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Abstract: In this paper, a sub-image method based on feature sampling and feature fusion (called as RS_SpCCA)
is proposed. RS_SpCCA first performs a random subspace method in sub-images which are partitioned in a
deterministic way. Then, the method obtains correlation features by fusing sampled features and global feature
extracted by certain feature extraction method and finally, constructs component classifiers on corrleation features.
In this method, the purpose of sampling feature is to construct more diverse component classifiers, and the purpose
of the fusing feature is to make good use of the global information. The experimental results on AR, Yale and ORL
three face image databases show that sub-image method based on feature sampling and feature fusion (RS_SpCCA)
is superior to both SpCCA and Semi-RS which only use feature sampling or feature fusion.

Key words:  canonical correlation analysis (CCA); face recognition; information fusion; small sample size;

sub-image method; feature sampling
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Fig.1 Construction of sub-image set
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Table 1 Parameters setting for RS_SpCCA, SpCCA and Semi-RS
% 1 RS_SpCCA,SpCCA Fii Semi-RS S &

ol 2 ERAK SIPNAN BEALRAE %
AR 6x6 0.5
Yale 4x4 0.5
ORL 4x4 0.5

2.1 TEARHHESE LRISRE

AR F i PE 2 — AN AR R B Pt 1 BE e AL 126(76 55,50 &) B 3 200 5K (19 1F i A K K15 A4
N 26 WEA R AR 1 BG, A i 13 18 BUEAESS L 33, M5 13 1@ W5 w AL S 1020 2 AN f gt s
565 BT A T ¥ 2504 F MartinetzPU4 4t 409 100 A(J) 4 4% 509 2 600 5K IR 5K 118kl 165x120,
T8, AT G R AL Sy 66x88 K/ 3 FIH T —AN A1) 26 WE G 5 SCER[7,19] i) S e BB — A 1k
& Sessionl [HT 7 A BEIHGAE 4 U 25, 45 AR I EUHGR I AR A TR 40 1 T 7 A 742 (E AR77:Session2 [ 1~7;
ART73Exp:Session2 [ 2~4;11lu:Session2 H1 [ 5~7;SungS1:Sessionl H 1) 8~10;Scarf1:Sessionl H' £ 11~13; SungS2:
Session2 H1[f) 8~10;Scarf2:Session2 1 1) 11~13), L4 H IR AN [F] AR 4k 45 14 25 Fh o 125 1) v g

1 2 3 4 ) 6 7 8 9 10 1 12 13

Sessionl:

Session2:

Fig.3 All face images for a person in AR database

K3 AR M EH A NI HEA

2.1.1 OBEAEN AL
LA Exp A1 Mlu PEANTIHREE R VP4 RS-SpCCA 7 VE{E G2 F e 1% AR LI ¥ P /g, JF 5 SpCCA Fil
Semi-RS J7 kBT LU, S 50 45 SR L3 2 4 1) 5 SR DR 273 ), AN e AL
1)  PRS-SpCCA 3R T 5 hf i) 70 FHE B2 AE YU AR MBI B0 B I03R BE = D fd e — AN 1 20 1
2)  thT PRS_SpCCA S 7873 A ] T 4 & 4 11 1) Z ¢ 1%, 8t PRS_SpCCA 7144k AL T HRS-SpCCA,
KA L5 AE Semi-RS 771 h b A KB
3) TR AJE IREE KL ST AT Sk RS-SpCCA BT T LEAH R 45 K4 1Y) Semi-RS J7 V& S (L g, 3X 15t
Rl 42 R R AIE A2 AR T A L SE .

Table 2 Recognition accuracies on AR73Exp and AR73lllu testing databases (%)
£ 2 {E ART3Exp Ml AR73INu P54 B8 45 PR TR 501 K o (%)
SpCCA PSemi-RS HSemi-RS PRS-SpCCA HRS_SpCCA
Exp 96.67 96.60 95.58 98.90 97.87
1u 97.33 98.87 96.25 99.70 99.03
212 MG

S24 L AR73SungS1,AR73SungS2,AR73Scarfl il AR73Scarf2 iX 4 A Il it A2 ke st &1 45 7 58 4 i ] v 5 3
41, RS-SpCCA I PERE. I 4 25t T ANF) U7 VR 1 SE 9 45 R NG5 R & H1,RS-SpCCA 1t 4 /NIl A 3k
15T St PP RE AR TR AR 5 (N 45 HRS-SpCCA), 5/ IR v B 5 24 3%, 1T 3 (1) W J3E 32 3] 10%. 3% L 4%
L7055 4 W RS-SpCCA of 7 i (14 4 L A7 5 v 1) 5 s
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Fig.4 Recognition accuracies on four testing sets

B4 15 4 N0RE BRI e

2.2 fEYale#iiEEE L BRI

Yale Z#iFE AL 156 AN NBEAR 11 3k A (0 UG A BUG 35 o4 IE IR, 23 1) A7 B AR X AN, JLF- B 17 AT AT Jig
AR, DB AR R AR AL G IRGR A D 1VF S0, RGF£ 5SmSR A T Cai Z&#1EkE
(www.zjucadcg.cn/dengcai/Data/data.html), &5 K /N Ay 32x32. 52 5 AL I M BESS 1K) 11 DFEA Pk $% n M EREA
A5 9 U 5, LA AR AR AR A DA 5 56 T AR AT 20 IR, IR0 35 T B R0 O 22,

S &5 L (e 1 45 SR A 2 7R), 3R v (8 7R RS-SpCCA AN RAT T 8 Ur (1P 340k &, H B AT
/NI TS 253X R B, RS-SpCCA J77%: Eb SpCCA F Semi-RS H.A7 5 F& e i 1k BE.

Table 3 Average and standard deviation on Yale face database (%)
F 3 1E Yale B¥ndE b () F 340K B N Uy 2= (%)
SpCCA PSemi-RS HSemi-RS PRS_SpCCA HRS_SpCCA
G6/P5 67.27+4.46 74.51+3.77 72.00+2.51 76.73+2.91 74.18+2.34
G5/P6 61.67+0.57 71.0+2.7 69.3+2.4 72.67+0.59 69.69+2.21

2.3 7EORLEEE FRILIE

ORL NJRr#dfa G055 400 5KK A 40 A N AL BB, R AAT 10 5KAN R P ot S v 1) — L2 B 147
FET AR IR 300, H— S PR A NG A7 (R R s AT ) < o 08 440 1 ORI 5 L ) A R K/ (B K i Tl B ik
10%) 77 A7 A2 A, i H— L8 MG IE AT AR 20 Ji2 i1 g . S 56 e (0 1Y A0 500 [ B £ Caai b B, T 1K/ 3232,
S AL A BESEREA AL FE n AFEAA D U5, AR MR D0 IR (T Gn/Pt 2 7iR) S 56 3 52 3047 20 I,
I 4 JCF BB D d 5 1 R0 RS B2, S 45 R L3R 4(dee e 1% 5 S R R ). SR iT LU B 8 2
PRS-SpCCA i/ HRS-SpCCA, X 1 (¥ 46 A AR (LR R Bt 1 B 1 PR BE AR X T HoAb T ik A4 e 17— A
I3 a5 AR ARAS Ul W AR, 2 BB O B S 5 R AT Hy 1 U I BT B J) B s i 0] IE A R R0 F AN e K 2
IR I, TR - PR3 7 2B 5 Semi-RS 1 SpCCA R PEfE, 7T E 23 A 48 A5 A2 A 2 A3 Iy~ B

Table 4 Recognition accuracies on ORL face database (%)
F 4 7t ORL ¥ il ws B (%)
SpCCA PSemi-RS HSemi-RS PRS_SpCCA  HRS_SpCCA
G6/P4 94.37 95.35 93.63 96.75 95.69
G5/P5 92.85 94. 50 93.35 96.02 95.20

24 W &
ML BR T i REAS 2 B0 SR AR BE (R IRAE 1 IR 10 23 AR PR RE) 0 A B2t 8 BRATR T )2 U
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R SR A LK AN 20 835 W0 Se b AN 1 G T i K AN 3R AT A4 b 7 BUR 0 00 R 45 0 R )5 Rk T A
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SPCCA Xf N1 43 5 6 J1. S T 45 43 2 1) (1 UG 2 0)) 22 R JE AR FE A A, JiT L HRS-SpCCA fig 3k i3 Lb
SPCCA TEAR [R5 BE. 53 AMEL 13 U BH 1102 76 ok S8 45 40 i b A1 R 38643 Lh 8 HRS_SpCCA 1 PSemi-
RS, I FZE R RLE MR T AN 14 838 405 07 2, 36 v ek BRItk SC i fE Ui B HRS_SpCCA 1) R I 1k R
i, 35545 7] PSemi-RS 347 LL4g.
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Fig.5 Comparison of base classifiers between SpPCA and HRS-SpCCA
5 SpPCA il HRS-SpCCA %73 &/ B 8% (1) LL
25 SEIERE
RS-SpCCA ZE B 1 R4 HP AT BEHL R FE, I I, 5 SpCCA ML, RS-SpCCA i 1 BENL ALK r iX—
BESHIAX 5, FRATTHG 17 VR SR e v o YR P e 114 5 ) S 4 B B TR 1R HOK AN (LR 1), BE MR FE 5 M\ 10%
TFUR, LA 10% 2 8] B A2 4k 28 100%. 14 6 %1t T AR, Yale(6)(5: S HT 6 A A 11 25, 42 A 10) AT ORL(6) 5% 3 4
HidE ERENLRAE 265 RS-SpCCA 4 B8 152 M. A Bl rpm] Lt 45 /N Mk 4, RS-SpCCA ¥ITEIR Kyu [ W 3R1E T
Et SpCCA 1k KM BE( r=1 IF,RS-SpCCA #£ 1}y SpCCA).%F Yale #¥#E4E,r M 0.2~0.9;%F ORL,r M 0.3~0.9;
TkF AR A8 A AEEBEIK 5 AN A1 F 3R T SE AL e A 150 I 12, AL R A 28 (sl AT R A ) AR i 4 40 ) o2 B
W2 7] 7 325 BT TR W 1190 2 5 ) R B AR FRATT DV M PR v 5% Jan a4 s B o 6 1 B ATL SR A 236 AL A 8 SR v e, M B L
KA r WE R 0.5~0.9 B, BEAT L SpCCA DR RS BE .k RS-SpCCA {15 B A7 ml 4 k.
TG/ 7 IG5 i T 1) A FF 1] /L e 26 1 BB O E I PR RE AEBEHLRAE %0 0.5 TS UL T,
AT T Yale(6)F1 ORL(6) M /N H 4 2 A [F] 7 B G AN W TR 1k RE 1A S AL 7 rpon] A
1) BRAGNKAN@x2)F0 55 T HoAth 7 EHE KN, 5 T BENUR A ) RS-SpCCA #3845 T Lt SpCCA T = ) 11
HPERE;
2)  AHXF SpCCA T 5 ,RS-SpCCA %2 1 G /N AL 15 M 4 /N A Yale I ORL 4 % [, SpCCA 14
AL BE 23500k 63% A1 21%; 1 RS-SpCCA R A 22%41 6.5%. [X 1t RS-SpCCA Xtk i S s i, 5% 1 &
NN ALK
A ULRA 192, 24 T %l 2x2 AF,RS-SpCCA BEAT 509K AF I BEFR1G PG 2 s, oI AR TG (1) J) B e
A, DR 2 SR AR AN B AR H 38 K5 RS-SpCCA B REAE £ A L 3RTG Lk SpCCA AR 1Y) 1 fik . IR i,
RS-SpCCA A A — & MR AEE.
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Fig.6 Influences of random sample rate on performance of RS-SpCCA
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Fig.7 Influences of sub-image size on performance of RS-SpCCA and SpCCA
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BEHLRRE M T 8 2 (140 B4y 25 8%, IR e AH X6 T SpCCA Al Semi-RS J7 2511 5 ,RS-SpCCA £ Il Z5: b BE A B
B e (1IN [A) B 2% B R ISR RE AR BN DR EEREAANEON N, T G 44N (il H D>>N>d), 547 - 15
B oy AR BH A K BEHLRAE A r(r<=1), 3800 p(EA< 3CH A7 4530 D=dxp 7)), W 4 5005 OB 20 SR (1 I 1)
A% P S SR IN ) A2 2% ) L3R 5. 1R W B2, RS-SpCCA 7E Il Zili B ¥ 5] 8] 52 2% 5 44 55 T SpCCA i Semi-RS; 1M £
AR B RS-SpCCA HA A Semi-RS 58 4= 4H [ (1 I8 [A] 52 % B (32 b |-, RS-SpCCA F Semi-RS E 1 5¢ 2 AH [l 1)
WA ).

Table 5 Time complexities for Sp)CCA, RS-SpCCA and Semi-RS
% 5 SpCCA, RS-SpCCA Fll Semi-RS 5.5k (1) I [4] 52 % fiF

I B URENOIE
)RR | JRIREE | AJRRRTE | SR FHOGIRAE | AHALEE 5 KA [
REU(PCA) | fEFREL | 15 ety S E FHAEFREL 5 Yk SOREE
SpCCA O(N%) O(D) O(pN? 2 O(pN*+D) O(Dd) O(DN) O(p) O(Dd+DN+p)
RS-SpCCA O(N%) o(D) O(KpN®) O(KpN3*+D) | O(KDdr?) | O(KDNr) | O(Kp) | O(KDdr’+KDNr+Kp)
Semi-RS — O(pd) — O(pd?) O(KDdr?) | O(KDNr) | O(Kp) | O(KDdr’+KDNr+Kp)
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SR EVE I GRad AR — IR 58 J 1), F N 75 B8 B S B A DRt 3 L AT o0 o 5 2% LS 3K I 1) . RS-SpCCA
(1000058 T i) 3222 P DA 3 20 AR () AH DGR AE SR BRI 185 (b) ISR A 5 VI G A (W AR ABLBE o ST 18D (c) de i
Sy REE RPN AR 5 AT LA H 6 A (9 I R 531 >R 3L, 2R 46 B 1) S04 T AR AR BE oL R
RS-SpCCA # 3 T Lt SpCCA B 2 [1) 43 5 35, 75 LEREAT B8 2 IR WA AL JSE 38 5000 Ll s, BRItk 0 7 bR ol 32, B A1)
SR EHEL IR (1 4 288 55 w1, 0 20 4 T 4 JR R A0 ) S 20 2K 8 MO 1224 288 B ot AR R A 5 U R B A 4 oP T AT
FE A 2 ) B ARARLRE TR0 AT HE P AR B — B 0 H (RO M) 55 IR 4 22 S 3/ B A 48 i s R AR 7
JRIFBAFAE 23 S 28 Hh 1 L AR PR 703X M AN INGRRE A o el T3 20 7 AERLRE H 800 v e, AT 38 5 7 0 k3 B e
MR R, B 5 09 1 RE RO, (H S RE I 1) 8 22 M DS T G I 2D (EPE e AR 7 B N B ch B 8 ml WL (f A
ART7 18 R AR AE), 2448 1 42 543 25 2% (eigenfaces) T {4 B 45 3% &5 85 e M<150 I, RS RIR IR TR B E T
B DA b, A T RAE R GE 8 IORS B, R AT E % M=150 Jy AR R I, A4 T 24 M=150 I, 446 )5 1
RS-SpCCA kAL MR I BT 75 K1) 8], JF 55 SpCCA JiikidiAT T Lh#(Matlab 7.0, 8% 2.0G,1G W 17). A3 6 1
A DL SR AR 2R A AL RIS O K bR 5 T RS-SpCCA iz H 4R i H.EL AT kb SpCCA H R iz 538
T AE PRARMGE B A R0 N RS-SpCCA 1Y SIRG FE e LRI AR R AN AZ, BRL bt by R SRS ML A 2800 AE A7 3 B 1)
3,26 FT R IR IR 7E 22 AN IR AS SR AT B I LT B A8 AR ISR 1T 4 SRR IR AT ST 5 R
Matlab (19 #2457 17 R B AR S A (R I B 0] 55 40 A D 34T 2 43 888 2R 48, 3R E AR TSR FH 47 A0 20 DAIE— 2D B
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Fig.8 Effect of number of candidate sample on recognition accuracies
B8 Ik AE AL M X5 L BE (1521
Table 6 Testing time for SpCCA, RS-SpCCA and Semi-RS(s)
% 6 SpCCA, RS-SpCCA #i1 Semi-RS &3 Wil ik I} 1) E 45 (s)

SpCCA RS-SpCCA HHHL#K (1) RS-SpCCA
AR77 1267 9 648 483

3 £RiE

ARSI E T EGIT AR AR W AN R 1) SRR E 2 T BUR R B 2) 0 R R AE 1) OC &
(1) 2% FHKT 42 JRi 4 S IR R P B8 77 35 T ARR I SRR R AIE i &5 19 7 (1% 7 7 (RS-SpCCA).

T L FFAESRAE G0 T A KA R H A T A A B 2 ARl A R IE R A R BN A R AR B AR
HR#mKE R R A 3 M AR LSt R W,RS-SpCCA  BLA7 bh 5 A4 1E R A J5 ¥ (Semi-
RS)FHEAE & 7 722 (SpCCA) SE AR ¥ 1k RE.

JRAETESCH RS-SpCCA 1 | PCA $2 B A R4 AL, 4 FH 7 BB UG 45 11 ) SRR IR AR A by J S e A1 AHL S B
FrAE R AT LR FH A 7 72 (8 000 B A 0 S50 SR I 4 R R AE RS . PCA R AE s06) 1 R R SR ARG AE 134T
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