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Abstract

‘We propose a hybrid face recognition to deal with illumination variation. For this, we extract discriminant features by using
the different illumination invariant feature extraction methods. In order to utilize both advantages of each method, we evaluate
the discriminant power of each feature by using the discriminant distance and then construct a composite feature with only
the features that contain a large amount of discriminative information. The experimental results for the Multi-PIE, Yale B, AR
and yale databases show that the proposed method outperforms an individual illumination invariant feature extraction method
for all the databases.
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Table 1. Recognition rates for various databases using
each illumination invariant feature extraction

method
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SR LNI[15]

LBP[16] | MCTI17]

Multi-PIE 9.1 975

Yale B 9286 91.3

79.1 71.1

65.0 1.7

(6)

o714 #d AgeA D
g dlolE o] A w}a}
A AFRA, HolH7E 2 %aﬁi
SHARE 2240l 3Fol= B ge 2 24
O (=M gl ghe 22 AAslh). 58
ivvigel” )yl =1,...2m)el i
#d Az WE  Dist = (D, D,,...D |7, & Dol
S45S Addste]l AT a9 4= A
AA e etk

Ll

2ol A

=0

S

X]‘_ yCF

o,

Al
=

Iv. =

1. €= Ho[EH| oA H FX e



2015 108 ®ASEE ==X H527 A102

133

Journal of The Institute of Electronics and Information Engineers Vol.52, NO.10, October 2015

Albeh stolBg = o gatE gRlsty] fla =
W oRo] ATt Wol A H= ofe] 7HA| dE dlo]
EHlo]~Eo] el J14ES S48 Bkt S dlo|
B2 CMU-PIE dHolguo]~e) Hm y=o
‘iuum’ B TAA TEF e =W A ZF
" eSS Agalen, A48 4L 93 HAE
=5 *J_O— = Multi-PIE "lo]Ejs]o] 2~ Yale B Ho] & H|
o], AR dle|E#lo]~ Yale B © 1Eiﬂ1]°]éﬂ 37

S A5tk ZF dolEwo] Ao EAL Table 29
LFER AT

Multi-PIE dlo]Ejmlo] 2] e % 2490 of
) Z} AtE Y 20579 21 Z2AdoA HFdH IS
AREEEATE o] T AW ZHolA HY A g o] g
S Ay (gallery) FAC 2 AR&sta, YA 19845
2 (probe) og/\L_o_i AHE-8k9 )

Yale B doJElHlo]A~e 10 AW = JAES

7y AMEE TR 2 270A
¥8kslar itk Multi-PIE ®]o] €] vl
4 xHolA # 9 3
Aele] Qow AMgsta, vwA 4
AHE-8FSA T
o} yale tloJEjwlo] o= 24 W
o gt Wolg xgetal
Evalg}ﬁ - Composite Classifier
Each Diseriminant| Features (Recognition
Feature

I3 3 Hotet ghHol M 5§
Fig. 3. Overall procedure of the proposed method.
® 2 Ho|eHolae] EME
Table 2. Characteristics of each database.
atabase .
Multi-PIE | Yale B | AR | yale
Charac.
No. subjects 249 10 118 15
Tllumination
. 20 45 8 5
variation
Shadow Cx, Ax C A A C A
* (C ! cast shadow, A: attached shadow

(1853)

o)
=2
_

=], o Py

dlo]EfHjo 11
yale Ho]EjHo] 2ol A=
el A

-?43]]/\1—1: u{;q TE 045- Oﬂ/\Lg] 3_7]
][6 10 O]

il

A
R

8

%
o

I

15

2 (face alignment)3loF st=4
tolo]l AgE 7o A2, F 9
zkoron o5 7|FO R 120x 100 2

1t (zero mean), LH ﬁ%ﬁx}

s it st

(unit standard deviation)& %

Wl o C’é% =5 an(ygp)‘)ﬂ o
stom, BR7IEE HIH ol%
7| (nearest neighbor classifier)& AF&-3t¢om, A
t]¢H(Euclidean) A& AH&-3F%

54 AH(y)d 24 SA(y,)S Wpeyp
7 B‘”ﬂ«] 3l
=7

A

Hlu J7+e

B\
o
lo

ShiA
e
o it
)

rlr

X

H Jluu :10
o

©
o

% gl F5%

i

oL
)

o
>y

(=

it

o =
o

o
e
(=
iy

frtl
>
N o
_0|L
e 2,

it
lo
2

N
N
m
N

oZ,

Z
)
-
)

EAE el A
£y, 5 y.p0 7 BAEC s B

R
EE

(LA 1 S A P

1 1> of

i

it

RO )
f

=°l, Yins Yipe Yuer Yer
FreRAl Q4B B Zokee A

Multi-PIE d|o]EfHlo] 2~} Yale B dlo]E{ o]~
AR tlo]EH[o] 29} yale ©EoEH]o] ol H]f HwHZ|
o AFo] EA YskEd, ol sy dHolHE A}
4% CMU-PIE dHloJHo]x=e] 543 #de] itk

PR
p
X

Multi-PIE ©o]E{H]o] 2~ CMU-PIE d]o]E]u]o] 29}
B8 2o AxE xyor FHodw gAES ET)



134 ZF Holof Zolet 0|22 L= A4 YH SRy

100 T T 100 |

—~95F 97
£ ~
2 <
+ -
‘290 594 R S N
o _ s
= k: &
zh =
3 ) 91
ket 9 3 -0 -V
= 85 f,p | I R }&E‘D E =M= }};‘p
/0 e Yiger ceebens Vier
' —8— Yor —a—Ver
¢ 88
80 - ‘ y - — ' : : ; ; 3
14(28) 20(40) 30(60)  40(80)  50(100) 64(128) 10(20) 20(40) 30(60) 40(80) 50(100)  64(128)
Number of Features(Composite Features) Number of Features(Composite Features)
(@ (b)
801 " 85—
75 I
= +
S bt 375
] L =
s o XXX,
70 Ry XX = ¥ %X,
s = A WK KHKK
= Z ek S ++++++¥+++++
= =6 +++f ¥ ea
) B Q ee é L )
g 65 2 AW, +'¥t ¥ s N ea,
= -8 - y:_v é J ‘H'+ 'l o e 24 3
X Yo A B O B
[T P ywm. 5 d '_.' | 1 I —-— BIIEF
6 —.— Ve I Yy oo Yiger
B 4 ——Yir
20(40)  30(60) 40(80) 50(100) 64(128) 10(20)  20(40) 30(60) 40(80) 50(100)  64(128)
Number of Features(Composite Features) Number of Features(Composite Features)
(c) ()

% 4. ciefsh HiolgHiolao tHEr v, v, Vigps Yaror @d Yeor
(@) Multi-PIE H|O|E{ti[0|A (b) Yale B HIO|E{H|O]|A (c) AR ClO|E{H[O]A (d) yale CllO|E{H|O| A
Fig. 4. Face recognition rates of ¥, v, Y.5p Yuer and yepproposed) for various databases:
(@) Multi-PIE database (b) Yale B database (c) AR database (d) yale database

(Hletet g)e] d= elAE :

atal 9lom, Yale B dlojElslo] = o] A€ 7} 2 AR S el et 97.3%~98.1%9] Q1A E
%= CMU-PIE dlofefo] 29} thEx]nt = d]o]Ef | = Blon ARk HJ‘EL.M] o8] 53 SA(yep) s A
o] XY uj7% %9 (ambient illumination)glo] =41 3 W, v T v d AUA ZHE QS 99.4%
zgol] osiAnt Z2GHAN7] vl -] ZA ¥ o] 7 =2 A ES HUERITE Yale B o] E ulo]
A F5H0] 9tk vbd, AR dlojguo] 29} yale 20 AL X% upR A = Aokst W] os] Hat
dlo[efrlo] A~z B g 2wl gl AEjolA F7} E4E A S wo 14 Eo] g 7HA] S v
Al EFe4 2HE ARt FYHAR, Sl =2 o7 AMEEHYS W Bk 03%~73% U =& QX E
o] x| Zt=% CMU-PI H]O]EM] o]z} thE7| uj S HYoh

woll t& F dolgulol=Ee nla| FHow 14 33 AR dlo]Eulo] 29} vale dlo|E]M|o] A= %
Eo| WA U Zeo= thi}. Multi-PIE ©] o] €] # o] == wdo wel olAEe o7t =A gtk AR
29 - & 7 2 W 54 FF e v5e glojeluo] =9 A$ vl WS ALEHS W y 9

(184)



20158 108 XAt3sty

| ==X H522 H10= 135

o
Journal of The Institute of Electronics and Information Engineers Vol.52, NO.10, October 2015

Aol 7HE FA vugker 1 3o ® v 0 v
o] &AMelty. 28y yale EloEHo] 2ol diEiA =
Y]\/[CT7]' 7]'10} L\Z‘rf ] L]—%QII] YLBP, YLAVQJ —i‘/\ii ?_]_é}

-

- m Iz
ox of
o

N,

lo

BN

o of

>

21 8919 A, 2Azte] 2w
o2 ol Al Felzt 9l
o] vlojelu]o] 2o w2t
Vst AE ke A3E B E &8t
A kgt ARl ola y, Iy, =N EH EEde] F
A2 Awste] TS B3 Sy v,
Visr Yucr BT AR HolEIHIo] 2ol A 0.1%~9.2%,
vale FoJE o] o] A 33%~183% o ¥& AAE
Hel Fgt.

O

o
(]

Lo
x

e,

0o oo (H
e
X

o ki &
—

£y

I

]

rﬂ

e

S

flo

o

o

N

N

o

it

o

e
Mt
rO
i
>
[
T,
tlo
ful
o2
2
oo
. ofo
rlr F{E
o
2
5
o
(Bt
ofo
ol
ol

X
o

ol
=
o2
o
o
N
bl

rir
e
WA
o
ro
1>

2L
e

r 2 >
=
k1
O
rO
L’L
X
ol o
N
o
9

oy
By
BN

o -
o 2
ol

S R B

1o i
¢
-,

=

{22
E)
riot
o,
=2
>
ol T
o,
o o
oy A
S

©
L
e fe [
i
M
-3
X
rlr
te
)
Hurle
A
L f

2
rO
9.&
32
£
N
FpN
2
2
s
fe e

N
)
By
BN
ol
e
N (B
i
2,
1)
)
i)
[rt
rlo
-0,
of 1>
QL
=
>
ol

o
e
)
=

2
g
o
(ot
oy M
jnic)
©
BN
of.
o N B

o RN
£ o
jiA
oXx, 111
off
1o
=)
>
N
el
1]
ox,
ol
ol
=
o
oX,
off
1o

N

N,

o
P
S
= |o
et
=

oy
2

of
o
s
ol off
do
ok
o

(
Y
N
—_

= e Y % o2 2 [z

o 4
i
M
1%
P,E
rr
PO
rlo
=2
o
2
ot
ul

2 oz 2 2 oox W K

©
9

o o -

2,
rO
et
o
it
R flo
rlo
. a
My
_\3
Mo oX
o X
Lo
oIl
N
S
R ™
o, 4y
e Lo,
o

e ta 5=
M - Qj{g
oX,
o E‘j o
o Wy x ME
oo
rlr lo
full
>
o
_?{_5
|o
EY
£
2 o o

I -

=,
%
it
o,
2
o2
o 0ol m &
(1 o

5
%0,
rir
il

for Y a2 Lo

oY, Bl do

NN

% = )

> oz

i o2 fo

o M

) M o JLT

- ) :ml [eZah

B N i

BN T2

TEE

ﬁ 1% 1

> I

g = F oo o

o P o &
LR
24

(1855)

2 ATS Yl oen, Multi-PIE dlo|ElH]o] 2,
e B dlo]El#o] 2~ AR H|o]EHo] 2, yale Ho]E]H|

ojzol e HFPolM M =X W 54 F= U

[7]

[8]

Se doluol2vit 4] £917k whE W, A
e e wE doleulol 2N b B A4S
2 el 79t

REFERENCES

M.-Y. Cho, Y.-S. Jeong, and B.-T. Chun. “A
study on face recognition performance
comparison of real images with images from
LED monitor,” Journal o the Institute of
Electronics and Information Engineers, Vol. 50,
no. 5, pp. 144-149, 2013.

W. Zhao, et al, “Face recognition: a literature
survey.” ACM computing surveys, Vol. 35, no.
4, pp. 399-458, 2003.

M. Twk and A. Pentland, “Eigenfaces for
recognition,” J. Cognitive Neuroscience, Vol. 3,
no. 1, pp. 71-86, 1991.

PN. Belhumeur, JP. Hespanha, and D.]J.
Kriegman, “Eigenfaces Vs. fisherfaces:
recognition using class specific linear projection,”
IEEE Transactions on Pattern Analysis and
Machine Intelligence, Vol. 19, no. 7, pp. 711-720,
1997.

H. Cevikalp, M. Neamtu, M. Wilkes, et al,
“Discriminative  common  vectors for face
recognition,” IEEE Transactions on Pattern
Analysis and Machine Intelligence, Vol. 27, no.
1, pp. 4-13, 2005.

S.-I. Choi, C.-H. Choi, and N. Kwak. “Face
recognition based on 2D images under
illumination and pose variations,” Pattern
Recognition Letters, Vol. 32, no. 4, pp. 561-571,
2011.

S-I. Choi, C. Kim and C.-H. Choi, “Shadow
compensation in 2D images for face recognition,”
Pattern Recognition, Vol. 40, no. 7, pp.
2118-2125, 2007.

D. Kim, M. Sohn and S. Lee, “A study on face
recognition method based on binary pattern
image under varying lighting condition,” Journal
of the Institute of Electronics and Information
Engineers, Vol. 49, no. 2, pp. 61-74, 2012.

D.-J. Kim, M.-K. Sohn, and S.-H. Lee, “A
study on face recognition method based on



136 ZY oo Zelgt 3

binary pattern image under varying lighting
condition,”  Journal o The Institute of
Electronics Engineers, Vol. 49, no. 2, pp. 61-74,
2012.

[10]S.-I.  Choi, and G.-M. Jeong. “Shadow
compensation using fourier analysis  with
application to  face  recognition,”  Signal

Processing Letters, Vol. 18, no. 1, pp. 23-26,
2011.

[11] R. Ramamoorthi, “Analytic PCA construction for
theoretical analysis of lighting variability in
images of a Lambertian object,” IEEE
Transactions on Pattern Analysis and Machine
Intelligence, Vol. 24, no. 10, pp. 1322-1333, 2002.

[12] A.S. Georghiades and P.N. Belhumeur, “From
few to many: illumination cone models for face
recognition under variable lighting and pose,”
IEEE Transactions on Pattern Analysis and
Machine Intelligence, Vol. 23, no. 2, pp. 643-660,
2001.

[13] S.-I. Choi, and C.-H. Choi. “An effective face
recognition under illumination and  pose
variations,” in Proc, o International Joint
Conference on Neural Networks, pp. 914-919,
2007.

[14]L.S. Shen, DH. Ly, and KM. Lam,
“llumination invariant face recognition,” Pattern
Recognition, Vol. 38, no. 10. pp. 1705-1716, 2005.

[15] X. Xie and K-M. Lam, “An efficient
illumination normalization method for face
recognition,” Pattern Recognition Letters, Vol.
27, no. 6. pp. 609-617, 2006.

[16] T. Ahonen, A. Hadid, and M. Pietikainen. “Face
description with local binary patterns: application
to face recognition,” Pattern Analysis and
Machine Intelligence, IEEE Transactions on.,
Vol. 28 no. 12, pp. 2037-2041, 2006.

[17] B. Froba, and A. Ernst. “Face detection with the
modified census transform,” Sixth IEEE
International Conference on Automatic Face and
Gesture Recognition, 2004. Proceedings, pp.
91-96, 2004.

[18] RC. Gonzalez, and R.E. Woods, Digital Image
Processing, Prentice Hall, 2002, 2Ed.

[191Y. Adini, Y. Moses, and S. Ullman. “Face
recognition: The problem of compensating for
changes in illumination direction,” Pattern
Analysis and Machine Intelligence, Vol. 19, no.
7, pp. 721-732, 1997.

[20] J. Liang, S. Yang, and A. Winstanley. “Invariant

optimal feature selection: a distance discriminant
and feature ranking based solution,” Pattern
Recognition, Vol. 41, no. 5, pp. 1429-1439, 2008.

[21]R. Gross, et al. “Multi-pie.” Image and Vision
Computing, Vol. 28, no. 5, pp. 807-813, 2010.

[22] AM. Martinez and R. Benavente, The AR Face
Database. CVC Technical Report #24, June 1998.

[23] Center for Computational Vision and Control,
Yale University, The Yale Face Database,
http://cvc.yale.edu/projects/yalefaces/yalefaces.htm
L

[24] T. Sim, S. Baker, M. Bsat. “The CMU pose
illumination and expression (PIE) database,” in-
IEEE  International Conference on Automatic
Face and Gesture Recognition, May 2002.

x K A 7l

z A LAY

2005 A ZF o gt 7 Ap-g 3t
AL

20100 A& dista A7) - FH5FH
TR F kAL

2010@ ~2011d  Post  Doctoral

Fellow, BK21 Information
Technology, Seoul National
University, Seoul, Korea
20113 Post Doctoral Fellow, Computer
Science Department, University of
Southern California, CA, USA
2011 ~ A A Dokl ekl 3R E ek
Z a4,

<Gl dEelY, I A>



