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KEY WORD: SKIN COLOR MODELING / FACE SEGMENTATION / VIDEO OBJECT

SEGMENTATION
TEERAYOOT SAWANGSRI : SELECTIVE REGION OF INTEREST VIDEO OBJECTS
SEGMENTATION BASED ON COLOR COMPONENT AND MORPHOLOGICAL
TECHNIQUE, THESIS ADVISOR : ASSOC.PROF.SOMCHAI JITAPUNKUL, Dr.ing..
113 pp. ISBN 974-17-5609-7.

This thesis proposed.an algorithm (o dynamically define the region of interest
videophone application. By assuming that there is information to select which region of
interest are. In face segmentation stage, The algorithm uses the color information Hue and Cr
to find the skin-color pixels and also use range of threshold obtained from red and blue
components in normalized RGE color space to remove nonskin-color pixels because the
human skin tends to have a predominance of red and nonpredominance of blue. Post-
processing is used to remove such noises by a morphological operator. Moreover, the
algorithm performs temporal filteting to remove skin-color pixels that immediately appear from
frame to frame by using object tracking process to perform as memory for collecting skin-
color objects obtained from previous frame to guide the next frame. The experimental
results confirm the effectiveness of the proposed algorithrn.  In object segmentation, this
thesis used an algorithm consisted of five processes: spatial segmentation process, temporal
segmentation process, decision process, postprocessing and object tracking process.
Spatial segmentation process segment image into many region by morphological operators.
In temporal segmentation process, frame difference efintensity is usedto segment roughly
object. ' Postprocessing is the final process to segment and obtain fine object. Object

tracking guides the next frame to locate the object.
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Minimize

Mode

Model

Morphological
Multimedia

Negative

Non-face Region
Normalized

Operator

Object — based Coding
Parameter

Physical

Pixel

Postprocessing
Projection

Prototype

Potential

Prior

Projection
Quantization Level
Rate Control
Rate-and-Distortion
Real - time Multimedia
Region of Interest (ROI)
Region Growing
Remaining Areas
RGB

rgb

Scalar
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Shape

Skin Color Model
Smooth

Spatial Domain
Spatial Segmentation

Spatial Redundancy

Spatial- temporal Correlation

Standard Deviation
Stereo

System

Structure

Template

Temporal Segmentation
Threshold

Theorem

Test Sequence
True Negative

True Positive
YCbCr

Variation

Vector Quantization
Very Low Bit-rate
Visual Quality
Video Coding
Videoconference
Videophone

Video Segmentation
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2.1 uuu51tiagﬂhqﬂtﬁaﬁuﬂ (Active shape models)
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2.1.1.1.1 AUNNUIIAULLL (The Original Force Field)
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2.1.1.1.2 AUNHWTIANAITEEENE (The Distance Potential Force Field)
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2.1.1.1.3 AUIHUSIMUUNITIMRTBIINLABSINSLABUA (The Gradient Vector Flow

Force Field)
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wihillFrumessyadl i fhumileumumanudiafundonmieed  (parametic
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2.2.1.1 wuanaesd RGB (RGB color model)
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Tuszuuinsimi@ gy HOTV i dgyyod YUV sz laleelSwmindnisulas RGB
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2.2.1.2 Wuuanaesd YIQ (YIQ color model)
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4 1 Tumnefe wlanseiy (in-phase) Q }muﬁ& iMARAAY 90 89A7 (quadrature-phase)
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2.2.1.3 WuuLa1a8ad YCbCr (YCbCr color model)
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Cb = 2‘24[0’.554{3-?’::{#% 28'=126(B-Y) + 128 (2.26)
e = - 224[0.713(B-Y)] + 128 = 160(B-Y) + 128 (2.27)

fharfeenuilunalionudoastindludrdnuoudinilndfas fanmdndren co

dhu 0 szusadlusurudiude 128 wWiaaiusnlsuntsuladBanuuune

& [A9YH 1B (2.28)
Cb = 224Cb + 128 (2.29}
Cr = 224Cr+128 (2.30)

2.2.1.4 WUUSRBIR HSI (HSI color model)

HSI (hue saturation intensity) Usznausin 3 saAdsznauuBnafuuwuus an4d

i e - - am
wuvdn (o Hue Re AuduiReesifesunsfsanudavivedd @mdes Adu wheduny)
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- o~ i ’ L - - = - =
Pur AT INBNAYT89@ (saturation) WunsdansAiauLEgnsr@ngnidelnauaiens
g gl i - e i L 1 - ' i
viudnfluasBensetuinasiiAanudusiles wad fuas@sBestlenuwanainilaniy
FUAHIN WUUSIAEIE HS i nuetinunivauilisssnauaesadesdunalnly
nsfufremnauyaniidulszanm 2 1aRe rod AT cone MIN1sABLAUBITIARBA2 1
WHLBALRSRAUAAL NnAmRe suu HSE 71 Fadlusarudinusailussdlssnauniialy
WLLATa8Y 89AUTENBY Hue uazAuBNANINIAudRuEIUNTTUFRasyeed vinll
3 d o mlo e o - -
wuudnaas HSE iharTesiandrAn lunsisuinssudinnninlssuaananin 3anas

WanhduiuaiAnisiuieessithifafny
2215 wuudraasdusiunalad RGB (normalized RGB)

TywirenfFpiRREEAs nssnAurerINadwasd Sufadhaigidusiue
lad RGB  FeilTmussasAiitndnnoaulaTessdAdsznaunaadnaiiall Taowinsn
anwhafinng RGB O AAD I IUR AL AT AT axgnimmusidiuAnRuaiuly
igiduefunslad RGB Mesimudludydngnl rgb” usazAranuisomldanaunasi
(2.31)- (2.33)

b > R 4

R+G+B)

= G

" (R+G+B)

T
(R+G+B)

(2.31)

g (2.32)

{2.33)

viu ATLLEQRA RGB (255,0,0) vinhasyilaslig sob 91411,0,0) wazAluifinnid RGB
(100,0,0) inasudlaslig rgo 9<14(1,0,0) %iqﬁmmﬁ'lmﬁqﬁﬁ RGB azfilanny
seAUsznayasfiuas TflAdAs NG ANG 9T B TR rgb aaftsznaumng

wasazgnaciiadlvialy 2 AriifedudrRnaiu
2.3 nmsdszaananwissdtugu (Morphological Image Processing)

] :l' - L - -, L3 { |
nmndszsasanvddugnadudlunislddaniiunimisadasian Jaiu

-' =] -J [ " 1 - : - il
wiaadiad lalunisaninesflsznauseanin Taasflszneutiusissaiuimoviesauans
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wiadeesuiagliesing 1y 1aus, lasanszan  wusm@endalés dadniluninds
ﬁ’mgwuu:uﬂ’mﬂ:l'ﬁlun?:u'mn'nﬁﬁu (pre-processing),  NITUIUNITUAL (post-
processing) Sssnaariivaemeaiialiitu nensesded g, NV URENTANGS
Waneau

Anantun n i d g utiudan Lﬁun'1'rm4Hn'iﬂmﬂﬂ§ﬂﬂﬁmﬂ'iﬂﬂm}ﬁﬁ 1 lne
wsRengudeyaiudnrnsvieglitsneainglunaw wnmluwi? waRendudesys
vnmasd 2 318 (x, y) lunm@m wedengudeyarnmes 3 5 (x, v, 1) 1o x Aa sumis

WO2FENIANTH v AR AumiaAediniaedganan uas | Ae Avndnuasiisinumic x, y
2.3.1 nsvinlauadu (Dilation) wax n13yi@lasu (Erosion)

pUnmviangueniganandaeasens salidneaziuglnimluntd (binary
image) nsinlaaduuae® et faulu B'fff‘ﬁ'uﬁumrnwﬁqﬁ'mg‘tmﬁmﬁu uﬂ:Lﬂuﬁugw
s WdRunszLaumsiilan AL W fasdunsuda
(opening operator), AANTNNIMLYA (closing operator) WATNTTUENFUN

(shape decomposition)

navinlaady

i iz = i
Hena A |IRredse p TiAaaan xrb Tmedl x Wusndnaes X uss b Whisuninies B
RAANNTN (2.34)

XQB:{FEEI:p=x+b;_x'EA’&bEB: (2.34)

- I
o X Aia plamivianislawdu

B de lAreaiadiuties lunimalmadu

msilaaduuansss i 2.9
el X ={(1,0), (1D),(1.2),(2,2).00,3), (0.4);
B =1(0,0),(1,0);

X' @ B ={(1,0),(1.1),(1,2).(2,2),(0,3),(0,4),(2,0),(2.1).(2.2),(3,2),(1,3), (1.4)}
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FI CIC
C] 00
O] 000
CIC!
| 1) LIl

X B x@®B

71l# 2.9 psvinlawdu

nsYindlsdu
Gou Ao weeedan p RnAERIngUatasey nadndeeaninindlsduie am p
- - ] e - -, -l
waniuii i pro Wudyiinegs X dwmilvng b Adluantinies B uamsluaunii

(2.35)
XOB={pes’ p+be X forevery be B) (2.35)

- -l o i =3
oW X Ae sl wivian selsie
B #e lnseniydoutienlunisindledu
ol w - -
nanalsiuuanada pUR2.10

Aabi A = {(LO), (L1, (.20, (0.3),(1,3):(2.3). (3.3), (1,4)}

m| D4

® B *>8

- -
$11#1 2.10 padvin@lsdu
2.3.2 mamiiunmsuumieuassils

Imadudlunasroranw doudlsdutunismanan fadivnisuuudlauasen
o b - - - - - J L . i - L L "3
A1 mummuuﬂmﬂummmummqﬁmgwwmuq sagtiunsuuutasein Ifd ey
193dR0 s uGBuviai WvRouuenuuas MadeinWdauuwanuasdauiiuresinquanse

wnae saediunswuulefidunasinWiduseuresingsuFuuusivii lhwaos ususs
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(3
-

P ; ] wr 4 - o @
MNItan "11ﬁﬂquu“ﬂuuﬂ a1 uﬁu‘ﬂﬂ’}ﬂqjaﬂmﬂﬁlﬁ'iﬂ nain "I'E]Tﬁuuﬂ :.Lﬂ Lﬂ‘i"iﬂ”ﬂflkﬂu

nsutlaanndis (inverse transformation) szwdnaiu dais gﬂmwi’;ﬁﬁmummﬁiﬁuuﬂ:
Iowadu Liddudeasinfugunmsady uiaslinadnitelinoazduadudautionnds
;ﬂn“mé’«ﬁﬂuﬂu
msnsoinwuudlesen A Tauanlassaineten B e
A*B=ADB @B (2.36)
dfanzananalannisaznudniiunisnszindledusia A Tao B udnin naT ANNsin
laedulon B 3nafs
nrnseituuLTinsecis A Ineanlasaieten B Ae
A+B=(A®B OB (2.37)
fnfarsanangUsinassenifudunsnssinlasdusie A oy B udadmai idnniss
Fsdulon B Bnads 317 204 wanssadnulunssundiauscfsndiunnssude o
inLﬁummumﬁnmuﬁmﬁdﬂﬂuﬁﬂgﬂﬁuyﬂﬁdﬁﬂ

ASBE L (B)4(B),CA) (2.38)
ﬁ'ﬂﬁwtﬁun'1nmu‘ﬂnﬁ'mﬂnLﬁﬂﬂﬂﬂiﬂpﬁuﬁwﬂaﬁa
A «B={x| (B, MNAF} (2.39)

AW 2.2 uazplit 2,13 wametefamdiunastundlauscsaniiunisuutinnuaunis
(2.38) ua (2.39) AruantAnd uthidresmaaniunsuundauszfaafiunisuuyil

fanraunlFanaunisdsielys

(AWB) = [(ADB)OB] (2.40)
= (A®B)® B (2.41)
=(AOB)® B (2.42)
“A°B (2.43)

- - - - 3 L] g W ]
Faatiunsuiitiniasfasnilunnsuuutl At s

nLA° B, LA 1) §1CC Dud(QB) C (D°B)
A) (A °B)°B = A°B VACA.B
9) 7 C C D udn (C+B) C (D+B) 2) (A« B) sB=A.B

anmisandaresianiunisuuuilaesuneléisn n) sadwsannisvituuude
5 s . ——— R —_—,
duiluduisnresinduwn 1) densliauiBnonfiudiu m) Snssindadndiuntsuundagly

lt‘d -IJ- £l - k] -, -II |d. - \ i
nisnaeslatlilnseairdendndnaclduawingn guil 2.14 uamedmgpldmReuiudniign
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" : - - & o) & @ -
nauilaodaruniu ﬂ’]‘i"l“lﬂa\ﬁ'un'luﬂﬂﬂ‘ﬂﬂ'}ﬂqI.I.ﬂ:‘I"'lﬁﬁﬁﬂﬂqitﬂﬁﬂﬁ‘iﬂﬁlﬂuﬂﬂﬂ‘ﬂ

AnigIu
ol

(%) ()

-IJ # g wm - -
A 2.1 (1)-(3) uamanssnnsnesinssliuntsuuude (8)-(1) fsnfiunisuuyils
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408 =U{(B)y [ (B)y C 4

A Translates of B in 4

d, therefore, € A4-B

-\

§1 2.14 uamn*m-i’nﬁamn-:uaanﬂmnqua ﬁuué’qm‘lﬂnﬂmmtﬁumrﬁqﬁ’my&u



- =3 o N .
2.3.3 NMILANIANUTIIN (Region filling)
FEnslunsdudnsannasluiiounremisseAusasiiunislaeduy, Aeund
WY Ues Bumafiandu RauaunTi (2.44)

A =(A,_ ®@B)NX k=123.. (2.44)

B
Origin

1

A A, Ado X

U7 2.15 nsdndinndio
2.4 NMINTIIVIT8AL (Edgé Detection)

nisarsweey fadlunszuypaslszunanspandidrAguindautia gniinun 14l
R - L e J . J o

mstlad S n e teyaspaaiafdesnt 1/] Sodsshaub filenszinlan

— o d - i TR I
ArIsasLdt  ganmgelailinnlfeuulseresesmlszneunienauadtetnaiiiviule

- . - - - L] :-
denFoudsuiuiFuadnfifessimunsaniwiuiurey
- S — -I J - ‘ { Ll - i - )
U Ae AuandEnnuafuganwlaganuiisdai ldwondauiumgings

reagansaud i uatdszneuldadulsiinnnmed 2 sauls Ae muisuasfienag
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nntesraua T idsInmnarennAuumuasirn1srasseugnusuludndiaing

;ﬁﬂuﬁqﬁﬁﬂqu Anqanmann (1)) = 0] llganm@ena (1) = 255]

- T -
saulugnuAi 1BUNURBUANHILEN AT

#172.16 buuA68e8178Y
2.4.1 insiReuAdadtugnu (Morphological Gradient)

& o R ] el oS = - - -l -
lunszuaunsansdtaeLildaantiunisididgReinaaoumdedngu iluou

.Q.t
Els

G =8 () - &, () (2.45)
GEIEI L TCRE (¥ Aanisassad eI WiEuil nnilAesuanitsenes
Fmqranfanindsuwsmasiiintunmeddnae las vl udrac e s deudes
sAlsznauANitliasresnamn tmn;qmn}ﬂrqﬁﬂ::mmamwminﬁm-ﬂfmlumfﬁm
fot gzt luunensil sedilsznausesnanadan®iulfiuaiangn usinisinunld ez
fnsannfadssiminauiusinsdnufluseresflsnauudadnduladasnlalien
naReusnigedlddi
max {0, G, , M, G, M, G} (2.46)
e Wy @3, 05 Aadn n'-:rqﬁwﬁnzmmﬁﬂfmwmwmi’uﬁum:mwL-i'uum
ArA1 A Aaan TN @A WA as e luniw wsseBianansowannm
senduiiuamateqdould vieliansauisliiilalunmAessnnmiainsmous

Aam nMauwennmesniimateuiunsdnsaisduthuin (watershed algorithm)
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— ¥
2.4 2 nssuasAutiuun

AR Lﬂun1?&’:Lﬁunfm’l!qﬁ'mgﬂwﬁmﬁﬁammmw:um NS REHEN
fgnaanuuiuuiiannsodiuld Uf 2.17 Dupfiusaspaadlafugureansnils
duthaiy Insuamaylunl1 IR UNUFILARS ANNIRLUATBININ TUGT
snwaizdumndy uss densnan 8nskunin eeanqeedilane Fuusn gl
usarsALmudaretRnullFen drzinivesssusaladenfniuuda azilnig
afudauiunrady ﬁ’ﬂ.ﬂﬁﬂ'ﬂ'Ex!ll.'ﬂﬂu‘iiqﬁaﬁvﬂ“m'li"lﬂ"]"I'H?'ElﬂﬂﬂduﬂﬂtﬂﬂﬂUH'\m?Lﬁﬂuﬁﬂ
Jnfige Tuminepnad ddeussdiunu FaluEiamRNgAIRIANN SR WA Ty
Vot thife finnminsdEs i n?ijunﬂmﬁiuﬂumuﬁﬁq::lmmw

P a - - et [nr o -
whssanidhqefinsieudifigels Jaiuimng feaamnrouwnteuresingniolunin

aanuildet1ainmus

ANNTREUA

PRI B RRh IR

2.4,251--%1%@1111'1&?{%&%5'1&

’ﬁq-:mwgﬂﬁ 2.18(n) Whinmasusainaesusaildannnisinnsdens 1 M, U
M, dusresasiumiees 2 Mt sl c, [M,] uaz C, [M] duasfivanii 2 #ud
ti’uﬂ;ﬂur:ﬁu n-1 gﬂﬁ 2.18(%) lurzAu n Awuadydneaifie g sxdiuin i 2 ueadin
nsaiu fdvuanisydouiuees M, uas M, Ae Cln-1] uda nTRRzuENRuT 2

Tuszdv n U anansoinlalaeldnsnssiouas (AND) iedeulddn g Cln-1]
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Fladanismuiuees 2 uswiuissdedinisafaden 3nraiede Mnafuun
3 X 3 Aagli 2.18(m) v lewaduiu 2 uaunadnETIF Azl 2 ussrnudamenaniae
nsrenadinaeandasiudauleie

1) ﬁﬁ"-.w.ﬁ'iuuﬁquaﬁwﬁ'ﬁﬂﬂnu'ﬁmﬂrﬂuﬁuﬁ q

2) wadnsneanutanniminlaadusssiesbidauiuiv

s el 2 il ﬁ:Lﬁmﬂgﬁ?;hjﬁnwﬁ-11ma'i'u|.m:ﬂg.ﬁ-'tuiuﬁuﬁ q %qfqﬁﬁhﬁﬁﬁﬁm
fimumduFoutues lug 2.180) asdiudrfasinislanduis 2 afsteaslfqmiiy
e Fl"J'1:.I‘zﬂ~:I'U'EJ~!I1.:llll'Ei‘uﬁEll'il{lﬁ’WIuﬂ‘iﬁﬁFi‘”mﬂﬂﬂ'i"l‘i’lmﬂﬁﬂuﬁf_ﬁdﬂﬁ'! Lﬂﬂﬁﬁduﬂﬂuﬂﬂmn

- PP VAN o
FEALATINGMBNNTREUALRISE I aNTLaA M ea T hugaueanin 14

(n)
(1)
. First
HEAS
(A) 1 |A14 1]
) oL
UM 2.18 nsaieden (n) uge 2 usa Wszdun—1 (1) nasmanmes 2 uselussdu i

(/) Hrarihn 1 lnadu
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fedesraninitnaesiuresnwiuaneenunldasiiunnidvll Asuasdad

PIORTIPATRET SR 1) SOVC PO S NPT 29 o0ie ) %u#uumnm&uﬂumaﬁw
faﬁaii’n‘lu“lﬁmﬁuﬁuuﬁuuﬁ'q (background) W3 douiunin (foreground)

AOUUINBUINT )
RN ININENAY



unN 3

NSTNIBNUINLAUD

q

a o U 1 aa [~ a ai %3 nlld

w9 lun33desunsuen g uNINAA laaaniiluldnaiaulalavidusnony

d%’/ o o dl [ a ¥ a ] o v o dl ?:/ al

AENN RS luRLa AR R Tealdmatiasine Aslddnaneluund 1 1w &
aa a a rd’l ] aa a dl dl [~ a %
PANNVAEAT  MANSITUNUSH L AUaNITLeNd21un NI R tauTinnawlandluuznaslunsn
azLFRN R AN NS R WA InennsuengdauiBmiaulatsonlumd
tsrnavlidinn  nsldasddsznaud aniniskengauniduiznaluvtineanstn  way

aa a o dl o o a dl 1 1 a v ] 1 a dl
ﬂﬁ“iNQﬁL‘NZ@Mﬂ’W%LW@ﬂ’W nugiatn td lduinaslumiraand AUNITUENAIULITLITUN

[ %

aulaniduinginle lunsun neg L1 1U8IN999NN UTBIAMAN LT AR MAEBENS

q

o a

a 4 v a dlg/ dl ¥ a ¥ a 4
1a3dtucuntuinle Tneilsznall AV UBNALTNNUN ?J@Nﬂ@L‘TNL'J@'WLL@ZZ‘U@NN@U?L'JMELUﬂu’]

[7ZAg7]

b

gasingnaLudenasilsanawnidn (shape prior)

q a a

1 ! v
NILENAUTIN UL T2N LAY TUABLNTATIATTBLLATDILFIINL LAZNITNNNUA

Usnnliunqanininenssa@sduiiug dandeyadiananiunislddayananuunnsiig

o o

semdnasnuavdayadouisonduminvesdngua i ldwenmusreuaauunliiudng
4 v o o . =8 A v A4 a4
Wweudladedninreinisuandaunimidsnunnan Wedng liiniswaaeunvsainisnaeni
tatnnaunsyisldainisansaainisulasumlasls taenasldteyatsnlumndnazyinly
AunInssyreLntesing luddnazliiiniseaeunvesinginn  dedayatazldnn
:,/ 1] a dl dl S| a 4 :I/ o dl ] ]
anduseunisuendautdnamanlanidy wsonluwdy antduiualdluwiazdouun

1 v a dl o V% ] a dl dl o 14
dunszuaunnssndulainana liaanasnuangdauninssinunaulanidug mﬂ,m

219 3.1 1 UIATNAF LU AATRII NN LN U LN TLEN A ULF N dula T oo

a
2 o

luugy 917 3.2 1 flulassairelunnisuandaniFonianlaniduingiiacnuvune o

q

¥ a | dla ' o [ rd‘ P o [ %
m\‘imu@uwmﬂumw 2 WsuNAAMaiY IﬂﬂN@@WﬁW1@ﬂﬂN’]’&ﬂ°ﬂ@ﬁQﬁ]Q Tuwaeunweg

]
A o =

a a rd” [ % dll o ada [~ aa
eNinusd Sngaesaauiirdeulmne lunnleedneizaeanleaziduinlanaune

q

ud  dupeuresuAazdiuuandlugiln 3.1 uazgli 3.2 Al



Input Video Frame

A

y

Color Segmentation

A

A

Background Elimination

A

4

Postprocessing

A

A

4

Skin Pixel Mask Image

Object Tracking

U7 3.1 Iasea¥saesuunandneamnugnisuandaurdnnmaulassnalumi

Input Video frame#

48

Shape Prior of ROl Object Mask

A

4

Temporal

Segmentation

A 4

A

y

Spatial Segmentation

Deci

sion Rule

i

A

Object Tracking

Postprocessing

A

'

Video Object Mask

717 3.2 Tageai1eaesuuinnineinusnisuandauingniaauuie
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3.1 MSHANAIULSLINAU ALl UNUN

! a -dl a L ¥ E/ ! ¥ a
nguandaussnunanlatznnlunii ﬂ?%ﬂ’ﬂﬂiﬂﬂ’)&l AUABAUNITULNRAVUAIELA

ANTANNANUUAD NTLUIUNITT NN LATANTRAARIN
3.1.1 MSLENFIUAER (Color Segmentation)

:l/ ada ! ¥ al ZJ/ dl ¥ o Yy a
TURAULINUBINTINITNNTUENAIUAE RN LT T Ta N AR I UNTZUANANT

a

wendoutinalusziuananaiuuaiBnamanla  aatlszasdlunimanszuaunisilae

° o o -dl & { @ aa ! 1 1A aa
NITAULUNYANTNUBNA ﬂUﬂWWVIL‘H’]QJ’]QWQ@ﬂWWi@LﬂM@ Al LL@&@Qu1ﬂ1N1’ﬂU?LQm@ Alp]

1 o

QAIN9NUANE Jones  [41] WLAIMULANANA a4 e wn Nl ldHFawl sui A0

A o

Feansauarldnnalsznasanindnaznsuuiinganls  FeiuunsiaesdRafild A
AnaifiRafunnussasdinanlnunsuataliiliouls  Sobottka Az Pitas [22] 1804
asflsznaud HS TuilBnaa HSI Tunisuandau@iaus Choi [43] uansliviudnasdilsznal
@R (H) avinauldlldesdisv@ninnileesdlssnauAannuduiiaesd(s) Denm

1H8991N91ANANNANA 1A AN E TR ALLAIR U NNANTLLRAR FIUIHAANAINANFY

1 v ° =

aal o = LAy on o 2 aa X ° aa
ARAIAN mum;m’flmmﬂLﬂﬂ@ﬂ?@%ﬁwimiur}]ﬁ\‘m‘]_l‘]_limm@ N9 uﬂﬂ@’]ﬂuLLUU@q@@Q@Ninu

= o

5nHA HSI Hdei@alusuanandansnenulinaduns  lwaneh Chai [8] 1Hauanng

v
= o

TdaeMilsznan@ CoCr luil3nHA YCbCr anvid Jones [41] wusna9Atlszney Cr tiuilAay
wiNzansanisazanyalninadunseusnuionienesiysduINndnaAlsena L

wpiasinglainnnldesAlsznaud Cr $aNAUadALlsZNel Chb AINY Chai 1&1al Chen

1 % 1

[10]  WudndIwINaINIsuengaun laainasmlsznan Ch lulduanauanaznilinisuen

o 2% [

daudnnlanaluaiunuddanisuangounlaainasdlsyney Cr aznanaaslafniy

'
[ al

UaANANUUULAIA9ARY YCbCr Afftyunluduadnandansus®nnldne@angsieann
59H& HSI desing wanani Luif42] IfaueqdrlifiuuusiaesdiolamieiBninen

NanuagniguleetadlssAninmniunaiaanaunIw

o ?:/ a a a‘d” a Yy a dl a dl a v

Fati Anendwatiliduaunlddnsaen g lunisuenudnnaisulatsnaluntinney
13 ldaula Inaunildnedeanldlunisfiannadnia lnnandnaililduddunisdesslsznay
AR H 9991 3)NA HSI uazesAlszneud Cr 18915QHA  YCbCr  wazannigld

[ aa 1 S @ o Y o ] ! a Y a =
N V’W‘]Jﬁ‘ﬁfﬂ‘ﬂ‘]_l'&N’J?iﬁ'ﬁ’]\m‘ﬂﬂﬂ?‘@]&l?’l&lﬂqulﬂ@ nr1gaunsuandausnnluninianaa
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aa a

{ ! = ¥ . = d‘ o ¥
m@mmmqmemﬂmmﬂﬂ?zﬂ@mmﬂuﬂ?qmme IPELIANINNINAADY Imes

o a 1 o dl 4 ]
LLUU@W@@Q‘T]uﬂllNNﬁIQLLﬂ? "I]\ﬂﬁ]LLZQ AN IUATUTBINANINARD

3.1.2 NMSNNAANUNRY (Background Elimination)

v ¥ i
o S o =

n3suIsaasiuReulAaNI919AUNaAN WA IFanduneuusniiudryaunasunoui
d! a o v aa dl a 1 aa = a dln aa r?/ =
TeNANHULAFNLARY Tebaudfludnafey AINARNATININ ARAUDINY IR
Y o A o = . . Do
wrltunariAnanudndresdunaliuesnannn (predominance of red) waaziA1mAqns
¥ o A% a Y = ey SF 4 ) aa X .
1INAI9A U RUARUTTasvFa ludAY AN Sulae luda uuesAng uana N Mei-Juan
Chen uax Meng-Chieh Chi WudnanquazaRLUaaNTua lutsAaeIAMIdALRTY
uasmlsznaud Cr  wANdIA@nouardanqNeNduatd09A1ANLLsUsuRLANANeTW Y
15)i8 RGB  AndalaunsnzedlamudiRuuazduniwandliiiudagiln 3.3 nang

= '8

ana uans iuin A dalnunsuaasduasuas@rinRuniudairaesdia uBgiaues
nanladunadentnRuiazinisnszadadoot lugoquene  AuiAsaInIntinAnaNRY
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3.2.6 MsARRNIAY (Object Tracking)
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Abstract—The paper proposes a novel algorithm to
dynamically define the Region of Interest (ROI) videophone
application.  The algorithm uses the color information Hue
and Cr to find the skin-color pixels and also use range of
threshold obtained from red and blue components in
normalized RGB color space to remove nonskin-color pixels
because the human skin tends to have a predominance of red
and nonpredominance of blue. Post-processing is used to
remove such noises by a morphological operator. Moreover,
the algorithm performs temporal filtering to remove skin-color
pixels that immediately appear from frame to frame by using
object tracking process to perform as memory for collecting
skin-color objects obtained from previous frame to guide the
next frame. The experimental results confirm the effectiveness
of the proposed algorithm.

l. INTRODUCTION

The demand for applications of the digital video
communications, such as videophone and videoconferencing,
has increased considerably then coding for very low rate
channels requires novel compression schemes. The content-
based coding offers a more flexible and- intelligent approach
than traditional methods embodied by H.263/H.263+ and
MPEG-4rstandard.

The developed video coder improves the quality of
perceptually important image regions, relative to traditional
coding standard, at the expense of perceptually insignificant
portions of the image.

Faces are an important component of image sequences
(ie. the head and shoulders videophone and
videoconferencing) and faces have some distinct- features
from background therefore a skin segmentation plays an
important role in recent color-based approaches to human
face segmentation [5] and [6].

In these approaches, regions of the input image that have
skin colors are segmented to give an initial estimate of the
face locations. These segmented skin regions will be further
processed in the later stages of a face segmentation that
utilizes several color spaces to label pixels as skin including
normalized RGB [1], HSV [5] and YCbCr [2] and [6].

This paper proposes a skin segmentation algorithm for
color image sequences.  The proposed algorithm uses a
combined human skin color model to classify skin-colors and

nonskin-colors.  The model is based on the nonparametric
histogram color model [2], [3], [5] and [6]. Compared to
many existing skin segmentation approaches, the proposed
algorithm combine two color spaces for skin segmentation
and use property of skin color to set threshold for removing
some noises that similar to skin-color.

This paper is organized as follows: Section II. explains
the human skin color model. Section III. presents the skin
segmentation algorithm. Section IV. discussed experimental
results and Section V. concludes this paper.

II.  HUMAN SKIN COLOR MODEL

A human skin color model is used to decide either a pixel
is skin color or nonskin-color. This model is characterized
by a classification algorithm and a color space used to
represent pixel color.  Color spaces used in skin color
segmentation include YCbCr, HSV and normalized RGB.

The skin color model used in this paper is based on the
nonparametric histogram color model [2], [5] and [6]. Jones
and Rehg [8] compare the performance of histogram and
parametric method, mixture models, for skin detection, they
find histogram models to be superior in accuracy and
computational cost.

There are many color models used for the modeling of
human skin-color.  Liu [4] has contended that there does
not exist.a single color models that work best for all kinds of
image sequences therefore it is very important to choose the
suitablecolor ‘'space to be combined for the modeling of
human skin-color. Sobottka and Pitas [5] have operated for
the HSV. color space that is compatible with human color
perception. They have considered hue and saturation as
discriminating color ‘information that describes the human
skin color. This information can be defined as a priori and
used subsequently as reference for any skin color.  They
denote Rs and Ry as the respective ranges of Hue and
Saturation values that correspond to skin-color and they have
chosen the parameters as follows : Rg = [0.23 0.68] and
Ry = [0° 50°. Consider an input image sequence of
Mx N pixel. Hence, we can obtain a reference map by
following criterion.
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Ma _|255  HueeR, n SeR;
Prsecyy = 0, otherwise
wherex=12,..,Mandy=12,..,N.

The paper shows the reference maps in Fig. 1b-1d that
match all skin-color regions besides some noise pixels that
are similar to skin-color however Hue (H) is not reliable for
the discrimination task when the saturation is low [9].
Because saturation defines the relative purity or the amount
of white light mixed with a hue that is a color attribute as a
pure color, skin-color pixels of Saturation component are
wider distribution than hue component. Hence, we just
adopt the color information of the hue component for the
modeling of human skin-color for decrement effect from
Saturation component.

Chai and Ngan [6] have found that a skin-color region can
be identified by the presence of a certain set of chrominance
(i.e., Cr and Cb) values narrowly and consistently distributed
in the YCbCr color space. They denote R¢.and Rep as the
respective ranges of Cr and Cb values that correspond to
skin-color and they set Re, = [133 173] and Re, = [77 127].

{255 CbeR,, N CreR, @)

@)

Map ;. crix.y) 0, otherwise

wherex=1,2,..,M/2andy =12, .., N/2.

The paper shows the reference maps in Fig. 2b-d.
Notice that Fig. 2b match all skin-color regions but it is very
over segmentation because many background can not be
eliminated by Cb value. Fig. 2c and Fig. 2d match all skin-
color regions besides some noise pixels that are similar to
skin-color.

Moreover, Mei-Juan Chen and Ming-Chieh Chi [7] found
an interesting problem, though Chai and Ngans’ method is
well but if the skin color region of Mapc, IS poor even
though Mapc, is still strong to present the region of skin-
color, the skin-color region of Mapcpecr Will be poor.
Moreover, the distribution of skin areas is consistent across
different races in the Cb and Cr color spaces [4]. Then, we
can only adopt the color information of Cr component for
the modeling of human skin-color.

Because there does not exist a single color models that
work best for all kinds of image sequences, this paper
proposes a combined color spaces that are suitable for skin
pixel classification under different conditions, i.e. different
races and varying illuminations.”  We use color information
of Hue and Cr to define skin-color and estimate a reference
map in YCbCr and HSV color space. ~ Moreover, R¢, and
Ry is denoted as the respective ranges of Cr and Hue values
that correspond to skin-color and Rc, = [133 173] [6] and

CreR, N HueeRy (3)

Ry= [O° 50°] [5].
255,
0, otherwise

For Hue color component, where x = 1,2, .. , M and
y=12 ., ,N. For Cr color component, x = 1,2, .., M/2
andy=1,2,..,N/2.

M ap Cr.& Hue (x,y)
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The reference maps result is shown in Fig. 3b. Notice
that Fig. 3b matches all skin-color regions and have a little
some noise pixels that are similar to skin-color.
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(a) Input images of News

(c) Saturation (d) Hue and Saturation

Figure 1. Result of different color components reference maps in YChCr
color space.

MPEG4 LR
WORLD A \ J

(a) Input images of News

(c)Cr (d) Cband Cr

Figure 2. Result of different color components reference maps in YChCr
color space.

(a) Input images of News (b) Proposed

Figure 3. Result of proposed color components reference maps in YCbCr
and HSV color space.

IIl.  SKIN-COLOR SEGMENTATION

As shown in Fig. 4, the proposed method contains three
stages



A. Color Segmentation

The first stage of the color segmentation algorithm
involves the use of color information in a low-level region
segmentation process to define region of interest.  The aim
is to classify pixels of the input image sequence into skin
color and nonskin-color. To do so, the paper have devised a
skin-color reference map thus we can easily discriminate the
region of interest and noninterest via the proposed reference
map that this paper use color information of Hue and Cr
component to define skin-color.

B. Blackground Elimination

This section presents an algorithm to remove some noise
pixels that are similar to skin-color, pseudo-skin-color, from
first state. It is a fact that human skin tend to have a
predominance of red and nonpredominance of blue.
Furthermore, Mei-Juan Chen and Ming-Chieh Chi [7] found
that skin-colors and pseudo-skin-colors locate at the same
range, Rer = [133 173], in Cr component but these two colors
are different in RGB color space.  The blue and red
histogram of skin-color pixels of Fig. 2a is shown in Fig. 5a
and Fig. 5b, respectively.  The statistical results show that
the histograms of red and blue for skin-color pixels in a
normalized RGB color space are narrowly distributed
because the normalization was employed to minimize the
dependence on the luminance values then the paper can
utilize the characteristic to remove pseudo-skin-color. And
we can set Ry and Ryeq as a threshold selected empirically
from the histogram of samples and check that if each pixel
from first state has the value of Blue in range of Ry, and has
the value of Red in range of R,y that is real skin-color pixel.
On the other hand, if the each pixel has the value of Blue in
range of Ry but has not the value of Red in range of R e
then this pixel is classified to be pseudo-skin-color pixel and
we set Rye =[0.15 0.3] and Ryeq = [0.4 0.5].

C. Post-processing and Object Tracking

Next, the process extracts the large skin-color objects
from the image by using morphologic closing operations that
are commonly used to smooth, fill in, and remove objects in
an image sequence. Morphologic closing is equivalent to a
dilation followed by an erosion. Nevertheless, these
operations can only reduce some noise areas but-cannot
completely remove noise from the mask. In order to remove
the remaining noise, the image is classified into 4x4 pixels
block and these blocks are then categorized into skin-color
and nonskin-color blocks. ' If there are more than 8 pixels.in
the block, it will be assigned to full pixel block, otherwise it
will be assigned as empty block then each block that has the
same value will be considered as a pixel. Finally, the
algorithm performs temporal filtering to remove skin-color
pixels that immediately appear from frame to frame by using
the object tracking process that performs as memory for
collecting skin-color object obtained from previous frame to
guide the next frame. If the skin-color in next frame cover
the skin-color in previous frame more than 50% then skin-
color regions will be not removed, otherwise some regions
that immediately appear and cover less than 50% of previous
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frame, will be removed. As a result, the output mask of
this step should contain the face region with minimal or no
noise and the next section will show the experimental results.

v
v

Figure 4. Block diagram of videophone skin-color segmentation algorithm
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Figure 5. The histograms of Blue and Red domain of Fig. 2a in normalized
RGB color space.

IV. EXPERIMENTAL RESULTS

The experimental results are performed using three
videophone sequences: News, Grandma and Carphone.
These sequences are video standard sequences in QCIF
format, which can be categorized by moving characteristic.
First, News sequence has less movement because only their
heads and shoulders move. Second, Grandma sequence has
very slowly movement along the sequence. Finally,
Carphone sequence has movement very much. At the first
stage of the algorithm color segmentation, the reference
maps result produced by the proposed criterion is shown in
Fig. 6d, Fig. 7d and Fig. 8d that are compared with the Cbh
and Cr method [6] in Fig. 6b, Fig. 7b and Fig. 8b and Hue
and Saturation method [5] in Fig. 6¢, Fig. 7c and Fig. 8c.

The performance = of ' the skin-color segmentation
methodology is evaluated quantitatively.  To quantitatively
measure the accuracy of the proposed methodology, each
frame was manually segmented into skin and nonskin pixels.
The manually segmented images serve as a reference to
which the automatically segmented images are compared.
The detection rate and false alarm rate are expressed as a
percentage, which represent in equation (4) and (5)
respectively.

DR = 1P (4)
TP + FN



FAR = —— ®)
TP + FP

where :

TP, True Positive, is defined as a group of pixels that are
foreground and the system distinguish that a group of pixels
are foreground.

FP, False Positive, is defined as a group of pixels that
are background but the system distinguish that a group of
pixels are foreground.

FN, False Negative, is defined as a group of pixels that
are foreground but the system distinguish that a group of
pixels are background.  The detection rates and false alarm
rates for Fig. 6 — Fig. 8 video sequences are shown in Table |
and Table Il respectively. These results show that the
proposed segmentation algorithm could provide the face
segmentation more efficient and it also has less affect from
the fast or slow moving object in video sequences.

(b) Cb and Cr (c) Hand S (d) Proposed
Figure 6. Comparison of different skin-color segmentation method of News

sequence

(b) Cband Cr (c)Hand S (d) Proposed
Figure 7. Comparison of different skin-color segmentation method of

Grandma sequence
(b) Cband Cr (c)Hand S (d) Proposed

Figure 8. Comparison of different skin-color segmentation method. of
Carphone sequence

by
(a) Original

(a) Original

(a) Original

TABLE |
DETECTION RATES.
Detection Rate
Sequence CbCr HS Proposed CrHue
Car phone 87.56 % 70.48 % 72.09%
Grandma 70.11 % 76.79 % 71.63 %
News 90.17 % 90.97 % 93.79 %
TABLE Il
FALSE ALARM RATES.
False Alarm Rate
Sequence ChCr HS Proposed CrHue
Car phone 27.90 % 29.51% 12.43%
Grandma 29.88 % 43.20 % 20.36%
News 13.20 % 19.02% 6.82%
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V. CONCLUSION

This paper proposed a novel algorithm for skin
segmentation of color image sequence. The proposed
algorithm uses a combined human skin color model based on
the nonparametric color model to classify skin-colors and
nonskin-colors. We use property of skin color to set
threshold for removing some noises that similar to skin-color
because the human skin tend to have a predominance of red
and nonpredominance of blue and we use morphologic
closing operations to smooth, fill in, and remove objects in
an image sequence.

Finally, the object tracking process performs as memory
for collecting skin-color objects obtained from previous
frame to guide the next frame in order to remove skin-color
pixels that immediately appear from frame to frame. The
experimental results show the satisfying subjective test
results.
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Face Segmentation Using Novel Skin-Color
Map And Morphological Technique

Teerayoot Sawangsri, Vorapoj Patanavijit, and Somchai Jitapunkul

Abstract—The paper proposes a novel algorithm to dynamically
define the Region of Interest (ROI) videophone application. The
algorithm uses the color information Hue and Cr to find the skin-
color pixels and also use range of threshold obtained from red and
blue components in normalized RGB color space to remove nonskin-
color pixels because the human skin tends to have a predominance of
red and non-predominance of blue. Post-processing is used to
remove such noises by a morphological operator. Moreover, the
algorithm performs temporal filtering to remove skin-color pixels
that immediately appear from frame to frame by using object
tracking process to perform as memory for collecting skin-color
objects obtained from previous frame to guide the next frame. The
experimental results confirm the effectiveness of the proposed
algorithm.

Keywords—face segmentation, human skin segmentation, video
object segmentation, Region-of-Interest (ROI) video coding.

I. INTRODUCTION

HE demand for applications of the digital video
communications, such as videophone and
videoconferencing, has increased considerably then coding for
very low rate channels requires novel compression schemes.
The content-based coding offers a more flexible and
intelligent approach than traditional methods embodied by
H.263/H.263+ and  MPEG-4rstandard.
The developed video coder improves the quality of
perceptually important image regions, relative to traditional
coding standard, at the expense of perceptually insignificant
portions of the image.

Faces are an important component of image sequences (i.e.
the head and shoulders videophone and videoconferencing)
and faces have some distinct features from background
therefore a skin segmentation plays.an-important-role-in recent
color-based approaches to human face segmentation [5] and
[6].

In these approaches, regions of the input image that have
skin colors are segmented to give an initial estimate of the
face locations. These segmented skin regions will be further
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processed in the later stages of a face segmentation that
utilizes several color spaces to label pixels as skin including
normalized RGB [1], HSV [5] and YCbCr [2] and [6].

This paper proposes a skin segmentation algorithm for
color image sequences.  The proposed algorithm uses a
combined human skin color model to classify skin-colors and
nonskin-colors. ~ The model is based on the nonparametric
histogram color model [2], [3], [5] and [6]. Compared to
many existing skin segmentation approaches, the proposed
algorithm combine two color spaces for skin segmentation and
use property of skin color to set threshold for removing some
noises that similar to skin-color.

This paper is organized as follows: Section II. explains the
human skin color model analysis.  Section III. presents the
skin segmentation algorithm. Section IV. discussed
experimental results and Section V. concludes this paper.

II. HUMAN SKIN-COLOR MODEL ANALYSIS

A human skin color model is used to decide either a pixel is
skin color or nonskin-color. This model is characterized by a
classification algorithm and color space used to represent
pixel color. Color spaces used in skin color segmentation
include YCbCr, HSV and normalized RGB.

The skin color madel used in this paper is based on the
nonparametric histogram color model [2], [5] and [6]. Jones
and Rehg [8] compare the performance of histogram and
parametric method, mixture models, for skin detection, they
find histogram models to be superior in accuracy and
computational cost.

There are many color models used for the modeling of
human skin-color.  Liu [4] has contended that there does not
exist a single color models that work best for all kinds of
image sequences therefore-it is very important to choose the
suitable color space to be combined for the modeling of
human skin-color. Sobottka and Pitas [5] have operated for
the HSV color space that is compatible with human color
perception. They have considered hue and saturation as
discriminating color information that describes the human skin
color. This information can be defined as a priori and used
subsequently as reference for any skin color. They denote Rs
and Ry as the respective ranges of Hue and Saturation values
that correspond to skin-color and they have chosen the
parameters as follows : Rs=[0.23 0.68] and Ry = [0° 50°].
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Consider an input image sequence of M x N pixel. Hence, we
can obtain a reference map by following criterion.

Please check with your editor on whether to submit your
manuscript by hard copy or electronically for review. If hard
copy, submit photocopies such that only one column appears

per page.

255 HueeR, N SeR;
Ma =
Prsx.y) { 0, otherwise

wherex=12,..,Mandy=1,2,..,N.

The paper shows the reference maps in Fig. 1b-1d that
match all skin-color regions besides some noise pixels that are
similar to skin-color however Hue (H) is not reliable for the
discrimination task when the saturation is low [9].  Because
saturation defines the relative purity or the amount of white
light mixed with a hue that is a color attribute as a pure color,
skin-color pixels of Saturation component are wider
distribution than hue component. Hence, we just adopt the
color information of the hue component for the modeling of
human skin-color for decrement effect from Saturation
component.

Chai and Ngan [6] have found that a skin-color region can
be identified by the presence of a certain set of chrominance
(i.e., Cr and Cb) values narrowly and consistently distributed
in the YCDCr color space. They denote R¢ and Rgp as the
respective ranges of Cr and Cb values that correspond to skin-
color and they set R, = [133 173] and Re, = [77 127].

{255, Cbhe RCb N Cre Rcr (2)

o))

Map ¢y crx.y) 0, otherwise

wherex=12,..,M2andy=1.2,.., N/2.

The paper shows the reference maps in Fig. 2b-d. Notice
that Fig. 2b match all skin-color regions but it is very over
segmentation because many background can not be eliminated
by Cb value. Fig. 2c and Fig. 2d match-all skin-color regions
besides some noise pixels that are similar to skin-color.

Moreover, Mei-Juan Chen and Ming-Chieh Chi [7] found
an interesting problem, though Chai and Ngans’ method is
well but if the skin color region of Mapcy, is poor even though
Mapc, is still strong to present the region of skin-color, the
skin-color region of Mapcpgcr Will be poor. Moreover, the
distribution of skin areas is consistent across different races in
the Cb and Cr color spaces [4]. Then, we can only adopt the
color information of Cr component for the modeling of human
skin-color.

Because there does not exist a single color ‘models that
work best for all kinds of image sequences, this paper
proposes a combined color spaces that are suitable for skin
pixel classification under different conditions, i.e. different
races and varying illuminations. ~ We use color information
of Hue and Cr to define skin-color and estimate a reference
map in YCbCr and HSV color space. Moreover, R¢;and Ry
is denoted as the respective ranges of Cr and Hue values that
correspond to skin-color and Re, = [133 173] [6] and
Ry =[0°50°] [5].

Mo sy = {255, CreR, N HueeR, ©)

0, otherwise

110

For Hue color component, where x = 1,2, .. , M and
y=12,.,N. For Cr color component, x = 1,2, .. , M/2
andy=1,2,.., N/2.

The reference maps result is shown in Fig.t3b. Notice

that Fig. 3b matches all skin-color regions and have a little
similar  to

some noise that are skin-color.

pixels
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Figure 1. Result of different color components reference maps
in YCbCr color space.
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Figure 2. Result of different color components reference maps

in YCbCr color space.
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(a) Input images of News
Figure 3. Result of proposed color components reference
maps in YCbCr and HSV color space.
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I1l. SKIN-COLOR SEGMENTATION
As shown in Fig. 4, the proposed method contains three
stages
A. Color Segmentation

The first stage of the color segmentation algorithm involves
the use of color information in a low-level region
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segmentation process to define region of interest.  The aim is
to classify pixels of the input image sequence into skin color
and nonskin-color. To do so, the paper have devised a skin-
color reference map thus we can easily discriminate the region
of interest and noninterest via the proposed reference map that
this paper use color information of Hue and Cr component to
define skin-color.

B. Blackground Elimination

This section presents an algorithm to remove some noise
pixels that are similar to skin-color, pseudo-skin-color, from
first state. It is a fact that human skin tend to have a
predominance of red and non-predominance of blue.
Furthermore, Mei-Juan Chen and Ming-Chieh Chi [7] found
that skin-colors and pseudo-skin-colors locate at the same
range, Re, = [133 173], in Cr component but these two colors
are different in RGB color space. The blue and red histogram
of skin-color pixels of Fig. 2a is shown in Fig. 5a and Fig. 5b,
respectively.  The statistical results show that the histograms
of red and blue for skin-color pixels in a normalized RGB
color space are narrowly distributed because it was employed
to minimize the dependence on the luminance values then the
paper can utilize the characteristic to remove pseudo-skin-
color. And we can set Ry, and R4 as a threshold selected
empirically from the histogram of samples and check that if
each pixel from first state has the value of Blue in range of
Ruie and has the value of Red in range of R4 that is real skin-
color pixel. On the other hand, if the each pixel has the
value of Blue in range of Ry but has not the value of Red in
range of R .4 then this pixel is classified to be pseudo-skin-
color pixel and we set Ryjye = [0.15 0.3] and Req = [0.4 0.5].

C. Post-processing And Object Tracking

Next, the process extracts the large skin-color objects from
the image by using morphologic closing operations-that-are
commonly used to smooth, fill in, and remove objects in an
image sequence. Morphologic closing is equivalent to a
dilation followed by an erosion. Nevertheless, these
operations can only reduce some noise areas but cannot
completely remove noise from the mask. In order to remove
the remaining noise, the image is classified into 4x4 pixels
block and these blocks are then categorized into skin-color and
nonskin-color blocks.  If there are more than 8 pixels in'the
block, it will be assigned to full pixel block, otherwise it will
be assigned as empty block then each block that has the same
value will be considered as a pixel. Finally, the algorithm
performs temporal filtering to remove skin-color pixels that
immediately appear from frame to frame by using the object
tracking process that performs as memory for collecting skin-
color object obtained from previous frame to guide the next
frame. If the skin-color in next frame cover the skin-color in
previous frame more than 50% then skin-color regions will be
not removed, otherwise some regions that immediately appear
and cover less than 50% of previous frame, will be removed.
As a result, the output mask of this step should contain the face
region with minimal or no noise and the next section will show
the experimental results.

IV. EXPERIMENTAL RESULT

The experimental results are performed using three
videophone sequences: News, Grandma and Carphone. These
sequences are video standard sequences in QCIF format, which
can be categorized by moving characteristic. First, News
sequence has less movement because only their heads and
shoulders move. Second, Grandma sequence has very slowly
movement along the sequence. Finally, Carphone sequence has
movement very much. At the first stage of the algorithm color
segmentation, the reference maps result produced by the
proposed criterion is shown in Fig. 6d, Fig. 7d and Fig. 8d that
are compared with the Cb and Cr method [6] in Fig. 6b, Fig. 7b
and Fig. 8b and Hue and Saturation method [5] in Fig. 6c, Fig.
7¢ and Fig. 8c.

These results show that the proposed segmentation
algorithm could provide the face segmentation more efficient
and it also has less affect from
the fast or slow moving object in video sequences.

<« | < <

-«
-

Figure 4. Block diagram of videophone skin-color segmentation algorithm
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Figure 5. The histograms of Blue and Red domain of Fig. 2a in normalized
RGB color space.

V. CONCLUSION

This paper proposed a novel algorithm for skin
segmentation of color image sequences. The proposed
algorithm uses a combined human skin color model based on
the nonparametric color model to classify skin-colors and
nonskin-colors. We use property of skin color to set
threshold for removing some noises that similar to skin-color
because the human skin tend to have a predominance of red
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and non-predominance of blue and we use morphologic
closing operations to smooth, fill in, and remove objects in an
image sequence.

Finally, the object tracking process performs as memory for
collecting skin-color objects obtained from previous frame to
guide the next frame in order to remove skin-color pixels that
immediately appear from frame to frame.  The experimental
results show the satisfying subjective test results.

i ;'ﬁpl A L
(a) Original ~ (b) Cband Cr (c)Hand S (d) Proposed
Figure 6. Comparison of different skin-color segmentation method of News
sequence

(a) Original ~ (b) Cband Cr (c)Hand S (d) Proposed

Figure 7. Comparison of different skin-color segmentation method of
Grandma sequence

(a) Original

(b) Cband Cr (c)HandS

Figure 8. Comparison of different skin-color segmentation method of
Carphone sequence

(d) Proposed
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