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Face Recognition under Varying Illumination Based on MAP Estimation

Incorporating Correlation between Surface Points

MIHOKO SHIMANO,t KENJI NAGAO,! TAKAHIRO OKABE,
IMARI SATOtt and YOICHI SATO

In this paper, we propose a new method for face recognition under varying illumination
conditions, using a single inputted image. Our method is based on a statistical shape-from-
shading method, which combines the strengths of the Lambertian model and statistical infor-
mation obtained from a large number of images of different people under varying illumination.
The main advantage of our method over previous methods is that our method explicitly in-
corporates a correlation between the surface points on a face in the MAP estimation of the
surface normals and albedos, so that a new image of the same face under novel illumina-
tion can be correctly synthesized even when the face is partially shadowed. In addition, our
method introduces pixel grouping and a reliability measure in the MAP estimation to reduce
computational costs while maintaining accuracy. We demonstrate the effectiveness of our
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proposed method via experiments with real images.
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Fig.1 Segmentations used for grouping pixels in our exper-

iments: (a) 6 regions and (b) 3 regions. Note that
left and right cheeks compose one region although
they are not adjacent in (a).



Vol. 47 No. SIG 10(CVIM 15)

EXN

o2 DDDDDDDDDDDDD(&)DDDDDDDDDDDDD
000000() 0000000000000 0000000
0000000000oO0oooDoDDO0OO0(ec)0000OODO
000000000000D00D00000(d) 0b00000o
ooooooo

Fig.2 Example of synthesized images with our method:

(a) input image of a face illuminated from right,
(b) synthesized image taken under frontal illumi-
nation with our method incorporating correlation
between surface pixels, (c¢) synthesized image taken
under frontal illumination without correlation, (d)

real image taken under frontal illumination.
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0 2(a)
Fig.3 Example of normals including albedo:
method, (b) Sim and Kanade’s method without cor-
relation ; Left column is x, center is y, and right is

(a) Our

z value. Input image is Fig. 2 (a).
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Table 1 Performance comparison of Sim and Kande’s
method and our proposed method incorporating
correlation between all pixels by using our face
image database of 12 individuals.

Methods Recognition rate [%)]

Sim and Kanade’s method 88
(without correlations)
Our method 94
(with correlation)
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Table 2 Performance comparison of Sim and Kande’s method and our proposed

method using grouping regions of Fig. 1 (a) by using CMU-PIE database.

Recognition rate [%)]

Methods f08 | f09 f11 f12

f13

f14 | f15 f16 f17 | f20 | f21 22 Average

Sim and Kanade’s method 93 85 95 88

(without correlation)

76

7 69 62 54 95 87 72 80

Our method

(with correlation)

95 94 95

91

90 87 73 56 95 93 90 88

04 0O00O0OO0OO0OO0OOODOODOOO 12000000000
00 fo8Of090 f110 120 f130f140 00000 f150 f160
f170 200 210 £22

Fig.4 Example of training images under different light-

ings. First row: f08, f09, f11, f12, f13, f14. Second
row: f15, f16, 17, £20, 21, f22.
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Table 3 Performance improvement by grouping pixels (3
areas) and the use of reliability measure in our
method.

Methods
Sim and Kanade’s method

Recognition rate [%)
74

(without correlation)
Our method
(Grouping pixels without reliability)
Our method
(Grouping pixels with reliability)

81

83
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Table 4 Performance comparison of Zhou’s method (the left number in each cell)
and our method (the right number in each cell) using grouping regions of
Fig. 1 (a) by using CMU-PIE database.
Recognition rate (Zhou et al.’s method / our method)[%]
training | 08 f09 f11 f12 f13 f14 f15 f16 f17 20 f21 f22 Average
test

f08 - 96/100 96/99 87/100 66/100 60/99 46/96 29/81 22/27 85/97 78/100 53/97 65/90
f09 94/99 - 96/99 96/100 90/100 87/99 56/100 40/96 24/72 84/97 96/100 68/100 | 75/96
f11 94/99 91/100 - 97/100 72/100 72/99 38/100 28/90 16/51 100/99 94/100 51/100 | 69/94
f12 88/99 94/100 97/99 - 88/100 93/99 57/100 41/99 28/91 94/99 100/100 76/100 | 78/99
13 56/99 87/100 59/99 85/100 - 100/99 90/100 71/100 50/97 54/99 87/100 100/100| 76/99
f14 51/99 85/100 63/99 93/100 100/100 - 90/100 66/100 49/100 59/99 91/100 99/100 | 77/99
f15 33/99 40/99 37/99 49/100 85/100 88/99 - 93/100 78/100 32/99 49/100 97/100 | 62/99
f16 19/91 26/99 26/90 32/99 59/100 44/99 84/100 - 93/100 26/91 31/100 63/100 | 46/97
f17 14/75 28/93 19/78 26/97 50/100 41/99 68/100 94/100 - 19/78  26/99  44/100 | 39/92
20 90/99 85/100 99/99 97/100 65/100 69/99 38/99 26/90 21/60 - 93/100 53/100 | 67/95
21 79/99 94/100 93/99 100/100 88/100 94/99 62/100 49/100 28/96 91/99 - 76/100 | 78/99
22 43/99 65/100 46/99 75/100 99/100 99/99 97/100 76/100 59/100 43/99 74/100 - 70/99
Average | 60/96 72/99 66/96 76/99  78/100 77/99 66/99 56/96 42/81 63/96  74/99 71/99 67/97
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