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Ilypive C.B. MeToau MalIMHHOTO HaBYaHHS MAJsl PO3MI3HABAHHS JIIOJUHU 3a
xonor0. — KBamidikaiiitna HaykoBa mparisl Ha IpaBax PyKOIHUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTymeHsS JokTopa ¢imocodii 3a
cnemianpHicTioO 122 — Komn'torepni Hayku. — Hamionanenuit yHiBepcuteT "Onechka
nomitexHika", MOH Vkpainu, Oneca, 2023.

VY BeTymi nmokazaHa akTyallbHICTh 3aJadl pO3Mi3HABaHHS JIOAUHU 32 XOAOK0 B
cuctemax OiomerpuuHoi ineHtudikamii (CbhI). Tlokazana HEIOCKOHATICTh ICHYIOUHX
pillIeHb MO PO3Mi3HABAaHHIO XOJW 32 YMOB BIUIMBY pi3HHX (hakTOpiB cepenoBuiia abo
oOcTaBWH po3Ii3HaBaHHs. Bu3HaueHo 00'exT, mpeaMET, 3a/1aul Ta METOU JOCIIII>KCHHS;
HABEJICHO HAyKOBY HOBH3HY Ta TMPAaKTUYHE 3HAYCHHS OTPUMAaHUX pe3yJIbTaTiB;
BHUCBITJIEHO OCOOUCTHI BHECOK 37100yBaya.

B mepmomy po3gini nucepraniiiHoi poOOTH MPOBEAEHO aHall3 MpodJieMu
pO3Mi3HaBaHHS JIOJMHU 32 X0JI0I0 B CUCTeMax OloMeTpuyHOi 11eHTudikaii.

[IpoanamizoBaHO OCHOBHE TPU3HAYCHHS Ta TPHUHIUMON TOOYJAOBH CHCTEM
o6iomerpuyHoi imeHTHdikamii. HaBenena ysarameHena mognens CBI Ta po3srisHyTO
MUTaHHs BUOOPY OloMeTpUuyHUX i1eHTHdikaTopiB Ayig nodynosu CBI.

Oxkpemo OyJ10 PO3IIIIHYTO BUKOPUCTAHHS XO/IU JIFOAUHU Y IKOCTI 010METPUYHOTO
ineHTudikaTopy. Bu3HaueHO, 10 BHKOPHUCTAHHS XOIW JJIsS PO3IM3HABAHHS JIFOAWHU
n03BoJIsIE crIpocTUTH CTPYKTYpY CBI 32 paxyHOK MOMXJITMBOCTI BUKOPHUCTAHHS TIPOCTOTO
Ta JICIIEBOTO arapaTHOro 3abe3neyeHHs (3BUUaliHi BileOKaMepHu) Ta 31HMCHIOBATH 301p
O61oMeTpuyHOi 1H(POpMAIl y TACUBHOMY pexuMi. Bi3zHaueHo, 110 X0y JIOJUHU BaXXKO
niapoOouTH ab0 CIOTBOPHUTH.

[IpoanainizoBaHi HAyKOBI JKepenia, K1 ONMUCYIOTh METOIH PO3Mi3HABAHHS JIFOIMHU
3a X071010. Bu3HaueHo, 110 MeToiu po3Mi3HaBaHHS JIFOJIMHU 32 X000 MOXKHA PO3IIITUTH
Ha METOJM, 3aCHOBaHI Ha MOJIENAX Ta METOJM, 3aCHOBaHI Ha BI3yaJIbHMX O3HaKaXx.
Metonu, 3acHOBaHI Ha MOJEISX, MAIOTh MEHIIY €(PEKTHUBHICTh 3aBASIKA TOMY, IO
TOYHICTb OTPUMAHUX MOJICJICH 3aJICKUThH BiJ SKOCTI 300pakeHHs. MeToau, 3aCHOBaHI1 Ha

BI3yaJbHUX O3HaKaX, BUKOPHCTOBYIOTh CTaTHUHy Ta JIWHaMIYHy I1H(OpMaIio 1
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pO3Ii3HaBaHHA XOJIU Ta OTPUMYIOTh Kpallll pe3yibTati. Buxoasuu 3 1ip0ro, NpuiHATO
plLIEHHS AOCIHKYBATH METO/H, 3aCHOBAH1 Ha BI3yallbHUX O3HAKaX.

AHaJi3 MeTOTiB, 3aCHOBAHUX Ha BI3yaJIbHUX 03HAKAX, TIOKA3aB, IO JJIsI OTPUMAHHS
JoKanbHOI 1H(OopMaIlii mpo GopMy X0 YacTilIe BCbOI0 BUKOPUCTOBYETHCS JECKPUIITOP
Ha 0a3i ricrorpamu opieHToBaHUX rpajgieHTiB (Histogram of Oriented Gradients, HoG).
OaHMUM 3 HEAOIKIB [FOTO IECKPUIITOPY € YTBOPEHHS BEKTOPY O3HAK BEIIMKOTO PO3MIpY,
110 301IBIIY€ MPOCTIpP MONIYKY, YCKIIaTHIOE PO3MI3HABAHHS XO/IH, @ TAKOK PUBOJIUTH 10
3MEHIIEHHS MPOrHOCTUYHOI 3JaTHOCTI MOJIENI.

Ji1s Io10JIaHHS LIbOT'O HEJIOJIIKY 3aIIPOITIOHOBAHO METO/I, 110 MOEIHYE AECKPUIITOP
HoG Tta peckpuntop TekcTypu Xapaiika s BUIUJICHHS HAWOLIbII XapaKTepHUX
HU3bKOBHUMIPHUX BEKTOPIB 03HAK, 3[aTHUX OJIHO3HAYHO 1I€HTU(]IKYBATH JTHOJEH.

[Topanpimmii aHai3 METOAIB PO3Ii3HABAHHSA JIIOJAUMHHU 3a XOJ0K0 MOKa3aB, 10 iX
3aCTOCYBaHHS B peaJbHOMY KHUTTI BCE LIIE 0OMEKEHE, B OCHOBHOMY YE€pEe3 PI3HUI BUTIISL
monen a6o daxropu CBI Ta cepenoBuia (Tak 0OCTaBUHM HAa3WBAIOTh KOBapiaHTaMHU
po3Mi3HaBaHHA). AHaI3 KOBaplaHTIB XOJW II0Ka3aB, IO HAHOIIBII BIUIMBOBUMH
KOBaplaHTaMU € HOCIHHSA JIFOJbMH PI3HOTO OJSry, (PPOHTAIILHE IMOJOXKEHHSI KaMepH Ta
pi3HA MBUJIKICTH XOAM JIFOIUHH.

Jlist motonanHs ab0 3MEHIIEHHs BIUIMBY LIMX KOBapiaHTIB XOAM 3alpPOIOHOBAaHI
MeToau, siki Oa3ytoThecsi Ha aHamizi eHeprii xomau (Gait Energy Image, GEI), o
npejcTaBiIsie cOOOK0 yCEpeTHEHHS 3a OJWH LMK XOAM OIHApHUX CUIIyeTHHX MAacoK
JFOVHH, [0 PYXA€EThCA.

Jist  po3poOKM  Ta  JNOCHIDKEHHS  3alpONOHOBAHMX  METOJIB  HEOOX1THO
CKOPHCTATHCS BIAMOBITHUMH HAOOpaMH JaHUX, K1 MICTATB BiZICO 3 X000 PI3HUX OIS
3a pi3HUX YMOB. Buxoasuu 3 He0OX1AHOCTI pO3Mi3HABAHHS X011 JIFOJUHH 32 YMOB P13HUX
KOBapiaHTIB XOJW, Ha OCHOBI MPOBEJCHOTO aHai3y TMOIMYJSIPHUX HaO0OpIB JaHUX,
BU3HAUYCHI HA0OPHU BiJICOMOCTIJOBHOCTEH, K1 3a0€3MeUy0Th HEOOX1THI KOBapiaHTH XOAU
JUISL PIIIICHHS [TOCTABIICHUX 3aBaHb.

3a pe3ynpTaTaMH MPOBEICHOTO aHai3y CPOpPMYJIHOBAHO METy Ta 3aBIaHHS

JTOCITIIKEHD.



B apyromy po3aini auceprarniiiHoi poO0TH 3alIpONIOHOBAHO METO/T PO3Ii3HABAHHS
JIIOJTMHM 32 XOJI0I0 Ha 0asi rictorpaMu Opi€HTOBAaHUX TPAJIIEHTIB Ta TEKCTYPHUX O3HAK
Xapaitika. 3anponoHOBaHUI METO/ MICTUTh HACTYITHY MOCIITOBHICTh KPOKIB.

Kpox 1. Otpumanns 3o0paxenHs eseprii xomu moauau (GEI). Bigeo
NIEPETBOPIOETHCS Ha Cepito 300pakeHb, K1 MEPETBOPIOIOTHCS HA OiHApHE 300paXKeHHS 3
cuiryetoM. GEI cTBOpIo€ThCS NUIAXOM MOEAHAHHS IIUX CUIYETIB XOAU MPOTITOM ITUKITY
XO/IH.

Kpok 2. 300pakeHHs1 eHeprii XOAW JIOJUHU IMEPETBOPIOETHCS HA 300payKEHHS
BenuuuHU TpajgieHta xomau (Gait Gradient Magnitude Image, GGMI). GGMI — e
pe3yabTar 3actocyBanHs PinbTpa ['ayca, a motim aetexkropa kpaiB Cooens 1o GEIL Y Toit
yac sk raycoBa (inbTpartiis Bugaisie neram ta myM 3 GEI, mapa siaep 3 X 3 oneparopa
Cobenst BuaLIsIE 001aCT1 3 BUCOKOIO ITPOCTOPOBOIO YACTOTORO, SIKI BIJAMOBIAAIOTH KPasiM.
TakuMm 4YMHOM, 3aCTOCYBaHHS rayCoOBOTO (LIbTpa, a MOTIM JAeTeKkTopa KpaiB Colenst Ha
GEI 3HauHO 3MeHITy€e KUTBKICTh 1H(popMalii, Ky moTpioHO 00poOuTH, 1, BiMOBIIHO,
BUjasie 1H(opMaIlito, sika BBAKAETHCS MEHIN 3Hauymior. [Ipu 1mpomy 30epiratroThest
KJIFOUOBI CTpYKTYypHI BiactuBocti GEL

Kpok 3. Butsarnennst o3nak xoau 3 GGMI ocobu. O3Haku XOoAu BUIUISIOTHCS
HUITXOM 3acTOCyBaHHS TioOampHOTO aeckpuntopa HoG Ta geckpumropa TEKCTypH
Xapanika 1o Bcix 9 komipok GGMI. Uucnose 3HaY€HHs TEKCTYpPHOI O3HAKU KOMIPKU
MHOXHUThCS Ha 03HakM HoG Tiel xx komipku. O3Haku 3 ycix neB'situ komipok GGMI
MOCJIIJIOBHO KOHKATEHYIOThCSI, II00 OTPUMATH BEKTOP O3HAK HU3BKOT PO3MIPHOCTI.

Kpox 4. Tlonepenust 06pobka OTpUMaHUX O3HAK 3a JOMOMOTOI0 METOJy aHaIli3y
rojoBHuX komrnoHeHT (Principal Component Analysis, PCA). Lle BinOyBa€eThCs HUISIXOM
3MEHIIIEHHS PO3MIPHOCTEH, SIKI HEraTUBHO BILUIMBAIOThH HA HAAIWHICTh Kiacudikariii, 1o,
B CBOIO U€PTy, IPU3BOAUTH JI0 TIOKPAIIECHHS MPOTYKTHBHOCTI.

Kpok 5. Kiacudikariis ocobu 3a 10momMoror 0a3u BEKTOPIB, KA 30€pIiracThCs B
CBL

JIJtst mOoCIiKEHHST 3apOIIOHOBAHOTO METOAY OYyJIM IIPOBENICHI eKCTICPUMEHTH Ha
I'ATH €TAJIOHHUX HaOopax aaHux xoau. Ha nHaGopi nanux CASIA A, 3anponoHoBaHUMA

METOJI TI0KAa3aB CEPEIHIO TOUHICTH po3ii3zHaBaHHsd 97.77%, 110 IIEPEBUIIYE MOKA3ZHUKA
2
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MeTtojiB-aHanoriB. Ha nHabopi nanux CASIA B, Meton mokaszaB HaKpall MOKa3HUKU
TOYHOCTI Maike IS BCIX KYTIB OTVISITY KaMepu (TiepeBara HaJl HalOIMKYUM aHaJIOrOM
ckiana Bix 3.8% 1o 6.4% B 3anexxHOCTI Big KyTy orisigy). Jms mabopy manmx CMU
MoBo, 3anmponoHoBanuii MmeTos1 nmokaszaB 82.00% TOYHOCTI pO3Mi3HABAaHHSI JIFOJUHU 3a
XO0/1010, 10 MEPEBUIIYE MOKA3HUK HAMOIMKYOT0 METOIy-aHasory Ha 5%.

CdopMynbOBaHO MNepPHIMI MYHKT HAYKOBOI HOBH3HH: YJIOCKOHAJIEHO METO]
pO3Ii3HABaHHA JIIOJIMHKM 3a X000 Ha 0a3l TicTorpaMud OpPIEHTOBAaHUX TPAII€HTIB Ta
TEKCTYpHUX O3HaK Xapajiika, 10 J03BOJUJIO 3MEHIIUTH YacoBI Ta OOYHCIIOBAIbLHI
BUTPATH Ha PO3MI3HABAHHS XOJU 32 PaXyHOK 3MEHIICHHS PO3MIPHOCTI BEKTOPY O3HAK
XO/JIH.

B Tperbomy po3aini gucepramiifHoi poOOTH  3alpONOHOBaHI  METOAU
PO3ITi3HABAaHHSA JIIOJIMHU 32 XO0JI0I0 32 YMOB HasiBHOCTI PI3HUX KOBAPIaHTIB XOH.

JIyist posmi3HaBaHHS JIIOJAWHHA 32 XOJ0I0 32 YMOB HOCIHHSI Pi3HOro oasiry OyB
3alpOIIOHOBAHUI METOJ] PO3Mi3HABaHHS JIIOAWHU 3a XOJ0K Ha 0a31 JOKaJbHOIO
neckpuntopy LR2P. 3anponoHoBaHuii MeTO ], BUKOPUCTOBYE 300pa>KeHHS €HEPTii XOau
Ta EKCIUTyaTye JIOKaJbHI BiIMiHHI pucu perioHiB y GEI, mo no3Bosisie mokpaummTi
¢(hEeKTUBHICTb PO3ITI3HABAHHS XOJIH.

3anponoHOBaHUI METO/| CKIAAAETHCS 3 HACTYTHUX KPOKIB.

Kpok 1. Sk 1 B momepeaHbOMY METOi, Ha MEPIIOMY KpoIll BiAOyBa€eThCs
oTpuMaHHs 300paxkeHHs eHeprii xoau moaunu (GEI). Bineo nepeTBoproeThes Ha cepiro
300pakeHb, SIKI TEPETBOPIOIOTHCS Ha OlHapHe 300paxenHs 3 cuiyetoM. GEI
CTBOPIOETHCS NUISIXOM MOETHAHHS ITUX CHIIYETIB XOU MPOTATOM ITUKITY XOJIH.

Kpoxk 2. Ha nipomy etamni oOupatotbes aBa perionu iHTepecy (Region of Interest,
ROI), siki BBa)KarOThCS MEHIII CXWJIBHUMU JI0 BIUIMBY Bapiaiii oxary. Jlami, 3 mux ABOX
PETiOHIB BUTSATYIOTHCS O3HAKM XOIM. 3a pe3yjibTaTaMy aHalli3y HAayKOBOI JiTepaTypH,
Oynu oOpaHi perioHH 1HTepecy, sKi 300pakeH1 Ha pUCYHKY 1.

Kpox 3. [na BuimydeHHS O3HaK 3 pErioHIB 1HTepecy, OyB BUKOPHCTaHUU
neckpuntop LR2P (Local Rotation Robust Pattern), sikuit Takox mpeacTaBaeHui B qaHii

poboTi.



Kpok 4. Ha 6a31 BlIy4eHUX O3HAK, ISl KOYKHOTO perioHy hOpMY€eThCs TicTorpaMa

Ta BEKTOP TOPU3OHTAIILHOI IIMPHUHU 3HAYEHB IMKceNiB aeckpunropa LR2P.

BepxHii perioH iHTepecy

AL

Gait Energy Image HwkHin perioH iHTepecy

Pucynox 1 — 300pakeHHs perioHIB IHTEPECY

Kpok 5. OTpumanuii BEKTOp TOPU30HTAIILHOI IIMPUHU Ta T1CTOrpaMa Jijisi KOYKHOTO
pErioHy KOHKAaTeHYIOThCS sl GOpMyBaHHS BEKTOPY O3HAK XOJIU JIFOJIUHU.

Kpok 6. [lo BeKTOpy 03HaK 3aCTOCOBYIOTHCS METOIM 3MEHIIICHHS PO3MipHOCTI.

Kpoxk 7. Knacudikarrisi ocoou 3a 10momMororo 6a3u BEKTOPIB, siKa 30€piracThCs B
CBL

IToka3nuk Tounocti Ha Habopi nanux OU-ISIR B cknaB 86.22%, mo nepeBuiye
TOYHICTh HalOMMx4oro meroay-ananory Ha 4.30%. Cepeaniil mOKa3HUK TOYHOCTI JJist
Bcix 32 ctmiiB onary Ha Habopi qanux OU-ISIR B ckmnas 91.78%, 1o cBiquuTh TIpo Te,
110 3allPOIIOHOBAHUN METOJ MOXKE MIHIMI3yBaTH npolaeMy Bapialliii oasry.

ChopmysiboBaHO APYruii MYHKT HAYKOBOI HOBU3HM: YJIOCKOHAJICHO METO]
pO3Mi3HABaHHS JIIOJUHH 33 XOJI0I0 32 YMOB HOCIHHS PI13HOTO OZSTY Ha 0asi JIOKaJbHOTO
neckpuntopy LR2P, mo no3Bommio 30UTbIIUTH €(GEKTUBHICTh PO3II3HABAHHS XOJU
JIOJIMHU 32 YMOB HOCIHHSI PI3HOTO OJSITY 3a PaXxyHOK PO3OUTTS PETiOHIB 1HTEpecy Ta
BUKOPHUCTAHHS JOKAJILHOTO MAaTEepPHY, pOOACTHOTO 10 IIOBOPOTIB.

J7ist po3mi3HaBaHHA JIOJIMHU 32 XO/I00 32 YMOB (PPOHTAJILHOI MPOEKIii KaMepH
OyB 3alpoNOHOBAHMN METOJ pPO3MI3HABAaHHS, 3aCHOBAHMN Ha aHaNi3l KOHTYpPY

300paXeHHsI €HePTii XOIH, 110 CKJIAJAEThCS 3 HACTYITHUX KPOKIB.
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Kpok 1. Sk 1 B momepeaHhOMY METOi, Ha TMEPIIOMY KpoOIll BiAOyBaeThCs
OTpUMaHHA 300pakeHHs eHeprii xoau moaunu (GEI).

Kpok 2. 3 GEI Butarytotecsa 300paxeHHs BepmuH ta KOHTYpy. GEI npencrasisie
IIPOCTOPOBI Ta YaCOBI1 Bapiallii maTepHy XOJIH.

Kpox 3. BuTsArHeHHs 3 KOHTypy Ta BEpIIMH TPbOX BEKTOPIB O3HaK. B pamkax
JTAHOTO METOAY OYJIM 3ampoOIIOHOBAHI TPU JAECKPUITOPU O3HAK: BEKTOP iH(OpMAIIii Ipo
pErioH, BEKTOp JOBXHUHHU KOHTYPY Ta BEKTOP BEPIIMH FOPU30HTAIILHUX CETMEHTIB.

Kpok 4. Ilonepenuss 00poOka OTpUMaHUX O3HAK 3a JOMOMOIOI0 METOAY aHaji3y
ronoBHuX komrnoHeHT (Principal Component Analysis, PCA). e Bin0yBaeThCs MUIIXOM
3MEHILIEHHS pO3MIPHOCTEH, sIKI HETaTUBHO BIUIMBAIOTh HA HAIIMHICTB KiacuQIKarlii, 1o,
B CBOIO Y€PTry, MPU3BOIUTH JI0 MOKPAIICHHS PO TyKTUBHOCTI.

Kpoxk 5. Knacudikaiiisi ocobu 3a 1omomororo 6a3u BEKTOPIB, sika 30€pIira€ThCs B
CBL

ExcniepumenTtansue nociimkenHs Ha Habopi mannx CMU MoBo nokaszano, 1o
3aMpONOHOBAHKUI METO/I IEMOHCTPYE MOKpaieHy Ha 6.41% TouHICTh pO3Mi3HABAHHS HIK
Meroa-anainor. JlocnimkernHs Ha HaOopi nanux CASIA B ayig HyJab0BOro KyTa OIJIsLy
MOKa3aJio, 110 3aIPOMOHOBAHUIN METO/T I03BOJIMB OTPUMATH MTOKAa3HUK TOUYHOCTI 99.70%,
10 MEPEBUILYE TOUHICTh HAMOIMKYOT0 MeToAy-aHasory Ha 5.30%.

CdopmysiboBaHO TpeTiii MYHKT HAYKOBOI HOBHM3HM: 6nepuie 3alpOlOHOBAHO
METO/1 PO3Mi3HABaHHS JIFOJIMHHU 32 X0JI010 32 YMOB (DPOHTAIIbHOIT MPOEKIIIi Kamepu Ha 6a3i
aHaJi3y KOHTYpPY 300pa’K€HHSI €HEprii XOJu, 110 JO03BOJIUIO 30UIBIIUTH €(PEKTUBHICTD
pO3Mi3HABAHHS JIOJUHU 32 YMOB (PPOHTATIHLHOT MPOEKIIIT KaMEepH.

Jlyist po3mi3HaBaHHS JIIOJMHU 33 XOJI0I0 32 YMOB Pi3HOI HMIBHAKOCTI X0au OyB
3alpPONOHOBAHUI METOJ PO3Mi3HaBaHHS, 3aCHOBAHWW HAa BUKOPUCTAaHHI MPOCTOPOBOI
nuHaMiku GEI Ta ckiiagaeTsest 3 HACTYITHUX KPOKIB.

Kpok 1. Sk 1 B momepenHbOMy METOAl, Ha MEPIIOMY KpoOIll BiIOyBa€ThCA
otpuManHs 300paxeHHs eHeprii xoau moauan (GEI). Bineo nmepeTBoproeThes Ha cepiro
300paxeHb, SKI TEPEeTBOPIOIOThCS Ha OiHapHe 300paxkeHHs 3 cuiayerom. GEI

CTBOPIOETHCA NIVIAXOM IMOECAHAHHSA IMUX CI/IHyeTiB X04ou IpOTATOM UKITY XOOU.
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Kpoxk 2. Bci 3pa3ku GEI 3 6a3u nanux Tta Bxiguuih GEI mepeTBoproroTbest Ha
npoctopoBi 300paxkenHs (I13). [yt oTpuMaHHs MPOCTOPOBOTO 300paKeHHS BUIIIAETHCS
kouTyp GEI, mo ckimamaerscs 3 TO9HOI pocTopoBoi iHGopmarii. Jlami BimOyBaeThCs
COPTYBaHHSI reoMeTpli KOHTYpY Ha OKpeMl BiJICOpTOBaHI KOHTypHu. B pesynbTati Oyne
oTpuMaHuii cnucok koopauHaT C(x,y). LI KoopIMHATH BHKOPUCTOBYIOTHCSA MJIs
OTPUMaHHsI MPOCTOPOBOTO 300pakeHHs SI(x,y).

Kpok 3. I3 orpuMaHOro mpocTopoBOro 300pa’k€HHsI BHIIYYA€ThCs MHOXKHHA 13
TPHOX O3HAK:

— METPUKa CXO0KOCTI IHTEHCHUBHOCTI — Il METPUKA HAJa€ KUIBKICHY OLIHKY
CXO0XOCT1 MK IBOMa 00JIaCTSIMU 300pasKeHHSI;

— METPUKa CXOXOCTI KOHTYpIB — MeTa OOYHMCIICHHS JaHOI METPUKHU TOJIATA€E B
TOMY, 1100 3HAWTU MIpy MOJIOHOCTI M) KOHTYpaMH BXIJHOIO 3pa3Ka Pg Ta 3pas3ka 13
0a3u gaHuX gg;

— METpPHKa MPOCTOPOBOI HECXOKOCTI — METOI0 BUKOPUCTAHHS JaHOI METPHUKHU €
3HAXOJIPKEHHSI MipH BIIMIHHOCTI MK BX1JIHUM 3Pa3KOM Pg Ta 3pa3KoM 13 0a3u gs.

Kpok 4. CTBOpeHHsSI CHUCKY CXOXOCTI Il KOXKHOTO BXIJIHOTO 3pa3Kka, SIKUAN
B1100pakae CX0XiCTh 00 HECXOXKICTh BX1JTHOTO 3pa3Ka 3 KOKHUM 3pa3KoM 3 0a3u JaHUX.
Pe3ynbraTom BUITyueHHS O3HAK € TPU CIIUCKHU JIJISl BX1JTHOTO 3pa3Ka Ps, sIKi HA3UBAIOTHCS

CHIMCKAMH BUMIPIOBaHHS CXOKOCTI (Lo » Ly g T@ Ly, IO MICTATH METPUKH IS P TA

KO>KHOT'O €K3eMILISIPY 3 Oa3u.

Kpok 5. Knacudikaiiist Ta mpuiHSATTS pillIeHHs], 110 BU3HAYAE HAJIEKHICTD BX1THOTO
3pa3ka JI0 MEBHOTO eK3eMIUIIpY 3 0a3u gaHux. OCTaTOYHHUM pe3ysnbTaT OTPUMYETHCS 3
BIJICOPTOBAHHMX CIIMCKIB BHUMIPIOBAHb CXOXOCTI B MOAYJl TNPUHUHATTA PILLICHHS.

[IpuiiHATTS pilIEHHS BiAOYBAETHCS IUISIXOM OOYMCIEHHS KOE(DIlIEHTa BIEBHEHOCTI Af
U KOXKHOTO 3 KanauzaariB. Kanauaar 3 MakCHMMalbHOK CyMapHOIO BEIHYMHOK Af €

KBaJI1(DiKOBAaHUM JJIsl OCTATOYHOTO PE3YJIbTaTy.
Hocmimxenns Ha Habopi gannx CASIA C moka3zajo, 1mo 3anponoHOBAHUN METOT

Ma€ MOKa3HHUK TOYHOCTI, Olabmmi B aiana3oHi Bix 0.5% mo 6.1%, B 3aj€KHOCTI BIJ



napaMeTpiB nociimpkeHHa. Cepenns TouHicTh Ha Habopi manumx OU-ISIR A cknama
98.69%, 110 nepeBUIIy€e MOKa3HUK TOYHOCTI HAMOIMKIOr0o MEeTOAy-aHajnory Ha 9.2%.

CdopmynpoBaHO YeTBepPTHIi MYHKT HAYKOBOI HOBU3HH: 811€plie 3alIPOTIOHOBAHO
METO/1 pO3Mi3HABAHHS JIOJUHU 32 XOJI0I0 32 YMOB PI3HOI MIBUAKOCTI XOU, 3AaCHOBAaHUHN
Ha BUKOpHUCTaHHI mpocTopoBoi nuHaMiku GEI, 1m0 103B0MII0 MiABUIINTH €EKTUBHICTh
pO3Mi3HABaHHS JIIOJAWHU 32 YMOB P13HOT MIBUIKOCTI PyXY JIIOJUHHU.

B 4derBepTOMy po3aijii nuceprarniitHoi po6otn OyB po3poOJICHHI MporpaMHUNA
MOAYJb IS 11eHTh(iKaLli JIOAUHYU 32 X01010. Llell MOysib MOKe BUKOPUCTOBYBATHUCH
okpemo, ab0 y CKJaJi CUCTEMHU OIOMETPUYHOI iAeHTH(]iKalii, Ae crenudika Xxoau
JIOJJMHUA BUKOPUCTOBYETHCS SIK YHIKAJIbHUN O1OMETPUYHMI MOKAa3HUK. Takuili MOAYJb
MOXe OyTM BHKOPHCTaHHMM B pI3HMX cdepax, A€ HeoOXigHa IepeBipka ocobdu abo
KOHTPONIb JOCTYIy. MlOro MOXHA iHTErpyBaTH B CHCTEMH BiJ€OCIIOCTEPEKEHHS Ta
BUKOPHUCTOBYBATHU JIJIsl PI3HUX O€3MEKOBUX MPOLEAYP Ta 1IeHTU(IKAITIT.

VY mpormeci po3poOku Moy Oylia BU3HAY€HA MeETa, NMPU3HAYCHHS Ta I[IJIh0BA
ayJIuTOPis TOJATKY, a TAKOXK OyJiM HOro BU3HAYEHI OCHOBHI (QyHKIli. Byn BcTaHOBIEHI
BX1JJHI Ta BUXIJIHI TIOTOKH 1H(opmaIlii, a TaKOK CTBOPEHA CXeMa MOTOKIB AaHuX. J{is
BU3HAYCHHS (DYHKIIIOHATILHUX BUMOT OYyJIM BU3HAYEHI KOPUCTYBaul MPOrpaMu 1 CTBOPEHa
JiarpaMa TMpeue/eHTIB, sKa BU3HAYMja OCHOBHI (DYHKI[IOHAJIbHI 1 HEQYHKIIOHAJIbHI
BHMOTH JI0 IPOrPaMHOTO MOJyJt0. byB BU3HauUeHUI apXiTEKTypHUH MIAXiI 10 MOJIYIIO
Ta HaJJaHO a0CTpaKTHE YSABIIEHHS Mpo cuctemy. g onucy po3ropTaHHs MPOrpaMHOTO
3abe3reueHHs OyJia CTBOpEHa JiarpamMa po3ropTaHHs Ta HaJlaHa CTPYKTypa 0a3u JaHUX.
Takosx OyJ10 BU3HAUEHO BUKOPUCTAaH1 TEXHOJIOTIT Ta OMUCAHO TEXHOJIOTTYHUHN CTEK.

[IpeacraBinena CTpyKTypa MPOTpaMHOTO MPOEKTYy, Oyiau BHU3HAYEHI 1 OMUCaHI
OCHOBHI TaKE€TH MPOTrpaMHOro 3ade3neueHHs. s 3a0e3nedenns sKkocTi 0yi0 NpoBeIEHO
TECTyBaHHS TMPOTPAMHOTO 3a0e3MeUeHHs, BKIIIOYAIYM (PYHKI[IOHAIBHE Ta MOIYJIbHE
TECTYBaHHSI.

Takum yMHOM, MiITBEPIKEHO CIIPOMOKHICTH Ta MPABUIIbHICTh TEXHIYHUX PIIICHbD,
3aCHOBAHMX Ha PE3yJIbTaTax AUCEPTALIMHOTO TOCIIKEHHS

Po3po6neni B po0OOTI MeToau Ta 1HCTPYMEHTaldbHI 3aco0u  OTpUMAaH

BIIPOBAHKCHHS Y JIISUTBHOCTI TOBAPUCTBA 3 OOMEXEHOIO BINMOBINAIBHICTIO «J{00pois
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®y13», MPUBATHOTO aKlliOHEpHOTO ToBapucTBa «Berponak ["'octomenbckuit Ckii03aBom
Ta 3HAWIUIM BIIOOpaKEHHA Yy HaBYaJIbHOMY IMIpOIECI Ta HAYKOBIM ISJIBHOCTI
HartionansHoro yHiBepcuteTy «Omechbka MoiTeXHIKay.

Knrouosi cnosa: 1HTENneKTyallbHI CHCTEMH, MaIllMHHE HaBYaHHS, OlOMETpHUYHa
imeHTudikarisi, HeMPOHHI Mepexki, KOMIT'IOTEpHHUI 31p, pO3Mi3HABaHHs, Kiacu(ikarlis,
ineHTudikaris, 1udppoBa 0o0poOka 300pakeHb, TEKCTypa, KOHTYpP, HIECKPHIITOPH,

e()EeKTUBHICTb PO3Ii3HABAHHS, ITEPATUBHI aJITOPUTMH.
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ABSTRACT

Purish S.V. Machine learning methods for human gait recognition. — Qualification
scientific work in the form of manuscript.

Thesis for the PhD degree in specialty 122 Computer science. — Odessa Polytechnic
National University, Ministry of Education and Science of Ukraine, Odesa, 2023.

The introduction shows the relevance of the problem of human gait recognition in
biometric identification systems (BIS). The imperfection of existing solutions for gait
recognition under the influence of various environmental factors or recognition
circumstances 1s shown. The object, subject, objectives and methods of the study are
defined; the scientific novelty and practical significance of the results are presented; the
personal contribution of the applicant is highlighted.

The first section of the thesis analyzes the problem of human gait recognition in
biometric identification systems.

An analysis is conducted on the primary objectives and fundamental concepts
behind the construction of biometric identification systems.

A comprehensive model of Biometric Identification Systems (BIS) is proposed,
along with a discussion on the selection of appropriate biometric identifiers for
constructing BIS.

The use of human gait as a biometric identifier was examined independently. The
use of gait for human identification has been shown to ease the design of a surveillance
system interface (SSI) by enabling the use of cost-effective and readily available
hardware, such as standard video cameras. Additionally, gait analysis allows for the
collection of biometric data in a non-intrusive manner. The human gait is known to be
difficult to counterfeit or manipulate.

Analyzed are scientific publications that provide strategies for identifying
individuals based on their gait. Human gait recognition techniques may be categorized
into model-based approaches and visual feature-based methods. Model-based approaches
are less efficient since the accuracy of the derived models relies on the image's quality.

Visual feature-based methods use both static and dynamic information to accurately
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identify and improve the recognition of gait. Consequently, it was determined to examine
techniques that rely on visual characteristics.

The examination of techniques relying on visual characteristics revealed that a
descriptor is often used to get specific details about the gait shape. An inherent drawback
of this descriptor is the generation of an extensive feature vector, resulting in an
augmented search space, intricate gait detection, and a subsequent decline in the model's
predictive capacity.

In order to address this limitation, we suggest a technique that integrates the
descriptor with the textural qualifiers. This approach allows us to extract highly
distinctive low-dimensional feature vectors that possess the ability to accurately
distinguish individuals.

Additional examination of gait-based techniques for identifying humans has shown
that their practical implementation is currently restricted, mostly owing to the varying
physical characteristics of individuals and external elements within the surroundings
(referred to as recognition covariates). The examination of gait variables revealed that the
most significant factors include individuals donning diverse attire, the anterior placement
of the camera, and varying walking velocities.

In order to counteract or diminish the impact of these factors that affect the way a
person walks, techniques centered on the examination of gait energy (specifically, Gait
Energy Image or GEI) have been suggested. GEI involves creating an average
representation of a person's movement by combining binary silhouette masks across one
complete walking cycle.

In order to develop and analyze the approaches that have been created, it is
imperative to use suitable datasets that consist of movies showcasing various individuals
walking in diverse circumstances.

The 1dentification of video sequences that include the required gait covariates for
performing the tasks is based on the study of popular datasets and the necessity to detect
human gait under various gait covariates.

The study has formed its purpose and goals based on the findings of the analysis.
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In the second section of the thesis, on the basis of the descriptor and textural
qualifiers, a method for identifying individuals by gait is suggested. The proposed method
includes the following sequence of steps.

Step 1. Obtaining the human gait energy image (GEI). The video is converted into
a series of images that are transformed into a binary image with a silhouette. The GEI is
created by combining these gait silhouettes during the gait cycle.

Step 2. The gait energy picture is transformed into a Gait Gradient Magnitude
picture (GGMI). The GGMI is obtained by first applying a Gaussian filter and then a
Sobel edge detector to the GEI. Gaussian filtering is used to eliminate fine features and
noise from the GEI. On the other hand, the Sobel operator employs a pair of 3%3 kernels
to 1dentify areas with high spatial frequency, which often indicate the presence of edges.
Applying a Gaussian filter and subsequently a Sobel edge detector to the GEI effectively
decreases the quantity of information that requires processing and eliminates less relevant
information. Simultaneously, the fundamental structural characteristics of the GEI remain
intact.

Step 3. Gaining gait characteristics from the individual's GGMI. The process of
obtaining gait characteristics involves the application of the global identifier and the
textural identifiers to elements. The textural feature of a cell is multiplied by the HoG
characteristics of the same cell, resulting in a numerical value. A low-dimensional feature
vector is obtained by successively concatenating the features from all nine GGMI cells.

Step 4. Pre-process the obtained features using the Principal Component Analysis
(PCA) method. This is done by reducing the dimensions that negatively affect the
reliability of the classification, which in turn leads to improved performance.

Step 5. Classification of a person using the vector database stored in the BIS.

To investigate the proposed method, experiments were conducted on five reference
gait datasets. On the CASIA A dataset, the proposed method showed an average
recognition accuracy of 97.77%, which is higher than the performance of the benchmark
methods. On the CASIA B dataset, the method showed the best accuracy for almost all
camera viewing angles (the advantage over the closest analog ranged from 3.8% to 6.4%

depending on the viewing angle). For the CMU MoBo dataset, the proposed method



15

showed 82.00% accuracy in human gait recognition, which exceeds the performance of
the nearest analog method by 5%.

The first point of scientific novelty is formulated: the method of human gait
recognition based on the global qualifiers and textural qualifiers has been improved,
which has reduced the time and computational costs of gait recognition by reducing the
dimensionality of the gait feature vector.

In the third section of the thesis, methods for recognizing a person by gait in the
presence of different gait covariates are proposed.

To recognize a person by gait when wearing different clothes, a method for
recognizing a person by gait based on the local descriptor LR2P was proposed. The
proposed method uses the gait energy image and exploits the local distinctive features of
regions in the GEI, which can improve the gait recognition performance.

The proposed method consists of the following steps.

Step 1. As in the previous method, the first step is to acquire a human gait energy
image (GEI). The video is converted into a series of images that are transformed into a
binary image with a silhouette. The GEI is created by combining these gait silhouettes
during the gait cycle.

Step 2. At this stage, two regions of interest (ROIs) are selected, which are
considered to be less affected by clothing variations. Next, gait features are extracted from
these two regions. Based on the results of the scientific literature analysis, the regions of
interest were selected, as shown in Figure 1.

Step 3. To extract features from the regions of interest, we used the LR2P (Local
Rotation Robust Pattern) descriptor, which is also presented in this paper.

Step 4. Based on the extracted features, a histogram and a vector of the horizontal
width of the pixel values of the LR2P descriptor are generated for each region.

Step 5. The resulting vector and histogram for each region are summed to form a
resulting vector of human gait specifics.

Step 6. Dimensionality reduction methods are applied to the feature vector.

Step 7. Classification of a person using the vector database stored in the BIS.
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Upper ROI

Gait Energy Image Lower ROI

Figure 1 - Images of regions of interest

The accuracy rate on the OU-ISIR B dataset was 86.22%, which exceeds the
accuracy of the nearest analog method by 4.30%. The average accuracy rate for all 32
clothing styles on the OU-ISIR B dataset was 91.78%, which indicates that the proposed
method can minimize the problem of clothing variations.

The second point of scientific novelty was formulated: the method of recognizing
a person by gait while wearing different clothes based on the local descriptor LR2P was
improved, which made it possible to increase the efficiency of recognizing a person's gait
while wearing different clothes by splitting regions of interest and using a local pattern
robust to turns.

To recognize a person by gait in a frontal camera projection, we proposed a
recognition method based on the analysis of the gait energy image contour and consisting
of the following steps.

Step 1. As in the previous method, the first step is to obtain a human gait energy
image (GEI).

Step 2. Vertex and contour images are extracted from the GEI. GEI represents the
spatial and temporal variations of the gait pattern.

Step 3. Extracting three feature vectors from the contour and vertices. Three feature
descriptors were proposed as part of this method: a vector of information about the region,

a vector of contour length, and a vector of horizontal segment vertices.
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Step 4. Pre-processing of the obtained features using the Principal Component
Analysis (PCA) method. This is done by reducing the dimensions that negatively affect
the reliability of the classification, which in turn leads to improved performance.

Step 5. Classification of a person using the vector database stored in the BIS.

An experimental study on the CMU MoBo dataset showed that the proposed
method demonstrates a 6.41% improvement in recognition accuracy over the analog
method. The study on the CASIA B dataset for the zero viewing angle showed that the
proposed method allowed to obtain an accuracy rate of 99.70%, which exceeds the
accuracy of the nearest analog method by 5.30%.

The third point of scientific novelty was formulated: for the first time, a method
of recognizing a person by gait in a frontal camera projection based on the analysis of the
image contour of gait energy was proposed, which increased the efficiency of human
recognition in a frontal camera projection.

To recognize a person by gait at different gait speeds, we proposed a recognition
method based on the use of GEI dynamics and consisting of the following steps.

Step 1. As in the previous method, the first step is to obtain an image of human gait
energy (GEI). The video is converted into a series of images that are transformed into a
binary image with a silhouette. The GEI is created by combining these gait silhouettes
during the gait cycle.

Step 2. All GEI samples from the database and the input GEI are transformed into
spatial representation. To obtain a spatial representation, a GEI contour is extracted,
consisting of spatial knowledge. Next, the contour geometry is sorted into separate sorted
contours. The result is a list of coordinates. These coordinates are used to obtain the
spatial representation.

Step 3. A set of three features is extracted from the obtained spatial image:

Intensity similarity metric - this metric quantifies the similarity between two image
areas;

Contour similarity metric - the purpose of calculating this metric is to find the
degree of similarity between the contours of the input sample p, and the sample from the

database gg;
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Spatial dissimilarity metric - the purpose of using this metric is to find the degree
of difference between the input sample p, and the sample from the database gj.

Step 4. Creating a similarity list for each input sample, which reflects the similarity
or dissimilarity of the input sample with each sample from the database. The result of
feature extraction is three lists for the input sample p,, called similarity measurement lists

(Lm s » Lm g T@ Ly, ), containing metrics for pg and each instance from the database.

Step 5. Classification and decision-making that determines whether the input
sample belongs to a particular instance from the database. The final result is obtained
from the sorted lists of similarity measurements in the decision module. The decision is

made by calculating the confidence factor A for each candidate. The candidate with the
highest total Af is qualified for the final result.

The analysis of the CASIA C dataset revealed that the suggested approach achieves
an accuracy rate varying between 0.5% and 6.1%, contingent upon the specific
parameters used in the research. The OU-ISIR A dataset achieved an average accuracy of
98.69%, surpassing the accuracy of the nearest analogous approach by 9.2%.

The fourth point of scientific novelty was formulated: for the first time, a method
of recognizing a person by gait at different gait speeds based on the use of GEI dynamics
was proposed, which made it possible to increase the efficiency of human recognition at
different human movement speeds.

In the fourth section of the thesis, a software module for identifying a person by
gait was developed. This module can be used separately or as part of a biometric
identification system, where the specificity of a person's gait is used as a unique biometric
indicator. This module can be used in various areas where identity verification or access
control is required. It can be integrated into video surveillance systems and used for
various security procedures and identification.

In the process of developing the module, the goal, purpose, and target audience of
the application were determined, and its main functions were defined. Input and output
information flows were established, and a data flow diagram was created. To determine

the functional requirements, the users of the application were identified and a precedent
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diagram was created, which identified the main functional and non-functional
requirements for the program module. The architectural approach to the module was
defined and an abstract view of the system was provided. To describe the software
deployment, a deployment diagram was created and a database structure was provided.
The technologies used were also identified and the technology stack was described.

The structure of the software project was presented, the main software packages
were identified and described. To ensure the quality, the software was tested, including
functional and unit testing.

Thus, the feasibility and correctness of technical solutions based on the results of
the dissertation research was confirmed.

The methods and tools developed in this work have been implemented in the
activities of Dobrodiya Foods Limited Liability Company, private joint stock company
Vetropack Gostomel Glassworks and are reflected in the educational process and
scientific activities of the Odessa Polytechnic National University.

Keywords: intelligent systems, machine learning, biometric identification, neural
networks, computer vision, recognition, classification, identification, digital image

processing, texture, contour, descriptors, recognition efficiency, iterative algorithms.
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