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Illumination invariant extraction on Gabor phase

Fan Chunnian'?, Zhang Fuyan'
1. Department of Computer Science and Technology, Nanjing University, Nanjing 210092, China;
2. Computer and Software Institute, Nanjing University of Information Science & Technology, Nanjing 210044, China

Abstract: In order to eliminate the effect of varying illumination on face recognition, a novel illumination invariant method
based on the Gabor phase-frequency feature is proposed. The method first performs illumination normalization on image
under various lighting conditions, which can reduce the effect of varying illumination to some extent. Secondly, a set of
2D real Gabor wavelets with different directions are used for image transformation, and multiple Gabor coefficients are
combined into one whole in considering spectrum and phase. Lastly, the illumination invariant is obtained by extracting
the phase feature from the combined coefficients. Experimental results on the Yale face database B and on the CMU PIE
database show that the proposed method can effectively eliminate the effect of varying illumination on face recognition, and
that extracted illumination invariant is robust.

Key words: Gabor filter; phase-frequency feature; illumination; face recognition

Iz — 7 BT i Pl AR Ak ) 58 14 7 3wl 4
93 28 1) SEIRIA— Ak, i FH 1R 15 Ak BB AR X A
EUS AT T4 B3 LLH — A6 IR, G B 77 B Xk

AR, AR IR B AU AE TR Y e Gamma AR OGBS R RS R 45 2) AR
2006 4F-f) FRVT( Face recongnition vendor test) 20 AR s My —ANE A 3 4E AR A LA AN
WP 2 AR R GRS, BARVUIE  FREESHMARDCIRAER AR ISR . %755 BER
JE— AT RS ffp o A M L, S HR AR AR S Horh oG R ERODGIRORI S A IR, R 76 - 7 22 50 12 I VI e

0 3

[l

Y Fs B #A:2011-07-15 ;4 E H 3 :2011-11-07
BEEWE :FER A R4 (60723003)
E—EEEM B (1979— )L PP, B RORSAHT RN TEOR L BT T A, OS5 1 o R AR B S R o E- mail :

fcn@ nuist. edu. cn

© [ B BT 2R BT A



555 1

JEARAF , 45 Gabor AHLRHIE A AL IS B $E I 677

A BN B GUR ™ 2 H TR B O A
L B TR AR B R G 7 53) IO R
RS R ION ' B AR (p BLA 1 1 AR
Rk, Wi RS S (MSR™
LTV GBI O vk

N 2 5 b e B )2 AT 1 52 3 AL IR 3
M 7 I PRSI A L RSt 6 WA 28 G 3
D7 ST TR R 7 1) R 2 40 W Sy 10
A, AR B & T 15 24 30 U E , D 5E R
TR — RO IR UR A EHIE . AR SCRBUG IR AR
A5 AT i PR R B — oA B e RS A B AR
AEVE I EURASAE . % F Gabor /NS E 1 £ BLAT-HY
RS S RO B OR BURE R — R T
Gabor AR A AR AR BRI ¥, B 58X A
T B AT VG IR U — b, 75— 5 AR 1 W55 D' R AR
AL A F S0 3 SR 5 ) — 20 ) 7 1) 1) 2 4 5
Gabor /NN P HEAT Gabor 75 # , 76 SIS 5 A
S5 BRSO T H A2 )5 1 24~ Gabor %L, #2
WCHAR LSR5 IR A i

T B SRR HE R AR B (P RE , 78 Yale B
FICMU PIE A PR b Ml 7 % b 52, 45 SR 320, A
SO RS O B e B A Ak Xk A 1R 5 4 5 0
PRI B AS b B — S A SR

1 BRfER

1.1 ERPEA—

JERUE— AR T 3CHR (S ] o Al S8 e 45 4 B
TR T vk o RIS UE B T WAL B A,
e E AUk r P 20 P {505 B2 T [ o 3 i ] 52
B ARG O o1 o T A I DI O AR
1

Sfxy) :DF}:(\/ DFT F‘ >;(u, v)}:’{ (DET)-! }:>{ exp };’>g(x,y]

KL RS R AR A
Fig. 1 The flow chart of homomorphic filtering
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Fig.2 Original and the illumination normalized images
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Fig.3 Original images and their illumination invariant
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Fig.4 Top 1 recognition rates versus parameter f°
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Fig.5 Ilumination invariants of different methods

2.1 Yale B ABSERSLIGER

Yale B' A B 2 Yale S48 9 3 55 43 i
HULES, BEEE T 10 AW S 760 E SOE TR F
%o BARA O FLEREN, BMEET A 64 F
ARG B SRAE  IER T R EHR R /N A 640 X 480,
JiF A ESRER AT T F LA kAT 1 TR
R T BB X, B /N R 3% o 192 x 168, 7R SCHE
STETHBR G REAY SZ A , DALt S 55 v AU TF TR
LTt 640 MEBEATSELG o AR IR TS 8] (J7 0 A AR
1) #43x 640 TE B R S AT TR TAE <
12°) , FHE 2(20° < M) <25°) , THE3(35° < fAE <
50°) , T8 4(60° < fJF <77°) M4 5(HA)
K6 R T HAP— M ALK FHEN S IREGR AR
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(a) JR

SEe sy 3 Ak Ay, BAIGEAR . 7 nl e
JEIRAL BN T 1 OEIRAR R BT 4R 4 DI
REHLIEI 10 B SRR AN ZRAE , o PR A il ik
8o TEREHLIEI 10 MRS AN SR AL g, o
TR AIE R SC IR , AR S0 UORGE 3
fHo SCERARMNGE 1—3 3 Pis. R, 1
PUIRIR T IAF- 349, A g 254> 1 S B el 3%
HUJENE JH e

(b) FEELR A AR &
El 6 Yale B ARG B

Fig.6  Original and their illumination invariants on Yale B

F1 FEVENNGERRFENIRRZE
Table 1 Recognition rates of various methods when using

images of subset 1 as training set
/%

k. T2 T3 T4 FHS P

JE & 89.17 40.83 16.43 11.05 35.09
MSR 97.50 64.17 40.00 58.95 63.51
GB 95.00 98.33 61.43 28.95 65.44
LTV 85.00 100. 00 89.29 98.42 93.68

AREDE 98.33 100.00  97.86 99.47 98.95
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x2 FHEAENNGEREFERIRAZE
Table 2 Recognition rates of various methods when
using images of subset 4 as training set
/%

kTR TH2. TH3 OFHS P

JEIE 15.71 22.50 42.50 25.26 27.40
MSR 72.86 70.00 50.83 81.05 70.00
GB 74.29 56.67 75.00 68.95 68.20
LTV 94.29 95.00 100. 00 99.47 97.80
ARCEP 100.00  100.00  100.00  100.00 100. 00

F3 BEHUEE 10 IBEGIER NG ERRE FERIRRE
Table 3 Recognition rates of various methods when
randomly choosing ten images per person as training set

/%

Jik FHEL TR OTEI TR OTES P

JER 20.00 26.67 50.00 39.29 20.53  31.25
MSR 94.29 91.67 56.67 71.43 90.00  80.47
GB 84.29 70.00 86.67 88.57 75.79  80.47
LTV 100.00 99.17 100.00 100.00 99.47  99.69

ASCEYE 100.00 0 99.20 ¢ 100.00 100.00 100.00  99.84

MR 1 AT LR ), Yk ot I AR (b /N 4R
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HEARAE XTI B 52 ), 7E B BRAR L FL e R, P BE 2%

(a) I

SRR, MLLZ T AR SO T S AT A RN
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TR G EE, AR 2 hAT LA, TR R
IR R F4E 4 AE RN GAE R, AR SCR LR
FRIIRFN T 100% , 31X M 5 — A0 1 5 B 3% 7 %
o Kb B AR ity Y HE A5 AR T 1 RS TG 5L A 2 3 )
B R 3 Fron, HREPLIERE 10 1 EMGAE M4
A, LTV FIAS SCRE SIS T ANES TR BRI, 34
PURERIITE 99.69% L I DI 3 4152804 ) vk £
TN 25 (R EE IR B /N R, O IR
AR K Y EE DL R BEAIL Y REAS £ 1 45 ), A SE 56
5L AT DU B, A SO 0 U 3R T A T
L TR IR R BN O T IR | 3 R BA Ty
AR AR L B S et B — A 2 B R
TR RRE RS T v
2.2 CMUPIE \BERSHER

CMU PIE"™ A 1 i 2 [ - i 226 A K 27 B
NG 68 [V R 1) 41 368 1F L Fl %
A ZROCIE SRR [ R G W AR RS . e
EASHNG REAR A BIGRTE ™ A% i 458 il S5 14 T R 4R
B JRAREME R/ 640 x 480, i A5 R EREAT T
F T FFFHE T T N TR 85 {AR BE T X 3k, %
K/NBEIHAE Ty 64 x 64, AR CHEPEIE T TERE A
[ BRI 08 N RS AE R S B X 52 (C27) o B 7
JEIR T — D NI AR R G e A SO $E U
SRR

208 |

(b) SEHL R AR
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Fig.7 Original images and their illumination invariants on CMU PIE

SEu h BEALIE I 4 BRI RN R AR, AR 1A
BAE I, F 2 S0 YOXFE A HRAE SRR B
WA LI ARANR 4 Fron . SLE SR R IIA
SCF AR CMU PIE AHG % B B PEREMC IR T HiAte
Bk

x4 BEHLERE 4 BEGRER NG ERNTEHIRAE
Table 4 Average recognition rates of various methods when
randomly choosing 4 images per person as training set

Bk JEIE MSR GB LTV ARSCEH:

SRR/ % 42,17 84.50  92.02  99.37 99.84
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