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Abstract: A new approach to face recognition combining decision fusion and multiple sparse representation-based
classifiers was proposed to improve the robustness of the traditional methods. Different types of facial features were
extracted, followed by training multiple sparse representation sub-classifiers, and then decision fusion was used to
obtain the recognition result of the system. The significant advantage of the proposed scheme lines in that the final
recognition results were not driven by averaging outputs of multiple sub-classifiers, but driven by combining multiple
outputs via weighted fusion method. In particular, the fusion weights were adaptively determined by an iterative pro-
cedure according to the different classification performance of each sub-classifier. Extensive experiments on Yale B,
JAFFE and AR face databases demonstrate that the proposed approach is much more effective than state-of-the-art
methods in dealing with lighting changes, expression changes and face occlusion and multi factor mixed interference.
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AR AR R il 0 i o ik 2k P T
UL —, BRI A GO R
PSS A R IR, SRl S AR
AT AL NG R P SR, R AP
FH 3853 43 #T (principal component analysis, PCA)
R E AR A0, ARG NI FEAR AT 5
PRI 0 EBRAE . 5K A % NRIFH Fisher 25
P 5387 (linear discriminant analysis, LDA),
A Tk 288 P 5 A ) 5 R ke 20 N K A 2 TR ] )
Z25, R NEFEALE Fisher 20 FHHTHR,
I Sl I P B R Fisher 25 10)_ b B2 R E R )
W A2 50 . Wrright 25 AP B+ i 6 7
(sparse representation classification, SRC) ¥ A\J
BOI, HIZRFEASKRI SR SRR R 5L R e
Mt 2 I AT . Tk B NSR A
At ) 3 A SR SR i e U P 458 177 a), - 4
WIGAEABY B)1% 125 [ RS UM N Ak, 38
MG TN RT3, 5 Jm TR R 220k 5K
AR5 (LDA-SRC). Yang 25 A4 —Fh
454 Gabor 7 ik 1K) #i i 2 7 N K DR il 16 7 V2
(GSRC), HILFEMAKI) Gabor $FME, FxfH
Gabor FHIEATHBL R R, AR T HAARET 5
(OSSN e T A ) VY P 2 g K7
A NN IHER 2 . ook — RIVEE TR &R
(1) A 1 7 VAR I At 150, (R S S A A A
FR IR A AR 1 R A

A STAEAL G855 Ak 3 HOFN G Ath, X0k A 3 R 7
NI Al b, 32— M 2 g R 7> 2K e
PSRl E M NIRRT . B G IRIAK Log
Gabor FFiE 22 )i — A R 7 1) B 5 B
J7 FIREAE, ARJE AT I 3 AR RN 2k 3 AN 3R
oK, WRIEEEAS TR KR, Wi
— AR, &N E & T IR
RS AR, e e R Rk S AU 2 A 100 2R 2 1)

B g AT PSR, SEILAN T S 4T R A
iR s . Hr, FR-MSRC 22K i, Bik4:
(1) SRC 432245 BT FH 1) d5z /1N B KA 5 22 B A ol FE AR
IERRE PN o817 % ST BUR/IS> 1 Ee il
W 78 o RAEAN A T o AR IR RE, 3RS TAT
o] B — AR AR 23 AR IR 20 RGO AR TR i 4
LT B i) LK

2 ZHHERREN

2.1 Log Gabor $5{E$2EY

Filed T 1987 -5 X & 1 i Log Gabor JE %
0%, Log Gabor V¥ 85 51 FH 4% [ B 4% A1 A1
JE DDA P A Rk, 3B Sk AR 1) D A (1 R
JERN A1 BEJESE 25 100 5 ) k42 1] Log Gabor JE #%
(AR N, . SCHOEIER 4 DMAFEROIE (D
SR 1/34 1/6+ 1124 1/24 )Lk 6 DNAR[E 7 [ (4
A0 m/6+ m/3y m/2 2m/3. Sn/6) Ik 24 MIES
M ] 18 AT N IR T . NIt 4 R 6 7
) PG IS5 SR 1 TR

n

23
IR N
G IE N

3
-

IJ‘

K1 Log Gabor JE¥ )5 %R

BT R AT R AR, B SRR
AT, B AT AN AT g NI AL, 3L
AR B, T EASRAMICAIRF Il i % 41
IRANE TR o 35 = AT A DU ATy A R A A
fik, FCHRFAEAN 1) AR 42 RARIE, (B2
ARG R A AL o ZRAF L R A SR A
By T m A IO . O T B ICRFIE LR L, T
NAERFANEBIESEE R, Rt 24 IRE G
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BEAT 3 PLAb 28, AR5 TF B R AN R 23 Hexsf i
fRRES, H e R B AR AR AE AN T 1) MR
A5 IR RFAE o
2.2 ZREE_FHHIRHFE

JaiiB —1BEHIAE L (local binary pattern, LBP)
JENLAR LB P o e — R, LBP R
AT RO RN SR A SRR AR, 0T B R K
JEAR R HAT AR, AHAE N RS R =2 0 e ik
FHORLEE 404 o BRI 2 He R i —(E A 20 Cmulti
block local binary pattern, MB-LBP) #i#¢H, LA
JRAMESE LBP AL . 7E MB-LBP JiH5 T,
4t LBP 5 7 ILAR Al Z TR 1 EL A AR R P 1]
B, AR BRI MR AR 73 4
RLEE, 38 AR5 MB, — LBR; 7R 3x 3 {8 FE K
AN EAR 2 1 8 WIS R S —4L LBP BT,
MB, — LBP;; 57 &l 2 fiior.

2 MB,-LBP? 5T

Bl 2 AN AR MR, DUREG
TTHARIN 8 MEFILALN—MEFR D, TR
W9 MERIIIME, AR5 700 oL B 0 5 Bt
A7 LUK & R ME A 1
2.3 EfRoXX/AERE

73 DX LBP n] LUACA it i A (R 25 R 15 16
HARER NS 38 73 0 pxq 201X, SRJ5 73
TR AR X EIT B, 52Ok Py 73 X1
E7 ERFIEE B MR A R . Blig b,
IO 41 1) 7 DA s 1) SR B i Be 7, (H2
A R R AL, RN R X 4y
R E T B R, R E G S ik

PE15x13 . 10x11 Fl5x4 3 3 s XA/ Pib4r sz
bR, S gt R 3 fios.
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4 AMFARAAICER MRS LBP B 5K

HIE 4wl 2 JEsAe 21K H7 SR B
SEARACLRRY R TS A PR AEABURE B2 318 g A A 24
NP . X SO RO AR R 2 R 2 18
HISHE, AESRAE AR E T 2 N B HAT R
(Fr A o
24 FEBEEFE

J7 1n) B F5 H. 7 &l Chistogram oriented gra-
dient, HOG) /& Hi Dalal % AM2I7E 2005 442 i
1. HOG 15 JuHs B 5k 70 /N IR X 4k, o
S 3% SR s P AR BR B 7 T A S e fEL, AR AR /D
(V)3 3 DX BRI e e, HEAT X EE LI Ak, f
Jri 4 BAR BT AT B IR 5 ALk A BRI AR AR I H AR
MR AL F IR T . HOG Jj i AE G I Jm i 4l
L vilnt 2 3 (R YNERC T IR CRIP RE SO 7
REORFFAR LS AL, PIASCIR I HOG H71iE
AT BNBOmH R (RS R, Wil 5 s, B3 R
AR T 2 R R I e il 41 80 11 T
Fls e R A

HIE 5 R AEYERAEEE IO DL B, A
LI R R A A A AN SE M R AR, BIAR R
ANTE) AR A AL 8 R AT ABL o

3 ZRmHRTOERIME

3.1 BRRTHEFAIZILERE
B KA AN [ 500 (1 Ve A 2 BRI R AS £

5 3 FhRIERESR

X =X, Xy, X ]» e, X &R i KEBRIN
WHREARTEE, n WiZREE, m AFEARIESE
o, XVeRm RREH AP WHE jAER
(i=12K;j=1L2,n), VIZFARKRE N

=3, o K X = R R FHA R KT

(gt X OB TR T SRR RIS,
WHMRAREA y = R™ R T4 KIEME, BEe by v
B KT X PR XY RN
y:[aiyle‘)+ai,2x2“)+---+ai‘nixf”], v, a | Al
R, AT X PR TR Ry
ARSI AR X OGRS R A 0,
AT SRAR L R ARbims [] ERA FRb dh 225:
min||y - Xe |,
st]al,<E D
Hrp, E RMSRAKRE R, a=[0,-,0,a,, -,
;0,0 ZMRAREA y 7R X BN
FAE, AR, a T a0, AK 0.
AN NP HER,  wTAE A SRAR L JEH0H )
min||e |
st.]|y—Xal,<e (2)
B, e Ko B oE W R, 5 A
() =[ o ma, | > TRMBPEA y, AT LL
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L(y)=ly =Yl i=1,2.K (4)

aC (4) Jn, W BEMEAFE AR T 550 2%,

2% 2 1 (y) BN 755 Al T 2 45 e 22

SABIRARMLE R . ANy 5y, 28 5k %

RO y JB T8 | SR B KR R, LA

W E R RN RBE. E Xy 5y, 205k
SO -

b=—"— (5)
4

¢1 +¢2+...+¢i +...¢K

L, FEAy BRI AT LI (7) e

Class(y)Zargm{ﬁ(yei—thclasswl)} i=12K

P(yei—thclass|g)= (6)

YD)

IR BEAR AR (R A R 7 AR RE

MR AL, B B A y Ji T35 1 2K
ffrml REME -

4 REME

YRR RS T DL TRY R B A A R 2 AN 00 2R 88
XF A MAREAEAT 43 0, AR E R 2 A
RAFIVFIN G FMAT G RS, AR
Zi 3, Louisa 5 N'EAFH]: e 102408
HERS AR T 0.5 I8, B 1 23 R8N HU) B W
o, PRSERLG S HER R T 1.00 R,
TRV 2 g R s PLR R G 7 R AR I, L BRAE
FA T R HER R ILE 0.5 LB, W21 57
RUEM R AT R = .

Ty J7 L, ASRVRFAE AN [R5 bt N K )
AFUEE, BN AR AR ARG, TR
FHAREF RN, (R ARER T, Hiests 3
BRI Z . QR AR Bt P SRl S B I A
[FIRFAE [R5, ARMELEAN [F) PR T R R
PR TG E

TR 2, AL BN 43 R 2R AR A X

BRI AT 52K, 7% SCER[1SEH — Pl
R GE R R M2 S ) EEHLAE) 21 2 7 2R 0n) i,
b3 RAR AN FIREAS A (R 2 1 B 1AL
i, WAFEAF IR SR . 2 2% STk [16] 2 T
Multi-Agent A F H & W 7 3 1 2 4> R A kA 55
%, G N i R R DA R 93 2 2 TR] 1R R 5
FIRAG IR, BN & 7 RS T AUE, A
B s IR RIE % . ARSCESRIERT b, ik
5530 WIENR, Al 3 MR s 2 KA
TH L IR A B AN [RIRFAE R 5 AR, 5 Je 1) ke
BAER 2 A1 R A8 a5 Rk T v sk, ok
(AEEEUSURE Y/ I
SEBL ORI 2 RT3 A
FRRAE, RGN GRFEALE X -
X =[X,, X5, X ] (8)

o, K OREBIHL X =%, 0x, | € Rl
ERNRFEASE, x, 0 X, TS | AR,
i=1,2,,K, j=12,---,n, n BT BARALL,
d R HFAE 48

IR 2 MGE 3 AR R R, K
WGR NI FEAS ) 3 MRe Ak 20 ) 2 1% 3 4> #i it
Kon7 i, bt 3 MR R T 0K
B ARG NBEAS T AR IR A YR S RS AR
E Wi
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W,=—,5=12-,M (9
M
Hrr, M yorRasiN 8, AT M=3, #lihtk
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P 3 WTERMARFEARxeX, HH
3 FRFAE A3 5ol DT . (9 743 26 8, AR 3.2 1507
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u, =§:wspSi (100

U={uli=12,,K} (1)

PR 5 DIURA S B, e A
e x (BT E S0

identity (x) = argmax{U},i=1,2,---,K  (12)

PR 6 HENIEREHw,, BAAEIER:
B AR x (15 Frbns A Label(x), Hy il &1
AR identity(X), WIS Label(X)=identity(X),
W VLR B 1R 73 BBR B 5 5 AN 103 RAS I 43 b5
ZEATLLERL, XTI R I 1 AT 20 RN
IACE RE Ak e, [RIREAEAS 123 S48 i H 1
SRR p, TR, ARTEHPEIR, HRR
BRI AT 03 KA IR A AR 7 ) 3 e
13 2 OB 5 AU w, .

IR Label(x) # identity(x), JFIWriZFEA Ky
MRS, FEELIT. HEPORIRIEDDER 3, XA
AT B, HR AR e k. 2
PLE 6 AMDER, AR RS IR I 2R 58

5 SKELERRO

h T BAEAR SR I AR A R TR = R
YA, AT T, R WL
RAVRA S . AT Yale By JAFFE 1 AR
£ 3 AMFRAEAIGEE, 0T 4 DOARFITPE X b
Seu . A %#E PCAPL, LDAM, svM. SRCPL,
LDA-SRCIF1 GSRC! 6 Fft 28t A\ i 1159 )5 5 A
) FR-MSRC it
51 ETAENEEAMIRZKIE

Yale B AJGEHZE, 310 4NN, A 64 5K
NI o R3S 5807 1) #1 0 TIAN A,
¥o64 SR ANRERIE SR 5 ST 4.
0<@<122 2714 1, il 7 sk ARE G
12°<0<25 274 2, it 12 sk ARG,
25 <O<50° T 3, IR 12 IR A
50 <O<T77T ETHE 4, Al 12 KA KIS

77 <O<90° TS, L 19 sk ARG .
THEE 0 MR, SENKS EIAE G,
T NEFEA A 6 o,

6 Yale B 5 AT NIKAE A

o

PRI Yale B A b T4 4 109 3 FIOR [R5 A
PIRRIGRREAR, Jhfb 4 S TERAEDIREEAR, ]
T 1% 43 245 10 S AL U AN HE 1T LA SR 11 1
CIESRIEUEYIE S

x1 BIMHEERRTFERBIRMNER

T Log Gabor MB-LBP HOG

FH1 95.6% 91.4% 55.7%
FH2 95.1% 94.1% 80.2%
FH3 95.7% 95.1% 95.1%
THS 93.8% 95.4% 73.6%

& 1 AR, B3 RAAEA DGR iR
AL 50% U L, FFERTZAD RS E
ARk 1 4 AF, Rk, FR-MSRC J7vEfE# g b
LA i A AE AN [RDG IR 1R . )i i
5541 WROTEE R R ABUE, AR AR A
[Fil 5~ 5 1) R 5 T R i o I (R N B R )
W# 2,

R2 FRFEETREFEMBENERMESTHERR
ABIRAE

T4 Log Gabor ~ MB-LBP HOG TR
1 0.358 0.327 0.305 98.57%
T2 0.354 0.324 0.312 99.17%
43 0.335 0.329 0.326 99.17%
THES 0.373 0.327 0.290 97.37%

L 2 il 51, 7EARDGRT Log Gabor Rk
[PIAE Lt HOG ik ¥ il A5 A K, MB-LBP {4
FR/NYEFFAE 0.32~0.33, XK W] Log Gabor FFiE
TEARDCIGREE T, e R EZ M6, X
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55 2 WEHS T A A PSRRI T
LA W 5, BARKT 45 R L2 3.

H# 3 A4, FR-MSRC FAT HUF 1))/ F i feke
PE, FEAN RG24 EADSRCRIFR i i Ul 22,
FEAAET4E 2 FIP4E 3 _BaTLUAS] 99%LL F v
. 55L&k d, PCA AUH
62.02%IF R, HABEE TR & 7= 1) T ik m)
DLk 2 90% BA B R &, H 2, AW
FR-MSRC HU4G 1 S i (R
52 ETFAEFRIERAMIRAILE

JAFFE NdisZE, 34 10 ™A, BNAH
TR CPERG . %, B WA DR R
W R, AR 3 REMGILE 21 9k, A
DHABG S 210 SKEMG, 3B ANREA
Wi 7 fios.

SCRGR, RN 3 sk RS A REA

ATk, JHFRH 6 BB/ kA .
M 22 7~ 43 25 11 AR BGUIE B AR AE ] BASRAS 1R
TR AATNS N J B e, AR AR LR 4.

K 4 AIH1, & 1o RESEA AL R iR
TFRHLE 50% L0 E,  FIRERFE ST 24N KAl
BAHRUMERISAT, HEE 4.1 IR A R
i, ANFFRFAELEAS RS T I Rl PR M b5 oy
(INEHOPN Al [

HH 5 AL AEARIZRSS N HOG FRAIE A E
Lt Log Gabor FFEIAUELL K, B HOG R 1iEAEA
[FIZAE T, Jam] DL AR s 5, X501
WO (R RS BCE RN A S, [R] I MB-LBP AL
RANEFRFAE 0.32~0.33, X555 2 S ES 4 i
FHWI4 - FR-MSRC 7EA R A 5F F BRRF AL
AR A, TP R R T A 7%, Bk
XA R 6,

K3 ANFFEERABTHINTERANKRSHMIEIT LS R

VAR PCA LDA SVM

SRC LDA-SRC

GSRC FR-MSRC

62.02% 82.34% 90.54%

93.05%

94.21% 94.71% 98.57%

7 JAFFE 3030 B o AN R 3R 13 20 NI RE A

x4 BIHEAETRRELARZR

Ed IF Heit Wi 45 Hn HH

Log Gabor 91.3% 90.5% 92.5% 83.3% 92.6% 90.3%
MB-LBP 93.7% 90.3% 86.7% 76.6% 86.8% 73.3%
HOG 92.1% 91.3% 94.3% 91.9% 93.2% 92.5%

®5 FRFIEFARRBTEMNMESNERMSIHERARIRZR

FEAE BRI i F R e HH

Log Gabor 0.323 0.330 0.330 0.328 0.330 0.330
MB-LBP 0.329 0.328 0.326 0.323 0.326 0.322
HOG 0331 0.332 0334 0.339 0.334 0.338
W 100% 100% 100% 97.6% 98.3% 98.6%
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Jitk: PCA LDA SVM SRC LDA-SRC GSRC FR-MSRC
VIES 80% 91.67% 87.22% 92.78% 93.33% 88.89% 99.08%

K8 AR NJRHH R o NI 1R

M2 6 W41, 5 L& S5 b, PCA
HISVM 1& JAFFE i3I 90% LA T, Hofth
BT 2 m (W VE RN HIYTE 92% i 47, H 2
AL FR-MSRC 5% 511k 99.08%, I 244
e Uf
53 ETAREEEAKIRS KK

AR NRGHEEE, 347 100 AN, AN
B, MABYE 13 kKR, B 7 SRR AR
EUG AN 6 A wole P A S5, AR NI 2504 22 350
o NI R ] 8 Fro

SIS, BN AR 14 SR ARSNGB 4 A
HUNZRREA, FRIR 10 12 SRR ARG BHEAE h il
IRFEAS,  FFRBE27 43 28 1 S ARG UE B ANREAE ]
PASRAS I %, A R0 7.

RT7T BNFEETREIESY ERIRA)E

Blig et/ Sk M

Log Gabor 90.7% 81.3%
MB-LBP 92.8% 90.1%
HOG 91.1% 88.6%

HIR 7 "R BT REAEA RS
PV ZRARAE 50% LA 1, 3 4.1 500758
LGB, ANRIRFIEAE AN R 4 55 1) 5 A
AR AL AU R LR 8

*8 AEMFEEFRREHMMENER
RS HHIE R B A B IR A 2

A1 4 i
Log Gabor 0.329 0.328
MB-LBP 0.331 0.333
HOG 0.330 0.329
VIES 100% 94.3%

f 8 WA, {EANFIESYY) N, MB-LBP [1)
WL HOG # Log Gabor K, iX#H] MB-LBP
R AIE 7 R TR N TR R HE R R T R,
952 WIMER AT AV E, PR RIS T
HAbZE I IvE, BAAX HEs R K 9.

& 9 W41, PCA. SVM 1 LDA 7 AR A
Ji Hicdi PE_L R R EAE 85% LR, L AR
P EAAFAE SR D e, IEAF ARG ORI A
AR B AR Ak, i N i R A5 s IR e
BT R s 10 7 VN e 3 KRR IL 3] 85% /e
A7, SR FR-MSRC &5k 97.13%, HA
BRI Dy T
54 ZHEERELH

N THEPKAE FR-MSRC S22 TR ZE )
WP, 735 Yale B. JAFFE Fi1 AR 3t 3 AMruE G
JERIHLERE 10 AN ARIBERL 10 5K ARG, SEit 300
SRNIGENR, dRa A 2 RN E. [FET 3 41

®9 ANFFETEEHYTEHIRMNESHMA A LLER

J7ik PCA LDA SVM

SRC LDA-SRC GSRC FR-MSRC

P& 75% 81.45% 80%

86.62% 90.08% 93.26% 97.13%
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J7i: PCA LDA SVM SRC LDA-SRC GSRC FR-MSRC

PR 72.18% 84.99% 85.76% 90.65% 92.38% 92.12% 98.10%

(s R —30 BN S SR ARG 25
FEAS, FHFRIR IR 5 R AR EUGAE g MIRARE AR T 526

R0 IR T TR ITIAE Z BB TR = TR
W, G R ST 85% AcAq, L,
PCA. LDA H1 SVM X}~ SRC 3 B HATEL
W22, HAlSET SRC Sest it g B i —
Mty 4 B, A S0 FR-MSRC W32k 1 4% w5 (1)
98.10%, HUfF T el g

M 4 A AT UG, 3 AN s 732K
A LA SR RS AR S I, X TREARUIZRI 1)
ZARE I T TR SR, AN, R
ST P TEAR A, HRT LA I S R U R

6 LHRIE

AR T — Tl 2 1 0 2 7 43 S A% TR SR il
AN 7%, Tl PEE 3 AT RO AE
Mt 3 MR R 7 R4, RE 5N R G
BAR, RIRREASF o R e, BIE N
E AT KA MRS AUE, T & T 5T
AR R B N i fid vk o A SCo I E Yale B
JAFFE. AR PLJRA NI 2 Sl AT 6
Tl R LL R Z AR IR A AR, SEa 45
REHW, FR-MSRC W] ELAEAN [F] 52 2% (R 3R 475
TREFRLE MON R, HAT— 2 I T 5
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