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Three dimensional face recognition by fused residual based on

collaborative representation

Zhan Shu, Zang Huaijuan, Xiang Guifang
School of Computer & Information, Hefet University of Technology, Hefet 230009, China

Abstract: Objective To overcome the crucial problem of expression, illumination, and pose variations in 2D face recogni-
tion, a fused residual algorithm based on collaborative representation is proposed. Method Collaborative representation
classification (CRC) algorithm combines all training images to constitute a dictionary collaboratively. CRC algorithm has
less complexity by using regularized least square to solve sparse coefficients, and the coefficients reconstruct a testing face.
Testing faces are classified correctly based on reconstruction residuals. This approach extracts Gabor and geodesic features
from 3D face depth images, and then fuses two features via collaborative representation algorithm. The fused residuals serve
as the ultimate difference metric. Finally, the minimum fused residual corresponds to the correct subject. Result While the
Gabor feature has good scale and orientation selectivity, the geodesic feature has facial intrinsic geometric structure and ro-
bust to facial expression, CRC is insensitive to occlusion. Experiments are conducted on CIS and Texas face databases, and
results show that the recognitions rates of the proposed method are up to 94. 545% and 99. 286% , respectively. The recog-

nitions rates outperform that of Gabor-CRC by approximately 10% . Conclusion Comprehensive experiments on CIS and
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Texas database verify that the proposed algorithm is effective and robust.

Key words: collaborative representation; gabor feature; geodesic feature; fused residual; face recognition; 3D face depth

image ; feature selection

T

0 5

H AR G5 g AR PR S AL 5
MZE S 2ERE T ARG B IR A AR il
LA M X — 38 XA — AN T BRAG B 78 0
2 4k AR I B Oy kA E A 4 bk
(PCA), 28 13 51 /3 Hr 3L (LDA) | i B 2 )
( Manifold Learning) A A4 BTk (KPCA)
S5 R 2 HE AR UN B AR B e 15 T X8
BRS80SO TEAR R FR B IR T A
ISR A B R i, A A5 R B 22 i 58 3 % 1) 3
YN ARSI s

R3] (deep learning) J2fy Hinton 25 A\ "'
(Science) [ AR —SCE AR HRAY, 2P~
HE— TR U, TR~ T B AR A TR
B LRI R Scik[ 6] F BRI T
GRS 2 e BARFIAT il v i it i€, SCIRL 7-8 ]
BB T T N S TSR RCR o

i I 2% 78 o B AT JL AR {5 5 Ak B4R A 5 1 Ao
2009 4 Wright 25 A i 22 T AR L], 42
T — T s 1Y 73 28 4% (SRC) , R B 4K
UF BRI, REDSTE AL T 24 A0 1 D0 AR Hie
PRI 2R . (H— e fF 58 A B I 46 4
M 27 TR0 I, 1, SE R VR 4 Hh T I BE
b ATTIA DRy A i i 2 s 1 0 26 e b L IR R AR
R PIMER R, il i R SEgR e T azA
2011 4F: Zhang "*"* i th PME F 7R 53 26 (CRC) I
W T AR, @ o 1, 30 80K i W st & 80T
WA R A L[] P AR T 5 2 o) A 7 AN
i R SISCR

2 4 Gabor JEIH A% t T 78 I S AR A 4 R
YF o3 BERE 1, Bl 2z N A S0 A R R
S AR AE I Py T Gabor i B
GEAMTDEIR ZSFIRNE S5 2R TP PUNRICR 19
A N ONINA) B  EU N5 SR 7 i 1 B4 DN D
BRI T AR b R 5 AR

HRAE RSy TUAAT L, 00 b 2% ) — A 2 2

HABEA 2 B o 1) 25t AR A Ak, RIS R | B
SGRIEAR R, WD FAT R R [R]85
TEAERIPEIE A2 B 16 B0 T AT DAORH7 2 98 i A2 e M,
SR DK NI g T % 00 e 2 B 25 4 Sy N 28R i
F AN 5. Bronstein 25 A Jo 41
XA TTIESRIBGRIE AL, B NI R A5 22 (6
ZEPR AR 4, 38 72 Multi Dimensional Scaling ( MDS) 2
A5 BIAZ NG A2 A i i b HE T =X, B e R
D FC Y J5 2 R U A

3 Y NIGIREZ IR G IR (el S 52 BT
RAFIE ™ . ASCHE R TIRERIR, 454
VEFRGEEAT NI U . B 53R I3 4 AR 1
K414 Gabor £l Geodesic 4 AEA U 4 JRy iRk, F)
FHPMEZ AR FIP, SRAR 25 Y i 5 28 450, AR 408 T AL 1Y
AT %S ME o e 4 25 S M I B i, AT 23 U
SR AE R AR v LSS ARG PSR
s NN O H R —E et

1 WMERTFAEFEZE

SRC J95 /2 B 4 (9 )N 5k B AR A D =7 it
IR N GR IR A B, M/ ME L
TR A I X A5 1 5 8T A 8 2R 5, o ot
F OIS AT B, SR AR 22 R L
BRZEER/NIE LB T NI oy U HOR B AT
B M I 2 W 1 JERO T 2 B0 it 20 R A]
DA TR P RE A5 R 1, 9 HL 1, Y BOAY oK A L
BERERS T B . I, Zhang 45 A2
WORTER B2 78 T A R 3 I, B de 23R 5
IR HERN Y SCHE N 20 22 REAS H) T 5 L Y B
VR . AERZEAE LT, YIS ke A [ 5 B 11
FHUR R SE A1, AU B 28 B G REAR — B
YRR L7 L, S0 1 08D T R R B R AR R
7 5 0 3 TE U A 5 /N IR AR i e i A R, (H
BLPEAG IR B 1, RIS 258 , PR X 23 28 i
PEAT T R AEAN ARk R0 1 R 1) ity L
RKFEAE T IR UMER R AE B A
KRR, NEGEBELE N X =[X,,X,, -,

© i [H K G BT AR AU AT

0701



0702

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.20,No.5,May 2015

X ] MR B8y, )
p=argmin| [y =Xp |} +Alp|;l (1)
A, A BIENSE, 2 8esf S, (1) AT L
p=XX+r-1)"'X"y (2)
EXSEREP = (X'X +A - 1) "X 6T 1R
KA EL y, AT DL S R 0 P 15 203 B
B RE LN p =Py SRS FITZ R BN T A
DG BE 3K A e BRSO BR
522 |y - Xp, || o, 2 X, H g, o3 % 56 i 2K
FR) U R A I AR 2% 0 ), AR 4R ke 22 e/ D
FTo7250F K R B G 1, S8 | g || IMABRZE
KA, R AR it T 2 4 {E B . CRC 5k
FOFSRENTIRES I
D ENAGREAEEE X =[X,,X,, -, X ],
IH—4k Xty B—31
2 ) K DK R B B AR P L, oK
B 2R p =Py, P P=(XX+2A -
I 'X",

3) RS LA IR
ri= |y -Xp. |,/ o, (3)
4) M FR 22 dre/ N #EAT 3 288001, B
identity(y) = arg miin {r| (4)

2 HFEREER

PO RN 3?2871 bu I (I CIE 7 Sy GRS S B
N S B [R) T, B TR & — B E T, h
T RRARAERCFIS D 3R S AR, — RS R RIS
10 5 R N BG83 (] I S5 3 ARk 5 (1]
W LI PCA, LDA 72 46 45 ) F B2 O R4 1
T, P PME SRR S R EE AT AR
2.1 Gabor 4$3{E

AN, S T B ICE A S SO B
FRIERAE B, X A MR 1T Gabor 72846, 15 31 %5 5]
PEIR BYRFAE S , X6 R SRS 288 A A X T8
RFRRIE T B M, IR AR AN ORI JR B8R A 42 B
T EZERRSR AR o, 1 HARL b AR B TN Y
SEREAE L 2 4k Gabor JEUER R HE N

2 2
() = ”"”p(_llk\HzH)
' g 20°

[exp(ik“,,,z) - exp( - %2)] (5)

K,z = (x,y) RARAAR (0, y) LB KRG, u Fl v
SINFR T AR P k,, =k, e’ H k=
o/ fREERE b, = mu/8 NREEIT 0] ki =71/
2 NI R 1 Ry R AR f A A A ] B R
(HLf=2), 0 Fm/N PR 3RME SE47 5 05 50 (L
o=2m),

BORBO R B Gabor 31 G, , (2) , R4
NIEEHZR 1(z) 5 Gabor U8 4% ¢, , (2) #4748 FLAD
A SEPL, R

G, (z) =1(z) ¢, ,(2) =

M, (z) - exp(if,, (2)) (6)
KM, , (2) FRIEFEFR L6, , (2) RRMAEE .
FHS AREY=10,1,2,3,4{ 84 J5mu=1{0,1,
2,3,4,5,6,7} 43 B ASIE] J7 [a] AS[R] R Y Gabor
FEIE, R A x = [ag,, a0, a,,]" o $RIUGE M
Gabor FHAEAE N 43 528 T A o {H/ZIX 2L Gabor Ff
TEZH AR 25 [ 4R BICIR O , IRt & X% Gabor 4§
TEFEAT N ORFEFIRE4E | B 245 3] — A A3 B RHAIE 25
() AR SR ) (SR 25 ), A R U R AR A 7 2
2o M (6) AT LLAE H, Gabor FEAE 2 5 %k, B LAA
SCHIRIE M, , () VE R, R IR M, , (2) f 55
T BN RERRE AR AL, BT DR i A G R i
TR —A~FE R bR
2.2 Geodesic 4F1E

FERR PGS [A] v, PR [A) 5 7 P o 4k B
A3 JUART e 000 b 28 Ay i Db 2 A A [ 1) e
S NG p T 0 b 2 B R B A R 1 PN 2
JUfrie, BA RIFR U A, BT ERE AR
FENE AR AL REAS DR 15 2 08 1 ASUE |, R B 2 9
163 4E RN b W R R TSR M 1 T A
Johnson 45 A\ 4R AL S ) Dijkstra £ 5 IR AR
2, Kimmel 55 A4 ) — Bl 5% T 0 A7 F 3K
(FMM) 3 L5500 b 2 1) 5 v 4, A SCH e i)
HIZR T, R Delaunay = 1 1| 7312 52 3 4E4
B A ALAL B, SR JE 45 G FMM 2355000 2 B g
AHEESCHR [ 2324 T4 TORGE , 0D 1Bt i) o )
MWAH RN N G = (d;) =d(x,,x;) , XPHFET
2 d NI E AT A xR 2[R b 4R B
B 320 AR B BN Geodesic AR, HAE
SRR, 5 Gabor FFAE—4 | B THIFEAERL L

© i [H K G BT AR AU AT



$FE20E /558 /201558

B, mIRE, &5 / ETIMERTRERSH S HAIRIRA

BOK T B IR (E N IR A
3 ETWMERTHREMARE

3 Y NI R AL AL 2 4R 205 B, bl
BT ARG R R NRAS B 1 [ A @ A XA A AR
A — s R ARIE T o A R R AIE — O e 1
DGR P Y A TR 23 5 W R 4R B vE R M. T
Gabor $FAEF1 Geodesic HFAE X G IR 225 M 1 45
ACEA —E W EFEYE, Gabor FRiE HA RITHYZS
(i) Jry R AN 7 T e R 1, EROR AR DR I 2 B 1Y
JRtRRE  AH 1 T Gabor AR XS T AR B R £ F
WU, HABAJU AP, Geodesic HFAE &
RO NI AR SR N MR PSEYSE T TSR 1PN
I, 0 M 2 B 3 A A T ) N R E , BT R
UF A LA AN AR AE X 5 5 T B 25 5t B0 Y 2 1 78
TRy &3 2% . R, Gabor FRAEFN Geodesic FF
MEAFAE B AMY PSR A o T PIME SRR S S S AN
BB, BT AT A F 4 Hh A B T M R s AR 22
B IEE TR RAEA BOLF MR, kb T4 A 1)
Ao ARRBIELS FNEMBUER RO T , #REE
AR L7 b k= N PR i 1 o

FETPMEFIRIY Gabor FHEFI Geodesic FFIESR
ZERb G BT FEAE AN 1 R .

El FKE Gaborf#fE [ CRC

u ‘|i B 7E1

FE

ES R GeodesicH#1E —>{ CRC 4¢
A || B
VT gl

ﬂ SRE Gaborfi1iE | CRC A

B bk7e2

ik

* I GeodesicHH i[> CRC

1 SETUMERIRIR R 1 3 4E N UN AR 14
Fig. 1 Flow chart of 3D face recognition by fused residual

based on collaborative representation

BT UMERIRIR 22 & 511 (FCRC) 3E4T A
PUNRP IR

) INGRPEAEE i 3D A TR MR A A, i
A KEBEAR,INGHEAERGERE R X =X,
X, X s

2) XTIR JE G $2 B Geodesic $F1E Fil Gabor 4
ik, HCRE 7350

Goiie = LG, GY" o G ] (7)
G = [GI", G5, G} ] (8)
3)H G 1 G 1 PCA P [ LR, wT AR

B 24E I I Ze LR R AR A S R AR
Tfeo - W'FGgeu’Tfah — W’FGgal) (9)
T = W'Yy T = W'y (10)

4) FEHE 5 VN5 BB SRR AEAL I 257 S
D,, = [T, T3, . T ] (11)
D, = [T, T3, T ] (12)
5)H—A4L D, Al D, 551, A T R
BUL IR Py AP, b, 45 20 6 R B B @ =
Py,a, =Py , X, P =(D, D, +A-1)"'D,,
P,=(DyD,, + A - 1) "'D,  ASCHIEN LS5

N =0.001, I Jy A7

6) A A LIEA I 22
|y - D,.e |, (13)
e |,
¢, = Iy = Dy | (14)
e,
7) Rl R ZEAE O B 4 b
e = e, |+ leg,l (15)
8 ) M4 % 22 dme /N U AT TR 3 2, B
e(y) = arg m}n%ei} (16)

4 KB RERTH

R T YAEAR SCHE A AL FE G B RS DL R
AL AR I AR BT T B A M, 43 AR SE ) IR R ¢
NI PE 5 Texas A EiEAT T — R 519 5L
5o SCEAE I NTE 2R SR fa SR B P34
4.1 BB ESGEAKE

S AR FR GE N PR A H R O B R AL S e
(CIS)3 ZESL I AR R Ge k1 9 NI B R . i AR
PEEEAL S 11 AN N 77 MR AR CIE/ i, 65k /
R ARG (I PHIR 58/ ANEE) A ToiE$Y (3
IRE/ ANEHRBE ) LA AN R R (52056 I A
BUG o TREE K BE BRI 4 BEE 4R 64 x 64 8K
JE AR o A SR An 1] 2 B .

S HE IR AR 2 R EURAVE AR,
NFEIZM 5 MEEGAE R IRFEA . =1 45 TASC
T3 1 5 HA JURN 7 TR IS 1 RN 45 0 HL R

© i [H K G BT AR AU AT

0703



P EEREEFIR

JOURNAL OF IMAGE AND GRAPHICS

Vol.20,No.5,May 2015

- - ’
2 0 £8 o G

2 S AR R G o N K [ 1 R i

WEEE

Fig. 2 Some human face intensity images and correspondlng depth maps in CIS

#x1 CIS3 % NRRERGHNRANERILE

Table 1 Comparison between recognition results in CIS

RN VI EA0
PCA 89. 091
KPCA 89.09
SRC 89.09
CRC 87.273
Geodesic-CRC 94. 545
Gabor-CRC 94. 545
FCRC 94. 545

H 2 1 A] A1, LA Gabor F#{iE Fl Geodesic H#1iEAf
N IR FREFAE Y B 7R A SC FCRC 553, 946 T
TG TR IR M PMEFR R BE

H I 25 SR A A 000 18 55 i 3 TR0 3R sy
Ko BEAURI 3 3 e O p A A9 1,2,3,4,5,6
WA A INZRAEAS o R0 8 TR A PRI A DAy D 3
A B R IR E . TERHIE4ERC 4, ED]
WSH A =0.001 I 4T S5, 76 AN 7] i Y A A
R PO Rt 2 an g 3.

| *PCA - CRC & Geodesic+CRC
-+ Gabor+CRC A FCRC

B /%

I 2 3 4 5 6
WIZREE AL
K3 CIS AR Ul 3R BE VI R ALt h 2k
Fig. 3 Recognition rate curve with different size

of training samples set in CIS

W& 3 W] LU B, BEAE DI ZRREAS G m 3 4 1),
B PCA Sb, AR UR B A A R REBE 1 T o 1%
il PCA 1 TANRE SO IR RS2k, R
R 2 . MRS Rk R FRAE R CRC 3%, JRy i
H:HE Geodesic-CRC &3 F1 Gabor-CRC B | U5 45
RN TERE . T2 S BRI ZREEA I, AR LR 3k
A Pl RAI T A 3C FCRC Bk, — H A EJF, iR
SR I e T A LA AR e ) R AR I R AR U
NITEBLT , AEE R . SRR R R IA SR
P TR A R IR AT, 24 7T 45 3] A0 Y U3
RO

5 CIS FE bt — 2P b A SCRE A Rk . i
PEPEP R AT 3 I IR BRI, o 4
PG  INZRAE S 33 MR RIS A Ay 44 R &

5o PR BRRE4E R R AR AL A 4
100
§
£ sl 4-PCA
--LDA
40 —CRC g
Geodesict+CRC
30 —+Gabor+CRC 1
20 1 1 1 1 1 1 1 -Ie_FCBC 1
4 5 6 7 8 9 10 11 12 13 14 15

SRR
B4 CIS 3 4E A iR R Bl 4 X0 Al h 26

Fig. 4 Recognition rate curve with different feature

dimensions in CIS

M 4 i LUE L FE e ik 4EXCN 8 i, AR SCH
ECIAF 93.182% , Hib)s — ERFFZ K. i
FARIUM L — I IR AL T R BUIR A, B PCA 57 3%
AN, B R AE 4E Bk 14 48 DL JE, A U

© i [H K G BT AR AU AT



$20% /B58/2015F5 8 BIE, EiRE, R / BFIMES TR EmMAH 3 £ AKIRE
93.182% ., SLEGZER KM, 2 THiE AKT Ga- JE 4 o B STAR AR A8 SR AR ) — R A e N Y

bor FEAEFI Geodesic FEAEAC FEARNKFAL, 76 PME R
TNRSERE b AlA P R 25 R e A 2 R
FEAS R AR AT, #7008 T Ho A LA 3L 1
PUHZE R
4.2 Texas 3 % A\EE

Texas 3 4E N P H1 75 o 5% i R 27 4 it i 2o A

R UGS Z X R BE T 5. N PR A0 4
PRI AL B/ 20) , AR A CIE /AR
TR (/I8 , 3R AR B A2 1L R/ AR
IR/ P AR ) 2 o SE 56 P e HOH R 70 S AR 1A
10 i TR B2 R o A7 S 5, 380 0 52 380 A M 4% A

KS Bss

P15 Texas AR 7> NG I FE G A R

Fig. 5 Some human face intensity images and correspondmg depth maps in Texas

SIS R AN U 2B AR . BRI
FGFEAFURIN 1,2,3,4,5,6,7,8,9, Ty EHER
VESRIAEAS , a1 Y25, 9 MRt AERPfE ZE 4k
S} 9, IE LS A =0. 001 B, 7 [ 0 v g 15 1) 5
BEUNZAEAF A S g A5 R an Al 6 B o

100

|— CRC 4 GeodesictCRC + Gabor+CRC €-FCRC
90 W
80 .
70 -

604'/‘—/*/4\'\/’/7'

50

40 |
30 1

20

PUINZ /%

1 2 3 4 5 6 7 8 9
INREAHL
K16 Texas 3 4 AJK A A Bl AR AR KL AL HE 26
Fig. 6 Recognition rate curve with different size of training

samples set in Texas

UIGRA BB R/ M DU AR A = . AT
6 A LI i FERFIEAE R — e i, P R IR I 2R
FEAR RO Z R R g o RO IR 0
SR RNIUR T HARNERELZ D0,
AR EA T HABI LR

N T BUEAR SCRIEAEA R AR50 oA B 13

TR R NG, FERE L B A 2 RV A
BAERINGRAE , Fok 8 TR AE A AT 52 50, 5250
gEIRANE T iR

100 i
ool e

8ot
70+
60 |
50
40
30F
20
10

T/ %

—CRC
©-Geodesic+CRC |
-+ Gabor+CRC

-~ FCRC

==
1 2 34567 8 9101112131415161718 192021
FEIE AR

Pl 7 Texas 3 4E A% ApifUs A< A KO fL il £
Fig. 7 Recognition rate curve with different

feature dimensions in Texas

LT WL, Bl A REAE AR 38, $2 K
(RHE 5 8 B 2, JURD Bk L0 R 1 S K
B, FEFRIEAE R 9 dE B, AR SR T ik #)
91.429% , Lt 5 T H A LR 3 3L, HAE 9 4k L)
Ja BRI T 97% o FRAEZE BRI, A H 3
b JURR R | il 5% 22 I DME 3R A 45 B8 & 1 IR
B PRSI, SE a5 R T A SCRE )
AR R R

© i [H K G BT AR AU AT

0705



0706

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.20,No.5,May 2015

H1 T 2 4E NP UM R R A AE DB IR 283 R

TS, SR T — Rl IR T OMER R SR E R &
MIRTRL . EISfE 3 4E AR IR B4 L $2 B Gabor
FHIEAN Geodesic FFAIE , KA UG TR BE (ELAFAE , S8
TEPMEZ S FOFER L, Bl W 2 1) 5k 22 HEAT 70 2610
Bo BT Gabor FHAEHA RAF Y9 R ZEPEAE A TT 7]
BEFENE, Geodesic Rk BAT SEHIEAZ Y 1 57, CRC X
MR HA AR, B SR A R AR W], A SCRIAAE
AV ZRAEAR MR IE AR T , ¥R AE A R A PE AT
TOEIR ARG S M IR

22 3T ik ( References)

(1]

(3]

[4]

[8]

Turk M, Pentland A. Eigenfaces for recognition[J]. Journal of
Cognitive Neuroscience, 1991,3 (1) ;71-86. [ DOI; 10. 1162/
jocn. 1991.3.1.7]

Belhumeu P N, Hespanha J P, Kriegman D. Eigenfaces vs.
fisherfaces : recognition using class specific linear projection[ J].
IEEE Transactions on Pattern Analysis and Machine Intelligence,
1997,19(7) : 711-720. [ DOI; 10. 1109/34. 598228 ]

Sam T, RoweisSaul L K. Nonlinear dimensionality reduction by
locally linear embedding[ J ]. Science, 2000, 290(5500) : 2323-
2326. [ DOI: 10. 1126/science. 290. 5500. 2323 ]

Scholkopf B, Smola A, Muller K. Nonlinear component analysis
as a kernel eigenvalue problem[ J]. Neural Computation, 1998,
10 (5): 1299-1319. [ DOI.10. 1162/089976698300017467 ]
Hintong E, Salakhutdinov R R. Reducing the dimensionality of
data with neural networks [ J]. Science, 2006, 313 (5786 ) .
504-507. [ DOI: 10.1126/science. 1127647 ]

Zheng Y, Chen Q Q, Zhang Y J. Deep learning and its new pro-
gress in object and behavior recognition[ J]. Journal of Image and
Graphics, 2014,19(2) : 175-184. [ AJal, FRAUR , S . IR
JE 2 2] Be HoAE FARFIAT Ui Bt e [T ] [l P e 1
JE2F4%, 2014, 19 (2 ). 175-184. ] [ DOIL: 10. 11834 / jig.
20140202 ]

Sun Y,Wang X G, Tang X O. Deep Learning Face Representa-
tion from Predicting 10,000 Classes[ C]// Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition. Colum-
bus, OH:. IEEE, 20141891 - 1898. [ DOI. 10.1109/CVPR.
2014.244]

Sun Y, Wang X G, Tang X O. Deep convolutional network cas-
cade for facial point detection| C]// Proceedings of IEEE Confer-

ence on Computer Vision and Pattern Recognition. Portland,

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

OR:IEEE, 2013.3476 - 3483. [ DOI10. 1109/CVPR. 2013.
446 ]

Wright J, YangA Y, Ganesh A, et al. Robust face recognition
via sparse representation [ J ]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2009, 31 (2). 210-227.
[DOI: 10.1109/TPAMI. 2008. 79 ]

Shi Q F, Eriksson A, Van D H A, et al. Is face recognition real-
ly a compressive sensing problem? [ C]// Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition. Provi-
dence, RI:IEEE, 2011. 553-560. [ DOI. 10. 1109/CVPR.
2011.5995556 ]

Rigamonti R, Brown M A, Lepetit V. Are sparse representations
really relevant for image classification? [ C]// Proceedings of
IEEE Conference on Computer Vision and Pattern Recognition.
Providence , RI; IEEE ,2011 :1545-1552. [ DOI.:10. 1109/CVPR.
2011.5995313 ]

Zhang L, Yang M, Feng XC. Sparse representation or collabora-
tive representation; which helps face recognition? [ C]// Pro-
ceedings of IEEE Conference on Computer Vision. Barcelona:
IEEE Computer Society Press, 2011 471-478. [ DOI.10. 1109/
ICCV.2011. 6126277 ]

Zhu P F, Zuo W M, Zhangl., et al. Image set based collabora-
tive representation for face recognition [ C]// IEEE Transactions
on Information Forensics and Security. Biometrics Compendium
IEEE, 2014. 1120-1132. [ DOI. 10.
2324277

1109/TIFS. 2014.

Hu Z Q,Xu B,Bai Y. Sparse representation for image recognition
based on Gabor feature set and discriminative dictionary learning
[J]. Journal of Image and Graphics, 2013, 18(2): 189-194.
[WIIEF, 5%, FI¥E. Gabor RAEALS 4 HIH 7 M2 > Y
MR EBARAN LT ] P R B 224, 2013,18(2)
189-194. ][ DOI.10. 11834/jig. 2013 ]

Yang M, Zhang L. Gabor feature based sparse representation for
face recognition with Gabor occlusion dictionary [ M ]. Computer
Vision-ECCV 2010. Berlin Heidelberg: Springer, 2010 448-
461.

Zhan S, Zhang Q X, Jiang ] G, et al. 3D face recognition by ker-
nel collaborative representation based on Gabor feature[ J . Acta
Photonica Sinica, 2013,42(12) ; 1448-1453. [ ZBE, KB+,
PR, 45, ET Gabor R fiEA% PME 3R K A9 = 48 AR
[J]. SBF2£4R, 2013,42(12) ; 1448-1453. ] [ DOI:10. 3788/
22xb20134212. 1448 ]

Liu Z H,Yin J, Jin Z. An adaptive feature and weight selection
method based on Gabor image for face recognition [ J]. ActaPho-
tonica Sinica, 2011, 40(4) : 636-641. [ X Hh4e B, 4 . —
Tift 1 38 WA Gabor B {GARRAEF IBORIAS F b 43 19 AR O 125
[J]. 6T 2% 4t,2011,40 (4).636-641. ] [ DOI. 10. 3788/
2zxh20114004. 0636 ]

Bronstein A M, Bronstein M M, Kimmel R. Three-dimensional

© i [H K G BT AR AU AT



$FE20E /558 /201558

B, mIRE, &5 / ETIMERTRERSH S HAIRIRA

[19]

[20]

[21]

[22]

face recognition[ J]. International Journal of Computer Vision,
2005, 64(1) : 5-30.

Bronstein A M, Bronstein M M, Kimmel R. Expression-invariant
representations of faces [ J]. IEEE Transactions on Image Pro-
cessing, 2007, 16(1): 188-197. [ DOI: 10. 1109/TIP. 2006.
884940 |

Drira H, Ben A B, Srivastava A, et al. 3D face recognition un-
der expressions, occlusions and pose variations[ J]. IEEE Trans-
actions on Pattern Analysis and Machine Intelligence, 2013,
35(9): 2270-2283. [ DOI: 10.1109/TPAMI. 2013.48 ]

Chi Y J, Porikli F. Classification and boosting with multiple col-
laborative representations [ J ]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2014, 36 (8) :1519-1531.
[ DOI: 10.1109/TPAMI. 2013. 236 ]

Yang M, Zhang L, Jian Y, et al. Regularized robust coding for

face recognition [ J]. IEEE Transactions on Image Processing,

[23]

[24]

[25]

[26]

2013, 22 (5). 1753-1766.

2235849 |

[ DOI. 10. 1109/TIP. 2012.

Johnson D B. A note on Dijkstra’s shortest path algorithm[ J].
Journal of the ACM, 1973, 20(3) : 385-388.

Sethian J A. A fast marching level set method for monotonically
advancing fronts [ ] ]. Proceedings of the National Academy of
Sciences, 1996, 93(4) : 1591-1595.

KuriharaT, Ono N, Ando S. Surface orientation imager using
three-phase amplitude-modulated illumination and correlation im-
age sensor[ C]// Electronic Imaging 2003. Minnesota, USA: In-
ternational Society for Optics and Photonics. 2003 ; 95-102.
Gupta S, Castleman K R, Markey M K, et al. Texas 3D face
recognition database [ C.]// IEEE Southwest Symposium on Im-
age Analysis & Interpretation. Austin, TX, USA: IEEE,2010.
97-100. [ DOI:10. 1109/SSIAL 2010. 5483908 ]

© i [H K G BT AR AU AT

0707



	2015第5期 116
	2015第5期 117
	2015第5期 118
	2015第5期 119
	2015第5期 120
	2015第5期 121
	2015第5期 122
	2015第5期 123



