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Abstract .

which is based on Canonical Correlation Analysis (CCA). The main idea is that the concept of two order tensor is combined with CCA

We present a face recognition method called two-dimensional discriminant canonical correlation analysis (2D-DCCA)

in this paper. A sample is usually represented as a vector in the conventional CCA method which consumes lots of memory and has the
singular problem. The proposed method not only makes full use of the information of within-class and between-class, but also the sam-
ples here are represented as the matrices. Hence the proposed method has these advantages: low dimensional subspace, efficient com-
putation and the singular problem is totally avoided. The objective functions are optimized by using the information of within-class and
between-class, so the accuracy of face recognition improves in the nearest neighborhood classifier. The result of the following experi-
ments shows that the proposed method is robust when the pose of the face varies.

Key words: Canonical Correlation Analysis (CCA) ; two order tensor; discriminant analysis; feature extraction; Face recognition

Hh TITREAS B A KR G Al 20, (45 Bl 7 22 2 1 — e A

S B T DL U 24 5 1 G5 E B8 9S4 G

A g — i AL 42 A A %07 ¥, ML TR0 A 56 43 B
(CCA) ' B 2w HE T AR SSUR, E T
SR X RS e, {75 9 26 i AR A 40 B 5 B X A
PP W, TS G WL RS 2
] P A DG R o S 8 L i 5 40 SR TR — LA
T B P S [ 7 R ) LA, 0 45 5% B R S B R 1Y
T3 6] 5 AT A AR L

IRTT, CCA 53544 1) LDA™ —REAFAE 25 S I R, T
1158 LDA, CCA JF JHT B4 2 S A B 05 2 06 FE 1o R 36 3
B, TREA Y 1 B R AL T — A 4 i 4R v A )

Wk H A 2009 4710 H 21 H; 2RIH: 2010423 A2 H

(EFVEFAE i UL A7 e 7 3 PCA 4, o
SEAE BRI Py 22 56 B B — AN/ B R 4
8, AR STy I S R R 2 U R

ZIER AR G B REAS, DA ok 12 2 [irgk
o, WRAETE PR eI Rk SR E, WA E &
SR 17 H T 4/ INVEEAS 72 A 1 A7 S (]
PATAEAE . BT XA HIE, Yang Jian 55 N F 2004 4
1E PCA fJERE 3R T 2DPCA W75, 345 T REA
M s e, AN T s S R, N TR
B, T EL It T — e L, (R S



1056

fa =

AREFE 2 M Tk S, BT 2 Bk ik
IR AN B HER), T Yang Jian 1) 2DPCA
AT DR IEAT 7R, T2,
Zhang Daogiang % N\ T 2005 4E$2H T (2D)*PCA" | i@
T ZEAT A B AR A 5 O (8 A A A R e i — 0 B 4
IR, PCA W5 5 3 2 AR B i i, A AR
BRI NG B T, Ye Jieping 55 N 7E 2005 4F
XF LDA #6471 B 458 T 2DLDA FfE il T e ryE
S RS HRGE oA A S, e e L
FEA I I 2 OB AR AR 11 o) 2 R 7 R i AT 7 =5 [ 2
2], AR G/ INRE A 3 8P AT S 1 Ta) A, KR BRI
THEA R, T LR3I 0 T HOR I A — 4 25 [a] 27
S FHRA Y 2D-DCCA W J2 R FAAG RE A L
FELPETR 19 7 Rl O 7 S P A D R

CCA W J7 5 BRI K T WM A 41 22 [R] Y A1 OC
PR BRI A1 LDA REEFIHZE N SR E M FE R, X
S AP R R BB B FE o R o T2 0 )
BIRIRAMIT (DCCA) WARR AR = AT, At i A~ — 4k
TR IR L R A AEET S ) BN 5 0 1 A ) e R 2, T
TEARTCH 2 Bk 5| A DCCA B3k e RE G 25 5[] B,
NIRRT, I B AR Ik 2 ok i i mg
X ZEA B AR B IR AR T 2 Bk E
FEPE 158 T Ui 2, IF Hak g 25 SR [al i 2R 9, 2D-DC-
CA (1) 5 % NI £ FE SR ) PR R ARARAE o

ARCVLNT N AS L HE A5 2 /N R 24k €A
HIFEATEE . 55 3 /NI TT SR HliR DCCA 1y )5 3 KA
JE RIS TE AN 1) 3R A SCHR Y 1Y 2D-DCCA 1Y )3, s
J&2D-DCCA R ARV i . TECE M 4,58 5 /)
T3 S IR 2 R AT LA T PR 14

2 HEIFXSH(CCA)

CCA M7 358 T W92 WAL BEAIL ] i 22 [] A AH Gk
M, B — BN (%, y) M ZockEdLm &, BA N
XEREAS : (26, 5,) o (K, ¥y ) o FRATTHT X o 1 i 24
(oo y2y) T HLIRAE AT Y s 1o B2 (s ooe sy ) o
BLFR XM w w15

a A (v, 0 fEw, ERIBGEN X w,, 104
sy TEw, EWBGE R Y w, JF 5P 4 n] = 4%
PASTIOR EP S c N

P ZIP%XCOW(XWX JYw))

(Xw_,Yw,) v
ax- -~
S X ) Yo |

/H\:EF' ,fﬁlﬁéﬂ(% 5T ’xsv>%u(y1 P ,y\)%gi’%fﬁlﬁ’ﬂo

=

5 4b # 2526 %
TRXS T LA B R SK A T Ay -
<wa,Yw,,>
p=max ———
S X | o |
N T_T
D w wyw,
- r}v’l%X N ToT N T_T
o \/2/:|W‘ X% Wx\/zt-zlwy YiY; Wy
thway
=max —— —
WX,W} w’t C WX W‘ C}}‘/‘})
(2)
Ho,
1 N T 1 N T
¢, = in:]xiyi , €, = Wzizlxixi (3)

1 N T T
C, =y Y, C.=C,

TR AL ST AR SCRE AR5 ) SRR AIE )

Y ) AL

(4)

Horb, A=2, =4, RGBS, 4
BT W, W, S, SRR IR A R B A e T

(LT
3 Z“HEFIHISMBFEX S (2D-DCCA)

3.1 AR HABEXSH DCCA

BUAVAR DG AT CCA [ SR BEAS 145 0] S 4 X A ] i
Y Z AN AH DGR SRR, B2 X T A R GER UL,
F A TN ZRAEA A 2R N 2R BE B, W ka]
PLZEBLT LDA 4 J5 12 2% NIAEA (1926 A2 (] i 15
SOMCARI A, AT AR 3 — 2D Hg sk CCA i AR g
H. FR Tingkai Sun % A2 H T DCCA (", %
T CCA JnLASGHE , 14528 P4 22 551 d5c /I 1 [+] IR 75 258 1)
22K, I AFRAT T A B AL B8 F B RS B T

rglax(w% Cw,-n-w, Cw,) 5)

st ow, XX'w, =1, W}TYYTW}, =1

X2 DCCA 5k o BT AT 25K il W, , W,
PRI, AT LA — U 5 B 58 LR A, B2 X A Oy ik
FEAEAT (B, AR PCA B 4E iR F AL 3h
P70 5 i, 25 s RO 3R e T, R 4k
DCCA Y J7 5 , AUAT LA 3k e 23 S0 ] 3L, £ 7530001 38
A Fr T, W HBAT A, AR A /NEE
3.2 "#F|HBAIAEX 57 2D-DCCA

WAEFRATE B E AR S, B REAR] (X,



AR 26 T 4R 1)

TUAR S 3T (9 AR U i

557 4 1057
YIONA G RH e D BERAHAR n, A iel, o 7] z\: XR - RTX
L Zn =N, BATH X LRHEARES: (11)
(X(” v XX X() X9 (L»)) = ZY.R,-R'YZ

ny ’ ’ 1
/ﬁ\q:x,f“,jel,---,niﬁ%lﬁmﬂéwﬁmmﬁﬁ%m, Tﬂsﬁﬁ B—2E T
[FIRES, T Y SR A A max(L'C,", —n - 1'C1)
Y(l>,"' Y(l)’_'_, Y(i) . Y(l)’ Y() ey @ oWy i i
t PR ' o ) =max(L'C." +n -1C,"1) (12)
o X, eR™ Y eR™ el o n, I A X EEHY

EE TR T A F A

HT TR REAS A e ORI 18] 4 3R R A8 B T AR 1Y
RN, B AT 2R 1 A2 — R R Hew
w,, MR EAE A  (L L), (rry)  BEAHAEA SR X
Y BF I o1, X, R0 Yr (928922 Bl /N, 25 0m] 22 5]
R T

T B s R WA, E b ok R — ] UK g
(L,1,):

max( lTTCWRl}, -7n - leC,Rl),)

w e T T (6)
st 1'C."L =1, L, C”Rl) =1

H R e — TUkﬁ’iﬂj(r r):

max(r,’ Cw r,—=m-r, c,'r)

R S TS (7)

s.t. rvl‘Cerx =1, r},TC”Lry =1
Hey €,°,C," €5, ¢ R A SCE U DY AR
ORI R0 2K ) R G

PLH b el B — g I R4 T AT -

TR R (L, 1) ettt B2 a2 AN RESE >
THIRFEARLES XM Y 1, SO 284k ) — AR R A 4
X CLysly ) s (Lol ) ey (Lol ) s TRV L, 8

[lxl l, (11] JEH%EM;L %T[ l}‘Z lyll:l
[RIRE ), PR R, Fonlra 1o T | IS B
Rw %‘%%[’,ﬂ Fp 1(12] _IIJ_IL,LERIX” L RMl
R Rn><d2 R Rnxr]2
f,RﬁﬂEXWT
=zzzxk“>fa R (®)
1 h=112
— :E: :E: ;Y (')]{ }{ )/U)T
=1 o1l k=11=1
— ()R R Y(/)TZZ k(i)Rx.R}TY[(i)T

i=lj=lk=1l=1 lk=1l=1

WR =- CWR (9)

, - n, BT E

E’JHZ!R%E[@ F)TUJ:JEC ﬁP
2 2 2 Z X,"RR"Y"" =0

i=1j=1k=11=1

MAHEXL:

(10)

=(1+mn) maX(l ¢

Hep (1 +q) AR, ARRIAEER, Bridk
1IIE’J1jE1JcETTEJU~7:

max(L,"C," ) (13)
st 1'C. ", =1,1"C "l =1 (14)
c, L, c.” I,
= =1
¢, L, c," L
(15)

KA 3R 7 B T SCRRAE ] 5 AT A —2H (L, ,
lyl ) [ 9(lx,n ’lydl ) s :FIEILIZ";_( dl Xﬁéﬁ‘@ﬁﬁgpj"j%*
Lx = (lxl lch lml)

(16)
L = Ly Ly o L)
[RIBE, HAReRE 8N -
max(r,'C,'r) (17)
st. r, C.lro=1,r"C 'r =1 (18)
C, “1r CMI r
= =1
¢’ T .
(19)
KA SRR AE W A5 0 — 2 (ryory) 0, (s
) s THEIX d2 XFEMEAS 45 RIS oK
R, =(ry r, I
x ( xl 22 12) (20)
R»,» = (r“ Tn rydz)

AT IX2 SRR R, AT DA 280 1 A A
A3 ik 2o A B AR e A B s [ v, SR A
R HEA AT R
3.3 2D-DCCA P& :xiie

W% 2D-DCCA Lk H bR eR & AT A, KA L, L,
B EC A R, R, FIFERRARE R, R, BIRECHNL,,
L. bWl L, L, R, R, KA J7 2025 40HY.

WO E AL RN T
(1) WIAREARMEMEX,Y, %6 NIFEAR, f ek X, e
R™ Y, eR™ jel,,n,,



1058 fi 5 4b 5526 4%

(2) PtafE R, R, :

R — IdZ xd2
’ 0
nxd2

(3) Herniscme Xaibs ct.e, e k.t
(4) %M

(21)

AR dL AN SR [ U L L,
(5) M-kl L, L Kit5 C'.¢c.hC!
(6) [FlH A

'

SR d2 AT SR AE R R R, LR,

(7) WF(3) #AFF Sk RS L, L AR,

R, 8.

ARG B L LR LR, R AR 2 R

B 1 8 A 08 5P SIS B b 7 D2 AR O BOR
I 10 3T LA B R B 4 B bk
5 B ST BRI, 36 ELth 8 0 o R A R A
KR T I A P L 72 6 e o i 3

Sy R R AR B . TR T A B
Ho— g AT F W

4 LIEERTH

4.1 3f2D-DCCA &L EBER D HT
ASCABILL AR, CUM-PIE 048 13 Sk 3L iy 39 47 52
By, SRR ISy R AY, SEER — R B UE ST B 5K A
B 2D-DCCA PR R4 2 H— Y fR A, fEfE 5 5| B 47
BRRRIE , S2 — R IGE 2D-DCCA % T A A 7] £
B HEAT U A e U
B o 2D- A

g 945 “
pecA FATILE E £ wl /N
PERERO BT, 1A § o]/ .
%3k o, 20-DcCA G s Ny
B8, 8 i é 915
HAVH BTFI 2 o

FHEWSORE, FF Oy 3T A e s e
DA AR BT B B
TLV\ ﬁg W ﬂ @J 5 El1 2D-DCCA AYIRFIR SIER BRI R

The number of iterations for convergence

HEr s E] A UEON 2 10 U, X s AT LA 1
Bilio B PR RS 1 ARk OB 2 3 7
U, ] LA AR 2 8 AT 253 ot al LY
”ﬁ?]ﬂi%? S[A] L, R, AR AR URBOR 3 U, T2
1272 T B E O, BT R AR S T R
4. 2 3§ 1:2D-DCCA 5 CCA, DCCA HIiRFITERELL R
FRATIN AR A5 BEHLLE % 80 A ATHL 40 A M
2R, AR TR 40 Ak, BRcscs s AL sKkIGER
THIE TR X REA SR &, AR I LKA TR A6 A
AR — 9{%1&% SRR S . A = 4LET,
e 2 frs o t?KIEH%EI’UUJ\?% 5050 f& & ki, I H M
RIS A T, & EUR LLSUR N2 7% 5%t
¥t o FFE‘ZFH 1-NN ﬁj\*%ﬁﬁﬁ#ﬂ

Nﬂ*

“ugr
-— T

(X} v}
P =

B2 S 1 PR =4 s
A1 JLRPOC T BN S AT BB Bk RE L4

ZMEQ

Ak CCA DCCA 2D-DCCA
RN
FEA L] — 90% 90% 95%
FEARL 57.5% 60% 62.5%
FEAG = 85% 82.5% 97.5%

XA S T B T UG A A B 2 Bk
EE%%* AEfi 2D-DCCA B3LAE 3 Jr i G et re m L

— ARSI, B S
I‘Eﬂjtj:‘fﬁzﬁ‘ FfHRE O T AT S, 5 =, YR AT
]S R 2 7E 3 3 5 Fb, i CCA Fil DCCA ()31l 25 il
TOUNBFRIZE 5 43P 2247, AR SO ir A7 SE 38 1 s 47 R 58
& Intel 28 — LA CPU, 4% 2. 66GHZ ,2GB NTE.
4.3 3§ 2:2D-DCCA JFARAETAKRBEGIRFE

Bl

ARSCHR ) 5 EEAR ST N TARFEMET
BN RARFE S , AN QA AL G 7 IR, Bl
NI A B AR AR RO 3 R R 3 — i SR
ATLLE 1. AR A CMU-PIE A e, M 3sc A~ A
e 62 A AEE 31 A ZR, R T A 31 AL,
Rk AR /NA 50x50 82 A5 BURES AR5 27 3K IE



57

U I S et SULE BE P T PN COU L oS 1059

e RS H LA B X, RS, 43 BV N5
05,29,37, 11 5K AE R U5 b F 48, B Y 4, 1Y,
LY YL FEARRER G 43 A T DR S5 5

AR SOBEE Y 2D-DCCA 75135 2DPCA, 2DLDA
HI LLR-stepSwithPCA+LDA 1) J7 16 647 Ho i, Horb i J5

— )& Chai Xiwjuan %8 N\ T 2007 4246 TIP &3
9 Jr TR [T U 7 0™ X I AN [ 5 25 B ok
PR K SO SE 0 ST R — B 39 3241
N IGEAS[R) 3 BE EAT VUG, 17 HLSE 30 e A R, ki
FEWCH S B R AT LU

M2 AR BE MR T LR A FEE R PERE LA

P , . . . .

. P29 £22.5 P05 £722.5 P11 7245 P37 1745 SERLI R
2D-PCA 88.71% 98.39% 38.71% 19.35% 61.29%
2D-LDA 90.32% 95.16% 37. 1% 77.42% 75%
2D-DCCA 100% 100% 93.55% 96.77% 98 %
LLR-step5 with PCA+LDA 100% 98.5% 89.7% 82.4% 93%

MFeHE 2 W LI Y ,2DPCA, 2DLDA iX 225 MLy Jy
HEBERAT AR ARG IE N, X Rk
FENIG A BE A 22 57 IR AR I A R B, (R 76 G
FJE g 45" 1] R BRI AR F)] 50% , LLR-stepSwithPCA
+LDA W) 552K F T O NI 208 BUAR Z2/NBRe , DT in 5
T WA EUR Z 18] 1) R 4 1 56 &, r LA G 1 B2
AR AR (R B R A AN R 2,
FEMASAER 2, T UG A R R K, AT B 1
2D-DCCA Wy J5 s , AT /0N FE BT A, 1 HLXT T A
i A1 B 1 728 A AN BURR  HLA AU TR

5 #it

ATOHE 2 B skt iR T DCCA 5, MU I8
SR, T T A S A T LR 1A S R A
PUIMNEERATEN 1A 19 52 e, TS T A8 A R £ JEE
BRI T e AP RE . (EURA ST T i
FAAERFRIE Z AL 2 — , NIREI A2 AL A BE IR 51 90 JEEIT
PUIRAE] 50% ,3X Uil 2D-DCCA XA GEt 1977 A7)
SRANRE IARAS I ik R NI BT 45 45 4 A8 AR 3 50 25 1 5
Mo 25—, AL LR T — 2% B BN
X REAR G AN — AN R AT D 1 Y REA S 45, T
URSRABACI 9 A PGS L — > A 2, 2B AR 1Y
ARV BEZ S0, B A AT A 22 30 K 14 4% 1 £ JEE T
A=Ak Z A LAE 2D-DCCA FHE il &R

S 3k

[1] H. Hotelling, “Relations between two sets of variates,”
Biometrika, vol. 28, pp. 312-377, 1936.

[2] P.N. Belhumeour, J. P. Hespanha, and D.J. Kriegman,
“Eigenfaces vs. Fisherfaces: Recognition Using Class
Specific Linear Projection,” TEEE Trans. Pattern Analy-
sis and Machine Intelligence, vol. 19, no. 7, pp. 711-
720, July 1997.

[3] M. Turk and A. Pentland, “ Eigenfaces for Recogniton” ,

J. Cognitive Neuroscience, vol. 3, no. 1, pp. 71- 86,
1991.

[4] J. Yang, D. Zhang, A. F. Frangi, and J. Y. Yang,
“Two-Dimensional PCA: A New Approach to Appear-
ance-Based Face Representation and Recognition,” TEEE
Trans. on Pattern Analysis and Machine Intelligence,
vol. 26, no. 1, pp. 131-137, Jan, 2004.

[5] D. Zhang, and Z.-H Zhou, “(2D)’PCA: Two-direction-
al two-dimensional PCA for efficient face representation
and recognition,” Neurocomputing, Vol. 69, pp. 224-
231, Dec, 2005.

[6] J. Ye, R. Janardan and Q. Li, "Two-Dimensional Linear
Discriminant Analysis," NIPS, 2004.

[7] T. Sun, S. Chen, J. Yang, and P. Shi, “A Novel Meth-
od of Combined Feature Extraction for Recognition” 2008
Eighth TEEE International Conference on Data Mining,
pp- 1043 -1048, Dec. 2008.

[8] X. Chai, S. Shan, X. Chen, and W. Gao, “Locally
Linear Regression for Pose-Invariant Face Recognition,”
IEEE Trans. on Image Processing,vol. 16, no.7, ppl716-
1725, 2007.

&=

S B (1985-) L 4, 2003 4F 5] 2007
FETHL T RHEOR A 7 TR 2 B i o
27,2007 A 2 A AR HL T RHOR S B0
155 5105 QAL PEAR 12 60, BRI
IPSPNivAVIE
E-mail ; yheyhlk204@ 163. com

YIS SR NS A R
B WA, I B TR R
TIRARRIBE K. EEUF I A&
DN EREY BN EE YL RSP USRI Sl WA
B AREE . E-mail ; ympi@ uestc. edu. cn





