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Using Symmetrical Face Training Samples Based SVD to Perform Representation Based
Two-Step Face Recognition

SUN Xiao-Qi!, GAO Wen-Xi’, ZHEN Li-Hua®

!(College of Education Science, Nantong University, Nantong 226000, China)
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Abstract: Non-sufficient training samples cannot comprehensively convey the possible changes such as illumination,
expression and gesture, so it is hard to improve the accuracy of face recognition. To overcome the problem, Yong proposed
a method that exploits the symmetry of the face to generate new samples and perform face recognitiorﬁv Ti‘l_e new training
samples really reflect some possible appearance of the face. However, it usually gets bad symmetrical face samples based
mirror image with the changes of facial poses, which may affect the accuracy of récognition. The SVD has advantages of
stability and shift in-variance, which can ensure the rate of recognition in the case of small changes of face images. To ease
the shortage of the above method, the authors improved it by generating ‘symmetrical face’ training samples based SVD
and mirror image, respectively. The experimental results in ORL, PEFET and UMIST databases show that the improved
method outperforms the effect of Yong’s method™

Key words: face recognition; SVD; mirror image; symmetrical image

NI AR B — B 2 R 2 B AT T i
ERWT TR, NRRAR R ) 52 R/t el &
BESMBA R AR, 3 BUE SRR DU AR
AREHUS BRI IR BIRBOR, Sk B REIEE. KR
KR W], 2 M GRRE AN 5 5 Ros AR B D8
LN NI AR S I b5 S AN TSR |

@© Wk 1):2015-05-19; IR SR I 1]:2015-07-06

130 #AFHAR « 53k Software Technique * Algorithm

AT R RCR g . R PSS h R A
A7 BRAE— B A N R WF 7E Uk — M, S8
A R NI AR 59 75 95 AN R AT (14 27~ X 28 AT g A A 1022
e, i AR MESR i AR IR R P

N TR EL B, BUSE L RRA SR, R
FHEM T RKERB, HPREETRE, Cansl

© MERERBATHRT

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



2016 & F25% F 2 M http://www.c-s-a.org.cn

it E N R g N M

JZ RN N BAR AT I8 AR OR AR L
R R BE SRR, (W TR, AATKSIR AT LA
a3 e R AR R e DL S 1 AR AR AS. IR %
O HREPORLR B, AR VEAEAR R R 385 B A Al
AR ARG song 25 NFIFH ARG R 58 i T B
SEEAE ARSIl A T R R R 2 DN IPN AR
Wi AR S AR, PRSI EES 1A
EAHEL, KT AR R G = TR,
DIR853 B S R0 20 A8 G 19 21 e B I N MG G
AT, ZITEN TR R A PR AR I A A I 0 B A
BIHEIRR RIS, 754 PCA HILLL PCA BIEA L
AL b, zeng 55 N Z5A IR TR UG 105 FR I,

#e it s2DPCA L, ZINELR T 2DPCA XI5 %

SRk, BORAEEEHAE T 2SS,
5 /b ) R — W BB, 1) T PG L A
B, Yong 25 AR T T AR IE I 5 AR5
ﬁwﬂﬂwkﬁmwﬁﬁFE%WW%ﬁxxﬁ%
NS, 33 95 T L 55 i e A P 45 e
fty— a5 1k, [ Yong 3B 7E 503 H 3K I £ AR 31
(774, AR T 4 BUR KB A I3, #E—5i
B LR R AR

{H 7 e AR UG 0 48 25 R A AR AL LB R, SR
MR AR 85 X FRAE AR B IR 8 R AR BB, R k2
IR B BOR. A TRl LR, BATE
Yong % A TSRl L i T 3 — SRR SR, mosk
(1) 32308 3o 7 S5 4398 o B T £ 2 SR X 2 4
REAE R, FT LRI B b R . R, R
N 7 X R A L, SR B BHR EE. B R

RRAE B LA R . BHRRAETE SE AR A, BR et

PRI I 26 51 2 RIS LA AU 1
P, BAR T A — TR T R B,
BATICH BRI SVD AP B 0 7
AAFRENE, WA LAGEAR 7o A 2.

1 BEEH
1.1 BEEEPE
AL FEEZASELT AP IRGE R 1 5D
REE KAL)
DERSRE—MIIZFEAR, 200kH SVD FE1G S
B T75: 42 5 I ZRAE AR FEGT L ) R AN X B AN A AR
(2 prRJFis B S R G RGN R, K3g—P

R 1 M P BRAR BB 7 i A O FRRE AR PR ) i )

)N EAE I ERAEA K TSFR J5:(TSFR B4
2.3 THLIAN2H)
3K X RN AR A TSFR J5i%

4oy Hn Gy

SRR i 2 e 7 EC |

B 45 8 A s, = o5 +o,s] (o >0, H
o+, =1)IEATIMBETHE, 153855 17 K45 R

A= I =T RN T MNP
- o
% ==
vy § 3%, Y Y
. SERIEGE | | AREGE | | AR
*mﬁg#$ GE—-pm | | rE-sem | | BnREH
a | ] BIEMGE R

RN | £BRSIRAEAZ | £ SIREEAZ

AR

AR R EH)
IR A ) e
BN

SRR

K1 SEREED IR

SRR

!

EZ\E%§@ﬂE%@E@
A\ »

A B
A Fliplr (A)
B Fliplr (B)

B3 AR PR E O A, B 2R IR EUEI
FEAEN, fliphe(A) FR R R AR AR U A 240
FESUGFEA 2 A IOBEMR , [FIEEEEE flipln(B))

1.2SVD BT ERIE
R R BSR4 155 BRI N

Software Technique * Algorithm 3K fFHiA « &k 131

© TEBSERGIEHET  hip/Avww.c-s-a.org.cen



it E N R g N M

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

2016 4 £ 25% % 2 M

PSSR AR B Tz RN A R A
S AR RE A E TP /I
SE (AT A R ) AERT (AR — Mk, &
m>n), rank (A)=r, WIAFLEPAS IEASHRE:
U=[uy, s, ..., U] E Ry, U'U=I FlI
V=[Vi, V2, .. Vi] ERppuny V'V =I
PL R Xt f B S =diag[h , A 5 ok, O ..., 0] E
Ropn A1 >0 >0 >, 20, 15 T2 alor:
A=USV" =5 Auv’ (1)
Hp A N A A A AL WHRFIEAE, v, 53500 22
A" AR AAT IR RER A, RRHE R &, ()P BLE AL
TR
S=U"AV Q)
RPEUR A 72 U V I e S, BUS HIXF 26
¥ T FRA B R B P ) 73 S (B A Hong™
E T MG A0 75 57 AL R UL R
@ Fasi b P45 5 (AT 0 L B 4 0 R
SEPE, BT AN UG . BB IE S 1t 5] R A AR
AL B AR BRI
@ HEFEARANE. A AT BAHIE 5T .
@ JrREEAAR . BG4 RER 5 I G A F 1)
SV FHIE ] &
@ ME—ANARE SR A 4T B 1 AT A
1) SV HREAE [ &
® BGA AR, EIHEAM— DN EZT x 1
By, ARAHT a2IHEH, MARALH: THGAR AL
SV HFHIE M & A A BB B A
1.3 TSFR BN F EFIE

5 SEBUTHL KRR A B R LA

I -

B RSB PR b P 5 K
U SRR A A BB AR L), 45 Hh R 21
PUIZT S

s C Fm B NI BIHE, N 58 1 SR 45
PEAHLH, N A BBV SRREA S H (B N = 55N, ).
X ¥ 2R 2 Y BIFORIBUBREA L SVD SM Ty i
T AGATFRREA R R G907/ ML RE R B A
AR A B, 9 T AR, AT BA A I
YRR S A A3 SRR R, R KRR A
PR et 2 S DR A, R S e A a
AT REAR ] LB 7T

132 #AFHAR « 53k Software Technique * Algorithm

B, BAMERRM AR A AT T AR
zZ=ax, +..+ayxy 3)
Horba, ZoR 28, BATAT LA 3 FIFERE X A 4 SKbrid
FEAFEREAT R HGERE, B, 022 2(3) AT 8 5 ke
z=XA “
i A OFATAT LU, RECERE 4 7T LLE
A=X"X+ul)' X z,A=[a,...a,] HEH], Hh
RN IERINEL, T O AR R
TRAREAFULRE S & bR ORI B 1)

&

X kn =
e k=10 )

BILA RS EMTIT LU EL, X y)1p150e0s Xy TR0
55 RHD 0 AINGRREAR, T @)1 ees By 952 IR
RERAE 2. TRt 2 2K(5) BRA TAT LAAS BT R
FAHE] CAREA R LR B

Pd, <d,..<d . WSHREEARBHLIGRT ¢ A
KAFETRTN L2t Be5 2, TR FEA
B 5 B — AT £ AR A

R, SEE DA b B, AT AT LA AR R
B2 ST S FE — BN TS L P, TR TR B
it R

SRIE, RATIE BRI A K R b, 75T
BEI ¢ AP, HE— 2 HIMTIA A 5 — A2
BRI, imeeminmgg s | L

TS ¢ AR AR RBAA x.,... x,, WHE
REH— /BB R 2 PRy

3 z=fix, +...+fmx;n 6)
FoAt 7SR AR, TATTT LME A 2 (6) T B R
N:

d;

z=XF (7)
Hodp Foar ol an A U EAS 2
F=(X"X+yD)"'X"z (8)

K F=[f. 1,1, y&r—AERNL, 1 RERTR
By S

BAIH x,,....x, BN n(reC,,C,,,....C ) KHIFT
HIGRER, ..., [, For 5 HARR LRI, WL
FEARBSS - 2800 KRB B AT 268

=Y fix. ©)

#ik=argminu, , W k BI5M0RE A AL
0, B2 i i) 4y IR E5 A

u, =

© PEREE ST

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



2016 4 5 25% 2 2 http://www.c-s-a.org.cn iEN RS N H

2 AR5 )it SVD A
N T BRI SO R L R R N R A T
HERR MR AT 1, BATT R K otk Sk 5 R 5k o
%|7E ORL. FERET Al UMIST =N A HG#ds 2 B T
S SRS ) 595 1 B A P e R P
D)FI UG S5 A o FRFE A B 5

7 TH%#EG%EWMA%I%-

/6 FIFE 7 43 BRI SVD E A ORL
NI FE R R R, Hrb R 6 Fom R R R
AR RIS 1 TR, b AT LUK, B ke A
AR AR RIS Kk M), @i 4 5
R0 A2 77 T DB A 1 R, T 7
FR A A S TR AR (R0 1 TR, L
B4R AHE, SVD EHESIEEAREZ LT 55
BE TR ZE BIRAN, T DR % JERAARE A (12 .

SRR AR ©

ﬁl &ﬁﬂﬁfﬁﬁﬁm%w

5 S ABESAEN, TRy |50 | b oo -0
TRRE AR (145 5 &) I ort” 9.64(10) 9.29(20) 8.93(30) 12.50(40)
" - FERET 40.75(50) | 45.25(100) | 47.13(150) 51.25(200)
& 4 FE 5 405 ﬂr\mmﬁgm@%ﬂ% T 13 5 A UMIST 23.4030) | 24.42(60) 25.64(90) 28.21(120)

ﬁﬁmmﬁmmhAw#¢Mﬂ¢#¢l% Forfi 4 %2 ORL AMJE ERIBHILR
%1 PRI, B2 PR aader |l | g o
(102 S5 ISR REA AN L ROPT AT ERREA RS, ) 5 % T e e B
RIS 2 N A A Ak, S P PR B o i | me | 10 | 550
FRREAR BRI 45 50, Hovh 2 30058 — B 36 JELUR RE R, OB Uank | 218 | 1081 | ses
55 RS = 0 R RO BB A R, N LT s |2l [ aeas | 0w | s
WEMi%%%Tuﬁﬁ i FH MR % ek T B ok | 2278 | 089 | 821

AT SR AL, F iy %3 FERET ABF EMRAIER
ﬂ%%ﬁﬁﬁ.@mé%%i%wﬁkﬁ,mﬂ%, BUGIER AR ! 2 3
I 5 0 T K13 80 A A RS weoss R LN | D | e
Bt ARrA 51.67 37.60 44.25

Software Technique * Algorithm 3KfFHiA « &k 133

© THEBSERBSNT hip://www.c-s-a.org.en



E R g N M

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

2016 4 £ 25% % 2 M

Xu 777 50.75 36.40 42.88
W=0.75

Ok 77 2 51.50 36.60 42.13

Xu 5% 49.50 35.30 40.87
W1:0.65

G 50.92 35.90 40.50

# 4 UMIST ANGFE B R H 45 R

JRUB IR AR 1 2 3
Xu W71k 54.22 50.93 50.75
W1:0.85 N
PSR 53.73 50.93 50.15
Xu {7715 54.22 51.73 50.45
W,=0.75 —
BELRIS 53.73 51.47 49,55
Xu W71k 55.18 52 51.04
W1:0.65 N
PSR 53.98 50.67 48.36

= 1 TRGPUERE—ER, 5 RRIEE
ANFEMEIR SRR AR 520, 3R 2 2R 4 FR Xu
BN NG H%AE ORL. FERET Ml UMIST = A e
HAE RPN S5 R LA Kb Wi FoRBne i IS, S50
IHFEH ORL AT UMIST A2 A Bl I A G A BT A
56%46 K/, FERET A OREA S GE— BTN
40%40 F/h. HBRE RSB, FATAT AR

1) B T 5t 1 77 V0 R4 38 6 B NS A PR =
J& T A A MR B AR R AR VR, T LB
H B A OB R ARG X B ) s S
Pem Ve EG S BRI SRR E AR
PIEE . R, @I EAS RN R PE b i s e o Sv]
LB, 5 Xu WAL, Sodt 5 SRR R b
PR AN FIFE B 4 e, R R B 4

2)[EEF, ASE IV ZRFEARAHON 5258 245 AL A A
A s e, i EH AR [R) B I Z5FE AR BAE AN [R] i N e 2 s
FE_ERIRAERE A —FE. R 2 B 4 LIRS

AT LAE H, 7 ORL A1 UMIST A FE b, IIZRFEAZA. |

3R BIHIR S 0T G T L AR 2 AR B i
7E FERET AJRPE b, 75 2 AU ZRREARIIE B T iR i)
BRI, IR g

3) 5% J5 T, B SEB6 °T AR, AR PR X R
SIS IR th A — S ORI, LA T A, 24
KR K Wi B 0.65 (EHE(R BN IAT. Btk feT
EEUAT SR R A SRR T — SR 7 A,

3 4EiE
JE A5 1 ) PR A 1 A6 R R A G R A R AT 3 25
NIRRT, BARTE— EFEEE b o LURIF 7R

134 #AFHAR « 53k Software Technique * Algorithm

T BAE KR SN AT AR A AR, Ha2
I SR FRAT AT DU, 9 NSRS A BRI, 3
PO EE R NI ROR AN EEAR, 82 e 24 ()R ) AL
R.OATEBEBREBINENA R, AT 0K H
SVD FlENG LGS X FRAEAS R, IXFERE nT AR
NSRRI AL AL, ST LA B SVD fR B T EBUER )
YIBAFAE, P T SVD R E M AL AN AL
WaOR T NN . B R AL T BRI
#. {E ORL. FERET Al UMIST &=/ WK e itk
700 T AR S, ATE I 1 gl S 0 3%

)L sExw

1 Baumann F, Ernst K, Ehlers A, et al. Symmetry enhanced
adabg)ost. Advances in Visual Computing, 2010, 6453: 286-295.

2 Loy G, Eklundh JO. Detecting symmetry and symmetric
constellations of features. Computer Vision-ECCV 2006,
2006, 3952: 508-521.

3 Harguess J, Aggarwal JK. Is there a connection between face
symmetry and face recognition? Computer Vision and Patter
Recognition Workshops, 2011: 66-73.

4 Abdullah M, Wazzan M, Saeed SB. Optimizing face
recognition using PCA. International Journal of Artificial
Intelligence and Applications, 2012, 3(2): 23-31.

5 Royer RF. Detection of symmetry. Journal of Experimental
Psychology Human Perception and Perf(mnénce, 1981, 7(6):
1186-1210. P

6 Leyton M. Symmetry, Causality, I\/End. London:MIT Press,
1992. } = X

7 Sopé.zYJ , Kin YG, Chang UD, et al. Face Recognition robust
to left/right shadows, facial symmetry. Pattern Recognition,
2006, 39: 1542—1545.

8 W I KAE. — R T NG T BRI PRI 42 2DPCA 5
A E L LR 5F#,2011,33(7):74-79.

9 Xu Y, Zhu XJ, Li ZM, et al. Using the original and
‘symmetrical face’ training samples to perform representation
based two-step face recognition. Pattern Recognition, 2013,
46: 1151-1158.

10 FER0HE, 3% T, il e85 1 a0 A8 70t 1O N s i) o7

TR RE 5 T HE,2004,12(5):544-549.

© MERERBATRT

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





