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Mathematical Morphology Appoach to
Face Detection in Complex Background
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Abstract Skin color character is widely used for face detection and face tracking. This
paper construct a mixed model in both normalized RGB and HSV color space, which can
be used to acquire possible skin regions in original image. It designs a sequential flexible
morphology operators which can respectively eliminate noises and disturbances, separate face
candidates, acquire eye and mouth “hole”, and gain contours of faces. The experimental
results show that the proposed approach can not only effectively eliminate human hands
and arms non-face objects in image, but also smooth away difficulties of face occlusion,
pose and orientation, size difference and light variety. Furthermore, this approach is easy to
implement, and its computational spending is relatively smaller. So it is suitable to fast face
detection.
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HXER. M ANHRE T £ Rk (Multiscale template) , F#i4i (subtemplate) , LA
(Deformable template) Sfggedpis, E—EBE LR T B e ERE, (HEXEFBEPHR
FERMEIER (RAFSERE) BAR, XPF RGN ORER 19,

(2) BTSHITFHET XRHFETEL U —BEREDINGXR, B3 EEARN S5
VLS E SRR BA KA IE N BRI, B RS s s 25 R %, F ki
R A, AR, X HK A EEIE: BHMER 1 (Eigenfaces) , #F 441 (Distribution-based
methods) , #ZM %% (Neural networks) , 3ZFzE EHL (Supptor vector machine) , & 24 D1 H-#7 4>
%48 (Naive Bayes classifier) , {58 3: (Genetic algorithm) , &5 /R 7] F#i% (Hidden Markov
model), {£ B H ¥ (Information theoretical approach) , IH#4% > (Inductive learning)
2 0| BFRHeFEERENRNR, BEEICNEEIRS, NERERK, mfk
BB GREAR I SR s 02— .

(3) ETFHFMEARTM HIRE: TMHENRINTFHEDERMARSIEA: AREH (R, &,
v, B, REMEXRRES)S, Ao O, ghgie 19, ARBERRES.

ZARE: TR, KEGEZMARIFEN F g ARG A E AR, Yachida R FHUH
HRWEEREFH AR ¥ . Chai f Ngan A YCrChb 2 [l fk 5 BIRI R B Gk A B B 47,
it — R ENALEIERTIAAR ?) . Menser 1 Bruning RFAf1 Raja —REfy R A K
Hiz, RABSYERETRELET, BEMTERNKESfREUAAR 12 Zork
BEEAHEIETARAEMR. Sobott i Pitas fyHIRIZE HSV =(HI B, M{THM B ARSI 72
B UCAL (Ellipse fitting) , @K BEE SRR —& B8 (XESSEANRIRE LY
% L0 ALE) , BUSHN LR BREEmEKEAEEAAKR U, ZorEa R
FEHEHECESTERRBLA, MEHTEE 420 FERARFTLE, HHRESTRMIEDH
P23 0N

RICRANF BB T ETREATBE PSRN, FEHAROMERE, R
HSV ZE[akaERESER, R ZRBERA ERAENE, R4 EH 4 RGB
FRKEER, WET N EFL4CNRSREER, HEXRNEGPRIEEARE R, Xt
F— B, RIOIRAEHRR T E—RIIRRXDMIERWESEEWT, HPaE—- 1584
R/ IEHRRERIG (RIMEERAREEMIT) , DXBERTRFE kAR #T
—RINVEEE¥EH; XTHEMARER 2HREHAROREBESERMEE L B
RE, MEMET TFIRAELRARERL IR, B KR8 U= RT LIS I A KT BLE Y,
JUEEERAD, WERERE 75 EAMAR; SEZRERIMNBEMEARYRE M FER
ANt E HIRERBENME) , FTHTEEMNRERERD. HAEERIME AR5
SEEEE R, RITMFEEEMELRESRE, HERXREL, E¥ESTHEANRBM,
2 £F HSV 5J3—1{t RGB ZFEE S HERE KB XIS

ERALIEEN T R, AREROEETEN X3 T HEWEESEHE, XESERN, £
Rl—AFH, REFFRHAERRMKE, EEXMHX I EERNERE EMd e b U4,
MR RS, AMHEH TRLHEHEEL. RGB R, HSV #4, YIQ #7, YcrCb #
B, YUV # LUV Biafifl, XERBENARRMNAGSFEAFBBRER.

HSV gie=E+RE (V) MeXEs (H,S) ZEMEEML, FEB ARSI FEE
FERURA RS, SR HSV ZEFERRERE ARG RARE. & HSV ZEF, RRERTE
H-SVYEEXEAHHBHRERFE A 1B KAHEERAMARGELITE, "TLUREHE
KEMEEREAE 0< H <01, 03<S5<0.703—4) KA. rE5itHRy, 7£ HSV =

B e 5 R R BT (SR AR
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AL F Wang #1 Yuan By77eE 05 | RATLEIEXE 300 3807 244 T a9 A EHGAT 93 4
¥, HEBT HSV BaEMgSE. 25094k RGB 2SR GMA, Hdk AR & 28 ik a4
BmT.

0.005 < H < 0.10 036<r<05
0.20 < S < 0.65 0.28 < ¢ < 0.363
060<V <=1

Het H, S,V 450 HSV ZEg H 48, S48, VIR, EMEA—t. rngRE—k
RGB Z[a]#y r 7+ & g 5 4.

ISR X FPEIR b B — SR BRI S P R AE I . [ 2 RN T IR ER R
BRIXEABCR, FTLLEH, TERBUSIKIESR RS, RERRE T REUXH MR RS AT
WX, XTEEEFENLBRFIEENER.
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02 f-d--bodmebdebadadendes ¥ E
B i s s . Y '
0 0.2 0.4 0.6 08 1
H
1 KERR H-S FEATS B2 BTIRA 2R B R

3 BFHEFEH

s A R A YR B— A4 3, B ERAIE S RIS AU A 4548, J53E Eular, Steiner,
Crofton, Minkowshi % AJEE MIEHEHRAE, HRABEESE (BB SERESN
¥ . Aot 80 48X, Serra F1 Matheron fEEEE N T WA HBREFEBSEHAF
L, EHENILER, iIZSBNIFETETHEESEZNERER, 5, BIIXHRT
ETHEHSEWERLE RS 19,

BEEEFEEN T —SEANEER, BAXBERZHEMNAS, 7R EREH TN
REERNS, REGEENS, EATKEER, RREGHO5, ML, ik, BHLERSE
%, RHEBEEWE, EFREKETF, FABSEFEATDERELREAEM TR, XRE
BEFEANER. B .

WA BN Z: RS, B NEMIT, FEEME3; 0 hE4E, (B), FRE B FH
STREH z BhL, BEENWT:

Ay BIghk: Ao B={z|[(B).NnA]+#0}

A% B g Ao B={z|(B), C A}

FE®: AoB=(AoB)®B

HiZ8: AeB = (A@B)@B
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B3 #HmREr: WEEEN 206%) ALY 2(8%)

A S 2 BT B R R R T M ORI S 2 B R, A SCRE A KA 5
T TRR AR/ ROEHTE, Rt — R SLET, HBAREREN, SER
B E R, RIRSE TR, MRRRAREE, R ME6RN T,

3.1 ZRRERTREF

A K Bt BRI AR B K, S5H05E By —ORON T, LR 1R 21183 ,

RATHE DT ELEHTT, A bS8

(Ae By)o B, (1)

ZUCAbTE, TIEBBEAUNRTE, TTIREHERE, SRFAX SRR LB,
(HFHAR5 2515 TR AR F AR S AR X Y)
3.2 AEEEBEAT

# O BEETREKRRE A FRENER, B O PH—4 8 P BA, MATHEN
AL E Of HETETR:

Xy = (Xg-1 © B2) N 4, k=1,2,-- )

Het Xo =P, HERSEEEMR, 5T By JUBEBORERE. MREE X, = Xy, WX
BRI, FHE OF = X,
3.3 IRENERY IR HF
EEE—EERT, ARUXARSFEHRDITRHAZMA, EREARK/DMAREER
FUMBIHAEZEARKR, PIMRSE /[ RERFRRIFE 22-31.8 ZE], K% / BERRFE 12-31.8
Z 0 07 B R LA R T — A KN O AR 3 B AR /N BT B B T, AT
PRz R RIRGEHMITT.
% By REREARKE, R ARRFR, E—BVREEE, bTHRERMFEH, EREUE
BATE. & XRESHERZ K.
C = By/R. (3)
MRYECHR [17], C € (20.3,50.2), C MIGEHFHER 29.5 .
AT EEBERRFEM TR, SWTEFERXRE, BRI TIEEHT T8 HBHIRYE
FLIF , ST HEAREEXR, EMREE LR, ;i 3) 88 R, = B;/C,203 < C <50.2
KHEGEMITE By 2 8/NT R BBCKME, B By < By/20.3.

ZRFIERGH AR IER, TS BEHRNEERR, SHEENRSEBX
B AR, BOEARSBRNMNI—MMENRIEE By . REXTEIRETRESM, FER:

(Of L J Bg) o} B3 (4)

TSR TR TIRES FLR, R EET RAEMEMBMASTH. mE 457
R, REGLRA FLIR R 4(c) PUBAERT, FEMARSLEGRE T R S,

TEHHAFHTRERLUTRESEAFEMAZET LR .
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() REGEB  (b) RERXE (o) FTRES

A4 AR RERETLOELR

3.4 BBMARL AT

B Oy RRETIRYE FLIF’ #9ER, ERERBRARME, LIS O #iTHIER:

O} = Of 0B4,

E; =0} - (0} © By) (5)

Ho By B— M ¥REXWREBLEMIT, EHERBER By 895 - 15 £5, XPEREFTHRIZE
HIEmEE fLF Rehlkk, RRMTEROAREBR OF , LRI OF M1k Er , BEHR

HERIMR R ARREE. Bs %R 1 WEBEWTE, - HEARSeEEhE,
4 ABBISRIFTR

NIRRT AR A 5 BFR. BOEREN

BRI 3 A iHA, M = e HSV R (D
Al BRI (5 (1), (2), (3), 4) , %WUMM

- N ) BE )
Bk A B RRRI BN (18 (5), (6), (7)), (It XA T (2)
HE AR e (B4 (8)) . MFIET T
N (B A EERHIFRE) , EEEEMB LHRBAERIT (3
W, B, FAIRCMZE (6), (7) e, & 0
SCHFARBE A MR th AR IR S B B AR, 2 ABHRENE (D
BIsp B H. ‘/&‘

(4) 1B N B 14> B VR T L SR F IR S8 A HSE I RS (5)
Ko K 4 SR, AR S i
SR EIREEEESY (5) BRI AR LA T "
RofRz, BB / B 05, 1Py COHEEHEZHAKELIE (D
SN BT, BT E R AR AR A T

i AR

KmgER. (1) RASEEHEEAELRE
REERMXEA. 2R E S5
HInE 6 .

<] EBAKRRE (8

BS5 ARGRER
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Bl 6 TRERFE

5 ERER K7

HHE HSV 53—4¢ RGB ZEiR &k @ER, AR T 300 3KAR MRS AR
Ao, AARIEEL 150 FABRARR. @3 o rX & SRR R ST RHE BRI GBI 23
R EE 1 #E.

#F 1 sl R VIR

At b TR IT B KBTI Bs Bk BRI AR RN
45#350 Be ¥t By
R B (HHE) HE (R7E) BE¥ (RH77%) 1254
2R (BREANE) 182 B;/C, C =30 5 By /4

NI EEE 34, 5 14815 36 16, EERE Internet M. 55 2 AEHE
94 IE, AT R ACTS i H X #eA M2VTS database , #h4rEM VCD AT FHNIAM,
TH—#B2 B E Internet , XIS REIERERTRE S, K/DM 200x160 2] 600x450 45
RZEA%E, 8 3ARALREM USB BELREMARE, 81 40 PANREAREE, B
MMEFEEMESENSE 5 R, 43m ETAEAREE 30° f1 60° F/AMESR, A 133K,
—3tR 520 WE., F 2 A LR RS, BRI B & AR E
BFRHIAEARBH M RERERE: HiRANEFEAESEGF HERMNET B IR
B HAE.

|2 ZRERFT
HE ik ARH K ks BFERE RREEFH RER
F14 36 51 47 92.1% 22 0 0
£24 94 132 128 97.0% 110 4 3.6%
34 520 520 507 97.5% - —— - — = - — =

AR R mE 7.

sk, REKGEESUERMAREACE, RITOTERNREES, 3 A%xR
SREE 92.1%, 97.0% F1 97.5% . IRKFRRME, HHIHE 0 3.6%(% 3 AFBRFEXRT,
WA RER) ; WA 7 F A KERHR, SRR ARMAERERETY, AFARETY
HHRMERAEOREYE, AFEREFMERXAENRE FLNLRERER, AR
BEH MRS AT 75° . W B KR, MTHEXBEEWTHRNETLE, E8KMNM—1
NI EREE——Rm 3k, WXt T RS R BB TS H A 3R AN BB K, 4 R e AL
it g AR RN, mE 7+ C KEG, RERELER, REMKRESELEN AR,
RENRAEE 3 MEFE - ZRIFEY, ZARREER N,
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7 EAS AR R

SR R RIREE, HAMEAT —F P4, £ 1.7G 49 PC HlRE C++ BIFRS
THEMETE, RAER—ILE 30 5k, EfIRMAUL 3 AREFMEA, K/NE 240 x 180-
240 x 240 R Z 6. MR AR EEGTHRMERE A 191.3ms/ 18, B ARHET K
SEIRHEE 3.67s/ IEA TARKATHER, B2 Wang #1 Yuan f93T Agent #9771 413 ms/ 1Bt
HRAEES 1,

REHARE 3 ENR, —BRARKESEFHREE, —BARRE, Z2FILTTH R
R FER—-HAWNERNERZREN HIR, XEXMHAMEERRE £ TR LR . @
RBEZRKBA R R ETHEARTE KL, KaHBiRA.,

TR FRNBERD, EXFETLERGEMESRY, ARBGEEERRRTE,
XA RER BN R E SRR R e B RE, N E SRS R TEN  Z/AERE
AR, XELET-SHAEHAE.
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