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A novel facial expression recognition method based on semantic knowledge
of analytical hierarchy process

Hu Bufa, Huang Yincheng, Chen Bingxing
(College of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108 China)

Abstract: At present,there are intrinsic differences between machine recognition of facial expression and human perception
in the facial expression recognition system, which affect the precision of facial expression recognition. In order to reduce the
semantic gap between the low-level visual features of face images and high-level semantic, a novel facial expression
recognition method based on semantic knowledge of analytical hierarchy process ( AHP) is presented. The analytical
hierarchy process method is adopted to describe the high-level semantic of face images of the training set, which further
used to establish semantic features. In the stage of low-level visual features extraction, the 2nd-order principal component
analysis method is proposed to extract the texture features of face images. In the recognition stage, only low-level visual
features of the input face image is used, and k-nearest neighbor method combined with semantic features in the study stage
is used to classify the facial expressions. The proposed method combines the low-level visual features with high-level
semantic features, reducing the semantic gap between them. The experiments are conducted on Japanese Female Facial
Expression ( JAFFE ) database and the overall recognition rate of 93.92% is achieved. Theoretical analysis and
experimental results both show that the proposed method has higher recognition rate.

Keywords: facial expression recognition; analytical hierarchy process; low-level visual feature; high-level semanteme
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Fig. 1  The flow chart of the proposed method
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different low-level visual features



422 hE E R B www. cjig. cn

%16 4

FE AR TATAMER I (IR ) A 7E 5 K 2
5, P 7E ARG 215 U0 O 2% vl 2o J2 VR e b ik 5
AT ST AR R L

JEU BT — AR 2 AT DLl i % 5 4 Y A
Y E B R 0] DL ik [ Ok W2 IR o b 4
A H B T8 SR TR 4 B AR O B B ARG BT B R
14 AR N B B B (ELE Dy B e ) DR B AR, AT LA
ke N R 25
oLl N0 B 8 2 1 S )2 K 45 ) A2 78

I 215 1 15 208 U2 IR SS MR 4yl 3 A2
UL 3 i 5 1 R & R RGN, K
Ja AN I AR 2 Bk A 3 A2, I
TE4S 3 2 AR MPEG-4 19 A% 35 i 2 % FAPs X
G T2 A AT R A R . S 3 2K
S 2 RGEIE 1 BN ERIE R T — &1
SCRRAESG A, T 22 A 1 SCRRAE $ 34 5 0T DL SR AE — Fb
FAEHA o AR BAR  ERR R 5 2800, % 4
AT A AR I I SRR AE il A B R R — R

N &S

[ I I I 1
g | e | [ em | (w2 [wex] || ]
=3/ | I i
o BE A hE
e B i
g HERE RN
JHENS I | st B T

LEIPN

30 NI ARAE Y 2 SR R SS F A
Fig.3 The high-level semantic hierarchy model of the

facial expression

L1200 AN 01 SCRFAE [

B T SR RS H 1 AR kA% 9 1 ~ N, 2
SE— IR R g, W2 B A5 3 SCRER AT LA —
LT SCRRAE 1) 4 T ok R R R

N
I = (315323.'.’3;\’)’2811 = 1 (1>
p=1

a5, FORH p AN HER T A IR

AR, S BT T G A A T R — A B
B 2 e L T FLAE LA S B, A% SC M SRR [
1T 43U SR D J2 43 o 2 43 9 19 11
SR AL B P 2 X 3 S R BT 1 A X
M A 7 , %5 AR B v T LA B 4

R, TS EE B4 T F 2 A0 N I 3 15 8 S
ik 1) £

TEM E R R SS MY 5, BT JRROT R ] /Y S
JERFA MBI E T o F— Pl B E AR ROUR
AT o 22 0 A 3k M) T R 50 385 2 8 0 O R 2 1) 77
ERHAE, WE-ZTR QT 2K
LR N U, U, -, U, o S ZJZI0R 2 WE MW
ANICR U, U, WA 2 S A% QAT , -4 B
158 SCHY LU A5 b J8E X B S P 7 38 WAL, T2 i)
A =(ay), ., H e, hI0 R U, FU; AEX
P LR B

Rl 1~-9mENEX
Tab.1 The definition of scale 1 ~9

oAl b E S
1 2 ASTEEA L, BA A R A 2 A
3 2 TEERMLL A LR H
5 2 ATLRMILL W T & W R 2
7 2 ATLRMIL W # TR & R ZU 2
9 2 ANTCE ML, T LR & o 2
o bR A8 B Y o 8] i

2,4,6,8

Bl iE 4 Ca) h— i@ A ER 3 08 EHR A Z R
SERIRERY RS 1 SRR 3y 3 AR R - %
(H) B (S) Rk (N) o 1B 4 (b) S % 9 4] e
HFE A, ALK

[Wy Wy Wy

A = = = = (2)

A wy wg w7351 T R 2% (HD) VI (S)
Ak (N 3 b 2 15 2 0] A9 A G 30 284 L 1 s
HRAE 1 e S, 43 0 X 3 i 2 155 2 1) A A X o 2
P LA B R AT T AR ( BV 5 4% 7o 3 1 25 031 B0 4 AL 1P
PEATIRAE) 135wy, =8 wg =4 Mlwy =1, % F w, =8
AR 7 T8 4 (a) B9 TR R 5 s 2% R 28 31 1Y
AR B 2k A T o AN 25 A v T B[] (AT AR
JEAR T =) R B wg =4 BYIRIE RS 18] 4 (a) B AR
PG 5 a0 22 15 2l AR T 2P TR 2 5
W A CRIAH LR B ) wy = 1 IR KR
K 4 (a) B9 NG IR S rp o 26 166 28 ) B9 A 0 o 221
[Fi] 25 B2 (RIARMLBEAR) o W53 4k 4 Fh RA% 19 35
SCHERTE T SCRE [ AT LLAT O 2R, 2R 1 2R



53

W15 R4 T R U TR T SO A A R U O ik 423

AT SCHR AT il A 530, PRI AS 22 A 38 SCARAIE )
T AE A5 R 45 A AR I P 15 4 56 3 BT SCHIRL

=553 1 4
g 1/4 1 2
i 1/8 12 1

(a) NI (b) XFRIAYEE 1T SR T AR

B4 A AR
Fig.4 One face image example
AR — e, % Lom Fn g3 B & XN T 1
552 M 3 JRHYIE XA TR B H 0 (3) A
WHAERE A, o SR 1 2R | AT SR IR

R X A BB
(o !
wfl) wél) l(l)
w;l) w;l) ;l)
A= el W’ (3)
w;l) wl(l) wl(l)
(1) (1) w(l>

XFER 1 JZRH AWM A, B9REAT, THRATAL
HAFRATACE AR A7, 20(4) NATAE AR

1
o

y(l)
A= (4)
11[(1)
IR oV B3 A AR SR
ﬁ”:%WXWWmeMUi:IZmKS
i wil) ;l) w](1> [ ’

SRIG XA 1 R W IATACE o/ B4 03— 1k, 15
A AL T N

uf” = v,.“)/ Ev‘;” i =1,2,--,1, (6)

AL AT DL A5 30,45 2 2 AR AL E o,

S 1,2, m A 3 R ALTE w1,

s on, JJE T AR B 0 AR SR )

vsy) s N 2 UK S5 A 1 A 1 A SR T A

~ D .

= (31 38050t

B s,

Splisjk

%

_ (1) (2) (3)
co= ol xul xoul, (7)

1.2 EF-H PCAYARKEBEREMKIFMERN

PCA 1y H Y 52 D\ — 20 2 {8 (% BE AL S & v 4%
AT A, AT R 2 o b iy AR
L AT DL A s AR R T BE 2 1 1E B
1.2.1 PCA LA

WNgEANREBAEASE X = {x ,x,, %, 1,
M NFREARRL, WY PCA B, X KB MMM U G
BER N, GERe i AR Y = 1y, y,, oy, |, Forfr:

y, =U(x,-m) i=1,2 M (8)

m = %;xi (9)

U= (u,u,,u,) N <N (10)
Ao, 1w, RORFEAR I IT 2550 4SS, BER j R AR
{5 A, T 57 0 O

&=%§k%—mﬂn—mf (11)

S, u AL R
Su, =\ u, (12)
K, m X B, Y RS R N, A
Syik, Hx, = Uy, +m 76T A IEACE M, HA R/
(7R 2%
1.2.2  ZBy PCA FEAE$E I 1k
TE— e 5 B0 R, A0 7E O BE A8 Ak A5 5L, PCA 7 12
IR RE AR A A% M 3 1k AT A%, B XX — fi A,
Kima 25 A2 H 5% JH By PCA J736" 1% 07 ¥ A YL
(TSGR PCA B AF , 8 (8 1 T 5% 4 IR 14 4
(A A L T €SP DN AL KT R (1S B A 1
H—Fh 3 T B PCA B A JEE J2 96 45 1 2 B
ke
B PCA gl ZEHRREGR X' = {x],x), -,
x' L) PCA BRAE  Ho x) =x - & ,x, & 2 3R JE
1IN ASK R R )N PN AR
IR A AN MR X = (x| 3 g 4
FE V BER N, dE 5k o NI ER, RD
yi=Vi(xi-m) (13)
S, m X, m = TV
(v, vy, vy Yo TR Y, R BE A B J7 22 1 B4 S Y
55 RAFAF A AT X 107 ) R AIE [
[F) I 2 e AR WA B UV, 000 B P R AR

A LLSE i B PCA FE A AR E% x, SRR
xi~ii=in+m+Vy; (14)

=Uy, +m, N

A{rh,



424 hE E R B www. cjig. cn

%16 4

Y = UT(xi -m) (15)
yi= VT(xi - Uy, - m) (16)

ik A R PCA RRAE A5 A2 A K 18148 PCA
FRAE ST A A AR A& S s

B x

+

PCA +

N4 TG *
MR i
(N, xN) TR
SR T y

Wiy 2 EREGE

BRI =

(V,xN)

FARFHER & y'

5 B PCA AJ B R R 1A

Fig.5 The flow chart of the face image reconstruction using the 2nd-order PCA
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Tab.6 The contrast results two of expression recognition rate
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