%39 B oW
2010 4F 9 H

P/ R S
ACTA PHOTONICA SINICA

Vol. 39 No. 9
September 2010

XEHES.1004-4213(2010)09-1641-4

SETF 7 1 P A R PER B AR B A

EIH.AEK
G R BFLREZR . I 100084)

W OEATENARZTIAREFTHOARBR. EATEGEY AR L. RET —FHIFHARL
BAMZW ik A A R A REARZELBE ARG A E AR @EARBRERNY. R
LEBMKBEEE T HBEHIY. BHFLIRLEES . 2ERELBRBEYRE. AR
Yale B ## R LB AR £ 10 ZTARKEFEZATHRATUN K EREKAELBFHT S0

H oL Ak 2 4 A

KB L RAMZ s AR A 3 7 @ R = L AR A A W B R

hE 43S . TP391. 41 XERFRIRAD . A

0 3|57

e R ) 0 e G ARG 00 R S g — A A o
PR X F [R) R 2 — . AR SR e R T AR 225k L
FUR B EE I PR e — RS T AR T 1k B
JeTE 23 S O S AT R A B 2 AR s L3k B
T B 6 B e 1) H 5 L R AR T O B AR B B
J7 ¥ BB Je xR B N Ot IR PR AT O B 2%
PEAG T R i 38 A X AR o D' HR PR 85 A B 400 o L —
A AR L BRER IS T 1 AR B PR R L R H R WF 5T
B2 e IR AL 31 Ty 2, M A i T R R R
JCHEPR R BRIE BRI B R SSES Jr ket 4R
UTARAC Y BT — L Y 7 3k L A ST R Ay 43 B iR
.

B A TT A 5 R AR L AT B = NS
B RRFEAR TR R A BE 03 5 78 5 b A TR )
Z G b L. G AL B R 3R A PR R AR TR 2
PR HA AR R A = 4R A ] ) SCRE ) TS0 A 6
BEAT UM, % TT B B — T R TR 5 )
T3y B IR e agf vy A5 21 68 1 ) 4K 1) 7 P AR
B A BRI AR B A 2T B B B T
S AN B 10 ELABGSE [] 2 04 o A M B A A ) 9 71
ARAF B IR B AN R] o LA B A A 1 8 3 A I
- AR BRI 1R P 5 A S8R AN I

R R i 330 R O BB R 3%
TEREFERAZE D R — @RS 2O AT
e XS YR B HEAT U 25 5 3) X A TR B2 A3 B

TE R — AV X %R B (2006BAK08BOT) F 84
Tel:010- 62781434
WK A5 B #:2008-12- 02

Email ;jwang08(@mails. tsinghua. edu. cn
5w B H1:2009-01-16

doi: 10. 3788/gzxb20103909. 1641

B AENE P A R B/ NI DL - B R R T RLoE
HEBR O IR A 20 L e ol 5 2 08 2 Y U AR R 15
14 R IR B T L JG BR A& G AR AR R R (H
AR 308 208 e 1) R Ik = PRI AR 4 L 5 2 A IR D AR
2 A 45 R B I A 20 2 B2 1 55 AR AS SRR AL
MW AL RBA N SE BB ER BN
R A5 A R A

ASCHE AR G PRI SE Al b S T AT 5 1)
DB F R AT 0 S ' IR B Bk — T
TE 5 BT Hb B TN = 4 TR AR, B LTI ) O
MR B H T 1 208 90 i » ) 589 B B 5 5 — 7 i
455 v TV O B O A+ L R TR B D O D A
SRR, MBS ] UG LU B AR A 25 21, S50
S5 Z T IE RE N W I A s AR YOG RS
A AR R R

1 ANRHER=4KE

1.1 BARARSGHER

BT Sz S A 2 R i R 3R T LA B R T
B RRVE » 2500 BRG B X AR A W AR SR T B I L W5 45
[e] R A A [R] A S I B 0 T8 B At o i S WL 6
OEDATE S SESE /R KSRV S RPN I
A K. WA B R R 3k O 5

Iz, y)=plx.y)n' (2,35 @)
A (o, )RR WIR R B — MR R S T (e y)
SRR SE L 5 p (s ) 2 120 10 2 10T S5 28 S
TR BCRAG B s n' (o ) 27m Wy AA fY 2 T 325 119
iR TN IR s, 2 OB IR I I 18] B AT LA
1T R

o TN 3R — A = 4B S5 1 X T — 8 J7 1]



1642 T

EE

39 &

) R TGRS B 4538 43 22 (6] 388 4 OC 3R L AE LS 1T 1)
B 43 DX IS B 4 G RS 21 DT 7 AR B2

M shashua '™ #4325 K BI5E 43 Sk w5 Fh 2 AL
53 2 B B 52 A BT B an il 1 s, SR iR
R LA S Pk '?ﬁ'ﬁ?]?lﬁ’]/\ﬁfﬁﬁﬁ’]
Je B A, WFR S P 2L THEEHZ S —
SRR SR A FEAS AP AL TR TR b%
TR S AR AR B 9 L 0 40 3l P4 b, Bk P st T 4R
A5 i — A4~

Light source(S)

H1 Mok

Fig.1 Classification of shadows

L, APy 3] Py KN h TObZ 59 iRk
T 325 1) 9 S A /N T 907, 3 — B Ao 13 X 3Rl DA
WA AL A R SRIR s 78 Py B P, KN Tk S
W) PR 3 T V5 1) Sk 1) I 3 Ry B A o 0K — AR 0 JR T R A
B35

X P, B Py 4 0 T 12 10] & 5 06 2k B0k A
ANTF 90 By T B R A G B e Y
L R R X — R T RO R
L2 AR=#g&

24 220 W H T SR T 7 AR A £ B A
& BARZ I T DR R T84 — A Sr AR JLAT AR n
Kl 2(a).

HE 2 IX SR 7 19 2 2 A 158 AR O 2R 1 S
T o Horp S DX A T T AT LN XI5 T A
BER/NT 57, p=120°. ABOEL AT IR 4708 A
S-SR Y e A R 6. 5 3 Y X FRSF- T R Sk
TR T T g T
T AR IS o NI ASE 0 AT 757 A Sy (89 A 1A T F) — 823,
] 2<b>,—§<ﬁ<§.

1E BAL  AGIC S Mk a5 @Ry A

y=arccos (sin (§)cos (o—p)) (2)

RO AL EE AL 0. ¢ BIRTIR T .y K
5 p AR K YMAE S ERRIEIE N T 5y MR

I(as3:R)=p(a,B,R)cos (1) =

olasBsR)sin (8)cos (o—p) (3

A LEEE FIAEA S B A 5% R S EHE « 21k 5 B

T

B . 14ty X A

Z:_;

&\.

-~
~
-
-

-
~—

(b) Simplified
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Fig. 2 Simplified 3D model of human face
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(a)Original image

(b)SQI(Self-Quotient Image)
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Table 1 Illumination images classification

Types 1 2 3 4 5 6
Angel/(*) 0 1~12 13~25 26~50 51~77 =>77
Samples 10 60 110 130 150 190
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(c)The result of the proposed method

Fig. 3 Illumination compensation results
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Illumination Compensation Based on Direction Filter and Self Quotient Image
WANG Jing,SU Guang-da
(Department of Electronic Engineering , Tsinghua University ,Beijing 100084, China)
Abstract: A new method is proposed to process facial image in bad lighting condition instantly. Based on
simplified 3-D face illumination model,direction filter is used to weaken the attached shadow,and gaussian
low pass filter is used to weaken the casted shadow. Image quality is greatly improved by the non-linear
combination of the two methods. Experiment results demonstrate that the robust face recognition rate can
be improved effectively by the proposed method under bad lighting conditions.
Key words: Illumination compensation; Face recognition; Direction filter; 3D illumination model; Self
quotient image
WANG Jing was born in 1986. Now she is a Ph. D. degree candidate at Department of
Electronic Engineering at Tsinghua University. Her research interests focus on image
processing.




