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Gender Classification Using Fusion of Facial Features-and Hair Features
ZHANG Jing-An, ZHANG Tian-Gang

(School of Mathematics and Computer Scienge, Shanxi Datong University, Datong 037009, China)

Abstract: Aiming at the One-sidedness of face features or hair features to identify gender in the past, a novel method
based on fusion of these features for gender classification was proposed. Face internal features were extracted by Gabor
wavelet transform which are robust to the illumination change and scale variations, and feature dimensions were reduced
by the method of PCA. Hair region was obtained by the method of dynamic searching in the area of face image. Two
kinds of external features of hair length and hair surface area were defined and puted forward the method of
corresponding feature extraction. To achieve nonlinear fusion of the three types of features with fuzzy neural
network(FNN), the gender classification was completed in the Essex face database and a correct identification rate of
97.1% was obtained. ¢ \

Key words: gender classification; Gabor wavelet; feature fusion; minimum cost; dynamic search; fuzzy neural network

%

AR B BARAE VUL S AR A 3 4

FHHME. BEFC# I3 T S Ak R R,
M FEHGHRE K P A AEACHEA T P L) s
FE I THT B LAS MR B Cr S ) b 3, 5
EURHSIUE T BRI A, (LA BT AT L YT, WA
SRR PG A5 B, B, UL AR D5 AR T
A S 51 SV Tt — A )

K. Ueki M4 A AN BLCR R, &R
HVRHEAI S 2, TR T — MR KRS, S T
FHLe Tt — 2o, e ] PCA J7idkokee

HN I P Bk R ACHHHAE. ] PCA 7okt
MUK P SR 243 47 201, LT A% 3 R4 B Sk
%o REEAN AT, AR BRI

KT RORFTSE R T2 4b, 2 T RA . A
HEEAIE PR PE S e, DA PR A RN G 1A B
TEs SKRIHE, PIAm ARk, PATIERRG. 57
511, ST T4 B A e T

1 NJKE AR AL B
FERFAESR T T, Gabor /NEAR e LE L e 7 i A
PUF, DICALB I B R D, BE AL RGN PEEOK;

@ FEEIUH LG8 PR FEH0(2014041049-1); 11 75 45K ] HTBURF L JHTE S0 1 (2014001)

WSCRR I 11:2014-10-04; 5 2146 AR I [/]:2014-11-28

8 L iB-ZEk Special Issue

© TEREBIK AR

http:/fwww.c-s-a.org.cn



2015 4 55244 B 6 M

http://www.c-s-a.org.cn

R[N VA

2)Gabor AEHA M UL AMAUE, RERE ERE
(BRI FE A T, 3) HAT A7 1072 18] JRy v A s ) e 4
PE, RERS Bl S BRI (R X I 2 AN J7 1 I S5 AR, AT
B EpErE. WOH 4k Gabor /NEAR AR BN P
.

4t Gabor /NEIZ RN
H K HZ Lo C o
l//u,v (Z) = u’; e 207 [elthVZ —e : ] (1)

o
A w F1 v 2k Gabor K77 AR E, z=(x,») K1
g S L B R ARKR, AR BRAE, B K, g
PRI LR

R

S K, = Ko/ [ 0, 28 J B
OO 0 B I T, BRI L K, MRS, T8
W ., NSBB8 A
7 17 (u=0,1,2,..., A 5 AR RE(=0,1,2,3,4). 5

2
0]

o M 27 . FRAME B 5 BT R o 1 R
JENES

BT, SmIagE e 20 AR AP,

S T RO, SCER R AL, MR IR,

T EIMEZe 2 FRIEREIZ I EL R RO Gabor Nk
A IS

Gabor /NBAFAEYRE HOZ I 75 {5 5 554> Gabor /8 *

WAz (L 40 MIMBEBUR LI, A
G =y, * 1= [y, 1(y)ddy @

S, T0r) 00 7 AR P51 15 224

TERFIESR D, I G 7, IRk R IA— R
PR IAIEE A 72, K/ K 128x160, TR 8 M K77
WA 5 ANASTR] I RO, s A BRG] =2 1 4 40y
128x160x5x8=819200, A T ik G 4EEICHE  FRAR G S04
i, FJH 3 4 43 M (Principal Component Analysis, ffij FR
PCAYX}_FIRRHAIE 0] s AT P4, SRS T N ISR R AIE.

TR ML B 5 T RO RO, (R AR AR
SEBR ) @, S R o0 BT TR R B I B AR R IR

A5 TR TG R4 AT S R A I
ik, T S MR T O A 2

TR HERIE S, X B A B BT Sk
HOVRAERE ), R RBP4 (B 0 B8R 1 SRR %,
BB i 4 SRR SRS B AT, I 6 o R
S5 AR 13 SR 2 BN, AT 2 1A ST v
i

E AP I — B VPN I ik, SRR
AR B B, B HE R W PR3 (AL L 2R
JHCIR DR, SRR A R 7 S R R AL, (3R
HE s . DRI, ST A U] 5 b 2R P I R
[ 36 o ST B AR EAT 1

SIS X I AR

1/x;,  x,)0

{1/(max‘xl.j‘+xj +1 x; <0

3)
AR x; ER AR 1/ (x, - E| + 1), E
B L X, A T AR AMRRR LA,

2 SRR

SCRRIS)E X T 6 R RISk R IE: K. i
Bl ORIFREE. B, 4>k SCHEL SCRRG4RE T AR
PO BRI 45, BT BB A B, s AR T o5
S5 A A 4R 0 B SR S 2 KB
SR ARTR. SO 6 Fli sk AL T, HEIH A S fry
HEAE: KORE, B B T SO RE S L.

SR LR B4 AT Sk R R
ERLBRIN D, B MU 1)k - RO 85 7 1
B, kR T BT, R
VRIAE; 200 TSk % 1R TR A 5 3 . KRB X
B, 23k R SRR, 4RI A
M. Tk R SR S HE, T R
R MR (LA T 25, MO ST AR 1 0K
B2 5, R MO S R A 5

PR T 0 0 G2 B TG L R, 185 a
1 b 2 100 G P S (SR ) 2, s e 1.

AR 2 o B b HIE RO B EON

c(a,b)=H-[fla)-Ab)] “

Hrp, H BB B RIKEAE, fla)s b)Y 15 E a F b
(IR FEAE. %A R B 5545 25 100 PR K 2 A8 R I

Special Issue %i8-%548 9

© TEREBIK AR

http:/fwww.c-s-a.org.cn



R[N VA

http://www.c-s-a.org.cn

2015 4E 244 B 6 W

IR P ZEAERR AR .

° ° ° ° ° °
° . & ° ° é
° ° ° ° ° é
(a) T FLIA by

K1 g0 K st

A e MR S B, K B SR B T B R =5 1)
A EPRI IR S R A 2, EESD R b

DRER 0 R O IR, T R I SCHR[10]
R A e e, AN

Gray = (9798 R +19235G +3735B)/32768 (5)

Hrh Ry G\ B/ IRGE BB B MBS 2L a5y 5
artn gy BRI ﬁg(mw%T%ﬁFm IR JEAA.

2)ztﬁﬁjtﬁk11]4HEEFHEﬁ7iﬁ£E@$§E§€% il PIRR A T
[F]— 7K P2k |

3) et P HIR 3% 2 v mit 9 B s G o0 Sk 22 A P A
Hor T AR 1% 2k 53k R BN AMAZIAC AT Q.
P.

NEEMG 05 A S P ITGR, (EBhEh & RBARE
AT MR, IR P SRR N I, 84
ISy AL SuEZ 3

SYEEMG A0 A i Q TR, AL 4), 14384
Py Sk R I N A 4.

O)EEMGAT - IR ER DR 4). 5), 4
P kRIS WLk

VUS BHERAS T A s, BIEUAS Sk R e, i 2.

Rl e

(b) Sk R AL GAT N AR

(@i
B2 MU Rk R

LR Dk e e, BRI AT HEAT Sk AR R R EL
2.1 KKKE
THEREN T B LR R, Bk R X AEE L

e BIAESK AR, ARG A ABLAR AU /N AR

10 %1i2-2iid Special Issue

BEEH ML MIR R, — Rk R ARG, T A
TR, HOAE B b Ah i T, £ B IR Sk 1)
JEALR MG, R, PSR K 5K B
HAS I = AT, SO SRR I K 4
e (R A, WO HEZE R 7 Sk R XA E TR By
T P43 3 014 g R 8 SR A0 g e 590 R 5 2 —,
I FBE 5 40K B A SRR SR .

LRI G FE Sk R RS, B e
WM P ET R L, T S I L P4, oKk
B EE: F 73 % X B A B RN o e 38—
SR SR WIS X 7 T L 1 K
K P Loy TEAASCI S RAC AL, 48R Lyo>=0,
AR/ BB
22 kkFmEA

BLSE, Aok BOL R, R BT LR,
SEOLAERILGEL F kR KL H 0, %50, 4 A0
PO SR X T o (2R T AR A o - S,
A ISP AR . WA SO Sk o T RUALAT: S VR 5 1 57
— A

SR ID LRI, A BB [ 3k 5 X AL 4
S LT RGE O Sk R R, LR Sha%
AR FE e 0 o B ik, BRI D s R 4 L3231
SRR OB LABTIRLELE 1 ok B
uzmm%%ﬁmm1¢m£n$

E%K&m? >

1) BfE— Mm@e+Ad mE 3, Al 1)
ﬁﬂim T AT R
A0 NG AG
BT G CRt VR

Ferb, ry J SR AN HIRAR, r Sk N B BRI AR AR

Ad =

B3 PSSR RR AR IR A b Je 25

2) FHL IS 0 =0 ik, FAREG)RE A

© TEREBIK AR

http:/fwww.c-s-a.org.cn



2015 4 55244 B 6 M

http://www.c-s-a.org.cn

R[N VA

Wot[0, AQ]MTHFL A4, .

3) HFHLAS 0 BRI AN AT A9, HE DR
2), H B W M 0=27 , 2 W B K IE M &
Surface=( A4, , Ad, , A4, ,..., A4, ). N:ZﬂAg , A CEL
AQ=7r/90, HJ N=180. 44K, thrHL N=360. 720...N
K, B BRI AR R S PR AR, KR SR
ik, HAEH N=180 WAH¥ET, 4, R ERMENEK,
WL N=180, il /AL ) Sk K TR AE S HY.

4) SRR TR LM

Area= A4 + A4, + A4, +---+ A4, @)

IRWIE, Area {EBOK, BREL T4t

3 FRORI A N 4% R R AL

K5 RS A RHE A £ RIS, SR 2k
A, AT R B ST B B R A W . e T
Takagi-Sugeno OB B BT HOIEIT BE ), AE LT
RO REEIT, FUATAR AR 10 o AR, R MR BT,
W DL T2 R 400 77 9 S R GV 52 2 R I 4>
B, HOA SR TR 28 0 24 (T=S SR ST 35 R S0k AT
PSS,

TS BUREIVERIN, 5T TRk, 1T UMERRS RS
AR LR R, /ST I AL B R Sfe e e B R e L
R, AR FERAE, RERAESE A, Ik,
T T A2 25 4 ) 112 ) D B R i e DAL B
EH AT IE] 4 T 735 1 22 N SR L ORI 25 2% R

PR TR SRR AR

HIAF P 2%

X —
Hy a, a,

; . ECREES
P (j=12:,m5i=01.2,:,n)

R BoE BER

4 JET Takagi-Sugeno B FRIRSDRI FI 2 4 2%

IR 4 RO, 2% 090 4 1 DX 05 I 0 4% G
YL, T 190 46 FE SR UG RS B FR G £, 5 1
£ P 7= A MR £ 5 4, B A i

1) i 2%

HTPE 926 DU R AL, 55— NN, A
A BB SN )RR 20 B xS B, SR
MNE x = [x,,%,,L,x, 1" 3 F —ZI01EH. %2
WRECH N, =n.

5 AR AR AN R AR, (R R
AN S B T 45 R O S (1 U
A B

Aot Hl=p,(x) (®)
b, =12, s j=1,2, .om, s R RNRINGESG m,
F x, HRIRER 2> 050

5 R AR AR — S BIN, 1 A
K LG T RSB0 P4 2, B £ 58 4 DU £ 3
R

a; =min{g', 13,1, g} ©)

X, i e{,2,L,m}, i,e{l2,L.m}, ..
i e{l,2,L,m,}

USRI 5L, B

— _ 4 \ (10)

a; =

j~l12,...m | *

) it

UM — RS, ek AN AR R AR F
TR WMARTE 0 M RMAE X, =1, /A
SE AR AEAOR I 11 T e H

TR 23 m AN, B AR
ZRUN, )2 RN v A — S U R JE 1, B

Vi =P+ Pux +L+plx, (11)

=12, ...om; =12, ...
T R R RGN, R

v, =>.a,y, (12)
=1
=12, ...om; =12, .r
3) HHE
e N (e e o el (DN B EE - Y

Special Issue Fig-4iid 11

© TEREBIK AR

http:/fwww.c-s-a.org.cn



R[N VA

http://www.c-s-a.org.cn

2015 4E 244 B 6 W

P12, s =12, k=12, ).
WARZERAN RN :
1 r
EZEZ(ti_yi)2 (13)

i=1
£ Ay, S BRI RS R B8 p
)RR
ov,. _
aEk = 5£ D ylz =—(t, _yk)ajxi (14)
apji oV, aykj apji
P+ =pl()-p
oF
k
apji
:EQEP,j=1,2, omy =12, o k=12, 8

=phD+ Bt -y) ax, (19

4 SEEE T
4.1 ANRPERYIERE g ¥

N T W UE RS REAELE M o b (b, 7E Essex
NI EE G R TP AT Sk

Essex M i FH [ 1] University of Essex WA, JE
72 N, BN 20 5K, L1440 TR ORGSR jpe,
B LS, EURSR IR R, BRI KRR, Sk
AN R, o G 5.

=

5 BssexAME 3, g

42 KIMEERITLE

T SE R IR D7 R B 4 R AR, T
Wl oA WL 6.

fEi% 8 fr 2tk 8 Ar B3k, BN 5 MR L 80 MR 4 A
HNGRFEAR, KNSR PP e 4. FH IR ARSI 4 22
W25 o3 g5t E R ) R 11 1360 M8 B REA TR, 45 FLA4l
2 NRIBEN 20 RIS, 3t 40 18), IEFRA 97.1%. 4
F 2 N, AETERGESE=AREE T, L —AfF

12 %2254 Special Issue

W2, BUNEERIER, 3 WA BSRILIE 7 R R =
SRR TR SR

WIZRHEACIZEN
JEPER 2 5]

4

I N G OEiEA GES
SES = SBRHAL =) % = S

@6‘@%%%%&@
L

Wk PN —
Kl 5 = S RAFAE

AN, H Tl AR BT A o AL . Sk
SRR 108 Hl A5 40 0 B 2 1 1
ST BN RS H 7, AT S
W2 5 T A I P A Sk RS

100

@80/
+

&= 60

oG

Bl

T o Gabor M EMHE e kBT e BRI

0

50 éO 7‘0 E;O 9IO 1&)0 2(‘30 SE)O 460 5(‘)0
AT 45
97 AR 5 SRk Lo

WS SRR B, WATRE A BB, U
@%&%ﬁtﬁ,%ﬁﬁ%ﬁﬁﬂ~iﬁ@ﬁ@mﬁf
HEGE 100, Gabor MEAFAEN 200), LIFZEN. T
A SCHRIR N S RBFAE AR I SR A4, 0 BB R
I KT Tk, SUIANAE, (935 T Sk R
TS T SCHRT6 1IN 25 S, Bl SCHik[6]R
JH 6 Pl Sk RAFAE ST PE AN, A SUH B
[ 2 T Sk A

5 45l

RS T R A P PR L A S R A P )
Sy, A5 Essex NP b Sesb e ml], %07k 1Ay
BLAT ) B

(RSP IR 2 R T2 b, S kA A Sk R
PRIURVE, s Em G . FRAiER, #FEs—5
WF5E.

© TEREBIK AR

http:/fwww.c-s-a.org.cn



2015 4 55244 B 6 M

http://www.c-s-a.org.cn

R[N VA

S 3k
1 Hayashi J, Yasumoto M, Ito H, Koshimizu H. Age and Gender
Estimation based on Wrinkle Texture and Color of Facial Images.
Proc. of the 16th Int. Conf. on Pattern Recognition. 2003. 405—408.
2 Iga R, Izumi K, Hayashi H, Fukano G, Ohtani T. A gender and age
estimation system from face images. Proc. of the SICE 2003
Annual Conference. 2003. 275-281.
3 ARICER XIS ALG AdaBoost F1JH & ZURFE AL 2R I AR 3] 23
AR T L, 2007,33(2):171-173.
4 PME, B R HLEET R Gabor B AT SVM [FHE 5153 2.1
HHLTE,2009,35(2):210-213.
5 EARAE B AR AT T L g3 SR 2y AN A SR R Sl 2y
HKATFEHIE£,2010,37(4):197-200.
6 X FE U <, B SOR IR TSR AR B R 2 SR TS B,

2009,26(2):212-215.
7 Ueki K, Komatsu H, Imaizumi S, Kaneko K, et al. A method
of gender classification by integrating facial, hairstyle, and
clothing images. Proc. of the 17th International Conference
on Pattern Recognition. 2004, (4). 105-110.
8 Yacoob LD. Detection, Analysis and Matching of Hair. Proc.
of Thtcmational Conference on Computer Vision, Warsaw.
2004. 103-106.
9 E—fﬂﬁiiﬁ..1%&&@%11ﬁ‘#ﬁ.jt/ﬁ:%‘”ﬂ’éj‘tiﬁjﬁ)ifﬁt1999.
10 [ W 353 A P ) 1 ) R0 5 SR B8l o IF S [ 2%
{1 3C]. it e A i 42,2010,

11 ﬁﬁilﬁ.%%@%ﬂ‘]’ﬁﬁﬁé‘ﬁﬁr 5N AF i R R [
{6 9], Ko i 2,200,

12 A4 85 BUREEE 23 AL s AU Y H ik, 2006.

Special Issue %8454 13

© TEREBIK AR

http:/fwww.c-s-a.org.cn





