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BBEJIEHHUE

B cBsi3u ¢ MHTEHCUBHBIM pa3BUTHEM IU(POBHIX BHICOKAMEDP, CHIKEHUEM HX
CTOMMOCTH M COBEPUICHCTBOBAHHEM AaJTOPUTMHUYECKOTO obecreueHus o0paboTKu
U300pKEHUI CHCTEMbl BHJICOHAONIOACHUS CTaldd AOCTYIHBI IIUPOKOMY KJaccy
MOJIb30BaTeNIe W TO3BOJISIIOT YNPOCTUTh MHOTHE 3aJayd B  IMPAKTHYECKOU
JeSITeIbHOCTH 4YeJIOBEeKa, HAlpUMep, OXPaHbl U KOHTPOJS JOCTyla Ha pa3iHyHbIe
00BEKTHI, OOHAPYKEHUSI TMOXKAPOB HAa OTKPBITHIX MPOCTPAHCTBAX, MOHUTOPUHTA H
YIPABJICHUS] KPYIHBIMH aBTOMAPKOBKAaMHU U T. A. COBEpIIEHCTBOBAHUE TAKHX CHCTEM
oOecrieuynBaeTcs He TOJIBKO YyIy4IIeHHUEM annapaTHOW 4acTH, HO U aBTOMaTH3aluen
00paboOTKH, T. €. pa3BUTUEM METOJIOB U AITOPUTMOB, IPUMEHSAEMBIX /111 00paOOTKH U
aHaiM3a TMOCJEA0BATENIbHOCTEN M300paxeHuil (BHUIIEOMOCIEIOBATENBHOCTEH) U
OJMHOYHBIX M300paKeHUN (xazmpoB), MIOJTy4aeMBbIX Cc BUJICOKAMED.
BuneonocnienoBaTeabHOCTH COIEpKAT 3HAUUTEIbHBIN 00beM HH(POPMALIMH, KOTOPHIH,
KaK MPaBUJIO, U3MEHSETCA U B MIPOCTPAHCTBE, U BO BpeMeHH. [loaTomy oOpaboTka u
aHaJIM3 MX T[O3BOJIAET YYUTHIBATh M BBISBISATH HE TOJIBKO CTaTHYECKUE, HO U
JUHAMUYECKUE MPU3HAKU, YTO MPUBOIUT K MOBBIIMICHUIO TOYHOCTU PabOTHI CHCTEM
BuieoHaOmoneHuss B nenaoM. [locienoBaTenbHOCTH HU300pakeHUM, (opMUpyeMbIe
KaMepaMH TaKHX CHCTEM, COJAEpKaT OOBEKThl HMHTEpeca, KOTOpHIE IOABEPIKEHBI
CYILIECTBEHHOMY BIIMSHUIO Psiia MEIIAIOMMX (PAKTOPOB, TaKMX, KaK H3MEHEHHE
OCBEIICHHOCTU CII€HbI, OJHOBPEMEHHOE MPHUCYTCTBHE HECKOJIbKHX OOBEKTOB CO
CXOXXUMH XapaKTEPUCTUKAMHU, BAPUATUBHOCTH WX (OPMBI U Pa3MEPOB TIPH JIBHKCHHUH
U T. 1., YTO MPEIOTPEETIIO pa3padOTKy U Pa3BUTHE Psijia METOIOB M aITOPUTMOB JJIS
X 00paboTKH.

HccnenoBanusimu 1o 00pabOTKE MOCIENOBAaTENbHOCTEW  HM300paxeHUi
3aHuMaroTcs MHorue ydyeHsle Pecniyonuku benapycs, CHI' u manpHero 3apyOexbs:
C. B. Aonawmeiiko, A. B. Tysuxos, B. B. CraposoiitoB, B. B. Kpacnonpomus,
b. A. 3anecckuii, B. A. TonoBko, A. M. HenmssBear, A. A. bopuckesuy,
B. 1O. IIBetkoB, b. A. AmmartoB, H. A. O6yxoBa, M. H. ®aBopckas, T. Celik,
B. U. Toreyin, G. Rigoll, S. Ushida u np.

C ydyeToM MHOroo0pasusi M CI0XXHOCTHU 3aJlay, pelIaeMbIX Ha OCHOBE aHAJIM3a
BUJICO/IAHHBIX, pa3pabOTaHbl U HUCMOIB3YIOTCS METOJAbl M  QJITOPUTMBI IS
0oOHapyKEeHUsI U aHaJIN3a 00BEKTOB HAa U300PAKEHUIX B CUCTEMAaX BUICOHAOIIOICHHUS,
HO OHH HE B MIOJIHOM Mepe 00eCIeUrBaIOT BHICOKYIO 3(hPEKTUBHOCTH 00pabOTKH TpH
pELICHUH MPUKIIAJHBIX 33/1a4. Y BEJIMYEHUE PA3PELIAIOIIECH CIOCOOHOCTH BUAEOKaMED
1o 4K u BbllIE, C OJHOM CTOPOHBI, MPEIOCTABISET BO3MOKHOCTh 00Jiee E€TalbHOrO
aHanM3a W300paXeHWi, a C JPYrol CTOPOHBI, CYIIECTBEHHO BO3pacTaeT 00beM
BBIYMCIICHUNA, YTO MPUBOAUT K CIIOXKHOCTH OOpabOTKH TMOCIIe0BATEIbHOCTEH
M300pakeHUl B peaibHOM BPEMEHHU.
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Takum 06pa30M, B HACTOAIICC BpEMA CYHICCTBYCT HpO6JI€Ma, CBsi3aHHasA C

HEO0OXOIMMOCTHIO TOBBIMICHUS 3()(PEKTUBHOCTH METOJOB U QJITOPUTMOB 00pabOTKH
M300paKEHUI CUCTEM BHICOHAOIIOACHUS ISl OOHAPYKEHUS U aHAIN3a 0OBEKTOB Ha
HUX C PUEMIIEMOH JIJIsl MPAKTUKU BBIUMCIUTENHHOM CI0KHOCTHIO, B TOM YHCJE U TIPU
UCTIOJIb30BAaHUH BHICOKaMEp BBICOKOTO pa3peIICHUS.

OBILIAA XAPAKTEPUCTUKA PABOTHBI
CBs3b ¢ KPYIIHBIMU HAYYHBIMH IIPOrPAMMAaMHU M TEMaMHU

[TIO®U «HayuHbie 0CHOBBI HOBBIX MH(GOPMALIMOHHBIX TEXHOJIOTHI, 3aaH1e
Nudorex 09 «Pa3paboTka METOIOB M KOMIIBIOTEPHBIX TEXHOJIOTHI pacro3HaBaHUS
ob6pazoB» HUP «llepcriekTuBHBIE METOIBI M AITOPUTMBI TTOMCKA 0OBEKTOB HA OCHOBE
CHEKTPaTbHO-KOPPEISAIMOHHON 00paboTku mu3oopaxkenuii», ['P Ne 20031080, 2003—
2005 rr.; 'KITHN «HayuHble OCHOBBI MH()OPMAIIMOHHBIX TEXHOJOTHH U CUCTEMY,
3ananne WHporex 03 «Meroapl M TEXHOJOTMM aHalUM3a W pPaclo3HaBaHUSA
CTaTUYECKUX M JTUHAMHYECKHX H3o00paxeHuit», I'P Ne 20062374, 2006-2010 rr.;
ITIHU «WUndopmatuka u kocmoc», 3amanue 1.4.08 «Meroapl M anrOpPUTMBI
00paboTkK TuHAMHYECKHX H3o0paxeHuit», I'P Ne 20111100, 20112013 rr.; I'TTHA
«MHpopmaruka, kocMoc 1 0€30MacHOCThY, 3aganue 1.7.05 «Pa3paboTka MeTO/I0B U
AIrOPUTMOB 00PaOOTKU CIOKHBIX JTUHAMUYECKHX M300pakenuit», ['P Ne 20160652,
20162018 rr.; HHUP «Anroput™Mbl 0OpaOOTKM MaHHBIX Ha OCHOBE JMCKPETHBIX
npeoOpa3oBaHui, HEYETKON JOTUKH M HEHpOHHBIX cetei», ['P Ne 20180570, 2018
2022 rr.; I'TTHU «IludpoBbie 1 KOCMUYECKHE TEXHOJIOTHH, OS30ITaCHOCTh YeI0BEKa,
oOmecTBa M rocyaapcTtBa», 3aaanue 1.1.5 «Metoael riybokoro oOydeHUs u
KpOCCIUIaT(OPMEHHBIE PELIECHUs ISl MHTEUIEKTYaJIbHOTO aHajnu3a U300paKeHu»,
HUP «Anroput™bl U1 MOJENH JJis1 OOHAPYKEHUsI OOBEKTOB U OLIEHKH UX NTapaMeTpOB

M0 TIOCJIEIOBATEIHHOCTSIM H300paKEHUM C HCIOJIb30BAHUEM METOJIOB TIyOOKOro
oOyuenusi», ['P Ne 20211439, 2021-2025 rr.

Heab 1 3a1a4m MCCJIeI0BAHUS

Ieablo quccepraliioHHON PabOTHI ABIsETCS pa3paboTKa METOJ0B, METOJIUK,
AJITOPUTMOB U ITPOTPAMMHBIX CPEJICTB, 00ECIICUNBAIONINX PEIICHUE KPYITHON HaAyYHO-
TEXHUYECKOW MpoOIeMbl OOHApPYKCHHUS, aHalli3a W COMPOBOXKICHHS OOBEKTOB Ha
TIOCJICIOBATEIPHOCTSX N300PKSHUM JIJIS1 CUCTEM BUICOHAOIIOICHNS.

JIJIst TOCTYOKCHMS TAHHOMW 1€ HEOOXO0IMMO PEIIUTh CIICAYIOMINE 3adauu:

— pa3paboTaTb MW HCCIEAOBaTh METOAMKY W KOMIUICKC aJT'OPUTMOB
OOHaApy>XeHHMsI ¥ JIOKaIW3allMkd OOBEKTOB Ha H300paXECHMSIX JJII CHCTEM,
UCIIOJIB3YIOIINX BHICOKAMEPHI C OOJIBIIIUM pa3peIieHUEM;
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- pa3pa60TaTb MCTOOAUKY MJIs1 OLCHKHU CXOXCCTH I/I306pa>K€HI/If/'I, KOTOpad

MO3BOJIUT TOBBICUTH I(P(HEKTUBHOCTH OOHAPYKEHHS U JIOKAIU3AIUA 00HEKTOB, B TOM
YHCIJIe Ha N300PKECHHSIX C TITYMOM;

— pa3paboTaTh W MCCIEIOBATH METOJ M aJTOPUTMBI TTIOCTPOEHUST MOoieTu (oHa
(¢ponoBOTO Kajapa) u BBIJICTICHUS JIBIDKYIITUXCS 00BEKTOB B
BUJICOTIOCIIEIOBATEIBHOCTH;

— pa3paboTaTh METOJUKY U AITOPUTMBI 0OHAPYKEHHS U COITPOBOXKIACHUS JTHOIEH
Ha BHJCOIOCIICIOBATEILHOCTIX, IIOJy4aeMbIX C CHCTEM BHUJCOHAOIIOICHNUS,
YCTaHOBJICHHBIX BHYTPHY TTOMEIICHHH;

— pa3paboTaTh W MCCIIENIOBATh KOMIUICKC aJITOPUTMOB BBIJCIICHHUS W aHAJIHM3a
CTaTUYECKUX W JAUHAMHUYCCKUX IPU3HAKOB H300paKEHWH IUTAMCHH M JbIMa JUIS
0OHapy>KEeHUsI TI0KAPOB 10 JAaHHBIM CUCTEM BHIC€OHAOIIOACHMUS;

— pa3paboTaTh W HMCCIENOBATh AJITOPUTMBI CETMEHTAIMHM U KIACCU(DUKAIIUU
N300pKCHUN TTAPKOBOYHBIX MECT HAa aBTOCTOSHKAX, TTOJYYa€MbIX C HCIIOJIh30BAHUEM
CHCTEM BUJICOHAOIIIONCHHUS,

— BBITIOJTHUTH PEATU3alliI0 U arpoOaIiio MporpaMMHBIX MOAYJICH B CHCTeMax
BUJICOHAOIIOICHUS.

O0bexkTamMu HCCIEIOBAHMH SBJISIOTCS BUICOJAHHBIC, IOJYYEHHBIE CO
CTAIMOHAPHBIX BUACOKAMED.

IIpeaMeTomM MccIeI0BAHMIE SIBISIOTCS METOABI U CPEICTBA OOHAPYXKEHUS U
aHanu3a 00bEKTOB HAa OJIMHOYHBIX N300PKCHUSIX U BUJICOTIOCIICOBATCIIBHOCTSIX.

HayuyHnas HOBU3HA

Paszpabomana memoouxa obuapyscenus o00bekmo8 Ha U300PANCEHUAX C
bonbuwum pazpeulenuem, OTIMYAIONIASCS OT HM3BECTHBIX TEM, YTO MPHUMEHSIETCA
UPaMHUIAIbHO-0JI0YHAsT 00paboTKa C MEPEeKPBITUEM W HCIOJIB3YEeTCS CBEPTOUYHAsS
HEHPOHHAs CETh NIl OOHAPYKEHUsI OOBEKTOB B Kaxa0M OJ10Kke. [103BoIIIeT yBETMUUTh
TOYHOCTh OOHApYXeHHS OOBEKTOB HEOONBIIMX pa3MEPOB Ha H300PAKECHUSIX C
OONBIIMM pa3pelieHueM W TPU STOM BBIIONHITH IMApPaUICIbHYI0 00pabOTKy Ha
COBPEMCHHBIX BBIUUCIUTEIBHBIX CPEICTBAX.

lIpeonoscena memooura oyenku cxodcecmu u3o0opasicenuii Jyisi OOHAPYKEHUS
00BEKTOB Ha U300paXKEHUSIX U BHICOMOCIIEIOBATEIHHOCTSX, OTINYAIONIASACS TEM, YTO
JUTsI BEIOPAHHBIX MPU3HAKOB PACCUUTHIBAECTCS MYJIbTUIUIMKATUBHAS WM aJITUTUBHAS
HOPMHpPOBAHHAsI BEJIMYMHA WX CXOXKECTH C HCIIOIH30BAHHUEM TIOCIEI0BATEIIBHOTO
BBIYHCIICHUS OTHOIICHUH MEXy MHHUMAJIbHBIM U MaKCUMAJIbHBIM 3HAYCHUSMU TIap
aHAIM3UPYEMbIX TMPU3HAKOB. Takoi MOAXOJ TO3BOJISET TOBBICUTH BO3MOXKHOCTH
NpaBWJILHOTO  OOHapyKeHUs OOBEKTOB HAa  W300paKCHHSX, HCKaKEHHBIX
OJTHOYPOBHEBBIM M JBYXYPOBHEBBIM HMMIYJIbCHBIM 1IymMoM. Jljis JasibHEHIIero
YIYYIICHUS]  TOYHOCTH  JIOKATM3AMK  OOBEKTOB  MPEUIONKEHO  YUYHTHIBATH
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IMPOCTPAHCTBCHHBLIC PACCTOAHHNA MCKIAY IIHMKCCIIAMU IIPpU BBIYMCICHHUHU BCINYUHBI

CXO0XKECTH.

Paszpaboman memoo nocmpoernus obHosnseMOU MOOenu porogoeo kaopa I
BUJICOTIOCIICOBATEIIBHOCTH, (POPMHUPYEMOM CTAaTUYECKON BUICOKAMEPOU, KOTOPHIN
OTIMYAeTCs  MPUMEHEHHEM  HWTEPallMOHHOTO  MHOTOYPOBHEBOTO  CpPaBHEHUS
pacnpeeNieHHbIX TI0 BpEMEHHU KaJpoB MPH MOCTPOCHUU MACKH JIBUKEHUS HAa OCHOBE
MOTIMKCEIFHOW KJIACTEPU3AIINH, TOTUYECKUX B MOPQOJIIOTHYECKUX OTEePAIHid, YTO
oOecrieunBaeT yMEHBIIICHUE IITYMOBBIX 00s1acTel B Mojienu (poHa.

Paszpabomanvr  memoouxka u ancopumm  conpogodcoeHus ooeli  Ha
MIOCTIEIOBATENBHOCTIX M300pakKeHWH Ha OCHOBE OOHApYKCHHS M YCTaHOBJICHUS
COOTBETCTBHS MKy HUMHU:

- AneoOpumM  CONPoBOIICOeHUs. No0eli, WCTONB3YIOIMHNN CBEPTOUHYIO
HEHPOHHYIO CeTh ISl WX OOHapy>KeHUs, OTIWYAIOMIMICS TEM, YTO YCTAHOBIICHHE
COOTBETCTBUSI MEXIy M300pOKEHUSIMU IO Ha Kajapax BBIMOIHIETCS C
NpPUMEHEHHEM KOMIUIEKCa MPHU3HAKOB, BKIIIOUYAs MPOCTPAHCTBEHHBIE KOOPAMHATHI,
pa3Mephl, LBETOBbIE XapaKTEPUCTUKH, a TakKe NpPHU3HAKH, CHOpPMUPOBAHHBIC Ha
ocHoBe cBepTouHOoil HeWponHou cetn (CHC mpusnakum). Aaroputm obecreunBaet
paboTy B peXMME peaJbHOTO BPEMEHH I COMPOBOXKICHUS TISTH YEJIOBEK IPHU
peamm3zanuu Ha Bugeokapre NVIDIA GTX 1060 ¢ mpumenennem texnonorun CUDA;

- MemoouKka CONpoBON#COeHUsi No0el BKIIOYAET CTaauu OOHapyKeHUs
JTONEH, WX UICHTU(DUKAIUIO TO JUIYy, (GOPMHUPOBAHHWE KOMIUIEKCHOTO BEKTOpA
NMPU3HAKOB JIJIsI KaXKJI0T0 Ha OCHOBEe mpocTpancTBeHHBIX 1 CHC mpu3HakoB nuna u
Gurypsl 4enoBeKa, yCTAaHOBJICHHE COOTBETCTBHUS MEXIYy JIIOJbMU Ha KajJpax M HX
uHaekcanus. COCTaBHOW NECKPUNTOP HM300paKEHHUS KaKJOTO YEIOBEKa BKIIIOYACT
NPU3HAKY JIUI], BEIYHCIICHHBIC HA OCHOBE CBEPTOYHON HEHPOHHOW CETH, M KOMILJIEKC
NPU3HAKOB HM300pa)KEHUs YEJOBEKa, YTO TO3BOJISIET COMPOBOXKAATH JIIOJCH TMpU
HEBO3MOXXHOCTH UJICHTU(DHUKAIIAH JIHII.

Paspabomanwi ancopummel obHapyscenus OvimMa u niameHu, OCHOBAHHBIE Ha
aHaJHM3€e MPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHUK BUICOMOCIIEI0BATEIIEHOCTEH:

- aneopumm 0OHApyI’ceHUs OblMA, VCTIONB3YIOIUN H3BJICUCHUE TTHKCEIIOB
1 obsiacTelt ¢ MEJICHHON CKOPOCTBIO IBHXKCHH S, 00bETUHEHUE UX B CBSI3HBIC PETUOHBI
U omauyaowuticss KIAacCU(pUKAIMEHd pPETHOHOB IO HAMpPaBICHUIO JBIKEHUSA U
KoHTpacTy BeOepa, uro mo3BosisieT 3QQPEKTHBHO OTIMYATH JIbIM OT OOBEKTOB CO
CXOXXKUMU XapaKTECPUCTHKAMU U HE TpeOyeT 3HAUMTEIIbHBIX BBIYUCIUTEIIBHBIX 3aTPaT;

- aneopumm OOHAPYIHCEHU NIAAMEHU HA B8UOeONnoCled08amelbHOCHIAX,
KOTOPBI MPUMEHSET IIBETOBYIO (DHIIBTpAINIO, aHAIN3 BPEMEHHBIX N3MEHEHHUH TPAHMIT
U MIPOCTPAHCTBEHHBIX U3MEHEHUH SAPKOCTH HAa OCHOBE BEHBIET-MpeoOpa3oBaHMi AJis
BBISIBJICHUS O0JIacTeil Ha TIOCIENOBATENBHOCTSAX HM300paKEHUH, CXOXKHX C
U300paKeHUEM TUIaMeHHU. OmauuumenvHou 0COOEeHHOCMbIO ANTOPUTMA SIBIISIETCA
kinaccudukamuss  obsacted ¢ HCHOJIB30BAaHMEM  TEKCTYPHBIX  MPHU3HAKOB,
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q)OpMI/IpyeMBIX IIOCJIC JIOKAJIBHOI'O  JBOHMYHOI'O p336I/I€HI/IH, qTO ITIOBBIIIACT

pOOaCTHOCTH AITOPUTMA K H3MEHEHUIO OCBEIICHHOCTH CIICHBI;

- aneopumm oOHapyHceHus ObiMa U NAAMEHU, OMAUYAIOWULIC meM, ITO
JBIKEHUE W XAOTHYHOCTh TEPEMEIICHHS] TPUMEHSIOTCS B KayeCTBE WX OONIUX
xapakTepuctuk. Kiaccudukanus AeTeKTUPOBAHHBIX 00JIacTEl BBIMOIHSIETCS C
UCIIOJIb30BAaHUEM aHANIM3a KOHTPACTA, IBETOBOM (UIBTPAIIMKA U BEHBIET-00paOOTKH.
OOmme »9Tambl YNOPOIIAKT CTPYKTYpY aQIrOpUTMa H  TO3BOJAIOT CHHU3UTH
BBIYHUCIIUTEIBHBIC 3aTPaThl MPU HEOOXOAMMOCTH OOHApPYXKEHHUS 000WX TPHU3HAKOB
BO3TOpPAHMUS.

Paspaboman ancopumm knaccugukayuu uzobpasxiceHutl napKkoBOYHBIX Mech
a8mocmosnKy, OTIWYAIOIIUNACS TeM, 4YTOo Uil (QOpMUpOBaHUS MPU3HAKOB
UCTIOJIB3YIOTCSL TUCTOTPaMMbl ~ OPHUEHTHPOBAHHBIX TPATUEHTOB C  Hauboiee
3 PeKTUBHBIMU TIapaMeTpaMH, a KiIacCU(PUKAIMS JECKPUIITOPOB BBIMOJHIECTCS C
UCIIOIb30BAaHUEM METO/Ja OMNOPHBIX BEKTOPOB ¢ (YHKIMEH sApa HAa OCHOBE
NepeceyeHus TUCTOrpamMM, YTO B KOMIUJIEKCE TO3BOJIUJIO  TOBBICUTH TOYHOCTH
KJ1accU(UKAIMU IO CPABHEHUIO C U3BECTHHIMU METOIaMH.

HOJIO)KCHI/IH, BbBIHOCHUMBbIC HA 3aIIUTY

Memoouxa obnapydcenuss 00vbeKmo8 HaA U300PAdCeHUsAX ¢  OONbUUUM
paspeuienuem, WCTONB3YIONAs] CBEPTOUYHYIO HEUPOHHYIO CE€Th U TMUPaMUIAIBHO-
05104HYyI0 00pabOTKy, MO3BOJIAIONIAS MOBBICUTH TOYHOCTH OOHAPY>KEHUS OOBHEKTOB
MaJIbIX pa3MepOB.

Memooduxa oyenku cxodxcecmu uzodpasiceHuti, 00ECTIeYNBAIOINIAs MOBBIIICHUE
BO3MOXHOCTH TMPABUIBHOTO OOHApYKEHHsSI OOBEKTOB Ha H300paKEHUAX, KOTOPHIE
UCKKCHB HMMITYJbCHBIM IIyMOM, W YJIy4YIICHHE TOYHOCTH JIOKAJIM3AIlUU TpU
OTCYTCTBUHU IITyMOB.

Memoo nocmpoenuss modenu @onoso2o Kaopa, KOTOPHIH 0OecIeYnuBacT
yYMEHbIIIEHUE HIYMOBBIX 0o0JacTeil B MoJenu (OoHa, YTO CIIOCOOCTBYET MOBBIMICHUIO
s pexTuBHOCTH OOHapyKEeHHUS JBHKYILLUXCS 00BEKTOB Ha
BUICOIOCIIEIOBATEIILHOCTH METOJIOM COTIOCTaBJICHHS C (HOHOM.

Aneopumm CONPOBONCOCHUS MHOXMCeCmaa nooeti Ha
BUJICOTIOCTICAOBATEILHOCTAX JUJII CHCTEM HaONIOJCHUS BHYTPU TIOMEIICHUIA,
o0ecneunBarOmni YBETUUYEHNE TOYHOCTH COMPOBOXKACHUS JIIOJECH 1O CPAaBHEHUIO C
W3BECTHBIMH.

Memoouxa CONPOBOINCOCHUS MHOJICecmeaa Jrooell Ha
BUJICOTIOCIICAOBATEIILHOCTSAX, HCIOIB3YIOWAs HWIACHTU(QUKAIIMIO TI0 JUIaM s
YCTAaHOBIICHUSI COOTBETCTBHS HA KaJpax MEXAY JTIOJbMU M KOMIUIEKC MPU3HAKOB
M300pakKeHUs YEIOBEKa ISl COMPOBOXKICHUS TIPU HEBO3MOXKHOCTH HICHTU(UKALINN
0 JIUTIAM.
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Aneopummol  0OHapydceHuss OviMa U NIAMEeHU Ha TOCIEIOBATEILHOCTIX
M300paKEHUN Ha OCHOBE aHalM3a MPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPUCTUK,
IIPEIOCTABIISIONINE BO3MOXXHOCTh PAHHETO OOHAPYKEHUST BOTOPAHHSI.

Aneopumm knaccugurayuu uz06padxceruli NApKoBOYHvIX Mech Ha CBOOOIHbIC U
3aHATHIC, OCHOBAHHBIN Ha IPUMCHCHUH TUCTOTPAMM OPUECHTUPOBAHHBIX I'PAIUCHTOB H
METO/Ia OMTOPHBIX BEKTOPOB, TIO3BOJISIONINHN TIOBBICUTh TOYHOCTH KJIacCU(DHUKAIIHH.

JIMYHBIA BKJIAJ COUCKATEJS YYEHOMN CTENEeHHU

OCHOBHBIE TOJIOKEHHUSI, BHIHOCUMBbIE Ha 3allMTy, IOJIYYEHbl COHMCKATEIeM
AU4YHO. BKiajg HayyHOro KOHCYJIbTaHTA CBSI3aH C IIOCTAHOBKOM ILieNM M 3ajad
UCCIICJIOBAHUN, OOCYXKJIEHHUEM pe3yslbTaToB, [OJIY4YEHHbIX COHMCKaTesleM. B
IPEICTABICHHBIX IMyOJUKALUsAX C COAaBTOPAMU BKJIAJ COMCKATENsl OMpeesieTcs
paMKaMH M3JaraeMbIX B IUCCEPTALMU PE3YJILTATOB.

Anpodanus pe3yJibTaTOB IMCCEPTAIUU

OcHOBHBIE pe3ynbTaThl PAOOTHI  JOKIAABIBATUCH M OOCYXXKJAIHCh Ha
KoHpepeHnusax u cummo3uymax: International Conference on Pattern Recognition and
Information Processing (PRIP 2003, 2005, 2007, 2009, 2011, 2019), Minsk;
MexnayHnapoaHoii koHpepeHimn «IIpoOGiemMbl MPOCKTUPOBAHWS M TIPOU3BOJICTBA
paanodeKTpoHHBIX cpenct» (2002, 2004, 2006, 2008), r. Hoomonouk;
Mexnaynaponnoir  koHpepenuuu «OO0paboTka HHPOpMaUU W yIpaBICHUE B
Ype3BBIYAHBIX U SKCTpeMalTbHBIX cuTyarusaxy» (2004, 2006), r. Munck; IEEE Siberian
Conference on Control and Communications, April 20-21, 2007, Tomsk;
MexnayHnaponHoii koHpepeHiun «CoBpeMeHHas pPaJMOAICKTPOHUKA: HAy4YHBIC
MCCIICIOBAHMS U TIOJrOTOBKA KaapoB», 23—24 anpens 2008 r., r. Munck; International
Conference on Neural Networks and Artificial Intelligence (ICNNAI'2008), May 27—
30, 2008, Minsk; MexayHapoaHOW HAyYHOW KOH(EPEHIIUU 110 BOCHHO-TEXHHYECKUM
npobsiemam, mpoOjieMaM OOOPOHBI M OE30MACHOCTH, HUCTIOJIB30BAHUIO TEXHOJOTHUM
nsoiiHoro mnpumeHenus (2009, 2011), r. MuHck; MeXIyHapOJIHOH HAydHO-
TeXHUYECKOW KoH(pepeHuuu, nocpsmeHHoil 45-neturo MPTU-BI'YUP, 19 mapra
2009 1., 1. MuHck; MeXIyHapOaHON HAy4YHO-IPAKTHYECKOW KOH(pepeHuu
«MHbOopMalIMOHHBIE  TEXHOJOTHUU,  DBJICKTPOHHBIE  MPUOOPHI U CHUCTEMBI»
(ITEDS°2010), 67 ampens 2010 r., r. Munck; 9-ii MexayHapoJHOW Hay4yHO-
npakTudeckoi koHpepennuu «Mccnenopanue, pa3paboTka U MPUMEHEHHE BBICOKUX
TEXHOJIOTUH B MPOMBINIUICHHOCTHY, 22-23 ampens 2010 r., r. Cankrt-IletepOypr;
Workshop «Phuong Phap Giai Tich Hién Pai Trong Ung Dung & Hoi Thao Khoa Hoc
Cac Chuyén Pé Toan Olympic», 2010, Xauoii, BeetHam; MexayHapoaHO# HayqHO#M
koH(pepenmn «MuabopmaTika: mpobdieMbl, MeTooIoTHs, TexHoaorum» (2011, 2012,


https://ieeexplore.ieee.org/xpl/conhome/4233263/proceeding
https://ieeexplore.ieee.org/xpl/conhome/4233263/proceeding

7
2013, 2014, 2015, 2016, 2018), r. Bopone:x; Signal Processing Symposium, Jachranka

Village, Poland, June 8-10, 2011; XVII MexayHapoaHOW HAy4YHO-TEXHHUYECKOM
koH(pepennn «CoBpeMeHHBIE CpeacTBa CBI3U», 16—18 oktsa6ps 2012 r., r. MuHck;
MexayHapoIHOH Hay4dHO-TEXHHUYECKOW KoH(pepeHunn «HoBble HMHPOpManMOHHBIE
TtexHonoruu M cucremb» (2012, 2014) r. Ilensa; 5-ii MeXayHapoaHOW HAydYHO-
TexHnueckor koHdpepeniuu «IIpudopocrpoenuey, 21-23 HostO6ps 2012 1., . MUHCK;
X benopyccko-pocCUiCKON HayYHO-TEXHHUYECKON KoH(pepeHIn «TexHuueckue
cpenctBa 3ammThl uHGopMmarmuy, 29-30 mas 2012 r., r. Munck; International
conference on Signal Processing Algorithms, Architectures, Arrangements, and
Applications Proceedings, 26-28 September, 2013, Poznan; MexayHapoHOH Hay4HO
TEXHUYEeCKOW KoH(pepeHuuu, npuypodeHHo k 50-neruro MPTU-BI'YUP, 18-19
mapta 2014 r., r. Munck; 4" Korea-Belarus Science Forum, 17 Nov., 2015, Seoul;
MexayHaponHoi Hay4dHOU KoHpepeHIuu «HTemekTyanbHble 1 THPOPMaIMOHHBIC
TEXHOJIOTUU B popmupoBaHuu iuppoBoro oduiectsay, 20—21 utonst 2017 r., r. CaHkT-
IlerepOypr; MexyHapoaHou HAay4YHO-TIPAKTUYECKOU KOH(epeHuun
«H(DOpMalIMOHHO-KOMMYHUKAITUOHHBIE ~TEXHOJIOTHUHU: JOCTHUXKEHUS, MPOOIEMBI,
uaHoBanum» (MKT-2018), 14-15 wurons 2018 r., r. Hoomomomnk; International
Symposium on Neural Networks (ISNN 2018), June 25-28, 2018, Minsk;
MixHnapomHa HaykoBo-TexHIYHa KoH(pepenmis «Komm’rotepHa rpadika Ta
po3mizHaBaHHs 300paxkeHby, rpya3enb 2018 r., Binnuns; International Conference on
Digital Transformation in Logistics and Infrastructure (ICDTLI 2019), April 4-5,
2019, St. Petersburg, Russia; Workshop on Image Understanding Key Technologies
for Smart City, Zhejiang Shuren University, Hangzhou, China, Nov. 7th, 2019;
International Workshop on Intelligent Information Technologies & Systems of
Information Security (IntellTSIS-2020), Khmelnytskyi, Ukraine, June 10-12, 2020;
Bcepoccuiickoii  HayuyHO-TeXHHYeCKOW KoH(pepeHuun «TexHuyeckoe 3peHHE B
cucremax ympasienus» (2013, 2014, 2015, 2018, 2020), r. Mocksa; International
Workshop on Computer Modeling and Intelligent Systems (CMIS 2019, 2020, 2021),
Zaporizhzhia, Ukraine.

Ony0uKkoBaHue pe3yJbTaTOB JUCCEPTALUA

[lo wmarepuaniam nuccepranuu onyonaukoBaHo 106 HayuHbIx paboT:
1 moHorpadus; 32 ctaTbi B HAy4YHBIX KypHajaX B COOTBETCTBHU C IMYyHKTOM 18
[Tonoxenust BAK o npucyaeHuu y4eHbIX CTETIEHEH U MPUCBOCHUH YUEHBIX 3BaHUIM
B PecnyOnuke benapych u 3apyOeXHbIX HaydHbIX JKypHanax; 8 craredl B
pEelEeH3UpPYEMBIX JKypHaslax, He Bomenmux B nepeuenb BAK benapycu; 48 crateit B
MaTepHaliax HaydyHbIX KoH(epeHuuii; 10 Te3ucoB A0KIaI0B; / MaTEeHTOB.
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CtpykTypa U 00beM JUCCEPTALUU

HuccepranimoHHass padoTa COCTOMT W3 BBEACHMs, OOLIEH XapaKTepUCTUKHU
paboThl, ceMHW TJaB C KpPaTKUMH BBIBOJAAMH TI0 KaXKIOW, 3aKIFOYCHUS,
OouborpaduuecKoro CrucKa 1 MpUIoKEeHUH.

[TonHeIi 06beM AuccepTaliuu coctaBisieT 314 ctpaHull, BKIo4das 24 TabIUIIbI,
133 pucynka, 21 cTpaHHWIly CHOHCKa WCIHOJb30BAaHHBIX HWCTOYHUKOB U3 277
HauMeHoBaHuM, 11 cTpanull omyOIMKOBaHHBIX paboT aBTopa n3 106 HaMMEHOBaHMH,
17 crpanun npuiIoKeHU M.

OCHOBHAA YACTb

Bo 66edenuu nana xpartkas XapakTEpPHCTHKA HCCIeayeMoil oOnacTtu u
000CHOBaHa aKTyaJlbHOCTb TEMbI IUCCEPTALIMOHHON pabOTHI.

Ilepeasa 2nasa NOCBAILECHA aHAIN3Y CYIIECTBYIOUIMX METOJOB M aJIrOPUTMOB
00HapYy>KEHUS U COMPOBOXKICHUS 0OBEKTOB Ha MOCIEA0BATEIHLHOCTAX U300paKEeHUM
JUISL TIPAaKTUYECKOTro TpUMEHEHHs. PaccMOTpeHbl OCHOBHBIE THUIIBI apXUTEKTYP
CUCTEM BHJICOHAONIONEHUSI U O00sacTu wux npuMmeHeHus. OTMEYeHO, YTO
HEMPEPHIBHOE  COBEPIICHCTBOBAHUE  aNNapaTHBIX  CPEIACTB  MPEAOCTABIISIET
BO3MOXHOCTb [IJIi aBTOMAaTUYECKOT'0 PEIICHUS Pa3JIMYHBIX MPUKIAIHBIX 3a7ad C
UCIIOJIb30BAHUEM CUCTeM BHUaeoHabmoaeHus. [lokazaHo, yTo B HacTosee BpeMs
CyIIECTBYIOT ~ METOAbl U  aJNTOPUTMBI  OOpabOTKM  HW300paxKeHUd U
BUJICOTIOCIIEIOBATEILHOCTEHM, TpUBEAEH aHalu3 3(G(OEKTUBHOCTH MX MPUMEHEHUS
U1l OOHapyXKeHUs 00BEKTOB Ha m300pakeHmsix. OTHAKO MHOTOMEPHBIH XapakTep
BXOJHBIX JIaHHBIX, BPEMEHHBIE NPEOOPA30BAHUS JBHXKYIIUXCS OOBEKTOB Ha
MOCJIEIOBATEIILHOCTAX HW300paKEHUM, KOTOpbIE HE OMUCHIBAIOTCS WM3BECTHBIMU
QHAJIUTUYECKUMHU 3aBUCUMOCTSIMU, PE3KUE W3MEHEHUS YCIOBUIN BHICOHAOIIOICHUS
HE TO3BOJISIIOT B TOJHOW Mepe A((PEeKTUBHO peliath 3aJadyd Mo OOHAPYKEHHUIO
CTaTUYECKUX U JUHAMUYECKUX OOBEKTOB Ha BHUJICOIMOCIIEIOBATEIBLHOCTSIX, aHAIU3Y
UX CBOMCTB, pAacloO3HABAaHHIO, COIMPOBOXKICHHID MHOXECTBa OOBEKTOB W T. .
Crnenyer  OTMETUTh, 4YTO  MAaKCUMaJlbHO€  KCIOJb30BAHUE  TEXHUYECKUX
BO3MOXHOCTEH Buaeokamep st 3(HPEeKTUBHOM aBTOMATU3UPOBAHHOU 0O0pabOTKH
TaK)K€ TMOKa OrpaHWYEHO. DTO CBS3aHO C TEM, YTO YBEJIMUYECHHUE pa3pelarolie
crocoOHOCTH BUJIEOKaMEphl B JBa pas3a, Hampumep, ¢ ¢popmata 2K no 4K B passl
MOKET YBEJIMYHUTHh TPEOOBAHMS K aIlllapaTHBIM CPEACTBaM OOpabOTKHU JJISI OJHUX U
Tex ke anroputMmoB. IloaTomy Hapsigy ¢ mnoBbiieHUEM 3(PEKTUBHOCTH
oOHapyXeHHUs, aHAJIU3a U COMNPOBOXKACHUS OOBEKTOB IO BHJICOJAHHBIM CHUCTEM
BUJICOHAOIOICHUS TPEIBABISIOTCS TPeOOBAHUS TaKXKe K HEOOXOIUMOMY OOBEMY
BBIYMCIUTENBHBIX 3aTpaT. COOTBETCTBEHHO, aKTyaJbHBIM SBJISIETCS pa3paboTKa
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HOBBIX MCTOIOB H aJITOPUTMOB, KOTOPBIC IIO3BOJIAT IIOBBICUTH 3(1)(1)€KTI/IBHOCTB

00paboTKH, oOecredrBasi Ipu ATOM yAOBIECTBOPUTEIIHHBIN 00HEM BEIYUCICHU.
Bmopasa 2naea mocBsmieHa OOHAPYXKEHUIO OOBEKTOB HA OJUHOYHBIX
nzo0paxeHusx F u BugeomnocienoBaTenbHOCTIX V :{Fk}, rne K — Homep

n300pakeHus B MOCIen0BaTeabHOCTH. Ha KaXkIoM Kazipe BUIEONOCIEI0BATEIBHOCTH,
KaK MpaBUIIO, IPUCYTCTBYET MHOKECTBO OOBEKTOB:

OB. ={Ob;*}, q=1...Q. (1)

[To kpuTepHIO IBMIKCHUS KaXAbld W3 HUX MOXET OBITh OTHECEH K JIBYM
OCHOBHBIM KJIaccaM.
CmayuonapHuvlti  (HenoOBudiCHbll)  00bekm  Ha  TOCIEI0BATEIHLHOCTH

o S
N300paKEHUI ONMCBHIBAETCS MHOXKECTBOM Ipu3HakoB (Fty, ) u ero xoopauHaramu
q

(XObq,yObq), KOTOPBIE HE U3MEHAIOTCS B TEUYEHUE UHTEPBAJIa BPEMEHU (t) Taxon

00BEKT MOXKET OBITh MPEICTABICH POPMAIbHOU MOOEbIO:
O = (Ft3y, Xon,  Yon,» NS, ) @)

rae (thbq'XObq , yObq)zconstVF , ket; nggq — MHOXECTBO BO3MOXHBIX IIYMOBBIX

BO3JECUCTBUH HA OOBEKT.

Jsuoicywuiicst 00exm Ha IOCIEN0BATEIbHOCTH N300paXKEHUM XapaKTepU3yeTCs
usMeHeHuemM OJHOTO WM HECKOJIbKMX OCHOBHBIX MapamMeTpoB: (OPMBI, pa3Mepos,
KOOpJIMHAT B TEUECHUE HMHTEpBaja BPEMEHHU (t) Tpanchopmaruss Ghopmbl U (HIIH)

pa3MepoB 00ObEKTa MPUBOAUT K U3MEHEHUIO €r0 MPU3HAKOB Ha Kajapax ( ft ) Torna

00BEKT MOXKET OBITh ONMKUCAH POPMANbHOU MOOEIbIO:

Ob? =( 5, X5, Y5, NG, ) 3)

K D
rIe ng ,Yo. — KoopAuHaTel 00bekTa; Fty — MHOXECTBO IPU3HAKOB JBUXKYIIErOCS
q q q

00beKTa, thb ftOb , Vk et. IIpuuem ( ftgk N ftle ) € thbq.

Obnapyacenue oowexma (Ob®) peanusyercs cpaBuenneM npusHakos (Ob°) u
BCEX BO3MOXHBIX (ParMEHTOB Ha IJIOCKOCTH H300pakeHus. OCHOBHOHW 3ajadeit
SBJISIETCSI OTIPEJICIICHUE METO/Ia Pealn3allui C YYETOM TOCTABJICHHBIX OTPaHUYCHHM
JUTSL pelIeHus] TPAKTUYeCKOM 3amaun. B pabore paccmaTpwBarOTCS METOABI IS
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O6Hap}I)K€HI/IH 00BEKTOB I/1306pa}KCHI/I}I Ha OCHOBC COIIOCTABJICHHA C 3TAJIOHOM H C

ucmnoias3oBanuem CHC.
Obnapyacenue 08udicywe2ocss 00vekma PacCMaTPUBACTCS KaK OIPEACIICHHUE

MecTomonoxerns oobexta Ob® Ha TexyieM kagpe BUIEOIOCIE[0BATENBHOCTH F X Ha
OCHOBE 33/IaHHOTO.

Pazpaboran ancopumm obHapyscenus o0b6vekmo8 Ha uzobpadicenuu 8
CneKmpaivbHol obnacmu eelgirem-npeobpazosanus ¢ IPUMEHEHHEM MHOTOYPOBHEBOM
00paboTtku. MHcmonb3yst CBOMCTBO MPOCTPAHCTBEHHOM JIOKAJIM3allUU BEUBJIET-
npeoOpazoBaHus, 00HAPYKEHHE 0OHEKTOB BHITIOIHAETCS Ha OCHOBE OLIEHKU CXO0XKECTH
BEeUBIIET-KOA(D(PUITMEHTOB 00BbEKTa U U300paKEHUSI JIJIs1 BCEX BO3MOXHBIX CMEIICHUIM
OKHA B 30HE IOMCKAa M [UJIsI BCEX YpOBHEH BelBieT-pasioxkeHus. s storo
NpeIBAPUTEILHO BHIMOIHICTCS N dTamoB (N = Iogszin(Ml, MZ)J) OBICTPOTO

BeWBIIET-TIpeOOpa3oBaHuUs 0o0BbeKTa P= { p; j} paszmepom M, xM,

(M, =2M,=2"q,weZ). MuHUMH3AIUS BBIYHCIIATEIBHBIX 3arpar

o0OecrieunBaeTrcsd TMpUMEHEHHWEM BelBiera Xaapa jiuuHoi L=2. O6pabotka
BBITIOJIHSETCS TOJIBKO C UCTIOJIB30BAHUEM AIMIPOKCUMHUPYIOMUX KO PUIIESHTOB:

PO, )= 3| S PUi+k,2j+K) I, |, (4)
2=0

k=0 \_k

I
k — Tk, \/E\/E

st MIPUHSATOTO M300paKeHus A= {a”. }, I=0,N,-1j=0,N,-1

rie P°=P, g=0,n, i=0,M,/2°"~1 j=0,M,/2°" -1, |

BBITIOJIHSIETCS N 3TAIOB (n =log, | min(M,,M 2)J) MHBAapUAHTHOTO K CIBHUTY BEHBIET-

npeoOpa3oBaHus, KOTOPOE 3aKJIIOYAETCsl B BBIYMCIEHUM OBICTPOTO BEUBIET-
npeoOpa3zoBaHus JUIsl BCEX CIIBUTOB BEUBIIETOB:

L1 L-1
AT ) =D DAY+ 20K, j+2°k,) 0, |-, (5)
k,=0\ k,=0
rone A=A, g=0,n.

JUJ1s1 TIOBBINICHNSI MHBAPUAHTHOCTH K MIOBOPOTY OOBEKTA MCIOJIB3YETCS aHAU3
MOMEHTOB CTPOK U CTOJIOIIOB MAaTpHIl BeHBIeT-KOA(DHUIIMEHTOB O0O0BEKTa W
U300paKeHUSI.

[Ipennoxena memoouxa, TO3BOJNAIOIIAS  TMOBBICUTH  3()(PEKTUBHOCTD
OoOHapyXeHHsI OOBEKTOB HEOOJBIIUX pPa3MEPOB Ha HM300paKE€HUAX OO0JBIIOTO
paspemieHusi, TpeOyromass MHOTOMAcIITaOHOTO TMPEACTABICHUS H300paKeHUs,
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OyiouHol 00paboTku ¢ mepekpoitTheM, npuMmeHeHus CHC nns kaxmoro Onoka u

oObeMHeHNsT 0OHAPY)KEHHBIX 00JaCTeH M BKIIIOYAIOIIAS ATAIIBI:

1. HaxoxeHue xoinyecTBa ypoBHEH NMUpPaMHJIbl U300paXEHUI € y4ETOM
TOTO, YTO Pa3Mepbl BEPXHETO YPOBHS JOJKHBI OBITH MPHUOIMKEHBI K pa3Mepam
BXOJHOTO cyos ucnoiaszyemon CHC:

P =[log, (max(W,H)/1)]+1, (6)

rae W, H — mupuna u Beicota Bxoguoro usoopaxenus; | x| — pasmep Bxomnoro cios
ucnonszyemoir CHC; [*] — OKaiIee mesoe.

2. Pazbuenne nzoOpakeHus Ha P ypoBHE Ha OJIOKHM C TiepekpwiTheM. [lpu
ATOM UX KOJMYECTBO OIMpPEAEISETCS COTTIAaCHO BBHIPAKEHUIO:

Bp:(WJ&)-(#J&):[BWP][BHP] (7)

rae P — HoMmep ypoBHs nupamuisl, P =1, ..., P; k — BenumumnHa ogHOTO 3Tana cusura
Omoka, B mukcemax. llpu okpyrmenun B, mubo B, B cropony ymeHbueHus

NOCJIEAHUN HEMOJIHBIA OJIOK OOBEAMHSIETCS € MPEABIIYIIMM M MacliTabupyercs K
pasmepy BxojgHoro cnosi CHC, a ipu yBenuyeHUu — OJIOK JOTOTHSAETCS HYJISIMHU.

3. OO6napyxenue o0jacTei-KaHIUuAaTOB, KOTOPbIE MOTYT COJEpXKaTh
o0BekT uiu ero gpparment. Kaxxnprit 6110k o0padateiBaetcs ¢ ucnonb3zoBanueM CHC,
a oOHapy»eHHast 00JaCTh-KaHUJAT OMUCHIBAETCSI HAOOPOM MPU3HAKOB:

- H 1 1 1 1 H

F=(X:Y1%. Y, E,CI) 8)
rae X, Y, — KOOpAMHATHI BEPXHETO JIEBOIO YIJIa HAWJEHHOW O0JacTH HAa HCXOJHOM
N300paxkeHuu; X,,Y, — KOOPAUHATHI HUKHETO MPaBOro yria HalJIeHHON 00JacTH Ha

UcxXoaHOM m3o0pakenuu; E — yBepennocts CHC B mpaBuiibHOW KiaccuHKaIu,
Cl — xitacc BeIIEIEHHOTO B JAaHHOW 00J1acTH 00OBEKTA.

4, OObenuHenne 00J1acTe-KaHu1aTOB.

4.1. Jns oovennnenus obnacreii-kanauaaros O; u O; ucmonb3yercs aHaius

BEJIMYHMHBI UX MEPEKPHITHS HA BCEX YPOBHSIX W OJIOKax, a TakKe MPUHAICKHOCTh K
OJIHOMY KJIaccy:

loU(0,,0,)>0,5, Cl, =CI, (9)

rae loU (O,,0 J.) = ﬁ, I,jeL,N|i# j,N—komuaecTBo obacTeli-KaHIUIATOB.
i j
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Jeckpuntop o0benunennoi oonactu F(O') popmupyercs kak

£0)- ) " . (0)
max(E?,E J),CI(max(Eo',Eo’))

4.2. Tlpu 6mounHo#i 00pabOTKE PE3yNbTaTOB IETEKTUPOBAHUSA BO3MOXKHO, UTO
OJIMH U TOT K€ OOBEKT WJIA €ro (PparMeHThl MOTYT ObITh OOHAPYKEHBI CO CMELIEHUEM
KOOpAMHAT Ha pa3HbIX MaclITabax UM B coceqHUX sueiikax. Kpome aroro, npuzHaku
(¢parmeHTa 00BEKTAa MEHBILIETO pa3Mepa MOTYT OTIMYATHCS OT MPU3HAKOB UCXOHOTO,
naxke ObIThb ONMXKE K JEeCKpuUrropaM Jpyroro kiacca. Ilostomy nomoiaHUTETHHO
IPUMEHSETCS TPaBUIIO, IO KOTOPOMY AHAIU3UPYIOTCS U 00BEAUHSIOTCS BCe 00JIaCTH,
NOJIyYeHHbIE HA IIPEIbLAYIIEM HIare:

10U(0,0)>0,2 &Cl, =Cl; & d, >, & d, >t,, (11)

rae d,u d, — 3HAYEHUA PA3HOCTH MEXTy pasMepaMu 06TacTel-KaHuIATOB 110 OCAM

x 1 Y coorerctBenHo; U, u t, —moporossie 3HaYCHH.

TectupoBanue OOHapyeHUs OOBEKTOB HEOOJBIIUX PA3MEPOB BBHIMOJHEHO C
ucnonbzoBanueM CHC YOLOv3 nHa BeiOopke u3 780 mzo0pakeHuil ¢ pazpernieHuem
4K. Bcero Ha n300pakeHUSIX aHHOTUPOBaHO 6 049 00BEKTOB JIBYX KJIACCOB «YETOBEK)
U «TPAHCHOPTHOE CPEACTBO» C pazMepamu oT [24x14] mo [308x763]. Kiacc
«TPAHCHIOPTHOE CPEACTBO» SIBISETCS COCTABHBIM, TaK KaK B HEro BKJIKOYEHBI
«aBTOOYC», «MAILIMHAY», «KTPY30BUK». B KauecTBe OLIEHKH KauecTBa pabOThl aJITOPUTMA
paccuuThIBaJIach cpenHss TouHocTh MAP (meanAveragePrecision). Pe3ynbTathl
HKCIIEPUMEHTOB MMOKA3aJIH, YTO TIPH JIFOOBIX 3HAYEHUSX BEJIUUYHH MEPEKPHITUS OJIOKOB
0. ¥ IOporoBoil BenuuuHbl 1 111 E oOecrieunBaercs mpeBblilieHUe 3HaueHuss MAP
(rabmuma 1) 1o OpeaIoKEHHOHM METOIMKH 1Mo cpaBHeHH0 ¢ MAP=0,47 nns
ucnonszyemon CHC.

Ta6muma 1. — Pesynbrarsl uccnenoBanus 1t 4K nzo0paxeHuit mo nmpeaioxKeHHON
Mmetoauke, mMAP

T o
15 20 25 30 35 40 45 50 55 60 65

65 0,712 0,713 0,703 | 0,654 | 0,736 | 0,723 | 0,717 | 0,711 | 0,728 | 0,739 | 0,728
70 0,716 | 0,718 | 0,712 | 0,664 | 0,729 | 0,744 | 0,729 | 0,723 | 0,730 | 0,742 | 0,749
75 0,702 | 0,686 | 0,699 | 0,654 | 0,735 | 0,731 | 0,711 | 0,714 | 0,747 | 0,759 | 0,733
80 0,678 10,682 | 0,674 | 0,645 | 0,732 | 0,711 | 0,709 | 0,705 | 0,740 | 0,733 | 0,727
85 0,641 | 0,668 | 0,657 | 0,645 | 0,696 | 0,686 | 0,687 | 0,693 | 0,707 | 0,700 | 0,722
90 0,613 | 0,639 | 0,638 | 0,605 | 0,646 | 0,643 | 0,655 | 0,646 | 0,640 | 0,699 | 0,684
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BrlonHeHO TecTUpOoBaHUE TOYHOCTH OOHApyKEHUsI 00bEKTOB HA Habope u3 540

8K m3obpaxenuit. Jng CHC YOLOv4 mMAP=0,29, mnpu uCHIOIb30BAHUU
paspabotannoit metoauku MAP = 0,609.

lIpeonoswcena memoouka oyenku cxodrcecmu uzo0pasxcenuti 1uisi OOHAPYKEHUS
00BEKTOB Ha U300paKCHHUSIX U BHICONOCIIEIOBATEIBHOCTIX, KOTOPAs npeonoiazaem,
YTO JJis BBIOPAHHBIX XapPaKTEPUCTHUK H300paKEeHUN OOBEKTOB HOPMHUPOBAHHAS
BEJIMYMHA CXO0XKECTH PACCUMTHIBACTCS HAa OCHOBE IOCJIEOBATEIBLHOTO BBIYMCIICHUS
OTHOIIEHUS MEXKJYy MHUHUMAJIbHBIM © MaKCHMJIbHBIM 3HAUYCHHEM  Mapbl
aHAJIM3UPYEMbIX MPU3HAKOB U ATHHEUITUM UX CYMMHUPOBAHUEM WM YMHO)KEHHEM B
3aBUCUMOCTH OT MOAM(UKALMMU C Mocienyromeid Hopmanuzauuend. Tak kak mnpu
HaXOKJICHUU OTHOIICHUS MEXAYy CPaBHHBAaCMBIMU MpH3HAKaMHU HEOOXOJUMO Ha
NEPBOM IIare ONpeNeINTh MHUHHUMAJIbHBIA HJIM MaKCUMJIbHBIA Cpelud HHUX, TO
(YHKIIMHM Ha30BEM HOPMUPOBAHHBIMU MUHUMAKCHBIMU DYHKYUAMU CXOHCECMU.

Takum 00pazom, I OLEHKH CXOJCTBA HM300pakeHHU O:{Oij} u Bz{bij}

pasmepom N x N Ha ocHOBe mpeI0KEeHHON METOIMKH TPUMEHSFOTCS:
— HOPMHUPOBaHHAss MUHUMAKCHAsI MyJIbTHILTHKATUBHAS (DYHKIIHSI CXOXKECTH:

SMMMULT HH mln( ij? ) (12)

1 ja max(0;.b; )’

— HOpMHPOBaHHAA MHUHHMMAKCHAA aJAUTHBHAA (I)YHKHI/DI CXOXKCCTH:

mln(o” , )

Z&p=1; 13
max( o, bP) be P (13)

S MMADDP 1 %
2 o
I J IJ ]

— HOpMHPOBAaHHAaA MUHUMAKCHAsA YCPCAHCHHAS a/IUTHBHAA CI)YHKI_II/IH CXOXKCCTH:

o
|
ol ol

, ecn [0, —0 |2|b, —b |,
N &4
SZMMADD — (14)

,emM%—EN%—BL

2|
=
{8
™
oo
ol ol

rae 0 u b — cpenaHue 3HaueHus uzoopaxenuii O u B , peZ & p=>1.

C yderoM H3MEHEHUS YPOBHEW spKocTH u3o0paxenuid or 0 mo 255 mnpum

MMMULT MMADDP
S )

BBIYHUCIICHUN CXOXCCTH IIPUHUMAIOTCA YCJIIOBUA: JIA AJIA I1apbl
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CpaBHMBAaeMbIX MPU3HAKOB Sij = 1, ecnu ajj = bjj = 0; npu BeIYKCICHUH SZMMADD" g
napbl NPU3HAKOB Sij = 1, ecim |0, —0_|:|bij —b |=0.
JlanpHelmee yaydlIeHHE BO3MOXKHOCTH BEpPHOH JIOKaW3aIllid OOBEKTOB
OCYIIECTBIISIETCS 332 CUET y4E€Ta PACCTOSIHUM MEXy MHUKCEIaMU WIM MPU3HAKAMU, B

O6I]_I€M CiIyda€ IIpu BBIYUCIICHUN BCIIMYHWHBI CXOKCCTH. Tor,ua HOpMHUpPOBaHHas
MHUHUMAaKCHasA agaJuTHUBHAA (bYHKI_II/ISI CXO0KECTHU BBIYUCIIACTCA KaK

WA min(of b”) min(o; ,b;")

S IMMMADDP W —122 gij

=55 max(o b ) max(oj b;’) ’

(15)

rne peZ&p=1; W — Hopmupyromuid Ko3QPUIUEHT, KOTOPBIA BHIYUCISIETCS KaK

NN NN

W=>>g. (16)

i=1 j=1

HOpMI/IpOBaHHaH MWHHMAKCHasA YCPpCAHCHHAA AU THUBHAA (bYHKLII/Iﬂ CXO0XKECTH
C YU€TOM paCCTOHHI/If/'I MCXKAY MMPU3HAKAMHU PaCCUUTBIBACTCA KaK

P

~—— |, ecrm o, — 0| 2|b, —b|&|0, — 0| > b, —b:

s ((4-5)(0,~0) B 5o 5
ZZgij — — | , ecnm [0, — 0| 2[b, —Db|&[b; —Db|>Jo; —of;
SIMZMMADDP W—l == (OI _0) (bJ _b) (17)
NN NN (oi —6) (oj —6) " _ _ _ _
> >0, _ — |, ecam [, —b[>|o, —0|&b; —b[>Jo, —o];
i1 j1 (bi —b) (bj —b)
NN NN (oi —6) (bj —6) ] _ _ _ _
> >0, _ —= |, ecm |b, —b[>|o, —0|&[o, — 0| >[b, —b],
g (bi —b) (Oj —O)
rne peZ&p=1.
[IpuHuMarOTCsl yCIIOBUS: TPU BBIUUCIECHUN (DYHKIIUU CXOXKECTH G IMMMADD® g
napbl CPAaBHUBAEMBIX IPU3HAKOB 5/ MMMADD" =1l,ecrmai =bi=0wu 5 IMMMADD" =1, ecnu

! J

P P — —
aj = by = 0. ITpu Beruncnenun S™VMAPP™ . gMAMMADDT 1 “ecny (0i —0 ): (bi —b )=0

n 5]V~ 1 e (o, _O_)Z(b" b )=0'
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HpeﬂCTaBHCHH PE3YJIbTAaThI I/ICCJIC,Z[OBaHI/Iﬁ, KOTOpPBIC  IIOKa3aJiki, 4YTO

MUHUMAaKCHas aJiIATUBHAS (PYHKIUS CXOKECTH MO3BOJIIET MPABUILHO OOHAPYKUBAThH
00BEKTHI Ha N300PAKEHUAX C MIIOTHOCTHIO UMITYJILCHOTO IITyMa B 1,6 pasa Bbliie, 4eM
A ApyTux (QYHKOHA cxoxecTH. HopMmupoBaHHAass MUHUMAaKCHas yCpeIHEHHAsS
aanuTUBHAs QYHKLHUS CXOKECTU MPEACTABISIET BO3MOKHOCTD YIIYUIICHHUS] TOYHOCTH
JIOKaJU3aluy C YYE€TOM JINHEMHOTO U3MEHEHUSI YPOBHEW aHAJIU3HPYEMbIX MIPU3HAKOB
n3o0paxkenuid. JlanpHeiliee yaydilieHHe TOYHOCTH JIOKAIHM3AIUU OOBEKTOB MOXKET
OBITh TOCTUTHYTO 3a CUET y4eTa MPOCTPAHCTBEHHBIX PACCTOSHUN MEXAY MHUKCeIaMu
CpPaBHUBAEMbIX M300paKEHUH.

B mpempueit 2nase npencrapiieHbl pe3yiabTaThl OOHAPYKEHUS U COITPOBOXKIACHUS
JIBUKYIIUXCA OOBEKTOB HA  BUJEOMNOCIEIOBATEIBHOCTAX, IMOJYYEHHBIX CO
CTalMOHapHOW  Buaeokamephl.  CONpPOBOXIEHHE  JBUXKYIIETrocss  OOBEKTa
paccMaTpUBaETCs KaK OINpPEAECIICHHE MECTOIOIOKEHNS OJTHOTO U TOrO )K€ OOBEKTa Ha

KaXJIOM KaJIp€ BHUJIECOIOCIEA0BATEIbHOCTH B TEYEHHE HWHTEPBAIA BPEMEHHU (t)

[Ipennoxkena cienyromas Kiaccugurkayus npusHaKo8 OBUNCYUWUXCS 00beKmog Ha
BUJICONOCIIEOBATEIBHOCTAX: CMELEHUE, TPAEKTOPHSI, CKOPOCTh U YCKOPEHHE, BpEMS
nBuxkeHus. Tpaekropusi NBUKEHUsT 0O0BbEKTa MPEACTABISAET COOO0M MOCIe10BaTEIbHOE
oTOOpakeHUE  JIBIDKCHHST (WM  TIepeMelleHus)  JaHHOro  oObeKkTa  Ha
BUJICOTIOCIIEIOBATEILHOCTH, (POPMUPYEMON HEMTOJIBUKHON BUICOKAMEPOA:

Tr(Ob®)=(0b?), vket. (18)

[TpencraBieH MeTOa MOCTPOCHHS MOJETH (OHA W AITOPUTM OOHAPYKECHUS
JBWOKCHHS C €r0 HCIOJb30BaHHWEM, KOMOMHHUPOBAHHBIH allfOPUTM OOHApY KCHHUS
JBWOKCHHS C MCIIOJIb30BAaHUEM OJIOYHOTO METOJa OICHKH JBHIKCHHS, aJTOPHTM
COIIPOBOXICHUS JBUKYIITUXCS 0OBEKTOB.

Pa3paboTan u 3amaTeHTOBaH MemoO HOCMPOEeHUsi U OOHOGNEHUSs MOOelu
@onosoco kaopa 1 OOHApPYXKEHHS JABMKYIIMXCS OOBEKTOB B  CHCTEME
BUJICOHAOJIIOICHUS, KOTOPBI TpeOyeT MTEpallMOHHOIO MHOTOYPOBHEBOI'O aHaln3a
HCYETHOTO KOJIMYECTBA KaJApPOB W3 BHCOIMOCIEIOBATCILHOCTH, (OPMHUPYEMOM
CTaTHYECKOM BUICOKAMEPOM, C 3aJaHHBIM HHTEpBaioM Mekay HUMH. Jlis N kaapos
tpebyercs (N-1)/2 ureparuii. Ha ka)xaoii U3 HUX [JIs COCEIHUX map 0OpadaThIBaeMbIX
KaapoB (QOPMHUPYIOTCS OWHApHBIC MAacKH JBWIKCHHS TIEPBOIO YPOBHS IyTEeM
CpPaBHCHHS HHTECHCHUBHOCTECH ITMKCEJIOB C OJMHAKOBBIMH KOOpPJMHATAMU U
nocieaywmieil Mopdosornyeckoi QuiabTpanuen. 3atemMm ISl KaKJIOW  Maphl
MOJyYEHHBIX MAaCOK MPUMEHSIETCS JIOTHYECKOe YMHOXKEHUE i (OPMUPOBAHUS
OMHApHBIX MAaCOK JIBMDKCHHS BTOPOTO VYPOBHS, KOTOPBIE HCIIOJB3YIOTCS IS
noctpoenus (N—2) BcrmoMorarenbHbIX KaapoB. B Takux Kajapax SIpKOCTH IMHKCEJIOB,
NPHUHAUICIKAIIHNE JIBIDKYIIIEMYCSl 00bEKTY, 3aMECHSFOTCS 3HAUCHUSIMU HHTEHCUBHOCTEH
IIUKCEJIOB ¢ TAKMMH K€ KOOPJUHATAMM C OJTHOTO M3 COCEIHUX BXOIHBIX KaapoB. Jliis
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BCIIOMOI'aTCJIBHBIX KaApPOB HUTCPALIMOHHO IIPUMCHANOTCA TAKUC KC OIICpallkuu o0

HOJy4YeHUs] OJIHOTO Kajpa, KOTOPBIA npunumaiom 6 Kadyecmee Gonosoco. OH
OOHOBJISIETCA 3a CYET M3MEHEHUs HCXOJHOro Habopa KaJpoB, BBHIOPAHHBIX U3
BUJICONOCIEAOBATEIBHOCTH, W  NPUMEHEHUd Uil  HEero  pa3padOTaHHOIO
UTEPALIMOHHOTO MHOTOYPOBHEBOT'O aHAJIN3A.

[IpoBeneHHble UCCIIENOBaHMS IOKa3ajld, YTO JAHHBIA METOJ MO3BOJISET
YMEHBIIUTh BEPOATHOCTD JIOKHOTO OOHAPYKEHUS MTUKCEIIOB C IBUKEHHEM 0oJiee ueM
B JIBa pa3a Ha BUJEOIOCIE0BATEILHOCTAX C HEOOIBIIUM KOJIMYECTBOM JBUKYLIUXCS
00BEKTOB, HE YXY/IIasl IPU 3TOM BEPOSITHOCTh TPABUIILHOTO OOHAPYKEHUS TUKCETIOB,
OTHOCAIIMXCS K 00MacTsIM ABMKEHUS. TakuMm o0pa3oM 00ecreurnBaeTcsi yMEHbIICHHE
myma B mojenu ¢ona. Ha pucynke 1 mnpuBeneHbl pe3ynbTaTbl OOHApY>KEHUs
JBUKEHUSI METOJIOM MOMMKCEJIbHOTO BBIYMTAHUS (POHA C UCIIOJIb30BAHUEM PA3IMUYHbIX
aIrOpuTMOB (OPMUPOBAHUS €TO0 MOJENH, MOATBEPKAAIONINE TAaKXKE YMEHBIICHUE

Kanpst
BHJIEONOCIIE0BATEND-
HOCTEH

bunapnas Macka
JABUXKCHUSA mpu
HCHOJIb30BAHUU
MIPEUI0KEHHOTO
MeToAa

bunapnas Macka
JBIDKEHUS Ui

aNTOPUTMa Ha OCHOBE
HAKOIUICHHS
unpopmanuu o hone

bunapunas macka
JBUOKCHMS JIJIs1 METO 1A
Ha OCHOBE
HOPMAaJIBHOTO
pacnpeneneHus

Pucynok 1. — O0HapyskeHue ABHKEHHS IPH UCIOJIb30BAHNH Pa3/IMYHBIX AJITOPUTMOB
NOCTPOeHHs (POHOBOIO KaJapa

CompoBokJieHHE OOBEKTOB BBITIOJNIHIETCSI HAa OCHOBE pa3pabOTaHHOTO
QITOpPUTMAa, KOTOPBIM COCTOMT W3 OCHOBHBIX IIIaroB: OOHApY>KEHUE IBIKYIIMXCS

o6nexToB Ob™ 1 Ob’ Ha TexymeM u Ha cileyIOmEM KaapaX COOTBETCTBEHHO, Iie t

— HOMep Kajpa; 3anoiaHeHue mMaccusoB V, u W,,, mpu3sHakaMu 0OBEKTOB, BKIIOYAs
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KOOpAHWHATBI, pasMCpbl, HCHTP MACC W HAIIPpABJICHUC ABUKXCHHUA, OLCHKY CXOXKCCTHU

00BEKTOB Ha KaJpax IyTeM IIOUCKa JUId KaKJ0ro 31eMeHTa V, o0iactu ¢ Haubosblien
sim

cxoxectpto OB}’ Ha kampe (t+1) B 3a7aHHOM OKHE Kajpa, IpUYEeM €CIIM 3HAYCHHE

OOJIBIIIE TOPOTOBOTO, TO OOBEKT ABJISAETCS compoBokaaeMbiM OB ; ecin Ha kaape

(t+1) B obmactu Ob’] 0OHApPYKEHO HECKONBKO IBIDKYIIUXCS ()PArMEHTOB, a BCE

ycioBus BeIoJHAOTCS 111 Ob" , To 06BEKTOM COMPOBOKIEHUS CUMTAETCS (PParMeHT
Kajapa, KOTOPBI BBIIEISACTCS TPSIMOYTOJBHHKOM MHHHMAIBHBIX — Pa3MEpoB,
BKJTFOYAIOIMM BCe OOHApy:KeHHbIe 00beKTh B 00actu OB’ ; 3amonHenne maccusa

+1 7
i kangpa (t+1) ¢ yderoM coOmpoBOXKIaeMbIX U OOHApPY)KCHHBIX Ha HEM HOBBIX
00bekTOB. OOHOBJICHHE U UCIIOJIL30BaHUE MMAPAMETPOB, XaPAKTEPUIYIOIIUX OOBEKT B
MOMEHT €ro MOCIEIHEr0 0OHAPYKEHUS IS COMTPOBOXKICHUS, a TAKKE KOPPEKTUPOBKA
€ro cmelmleHus Ha oOpabaThiBaeMOM  Kajpe 00ecleuyMBaeT BO3MOXKHOCTb
MOCJICYIOIIETO COMPOBOXKIEHUS 00BEKTA MTPU KPATKOBPEMEHHOM MOTEPE OMTHUECKON
CBSI3U C HUM WJIH MPOITYCKOM €r0 AETEKTOPOM.

JInst oOHapyKeHUsl JBUXKYIIMXCS OOBEKTOB Ha BHUCOMOCIEIOBATEIHHOCTIX
OpEeAJIOKEH KOMOMHUPOBAHHBIM aIrOPUTM C HUCIOJIL30BaHUEM OJIOYHOTO METOo/Aa
OIICHKM  JIBWKeHUs. JIJIsI  COKpallleHHsi BPEMEHHBIX 3aTpaT  MCIOJIb3yeTcCs
nupaMuJaIbHOE MPECTaBICHUE KajJipa W MIA0JOHHBIN MOUCK Ha dTare MOCTPOCHUS
NpEeABAPUTEIBLHON KapThl BEKTOPOB ABWKEHHs. Jlaliee OCylIECTBIAETCS YyTOUYHEHHE
BEKTOpHOTO ToNis Kazapa. [lpm sTomM mpuMmeHsieTcs wMeauaHHas (QuibTpanus
BEKTOPHOT'O TOJISI B Mpelesiax OJHOr0 Kajpa /i YJaJleHUs JIOXKHBIX BEKTOPOB
NBIDKCHUS.  Pe3ynbTatoM  sBJISIETCS  KapTa BEKTOPOB  JIBUKEHHUS, KOTOpas
COOTBETCTBYET ABMXKYyIIUMCS obsacTssM. COOTHECEHUE TaKUX 00iacTel ¢ 00beKTaMu
HAa KaJpe OCYLIECTBISIETCA TMOCIE€ UX JOKaJIM3alUuu [yTEM OINPEEICHUs
COHAINPaBJICEHHOCTH W CMEUIEHHS Ha OCHOBE aHalM3a BEKTOPHOrO IMOJS Kajpa.
3HaUYeHUE CXOXKECTU BETMYUHBI CMEIICHUSI BEKTOPOB BHIYUCIISIETCS C UCTIOJIb30BAHUEM
aJAIUTUBHOM MUHUMAaKCHON ()YHKLIUH CXOKECTH.

Yemeepmas 2naea noCBALIEHA OOHAPYKEHUIO U CONPOBOHCOCHUIO MHOIHCECMBA
J00etli Ha BHUJIEOTMOCIIEIOBATEIBHOCTSIX C MCIOIB30BAHHEM CBEPTOUYHBIX HEHMPOHHBIX
ceteil. PazpaboTaHHbIi anrOpUTM OCHOBAH Ha COMPOBOXKICHUN Yepe3 OOHAPYKEHUE U
TpeOyeT oOHapyKeHus JTroeH, GOopMUPOBAHUS BEKTOPA MPU3HAKOB IS KAXKIIOTO U3
HUX, YCTAHOBJICHUSI COOTBETCTBUM MEXJy HHUMH Ha Kajpax, HOCTOOpaboTKy,
WHJIEKCAIIMIO KaKJI0T0 YEeJIOBEKa, OMPEICIICHUS UX HaXOXKJEHUS B KaJipe, BhIICICHUS
paMKO#l YesoBeKa MpHU ero NpucyTcTBUM B Kajape. B kauectBe momenu CHC st
JETEKTUPOBAHUS JIIOZIEH B mpeniaraeMomM ainroputme ucnonszyercs CHC YOLOV3.
JInst onucaHusi U300pAKEHUST YeJIOBEKa MPEJJIoKEeH Ha0Op MPU3HAKOB (COCTABHOM
JNECKPUINTOpP), KOTOPbIA BKItoUaeT BbhluucieHHble: CHC mpu3Haku Jyisi OCJIEIHETo
NPaBUJILHOTO OOHApY)XKEHUs; TUCTOIPAMMHBIE MPHU3HAKKM KaHajla IIBETOBOIO TOHA
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npoctpancTBa HSV, BbluMcieHHBIE TpHU MOCIEAHEM MPABUIBHOM OOHAPY>KEHUU

00BbEKTa; KOOPJIMHATHI IIEHTpa OOBEKTa; IIMPUHY M BHICOTY €ro Ha HpPEeIblIylleM
kanpe. g nonyuyennss CHC npusnakoB npemioxena apxurekrypa CHC, xoropas
COCTOHT M3 29 CBEPTOYHBIX M OJJHOTO MOJHOCBI3HOTO CIIOEB M (POPMUPYET BEKTOP H3
128 3HaueHuii MpU3HAKOB Il M300paxkeHus venoBeka. MoauduuupoBannas CHC
oOydyeHa Ha KOMIUIEKCHOM 0a3e MaHHbIX U3 HabopoB m3oOpaxenuit PRID u iLIDS,
KOTOpBbIE ObLIN MMOATOTOBJICHBI JIJIsl PELLICHUS 3a/1a4 COMPOBOKIACHMSI JII0IeH HAa BUACO
U TIOJy4YeHbl C pa3IMYHBIX BUJeokamep. B pesynbrare chopMupoBaHHBI HabOp
JTAHHBIX COCTOUT u3 1030 0a30BEBIX 00BEKTOB,
T. €. pa3au4HbIX Jrojeil. KomndecTBo n300paeHnii sl KaXKA0T0 YeIOBEKa pa3HOe U
u3Mmensiercst ot 85 mo 360. Ha TtectroBoii BeIOOpKe W3 m3o0paxkenuir 300 mromeit
BEPOSTHOCTD MPaBWIbHON Kiaccudukamuu coctaBuia 99,7 %.

JUis BceX COMpOBOXKIAEMBbIX JIIOJEH U OOHApPY)KEHHBIX Ha TEKYIIeM KaJpe
BBIUMCIISIFOTCS] 3HAUEHUSI CXOXKECTH, Ha OCHOBE KOTOPHIX (hopmupyercs marpuna. K
HEll MpUMEHSETCS] BEHTePCKUN alIrOpUTM JJIsi YCTAaHOBJICHHUS COOTBETCTBUS MEXKIY
OOHApYXEHHBIMH U COIMPOBOXKAAEMbIMH OOBEKTaMHU. YMEHBIICHHE BEPOSTHOCTU
JIO’)KHOTO W3MEHEHUS WHJEKCAIlMM TIOCNe CIOKHBIX CIIy4aeB IBIIKEHHUS JIIOACH C
MHO>KECTBEHHBIMHU MEPEKPHITUSIMHU JOCTUTAETCS 3 CUET TOTrO, YTO B JECKPHUITOPE, Ha
OCHOBE KOTOPOT'O BBIIIOJIHAETCS. HEIPEPHIBHOE COMPOBOKICHIE, OOHOBIISIOTCS TOJIBKO
KOOPAMHATHI 00BEKTa, €ro MIMpHUHA U BhICOTa. [lapamMeTp mepeKphITHs BBIYUCIACTCS
Ha ocHOBe kod(dunmenta XKakkapna. s onpeneneHus MOMEHTa BBIXOJIa YEJIOBEKA
U3 KaJipa ¥ IPEKPaIleHUsI €r0 COMIPOBOXK/ICHHUS B aJITOPUTME UCTIOJIb3YETCsl YCIOBHE:!

d._.>euwmR<n, (19)

feat

128
rae d, = Z( for = Fore)’ s Tores Toee - CHC npnsHakm oGbeKTa Ha TEKyIIEM KaJpe
j=1

U MpPU TOCIIETHEM €ro NpaBWIBHOM OOHApYXeHHH; R — CXO0XKEeCTh T'MCTOTPaMMHBIX
IPU3HAKOB IIBETOBOIO TOHA JJisi W300pKEHUW 4YelOBEeKa MNpPU IMOCIEIHEM €ro
NpaBUJIBHOM OOHAPYKEHUU M HA TEKYIIEM KaJpe; €U 1 — [IOPOroBbl€ 3HAUCHHUS.

[Ipn oueHke >(PPEKTUBHOCTH aAITOPUTMOB COMPOBOXKIAEHUS MPUMEHEHBI
KPUTEPUH:

— TpyIa KPUTEPHUEB, XapaKTEPHU3YIOMIMX OOHAPYKEHHUE COMPOBOXKIAEMbIX
OOBEKTOB, BKJIOYAET TOYHOCTh M TIOJHOTY, @ TaKXe KOMIUIEKCHBIA KpUTEpH,
MO3BOJISAIONINH OLIEHNBATh 3P(HEKTUBHOCTH MO €AMHOMY MTOKA3aTeIo:

2TP
2TP+FP+FN’

IDF, = (20)
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rne TP, FP, FN — KkomudecTBO TpaBUIIbHBIX OOHAPYKEHUM, JIOKHBIX

OOHapyKEHHII M TMPOMYCKOB COMPOBOXKIAEMbIX OOBEKTOB Ha BCEX KaJpax
BU/JIEOIIOCIIEA0BATEILHOCTH;
— TOYHOCTh COMPOBOXKEHUS MHOXKECTBA OOBHEKTOB:

ZkFNk+FPk+MMk

Zka |

rac MMk — KOJIMYCCTBO CPBIBOB COIIPOBOKIACHHUA 3a CUCT IICPC3axBaTa JIOKHOI'O

MOTA=1-

(21)

oObekTa rmpu conpoBoxaeHnn Ha K -m kanpe; G, — Kolm4ecTBO 00BEKTOB Ha Kajpe;

— KpUTEpH, XapaKTEPU3YIOIIMI TOUYHOCTh OINPEICICHUS] MECTOIMOJIOKECHUS
(TOYHOCTB JIOKAJIU3aI[M1) COMIPOBOXKIaeMbIX 0OBEKTOB Ha KaJpax:

> 10U(Ob, ,0bf),
> NOb, ’

rae Obi ,Obie — COMPOBOXKJaeMbId 00OBEKT U COOTBETCTBYIOIIMI 3TAJIOHHBIN U3 0a3bl

MOTP = (22)

nanabix; NOb, — KoiIH9ecTBO COMpPOBOXKIaEMBIX 0OBEKTOB Ha KaJpe;

— Tpylmna KPUTEPUEB, OICHUBAIONINX TPACKTOPUH JBUKCHHUS OOBEKTOB:
Koym4ecTBO otciexkuBaeMbix (MT), gactnuno otciexuBaeMbix (PT), moTepsTHHBIX
tpaekropuii (ML) u KoimuecTBO (parMeHTaINi TPACKTOPHUH.

— CKOPOCTB pabOThI AITOPUTMA COTPOBOXKICHHUSI, KQJAPOB B CEKYH/TY.

Peanu3oBanbl 1Be MoauduKanuy pa3pab0TaHHOTO alrOPUTMa, OTIUYAFOIITHECS
apxutektypamu  CHC, KoTopple TPHUMEHSIOTCS JUIS OOHApPYKEHUS JIFOJICH:
moaudukanus 1 nmpumenser CHC YOLOv3, momudukamus 2 wucmnonpdyer CHC
YOLOV4. B Tabnurie 2 npuBeIeHbI pe3ybTaThl CPABHEHHS AITOPUTMOB.

Ta6muma 2. — CpaBHeHue 3(pGHEeKTUBHOCTH aJITOPUTMOB COTIPOBOKICHUS

AJITOpUTMBI Kputepuu
IDF1 MOTP | FP FN FM | MT | PT | MM MOTA
DeepSort v2 0,545 0,819 | 135 | 1759 | 215 | 14 3 61 0,8793
Momdukarust 1 0,833 0,824 | 252 959 195 16 1 21 0,9237
Momdukarus 2 0,807 0,829 | 395 | 754 194 | 15 2 39 0,9266

Ha pucynke 2 mnpencraBieHbl o00pabOTaHHBIE aNTOPUTMOM  KaJpbl C
VHJICKCALIMEN JIFOAEH W3 TECTOBOM BHUICOIOCIEIOBATEIBHOCTH C HEOJHOPOIAHBIM
OCBEIIEHUEM, HAJTMYUEM TEHEH, Ha KOTOPBIX MPUCYTCTBYIOT TPHU UEJIOBEKA, BHEIIIHUE
NPU3HAKA KOTOPBIX CXOXKU. M3 mpumepa BUIHO TakKe, UYTO JBHXKEHHE KaXKJ0ro
YEJIOBEKa XapaKTEPU3YETCS CIOXKHBIMU TPACKTOPUSIMUA U TEPECECYEHUSIMU MEXIY
cOOOM ¢ MOJTHBIM IEPEKPHITHEM, OJHAKO MHJICKCAIIUS COXPaHSICTCS MpaBUIbHAS.



PucyHnok 2. — [Ipumep conpoBoskaeHus J10/eil mocJie ux nepexkpoITus

JUist  ynydiieHusT KadeCTBEHHBIX XapaKTEPUCTHK COMPOBOXKICHUS JIHOJEH
BHYTPH TIOMEIICHUN TPU CIOKHOW TPACKTOPUU WX JBWKCHHUS H 00€CIeUCHUS
BO3MOXXHOCTH X UJECHTU(UKAIIUY 110 N300paKEHUSIM JIUII, XPAaHUMBIX B 0a3e TaHHBIX,
npeoiodceHa MemoouKa, KOTopasi BKIIFOYaeT: 0OHapyKeHue Jtojiel; popMupoBaHue
BEKTOpa TMPHU3HAKOB JJISI KaXJ0ro; OOHAapy)KeHHWE M paclo3HaBaHUE JIMIA B
JNETEKTUPOBAHHON Ha MPEABIAYIIEM dTare 00JacTu U300paKeHUS; UACHTU(DUKALIUIO
YyelioBeKa IO JIMIly; YCTAHOBJICHHE COOTBETCTBUSI MEXAY JIOJbMU Ha KaJpax;
WHJICKCAIIHIO JIFO/ICH; IONMOJHUTEIBHYIO TPOBEPKY HATHYMSI M300paKEHUS YeIIOBEKA B
KaJIpe; BbIJIETICHUE PAMKOU YeJIOBEeKa MPHU €ro MPUCYTCTBUU B KaJpe.

JInsi yCcTaHOBIICHHMSI COOTBETCTBUSL MEXKIY JIOJbMH Ha BXOJHOM Kajape U
CONPOBOXKJIAaeMbIMHM TIpejyiaraeTcsi (OpMUpPOBATH COCTAaBHOM JIECKPUNTOP MPH
OMHMCAHUH KaXKJI0TO YEJIOBEKa, BKIIIOUAIOIIHMI: KOOPIMHATHI IEHTPA, IUPUHY U BHICOTY
o0JacT! dYelloBeKa Ha KaJpe MpH TPEAbIAYIEM ero OOHApY>KEHUU; KOOPIWHATHI
LIEHTpa, MIUPUHY M BBICOTY OOJACTH JIMIIA HA KaJpe NOpu MPEAbIyLIIEM €ro
obHapyxenur; CHC mnpuszHaku sl MOCJIEAHEr0 BEPHOTO paclO3HABAHUS JIHIIA
COMNPOBOXKJIAeMOT0 OOBEKTA; PACCTOSHUE MEXKAY BBIUUCICHHBIMH TpPHU3HAKAMU H
pU3HAKaMH U300paKeHUsI, COOTBETCTBYIOIIETO N300payKEHHUIO JIUIIAa U3 0a3bl TAHHBIX;
KOJIMYECTBO HEMPEPHIBHBIX PE3yJbTaTOB OOHAPYXKEHHs JIMIa TPU OTCYTCTBHUH
pacnio3naBanwusi; CHC npusHaku Bceil PuTypsl 4eoBeKka U BEPXHEH €€ MOJTOBUHBI TTPU
MOCJEAHEM MPABUILHOM OOHAPYKEHUHU; TUCTOTPAMMHBIC MPU3HAKK YEJIOBEKA MpU
MocJaeAHEM MPaBUWIbHOM 0OHapy>KEeHUH, WHJIEKC YyeJioBeKa B
BUJICOTIOCIIEIOBATEILHOCTH; UMs udenoBeka. [IpoctpanctBennsie 1 CHC mpuszHaku
JUIa YeJIOBEeKa MO3BOJISIIOT OOECIEYUTh BBICOKYIO TOYHOCTH COIPOBOXKICHUS TPH
BO3MOYKHOCTH PACIiO3HABAHMSI JIUI] HA MTOCJIEI0OBATEILHOCTIX N300pakeHnid. Hammame
B Jneckpunrtope mnpoctpaHcTBeHHbIX, CHC u rucrorpaMmMHbIX MpPHU3HAKOB
M300paXKeHUsl 4YejaoBeKa IMO3BOJSIET O0ECHEUHUTh MPABUIBLHOE COMPOBOXKIEHUE TPHU
HEBO3MOXXHOCTH ero wuaeHTudukaruu 1o Juiy. OnpegeneHbl OCHOBHBIE
xapaktepuctuku ¢ ucnonb3oBanueM CHC YOLOvV4 pu o6Hapyxenuu: IDF1 = 0,946;
MOTP =0,828; MT =16; MM =47, FM =194; MOTA = 0,9324. Pe3ynbTathl TpEKUHTA
mofiel Ha (parMeHTax KaJpoB CIOKHOW BUIEOTOCIEAOBATEIIBHOCTH, BKITFOUAIOIICH
IIECTh 4YEJOBEK, IIOKa3aHbl HAa PUCYHKE 3 U TOATBEPXKAAIOT MPABWIHHOE
CONPOBOXKJICHHE.



Pucynok 3. — ConpoBo:kieHue Jw/eil ¢ HCIoJIb30BaHNeM HUIeHTHPUKAINHI 10 JTHIAM

Ilamasa 2nasa NocBsIIEHA Pa3pabOTKE KOMNIEKCA ANCOPUMMOE OOHADYIHCEHUS.
OblMa U NAaMeHy Ha OCHOBE aHaJIM3a JJAHHBIX CUCTEM BUCOHAOIIOICHNUS.

[IpencraBien areopumm obHapyHcenus OblmMa Ha BUACONOCIEA0BATEIbHOCTSX,
Ha TEPBOM 3Tare KOTOPOTO BBIMOIHACTCS MpeABapUTENIbHAs 00pabOTKa BXOIHOTO
KaJpa, BKIIIOYAIoIas mpeodpa3oBaHue K IpagalisaM Ceporo, YIydllIeHne KOHTpacTa
Iy TeM SKBAJIM3AIMHA THCTOTPAMMBI U BBIJICIICHHE allIIPOKCUMHUPYIOIICH 001acTH 1Mociie
IBYKPAaTHOTO BeHBIET-IpeoOpazoBanuss Xaapa. Jlamee W3BICKAIOTCS MEIJIEHHO
JBYOKYIIHECS TMUKCEIbl U 00JIACTH METOJ0M BhIuUTaHHs (poHa. X oObequHEHHE B
CBSI3HBIC PETMOHBI BBITIOJHACTCS C HCIOJB30BAHHWEM OIepaliii MaTeMaTH4YeCKOU
Mopdonoru U KOHTYpHOro aHamu3a. OTIMYUTENBHON OCOOCHHOCTHIO aNTOpHTMA
SBIISIETCSL TAK)KE€ TO, YTO KJIACCH(UKAIMS CBA3HBIX PETHMOHOB OCYIIECTBIIACTCS Ha
OCHOBE aHajM3a HX BEKTOPOB JBHKCHHS, OINPEACIAEMbIX OJOYHBIM METOIOM
BBIYHCJICHHUS ONTHYECKOTO TIOTOKA 10 TPEM OCHOBHBIM HAIPABICHUSM JBUKCHHSI
neiMa (457, 90°, 135°), u Beuncienus koHTpacta BeGepa. Takoii moaxo Mo3BOJISET
OTJIMYATh JbIM OT OOBEKTOB CO CXOXXKHM ITOBEJACHHEM HE TpeOys 3HAYUTEIIbHBIX
BBIUMCIIMTEIbHBIX 3aTPaT (PUCYHOK 4).

—

Pucynok 4. — O0Hapy keHHbIe 00/1aCTH AbIMA HA BH/EONOC/IE0BATEIbHOCTAX

Hns  obuapyscenus naamenu Ha BUACONOCIEAOBATEIBHOCTAX MPEIIOKEH
ITOPUTM, TIPEITONATAIOIINNA BhISIBJIEHUE 00J1acTel, KOTOPhIE MOTYT ObITh OTHECEHBI
0 CBOMM XapaKTepUCTHKaM K IUIAMEHM Ha OCHOBE I[BETOBOW (MIbTpalUM B
npoctpancTBe RGB u ananu3a BpeMeHHbIX U3MEHEHUI I'PaHULl U IPOCTPAHCTBEHHBIX
M3MEHEHUH SIPKOCTH 00JIaCTH Ha OCHOBE BeiiBieT-ipeodpazoBanus. Kinaccupukamms
HalJIEHHBIX 00JacTeil OCYIIECTBIAETCS C IPUMEHEHUEM CTATUCTUYECKUX TEKCTYPHBIX
IPU3HAKOB, OMNpPEAENSEMbIX IO MaTPULE BXOXKIACHUH, W LBETOBBIX MPHU3HAKOB,
ONpEeNeIIEMBIX 110 HOPMAJIM30BaHHBIM rucTorpammaM cocrasisitomiux H u S u3 HSV
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IBCTOBOI'O MMPOCTPAHCTBA HA OCHOBC MCTO/1a K OmmKkaimmx COCG,Z[GIZ. OTianunTenbHOM

O0COOEHHOCTBIO AJIITOPUTMA SIBIISIETCS BBIUHUCICHWE TEKCTYPHBIX MPHU3HAKOB IMOCIE
nmpeoOpa3oBaHus W300paKECHHWS B TOJYTOHOBOE H TPUMEHEHHUS JIOKAIBHOTO
JIBOUYHOTO pa30UeHMs], 4TO 00eCrieYMBaeT MHBAPUAHTHOCTh aJIrOPUTMA K U3MEHEHUIO
OCBEIIIEHHOCTU  CIICHBI.  AJITOPUTM  XapakTepuzyeTcss  poOacTHOCThIO K
JETEKTUPOBAHUIO JIOKHBIX 00J1acTel HAa N300paXKEHUHU, KOTOPBIE CXOKHU IO [IBETOBBIM
XapaKTePUCTHKAM C IJIaMEHEM (PUCYHOK 5).

JIBMKEHUE SBIISETCS OOIIUM MTPU3HAKOM JIBIMA U TUTAMEHH M HCTIOB3YETCS TS
U3BJICUCHUS U3 TEKYIIEro Kajpa o0jlacTe-KaHIuIaTOB B pa3pab0OTaHHOM aleopumme
ooHapydicenus Ovima u niamenu. J{ns HaWICHHBIX 00JacTed BBIMOJHACTCS aHAW3
XAaO0TUYHOCTH CMEIIEHUsI BEKTOPOB JBIKEHUS, OMPEACISIEMBIX OJIOYHBIM METOIOM
BBIYHCIICHUS ONTHUYECKOTO MOTOKA, YTO TO3BOJISIET CHU3UTH BEPOSITHOCTH JIOKHOTO
oOHapyxernus. C ydeToM pa3iaudusl SPKOCTHO-IIBETOBBIX XapaKTEPUCTHUK MPU3HAKOB
1o’kapa MPUMEHSIOTCS [IBETOBAsK CErMEHTAITUS IS IJIAaMEHU 1 aHaJIM3 KOHTpacTa IS
npiMa. OTIMYUTETEHON 0COOCHHOCTHIO aJITOPUTMa SBIISIETCS] UCTIOIB30BaHUE HA ITArle
KJaccu(UKaIMu TPOCTPAHCTBEHHOTO M BPEMEHHOIO BeUBieT-aHaln3a o0nacTei-
KaHIUJIATOB JIJIS TUTAMEHU | JUTs ibiMa. [IpocTpaHcTBEeHHOE BeWBIeT-MpeoOpa3oBaHme
OpUMEHSETCS N7 OompeneneHus o0jacTu JAbpIMa IyTEM aHajiu3a dSHEpPTuu
BBIYHMCIICHHBIX 3HAYCHWH BBICOKOYACTOTHOW 00JIACTM TEKymero ©u (GOHOBOTO
n300pakeHud. sl onpeieieHnss MEpIaHus TPaHUIl, XapaKTEPHOTO JUIS JAbIMa H
IUITAMEHU, UCIIOJb3yEeTCsl OJHOMEPHBIM IPOCTPAHCTBEHHO-BPEMEHHOM BEMBIICT-
aHanmu3. C ero moMOIIbI0 PACCUUTHIBACTCS KOJMYECTBO BEUBIIET-IKCTPEMYMOB IS
KXo oOmactu wm3oOpakenws. CpenHue 3HAYEHUS BEPOSITHOCTEH MPABUIHLHOTO
OoOHapy>XeHUsl JJIs TaHHOTO aldroputMa coctaBisitor 87 % nns apima u 92 % s
IUTaMEHHU, OOHApyXCHHE IJIAMEHH W JbIMa OOECIeYMBAcTCs HE IMO3qHEe 3 C TpHU
4acToTe KaJapoB 25 Kajp./c mocie ux Bo3HUKHOBeHUs. [IpumMepsl paboThl anropurma
MoKazaHbl Ha pUCyHKe 6. [IpuMeHeHHe eAMHBIX MPUEMOB OOPAOOTKM YMPOIIAET
CTPYKTYpy alTOpUTMa ¥ TIO3BOJISICT CHHU3WUTHh BBIYMCIHMTEIBHBIE 3aTpaThl Ha
oOHapykeHHe 000UX IPU3HAKOB MOXKapa.



Pl/IcyHOK 6. —Oﬁﬂapymerme AbIMA U IVIaME€HHU aJITOPUTMOM

Pazpabotan ancopumm panmneco obGHapydicenus OvbiMa J1eCHO20 NOdiCapa Ha
MOCJICTIOBATEIBHOCTSIX M300PKEHUN C Yy4E€TOM OCHOBHBIX MEMIAIONMUX (PaKTOPOB:
3HAYUTEINIbHAS YJATICHHOCTh TOYKM BO3TOPAHUS OT BUICOKAMEPBI, YTO MPUBOJUT K
HEO0O0XO0JIMMOCTH OOHAPYKUBATH 00JIaCTh, MPUHAJICIKAIIYIO ABIMY, MAJIBIX PA3MEPOB;
JIBIDKyIIMECS oO0Jjlaka; TyMaH; CJIOXKHBIA (QoH u3 jaepeBbeB. OCHOBY allrOpUTMa
COCTaBJISIET TPOCTPAHCTBEHHO-BPEMEHHOM aHaU3 OJIOKOB MallbIX pPa3MEpoB,
W3BJICKAEMBIX W3  KaJAPOB  BHJEONOCIEAOBATEIBHOCTH, C  HUCIOJb30BAHUEM
HOPMAJIM30BaHHBIX JECKPUIITOPOB KoBapuaiuu. OrpezaerneHne OJIOKOB JJisi TaKOro
AQHAJIN3a BBITIOJHSIETCA HA OCHOBE OLEHKH JIBUKEHHS W IIBETOBOM CETMEHTAIMU B
nBetoBoM mnpoctpanctee HSV. Tlpu knaccudpukanumu o6acteit UCHOIb3yeTCs METO.T
Ha OCHOBE OMNOPHBIX BEKTOpPOB. IIpoBelneHHBIE HCCIEAOBAHUS MOKA3ald, YTO
oOHapy’KeHHE JbIMa JIECHOTO TOXapa BBIMIOIHIETCS ¢ BPEMEHHOM 3aJIep>KKOM 710 5 ¢
npu  Yactore  KaapoB 25  kamp./c  (pucyHok  7), Ha  CIIOKHBIX
BHJICOTIOCJIEAOBATEIIBHOCTAX, KOrJa IUIOTHOCTh JIbIMAa OYE€Hb HHU3Kasi W OH
pacrpoCTpaHseTCs C MAJIOH CKOPOCTHIO, IbIM OOHAPYKUBAETCS ¢ OOJbIIIEH BpeMEHHON
3aJICPIKKOU.

Frame: 1596 Frame: 277 Frame: 153

PucyHnok 7. — O6HapyskeHHbIe 00J1aCTH IbIMA JIECHOIO I0Kapa

B wecmoit 2nase paccmarpuaercs npobnemMa xkraccuguxkayuu uzoopaxcenutl
NApPKOBOUHBIX MeCm a8MOCMOAHKY Ha CBOOOJHBIC M 3aHATHIC HA OCHOBE JAHHBIX
CUCTEM BHJCOMOHUTOpWHTA. JIIsi ee pemeHus mpeajiaracTcs airopuT™M ¢
UCIIOJIb30BAaHUEM THUCTOTPAMM OPHUEHTHPOBAHHBIX T'PAJUCHTOB I (HOPMHPOBAHUS
BEKTOpa MIPU3HAKOB M METO/IA OMTOPHBIX BEKTOPOB /IS X KIacCH(PHUKAIUU. AJITOPUTM
MOCTPOCHUSI BEKTOpa IMPU3HAKOB IMAPKOBOYHOTO MECTa HAa OCHOBE THCTOTPAMMBI
OpPHEHTHUPOBAHHBIX TPATUEHTOB TPEOYET BHIMOIHEHHUS CISAYIOIINUX IIIaroB:
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1. Brrunciienue rpagueHToB st n3o0paxkenus | ¢ pasmepamuWwx h

Gy =L, M% G/ =1, -M, (23)

.
rae 0<x<w,0<y<h; M (M “M y) — MUCKPETHBIHN nudHepeHIUPYIOIIHIA OIIepaTOp
(M* 1 MY mast oceit X U Y COOTBETCTBEHHO).

2. Beoruncnienne Moayiist Bekropa rpaauenta G, u opuentauuu 6, s

nzoopaxenus | :

y

G
G,, =+ /Gxx,yz + ny’yz , 6, =arctan Gxx'y (24)

X,y

1 (OpMUPOBAHUE MATPHUIIBI TpagneHToB G 1 opueHTanuii O m3obpakenus | .
3. Pazbuenme G mnHa sueiriku C_ . pasmepom C, xC, u HakomieHue

MOHIHOCTeﬁ rpaauCHTOB B COOTBCTCTBHUU C OPUCHTAIUAMU 0 JJIA Ka)I(I[Oﬁ N3 HUX:

|-2—“se. <(1+1)-=—=,

ij? b ij

e O,I-%>Oi'j uo, >(l1+1)-

L] =

1)-cw-1
e |G

Con = (25)

rne b — umcno opuenTanmii B suelike, KOTOPOE ONpPEAEISETCS IMOCTABICHHOM

. w h
sagadeir, 0<l<b, 0<m<cw, O<n<ch, cw=—, ch=—.
w Ch
4. OO6benunenue srueek B Onoku B, pasmepom B, x B!
Cf,g T Cf+BW—1,g
B =| i . : | (26)
Cf,g+Bh—1 Cf+BW—l,g+Bh—1

rre 0<m<cw, 0<g<bh, bw=cw-B,+1, bh=ch-B, +1.

5. ®opMUpOBaHUE BEKTOPA MPU3HAKOB:

5.1. Beruucienue BTOpOii HOPMbI OpHEHTaLM stueek Oioka B, !

f+B,-19+B,-1 b-1 |
ol 35 Sl @
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5.2. Hopmanu3zanusi opueHTaIui ssueex O0JIoKa:

Clfo— (28)

5.3. CocraBieHne BEKTOpa MPU3HAKOB:

=C' "o, (29)

b-By,-By-(bw-g-+ f )+b-(By( j—)+(i— )+ ij

Pasmep Bekropa d 3aBHCHT OT pa3Mepa m300pakeHus Wxh, pasmepa sdeek
C, xC, u pa3mepa 6moka B, x B, , a Takxke oT Konn4ecTBa OpHeHTauuil B stueiike D .

Takum 00pa3oM, KOJUYECTBO 3JEMEHTOB B MPU3HAKOBOM BEKTOPE MOXKET OBITh
OIIpeJIeNIeHO KaK

D, =b-B, -8 | W 1|[ 1| (30)
C C,

w

JUia  ompeneneHuss 3HAUYEHUHW  MapaMeTpPOB  JECKPUIITOpAa  MPOBEACHBI
AKCIIEPUMEHTAILHBIE MCCIEAOBAHUS C HCIOJIb30BAHUEM H300paKEHHsS] MApKOBKU W3
0a3pl  ganHbix Pk-Lot. [Ins TecTtupoBaHus airopuTMa HMCIMoJb3oBaHbl 2 153
M300paXEHUS TIAPKOBKU C OOIIMM KOJMYECTBOM HM300paKCHHI MApKOBOYHBIX MECT
292 808, koTOophIe OBUIM MONYYEHBI IPU PA3IMYHBIX MMOTOJHBIX yCIOBUsSX. Ha ocHOBe
AKCIIEPUMEHTANIbHBIX ~ UCCIEJOBAHUM  ycmaHosleHbl Haubolee 3(ghekmusHble
3HAYEHUsL NAPAMempo8 0eCKpunmopa: pasmep U300pakeHus: MapKOBOYHOT'O MeCTa —
64%72, pazMep sUehKH — 8X8, KOJIMUECTBO OPUEHTAIINH B siueiike — 16. YcTaHoBiIeHO,
9TO (DYHKITUS Si7jpa HA OCHOBE TIEPECEUCHUS TUCTOTPAMM 00€CTIeunBaEeT HAMOOIBIITYIO
BEPOSTHOCTh TMPABWIBHON KIACCU(UKAIIUU JECKPUIITOPOB TMAPKOBOYHBIX MECT.
PesynbraThl K1accuuKanum Mmoka3aHbl HA PUCYHKE 8.

@ — COJTHEYHO; 0 —HAJIN4YHe TeHH; 6 — MocJIe H0MK/Is1; 2 — IACMYPHO
Pucynok 8. — Pe3yabTaThl KJiaccupUKAIMU NAPKOBOYHBIX MeCT



26

[IpennoxkeHHblid  anroput™M  00ECIEUMBAECT  TOBBIIIEHWE  BEPOATHOCTH
NpaBWIbHOW KiIacCU(UKAIMU HM300paKEHUM MAPKOBOYHBIX MECT MO CPABHEHHUIO C
CYIIECTBYIOIIMMH, BEPOATHOCTD MPaBMIIbHON Kinaccuduxaimu coctasmuser 0,997.

B ceovmoii 2naee npencrasieHsl pazpaboTaHHbBIE NMPOTPAMMHBIC PEIICHUS HA
OCHOBE PE3YJIbTATOB UCCIICIOBAHUI.

Ilpocpammnas  cucmema  8UOEOHAONIOOEHUs C  ABMOMAMUSUPOBAHHBIM
O0OHapyHCceHuem OBUNCYUUXCA 00BEKMO8 U 0OHAPYIHCEHUEM NONHCAPO8 HA OMKPBIMbIX
NpOCMpancmeax MOXKET ObITh HCIIOJIb30BaHA KaK MPOTOTUIT KOMIUIEKCHOM CHCTEMBbI
BUJICOMOHUTOPUHTA WM WHAWUBUIYAIBHO [JIS PEIICHUS Pa3INYHbIX MPUKIATHBIX
3a/lay: OXpaHbl MEPUMETPOB ¢ HEOOJIBIIUM KOJMYECTBOM JBMIKEHUS — CKJIAJIbI, 0a3bl,
CTOSIHKH U APYTHE O0BEKThI. AJITOPUTMBI 00pabOTKU BUACOUH(DOPMAIIMK PEATU30BaHBI
C UCIOJBb30BaHHWEM s3bIKa TMporpamMmupoBanust C++, OHOIMOTEKH alrOPUTMOB
KOMITBIOTEPHOTO 3peHusi u 00paboTku wu3o0paxkenuit OpenCV. K ocHOBHBIM
(YHKIMOHATBHBIM XapaKTEPUCTUKAM MPOrPAMMHON CHUCTEMBI OTHOCSTCS: OBICTpast
ajanTamus s JIOCTaTOYHO IIHPOKOTO JHaria3oHa YCIOBUNM CHhEMKH;, BO3MOXKHOCTh
BbIOOpA 30HBI JIETEKTUPOBAHMS B KaJpe; 3ByKOBOE U BH3YaJIbHOE OIOBEIICHUE TPH
OOHapYKEHUH JBIKYIIETOCS OOBEKTa WM BO3HMKHOBEHHH II0XKapa; BO3MOXKHOCTH
3a/IaHHsl TI0JI30BATEJIEM TPAHUYHBIX Pa3MEPOB JABUKYIIUXCS OOBEKTOB; 3aIIUCh BUACO
HEMPEPHIBHO WA TpPU OOHAPYKEHUW JABUKEHUS WIA BO3MOXKHOCTH COXPAHEHUS
WH(OPMAITMOHHBIX KaJpOB B BHUJC OTACIbHBIX HM300paKEHHM C yKa3zaHUEM JaThl U
BpEMEHH OOHAPYXEHUS JBUKCHHS C BBIJCIICHUEM PaMKON OOBEKTOB; BO3MOKHOCTb
O0TOOpaXEHHS TPACKTOPHUH JABMXKCHUS; pacUIMpeHre (PyHKIIMOHATBHBIX BO3MOXKHOCTEH
MyTeM MOJIKJIFOYEHHS JIOMOJHUTENbHBIX MPOrPaMMHBIX MOMAYJE€H — IjuaruHoB. Jlms
3((PEKTUBHOTO  HMCMHOJB30BaHUSI  BBIYMCIIMTEIBHBIX  PECYPCOB  MHOTOSIEPHBIX
MPOLIECCOPOB peaTn30BaHa TEXHOJIOTHS MapauiesibHON 00paboTku naHHbIXx OpenMP.

Pazpabortan npocpammmuelii.  MOOyIb  OOHApPYHCEHUS, PACNO3HABAHUS U
COnpoBodcoenuss aodell IS CUCTeMbl «YMHbBIA aoM». [IporpamMmHuasi peanusaius
paccMOTpeHHbIX B TiaBe 4 anaroput™MoB wucnois3dyer OpenCV mist 3axBara
BUJICOTIOTOKA U M3BJICUEHUE KAJPOB U3 HETO Jisi 0OpaOOTKH U JUIsl KIACCHUYECKUX
orepalui ¢ u300paKeHUsIMHU, TAKUX, KaKk U3MEHEHUE pa3Mepa Kajipa, KaJpupoBaHUE U
OTPUCOBKAa TNPSIMOYTOJIBHUKOB Ha U300paxkeHWU. [l OCHOBHBIX MPOLEIYP
ANTOPUTMHYECKONW 00paOOTKU HUCTIONIB3YETCSl MPOTrpaMMHO-AIIapaTHas apXUTEKTypa
napajiesibHbIX BBIYMCIEHUN sl Bcex omnepauuii ¢ npumeHeHuem CHC, kortopas
MO3BOJIIET CYIIECTBEHHO YBEJHMYHUTh BBIUYUCIUTEIbHYIO MPOU3BOJUTEIBHOCTD
omarogaps ucnonszoBanuto GPU NVIDIA ¢ texnonorueit CUDA. Takoil moaxo
NO3BOJIMJI  O00ECHeUYuTh pabOTy B PEXKHUME PEATbHOIO0 BPEMEHH CO CKOPOCTHIO
00paboTKM 25 KaJpoB B CEKYH]y, €CliM Ha KaJpe He OoJyiee MATH YEJIOBEK, MpU
peanmu3anuu Ha Bujaeokapte NVIDIA GTX 1060. BeixoaHbIMU JAHHBIMU SBJISOTCS
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06pa6OTaHHLIG IHOCJICA0OBAaTCIbHOCTH 1/1306pa>1<eHm”1 C KOOpArWHaTaMu1 O6Hapy>K€HHOFO

WJIN COIIPOBOKIAEMOT0 YEJIOBEKA U €r0 MHJIEKCOM, 00I1Iee KOJIMYECTBO JIFO/ICH B Kaipe.

PaspaGoran nporoTun cucmemst ynpasienus napkoskou SmartParkingPSU na
OCHOBE aHaln3a BUACOAAHHBIX. J[aHHOE MporpaMMHOE 0OecIieYeHHEe MpeIHa3HAuYEHO
JUIS ~ YOpaBIIGHUS TMApKOBKOH C  TPEIOCTAaBICHUEM  OHJIAHH-OPOHUPOBAHHUS
MAapKOBOYHBIX MECT, MPU 3TOM HCIIOJIb3yeTCs pa3pabOTaHHBIN U MPEICTABICHHBIN B
riiaBe 6 anroput™ OOHApPYKEHHUSI CBOOOTHBIX MAPKOBOYHBIX MecT. CHcTeMa COCTOUT
U3 JIByX YAaCTEU: CEPBEPHOM U KIIMEHTCKOW U PEAIM30BAHA B BUIE KIIMEHT-CEPBEPHOTO
MIPWIOKCHUS C aTaITUBHBIM BEO-TU3aITHOM.

PeanuzoBaHo npoecpammHnoe obecneyenue Oni pacno3HaaAHusi NOKA3AHUL
yugposvlx  usMepumenvbHblX  NpudOpo8  HAa  BHUIEONOCIENOBATEIBHOCTH  C
BO3MOXHOCTBHIO COXPAHEHHSI PE3yJbTaTOB B TEKCTOBBIM (hailia, 4YTO MO3BOJIAET
aHATM3UPOBATh U 00pabaThIBaTh JIAHHBIE MPUOOPOB, TOTyYaeMbIe 3a ONPEICICHHBIN
BPEMEHHON MHTEpBaI. BXOTHBIMY JaHHBIMU SBISICTCS BUCOTIOCIEIOBATEIIBHOCTD C
KaMephl B peaJIbHOM BPEMEHU WK BUco]aill, XpaHUMBI Ha HOCHTEe MH(GOPMAIIHH.
B nporpammMHoM oOecrieueHun peain30BaHbl OCHOBHBIE (DYHKIIMU: BEIOOP oOnacTeil B
Kajipe TUTSI pacno3HaBaHUs JTAHHBIX; HACTpoMKa npenoopadoTKu
MOCJICIOBATEIPHOCTEH M300paKeHHM NIJIs1 KaKI0M BRIOpAHHOW 00acTH; BKIIOUEHUE
(GYHKIIUY POTOKOJIMPOBAHUS 00pabOTKH; GOpMUPOBAHKE OTOOPAKEHUS MTOTYUYECHHBIX
JaHHBIX B BUIAE TpPapUKOB B pPEATBHOM BPEMEHHM C BO3MOXKHOCTHIO UX
MacIITa0MpPOBaHUS U TIPU HEOOXOTUMOCTH COXPAHECHHS;, TI00aNBbHOE YIIpaBJICHHE
npoiieccoM 00pabOTKH, T. €. BKIIOUEHHUE TMay3bl, BO3OOHOBJICHHE OOpPabOTKH HIIU
orMeHa ¢pyHKIMU. [JaHHOE porpaMMHOE oOecrieueHre pa3padoTaHo Ha si3bIke Java ¢
ucnonb3oBanueM oubmuorexk OpenCV, Tesseract, JFreeChart u Swing.

[IpeacraBieHo pa3pabOTaHHOE aeO0pUmMMUiecKoe U npoepammHoe obecnedenue
0Nl aHanu3a  U300pad€ceHuti  MUKPOCMPYKMYPbl — Memanlosg, pealn3yroliee
MeTaiorpadguueckue METOABI: TMOJCYeTa 3EepeH Ha MUKpOUUIHQE, KOTOPBIN
UCIIOJIb3YETCsI TOJBKO JUIsl PABHOOCHBIX 3€PEH; MOJICUETa MePEeCceUeHUs: TPAHMIL 3€PEH,
CBOOOJHBIM OT JAHHOTO OTPAHWUYCHHS, HW3MEPCHHUS XOpI, NPUMEHSEMBIN s
OTIpENIeICHUS] BEIIMYMHBI 3€pHA B PA3HO3EPHHUCTON CTpyKType. IlIporpammuoe
o0ecrnedeHrne TaKKe MPEeIOCTaBIIAET BO3MOKHOCTH: KaTUOPOBKU JJIsi BO3MOXKHOCTHU
MIOJTyYEHUS pEaTbHBIX pa3MepOB 3epeH; MpeABaApPUTEIHHON 00pabOTKH N300paKEHHIA B
ABTOMATUYECKOM HJIM PYYHOM PEKHUMAX; COXPAHEHUS PE3YJIbTATOB.

PazpabGotano  ancopummuueckoe WM npocpammuoe  obecneuenue Ol
PAcno3Ha8anusl pekeUu3umoe OaHKO8CKUX Kapm Ha OCHOBE aHAJIN3a BUACOJAHHBIX TS
MOOWJIBHBIX YCTpOWCTB moj ympasienueMm 10S. s storo paspaboTaH alrOpUTM
00paboTKH J1st 0OOHAPY>KEHHUS MTOJIEH PEKBU3UTOB JIUIIEBOM CTOPOHBI 0AHKOBCKUX KapT
C HCHOJB30BAHMEM MOOWIBHBIX ycTpoiicTB. [loBbiienne 3@deKTUBHOCTH
JETEKTUPOBAHUSI KAPThI, CETMEHTAIIMU WH(OPMAIIMOHHBIX TIOJIEH W paclo3HaBaHUSA
JAHHBIX MO0 CPAaBHEHUIO C CYIIECTBYIOUIMMH IMOAXOJaMHU OOECIeunBaeTCs 3a CYET
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dHaJIn3a  IIOCJICIOBATCIBbHOCTH H306p3)KCHPIﬁ, nonyqaeMoﬁ U3  BHIACOpAAA.

[IpennokeHHBI MOAX0J] BKIIOYAET: OOHApY)KEHHWE TpPAaHMI] KapThl B Kaape;
CEerMEHTAIMI0 MH()OPMAIIMOHHBIX MOJIEH C YYEeTOM HX PACIOJOXKEHHUS Ha KapTe;
yIydiieHre U300paKeHnii CETMEHTOB C MPUMEHEHUEM HOPMAaTH3aI[Ui THCTOIPAMMBI
U MopQosiornueckor 00paboTKH; onpeereHre rpannll OJJOKOB CUMBOJIOB Ha OCHOBE
aJanTUBHON OWHapu3anuu U Mopdojoruyeckod o0pabOTKHU; WX YTOYHEHHUE C
UCTIOJb30BAaHUEM CKOJIB3SIIET0 BEPTUKAIBHOTO OKHA; JajbHeillee pacro3HaBaHHE
CHUMBOJIOB BBINOJHETCS ¢ MpuMeHeHneM Onbnuoteku Tesseract. B kauecTBe s3bIka
nporpaMMupoBaHusi ucnoias3oBaH Objective-C, st paboThl ¢ M300paXeHUSIMU —
oubnuorexka OpenCV, u3 ocHoBHbIX ¢paiimBopkoB 1Phone SDK wucnonb3oBaHsbl:
CoreMedia 1 AVFoundation — meHemkmMeHT Meaua-nanubix; UIKit — pabGora ¢
untepdeiicamu npminoxenuit; CoreGraphics — HHM3KOypoBHeBas oOpaborka 2D
n300paxenuid. [I[porpaMMHoOe cpeicTBO MO3BOJISET IPAKTUUECKH B PEaIbHOM BPEMEHU
pacmno3HaBaTh Bce WH(OPMALMOHHBIE MOJIS JIUIIEBOM CTOPOHBI OAaHKOBCKOM KapThl HA
JATUHULE M Ha KUPWLIUIE, Ui YMOOCCUPOBAHHBIX M HEIMOOCCHPOBAHHBIX THIIOB
KapT. TecTupoBaHue aJiropuTMa MPOBEJECHO HA MTOATOTOBIEHHON 0a3e naHHbIX 13 200
KapT C UCIOJIb30BaHUEM MOOMIIbHOTO ycTporicTBa iPhone 7. [Ipu aTOM 107151 ICTUHHO
MIOJIOKUTEIIbHON KJIacCHU(UKAIIMM BCEX TPEX IMOJIeH JaHHBIX HA KapTe€ COCTABIISICT
TPR = 0,88, myis HOMepa u cpoka aeiictBus kaptol — TPR = 0,925.

B nawuccepranmu mpuBOASATCS aKThl 00 HCIOJNB30BAHMM ¥ BHEAPEHUU
pa3paboTaHHBIX MPOTPAMMHBIX MTPOYKTOB B OPTaHU3AIUAX H YIPEKICHUAX.

3AKJIIOYEHHUE

B pesynbTate npoBeAeHHBIX MCCIIEIOBAHUN TOTYYESHBI CIEIYIONNE OCHOBHbBIE
pe3ynbTaThl, UMEIOIINE MPUOPUTETHOE 3HAUCHHWE W PA3BHBAIONIME HOBOE HAYYHOE
HAIPaBJICHUE, BKIFOYAas METOAOJOTHUYECKHE OCHOBBI OOHApY)KCHHUsS, aHaIu3a W
COTPOBOXKJICHUSI OOBEKTOB HAa  BHJIICOMOCICIOBATEIBHOCTAX, H B  IEJIOM
obecrnieunBaroIre NoBbIeHuE YHPEKTUBHOCTH PaOOTHI CUCTEM BUICOHAOIIOICHUS :

1. Pa3paborana Mertonuka OOHAapyKeHHS OOBEKTOB Ha H300paKEHUSX
Oonpmioro paspemieHuss. OTiMYUEM OT  CYHICCTBYIOIIUX  TIOJXOJOB  SIBJISICTCS
MUpaMUIATBHO-0JT0uHass o0paboTka. KommyecTBO C0€B MUpaMHIIBI OMPEISsIeTCs
pazMepamMu M300paKE€HUsI U BXOJHOTO CJIOS HCIOJIb3YEMOM CBEPTOYHON HEWPOHHOMN
cet. Ha Bcex ypoBHSIX, KpOME CaMOT0 BEPXHETO, BBIITOJIHACTCS OJIOYHOE pa3OueHue, a
NPUMEHEHHE TIPH 3TOM  TEPEKPBITUS  TO3BOJSET  YIYUYIIMTh  MPABUIBHYIO
KJaccu(pUKaIio 00bEKTOB, KOTOPHIE Pa3/IEesIFOTCS Ha (DparMEeHThl U PACTIOIOKEHBI B
coceqHux Oyokax. Pemenne 06 00beAMHEHNN TaKUX 001acTel MPUHUMAETCS Ha OCHOBE
aHaJIM3a METPUKU TIepecedeHUs] HaJl OOBEAMHEHHEM JUIsl HUX W MPUHAIJICHKHOCTH K
omHOMY Kiaccy. IIpenyoskeHHBIM TMOAXOM  IMO3BOJISIET IMOBBICHTH  TOYHOCTH
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oOHapykeHHsI 00BEKTOB HeOoJbIINX pa3mMepoB Ha 4K m3obOpaxenusix B 1,61 pasa, Ha

8K n300pakeHnsx B 2 pas3a U BBINOJHSTH MAPAILIEIbHYI0 00pabOTKy Ha COBPEMEHHBIX
BBIYHCIIMTEIEHBIX CPECTBAX, YTO CYIIECTBEHHO CHIDKACT BPEMEHHBIC 3aTpathl [23, 32,
80, 89, 99].

2. [Ipeanoxena Meroanka U (GYHKIMH CXOXKECTHU JIJIsl CPAaBHEHUSI 0ObEKTOB
npu 00pabOTKe OJUHOYHBIX M300paKEHUM M BUAEOIOCIEI0BATEIbHOCTEH, KOTOPhIE
PAcCCUMTHIBAIOTCS HA OCHOBE BBIYMCIIEHMS OTHOLIEHUI MEXIy MUHUMAJIbHBIM MU
MaKCUMaJIbHBIM 3HAYEHUSIMU Uil BCEX Map AaHAJIU3UPYEMBIX IPHU3HAKOB JBYX
n300paxkeHuid. Jlyig monyyeHus: pe3ysbTHPYIOLIEH BEIUYHMHBI, XapaKTepU3YIOIIEH
CXOXECTh CPAaBHUBAEMBIX M300paXKEHUH B LIEJIOM, HUCIOIB3YETCS CYMMHUPOBAHUE WU
YMHOKE€HHUE BBIYMCIICHHBIX OTHOIIEHUMU. [IpenioskeHo yuuThIBaTh pacCTOSHUS MEXKIY
IPU3HAKAMM JIJIS TAKUX TUIIOB BBIYHCIECHUH, YTO TIO3BOJISIET MOJYEPKHYTh JIOKAIbHBIC
pa3nuuus MeXIy HUMH. MUHHMMakcHas aJyIMTHUBHAsA (DYHKIHS CXOXKECTH IMO3BOJISIET
NPaBUIbHO OOHAPYXMBATh OOBEKTHl HA HM300pAKEHUSAX C IUIOTHOCTBIO HMITYJIBCHOTO
myma B 1,6 pasza Bblme, yemM s JIpyrux (QyHKUMHA cxokecTH. HopmupoBaHHas
MUHUMAKCHas  yCpeIHEHHas aJJUTUBHAas (DYHKUIUS CXOXKECTU IMPEACTaBISET
BO3MOKHOCTh YJIyYIIEHUS TOYHOW JIOKAIM3alMM C Y4YE€TOM JIMHEHHOIO W3MEHEHUSI
YPOBHEH aHATM3UPYEMbIX MTPU3HAKOB CpaBHUBAEMbIX M300paxkenui [1, 22, 36, 37, 48,
49, 50, 51, 55, 87, 88].

3. Pa3zpaboTtan meron nmoctpoeHus U OOHOBJIEHHUA MOAETU (POHOBOTO Kajpa,
KOTOPBIH MpeIHa3HAYEH JIJIsl KCTIOB30BaHMs IPU OOHAPYKEHUH JBMKYIIMXCS 0OBEKTOB
Ha BHJIEOIOCIIEI0BATEIBHOCTH, OIYYEHHON CO CTAlMOHAPHO YCTAHOBJIEHHOW KaMephl,
IyTEM COIOCTABJIEHUSI BXOJJHOT'O Kajpa ¢ MOJENbI0 (poHa. MeTo Mo3BOJISET MOTYyYUTh
n3o0pakeHue (QoHa, HE colepKallee IBIKYIIUXCS OOBEKTOB MPHU WX HAIMYHUU BO
BXOJHOM BHUIECONOCIEIOBATEIBHOCTH, OTJIMYAETCS NPUMEHEHHEM HTEPAMOHHOIO
MHOTOYPOBHEBOI'O CPABHEHUSI PACIIPENEICHHBIX M0 BPEMEHHU KaJpOB MPU MOCTPOECHUH
MacCKH JIBW)KEHUS], MOMHUKCETbHOU KIIACTePU3AINH, JIOTUYECKUX U MOPQOJIOrHUECKUX
oreparyif, 4yTo 00ECHEeYyMBAECT YMEHBILICHHWE BEPOSTHOCTU JIOKHOTO OOHApY>KEHUS
MIMKCEJIOB C JIBUKEHUEM OoJiee ueM B 2 pasa, He TpeOys 3HaUUTEeNbHBIX BHIYUCIUTEIbHBIX
3aTpaT, ¥ MO3BOJISIET MOBBICUTH 3(PPEKTUBHOCTH OOHAPYKEHHS ABHKYIIMXCS OOBEKTOB
Ha BHJIcomocaeaoBaTensHoctu [1, 5, 38, 39, 52, 53, 58,91,103, 104].

4, [IpeasioxkeH anropuTM oOHAPYKEHUS JBUKYIIUXCS OOBEKTOB HA OCHOBE
0JIOUHOTO METOJa BBIYUCIIEHUSI ONTHUYECKOTO MOTOKa. J[JIs COKpalieHus] BPEMEHHBIX
3aTpaTt UCIOJIb3YETCsl MUpaMUAAIbHOE MTPEICTAaBICHHUE KaJipa U 11a0JIOHHBIN MOUCK Ha
JTane MOCTPOCHMS MPEABAPUTENBHOM KapThl BEKTOPOB JBH)KEHHA. B KauecTBe
malbjJoHa NOPUHUMAIOTCA KOOPJAWMHATHI  MCIHOJIb3YEMbIX IIPU IOUCKE TOYEK,
onpezensieMbIX OT LieHTpa I1abnoHa B Bujae pomOa. Takoil moaxon obecrneunBaer
COKpAILlEHHE BPEMEHHBIX 3aTpat. [|Jisl yTOUHEHUs IPEeIBAPUTEIbHON KapThI JBUKEHUS
OpPUMEHSETCS HAOOp BEKTOPOB, BKIIOYAIOMIMM OTHOCHUTEIBHO TEKYIIEro: JIEBBIM,
BEPXHUI W TIPaBbI BEPXHUH; BEKTOP, NMPEACTABISIOIIAN CPEIHEE U3 JTHUX TpPEX;
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BCKTOP U3 IPCAbIAYIICTO KaJapa. OTIMYuTENEHOM 0COOCHHOCTRIO aJIroOpuTMa SABJIACTCA

NpUMEHEHUE MHUHUMAKCHON (DYHKIIMU CXOXECTH MPU aHAIN3€ BEKTOPOB JBUIKEHUS
JUTSI TIOBBIIIICHUST TOYHOCTH JIOKalu3anuu o0bekToB [1, 6, 33, 54, 56, 57, 59, 61].

d. Pazpabotan aIrOpUTM COIPOBOXKICHUS Jro1eu Ha
BUJICOTIOCIIEA0OBATEIBLHOCTSX JIJIsI BUJICOHAOIIOICHUSI BHYTPU MTOMEIIEHUM, KOTOPBIM
0asupyercs Ha COMPOBOXKIEHUU uyepe3 oOHapykeHue. Jns oOHapyKeHus 00BEKTOB
UCIIOJIb3YETCsI CBEPTOUHASI HEUpOHHAs ceTh. OTINYUTENHHON 0COOCHHOCTHIO SIBIISIETCS
TO, YTO TPHU3HAKU OOHAPYKEHHBIX JfoJIel (OPMHUPYIOTCS HAa OCHOBE CBEPTOYHOM
HEUPOHHOUN CETH W THCTOTrpaMMBbl KaHajla IIBETOBOTO TOHA. [[is 3TOro mpejioxeHa
apxutekrypa CHC, xotopas ¢opmupyeT BekTop 13 128 3HaueHHIl NMPU3HAKOB IS
M300paXeHUs YeJIOBEKa, YTO MO3BOJUJIO YJIYUIINTh KAaU€CTBEHHbBIC XapaKTEPUCTUKU
CONPOBOKJICHHS M0 CPABHEHUIO C U3BECTHBIMH aJITOPUTMAaMU. AJITOPUTM IO3BOJISIET
YBEIMYUTh KPUTEPUN TOYHOCTH OOHApPYKEHHS cOmMpoBOoxkaaeMbix 00bekToB |IDF1 Ha
53% u xapakTepusyeTcsi KpUTEpUEM TOUHOCTH COMTPOBOXKICHUSI MHOKECTBA 00BEKTOB
MOTA = 0,9266 [20, 21, 29, 30, 85].

6. Pazpaborana wmeToAuKa COMPOBOXKACHUS JIOJACH, OTIMYUTEIBHOMN
0COOEHHOCTBIO KOTOPOU SABJISIETCSI UCIOJIB30BAHKUE PE3YJIbTATOB UACHTU(PHUKAIIMHI TI0
JUIAM  JJIS  COMPOBOXKIEHUS. Takod TOAXOM TMO3BOJISIET OOECIEUUTh BBICOKYIO
TOYHOCTh TPIKUHTA MPU BO3MOKHOCTH PACIIO3HABAaHMS JIMIl HAa BHUJCOKAApPAX IpPHU
CIIOXKHOM TpaeKTopuu JBWKEHUA Joned. COCTaBHOM NECKpPUNTOP H300paKEHUS
KQXJIOTO YeJIoBeKa BKIIIOYAET MPU3HAKY JIUII, BEIYMCICHHBIE HA OCHOBE CBEPTOYHOM
HEHPOHHON CETH, U KOMIUIEKC MPU3HAKOB HM300paKeHHS YeNIOBEKa, YTO IO3BOJISET
COTNPOBOXKJIATh JIOJICH TPH HEBO3MOXXHOCTH WJACHTHUUKAIMKU Jull.  Kpurepuit
TOYHOCTH CONPOBOXKJICHHS MHOECTBa JroJ1en yBEIINYMBAETCS
u ounenuBactcs 3HaucHueM MOTA = 0,9324 [24, 26, 27].

7. Pa3paboTaH KOMIUJIEKC aIrOPUTMOB OOHApYXEHHUS JblMa W IUIAMEHU Ha
BUJICOTIOCIICIOBATEILHOCTSAX HAa OCHOBE aHalM3a CTAaTUYECKUX W JIMHAMHUYECKHUX
CBOMCTB BUICON300PaKEHUN:

— aITOpUTM OOHAPY>KEHUS IbIMA, OTIUYUTEILHON 0COOEHHOCTHIO KOTOPOTO
SIBJISIETCS TO, YTO KJIacCU(DUKALIUS IBHXKYIIIUXCSA 00J1aCTe OCYIIECTBISECTCS HA OCHOBE
BBIYMCJICHUS JUIsi HUX KOHTpacta BeGepa M aHanmm3a MX BEKTOPOB JBIKCHUS,
OTpeaesieMbIX OJOYHBIM METOJOM BBIYUCIICHHS ONTHYECKOTO TOTOKA MO TpeM
OCHOBHBIM HaIlpaBJICHUSIM JBHKEHUs. Takoil moaxoa mo3BossieT 6osee 3hPeKTUBHO
OTIINYaTh 00JIACTH JIbIMA OT JBIDKYIIMXCS 00JAcTel, MMEIOIINX CXOXKHE SPKOCTHO-
nBeToBbIe Xapaktepuctuku [8, 10, 11, 60, 62, 63, 68, 69, 70, 92, 93, 94];

— QIrOpUTM OOHApPYKEHUS TUIAMEHH, KOTOPBIA HCIOJIb3YyEeT IIBETOBYIO
dunbpTpanuio B mpoctpanctBe RGB u BeiiBner-npeodpazoBanme /sl BBISBICHUS BCEX
o0rnacTei, KOTOpbIe MOTYT ObITh OTHECEHBI K IIaMeHu. JlanpHeimas knaccupukanus
HaWJCHHBIX O00JacTel OCYIIECTBISCTCS C WCIHOJB30BAHUEM CTAaTHCTHUYECKHX
TEKCTYPHBIX MPU3HAKOB M I[BETOBBIX MPHU3HAKOB HAa OCHOBE MeToAa K Onmmkalmmmx
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COCGﬂeﬁ. OTIMYUTENIbHOH 0COOEHHOCTBLIO ajiroputMa sABJEICTCA  BBIYUCIICHHC

TEKCTYPHBIX TMPU3HAKOB IOCJIE MPeoOpa3oBaHUs M300pa)KEHUs B IOJYTOHOBOE H
NPUMEHEHUS! JIOKAIBHOTO JIBOMYHOTO pa3OWeHMsi, YTO OO0ECrnednmBaeT ero
MHBApPHAHTHOCTH K H3MEHEHHIO OCBEIIICHHOCTH ciieHbl [9,12, 65, 66, 67, 69, 70];

— aNrOpUTM OOHApYXCHHS JbIMa H IlaMeHd. OTIHYueM SBISETCS
UCIIOJIb30BAaHUE JBWKCHUS ISl BBISIBICHHS OOJacTeil Mokapa Ha BHIIECOPSIEC Kak
pHU3HaKa, XapaKTePHOTO JJIs JbIMa U JUIs TIaMeHu. J{7s yMeHbIIIeHUs BEpOSITHOCTH
JO)KHOTO OOHApY)XCHHsI  BBIMOJHSAETCS AaHAIN3 XAOTUYHOCTH JIBIDKCHHS B
0OHapyXEeHHBIX 00JacTAX. OTIMYUTETLHONH OCOOCHHOCTBIO QJITOPUTMA SBJISETCS
UCIIOJIb30BAaHUE Ha JTane KiIacCU(UKAIMU TIPOCTPAHCTBEHHOTO M BPEMEHHOTO
BeWBIIeT-aHAIM3a OOJacTeH-KaHIUAATOB IS TUIaMEHM W Juid JeiMa. [IpumeneHue
€IUHBIX TPUEMOB 00PAOOTKHU yIPOIIAET CTPYKTYPY AJITOPUTMA U TIO3BOJISIET CHU3UTD
BBIUMCIIMTENIbHBIC 3aTpaThl [13, 17, 71, 72, 75, 95].

8. Pa3pabGortan anroputm kKimaccupukanuu H300paKEeHUH NapKOBOYHBIX
MECT aBTOCTOSIHKM Ha OCHOBE JIAaHHBIX BHJICOMOHHTOPHHTA, KOTOPBIHA Oa3upyercs Ha
UCIIOJIb30BAaHUU THUCTOTPaMM OPHEHTHPOBAHHBIX TPATUEHTOB JUIsl BBIYHCIICHUS
IPU3HAKOB MAPKOBOYHOT'O MECTa M METOJa OMOPHBIX BEKTOPOB ¢ (DYHKIIMEH spa Ha
OCHOBE TE€PECEUCHUsI TUCTOrpaMM IS ux kinaccudukanuu. OrnpeaeneHsl Hanboee
3¢ (pexTuBHBIE TapaMeTphl JIECKPUIITOpa, TakWe, Kak pa3Mep H300paKeHUS
IIApKOBOYHOI'0 MECTa, pasMep SA4YEeUKH, KOJIMYECTBO OpPUCHTALMH B sYCHKE.
Ycranosnen Haubosee d3QPEKTUBHBIA THUN (PYHKIUMU SiApa HA OCHOBE NEPECEUCHMUS
rucTorpamMm Juisi kinaccudukaropa. Komruiekc HaiJIeHHBIX TapamMeTpOB MO3BOJISET
MOBBICHTh BEPOSITHOCTh TPABUIBHOW KIACCH(HUKAIMU TMAPKOBOYHBIX MECT Ha
CBOOO/IHBIE U 3aHAThIE 10 BenuuuHbl 0,997, koTtopas sBisIETCSs HaUOONBIICH s
CyILIeCTBYOIIUX anroputmos [16, 18, 77, 81, 82, 97].

Q. Pazpaboran anroputm oOHapy>XeHUsT TIOJIEM PEKBU3UTOB JIUIICBOM
CTOPOHBI OAHKOBCKMX KapT IO BHUICOMOCIEAOBATEILHOCTIM I MOOMIIBHBIX
YCTPOUCTB. 3a CYET aHalW3a BUACOPSAa OCTUTAETCS TMOBBHIMICHUE 3(PHEKTHBHOCTH
JETEKTUPOBAHUS KapThl U CETMEHTAIM WH(POPMAIMOHHBIX TMOJEH 10 CPaBHEHUIO C
CYIIECTBYIOIUMH TOAX0aaMu. [IpeayioKeHHBIA TOIX0/] BKIIOYACT: OOHAPYKCHHE
IPaHMIl KapThl B KaJpe; CErMEHTAIlMi0 WH(POPMAIMOHHBIX IOJCH C yd4eToM uX
pPacIoyIoKeHUs] Ha KapTe; YyJydIllleHHe H300paKEHUN CErMEHTOB C NMPUMEHEHHUEM
HOPMAJTU3AIMK TUCTOTPAMMBI B MOP(OJIOTHYECKO 00paboTKU; OnpeneNieHue TPaHuIl
OJIOKOB CHMBOJIOB HAa OCHOBE aJalTHBHOW OWHapu3anuud U MOPQOIOTHIECKON
00pabOTKM; UX YTOYHEHHE C HCIIOJIH30BAHMEM CKOJIB3SIIETO BEPTUKAIHLHOTO OKHA;
JanbHeiIIee pacno3HaBaHUE CHUMBOJIOB BBIMIOJHSAETCS C MPUMEHEHHEM OMOJIMOTEKU
Tesseract. AunropuT™M TMO3BOJIIET B pPEaJbHOM BpPEMEHHM paclO3HABaTh BCE
uH(GOPMAITMOHHBIE MTOJIS TUIIEBOM CTOPOHBI 0AHKOBCKOM KapThl, BKIIIOYasi HOMEP, JaTy
OKOHYAHMUS JIEHCTBUS, UM 1 (haMUJTUIO BIIAJCIIbIIa HA JIATHHHIIC U HA KUPUJUTALIC, IS
9MOOCCUPOBAHHBIX U HEAMOOCCHPOBAHHBIX TUTIOB KapT [19, 25, 86].
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10. PemieHsl KOHKpETHBbIE NMpPAKTUYECKHE 3a7aud OOHAPY>KEHUS M aHaIu3a
OOBEKTOB Ha M300pAKEHUSX, IOJIy4aeMbIX CO CTAallMOHAPHBIX KaMep CHCTEM
BU/ICOHAOIIOIEHNS Ha OCHOBE pa3pabOTaHHBIX METOA0B, METOAUK U aIrOPUTMOB.

[Tomydennsle B AMCCEPTALIMOHHON paboTe pe3ynbTaThl MpeIHa3HAYCHBI IS
peanu3alMd B HMHTEJUIEKTyaJlbHBIX CHUCTEMaX BHUACOHAOMIONEHUS M MOTYT
UCIIOJIb30BAThCSl TaKXKe [UJIsl TOBBIMIEHUS 3(PPEKTUBHOCTH pabOThl OTAEIbHBIX
MoJTyJiel cucTeM 00pabOTKU U aHalln3a BUICOIaHHBIX.

PexomMmenpanuu mno MNPAKTUYIECCKOMY HCITIOJB30BAHHUIO PE3YJIbTATOB

PazpabotanHbie mpu BBIMOJHEHUH IUCCEPTAIIMOHHBIX HCCIEIOBAHHII HOBBIE
METObl, METOJIMKH W QJITOPUTMBbI TIpEAHA3HAYCHBI JJI MOBBIIMICHUS aBTOMATU3AIUU
paboOTHI CUCTEM BUICOHAOIOICHNS.

Pe3ynbTaThl IuccepTallMOHHOW paOOThl BHEAPEHBI MPU pa3pabOTKE CHUCTEM,
UCIIOJIb3YIOIINX aHAJIN3 BUJICOJAHHBIX I PEUICHUS Pa3IMYHbIX IPUKIIAIHbBIX 33a4:

- MPOTrPaMMHBIA MOIYJIh OOHAPYKEHUS B COMPOBOXACHUS Ttosieir — OO0
«Hi-Tech Nation», r. MUHCK;

- nporpaMMHOe oOecredeHue Jis paclo3HaBaHUS JaHHBIX HU(PPOBBIX
U3MEPUTENBHBIX MPUOOPOB HA BHUJACOINOCIEIOBATEILHOCTIX — [IpOEKTHBIN MHCTUTYT
PEKOHCTPYKIIMM U  CTPOUTENbCTBA  yUpexkIeHHs oOpazoBanus «llomouxuii
rOoCyJIapCTBEHHBIN YHHUBEpPCUTETY, T. HoBOMOOIIK;

- IPOTrpaMMHOE oOecrieueHue TUTSt aHaiauza U300paKeHUN
MUKpPOCTPYKTYpbl MeTasuioB — OAO «Hadran», r. HoBonosouk;

- IporpaMMHOE oOecTriedeHue Il pacio3HaBaHUs PEKBU3UTOB OAHKOBCKHX
KapT Ha OCHOBE aHaJIN3a BUJICOJJAHHBIX JIJI1 MOOMJIBHBIX YCTPOMUCTB MO yIIPaBICHUEM
I0S — 000 «TrkconTexHOMOMKUC», T. MUHCK;

— NpOrpaMMHBIM MOJYJIb TMOUCKAa OOBEKTOB MPH aHAINU3E PEKIAMHBIX
0JIOKOB Ha BUJICOIIOCIIEIOBATEILHOCTIX OOJBIIIOTO pa3pelieHusl B COUATBHBIX CETIX
s cuctembl Hiveanalytic — OOO «Be6 JlpaiiBep», r. Mockaa.

[TomydyenHble pe3yabTaThl WCIHOJB3YIOTCS TPHU BBITOJHEHUH MEXKTyHAPOIHOTO
npoekra 1o mnporpamme OPA3MYC+ «CoBeplieHCTBOBAHHE MPOrpaMMbl BTOPOi
CTYNEHU TOJY4YEeHHUs BbICHIET0 oOpa3oBaHUs B o001acTd HMHPOPMAIMOHHBIX U
KOMITBIOTEPHBIX TEXHOJIOTHH JUIS TOBBIIICHHS PO(HECCHOHATIBHON BOCTPEOOBAHHOCTH
maructpanToBy N° 598330-EPP-1-2018-1-DE-EPPKA2-CBHE-JP, 2019-2022 rr.
PesynbTarel mpuMeHSIIOTCS B y4eOHOM TIpOIlecCe MPH NpernofaBaHUM TPOMUITBLHBIX
TUCIMIUIMH ~ Ha  Kadenpax  HMHPOPMALMOHHBIX  CcUCTeM  ympaeieHus bBIY,
unpopmaronnsix  texHonorud  ITTY wum. II. O. Cyxoro, 53JIeKTpOHHbBIX
BBIUMCIIUTENbHBIX MaliH bpl TY, BeranciuTenbHbIX cucteM u ceren [11'Y.

Bueapenne — mojydeHHBIX ~— PE3yJbTATOB  JUCCEPTALMOHHONW  pabOThI
MOATBEPKAACT MPAKTUUECKOE TOCTUKEHHUE TOCTABICHHOM 1[E€TU UCCIISIOBAHUM.
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PE3IOME

borym Puxapn [lerpoBuu

OBHAPYXEHUE 1 AHAJIN3 OBBEKTOB HA NU30BPAXEHUAX
B CUCTEMAX BUJEOHABJIIOAEHN A

Kntouesvie  cnosa. oOHapykeHHE OOBEKTOB, aHAlMW3  H300paKeHUH,
BUJIEOTIOCIIEA0BATEIBHOCTD, COIIPOBOXK/ICHHE 00BEKTOB, HHTEIUICKTYJIbHBIE CUCTEMBI
BUJICOHAOJTIOICHHUS.

Llenv pabomuwi: pazpaboTKa METOJ0B, METOAUK, AJITOPUTMOB U MTPOTPAMMHBIX
CpEICTB, OOECMEUYUBAIOIIUX PEIICHHUE KPYMHON HAay4YHO-TEXHHUYECKOW MPOOIeMbl
OoOHapyKeHMsI, aHalu3a U COMPOBOXKACHUS OOBEKTOB HA TMOCIIEIOBATEIHHOCTIX
U300paXeHUM JJIsl CUCTEM BUACOHAOIIOACHUS.

Memoowvl uccneoosanusi: B pabOTE HUCHOJIB30BAINCH METOIbI LU(POBOI
00pabOTKM CUTHAJIOB, aHaldu3a W OO0pabOTKM H300pa)KEHUM, MaTeMaTUYECKOIrO
MOJIETUPOBAHUS; TMPOTPaMMHOE oOOecredyeHre pa3paboTaHo JUisl OMEePaIMOHHBIX
cucteM Windows, Linux, 10S ¢ wucnoip30oBaHWEM NPHUHIMIA MOIYJIBHOTO
IPOTrPaMMHUPOBAHHUS.

llonyuennvie pezyrbmamvl U ux HOBU3HA. PA3padOTaHbl HOBBIE METO[BI,
METOJIMKH W aJITOPUTMBI OOHAPY)KCHHSI, aHaIu3a W COMPOBOXIACHHUS pPAa3TMUYHBIX
KJIACCOB OOBEKTOB HAa BHJICOMOCIIECIOBATEIHHOCTIX, 00ECIIEUNBAIOIINE TOBBIIICHNUE
3 pexkTuBHOCTH 00paOOTKHM JIaHHBIX B CHCTEMaX BHUACOHAOIIOACHUS W CO3JAIOIINE
MIUPOKHE BO3MOXHOCTH JISI TPOCKTUPOBAHMSI HOBBIX UM COBEPIICHCTBOBAHUS
CYIIECTBYIOIIUX UHTEIUIEKTYaIbHBIX CUCTEM, UCIIOJIB3YIOMUX 00pabOTKY OJMHOUYHBIX
U300paxXeHUN U BUACOMOCIIEIOBATEILHOCTEH.

Cmenenb ucnonv306anus. pe3ysibTaThl UCCIEIOBAHUM U peaIM30BaHHBIC HA UX
OCHOBE MpOrpamMMHBIE cpelacTBa BHeApeHbl Ha mnpennpusatusax: OO0 «Xaii-Tek
Hoiimn», r. Munck; OAO «Hadran», r. Hoomosouk; ITpoekTHBI HHCTUTYT
PEKOHCTPYKIIMU U cTpouTenbcTBa, r. HoBomononk; OO0 «TakconTexHOmOmKHUCH,
r. Munck; OOO «Be6 [paiiBep», . MockBa, P® u B yupexneHusx oOpa3oBaHHs
Pecnybnuku benapycs, Bximtouast, BI'Y, 'TTY uwm. I1. O. Cyxoro, bpI'TY u III'VY.

Obnracme npumenenus. pa3pabOTaHHBIE METOJbI, METOJUKU W aJTOPUTMBI
3HAUUTEIHFHO TOBBIMAIT 3(PPEKTUBHOCTh OOHAPY)KEHUS M aHalnW3a OOBEKTOB HA
M300pKEHUAX U MOTYT HCIOJB30BATHCS I PEHICHUS PA3TUYHBIX MPAKTHUYECKHUX
3a/1a4 B CUCTEMax BUJICOHAOIIOICHHUS.



46
P33I0OMD

borym Peixapn [IstpoBiu

BBISYVJIEHHE I AHAJII3 AB'EKTAY
HA BIJIAPBICAX Y CICTOMAX BIZIDAHABIPAHHS

Kniouasvia CNO8YbL! BBISIYJICHHE ab'exray, aHami3 MaJIFOHKAY,
BIJPANacisiI0YHACh, CyNpaBajpKdHHE  a0'eKTay, I1HTAJNEKTYaJlbHbII  CICTIMBI
BiJIPaHa31paHHs.

Mbsma npayel: pacnupanioyka meTanay, METOJABIK, alrapbiTMay 1 mparpamHbIX
CpoaKay, siKig 3a0sCIeuBalOlb BhIPAIIIHHE 3HAYHAN HABYKOBA-TIXHIYHAN MpalieMbl
BBISTYJICHHS, aHAITI3Y 1 CyNpaBaKIHHS a0'eKTay Ha MaciIsI0YHACIISIX MATFOHKAY C1CTOM
BiJIPaHa31paHHs.

Memaowvr Oacnedasanns: y padolie BBIKAPBICTOYBANICS MeTaabl JiuOaBaii
ampanoyki cirHaiay, aHajizy 1 anparoyki MaJlloHKay, MaTIMaThlyHAra MaadJIssBaHHS,
nparpamHae 3a0ecrsiusHHE pacnpaliaBana g anepanblidabix cictam Windows, Linux,
10S 3 BBIKapbICTAHHEM TPBIHIIBITY MOJTyJIbHATa IIparpaMaBaHHs.

Ampoimanvia 6biHiKI 1 IX HABI3HA: pacIIpallaBaHbl HOBBIS METaJIbl, METOJBIKI 1
anrapbITMbl BBISYJICHHS, aHalI3y 1 CYNpaBaJKdHHSA pPO3HBIX Kiacay ab'ekray Ha
BiJIPANACIsIIOVHACIb, SIKisl 3a0sCreYBalOlb TAaBBIINIPHHE BBIHIKOBACII anparoyki
TAI3CHBIX Y CICTAMAax BiJdaHa3ipaHHSA 1 CTBApArOlb IIBIPOKIS MardbIMacii Jist
NIPACKTAaBaHHS HOBBIX 1 YIacCKaHAJICHHS ICHYIOUBIX IHTAJEKTYaJIbHBIX CICTIM, SKIf
BBIKAPBICTOYBAIOIh AMPAIOYKY MATIOHKAY 1 BidanaciisiioyHacIei.

CmyneHb blkapvlcmaHta: BBIHIKI TacieaBaHHAY 1 pajli3aBaHblsl HAa 1X aCHOBE
nparpaMHbisi CpoJIKl YkapaHEHbl Ha mnpaanpeieMcTBax: TAA «Xai-Tsk Holmny,
r. Minck; AAT «Hadran», r. HaBanonank; IIpaeKTHBI 1HCTBITYT PIKAHCTPYKIIBIL 1
OynmayuinTea, r. HaBamomank; TAA «TakcoaTexnomomkucy, . Minck; TAA «Ba6
HpaiiBepy», T. MackBa, P® i Ba ycranoBax agykaiieii Pacmy6miki bemapych, y ThiM iKYy,
BAY, TATY iwm. I1. B. Cyxora, bpITY i I[TIAY.

Bobnacybw yacvieanns: pactpaliaBaHbls METaIbl, METOBIK] 1 alNTapbITMbI 3HAYHA
NaBbIIIAIOIb BBIHIKOBACIh BBISAYJICHHS 1 aHajizy ab'ekray Ha MallloHKax 1 MOTYLb
BBIKAPBICTOYBAIlIA JIJI1 BBIPAIPHHS PO3HBIX MPAKTHIYHBIX 33Jad Yy CICTIMax
BiJIDaHa31paHHs.
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SUMMARY

Bohush Rykhard Pyatrovich

OBJECT DETECTION AND ANALYSIS ON IMAGES IN VIDEO
SURVEILLANCE SYSTEMS

Key words: object detection, image analysis, video sequence, object tracking,
intelligent video surveillance systems.

The aim of the work: development of methods, algorithms and software for
provide a solution to a major scientific and technical problem of detecting, analyzing
and tracking objects in video sequences for surveillance systems.

Research methods: digital signal processing, image analysis and processing,
mathematical modeling; the software was developed for Windows, Linux, i0S
operating systems using the modular programming principle.

Obtained results and their novelty: new methods and algorithms for the
detection, analysis and tracking of various classes of objects in video sequences is
developed. This improves the efficiency of data processing in video surveillance
systems and create ample opportunities for the design of new or improvement of
existing intelligent systems using image and video processing.

Usage: research results and software tools implemented on their basis is
implemented at the following enterprises: Hi-Tech Nation LLC, Minsk; JSC "Naftan™,
Novopolotsk; Design Institute for Reconstruction and Construction, Novopolotsk;
LLC "TexodTechnologies”, Minsk; LLC "Web Driver", Moscow. Results of the
dissertation are used in universities of the Republic of Belarus, including BSU, GSTU
im. O. N. Sukhoi, BrSTU and PSU.

Scope: the developed methods and algorithms significantly increase the
efficiency of detecting and analyzing objects in images and can be used to solve various
practical problems in video surveillance systems.
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