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Abstract: A strategy is proposed for facial expression recognition under the graph embedding (GE) framework.
The neighborhood weighted graph based on the expression similarity is constructed to learn the sub-space. In the
sub-space, the data distribute on the manifold based on expression semantic. The proposed sub-space method can
overcome the difficulties for facial expression recognition caused by the differences in individuals, lightings, poses.
The expressions of the facial images in the data set are exploited in a semi-supervised way. Expression similarity
between two facial images is measured by the dot product of the expression fuzzy membership function vectors.
Experimental results on Cohn-Kanade and the data set of this paper demonstrate the effectiveness of the approach.
Key words: facial expression recognition; manifold; fuzzy membership function
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Fig.1 Example of individual manifold
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Fig.2 Three kinds of facial expression sequences of 6 individuals from the Cohn-Kanade data-base!® are
projected by the first three PCA eigen-vectors demonstrating that the expression data of
each individual reside on the sub-manifold of each individual
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Fig.3 A expression manifold based on expression similarity learned over three kinds of expression data
performed by six individuals of the Cohn-Kanade facial expression database
Kl 3 H Cohn-Kanade AJK 2153 7 b 6 AN 3 Tl 1% (W 8, 2 T A I AR B R 22 ) NI R 1 T8
Table 1 Recognition confusion matrix on Cohn-Kanade data base by the proposed method (%)
F 1 AR M MTTEAE Cohn-Kanade B 128 L i R 1 R 35 6 4 (%)

Category Happy Surprise Sadness Anger Disgust Fear
Happy 95 93.68 2.11 0 3.16 1.05 0
Surprise 99 2.02 96.97 0 0 0 1.01

Sadness 93 0 8.60 75.2% 16.13 0

Anger 97 5.15 3.09 85.57 6.19

Disgust 95 7.37 12.63 75.79 421
Fear 96 2.08 6.25 4.17 15.62 71.88

Table 2 Recognition correct rates of different methods on Cohn-Kanade data base (%)
F 2 Cohn-Kanade A 3R 1 B0 P AN 7)1 25 18] J7 v R S v Aff %6 1) B 2% (%)

Correct rate

Happy Surprise Sadness Anger Disgust Fear
Content based expression manifold 93.68 96.97 75.27 85.57 75.79 71.88
sLppt 89.45 90.60 71.70 78.40 70.30 68.30

RERIEINAILE

Cohn-Kanade A 6 2 15 £i4 2 A1 HL At — SR A% Aol 122 00 35 SR [ 3R P 811, 0 A S ke 5 RTBEATL ) R A
P80 T AR TR A RS UMAE BE, BAT T L T A O 2R B B A 605 SEA (K 1 P B A — LU B AL
(KI5 P 51, P 4 52 JL e (1 LS. P AR A 5 A LE DGR S0 B 00, 40 B3 B D 2m AR SR 12 A2 AN AR i
Doy B UF PR E AR NG I SR A D6 G B 2 ) VR A A R AU REAT S50 0 S Shan Dy vETSTHEAT T o0k LE
SEH.

1 Shan J7ik04eh R AT A W B 2% 50 LPP JLBH it BE AR IR 2185 1 41, A7 25 R 3 9 1 BRI 1k, DR e
Shan 7 LI R, FRATT I BRI HE A2 A7 73 U 1R I 2R 08, 285 H6 D0l Hei BESY 309 2% > 1125 1) W % L
SR kIR AN I AR 2 2K (8) R A 52 A7 R AR S I S5 D 1 A X L, AR SC AR 5 AR A e ARG PP A4
S5, T P TR 0 AR B F AR RS ISR S . BEHLIRAE AL 3 45 1h T ASCy A Shan 7 k1)
3 VU 45 2R T LU H A SOV HE AR S A9 5 2 A7 48 EAT B (1 U R
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Fig.4 Some examples of our facial expression data set

B4 BRATE IR NI Bl 42 10 R 51

Table 3 Recognition correct rates on blended and basic expressions (%)
R 3 AR LR G RN PN S5 M HER R (%)

Correct rate
Happy Surprise Happy+Surprise
Content based expression manifold 89.45 92.50 83.70
SLpp!*4 83.80 89.65 71.35

5 HXRiE

ASSOAG RN AR APE S5 75 BN S T 12 1) 10 25 50 7 4t PN 3R i P A5 28 0f 25 B T BE 9 A
6 2 17 PEIAR AT 4 JRy 7 NS e r 2% T mT R 1 NG 0 5 5030 v 95 JDUAS JO PR 20 5 R A 3 9 0 £ 1 25 TR Y
PTG LA SO ) A AR G 3t e e 1 R85 V8 5 19 B 28 (K0 Rp k. T i Hh 1) 7 2 [R) I AR St e 7 A e %6
A 22 S N AR VR A SR () VR e SR T, £ R T b ) N I 3 1 AR A HE AT 5 A5 B ER, JF K BRER 55 00 45 ikt oK
HEATRAG M, AR S s AR R G 0 ok 5k 1 R0 NG S 19 TR ) 45 T I i) R, 2 B AT D
K AWFFUEE 5.

Buft  AeatE RS S B RS RBORA ST A SR AR ACAKR . SRR XA [R] A 0 AR ST AT
FUTARG T T ARK IR 3 B A5 B FRAT 7 kil
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