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(57) 3asBieHHOe n300peTeHME B OOWIEM OTHOCUTCS K 00acTH POGOTOTEXHHYECKUX YCTPOKCTB, a B

YaCTHOCTH K CHoco0aM M cucTeMaM Jjisi o0eclieueHusi 3axBaTa PaziIM4YHbIX OOBEKTOB C IOMOIIBIO
poboTu3npoBaHHEIX ycTpoicTB. Croco0 3axBaTa 0ObEKTa C TIOMOIIBI0 pOOOTU3UPOBAHHOTO YCTPOUCTBA
COZICPIKUT ITAITbI, HA KOTOPHIX 00Y4ar0T POOOTU3UPOBAHHOE YCTPOICTBO C MIOMOIIIBIO IO MEHBIIICH Mepe
OJIHOTO AJITOPUTMA MAIIMHHOTO O0Y4eHHs JIJIsl pacliO3HABAHMUS M 3alIOMHHAHUS TOYEK 3aXBaTa 0ObEKTOB,
npu4eM OOyYeHHe BBIMONHICTCS HAa JAaHHBIX, XapaKTepU3yIoIuX (oTorpaduuecKkie H300paXKeHuUst
00BEKTOB M COOTBEeTCTBYIOIIHE 3D MOei 00BEKTOB B Pa3IMYHBIX PaKypcax; (OPMHUPYIOT IO MECHBIIICH
Mepe OJHY TOUKY 3aXBaTa 00bEKTa, IIPEICTABICHHOTO Ha rpa)naeckoM H300pakeHnH 00bEKTa; MOIydaroT
(dororpaduueckoe u300paxkeHHe 0ObEKTA C MOMOIIBI0 KaMepbl POOOTH3MPOBAHHOIO YCTPOHCTBA U
OIIPEACIAIOT PaKypc, 0TOOpaKaroKi c(hOPMUPOBAHHYIO TOUKY 3aXBaTa 00bEKTa; MTOYyYaloT TPEXMEPHOE
o0mako TO4eK OO0BEKTa B BELBICHHOM paKypce C MOMOIIBIO CEHCOpa IIyOWHBI POOOTH3UPOBAHHOTO
YCTPOMCTBA; ONPEIEISIIOT 0 MOJYyYeHHOMY 00IaKy TOYEK MECTOPACIIOIOKEHHE TOUKH 3aXBara 00bEeKTa;
OIIPEACIAIOT OPHEHTALMIO U TOJOKEHHUE 3aXBaTHOIO YCTPOMCTBa pPOOOTH3MPOBAHHOIO YCTPOWMCTBA
B OOHaApy»XEHHOH TOuKe 3axBara, MPUYEM OIPE/CICHUE OCYLICCTBISETCS C IOMOIIBIO BBIYMCICHUS
Marpui[ HOBOPOTOB POOOTH3MPOBAHHOIO YCTPONCTBA; OCYIIECTBISIIOT 3aXBaT OOBEKTA C MOMOIIBIO
POOOTH3UPOBAHHOTO YCTPOICTBA HA OCHOBAHWUHM BBIUMCIICHUS YCPSIHCHHON MATPHIIBI MOBOPOTOB IS
3aJ]aHHOM TOYKM 3axBaTa. TeXHWYECKUil pe3yJbTar - MOBBIIICHHE TOYHOCTH PACIIO3HABAaHHS OOJIACTH
3axBara 00bEKTa POOOTH3MPOBAHHBIM YCTPOHMCTBOM 3a CYET OINPEICIICHUS OPUEHTAIMU 3aXBaTHOTO
YCTPOWCTBA HA OCHOBAHHMH PacyeTa MaTPHIILI IOBOPOTOB IS IIEJIU 3aXBaTa 00bEKTA B TPEOyEeMOI TOUKE
3axBara.
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CIIOCOBb U CUCTEMA 3AXBATA OFBEKTA C IOMOIIBIO
POBOTH3UPOBAHHOI'O YCTPOUCTBA

OBJIACTb TEXHUKH

[0001] 3asBJIEeHHOE TEXHUYECKOe pelleHue B  O0ImEeM OTHOCUTCS K  oOjacTw
POOOTOTEXHUYECKUX YCTPOMCTB, a B YAaCTHOCTH, K CrocobamM W CHUCTeMaM st 00ecreueHust

3aXBaTa Pa3IMYHBIX OOBEKTOB C MOMOIIBI0 POOOTU3UPOBAHHBIX YCTPOICTB.
YPOBEHb TEXHUKH

[0002] Hcnonp3oBannue poOOTU3NPOBAHHBIX YCTPOMCTB IJIsI OOECTIEYEHUs] MAHUNYJILUAN C
Pa3NIUYHBIMA OOBEKTAMHU IIHPOKO M3BECTHO M3 CYLIECTBYIOIIEIO YPOBHS TEXHHKH M HAXOIUT
IIMPOKOE TPUMEHEHHEe B cdepe TNPOMBIIUIEHHBIX pPOOOTOB B  Pa3jIMYHBIX  OTPACISX
NPOM3BOJICTBA.

[0003] OCHOBHOH CJIOXHOCTBIO B TIPOLIECCE MPUMEHEHHUS POOOTHU3NPOBAHHBIX YCTPOWCTB
IpY MAHUMYJSIOUAX C Pa3IMYHBIMU TUMAMH OOBEKTOB SBISETCS HEOOXOAWMOCTBH CJIOKHOTO
nporecca 0Oy4eHus, KOTOPBIH 3aKII0YAETCsl B CO3IaHNU TpaduyuecKix o0pa3oB OOBEKTOB C X
TOYHBIMH T€OMETPHYECKUMH IapaMeTpaMu U IOCIENYIOIIYIO OTIAaIKy pPOOOTH3MPOBAHHBIX
MaHHUITYJIITOPOB JJIs1 B3aUMOAEHCTBUS C HUMU.

[0004] B Hacrosimee Bpemsi U1 mporecca oOy4deHHs 3axBaTa OOBEKTOB INPENIararoTCs
pa3IuYHbIe MOAXONbI Ha 0a3e aJrOpuTMOB M MOJENell MalIMHHOTO OOy4YeHHs, B YaCTHOCTHU C
UCTIOJIb30BAHHEM HEHPOHHBIX CEeTeH, C TMOMOINBI0 KOTOPBIX BBIMOJHSETCS OOyueHue
pPOOOTH3UPOBAHHBIX MAHUIYJISITOPOB ISl 3aXBATOB OOBEKTOB MO OOYyUEHHBIM 3apaHee TOYKaM
3axBara. Takoi moaxonm packpsiBaercsi B padore Dense Object Nets: Learning Dense Visual
Object Descriptors By and For Robotic Manipulation (Peter R. Florence et al., CSAIL,
Massachusetts Institute of Technology, 07.09.2018). I3BecTHOe pelieHue mpegIaraet
UCTIONIb30BaTh O0Jaka TOYeK OOBEKTOB B IMpoLecce 0Oy4eHHss pOOOTH3MPOBAHHBIX YCTPOKCTB,
111 TOrO YTOOBI CPOPMHUPOBATE AECKPUNTOPHI OOBEKTOB HA OCHOBaHUU (oTrorpadudeckux u 3D
Mozeneii Takux OOBEKTOB Ml ILeNiell IOCHEeNyIOINero yKa3aHWs TOUYeK 3axBaTa W
B3aUMOJIEHCTBUS C OOBEKTAMH B YKa3aHHBIX TOUYKAX.

[0005] OCHOBHOI HENOCTATOK W3BECTHOIO pELIeHMs] 3aK/II0YaeTcss B OrpPaHUYEHUU
BO3MOXKHOCTH 3aXBaTa Pa3JINYHBIX TUIOB OOBEKTOB, UYTO OOYCJIOBJIEHO OTCYTCTBHUEM aHAJH3a

MOBOPOTA 3aXBaTHOrO ycTpoiicTBa podora. C y4eToM TOro, 4To OOBEKT MOXKET HAaXOIUTCS B
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PA3JIMYHOM IOJIOXKEHUH MPHU padoTe poOOTU3MPOBAHHOIO YCTPOMCTBA, HEOOXOOUMO OIICHUBATH
«UaeanbHOe» TOJIOKEHHE 3aXBATHOTO YCTpoHcTBa Ayt Oojee TOYHOTO M MPABHIBHOTO

B3aUMOIENUCTBUS C OOBEKTOM.
PACKPLITUE U30GPETEHUA

[0006] Pemraemoii TeXHMYECKON 3amadeil WM TEXHUYECKOH MNpoOJeMOi  sIBJISETCs
o0ecreyeHne HOBOTO TMpoIecca B3aUMOACHCTBUS C OOBEKTAMH C TIOMOLIBIO HMX 3aXBaTa
pOOOTU3UPOBAHHBIMH YCTPOHCTBAMH.

[0007] TexHuyeckuM pe3yibTaTOM, AOCTUTAOLIMMCS MPU PELIEHUH BbILIEYKa3aHHOU
TEXHHUYECKON MpOoOJeMbl, SBJISIETCSI MOBBIMICHHE TOYHOCTH PACMO3HABaHMS OOJACTH 3axBaTa
00BbeKTa POOOTHU3UPOBAHHBIM YCTPOHCTBOM, 3a CYET OIpPEHENICHUs] OPHUEHTAL[MH 3aXBATHOTO
YCTPOHCTBA HAa OCHOBAaHHHM pacyeTra MAaTPHLbI MOBOPOTOB U LENH 3axBara OOBEKTa B
TpeOyeMoli TOUKe 3axBaTa.

[0008] 3asiBNEHHBIN TEXHUYECKUH PE3YJIbTAT TOCTUTAETCs 3a cUeT crocoba 3axBaTa 00beKTa
C MOMOIIBI0 POOOTHU3NPOBAHHOTO YCTPONUCTBA, COMEPIKAIIETO STAIbl, Hd KOTOPBIX:

o0y4aroT pOOOTH3MPOBAHHOE YCTPOWCTBO C TMOMOINBIO 110 MEHBIIEH Mepe alropuTMa
MALIMHHOTO OOYYeHUs! JJisl PAClO3HABAHUS U 3alIOMHHAHHS TOUYEK 3aXBaTa OOBEKTOB, MPUYEM
oOy4eHHe BBINOJNHAETCS Ha MAAaHHBIX, XapakTepusyroluux Qororpapudeckne H300paKeHHs
00BEKTOB U COOTBETCTBYOIKE 3D MOoaenn 0ObEKTOB B Pa3INYHBIX paKypcax;

GopMUpPYIOT O MeHbIIEHl Mepe OIHY TOYKy 3axBaTa OOBEKTa, NPEICTABICHHOTO Ha
rpaduueckoM u300paskeHHH 00BEKTa;

noiy4arT ¢pororpadpuyueckoe n3odpakeHne oObeKTa ¢ MOMOLIBIO KaMepbl pOOOTH3NPOBAHHOTO
YCTPOMCTBA U OMPENENSIOT PAKYpPC, OTOOpakaromuii chopMUPOBAHHYIO TOUKY 3aXBaTa OOBEKTa;
MOJIYYAIOT TPeXMEpHOe O0JIaKO TOYeK OOBEKTa B BBIIBJICHHOM PaKypce C MOMOIIBIO CEHCOpa
ryOHHBI pOOOTH3UPOBAHHOTO YCTPOHCTBA,

OTIPENEJISIOT N0 TOJIYYEHHOMY 00JIaKy TOUEK MECTOPACIIONOKEHHE TOUKH 3aXBaTa O0OBEKTa,
ONPENeNSIOT OPHEHTAlMI0 U IOJIOKEHHE 3aXBATHOTO YCTPOHCTBA POOOTH3HMPOBAHHOTO
yCcTpoiicTBa B OOHApy)KEHHOW TOUYKE 3axBaTa, NPHUYEM OINPENENICHHE OCYINECTBISETCS C
MIOMOILIBIO BBIYUCIIEHHS MATPHL TOBOPOTOB POOOTH3HUPOBAHHOTO YCTPONCTBA;

OCYILIECTBIISIIOT 3aXBaT OOBEKTA C MOMOIIBI0 POOOTU3MPOBAHHOTO YCTPOWCTBA HA OCHOBAHHHU
BBIYHCJIEHHS YCPEIHEHHOH MaTPHULIbI TIOBOPOTOB IS 3aJaHHOM TOYKH 3aXBaTa.

[0009] B uacTHOM BapuaHTe OCYyIIeCTBIEHHs criocoda poOOTH3UPOBAHHOE YCTPOHCTBO

MPEICTaBIISIET COOOM POOOTH3UPOBAHHBIN MAHUTTYJISITOP WIIH POOOTU3HMPOBAHHYIO PYKY.



[0010] B npyrom 9acTHOM BapuaHTe OCYLIECTBIEHHs crocoba Ha 3tane 0O0ydeHHs
JOTIOJTHUTENBHO YKa3bIBAIOTCS JBE M Oojiee TOUeK 3axBaTa OObeKTa Ha cooTBeTcTByOmEel 3D
Mozenu oObekTa.

[0011] B npyrom 9acTHOM BapuaHTe OCYLIECTBIEHUs crocoba Ha 3Ttane 0O0ydeHHs
JOTOJIHUTEIBHO YKA3bIBAIOT U 3a[IOMUHAIOT PACIIONIOKEHHE POOOTU3MPOBAHHOIO YCTPOWCTBA B
TOYKE 3aXBaTa B 3aBUCHMOCTH OT PACIOJIOKEHHSI OOBEKTA.

[0012] B gpyroMm dYacTHOM  BapuaHTE OCYLIECTBJEHHsI Crocoba  OmnpeaeieHHe
MECTOPACIOJIOKEHUSI TOYKU 3aXBaTa Ha W300paKEHHH OCYINECTBIISETCS C MOMOINBI) MOJIETH
MAIIMHHOTO O0YYEeHHUSI.

[0013] B jgpyroMm dacTHOM BapHaHTE OCYIIECTBICHHMS CHoco0a  JOMOJHUTEIBHO
OTIpeNessIeTCs MPUHIIMIT 3aXBaTa O0BEKTA B 3aBUCUMOCTH OT THIIA 3aXBATHOTO YCTPOICTBA /WK
THUNa OOBEKTA.

[0014] B npyroMm 4acTHOM BapuaHTe OCYLIECTBIEHMs CroOcoda Al HECKOJNBKUX TOYEK
3axBaTa OOBEKTa YKa3bIBAETCS ONTHMAJIbHAs TOYKA 3aXBaTa OOBEKTA HAa OCHOBAaHUH €€
B3aHMHOI'O PACIIOJIOKEHHUs] OTHOCHUTENIBHO JPYTHX TOUEK 3aXBaTa U OTHOCHUTENbHO 3aXBATHOTO
yCTPOHCTBA B MOMEHT OCYIIECTBJICHHUS 3aXBaTa.

[0015] B gpyrom dacTHOM BapuaHTe OCYLIECTBIEHHs crioco0a poOOTH3MPOBAHHBIN
MaHHUITYJISITOP KaTHOPYETCs 10 MOBEPXHOCTH B3aUMOJIEHCTBHS C OOBEKTOM.

[0016] B  ngpyrom dWacTHOM  BapuaHTe  OCYLIECTBJIEHHMS  Crocoba  KanuOpoBka
OCYILIECTBIISIETCS C TOMOIIBIO HAHECEHUS] Ha MOBEPXHOCTh Ipa)UyecKUx KOJOB AOIOJHEHHON
PEaJIbHOCTH.

[0017] 3asiBICHHbII TEXHUYECKUN PE3yJIbTaT AOCTUraeTCsl TAKKe 3a CHET CHUCTEMBbI 3aXBaTa
00BEKTa C OMOLIBI0 POOOTU3UPOBAHHOTO YCTPOMCTBA, KOTOPAsi COAEPIKHUT:

poOOTH3MPOBAHHOE YCTPOMCTBO, COAEpIKallee MO MEHbLISH Mepe OJHYy Kamepy, MO MeHbIIeH
Mepe OIMH CEHCOp TIIyOMHBI M 3aXBaTHOE YCTPOHCTBO;

BBIYUCIIUTEIPHOE YCTPOHCTBO, COEOUHEHHOE C POOOTHU3MPOBAHHBIM YCTPOHCTBOM, IPHYEM
BBIYMCIUTEIBHOE YCTPOHCTBO B3aMMOIEHCTBYET C MOJENBI0 MAIIMHHOTO OOYYeHHs, KOTOpas
oOyuena Ha (ortorpaduuecknx H300pakeHUSX OOBEKTOB U COOTBETCTByHOIMUX 3D Mmoneneit
OOBEKTOB B Pa3IMYHBIX PaKypcax IJIsi paCIIO3HABAHUS U 3aTIOMHUHAHUS TOUEK 3aXBaTa OOBEKTOB;
¢opMHupOBaTL TO MEHbLIEH Mepe OAHY TOYKY 3axBara OOBEKTa, IPENCTaBIEHHOIO Ha
rpapuIecKOM N300paKeHNN 0OBEKTa;

nojy4atb (ortorpaduueckoe uzoOpakeHHE OO0BEKTa OT Kamepbl pPOOOTH3HPOBAHHOTO
YCTPOKHCTBA U OIPENENATh PAKypC, OTOOpaKarOLINI chOPMUPOBAHHYIO TOUKY 3aXBaTa OOBEKTA,

NOJIy4aTh TPEXMEpPHOe O0JIaKo TO4Yek OOBEKTa B BBIABJIEHHOM PaKypce ¢ MOMOIIBI CEHCOopa

rIyOMHBI pOOOTH3UPOBAHHOTO YCTPOHCTBA,



OTIPENENATH 10 MOJYYEHHOMY 00JIaKy TOYeK MECTOPACIIONIOKEHHE TOYKU 3aXBaTa OObEKTa,
OTIpeNeNsATh OPUEHTALHUIO U TIOJIOKEHHE 3aXBAaTHOIO YCTPOMCTBA B OOHAPYKEHHOM TOUYKe
3axBaTa, IPUYEM OIpPEJENICHUE OCYLIECTBIIAECTCA C MOMOUIbIO BBIYMCIEHUS] MAaTPUL IOBOPOTOB
pPOOOTH3UPOBAHHOTO YCTPOMCTBA;

dbopMupoBaTh KOMaHIy ISl 3aXBaTa OOBEKTA C MOMOLIBIO POOOTH3MPOBAHHOTO YCTPOMCTBA HA
OCHOBaHUU BBIYUCJICHUS YCPEIHEHHON MaTPULbl TOBOPOTOB AJIS 3aJaHHOU TOYKH 3aXBaTa.
[0018] B w4yacTHOM BapuaHTe peanu3alMi CUCTEMbI POOOTU3UPOBAHHOE YCTPOKHCTBO
npeacTaBisieT co00i poOOTU3HMPOBAHHBIA MAHUITYJISITOP UM POOOTH3UPOBAHHYIO PYKY.

[0019] B npyroMm 4acTHOM BapuaHTe peanu3alud CUCTEMbl BBIYMCIMTENIBHOE YCTPONCTBO
MPEICTaBIISIET COOOM KOMITBbIOTEp, crcTeMy Ha Kpuctaiie (SoC), umu cepsep.

[0020] B npyroM 4acTHOM BapHMaHTe peanu3aluHd CUCTEMbl BBIYMCIHUTENIBHOE YCTPONCTBO
COEAMHEHO MPOBOIHBIM HJI OECTIPOBOIHBIM CITOCOOOM ¢ pOOOTH3UPOBAHHBIM yCTPOHCTBOM.
[0021] B npyrom HacTHOM BapHaHTE PeaTM3alMU CUCTEMbI MOJENb MAIIMHHOTO OOyUYEeHHsI
MPECTaBIIsIeT COOOM MO MEHbIEH Mepe OIHY HEUPOHHYIO CETh.

[0022] B npyrom HacTHOM BapHaHTE peajln3alyy CHCTEMbl MOJENb MAIIMHHOTO OOyUYEHHs
BBITTOJIHEHA C BO3MOXKHOCTBIO aBTOMAaTUYECKOTO MepeoOyueHus Ha OCHOBAHWU HOBBIX JAHHBIX
00 oOBexTax.

[0023] B npyrom uHacTHOM BapuaHTe peajn3alliil CUCTEMbl HOBbIE NaHHbIE 00 OOBEKTaxX
nepefarTesi OT 0OJIAYHOTO cepBepa.

[0024] B apyrom 4acTHOM BapHaHTE peaju3alMd CUCTEMbl HEHPOHHAsl CEThb PACIOJIOKEHA

Ha 00JIauHOM CepBepe.
KPATKOE OIIMCAHHUE YEPTEKEN

[0025] Ilpyu3Haku W DOpeuMyLIECTBA HACTOSILIETO TEXHUYECKOTO pELIeHUsl CTaHyT

OYCBHUOHBIMU H3 TPUBOAHUMOI'0 HUIKE HOI[pO6HOFO OMHUCaHUsA W IpUJlara€MbIX qepTexcei/'I, Ha

KOTOPBIX:

[0026] @ur. 1 wurocTpupyer oOIHiA BUA 3asBIIEHHON CHCTEMBL.

[0027] Qur. 2 WUIOCTPUPYET CXEMATUYHBIH BHUA MaHUIYJSITOPa POOOTH3UPOBAHHOTO
YCTPOICTBA.

[0028] Qur. 3  wunoctpupyer  Onok-cxemy — obmed  mpouenypel  OOyudeHUs
pPOOOTH3MPOBAHHOTO YCTPOHCTBA.

[0029] @dur. 4 wunocTpupyer npumep OOy4deHHs POOOTH3UPOBAHHOTO YCTPOMCTBA C
MOMOIIBIO H300paskeHuit u 3 JI-moneneit oObeKTa.

[0030] dur. 5 wunocTpupyer npumep oOy4deHHMs pPOOOTH3UPOBAHHOIO YCTPOHCTBAa C

MTOMOIIBIO HECKOJIBKUX TOYEK 3aXBaTa Ha OOBEKTE.
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[0031] @ur. 6 WILUTIOCTPUPYET OJIOK-CXEMY BBITTOJIHEHHUS 3asBJICHHOTO CIIocoda.
[0032] Qur. 7 WUIOCTPUPYET MNPUMEP LEHTPUPOBAHUS 3aXBAaTHOIO YCTPOMCTBA [JIst

onpexaeneHus: TpeOyeMOoi TOUKH 3aXBaTa Ha OOBEKTE.

[0033] @ur. 8§ WUTIOCTPUPYET NPUMEP CUCTEMBI C MOJNydEeHUEM H300pa’keHUH B PealbHOM
BPEMEHU.
[0034] dur. 9 WILTIOCTPUPYET NPUMEP BBIMUCIUTEIbHON CUCTEMBL

JETAJIBHOE OITIUCAHUE OCYIECTBJIEHUSA N305PETEHUA

[0035] JIaHHOE TEXHUYECKOE pEIleHre MOKET OBbITh PeayiM30BAHO HA KOMIIBIOTEPE, B BHIE
aBTOMATH3HPOBAHHOW MH(popMarroHHOH cuctemMbl (AUC) MM MalIMHOYUTAEMOrO HOCHTEIIS,
CoeprKaLero MHCTPYKLMHU ISl BBITOJHEHHUS BBILICYTIOMSIHYTOTO Coco0a.

[0036] TexHudeckoe pelieHHe MOKeT OBbITh peajl30BaHO B BHUJAE pacHpeeeHHOH
KOMITBIOTEPHOI CHCTEMBI, KOTOpasi MOJKET OBITh YCTAHOBJIEHa HAa LEHTPAIN3OBAHHOM CEpBEpe
(mabope cepBepoB). JlocTym MOMB30BATENEH K CUCTEME BO3MOXKEH Kak u3 cetu MHTepHeT, Tak u
U3 BHYTPEHHEH CeTH NMPeANPHUSATHs/OpraHU3aluy TOCPEACTBOM MOOMIIBHOTO YCTPONCTBA CBS3H,
Ha KOTOPOM YCTaHOBJICHO IPOrpaMMHOE O0€CledeHHe C COOTBETCTBYIOIIUM TIpaduyecKum
uHTep(deicoM mNoNb30BaTENs, WM NEPCOHATBHOTO KOMIIBIOTEpPA C AOCTYNIOM K BeO-BepCHUU
CHCTEMBI C COOTBETCTBYIOIINUM IpaduueckuM nHTepeHcoM MmonIb30BaTeNs.

[0037] Huxe Oynyr ommcaHbl TepMHHBI M TOHATHS, HEOOXOIUMBIE JUI peau3aliu
HACTOSILIET0 TEXHUYECKOTO PELICHUS.

[0038] B naHHOM pemeHMM MOA CHUCTEMOM MOAPa3yMeBAETCs KOMITBIOTEPHAs CHUCTEMA,
OBM (31€KTpOHHO-BbIUUCIHTENbHA MammuHa), UYITY (duncnoBoe mporpaMMHOE YIIpaBJIeHUE),
I[IVIK (mporpaMMupyeMblii JIOTHYECKHI KOHTPOJUIEP), KOMIBIOTEPHU3HPOBAHHBIE CHCTEMbI
yOpaBjIeHUs: W JIIOOblE JApyrue YCTPOHCTBA, CIOCOOHBIE BBINMOJNHATH 3aJaHHYIO, YETKO
ONPENENIEHHYIO MOCIEA0BATEIbHOCTD BBIUUCTUTEIBHBIX ONEpayi (AeiCTBUM, HHCTPYKIIHIA).
[0039] ITox ycrpoticTBoM 00pabOTKH KOMaHI MOAPAa3yMeBaeTCsl SJEKTPOHHBIN OJIOK JIUOO
UHTErpajibHas cxema (MHKPOIPOLECCOp), UCTIONHSAIOIAs MAIIUMHHBIE HHCTPYKIUH (IIPOTPAMMBI).
[0040] YcrpoiictBo 00pabOTKH KOMaH]T CYUTHIBAET M BBIMOJHSIET MAIIMHHBIE WHCTPYKIUU
(mporpammbel) ¢ omHOro wiaM Ooyiee YCTPOICTBA XpaHEHHWs NaHHBIX. B ponm ycTpoiicTea
XpaHEHMsI TaHHBIX MOTYT BBICTYIIaTh, HO, HE OTpaHUYMBAsCh, kecTkue nucku (HDD), ¢nem-
namaAThb, [13Y (mocTostHHOE 3amOMUHArOIIee yCTPONUCTBO), TBepAOTeNnbHbIe HakonuTenu (SSD),
ONTUYECKHUE MPUBOJIBIL.

[0041] Ilporpamma - [OCHAEOOBATENBHOCT  MHCTPYKLMM, MNPEAHA3HAYEHHBIX  JJIs
UCTIIOJIHEHUsI YCTPONCTBOM  YIIPABJICHHS BBIYMCIUTENBHON MAIIMHBI WM  YCTPOICTBOM

00pabOTKH KOMaHI.



[0042] Kak mpencraBneno nHa @ur. 1, cucrema (100) nns peanm3anuy 3asBJIEHHOTO
peleHusl COAEpPKUT BbUUCTUTENbHOE YycTpoiicTBo (110), obecneunBaromee HEOOXOIHMBIE
MIPOLIECCHI BBIUNCJIUTEIBbHOM o0paboTku anropuTMa s (YHKLIMOHUPOBAHUS
pobotuzupoBanHoro ycrpoiictea (200), kanan nepemaun mansbix (130), obecrneumBaroiuii
IpoLecchl pueMa/mepeayn JaHHbBIX Mexay dneMeHtamu cuctemsl (100), a Takke ynaneHHOe
BBIYUCIHUTEIbHOE yCTpoiicTBO (120), Hampumep, oOaauHbI cepBep AN CHELUATH3HPOBAHHOTO
BBINOJIHEHUS 3a71a4.

[0043] B kauectBe BbUHCIUTENBHOrO ycrpoictBa (110), ¢ KOTOpPBIM B3aMMOIEHCTBYET
nojib3oBarenb (10), MOKET MCTIOIB30BATHCS, HANPUMEP, MEPCOHANbHBIA KOMIBIOTED, HOYTOVK,
IUIAHIIET, CepBep, CMAapTQOH, CEepBEpHBIN KiacTep, MeHH(peiM, CynmepKOMIbIOTEP, TOHKHHA
KJIMEHT, cucteMa Ha kpuctamie (aHri. «System on a Chip», cokp. SoC) u t.n. Konkpernas
amnmapaTHas peayu3anus BbIUUCIUTENBbHOro ycrpoiicrBa (110) 3aBHCHUT OT TpeabsSBISEMBIX
TpeOOBaHUI U JODKHA OOECreurnBaTh HEOOXOIMMBIE MPOLECCHl BBIMUCIUTEIBHON 00paboTKH
udposoii naHGOpMaruK 1A o0ecrieueHust JOKHOrO (yHKIMOHHpPOBaHus ycTpoiictea (110) B
coctase cuctemsl (100).

[0044] B xauectBe kaHana nepenauu AaHHbIX (130) MOKET MPUMEHSATHCS PA3JIUMYHBIN BUJ
CBsI3U, HaIpUMep, MPOBOAHOTO W/Hiu OecripoBonHOro tumna, B yactHocTi: LAN, WAN, WLAN;,
Bluetooth, Wi-Fi, GSM/GPRS/LTE/5G, Ethernet, USB, RS232, RJ45 u T.11.

[0045] Y naneHHoe BbraucIUTEIbHOE YCTpOiCcTBO (120), Kak mpaBUiIo, MpeACTaBisieT coO0H
o0nayHOoe XpaHWIHINE JAHHBIX WM CEepBEp MAJs pelleHHs CHelMaJH3UPOBAHHBIX 3a/1ad WU
nporpamMMmHON Jioruku. Omnucanue padotel ycrpoiictBa (120) Oymer packpsiTo panee B
HACTOSIILEM OMHCAHUU.

[0046] B kauectBe poOoTM3MpoBaHHOrO ycrpoicTBa (200) MOXET NPUMEHSATHCS Kak
CTaLIMOHAPHBIN POOOTU3UPOBAHHBIA MAHMITYJSITOP MPOMBIIIIEHHOTO MJIH KOJUTAOOPATUBHOTO
HasHaveHwus, Hampumep, Universal Robotics™, KUKA™ Fanuc™, ABB™ u T.m., Tak #
pOOOTH3MPOBAHHBIE MAHUMYJSITOPbL,  YCTAHABIMBAGMbIE HA  TOJIBUKHBIE aBTOHOMHBIE
pOOOTH3MPOBAHHBIE YCTPOMCTBA, B KA4eCTBE KOHEUHOCTEH, B YAaCTHOCTU POOOTH3UPOBAHHBIE
PYKH.

[0047] Ha @uwr. 2 nmpexacraBieHO  CXeMaTU4yeckoe  HW300pakeHHWe  mpuMepa
pobotusnpoBaHHOro yctpoiictea (200) B BUAE MaHUMYJSATOpPA, CHAOKEHHOTO 3aXBaTHBIM
ycrpoiicteoM (210) u moxynem, conmepxkamum RGB kamepy (211) m kamepy ¢ ceHCOpom
rnyoussl (212) (Taxke Ha3piBaeMyr kamepoil riyOunel i RGB-D kamepoit). C momorsto
RGB xameps! (211) BeImonHseTCSA MONYyUeHUsS] ABYMEPHBIX rpadudeckux n300pakeHui oObeKTa
(20), ¢ KOTOpBIM TpEArNoNaraeTcsi B3aWMOIEHCTBHE C TIOMOIIBIO POOOTU3HMPOBAHHOTO

ycrpoiicta (200). Kamepa rnyOunst (212) npumensiercs ais nonydeHust 3D monenei oObekTa
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(20), a Takke LIEHTPUPOBAHHIO 3aXBATHOro ycrpoicrea (210) m onpeneneHust pacCTOSHUS 10
oObekTa (20).

[0048] B xauectBe 3axBaTHOro ycrpoicrsa (210) MOryT NpPUMEHATHCS PA3JIUYHbIE THUIIBI
CXBATOB, HANpUMeEpP, B BHJE KJEIIHEH, aHTPONOMOPQHBIX KUCTeH pPyK M T.II. 3axBaTHOE
YCTPOMCTBO, KaK MPaBUJIO, OOeCreYnBaeT O-CTemneHeid CBOOOABI Ui BBINOJHEHUs IMpOoIecca
MaHUIYJISLIH ¢ 00BEKTOM.

[0049] Kak nokazano Ha @ur. 1, 00bekT (20), ¢ KOTOPHIM OCYIIECTBIISIETCS] B3AUMOJIEHCTBHE
poboTusupoBaHHOro ycrporctsa (200), MOKET pa3Melarbcs Ha MOBEPXHOCTH, Ha KOTOPYIO
HAHOCSTCS MapKepbl JOMOJHEHHOW peanmbHOCTH (201), mnpuMeHsiemble il KaTuOpPOBKH
pobotuzrpoBaHHOTrO ycTpoiicTa (200) mist neneii GpopmupoBanust odjactu ero aevicteus (205),
B KOTOpOoi 00BekT (20) Moxer ObITh 3axBaueH. Mapkepbl JOMOJHEHHOW peanpHOCTH (201)
NPEACTaBISIIOT co00i rpadudeckne KOabl JONOJHEHHONW PeajbHOCTH, Takke Ha3biBaeMble AR-
komamu (anrn.  Augmented reality codes), KOTOpble WCIHONB3YIOTCS IJIi OTPAaHUYSHHUS
MOBEPXHOCTH B3aUMOAEHCTBUsI ¢ o0bekToM (20). OObekT (20) MOXKET MpenacTaBisATh COOOI
IIAPOKUHN CIIEKTP U3MENNH, UMEIOIIHNX MATKYIO (Ie(GOopMHUpYyEMYIO) HIIH TBEPAYIO GopMy.

[0050] Ha ®ur. 3 npencrasnen npouecc odydenus: (300) poOOTU3HPOBAHHOTO YCTPOUCTBA
(200). Insa oOyueHus mpUMEHSIETCS] MOAXOA M3 YKa3aHHOW BbIle HaydyHOW mnyOnmkaumu. Ha
nepsoM mmare (301) ocymectisiercss chemka oobekra (20) ¢ momompbro RGB kamepsr (211).
CpeMKa OCyIIeCTBIISIETCS C PA3IMYHBIX paKkypcoB. Jlaee ¢ momolpio kamepsl rryOunsl (212) Ha
Ka)XJIOM U3 MOJIyYE€HHBIX PAKypCOB CO3/1a€TCsl COOTBETCTBYIOIIEE paKkypcy o0ako Todek (302).
[0051] ITo cdopmupoBanHsiM Ha otame (302) obmakamMu TOUYEK OCYIIECTBISIETCS
noctpoenue 3D monenu obwvekTa (20) 3a cuer 0ObenUHEHHS MOJNYYEHHBIX OOJaKOB TOUEK IS
KaXXJIOTO U3 pakypcoB cbeMkH Ha dtarne (301). [TonxydeHHOe MHOXKECTBO MO3HLUi Kameps (211),
COOTHECEHHBIX € M300paKeHUsSMH OOBEKTa, TMOJYyYEHHBIX Ha COOTBETCTBYIOIIUX PaKypcax Ha
srane (301), a Takxke wuroroBas 3D monens oObekTta (20), monydeHHas Ha stame (303),
UCTIOJIb3YIOTCS JJIT aBTOMATUYECKOH IMOATOTOBKM OOyd4aromed BBIOOPKH Uit TPEHUPOBKU
MOZIeNId MalMHHOTrO oOy4yeHust Ha sTane (304), B 4acTHOCTH CBEPTOYHON HEWPOHHOH CETH
(CHO).

[0052] Ha @ur. 4 npencrasneH npumep noiydeHusi pakypcos (P1) - (P4) uzobpaxkenuit
oobekTa (20). ITo xaxknomy pakypey (P1) — (P4) ¢ momoursto kamepsl riyOuHs! (212) ctpoutces
cooTBeTcTByromas moneib (M1) — (M4) Ha ocHOBaHMH ToJly4aeMoro obyiaka Touek. Bee obnaka
touek (M1) — (M4), ciutsle B eauHOoe Lienoe, o0paszyioT 3D monens obwvekta (21). B utore no
NOJIy4€HHBIM MOzeIsiM pakypcos (M1) — (M4) coznaercs urorosas 3D monens oOvexra (21), ¢
MIOMOIIBIO CIIMSIHUS BCEX IMOJydeHHbIX oOnakoB Touek (M1) — (M4) no paxypcam (P1) — (P4)

n3o0paxkeHnii oOvekTa. HeoOXoammo OTMETHTh, YTO KOJUYECTBO PAaKypCOB H300paskeHHi
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o0bekTa (20) MOKeT ObITh JIFOOBIM M HE OTPAaHHMYMBATHCSA NMPUBEACHHBIM NPHUMEPOM KOJHUYECTBA
pakypcoB. JlaHHBI TOAXOA TMO3BOJIIET IO BLIOPAHHOW TOYKE Ha H300paKeHUH OOBEKTa,
Hanpumep, Gortorpaduu UIM TPEXMEPHONU MOJENH, HAWTH COOTBETCTBYIOMIYIO ei 3D Touky Ha
MOBEPXHOCTH MOJZIEN O0BEKTa IS €0 3aXBaTa.

[0053] C mnomouUIbI0 MOAEIM MAIIUHHOTO OOYYeHHS BBINOJNHSETCS OTOOpaKeHHe U3
MHOJKECTBA M300pa)KEHUH 3alaHHOTO pa3Mepa B MHOXKECTBO AECKPHIITOPOB, MOAOOPAaHHBIX BO
BpeMsi OOydeHMss TakuM O0Opa3oM, 4YTO JJIsi ABYX TOYEK M3 JBYX pa3HbIX H300pakeHUi
pPacCTOSIHUE MEKAY COOTBETCTBYIOLIMMH MM JECKPUNTOPaMH OyIeT MEHbIIe OMpPEeNeSICHHOTO
3HAYEHUs], €CJIU 3TU TOYKU SIBJISIIOTCS NMPOEKLUAMM OAHOW M TOMW K€ TOYKU Ha MOBepXHOCTU 3D
mozesu o0bekTa (21). JlaHHas onepanus MPOU3BOIUTCS HECKOJIBKO Pa3 Uil PA3HBIX MMOJIOKESHHH
obbekTa (20) B obnactu nocsiraemoctu (205) poboTusupoBanHOro ycrpoiicraa (200).

[0054] ITpu moctpoeHnn oOyuaromeidl BHIOOPKU JJIT MOJENU MAIIUHHOTO OOyYeHUs IS
Kaxnoi pororpadpun oobekra (20) ¢ COOTBETCTBYIOLIETO paKypca BHIOUPAETCs IO OTHOH TOUKE,
IUISL KQXKZIOW U3 KOTOPBIX UMEETCs1 COOTBETCTBYIOMIAst 3D Touka ¢ MOBEPXHOCTH MOJENN OOBEKTa,
MOJTyYeHHas1 U3 o0Jlaka TOYEK COOTBETCTBYIOIIErO pakypca cbeMku odbekrta (20). B xadectse
npuMepa MOXKHO PaccMoTpeTh naphel ¢otorpaduii ogHoro oobvekra (20) ¢ COOTBETCTBYIOLIMMHU
toukamu. Eciu mapa 3D Todek Ha COOTBETCTBYIOMHX 2D M300paskeHUsIX MPUHAIJIEKAT OJHOMY
U TOMY K€ BOKCeJr/BepTekcy 3D monenn oobekTa (21), TO CHMTAETCS], UTO STH TOUKH SIBJISTFOTCS
«COOTBETCTBYIOIIIUMUY (coBnamaromuMu), uHaue «HECOOTBETCTBYIOLLIMI
(necopmamaromumu). Takum oOpaszom, u3 Bcex (ortorpaduil MOKHO NMOJYYUTh MUJUTHOHBI Iap
NHMKCEJIOB KaK COBMAJAIOININX, TaK W HecoBmamaromux. Ha ocHOBaHMM NaHHOW HMH(pOpMaLH
crpoutcst oOyuaromasi BeIOOpKa JUIs TPEHUPOBKU HEHPOHHOMN CEeTH.

[0055] B pesxume skcrutyatanuu Ha BXOA HEUPOHHOMU ceTu nmomarotcs pororpaduu odObekTa
(20), cocrosimme W3 MHUKCEJIOB, HA BBIXOAE KAKIOMY IHKCEJH0 COOTBETCTBYET AECKPUIITOP
(mocnenoBaTeNbHOCTh YHUCENT OAMHAKOBOW JJIMHBI N, WM TOYKA B N-MEPHOM MPOCTPAHCTBE, HA
KOTOpPOM 3aJjaHa MeTPHKAa — (YHKUUS BBIYUCICHHS PACCTOSHUS MEXKIY TOYKAMH 3TOTO
npocTpaHcTBa). HEHpOHHYIO CeTh TPEHUPYIOT HA MHOXECTBE Map MNHKCEJIOB M3 OOydaromien
BBIOOPKH TaK, YTOOBI JUIsI COBNAJAOIINX MHKCENIOB, PACCTOSTHUE MEXIY COOTBETCTBYIOIIUMHU UM
IECKPUNTOPaMH ObUTO MEHBILE OMPEIEICHHOTO IIOPOTa, a A1 HECOBMAAOLIHNX - OOJIbIIE.
[0056] Ha ®ur. 5 npencrasinen npumep oOydeHHs] MO3ULMsAM 3axBara oObekra (20), ¢
MIOMOIIBIO YKa3aHUsI HECKOJIBKUX TOYeK 3axBara (25, 26) obbvekra (20) ¢ MOMOLIBIO 3aXBATHOTO
ycrpoiictBa (210). Ilpu obydenun pobGotusnpoBaHHOro ycrpoiictsa (200) B3aMMOnEHCTBHIO €
oobektamu (20), mo Toukam 3axBata (25, 26) hopmupyercs B3auMHas OPUEHTALMs OTPE3KOB
(22) mexnay BbIIENEHHBIMU TOYKaMH 3axBata (25, 26) u opueHTauueil 3aXxBaTHOrO yCTPOHCTBA

(210). Manee nnst map OTpe3koB (22) Mexay TOYKAMH 3axXBaTa HAa MCXOIHBIX MAHHBIX U
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COOTBETCTBYIOILIMX HalIEHHbIX TO4YKax 3axBara (25, 26) Ha obvekre (20) mpu ero creMke ¢
nomoueto RGB kamepsr (211) u kameps! rayOuss! (212) BEMUCISIOTCS MaTPULIBI TTOBOPOTOB.
ITo Bcem mapam OTpe3kOB (22) BBMUCIAETCS YCPENHEHHAsh MaTpulla IMOBOPOTA, KOTOpas
NPUMEHSIETCS. K COXPAaHEHHOM KOH(Urypauuu, COOTBETCTBYIOINEH paHee 3aJaHHOH TOuKe
3axBaTa M 3axBaTHOE ycTpoicTBO (210) mpuUBOXMTCS B IBIKEHUE NJIsi 3aXxBaTa OOBEKTa B
BBIOPAHHOMW TOUKE.

[0057] Ha stane oOyuenus (300) poborusupoBanHoro ycrpoiictea (200) MOMOTHUTETHHO
3aXBaTHOe yCTpoHcTBO (210) TpeHupyeTcs N0 B3aUMOAEWCTBUIO ¢ oObekTamu (20) B
3aBHCHUMOCTH OT UX (pOpMbI 1 cTeneHn AeopMalny, a TAkKe B 3aBUCUMOCTH OT KOH(HTrypauuu
3axBaTHOro ycrpoiicrea (210). Kondurypamus u npuHUMn 3axBara ycrpoiictsa (210) urparot
BAXKHYIO POJIb MPU aHAJIM3E MO3HWIMU W BO3MOXKHOCTH B3aUMOAEWCTBHS ¢ oObekToM (20) B
3aBUCHUMOCTH OT €ro pacroyiokenust B obynactu nocsiraemoctu (205) ycrpoiictea (200). B cinyqae
paboThl ¢ MATKUMH WK JerkofaegopMupyeMbiMu oObekTamu (20), Hampumep, IUIFOIIEBBIMU
UTPYIIKAMHU, NMAKETaMH, TKAHEBBIMH YIIAKOBKAMHU U T.I., TPUHIMII 3aXBaTa MOXKET SIBISITHCS
JOMYCTUMBIM JiJisi paboThl ¢ oObekToM (20) C MOMOINBID €ro 3axBara JIFOOBIM BO3MOKHBIM
croco0OM B yKa3aHHOM TOYKe 3axBata (25).

[0058] Ecnu B3ammopeiicTBue OCyIIeCTBISIETCST C TBepAbIM oO0BekTOM (20), Hampumep,
kHura, teinedoH, KopoOka W T.II, TO 3axBaTHOe ycTpoicTBO (210) TpeHupyercss st
B3aUMOZIEHCTBUS C JTOMYyCTHUMOMN 4acThio oObekTa (20) (B LensiX HCKIIOYEHHs] HapyLIEHUs €ro
LIEJIOCTHOCTH HWIJIM HENOMyCTUMOH nedopMalmu), a Takke B 3aBHCUMOCTHU OT KOH(Uryparuu
YCTaHOBJIEHHOT'O 3aXBaTHOro ycrpoiictea (210). Hanpumep, antponnomop¢Hseie 3axsatel (210) B
BHUJIe POOOTU3UPOBAHHON PYKH MMEIOT OOJIBINYIO CTENEHb BO3MOKHOCTHU ISl B3AUMOJEHCTBUS C
TpeOyemoii Toukoi 3axBaTa (25) ob6bekTa (20) MO CpaBHEHHUIO C (KJIEITHEBUIHBIMY» CXBaTOM,
MpeACTaBIeHHbIM Ha Dur. 2.

[0059] IMpouecc oOyuyeHuss pobOoTU3MpOBaHHOTO ycTpoiictBa (200) MoOkeT Takke
BBIMIOJIHSITECS C TOMOIIBIO BHEINHEr0 KOHTPOJUIepa, HampuMep, IepYaTKU-KOHTPOJUIEPa,
MO3BOJISIFIOIIEr0  3alOMUHATh TMPHHLUN B3aUMOAEHCTBUSL ¢ oObekToM (20) C MOMOIIBIO
MaHUMYJISIAY IBUKeHUH oneparopa (10).

[0060] Ha ®ur. 6 mpencraeneH mporecc BbINOJIHEHUs criocoba (400) ocymiecTBieHUs
3axBara obbekta (20) pobormsupoBaHHbIM ycTpoiicTBoM (200). Ommcanue mpouecca padoTsl
(400) poborusuposanHoro ycrpoiicraa (200) Takke OyneT OnmucaHo ¢ OTChUTKOM K Pwur. 7.
[0061] ITocne  mpoOXOXIEHWs  BBIIEONHMCAHHOrO  mpomecca  obydenuss  (300)
pobotuzupoBaHHOro ycrpoiicta (200), ero (QpyHKIHMOHUPOBAHHWE MOXKET OCYIIECTBISITHCS B
aBTOMaTH3MpoBaHHOM pexkume. Omeparop (10) ¢ MOMOIIBIO BBMUCIUTEIBHOIO YCTPOMHCTBA

(110) ocywmectBnser popmupoBanue (3ran 401) Touku 3axsara (25), HampuMep, € MOMOIIBIO
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yKa3aHus Ha n300pakeHnu o0bekTa (23) ¢ momouIpio rpadguueckoro naTepdeiica monb3oBaTens
(GUI). Takum oOpaszom, Ha usoOpaxkeHMH (23) oTMeuaeTcs NMHUKCENIb MM TPYIIa MUKCENeH,
COOTBETCTBYIOIIMH TOYKe 3axBara (25) MM OKPECTHOCTH HAXOKAECHUs NaHHON Touku (25) Ha
oobexTe (20).

[0062] [To nmonyueHHON HHpOPMALIMK O TOUKe 3axBaTa (25) poOOTH3UPOBAHHOE YCTPOUCTBO
(200) ocymecTBisier 0030p u ¢pororpaduposanue (3Tam 402) ¢ nomompo RGB kamepst (211)
obbekTa 3axBara (20). PoboTusupoBanHoe yctporiicTBo (200) nenmaer cepuro ¢ororpaduii (He
Oonee 10 CHUMKOB) C HECKOJIbKHX PA3JIMUHBIX Mo3uLui (pakypco) kamepsl (211). C momorbro
MOJIEJTH MALTUHHOTO 00y4eHus1, B yacTHocTH o0yueHHOH CHC, u3 cepuu nmosiyueHHbIX ¢ KaMephbI
(211) dotorpaduii BeIOUpaeTcs ogHa ¢ HanbOOJiee BEPOSTHBIMU KOOPIWHATAMH PACIIONIOKESHHSI
3aJaHHON TOYKH HHTepeca (25), mocie yero poOoTH3npoBaHHOE ycTpoiicTBo (200) pazmermaer
kamepy (211) B mo3uwmro, ¢ KOTopoit OblIa cnenana nanHas gororpadus (3tam 403).

[0063] Ha ocHoBannmu o0OpaboTku monydaembix ¢ororpaduii oobekra (20), mist Kakmou
¢dororpadpun u3 stoii cepun CHC BBIMUCIAET AECKPHUNTOPHI, CPEOH KOTOPBIX OCYINECTBIISETCS
MOUCK W HAXOKAEHUS NECKPUIITOPA, PACCTOSHHE OT KOTOPOTrO A0 KOOPAWHATHI MHUKCEIS TOUYKH
3axBara (25) sBISETCS] MUHUMAJIbHBIM.

[0064] Jlanee OCyIIECTBISIETCS JIOKAMM3alMs TOUKH nHTepeca (d3tan 404) Ha MOBEPXHOCTH
3D monenu o0bekTa (21) ¢ momompo obsaka TOYEK, MOJy4aeMoro ¢ kamepsl riyouHsl (212),
Kak mpencrasieHo Ha Pur. 7. Jlng TOUHOH Jokanuzaumu TOYKK 3axBarta (25) (sram 405)
UHTETPUPYIOTCS HECKOJNBKO OOJIAKOB TOYEK 3a OINPENENIeHHbIH IPOMEXKYTOK BPEMEHH, HU
HAXOMUTCS TOYKA B TOJNYyYEHHOM OOJjlake TO4eK, Onmkaiinas K MPsIMOHM, MPOBENEHHOW W3
onTH4YecKkoro neHrpa (27) kameps! (212) u npoxoznsiueii yepes mIoCKOCTh H300paskeHNsl KaMepbl
B IIPOEKLIMK TOYKU UHTepeca (25).

[0065] Janee Ha >Tane (400) BBIMOJIHAETCS pacdeT MaTPHUL] MOBOPOTOB ISl OCYIIECTBICHUS
3axBara OObekTa (20) M TO BBMHUCICHHIO YCPEAHEHHOW MATPHILBI MOBOPOTOB 3aXBATHOT'O
ycrporictBa (210) aHanu3upyercs MO3ULMS U TPAEKTOPHUS IBUXKEHUs ycrpoicTBa (210) mis
ocyiecTBieHus 3axpara (3tam 407) obbekra (20).

[0066] Kak Obuto mokaszano Ha @ur. 5, B mporecce OOy4deHHs] BapHAaHTOB 3axBara
ycrpoiictBoM (210) Ha 0ObekTe (20) 3a1at0T HECKOJIBKO TOUEK (25, 26), OTHOCHUTENBHO KOTOPBIX
3aMIOMUHAIOT TIOJIOKEHWE W OpPHMEHTAIMI0 3axBaTHOro ycrporictBa (210). B crmydae 3axBara
oObekTa (20), HaXOomsIIEerocs B MPOU3BOJILHOM IOJIOKEHHH, Ha 00BbekTe (20) pacrmosHaroTcs
3amaHHble TOUKH (25, 26) U MaTpPHUIBI TOBOPOTOB 3aXBaTHOTrO ycTpoiicTBa (210) BbMUCIAIOTCS
TaKUM 00pa3zoM, 4TOOBI B3aUMHAsi OPUEHTALIMS TOUYEK 3axBata (25, 26) U 3aXBaTHOTO YCTPOIicTBa

(210) cooTBeTCTBOBAIN COXPAHEHHBIM 3HAUYEHUSIM BO BpeMsi OOy4eHUsI.
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[0067] B cnywae, kxorma WHCIONb3yrOTCA 3axBaTHble ycrpoiictBa (210) ¢  OGonburmm
KOJINYECTBOM CTeneHeld CBOOONbI, MpHu (OPMHPOBAHWHU 3aXBaTa B 3aJlaHHOM TOYKE Ha JTare
o0y4eHHsI 3allOMHUHAETCSl Cepusl TMO3ULMUHI, OpHeHTaUMi M KOHQUrypauuil 3aXxBaTHOTO
ycrpoiicta (210). ITocne BbMUCIEHUS MAaTPULl TTOBOPOTOB 3aXBaTHOTO ycrpoiictea (210) s
KQXJIOr0 3JEMEHTa OSTOM CcepuM C IOMOINBIO aJrOPUTMOB WHBEPCHOW KHHEMAaTHKU
poboTtusupoBanHoe ycTpoicTBO (200) MPUBOAMTCS B COOTBETCTBYIOLIEe MojoxeHue. [lpu
MJIAHUPOBAHUM  TPAEKTOPUM  JIBHUIKECHUSI pPOOOTH3UPOBAHHOTO  YCTPOMCTBA (200)
COOTBETCTBYIOLIMM QJITOPUTMOM YYHTBHIBAIOTCS BO3MOJKHBIE KOJUIM3MU KaK MEXIYy Y3JIaMH
camoro ycrporictsa (200), Tak U C OKPYKAIOLUIIMH MPEIMETAMH.

[0068] Vka3aHHas  MOIelb  MAIIUHHOTO  OOyYeHUs  MOMKET  COIepXKaThCsl  Kak
HerocpeACTBEHHO Ha ycTpoiicTse (110), cBA3aHHBIM ¢ pOOOTH3MPOBAHHBIM yCTpOicTBOM (200),
TaK U HAaXOAWTCS Ha ynajdeHHoM ycrpoiictee (120), Hampumep, cepBepe, W OCYIIECTBISATH
00paboTKy HaHHBIX IO 3ampocy, POPMUPYEMOMY OT BBIUHUCIUTENbHOrO ycrpoicrsa (110) Ha
OCHOBaHHUH JTaHHBIX, IOJy4aEeMBIX OT pOOOTH3NPOBAHHOTO ycTpoiicTaa (200).

[0069] Kak mpencraBneno Ha ®ur. 8, B yacTHOM mpumepe peanusauuu cucrembl (100)
MOXET HCIIONIb30BaThCS HECKOJNbKO BBIYUCIMTENBHBIX YCTPOHCTB, KaXKIO0€ W3 KOTOPBIX
npeaHa3HaveHo A peanusanun Tpedyemoro ¢pyHkunoHana. Hanpumep, B kadecTBe HCXOTHOTO
n3o0paxkenus (23) anst GOpMHUPOBAHUS TOUKHU 3axBaTa (25), MOXKET NMPUMEHSATHCS H300pakeHue,
nosyueHHoe ¢ kamepbl cMaptdona (110). ITocne monyuenus n3oOpaskeHus (23) moab30BaTENb
(10) ykasbiBaercss TpeOyeMyro TOUKy 3axBara (25) mist coorBercTByromero oowsekra (20), ¢
KOTOPBIM B3aMMOJENUCTBYET poOoTusupoBaHHOe ycTporictBo (200). Yerpoiicteo (200) moxer
OCYLIECTBIISITh OOpaiienue Kk cepepy (120) anst MHUIMUPOBAHUS TpoLecca 0OpabOTKU TaHHBIX
o cxoxeM THre oObekta (20), KOTOpBI HaxomuTcss B oOjacTu paboThl pOOOTH3HMPOBAHHOTO
ycrpotictsa (205).

[0070] OO6pabotka nmaHHBIX aisi pacrio3HaBanusi oObekta (20) u BbIABICHHIO Tpedyemoi
TOUYKU 3axBara (25) BBIMOJHIETCS C MOMOIIBI OOyYeHHOH HEWPOHHOW CETH, KOTOpas MOKET
pacnosaratecsi Ha cepBepe (120) u OOHOBNATHCS MO Mepe TOCTYIUIEHUS HOBBIX JAaHHBIX O
COOTBETCTBYIOIIMX THIAX 00BeKTOB (121) 1 BapUaHTOB B3aUMOJEHCTBUS C HUMU.

[0071] bubnuoreka mozneneit (121) MoxkeT XpaHUTCS HemOCpeAcTBEHHO Ha cepepe (120)
WIN CTOpPOHHEeM pecypce. IIpum 3TOM, mpU NOCTYIUIGHHH HOBOW HH(POPMALUU O MOJIEINSX
oobektoB, CHC wMoxer aBTOMaTHdeckH mepeoOydaTbCsi Uil pACIIUPEHHs] BapHAHTOB
KJIaccu(hUKAIIMU ¥ TIOBBILICHHS MPOIIecCa ABTOHOMHOH padoThl pOOOTH3HMPOBAHHOTO YCTPOMCTBA
(200).  HanHbIi  TpoOIECC  MOMKET  JOMOJHHUTENBHO  VJIVYIIUTH  B3aUMOIEHCTBUS
pobotuzupoBaHHOro ycrporctea (200) ¢ 3amaHHBIMH THIAMH OOBEKTOB, HYTO ITO3BOJIHUT

pacmiipuThb €ro NPpUMEHCHUE B 3aJaAHHBIX OTPACIAX IPOMBIIIJIICHHOCTH.
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[0072] Poborusuposannoe ycrpoiictBo (200) MokeT ObITh Takke CKOH(PUTYPUPOBAHO AJIS
ABTOMATUYECKOW PabOThI ¢ 3aJaHHBIM TUIIOM OOBEKTOB C MOMOINBIO TPEHHUPOBKH 3aXBaTa 3a

omnpeneneHHyl0 dYactb oObekra (20). Kak mokazano na @Dur. 8, B KadecTBe OOBEKTa

>
B3aumoeiicTeus (20) MOXKET IPUMEHATHCS KpyXkKa. B 3aBUCHMMOCTH OT TUIAa YCTaHOBJIEHHOTO
3axBaTHOrO yctpoiictBa (210) poborusupoBanHoe ycTpoiicTBo (200) MOXKET NMpH MOSIBICHUH
obbekta (20) B obmactu ero paborel (205) aBTOMATUYECKH PACHO3HABATH MECTOIOJIOKEHHUE
30HbI 3axBaTa oObekTa (20), Hampumep, pPyYKHd WM Koprmyca. B 3aBHCHMMOCTH OT THIA
YCTaHOBJIEHHOTO 3aXBAaTHOrO ycTpoiicTsa (210) onpenensitoTcs BO3MOXKHbIE MOIETH W TMO3UIIUU
IUTSL OCYIIECTBJIEHUS TIPOLIEAYpbI 3axBaTa 00bekTa (20).

[0073] Ha ®ur. 9 npexncrasnena oOmuii Bua BeraucauTeNbHON cuctembl (500). Ha Oaze
npeAcTaBiIeHHON cucteMbl (500) MOXKET peann30BbIBATHCS PA3TUYHBIA CIIEKTP BBIYHCIUTEIbHBIX
ycTpoicTB, Hanpumep, ycrporictso (110), cepsep (120) u T.n. B obmem Bune cucrema (500)
CONEPKUT OOBENUHEHHBbIe OOIIel MUHOW WH(OPMALMOHHOTO OOMEHa OIWH WJIM HECKOJBKO
nporneccopos (501), cpencrBa mamsatu, takue kak O3Y (502) u II3Y (503), unTepdeiich
BBOna/BbiBOAa (504), ycrpoiictBa BBOma/BeiBOma (505), W YCTPOWCTBO [JIsl CETEBOTO
B3anmozeicTaus (506).

[0074] ITpoueccop (501) (M HECKOIBKO MPOLIECCOPOB, MHOTOSACPHBIN MPOLIECCOP H T.I1.)
MOXET BBIOMPATHCS U3 aCCOPTUMEHTA YCTPOMCTB, IIUPOKO MPUMEHSEMBIX B HACTOSIIEE BPEMS,
AMD™ Apple™

HanpuMep, TakUX mpousBoguTened, kak: Intel™ Samsung Exynos™,

2 2 2

MediaTEK™,  Qualcomm Snapdragon™ wu T.n. Ilom mnpomeccopoM WiIM OJHUM U3
UCTIONIB3YEeMBIX IporeccopoB B cucreme (500) Takke HEOOXOAMMO YUUTHIBATH rpaduueckuit
nporeccop, Hampumep, GPU NVIDIA wnu Graphcore, THI KOTOPBIX TakKKe€ SIBJISETCS
MIPUTOIHBIM ISl TIOJTHOTO MJIM YAaCTHYHOI'O BBINOJHEHHs crioco0oB (300, 400), a Takke MOXKET
NPUMEHSThCA 11 OOy4YeHHsl M MPUMEHEHHsT MOJeJeld MAIIMHHOrO OOy4YeHHs B Pa3IMYHBIX
UH(OPMALIMOHHBIX CUCTEMAX.

[0075] O3Y (502) mpencraBnsieTr cOOOil OMEpPaTHBHYK MaMATh W TMPEIHA3HAYEHO JIJIst
XPaHEHHsI UCTIOIHAEMBIX IporeccopoM (501) MammMHOUYNTAEMbIX HHCTPYKLUH ISl BBITOJHEHNE
HEOOXOMUMBIX oOrmepanuii mo jormueckoil odbpadorke nanubx. O3V (502), xak mpaBwio,
COIEPIKUT HCIIONHSEMblE HHCTPYKLUHH ONEPAlMOHHOH CHCTEMbl U COOTBETCTBYIOIIUX
NPOTPaMMHBIX KOMITOHEHT (IPUJIOKEHUS, IPOrpaMMHbIe MOAY U U T.11.). IIpu 3TOM, B KauecTse
O3Y (502) moxer BBICTYNaTh MAOCTYNMHBIH 00BeM maMsaTH TrpadUuecKor KapTbl WIH
rpapUIeCcKOro MpoLeccopa.

[0076] I13Y (503) mpencraBnsier coboif omHO miau Oosee CPEACTB sl MOCTOSIHHOTO

XpaHeHMs1 AaHHBIX, Hampumep, kectkuil nuck (HDD), TBepmoTenbHBII HAKONMHUTENbh JAHHBIX
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(SSD), ¢pmm-namste (EEPROM, NAND u 1.11.), ontuueckue Hocutenu uHpopmauuu (CD-
R/RW, DVD-R/RW, BlueRay Disc, MD) u np.

[0077] Jlns opraHuzanuu padoTel KOMIOHEHTOB cucteMbl (500) m opranuzanuu paboThl
BHEIIHUX MOAKIIOYAEMbIX YCTPONHCTB MPUMEHSIOTCS pa3indHble BUAbl uHTepdeiicos B/B (504).
BbiObop  cOOTBETCTByHOIIMX  HHTEP(EHCOB  3aBHCHUT OT  KOHKPETHOTO  HMCHOJHEHHS
BBIYHMCIIUTEIBHOTO YCTPOICTBA, KOTOPhIE MOTYT MpPEACTaBiIsATh coO0M, He orpaHnumnBasck. PCI,
AGP, PS/2, IrDa, FireWire, LPT, COM, SATA, IDE, Lightning, USB (2.0, 3.0, 3.1, micro, mini,
type C), TRS/Audio jack (2.5, 3.5, 6.35), HDMI, DVI, VGA, Display Port, RJ45, RS232 u T.11.
[0078] Jlis obecriedeHus] B3aWMOAEMCTBHS TMOJIb30BATENsI C BBIYHCIUTENILHON CHCTEMOI
(500) mpumensiroTcst pasnuunble cpeactsa (505) B/B umnpopmarum, Hampumep, KiaBHaTypa,
IHCIIIel (MOHHUTOp), CEHCOPHBINA AUCIUICH, Tad-Taj, JYKOWCTHK, MAHHITYJIATOP MbIIIb, CBETOBOE
nepo, CTUIIYC, CEHCOpHAas MaHeNb, TPEKOOJ, AUHAMUKH, MHKPO(OH, CpeAcTBa JONMOJHEHHOW
PEaTbHOCTH, ONTHYECKHE CEHCOPBI, IUIAHIIET, CBETOBblE HHIUKATOPBI, IMPOEKTOp, Kamepa,
cpeacTBa OHMOMETPHUECKOW HIeHTH(UKAUWUK (CKaHEp CETYAaTKHU TIJ1a3a, CKaHep OTIEYaTKOB
NaJIbLeB, MOJYJIb PACTIO3HABAHUS T0JIOCA) U T.1I.

[0079] CpenctBo cereBoro B3ammopencTBusi (506) oOecmeumBaeT mnepenady HaHHBIX
MOCPEACTBOM BHYTPEHHEM WM BHEIIHEH BBIYUCIMTENBHON ceTH, Hampumep, HHrpaner,
Hureprer, JIBC u T.n. B kadecTBe onHoro mwiu 6osee cpeacts (506) MOKET HCIIOIb30BAThCS, HO
He orpanHmuuBatbes: Ethernet kapra, GSM monem, GPRS momem, LTE monem, 5G monewm,
Moayb cryTHUKOBOH cBsizu, NFC monyns, Bluetooth n/unu BLE monyns, Wi-Fi monyne u ap.
[0080] JIOTIONHUTENBHO MOTYT HMPUMEHATHCS TAK)XKE CPEACTBA CIYTHHUKOBON HABUTALUU B
coctase cuctremsl (500), nanpumep, GPS, I'TTOHACC, BeiDou, Galileo.

[0081] KoHkperHbili BbIOOp 3yieMeHTOB cucTeMbl (500) s peanu3anuy  pa3iMdHbIX
NPOTrPaMMHO-ANMAPATHBIX APXUTEKTYPHBIX PELICHHH MOXKET BapbUPOBAThCS C COXPAHEHUEM
obecniedunBaeMoro TpedyeMoro pyHKIIMOHAAa OT TOrO WJIM HHOTO TUIIA YCTPOHCTBA.

[0082] IlpencraBnenHbple MaTepuanibl 3asBKH PACKPBIBAIOT NPENNOYTUTENbHBIE MPUMEPHI
peanm3auy TEXHHYECKOrO PELICHUs] M He JOJDKHBI TPAKTOBAThCA KAaK OrPAHUYHBAIOINUE WHBIE,
YaCTHBIE MPUMEPHI €ro BOIUIOLICHHS, HE BBIXOIIINE 3a MPEIesbl UCTIPAIINBAEMON MPaBOBOM
OXpaHBbl, KOTOpbIE SIBIISTIOTCSI OYEBHIHBIMU JJIsl CIIELUAINCTOB COOTBETCTBYIOINEH OONacTH

TEXHHUKU.
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DPOPMYVYIJIA

1. Cnocob 3axBaTa OOBEKTa C MOMOLIBIO POOOTH3UPOBAHHOIO YCTPOMCTBA, COAEP KALIMN
3Tarbl, HA KOTOPBIX:

— 00y4aroT poOOTH3HPOBAHHOE YCTPOICTBO C MOMOIIBIO IO MEHBLIEH Mepe OTHOrO
ITOPUTMA MAIIUHHOTO OOYYEHHs AJIsl PACIO3HABAHMS M 3AIIOMUHAHUS TOYEK
3axBara  OOBEKTOB, TpuyeM OOyueHHe  BBINOJHIETCS HAa  JaHHBIX,
XapaKTEPHU3YIOINX dororpaduyeckue HU300pakeHus 00BEKTOB u
cootBercTByroLIHe 3D Mozmenn 0OBEKTOB B PA3JIMYHBIX PaAKypcax;

— (opMupyrOT MO MeHbIIEH Mepe OAHY TOUKY 3axBaTa OOBEKTa, MPEIACTABICHHOTO
Ha rpadu4eckoM H300pakeHUN OOBbEKTa,

— mnony4aroT Qororpadudeckoe uszoOpakeHre OOBEKTa C TIOMOINBID KaMephbl
POOOTH3UPOBAHHOTO YCTPOMCTBA W  ONPENeNIOT PaKype, OTOOpakaroLIHid
c(OPMHPOBAHHYIO TOUKY 3aXBaTa OOBEKTa,

— TOJNYHalOT TPeXMepHoe OOJaKo TO4YeK OOBEKTa B BBIABIEHHOM paKypce C
TIOMOIIBIO CeHCOpa TTyOHHBI pOOOTHU3UPOBAHHOTO YCTPOICTBA,

—  ONPEAETSIIOT IO MOJYYEHHOMY 00JIaKy TOYEK MECTOPACIIONIOKEHNE TOUKU 3aXBaTa
00BEKTA;

— ONpEeAeNsIIoT ~ OPUEHTALMI0 U IIOJIOKEHHE  3aXBaTHOTO  yCTPOMCTBA
poOOTHU3UPOBAHHOIO YCTPOHCTBA B OOHApY)KEHHOH TOYKE 3aXBara, NpUYEM
OTIpeNieIeHHe OCYILECTBIISIETCS C IMOMOINBIO BBIMHCIEHHsS MAaTpHUI] ITOBOPOTOB
pOOOTH3MPOBAHHOTO YCTPOHCTBA;

—  OCYIIECTBJBIIOT 3aXBaT O0BEKTa C TOMOLIBI0 POOOTHU3UPOBAHHOIO YCTPOHCTBA HA
OCHOBAHUU BBIYUCIIEHHSI YCPETHEHHON MATPUIIbI TOBOPOTOB JJISl 33AaHHOM TOYKH
3axBara.

2. Cnocob mo m.l, XapakTepu3yHOLIMHCS TeM, YTO POOOTHU3UPOBAHHOE YCTPOWMCTBO
npeacTaBisieT codoii poOOTU3MPOBAHHBIA MAHUIYJISITOP WIH POOOTH3UPOBAHHYIO PYKY.

3. Cnocob mo m.1, XapakTepu3yIIIUHCS TEM, YTO Ha 3Tane OOy4YeHHs NOMOJHUTENLHO
YKa3bIBAIOTCS JIB€ U Ooyiee TOUEK 3axBara OOBEKTa Ha COOTBETCTByHOLIeH 3D momenu
o0OBbeKTa.

4. Cnocob mo m.1, XapakTepu3yIOIIHMICS TEeM, YTO Ha 3Tarme OOydYeHHUs MOIMOJHUTEIBHO
YKa3bIBAIOT U 3alIOMHUHAIOT PACIHOJIOKEHHE POOOTH3HMPOBAHHOTO YCTPOHCTBA B TOYKE

3axBaTa B 3aBUCUMOCTH OT PaCIIOJIONKCHUA 00BeKTA.



5. Cnoco® mo m.l, XapakTepH3yIOIIUNCS TEM, YTO OINpeAesieHHEe MECTOPACIIOIOXKEHUS
TOYKH 3aXBaTa Ha I/1306pa}KeHI/II/I OCYHIECTBJIACTCA C TIOMOIIBKO MOACIU MAIIWHHOTO
oOyueHwusl.

6. Crnocob 1o 1.5, XapaKTepU3yOMINICS TeM, YTO JOMOJHUTEIBHO OMPEAEIeTCs IPUHLHI
3axBara OOBEKTa B 3aBHCUMOCTH OT THIIA 3aXBATHOTO YCTPOMCTBA W/WIJIK TUIIA OOBEKTA.

7. Cnocob mo 1.3, XapakTepu3yIOLIHICS TeM, YTO JJIsl HECKOJBKUX TOYEK 3axBaTa 0ObeKTa
yKa3bIBAE€TCsl ONTHMAajbHAs TOYKA 3axBaTa OOBEKTA HAa OCHOBAHUU €€ B3aUMHOIO
PaCIoJIOKEHUA OTHOCHUTEIIBHO JPYTHX TOYECK 3axBaTa M OTHOCUTCIIBHO 3aXBaTHOI'O
yCTPOMCTBAa B MOMEHT OCYLIECTBJICHHS 3aXBaTa.

8. Cmocod mo m.2, XapakTepU3YHOIMUICS TeM, YTO POOOTH3MPOBAHHBIN MAaHHITYJISATOP
KaJTMOPYyeTCs IO IOBEPXHOCTH B3aUMOAEHUCTBUS C OOBEKTOM.

9. Crnocob mo m.8, XapaKTepU3YIOIIHMICS TEM, YTO KaJUOPOBKA OCYIIECTBISIETCS C
MOMOII b0 HAHECECHUA HAa MMOBEPXHOCTDH Fpa(l)I/ILIeCKI/IX KOOOB I[OHOJ'IHGHHOﬁ PEATBHOCTH.

10. Cucrema 3axBara 00BEKTa ¢ MOMOIIBI0 POOOTU3HPOBAHHOTO YCTPOMCTBA, COMEPIKAIIAs:

e poOOTH3NPOBAHHOE YCTPOMCTBO, COEpIKallee MO MEHbINEH Mepe OJHY KaMepy,
0 MEHBIIEH Mepe OUH CEHCOP IIyOHHBI U 3aXBATHOE YCTPOHUCTBO;

® BBIYHMCIIUTCIBHOC YCTpOﬁCTBO, COCIMHECHHOEC C pO6OTH31/IpOBaHHbIM
YCTPOMCTBOM, IIPUYEM BBIUUCIUTEIbHOE YCTPOMCTBO B3aUMOAECHCTBYET C
MOZENbI0 MAIIMHHOrO o0OydeHus, kortopas oOydeHa Ha ¢ororpaduyueckux
n300pakeHnssX OOBEKTOB U COOTBeTCTBYOIMX 3D Moneneit 0OBbEKTOB B
pPa3NIMYHBIX pPaKypcax IUis pPaclO3HABAaHUS U 3allOMUHAHUS TOYEK 3axBaTa
00BEKTOB, BBIIOJHEHHOE C BO3MOKHOCTBIO!

o (opMupoBaTh O MEHBLIEH Mepe OIHYy TOYKY 3axBaTa OOBEKTa,
MPENCTaBJICHHOrO Ha rpaduueckoM u300pakeHUu OOBEKTA,

o mnoay4ath ¢otorpaduueckoe H300pakeHHe OO0bEKTa OT Kamepbl
POOOTH3NPOBAHHOTO yCTpoiicTBa u OTIpeneNsaTh paxype,
oToOpakarImuil ¢HOPMHUPOBAHHYIO TOUKY 3aXBaTa OOBEKTa,

O TMOJyYaTh TPEXMepHOe 00JaKO TOUeK OOBEKTa B BBIIBICHHOM PaKypce C
MOMOIIIBIO CEHCOpa ITyOHHBI pOOOTU3NPOBAHHOTO YCTPOICTBA,

O OmpeneNsiaTh IO MOJNYYEHHOMY OOJIAKy TOYEK MECTOPAaCIOJIOKEHHNE
TOYKH 3axBaTa OOBEKTA;

O OIpeneNsaTb OPHUEHTALUI0 M IOJIOKEHHE 3aXBaTHOIO YCTPONCTBA B
OOHapYy’KEHHOH TOYKE 3aXBaTa, MPUYEM ONPEAETICHUE OCYINECTBIISETCS
C TIOMOLIbIO BBIYHCIEHHS MATPULl IOBOPOTOB POOOTH3MPOBAHHOTO

YCTPOWUCTBA,



I1.

12.

13.

14.

15.

16.

17.

o (¢opmMupoBaThb KOMaHAy [UIA 3axBaTa OObEKTa C TIOMOLIBIO
pOOOTH3UPOBAHHOTO  YCTPOMCTBA HAa  OCHOBAHMM  BBIYHCIICHUS
YCpEeIHEHHON MaTpULIbI IOBOPOTOB ISl 3aJaHHON TOUKH 3aXBaTa.
Cucrema mo n. 10, xapakrepusyromascs TeM, 4TO POOOTH3UPOBAHHOE YCTPOWUCTBO
npencTasisier co0ol poOOTU3NPOBAHHBIA MAHHUITYJISITOP HIIH POOOTH3HPOBAHHYIO PYKY.
Cucrema nmo m. 10, xapakTepusyloIlNascsi Te€M, 4YTO BBIYHCIUTEIbHOE YCTPOMCTBO
NpeCTaBIIsIET COO0M KOMITBbIOTED, crcTeMy Ha kpuctaiie (SoC), unu cepsep.
Cucrema mo mn. 12, xapakTepu3ymLIAsCs TEeM, YTO BBIUUCIUTENIBHOE YCTPONCTBO
COEIMHEHO TMpPOBOIHBIM WJI  OeCHpOBOAHBIM  CHOCOOOM € POOOTHU3UPOBAHHBIM
YCTPONCTBOM.
Cucrema mo m. 10, XapakTepu3yrOLIasCs TeM, YTO MOJAETb MAIIWHHOTO OOyYeHHs
NIPEICTABIISIET COOOM MO MEHbINEH Mepe OIHY HEUPOHHYIO CETh.
Cucrema mo m. 14, XapakTepu3yroomascsi T€M, YTO MOJENb MAIIMHHOTO OOy4YeHUs
BBINTOJIHEHA C BO3MOXKHOCTBIO aBTOMATHYECKOTO NepeoOydeHHss Ha OCHOBAHMHM HOBBIX
JIAHHBIX 00 OOBEKTAaxX.
Cucrema mo m. 15, Xapakrepusymouiascs TeM, 4YTO HOBBbIE IaHHbIE 00 OOBEKTax
nepenarTesi OT 00JIAYHOTO cepBepa.
Cucrema no n. 14, xapakTepusyrooascs TeM, UYTO HEHPOHHas CETb pPACIHOJIOKEHA Ha

00J1auHOM cepBepe.
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EAIIB/OI1-2

EBPASUHNCKOE NIATEHTHOE BEXOMCTBO

OTYET O IIATEHTHOM

IIOUCKE

(ctatea 15(3) EAIIK u npasuno 42
[TatenTHO# MHCTpYKUMK K EATIK)

Homep eBpasuiickoii 3asBku:

201990572

Jara nopaun: 22 mMapta 2019 (22.03.2019)

IIIaTa MCMPALIXBAEMOro NPHOPUTETA:

21 maprta 2019 (21.03.2019)

Hazpanue nzo6perenus:

VCTPOUCTBA

CIOCOB 1 CUCTEMA 3AXBATA OBBEKTA C ITOMOUILIO POBOTU3HPOBAHHOI'O

3asBHTEND:

[TYBJIMYHOE AKITHOHEPHOE OBIECTBO "CBEPBAHK POCCHUN" (ITAO CBEPBAHK)

I:] HexoTopble nyHKTBI GopMYy.Ibl He nodexaT NoMcKy (cM. pasaen [ 10N0THUTEILHOrO 1UCTA)
D EnunctBo usoOperennsn He cobaioaeHo (cm. pasaen 11 nononHuresnHoro aucra)

MIIK: B25J 9/16 (2006.01)
B25J 18/00 (2006.01)
GO6T 7/70 (2017.01)
GO6T 7/60 (2017.01)
GOG6K 9/00 (2006.01)

A. KIIACCHOUKALMA ITPEJIMETA U30OBPETEHHA:

CIIK: B25J 9/16 (2013-01)
B25J 9/1656 (2013-01)
B25J 9/1664 (2013-01)
B25J 18/00 (2013-01)
GOGT 7/0004  (2013-01)
GOGT 7/60 (2017-01)
GOG6K 9/00 (2019-02)
GOG6T 7/70 (2017-01)

Cornacio MexayHapoaHoii narenTHO M knaccudukauun (MITK) niu nauuonansHoi knaccudukaunu u MITK

5. OBJIACTb [TOUCKA:

MunuMym npocMOTpeHHON JOKyMEHTauuu (cucreMa kinaccudukanuu u nHaekcsr MITK)
B25J 9/00, 9/10-9/22, 11/00, 19/00, GO6T 7/00, 7/60, 7/70, GO6F 17/00, GO6K 9/00

Jlpyras npoBepeHHas JOKYMEHTalks B TOi Mepe, B Kakoi OHa BK/IIOYCHA B 00JIACTb NOKMCKa!

B. JOKYMEHTBI, CHNUTAIOLUMECS PEJIEBAHTHLIMU

Kareropus* CChUIKH Ha IOKYMEHTBI C YKa3aHUEM, IIe 9TO BO3MOXKHO, PEJICBAHTHBIX YacTel OTHOCHUTCS K TYHKTY No
A RU 25‘94231 C2 (3EHPOBOTHKC OM) 10.08.2016 1-17
A RU 2566226 C2 (3EHPOBOTHKC OI1) 20.10.2015 1-17
A JP 2006007390 A (SHARP CORP) 12.01.2006 1-17

D NoCNeAyIOMKe JOKYMEHTBI YKa3aHbl B IPOROIKeHHH rpadsl B

D JAHHBIC O NATCHTAX-AHAJIOTAX YKa3aHbl B [IPUI0XKEHHUN

* Ocobble KATErOpHH CCHINOMHBIX IOKYMEHTOB:

"A" NOKYMEHT, ONpeAcnsiowMii o1l ypoBEHb TEXHUKH

"E" Gonee paHHUI IOKYMEHT, HO ONYOIHKOBAHHBIN HA JaTy
110/1a41 €BPA3MACKOM 3aABKH UNU NOCNIE HEE

"O" NOKYMEHT, OTHOCALUMICH K YCTHOMY PACKPBITHIO, SKCITOHU-
POBAHUIO U T.A.

"P" NOKYMEHT. OnyOAMKOBAHHBIH 10 AaThl NOJa4YH €Bpa3sHiicKoi
3a4BKH, HO MOCJE RaThl HCNPALIKBAEMOro NMPUOPUTETA

"D" nOKYMEHT, NpYBEACHHBIN B eBpa3niickoii 3asaBKe

"T" Oonee NMO3AHKI IOKYMEHT, ONYOINKOBAHHBII NOC/IEC AAThi

NPUOPUTETA U NIPUBEACHHBIN Ui MOHWMAHHUA U300PETEHUS

"X" NOKYMEHT, HMEIOIIUI Hanbonee 6NM3K0e OTHOLLIEHHE K NPEAMETY
TnoucKa, nopovailnii HOBU3HY MU U30OPETATENLCKHUI YPOBEHD,
B3ATHIH B OTAENBHOCTH

"Y" ROKYMEHT, UMEIoMMiT Hanbonee GIM3KOE OTHOMICHHE K NPEAMETY
NOUCKA, NOPoUalHii H306PETATENbCKUI YPOBEHD B COMETAHUM C
JAPYTMMU JOKYMEHTAMH TOH 3KE KaTeropuu

"&" HNOKYMEHT, ABJSAIOMMIACA ATCHTOM-aHAIOrOM

"L" JOKYMEHT, IPUBEACHHbI B APYTUX LENAX

Jlata nefCTBUTENBHOTO 3aBEPIICHUSA NATCHTHOI'O ITOUCKA.
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