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Research of Face Occlusion Recover Algorithm in Face Recognition
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(Key Laboratory of Photoelectronic Imaging Technology and System, Ministry of Education of China,
School of Optoelectronics, Beijing Institute of Technology,Beijing 100081, China)?
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Abstract Based on the analysis of facial occlusion handling various algorithms, a automatical multi-value mask PCA
face reconstruction model (MMPCA model) was proposed. First the facial features are extracted, and the eigenface
difference between a test face and a standard face is calculated to judge the facial occlusion accurately and determine the
facal occlusion type. Then a occlusion mask is estimated with a M estimator, and the pixel’s amplitude parameters are
estimated,and the multi-value occlusion mask is generated, Last three half secondary-type functions are used to ensure
optimal synthesis coefficients is only and convergent, and then the optimal synthesis coefficient is obtained to recon-

struct the face, The experimental results show that the occlusion region is restored and the occlusion influence to face

Vol. 40 No. 5

recognition accuracy is weaken through using the automatical multi-value mask PCA face reconstruction model.

Keywords Face recognition, Occlusion recover, Multi-value mask PCA face reconstruction (MMPCA)

RSN AR ERRE, EX AR
DT T O RIF R, KPR AR B R BT R
BN 2 B 45 R R TR B B RRAT AR A » LN ER
WY R .

1 RSB AL IRTT %

R AR B AR P L R FRE P 4, T B R
MRS E R 2R, S0 7 B IR B3 42 B 8 B X B B A R A
2005 £, AL AR IR 3R T8 B & BT A A Y IR 5

P, H IR EMESBARREY ARG, LR TRE -

BRRBRD . EEITF 2010 4R80T MBI 250 B 547 (FPCA)
AR 2 A 0 3 B S 0 9 O ) IR 1 BT AR . W
R R AT RGN AR IR A RS DT HER K
AR D MIR GRS B8 BB R % Bl | BR
BERHRGTARMRBEFERRE . Colombo % AfHH

B H#.2012-09-11 BB HH.2012-12-25

GPCA kEE BB W = AR E K™ . Smet M D A%
PCA 43 Hi i ZAl B3I T IR R A S BB RY, LI B 8 1B
HMABEGES . T sudak FARE T —MET L-BAEH
FUI f T R P B B P AR R Y (A B R B AG TH B
PEBRE RS, Mo S ARM —F{UEMIE@IIGHFE
PR A MM ITIET . Zheng % AR 5 JF AR BB P AR
EHIBRAERARS .

"l i i / it
Occluded  Cassical PCA Rest Ermor Fuzzy PCA Result and Errer

B 1 FPCAEMARERITHEERXETIXR2D

*—tﬁ*(1976—) vﬁ‘ ’ﬁj:ét ’ i}#yﬂi » I?ﬁ??"iﬁﬁﬂﬁﬂi%iﬂﬂ’] ’ E-mailzdxj761017@ncist. edu, Ch; ﬂﬂﬂm(1972_ s % ;@“\':I: ’ IEW’ Igﬂ%ﬁ

AR .

+ 307 -



B I SEB T 4040 NI PR e IR BE B B BRT O, I 2
B .

(O BRARAGTFHAE

B2 a5 ARRRIRGES AT EE R (B ok B T30

R IREE R AR EEH A LR T (PCA)
B A F W5 AT (GPCA) R £ 5 B M (FPCA) . X 2675
EXABHXBRERNBRRER LRSS ER, EL
REARES, LABREHOMER. HERTEFEER TR
BE1 55, 3F B AT IR GLE LY HEAT 1AL T AR X B ROE Y
Mo BT ASMERAER XS5 A EE LS R R
R A IR

I AR B G0 24 A By 9 240 R A b AR DR P X A
RO VR 7 A B W (D R, 4 1) K SR AR AT (AR B A ) B3
HEER. RETHRITATNTEAEABHRE . EH S
R RCPRE THEY THOA BB TR S R
BT 07 SRR P M IS A A R T A W B P R S
BT PRSI AR O, (BTSSR AT FE 75 T ) R -
PRBTBCS O WA L IERS AR B a3 4T RAR
WK T EHIRE, BB X R EE TR, FXES
T AR BB S R R SIS ER L, R T B3
ZEBK PCA ARESBA (8 3) MMPCA #D . %A
S 3 TRBLR: ABE RGBT  FHRERIHEE,
PR ERR. B, AW X e B RE . F
RAFLE KRR BT, e ERARAL, W
LHEH X S EE. NLRERE, DA RS AR
B BRRSEE P » R AR R, 35 BB R X A B L)
EwmEKEN.

2 BiHF{EHEE PCA ARERER (MMPCA #2)

&4t PCA HER R EA AR IBN A RIESTER, 4
RAGHER . SO PCA Jik (GPCA) BB X 43 4 5 R #4
BRI, # kb PCA Frk A &, Hig LR«

(@ .= Szy.z, (D

:T‘—QEP 2 % 0.1 m%;}ﬁ%%%@?%@ﬁ%a 1 %/ﬁiﬁﬁy 0
FRKIERS, GPCA ik REE A TR AE meFL, BR
ERGERN G SHIEMEE. ¥ GPCA JrikibtT i, i

M FE S MR B0 1 B ASHEAE, 22 0, DB AT

HE, ¥ GPCA M —HBEZ W B ETER, BRAY B
3 MMPCA B &, H 31 B35 B P4 X R AR 8838 of 21057 B 3h 8
E. ZFFEREIM A5 MMPCA AR EBEEER KT
PR AIT R AR AR A R FR BT E R R
BA . PR 0 A LR R BB AR A B R B E R
BT S PR R R e R F B ARE .
2.1 EEAR A

RS X R AT R R 5 B BB AT 4 FRIE B RS T (IR

« 308

R AT TES) . ALENREFSHUARKRILE
ZERAAW RS FER, B X MERE., PCAZEHAR
(DFR:

x+e=m+_§yiv,- 2
AP,z BEFEn MRENFFRER, e BIEMIRE, m BF

AN B, y: BRI i MFERMONE, 7 (=1,2,3,-,
NORSE i ™MFIE.

x’ =m + 112::13/?7};

Y =vT X(*—m) 3

d=wX2+1—w) Xz
Rp,x° REFNRGHERGERE, L EFNERAR, o H—
WA JE AR ER, w X T EERSER 55 IR s RS FR 42 B B
0 70 1, RUER XA A H W EEEERS, BB o6E
RAEHRARSR B LENAXERHREERRK y N T
BE Ik, T E R R A B R .

|e|=lx(h+1)’_xk| (4)
R e (EBEAET A R R P X 38R, 48 5 A R AR S X
R
2.2 BRUEBEHABREGHRE

PEBERE (1,22, 2 ) HH N FRER BB HER 2
En AT RE, RIEARESBRERE 5 f£m fZEBUE,
H m<n,

xi'=§)1 Vi Wy )
Rtz REBRIGHIRER, v, RIEEHEE . 587 P AKE
BB R RIS RARE =1, N,j=1,,m. B q
MRERMEBER S & REBRZRHRER S .

Oy =g —Zig yq=1,+*,n (6)

#3148 Charbonnier 25 A3 44 14 ) 215 2 1«

J=min3: ¢(4,) =minmin3} (b,,(%)z FACB) %)
.0 BN T, 0 BB ARERERE, ORI
BB, X A b, (B RE I 1, X TR K 12, b, (T O,
B0, AR ARERS L 0, IR, B 0, FREE
BB RS X IR L, B A RA BB ER R A AR »
MR WL B L.,

2.3 BREEARARRENRE

T B3R B AR A R R RE A OB, FH IR A & AR B
ZER, FRARE KRB R 3 Mk KRB RPCE 4 K
BARHAT R, 3R R ERB S FEAT

4 1

8\ . , 08 /

6 \'1‘ / ) \ S| s /

4 \ ‘\ / 04 !
Y /’

2 J

o—

3 34 REUREE SH






100 4~ AH) 6 RBELE P 6 08 F iRt 1200 B AR A
BT E%, A 9 Fim.

9 AR FEHHARAESR

SE 1 WK E# PCA B . GPCA Bk . MMPCA
RITERFAEE B LR O TR B R . 3 A AR B e 100
MARIP AR EGRIER NG, B A 12 BREESERN
WA, ZERAE 4324 50.100,150.,190 B4 Bl A7 521,
BRER 1 FHEEER. '

#1 FEEFEANAREREI N IRNERE

HAESE  EBEPCAKE GPCA % % MMPCA 3%
50 66.93% 69.23% 70.62%
100 69.34% 76.55% 80.20%
150 72.74% 82.36% 85.42%
190 70.15% 81, 84% 85.11%

B3R 1 A& H A R R 4E R i B AR R , 4%
AELERE 50 S hIE 150 B, RAIAER R B FE LR AL
FHER» X 150 PRI RRAE 4R 20 , PR Ve B 3 SR 18, T
RAFREAL. fE/ MMPCA RIS BRI A5 , R 5 SE 8
PCABWARF T4 13%, 8 GPCARRA 41 ERH.

k2 P EE PCA B GPCA Bi: \MMPCA #
BUAERHEAERCN 150 B PR AR 3R, WK AE A AR it
7,15 126 WEHHEARIEAVIGRAES, 756 IEE RSB B1E N
WAAEAR B BNE 2 P ERERE. '

F2 AFEREA RN &R E R BR LR

. ¥k PCA 3% GPCA % % MMPCA # &
RH&E 525 584 637
BREE 65 58 32
BR&E 166 114 87

WA 69.50% 77.83% 84.31%

it 2 2 BT S HCE T AE B, 66§ MMPCA # #) 4b 38
J& RS RAT] 84X U b, SR TR E N B, R
BRAHBRE, BN R AR RSSER WA Y B RE. 30
THERAEE.

LW BEAIEE z.y ZHWEREAKAER
So N, AP HEARBRENS LS, A EHMAKRSS
ERFZRNERE . XA AR ARENTES S MAGA
1 R B R R 1 0 BB D AR R, 36 10 MR RS G4 D iR
£, H#T5S 15 BN BEEHIREER.6—10 S X FH
g R R A, 18 Y R AR RS B . GPCA b3 f5 A B
MMPCA 435 AR 55 5 RARZ R K2R E XA # e,
gk 3 frail.

M 3 FEARTT U B, 4B 9 B§ . GPCA ik iRt N
12s, MMPCA # % i Bt % 15s, B4R MMPCA &b 2 i 18] 4
GPCA B4 Fiiefin, B4 MMPCA MR 4B /5 2 5 B
B/, B8] MMPCA A8 %4 38 A BB RS R LB B, B

- 310 -

55 BB P B RO

£3 BEELEEOARSSEREZREREHLE

T4
HrtiE

)24 1 2 3 4 5

B4 @M 281.47 309.12 345.25 298.56 274,69 FAE
GPCA 4 # 149.54 161.33 169.91 121.48 112,05 7s
MMPCA 4% 97.56 123.84 145,88 107.63 95.82 9s
FE 6 7 8 9 10
FieE M 396.12 387.44 405,93 365.74 399.01 FAE
GPCA 4 #  177.86 153.60 180.23 145.72 183,08  5s
MMPCA #2 99,07 104,33 120,87 116.52 140.36  6s

GBS T ARG IR A B B R
. BEBT BB EEE PCA HE ABA, B A8 N 5
SEPERM TEEEEE I RERBERRN 3 HLIART
BRI E . Bl S EE PCAERLE, REEMNAHE
e, TEBAfE F§ MMPCA BRI B 8 ARG SCBL T 35 94 X 3 ok
. B ABIRGILR, 5 H#E PCA.GPCA B L #,
MMPCA BRI 4B RS MER RIA B T 84 %, B4E T MMP-
CA BRI AR .

& % XM

(1] AR ek AT ARRA 0 IEE AR E GIRERRD] H%
FE2EM  HARPBLFEAR , 2005,45(7) :928-930

[2] EFM0,M4e ARESXBEHSER] HENHRS X
J&,2010,47(1):16-22

[3] Chenyu W, Ce L, Shu M. Automatic Eyeglasses Removal from
Face Images[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2004, 26(30) ; 322-336

[4] Colombo A,Cusana C,Schettini R. Detection and Restoration of
Occlusions for 3D Face Recognition[ C] // IEEE International
Conference on Multimedia and Expo. 2006 ;1541-1544

[5] Smet M D,Fransens R,Gool L V. A Generalized EM Approach
for 3D Model Based Face Recognition Under Occlusions[ C] //
IEEE International Conference on Computer Vision and Pattern
Recognition, 2006 ;1423-1430

[6] Tsuda K, Ratsch G. Image Reconstruction by Linear Program-
ming( ] 1. IEEE Transactions on Image Processing, 2005,14(6):
737-744

[7]7 Mo Z,Lewis J P,Neumann U. Face Inpainting with Local Linear
Representations[ C] // Electronic Proceedings of British Machine
Vision Conference. 2004 ;399-407

[8] Zheng W S,Lai ] H. Regularized Locality Preserving Learning
of Pre image Problem in Kernel Principal Component Analysis
[C1// IEEE International Conference on Computer Vision and
Pattern Recognition, 2006:456-459

(9] fxus)ji. WEPEIEEFMRMIBARERNI] FEARASERSE
241,2005,3(3):17-21

(10] MB%, BUE R, MRS, —FhAbIBLT S A RRBIFIRE TR
FE:[V]. B sl kR, 2010,8(11) :44-49

(1] &BE. EHRAM4 AR b aE TR REEMRED]. 4t
LR BGE K, 2008

[12] Charbonnier P, Blanc-Feraud L., Aubert G. Deterninistic Edgepre-
serving Regularization in Computed Imaging[]]. JEEE Transa-
ctions on Image Processing,1997,6(2):298-311



