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Abstract Lighting normalization is a kind of widely used approach for achieving illumination invariant
face recognition. Lighting normalization approaches try to regularize various lighting conditions in
different face images into ideal illumination before face recognition. However, many existing methods
perform lighting normalization by treating face images as natural images, and neglect the particular
properties of faces, e. g. face symmetry. As a result, for the face images with side lighting, many
existing methods cannot recover the facial features in shadow regions. To resolve this problem, in this
paper, a novel lighting normalization approach exploiting face symmetry priori is proposed for
illumination invariant face recognition. In the proposed approach, lighting normalization for a shadow
region is performed by referring to the face structure information of a symmetric non-shadow region.
The symmetry priori of face structure is modeled via an energy minimization framework. In addition,
a shadow-free reliability map is further proposed to simplify the original bivariate optimization problem
into a univariate one in order to reduce the computation cost. Experiments on face images with
synthetic and real shadows show that the proposed lighting normalization approach is effective in
recovering facial features in shadow regions of a face, and also robust to face misalignment and

asymmetric face geometric normalization.

Key words lighting normalization; face symmetry; energy minimization; illumination invariant; face
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Fig. 1 The relationship between lighting normalization and recognition method in a face recognition system.
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Fig. 2 Face image decomposition with varying
“lambda” in TV-L' model.
2 TV-L' B 53 fif N PSR B AN R] lambda 1) &%
X L

2 ETFTABEXRELEBNAERA—UL

P 2 AN e A B R TR R AT O IR —
fREF, TV-LY #8558 AR i VK &2 B 5% DX 88 b 9 AT 4
TE M AH FE 2 T o 5 — 0 5 N K A i D) A5 LA B 1
WA G IR R (3) B TR R E R TV-L!
TR0 A A Ak v R A5 AR L B 5 TG 2 AR I % 9 52 i IR
A AR AT LA 5. SR N AR B HAT B 4 1) WL
DX B S PR X A P45 ) B 52 DXl 47 6 BRI
—ALEE AT LS H X FR AR B 52 X5 i N 45 A
5 B RIE — 16 5 ) AR R 0 Y B B
WA Yo B . AR SCORE N B KBRS B0 MR A 29 5 A
FGRIH — b 7E R 2 R/ MERESE T 17O R IH
—1k.

2.1 EEEXE

— WL AR I TR 3 S e ) A A
NI PR 43 o8RG 43 3R AT O BEE — 1k AR R
s/ IMEAEZE R 38 B B L. SR X Fh o s Nl AT —
D5 T X Fh 5 vk 2 S BUH — A6 e AR BRG] 7 A=
MBS ANEL 3 FT 7 s 53— J7 T 22 0 J: 55 A
NI PG 1 i B A A3 R B i T 5 rh i O R — A
59K J& 55 IR B8 Cheterogeneous) , B A 78 8 /N i) A
DX sl o't B8 Y 43 A7 A AT RE A2 W] 52 1 (homogeneous) .

Fig. 3 Demostration of lighting normalization with an

energy normalization framework applying to left

and right face separately.
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Fig. 4 Example of two symmetric subregions in a face
image.
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Fig. 6 Shadow-free reliability map of a face image.
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Table 1 Subset Division for Face Recognition
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geometric normalization.
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