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AHHOTAIMSA

B 0annoti pabome uccaedyemcs pazpabomka npoepamMmHozo obecneueHus: O 3aX6ama OBUNCEHUU U 2eHEPAYUU AHUMAYUL.
Byoym npoananusuposanvl paznuunvie no0Xo0bl K CO30AHUI0 AHUMAYUL HA OCHO8e MeXHOIo2uu 3axeama dgucerus (motion
capture), a maxaice 8bIs6/1€HbI OCHOBHBLE MPYOHOCMU, BO3HUKAIOWUE NPU UCNOIb308AHUY MOt mexHonozuu. Takdce npeona-
2a10mesi Memoobvl UX NPeoooeHUs.

KiroueBble cjioBa
3axeam dsudicenust, MOtiON capture, anumayuu, Komnviomephas 2pagura, mpexmepHas 2pagurd, UCKYCCMEEHHbLIL UHMEILIEKN.

BBenenune

3axBar IBIKCHHUS (aHTII. motion capture, COKpamEéHHo mocap) MpencTaBIsieT coO00il METOI aHUMAITUH TIePCO-
HaXel U 00bEKTOB MyTEM (PUKCAIMU MX TIEPEMEIICHUH B MPOCTPAHCTBE C MOCICAYIONIMM MIEPEHOCOM JIaHHBIX Ha
TpEXMEpHYIO UBPOBYIO MOJeNb. HecMOTpst Ha TO, YTO 3TOT MOAXOJ CYIIECTBEHHO YCKOPSET MPOIECC CO3IaHUS
aHMMAIliY, OH TpeOyeT 3HAUNTEIbHBIX (PMHAHCOBBIX 3aTparT.

OcHOBHas 1eNb HACTOSIIEH paboThl 3aKiodyaeTcss B pa3paboTke yNpoHEHHOTO U BHICOKOTOYHOTO METOJa 3a-
XBaTa JABWKEHUH. [ 3TOTO MpenrnoaraeTcsi HCIoJIb30BaHUE HEHPOCETEBBIX TEXHOJIOTHH, CITIOCOOHBIX pacro3Ha-
BaTh YEJIOBEUECKHUE IMO3bI Ha ()OTOCHUMKAX.

[To nanHbIM aHamuTHYecKOM Kommanuu Mordor Intelligence, 00béM MHUPOBOIo phiHKa cucTeM 3D-3axBarta J1BU-
skeHus orieHuBaics B 248,33 muH gomutapoB CIIIA B 2024 roxy. Oxunaercs, uto k 2029 roay pbIHOK BEIPACTET 10
467,74 mun nomnapos CHIA, neMoHCTpUpys cpeaHero1oBoil poct Ha yposue 13,5% B nepuon ¢ 2024 o 2029 roa.
OTH TaHHBIE CBHUJIETENLCTBYIOT O TOM, YTO TEXHOJIOTHS 3aXBaTa JBMIKCHUS SBISETCA MEPCIEKTUBHONW 00NAaCThIO B
HHJYCTPUU MEIMAKOHTCHTA U MPOJI0/KACT aKTUBHO Pa3BUBATHCSL.

3a1aum UCCIIeIOBAHUS:

1. H3ydeHue COBpEMEHHBIX METOJIOB 3aXBaTa JABM)KCHHUIA;

2. Pa3paboTka HOBOro MeToja JJisl 3aXBaTa JIBUKCHUI;

3. Co3panue nporpaMMHOTO obecriedeHrs Ha 6a3e MPeAIoKESHHOTO METOIA.

Pe3y.]1bTaTbl HCCJICAOBAHUA

AKTYaJIbHOCTh TEXHOJOTHUHU 3aXBaTa JBMKCHUI OOYCIIOBICHA MHOXECTBOM (DAKTOPOB, CBA3AHHBIX C TEXHOJO-
THYECKUM TPOIPECCOM M BO3PACTAIOIINMHE TPEOOBAHHUSMH B PA3IMYHBIX OTPACIISX.

Kunemarorpadus taxke aKTHBHO TPUMEHSIET JaHHYIO TEXHOJIOTHIO Ul CO3AaHus crnelP(PEeKToB U aHUMHUPO-
BaHHBIX TepcoHakeil. CoBpeMeHHbIe (DUIBMBI U CEpUAbl, TaKUe Kak «ABarap» U «llmaHera 00e3bsH», U3BECTHBI
CBOMMH BICUAT/SIFOIIMMHU BU3yalIbHBIMH 3()(EKTaMH, OCHOBAHHBIMU Ha 3aXBaTe JBWKCHHU PEalbHBIX aKTEPOB.
DTO MO3BOJIAET CO3/1aBaTh HEBEPOSITHO PEATMCTHYHBIC IIU(POBBIC KOITUH )KUBBIX CYIIECTB M MPEIMETOB.

B mMeaunmHCKOM mpakTUKe 3aXBaT ABMXKCHHM HCIIONB3YETCS NIl AUATHOCTHKU U JICUCHUs 3a00JIeBaHUI OMOp-
HO-JIBUTATEILHOTO alllapara, a Takxke IS peaduIMTalliy MAIMEHTOB MOCIe TpaBM U omnepaiuii. TouHoe oTCiIexu-
BaHME JIBI)KCHUH TOMOTAeT BpayaM aHaJIM3UPOBATh MATTEPHBI X0/IbOBI, OCAHKY U IPYyTHe ABUTATECIbHbIC (QYHKIIHH,
4TO crocoOCcTBYeT 0osiee AP HEKTUBHOMY JICUCHHIO U BOCCTAHOBJICHHIO.

B GroMexaHHKe 3aXBaT JABMKCHUS UCTIONB3YETCS ISl U3YUCHHSI KHHEMATHKU M TUHAMUKH YEJIOBCUSCKOTO Tena,
a TaK)Ke JUTS aHaJIu3a CIIOPTUBHBIX JBMKEHHN M Pa3pabOTKH METOMUK peabHIMTAIIUH [TOCIIE TPaBM. DTO MO3BOJISCT
MCCIIEI0BATEIISIM TOYHO M3MEPSATh U aHATHU3UPOBATH MAPaMETPhI JBIKCHUI, TAKHE KaK CKOPOCTh, YCKOPCHHUE, CHIIa
U MOMEHT CHJIBI, YTO CITOCOOCTBYET 60Jjiee TIyOOKOMY MOHUMAHHIO OMOMEXaHUKHU JIBUKCHUH YeTOBeKa.

B 00pa3oBaHuy U CIIOPTHBHOW MOATOTOBKE AaHHAS TEXHOJIOTHS MPUMEHSACTCS ISl aHAIN3a TEXHUKH BBITIOJTHE-
HUS YOPaKHCHHUH, BBISBICHUS OMIMOOK W YIYYIICHHUs pPe3yabTaToB. TpeHephl MOTYT OTCICKHBATH IBHKCHHS
CIIOPTCMCHOB 1 aBaTb PEKOMCHIAIUU 110 YIYUHICHHUIO UX ITPOU3BOJUTCIIBHOCTH.
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VR/AR-texHonorum cTaHOBSTCS BCE OOiee MOMYJISPHBIMH, W 3aXBaT ABMKEHUH UTpaeT KIIFOUEBYIO POIb B
00ecIeYeHUN €CTECTBEHHOTO B3aMMOICHCTBHSI TIOJIH30BATENIS ¢ BUPTYATBHOU cpesioi. BO3MOKHOCTEL OTCIICKUBATH
JBIDKEHHS Tea M PYK MO3BOJISIET CO3/1aBaTh 0OJiee WHTYUTHBHBIC MHTEpQEChl M yIydllaTh MOJb30BaTEIbCKHUN
OTIBIT.

Hakowner, Hay4HbIe HCCIEIOBAaHHS TaK)Ke MCTIONB3YIOT 3aXBaT JBMKCHUN [T U3YUCHHS TTOBEACHUS KUBOTHBIX,
aHanM3a OMOMEXaHHWKH U MPOBEACHUS SKCIIEPUMEHTOB B Pa3IMYHBIX JUCIHMIUIMHAX, TAKUX KaK OMOJOTHS, IICHUXO-
JIOTHSI U QHTPOTIOJIOTHS.

Bcé aTo paznoobpaszue cdep mpuMeHeHHUs 3aXBaTa ABMKCHUHN MPUBENIO K MOSIBICHUI0 MHOYKECTBA BHJIOB CHCTEM
3axBaTa JIBUKEHHUH MOJI pa3Hble TUIIBI 3a/1ad.

Cy11ecTBYIOT /1Ba OCHOBHBIX ITO/IX0/Ia K PEIICHUIO 33]a41 3aXBaTa JBUKECHUM:

1. MapkepHas cuctema

Motion capture mpearonaraeT MCIOIb30BAHNE JATYNKOB, 3aKPEIUIEHHBIX Ha Tene aktépa. OH obecreunBaeT
BBICOKYIO TOYHOCTh, HO TPeOYEeT JOPOTOCTOSIICTO CHEeNUAIM3UPOBAaHHOTO 000pynoBanus. Her eanHoro yHusep-
CaJILHOT'O PELIeHMs IJIs 3aXBaTa BCEX THUIIOB JABM)KeHUH. Hanpumep, B KHHOMHIYCTpHH JUIsl 3aXBaTa MUMMKH JIMIA
WCTIONB3YIOT MapKepsl (TOYKH, HAaHECEHHBIE Ha JIUI0) U KaMepy, YCTAHOBJICHHYIO MPSIMO TIEPe JIUIIOM aKkTEPa, TO-
I/1a KaK Ui 3aXBaTa MOJIO0KEHHUs] KOHEYHOCTEH U Tella MPUMEHSIOTCS JJaTYUKH, paclipe/ie€HHbIe 10 BCeMy Tely, U
0O0JIBIIOE KOIUYECTBO KaMep, CHUMAIOIIHX C PA3HbIX YIJIOB.

2. beamapkepHasi TEXHOJIOTUs

Bonee coBpeMeHHBII METO/, HE TPEOYIOIIHIA MPUMEHEHHUS CTIENNaIbHBIX JaTYNKOB MM KOCTIOMOB. OCHOBaH Ha
TEXHOJIOTHSAX KOMIBIOTEPHOTO 3pEHHS U pacno3HaBaHus 00pa3oB. [losBuiics cpaBHUTEIBHO HEAABHO M MOKA HAXO-
JUTCSI B CTAIMH PA3BUTHS; €r0 TOYHOCTh YCTyIaeT MapKEepPHOMY METOIY, XOTs oHa ObICTpo ymyudrnaercs. B psime
CIIy4aeB BBICOKAs TOYHOCTh MapKepHOTO METOJIa OKa3bIBAETCS M30BITOYHOMN, TTOCKOJIBKY Ha OBICTPBIX BHKEHHSIX
YeJI0BeUeCKOe BOCIPUATHE HE 3aMeYaeT He3HAUUTEIbHBIE TOTPEIIHOCTH.

CoBpeMEHHBIE CUCTEMBI 3aXBaTa JIBUKEHMSI JENATCA Ha HECKOJBKO KAaTErOpuil B 3aBUCHMOCTH OT HMCIIOJIb3Yye-
MO (pr3HUecKoil OCHOBHI:

1. OnTHueckas cucreMa

OCHOBBIBAETCS Ha CIIEMUAIBHBIX KOCTIOMax ¢ MapKepaMmH, pacloIOKEHHBIMU Ha Pa3INYHBIX y4acTKax Tesa, U
KaMmepax, (PUKCUPYIOUIMMHE 3TH MapKephl. C MMOMOIIHI0 MHOXKECTBA KaMep, PACMOI0KEHHBIX TTOJ Pa3HBIMH YTIIaMH,
CO3/1a€TCsl MOJIHASI TPEXMEPHASI MOJIEIb.

LARELED HEE AT IC SHELETOM

Puc. 1. [Ipumep ontuyeckoil cucTeMbl 3aXBarta ABHKEHUN

ITonBHUIBI ONTHYECKUX CUCTEM:

[TaccuBHas cucrema: Mapkepbl OTpakaloT BHEUTHUN HH(PAKPACHBIH CBET, UCXOJSIIUI OT KaMepbl. Y MapKepoB
OTCYTCTBYIOT HHIUBHUIYaJbHbIC HICHTU(DHUKATOPHI, IO3TOMY BO BpeMs 00pabOTKH BO3MOKHBI OLIMOKU HACHTH(U-
KallHN.

AKTUBHas cucteMa: JlaTYMKH CaMOCTOSITEIBHO M3IYy4aroT CBET W 00JaJaroT YHHKaJIbHBIMH HICHTH(QHKAaTOpa-
MU, Onarogapsi 4eMy cucTeMa TOYHO ONpeleisieT KaKAbl MapKep. DTO MO3BOJISIET CO34aBaTh Hanboyee TOYHbIC
MOJIETH, HO UMEET CBOM HEIOCTATKH: KOCTIOM OCHAIIEH TOMOJHUTEIBHBIM UCTOYHUKOM MHUTAHUS U1 CBETOINO-
JIOB, UTO MOYKET OIPaHUYMBATH CBOOOY JIBIKCHHN aKTEPOB, & CAMH CHCTEMBI CTOSIT JTOPOKE MACCHBHBIX aHAIOTOB.

41



CUCTEMbI CUHXPOHU3ALIMHU, POPMUPOBAHUS U OBPABOTKU CUT'HAJIOB
Ned-2025

HenocraTku onTH4yeckux cucteM:

e  HeB03MOXXHOCTB 3aXBaTa MEJIKUX JBM)KCHUH MajbLieB U MUMHKH JIHLA.

e  OrpanuyeHHasi cBo00/1a IBMKEHUH akTépa 13-3a KOCTIOMA.

e  XpYHKOCTb U BBICOKasi CTOUMOCTb MapKepOB B aKTUBHBIX CHCTEMaXx.

2. I'mpockomnmyeckas cucreMa

Hcnonp3yeT rupocKonbl, akceaepoMeTphl U MHEPIMOHHBIE CEHCOPBI, MPUKpeIIIsieMble K KocTiomy. OHM H3Me-
PAIOT IIepeMeIlIeHUE Tea B TPEXMEPHOM MPOCTPAHCTBE, BKIIOYAs YTl HAKJIOHA.

Puc. 2. [Ipumep nHEpIIHATFHON CHCTEMBI 3aXBaTa IBIKCHUI

HenocraTku rupOCKOTIMYSCKUX CUCTEM:

e  OTcyTcTBHE BO3MOXKHOCTH 3aXBaTa MEJIKHUX JBIKCHUH MMajIbIIeB © MUMUKH JINIA.

e HeoOXoauMOCTh Tiepeadr JAHHBIX C TJATINKOB Ha KOMITBIOTED.

e  He moaxosT JIsl ONpe/ISIICHUS TOJI0KECHUS B IPOCTPAHCTBE.

3. MexaHnyeckast cucreMa

IIpencraBisier co00# KOHCTPYKITHIO, HAITOMUHAIOIIYIO K30CKENET, KOTOpas HANPSIMYIO CUUTHIBACT ABMKECHUS
CYCTaBOB, GOPMUPYsSI HA KX OCHOBE UTOTOBYIO MOJIEITb.

Puc. 3. [Ipumep MexaHUYECKOM CUCTEMBI 3aXBaTa JABMXKEHUN

HenocraTky MeXaHUYECKUX CHCTEM:

e TpynHOCTH C 3aXBaTOM JBM)KEHUH MaJbLEB 1 MUMUKH JIMIIA.

e  TpelOyercs nepenaya JaHHBIX C JATYMKOB Ha KOMIIBIOTED.

e  [lomHOCTBIO HENPUTOIHA VIS OIIPEICIICHHUS TIONI0KEHHSI B IPOCTPAHCTBE.

e  KOCTIOM CHJIbHO CTECHSIET IBUKEHUS aKTEPA U3-3a HAJIMYMSI MHOTOUUCIICHHBIX IIPOBOJIOB U IaTUYUKOB.
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4. I'nOpunHas cucrema

OO0benMHSICT ONTHYCCKUH W WHEPIIMOHHBIA METOMBI OTCICKUBAHUS, KOMIICHCHPYS HEIOCTATKH KaXKIOTO M3
OAX0JI0B. [ MOpHUIHBIC CHCTEMBI BKIHOYAIOT "MIai0bI", KOTOPBIE MOKHO pa3MellaTh Ha KOCTIOME HJIH JCKOPaIHsIX
B HEOOXOIMMOM KOJIHUYECTBE.

Puc. 4. [Tpumep ruOpUIHOI CHCTEMBI 3aXBaTa JBIKCHIHA

HenocraTku ruOpUaHBIX CUCTEM:

e  OTCyTCTBYET BO3MOXKHOCTh 3aXBaTa MEJIKHX JIBHXKCHHH NAIBIICB 1 MUMUKH JIUIIA.

e  TpeOyercs nepenavya JaHHBIX C TaTYMKOB HA KOMITBIOTEP.

5. Cucrema ¢ 1aTYUKOM ITyOUHBI

CriernuasibHbIC YCTPOWCTBA, OMPECISIONINE MOJNIOKEHHE 00BEKTa Uepe3 aHAIN3 M3MEHEHHS CTPYKTYPhI CBETa
BOKpYr Hero. OOBIYHO HCIOJB3YeTCs U CKaHUPOBAHHUS JiMIa akTépa M BKIIOYACT LUIEM C OIHON MM JBYMS
KaMepaMH, OCBETUTEIIbHBIMY ITPUOOPaMU M JaTUUKAMHU.

Puc. 5. [Ipumep cucteMsl 3aXBaTa JBIKCHHUN C TATYUKOM TITyOMHBI

Henocrarky cucteM ¢ JaT4nKOM TITyOHHBL:

L] HpI/IMCHI/IMBI JIMIIb AJIsA CHGHI/I(bI/ILIHI)IX 3aJa4, TaKUX KakK 3aXBaT MUMUKH JIUIIA.

e  Kawmepa, pacnionoskeHHast Iepe] JIULOM aKTépa, MEeNIaeT ABIKEHHUIO U yXy/maeT 0030p.

be3mapkepHbIe CHCTEMBI 3aXBaTa JBIKCHUS OTIMYAIOTCSI MEHBIIEH BApHATHBHOCTHIO 10 CPAaBHEHHUIO C MapKep-
HbIMH, TaK KaK OCHOBAHbI MPECHUMYHICCTBCHHO Ha aJI'OpUTMax aHajn3a I/1306pa)KCHI/I$I. Cvit AJITOPUTMBI O6I)I‘IHO
(YHKIMOHUPYIOT B IBa ATara:

1. OOHapy>KeHHEe YeloBeKa.

2. Jlokanu3anus KII04eBbIX TOYEK.

B 3aBucMMOCTH OT TOCIIEIOBATEIBHOCTH BBIOJIHEHUS 3TAalOB, CUCTEMbl MOXXHO KJIacCH(PUIMPOBATH HA JBE
TPYIIIBL: OAXOMBI «CBEPXY BHU3» H «CHH3Y BBEPX).

IMoaxompl «cBepXy BHH3» OCYIIECTBIACTCS CleAyronmM oopa3om. CHavaa IpOM3BOANTCS OOHAPYKEHHE YeIIo-
BEKa, MMOCJIe Yero JJIsl KaXIOTOo U3 HUX OMNPEEISIOTCS KIoueBble TOUKHU. CIIOKHOCTh BBIYMCIICHWUH BO3pacTaeT
MPONOPLHOHAIBHO KOJIMYECTBY JIIOJCH. DTH MOAXOJbl YCTOHUMBBI K U3MEHECHUSIM MacliTada W JIEMOHCTPHPYIOT
XOpOLIYI0 TOYHOCTh HA CTAaHJAPTHBIX TECTOBBIX Habopax. OIHAKO M3-3a CBOEH CIIOKHOCTH OHU TPEOYIOT 3HAYH-
TCJIbHBIX BBIYUCIIUTCIIBHBIX PECYPCOB IJIA JOCTUKCHUS PCAJIbHOTO BpEMCHHA O6pa6OTKI/I.

AJNTOPUTM MOJXO0Ja «CHU3Y BBEPX» BHAYaJe BBISBISIECT KIIOUEBbIC TOUKH (OPUEHTUPHI) BCEX JII0EH Ha n300pa-
KEHHH, a 3aTeM O0BEIMHSIET UX B OT/ICIBHBIC OOBEKTHI.
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BeposiTHOCTHast kapTa, M3BECTHAA KaK TETUIOBAas KapTa, UCTOIB3YETCs IS OIEHKH BEPOSITHOCTH HAaXOXICHUS
OTIPE/IETICHHOTO OPHEHTHpa B KaXI0oM mukcene. Jlydmme opreHTHpPHI BBIIEISIOTCS C MOMOIMIBIO MPOIEAYpPhI TO0-
JABJICHUSI HE MAaKCHMAaJbHOTO 3HAa4deHHs. Takue MOoaXO0Jbl MEHEE CJIOXKHBI MO CPAaBHEHHUIO C METOJAMHU «CBEPXY
BHH3Y», HO YCTYIIAlOT UM B TOYHOCTH.

IIpu pa3padoTke MporpaMMsl A5 3aXBaTa ABHKeHUIl BCTaeT BLIOOP MeKAy MapKepHOil u 0e3MapKepHOii
CHUCTEMOI.

MapxkepHble METOBI 00ECTIEYMBAIOT HAWITYYITYI0 TOYHOCTh, OJHAKO MX OCHOBHOW HEIOCTATOK CBS3aH C HEOO-
XOOAUMOCTBIO UCITOJIB30BAaHUS ILOpOFOCTOSIHlI/IX, XpynKI/IX 1 CJIOXHBIX B yCTaHOBKC MapKCPOB. IIJISI KAa4C€CTBCHHOTI'O
TPCKUHI'a MOXKCT HOTpC60BaTLC}I YCTaHOBKA COTCH TaKUX AJATYHUKOB. Be3MapKele>Ie MCTOAHBI, HaO60p0T, XapakTe-
pI/ISy}OTCSI MEHBIIEH TOYHOCTBIO, HO JIMIICHBI HGOGXO,Z[I/IMOCTI/I HUCIIOJIB30BaAHUA MﬁpKCpOB, YTO ACJacT UX 3KOHO-
MHUYCCKHU 6onee BBII'OAHBIMH W NPOCTBIMHU B IIPUMCHCHHU. Hpo6neMa TOYHOCTHU MOXET 6BITI> YaCTUYHO pCIICHa
HYTCM YBGJII/I‘IGHI/I}I qucia KaMep NN HpI/IMCHeHI/ICM METOAOB aHHpOKCI/IMaHI/II/I }Z[BI/I)KGHI/IIZ.

st pazpabaTbiBaeMOro mporpaMMHoro odecredeHus Obl1 BIOpaH Oe3MapKepHBId MOAX0, TaK Kak OH o0Jaa-
T 60JII)IJ_II/IM IIOTCHOHUAJIOM IJIsI ,uanLHeﬁmero COBCPHICHCTBOBAHUA W JIMIICH KPUTHYCCKHUX HEAOCTATKOB MapKEp-
HBIX CUCTEM.

OCHOBHOI71 AJITOPUTM 3axXBaTa ,I[BI/I)KCHI/Iﬁ BBITVIAAUT AOBOJIBHO HPOCTO: MOJYUYCHUC NJAaHHBIX C KaMCPbI, OIIpCac-
JICHHUEC ITOJIOXKCHUSA KITFOUEBBIX TOUYCK U UX HpOCI_II/IpOBaHI/Ie Ha 3D—M0,I[6J'IL.

A 00
LAHHING © ERMERI 4{ TRHaKHHT - = PP

Puc. 6. biiok cxema 6azoBoro anroputma

XOTs CyIIEeCTBYeT HEMHOTO aJrOPUTMOB Ul O€3MapKEepPHOTO 3axBaTa JBIKECHHUH, KaX10€ U3 PEIICHUI MOXET
HMETh Pa3Hble peaju3aly, 0OyYCHHbIC Ha Pa3IMYHbIX HAOOpax JaHHBIX. PACCMOTpHM TpH YCIICIIHBIC peanu3a-
uun: OpenPose, MediaPipe 1 YOLOV7 pose. Bce oHM 1eMOHCTpUPYIOT XOpOIINE PE3yJIbTaThl B PACO3HABAHUU
103, IPUYEM CPEIH HUX HET CYIIECTBCHHBIX OTJIMYM B IIAHE 3aXBaTa MOJOKEHHUS Tela.

Opnnako MediaPipe 1omoiHUTENBHO TOAICPKUBACT 3aXBaT JABIKEHUN JIMIIA U PYK, YTO o0Jyierdaer qo0aBicHUE
MOJICPKKU 3TUX (DYHKUUH B OyayIIeM.
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Puc. 7. Mediapipe ckeneT TpeKHHTa BCETO Tena

MediaPipe yao0eH ajist 3axBara ABHKCHUH Tela, ManbLEB U JIMLA, OJTHAKO UMEET CIIEeIYIOIIIe HeTOCTATKH:

e [lceno 3D: MediaPipe mpenocTaBinsieT 1aHHbIE O TOYKaX B TPEXMEPHOM IpocTpancTBe XY Z, HO KOOpAu-
Hata Z (riyOuHa) OnpeaesieTes: IpUOIN3UTEIBHO, YTO IPUBOANT K 3HAYMTEIbHBIM OLITHOKAM.

e  HecrabumbHocTh: MediaPipe UCHBITBIBa€T TPYJHOCTH MPU PACIO3HABAHUU TOYEK B CJIOXHBIX M03aX HIIH
MIPU HAJTMYUH HECKOJIBKHUX OJM3KO CTOSIIUX JIFOJCH.

e  OrpannueHHOCTh B3amMopelicTBus: MediaPipe He MoxeT 0OpabaThBaTh BUACONMOTOKH B PEATbHOM Bpe-
MEHHM U HE YMeeT Ilepe/iaBaTh WIN COXPAHATh JaHHBIE.
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Puc. 8. Mediapipe ckener TpeKHHIa KUCTEH pyK

Pemennro aTux mpo6ieM MOCBAIICHO NajlbHENIIee pa3BUTHE ajrOpruTMa.

[IpumeHeHue ABYX KaMep penraet mpooiieMs rncesno 3D u HecTaOMIIBHOTO paciio3HaBaHus. Pacroyioxkenue ka-
Mep crepean u COOKy TO3BOJSET O0OBEIUHUTD TaHHBIC U 00CCIICYUTh MOTHOIEHHBIN 3D-Tpekunr. Mcnonap3oBanue
HECKOJIBKMX KaMep TakKe MOMOoraeT KOMIIEHCHUPOBATh OMMUOKN paciO3HABAHMS C OJTHOTO paKypca.

BaxxHo ydecTh npo0iieMy KOppeNsiiiuUA TOYEK, MOJYyUYESHHBIX ¢ pa3HbIX Kamep. [10CKobKy 00BEKT HaXOIUTCS B
Pa3HBIX MO3UIUSIX OTHOCUTEIBHO KKIOW KaMephbl, TOYKH TPEKHHTa MOTYT CMEIIAThCS, YTO MOTPEOyeT Creunaib-
HOM 00paboTKH Ut 0ObEMHEHNS TaHHBIX 0€3 MOTepr TOYHOCTH. B HalleM pemeHun KoopauHaThl X U Y paccyu-
THIBAIOTCS TI0 TIEpeIHel KaMepe, a KoopanHara Z — 1o O0KOBOIA.

Jiist KauecTBeHHOH aHMMaIlUK HEOOXOMMO MpeoOpa3oBaTh JAaHHBIE O MOJIOKEHHUSIX TOYEK B apameTphbl MOBO-
POTOB 1 CTUOOB KOHEYHOCTEH. DTH pacyeThl MOTYT BBITOJHATHCS C HCIIOIBF30BAHUEM TPUTOHOMETPHUH WIIH, B CITY-
yae 3aTpyAHEHU, 00jlee IPOCTHIX METO/IOB, OCHOBAHHBIX HAa COOTHOIICHUN TO4YeK. TaKoi MoaxXo1 He TapaHTHPYET
a6COHIOTHOI>'I TOYHOCTH, HO IMO3BOJIACT IMMOJTYYUTH HpI/I6JII/I3I/ITCJH)HbIC JAaHHBIC, KOTOPBIC BIIOCJICACTBUN MOTYT 6I)ITB
YTOUYHEHBI IPYTUMHU METOJIAMU.

MediaPipe He mpenHazHadeH It pabOTHl C BHACOTOCIEIOBATEIHHOCTSIMH, YTO CO3/a€T JOMOJHUTEIHHBIE
CIIOKHOCTH. UTOOBI YCTpaHUTh 3Ty MPOOJIEMY, CO3/1a€TCsl BUPTYAJIbHBIM CKEJIET, KOTOPBIH JIBHIKETCS B COOTBET-
CTBUU C JAHHBIMHM TPEKHMHTA IO KaxaoMy Kanpy. OrpaHuuuBas MUHUMAJIbHBIE U MAKCUMAaJIbHbIe U3MEHEHUS I1O-
JIO’)KEHUSI TOYEK B KOPOTKOM BPEMEHHOM HMHTEpBAJIe, YAAETCS CHU3WTH BIHMSHHE OIIMOOK M MOBBICHUTH CTaOWIIb-
HOCTb Pacrio3HaBaHUS.

CI/IMYJISILII/IH CKCJICTa TAaKKC yInpomaeT pacdeT )Z[BI/I)i(CHHﬁ, IMMO3BOJISAA UCIHOJIB30BATh NPCALIAYIINE KaApbl IJid
WHTEPIIOISAINHY TEKYIIETO JBUKCHUS.

. — (T TTe T
rehama = o Fepmma 2 s e [ . R

Puc. 9. briok cxema ymydIeHHOTO aqropuTMa

Paz6epém paboty anropurma.

[MapannensHo ¢ JBYX KaMep MBI TIOJTy4aeM J[Ba pa3HbIX paKkypca.

Jannbie ¢ kamep oOpabaTsiBatoTcss Mediapipe v MbI IojiydaeM JBa o0Jiaka Mo 33 TOYKHM KaXKaas TOYKa UMEET
TpY TIapaMeTpa B XyZ, OJHAKO MapaMeTp Z — TTyOrHa UMEeT KpaHe BBICOKYIO TIOTPEITHOCTb.

[Ipoucxoaur oObenuHEHUE ABYX 00IaKOB B OJHO, IJISl yTOUHEHHUS TApaMETPOB, 3TO BKIIIOYAET B ce0sl TPHAHTY-
JISIIMEO, HO HE OTpaHHuYUBacTCs €10. JIaHHbIe O MOJOXKECHUE TOYCK WHTEPIPETUPYIOTCS KaK MOBOPOTHI U CTHOBI CY-
CTaBOB U KOPPEKTHPYIOTCS B paMKaX 4eJIOBEYECKHX BO3MOKHOCTEH, CTOMT OTMETHTH JAHHBIM ATam Co31aH JIst
YTOUHECHHMS TOJIOKEHHS TOUKH, KOrJa pacuyéT ee 3aTpyAHEH, WM MPU ONPEACICHUH 3TOH TOUKH €CTh CIMIIKOM
OOJIBIIIasT TIOTPEITHOCTh, B TAKOM CIIy4Yae JaHHbIe OyJyT BOCCTAHOBJICHBI MO0 KOCBEHHBIM Mpu3HakaM. [Ipu co3ma-
HUU 00JIaKO TOYEK €CTh IMOCTOsSHHAs HeOOJbIIas MOrpelrHoCTh Tak kak Mediapipe paboTaeT ¢ KakIbIM KaJIpoMm
OTJICTHHO, JaHHBIH OJIOK CpaBHHBACT TEKyIIWe 3HAYCHHWE TOYKH C MPEABLIYIIAM U €CIU Pa3HUIA B paMKax Mo-
IPEIIHOCTH, TO JIBUKCHUE HTHOPUPYETCS.

Taroke CyIIeCTBYIOT MOMEXH O0paTHOro THIa Ha 1-2 Kajpa oJlHa WJIM HECKOIBKO TOYEK MOTYT PE3KO IepeMe-
CTHUTCS WJIU TIPOTIACTh, PUIBTP OONMBIINX M3MEHEHHH, Pad0TaeT CX0Ke ¢ (PUIBTPOM MallblX, OJHAKO OH YYUTHIBACT
CUTYyaluIo, B KOTOPOH OBICTpOE MepeMeKeHHe TOYKH HE ObUTO OIIMOKOM, MOITOMY OH HE MOJHOCTBIO MOJAABISET
JIBIDKEHHE, 8 MHTEPIONUPYET €ro, HaunHasi 3aMeJIJICHHOE JIBH)KCHHE B CTOPOHY TOYKH. [locie BceX MpoJieiaHHbIX
oTepanyii HaM HY>KHO COXPaHUTh JaHHbBIE O TIOJIOKEHHH TOUEK YTOOBI UCIIONIB30BATh OTH JaHHbBIC IJISI KOPPEKIUU
Oyayuiero obiaka TOYCK.
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[locne BHeceHHUs BCeX BBIILICTICPEUUCICHHBIX U3MEHEHUH, aJITOPUTM IPUOOPETAET CIIeIy IO BUA:
[NTapannenbHOE 10OJyYeHHE JaHHBIX C JBYX KaMep.

O06paboTka maHHBIX ¢ Kamep ¢ momotbio MediaPipe 1 momydeHust 1ByxX HaOOPOB TOUEK.
OO0benuHeHNe ABYX HA0OPOB TOUEK B €AMHBIN HA0OP C yU4ETOM 0COOCHHOCTEH PacIONIOKEHUS Kamep.
[Ipeobpa3oBanue JaHHBIX O MMOJOKEHUU TOYCK B ITAPAMETPHI CTHOOB 1 TIOBOPOTOB.

KoppekTupoBka TaHHBIX B mpejienax (U3n0I0rHIeCKUX BO3ZMOXKHOCTEH UeI0BEYECKOT0 Tea.
OunbTpanys HeOOIBIINX U3MEHEHHH AJIS1 yCTPaHEHHSI ITyMOB.

OunbTpanrs pe3KUX U3MEHEHUH U1 CTa0MIN3alM1 TPACKTOPUI TBHKEHHSL.

CoxpaHeHue JaHHbBIX O TEeKYIIEM MOJO0KEHUH TOUYEK JJIs TOCIeTyIoIIeld KOPPEKIUH.

PRNAIN B =

3akjaoueHne

B xozxe paboThl ObUTH MPpOaHATM3UPOBAHBI COBPEMEHHBIE METO/IbI 3aXBaTa JBMKEHHI, BKIIOUAsi MapKepHbIC H
Oe3mapkepHbie cucteMbl. Ocob00e BHUMaHHE YACISIOCh M3YYCHHIO TPEUMYIIECTB M OTPAHUYCHUH KaXKIOro W3
MTOJIXO0JIOB, YTO MO3BOJIMJIO BBISIBUTH KITIOYEBBIC HATIPABICHHUS M JabHEHIINX HCCIeT0BaHui U pa3paboTok. Tak,
HECMOTpPA Ha BBICOKYIO TOYHOCTH MAPKEPHBIX CUCTEM, UX CIIOKHOCTbH U JOPOrOBHU3HA OCTAIOTCA 3HAYMMBIMH IIpC-
MISATCTBUSMHE JIJISl IIIMPOKOTO BHEAPEHUs. B cBOIO ouepenb, Oe3MapKepHbIe CUCTEMBI, XOTh M YCTYIAIOT B TOYHOCTH,
MpeyIaraoT ropa3ao 0oliee JOCTYIHBIE M THOKWE PEIIeHUs, YTO OTKPBIBACT IUPOKHUE TIEPCTIEKTHBHI TSI UX J1alTh-
HEeUIlero pa3BuTHsl.

Pa3zpaborannblii anroput™ st 0€3MapKEepHOTO 3aXBaTa JIBIYKESHHUI HANPaBJICH HAa KOMIICHCAIIUIO HEJIOCTATKOB
CYIIECTBYIONUX METOJIOB W TpejiaraeT HOBBIE MyTH yIydIIeHHs KadecTBa TpeKwHra. lI[puMeHeHwme 3Toro airo-
pUTMa B COYETaHUHU C COBPEMEHHBIMH TEXHOJIOTHSIMA KOMITBIOTEPHOTO 3PEHHS W MAITMHHOTO 00y4YeHUsI TIO3BOJISIET
CO3/IaBaTh MPOrpaMMHOE O0ecIieueHHe, KOTOPOE COUeTaeT B ce0e BBICOKYIO MPOU3BOAUTEIHLHOCTD M PUEMIIEMYIO
TOYHOCTh, O0ECIICUNBAs 3HAYUTEIIEHOE CHUKCHHE 3aTPAT Ha MPOU3BOJICTBO aHUMAIIMOHHOTO KOHTEHTA.

CoznmaHHOE MPOrpaMMHOE OOECTIeueHHe peaan3yeT 3aXBaT JBIDKEHUH 0e3 HCIIOIb30BaHUS MAapKepOB, MPEo-
CTaBJISAS MOJIB30BATENISIM 00JIee YKOHOMUYHOE U YJI00HOe peieHue. XOTs OHO U YCTYyIaeT MapKePHbIM CHCTEMaM B
TOYHOCTH, €r0 MPOCTOTA U JOCTYMHOCTb AENAIOT €r0 IMPUBICKATEIbHBIM BapUAHTOM Ui MHOTUX CIICHAPHUEB HUC-
MIOJIb30BaHUs, 0COOEHHO TaMm, rie TpeOOBaHMs K Ka4eCTBY aHMMAIlMU HE CTOIb BHICOKH. TeMm He MeHee, MpooJ-
JKaroleecs: COBEPIICHCTBOBAHUE allTOPUTMOB M BHEAPEHHE HOBBIX TEXHOJIOTHI 00CIIal0T 3HAYNTENBHBIHN Mporpece
B OJIMKAMIIIUE TOJbI, YTO MO3BOJUT OE3MapKEPHBIM CHCTEMaM CTaTh €lle 00jiee KOHKYPEHTOCIIOCOOHBIMU U BOC-
TpeOOBaHHBIMH B WHIYCTPHUH.
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