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Abstract:

fore, it is difficult to obtain the global optimal recognition performance. To this end, we propose an affine minimum linear recon-

Traditional face recognition algorithms usually handle variations in illumination and pose independently. There-

struction error (AMLRE) algorithm based on the non-rigid characteristics of human faces in this paper, which combines an affine
transformation model and the idea of patch with a linear reconstruction model. Our algorithm simultaneously handles illumination
variations as well as compensates the local area alignment errors caused by pose variations, which achieves much better recognition
performance . Comprehensive experiments on several public face datasets clearly demonstrate that our proposed algorithm is robust to

both illumination and pose, and thus outperforms most state-of-the-art methods.

Key words:

1 5|5

B Bl R 51 4 A 3 A R SR ATLAL 5 S5 38, ) AT
FERGR Z —  TEAR 22 S Br g T Cn AL 3R e 8 A 1% 30010
HRER B P B NIESE ) iR EEAEH AR
SRR SRR AR A K 9 N T g AT AR )
FARMBEFE 2 SR, AU ] BT SR 5 A A5 21 7
P I TG 2 A G DL RO RS 1 22 () 5 B A U

FEIZC AR, 90 N VAT 1 R, I8
TR ZAERMEA I, DLsm IO RO A RO S PR R Y
A H ) Basri il JacobstS) 5 3 X Bk 1@ 18 FI 26 P4
(Spherical Harmonic) #&78 #EATHE 5, IEB] T 2O6 IR B —
AN JE B 18 5 (Lambertian Reflectance ) 4% 1 (19 4 14

Wik H #1:2011-01-10; &[] B 11 :2012-03-28

face recognition; linear reconstruction; affine transformation; lucas-kanade algorithm

(Eban AMG) b st , 1T 9 AN EK T R R0 R 5 AR R T
IR GF 0 I ARl AR I AT U B DG HE TS J2 Y Bel-
humeur F1 Kriegman $2 i 1% [6] AT R I A [ E B
LN AR BRSNS BEOE S — A M IR, B
HCHENR AR R A D R A5 B RE

PR 2 AP, F A W 15 T ) O S A AR BE
FEHE . IR PR 5 A AE S bR 5 AR v A 2 A
B Z 5K A [FDG B SR I R . 5 T 5 TR Y Ty
VAT, Wb s 200 0 NG PR A A — A8 300 G RS AIE Ak
FEN TR e i) ' BETR] 8, 5O 1 S i ) RO . T FH
At \ 64— Fdr [ IR ( Self-Quotient Image ) [ )
W —Ab 5 25, R TS5 A0 B 7 S BB P R DG BEOAS
gk AT N IR R, HU A ] ek R TR

AW H : ERKARFEE 4 (No. 61103134, No. 60933013 ) 5 “Hf— 1 5E 7 L AL 23l 15 ™7 [ K B T K% 351 (No. 2010ZX03004-003 ) 5 H e = 4% 5
AR 55 28 2 £ 1095 4 (No. WK210023002 , No. WK2101020003 ) 5 22808 15 75 75 4F A A 3£ 4: (No. BJ2101020001 )



1966 H +

2 2012 4F:

filh b, PR A 4 AR 278 o3 R0 3 R BBk AT
et B T IR — R R R A T Se#k [ 16,17 ]
FIFHFRIOE B AS FRAE T8 2 AR 1 H Y, e 4
2 N 20 R 2o 0 AR R S BRI AT 08— fh b B
AR TE TG BRSNS 1845 rp R 52 A5 30 s o ' R
NG, SEB AT A IR T i AR TR
AR PR SRR R — € R B AL IR U P
O RE ) R, (H 2 JIT A7 3 S B0 ok 0 L2 A o) s R (i) A
PR, IR 25 PR AR 52 )

Sy T AR BN R v ) A ), WY L i AT
TREHRER,ZH TL%%FC%%TE%%““ CH AN, Gross 45
AR T R E )6 3% 5 (Eigen Light Field, ELF) ™), i% )7
TEREAE A 25 7 2 A5 B AR SR A T I N ) )
Beymer $1 H 1 5L F A4k DU 2 i A B 50 5k 1 o
AR NTE 15 FORRIZEA T 0 B AR AR, S8 5
I ) U AR 5 A1 RO B 5 AR 2R A %)
7, A —— PR R U MBI B 345 L Luo
28 NP2URSE T M) RO B SIFT R E 4 B3I 7L 59 o
[ A5 TR 722 Al 0] L 1) A5 RCPE . Perronin 45 A 1) 445
e T AR AR TR M B T R R TR 1 Sfe Y R e 25 AR Ak
XoF T TR A 52 i L b 25 e 7R Ak L 34 S T 0 1Y)
BErA ].J.R(].Dcally Linear Regression)[mﬂ:‘ﬂ TFA ( Tied
Factor Analysis) [24]% X BB AE o A B G 2 A Al 1 e
AT LABRAR S A 3CR B AT 30 25 RO IR ()
PRI, 2210 BRI 2 25 [ s A2 A A, 3k S5 A T R 2
JER R L A SE BRI 3 5 e, Ot BERN 2 38AE  W A5
M) AR Y R R AT T S

BT AR ESOE 3D AR AARTE 2D 151 E g e
55, RV Z0F 90 R 2R TR 3D 15 208 (R B fig
TR IR 2 25 A2 A e) . 451 4n, SCRR [ 18 1 T 3D A A
OEARFIECRRAF B AR Zom NI IF it A7 30 AH 2, A
3D HHE B RS E LTI R B, AR A, A
FHFAR B2 A BEOR L 19 3 4 . Rl B, Kz 3D
BRI 0 FIUAL B (X 55 25 e ) LA IRME , B B W T
ZRETERE .y — R M 2 A S5k n 3D A
AR AL SR s A, 7E 1 B B4 3D RS 24 A= i
AHRE Y 2D A G Sk AT U X 28 05 15 LA 3D TE A8
£ (3D Morphable Model) %27 . AR I3 9 2857 1k
DT 3D AR AR BT LT (5 A Ak Ak B O B A 2 3
[E] i, {E2 3D A AR A A b A 5 A%, AT 3 B iR
BB el B A2 2 BT, Zhou 26 N MR —FhodRc il 1
25 [ H UG e U3 352125 ( Nearest-Subspace Patch Match-
ing, NSPM) > b $HL: HEFR 22 285 () A, HRAS 1 AN 5 9 1R 31
PERE . 5 BIR D7 AR Bt — A allke 9 5 T 2D
FR Y T, I R Bk 78 AR {H 7% , NSPM 4312
B NS WA, I FLAE 3%k iy B g o v 2 2% 08

PR XA — B R b SRR AR T SRR X RS
FRRE YA AL LB K B, NSPML B33 119 1 fig
SRR

% NSPM B33 & AU — s S e /N e bk o
Pz 25 A\ PR30 35 (AMLRE) , 76 3R 590 5 i o [8] ) b
TG R 028 25 m) B0 SCHR [ 6 1R 98 26 I, FH R 76 A ) O
HRAAE T CREARAR) 1 NS GG B — IS4 T 25 1]
UK “YCHE”) , M%7 25 6] 0T LA fy 22 i i ity ' R 2% 1
A G R A . R, o 1 A B B ) 8T, AMLRE
LT B 2 ORI BT 1 K G ok 4845 i (B 15
(RGBS A: . R B, g 7 Ab R 8 285 ) 15T, AMILRE 55 540
NI HEAT 43 e, ) 5 559 78 o 5 780 fe 41 38 00 5 (1 45
T UG A A S AR ARG B . AE TR B B, Sk i 2k
TR S I 0 S AR 4 A5 780 2 450k - R0 3 181 45 R v W ]
G0 B AE VT FC B, 5 ) FE 3 A3 A% b i G VG E B 114 4%
PELL A 2R 00 A I3 P A5 o ko 1 1 B, AR 30 01 45 1% 25 0
HEAT NG

5 NSPM #7440 [H] , AMLRE B 2 4ifE 3L T 2D A
MG, AE 9 o A v (] B Ak B Y BB ] 0 A 48 285 () AL, AN
TR BT, AT B Ze R Rt A, )
TP A&, 5 NSPM S35 A, AMLRE B3k 7800 %
JEG A WA AP 1) 5 5 28 460 485 80 3 4% o AL DT
Be e, DT T LA B Sy o 0 ) I 8 285 A8 b 1t i 1) J) 35
B % 55152 22 . [H G, AMLRE 2209 % A 48 25728 A %5
NSPM S50k B 45 . S0 45 R 3R B, AMLRE 5334 %) 6
HERIN S 2538 Al B 50 o8 O R ) 8 R e v

2 AMLRE & X EZFNSSIMAT

AT FEVHE AMLRE B3k AN B IR (1) %
T AR e i PR SRV L, a0 & 15 (2) 2 TR M T MR
Z W55 AMLRE Sk Se 40 A iE 17 4r e, SR )5
I FE 7 5 72 4 A58 R0 4% AR o0 H i B 3 A i 88, -
FRAO A G I G Y B A DT B e A2 TR FE
SRR A M PR 1% o B A DS T e 1 2R P AL R HL 45
TG A X I ) B, 3 3 5 /N Ak EE A 1R 22 18 B0 1)
HAY.

Bl BT 5T AR e B R BRI g
2.1 ETFHSEHRERRITE

B E R SR M AR ES
Xy, xy fER S Behn £ A B x, € R
Bl , P — R X8 W () IR RAE P= 1 (W



% 10

(x,,)) € RV R o He AT VR . 6T AR 1) 45—
A B SR T(X, OFESE | KEGBH E N
WA S5 H RSB e P L = I (T(W
(x,), ) ER™ ™ 1< j< kK5 18 245 20 e i
DCE 53 B 1) 2 P 21 30 ARl 4006 %o o ) 0 P A 4 e
FESEBRI TS R, (AR 5 55 vee : R “—R' 41
SIH R R AEMKRA JP 1 HE R — S HEAT 15 SR
M A; s i R IER b 5008 i I P15 e dse fI DG i
1k A3 Lvec (P L), o, vee (PP JERE T @ S
SUERRFEH o), o "ERET , T(X, ) RFE
AR X S ECH ¢ RS R, o ¢ FoRTm [ e,
oyt TR RS ST TR B A R 1 R R
Al PAS B DL T IE R

vec(P;,L)zAi,ta (1)
XFF m AN ER Y, 755 @ RN RS R
S SEL 8, D R SRR S T AR B B 2k
PRI W G A e 1) 1 T Pl A5 4 e, [) e KAt A iz
AR R 2R o,

(ti,m,a,;,m)zarg rfuanH vec(P,/n)—AL-,ta”; (2)
1R Q) B AR SR 8, YRR R
;s ASSCHE (2) 23 SR P AN 20 BROR il - 8 e 1 7 4 53
RS R, SRR R MR IR R R G B e LMk RoR &
BRI AR 4 250 i SR X WA~ 28R i
FR A2 H Y.

2.1.1 &ERTEH a=[a, 0] BKRF

T(X, ) RFX AR X S ECh ¢ 17284, %72 4
RE A% S i R 73 DA T W R 45 v 54 3] 5 HE DG L 1Y
yde I e =y, 0, 1T RFN L, AR — /N R
fif b, FATMB ¢ 2 [ E AR . R, AR S Y 2
175 59 725 48

X
t I3 t
T(X,t>=(1 ? ) y (3)
[ 7 P 1

TED S AR S 50T 0 JE ik 3 — 25 SRR R (1) [1)
AN (4) P
a = arg mamH vec(P,,) — A ,a H% (4)
K (4) HYSR AR AR — A B /R 251 J7 R Sk [m) AL Al i
FE A, SRR (7 32 g ad F vp , B8 3 0 LR
ASRAEANT 1 6 BRA T ARAT 0, 0 2 B ) , AR
M AT A, JEIEER RIESR o iR
a=(A!,A; ) AL pec(P,) (5)
2.1.2 HREH®RESE =1, ,1,]" BIKFE
XA B IRI R G R BRE L ERRRE o
=[ay, = a, " B0 EMN, £ IERE b, A BRZOR AR

P S AR AT AE 2 P 7S SR/ P TR 1522 A B 2% 1967
A TR BB BT
t=argmin >, (I'(X)-F(T(X,0))> (6)
Xe w(x,)

k

KL, F(T(X, 1) = D) o I (T(X, 1)) f% 1K 5

W IR R AR Dy R AR (6) | 1 Se 2 o 1
AR SR ¢ R TE, SR 5 AR A & A RIS 4L
¢ RIRL(6) AN T 1] (7)) «

At = arg min DU (I(X)-F(T(X, t+ M) (7)

XEW(x,)
[ (7) 5t At A 5%, [RS8 ¢ SR .
t<t+ At (8)

XEFCT(X -+ At)) R —Br 28 B SOBURTTHE R EL(T7)
BB Sy — A>T LA SR A 1 [ 7L

FIT(X. t+A8) = F(T(X. 1)) + vFaa—tTm 9)

P 2
At:argngn 2 (Q—VFC.T{At)

XE W(x,)
X, Q=1(X)- F(T(X,t)),XRFEE— /MR
Z T AR R . At FIfR R

T
At=H"' > (VF%) 0
XEW(x,) (11)

n= 3 (vr5g) (vr)

Xe w(x,)

2.2 ETHMEMRENSETZE

KA RN (2) TP RO AR B S HL ¢, FIRH I Y B
MEMFoR Z e, J5, FIAX WA CHSHTRE R
Q) HEIIE IR | vec (P,) - A, e |3 A /N FI T
R G IR ZE AT /028, 0 TR I R 2 e, 1) ]
BTG HhoAH B o3 St HE AT 05 UG 1R 22
H/NZES @ B R o B 260, R R

]denzizy(x,/n) = arg mlmH vec( P, — AL a; ) H% (12)
21 I R v B A 23 B 200 5 g S R e
i A D B AR A 2]

3 KWERKS

R T BRUEAR SCRTHE ) AMLRE 8398 0 A 80bE , A 3C
TEH 7T % FH B9 Extended YaleB!® N & FERET! !
NGB A PIE A 509 e _E AR SCH ik gt
AL fE, OF 15 NSPMFE 1L LLR 53k R SRC Bk
(Sparse Representation-based Classification ) ') 31 17 b %5 .
S i T A 1 1 2 Bk R 105 x 100, 28 B/
22 % 22 LY FHIF NP — BRI T A T
PRI | ATy SR AR A R Xof 5 A A B A S Y 5
P, 55 AR AMLRE 53 1% T NSPM 433% | LLR 5.
A0 SRC FEvAAE 18 F N e b BAT S g U

(10)



1968 H +

2 2012 4F:

BE . SLHEMX FR B4 : PC Intel (R) Pentium(R) 4 CPU
3.00GHz Microsoft Windows XP, Matlab 2010. 7£ 3 & 68 2&
N G (SE g i 1 67 28) 1Y PIE B 1 b 1y 5250 45
SRR A A AR AL AL Matlab 485 4k 2 — 5K K4
72 37s, fiff 11 NSPM 53 vk AR B Ak 21— 5K 8 5 22
51s, A SR HAT AR .
3.1 XEFBUEBEXTLL

AL SR S £ DT R 1R 22 (Average Matching Er-
ror, AME) R Al 07 5k 728 80 455 T 01 - B4 7158 8 A58 TR Xk 25 285
AR B S X DT TC 158 22 B SCOR < B 2
BUG R EANA2E0 C, 1< m< M, RIGHE&KD
D G S e i g 24 1) o b o 32 I V1 % 4 B o L 1 £
PERLG R 22 1P 29ME, 4 s

g =3y 3 e (P A o |2 (13)

AME yspy — AME yyie
AMEyspy
F4) D gy P8 AR ST A5 72 46 9047 73 e DG iE 365 i
B4 DT TC 52 22 41 L T NSPM. 52 32 1 1 S 8 725 4 R AIG
L. ani&l 2 B s, 7E Extended YaleB Fl FERET W%
P, o P 0 5 722 6 R AT B D IE 3 1 1 349 DC i
W22 W R A MR 22 . 2 Y235 A0 1 M A8 R I ik
i A7 5 728 46 i AT 3 HRe DG E A Sk 1 RO B T S ]
(H A Pose 4: + 12°, Pose 8: +24°,be: + 15°,be: +40°, ff
JE R TE N N 1) A i 5 L 3 B D 9 3 s I 1) 7 i
%% ,Subset 1 &2 : 52 THFE BE 1Y O BRAS 4L, Subset 3: & 7%

HEERAEAE) .

Dy = x 100% (14)

1 Pose 4 of Subset 1&2 Pose 8 of Subset 3
§ -—
. .
= =
W 0.5 o 0.51
o ok
e =
= 0 L L L L = 0 L L L L

0 100 200 300 400 0 100 200 300 400
B %S BB
be be

— 1
s s
¥ ¥
= = . ;
444 05 1 0.5
o o
E 2

0 =2 0

éO 160 1:50 5|0 1b0 1;50
B I
FE2 Extended Yale B FE L F3 UL BLiR 2 Lh ¢
3.2 EHiEMEELLR
AL () EL AR TR W B AR SCHRE Y AMIRE B
:[F] NSPM %59 | SRC 8.4 ##E Extended YaleB, FER-
ET A1 PIE ARG B0 PE i 47 E 3, R B8 UE AMLRE 8.3k
Xof S HE R 8 285 T e A8 A 1) 15 0 EL A B A i S A vk

o
o

3.2.1 Extended YaleB %47 Ff b By 14 AE b 3%

Extended YaleB A AL & T 38 2K54E o4 Fit
HEACPEAN O Bl T AR ARG MG . ol F 4k 12 v 42
HERIEE 15 25 (B16) A BGOSR BUR Y , ZEAS S S 5 v
ZREGE ST, BT 37 REMR AT IE8 . S g R AT
TEHUEE — (Subset 1, BB 68, 05 7 FhOE BB &AF) |
55 (Subset 2, 38 B G IR, A 5 12 FiOB IR A1) FIEE
—(Subset 3,5 Z4 G IR, A0 B 12 BB BRAC 1) L IR A%
PR R R R AESS 1.8, 11,1417 R R
S5 T AR 1 16 B (5 1 FEZS, Pose 0) , T &
12255 5 Tl (Pose 4) FIEE 9 Fl (Pose 8) &4 T 1 A &
%, mE 4. 5 A o sl
G kB 80 4~ &
185y He 452 10 x 8 1Y
MAEHES, I 3, &
O T BRI, B

BB o Heh
I'(W(x,))

A3 x3 KRR A
T — 1 E#H® — ‘ .
Ay B B3 EgSRF LR EE

El4 Extended Yale BE#EEE # i A\ I B 7~ 6

% 2 & AMIRE % 5 NSPM % i Al SRC 8 L 1E
Extended YaleB A %05 FE A PERE b4 . NRH AT LI
H SRC 557k X 225 A8 AL AR Bk, T AMLRE 8. 3% I
NSPM B3k % B AR AL AR AT AR U iy B A 1k 2 AR
b A K, SRC L MRS 2R NI X E 22 H
TR T BN ER X 55 5= 22 88, 1 SRC B 1%
X R B R 554 BE 2R AR W = . B4R AMLRE 55325
NSPM #7% #0 AT DA Ak #2885 A A0 1 Ol , {H i 7 AMLRE
SRR AT St 7R A 7R AT L R B T o A 17 VT i B
I AMLRE 5535 b NSPM B3k X 8 28 AR AL T &4 . A

R LIEH LB CBEANT, T B AT IE R
n fil, %1 AMIRE &35 NSPM &% . SRC BiEE
AMIRE %{f FERET A BE&#U3E B M e LE %%
BT e Rl

NSPM 4 3 : AMLRE |  NSPM SRC
el be( +15°) | 97.94% | 98.45% | 51.0%

‘ ) bi(-15°) | 98.97% | 98.97% | 38.5%
LA ha(+250) | 93.30% | 88.14% | 2.5%
WREF (59 be(+40°) | 65.46% | 55.15% | 8.5%

23,



% 10

i A HDEIE RIS ZR AT B D S e N AR B IR AR 1969

AMLRE %5 7% Hb NSPM 83036 76 U5 %6 42 7+ 7 3 ik
10% .
3.2.2 FERET #iEE EHEaE L%

FERET A 548 %2 Lt Extended Yale B A £ 40 15
(Ot A EYN AL W EPEE S DRl DN ALK 5
B/ (EHRAR G BUARRT F /D) sz v, AT AT IE
TR ba AF RN, MBS be( +40°) (bd( +25°) .
be( +15°) Fl bf( - 15°) FE M E &, WE S Bis . i
WHEE R AE AR 1 194 2 A % (45 01013 ~ 4
5 01206) , I AN EMG RS 1ok AR B4 AR K
B R 100 A EHR S B, 2 10 x 10 1 KA RS

- | 1
K5 FERETHIEE AR EGRH
1 BIFH T AMIRE #35 \NSPM 5.3 f1 SRC -
PAE FERET A0 3 b 9300 2R . A S 56 45 3 o vf
DA i, SRC 531 % B 2848 AU AR SRR X & 1 F FERET
AL WUN S R O A = S N T D RS2 YN 4
EHG A R A & — 5K R, T SRC 375 AN U0 &
PRIPIXEFERG BE oK He 8, [RIB, R ZESR v E M
ZRAFPRZS T B9 A R A XS T SRC 33, AMLRE
AL NSPM B B % A B G R Hh ) S 2S In) B A
EAAFAS K, AMLRE 575 5 NSPM 5 ik M RE AR,
R Bl 2 A7 AL 2 R, AMLRE 55075 R 3R AL+
NSPM 3.3, i Z Al 2 7+ 10% .

#z 2 AMLRE k5 NSPM &% .SRC B A 7E Extended Yale B

AR EHE EE IR B R L i
S bne
e 55 5 Fh 75 (Posed, +12°)
MR ER
AMLRE NSPM SRC
S —FN5E —OGHA (Subset 1 &2) | 99.15% | 97.58% | 69.70%
45 =68 (Subset 3) 98.42% | 95.72% | 51.58%
. 559 FHEZS (Pose8, +24°)
i ﬂ :
AMLRE NSPM SRC
% I (Subset 1 &2) | 98.15% | 89.62% | 25.60%
55 =68 (Subset 3) 89.19% | 79.95% | 23.87%

3.2.3 PIE ##EE LR ERELL R

PIE A JK: B8 122 i AL . Extended Yale B 1 FERET
NIEBAER I Z AL 68 A NI ARG B (256 v A
FH 67 28) . szid MR 4R J2 21 OB IR &4 F (2-122)
B =R 225 (P05 : — 22.5°, PO7: 40, P09 04 ) A K &
% T HE 2 13,18, 110, 13, £16, 220 D6 BB 45144 T 19 1F T

NI BB G 6 Jrzm AR A A 5 v e e 80 A~ 4
GrHe 45 10 x 8 1R HES

Bl6 PIEHIEE o i A B 5w ol
3 47% T AMLRE 5575 (NSPM 33.3%F1 LLR 5
IRAE PIE NSBB8 b vl LR
th, AMLRE 5335 F1 NSPM 53 i g I8 T LLR 53k . [\
b, A SCHR B AMLRE B8 3% 9 SF 2307 51 3R 3k 5|
99.45% , i T NSPM 3.3 19 F- 2 15U31 % 99.26 %
#&3 AMLRE #Eik5 NSPM &3k LIR Bk

PIE A RGEHE EE R BE L 42
YU
5
WER AMLRE NSPM LLR
P0O5( -22.5°) 99.64% | 99.36% | 98.50%
PO7(IFFAR) 98.86% | 98.43% | 98.50%
PO9(fIIAR) 99.86% 100% 98.50%

4 NG

X G R 30 45 AR Hp 1 S BE R 35 A8 Ak ] T, A
SCEEH T — i 07 5 fe /N 1 B R 3R 25 N T ) AR T
(AMLRE) 58121 S Xt UG 47 4 e, 88 ) fit R 0 33
AR PG XTI 33X A% o e R A S 4y B R AT U
FE G J3 B E 4 DUk (61 45 o3 e, 38 0ot e /ML R
Fa R 22 3K 2B H I 78 2 A $508k 22 (-
tended YaleB, FERET Fll PIE) | 1% 52 55 5 LR B, A XS T
NSPM %3, LLR 535 F H A i 47 89 SRC .3k , AMLRE
SR BRI 2 25 AR AL T, LA T 47 A 1R
e FEF, BRrFRAT 2R A T B 0K B AG Bk 1T
NI A 2 TS (T R A B (B i AH X o 8 %
) AESF I, AT B 407 B 06 R L, 45
FIF T R AF B G OK B A5 B ok i — L4
AMIRE B3k A HERE Xt 2 N — B ks Jr i)

S Sk

[1] Z Zhou, A Ganesh, ] Wright, et al. Nearest subspace patch
matching for face recognition under varying pose and illumina-
tion [ A] . Proceedings of the 8th IEEE International Conference
on Automatic Face Gesture Recognition [ C]. Amsterdam, the
Netherlands,2008.1 - 8.

[2] S Baker, I Matthews. Lucas-kanade 20 years on: A unifying

framework [ J]. International Journal of Computer Vision,



1970 H +

2 2012 4F:

2004,56(3) :221 - 255.

[3] W Zhao, R Chellappa, et al. Face recognition: A literature sur-
vey [J].ACM Computing Surveys,2003,35:399 — 458.

[4] X Zou,]J Kittler, K Messer. Illumination invariant face recogni-
tion: A survey [ A]. Proceedings of IEEE Conference on Bio-
metrics: Theory, Applications and Systems [ C]. USA: IEEE
Press,2007.1 - 8.

[5] R Basri, D Jacobs. Lambertian reflectance and linear subspaces
[J].IBEE Transactions on Pattern Analysis and Machine Intel-
ligence ,2003,25(2) :218 — 233.

[6] A Georghiades, P Belhumeur, D Kriegman. From few to many:
Illumination cone models for face recognition under variable
lighting and pose [J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence,2001,23(6) :643 — 660.

[7] V Blanz, T Vetter. Face recognition based on fitting a 3D mor-
phable model [J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence,2003,25(9) : 1063 — 1073.

[8] R Gross, I Mattews, S Baker. Appearance based face recogni-
tion and light-fields [ J].IEEE Transactions on Pattern Analysis
and Machine Intelligence,2004,26(4) : 449 — 465.

[9] R Gross, I Matthews, S Baker. Eigen light-fields and face

recognition across pose [ A].Proceedings of TEEE Internation-
al Conference on Automatic Face Gesture Recognition [C].
Washington DC,2002.3 - 9.

[10] John Wright, Allen Yang, et al. Robust face recognition via
sparse representation [ J].IEEE Transactions on Pattern Anal-
ysis and Machine Intelligence,2009,31(2):210 - 227.

[11] D J Beymer. Face recognition under varying pose [ A]. Pro-
ceedings of the IEEE Conference on Computer Vision and Pat-
tern Recognition [ C].USA:IEEE, 1994.756 — 761 .

[12] J Luo, Y Ma, E Takikawa, et al.Person-specific SIFT features
for face recognition [ A].Proceedings of International Confer-
ence on Acoustics, Speech, and Signal Processing ( ICASSP)
[C].USA:IEEE,2007.593 — 596.

[13] P J Phillips, et al. The FERET evaluation methodology for face
recognition algorithms [ J]. IEEE Transactions on PAMI,
2000,22(10) : 1090 — 1104

[14] F Perronin, J Dugelay, K Rose. A probabilistic model of face
mapping with local transformations and its application to per-
son recognition [ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence,2005,27(7) : 1157 - 1171.

[15] X Zhang,Y Gao.Face recognition across pose:a review [J].
Pattern Recognition,2009,42(11) :2876 — 2896.

[16] Fiedk, 5. BRTEMZRT] . THEHL IR, 2005,31(18) : 178
- 179,215.

Wang Hai-tao, et al. Self-quotient image [J]. Computer Engi-
neering,2005,31(18) : 178 — 179,215. (in Chinese)

(17] FEEE 05 B T2 A R i e BRAL PR R [T
L5 R 582441k, 2008, 13(5) 1 103 — 107.

Zhuang Lian-sheng, Long Fei, et al. An illumination process-
ing algorithm based on total variation model [J]. Journal of
Circuits and Systems,2008,13(5):103 - 107. (in Chinese)

[18] A Bronstein, M Bronstein, R Kimmel, et al.3D face recogni-
tion without facial surface reconstruction [ A]. Proceedings of
European Conference on Computer Vision (ECCV) [C].
Prague, Czech Republic,2004.11 - 14.

[19] BRIEHT, 56 —Fh il & (830 2 Rr AE AR BE R AE 19 ALK
PO (7] 74412, 2009,37(6) : 1180 — 1184.

Chen Bei-jing, et al. A novel face recognition method based
on the fusion of binary edge and grayscale features [J]. Acta
Electronica Sinica,2009,37(6): 1180 — 1184. (in Chinese)

[20] e, 45 . kT Ok 2 UK AL g K6 IR — 1k
[J]. B T4 ,2010,38(8) : 1791 - 1797.

Xie Xiao-hua, et al. Illumination normalization of human face
based on the second-order polynomial model [J]. Acta Elec-
tronica Sinica,2010,38(8) :1791 — 1797. (in Chinese)

[21] T Sim,S Baker,M Bsat. The CMU pose, illumination and ex-
pression database [ J].PAMI,2003,25(12):1615 - 1618.

[22] A, &R, K, & A B 3R B ik grik [T].
H, F27 4 ,2000,28(4) : 102 - 106.

Zhou Jie, Lu Chun-yu, Zhang Chang-shui, et al. A survey of
automatic human face recognition [J]. Acta Electronica Sini-
ca,2000,28(4):102 — 106. (in Chinese)

[23] X Chai, S Shan, X Chen, W Gao. Locally linear regression for
pose-invariant face recognition [ J].IEEE Transactions on Im-
age Processing,2007,16(7):1716 - 1725.

[24] S T D Prince, J Warrell, ] H Elder, et al. Tied factor analysis
for face recognition across large pose differences [ J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2008,30(6) :970 — 984 .

EE BT
TR Y1986 4F 10 AETFITIRIRN.
RSl 5 NN X 110 B S e s 0 S s A 1R g <
HUSE ARG AR S

E-mail : pingq @ mail . ustc. edu. cn

EZEE U, A, 1978 4R TAREE . EEWVITETT 1 I
PUBLSE w4

BREHE ) HOR M 1964 AR AR T LB EEVETITT 1 R EIHR
AL S IBUES SRR B R SR RN L 2%



