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Locality constrained collaborative representation classification

for robust classification

Lou Songjiang' , Zhao Xiaoming', Yu Haitao’, Zhang Shiqing'
1. Institute of Image Processing & Pattern Recognition, Tai Zhou University, Taizhou 318000, China;
2. College of Computer Science and Technology, Harbin Engineering University , Harbin 150001, China

Abstract: Objective Sparse representation is a popular topic in computer vision and pattern recognition. This process first
expresses the test sample as a linear combination of training samples. Sparse representation also determines the class that
minimizes deviation for classification purposes. Recent advances in representation-based classification methods show that
collaborative representation, rather than sparsity, improves face recognition accuracy. Unlike sparse representation, collab-
orative representation is computationally efficient and recognizes faces well. However, this performance degrades sharply if
the training samples are corrupted by noise. This noise is very common in practical applications and causes side effects that
destabilize classification results. Collaborative representation also ignores data locality, which is important. To address
these two problems, a new algorithm for locality-constrained collaborative representation classification is proposed in this pa-
per for robust categorization. Method Singular value decomposition is performed to remove noise in the training samples,

and the training samples are approximated as the clean training samples. Local similarity is employed to maintain the simi-
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larity between the test sample and its adjacent training samples. Locality is an important characteristic in the reduction and
classification of dimensionality because locality results in sparsity but not vice versa. Result The proposed algorithm can ob-
tain a closed-form solution through collaborative representation and avoid the dilemma of expensive computations in sparse rep-
resentation. This algorithm also considers local similarity. Experiments are conducted on ORL, Extended YALEB, and PIE
face databases. Results demonstrated that the obtained coefficients display much discriminative power and that the proposed
algorithm performs well. Moreover, recognition rates reach 91.4% , 93.8% , and 93. 2% respectively. Conclusion The pro-
posed algorithm simply and feasibly reduces the effect of noise in the training samples and obtains “clean” samples for rep-
resentation-based classification. The proposed method measures dissimilarity by applying locality. This technique also sup-
presses the corresponding weight coefficient for distant samples while emphasizing the role of samples that are similar to the
test sample in the training set. The test samples are represented as well. Experimental results demonstrate the feasibility

and effectiveness of the algorithm. Thus, this method is a new technique for representation-based classification, such as

face recognition, in that the side effects of noise on classification can be eliminated. This elimination is almost impossible

for conventional methods.

Key words: collaborative representation; sparse representation; locality; robustness; face recognition
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A, Jiang ZE A2 H T LC-KSVD (label consistent KS-
VD) Sk Bk e o U 2 A AR (1 2
SRR A IR B — k. Wi Rk
1 S O SR 3 o e A B R U e, (H R R
it TR B R FH 28 B AR 7 SR A TSR e, 15
SRR .

Zhang 55 \F8 Y, B T 10 B 3R 7R 70 6 A At
HOPERE Y IR A, A R L -3 50 s 20 R
M= A B W VE 78 CR ( collaborative repre-
sentation) ', H 4R H T PR R 43 25 8 CRC
( collaborative representation classifier) , 1p /F F /R
Sl L, JEBORMAE L, 0B i 0T, BEfS 21—
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KA yo

Fis i 2 7 TS AT e 20 i e 1) 2 CUNZRAEAS) ok
LANERIRMRFEA FOR R A &y a, HAAI W] &
INH

main||a||os.t.y=Xa (1)

K, |- o FmBIER Ly Y08, B TORA# L, 38
Bog—> NP R, {H 24 B A5 A4 i A2 0% i i, G
SR TR Ly SRS IR (1) AT AR
muin||a||ls.t.y=Xa (2)
MNAFEA P AETE M I, R IR 22N &,
ATLER(2) F B LA et B
main||a||ls.t. [y -Xa||,<e (3)
A (3) T LR A BRI SR A, hnlsd i — 22 T R
R, el L, — magic!'® T HA1, 11-1s (11-regular-
ized least squares) " T HAU4:
HOr AR 2 MR ATE DN A AR Th Y dc /)
AR 22 AT TE 2R AR R AR g 2 1], B
identity(y) =

. , (4)
arg min | [y - X.a, | 2} ,i=1,2,---,C

@, FoRE | AR T y IR R B

Mg 2 n il 1 278 R BUR Y Ly SO it 10
KB, HIE Zhang 55 A48 H B R A 092 P
FIB, MAGE Ly Wit b5 0 7 5 T UM
IR T, Ly WU L s ik
IKHIHESL

t’l‘:argmain”y—XaH2+/\Ha”2 (5)
AL T DU A 1) B /s 3 kSR i, 19 B R A
fi# A
a=(X'X+AD"'X"y (6)
DMK Y S 5 R i e 3k — A, [ AR DA
PR 22 fre/INB 2R A S AR A 2531, B
identity(y) =
argm}n{ |y - Xa |/ |l @ |, (7)

i=1,2,-,C

SR AR, OME R B R AR PN R RE S
Wi 23K 3 KA R, HLRB R B2 B AR T
BERE,

FIMimn & iR 2 R E A, A (5) IR %«
AIEAN

main [al|,s-t |y -Xa|,<e (8)

b, e AlHE R RZE AR AR EE ] LU
MRRFEA e R PME SRR TE — e R ]
DLAE BRI RFE A rp gy i A (HJE I ZRAE A 4R A
FAAEME S I B PR Re s 2 B . HAR R e
JEREA Z B 1Y 22 5 M, B A A Al BB 25 i 55 HE
BRI GRFEASR F A, 157 S A AT BE 2 53 25 3
5B, R & R R E AR E o

2 BERMBRMPMERENEES
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BEXTUMEZR IR AR RN G AL P AR W 75
AR RN AS 5N AR A Z [A] AR AL, 48 1
il R BB R AR MR IB ) B 1 R BE

A MHGFEAR X = 1X,,X,,- X |, RRA
CHMEAR, K X, = {x,,x,,,x, | ORI K
AR WHINGFEA  n, FoRGE | FEREAR AL,
GREAR Ry, AT AL BRI R A S ) T R e X
YIFEA LT 25 S0 50, B

X = UAV' (9)
X, U=Hu, ,u,, -, JVa b, KA
M diag(A) =[ A, A, A, 1, A, =, ==, H
Hod EEARIYER, SRIGXT X AT B A, R R
Kot fe , B A REEE/ N4, 15

ud} ,V= {vnvz""

k
X=>Yruv k<d (10)
i1=1
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TREBU RN HE @y 2578/, RZIRMR . R, 3
w3 (2) , w] LRI REAS i 5 LB I gk AR
e, BRI 5 HALE I ZRFEA I Tk, Fom &
BT RE SR T, TR RBUP R 2%
MR — /N AR, PR Bk A Al & 1 R
14 Jry PR RN AR i

M LA 53 A i) LA owy 1E LT TS AR A y
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e X (12) #EATAL R, 15

a = arg min || y - Xa
a
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identity(y) =
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AR il R (16) A5 B HPMERIR RECH
a=(X"X+aw'w)'X'y
3 IHEIIGE P BEAREN y (9R2,
S JEREACEAY y I AYTRZE N
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4) M FEA B S0 N e, (y) 5/ T )@ 1Y 26
A1, B
identity(y) = arg m[in% e;(y)1
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3 KEHERESH

T IR Bk 1 OF B AR R, 4 B AE
ORL ¥ JEf% YALEB FI PIE A f&J% FoEA75050 . &
2 WL AT X, LR BRI E S A =
0.001, % AE R I AU E SE k =d - 800,
Hod REA R SER. A SO 5 NN SRCHY
TPTSSR"' il CRC'™ 347 He s,

ORL A i 40 A~ ATEA R B9 235 G e D
FNGEFIEOU T, A AFAHE 10 W B, Bt
400 M5 A G, ok 6 N\ P15 7 1 350 2 17 i — s
Y77 AR B AR A, HOR A A A Y R
254k, Extend-YALEB AJGJ%E i 38 A AZEA A Y
LI HDC A T IR, B 64 TRIEME, &
2 414 18 NK KRG . PIE NI 68 A~ ANTEANH]
TEHR GRS T A, 3 41 368 TREME, T A
i MG AR XT3 2 | 3 BLECRE N 40 i R AE S 525
2720 Mg, BBEX 3 A A PR AR K 1 T R
18 BRI RASE )5 1 77— (25 5, RERS R LT
MR B L s e . S TR 8, e b, Brfy
BG4 32 x 32 R & I A EG R R E
H—fE R0 - 1]/, K 1.1& 2 FE 3 7514 H
T UL 3 AR R FEAR

Bl 1 ORL A EURIFEAS
Fig. 1 Samples from ORL
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K2 YALEB AJKEEHIHEA
Fig. 2 Samples from YALEB

K3 PIE iy N 1%
Fig. 3 Samples from PIE

£ ORL AJ i b ATsc et , L R A rh
M) L(L=3,4,5) G ERIE R IIZRREA T AR A i
REEA , XA RFEIYIZAEASL, R 20 K, i
JEBCE AR I e &R B4 . R 1 451 T ORL
NI PR B &R RAEAR RN AFEASCT R 51%,

%1 ORL AR BRI H &S IR 2R
Table 1 Best recognition rates for different
methods on ORL database

/%
B 3AUIGREAR 4N UIGREAR S DIIZRAEA

NN 68.9 76.8 82.4
SRC 79.8 86. 2 88.7
TPTSSR 82.4 87.9 89.3
CRC 81.2 86. 1 88.5
AR 85.6 89.2 91.4

7E YALEB A b7 sc 8 nd, i H A4
NFEAR S Z | X BB ML B ARy 1(1 =10,
20,30) i R AE A I ZRREA, T 1 45 Sk il i A
A SHFREANAFEIIZAEA S, TR 20 K, i B
SEEMEAE A I 2R R, £ 2 45T YALEB A
112 A5 B AR RV ZRRE AT ARSI

%2 YALEB AR B 7 5] Il SR 4 AR S0 7 ) e v IR 5 26
Table 2 Best recognition rates for different

methods on YALEB database
/%

B 10 IIZREEA 20 MYNZREEAS 30 MIZREEA

NN 54.7 75.2 87.5
SRC 81.4 87.8 91.8
TPTSSR 83.4 87.9 92.6
CRC 80.7 88.2 90.9
AR 85.8 88.4 93.8

7E PIE NJR: P8 b A7 S8, BEHLIE U A
9 1(1=5,10,20) fiF EURAE U GRAEAS R 19
AR o X TR AR YIZRREA R, F 20 Ik,
RJr BOPRIEME I AR BIZER . K3 45 T PIE
NI b A REEAEA RV GRAEA R T AR

%3 PIE NREERREINZGEEARET & FIRE
Table 3 Best recognition rates for different
methods on PIE database
/%
10 MNZRFEA 20 DIIZRFEA

HiE SAUIRREA

NN 42.4 47.5 76.7
SRC 60. 2 76.4 85.4
TPTSSR 68. 1 82.6 89.8
CRC 62.4 78.7 87.5
AR 70. 8 83.4 93.2

N TR AA SR Ry (8] &2 2% B, LA YALEB
NI 5] N RFEA KR 10)  FES2 g0 5 i rpid %
BB IE AT ] . SIS IR G SN Win XP $#844E R4,
BEXA8 Intel Core (TM)2 Duo CPU 2.20 GHZ, N1+
1 G3R 4 25 T & BAE YALEB AN [ is
FFIfIa]

%4 YALEB \BiFE&REEMNIEITHIE LR
Table 4 Computation time comparison for

different methods on YALEB database

/s
A7 S I I] (YN ZRAEA KL 10)
NN 0.68
SRC 10. 10
TPTSSR 0.95
CRC 0.84
&3 1.82

MR 32 Mk 3 ATLUA 2 1) ASCRIE Bk
fiE%: NN SRC  TPTSSR F1 CRC £ 5 KRR 42 5,
XA AT REE D DA AR SO R A ) Je AR AL P R A
FIPMERRIE, BRI REA 5 57 S B, X
Ao — 7 T ] AT SR A DM 28 2 B0 s DR 0 1
FEA S UNGRAEA Z 6] (AR , 55— T3 1, 38 i 27 5
(B3 % , BEAT AL BN R A TR A A ) — Ll
L T A 1) 4 2R RSO RAT iR R A PR A 5 T 2

© i [H K G BT AR AU AT



520% /556 H1 /20156 B

ERIL, BB, FigE, ka5 / ilSRHREMIMERIAIIEESE

HIPERE. 2) TPTSSR 5332 38 o P A~ By B4k 1 5 Mk
FEARBGE RIREAZE IR G 70338 . BARORYE, S0k
Fek i RER A M RE A Y I 2R 4, 45 304 2Lyl
SRPEAR S ), SR S TE 8T 9 U GRf AR 23 ] v i 4 g 2%
REAXHAFEA Y TTBREEAT 026 SRl 2 1 By
Bk th e RE R s M RE A Y YN ZRAE A, AR B2 48
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