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Image Inpainting by Minimizing Energy Function Based on Pattern Similarity

Considering Brightness Change and Spatial Locality
Norihiko KAWAI, Tomokazu SATO?, and Naokazu YOKOYA'
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Fig.1 Procedure of the proposed image inpainting
method.
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Fig.2 Illustration of missing and data regions in an
image.
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Fig.3 Relationship between pixels in energy calcu-
lation.
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Table 1 Parameters in experiment.

Window size W |max9 x 9

min 3 X 3
Weight for sigmoid function  wg;s 120
Parameter in sigmoid function K 0.4
Xo 20
Range of coefficient o D 0.1

x 20000)000000000000000000
000000D000000000000000000
000000000000000000000000
000000000000000000000000
000000D000000000000000000
000000D000000000000000000
00000000000000000000000
3.1 00000000000000000000
0000000
0000000000000 10000000000
000000000000000000000000
000000000000000000 (000000
000)00000000400000000000
000000000 Wexlee D000 [15]00000
000000D000000000000000000
000000000000000000000000
0000000000000000000 Criminisi
0000 [11]0Wexler 0000 [1500000000
0000100000000000000000000
000000000000000000000000
00000000000
000000000PC(CPU:Xeon 3.2GHz 00
0:8GB)00000000000O00DD0OD0OOO
000000D000000000000000000
000D000000000000 100000000
000000000000000000000000
000000000000000000000000
000000D00000000000000000
3.1.1 0000000000000000000
0ooo

00000000000 10000000000 4(a)
000000000000000000000000
00000000000000000000 4000
000000000000000000000000
000000 4b)000000000000000

6

0 ()0 21000000000000SSDO0ODO
000000000015 000000000(d)0
0000000000000000000000 ()0
@V)00o00O00o0o0o0

00 ()0000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000D0000000000000
000000000000000

00 (II)0000000000000000000
0000000000000000000000000
0000D0000000000D000000000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000

00 (II)000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0sSSDO0000000000000000000D
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000

00 (IV)000000000000000000
000000000000000000000000
000000D000000000D00000000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0ooooooon



goboooooobooooobooooooboooooooooooooooooooooooboobooobobo

(b) 00000000 () 0000 (15100000 () 000000000

00 (H0b0000000000000000000000000

(ay000 (b)y 0OODOODOO (¢y0000 1500000 (dy000000000

00 (Inobooo00oo0obo0ooo0ooo0oooooo

(b)y 00ODD0000 () 00001500000 () 000000000

00 (Inooooooooooooooo

'

(ay 000 (b)y 0OODOODOO (¢y0000 1500000 (dy000000000

00 IvyDooOoooooooooooo0ooooooooooooooo

04 O0O0OOOOOOOOOOOOOOOO

Fig.4 Image inpainting for four representative images.
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Table 2 Processing time.

Conventional method | Proposed method
Image (I) 2’177 87457
Tmage (IT) 317 12'15”
Image (III) 3287 18°59”
Image (IV) 5’257 18’327
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Table 3 Average scores and number of best-scoring
images from 100 images.

Average Number of
of score | highest-scored images
Method A [11] 2.21 7
Method B[15] 3.24 7
Method C 3.39 21
Method D 3.42 20
Method E 3.60 45

04 D000 %0000000¢t000000000
oooooOo0ooooooo0 (@Moooooooo
ooooo)

Table 4 T-value produced by the t-test between
a pair of methods with a 5% significant
level. (If sigfinicant difference is observed,
the t-value is underlined.)

Method | B[15] | C D E
A[11] | 9.053]9.138]10.870 | 11.046
B[15] - [2.225] 4.575 | 5.919
C - - 0.403 | 4.397
D - - - 3.351
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Fig.5 Example images for which both the proposed
and conventional methods have a problem.
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Fig.6 Relationships among the number of images
and subjectives and ARE.
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Table 5 Value of g(, 100, 37) in Fig6(a)-(c).

i=A|i=B| i=C | i=D |i=E
Fig6(a) 2 - - - 1
Figb(b) | - - - 2 1
Fig6(c) 5 4 3or2|3or2 1
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Table 6 Average of RMSE and average score by sub-
jects for 29 images.

RMSE | Score by subjects
Method A [11] | 42.95 1.99
Method B [15] | 28.40 311
Method C 27.83 3.44
Method D 28.36 3.34
Method E 27.44 3.66
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Fig.7 Distribution of correlation coefficient between
RMSE and subjective score.
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Fig.8 Images with inverse correlation between
RMSE and subjective evaluations.
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Abstract Image inpainting techniques have been widely investigated to remove undesired visual objects
in images such as damaged portions of photographs and people who have accidentally entered into pictures.
Conventionally, the missing parts of an image are completed by optimizing the objective function which
is defined based on pattern similarity between the missing region and the rest of the image (data region).
However, unnatural textures are easily generated due to two factors: (1) available samples in the data region
is quite limited, (2) pattern similarity is one of the required conditions but is not sufficient for reproducing
natural textures. In this paper, in order to improve the image quality of completed texture, the objective
function is extended by allowing brightness changes of sample textures (for (1)) and introducing spatial lo-
cality as an additional constraint (for (2)). The effectiveness of these extensions is successfully demonstrated
by applying the proposed method to one hundred images and comparing the results with those obtained by
the conventional method. In addition, the relationship between quantitative and qualitative evaluation for
these resultant images is discussed.

Key words Image Inpainting, Image Completion, Energy Minimization, Pattern Similarity



