zazula, Damjan. Gradient Convolution Kernel

Compensation Applied to Surface Electromyograms. 617-624.
10.1007/978-3-540-74494-8 77.(2007).
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2. Jebara, Sofia. Electromyogram signal enhancement in FMRI
noise using spectral subtraction. European Signal Processing
Conference. 1980-1984.(2014).

3. Fougner, Anders & Stavdahl, @yvind & Kyberd, Peter & Losier,
Yves & Parker, Philip.. Control of Upper Limb Prostheses: Terminology
and Proportional Myoelectric Control-A Review. IEEE transactions on
neural systems and rehabilitation engineering : a publication of the IEEE
Engineering in Medicine and Biology Society. 20. 663-77.
10.1109/TNSRE.2012.2196711. (2012).

B.C. JIanun', H.JI. Epmonoé’
PACIHIPEJEJIEHHOE IIVTAHUPOBAHUE ABU/KEHUSA
JJIA T'PYIIIIbI COBMECTHO IHEPEHOCAIIUX I'PY3

POBOTOB C YYETOM CBOMCTB OIIOPHBIX
MOBEPXHOCTEM

‘Mrry CTAHKHH, Mocksa, mail@borislap.ru; ’UIIMex PAH, Mocksa,
ermolov@ipmnet.ru

B.S. Lapin’, I.L. Ermolov’
DISTRIBUTED MOTION PLANNING FOR A GROUP
OF ROBOTS CARRYING A LOAD JOINTLY, CONSIDERING
THE PROPERTIES OF SUPPORTING SURFACES

'MSUT STANKIN, Moscow, mail, @borislap.ru; 2IPMech RAS, Moscow,
ermolov@ipmnet.ru

3amada TIIAHUPOBAHUS TPACKTOPHH SIBISICTCS OJHOM W3 CaMBIX HC-
CIIeIyeMBIX 33/1a4 B COBPEMEHHON POOOTOTEXHUKE, €KEMECIIHO BBIXO-
IST CTaThU 10 3TOW TeMe, B KOTOPBIX MPEUIaraloTCs PeIIeHHs STOH 3a-
Jauu JUIE KOHKPETHBIX YCJIOBHU WJIM TPEAJIArarOTCs JIYYIIHE METOJIbI
wianupoBanus. CaMoil ucciaeIyeMoil B TOCIEIHEe BpeMsl 00J1acThio
UCITIOJIB30BaHUs PEIICHUS 33Jaudl IUIAHHUPOBAHUS TPACKTOPUH MOXKHO
Ha3BaTh IUIAHUPOBAHUEC TPACKTOPHH JUIS OSCITHIOTHBIX aBTOMOOWIICH H
BILIA [1]. IIpu aTOM, CYIIECTBYIOT MCCIEA0BAHUS, MOCBALICHHBIE IBU-
YKEHUIO IPYII poOOTOB, B TOM YHCIIE CTpoeM [2].

YmpaBieHre cTpoeM TPYIITEI poOOTOB MPEACTaBIAeT COO00M OHY U3
BaXHEUIHX 3a7ad B aKTUBHO Pa3BUBAIOMICHCS B MOCIICTHUE TOMBI TPYII-
moBo#i (poeBoit) pobororexauke [3]. [ImaHupoBaHue MBIKEHUS Ha3eM-
HBIX MOOMJIBHBIX POOOTOB OCIIOXKHSETCA BIHMSHHEM XapaKTEPHUCTUK
OTIOPHOM TOBEPXHOCTH Ha pealu3yeMoe pPOoOOTOM [BW)KEHHE, BHOCA
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BBICOKYIO CTENICHb HEONPEAEICHHOCTH B CBA3b MEXAY YIPABISIOIINM
BO3JICiICTBHEM Ha JBIDKUTENb POOOTa M HENOCPEICTBEHHBIM JBIKECHUEM
pobora. Ilpu ABMXEHUH CTPOEM AAaHHYIO HEOIPEIEICHHOCTh OCOOCHHO
BR)XHO YYHUTHIBATh, & BIIMSHUE XapaKTEPHCTHK OINOPHON IOBEPXHOCTH
npezckaspiBaTh. CTENeHb TaHHOW HEONPEAEIeHHOCTH 0COOCHHO BBICOKA
HA MEPECEYEHHON MECTHOCTU B YCJIOBHSIX M3MEHSIOLINXCS TUIIOB OIOP-
HBIX TIOBEPXHOCTEH M WX MapaMeTpoB. KpuTmueckoii mpobiremMa CTaHO-
BUTCA B 33ja4ax, rae TpeOyercss oOecleurBaTh BBICOKYIO CKOPOCTD
JBIDKCHUS! Tpynmsl poOoToB. I[lmaHupoBaHWe ABMKEHHS MOOWMIBHBIX
poOOTOB Ha MEPECEUEHHON MECTHOCTH SIBIISICTCSI OUCHB NEPCHIEKTUBHBIM
HalpaBJICHUEM, YTO IIOATBEP)KIAETCS HEAABHO AHOHCHPOBAHHOW IIPO-
rpammoii DARPA Robotic Autonomy in Complex Environments with
Resiliency (RACER) [4].

Panee, OBbIIO paccMOTPEHO JBIDKEHHE IPYNIBI pOOOTOB BJOJIb 3a-
JAaHHOI TPaeKTOpHU ¢ MaKCUMAaJbHON CKOPOCTBIO B YCIIOBHSX HU3MEHS-
FOLIMXCS THITOB TIOBEPXHOCTEH M MX XapakTepucTHK [5]. B manHoit pabo-
T€ pacCMaTpUBAETCs IUIAHUPOBAHUE TPACKTOPHUU ABMKEHUS TPU TEX XKe
YCIIOBHSIX.

Kak npaBuiio, 4em Clio)XHee yCIOBHS, TEM BBIYHCIUTEIBHO CIO0KHEE
WX YYUTHIBATh IPH IUIAHUPOBAHWH. BOPTOBBIC BBIYMCIMTEIN MOOWIIB-
HBIX POOOTOB TPAJUIMOHHO CTAJIKUBAIOTCS C HEXBATKON BBIYMCIIHTEINb-
HBIX PECYPCOB, IOTOMY B I'PYIIIIOBOM YIIPABIECHHH aKTyalbHO pacIipe-
JEISITh BBIYHCIICHNS MeXly poboTtamu. B paboTte paccMOTpeHo pelieHue
3aJ]a4y¥ IJIaHUPOBAHUS TPACKTOPHHU IPYIIIBI POOOTOB C pacrpe/eiIeHHbI-
MU MEX1y poOOTaMH I'PYTIIbl BEIYUCICHUSIMH.

Yacte paboThl HaJ JaHHBIM MaTEPHAIOM BBINIOJIHEHA TI0 TEME ToCy-
JIapCTBEHHOI'O 3a1aHus (Ne rocpeructpauun  AAAA-A20-
120011690138-6).

1. Tanmycrar H.K. [eneHtpann3oBaHHOE YIpaBICHUE TPYIIOH
KBaZpokonTepoB. MockBa: ABropedepaT muccepTanun K.1.H., 2017. 17 c.

2. UsanoB [1.5. ®opmupoBaHHe CTpOs TPYHIOH OCCHIIOTHBIX
JeTaTeNbHBIX alllapaToB MPH PEeLISHUH 3a1ad MOHUTOpHHTa // VI3BecTus
IO®Y. Texunueckue Hayku. 2012. Ne 4. C. 219-224.

3. Dorigo Marco. Swarmanoid: A Novel Concept for the Study of
Heterogeneous Robotic Swarms // IEEE Robotics and Automation
Magazine, Vol. 20, No. 4, 2013. pp. 60-71.

4. Robotic Autonomy in Complex Environments with Resiliency
(RACER) [Onextponnsiii pecypc] // DARPA: [caiir]. [2022]. URL:
https://www.darpa.mil/program/robotic-autonomy-in-complex-
environments-with-resiliency
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5. Hpagenxuit B.I'., Epmonos N.JI., Kuszpkos M.M., Jlanun b.C.,
CemenoB E.A., CoOompuukoB C.A., CyxanoB A.H. Cucrema
TPYIIOBOTO TPAHCIOPTHOTO YIPABICHUSA MOOHIBHBIMH Ha3eMHBIMH
poboTamMu Ha pa3MUUYHBIX TpyHTaX // POOOTOTEXHHWKAa W TEXHHYECCKAs
kubepHeTHKa., T. 8, Ne 1, 2020. C. 61-71.

B.I1. Anopees, I1.®. IInemenes
METO/1bl JUHAMUYECKOI'O
MEPEIIPOI'PAMMMPOBAHUSI I1JIS1 MOBUJIBHOI'O POBOTA
C MOJYJIbHOU APXUTEKTYPOM

MI'TY « CTAHKHH», Mockea, andreevvipa@yandex.ru, cpp.create@gmail.com

V.P. Andreev, P.F. Pletenev
DYNAMIC REPROGRAMMING METHODS FOR A MOBILE
ROBOT WITH MODULAR ARCHITECTURE

MSTU «STANKINy», Moscow, andreevvipa@yandex.ru, cpp.create@gmail.com

[Tpu npoBeneHun paboT B 3KCTpPEMaJbHBIX YCIOBHAX M B HeleTep-
MHUHHUPOBAHHBIX CPEAaX BO3HHMKAeT MOTPEOHOCTh B peKoHpuUrypupye-
MBIX MOAYJIBHBIX MOOWIBHEIX pobotax [1], [2], [3]. Cucremsl ympasie-
Hus (CY) MoOmsHBIX po6oToB (MP) ¢ MOHOKOMITEIOTEPOM, Ha KOTOPOM
BBINOJTHSIOTCSI BCE BBIUMCIHMTENBHBIE ONepanuy (Kak BHICOKOYPOBHEBO-
r0, TaK ¥ HU3KOYPOBHEBOTO YIPABJICHHSA) HE MOMYCKAIOT OMEPATHBHOM
MIEPEHACTPONKH POOOTOTEXHUYECKOH CHCTEMBI; OOecleueHHe MHepeHa-
crpoiiku CY Takmx poOOTOB Ha NMpPaKTHUKE O3HAYAET CO3IJAHHE HOBOTO
poboTa ¢ 3ajaHHOM HOBO# (yHKIMOHAIBHOCTHIO. Kak oTtmedeHo B [4],
[5], pemienue 3To#t mpobaeMbl BUAWTCA B co3maanuu MP ¢ MomynbHOM
ApXHUTEKTYpOW CHCTEMbI YIPABJICHHs, B KOTOPOW Ka)blii MO/yJIb 00J1a-
naet coOCTBEHHOM CUCTEMOI! yIIpaBiIeHUs U, B PE3yJIbTaTe, Peau3y0TCs
pacripesenéHHble BEIYUCICHHS. B Takux cHTyalMsx BO3SHHMKAeT HOTpeO-
HOCTb B OBICTPOM (BO3MOXHO, TUCTAaHIIMOHHOM) M3MEHEHUH IPOrpaMM-
HOro o0ecrieueHns] BEIYUCINTENBHBIX ycTpoiictB CY Momynel — nuHa-
MHUYECKOM NEPENPOrpaMMUPOBAHNN — YIAIEHHON U yIIPaBIIIEMON U3BHE
aJanTaluyu, HACTPOMKH U MOACTPOUKH K CUTYaIUH.

Lenp paboThl — aHATH3 CYIIECTBYIONINX M MEPCIIEKTHBHBIX METOJIOB
JUHAMHYECKOTO MEPEnporpaMMUpPOBAHUS, IPUTOAHBIX IJIsI UCTIOIB30Ba-
HHSA B MOOWJIBHOM pO0OOTE ¢ MOAYJIBHON apXUTEKTYypPOH CHCTEMBI yIIpaB-
nenus. OcHoBHas mpoGJieMa HCIOJIB30BaHUS JHHAMHYECKOTO Iepenpo-
IrpaMMHUPOBAHUsI Ui MOAYJIBHOTO po0oTa — HE0OOXOIMMOCTh HCIOJb30-
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BaHus B CY Monyneil BCTpauBaeMbIX MUKPOKOHTPOJUIEPHBIX CHCTEM U
OOHOBIJIEHHE MTPOTPAMMHON YacTH «Ha JIETY» 0€3 OTKIIOYCHUS U JIEMOH-
Taka OJIOKOB 4epe3 OCHOBHYIO LIMHY JIAHHBIX, MCHOJIb3YEMYI0 MHKpPO-
KOHTPOJUIEPOM.

ABTOpBI BBIJICIISIIOT HECKOJIBKO TaKUX METOJIOB:
(a) mapamerpudeckoe mepernporpaMmupoBanue, (0)3ameHa Koja MHK-
poKoHTpoIuIepa, (B) 3aMeHa OaiiTkona, (T)3aMeHa CKpHIITa HAa WHTEp-
MIPETHPYEMOM $SI3bIKE IPOTPaMMHUPOBAHHUSL.

AHanm3 Kax[I0ro W3 METOIOB IIPEAJIaracTcsl BHIMOIHATH IO CIEIy-
IOIIAM KpUTEpusM: 00BEM TpeOyeMOl OmepaTHBHOW MaMATH, HMaMSTH
MPOrpaMM, CKOPOCTh BBIYHCICHUH, TEOPETHUECKAs CIIOKHOCTh CO3IaHUS
peanu3anyy MeTo1a B BUAE 0a30BOH YIPaBIIIOMIEH IPOTpaMMBbI, Teope-
THYECKasl CJI0XKHOCTb HCIOJb30BAHUS KOHEYHBIM II0JH30BATENIEM MpO-
mMBKH. Takke KaXablil METOJ aHAIM3UPYETCs MyTEM HKCIEpUMEHTANb-
HOW peanu3allMd Ha MHUKpOKOHTposuiepax cemeiicte STM32F103,
GD32VF103, ESP32 u mukpokommsiotepax Raspberry Pi n Orange Pi.

Ha ocHOBe nocTaBleHHBIX 3KCIIEPUMEHTOB JENAeTCa BBIBOJ O MpHU-
TOJHOCTH Ka)KJOrO U3 PACCMOTPEHHBIX METOJOB JUIS MCIOJB30BAHUS B
cucreMe ympasieHuss MoxyiapHOoro MP. Ipeanmararorcsi peKOMEeHIANH
[0 MPUMEHEHHMIO TEX HWJIM HHBIX METOIOB JHHAMHYECKOTO Ieperpo-
TPaMMHUPOBAHUS C YIETOM HX JOCTOMHCTB M HEIOCTATKOB.

1. TIpombinuiennas po6ortorexuuka / A.B. Ba6buu, A.I'. Bapanos,
W.B. Kanabuu u ap. // Ilox pen. S.A. Hludpuna — M.: MamuHocTpoe-
Hue, 1982 — 415 c., v

2. Ko3ssipes FO.T'. [IpombliuieHHbIE POGOTHI ArperaTHO-MOYIBHOTO
tuna / Bopoosés E.U., Kozeipes 10.I'., Iapenko B.U. // ISBN: 5-217-
00166-6. — M.: MamuHocTpoenue,1988. — 240 c.

3. Jlomora A.B., IOpeBuu E.W. Drambsl ¥ NEpCHEKTHUBBL Pa3BUTHS
MOJYJBHOTO TPHHIMIA IOCTPOCHHS POOOTOTEXHUYECKUX CHCTEM //
Hayuno-texunueckue Bempomoctu CIIOITIY. Uudopmaruka. Tenexom-
MyHuKaiun. Ynpasinenue. —2013. — Ne 1. — C. 98-103.

4. HOpesuu E.U. Po6ore [THUU PTK nHa YepuoObuibeckoin ADC u
pa3BUTHE dKCTpeManbHON poboToTexHuku: Monorpadwus // CII6.: U3n-
Bo [lonurexuunueckoro yH-ta, 2004.

5. Awngpees B.I1., [Tnerenes [1.®. Meton MHGOPMAMOHHOTO B3aH-
MOJICHCTBHA U CHUCTEM DPAaCIpeNeNIEHHOTO YIpPaBieHUS B PoOOTax C
MOIyIbHOU apxutekrypoir. WHbpopmatnka u aBTroMaTm3anus (Tpynmsr
CIIMMNPAH). ISSN 2078-9181. — Cankt-Ilerep6ypr: CIIMHMPAH. —
2018. — Ne2(57). — C.134-160.
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E.B. bosa, B.B. Jleywiuna
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UHTEP®ENCA TIPU YIIPABJIEHUY MOBUJIbHBIM
POBOTOTEXHUYECKHM YCTPOMCTBOM

HUL] «Kypuamosckuii uncmumymy, Mockea, bova.ev@phystech.edu,
wandbpand@gmail.com

E.V. Bova, V.V. Leushina
ON THE ISSUE OF EVALUATING THE EFFECTIVENESS OF
THE MODALITIES OF THE HUMAN-MACHINE INTERFACE
IN THE MANAGEMENT OF A MOBILE ROBOTIC DEVICE

National Research Centre «Kurchatov Institutey, Moscow, bova.ev@phystech.edu,
wandbpand@gmail.com

D¢ddekTuBHOE yIpaBIcHUEe MOOMIBHBEIME pOOOTaMU C JICICTHPOBAaH-
HOW aBTOHOMHOCTBIO TPeOyeT He CTOJBKO MaKCUMAaJIBbHO MOJHBIX Tele-
METPHUYECKHUX JAHHBIX, CKOJIBKO KaUECTBEHHOT'O IMOHUMAHUSI COCTOSHUS
CHCTEMBI, 3a4acTyl0 MPEACTABICHHOTO B BUJE MYJIbTUMOJAIBHBIX BO3-
neucrtBuil. Ilupokoe pacnpocTpaHEHUE MONTYUYHIM PELIEHUs,, OCHOBAH-
HbIE Ha TEXHOJNOTHSAX BHPTyallbHOW peaidpHOCTH [1] W BO3HEWCTBHUAX
TaKTHJIbHBIX HHTepQericoB [2,3,4]. st onleHKH 3 (GEKTUBHOCTH Pa3HBIX
MOJANIbHOCTEH B KOHTYpE YNpPaBIEHUs HEOOXOAWM WHCTPYMEHT, NpH
MIOMOIIM KOTOPOTO MOKHO 3a7[aBaTh Pa3IMYHBIC MpPaBUJIa BO3JICHCTBHA
Pa3IMYHBIX MOAAJIBHOCTEH CHCTEMBI.

B noknane mpencraBieHa CHCTEMa 4YeJIOBEKO-MAalIMHHOTO HHTEp-
¢eiica (UMN), nepenaromiasi nHGpOPMALIUIO MyTEM BHU3yaJbHBIX (TEXHO-
JIOTHSI BUPTYAJIbHOM PEealbHOCTH) M TaKTWIBHBIX BO3JeiHcTBHIA (BHOpO-,
ANIEKTPO- U TepMouHTepdeiic). OCHOBOW TOH CHCTEMBI CTala TaK HA3bI-
BaeMasi (DYHKIHSI TPAHCISIIMM COCTOSIHUSI poOOTa B BOCIIPHHHUMAEMBbIE
OIIEPaTOpOM MYJBTHMOJAIBHBIC BO3JICHCTBHS: BU3yalbHBIC, TeMIlepa-
TypHBIE, IEKTPUUECKHE U BuOpanmoHHbIe. [TocKkoMbKY IpaBmiia Takoi
TPaHCISIIMHU 3a/al0TCS Ha KAa4ECTBEHHOM, JIMHIBHCTHYECKOM YPOBHE,
JUISL MX OIIMCAHMSA L1eJIeCO00pa3sHO NPHUMEHHUTh HEYETKYIO JIOruKy. biaro-
Japsi 3TOMy ONEpaTop AOJKEH MPUMEPHO MOHMMAaTh OKPY>KCHHE U CO-
CTOSIHHE YIPABISIEMOT0 O0BEKTA.

YMMU Obut anpoOHMpoBaH Ha 3ajiaye, CBS3AHHOW C yIpaBjeHHEM MO-
IBWKHON natdopmoii. B kauectBe BXoaHbIX NaHHBIX UMM cumthiBad
MOKa3aTes JaTYuKOB poOOTa: BOCHMH JAIILHOMEPOB M JaTdMKa OCBe-
IIEHHOCTH. [laHHBIE C JaIbHOMEPOB HCTIOIB30BAINCH JJIsl PEKOHCTPYKIIUH
cpenbl B BUPTyanbHOH peanbHOcTH. OOHApy)eHHbIe 00BEKTH 0TOOpaxka-
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JHCh B BUAE cep, OKpaAIICHHBIX B 3€JI€HBIH, JKENITHII MIIN KPAacHBIH IBET,
0003HaYaIOMKil CTeNeHb OIM30CTH MpensaTcTBHA. [ mpenoTBpamieHus
JIE30pHEHTAINN OIepaTopa B CPeAe BHPTYaJbHOW peabHOCTH OTOOpa-
JKaJICSL TIPOMJCHHBIM MyTh 3a MOCIEAHNE IISTh CEKyHIl U KOHEUHAsl TOUKa
MyTH B BUJIE IPO3PAavHOM 3enéHoii nmomycdeps (cM. puc. 1).

Pucynox 1 — OtobpaskeHne 00bEKTOB B BUPTYaIbHOH PEalbHOCTH: CI€Ba — BUJL
OT TPETHEro JIUIIA, CIIPaBa — OT IEPBOrO JIULA

Taxxe JaHHBIE ¢ JaJbHOMEPOB HCIIONB30BANIUCH HEKOTOPBIMH TaK-
TUJIBHBIME HHTepheficaMu Ui 0TOOPaKEHHUS OMACHON OJIM30CTH 00BEK-
TOB, BO3JICHCTBYsl Ha orepaTopa BUOpaluend U ciaadbiM 3JIeKTPUISCKUM
TOKOM B 3aBHCUMOCTH OT CTENIEHHU OIAaCHOCTH CTOJIKHOBEHHS C TPEIIsT-
crBueM. [Ipu goctaTouHO OIM3KOM HaX0XKJIEHUH K OOBEKTY Ha OIepaTo-
pa BO31EHCTBOBAIM CIIAOBIM 3JIEKTPUYECKUM TOKOM, B IIPOTHBHOM CITy-
yae — BUOpauuei pa3Hoii MHTEHCHBHOCTH. J[aTYMK OCBEIIEHHOCTH (DUK-
CHPOBAJI NOTIaJaHNE YIPABISEMOro OOBEKTa B OIACHYIO 30HY, AJIUTEIb-
HOE HaxOXJICHWE B KOTOPOH HETaTMBHO BIIMSUIO HA COCTOSHHE poOoTa.
CreneHp HarpeBa TepMoMHTEpdelica 3aBrceNa OT yuiepoa, I0JIy4YeHHOTO
OT TIpeOBIBaHUS B 3TOH 30HE.

B xope skcriepuMeHTa, B KOTOPOM OIlepaTopy HEOOXOIMMO OBLIO J10-
CTHYb KOHEUHOH 00IaCTH B HEU3BECTHOW €My MECTHOCTH, OLICHHBAIOCh
BIMSIHAE CHCTEMbl Ha IIPOLECC BBHINONHEHUs 3a/aud, MOCTABICHHON
nepe UCIBITYEMbIM.

PabGora Bemonnena npu nojuepxke HUIL[ «KypuaToBckuii nHCTH-
Ty™ (puka3 Ne 2754 ot 28.10.2021).

1. T. Williams, N. Tran, and J. Rands, «A Hands-Free Virtual-
Reality Teleoperation Interface for Wizard-of-Oz Control», 2018.

2. Y. Yamauchi, «Vibro-tactile Notification in Different Environ-
ments for Motorcyclists», no. ¢, pp. 59-65, 2020.

3. Z. Zhao, M. Yeo, S. Manoharan, S. C. Ryu, and H. Park, «Elec-
trically-Evoked Proximity Sensation Can Enhance Fine Finger Control
in Telerobotic Pinch», Sci. Rep., vol. 10, no. 1, pp. 1-12, 2020, doi:
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4. S. W. Kim et al., «Thermal display glove for interacting with vir-
tual reality», Sci. Rep., vol. 10, no. 1, pp. 1-12, 2020, doi:
10.1038/s41598-020-68362-y.

A.JO. 'emmanuyes
CUCTEMA BOPTOBBIX UBMEPEHUI
POBOTU3UPOBAHHOI'O ABTOMOBUJISI-MUIIIEHUA:
TPEBOBAHMUS, ACIEKTHBI U ITIEPCITEKTHUBbI

TJ7IAL um. B.I1. Ykanosa MO P®, 2. Axmybunck, tomamens@mail.ru

A.Yu. Getmantsev
THE SYSTEM OF ON-BOARD MEASUREMENTS
OF UNMANNED TARGET CARS: REQUIREMENTS, ASPECTS
AND PROSPECTS

State Flight Test Center V.P. Chkalova Ministry of Defense of Russia, Akhtubinsk,
tomamens@mail.ru

B nocnennee Bpemsi 3HAYMTENLHO BO3POCIIA aKTYallbHOCTh UCIIBITA-
HUH aBHAIIMOHHOI'O BOOPY)KEHHMS, PUMEHSEMOI0 110 BBICOKOCKOPOCT-
HBIM ITOJIBMDKHBIM LIEJISIM.

[Ipn ocHamieHny aBHAIMOHHBIX MOJHUIOHOB IEPCHEKTUBHBIMU I10-
JBIDKHBIMHA MHIIEHHBIMH CPEICTBaMHU Ha 06aze pOOOTH3MPOBAHHBIX WIIH
JVCTaHIIMOHHO-YTIPABISIEMBIX aBTOMOOWIIEH-MHIIICHEH BO3HUKAET HEOO-
XOIUMOCTh B IIOJY4YE€HHH BBHICOKOTOYHON M3MEPHUTENbHON MH(pOpMAIN
MpY MOMOIIM CUCTEMBI 0OpTOBBIX M3MepeHuii (nanee - CBU), xoropas
SIBIISIETCS] BAKHOW 4acCThI0 U3MEPHUTENILHOTO KOMITIIEKCA HCIIBITATEILHOTO
nonurona. [lo cpaBuenuto ¢ CBU, mpyrue cuctembl U3MepeHuii o0ia-
JIAfOT WJIM MEHBIIEH NAbHOCTBIO, WIIM MEHbIIeH NH()OPMAaTHBHOCTBIO.

B cBsi3u ¢ pazpaborkoii aBToMoOMIIEii-MuIIIEeHEH TpedyerTcs ajanTa-
uus cyuectBytouiet HomeHkiarypsl CbU ¢ nenbio BHeOpeHHs 3THX
HE3aMEHHMMBIX CPE/ICTB OOBEKTUBHOTO KOHTPOJIS JUIsl MTOJIY4EHHS JIOCTO-
BEepHOH MH(OPMAIMKM O COOCTBEHHBIX KOOpAWHATaX BBICOKOMAaHEBPEH-
HOW MHIIEHH M O KOOpJWHATaX aBHAIL[OHHBIX CPEACTB MOpakKeHus (na-
nee — ACII) 3a cuer 3anucu nHGOPMANUHU ¢ BUACOKAMEP HATPYIHHOTO
TUIa ¢ MakCHMalbHO OnM3Koro paccrosHus. IlocienoneTHeld aHamm3
9Toi MH(pOPMaLUK MO3BOJIAET cAenaTh BeiBox o mpomaxe ACII u ome-
HHUTb Pe3yJbTaTUBHOCTH OoeBoro 