00o0oooooog Vol 50 No. 9 1997-2007 (Sep. 2009)

1997

oooobbogooooobogoad
oooobbod

0O O O oft
oogoft

O o o ot o o o oft
0o o o oft 00

oooooooooooooooooooboOoOoOOCbObObOOoOooooooooo
gooooooooooOoOoboOboOooOo0ooooooooooooOOObOOObObbO0o
goo0o0obooOo0oO0ooOoO0o0O0oOO0o00O0oO00O0OO000O0OO0O0O0B0D0O00
gobooooooooooboooboooooOoOoOoOoOoOobOboOobobOOOOOODODO
gooooooooooOoOobooOoOoooooooooooooOobOOOObObObOOOO
gooooooooooOOoOOoO0O0000oooooooooODOObObObObbOo0o
gooooooooooOoOoOoOo0o0oOoOooooooooooooOoObObbOOogg
goboooooooooboooOoboboOoOoOooooooooooboobooOoOoObObboOoOo
go0o0ooooooooOoOoOO0OOO0O0O000000ooooooODOOOOObObO0O0O
o0o0oooo0oOooo0oOooo0os0oooOooo/20000000OOO00OOOO
gobooooooooooooOoooOoooooooooooooobOOobobobOnoo
oooooooooooooo

Information Hiding Method Utilizing Artificial
Fiber Pattern for Printed Document

KrraHIRO KANEDA, ! KENJ1 HiIrANO, ! YUkt Fugi, !
Kericar IwaMURAT! and SericHiRo HANGATT!

Digital watermarks provide the capability to add extra information to various
media, such as still images, movies and audio, by utilizing features of its con-
tent. Several methods for printed document have already been proposed using
features of the text or images. In this paper we treat the paper media itself as
content and propose a new information hiding methodology which utilizes the
fiber pattern of paper. The proposed method is expected to improve the quality
and the geometric sensitivity of the watermarked documents. In this paper we
show the principle of the low visible natural fiber pattern as a watermark then
its advantages in terms of visual quality and robustness of geometric conversion
/ printer / paper media through several experiments.
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Fig.1 Conventional method using diagonal line element.
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Fig.2 Conventional method using dot alignment.
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Fig.3 Fiber pattern and its Fourier spectrum.
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Fig.4 Low visible pattern generation process.
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Fig.5 Use case example of information hiding using artificial fiber pattern.
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Fig.6 Intensity ratio d (o« = 1/2) under different R and r.

00o0oooooog Vol 50 No. 9 1997-2007 (Sep. 2009)

010000000000000000 R=100r =207r=20000000000
0000 00000 1/201/401/8 000000000 4d(10)00000000000
00000000000000000000 «00000000000 100 1/8000
000000d00000000000000001/40000000000000000
0000000000000000000 1/2000000

0000000000000000000000000000000000000

R=10, a=1/2, mn =2, r=20
00000000000 d0 0.97600 0.8676 0000 0.9218000000000000
00000000 “0’000000000 0000
000000000000000000000000000000000000000O0
ooo

R=10, a=1/2, mn =2, r=20
00000000000000000000000000000000000000 20
0000000000000 0000000000000000000 540000000
ooo

52 0000

0000000000000000000000000000000000000000
000000000000 p(ro)dp(r) 00 70000 80000

00000000000000000000000000000000000 10200
00000000000000000000000000000000000000000
ooooooo

0000000000000000000000000000000000000000
ooooo
(1) 0OOOP”® 000000000000

Canon 00000 MPY700000500000000000000000000 p(ro)0

01 000 «0000D00O000O0OO »0000d
Table 1 Intensity ratio d under different o and r.
o

1/2 1/4 1/8
r =2 0.9760 0.9631 0.9647
ro =20 0.8676 0.8879 0.9570
= 0.1084 0.0752 0.0077
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Fig.8 Low visible pattern of high quality copy paper.
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Table 4 Intensity ratio d under different rotation angle and r (Business cut paper).

Rotation angle (degree)

0 +90 +180 +270
r=2 0.9760 0.9775 0.9649 0.9761
ro=20 0.8676 0.8834 0.8695 0.8817

=578 0.1084 0.0941 0.0954 0.0944
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Table 5 Intensity ratio d under different rotation angle and r (High quality copy paper).

Rotation angle (degree)

0 +90 +180 +270
r =2 0.9474 0.9454 0.9643 0.9424
ro =20 0.7963 0.8072 0.8183 0.8163

7= 0.1511 0.1382 0.1460 0.1261
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Table 6 Intensity ratio d under different sample (Canon business cut paper).

7V No.
1 2 3 4 5 6 7 8 9 10
r=2  0.9604 0.9564 0.9847 0.9670 0.9759 0.9687 0.9755 0.9769 0.9618 0.9721
ro=20  0.8639 0.8343 0.8861 0.8683 0.8785 0.8807 0.8631 0.8885 0.8655 0.8757
7Z=50E  0.0965 0.1221 0.0986 0.0987 0.0974 0.088 0.1124 0.0884 0.0963 0.0964

ESR(EN 0.9122 0.8953 0.9354 0.9177 0.9272 0.9247 0.9193 0.9327 0.9136 0.9239
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Table 7 Intensity ratio d under different sample (Canon high quality copy paper).

W7 No.
1 2 3 4 5 6 7 8 9 10
r=2  0.9354 0.9325 0.9321 0.9079 0.9378 0.9360 0.9109 0.9278 0.9339 0.9121
re=20  0.8070 0.8254 0.8136 0.7967 0.7720 0.8112 0.7633 0.7986 0.7705 0.7518
5 0.1284 0.1071 0.1185 0.1112 0.1658 0.1248 0.1476 0.1292 0.1634 0.1603

BAME  0.8712 0.8790 0.8729 0.8523 0.8549 0.8736 0.8371 0.8632 0.8522 0.8319
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Table 8 Intensity ratio d under different sample (HP business cut paper).

W 7L No.
1 2 3 4 5 6 7 8 9 10
r= 1.064 1.079 1.093 1.067 1.079 1.078 1.087 1.067 1.074 1.067

re=20  0.9104 0.9279 0.9244 0.9102 0.9183 0.9094 0.9334 0.9221 0.9379 0.9311
72578 0.1536 0.1511 0.1686 0.1568 0.1607 0.1686 0.1536 0.1449 0.1361 0.1359
ESE(EN 0.9873 1.004 1.009 0.9887 0.9984 0.9937 1.010 0.9946 1.006 0.9988
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Table 9 Intensity ratio d under different sample (HP high quality copy paper).
7L No.
1 2 3 4 5 6 7 8 9 10
=2 0.9909 1.011 1.015 1.068 1.040 1.028 1.018 1.019 1.022 1.029
=20 0.8391 0.8150 0.8453 0.8780 0.8657 0.8683 0.8137 0.8526 0.8497 0.8737
Z55E 0.1518 0.196  0.1697 0.1900 0.1743 0.1597 0.2043 0.1664 0.1723 0.1553

ESR(EN 0.9150 0.9129 0.9300 0.9728 0.9527 0.9482 0.9156 0.9360 0.9359 0.9516

010 000000000000000 »0000000 d0OOO0OO0O0OOEPSONODOOOOOOOODOD
Table 10 Intensity ratio d under different sample (EPSON business cut paper).

> 7L No.
1 2 3 4 5 6 7 8 9 10
mn=2  1.155 1.109 1.110 1.133 1.158 1.160 1.124 1.151 1.152 1.159

ro=20  0.8339 0.8470 0.8351 0.8807 0.8929 0.8631 0.8742 0.8809 0.8343 0.8515

7250 0.3211 0.2620 0.2749 0.2523 0.2651 0.2969 0.2498 0.2701 0.3177 0.3075
3 fiF 0.9944 0.9780 0.9724 1.007 1.025 1.011 0.9992 1.016 0.9931 1.005
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Table 11 Intensity ratio d under different sample (EPSON high quality copy paper).
7' No.

1 2 3 4 5 6 7 8 9 10
r=2 1.109 1.107 1.088 1.097 1.109 1.129 1.089 1.089 1.102 1.130
re=20  0.7456 0.7928 0.7989 0.7710 0.7497 0.8050 0.7542 0.7564 0.7448 0.7989
740l 0.3634 0.3142 0.2891 0.3260 0.3593 0.3240 0.3348 0.3326 0.3572 0.3311
BIME  0.9273 0.9500 0.9435 0.9340 0.9292 0.9667 0.9216 0.9225 0.9233 0.9646
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