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Facial Expression Recognition M ethod Based on One-Against-One Extreme L ear ning Machine
ZHANG Xiao-Qing, YU Wei-Wei .
(Information Engineering College, Shanghai Maritime University, Shanghai 201306, China)

Abstract: By using aT\'/ote of one-against-one Support Vector Machine advantages of high classification algorithm accuracy,
an improved expression recognition method was proposed in order to modify the Extreme Learning Machine's
disadvantage of bad stability and poor classification accuracy. The method combines one-against-one classification
algorithm with Extreme Learning Machine, which are consist of a new agorithm—OAO-ELM. First, the algorithm uses
the ELM process classification as weak classifier when training sample by one-against-one. Then, these weak classifiers are
combined into the finally strong classification. Prediction the results of classification, by votes to the class. Gabor facid
expressional features, since the high-dimensional Gabor features are redundant; The dimensional pringipal component
analysis is used to select these features. Experimental results based on the JAFFE database show that it obtains higher

accuracy and better stability.

%

Key words: extreme learning machine; support vector machine; one-against-one; Gabor filter; PCA

1 55 :
NGO & A AR IR R, A ATTH A
VA AR AL BB AR L B
SRR IR AR, N R R UM I e — A [ B
IR T8 R . N 25 DR A 1 A el A7 o S LA
W EUGAEHE OB BN AE, TR S B
A NHLAZ AR T RS AT T2 R N
P LYK Ekman™ HI Friesen XA (T8 2 155
BEAT T 028, 3L 6 FhEEACRNG 1 UL: w2 (happiness).
5% (anger) . K% (disgust). RLH(fear). %1% (sadness)

@ Wkt Ia1:2015-01-20; i FIM& A it []:2015-03-18

186 A « 5k Software Technique * Algorithm

5t ET (surprise). A G215 P 35 3 R ] A4y g Tl
WEFE L RFAESRIURI SR 3 AR,

e NI R A 70 05 A K R4
(KNN, k—Nearest Neighbor) 5.2 #1284 51k, SCFF
] HL(SVM, Support Vector Machine) %45, Horp
KNN SEAE TR AT R, A A [F) 2R R A K R AN S i
i, R P BE B %, ELM(ELM, Extreme Learning
Machine) 532l Zridt Bk, 2 AL PERELF, (HIERRS 2
ZHBIRENL " A X A2 18 17y S 45 R B IRHA—HE,
SRV (U SRR T P, SVM SVREMER

© TERERE TN

http:/fwww.c-s-a.org.cn



2015 4F 5 24 %% 3R 10

http://www.c-s-a.org.cn

i EOHL R g A

ALYERELE, (RIS

— XA BEVE R MSVM 2053 i — b, i
232 SCHR[3], T LABGAIE H — 06— 20 BT VL 38 A 1 e 4
i, A AR BRRE AR A 1, I HL BRI BR L (1 4
F R, Mk, ASCEF ELM (AR B, R —FhdE
T BRI IR 27 ST PR L (OAO-ELM). EE R
M A BR 2% S HLELM), HAT 5 s i U0 %, HAs e
PERLE; 5 SVM AHLE, BRI R

h T HAE OAO-ELM SEMIA s, AT ek
H Gabor 3P FFAEHEEUT %, K, FIFH PCA XHEFE
TR, )5 KNN. SYM. ELM. OAO-ELM (¥4
REVEAT LR IRIE.

2 NRRE R EL

T, K2 0 R SRR 5 5 S O 3 0
A4 A2 TR e RS, 53 3 A 4
HERIRCE . JONBURMIN LT, (%07 T AR AR
D T A BB, T L2 AN B
R IR, GBS RN BRI K %
T AR AU I AT PR R, A e
RIS AE . DRI, A% TSR P32 I8 3 T R
FHE IR Gabor 7N 5.
2.1 4 Gabor /)VE4FIEIRET

- 4f Gabor /N5 A AIRLHE K J 47 B 40 X
77 AT TR, 2 B 5 A 7 1 2 R SR 1 43
e, (7 LA TR (0 5 0 R R 0 B 0, L
JAE AL R . — % Gabor JEIARE A

SLRREL, e PSR R SR ALk, SR A B A% R O

#oE X R
"'V=||k;;l| 3 _”kqulo-H {expﬁ kuivz)—exp[—%zﬂ(l)
Hob,  uRiv g Gabor P& A0 7 1A AR

ku,v ?%ZE?[E?EZ%%H"J‘?ADE@%, ijE_ ku.v: kvexp(i¢u),
1K, = Koo 70 @,=un/B, Ko SR KIE, %

N B R B S I T o Ko R AR
z=(x,y) R BB ERAL, w7 R B HOT LR TR

w@%@zfﬁaﬂ;@ﬁawh@%ﬁ%%@
B A expl- o7/2) Forukit s e i A
SRR

AR SL 0 T PG R P W P A 9 B AR 3 0H — 1k
JE R/ 128x128 (115 3, #:45 R ] Gabor FFAE)
IR, N BRI B AT T RFEI AL EE, KA
p =8, XFE BN AHIRE I 4E SN 256(16X16). )i,
KT Gabor 7N IR 573250 g i G A TR AR B2 L.

SCHR[8 s g 45 L, AR 5 M A 8 AN
n] [¥) Gabor JE 25 PN GAFAE. AR 20(2) 1) 5E SCnT
411, Gabor /NEAR R u=0,...,4,v=0,...,7, 55404 Gabor
NERKA. L\

HI TSR 5 AR 8 A I i) Gabor /M
PR, 152 40k/|\'€,Gab0r ADIERIE, XA R ER
Gabor R ALAERUE IS ARBE (R 4E R 40 4. W R EH:
FIH “Gabor $1vA75 BIIHFAE A4 S5 HEAT 202K, oA
S BN HERURAME I e, R, A BER 32 o)
SIHT(PCA) J7 A BEA T iE e 441,

BEN G Fe 15 % 1 Gabor JEIRHEIUE 194> % H
mxn, WEE i ANZFEAR T LLER R K mxn B, 12
BUSIHERE X, (i=1,...,N), N RRUIZREART AL
WY ZRAE A R Y A

X=3 XN @
I A 58 AR i I X 3):
Sy 2(Xi=X) (X, -x) @)

RIS S, I (R By B, 00T N -1
AR I E RIS (W 1 o 1840, D
Y=o o) XGBUIERRE 7 e ™, WTLAZ

Vo
. Z=X; (4)

3 BRI FE RS S
31 WMRFIHNEE
BR 2% > L F Huang GB.25 AT 2006 4E 42 1,
T TP I % S, B e B
S MG INGHE . ZEERE ZSEIRNL 4,
BT S Je D — ek FLEE VAR . 5 SVM,
LGRS P24 AT L, ELM BRI 0 B b2 S
JERITE A 2 AR Ty, R T i SE RS 2
AR, FAEA G R 4 E S I B ).
SCHR[A2)45 HE N AN FIREARTOAERE (x, ),

X = [Xilixin---XinTe R.Y, =[yi1’yi2""yin]€ R’

Software Technique « Algorithm & FRA « 53k 187

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



AN VA

http://www.c-s-a.org.cn

2015 4 244 % 10

Forb oy s MM REACHE R,y o R B
i=12,..,N. BREETAEE AL, BIERECY g(x),
T ELM S35 03 4 4 R T -
Shal)l-Lhcabn-y  ©

Hof, j=12..N, g Bl W ELG R B,
a=lai1,12,msain] TR G | AR
RIEBRER G, B =[B0,B: g Bin] 51
AR U SR B T R, |y R
AW S S R

HG)R I, Glg by 1) W KA M2 I L,
FRR I NOK 27242 G

Gla-b =g x+b) (6)
H(5)3UHR I N AU PR AR s
HB =Y g | @)
Hr, y °
g (3.1‘ Xt bl) """ g (ag X1+bL)
H = : :
g(af XN+b1) """ g(aL‘XN+bL) "

lBlT ﬂlT

B '
H e 7 o 2 ) 2 16 I 4 J52 o ohy 5 B, ol
Moore-Penrose |~ X ivisg B, w5 H BEAT W6 ROy iR
154 I
H2reee ™ .G
S 2 S AR A
H=G"(Ga") (EF)'F"
L f=H T
ELM SEiR s fEan

ELM 4y

e INREA .y e R'xR", JEib

N, B 2 B E Glab,x) T
B ANEL

a BB E R B oA R W oA

Input:

Z M

188 A « 5k Software Technique * Algorithm

la,b,). i=1..L;
by  IFERS AR
0) Output: ML AN f=H T .

3.2 —¥— SVM 92 E % (One-against-one,OAO)

MQ§WMWmi£%TfNM%%ﬁm

wh'é'
t Knerr 32 I %07 A k S B A T 4
G, M k(k=1)/2 a0 2888, A8 B
AT U5, Ullé;’%l?éz\%i%ﬁ% JRRFEA Z (1
CEFM ML, TN L

Wh-g(x Jab! >1-& it y, =i

Lstwlg(x )bl <148 ify =) ()

& 20

FHER T RN | 2 KA 25460 1) 53 S48 TR L SR R 5

£ 09=(wi] o ©

P i 58 k(k=2)/2 AN 2B, S R ENEEA BT T
R B &I e e A 2 () 46 5
HOGEE N 0 SRIFIFEA x, K A k(k-1)/2 445>
FRATHAT AN, MR KA ¢ WA x I8 2001,
PR 21 5220 1, S x J& 250§, W
B | RN LEE, K k(k-1)/2 S Es A
W5EIG, SRR R AN S AR X BT (12531,
3.30A0-ELM Hi% i

T ELM E: e 120 1 2 1% SVM AR E I
SR AR FPR TENT T 2R R
RSO ELM 1R RS 73 2R 050 2648, I —
X SVM FEAREE G, TS8R AL R
OAO-ELM. ZE i FE o A DR, BB—0 Xy
NGREEIEAT—X— 194325, 33 p=k(k-1)/2 MARIFK
T, FIHXSIIZ4ELAE ELM 2088 Bl
2] p MR AR B0, BRI 2 B R
S T A SR A TN

BRI R R

VlESen =S

BN IGFEALE S;

B PEAREE I 7 RSB M

OX YNZFEALE SHEAT 702 Sz{sl,sz ..... Sk},(ki

FEARRIZENER);

@ for i=1 to k-1, for j=i+1 to k;

© MRS

http:/fwww.c-s-a.org.cn



2015 4F 5 24 % 3R 10

http://www.c-s-a.org.cn

i EOHL R g A

ORISR 2544, W g.s,, 76 ELM L%
ﬁﬁ&mwﬁﬂ%ﬁk%m

TR AR
LTINS 7 £ N G S5 N

itk MRAAEAS t 2R

@ for i=1 to k;

@UHFEAE m TR o ;

@%f C=|gcprnCy)s HEATBLEFIA, HrthREA
M2, 195582 1A 4 8 — 2R e SR O [R)
AL SN TN, AE R AR5 S R

4 SLEG IR 5 S5 RS Hr

M, R BF FATSVM,
T K TR KN4, A1 7 Gabor /;‘é&Mth
fEM3ERI L, L% KNNL SVM. ELM LA SC42 Hi i)
OAO-ELM J5iEAE A o) B IEff%E.
4.1 KM

A5G ¥ B JAFFE(Japanese Female Facial
Expression) H A 2 14 1) A = 45 e AT U1 25 55

BB 7R RS Ak 203 5k I Iy, AR, PO,

Fh, w2, e, BRI 10 A7 H A 2k
F, RENERNS 2-4 06, REPEWE 1R, Wik
PR NARFFPRANG P sk R G B IL 70 5KAF it
FEA, JLRDGUIGRAEAS, 34 3k, BT AR U
ESINEAPS

ERgcece

Bl 1 JAFFE Bdfa /5 1 (108 0 NI 1o

42 KWREE

S 6 I o A FERAEL R S R G AT e, K
FE VA A RUR R P (B2 5 (0 /Nl 128128, 125 K
F Gabor 83T SR AL FREE 32 BUS (19455 18 4E 504
16x16x40, A1E 142K 1] Gabor /N 4E R B4 T 6417,
DT AT LA AR 0 Ak 3BT ) RO B0 52 k. B Xt
IR B REAE R PCA dE— D kAT B 4 Ak

SIS A1 TS 515

s n, WP IRTRI R R =T 2, PR

P sEge 25 R~ B . AR SC ELM fiTOAO-ELM

MBS Z & AN B B AR 100400 2 W], EFIL

e B 2 T B i S s TR AR Ry ST B0 2 R LR AR

SVM LR A% R A = ek £, 4853 X C HC 2000.
S R AR A 2 TR,

F 5
gk Mifs
\ v v
. El{& A8 El{& a8
4 k4
T FE# +Gabor |~ T Ft¥+Gabor /|~ if«
+PCA $HFIRE L. +PCA $FFIRERi%e
TR B e > RIETE
v
FEORIER
Y
%=

2 | R

% \ ’
43 BRH I
2 1 JAFFE Bl e N AR VA ) 28 (%) LA

e KNN SVM ELM K7k
AR 83.3 93.3 93.3 9.7
PR 80 93.3 90 933
R 80 90 86.7 90
TF 90 100 9.7 100
ek 90 100 100 100
fies 86.7 96.7 93.3 100
i 83.3 96.7 93.3 96.7

BRI ES 84.7 95.7 93.3 96.6

ISR AT BURIE, & 1 3] T OAO-ELM [1)iR
ST KNNLELM, 5 SVM U515 Luig w2, [F)
AT LLUE 2, ERA ) OAO-ELM LLAHX L —f) ELM
PUNRE B MRS, SRS IIGEEMT, i

Software Technique * Algorithm #FRA « 5% 189

© MRS

http:/fwww.c-s-a.org.cn



R[N VA

http://www.c-s-a.org.cn

2015 4 244 % 10

UNGRERE Z IR Z2 50k, [N & AR A &
TR TR REALRIRE 2 fE B b Irn, o rEm
P30 (R U0 R i T AR, BRI TN R AR A, X
AR S R ARG R PR AT LU B R

SR ED

#* 2 JARFE B T AN J5 kK 2 40 200 ) 1)
(st

S KNN SVM ELM ATk

Bk 112 0.81 0.08 0.49

B 115 0.87 0.09 0.55

B 1.09 0.91 0.11 0.61

T3 I 1) 112 0.86 0.09 0.55

MR 2 1A 2O I TR T LA H, KNIN [ [a]
K, OAO-ELM (IR EL SVM (1) 50 1 AR R ] 2 /0
—48 ELM HI R . 1 OAQ-ELM 1RGN L
HT ELM BRI T ZEAERRAR 2 ) SO o e 2 2
ANGY SRR AL, ) I S e

KT EH ELM 5 OAO-ELM XA EIEMIELE
P, SRkA3 iR sz i R 10 Yk TR A S 4 K bR v 22,
iR 3P, MW 3 LLE H, OAO-ELM Bk
o b EEE T ELM.

0.04
0,035 1 s _ DELM
. . - B OAD-ELM
003 H¥—R——%
0.025 S .
7 oo R SR R
l o o o o \
0.015 A - " T
3 M R g B
oot HF- 14 N —
: v 3, b
0.005 [ N7 ?gf Z N
JN N, m Y
45 EE omE L B Hl BiE
SR
AW N R E TNl
5 45

A SCHE Y FhIE T W PR A 2 WL TR
—OAO-ELM. 153270 % I A7 I 25 02 504 7540 (1)
fihh b, A R PRI B 2% STATLP= A e 1 8 s 43 28 4%,
SCUG g FAE W VA AT L KNNL SYM L& BBk
ELM SR8 043 50 =y (1) 73 2856, (] N A0 L Bl )
ELM HA AR vk, (RS i ) B A4 L
FUOM ELM 2SR VP2, T SYM.L IR, 150k
TSR 22 A Fr I — P gt s, & N — DI

190 A « 5% Software Technique * Algorithm

H AL

S0k

1 Ekman, Pual. Facial expression and emotion. American
Psychologist, 1993, 48(4): 384-392.

2 TR, A AR, AL SRR [ AL S AT ST SRR
LR K 2% 249, 2011,40(1):2-7.

3 AN AR SCRR I BN RO KRB R A AL TR S
V. H, 2008, 44(7):185-189. :

4 Pantic M, Rothkrantz L. Facia action tiecognition for facia
expression analysis from static face images. |EEE Trans. on
Systems, Man and Cybernetics: Part B, 2004, 34(3):
1449-1461.

5 Chellappa R, WILSON C L, SIROHEY S. Human and
machine recognition of faces: a survey. Proc. of the IEEE.[S.
1.]. IEEE. 1995. 705-740.

6 AR BRI ARLL AW JE T 50 P n) 734 &5 Gabor g
AT NG 2 7 R 0% v R K 2 AR (B AR R 27 i), 2013,
44(2):239-243.

7 B =P IR AR IE T Gabor AR 11 EG SrBER ) A H
A,2008,41(12):259-261.

8 fLEL, 7Kk VK .Gabor JE U 4% 2 B E A2 H S k5K ,2012,
27(8):1277-1280.

9 FRIEHEIL T PCA NI U BRI 0L T R ¥ e
i},2014,4:38-42.

10 Huang GB, Zhu QY, Siew CK. Extreame learning machine:
a new learni hg écheme of feed forward neural networks.
Proc of the International Joint Conference on Neural
Networks (IJCNN 2004). Budapest, Hungary. July 2004.
985-990.

11 Huang GB, Zhu QY, Siew CK. Extreme learning machine:
theory and applications. Neurocomputing, 2006, 70:
489-501.

12 Zheng WB, Qian YT, Lu HJ.Text categorization based on
regularization extreme learning machine. Neural Computing
& Applications, 2012.

13 Weston J, Watkins C. Multi-Class support Vector machines.
Proc. of ESANN99. USA. Factor Press. 1999.

14 5k, B vk, A FE P NI 2 A Rl ORIt e o SR
% 2011,38(4):25-30.

© MRS

http:/fwww.c-s-a.org.cn



