¥ 38 & 12
2012 F 12 H

Aoz % 4R
ACTA AUTOMATICA SINICA

Vol. 38, No. 12
December, 2012

E TN MERE B REEEAKRRIFRA
X\ JE e HEER THAT

B OE ARG ROCI AL BT AR AR B AR TR . R O R, e R A A I RO A
TSR NI A PR AT 't FRE TR B PR 6 BB PR NI TR T ik 1 S e X X e A TR I Rk B4 20 AR LAk

VLRI R A R, R IBCHOG IR A 7. 35 N RIRIBCS AT R R I MRS R PR (5 R 7, JFRs SR )1 2 2
(K345 TS TG L, TR AL T RE S K AR 6 I DR P (B e e BUAR R RDOE IR F 6 b, 2 B B B A R A AT ) L
PE. S A5 RN, ARSI IR BT IEAE R ML RE L0 TR UK PAC BT, N IR I A B A (¥ JAFFE &A% %
LU FRIE D] 92.37 %, RYIFIE] T B HPE ARG U

KR RFOREANERR, ST BE, SEIE BRI, R

SIRHEEC XM, BZVE, TOHPT. H TR B i A R AR . A b, 2012, 38(12): 1933—1940
DOI 10.3724/SP.J.1004.2012.01933

INlumination-robust Facial Expression Recognition Based on
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Abstract
model to overcome the disadvantage of traditional illumination preprocessing methods that can degrade the quality of input

This paper proposes a novel illumination-robust facial expression recognition method using symmetric bilinear

image and worsen recognition performance. Firstly, the illumination factors are separated from the training database.
Secondly, the expression factor is separated from testing image with arbitrary illumination. Thirdly, the testing image
is transformed into a number of expression images exhibiting different illuminations of training database. Experimental
results show that the proposed method is better than the traditional illumination preprocessing methods in recognition
performance. The best recognition rate of 92.37% is achieved in JAFFE database with illumination transformation,

indicating this method is suitable for illumination-robust facial expression recognition.
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Fig.1 An illustration of bilinear model
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Fig.3 Typical examples of bilinear model translation
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Fig.4 Examples of illumination transformation
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Table 1  Recognition rates corresponding to different illumination preprocessing methods (%)

P SE LRI TR 1 MR 2 MR 3 WAREE 4 WHAAE 5 SR
None 78.95 69.74 53.95 40.79 19.74 52.63

GICo 81.58 76.32 63.16 39.47 22.37 56.58

HE[!0] 82.89 78.95 67.11 48.68 38.16 63.16

sQiisl 86.84 86.84 85.53 82.89 78.95 84.21

LQI4 90.79 89.47 88.16 85.53 82.89 87.37
AR5V 94.74 94.74 92.11 90.79 89.47 92.37

HMe LD SR IO RS 7025, Bk, A KPCA (Ker-
nel principal component analysis)4 #E— 5%} By
FHRFIEEATRE IR £, )5, FSCRE R &AL (Support
vector machine, SVM)25) #4732,

2.2 KIGXfLE
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H RS (SQL) . *#m K& (LQI) BEATX L, &1
FUH T AN ) FRAR B 7 1068 Y 1 R &5 5L
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2) A SCPITHE H R3S T 0 Bk X2 A R AR o )
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Al JURN O R FRAL BE v, RIS, B G IR A R G 18
K, MIIRAE 1 FIIREE 5 (050K N FRIE AR
5.27 %, AR T oA LR G R TRAL B U7 . 1K SR,
ARSI R 38 A0 o B TR AL B V0t T
PN R U A 24
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FrAs S ign . Bk, SR e AR 30 i BRI
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AR 25 s ma O 25 L. LQI 78 SQI (124
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PRk, AT 5 Tl JETIUAL BE 5 vk 1) I )
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i 2 GHz, SR FU A Matlab 2007. 5 Fosik
SR 76 KA PG BT AL 2 1 B i [R) ke 2
B,

F2 5 RGBT I P R H (F)

Table 2 Pre-processing time corresponding to
5 different methods (s)
Tk GIC HE SQI LQI AL
i A] 1.5 1.2 33.8 4.3 5.2

R 2 AT LU

1) J&F GIC F1 HE [l ik 2 y vEAria 8
I 1) b AT D0, 2 R G A /N B AR Ay
LS I PR SR A I, ) 2% 18 Y M3 T kAT
B  HETRUAL 2
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Table 3  Recognition rates corresponding to different
illumination condition (%)
T2l It Te AL 11 AICTT
98.24 52.63 92.37

H13E 3 7 LA
D5 JAFFE £ 54, T340
ol ik ] 98.24 %%, Xt JAFFE % 1 J& i 6
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Table 4 Recognition results corresponding to representation image number of testing image (%)
A R AE B G K= MR 1 MR 2 DRAE 3 RAE 4 MR 5 SFEIME
4 93.42 92.11 90.79 88.16 86.84 90.26
8 94.74 94.74 92.11 90.79 89.47 92.37
12 94.74 93.42 92.11 92.11 89.47 92.37
16 93.42 93.42 92.11 90.79 88.16 91.58

Joi, SRR R B3] 52.63 %, X % WG ARk
P I A R A TR, G AR A LR AR L
X TR A )5 ) B K

2) N A ST 7 VA e ) JAFFE %
1 PEHEAT 6 BT AR B S, T 197 3 U Rk #
92.37 %, 5 AREAT 6 B TR BEAH b, KK
P, VLA ST ) R TIAG BE 5 v A AT

3) AT VEFTAF IR 92.37 %, KT
TECHARAL A N IR EE 98.24 %. I /2 TRV
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H T 300 IR R A (A SRS B B I 7

.
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BEAh, BEAE RAE B ECE H N, v R s b
.
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N T PRI TF S S 2% AT B = 1P 2 5
B, R D B 5~ T AN RAE EIMGOR IR YU 4
RIEAT T SR HT.

K55~ T AR EGHCRA KRR EE R (%)

Table 5  Recognition results corresponding to 5 ~ 7

representation images (%)

TR AL Pl ik R
5 90.79
6 91.84
7 92.11

5 IR b o~ T ASRAEEMG B U G T
8 ANRAL BB MK YU . £55 183K 4 MR 5,
AR 8 AL 8 58 B IR AR A5 1R R AL

3 it

AR SCAR H PRI R 2 1 O AR R )l
MR E NI RGBTk, R RO e MR Y fE 5
AR EOE I A AE T IR BB 0 ik D A EL AL
SE RN R RO IR 7, 86 BETRUAL BE B BN
X PR A AR RO BT AT R JOE IR A A 2 s P 5
Fe e RV R R KB A T A B, IXFE A
BN AR S R PR A K 2 7 e 0 A 1] 110 D TR
T b, 2RI E R R R AT W
I, P a1 2 W G B R TR R R AL I R R A
KR, e (RIS AL I A RO R B3 21 2,
SR R DX 20 B, AT ¢ R A% 48 D' B Tk 2y
RGBT . 2 RAT R B, A0t
PERIP IR . SR 45 RAEW] T AT ROt R Tk
BRI A

References

1 Sun Wei, Wang Bo. A survey of facial expression recognition.
Computer Knowledge and Technology, 2012, 8(1): 106—108
(RS, L. MR gk, a5 R, 2012, 8(1):
106—108)

2 Zhao Xu-Dong, Liu Peng, Tang Xiang-Long, Liu Jia-Feng.
Background modeling adaptive to outdoor illumination vari-
ation and foreground detection approach. Acta Automatica
Sinica, 2011, 37(8): 915—922
OBBZR, XM, FEREE, X058, — I B ARG HEAR A 85 S5t Aot
KA. AaEaER, 2011, 37(8): 915—922)

3 Hong J W, Song K T. Facial expression recognition under
illumination variation. In: Proceedings of the 2007 IEEE
Workshop on Advanced Robotics and Its Social Impacts.
Taipei, China: IEEE, 2007. 1-6

4 Li H, Buenaposada J M, Baumela L. Real-time facial ex-
pression recognition with illumination-corrected image se-
quences. In: Proceedings of the 8th IEEE International Con-
ference on Automatic Face and Gesture Recognition. Ams-
terdam, Netherlands: IEEE, 2008. 1—6

5 Li Xiao-Li, Da Fei-Peng. A rapid method for 3D face
recognition based on rejection algorithm. Acta Automatica
Sinica, 2010, 36(1): 153—158
(ZFIoei, A5 kM. HeTHRRR AR P = g AR U TTvE. BBl
24, 2010, 36(1): 1563—158)



1940 H ]|

e

2 i’ 38 %

6

10

11

12

13

14

15

16

17

18

19

Wang Zhi-Hong, Yuan Heng, Jiang Wen-Tao. A face recog-
nition algorithm based on composite gradient vector. Acta
Automatica Sinica, 2011, 37(12): 1445—1454

(E&EZ, 3IE, 2300, TR NRUNEE. B3t
4, 2011, 37(12): 1445—1454)

Georghiades A S, Belhumeur P N, Kriegman D J. From
few to many: illumination cone models for face recogni-
tion under variable lighting and pose. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2001, 23(6):
643—660

Liu Du-Jin, Sun Shu-Xia, Li Si-Ming. Analysis of illumina-
tion treatment methods in face recognition. Computer Sys-
tems and Applications, 2011, 20(1): 160—163

(a3, PR, 2. AR b s BRAR B 5 R 20 AT v EERL
FYNiM, 2011, 20(1): 160—163)

Blanz V, Vetter T. Face recognition based on fitting a 3D
morphable Model. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2003, 25(9): 1063—1074

Shan S G, Gao W, Cao B, Zhao D B. Illumination normal-
ization for robust face recognition against varying illumi-
nation conditions. In: Proceedings of the 2003 IEEE Inter-
national Workshop on Analysis and Modeling of Faces and
Gestures. Washington D. C., USA: IEEE Computer Society,
2003. 157—164

Wang H T, Li S Z, Wang Y S. Face recognition under vary-
ing lighting conditions using self quotient image. In: Pro-
ceedings of the 6th IEEE International Conference on Au-
tomatic Face and Gesture Recognition. Seoul, Korea: IEEE
Computer Society, 2004. 819—824

Wang Hai-Tao, Liu Jun, Wang Yang-Sheng. Self-quotient
image. Computer Engineering, 2005, 31(18): 178—179
(EM34, X, FWA. [ &, 5HL T, 2005, 31(18):
178—179)

Chen T, Yin W, Zhou X S, Comaniciu D, Huang T S. Illumi-
nation normalization for face recognition and uneven back-
ground correction using total variation based image models.
In: Proceedings of the 2005 IEEE International Conference
on Computer Vision and Pattern Recognition. San Diego,
CA, USA: IEEE, 2005. 532—539

Zhang Yi, Zhang Gui-Lin. An illumination invariant face
recognition algorithm based on total variation model. Jour-
nal of Image and Graphics, 2009, 12(2): 208—213

(TkAE, SREAR. BT SRS DL NI YOI SRS,
JEREI% 23], 2009, 12(2): 208—213)

Tenenbaum J B, Freeman W T. Separating style and con-
tent with bilinear models. Neural Computation, 2000, 12(6):
1247-1283

Abboud B, Davoine F. Appearance factorization based fa-
cial expression recognition and synthesis. In: Proceedings of
the 17th International Conference on Pattern Recognition.
Cambridge, UK: IEEE Computer Society, 2004. 163—166

Du Y Z, Lin X Y. Multi-view face image synthesis using
factorization model. In: Proceedings of the 2004 Computer
Vision in Human-computer Interaction. Prague, Czech Re-
public: TEEE, 2004. 200—210

Lee H, Kim D. Facial expression transformations for
expression-invariant face recognition. In: Proceedings of the
2006 International Symposium on Visual Computing. Lake
Tahoe, NV, USA: IEEE, 2006. 323—333

Grimes D, Rao R. A bilinear model for sparse coding.
In: Proceedings of the 2003 Advance in Neural Informa-
tion Processing Systems. Vancouver, Canada: IEEE, 2003.
1287—1294

20 Magnus J R, Neudecker H. Matrix Differential Calculus with
Applications in Statistics and Econometrics. New York: Wi-
ley Press, 1988

21 Shashua A, Riklin-Raviv T. The quotient image: class-
based re-rendering and recognition with varying illumina-
tion. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2001, 32(2): 129—139

22 Liu S S, Tian Y T, Wan C. Gabor feature representation
method based on block statistics and its application to fa-
cial expression recognition. In: Proceedings of the 8th World
Congress on Intelligent Control and Automation. Jinan,
China: IEEE, 2010. 6267—6271

23 Liu Shuai-Shi, Tian Yan-Tao, Wan Chuan. Facial expression
recognition method based on Gabor multi-orientation fea-
tures fusion and block histogram. Acta Automatica Sinica,
2011, 37(12): 1455—1463
A, HZ#, Ji)l. 2T Gabor %77 MFFIEM A 55 P )5
NGRS AT, Hahe2ER, 2011, 87(12): 1455—1463)

24 Wang Y M, Zhang Y Z. The facial expression recognition
based on KPCA. In: Proceedings of the 2010 International
Conference on Intelligence Control and Information Process-
ing. Dalian, China: IEEE, 2010. 365—368

25 Kim S K, Park Y J, Toh K A, Lee S. SVM-based feature
extraction for face recognition. Pattern Recognition, 2010,
43(8): 2871-2881

XUUDYE RO IR R S LR R
RS, 4300 T 2003 4EFD 2006 43k
P Ny N2 w1 7 = VAR =2 1 B
T3 Ty R U, B

E-mail: liu-shuaishi@126.com

(LIU Shuai-Shi Ph.D. candidate in
the Department of Control Science and
Engineering, Jilin University. She re-
ceived her bachelor and master degrees in Jilin University
in 2003 and 2006, respectively. Her research interest covers
pattern recognition and machine vision.)

HEF HHRFEHEE. 1993 £ T
bR 2R AT Tof i 2. A
Jila B2k R G, AR, Hlas
e SR A SRR
E-mail: tianyt@jlu.edu.com

(TIAN Yan-Tao Professor at Jilin
University. He received his Ph.D. de-
gree from Jilin University of Technol-
ogy in 1993. His research interest covers complex system
modeling, optimization and control, machine vision, and
pattern recognition. Corresponding author of this paper.)

EFH SRR TR R A
PG, FEERTST TS 1) A AR
E-mail: 380232867Qqq.com

(WANG Xin-Zhu Master student
in the Department of Control Science
and Engineering, Jilin University. His
main research interest is pattern recog-
nition.)



