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AﬂFOpl/lTM COIIPOBOXKACHUA JIIO/IeH Ha BUEOIIOCIIEI0BATEIbHOCTSX. ..

Borym P.I1., 3axaposa I1.1O.

AJITOPUTM CONIPOBOKACHHS JIIOAEH HA BUIEONOCIe10BATEIbHOCTAX
¢ UCMOJIb30BAHUEM CBEPTOYHBIX HEMPOHHBIX CeTel
JJIs1 BUACOHAO/II0ieHUSI BHYTPH NOMeIeHUi

P.II. Boeyw!, U.10. 3axaposa’
TTonoyxuii 2ocydapcmeennbviii ynugepcumen,
211440, Pecnybauxa benapyce, o. Hogononoyx, ya. Broxuna, 29

Annomauyus

PaccmarpuBaercs aiaropuTM COINPOBOXKICHUS JIFOJIEH B TMOMEIICHUSIX, KOTOPbIH COCTOUT W3
CJIEAYIOIINX OCHOBHBIX ATAIOB: OOHApYXeHHE Jtoiei, GopMHUpOBaHKE UX TPHU3HAKOB, YCTAaHOBIIE-
HHE COOTBETCTBHUS MEXIy HUMH Ha KaJpax, MOCTOOpabOTKa, HHAEKCAIN COMPOBOKIAEMBIX 00B-
€KTOB W OIIpeJeNIeHNe MX BUIAMMOCTH Ha Kajpe. /[ JeTeKTHpOBaHMS UCIIONB3yeTCs CBEPTOUHAS
HeiiporHas cers YOLO v3. Ilpusnaku mofed (pOpMHPYIOTCS Ha OCHOBE TMCTOTpaMMBI KaHaja
BeTOBOT0 TOoHAa TpocTpaHcTtBa HSV u momudummposanHoit CHC ResNet34. Ilpennaraemas
CTPYKTypa CBEPTOYHON HEHPOHHOHW CeTH COCTOHMT M3 29 CBEPTOUHBIX W OJHOTO IMOJIHOCBS3HOTO
cioéB u opmupyer BekTop u3 128 3HaueHH NPU3HAKOB /IS BXOAHOTO W300pakeHus. BrinosHe-
HO O0yd4eHHe HaHHOW MOJENIH CBEPTOUYHON HEHpOHHOH cetn. OmnpeneneHsl U IPEeACTaBICHH OC-
HOBHBIE XapaKTEPUCTHKH DPa3pabOTaHHOTO aITrOPUTMa, KOTOPBIE TMOATBEPAMIH ero 3¢ (eKTHB-
HOCTh JUISI BUACOHAONIONCHHUS BHYTPH TOMEIIEHHH. DKCIEPUMEHTHI IPOBEACHBI 10 METOAMKE
MOT Ha TeCcTOBBIX BHACOMOCIEIOBATEIBHOCTAX, CHATHIX B MOMELICHUAX HETIOJABIKHON BHUACOKA-
Mepoii. [Ipu pemennu 3anad oOHAPYKEHHUS M COMIPOBOXKACHUS MPEIOKEHHBIH alrOpUTM paboTa-
€T B PEXKHME PEATLHOTO BpeMeHH ¢ ucnonb3oBanueM TexHosorun CUDA u Bugeokaptsl NVIDIA
GTX 1060.

Knrouesvie cnosa: compoBoxIeHHE IIOAEH, BHYTPEHHEE BHICOHAOIIONEHUE, CBEPTOUHBIC
HEUPOHHBIE CETH.
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Beeoenue

CormnpoBoXxieHne 00BEKTOB Ha BUJEOIMOCIICIOBATEb-
HOCTSIX SIBIISIETCS OJHOW M3 OCHOBHBIX 33/1a4 B KOMITBIO-
TEPHOM 3PEHHH, KOTOpasi B HACTOSAIIEE BPeMsI IMEET pa3-
JUYHOE KOJHMYECTBO TEXHWYECKUX NPUMEHEHHI U BCE
mmpe OyIeT HMCHOJIB30BATHCS B YEIIOBEUECKOW AEATENb-
HocTH [1, 2]: aHanmu3 okpykarorieil 00CTaHOBKH B aBTO-
MaTH3HPOBAHHBIX CHCTEMax BOXKACHHUS TPAHCIIOPTHBIMHU
CpEICTBaMH, OICHKA MPAaBUIBHOCTH ABIDKCHHUS B MEAH-
IUHE W CHOPTE, COMPOBOXKACHHE OOBEKTOB B CHCTEMAax
TEXHUYECKOTO 3PEHHUS Ha MPOU3BOJICTBE, PACTIO3HABAHHE
TUTIA aKTUBHOCTH YEJIOBEKA B CHCTEMaX MOHHUTOPHHTA U
OXpAaHBI U T.1.

Paznmiuaior 3amauu COMPOBOXKACHUS OTHOTO 3aJaHHO-
ro 00beKTa M1 MHOXKECTBA 0OBEKTOB B BUICOTIOTOKE. BTO-
poe HampaBJIeHHE OTINYAETCS BBICOKOW CIOKHOCTBIO U
TpeOyeT TOYHOH JIOKaIM3aluu OOBEKTOB B Kajape, Ipa-
BWJIBHON WACHTU(HUKAIMN Ha CIEAYIOUIEM Kaape W IpH
3TOM BBICOKOIT CKOPOCTH 00pabOTKH.

ConpoBOXKICHHE MHO)KECTBa Jtoneii (0OBEKTOB) B
MOMEILEHUN SBJISIETCS CJIOXKHOM 3ajaded M3-3a: HEOJIHO-
poanoro 3aaHero ¢oHa, (parMeHThl KOTOPOrO MOTYT

OBbITh cX0XH 10 (hopMe, TEKCTYpe U LBETY C 00BbEKTaMH
HHTEpeca; HU3KOTO YPOBHsI OCBEIIEHHOCTH; HAIMYMUS Te-
Heil M, COOTBETCTBEHHO, NMHAMHYECKOTO HM3MEHEHUS
3aqHero (poHa; MHOXKECTBEHHBIX MEPEKPBITHII 0OBEKTOR,;
BBICOKOM CXO0KECTH CONMPOBOXKIAEMbIX 0OBEKTOB; J0CTa-
TOYHO OBICTPOTO WX JBHIXKCHUSI M B psijie CIydaeB U3Me-
HAIOILEroCs YCKOPEHMsI M PE3KOM HEIUMHEHMHOW TpaHC-
(dbopManuy TpaeKTOPHUM JIBHIKEHHSI.

Ananu3 nanseix pecypca MOTChallenge [3], Ha ko-
TOPOM IIPEJICTABIICHBI TMOJYYCHHBIE MPU TECTHPOBAHHUU
pe3ysbTaThl Ha MPEUIOKEHHBIX BHUIEONOCIIC0BATEIBHO-
CTSAX M METpUKa JUIsl OleHKHA 3()(HEKTHBHOCTH aJITOPHUT-
MOB COIIPOBOX/ICHHSI MHOXECTBAa OOBEKTOB, IMOKA3bIBAET,
yro Haubosiee 3(G(GEKTUBHBIM SBISCTCS METOI COIPO-
BOXKJICHHA 4epe3 oOHapy)keHHe. DTOT IMOAX0]] HCIOIb3Y-
eT aHcaMmOJIb M3 JETEKTOpa OOBEKTOB W aIrOpuTMa IS
00beIMHEHNsT Pe3yJIbTaTOB OOHAPYKEHHI Ha ABYX Kal-
pax. DddexTuBHOE pemnieHne mpobdIeMbl O0ObETUHEHHS
MO3BOJISIET KOPPEKTHO COOTHOCHUTDH Pe3yJIbTaThl 0OHapy-
KEHUsI PA3IMYHBIX OOBEKTOB W (POPMHUPOBATH yCTOWYH-
BbI€ TPACKTOPUH IBIDKEHUS Uil Kaxaoro uz Hux. Ilo-
HSTHO, YTO 4YeM TO4YHee PaboTaeT NETeKTOp, TeM Kaue-
CTBEHHEE COIPOBOXKACHHE IIPH TAKOM MOJXO/JIE.
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J1iist oOHaApy KeHus Jifo/ieit MOTYT ObITh UCTIOIB30BaHbI
pas3iuuHble KiacCU(pHUKATOPBI: Kackaabl Xaapa, Ha OCHO-
BE METOJa OTMOPHBIX BEKTOPOB, CBEPTOYHBIX HEHPOHHBIX
cereit (CHC) u ap. B HacTosmiee Bpems IIMPOKOE pa3BU-
THE W IPUMEHEHHE ISl OOHAPYKEHHsI 00BEKTOB MOIYUH-
JU IrOpUTMbl Kiaccubukanmu ¢ npumenennem CHC,
KOTOpPBIE YCTOHYMBBHI K M3MEHEHHSM OCBEIIEHHOCTH, JH-
HAMHYECKOMY 3agHeMy (DOHY W TO3BOJIIOT OCYIIECTB-
JATh JCTEKTUPOBAHME JaXKe B CIIy4ae YaCTUIHBIX IIepe-
KPBITHI1, HO TPEOYIOT BBICOKHX BBIYHCIUTENBHBIX 3aTPaT.

Hnst pemiennss mpoOsieMbl OOBCIWHEHHS OOBEKTOB
MIPHU COTIPOBOXKICHUN MOTYT OBITh MCIIOJIB30BAHBI CIIa0bIe
Y CWIbHBIE TIPU3HAKK M300pakeHni. B kauecTBe craObIx
MIPU3HAKOB MPHUMEHSIOTCS BPEMEHHOH CHBHT, IIBETOBBIE
XapaKTepUCTHKH, ¢opma U T.1. K CHIbHBIM NMpu3HAKaM
MOYXHO OTHECTH THCTOTPaMMBI OPHEHTHPOBAHHBIX T'pa-
nuentoB (HOG), SIFT- u SURF-geckpuntopbl U TpH-
3HaKH, BeIeIeHHbIe ¢ ToMolsio CHC.

Taxum 06pa3oM, COPOBOXKACHHE Yepe3 0OHapyKEHUE
XapakTepu3yercsi OOJIBIINM KOJIMYECTBOM alrOpHTMHYE-
CKUX peIIeHHH Kak JUIl OOHapY>KeHHs OOBEKTOB B KaJpe,
TaK U MPH MOCIEAYIOIIEM TOMCKE WASHTUYHBIX 00BEKTOB
Ha pa3HbIX Kajpax. BBUIY BBICOKOH CIIOKHOCTH JaHHAs
3aqada He perieHa B MOJHOW Mepe Jake Ui HEKOTOPBIX
OTPaHWYCHHBIX MPAKTHIECKUX NPUIOKCHHUI, B TOM YHCIIE
1 JUTSL COIPOBOKACHIS JIFOJICH B TOMEIICHHSX.

1. Cywecmeyrougue nooxoowvl 01a pewienus 3adauu
COnPO0B0IHCcOeHUs T1I00ell

B paGore [4] npencraBieH anroputM Uit oOHapyxe-
HUSL ¥ COIPOBOXKACHHUS YeJOBEKa NMPH BHYTPEHHEM BH-
JIeOHAOTIOCHUH, KOTOPBIA TPUMEHSET IS JETEKTHPO-
BaHUS BBIYMTAHHME 3aHEr0 ()OHA HA OCHOBE AITOPHUTMA
MOG?2. [Ing CONpOBOXKACHUS UYEIOBEKa HCIOJIB3YETCs
MeToz ontuieckoro moroka Jlykaca—Kaname. Cmemienne
00OHapyKEeHHOI 00JIaCTH MPOTHO3UPYETCS C MPUMEHEHHEM
¢unprpa Kanmmana. IlpencraBieHHBIN MOAXO pacHIMpEeH
JIETeKTUPOBAaHUEM TIaJIeHWI Ha OCHOBE Meroaa K-Omm-
x)armmx coceaei. OMHAKO MpUMEHEHNE JAHHOTO METOa
PacCMOTPEHO TOJIBKO JIJIsl OJJHOTO UeoBeka B kaape. [Ipu
JUHAMHYECKOM (OHE M IUIOXOH OCBEIEHHOCTH OyIeT
CIIO)KHO 00eCIeunTh MUHIMH3ALHUIO JIOKHBIX OOHapyXe-
HUI JeTEeKTOopa, a TaKkKe CTAOMIBHOCTD OOBEIMHEHUS
MHOYKECTBEHHBIX 00BEKTOB.

Jpyroit meron [uisi CONPOBOXKAECHUSI OCHOBAH Ha Iep-
BOHAYAIbHOM JICTEKTHPOBAHWHU TOJIOBBI YEJIOBEKA, YIyd-
nieHHass mMoaudukanus paccmorpena B [5]. Tlocine oOHa-
PYXEHUS TOJIOBBI JUIA BBIACNEHHUS (PUTYPhI YeIOBEKa BbI-
MOJTHSETCST pacu€T pa3MepoB Tejla Ha OCHOBE M3BECTHOTO
CTaTUYHOTO MPOLIEHTHOTO WX COOTHOIIEHUs. Takoi MeTon
JIEMOHCTPUPYET XOpOIIHE pe3yibTaThl MPH JHHEHHOM
JIBIDKEHUN TIEHIIEXO0H0B C Y4€TOM OOHapyKeHHs WX HE Ha
KaKJIOM KaJipe, a 4yepe3 OMNpeAesIEHHbI BpEMEHHOW WH-
TepBall. TakuM 00pa3om, Mo0OHBIN TIOXO0T HE 00eCeunT
Ka4yeCTBEHHOTO COTPOBOXKIICHUS JIFOJIEH B TIOMEIICHHUAX C
HEJIMHEWHON TpaeKTOopuel ABMKEHMS, MHOXECTBEHHBIMU
MEPEKPBITUSIMH U pE3KUM U3MEHEHHNEM MacITada.

ANTOpUTMBI, OCHOBaHHBIE Ha ucnoib3oBanuu CHC,
00namaroT OOJbIIEeH BapHATHUBHOCTHIO TIPU  CIIOKHBIX
YCIIOBUSIX BHUIICOHAONIOICHUS M WCIIOJB3YIOTCS MPU CO-
MTOCTABJICHUH M300paKEHHUH JIO/EH, MOITYIEeHHBIX C pas-
HbIX Kamep (pe-unacHtubuKaws). Takoil momaxon mpea-
CTaBIISETCS TEPCIEKTUBHBIM TPH CONPOBOXKICHHUH, IIO-
3TOMY IM1eJ1ecO00pa3HO BBIIOTHHUTH aHAIH3 aJTOPUTMOB
pe-unaentudukammu Ha ocHoBe CHC B mpuiiokeHHd K
3ama4e COMPOBOXKACHUA. s pemeHuss mpoOiieMsl pe-
uaeHTU(UKALNY JIIOACH, MOJNYYeHHBIX C JABYX Pa3HBIX
kamep, B [6] paccmorpena CHC SiameseNet. Mogaens
HCIOJIB3YET JBE BETBU OJAMHAKOBOH apXUTEKTYpHI, OOMe-
HUBAIOMIMECS] MpPU3HAKaMU B Iporecce cpaBHeHHUs. Ko-
HEYHBIM PE3YJIbTaTOM SBIIsieTCs OMHApHas Kiaccuduka-
ousl, KOTOpasi MPUHUMAET PEIICHHE O CXOXKECTH IBYX
n300pakeHuit Ha Bxoae. B pabote [7] mpencraBieHa ap-
xutekTypa PartNet, koTopas npeIBapUTEIbHO BBIAEISAET
Haubosiee MH(OPMATUBHBIE YACTH 4EIOBEKa, 3aTeM W3-
BJICKACT U3 HUX MPU3HAKU BBICOKOTO YPOBHS C HCIOIB30-
paaneM CHC. JlaHHBI TIOAXOJ TPU COMPOBOXKICHUH
JMIOZeH Ha BHUAEO, IONYYEHHBIX C DPa3IUYHBIX KaMep
HAOIIOICHNS, TIOKA3BIBAET XOPOIINE PE3yJIbTaThl, OJHAKO
TpeOyeT OOJIBIINX BHIYUCIUTENLHBIX PECYPCOB.

B [8] mist nerekTupoBaHMs U BBACICHUS MPU3HAKOB
ncnoias3oBargack CHC Faster R-CNN, kotopas He 00y4a-
Jach A7 3aJa4Yd COMPOBOXAEHUS moneil. OgHako oHa
MTO3BOJIMJIA MTOJYYHUTh BCE YK€ JIYYIINe pe3yIbTaThl, 4eM B
[6]. HemocTaTkoM SIBAISIETCS TO, YTO AJISL CIIOKHBIX CITyda-
€B TPAeKTOPHU MABIKCHHA JIONEH pe3yinbTaThl HE CTa-
OWJIBHBI 1 OYEHB CHJIFHO 3aBHCAT OT IIapaMETPOB HACTPO-
€K aJITOPUTMA.

J11 conmpoBOXIEHUS TakKe MPUMEHSETCS Kiacc ai-
TOPUTMOB C HCHOJIB30BAaHHEM KITIOUEBBIX TOYEK YEIOBE-
Ka, KOTOpBIE BBIICISIOTCS Ha CyCTaBax, W JaJbHEHIIEro
ONHCaHMA MX HaOOPOM MPHU3HAKOB C YYETOM PACCTOSHUI
MEXy HIMH, OTHOIICHUH MEXIY PacCTOSHUSAMH U ap. B
[9] mpennmoxkena CHC PoseNet nisi BeIIEICHHS TaKHX
KITFOYEBBIX TOYEK. AJITOPUTM OCHOBAaH Ha aHAIN3E CMe-
IICHUS BCEX TOYEK B MPOCTPAHCTBE W M3MEHEHHS COOT-
HOIICHUHA paccTOAHUI Mexny HuMH. [lomoOHbIe anro-
PUTMBI XapaKTepU3YIOTCS OOJNbIIeH CTaOMIFHOCTRIO TPU
YaCTUYHBIX HEPEKPHITHAX OOBEKTOB, OJHAKO TPEOYIOT
OYEeHb 3HAYNTEIBHBIX BEIUHCIUTEIBHBIX 3aTpaT.

VYayumennas monens Deep SORT [10] amropurma
SORT [11] ucnonszyer CHC, xoTopas 6p11a pazpabora-
Ha JUIS BBIIENEHUS PU3HAKOB JIIOJIEH IPH UX COMPOBOXK-
neHnd. s KOMIICHCAIlMH JIOKHOOTPHIIATENBHBIX Pe-
3yJlbTAaTOB JETEKTOPA M MPEACKA3aHUN MOJOKEHHUS 00b-
eKTa Ha cleayrolieM kaape npuMeHéH ¢ubtp Kanmana,
KOTOPBIH TO3BOJISIET MOIYYaTh XOPOIINE PE3yIbTaThl IpU
nuHelHOM naBrKeHuu 00bekToB. Deep SORT sBnsercs
QITOPUTMOM, IIOKAa3aBIIMM HAWIydIIne pe3yiIbTaThl B
copeBHoBanuu MOT16 [3]. IIpu coBMeCTHOM NpUMEHe-
aun Deep SORT nmns conpoBoxkaenuss 1 CHC YOLO v3
JUTSL JCTEKTUPOBAHUS JIIOACH CKOPOCTh 00paboOTKH co-
crasinser 11,5 xagpoB B cexyHmy Ha ocHoBe NVIDIA
GTX 1060 [12], guto He obecneunBaeT pabOTy B pEKUME
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Borym P.I1., 3axaposa I1.1O.

peasbHOr0 BPEMEHM MpPU CTaHAAPTHOM 4YacToTe KaJpoB
BUICOpSIIA.

Lenbto cratbu sBisieTcs: pa3paboTka ajlropuTMa co-
MPOBOXKJICHUS JIIOACH B MOMEIIEHUAX C YIYYIICHHBIMH
Ka4eCTBEHHBIMH XapaKTEPUCTUKAMH M C BO3MOXKHOCTHIO
obecrieueHnsl IETEKTUPOBAHUSI U COMPOBOXKACHHS B pe-
KHUME PEeaJbHOrO BPEMEHH.

2. Oonapyscenue u conposoxycoenue
Ha 0CHO8e C6EPMOYHBIX HEUPOHHBIX cemell

[Ipennaraemblii anropuTM COCTOUT M3 CIELYHOIIMX
OCHOBHBIX 3TaroB: oOHapyKeHHE JIoAeH, (OPpMHUpPOBaHNE
BEKTOpa MPHU3HAKOB ISl KAKJOTO M3 HUX, YCTAHOBJICHUE
COOTBETCTBUSI MEX/Iy O0BEKTaMH Ha Kajpax, mocrobpa-
00TKa, HHACKCALUS JIOICH, ONpeeseHre NX BUANMOCTH
Ha Kajpe, BBIACTICHHE PAMKOH YeJI0BEKa MPH €ro MPUCYT-
CTBHUH B KaJpe.

2.1. Obnapyoicenue nrooet

Jns obecnieueHns pexuma peasbHOTO BPEeMEHH KOM-
TUTEKCHOM 3a7auil 0OHApy>KEHHsI U COIPOBOXKICHHUS JIO-
Jieii HeoOXOAMMO JIsi TIEPBOTO ATama MPUMEHSTHh OBICT-
poxeiictByromryro CHC, HO ¢ BBICOKO# TouHOCTBIO. Cpe-
1 cymectByromux CHC monens YOLO [13], mpenctas-
nerHas B 2016 r., HampaBiieHa HA YMEHBIICHUE BBIYHC-
JUTEIBHBIX 3aTpaT mpu oOpaboTke. B merpuke top-5
TouHocth YOLO cocraBaser 88%. OnmHako HemocTarT-
KOM, OTPaHWYHMBAIONINM IIPUMEHEHHE ISl PEIICHUs yKa-
3aHHOM 3a/audl, SBJISETCS HECTAOMIBHOCTh PabOThI MpPHU
MEPEKPBIBAIOIIMXCS 00BEKTAX, YTO HE MO3BOJIHT 3P heK-
TUBHO JICTEKTUPOBATH JIIO/ICH B TOMEIICHHUSX.

Pa3Butnem maHHOW apXUTEKTYpHI SBIAIOTCA MOANDU-
karmm YOLO v2 u YOLO 9000 [14], B KOoTOpBIE BKIIIO-
YEeHbI: HOPMaJM3alys NaHHBIX, IO3BOJLIIONIAs HE WC-
MOJIF30BAaTh TEXHOJIOTHIO OTCEBAa 0€3 OIaceHHs BO3HHK-
HOBEHHS Iepeo0yUEHI; MOBBIIICHNE Pa3MEPHOCTH Kilac-
cudpukatopa mist YOLO v2 mo [448x448] mnsa 10 smox
ImageNet; ncnonp3oBaHue CETH, BHIHOCSILEH IIPENIOIIO-
KEHHE O HaXOXKICHUU PETHOHOB MHTEPECA 10 aHAJIOTHHU C
mozensio Faster R-CNN; mpumenenue metona k-cpen-
Hux (k=35) mus mpenBapUTENIbHOW CErMEHTAIUH OOBEK-
TOB B KaXKI0¥ 00JaCTH HHTEpeca, YTO AaET BO3MOXKHOCTh
BBIJICIISITh ISITh KJIACCOB OOBEKTOB; MHOrOMacIITaOHOE
oOydeHne, KOTOpOe MO3BOJIAET CETH CEerMEHTHPOBATH U
KIIacCU(UITUPOBATh OOBEKTHI NP PA3HBIX Pa3peUIeHUIX;
HOBas KiaccudukanuonHas moaenb Darknet-19, koropas
coJiepkUT 19 cBEPTOUHBIX CIOEB U S5 CiIOEB cyOanCKpe-
tuzarun. YOLO 9000 mmMeeT Ty ke apXHTeKTypy, 9To U
YOLO v2, omHakKo KOJIMYECTBO BBIXOAHBIX T'HIIOTE3
orpaHuuMBaeTcs Tpemsa. B 3Tol Mozmenu Takxke npeny-
CMOTPEHO MPUMEHEHHE KapT MPHU3HAKOB Pa3HBIX pa3Me-
POB B Ka4eCcTBE BXOIHBIX JAHHBIX, YTO BEIAET K JIyUIIEMY
OOHapYKEHHI0O OOBEKTOB, KOTOpbIE HW3MEHSIOT CBOM
Macimrtad BO Bpemst 00paboTku. B merpuke top-5 Tou-
HOCTh OOHAPYKEHHS ISl JaHHOH MOJENH JOCTHTaeT 3Ha-
geHus 91,8 %, omHAKO BHIYUCIUTENIBHBIE 3aTPAThl 3HAYH-
tenpHO Oombie, vemM y CHC YOLO. Ilpu sTom ans He-

KOTOPBIX KJIACCOB OOBEKTOB, HANPHUMEP, «UCIIOBEKY,
«OZeXMa», BEPOSTHOCTh MPABMUIBHOW KiacCH(UKAIIH
YMEHBIIAeTCs, YTO HAKIagbIBaeT OTPaHMYEHHE Ha WC-
nons3oBanne naHHoi moxenn CHC B 3amade oOHapyxe-
HUS JIIOJICH B TIOMEIICHSIX.

Mognens YOLO Ttpetseit Bepcun [15] mcmomb3yer
YIIy4IICHHYI0 apXUTEKTypy AJIS BBIIEICHUS IPU3HAKOB
Darknet-53, conepixariyto 53 ciios u 23 mpoIycKHbIX CO-
€IMHEHMs, YTO MO3BOJIET MPH HEOOXOAWMOCTH OOHY-
JIUTH BIUSHHUE CJIOS Ha pe3yJIbTaT paboThl AETEKTOPa, T.C€.
Ia€T BO3MOXKHOCTH HM3MEHSATh apXUTEKTypy CETH Tak,
9TOOBI KOHEYHOE KOJIMYECTBO CIIOEB OMPENessuIoch IS
KOHKpETHOM 3a/1auu B nporecce o0yueHus. [1o pesynbra-
TaM TECTHUPOBAHUS B METPUKE top-5 mJisd JaHHOM MoJenu
TOYHOCTH cocTaBisieT 93,8 %.

Takum obpaszomM, B kauectBe Moaenu CHC ans merek-
THPOBaHMS OOBEKTOB B MpPEIJIaraéMOM aJrOPUTME CO-
MPOBOXKACHUSA  4Yepe3  OObEOMHEHHE  HCIOIB3yeTCs
YOLO v3, T.K. OaHHas apXUTEKTypa XapaKTephU3yeTcs
XOpOIIeH TOYHOCTHIO OOHAPYKEHHS M yIOBICTBOPHUTEIb-
HBIM BpeMeHeM 00pabOoTKH.

[ocne mpumenennss CHC mns MUHUMH3AaLWU CITy-
YalHbBIX JIOKHBIX OOHAPYKEHHUH JIFO/IEH, KOTOpbIe BCE Ke
WHOT/Ia IPUCYTCTBYIOT, BRIOJHsETCSA (pUIbTpanus oOHa-
PYXKEHHBIX OOBEKTOB II0 pa3Mepy.

2.2. Dopmuposanue Habopa nPU3HaAKoe

s ycTaHOBIIGHHSI COOTBETCTBHS MEXKIY JIIOABMH Ha
BXOAHOM Kajipe M MpPEAbIIyIMX Kagpax HEeoO0XOIUMO
chopmupoBaTh HAOOP MPHU3HAKOB, ONUCHIBAIOIIMNA KaX-
JIbIA COMIPOBOXKAAEeMbIii 00beKT. [Ipu cpaBHEHHM JrOIEH
HEOOXOIMMO YYHTHIBATh BAPHATHUBHOCTH MX CXOXKHX U OT-
JIUYHBIX MPU3HAKOB, TIO3TOMY JUIS BBEIYUCIICHUS JECKPHUII-
TOpoB ucnojbzyercs moaupuimposannas CHC ResNet-34
[16], xoTopast obnamaer HEOOIBIIMM KOJIUYIECTBO CIIOEB,
YTO MO3BOJIUT TaKKe O0ECHICYUTH MPHEMIIEMBIE BBIYUCIIH-
TeNpHBIE 3aTpaThl. Hammdame MmpomyCKHBIX COSIUHEHHHA B
ResNet-34 mo3BoONISIET M3MEHATH KOJHWYECTBO CIIOEB IS
JYYIIEero pe3yibTraTa OOy4eHHs. ApPXUTEKTypa MoAn(H-
nupoanHoit CHC mpencraBneHa Ha puc. 1.

| H3zobpadicenue uenoeexa

IIponycknoe Ceépmouynwiii cnoil
coedunenue 2 unempa

——

IIponycknoe ( Ceépmouynbiii cioil

coedunenue 64 unempa

—

IIponycknoe Ceépmounbiii cioil
coeounenue 128 punompos

——

IIponycknoe C(féfm()‘lelﬂ cnot
coeduHenue 256 unrvmpos

( Ilonnocessnwiii ciotl

128 npusnakos

Puc. 1. Apxumexmypa CHC 01 biuucieHuss npusHaKos
Cconpoeodcoaemvbix 00beKmos
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Heo0xoanmocTs n3MeHeHH apxXuTeKTypsl ResNet-34
00yCIIOBIIEHa OTIMYHEM KIacCU(PHUKAIMKU OOBEKTOB, IS
KoTopoit pa3zpabotana nannass CHC, oT conpoBoXIeHUS.
[Ipu pemennn naHHON 3amadm TpeOyeTCs BBIACICHUE
MPU3HAKOB DPA3MUYHBIX JIIOJEH I IMOCIEXYIOIEro HX
CpaBHEHUS C y4ETOM TOTO, YTO OHH OTHOCSTCS K OJHOMY
KJIACCy «UEJIOBEK», UYTO HE MO3BOJIHT caenaTth ResNet-34.
Mopudukauust nanuoit CHC 3akirouaercst B cienyro-
IIeM: yAaJICHHUE BXOJHOTO CBEPTOUHOTO CJIOS C Pa3MepoOM
dunmpTpa [7x7], T.K. IpUMEHEHHUE sAep CBEPTKH MUHH-
MaJbHBIX pa3MepoB [3%3] MO3BOMISLET MOMyYaTh YU
pesynbrar npu pe-uneHTHduKauuu [17]; KoOIU4ecTBO
BBIXOJIOB KOHEYHOTO TIOJIHOCBA3HOTO CJIOS YMEHBIICHO
10 128, mo3Bosstromiero choOpMHUPOBATH TAKOE KE KOJIH-
9YEeCTBO MPU3HAKOB JIJIsI OMTMCAHUS YEIIOBEKA; COKPAIICHNE
gucna cBéprounbix cioeB CHC mo 29 ¢ pasmepamu saep
Uit HUX [3%3], mocie KaXKAoTo CJI0s MCIIONIB3YeTCs Tpo-
ITyCKHOE COETMHEHUE.

B mpeamaraemoM Habope NMPH3HAKOB COMPOBOXKae-
Moro denoBeka (Obp), KOTOPHIH HA30BEM COCTABHBIM Jie-
CKPHIITOPOM, HCTIONB3YIOTCS BEIYMCIICHHBIE IS HETO:

e  CHC-mpu3Haky mpy MOCJIEeTHEM MTPaBUIIBHOM OOHA-
PyXeHUH (faer);

®  THCTOTpaMMHBIE NPWU3HAKM NpPH IOCIETHEM IIpa-
BUIILHOM 0OHapyskeHuu ( H %);
KOOPJMHATHI LICHTPA Ha IpeasiaymeM kaape (/x,);
IIMPHHA U BBICOTA (W, /) Ha IpeAbIAYIIEM Kajpe.

2.3. Yemanosnenue coomseemcmeus
MeHcOY U300paANCeHUAMU AI00CU HA COCCOHUX KAOPAX

OrneHKa CX0XXeCTH MEXIY COMpPOBOXKTAEMBIMH O0B-
extamu Ob, 1 0OHAPY)KEHHBIMU Ha TeKyieM Kaape Ob e
BBITIOJIHSIETCS HA OCHOBE BBIPAKEHHUS:

128

d (Ob,,0b, Y=o |> (f, —f.)+
Jj=1

B (e =L ) + Wy =107 + 1

e =1 ).

e forr— CHC-pu3Haku o0bekTa Ha BXOJHOM KaJpe;
Weurrs Wprev — HIINPUHA COTIPOBOXIAEMOT'O YEJIOBEKA Ha Te-
KyIIEM M TPEIbIAyIEeM Kanpax; Acur, Hprev — BBICOTA CO-
IIPOBOXKJAEMOT'0 4eJIOBeKa Ha TEKYIIeM M IpelblayIleM
Kajpax; o ¥ [} — KOppeKTupyroume Ko3ppUIueHTHI.

B pesynbrare npumMenenust Boipakenus (1) mis Bcex
COIIPOBOXKJAEMBIX JIIOZEH Ha MPEAbIIYIIHX Kaapax u 00-
Hapy>XEHHbBIX 00BEKTOB Ha TEKyIIEeM KaJpe (GOpMUPYETCs
MaTpHlla CXOXKECTH, K KOTOpoH mnpumensercs Benrep-
ckuit anroput™ [18]. IIpu 3TOM 0COOCHHOCTEIO SBIISETCS
HEoOX0AUMOCTh 00paboTKH Ob; HE TOJBKO C IPENbIIY-
IIEro KaJpa, HO U ¢ OoJiee paHHUX KaJpOB, T.K. BO3MOXKHA
KpaTKOBpPEMEHHasl OTepsl ONTHYECKOH CBSI3U KaMephl C 4e-
JIOBEKOM. JTO 0OYCJIOBJIEHO TEM, YTO B ITOMELICHUSX Tpa-
EKTOPHH JIBI)KEHUS JIIOIEH J0CTaTOYHO YacTO MePeceKaroT-
csl, a TaKke OOBEKTHl MHTEpeca IEpeKphIBAIOTCS OTHOCH-

TEIBHO KaMepbl BHACOHAOIIONCHUS. ITO IPOMCXOIMT,
HampuMep, MPU Pa3roBOPE JIIOJCH WK MPH UX COBMECTHOM
IBKeHnr. KpoMe 3Toro, 4emoBek MOKET UMETh HECKOJIBKO
TOYEK BXOJIOB M BBIXOJOB B KaJpe, YaCTUYHO WJIM TIOJTHO-
CTBIO TIEPEKPHIBATHCS IPYTHMH CTaTHUECKUMH OOBEKTAMH.

2.4. llocmobpabomka

Jlnist yMeHblIeHHsT BEPOSITHOCTH JIOKHOTO M3MEHEHUS
MHJIEKCALIMK TOCNIe CJIOXKHBIX ClIy4aeB JBMKEHHS 00beK-
TOB C MHOXECTBEHHBIMHU IEPEKPHITUSIMHU, B COCTAaBHOM
neckpuntope Objp, Ha OCHOBE KOTOPOTO BBHITIOTHSIETCS
HENPEPBIBHOE COMPOBOXKICHHE, OOHOBJISIIOTCSI TOJIBKO
KOOpIUHATHI 00BbEKTa, ero MUpUHa U BeicoTa. [lapameTp
MEPEKPBITUSL BBIYKUCIIAETCS Ha OCHOBe KO3 ¢uumeHra
Kakkapna:

10U = o , @)

Wprev X hprev + Weurr X hcurr - [n

rac
In = (min (Z;mv + Wpl‘ev b l;“”‘ + WL‘L{I‘V ) -
—max (1" L ))x 3)

x (min (l 7 4 s L5+ R ) —max (l e Lo ))

Hcnonb3oBaHue COCTaBHBIX JECKPUITOPOB COIPO-
BOXIAE€MBIX JIFOJIEH, KOTOPbIE OTCYTCTBOBAJIM HA MPEAbI-
OYIIUX KaJapax, Uil UX MOUCKA HA TEKYIIEM MPHBOINT K
JIBYyM OCHOBHBIM mpoOiiemam. [lepBas mpoOiema mposis-
JIIeTCSl KaK MPUCBOCHUE MHJEKCA COMPOBOXKIAEMOTO ue-
JIOBEKa, KOTOPBIX BBIIIET U3 Kajpa, APYromy, BOLIEIIIe-
My B KaJIp MPaKTUYECKU B TOM ke Mecre. OHa peuiaeTcs
3a cué€T aHallM3a UIMPHUHBI, BHICOTHI U KOOPJIMHAT LIEHTpa
00BEKTa HA TEKYIIEM H MPEIBIAYIIEeM KaJapax.

Bropoii mpobiiemoli sBIISETCS HEOOXOIMMOCTh O0OHA-
pY’X€HHsI MOMEHTa BbIXOJla YeJIOBeKa W3 Kajpa Ul mpe-
KpallleHUs] €r0 CONpOBOXAeHUs. JIJisl pelieHus: 5Tou 3a1a-
YU B aJITOPUTME BBEJAEH MapaMeTp BUAUMOCTH COIPOBOXK-
nmaeMoro o0bekTa. Ero ompeneneHre 0CHOBaHO HA KOMOU-
HAIIMW CWJIBHBIX U C1a0BIX PU3HAKOB. B kadecTBe mepBhIxX
anamsupytorcst CHC-npusnaku. Kak ciaObiidi npusHak
HCIOJIB3YETCSl CXOXKECTh LIBETOBBIX THcTOrpaMM. Jliist
YMCHBIIICHAS BIUSHHAS U3MECHCHUS OCBCIIEHHOCTH, H300-
pakeHHsT TPeOOPa30BBIBAIOTCS W3 IIBETOBOTO IPOCTPAH-
ctBa RGB B HSV. [lanee /is O1EeHKH CXOXECTH HMCIIOJNb-
3YIOTCSl TOJIBKO JIaHHBIE LBETOBOTO TOHA. BennunHa cxo-
JKECTH BBIYUCIISIETCS HAa OCHOBE BbIpaxxeHus [19]:

eciu ‘H,.’" _H"|> ‘H’_det —H,
1 Nl (| det _ [ det
o k- S UEZT), :
N* 5 (HP —H") (4)
1 ¥ (Hr _m
WHaye: R= TZQ’
N (Hfe — He)
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AJ]FOpl/ITM COIIPOBOXKACHUA HIO,HCﬁ Ha BUACOIIOCIEA0BATCIbHOCTAX. ..

Borym P.I1., 3axaposa I1.1O.

rae

1 N-1 1 N-1
_Z Hr: et :_Z Hl_det s H n Hl_det _

i=0 i=0

A7 -

3JIEMEHT BEKTOpa NPH3HAKOB IIBETOBOTO TOHA COIPOBOXK-
JaeMoro o0beKTa M 3JEMEHT BEKTOpa IPU3HAKOB IO-
CJIEJIHETO pe3yJibTaTa IPaBUIILHOTO €ro OOHapyKeHUs
COOTBETCTBEHHO; N — JIJIMHA BEKTOPA.

3arem ormpezensieTcsi BUANMOCTb COIPOBOXKAAEMOIO
o0beKTa B KaJpe Ha OCHOBE IpaBHIIa:

0, ecmn dg, <€ UR >

V= )

1, ectn dy, 2 € MMAR <1,

rIe

128

Z (f;urr - fprev )2 5

d feat =

€ U M — IOPOT'OBbIE 3HAYCHUSI.

[TapameTp BUAMMOCTH PUHUMAET 3HaUeHHE «1» TpH
HAJIMYUH CONPOBOKAAEMOT0 YeJIOBeKa Ha M300pa)KCHUH
nbo 3HaueHue «0» NpPU MOTEPEe ONTUYECKOW CBSI3H C
00BEKTOM.

OnpeneneHne MOCTOSIHHBIX KO3((UINEHTOB ISl BbI-
paxkenu#t (1) u (5) BBHIIOJIHEHO HAa OCHOBE MPOBEICHUS
MHOT'OIIapaMeTPUYECKOr0 BBIUUCIUTEILHOIO JKCIIEPH-
MEHTa MyTEM BapbUPOBAHHMS O, 3, € U 1 U HAXOXKACHUS
makcuManibHoro 3Hauenuss MOTA. Tlpu saTtom Han0Goub-
i Bec npucBoeH CHC-npu3HakaMm, nmapaMmeTp o U3Me-
Hssicst B nuanaszoHe ot 50 g0 500 ¢ muckpetHocThio 50,
BeqIuuHbI B, € U M BapbupoBayuck ot 0,1 mo 1 ¢ awmc-
kpetHocThi0 0,1. MakcumansHoe 3HaueHne MOTA 3a-
tdukcuposano asi: a=200; =0,3; €=0,3; n=0,2.

3. O6yuenue CHC onsa conpogoscoenusn

Moaudunupoannas CHC o0yueHa Ha KOMIUIEKCHOM
0aze maHHbIX M3 HabopoB m3o0paxkenuit PRID [20] u

iLIDS [21], KoTOpbIe ObUIM MOATOTOBIICHBI IS PELICHHUS
3aa4d COMPOBOXKIIEHHS JIOJEH Ha BHIEO, KOTOPHIE IO-
JIy4eHBI C pa3lInuHbIX BUAeokamep. B pesyibrare cdop-
MUPOBAHHBIH HaOOp maHHBIX cocTonT W3 1030 6a30BBIX
00BEKTOB, T.C. pa3IM4YHBIX JIFoACH. Takoi MOAX0 MO3BO-
JIMJI YBENWYUTh TECTOBbIA Habop aaHHbIX. KonnuecTBo
n300pakeHH I KaKJ0TO YeJIOBeKa PaziMdHO U H3Me-
HseTcs B mpenenax oT 85 mo 360. Ha puc. 2 npexacrasne-
HO 10 4 npuMepa KCIOJb3YeMbIX N300paKEeHHN ISl JIFo-
neit 3 6a3 nanHbIX PRID u iLIDS cooTBeTcTBEHHO.
OO0yuenne CHC BbimonHeHo B TedeHue 50 yacoB Ha
MIEPCOHATIFBHOM KOMMBIOTEPE C OCHOBHBIMH XapaKTEPHUCTH-
KaMu: HeHTpatbHbIi mpomeccop Intel Core 15-8600 ¢ Tak-
ToBOM yacroror 3,6 I'Tu, o6sém O3Y —-16Ib, 2 Bu-
neokapTel NVIDIA GTX 1060 ¢ OCHOBHBIMU MapameTpa-
Mu: ckopocth o0ydenus — 0,001; koaddurmenT uHepruu
rpagueHTHoro ciycka — 0,9; xommaectBo 3mox — 250 000.
Ha TtecroBoit BeIOOpKe M3 n300paskeHnidt 300 pa3aIMYHBIX
JIFOAEH  BEPOSTHOCTh MPAaBHIBHOW  KIACCHU(PHKAIIUM —
99,7 %. Cpennee 3Hauenue GyHKIUA moTeps — 7,46-107°,

4. Pe3y.71bmambt IKCnepumernmoe

Jlist ipoBeicHHST SKCTIEPUMEHTOB Pa3pabOTaHHBIN all-
TOPHUTM peaiin30BaH Ha s3bike Ct++ ¢ nmpuMeHeHneM OHO-
JnuoTeK KommbioTepHoro 3penust OpenCV 3.4 u dlib. Bee
mporeRypsl 00paboTKu Mpu 0OHAPYKEHUH U COTIPOBOXK-
nennn Jroneit Ha ocHoBe CHC ocymiecTBIsITUCh Ha Tpa-
(bHUeCKOM TPOLECCOpPe C HCIOJIb30BAHHUEM TEXHOJIOTHH
napayensHoit oopadotku CUDA.

TectupoBaHue aaropuTMOB BBITIOJIHEHO Ha TPEX BH-
JIeOTIOCTIeIOBATENBHOCTSX CIOXKHOTO TUTa (puc. 3).

JanHble BHIEO ObUIM HOJYYEHBI C HCIIOJIb30BAHHEM
HETOJBIDKHOW BHIEOKaMephl B MOMEIIEHHUSIX C Pa3iud-
HBIM OCBEIEHHEM, KOJIMIECTBOM JIIOACH B KaJpe, HelH-
HEWHOW TpaeKTOpUer WX JBUXKEHHUS, MOJHBIM U YacCTHY-
HBIM TIEPEKPHITHEM, KPAaTKOBPEMEHHBIM BBIXOJOM JIFOAEH
13 TIOMEIICHUS.

Puc. 2. H306panC€Huﬂ u3 6azvl 0annvix 011 06yyenus CHC: dsuofcymuﬁc;z uen06eK Ha 0OHOPOOHOM ¢hone 6 npoguns uz PRID (a);
OBUICYWUTICS 4eNI08EK HA CLOACHOM OHE C UBSMEHAIOWUMCS NOAOICEHUEM OMHOCUMENbHO sudeokamepsl u3 iLIDS (6)

Ha puc. 3a npeacrasneH kaap U3 NEpPBOrO TECTOBOIO
Buzeopsa (KoimdecTBo kKaapoB 2 190) ¢ HeoTHOPOIHBIM
OCBELLECHUEM U HATMYHEM MHOXECTBA TEHEH, Ha KOTOPOM
HOPUCYTCTBYIOT TPU YeJOBEKa C YACTUYHBIM B3aUMHBIM
nepekpbiTueM. [IpudéM aBa U3 HUX UMEIOT OYEHb CXOXKUE
XapaKTEePUCTHKH, T.K. OJSKJA y HUX INPAKTUUYECKU HJCH-
TnyHas. Kpome 3toro, poct, TeI0CI0KEHNE U LIBET BOJIOC
TaKke cxoxu. 13 puc. 36 BUAHO, YTO JIOIU PACXOIATCS,
a 3aTeM IMEePECEKAIOTCs] C MHOXKECTBEHHBIM MEPEKPBITUEM
(puc. 36). TpaexkTopust ABHKEHHUSI OTHOCUTEIBHO YAaJIeH-

HOCTH OT KaMephl TaKXKe U3MEHSCTCS, T.¢. HanboJjee yaa-
JIEHHBIN Y€JIOBEK Ha pHC. 3a sIBIsIeTCsS HaUMeHee yIall€H-
HBIM Ha puc. 38.

Hpyras TectoBasi BHIEOIOCIEIOBATEIbHOCTh C KOJIU-
yecTBOM Kajapos 1101, mpumepbl KOTOPBIX MPUBEAEHHI HA
puc. 32-e, oTyaercs 0ojee HU3KHM OCBEICHHEM M TaK-
JK€ HEOJHOPOJHOCThIO ocBeuleHusi. Ha puc. 32 mokazano
[IOJIHOE TEPEKPBITHE OJHOTO YeJOBEKa IPYrMM Ha 3TOM
TECTOBOHM BHjEOIOCIeNOBaTeNbHOCTH. 3 puc. 30 BHUAHO,
YTO YEJIOBEK, KOTOPBIA OBUI CKPHIT, TIEPEHIEN B HAaNMEHee
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OCBEIEHHYIO 00J1aCTh, @ 3aTeM MPOU3O0IILIO TIepPEeMEIleHUE
JIFO/IEH ¢ M3MEHCHHEM MX Maciutada Ha Kaape W 4acTHd-

{ 3) ’
Puc. 3. Ilpumepnl kadpoe 61deonociedosamenbHoCmell, KOmopble UCNOIb308aHbL NPU MECMUPOSAHUU.!
Kaopbl U3 nepeoco 8uoeopsaoa (a—8); Kaopuvl u3 6Mopo2o 8Udeo (2—e); Kaopsl u3 mpemoell BUOeONnOCie008amMenbHOCMU (JHc—u)

st Tpetbero Bumeopsina (uucio kaapor 1151) nmoka-
3aH KaJp € OAHMM 4YaCTUYHO IICPECKPBLITbIM YCIOBEKOM
(puc. 3oc). Ha puc. 33 OH TOJTHOCTBIO CKPBIT 38 CTAaTHY-
HBIM 00BbekTOM. M3 puc. 3u BUIHO, 4TO pa3Mep YeaoBeKa
¢ Oosee panHero kajapa (puc. 3o/c) 3HAYUTEILHO MEHbIIIE
U B JIEBOM JAJIbHEM YIJIy NPUCYTCTBYET BTOPO UeIOBEK.
Takum 00pa3oM, OUEBHHO, YTO JUIsl JAHHOTO BUAEOPsIa
HEOOXOAMMO COIPOBOXKICHHUE JIBYX YEJOBEK CO CIIOKHOM
TpaeKTOpHeﬁ HX JIBWKXCHUSA W MHOXCCTBCHHBIMU IIEpPC-
KPBITUAMHU 3a CTATUYCCKUMU O6'I)€KTaMI/I.

IMpu onenke >(pQPEKTUBHOCTH AITOPUTMOB COIPO-
BOXICHUA MOI'YyT 6])ITI) HCIIOJIB30BaHbl OCHOBHBIC Mapa-
MeTpsI [22]:

° IDF moxasbiBaeT NMpOLEHT NMPaBHIBHON HIECHTU(H-
Kal[M{ CONPOBOXK/IAIOIINX O0BEKTOB,;

e MOTA — yuuThIBa€T KOJWUYECTBO JIOKHOIOJIOXKH-
TenbHBIX pe3ynbTaToB (FP), noxHOOTpHUIIATENBHBIX
(FN) u IDF u xapaxkTepu3yeT TOYHOCTb COIIPOBOX-
JIcHHsT OOBEKTOB BO BPEMCHHU, C YIETOM BOCCTAHOB-
JICHUSI TPACKTOPUHM TNPU KPAaTKOBPEMEHHOM OTCYT-
CTBUH O0BLEKTA;

° MOTP — noka3siBaeT, HACKOJIbKO TOYHO OBLI JIOKa-
JIN30BaH OOBEKT B KaJpe MPH COMPOBOKICHUU 0€3
yuéra OOHapyKEeHHUS;

e Fi; — CKOPOCTH PabOTHI AJITOPUTMA COIIPOBOKACHHS
0e3 yuéra JeTeKTHPOBaHUsI OOBEKTOB, KaJIpOB B Ce-
KYHTy.

Jlnst ipoBeieHUsI SKCIIEPUMEHTOB 10 CONPOBOKICHUIO
JIFOJIEH TpY BUICOHAONIOICHUH B TIOMEILCHUSIX Ha TPEX BU-
JICOTIOCIICIOBATEBHOCTAX (PHUC. 3) BCe OOBEKTHI ObLIH pa3-
MEUeHBI comiacHO TpeboBanusm u3 [3]. TloarorosieHHbIe
JTAHHBIC TTO3BOJIMJIA BBIIIOJIHUTH TECTUPOBAHKE pa3paboTaH-
HOTO aJIrOpUTMa U Hanbosee dPQPEKTUBHOTO MO METOHKE
MOT16 Deep SORT [3]. B tabu. 1 npuBeneHs xapakrepu-
CTUKH, TOJIyYeHHbIE KaK JUIsl KaXIOH BHAEOIOCIENOBa-

HbIM TiepekpbITHeM (puc. 3e). 1[BeTOBbIE XapaKTEPUCTHKH
9THX 00BEKTOB MHTEPECA TAKIKE JOCTATOYHO CXOXKH.

TEJIBHOCTH B OTIEJBHOCTH, TaK M IPU KOMIUIEKCHOM TECTH-
pOBaHHMM Ha BceX TPEX BUIeo (puc. 3a, 2, o).

Awnayu3 Tabin. 1 nokasbiBaeT, 4yTo pa3paboTaHHBIH anro-
PHUTM TI03BOJISIET YITy4IIUTh Ka4YE€CTBEHHBIE XapaKTEPUCTUKU
Deep SORT, 3a uckmouenuem napamerpa MOTP.

Ha puc. 4 nokaszansl pe3ynbraThl cpaBHeHUs 3¢ddek-
TUBHOCTH COIPOBOXKACHHS OOBEKTOB Ha HAEHTHYHBIX
(dparmenrax kaapoB. MHAeKcalus Jito/eil B MpeIioKeH-
HOM ayiroput™e HaunHaercst ¢ (), BTOpoMy 4YesioBeKy IpH-
cBauBaercs uHaekc 1 u 1.4. B Deep SORT HauambHBIM
HHAEKCOM sBisercs 1.

Tabn. 1. Cpasnenue xapakmepucmux aiecopummos
OJ151 PA3IUYHBIX BUOCONOCIE008AMebHOCIEl

TecToBbII IIpenyo-
HaumenoBanue BIICODS Deep KCHHBIH
napamerpa slcopit SORT
(cm.puc.3) aJTOPUTM
Puc.3a 38,3 93
Puc.32 48,7 97,2
LIDJ? Puc.30c 86,7 97,8
Puc.3a,2,01c 52,9 95,3
Puc.3a 196 111
Puc.32 10 7
FP Puc.3o1c 22 10
Puc.3a,2,01c 228 128
Puc.3a 181 199
Puc.32 59 56
FN Puc.30c 68 42
Puc.3a,2,01c 308 297
Puc.3a 82,5 86,4
Puc.32 94 94,5
MOTA Puc.30c 91,9 95,6
Puc.3a,2,01c 87,8 90,8
Puc.3a 79,5 78,6
Puc.32 81,4 75,6
wOE Puc.30c 78,6 80,8
Puc.3a,2,01c 79,8 78,4
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AJ]FOpl/ITM COIIPOBOXKACHUA HIO,HCﬁ Ha BUACOIIOCIEA0BATCIbHOCTAX. ..

Borym P.I1., 3axaposa I1.1O.

W3 puc. 4a,6,0 BUIHO, YTO TPEAJIOKEHHBIN AITOPUTM
KOPPEKTHO BBINOJHSET COMPOBOXKIEHHE 00BEKTOB 0e3 n3-
MEHEHHs UX nHAekcanuu. Ha mepBom kanape u3 mpuMepa ¢
npumeneHrem Deep SORT (puc. 46) npucyTCTBYeT JIOXK-
HOEe OOHApY)KEHHE CIHMHKH CTyJia KaK 4eloBeKa H, KpoMe
3TOTO, COMPOBOXIAEMOMY YEJIOBEKY IPHCBOEH Hempa-
BUJIHHBIN WHAEKC, T.K. OH JIOJDKEH OBITh paBeH 1.

W3 puc. 42 BunHo, uto npu npuMmenennn Deep SORT
Ha BHUIEOIIOCIICOBATEIFHOCTH MIPUCYTCTBOBAJIO HEOTHO-
KpaTHOE HEKOPPEKTHOE W3MEHEHHE WHACKCAIluH, T.K.
00BEKT C MHAEKCOM 17 HOJDKEH MMETH HHAEKC 1.

Ha npyroii BuaeonocienoBaTebHOCTU MIPU U3MEHEHUU
HAIIPaBJICHUS IBIDKEHUSI X KPaTKOBPEMEHHOH IT0Tepe ONTH-
YECKOU CBSI3M ¢ OOBEKTOM MPEUIOKEHHBIA alrOpUTM, Kak
BUIHO W3 pHUC. 40, COMPOBOXKIAET OOBEKT MPaBWIILHO, 0e3
HW3MEHCHUsI HHAeKcauun. [IaHHbIA 00BEKT IMPH BXOJE B Kaap
MMeIN MHIEKC HOJIb M HAalPaBJBUICSA OT BUICOKAMEPHI K JIBe-
PH, CKpBUICS 3a TOCKOHM, W 3aT€M OIIATh BOIIEN B Kajp IO
HarmpasieHnIo k Buneokamepe. Deep SORT mnpu pabote n3-
MEHSIET MHIEKC 00BEKTa 10 YeThIPEX (pHC. 4e).

CxopocTh paboTHl JBYX aJITOPUTMOB HA HCHOIB3Y-
eMOM T1pu OO0ydYeHHH TEepCOHAIBPHOM KOMIIBIOTEpE
Freg=60 xanp/c. [Ipn oOHapy eHUH U COMPOBOXKICHUH
MIPECTAaBICHHBIA TOAX0 00ecleunBaeT paboTy B pexkH-
M€ PeaJbHOTO0 BPEMEHH ISl ISTH OOBEKTOB CO CKOPO-
CThI0 00pabOTKHU 25 KaIPOB B CEKYHLY.

o)

M o

3axnrouenue

B cratbe mpeanoxkeH anropuTM COIMPOBOXKACHUS JIFO-
Jlell B TIOMEIEHNH B PEKUME PEeaJbHOTO BPEMEHHU Ha OC-
HOBE BBINOJHEHUSI CIIEIYIOLUIMX OCHOBHBIX JTANoB: O0OHA-
pyxenue nroneit, (GopMHpPOBaHHE COCTABHOTO IECKPHII-
TOpa ISl KaXIOT0 M3 HHUX, YCTAHOBIIEHHE COOTBETCTBHS
MEXy HHUMH Ha COCEIHHX KaJpax, moctodpaboTka, WH-
JIeKcarys JIFOJeH, OIpeIeIeHne X BUIUMOCTH Ha Kalpe.
JlerextupoBanue BbimoaHseTcst Ha ocHoBe CHC YOLO
v3, a Ui BBIYUCICHHUS MPU3HAKOB JIIOACH MPHU YCTaHOB-
JICHUA COOTBETCTBHUS MEXAYy HHMHU TPEAJIOKECHA apXu-
tektypa CHC nyrém momuduxaimmm ResNet 34. s
MIPOBEACHUS SKCIEPUMEHTOB MOJATOTOBJICHBI, B COOTBET-
CTBHUH C HCIIOJIB30BAHNEM METOAWKH U MHOKECTBEHHO-
IO CONPOBOXAEHHS OOBEKTOB, TPU BHJCOIMOCIEIOBA-
TEJIBHOCTH, IIOJIyYEHHbIE HEMNOJBUXHOW KaMEpOH B IO-
MemeHun. Ha ux ocHOBe ompeneneHsl OCHOBHBIE Xapak-
TEPUCTHKH  pa3paboTaHHOro ajropurma: IDF=953;
FP=128; FN=297, MOTA=90,8, MOTP=784;

Freg=060, KOTOpBIE IOKa3BIBAIOT OONBINYIO ero 3¢dek-
THBHOCTh 0 cpaBHeHHIO ¢ Deep SORT mpu BumeoHa-
OJsrofieHMK BHYTpHU momelneHuid. st cokpalueHus Bpe-
MeHH BeraucieHnid Bce onepauun CHC BeimonHsmcs Ha
Buneoanantepe NVIDIA GTX 1060 ¢ mnpumeHeHHEM
texaonoruu CUDA.

x| T

Puc. 4. IIpumepwi conposodicoerusi 00beKmo8 Ha U0, HA OCHOBE NPEONOICEHHO20 ACOPUMMA (a,8,0),
Ha ocHose ancopumma Deep SORT (6,2,e)

TakuMm 00pa3oM, PaCCMOTPESHHBIA MOIAXO SIBIISCTCS
MEePCIEeKTUBHBIM JIJIsl CUCTEM BU/ICOHAOIIOICHUSI BHYTPH
[IOMEILEHUH, a AaJbHENIINE UCCIIENOBAHMS IUIAHUPYETCA
BBITIOJTHUTH 110 aJlalTalliyl aJITOPUTMA JJIsT COTIPOBOXKIE-
HUS JIIOJIEH 10 BHUIEOINOCIEIOBATEIBHOCTSM, MOTYUIEH-
HBIM C pa3HBIX KaMep BHYTPH [TOMEIICHHUS.
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Person tracking algorithm based on convolutional neural network
for indoor video surveillance

R. Bohush!, I. Zakharava'
!Polotsk State University, Polotsk, Belarus

Abstract

In this paper, a person tracking algorithm for indoor video surveillance is presented. The algo-
rithm contains the following steps: person detection, person features formation, features similarity
calculation for the detected objects, postprocessing, person indexing, and person visibility deter-
mination in the current frame. Convolutional Neural Network (CNN) YOLO v3 is used for person
detection. Person features are formed based on H channel in HSV color space histograms and a
modified CNN ResNet. The proposed architecture includes 29 convolutional and one fully con-
nected layer. As the output, it forms a 128-feature vector for every input image. CNN model was
trained to perform feature extraction. Experiments were conducted using MOT methodology on
stable camera videos in indoor environment. Main characteristics of the presented algorithm are
calculated and discussed, confirming its effectiveness in comparison with the current approaches
for person tracking in an indoor environment. Our algorithm performs real time processing for ob-

ject detection and tracking using CUDA technology and a graphics card NVIDIA GTX 1060.
Keywords: person tracking, indoor video surveillance, convolutional neural networks.
Citation: Bohush RP, Zakharava IY. Person tracking algorithm based on convolutional neural
network for indoor video surveillance. Computer Optics 2020; 40(1): 109-116. DOL

10.18287/2412-6179-CO-565.
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