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A Review for Face Recognition with Occlusion:
From Subspace Regression to Deep Learning

LI Xiao-Xin LIANG Rong-Hua
(College of Computer Science and Technology, Zhejiang University of Technology, Hangzhou 310023)

Abstract  Real world face recognition system has to struggle with facial occlusion problem. The
practical facial occlusions can be roughly divided into three categories: the occlusion caused by
illumination changes, the disguise incurred by material objects, and the self-occlusion rising from
pose variations. The difficulties of face recognition with occlusion mainly lie in the occlusion inducing
problems, such as feature missing, alignment error and local feature alias. We review the extant
methods against facial occlusion from two aspects: the robust classification and the robust feature
extraction. The main ideas of designing robust classifiers is to represent, weaken or eliminate
facial occlusion per se or the errors caused by facial occlusion by fully considering the inherent
structures of the facial images and the facial occlusions. From the view of subspace regression,
we review the main methods of the popular linear robust classifiers against occlusion, including
collaborative representation, occlusion coding with the well designed or learned occlusion dictionary,
and occlusion dictionary learning and compression; from the view of structured error coding, we

review the error coding methods based on the low-rank structure of facial images, and the error
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coding methods with the occlusion spatial structures embedding using the structure inducing
norms, such as the nuclear norm; from the view of noise weighting and occlusion detection, we
review the extant iteratively reweighting error coding methods, which fully considers the statistical or
spatial relationships between facial occlusion and the error incurred by facial occlusion. We stress
that feature extractions are very important and critical in handling facial occlusion, and summarize
four basic elements from the existing robust feature extraction methods, which are image decom-
position, high-order semantic feature extraction, spatial locality and multi-hierarchy handling.
For the shallow features, such as image gradient orientations and Weberfaces, we deeply analyze
their robustness mechanism, i. e. , the phenomena of the underlying zero-sum differences incurred
by these features. We then go deep into the coding principle of PCANet, which brings the deep
filtering thought of the convolutional neural networks (CNN) into the classical feature extraction
framework, which consists of feature map generation, pattern maps computing and local histogram
producing. For the deep features produced by CNN, such as DeeplD, VGG and LCNN, we illustrate
their occlusion-invariant property and elaborate their coding criteria. We validate the efficacy of
the extant methods in dealing with facial occlusions on three benchmark face databases, i.e. , the
Extended Yale B, the AR and the LFW, and indicate their applicable problems and limitations.
We finally point out the main challenges brought by face recognition with occlusion in the field of
computer vision and pattern recognition, and the problems of the existing methods in their
solving optimization algorithms and their feature extraction procedures. We also indicate the main
problems that CNNs should consider in dealing with facial occlusions in the future: the transfer
learning from the unconstrained datasets to the constrained ones, the training challenges with
only small training sample size, the usage of the occlusion priori widely adopted in the classical
error coding methods and feature extraction methods, and the relationships between the sparsity
of the CNN models with their robustness.

Keywords  face recognition; subspace regression; error coding; occlusion dictionary; robust

features; image decomposition; deep learning
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A ) DX iy 2 FN 25 5 7. X R Q2R S (o) S T
A FHLUE I A0 e A 72 48 B 1 o BT SR T 1 D8 O 0 % 7 A2
/. B 8 (o) 2 T 1L 1oL 307 U8 I 4% 19 D U 4
JB: £, 0 L, AR Weber $§AEAZ 45 43 531 T €, C+) FI
&, Co RN, AR IR R o B AL K i 8 D s (O6F
BT 8Ca) iRy 4, BE/IN. B 8 (o) i 7n T AE AN [A) ¢
AR A T 20 (20) X BAT AN [) 44 71 23 He CAR 0~
100 20 1 RT3 14 B 4 i Ak 3. B 8 (o) 1y &l
VR R C A EE AR y WK Y1
Weber 3, >R FHWCHa 19 1R L 08 B & L B HR T
L S i R ST 47 b AR TS L ], B S 1GO Brh iy
i 148 AR T s R 8 D ik ) 8RR A O
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T LUBPOWIRE T IMAIRCER. HR G L U8 AT
B AR B AR AR AL i T B %8 B AP R R
ZTE] B ORI, — HUE AR 3R RS H R P RO A
BRR RN 25 2 A W AR L B 8 (o)

(b) AFRIZE I A AL

(a) PEPAH%

)T B R iR y B E A G ER v R4
Ay TREGAEER R R PG LA
B 100 26 HERS T 1M 7E 1GO A Weber 5 X 3 4
FE A5 £ A 4 D0 A %o 2 0L

50 60 70 80 90 100

3.0 4.0
SR Lt /%

%010 20 30 10 50 60 70 8 90 100
BRI Lt /%
(o) R LLGIfG T

Pl 8 sk X A 3 P A T 5% 1 G 24 L 81 A R 36 TE S [o) R AAE ST A R 22 TR (2 (o) (B (65 () 6,
(6 CO M FRAZR F B IGO B =Fh Weber 3. (a) /R[] A5 4 50 BT 1 21 1% I8 I 25 4% 5 (b) 75 385 4 Bl %
v RCFUSI TO I P P8 v A PG R v ORI A3 7R — B A M 45 44D 6 A R FE AR J8 v 19 R ] 5 (o) 7
ATRFRAESR L 23 30 2Ly CRIED AN y CF ED A2 IR i1 30O ATy P Ay £ LE 4D

KT & CORMECOXMBERI S BE, 5 1GO
R GCo) HXS R, AT LA E L Weber 3 A (19 & 4k FF
ik 25 [H]

W) =[6,()TE,(HT]T 2D
GCOFI W) SEBR b HB IR e T F T 25 77 o ) %o Jit
I GG AT o0 i B 45 R L A SO S2 30 R WK G o) AN
WCOHRAB A 1732645 40 CESR Ml RNR 4% . g%
R R T Xk A P AR 1 TR P e
5.3 PCANet 5 FPH fEZE

PCANet B Chan % AN T 2015 4E 48 1,
N TTEOE R T M2 5 AR G
FHAH 22 M 4% (Convolutional Nerual Network, CNN)
P RBAZ N 27 2] S TR R SO CNN iy B R )2
5] AL B “BRAE K] (Feature Map) -5 5 K] (Pattern
Map)-H: R 8 (Histogram) ” B9 45 1iF 32 BUHE 48 (R 3
Vs B FPH RESR™) RIS 4 2 15 f

Ge R AE SR BO) 3k g S TR R A Xk
8 735 Al 60 208 24 A ] 2 6 M 5 R 8 o ik B
BeA 20 R AL 5 I 2R 508  PCANet 1) 41 25 50 1
JOL 0 X5 )l BE AR Ak S 44 25 B T AR 5 A B
3 — T THT PR BRI TR BE A 20 5K A o R AL B
Ry — s s T HEREEI BT RS
VA DR NI (2 WIS a S B A W UL R (170 L E S N
5UR B 2% ) Z (8] WY Bk R AT SR AL AT FR AT S 2 R AT 5.
AT @ ok )i FPH #£28 5 PCANet, L 2 PCANet
5 iy CNN 2 Ja] i B 8 0k 0 443X — ] .

HLAE 2005 4F, Zhang 25 AM) B 20 & B4R Ik
fifi i Gabor /N 43 L J5) 3 A8 4 15 5 J5 38 4R 1iE 48
T AR L SR AE A R R FR e Sz L RE
F3. 3K —HRAE Ak PR AR S R B BIE 5T A Ao
A2 Ry R AiE T A s A X R g ) R R BT A =
IR AR Z R “FPH FEZL”. FPH HEZL 8 T
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DA B R AIE 21 =5 B 4 AiE 1 32 2 40 B 2o # . (D) 4§
I P LA 53 fie 0 5 8 D AR 45 3R R AIE 5 (2) B C BT Y
VA BT 4 2 45 40 il Je R AIE S TR R 0 S B AR AR (7]
AF S ) 1 6T AR AE T 4 A X A A R AR Ak 1 AR
FH s (3) HR 1B T DA 34 (15 1) 5 \) 4540 15 S

4k Zhang % N W) TAEZ )5 . FPH HEZL %)
120 TR R B N R, PR AT e G
THH TSR] B R E T RS X R R AE T 3 A
Gabor I {H""" . Gabor # """ | By {5 5 (M ¥
L B i 1)t A A A AT . R R (B A
A (LBP)S | J5y 3G okt X (LDP) - 5 JR L 4
4 (Quadrant Bit Coding, QBC)! | J5) B 5 & 4
#:(Local XOR Pattern, LXP) 2 R [&] 19 £ 1 &
e 2 55 AN ) i A 2 ] G 65 R DU AR DG . — 1 450
J5 1) 28 Can st BE J5 ) A A7 28 (i Gabor A 437
FFAE 75 2 42 R Ll R g B 00005 T L R 2R I

&

(b)

(a) ()

U Vel 5 {6 1 Jm 3 S oA X 4 55 i (i (A Gabor
W A B A0 BT Bl 5 B 2R YRR AE I 5 ] R A =
(B 2 R 37 3 A o g g0 0SS g 2002 4R
Ojala 25 A 41 ey 38 — (8 455 20 LAk A5 20 44 1 1Y
BT I B A & AE 52 o 1 1 AR AE 32 4 S8 B AT 4R
JE e A S AR R AE E ¢ (i LBP, LXP) 5§,
HACREE Can QBO 1 5 207 A F R I - SR JE o L
TRV g 5 Ry T L R B AR AT 3R IR T P R
AT R RRAE B, DL A R e A T 2 YRR
AIE o [ B 25 [ e 75 7 14

PCANet!"™ IF /& F] F§ CNN % FPH #E 22 1 1
SRAIE T B A A R AT e T A 2 L 9 TR,
5545 50 1 R AE 1 B 2B At B S [A] 9 J2 » (1) PCANet
SR FH %) 08 D8 # 20 2 DA DI 5 B 40 b 2% 20 3 1Y, i R i
SeF T (2) PCANet X A B G347 T W2
o3 i S T AR 52 53 i

B 0 2040 60 80
0.5
1.0
15
2.0

2.5

3.0

x10°

(d) (e) €D

K9 PCANet HYRHAE$2 UL 72 (Cad ~ (o) HRAE B AR A i A TR A R AETE 45 3207 17 LR IR 20 5 (D B I8T  T « x
BELURRAE AT E i 2R AR 8 M s (o) ~ (D M I i B2 8 A BB Y R 3 e 454D

H ek E PCANet HriE I a5 H W) Zhid 2. X
— A LU AR i 1 A 8] R 4 R ) PCA 1Y
WEEENZR: (1) 57 A U 2 B 43 30 80K /N AR 45 11
Hes (2) ¥ e A BRSS9 1) 5 2H B — > U8R
FEIE 5 (3) T PCA MBS 58 B vh AR IR £ 4> 32
J7AE NS — 2 UE P AR L. 56 (1 2R WA Al
B H AR R ER PR D il 2R E G
B S (—1 R us s AR X [—1 )21l gk &
TG0 B W 25 RV AT . b5 28 ) TR B N 2% B K 1 AN )
& PCANet By Il Z ik F2 AN 5 2238 1o BEHLAR B F %
T3 VR HEAT R I AR 4 3K FE AT DAAE — 8 R R bk Ao
PRI 285 e T 5 | & 1) 3k 40 ) .

10 X H 7 PCANet (i 1 J2 UK I8¢ % 20 1 28
1) Gabor JEJ & 2H. WK 36 Gabor J& i #% 21 1R 47 Hh

M7ZZESNN
NZZ=SSM

B =
Bl JF 4 W

& 10  Gabor( | &) 5 PCANet(F B JE I #5 4H 1Y i

BT N5 2 2 VI 5 X 88 09 8k 52 5T
N 4, PCANet 38 i # 41 5 4K 9 R H 48 31X
(4 1 5 SR 17 » Chan 48 M7 19 52 56 % W] PCANet Lt
Gabor F1EH A 81 47 1 4 iR e ) F& B k. 92
A EEZLET Gabor JE#AH R EHELLT V1 g X
35 1) JE sz B e 7 L 17 PCANet AL T A 24058 B2
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JE XS E A5 5 B R J2 AL B e X PR SR ] T IR
JEE 0 fifk LA K iy 7 A 1 R B AR AR B R JE AR AT
U 2R T R L MR RE T . 1B 11 N A0 I £
JEEE— 20 M B T TR B it B0 T Sl e R i 5 BR
Ay UM A TR B B — AR R R RO R
Rk AT L2 BRI A A4 4.

(a) (b) (c)

11 PCANet B9 RFAE B Az pfEad B2 09 A5 457 BE () A
GE S LB ER T — a8 BE5HEEEN
FEAEEIAS g N5 (b) ~ (o) 2 453 1 76 48— A 7 1l
R A AR R 1T O BRI AR T Y
5 B R AIE ) SEC I3 OB o 17 T 260 4 1 i 0 7 BE 080

557 IR 5288 R B PCANet H A 1R 5 1 i

P& st Chan 28 AH7 R 48 HFC R 76 F . PCANet

) 0 U A 2 R % R N - 9 B S 4 A 2 L SR T LR

B 9(b) ~(d)a] P & B PCANet FF 7= 4 1 HR4E B Fl

A5 2 AT SR 5 ObF O B T R B R, T 12 EbAR T

PCANet i ji Xt F ] — 5k AN 1 15 78 308 4 1 J5 & A4

b 4
kA

120075350 %At

12001535 5) N Kpk

Bl 12 fA] — B NI TR 7 14 4 A= 1T JS B9 PCANet 17 Jif

(A5 Ak o BT LA & BE - 3 B 04 A7 A i 7% PCANet 1 i
AR B AT WA . PCANet {8 18 T 1R
KA R TR IRARAE SR T, M E AT T 4 KA F
1200 1) B2 4] F KK 5 » PCANet [ i) )i 25 45 450
N — 380 3 3R I H 0 AT SR 2 R AIE 2% 2 I 1% 1
A 1) — A~ B A v UL {3 F R e 1 o DU Ok 2 T
PCANet W [ (9 Ji i 45 Fof F iF— 2 0%
504 BEMZEIEERHEME

R Z 7 DA AT A SR s — 5K A R 350 38 424 11
NI AR s — A B R N IR RE 68« 40 fig 7 O~ B
it Nz V5 o T 6 5 1 s Y D e 49 - Sk R T B
6 BT IR BRAE. 2009 48 BFFT A0 IR IR 3
T EMGBRfR AR T E F = B i SCRRAE (RPN ZR1E 5 )
AR 0 R 8 O 1 BEE 4 . Kumar 28 A0 @il
LN SAEEC S DN N G R (N U9 R 2
65 ol & 1k O 48 8 &R TR B A R AR Cln B L 30
S B BE T 0] A R0 S T HLR N SR B D v 1 43
e SR - MK B R A1E 21 155 B RRAE 19 28 e 1T B e
R 4> JEA T R AL TR 2 o1V A A2
it R 22 J2 A LM it DA B R T 1] A 4 1 2
2T AL A R P IX — ] R4 T 48 Sk U5 k. 2013 4R,
Luo %5 AU 3 F B R0 45 1 3R 45 vk 22 18] 14 1
B A DG o 38 Ao 33 oA DG W L IS e R Sy 38 4 T
Bk (1 )@ PERRAE 2014 4, Zhang %5 N0 JR R
5 R 22 I 258 AR 25 5 FH DAk R Jag P 41 D v 1 8 4
ARl b AR D vk AR T B 2 A R L R
PR TE T BERE B B R A ) AR R ) AR

AR 2 s 2 75 AT LASE o8 5 oI ] ol 27 > 30 1 R AR
H 3 X 2 [l 15 1 45 ol T e W 2 3 — [ 4T 8% T LA
TR JEE 2 2] v 3R 28 58 R B 2 2T 1) BHLE WF 5% 36 A
TR W 25 AT 58 K 43 A s R 38 VAR T TR )
26 1) B B 2 A Bl e T R AT AAAE — A8
R BA AU BB SR —h o AW &
JCHY A A kAT LR E 20 A R X 8K, 2015 4F, Sun
S5 R A TR O BE T CNIN R 26 6) A &1 4%
(P22 TE A N R AT T R G5 A IR 4R 0 T AR B
2 B2 e R B A A AR P R R Y
D =R O Bvirk e N 8 o S D = S
P B 1 5 1 CE b 48 9 2% 1) 43 A s R AR ) 6 R
3 R P22 T 7 1) S ) M R g (A — A A
AN BE JUE S BN SR A R i P e A v (A
B JE Tk O AR G 1l o3 25 T DAAR 48 A 45 1Y 8
X UG HEAT 4095

M4 Sun FE AU ETTH) CNN W45 2 HA X
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L
&

FER) 53 A IR B8 7 7 X Bl RE I J& 15 7T DL 4R Je 2 3
FHHE CNN [ 223 1 4 7 ar =4k Tt iy
BT A TR 0 ) 35 3 CNIN W 48 K H: 32 B4R 4E.
AT AR B CNN 2% 1 53 A R GR e ) FEFTIH
FWMTF=1HEK:

5 AR 215 B ) 2 R 2 2544 . S T oy
5 MG T I A s B S P L S e 2R B 2 e
PL LeNet5" SR £ 1 CNN W 2% 3% F K14 = B )8
P 18 A B 2R 1B R 2% 254 . (1D ERAK I L2
IS FMRB FRRAE (R 3R B0 ) 45 38 )2 3R HL
Jry i B RRAE. E T G AN [ DX Ry S B R
TEWITE Wi B B A2 RL, BT DA A6 AR A L A 5
TR = B SRR AE 19 T Bl Ak R T BB AN 2 R — 1, BT A
FEAEMHZE SR (2) EREWILERM H 2% #
25 AR IUAS Jm) 350 /50 B R A1 1 A DG (BRIl R 2 4k
Ja& PEFRAS & B ST AFAE ) U AR L AR A

WA E X B Bl k. R ELBAE WA D7 IH -
(DA JRFBEREZ. NFE 1 0 LL& B, DeepFace™
1 DeepID Z 311105 4 % F LeNet5!" 7E W 4% 44
1 R KRB FAE T ARG Z F i = i 2 i 42 2
ZIE AT JR )2 X R B T X R A R A
HEAT R I LR, Jr I 25 1 45 BRAZ B X 3X — Jp 8 Xk
PN JE R R AE A 5 1) TR N7 5 17T 6 S R R AIE A G
PO 25 7= A i U8 B VE Y 5 (2 X A ES AT 43
Hell 4. Sun 28 A0 0 S AUAAE B 46 b AR
TRIE B 2T R R AN I, I T E K A ER
X1 53 R AN [6) 1 Jmy 0 DX 38 A AT & 0 SR 3R A —

J5 T AT ARG YN ZRAE AR, S5 — 5 T AT DA A5 I 2R
14 T 2% I\ — FF i3 35 B 6% 265 &7 . 3 0 J) 30 S 8 R

B 5 W N G I A% ol e P 3 ) e
THIN ; 2t nT R A S A 280 3R UH 45
i 1. H AT DS B TR M i B O E
SR W58 & 148 CNN W 2% 1) 35 31 Al Gt 7 v
X 3 — ] {1 DR B0 IF A & — 25 BIAL Y. 2013 48,
Sun & AN FFIAIEAS 5 5 I 25 9 45 CRIVI 45 1) i
S X A5 5 T P 45 1 A e ) ) 3 % {5 5 2
A TR — 2850 o 76 X 45 1) B e B 1 2 AR A4S T 2y AR
fRAE /N T 25 1) A% Ak 458 K Y R AE. 2014 47, Sun 2§
AR Taigman % AW 8 2 H EA AR A (S
5RO RE T4 R 28 5 22 ) A 22 L B R R R
155 2R U 25 I 45 CRII 28 1 4 A2 A R AR 555
2% B R AR S B 28450 . R HRINE 5 ok I 25 9 45
BORA R Z W0 H A KB A L8 2 AR,
2014 4FJi » Sun 58 AN #EUC ] I FDGIE AR 5 FiR
S5 RN LR 28, LA 5 1) 45 1) B0 30 . o T 0F —
A T 58 XoF IO 245 1) W B 5 2015 45, Schroff 88 A 2
T FaceNet, 5% ] 5 /)b = 70 21 451 2K oR 250K I 25
2. A4, Parkhi %8 A5 36 F fe /b = oo A 2k
Wk VGG M4 5 R ] A9 J2& » Sun 28 AT R
FH T S8 RS 1) 1 5 500 AR 8 g 1 W I 2 (R X
O 245 114) 45— J22 AR A0E A0S ) B it o A A B . A
UNPLsE S 0 W B, Sun 88 & BRI 2 A I 45 E
e e B 2 Y R B R T 4 B T v A5 AR B %
G P 5 K e o R G R R

1 E=FFRERUEMATARRINEIRERHENERETFEFEGEE—FIRTE LFW HIEE FMMNMEARSE)
& T 2 ) 4 Ay RRAE4ERL 5 2% R A% MR MBS MeM 8 IIGRG/3E8 X%
DeepFacel!) 2014 4096 AT R #83% )2 19 LeNet 9 120M 1 4. 4M/4030 97. 35
DeeplIDL6%] 2014 160X 60X2 AT JR 8% 32 )2 19 LeNet 9 ~13M 60 202K/10K 97.53
DeeplD2L64] 2014 160X 25 AT Jm & #:/21 LeNet 9 ~13M 25 160K/8K 99. 15
DeeplD2+ 18] 2015 512X 25 AT R 8 3% 32 )2 19 LeNet 9 N/A 25 290K/12K 99.47
DeepFace—+192] 2015 1024 MAT RER&E R E ) LeNet 9 N/A 1 500M/10 M 98. 37

N Fo: Zeiler&.Fergus 22 140 M

[93] 5 /
FaceNet 2015 128 GoogleNet[ "] 24 7.5M 1 200M/8 M 99. 63
VGGFacel?] 2015 4096 W2 LeNet 22/24/27 144 M 1 2.6 M/2622 98. 95
. Foe NS S 11 3.96 K 97.77
~NNL96] 5 S ST fit /
LightenedCNN 2015 256 F5IAT MEM #3E  LeNet 12 394K 1 493K/10K 0813
SparseConvNets#7) 2016 512 VGG 15 ~4.6M 25 290K/12K 99. 55

MFE 1 WA LAFE i =4k CNN B2 1 — 4
T AR 2 B N R W 2% S ETE WD
Mg 25 E R FE, X T 2014 4F ) DeepFace Fi
DeeplD Frfifi I 9 2 M %%, 2015 4F 1) FaceNet!**!
FI VGGFacet™ B 8 F i) 9 46 #E 1 T 20 2.
DeepID2 1% BRI B A 84 i J= 85, 2088 1 4 —
NERZMIEE (B —BRERMA T — D2k

J2). IEM Simonyan &5 N BT L 19 ) £ 5
JER)— A B AT ] DU D B 2 JOA B
SR A FE IR BE TT . AR G T IR R (0 R 2% 22 51 R A S TH
5K/ HRNE PERRIB AL SR R, He 55 N b e 4T T
[l JBT L I 25 T 1R RE B b B0 il ke T 5L R LTI Y
JE AR R BN R PR R T R R JE U I 2% 2 A
2016 4F,CNN & JE ) 5 — I s> M4 1 2=
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B 7 A BRI ZRAE AN 25t R 5 4 1 i 22
P 2%, Sun 28 AP H T SparseConvNets; 1 3
1B T AR BE AN 2D A7 i 4 E) L, W S N R TR
w4 CNN.

IR 2 ORI B 48 it 0 O 2% o) A7 S 4 N P R
I RE A & BB A 1 T — AR

6 EHSEB[PIHEEFERAN

A B4R 73 K5 s 2 5 3.2 T 4
) (16 1] 05 5 0 0B M R 25 A B T 0 RS R A
FAR R0, 8 T 3 — 5 4 T & oy 2 88 1 1
RE s — i B 1) JEL BRI W 5 R R AIE A B
g, 2.2 B A GRRC gk 2 4% Gabor
FRAE B 45 A CRC 153 20 1. B & B FRAE A
PG ARE — L REAE — o R LR THR
PERE R RIS 23 5] & — 2037 1Y [n] 0. Bk TR Rk
THIEHE 23 S A% i T8O 5 T8 BB 10 R AE B B 1Y
BT B4 B T TG 12 A K PR R L 2 T 0 1 RS an AR S
SRS Ay IR 21 FE 22 PR, B4 i W fa) R
FRAEA S e A B B 4y 2528 W 7 Yang 48 AP A
Liang % N0 T AR5 17 it o3k — [ A9 3 491

2013 4, Yang % AP ¥ 5031 )5 30 R AE (Statis-
tical Local Feature, SLF)## A #] RSCHY h 428 4 T
T 2 ¥ % 8 (Robust Kernel Representation,
RKR) 4326757, SLF J& 3 F FPH #E22 f 4e it 1
RRAE. X6 F Ja S A IR R AE , LA i ot R
5 A8 SURITR 5 BB 2 bb ¢, B, 95 B0 A 8k B B
B R L DR IR TR R AE A B R A 25 A
F18 ] A0 0 AR 5 I 2 B T IR A8 SR R T B A
PR 4Y 25 2 I IA) . RKRYY 20 B 18 38 X%k
AE| RSC 2558, Gao % ANV Fl Wang 48 AV iF
— VIS T AR A T B A — M 25 [ 81 H
. B F PCANet 1 /2 —Ff J5 %8 # 4R 8 F#4iE » Chan
SENHT RO R O BE S i A B Bl 4R 4y 28 4kt
PCANet FRfE4325.

2015 4, Liang & A8 IGO FRAEGCo) i A
F| SSEC™ Hr, #2 T IR & 1% 25 4w 18 B B (Mixed
Error Coding, MEC). 7£ SSEC H fiz 3¢ i 1) 4 B 2
T 3 KT R R 2 11 R SR SR 4 K R R AT I R
DT AE TGO 33 R 1 38 1440 T2 B & 0 GRE DL
5.2 79). A T i GG B 4 L Liang 48 AN A
FIGO 3 e B 5 22 1) 1 AH AL B it =X (16) o B it
BG4 #5145 2 s 22 (8] 1) A ARUPE < oK =X (16D i 45 21 4%
B 0 b BRI, P AR I R P A 2 B [ 45

Z B AR AR BE AR D 8 3R i 2 18] B AR BLRE L T sl v
LA A 381 195 1 P 15 22 16 9 BT A 1% 28 A9 DL S
Sy A AL ) o S PR IS 2 DL JE 45 /N 1 1% R A5k
A RIAE g S5 R AE R BAGI H ofe. Shy 1 E — 2 vfE f
DI 9 £ B MEC 38 2500 45 1% 9% e =1 — Sifk
BRI R IS, AR B MR 22 i i e O
A A TIKE HM R o MEC R T 5 SSEC 2
LR J7 35 - RO T de /N 4, B35 0 i 7 MEC 72
TR R« SR 2 e BRI T A R R 22
JE i I MEC & —Fli & 15 22 25 i A5 .

7 HESXE

AR 38 3 S 6 R 56 IF F TP 2 09 3 U 0 R
TIE 15 R 3 25 2% T A 0 BN S U A Rk 3R 2
G T AT 52 I R B A S AR AR LR TGO
fEF Weber $RE 40 48 2638 T GCo) A # (X (17))
FIWCH) A8 (X (21)) 1 IGO $R1EF Weber $#E.
XS PVRRAE AR AT A4y oy =28 IR 2 R AIE (Pixel/
1GO/Weber/Gabor) i ¥ 2 [0 % B i B 19 FPH 4%
fIE (SLF/PCANet) IR CNN 4#4E (DeepIlD/VGG/
LCNN). Tzimiropoulos & AP #1 Yang % AP 1y
S R W Gabor FEAEXF A #HE £5 A R0 19 7 BE 55
F IGO FRAEA SLE FRAE. b, %F F 3% )2 FR1E, 3
i1 /5 56 1 Pixel . IGO Hl Weber, Gabor $#fiF 32 %2
FH T 46 15 308 P4 - L D)L 5 2 AHUC R 9 GRRC 43 2%
%%[13,25:.

R2 AVLBFAANNESHERE

e &R
Pixel S UG 18 R RRAE
LBPL8t-87] Jah B AR A
1GOLs3] PR A5 B 7 1
Webert81] Weber &

Gaborl13:25 T Gabor 28 e 19 R 1F

SLFL2] GEit R R AE

PCANet[!17] 3 F PCANet W41

DeeplID!67] TR BE B 55 J2 28 0 R AE

VGGLS-99] AR S SE LT 419 & 2 CNN
LCNNCo6) 7R CNN

3 HNA T ARATLE BT FHEN Y 10 A2, H
o ONN G328 88 % 48 5 T s O BB B R Y RO AR A
Jen AU F X PCANet $#1E 4 253 NS/LRC 432K
i T R U R R R WL AR AR 215 00 T g
A GE 3.1 35) AXAE 7. 2 75 i I3 3
F4 9T 368 S 1 B 5 2 X6 AN 2 A 2R A 04 R ) AR i X
JEFP R FRAE (R HOBURE B AT R 3 A SRR N
P2 3R & i 43 25 4, L 5 CRC, CESR, RSC,
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RNR #1 SSEC, E 15 B A& B R 1E T 3¢ 5 5 il 1Y 43
8, U MEC,GRRC,RKR F1 NN, & {1243 %
£ % 1GO. Gabor, SLF i1 PCANet &3] (194 2% %5,
R AR A 75 & 1A X S 1 ] 0l o) 38 44 S 56 15 B 17 )
FHRREE AT 3R 3 P iy 4r 2888 40 o =2l 4r 28
o B o8 2 B AT I FH G 9 55 36 1 4 28 4%, A 6 NN
CRC il RNR; 55 3 £ B % 43 25 4%, BI HA T — ek
M 7 B Y 2 2688 L (U4 CESRLRSC il RKR, I 2
Ay AR E AR T O AE S oA =, B
W AT 7 s iR P R o 2K A B 2 g
ARG ) 208 P 0T 308 P4 15 5 B g i ) o 2 A LA
SSEC.MEC il GRRC. N T 3% 5 A F, i
T B B A W 43 285 (BR T NN F1 NS SR ¥Rk H
/N R R AR ENRE o, AT
Gabor ¢ iF 1 48 25 #% (1 GRRC 5 CRC + Gabor
SRR AN L S2 0 6 W], Gabor FRAE B & A FH B/ — 9
T R4 CRC W IE WAL S50 A B 0. 001, BT A
How o 25 g FURRAE 48 Oy ¥ 38 % VR 8 A ) S v 4
HEAY BRI S HL.

RI3 ANXBEFRAIMNERS KR

45 ey
NN 58 97 e
NS/LRCE108] el F 25 ] A 2 f /4R A Il H 4 e 2%
CRC24] ST R R 05y 28
CESRC1] FFAH NI B R R 1 oy e
RSCLH14] R T 5 G B
RNRE2] FEF 5 VG BE WAL 18] 19 1 43 2K 2%
SSEC! L5 K AT B 1R 2 G Y
MECL] RA IR i Y
GRRCL!3-25] HF Gabor JRAE & R R 50k
RKR[32] I F BRI A

7.1 CNN RMERil% 5% E

FA13E B PCANet!'™ | DeepID* 0 VGG Fi
LONNU @ 25 g Fifr 2 g 1) % 90 2% AR5 AiE R XoF b 5
5. A LLIA O PCANet & 4% 58 1Y H5 A 42 I 5 2 1m)
CNN %% 1) 555 3 . 1fii DeepID, VGG F1 LCNN & =
T AERPER CNN R 2%, 23 AR TG 1 £ 00
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Background

Face recognition is one of the most challenging problems
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recognition system has to struggle with many variations,
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mainly focuses on face recognition with partial occlusions.
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represent, weaken or eliminate the errors incurred by occlusion,
such as RNR, CESR, and SSEC. These methods are originally
designed in pixel domain but have limited generalization
performance. Very recently, researchers began to pay
attention to design occlusion-robust features. The well-known
occlusion-robust features include both the shallow ones, such
as 1GO and Weberfaces, and the deep ones, such as PCANet
and DeeplD.

authors is that even the methods used to extract these

One of the amazing results claimed by the

features are not taught to distinguish occlusions from faces.
they could either automatically eliminate occlusion, such
as IGO and Weberfaces, or produce occlusion-invariant
features, such as PCANet and DeeplD. However, these
robust feature extraction methods are not the final solution.
First, the principles lying behind these feature extractions are
still not very clear. Second, experiments show that the
occlusion-invariant properties are not always true especially

when the occlusion is caused by highlight illuminations.

Third, the efficacy of these feature extraction methods is
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only verified in experiment but not proved in theory.

We therefore deeply study the extant methods in detail.
The main contributions of this review are in 3 aspects. First,
we summarize the extant methods into several distinct clues,
along which the readers could easily find their interesting
points. Second, we build many connections which are not
very obvious before, such as sparse representation and image
decomposition, illumination-invariant features and occlusion-
robust ones, the deep learning network, PCANet, and the
classical shallow feature extraction framework ( Feature-
Pattern- Histogram). Third, we experimentally show how
robust features help robust classifiers improve their recogni-
tion performance and also analyze how the extant classifiers
fail to utilize the robust features. We expect that the above
contributions could inspire the readers to find new interesting
research topic in the future.
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