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Abstract

Recently, The wide range of the Internet applications and the related technology developments enabled the ease use of
the digital multimedia contents (fixed images, movies, digital audios). However, due to the replay ability which the
contents may be easily duplicated and not only the duplicates are capable of providing the same original quality. There are
mainly the encipher techniques and the watermarking techniques which are studied and used as solutions for the above
problem in order to protect the license holders’ rights. To the protection of the IP(Intellectual Property) rights of the
owner, digital watermarking is the technique that authenticates the legal copyrighter. This paper proposed the
watermarking algorithms to watermark the 256 gray logo image and the color image by applying the wavelet
transformation to the color stand-still images. The proposed algorithms conducted the watermark insertion at the LH
frequency region among the wavelet transformation regions (LL, LH, HL, HH). The interleaving algorithms which applied
in data communication was applied to the watermark. the amount of watermark increased which consequently caused the
PSNR to decrease but this might provide the perseverance against the external attacks such as extraction, filtering, and
crop.
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Fig. 1. The process of the interleaving and
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Fig. 4. The wavelet transformed region.
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Fig. 6. Watermarking insertion algorithm.
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(a) Lenna (512+512+3+8bit, RGB) (o) Nkovcheer(512 *512+3+8bit RGB)
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(c) WM1 (128+128+3+8bit, RGB)  (d) WM2 (128+128+3+8bit, Gray)
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Fig. 8. The original images and the watermark images
used for the experiment.
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- 20[0910( RMSE )

RMSE : Root Mean Square

M, N : Image X, Y axis length

g(%,7) : Original image pixel coordinate

f(4,7) : Watermarked image coordinate

MB : Maximum brightness value of Image(255)
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Fig. 9. The watermarked images and the
extracted watermark(P/P:15),
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Table 1. The PSNR extracted from the watermarked

images.

20

: B 10 15
Lenna 281323 34.1190 376546 | 39.9927
Nkorcheer | 285777 | 344047 | 378192 | 40.1363
2 olealy A4 #sjol mE PSNR

Table 2. The PSNR with respect to the change in
interleaving coefficients.

,3,

1 2

Lemna | 431874 | 406857 | 388792 | 376546
Nkorcheer| 433023 | 40.7883 | 30.0603 | 37.8402
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Table 3. The PSNR extracted from the WM2

watermarked images.

50 70

Lenna | 39.0631 | 464901 | 49.4782 | 51.6806

Nkorcheer | 39.048 | 474251 | 507411 | 51.1119

o e oﬁ

(215)
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E 4 2e2lY Al wslo| e PSNR
Table 4. The PSNR relative to the change in interleaving
coefficient.
1 2 3
Lenna 49.5781 | 47.1208 | 46.8712 | 46.4901
Nkorcheer | 50.4857 | 485304 | 47.9248 | 47.4251
94l PSNRo| 45dBAEYS Wt & W 9 I
AErt2E Fae Aolg TR & & 9e FEolth
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[Mi%’—Xz)_ P x Wh(bit/pizel)[bit] (14
min(X,, Y,) : The Minimum Length of Original

Image
I : Wavelet Transform Level
Wb : The Number of Bit per Pixel

4 15% RGBZ TAE Z#gy dejdy A
2T AYAZ 9 A AL F Y AY Agea -

olf oz zde] e s Hd) vl dolEE

12 X Wb (bit/pizel)[bit] (15)
: The Minimum Length of Original

Image

! : Wavelet Transform Level

Wb : The Number of Bit per Pixel

A G739 dlolE] BlES : 512x512x3%8 = 6,291 456[bit]
A 14 2& Al dlo]E % : 128x128x8 = 131,072[bit]
2] 15 A& Al dolE % 1 128x128%x3x8 = 393 216[bit]

min(X,, Y,)
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Stirmark, Checkmark, Optimark®] Benchmark tool&
AHgste] et E Gl R AS stk &
5S¢ e 23 9Eviac] gF PSNR 34 ¥ ¥
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E 5 PSNR 34 Higol £XHE PSNR
Table 5. PSNR attack variables and PSNR measurements.

Modify Lenna  Nkorcheer
PSNR | PSNR(dB)(P/P:30) | PSNR(dB)(P/P:30)
10 38.2206 38.9782
30 32.8183 33.8818
50 23.8183 29.8750
70 26.0535 27.1943
90 24.0004 25.1891

A4S kg ouAlA F2d AEra
PSNRE AAHoz w2 ks 7HA% Jenta o
el szt obd wrle] Wit Avize YEntag

E 6. JPEG & 34 #H=2 PSNR
Table 6. JPEG compression attack variables and PSNR.

JPEG Lenna Nkorcheer
4= PSNR(B)(P/P:15) | PSNR(AB)(P/P:15)
20 37.0946 35.1046
40 40.9084 38.1240
60 44.3024 41.7089
&0 488197 46.7664

JPEG 15 34 ¥47t 209 dol = 35dB ©]4+¢) PSNR
& FABIER JPEG FAd Uld el e /e &
ATt

72 Ae 21 Yeul3d] t)d Median filter &
A Wt $AH B4 PSNRE YEd

E 7. Medan filter 3485 2 PSNR
Table 7. Median filter attack variables and PSNR.

Median Lenna Nkorcheer
filter | PSNR(dB)(P/P:15) | PSNR(dB)(P/P:15)
3 37.8945 36.1080
5 352901 34.0445
7 31.5751 31.6024
9 29.1067 296163

(216)

ﬂ*{)l

LS u
=

2

lﬁ‘r

I
=
_O,l',
38
v
N
o
[owy
—
2
_>4:
FE’
o}
0
e ok
=2
AN g

=2
>
rir
L

i oex off
Wt o wo
z
2
o
2

o, iv)
re
s
]
=2
>
24
H°
ok
0
}-4
ich

e R,

o
b
r2
ok
ol
iz o,
L
A
1..
S
ol
o
)
r (o]
o
hin!3

Median filter T AoA = FAHES A YEvia =
g Ao 7o) H gAake] PSNRe] 34dB 017:}
WEA|71A] B3}, A% Median filter 329} 2

50142 HAl #2232 Median Cut A% %

;E

<.

B

offl

&

2

©

o

ot

053

g

X oo g jo &
2oy Mg
3@ 2 ox o

i

°
o
_YE
m
e
i
ﬁ
rSL‘
oz
e
s

1% 12 Median filteringol] 3t A% v)w 8=
ojt}h. Zhu ¥aelFol Biste] 4] 23 A%S 7y
Ay daelFol HLxlo] Aoz AAT gt

Carrelation[%}

i
Fig.

Carrglation]%}

a8l
Fig.

108

90

804~

wl

8O

50

=1 3%

IS Coni
< InOUE

20H —— Proposed
—e- Wang

1BH —~ Xa
~{73  ZThu

—r

DiD 20 30 40 40 80 7a 80 e ]
JPEG Coripression Quality

11. JPEG &=off oist Ms vl
11. The performance comparison associated
with the JPEG compression.
100 S - - .
Fﬁ—:“ ................... e
a0} ~. - N‘_“\.Y,KH_N_& ,
. \‘\‘ T~ . B
L S R .
N N T .- 'an;
sar \\\ N T e I\:::vue9
50% ' RSN o g:: d method [
\ N pose: 0!
oF AN N e
. N P
30 \\ AN e
. .
i \*__ _____ sl —
. . Pt
10 ’ 5 ) 7 ] 3
Maediari filter Size NN
12. Median fitteringoll Tt MS H|W

12. The performance comparison associated with
the median filtering.



20051 58 MAEEG 22X M 42 HCIHIE

04

804

B0

il

)
% Ba |
L% sn
—O— Coni ~
Fray =< lnoue \
«—— Proposed G\ “
-~ -— \Wang ~
k18 —_— Xia i
[ I £ Z;qu ™~ N
R A 8 70
Cropped to N% of griginal imags
32 13 Cropping 340l g 45H|2

Fig. 13. The performance comparison associated with

the cropping attacks.

FREE A

a9 132 Cropping & 01] gt 74AAL vl wslsy
o 9H9aE QEIHD AA AYATIERE HolE 4
Fol Z7tete] HAAutAE o|wlA oA PSNRel| &40
BAEA R o2 g Eel Hls] Cropping &2

& Aol A ¥e% & 5 Uk

e 2%

V.24 E

2 eg

i Ae FA Gl dlolEd WS Ags
o 256 1#o] 21 ojn|A| ¢} Ay oWA & HHutA
Al g Qe AEEE dnEEs Atttk At
danglEe dolEdY ¥E YL, LH HL, HH) ¥
LH o9gd fenias Agrzen, AdeolAs
T %“’3 of m}t YJEjulaE 449 PSNR 2 9%
RIgel EHAES & ¢ AUk AFT
9 1 B3 E ARIAIFIAEWLL) &R-FA g
F7HE U HEvtaE 3442 PSNRe| A OPQ

ARew uFs FYHH AHTIE 4
Aejuta " date] PSNRL F7)sii}t HEfd]
59 F-Aol -Jﬂh_é% g T AT

Hefutze] dolg FAld AMEHE deHAYW €
g&5& AEARA 01”]?‘] & gAag 49 Ydz g
A AAA et AYATIE HElnka dolE ol
F7¥eted PSNRe] #Asht 95, ¥EH, crop 9
R-FA AL /HAA dv). g AY B ESH,
Za7t AEEHEE dolE HE T HAHE A5 o

l

AA7T™E

@ oe AAES $Y & A%tk =W QAo
o 27kl wet EiviaE Gl GTo] FoI5E &

ozsl-/\

igont W 229 Gertas o) 4

(217)

81

AAe &+ AT Ba AEnAZ 2 GYS A
L R R EL ER R S
shedlE 245 PSNRe] 2 Rol7t gigien
geetas) Ayl 2ol duel Jelvta
Mol 4% 2 AF% BeYe| gL & %
it
oz AH ¢

e FolA
e 5o T4

7ol A

A7 WeAol glom, Bl B Ferhd
2 4 94 glolx YEvtaE FE28 5 e W
A7} AAFojok & Aol
#1E#
f11 N. F. Johnson, Z. Duricc and S. Jajodia,
"Information hiding: steganography and
watermarking attacks and countermeasures,”

Kluwer Academic Publishers, 2001.

[2] M. D Swanson, M. Kobayashi, and A. Tewfik,
"Multimedia Data_Embedding and Watermarking
Technologies,” Proc. of IEEE, vol. 86, no. 6, pp.
1064-1097, 1998,

f3]1 I J. Cox, J. Kilian, T. Leighton and T. Shamoon,
“Secure Spread Spectrum Watermarking for
Images, Audio and Video.” Proc. of IEEE, conf.
on Image Processing ICIP-96, pp. 243-246,
lausanne, Switzerland, Sept. 16-19, 1996.

[4] L J. Cox, J. Kilian, T. Leighton and T. Shamoon,

"Secure Spread Spectrum Watermarking for

Multimedia,” Proc. of IEEE Int. Conf. on Image

Processing, vol. 6, no. 12, pp. 1673-1687, 1997.

I Pitas, "A Method for Signature Casting on

Digital Image,” IEEE Int. Conf on Image

Processing, vol. 3, pp. 219-222, 1996.

[6] D. Kundur, D. Hatzinakos, "Digital Watermarking

Using Multiresolution Wavelet Decomposition,”

Proc. of IEEE International Conference on

Acoustics, Speech & Signal Processing, pp.

1647-1650, 1998.

Akira Shiozaki, "Improvement to a Method of

Embedding Robust Watermarks into Digital

Color Images,” IEICE . Trans. Fundamentals,

vol.E81-A, no5, May 1999

[8] B. Chitprasert and K. R. Rao, "Human Visual
Weighted Progressive Image Transmission”,

(5]

(7]

ICCS ‘83, Int. Conf. on Commun. Sys.,
Singapore, no. 17, Nov. 1988
[9] M. Kutter, F. Jordan, and F. Bossen, "Digital

Signature of Color Images Using Amphtude



82

Modulation,” Proc. of EI'97, pp. 518-526, 1997,

[101D. J. Fleet and D. J. Heeger, "Embedding
Invisible Information in Color Images,” Proc. of
ICIP'97, vol. 1, pp. 532-535, Santa Barbara, 1997.

[111K. Hashida and A. Shiozaki, "A Method of
Embedding Robust Watermarks into Digital
Color Images,” IEICE Trans. on Fundamentals,
vol. E81-A, no. 10, pp. 2133-2137, Oct. 1998.

[12] K. Jack, Video Demystified: A Handbook for the
Digital Engineer, HighText Publications, Inc.,
1993.

[13] G. Wyszecki and W. S. Stiles, Color Science,
concopt and Method, Quantitative Data and
Formulae. Jon Wiey & Sons, 1982.

[14] W. N. Sproson, Colour Science in Television and
Display Systems. Adam Hilger, 1983.

[15] W. Chou and M. A. Neifeld, "Interleaving and
error correction in volume holographic memory
systems,” Appl. Opt, vol. 37, no. 29, pp.
6951-6968, October 1998.

[16] StirMark:
http://www.cl.cam.ac.uk/~ fapp2/watermarking
/stirmark

[17] PictureMarc(Digimarc) - http://www.digimarc.com

[18] WaterStamp : http://www.digitreal.com

e g
120020 =gt
FAE .
ZAeta A
AqAE4.
ZAda A
uFALA gt
: UWB, A A4,

20044

2005

FAAFE>

(3 4)
FA g
gAtE Y.
A e
A4
EA e
BPALE.

SR
AR F 53

A3 83

7} A)
T

<F

QIZEAIZE A|AR jdie] Jg0j23 & Haf o|njx|Q {EntY

2o} : UWB, 444, DSP, ¥AAFE>

(218)

[19]R. Beam and R. Warming, “Multiresolution
analysis and supercompact multiwavelets,” SIAM
Journal on Scientific Computing, 22(4):1238-1268,
2000.

[200 X. Xia, C. G. Boncelet, and G. R. Arce, "A
Multiresolution Watermark for Digital Images,”
IEEE Int. Conf. on Image Processing, Vol 1, pp.
548-551, 1997.

[211M. D. Swanson, B. Zhu, and A. H Tewfik,
"Transparent robust image watermarking,” in
Proc. IEEE Int. Conf. on Image Processing,
Lausanne, Switzerland, pp. 211-214, Sept. 1996.

[221Marco Corvi and Gianluca  Nicchiotti.
“‘Wavelet-based  image  watermarking  for
copyright  protection,” In Scandinavian

Conference on Image Analysis, 1997.

[23]H. Inoue, A. Miyazaki, A. Yamamoto, and T.
Katsura. “A digital watermark based on the
wavelet transform and its robustness on image
compression,” In IEEE International Conference
in Image Processing, pages 391--395, Oct 1998.

[24] Houng-Jvh Wang and C.-C. Jay Kuo. “Wavlelet
based digital image watermarking.” In Optics
Express Focus Issue: Digital Watermarking,
volume 3, December 1998

s O 2 (A
/19794, 1981 A oista AR}
4 23} oAb B A
=% 1991 ol ulEtal oty

| Fehubal
19T A ~E A 2AYE L
LTV AAE e T
19914, 1994 ©] ~®l¥ =) CRC"
FE5IT4.
3F A=Yt SEDAL AYns
o= Heldl Y ug
= HEJulto] 7]&A @3 o)A}
) x}F8ks] HE v o] o] AT 3
AEHLA
20033 &= JEN WH/TV 3] 737
2004 iStAAF 83§ H oA}
<F DA Rk "Eut]o] Aj2~" HA| Ubiquitous
convergence>

1996d
2002
2000
2002



