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Face Tracking System Using Updated Skin Color

Kyung-Hee Ahn', Jong-Ho Kim'"

ABSTRACT

*In this paper, we propose a real-time face tracking system using an adaptive face detector and a
tracking algorithm. An image is divided into the regions of background and face candidate by a real-time
updated skin color identifying system in order to accurately detect facial features. The facial characteristics
are extracted using the five types of simple Haar-like features. The extracted features are reinterpreted
by Principal Component Analysis (PCA), and the interpreted principal components are processed by
Support Vector Machine (SVM) that classifies into facial and non-facial areas. The movement of the
face is traced by Kalman filter and Mean shift, which use the static information of the detected faces
and the differences between previous and current frames. The proposed system identifies the initial skin
color and updates it through a real-time color detecting system. A similar background color can be removed
by updating the skin color. Also, the performance increases up to 202 when the background color is
reduced in comparison to extracting features from the entire region. The increased detection rate and
speed are acquired by the usage of Kalman filter and Mean shift.

Key words: Face Detection, Face Tracking, Skin Color, Kalman Filter, Mean Shift

1.4 & T AEE QA AR A V)5S st
= CCTVE 2tk atA%t A58 CCTVE A¢=
ool FPALA, Sl WellAle] ofde] =3 AEs d= A&7 FHo] EFFolt)h £ =F oA
T BRIV HATeE Q8 CCTVE F84¢] = AARES R A EE HREA HE e ARl A
A HEFEEH doh. CCTV(Closed Circuit Televi- Z£71E o|&A dFL A=sT Kalman filters:
sione 4 FEE 549 BHor B AMEA Mean shiftg ©]-&84 &g FHst= A2HS
NA dedts AlLHoz e X7 LA H A o3},
RoIA AL A 7F EA S, o] AR R A3 QI7te] g tidh = dut AEAE 1HH

CCTVZF dA8 W& 2ol A TAst= Abdel tis) ol ehvzt AZHA, AF, o], AE, S o2EtY,
A oAE = gl gde 7 gl ol H’d B =9, 7l ekl 1AIHA EA Foll wht ohFaiA
s st $1g Hetew xl %% CCTVel tg e 5 QlTh mEbA o e SR wE Tt
ol 2A woA L Aok A5 @ CCTVE 7h 2t HHH o] dF AF J|HESe] ATHT Utk 42 A
o] Wgo]l 1 H glE Aol OME} 2 &4 712 2A 2] A9H 5 (Local Feature)

rul

# Corresponding Author: Jong-Ho Kim, Address: ' Dept. of Computer Engineering, Inje University
(621-749) 197 Inje-ro, Gimhae-si, Gyeongsangnam-Do, E-mail : csahn@inje.ac.kr

Korea, TEL : +82-55-320-3269, FAX : +82-55-322-3107, T Dept. of Computer Engineering, Inje University
E-mail . csteacher@inje.ac.kr ¥ This work was supported by the Inje Research and
Receipt date : Feb. 11, 2015, Revision date : Mar. 30, 2015 Scholarship Foundation in, 2011)

Approval date: Apr. 9, 2015



of A% WH[1]74 €= AA Y Template
Based Feature)oll 7]¥H& & B2 6122 UFE &
Atk AFH B A WHe o] AY=

[

DREAES 2719 A%, A 5 59 axFe
ABPAZ FRon ATE AZHT o PHL
% 2, o] BF Fashl EASE G B
AHEL EhdTh A, G4 el d2ol st
Y W Aol 5o tere 2719 Qg )
Sl BE2AQe] G YESE ol §3ke] Aol
N AZESEN 208 Fasioksty] Rl A
Fol Be WAL AL Atk A2 AA B
AEHE PAL I Bus 4Y BuE 8T
3

3

J

Zto] 7]1eold 99 o WA E uet 4=
HAEEC| ZA EolAe dHE 74 Qi
AZHE 422 FH7] AT A= 7HA VHER
Optical flow[7-8], Mean shift[9-10], Kalman filter
[11-12] E¥ Fo] 2t} Optical flows ¥&H J4
ZFde] AIZHA WE e =AUl sAEe] 93
Hald 3t =& 37 HER T3 EA9
olF= A8t F4 3t} Mean shiftg ©]-&-3F %
HE Bl Bd3 5 B Ato]o] fAIEE A5}

a, o] FAIZRE HUR st AR FH 2do] 9
& A5t EAE F43r} Kalman filterg ©]
|at= WY WA JheAQl o] 2E Izl HAFF
A A 2=FHo A e R BEHE ) S E dHE
ZREH thg AHE oS3t

2 =BAE d&xoz EFHE JAdA] A

/ Detection of
face
candidate
region

Input Frame

AUHO|EE Z[FM2 0|8st U= F& AJAH 611
A aBA HE27]1E o] &M g7 TRAYAS 4
2, E9HQ dF AEVE o8 4= H
Kalman filter®} Mean shiftE ©]-83}<
At 2 dFE FHste Al2"HES At

2. @= As B F4 Al=" A4 4

B =R Agtes dF HE 2 34 AxE
o] AA FAHL Fig. 17 2t

A gAe] dFEE nlel g5E R HolH
g o] 83A TR TRGAT wjHF S st
3, AAZEe R JUo|E He FRA oS o] 43
A 4 FRYYL AL o2 PCA[I3-
15]¢} Haar-like 574 #t& o] &3l d299S 4
% e H83 5 e FEI S o] BA
FES SVMII6-1719] Stsuid oz AMESIA B57
718 Tt BRI HE5Ho R AEE dFdd
£ Kalman filter$} Mean shiftS o] &84 F2 3},

d= FRIS HEUHLE Fig‘ 29} 2} gAgel
E = g Z3}7] 918l 2 At
AF Aol +3E 42 F35 B
0]3“ U]—o ;Q.OQ_

2 vtd dHE o %
A T AAGT A EE A (D3 2ok

flay)= median ) g f(s t) (D

fE vt EE AN Fee AAT 94
olt}. (s,t) = wh=zo] X ko1, S, & vkl
FAzlolth B =EAAE AME-E FlYd ZE ] mfx
=9 A7]= 3x 30|t} By HHE Fig. 39 Zo|
3x37719) Fza 4 B e AL & TUHS

Mean-Shift

Fig. 1. Main stages of the proposed face tracking system.
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Fig. 2. Structure of the proposed face candidate region detection system.

10

97 | 90 | 95

(a)

sorting

g7 50 [55 [57 ]

median value

£
\ 4

Input image

97 | 90 | 95

(©

Fig. 3. Calculating the median value of pixel neighborhood.
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Fig. 4. Images used for skin color training.
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Fig. 6. Examples of detecting face candidate region.
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Fig. 7. Five Haar—like features used in the facial de—
tection system.
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Fig. 8. Structure of the proposed face detection system.
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Fig. 13. Face tracking in a heavily rotated face.
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Table 1. Performance of proposed method in comparison to the conventional method

Detecting, Tracking Rates and Speed Detecting, Tracking Rates and Speed
using Conventional Method using Proposed Method

Sequence D.R. (%) T.R. (%) FPS D.R.(%) TR. (%) F.PS.
#01 (YTBl.avi) 93.0 100 19 94.0 100 23
#02 (YTB2.avi) 84.6 94.4 18 87.0 96.0 25
#03 (YTB3.avi) 90.2 97.8 20 90.2 98.0 26
#04 (IVCl.avi) 75.8 89.6 19 76.5 94.0 27
#05 (IVC2.avi) 93.0 100 19 93.0 100 24
#06 (IVC3.avi) 82.6 PB.5 21 82.6 9.5 23
#07 (INJEl.avi) 814 97.2 20 81.4 975 24
#08 (INJE2.avi) 75.0 93.2 21 78.0 94.0 25
#09 (INJE3.avi) 96.5 94.6 20 97.8 975 24
#10 (INJE4.avi) 96.01 100 19 97.0 100 25

Total 86.81 96.23 19.60 87.75 97.25 24.60

(D.R.: Detection Rate, T.R.: Tracking Rate, F.P.S. : Frame Per Second.)
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