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Geometrical Transformation Resistant Digital Watermarking

for Line Drawing

KAzUsHI KANESHIRO' and HIROYUKI INABAt

Recently, a lot of binary line drawings such as comics, illustrations, and digital fonts are
published by digital data. However, few studies of digital watermarking for the digital con-
tents have been made. In this paper, we propose a new method of digital watermarking for
a binary line drawing. A watermarked data is embedded into frequency domain to which a
line drawing is converted by p-type Fourier transformation. The method makes it possible to
embed a watermark without large deterioration in quality of image, and has high resistance
in alteration of enlargement, reduction, rotation and reversal.
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Fig.1 Definitions of argument a(j) and ¢(j).
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Table 1 Embedded region and threshold value.
(a) Degree n = 512

Embedded region (Threshold)

Embedded
bit

2011 (70)0 =70 —2 (75) 7 bit

2011 (44)0 —110 —2 (75) 9 bit

Case 1
Case 2

(b) Degree n = 1024
Embedded region (Threshold)

Embedded
bit

2011 (130)0 —140 —2 (130) 11 bit

2012 (80)0 —110 —2 (140) 9 bit

Case 1
Case 2

(c) Degree n = 2048
Embedded region (Threshold)

Embedded
bit
11 bit
10 bit

Case 1
Case 2

20 12 (220)0 —80 —2 (220)
2011 (160)0 —100 —2 (250)

goobooooooooooobooodpbOoOoDO
gooobobooooooooboooooobooooon
goooboboooooobooooooooooooon
goooboooodooooooooboooooooon
gooooboboooooooobooboooooboooo
gboboooocoboooooboooobooooobo
pO0O0000O0COOOOO 51201,02402,0480
gobooooobor100000o00b00o 1000
000000oo0oUoooO0OD fOOO (3)00O0O
0ooo0o0oodo k0oooo

k ;o k<
f_{kn k>

[NERNTE

oobooooood
01000Case200000000000000
gooooboooooooooooooooooooo
O00000D00Case2000000000000
gobooobooooooooooooooooooo
goooobooooooooooooooooooo
gooooooooobooooo
goboooooooooooobooooop0onoDnOO
goooobooooooooooooooooooon
gooobobooooooooooobooooooooon
goboocooboooobo1l10000b000b000oooa
gobooobooooobooooooooo si2oood
70080000000 1,02400001300140000
oooooo204800002400260000000
goboooooobooooocooon
5.2.2 00O0OO0ODOOOOO
gooo1000000Db0000000D000D0O

gooooooooooooooooboooooo

1839

02 0000000000O0O0O000O

Table 2 Decoding rate after enlargement or reduction.

Case 1
Decoding rate (%)

Case 2
Decoding rate (%)

Enlargement
ratio

x0.5 97.2 97.7
x0.75 97.2 100.0
x1.25 100.0 100.0
x1.5 100.0 100.0

000D00D00000000000
00O00D0 {001}000000000000000
00000000000000000000 n=1,024
000D00000000000 3(b)00 4(b)0000
0003100000000000000 o =0.08
000000000000000000000000
000000000000000000
00000000000 PROODOOOOOOOO
0000000000000000000000000
000000000 « 0000000000000
O00D0D00O0PROODOCase 100 19[dB] 000
Case 200 18[dB] 0000000000000 00
000000000000000000000000
000D000D0000O000PRO 19[dB]0000
00000000000000000000000
5.2.3 00000000
00000000000000000000000
000000000000000000000000
0oooooo
00000000000000000000000
0000D00000000000000000000
000000200000000000000000
0000000000000000000000000
000000000000000000000000
0000000 30000000000000000
0000000000000000000 {0,1} O
000000000000000000000000
ooo
0oooooo
0000D0000000000000000 0.50
0.7501.2501.50000000000000 2
0000000000000000000000
00000000000000000000000
0000000000000000000000
0ooooooo
oooo
000000000 103045090000000
0000000003000000000000



1840 goooooooo

03 0D00O0000O0O0000D

Table 3 Decoding rate after rotation.

Angle Case 1 Case 2
(degree) | Decoding rate (%) | Decoding rate (%)
1 100.0 100.0
3 100.0 100.0
45 97.2 96.2
90 100.0 100.0
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Table 4 Decoding rate after reversal.

Case 1 Case 2
Decoding rate (%) | Decoding rate (%)
100.0 97.7
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(a) Original image.

(b) Embedded
(Pattern 1,
S/N=18.55 [dB]).
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Fig.5 Original image and embedded images.

(¢) Embedded
(Pattern 2,
S/N=20.21 [dB]).
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(a) Pattern 1. (b) Pattern 2.

06 ODOODOODOODO
Fig.6 Embedded thin line image.
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Table 5 Embedding parameters.

Weight | Embedded region | Embedded
@ (Threshold) bit
Pattern 1 | 0.22 200 13(250), 5 bit
—80 —2(250)
Pattern 2 | 0.26 20 10(270), 4bit
—90 —2(270)
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Table 6 Decoding rate after enlargement or reduction.

Enlargement
ratio

Pattern 1
Decoding rate (%)

Pattern 2
Decoding rate (%)

x0.5
x0.75
x1.25

X1.5

94.0
95.0
100.0
99.0

97.5

98.8

98.8
100.0

07 000D0OO00OO0O0OOO0OD
Table 7 Decoding rate after rotation.

Angle
(degree)

Pattern 1
Decoding rate (%)

Pattern 2
Decoding rate (%)

1
3
45
90

97.0
97.0
90.0
100.0

100.0
97.5
93.8

100.0

08 O000OOOOOODOOOOO
Table 8 Decoding rate after reversal.

Pattern 2
Decoding rate (%)
100.0

Pattern 1
Decoding rate (%)
100.0
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