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A Digital Watermarking Scheme to Binary Comic Image
by Pixel Distribution

NoORIKO KOBORI,* MUNETOSHI IWAKIRI! and KINEO MATSUI*

Recent developments of electronic publication enable us to read books on a personal ter-
minal and bring a serious problem of copyright protection on World Wide Web or Internet
at the same time. This paper pays attention to a digital comic book in such a style. More
robust techniques for comic pictures are not presented to embed the copyright data, yet. We
propose a simple scheme of comic watermarking, which expands or shrinks the area of black
pixels uniformly so as to represent a digit of copyright data with pixel distribution. The
watermarked comic resists unintentional attacks of JBIG/JPEG processing and is robust for
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intentional attacks such as StirMark, also.
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Fig.1 An example of binary comic image.
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Fig.2 The principle of embedding.
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Fig.3 Original images for computer simulation.

gboooooooooo 3bcoooboobooooo
5. DO0O0oogo

0000000000000 3™®ooooon
000400000 100000000 800 x 500 O
20000000000000000

5.1 000000000

0000 ADDOOO mxnO00000000O
0000 mxnO0O0O0O0D0OO ADODOOOOOO
s000000000

00000000000s=mxn0000000
0 E000DO p0O000000000000 4(a)
0D000000000000000000

g= <[] (19
00000000000 s0000 B, 000000
000000000 4()000000000000
000 p=2560000000 3)000000O0
0000000000 B;004(a)0000000
0000D00000000D0000 s=2500000
0 B;0000000000004(b)0000O0
0000000000000000000 poOO0



Vol. 42 No. 3

4000 bp
3000 -

&5 2000 [

Effective range

1000 -

0 1000 2000 3000 4000
N

(a) Number of black pixels to block size.

60

&
%5 40
Z Water marked
& 20
@
S
=
0 — . . \ B;
0 500 1000 1500 2000 2500 3000
K_Y_)\ —~ /\WJ
P Effective range P
(b) Frequency distribution of B; at s = 2500.
100
——5=400
o ——5=1600
& —=#5=3600
T 60
>
<9
£
S
2 40
4
=
20
0 . B;
0 500 1000 1500 2000

(c) Frequency of black pixels (Case 1).
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Fig.4 Frequency of black pixels and the threshold.
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Fig.5 Amount of embeddable bits to block size.
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Fig.6 Frequency of black pixels (Case 2).
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Fig.7 Case of m = 40, n = 40 and p = 128.

(b) Case 2 (E = 111).
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Fig.8 Case of m = 40, n = 40 and p = 256.
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Fig.9 Case of m = 40, n = 40 and p = 128.
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Fig. 10 Difference between original and hidden
documents.
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(b) Case 2 (E = 211).
011 00000000256 x 1600

Fig.11 Case of low resolution.
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(b) Difference between original and attacked comics.
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Fig.12 An effect of StirMark attack.
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Fig. 13 Amount of changed pixels and decoded data.

000D0O00000000000D000000000
000000000000000000000000
000000 130000000000000000
0DOoo0O0oO0oDo
070000 StirMark D00 0000000
0000000 53.7%000000000 13(a) O
00000000000000000000000
013(bh) 0000000000000 0ooon
000000000000000000000000
000000000 000000000000000
000000000000000000000000
000000000000000000000000
p=1280000000000000000 pOD0O
00000 ip=3200000000000000
oooo
0000000 9(x) 0000 StirMark 000 OO
000000000000 61.5%000000000
00000000000 0000000000000
000 7%0000000000000000000
00m,n,p00000000000D0O0O0D0ODODO
000 D0StirMark 000 000000000000
000000DO000000D00000000000
0000000000000 000000ooo0ng
00000000000O0StirMark0 0000000
000002 000000000000000o0 13
0000000000000 D00000000000
000000000 00D0000000000000
00000000000 0000000000000
00000000000 D0000000000000

Table 3 Decoding rate in case of Fig. 7 (a). (%)
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Soft A 100 100 100 | 99.2 | 43.1 91.1
Soft B 100 100 100 76.4 | 44.7 | 56.1
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