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A Study on the Performance Enhancement of Face Detection using SVM
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ABSTRACT

This paper proposes a method which improves the performance of face detection by using SVM(Support
Vector Machine). First, it finds face region candidates by using AdaBoost based object detection method which
selects a small number of critical features from a larger set. Next it classifies if the candidate is a face or
non-face by using SVM(Support Vector Machine). Experimental results shows that the proposed method
improve accuracy of face detection in comparison with existing method.
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Fig. 1 An example of feature within face region
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(Support Vector Machine : SVM)

SVM& 1995 Vapnik[9]o] o8 o]Za® B8
FAE siAs7] A8 AL SFEWHLRE 4
Fo] hEHR EAS Ze HEHE o83t HF
3lo] 3 &2 ¥ (Hyperplane)-& ztolr £ w3
BE&F3tE 7igolth. SVME Q2 AHsa A
&= Aso]l i Hojurl W&o HIo d2<
4, BARLY, X W73 T ohge Eobd A&
Hi AtH8,9,10].

a9 S@elAet 2e] fEe= FAM F A
ol HF& zte= N7j9 A7} patele] EAE o,
T HEFE ER/3E stoln o] £43] gol
EAEA Hi, F PFE M ARHeE UE
F A= HAH ol EH] EASA 4

¥ 50)9) X, X9 #ol solmEydezy
B 71 Zt7kolel $1Ag dolEE AN I EWH
(Support Vector:SV)e} 3t slo]HE ] Hal A SV
o AA7EA 9] Ha AglE b (Margin)o] 2t ot
# & o] slo]w ¥ H(Optimal Separating Hyper
plane:OSH)L v}zl & 7158 HAz2 3o F HF
e F&& HAHse.

3¥ 5b)ell A slolHEHUEES HE Y HH
2 ¥ AN 2x piaE steluiedd
Husdte 7HEA HEoln, pE 7IEgelth

e o

(W« X)+b=0 WER"™ bHER 6]

(a) steldE™

(b) H¥ solvgew

a y =41 Hy (WeK)+b=+
e y=-1 H, WeX j+b=-1
oo MEENEL
Hi-H, (We,-X)=2
- 2
= [";W‘“Xl'X:)J"‘““
i i
A @
o & .
E'o ® s
ok
* . e H WeX)+b=+
o °l . OSH (WeX)+b=0
. Hy (WeX,)+b==1

a8 5. SvMme| stojH g2 |H
Fig. 5 Hyperplane of SVM

SVM9] gt dAle stolf R dE FolA A
o] stolreldg e AFolx, A slo
HEGES A 2/ | w| 7t Hd7t HeE &
o, | Wl /2 Hxsete A7 €9 SVMe
HAE dAe d99 nxd HEe] A AA
X, €R™E ¥ A BF ye{+1,-1}= A5
T #golx, gEE T3l ALE HF solsiie
341 SH3E BRF A% ¥ AT Q% 7

AX)=sin((W+ X )+ b) )
A8 B2} 7@ Afole A0)FH 2 HH
3} BA7) "ot
9 .
7 min—"

333



g FHREAE =F 2] AU A%

subject to y (X, W) —120Vi O
4343 2AN B4 A2 wE Ao} BAS

2}1% x| (Lagrange) $42 FE3Hd 4@)9 22
A& A (Primal)7} "t}

min Lp=-4 1 W]~ I;Na,{y,»( WX +5-1]

subject to q =>0,7=1,....N (4)
2@l sy &Z Ao EA(Wolfe Dual

Problem)& #=3}T KKT(Karush-Kuhn -Tucker)
Z2Ag H459, 46)¢ AVZASZ 3T 4()
g Hugste H3s EA7F @910

N 1 N N

max Lp= ;0;‘—2 ;}ga,a,-vy,-X;'X,- )
N

subject to Z“ﬂ ¥:=0, 0<a<C (6)

AG)6)NA eBtaFA AF o 23 TE2IY
2 EA(Quadratic Programming:QP)e] 3}j[11]0]

N
B, W= ey X;oln, ce vt We AAE

sS85y 9% AdE otk (<a < COlD
SV7h 93, q,=cold stzle] AAFL, q,=0°]
W utel X g

A% SVME 48 Hajr} Brb5 A%l 9
¥ e PYste vHY A WAL o8
7) Qe = WE e WHS depY) g AL ¢
2 99 FP UAS 53 $) Wz
A7 nAgez SRS ANS golaA B

.

BlAY SVM EAlE Y dole #He A
F45 ol&sel BT 2L 53 BRow WP
o noh 5& A}de] FBAS IO B¢ Hol
HE T80

AX)=0(X))+ W+b )

e selHBYEY dudeln ()= X
o AAHGFEA B e A9 WRE St
£ Yotk H@T 2ol T UEe] WHE et
Wol A% A ¥F KX X)& olEsd £9
AAX 48 EREAZ AW

334

lf(X,Xi)=<I>()O ¢ q>(Xi) )

YBFSE ST B2FA 5D AL 4

(9).(10)2 2ot

mex LD= ,ZN“Q ‘-—'—; ,;Nﬁa a ,.y'.y}d)(X‘.) . Q)(Xl) (9)

N
subject to ZIG yi=0, 0<a< C (10)

bz ez AgHe A9 FEe A 2
22

Polynomial : KX X )=(X -X,+1)“
—yv—x2
X X) =ep(— )

KX, X ) =tanh(kX - X;,—08)

Gaussian :

Sigmoidal
(1)

32 SVME o| 8% d= HF

AdaBoost 71t A3 BE YUE olgshel I
28 9F F2 999 =AY o3 SYME
g5t W2E FRYGel YFTYA oA
A% Sk SVMe ol ERrlzA 42 )
YTE 47 YB(+1 )FA29 WIZ()FY2
2 2R3 e sAstAT

w

i

B e,
YHERI % |

T8 6 ¥E ¥y d4E 58

Fig. 6 Flowchart for face region verification
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