Knaccuukarus 1BeTa KOXH 4eJI0BEKa Ha BETHBIX H300PKEHMIX

XowmsikoB M.IO.

KJIACCUD®UKALIUA IBETA KON YEJTOBEKA HA IBETHBIX N30BP AJKEHUAX

Xomsaxoe M 1O.
Canxm-Ilemepbypaeckuti 20cy0apcmeentbiill d1eKmpomexHuyeckutl yrugepcumem <JI12TH»
um. B.U. Ynvanosa (Jlenuna)

AHHomayus

Pa3paboTanbl KOJIMYECTBEHHBIE MEPBI OIIEHKH BJIMSHHS LIBETOBOTO IPOCTPAHCTBA HA KAYECTBO
JICTEKIMH 1[BETa KOKH yesioBeka. [IpoBesieHo cpaBHEHNE OCHOBHBIX [[BETOBBIX IIPOCTPAHCTB C HC-
NOJIb30BaHUEM IOpOroBoro kinaccudukaropa: RGB, YCbCr, HSV, CIE LabYTounens! Bo3mox-
HOCTH MCHIOJIb30BaHMs COKPAIIEHHBIX [[BETOBBIX IIPOCTPAHCTB.

Knrouesvie cnosa: HBCT KOKU YCJIOBCKA, ACTCKIMS JIML, CPABHCHUC IIBETOBBIX IPOCTPAHCTB.

JlerekTHpoBaHNE Ha OCHOBE IIBETa KOXKM YEIOBEKa
IIMPOKO MCIIOJIB3YETCsI AT pacO3HABAHUS JIUI U YeJI0-
BEKO-MAIIMHHOTO B3aWMOEUCTBUS, SIBISISICH OTHUAM M3
HanOoee A (HEKTUBHBIX MOIXOJOB IS MOUCKA U BBI-
JIeTICHHs! JIMIA YeloBeKa Ha u3o0paxeHusx [1 - 6]. 13-
BECTHO, YTO JJISl JIMI] PAa3JIMYHBIX pac COCTaBIIIOIINE
L[BETOBOTO TOHA KOXXM MEHSIOTCSl HE3HAYMTeNIbHO. M3-
MEHEHHE COCTOSHHS 4eloBeKa (IMOLMOHAIBHOrO, (u-
3WYECKOT0) TaKXKe ClIad0 BIIMSCT Ha LBET ero kKoxu [7].
Pe3ysbraTel 1eTeKTHPOBaHMUS JIMIl HA OCHOBE I[BETa KO-
KU HE 3aBUCAT OT PAacCIONIOXkKeHUsI U pakypca [8]. Dtu
(akTOpel OOYCIOBHIM MEPCHEKTHBHOCTH HCIOJIH30Ba-
HUSI METOJIOB BBIIEJICHMS IIBETa KOXKH 4YeJIOBEKa JUIs
OMOMETPHYECKOI NIECHTU(DUKALIIH.

AKTHBHOE pa3BHUTHE KOMIbIOTEPHOH I'padMKH, KOJIO-
pUMETpUH U JUCLMIUINH, CBSI3aHHBIX ¢ 00pabOTKOM n30-
OpaxxeHuii, 00yCIOBIWIIO TOSIBJICHUE OOJBIIOTO KOJIHMYE-
CTBA IIBETOBBIX MPOCTPAHCTB, JIMHEHHO WM HEJIMHEHHO
CBSI3aHHBIX MEXIy coOoii. Hambosbiee pacrpocrpane-
HHE, BBUJLy CBOCH MPOCTOTHI, MOJIydHJIO [IBETOBOE ITPO-
crparctBo RGB, craBmiee «ie (hakro» craHmapToM It
00paboTKyM 1 XpaHEeHUs! U POBBIX N300pasKEHHUH.

Jlnst BeIZENeHus IBeTa KOXKM YEIOBEKa HCHOJIb3Y-
IOTCSl pa3IMYHBIC [BETOBBIC INpocTpaHcTBa. Hambosee
HOJIHBIA 0030p 1aH B paboTax [2, 4, 5].

B 3aBucuMocTH OT IBETOBOTO HPOCTPAHCTBA IIBET
KOXKM YEeJIOBEeKa IpPEJCTaBIsIeTCs OTpaHMYeHHON 00a-
CTBIO OTTEHKOB [9], UMeroIIel pa3IMyHyl0 pPa3MBITOCTh
U pazMep.

HexoTopble IBETOBBIE OTTEHKH MOT'YT PECTaBIATh
OJ/IHOBPEMEHHO IIBET KOXKH YeJIOBEKa M JIEMEHTHI (hoHa
[10]. Bimsiaue 3Tux (haKTOPOB Ha KAUECTBO JACTEKTHUPO-
BaHMs IIBETa KOXH, K COXKaJCHHIO, OCTAETCsl HEelooIle-
HEHHBIM MHOTHMH M CCIIE0BATEISIMH.

Lenpto manHON pabOTHI SIBISIETCS MpEICTaBICHHUE
METOJIOB OLIEHKH KJIACTEPU3YIOIIUX CBONCTB LBETOBBIX
MIPOCTPAHCTB U CpaBHEHUE MX 3()()EKTHBHOCTH NpHU pe-
IIIEHWH 33/1a91 JETeKINH [BETa KOXKH uenoBeka. Pabora
COCTOUT U3 3 yacTew.

B mepBoit wacTu paccMOTpeHBI OCOOCHHOCTH BBIIC-
JieHus obJracTell BETa KOXH YeJIoBeKa Ha N300pasKeHH-
sIX. BTopas yacT OIMChIBacT NMPUHIMIIBI OLIEHKH I[BETO-
BBIX IIPOCTPAHCTB 1 KAU4eCTBA JETEKIUH JIUI] B 3THX ITPO-
CTpaHCTBax. TpeThsl 4acTb COJCPIKHUT PE3yIbTaThl dKCIIe-
PMMEHTOB Ha M3BECTHBIX [[BETOBBIX MPOCTPAHCTBAX.

Buvioenenue yeema kosrcu uenosexa
Ha u300parcenusx

[epBbIM IIaroM INpW PELICHUH 3a7a4d BbIICICHUS
[BETa KOXH YEJOBEKa Ha M300PaXCHHUSAX SIBIACTCS BbI-
00p L[BETOBOIO MPOCTPAaHCTBA. M CHONB3YIOTCS TPAKTH-
YECKH BCE W3BECTHBIC THIIBI LIBETOBBIX MPOCTPAHCTB [4]:
MPOCTHIC, TEPLENIHOHHBIC, OPTOTOHANBHbIE, MEPLEIIIIHI-
OHHO YHH(DHUIMPOBAHHbBIC, a TAKKE KOMOMHHPOBAHHbBIC
[[BETOBBIC MPOCTPAHCTBA, COCTABJICHHBIC W3 HM3BECTHBIX
(manpumep, RGB-H-CbCr [11]).B paGote paccmatpu-
BAIOTCA XapaKTEPUCTHKU M3BECTHBIX IIBETOBBIX IIPO-
ctpancTB pasubix TunoB. RGB, HSV, YCbCwm CIE Lab.

BTopbIM mIarom siBisieTcss BRIOOP MOJEIH [BETA KO-
KU 4enoBeka (kmaccupuuupyromei ¢ yHkuun). B mpo-
CTeHllIeM CIydac LIBETOBAs MOJCIb SIBISIETCS OMHAPHON
Kiaccupuuupyromen ¢yaknuei. Pesyiaprarom kinaccu-
(buKaMy MOXKeT OBITh Kak BEIICCTBEHHOE YHUCIIO, OTpa-
JKarolee BEPOSITHOCTh MPHHA/JIC)KHOCTH SJICMEHTA 1IBe-
Ty KOXH 4YeNOBeKa, TaK U OMHApHOE 3HaueHue. M3 nu-
TepaTypbl U3BECTHBI CIENYIOIIUe OUHAPHBIC KIaccudu-
KaTOPbI, UCIIOJIB3YEMbIC ISl PEICHHs 3aJa4H BhIIeIe-
HUS LIBETA KOXXH 4elioBeka [4]: Tabiuua moJCcTaHOBKU
(Look up table — LUT),noporoBslii kiaccudukarop
(Thresholding) rucrorpammuas Moziellb Ha OCHOBE Ha-
uBHOro OaiiecoBckoro kiaccudukaropa (Histogram
model with naive bayes classifiersjpnens smmnru-
yeckux rpanun (Elliptical boundary model)muoro-
cnoineii nepcuentpon (Multilayer perceptron — MLP),
camoopranu3yromuecs kaptol (Self organizing map —
SOM), baitecoBckas cets noBepus (Bayesian network —
BN). Tak kak LBET KOXH YeJIOBEKA P KOHTPOJHpYE-
MOM OCBCIICHHH 3aHMMAeT OTPaHUYCHHOE IOMHOXKeE-
CTBO LIBETOBOTO MpocTpaHcTBa [9], Haubosee mpocThiM
W YacTO MPUMEHIEMbBIM SIBJISCTCS IOPOrOBBIA KIIACCH-
¢dukatop. CocTaBieHHasi B 3TOM ClIydae CHCTeMa Hepa-
BEHCTB /ISl LIBETOBBIX KOMIIOHEHT KJIaCCHQHUIHPYET
9NIEMEHTHI W300pa)XeHHsl 10 WX COOTBETCTBUIO LBETY
KOXXH YelIOBEKa. 3aMETUM, YTO KOJMYECTBO OTEpaLHii
NPH TAKOM IIOJXOJE COM3MEPUMO C KOJIMYECTBOM dlie-
MEHTOB Ha M300pakeHHH. B juTepaType paccMOTpPEHSI
METO/Ibl, T/I¢ NIPUMEHSIOTCS KaK JIMHEHHbIC HEPaBEHCT-
Ba, TaKk W OoJiee CIIOXKHbIC YCIOBHS M HECTaHIApTHBIC
UBeTOBbIE MpocTpanctsa [4, p. 1109] s yaupuxauuu
nporecca KiacCH)UKaUK sl pasHbIX IBETOBBIX IPO-
CTPaHCTB B pabdOTE paccCMaTpUBAIOTCSA TOJIBKO IOPOro-
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BbI€ KJIaCCU(HUKATOPHI, COCTABJICHHBIE HE3aBUCUMO JIJIS
KaX[0! IBETOBOM KOMIIOHEHTBHI.

O¢ddexTrBHBIN KITaccu()UKATOp KOXKH YeJI0BEKa JI0JI-
eH OBITh POOACTHBIM IO OTHOIIEHHUIO K OCBEIIEHHOCTH,
pacoBOMY OTTEHKY KOXXH, HHIMUBUAYAILHBIM XapaKTepH-
CTHKaM 00bEKTa ChEMKH U CIIOKHOCTH (hoHa. boybmmH-
CTBO KJIACCH(UKATOPOB YIOBJICTBOPSIOT 3TUM TpeOOBa-
HUSM JIUIb YacTudHo [4]. Hioke paccMoTpeH Meto mo-
9NIEMEHTHOH (MOMHUKCEIbHON) OLICHKU JETEKTUPOBAHHBIX
obnacteil n300paXkKeHWs, KOJMYECTBEHHO XapaKTepH-
3yIOMINI TOYHOCTb JETEKIMN 00J1aCTeH KOKHM YeJIoBEKa.

KauecTBo BbImeneHuss oOnacTei KOXKM YENOBEKa Ha
n300pa)XKEHNH 3aBUCUT OT KOMIIAKTHOCTH JIOKAJIM3allU
[[BETA KOXXM YeJIOBEKa B IIBETOBOM IpOCTpaHCTBe. J{ys
OIIEHKH CTETICHH JIOKAJIN3AlUH B Pa3HBIX [BETOBBIX ITPO-
CTpPaHCTBaX IIPEIJI0KEHbI MEpbl OIEHKH KJIACTEpH3YIO-
IIMX CBOMCTB I[BETOBOTO MPOCTpAaHCTBAa M KadecTBa Jie-
Tekimi. C WX WMCHOJIb30BAaHMEM MNPOBEICHO KOJMYECT-
BEHHOE CPaBHEHHNE BHIOPAaHHBIX IBETOBBIX ITPOCTPAHCTB.

Ouenka Heemoeoco npocmpancmea

Kak npaBuiio, KauecTBo JETEKIUH KOXKU YEJOBeKa 13-
Mepsiercs BenmarHon ommook | v |l poma. st cpaBHeHHs
3¢ (EKTUBHOCTH M3BECTHBIX JETEKTOPOB HCIOJB30BaH Me-
TOJl, OCHOBAHHBIH Ha MOBJIEMEHTHOH (MIOMUKCENBHOM)
OIIEHKE JAECTEKTUPYEMBIX 00JacTeil n300pakeHus.

Owmumbku nerexunu (BbIIEICHUS 001acTell KOXH de-
JOBeKa, obnactell (oHa M oOIas OMWMOKa) HOACUHUTHI-
BAIOTCS TIORJIEMEHTHO 10 BCEMY ITOJII0 H300paXKeHHs

Err . =|F" 0 (N=F)|/|F]. 1)
BT e =|(N=F ") 0 F| [N =F], @)
Err = (Errms [[]\l - F||l\:-| Err o tace []ZF|) ’ @)

rac F — MHOKeCTBO 3J€MEHTOB I/1306pa)KCHI/IH, arpruopu

OTHOCAIIMXCA K KOe uesoBeka; F~ — MHOKECTBO iie-
MEHTOB M300Pa)KeHH], ICTCKTUPOBAHHBIX KaK KOa Yelio-
Beka; N —MHOXKECTBO BCEX DJIEMEHTOB HA H300PAXKECHHUH.

Takasi OLCHKAa KadecTBa JCTCKLHHU sBIETCS OoJee
TOYHOH MO CPaBHEHUIO C HM3BECTHBIMH METOIAaMH, HO
TpeOyeT UCHOJB30BaHUS CHELHAIBHBIX N300paKSHUN C
NPEBAPUTEILHO BBIJICICHHBIMUA O0JIACTAMH, OTHOCS-
HIMMHUCS K LBETY KOXH 4elloBeka. DopMHUpOBaHHE Ta-
KUX U300pakeHUH MPOU3BOIMUTCS IKCIIEPTaMH, YTO MO-
KT TaK)Ke BHOCHTH MOTPEUIHOCTH B PE3yJIbTaT.

JInst O1leHKH [BETOBBIX MPOCTPAHCTB M HX BIIUSHUS
Ha Ka4yeCTBO BBIJCIICHUS IIBETa KOXXH YEJIOBEKa 3Jie-
MEHTBl W300pa)KeHHs, MPEIACTABIAIONINEG LBET KOXH,
paccMaTpuBaroTcs 0e3 yduéra HMX pacloJIOKCHUS Ha
n300pakeHnn. B 3aBUCHMOCTH OT LBETOBOTO IIPO-
CTPaHCTBA HEKOTOPBIC BETOBBIC OTTEHKH MOT'YT MIPE/-
CTaBJIATh OJJHOBPEMCHHO IIBET KOXXH YEIIOBEKa U 3Jie-
MeHTHI hona [10].

Jlns cpaBHEHHS LIBETOBBIX IPOCTPAHCTB BBEAEM Me-
Py KIacTepu3yeMOCTH LBETOBBIX KOMIIOHEHT, OTHOCS-
mMXCS K IBETY KOXHW 4YeJoBeka. Kiacrepusyromue
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CBOWCTBAa I[BETOBOTO IIPOCTPAHCTBA TEM HIDKE, 4eM
00JIbIIIE TTOIMHOYKECTBO, 3JIEMEHTH KOTOPOT'O OHOBpE-
MEHHO MOTYT IIPEJCTaBISITh 00JacTH C IBETOM KOXH
yeJioBeka u (oHa:

| =FN(N-F),
rac N — MHOKECTBO BCEX DJIIEMEHTOB Ha I/1306pa>KeHI/II/I;
F — MHOXECTBO 3JEMEHTOB I/1306pa>KeHI/I$I, OTHOCA-

IMXcs K IBETY KOXHU denoBeka, npuuém FON; | —
MHOJKECTBO JJIEMEHTOB, TIPEICTABIITIONUX OJHOBpPE-
MEHHO 00JIaCTH KOXH | (oHa; (| — oreparus mepece-

YCHUA MHOXCCTB C y‘léTOM BCCX NOBTOPAIOIIUXCA dJIC-
MCHTOB, T.€..

AMB ={x| (lyDA:H (x) =H (y))O
D(z0B:H(x) =H@))

[FN(N=F)[<|l| < min(|F| [N -F]),

rae H — QyHKmus moacuéra Xa1-Koaa AIeMEeHTa MHO-
xectBa. O4EeBHIHO, YTO B CIydae OTCYTCTBHUS DJIEMEH-
TOB, OTHOCAIIUXCS K Koxe uenoBeka (F =0 ) wm do-
vy (N-F =0 ), nonyaum | =NO=0.

OrneHka KJIacTepU3yeMOCTH MOXET HPOBOIUTHCS
KaK U1 OTJCNBHBIX IBETOBBIX KOMITOHCHT, TaK W IS
[BETOBOTO OTTEHKA B IenoM. OyHknms H s usero-
BOW KOMIIOHEHTHI — 3TO CaMO 3Ha4YeHHE SPKOCTU (Ha-

IpuMep, AJi1 BETOBOM komnoHeHTs! [JaldA:a=H (a) )

a I TPEXKOMIIOHEHTHOTO IBeToBoro orrenka ABC
BBIIOJIHAETCS .

(ox={a,b,c,la,0Ab,0B ¢,0C}),
(Oy={a,.b,.c, 1a,0Ab,0B.c,0C}):

H(x)=H(y) - (a=2)0

O(by, =b,) O(c, =c,).

KauectBo KIIACTEprU3alui IBETOBOIO IMPOCTPAHCTBA
XapaKTCPpU3yCTCA OTHOCUTCIbHBIM KOJIMYCCTBOM LIBETO-

BbIX OTTCHKOB, KOTOPLIC OAHOBPEMCHHO BCTPCUYAIOTCA
Ha O6J'IaCT$IX, MNpEACTaBJIAIOIINX KOXKY YCIOBCKA U (bOH:

Rl e =1 NF|/|F|, (4)
Rl n-raee =|1 NN =F)/IN=F], (5)
R =[1|/|N]. (6)

Krnacrepusyromue CBOWCTBA IBETOBOTO IMPOCTpPaH-
CTBa BBIIIE, KOTa KOJINIECTBO OOIIMX OTTEHKOB 00Jiac-
TEH C IIBETOM KOXKH 4eJloBeKa U (POHa MUHUMAIBHO.

Ji1  NONOJHUTENBHOM OLIEHKH —KIIACTEPHU3YIOLIUX
CBOJICTB LIBETOBOI'O NPOCTPAHCTBA BBENEM MEPY KYIEINb-
HOID» AMCHEPCUU LIBETOBOTO OTTEHKA, MPEICTaBISIIOLIETO
KOXY 4eJI0BEKa:

R = DI /Fl. )
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rac D|:||C||:| — AUCIiCpcus GBKJII/I,HOBOﬁ HOPMbI Ha 1IpoO-

U3BOJIbLHOM N -MEPHOM LIBETOBOM IIPOCTPAHCTBE C ICH-
TPOM KOOPAHUHAT B TOYKC M [C], paccunTaHHasA IJisA

BCEX TOYEK 00JAaCTH LBETOBOTO IPOCTPAHCTBA, MpE-
CTaBJIIONIMX LBET KOXHM 4YENOBEKa; C — JUCKPETHAs
CllydailHasl BEJIMYMHA, IPEJCTAaBIAIOMAs IBET KOXKHU Ue-
JIOBEKA B N -MEPHOM LIBETOBOM IIPOCTPAHCTBE.

Takum 00pa3oMm, OTHOIIEHHE KOHIIEHTpALMH I(BETa
KOXH 4€JIOBEKa B IIPOU3BOJILHOM IIBETOBOM IIPOCTPAH-
CTBE K KOJIMYECTBY DJIEMEHTOB, COCTABJIIONINX 3Ty 00-
JIaCTh, MPECTABISIET COOON «ynenbHBIIN» pazdpoc IBe-
TOBOIO OTTEHKA KOXH Y€JIOBEKa Ha KOHKPETHOM H30-
OpakeHMH. JTa Mepa II03BOJIIET YHCICHHO OIICHHTHh
KOMIIAKTHOCTb IPEACTaBJICHUS KOKU YeIOBEKa B IBE-
TOBOM IIPOCTPAHCTBE.

3KC”€pllM€Hlﬂbl U pesyibomamnol

CpaBHEHHE KJIACTEPU3YIOIINX CBOMCTB M OLICHKA
KauyecTBa JETEKIMH BBIIOIHSUINCH JUI1 YETHIPEX CTaH-
JIApTHBIX [BETOBBIX mpocrpancts. RGB, HSV, YCbCr,
CIE LAB. OueHka mpoBOaWIIach Ha M3BECTHBIX Ha0O-
pax wuzobpaxenuin [3,12,13,14], comepxammx 00y-
Yarolre U300paXKeH!sl C MPeIBAPUTEILHO BbICICHHbI-
MH 00JIaCTSIMH, OTHOCSIIIUMUCS K IIBETY KOXHU YeJIoBe-
Ka. Mcxonuble n300paXkeHUs! 3a/1aHbl B IIBETOBOM IIpO-
crpanctBe RGB. IlepeBon m3o0paxkenuii B qpyrue uc-
clie/lyeMble IIBETOBBIE ITPOCTPAHCTBA OCYIECTBIIICS B
COOTBETCTBUHM C IPUHATHIMU cTaHgapramu [15-17].
[Mpumepsr n300pakeHHi, MCIIOIH30BAHHBIX B paboTe,
TIpUBeeHbI Ha puc. 1.

Jlst knmaccnuKanyy IBeTa KOXM YelloBeKa Ha M30-
OpaXXEHHSAX CTPOUTCS CHCTEMa ITOPOT'OBBIX KIIACCH(H-
KaTOpOB, KaXIbI U3 KOTOPBIX OI'PaHUYNBACT OJIHY LIBE-
TOBYIO KOMITOHEHTY.

[Tonck rpaHIYHBIX 3HAYSHUH JJI1 KaXKIOTO IIBETOBO-
T'0 IPOCTPAHCTBA MTPOU3BOAMICA IepedOpOM BCeX AOITyc-
THUMBIX 3HaY€HMH U1 IOPOTOBBIX KJIACCH()HUKATOPOB Ka-
KIOW IIBETOBOH KOMIIOHEHTHI 10 KPUTEPHUIO MUHHMAJIb-
Ho ommbOku (3) nmpu ycnosuu Err,, . = Err Bsge-
JICHHE JOTIOJHNTEIEHOTO YCIOBHS TapaHTHPYeT HOTyde-

HHUE €IMHCTBEHHOI'O pe3ylbTara MUHUMaJIbHON OMIMOKU
(3), T.k. MO3BOJISIET BHIJCIUTh CIMHCTBEHHYIO TOYKY Ha

non-face *

ROC«pusoii knaccupukaropa (Receiver Operator Cha-

racteristic).

MeTto MOKOOPAWHATHOTO CITycKa o kputeputo (3)
MO3BOJIIET IOJY4UTh OKBHBAJICHTHOE MHHUMAJIbHOE
3HavyeHue oOmed ommoku (3) Ha JaHHOM Habope H30-
OpaxxeHuii. B kauecTBe KOOpIAMHAT B JIaHHOM cCilydae
I0JIpa3yMEBAIOTCS MCKOMBIE TPAaHUYHBIC 3HAUYEHHS IS
LIBETOBBIX KOMITOHEHT. VX mepeOop ocymmecTBisuIics B
MIOCIIEI0BATENLHOCTH, JAIOIeH MUHUMAIBHYIO OIINOKY

(3), mpu ycmosum Erry, =ErT, (.- Takoil moaxon

aQHAJIOTUYEH METOAY HAMCKOPEHIIEro CIycKa, HO BMe-
CTO JBIXKEHHS 10 HANpAaBIICHUIO, 0OpPaTHOMY MaKCH-
MQJILHOMY TpaJHEHTy, MPEANOJAraeT ABIKEHHE IO
(DMKCHPOBaHHBIM HANpPABJICHUSIM. JTO II03BOJISIET CJie-
JIaTh BBIBOJ, YTO AaHHAst (DYHKIWS HE SBISIETCS MHOTO-

SKCTpEMaAJIbHON Ha JaHHOM Habope n3o0paxkeHHi, u
JUI BCEX MCCIEAYEMbIX IIBETOBBIX MPOCTPAHCTB OBLIH
HaleHbl TPaHUYHBIC 3HAYCHHS, TapaHTHPOBAHHO Jal0-
[IMe MUHUMaJbHYI oO0myro ommoOky (3). OdeBuIHO,
YTO B CIIydae NOKOOPAMHATHOTO CITyCKa BBIYMCIIUTEIb-
HBIE 3aTPaThl CYIIECTBEHHO MEHBIIIE.

Puc. 1. Ilpumep ucxoonozo (a) u konmponvtoeo (6)
uzobpaosicenuii [13]

JIyst BCeX IBETOBBIX IPOCTPAHCTB U UX KOMIIOHEH-
TOB OBUTM BBMHCICHBI 3HaYeHUs (4-7). OLeHKa «KOM-
MIAKTHOCTHM» TIPE/ICTABJICHUSI I[BETAa KOXXHM UYEIOBEKA B
L[BETOBOM IIPOCTPAHCTBE ObUIA BBINOJHEHA JUIA IIPO-
CTPaHCTBA LEIMKOM M IIBETOBBIX KOMIIOHEHT IO OT-
JIENBHOCTU. Pe3ynbTarsl 3KCIIEpHMEHTOB, YCPEIHEHHBIE
o Bcelt 0ase m300pakeHMi, cBeaeHbl B Ta0u. 1. Crout
OTMETUTb, YTO TOJIyYECHHBIC PE3YJIbTATHl MOT'YT MHTEp-
MIPETUPOBATHCS TOJBKO ISl OTHOCHTEIILHOTO CPAaBHEHHMS
LBETOBBIX IIPOCTPAHCTB MEXIY co00i. 3HaUeHUs npe-
JIOXKEHHBIX OIIEHOK CHJIbHO 3aBHCAT OT 0a3bl n300paxe-
HUH, BBIOpaHHOM U TIPOBENEHHS KCIIEPUMEHTOB, H, B
TOM YHCIIe, KOHTPOJIbHBIX N300payKeHUH C BBIACICHHOM
00J1aCTBIO0 KOXKHM YeJIOBEKA, IT0JTydEHHBIX SKCIIEPTaMH.

Haiinennple rpaHnYHbBIC 3HAYEHUS MO3BOJIMIIM JOC-
THUYb HauMEHbIIEH o0mel OMmMOKY JETEKINU KOXHU de-
JoBeka, paBHOW 7,4% & IBETOBOTO TPOCTPaHCTBA
YCDbCr. lanHoe 1BETOBOE MPOCTPAHCTBO SBJIETCS OPTO-
TOHAJIBHBIM. J{JIsl BCeX LBETOBBIX IPOCTPAHCTB HAOIIO1a-
€TCsl PAaBEHCTBO 00l OMIMOKHU JETEKIMU KOXKHU YeJloBe-
Ka (3) u ommmbok | u Il pona (1,2), yTo 00YyCIOBICHO J0-
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IIOJIHUTCIIBHO
Err.. =Err,

Mmuorue aBropbl [18,19] nmpoBomsT HcciIenoBaHHE
COKpAaIIEHHBIX MOJU(UKAMNA OPTOTOHAJIBHBIX LBETO-

YCTaHOBJICHHBIM YCJI0BHUEM

non-face *

BBIX IIPOCTPAHCTB, UCKIIIOYas cabo CBSI3aHHYIO C KOM-
MTOHCHTAMH IIBETOBOTO TOHA SPKOCTHYIO COCTaBJISIO-
IIy!0. JTO MO3BOJIIET CYIIECTBEHHO COKPAaTUTh O00BEM
BBIYUCIICHUM.

Tabnuya 1. Pesynbmamsl 9KcnepumeHmos

FpaHI/I‘lHBIe SHas Err Er rfaoe Er rnon—faoe RI RI face RI non-face RV ’ xloe
YCHUA
156< R< 25€ 0.410
RGB 91<G < 256 0,283| 0,283 0,283 0,143 0,574 0,114 (0,280/0,152/0,141
69< B< 256
V <41V = 357 0286
HSV 0<S<90 0,181 0,181 0,181 0,143 0,579 0,114 (0,319/0,084/0,235
16<V <100
26<Y <222 0.104
YCDbCr 104<Cb<130 0,074| 0,074 0,074 0,191 0,689 0,159 (0,125/0,009/0,007
139<Cr < 18¢
5<L <100
CIE 0,120
Lab -35< A<55 0,186| 0,186 0,186 0,299 0,856 0,263 (0,130/0,005/0,011
3<B<35
104<Cb<130
CbCr 139< Cr < 18¢ 0,074| 0,074 0,074 0,702 0,913 0,688 0,013 (0,0091),
CIE ab _33<SBA<<6772 0,148| 0,148 0,148 0,678 0,916 0,662 0,011 (0,00510,

JlonosHUTENEHO OBIIM MCCIIEIOBaHbBl COKpalIEHHbIE
MOJIM(HUKALNHA OPTOTOHAJIBHBIX [[BETOBBIX IIPOCTPAHCTB
YCbCru CIE Lab.Pe3ynbrarhl Beraucnenus mep (4-7)
u omnbok Jerekuuu (1-3) mpeacraBieHbl B BBILICIPHU-
BeACHHOHN Tabymie. Bennmunna ommOOK M TpaHUYHBIX
3HAYEHMH, MOJydEHHBIX U1 MOIAM(PHUINPOBAHHOTO IIPO-
crparctBa YCDCY, MOJHOCThIO COBNANACT C OPUTHHANB-
HBIM IIPOCTPAHCTBOM, YTO MOATBEPXKIAET OTCYTCTBHE
3aBUCUMOCTH MEXAY KOMIIOHEHTaMH I[BETOBOTO TOHA U
SIPKOCTHOI KOMIIOHEHTOH, a TaKk)Ke He3aBUCHMOCTb I1Be-
Ta KOKHM YeJIOBEKA OT SIPKOCTHOM COCTaBIIIOMICH It
npoctpanctBa YCDCr. IIpocrpancteo CIE Lab onu-
CaHHBIMH OCOOCHHOCTSIMH HE 00J1aJacT.

Ipoctpanctea YChCr, RGBu HSV ob6nanaror co-
MOCTaBUMOHN KJIacTepu3alyeil IBeTa KOXXH 4eIoBeKa.
BBuay ocoGeHHOCTElH CTPOCHUS U MTOJHOM HE3aBUCHMO-
CTH MEXIY KOMIIOHEHTaMH L[BETOBOTO TOHa & u b, co-
kpaménnas mogaupukanus CIE Labo6nagaer nanmyd-
el KiracTepusalnyel [Bera KOXW B IBETOBOM IIpO-
CTpaHCTBE.

Ha puc. 2 npencraieHsl THCTOTpaMMBI  pactipesie-
JICHUs I[BeTa KOXXM YesioBeka M (hOHA I LBETOBBIX
KOMIIOHEHT npoctpancTBa YCDOCr, monydeHHbIe Ha TeX
e Habopax maHHbIX. OHH ITO3BOJIIOT OLIEHUTH KJlacTe-
pH3alMIO IBETa KOXM YeJIOBeKa IS OTAEIBHBIX KOM-
MIOHEHT [IBETOBOTO IIPOCTPAHCTBA.

OpHUM U3 OCHOBHBIX IPEMMYIIECTB COKPAIIEHHBIX
MOJU(UKAINHA [[BETOBBIX MPOCTPAHCTB SIBJIAETCS JIyd-
masi «KOMITAKTHOCTH» ITPEICTABICHHS LBETA KOXU Ye-
noBeka (7). M3 Hecokpam€HHBIX LBETOBBIX MPO-
CTPaHCTB HAWIy4IIeH «KOMIIAKTHOCTBIO» 00JaJaloT
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useroBeie npoctpanctBa YCOCru CIE Labwu ux xom-
MOHEHTHI 110 OTAEIbHOCTH (Tabu. 1).

Takum oOpaszom, BeroBoe npocrpancto YCHCr u
ero cokpamiéHHass MOAM(HKAIMS NPEACTaBISIIOT IBET
KOXXM 4esloBeKka HamimydmuM oOpazom. CokparméHHas
MoJu(pUKaKs JONOJHUTEIBHO —oOOJiagaer Jrydmieit
«KOMIIAKTHOCTBIO» TIPEACTAaBJICHUS IIBETA KOXKH YeJIO-
BEKa M TpeOyeT MEHBINEro KOJIMYECTBA BBIYHMCICHUH
TPH ICTEKTUPOBAHHH.

Ha puc. 3 mpexncraBieH pe3ysibTaT CerMEHTAIUH
TeCTOBOTO M300paxkeHus (puc. 1) Ha OCHOBE IIBETOBOTO
npoctparctea CbCr (YCbCr).

3aknrouenue

B pabore paccMoTpeH oauH M3 HanboJee Iepchek-
TUBHBIX TOAXOJOB K JECTEKTUPOBAHHIO HM300paXKEHWH
JIMIL JIIOJIel, OCHOBAHHBIN Ha BBIJEJIEHUN 00acTel u3o-
OpakeHHs T10 IIBETY KOKH uesioBeka. J[aHHBIN moaxon
00magaeT BEICOKMM OBICTPOJIEHCTBHEM, IIPOCTOTON pea-
JIM3ALUH U TPUEMIIEMBIM Ka4€CTBOM JICTSKTHPOBAHHS.

BBezneHbs! HOBBIE MEpBl OIEHKH KAa4eCTBA JECTEKIHH
I[BETa KOXXM YEJIOBEKa M KJIACTEPH3YIOIINX CBOWCTB
LBETOBBIX IIPOCTPAHCTB, MO3BOJIONINE MPOBOIHUTH
000CHOBAaHHYIO CPaBHUTEJIHHYIO OIIEHKY IBETOBBIX ITPO-
CTPaHCTB.

Ha ocHoOBe mnpe/oKeHHBIX METOJOB ITPOBEICHO
CpaBHUTEJLHOE HCCIIEOBAaHNE BBHIOPAHHBIX IBETOBBIX
IIPOCTPAHCTB HA W3BECTHBIX TECTOBBIX HAO0OPax AaHHBIX
[13, 14]. IToka3aHo, 4TO COKpalIEHHbIC LBETOBBIC IPO-
crpanctBa CbCr (YCbCr)u AB (CIE LAB) oGnanarot
VIAY4IICHHBIMH KJIACTEPH3YIOIIMMH [BET KOXH Xapak-
TEPUCTHKAMH, ¥ AJITOPUTM JICTEKIUH [IBETa KOXH YeJI0-
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XowmsikoB M.IO.

BEKa Ha WX OCHOBE JaéT MUHMMAJBHYIO OLINOKY JeTeK-
uu (3).

JIOTIOJTHUTENIBHOTO ~ YNYYIICHUSI  BBINCICHHUS  JIUILI
MOYHO JIOOUTBHCS TIEPEXOJOM OT MOAJIEMEHTHBIX METO-
JIOB OLCHKHM [BETA K METOJaM PErHOHAIBHON OLICHKU
ugera (Hanpumep, [20, 21]),a Tarke oGHapyKEHUEM U
OLICHKO¥ TpaHull 00bEKTOB [22].
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07151 ygemogwix komnownenm npocmparncmea YChCr

Jumepamypa

1. Hsu, R.-L. Face Detection in Color Images / R.-L. Hsu,

M. Abdel-Mottaleb, A. Jain // IEEE Trans. Patternaly-
sis and Machine Intelligence. — 2002. — Vol. 29(5).
P. 696-706.

2. Vezhnevets, V.A survey on pixel-based skin color detec-

tion techniques / V. Vezhnevets, V. Sazonov, A.raegta

/I Proc. of International Conference on the Compute
Graphics and Vision (GraphiCon'2003), Septembef5-1
Moscow, Russia: “Moscow State University” Publisher
2003. — P. 85-92.

3.

10.

11.

12.

Phung, S.L. Skin segmentation using color pixel classifi-
cation: analysis and comparison / S.L. Phung, AI-Bo
zerdoum, D. Chai // IEEE Trans. Pattern Analysisl an
Machine Intelligence. — 2005. — Vol. 27(1). — P8-1%4.

Puc. 3. Ilpumep ceemenmayuu uzo6pasiceHus
Ha ocHoge yeemogoz2o npocmparcmea ChCr

Kakumanu, P. A survey of skin-color modeling and de-
tection methods / P. Kakumanu, S. MakrogiannisBddr-
bakis // Pattern Recognition. — 2007. — Vol. 40(3).
P. 1106-1122.

Tre'meau, A. Color in image and video processing: most
recent trends and future research directions /r&nfeau,

S. Tominaga, K.N. Plataniotis // Journal on Imagel a
Video Processing. — 2008. — Vol. 2008, Jan. — $6.1-
Martinkauppi, J. Facial Skin Color Modeling / Hand-
book of face recognition / S.Z. Li (ed.), Anil Kaid (ed.)

— New York: Springer, 2005. — Ch. 6. — P. 113-135.

Shi, L. Skin Colour Imaging That Is Insensitive to Light-
ing Conditions / L. Shi, B. Funt // Proc. of AIC 480cia-
tion Internationale de la Couleur) Conference oro@o
Effects & Affects, June 15-18. — Stockholm, Sweden:
Swedish Colour Centre Foundation / Scandinaviao@ol
Institute AB, 2008. - Paper N 102.

Martinkauppi, B. Detection of Skin Color under Chang-
ing lllumination: A Comparative Study / B. Martinkapi,

M. Soriano, M. Pietikainen // Proc. of the 12thelma-
tional Conference on Image Analysis and Processing
(ICIAP'03), September 17-19. — Mantova, ltaly: IEEE
Computer Society, 2003. — P. 652-657.

Fleck, M. Finding Naked People / M. Fleck, D. Forsyth,
C. Bregler // Proc. of Fourth European Conferent€om-
puter Vision (ECCV'96), Volume I, April 14-18. —ath-
bridge, UK: University of Cambridge, 1996. — P. 5.

Shin, M.C. Does Colorspace Transformation Make Any
Difference on Skin Detection? / M.C. Shin, K.I. @ba
L.V. Tsap // Proc. of 6th IEEE Workshop on Applicas

of Computer Vision (WACV 2002), December 3-4. — Or-
lando, FL, US: IEEE Computer Society, 2002. - P»-279.
Rahman, N.A. RGB-H-CbCr Skin Colour Model for Hu-
man Face Detection / N.A. Rahman, K.C. Wei, J. bee
Proc. of The MMU International Symposium on Informa
tion & Communications Technologies (M2USIC 2006),
November 16-17. — Petaling Jaya, Malaysia: Multimed
University, 2006.

Abdallah, S.A. A new color image database for benchmark-
ing of automatic face detection and human skin segation
techniques / A.S. Abdallah, M.A. El-nasr, A.L. Altba/
World academy of science, engineering and techgoleg
2007. — Vol. 36. — P. 38-42.

377



2011

Kommbroteprast orrruka, Tom 35,Ne3

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Girod, B. Face Detection Projecdfiekrponstii pecypc].
URL: http ://www.stanford.edu/class/ee368/Projectp8

ject 03.htmkmara o6pamenms: 10.04.2011).

Sharma, P.A color face image database for benchmarking of
automatic face detection algorithnBsgxporssrit pecypc] /

P. Sharma. — URL: http://dsp.ucd.ie/~prag/Dataliasbpdf
(mata o6parmenws: 10.04.2011).

Recommendation ITU-R BT.601-5, Studio Encoding Pa-
rameters of Digital Television for Standard 4:3 alldie-
screen 16:9 Aspect Ratios. — International Telecomim
cation Union, 1995.

Smith, A.R. Color Gamut Transform Pairs / A.R. Smith. —
Proc. of the 5th annual conference on Computerhirap
and interactive techniques (SIGGRAPH '78), August 2
25. — Atlanta, USA: Association for Computing Mathi
ery, 1978. — P. 12-19.

CIE Publ. N 15.2. Recommendations on Uniform Color
Spaces, Color Difference Equations, PsychometriorCo
Terms. Central Bureau of the CIE, 1986.

Chai, D. Face segmentation using skin-color map in vid-
eophone applications / D. Chai; K.N. Ngan // |IEE®&NE.
Circuits and Systems for Video Technology. — 1999.
Vol. 9(4). — P. 551-564.

Kovac, J. Human skin color clustering for face detection /
J. Kovac, P. Peer, F. Solina // Proc. of IntermaticCon-
ference on Computer as a Tool (EUROCON 2003), Sep-
tember 22-24. — Ljubljana, Slovenia: Ljubljana Wniity,
2003. — P. 144-148.

Kruppa, H. Skin Patch Detection in RealWorld Images /
H. Kruppa, M. Bauer, S. Schiele // In Annual Sympos
for Pattern Recognition of the DAGM 2002. — 2002. —
Springer LNCS 2449. — P. 109-117.

Jedynak, B. Maximum Entropy Models for Skin Detec-
tion / B. Jedynak, H. Zheng, M. Daoudi, D. Barfe®voc.

of Third Indian Conference on Computer Vision, Griap
and Image Processing (ICVGIP 2002), December 16-18.
Ahmadabad, India: Allied Publishers Private Limited
2003. — P. 276-281.

Cupota, A.A. JIByXdTalHBIH aNropuUTM OOHAPYKEHHS U
OIICHMBAHUS TPAHUIBI 00BEKTOB HA M300paKEHHUAX B yC-
JIOBHAX aAJUTUBHBIX IIOMCX U z[e(bopMupy}oumx HUCKaxXe-
nuii / A.A. Cupora, A.W. Conomarun, E.B. Boponosa //
Kowmrroreprast onrruka. - 2010. — Vol. 34(1). €. 109-117.

References

Hsu, R.-L. Face Detection in Color Images / R.-L. Hsu,
M. Abdel-Mottaleb, A. Jain // IEEE Trans. Patternaly-

sis and Machine Intelligence. — 2002. — Vol. 29(5).
P. 696-706.

Vezhnevets, V.A survey on pixelbased skin color detec-
tion techniques / V. Vezhnevets, V. Sazonov, A.raegta

/I Proc. of International Conference on the Compute
Graphics and Vision (GraphiCon'2003), Septembef5-1
Moscow, Russia: “Moscow State University” Publisher
2003. — P. 85-92.

Phung, S.L. Skin segmentation using color pixel classifi-
cation: analysis and comparison / S.L. Phung, AI-Bo
zerdoum, D. Chai // IEEE Trans. Pattern Analysisl an
Machine Intelligence. — 2005. — Vol. 27(1). — P8-1%4.
Kakumanu, P. A survey of skin-color modeling and de-
tection methods / P. Kakumanu, S. MakrogiannisBddr-
bakis // Pattern Recognition. — 2007. — Vol. 40(3).
P. 1106-1122.

Tre'meau, A. Color in image and video processing: most
recent trends and future research directions /r&nfeau,

378

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

S. Tominaga, K.N. Plataniotis // Journal on Imagel a
Video Processing. — 2008. — Vol. 2008, Jan. — $6.1-
Martinkauppi, J. Facial Skin Color Modeling / Hand-
book of face recognition / S.Z. Li (ed.), Anil Kaid (ed.)

— New York: Springer, 2005. — Ch. 6. — P. 113-135.

Shi, L. Skin Colour Imaging That Is Insensitive to Light-
ing Conditions / L. Shi, B. Funt // Proc. of AIC 480cia-
tion Internationale de la Couleur) Conference oro@o
Effects & Affects, June 15-18. — Stockholm, Sweden:
Swedish Colour Centre Foundation / Scandinaviam@ol
Institute AB, 2008. — Paper N 102.

Martinkauppi, B. Detection of Skin Color under Chang-
ing lllumination: A Comparative Study / B. Martinkapi,

M. Soriano, M. Pietikainen // Proc. of the 12thelma-
tional Conference on Image Analysis and Processing
(ICIAP'03), September 17-19. — Mantova, ltaly: IEEE
Computer Society, 2003. — P. 652-657.

Fleck, M. Finding Naked People / M. Fleck, D. Forsyth,
C. Bregler // Proc. of Fourth European Conferenc€om-
puter Vision (ECCV'96), Volume I, April 14-18. —ath-
bridge, UK: University of Cambridge, 1996. — P. 5.

Shin, M.C. Does Colorspace Transformation Make Any
Difference on Skin Detection? / M.C. Shin, K.I. @ba
L.V. Tsap /- Proc. of 6th IEEE Workshop on Apptioas

of Computer Vision (WACV 2002), December 3-4. — Or-
lando, FL, US: IEEE Computer Society, 2002. — B-279.
Rahman, N.A. RGB-H-CbCr Skin Colour Model for Hu-
man Face Detection / N.A. Rahman, K.C. Wei, J. See.
Proc. of The MMU International Symposium on Informa
tion & Communications Technologies (M2USIC 2006),
November 16-17. — Petaling Jaya, Malaysia: Multimed
University, 2006.

Abdallah, S.A. A new color image database for benchmark-
ing of automatic face detection and human skin segation
techniques / A.S. Abdallah, M.A. El-nasr, A.L. Altba/
World academy of science, engineering and techgoleg
2007. — Vol. 36. — P. 38-42.

Girod, B. Face Detection Project . URL: http //www.stanf
ord.edu/class/ee368/Project 03/project 03.[meving
date: 10.04.2011).

Sharma, P.A color face image database for benchmarking of
automatic face detection algorithms / P. SharmaJRL:
http//dsp.ucd.ie/~prag/DatabaseFinal.pdfiewving date:
10.04.2011).

Recommendation ITU-R BT.601-5, Studio Encoding Pa-
rameters of Digital Television for Standard 4:3 aldie-
screen 16:9 Aspect Ratios. — International Telecomim
cation Union, 1995.

Smith, A.R. Color Gamut Transform Pairs / A.R. Smith. —
Proc. of the 5th annual conference on Computerhirap
and interactive techniques (SIGGRAPH '78), August 2
25. — Atlanta, USA: Association for Computing Mathi
ery, 1978. - P. 12-19.

CIE Publ. N 15.2. Recommendations on Uniform Color
Spaces, Color Difference Equations, PsychometriorCo
Terms. Central Bureau of the CIE, 1986.

Chai, D. Face segmentation using skin-color map in vid-
eophone applications / D. Chai; K.N. Ngan // |IEE®&NE.
Circuits and Systems for Video Technology. — 1999.
Vol. 9(4). — P. 551-564.

Kovac, J. Human skin color clustering for face detection /
J. Kovac, P. Peer, F. Solina // Proc. of IntermaticCon-
ference on Computer as a Tool (EUROCON 2003), Sep-
tember 22-24. — Ljubljana, Slovenia: Ljubljana Uniity,
2003. — P. 144-148.




Knaccuukarus 1BeTa KOXH 4eJI0BEKa Ha BETHBIX H300PKEHMIX XowmsxoB MLIO.

20. Kruppa, H. Skin Patch Detection in Real-World Images / Ahmadabad, India: Allied Publishers Private Limited
H. Kruppa, M. Bauer, S. Schiele // In Annual Sympos 2003. — P. 276-281.
for Pattern Recognition of the DAGM 2002. — 2002. — 22. Sirota, A.A. Two-staged algorithm for detecting and rat-
Springer LNCS 2449. — P. 109-117. ing the object cutouts on the images in case oftiaed
21. Jedynak, B. Maximum Entropy Models for Skin Detec- noise and deformed distortions / A.A. Sirota, Sdblo-
tion / B. Jedynak, H. Zheng, M. Daoudi, D. Barfe®roc. matin, E.V. Voronova // Computer optics. — 2010. —
of Third Indian Conference on Computer Vision, Giiap Vol. 34(1). — P. 109-117. — (in Russian).

and Image Processing (ICVGIP 2002), December 16-18.

SKIN DETECTION ON COLOR IMAGES
M.U. Khomyakov
Saint Petersburg Electrotechnical University "LETI"
Abstract

Skin detection performance metrics were developegular color spaces comparison was per-
formed with the use of threshold chose as skinraolmdel: RGB, YCbCr, HSV, CIE Lab. 2D color
spaces influence on skin detection performancesstsated.

Key words: skin color, face detection, color space comparison
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