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Analysis of the influence of SPCA parameters
on the recognition of a single sample face

WANG Kejun, ZOU Guofeng, ZHANG Jie
(College of Automation, Harbin Engineering University, Harbin 150001, China)

Abstract ; Singular value decomposition perturbation principal component analysis (SPCA) is an effective single-

sample face recognition method; however, the identification results of the SPCA algorithm are seriously affected by

parameter selection. In this paper, the effect on the identification, which was caused by the derived image parame-

ter and the combined image generation parameter in the SPCA algorithm, was analyzed. Many experiments and

comparative analyses were performed on the basis of the ORL face database and the CAS-PEAL face database. The

experimental results show that the SPCA parameter selection method and the parameter range given in this paper are

reasonable. In addition, reasonable parameters are effective in improving practical application of SPCA algorithms

and the recognition performance of a single-sample face.

Keywords : face recognition ;singular value decomposition; (PC)2A; SPCA; derived image; combined image
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£t SPCA ABARANF L5 Z B4 RESHS
Bt & BR A RS HOY R )8, A SCHx 2 A
SHEBUE T EST THRA S, R R T 384007
WX 2 NBSEH M, 7E ORL AJiSE 1 CAS-PEAL
AN E E#AT T KRE S, Bk T A FBUE T Xt
FIRFIBR =AM A FEZmW, G H T SPCA AR
HH S EBERN FENA A, 4 SPCA £ A
TR E—25 B Rt T 25K,

1 FRERI W ELELHTE(SPCA)

F 4> & 47 ¥7 ¥ (principal component analysis,
PCA)'™' H Kirby 1 Sirovich'™' % 585 | A KRS, FFB
1RERBE, B — A BB R A5 1 BE AT IR Y
OSAEEVE. S 3T BRI ZRAE A A R 3 1R) &, Wu F1
Zhou'*'7E PCA HyRLRE R T HAREHENES
# (projection combined principal component analysis,
(PC)2A) ,3XB 5k BRI 7E— A BB/ ARAE 2% [H] 3R
T4 PCA SR FI AR, (HR Chen 7 X
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43# (singular value decomposition perturbation principal
component analysis, SPCA)
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B P(x,y) BR—IB&LH—LHIRPNA Ny x
N, BB KREEE,xe [1,N],ye [1,N,],
P(x,y) e [0,1]. P(x,y) KK FAMEERR 3 5E
s (1) F(2)

H,(y) = ;P(x,y), (1)

V,(x) = ;P(x,y)- (2)

XD QW2 M RBE—ERE ERBT AKE
BEZ R X2
P(x,y) BBUE BB E Sy

ey = L)

AP REREKE I, G

N N

; ;P(x,y)
NN,
BG, B P(x,y) NEAREEB P.(x,y).
P.(x.y) = P(x,y) 1++azl,,(x,y).
X :0<a<l.0 REESELP, (x,y) KIBUEE 7T
BB HI[0,1], TR H AT H L BUEZE[0,1]
W, IH—REE AN F
, P (x,y) - min(P (x,y))
P.(xy) = max(P,(x,y)) — min(P (x,y))’
(3)

BE ARRERNS s REEEP, (x,y) , 4
JaXd iz F PCA HEAT P4 FIRFAE SR B AR 458 SCHR
(6], 7EF IR EIRER (10% ~15% ) FEBLT , BP
E—ANB/PRHE R, (PC)2A WTLAIRAG L%
GERME I 75 vE E R IR AP
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F N BEARFALE -

B I(x,y) R—BH— LB KN A N x N, #
BRGKEFRER, K I(x,y) e [0,1],1R4EH FED
e, I T RR N

I = UAV".
KA Bl T HEFREHRE N, xN, Bt fA%E

e 2,=0,i=j
M, ERITE A, = 0 _#_;U%leNl MriEse
s i)

EFE, VRN, xN, BNERRAERE, U MV 43 3 245
II" FOXERE I'T SR TASIEE A) BORRAE ) .
R, BRNEEEG I WERERRBIN

Nl




FoH

ERHR, %5 :SPCA SHON B AR RAIBCRZM T - 533

A REMAERR PP EXL N
P = UA"V'. (4)
A n B— 8 BUETEE N 1 <n <2
BRMTERIR P J5, FBHE P 5REHR T 4454,
PE—IEFESER J(2,y) SR/ RMK(S) :

J(.’X;,y) :I(x’y)1++a:(x’y). (5)

Ao BRESSH BUETEE N0 <a <1.0.

R (4) KRBT B RS R LR ERRE
MR, Y =1 8, fTEER PETREERL;
Xn>1ETR A > 1 B RAEXS I Y RHE o] B
B, [FBS A, <1 598 S48 X 07 B R AE [a] 8 4%
g5/, E AT A EMR P AE SRR A S EAE R F
A, BN B REREAT T BRE, BT X AR
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LK P AR I RASAEER J WX — R, 2R
FIRIBER R EFE B RTRT A RMNERRE.
6 R R A Ak BRI .

SEERJ(x,y) MBUER FTREEH[0,1], R
BERXXRAKIRANERASH Zm, B8R E &
KT, e, Xt I (%, y) BIBUEHE R AL (3)
HH—. R, HE—ENEEER J(x,y)
MAREER [(x,y) KA ESE PR RBURE
FHRA, X 2w S ER s E 48 2k, W
SPCA.

1.3 SPCA SIS HT

B L2 AW, T BEHSE n Ml o Xt
SPCA 372 AR FIBCRA =B M. SCER[3 | ZEAN
28 SPCA Bkt S8 o MEEENRO. 25,
BIF8A A HBUEM RN Tk, ARES Ha=
0. 25 B T M EITIE TS n MR BIBCR K
ma,f3 T n BL 3/2 B SPCA R BIFMEL. 5
Bh MR B FE T — Rl B T 4538 58 O Bk N
WIS BUEHRLT T 48, BURRERE o =
0.3 MBI T 44T T 2% n 2L RIFE M, I
2 n BL9/8 BB L R Bk BB T, SR BFE B 2
n=9/8 T T B o SHEEMEEHN TR, BHT
B o WEETEEHNO0. 15 <a <0. 4. B EE—
NS B — B8t SPCA 5378 KR BISCR
B RARE N, N SAESE n M o FEZELH
BT HEATA B 7347

CER[3 ] AT AERBNENIRERSH n
B—MRTF 1 EH,n BORF 1 T LUIAR
Hoke A R B3R , TG BT 20, (IR

R n BBRIF , X n BUR (B 77 A R B AR A5
BEMPIEL , BB, A EE S ARE
fE N EIR , & FBORBIZ TR BT LAE— 230k
S n WG E R B 1 ~2, oSk ([3 158
HEXn=1+1/(11-m)(m=1,2,---,10)% n iy
BUEBETE 1 ~2 (BRXFBUE T G n BBUE
EmBPL~5 NS THEE, MY mET ~10 78
et n B BUE X G TRBE. 2 m B ~5 B4, n
BIBUE 54 1. 1.1, 111 1.1, 125.1, 143.1. 166 7,
B, ZH n XHNBUEZAE/D, X T 7 FERTE
BRI B 7= B B i s 284k, AT F &%
KA RBINBRAMCRM R WA R, A F T 5
Bt n B AL A TR R BT R REMR 5 T 2 m BU(E
7 i, n BYBUE R 25,24 m BYBUE 8 B, n XF R
9 1.333, 24 m 4L BN 9 WBHR n BEBR{E Y 1. 5, B
IRl BUE 1. 4 X TIR AR A B AFR 0 TT
AT R BB 1T

ARICXSCER 3] n (EH B BUE T T T K
B RBSBER TR, EX n BYEHN 1.1,1. 2,
+,1.9,2. 0, 3XFE ] LA BB 4 To A1 3945 v M A
BUE S 3 TR AR M. 7551, XS4 n WBUE
i, 2 3I7E ORL AJe PR CAS_PEAL ARG I 3t
T REWNER, SRRVWSTR3 1 ¥SH n W 1
FRIEHAETE 2. 0 BIFAFHK, 2L AR5
ARG AR BRI 8 B v, A
BERNERRERESE n 9 LRE, THS
n B EEE—MER LRt 1.

X FE A S o SRR EE AR
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5) B FHE I ZAERE 5 =% (x;~u) (%, -

w)" = 22" BRI (AR B B T S B
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KBV R 3 1046 (8 5 X117 BB AE o B

HEPE MR RIS A S, 20 & 55K FRY R (0
FEXHBRE 11 8 , E 5 PTG SR U.
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A4y HIFE ORL A B B2 F CAS-PEAL A J& 7
E#FT KRENLE, K ORL A FER— 54k
B AR A B — H b 78 5 A6 A BB A S R,
CAS-PEAL A& P s A s ME v s R 4 H i AR
AN R A B PR, SRR XA 2 S AR
EHER W UE S HBRIESE n o BUR F{ER
%t SPCA R BIFCR B,

3.1 ORL ABREANE

SE8 BT A IS R N B E SIBF K2 AT&T S236
FAIERY ORL ABEKdEE"" . ORL ARG PR A3E 40
AN B 10 18,35 400 BGRB8 256 4
KB, RSPRAN R 92 x112(F xR BER. BAHE
FARREE, RAS—HRBaHSER,E—EH
FE A TE SR R AR Ak, TR e 1 A0 A ( MR B %5 PR
PEE B A ARG ER 40 A 4k (BB R
B). rANRASRERELN, AF—EREKN
SKERBALRE R , — e M AR 20°. XA Fl
FIRE SPCA SHEE T LUMHITHTIHRE R, X
F oS HRBISCR KB 2 A A

SR P YEE 40 M, BA—IBEA EHERBH
PR NG BB A I SRR A 2 , A% 9 360 1B I 1
AT B 1AW T HP—NAREIR.

B 1 ORL AREH—AKEGK
Fig.1 One person’s images in ORL face database

3.2 ORL AReFE bHJLIGLRIHT

FXZHn M o BURFEIE, RASCER[3 ] 8
BfE 7 AAARSCER B3 S BUE T X7 T 558,
B2 A& 3 2Rl T 2 MEUERL T BGRE A5
ERHTERR G EBREE n ZELRIELR.

(a)a =0.25 WAIRTE BB

(b)a=0.25 RRZEEER
B2 SCER(3]H m BURFHE R BATE BHR 4
FERB
Fig.2 The derived images and combined images
in [3] with different m

n=1.6 n=17 n=1.8 n=19 n=20

(a)a =0.25 WAIRTE BB
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n=1.6 n=17 n=18 n=19 n=2.0

(b)a=0.25 BEYE S EIR
B3 AICH n BURFHER BIRTE BB MZE S EA
Fig.3 The derived images and combined images
in this paper with different n
i EE AR EGR T A B A, SR
SCHR[3 ] B BUE T K, 78 « =0.25 BB T, m
M1 ~6 BRI R, AT R BA A
HRANS SR BEEA AR T m A 8 3
3] 10 B, 7742 45 W) & A= R BRI AR 4L , 53X 3
FIE 7T n BURS RHEL AT Ae B 4 B AL SR B9
WA RARE. BT, O T BB 394 5800 1 it n F
o KRS TR 2R SR BRI , 20 0 1 3 SCRK (3 1 B9
BUB T i FIASCR BUE T A #EAT T KRB HISER. £
BRME 4.5 5% 1.2 fiw.

90

B4 FXRAn HHREAXTHIRMNE

Fig.4 Recognition rate n values in the uniform mode

_..—--—-L"‘“""’—l
T 1.g 2.0

6

BS CE(3]H n BREAXTHIRAE
Fig. 5 Recognition rate z values in [3]

®1 S8 n2 HREAXNTHESIRMZEX L

Table 1 The average recognition rate » in two values

modes
AX n IR SCHR[3] Sy
BiEHFRX  HFE% o BUELR  RBIR%
1.1 87.12 1.1000 87.12
1.2 85.61 1.1111 87.29
1.3 84.26 1.125 0 87.21
1.4 83.50 1.143 3 86. 95
1.5 82.15 1.166 7 86. 11
1.6 81.15 1.2000 85. 61
1.7 79.97 1.250 0 84. 85
1.8 79.29 1.3333 84.09
1.9 78.78 1.5000 82.15
2.0 78.70 2.000 0 78.70

R2 BY¥n2 HEUEARNSY o T FHHIRMRL R
Table 2 The influence of parameter o change under differ-

ent n values
aBUE  ASCRYIREIE/%  SGRI3]FHERREIE %
0.10 83.52 85.37
0.20 82.50 85.46
0.25 82.50 85.55
0.30 82.22 85.18
0.40 81.85 85.28
0.50 81.85 85.18
0. 60 81.67 85.09
0.70 81.76 84.63
0.80 81.67 84.63
0.90 81.57 84.35
1.00 81.48 84.35

WL 4 AE S LAER 1.2 RS REEE,2
FBUE T BEE n BIARTIE K, PRI R A2 2
TRERYEE B RAR T30 3 2 H B BUE T 35,
R AR S BER 77 0, IRARE RS TR &
¥ REE2MMME N n B RA RAF ORI
M. GEEER 1 AR LAR H, 2 1 <n<1. 6 BHFHIR
HIZTE 80% LA b, IRBIRCRET.

FEHT n BUE AR 45 TR 275 R B2 R B (R
WA X o B9ZE 4R B R MR 1T
TREREE, BdRPHEE, BE o B3P
WIRH R R T RN EE, 7 n EHHSELE
fROLT, BEE o B3 P25 PR 3 B4 3 4b T BBl 4
W, EE LR 2 NEFHEDE,0.1 <a<0.5 AF,SP-
CA HYIRFIA:REBLF.

B SER AR R R TIRAIRZSHEA
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R SRS R TS0 fl o l—1
REHBUETEREL 7215 H BB G, A OUHAT T
L8, SR UNE 6 R, TG n 1 o BYBAERUE.

B6 n#la/EEZHREIIRAE
Fig.6 Recognition rate #» and & change in a small area

HaR1.R2.E6 WEREIETLAN, Hn
Buay 115 B L. 2 B2 U0 2 53 51 0 87. 34%
186. 63% , T HAI IR B FRW 2 B R ). WX T o
BIBE g 0. 25 I, PR3 g 85. 39% & =
B, T LRI R A R B R B R K. S8 U LB
B, BARBISH n 7 o BUEH15 1. 15 A1 0. 25.
3.3 CAS-PEAL A\BEFE FHYSCIREE RO #r

1 3.2 FHIREEE T LAE , BT ORL AJ
P B R AR B — , B LR B BOR B A\
B AR AN XL L 1 CAS-PEAL A
R PEEAT SE 0, MRS HOBUE X TR BIRCR K R0
CAS-PEAL A& EHE T 1 040 £ ¥ E A 399 450
KRB, TE BB EETIRREN TP RE,
W THEAHE YRR 4 R EEBUERM,
o N REEA B 5 R R AT [ B 5 B4k, A
SCEBRPRAGAR 7 EBER, X 7 ERE D BR
BAERG IEH B R R WY B RE
WFR NGRS, B 7 BEFEHRK—DATET B
AT BN

B 7 CAS-PEAL AB&FEHUEREHRAT— 1 AR ARERR
Fig.7 One person’s images in CAS-PEAL face data-

base

/!

& 3.0
ﬂ,—ﬁ/””z‘:i

¥

B 8 AXKAK n HHMEARX THIIRAE

Fig.8 Recognition rate n values in the uniform mode

PRI/ 9%

jab B

Fig. 1

PR /%

B

i

B9 tmk[3]9 n BVEAX THIIRAIZE
Fig.9 Recognition rate » values in [3]
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\4—‘
53.4 ¢
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0 0.2 0.4 0.6 0.8 1.0

ZH#a

B 10 n2 MEEAXTHFRESIRIE
0 The average recognition rate n in two values

modes
57.
56.
56.
55.
55.
54,
54.
53.
53.
52.

o KT
—SCAR 3] 7%

0 1.4 1.8 2.2 2.6 3.0

BY o TUXFIHIRFIRH A

The influence of parameter o change

e =R BT T =Y =RV I =1
. 71— 17—

@11
Fig. 11
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HITE 8 ~11 FSEIREIRA i, RAIRA W B R
TR XA U TR 2B 0L T 4R e AR N
TR AR SR FSCER3 ] BB 3, B8 n 8
FRETE 1 ~2, BB SPCA BILHIIRFIREA 13
ROUE, RAIRABAT BB, TR HSH 0
SHRABCRAE BB IE B 458, BT LAARSCHE Bt 2R
b ERTHE-PRER, LS8 0 BUEEEY X
AT 1~3, ERBERASH o EBUE 2.1 F12.2
PR A B A A TUR A R R R H, 2 n LT
2. 8 LUR TR AR BEAYE R — B E H9ME, AR A
B4k

MEH o MHRAIBCR BRI A BRI L,
R FSCHRL 3] BB AT, FES B o BB R
TR A REAERGERFLE 53% £, TR A 3C
BT F R IR B REIFTE 54% 20, RAE K
WE P B BAR ) B, Bl o B IR 2T LR
H, B8 o BUATE 0.5 ~ 1. 0 IR AR A XS .

Hig A B A SRS H X R R SE 7
CAS-PEAL AJGfE E#EAT LB SPCA S &%
M, 28 o« KEETEREN 0.5 <a <1.0,2% n K&
HEBYE N 2.1, B4 SR 3 ] FrilE ) 2.0 B9 b
FRAHL.

AICESTE ORL AJG AT CAS-PEAL A6/
R B SLH, ITE T SPCA B BB A S H n
MEERBHBEPHESE o XHRABRAEK
. EXIARIEL T BN, B4 n B o B
HEAFBBUEAEE, A R— AR, T AR
B AAE B B— HHh 7 A B B, —
SR n FISH o BUER HBUMY, TR A
WB AR ZHAFIT NN, S8 n IBEL o« B
{EAXTBR. X EBREH TR R —HER
T INREH n BUEBRATAE R B PIEME B 4 8¢
PLAL, RGP RN, A S S ARREA KR
B, SFEORRIR TR BRENBBEABOIE ZE
fEoint, NRRIBE B ERME %R, kR G
Ba , BRARINM S & ERAERBON A T Z 0% T
— S5 B, (B ERERB MR ZRET £RA
RS HIBEDLAE B, BT AR 3 ST £

4 HFiE

FREYLSE E 0B 207 (SPCA) B /5% A
BIERHEAT R IR AL 2, DA 58 A 145 oP SR 51

A REER, FMEAR R ARG B, A5 H
(A Bk S T AR AE SR BURIIR A , o B3l 2
FEARNBARBIITRE T — A& BT00B B AXE AR
FHIAT SPCA HATERBERSH n M FER
HEPHEESH o XHRHEREE N, 5 H T SP-
CA BUSBIF R AR NS R BB , AT HE—
YA SPCA J7 ik B9 Bk
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