d o o = o a 4 oy Aan 9 v A <
Useloyu madad : msimwnunarsiainea laglsmsudasiadnian

(DIGITAL IMAGE WATERMARKING USING MULTIWAVELET

P 1 a a o a
TRANSFORM) 1m1sdiiinun : é’mﬂmﬁmmsf‘fﬂﬁ.ﬂm oAnNINIAR, 196 Wi,

ISBN 974-533-537-1

Aau A a 4 yo aw o o a J oy aa
\111!'3’1]EJTVIEﬂuWU‘ﬁﬁu’llﬁu@ﬂWiﬂﬂEILL'QZWV‘JJU']ﬂ'Iﬁ‘VI’Iﬂ’lWWﬁJ“Wﬂ’lflu']ﬂﬂ@]@ﬁiﬂﬂsl%}ﬂ15

v A < 9 1 v 9 Aa v I~ [~ Ao :JI
Llﬂa\‘lﬂJﬂﬂD‘V‘ha@]IﬂElhlﬂL!U\TW'JGUfJGluﬂ153ﬂﬂﬂ@ﬂlﬂuﬁﬂ\1fff'}u daunsmiunisIveluau

1]
@ AA o

4 o a o a a 4
ﬁuﬂWl‘!Tﬂﬂqﬁﬂ1ﬂ1§ﬂiﬂﬂﬁlﬂﬁ1$1’iWﬂﬂ'ﬁg‘ﬂ‘UGU’E)\n%ﬂ1§££ﬂﬁ\1ﬁﬂmﬂmﬂWW‘VIIJ@]@ﬂTi‘VHfﬂWWMW

O 9

Y ' H H
ﬁ181316%9]’0a‘ﬁGl%ﬁﬁﬂﬂTiﬂﬁ%%ﬁlL!ﬂUﬂ’NiJa 'JﬁﬂTﬁ!L“]Jﬁ\‘lﬁiUﬂﬂﬂlﬂWWﬂﬁ%ﬁU@ﬂigﬂ’ﬂ‘ﬂﬁﬂﬂ

o9

J a = < a =} v A < = =
mmﬂaﬂﬂ"l%mmummm msudawiaanuuaansauazmsudasdaani@auuuaansa

ya o Y o o o =2 1w a
Fj'z]ﬂElhlﬂT]Tfni%TﬁfNﬂTi‘ﬂ1\‘111«!1@Elﬁﬂ‘]eﬂ'lﬂﬁllﬂi%ﬁ"ﬂ‘ﬁﬂ13lL’]Jﬁ\1"UfJ\1LLGIﬁ

ee

ad A !
ITNHAABDAUNIN

Y
=

v
J o o 1 a o
GU’ENﬂWWLf]Wl‘l’!mlﬁ%ﬂ’ﬂilﬂuﬂWu“llfNﬁﬂJﬂUﬂmﬁWﬂuW@EJNHIJD' uaﬂmﬂué’afw

[

Y o
ddiimsasan
a 4 ad v W Ao a 3 A J s A A an
3&ﬂ51$°ﬁﬂaﬂ5$‘ﬂﬂ"ll@\n‘ﬁﬂ13i']ﬂJﬂﬁUﬁiyiUquﬂﬂaﬂlﬂﬂlﬁ@lﬂﬁlﬁ@iuﬂﬂﬂL“WE)L'ﬁfJﬂ'J‘ﬁfni'i’)il

[ [ ~ A o 9 [ a R o a 4 :} an ~ Y
ﬂaﬂﬁﬂlui}ﬂﬂﬁ/lL“Viﬂﬂ%ﬁiJLWE)’IﬂllﬂGl‘]fsl,UﬂWi@@ﬂ!LU‘U@ﬂﬂ'ﬂ'H"ﬂilﬂ13ﬂ1ﬂ1WWNWﬂ18u1ﬂﬂ@]fJaﬂ1%

v A < 1 1 A av  q Y o '
miuﬂawam’;maﬁm"lﬂ ﬁ’f')uﬂﬁ@\'i"llﬂﬂﬂuﬁi]EJL'I]HﬂTﬁ’E’)fJﬂLL‘U‘UTﬂﬁlklﬂlﬂlﬁu@!tu"]ﬂwﬁlﬁu

1 ~ o a 4 :I an ~ 9 v A <
GluﬂTiWWﬂHﬁﬂﬂ%ﬂEIﬂ"U@\ﬁ%UUﬂTﬁ‘VI15]11"!WMWﬁWﬂu1ﬂﬁ]ﬁ@a‘ﬂ1‘]ﬂﬂ15lLﬂa\‘lﬂJﬁm’)wmﬁ Iﬂﬂ
YA o 9Jq Y a o aR ' A o Y 1 a J o
E{’J*ﬂElhlﬂsl“]ﬁ]uLu@]ﬂf]ﬂﬂf)ﬁ‘ﬂﬂJiuﬂWiﬂWﬂHﬂiﬂ%‘ﬂq@IﬂﬂﬂWﬂWiﬂuﬁWﬂW‘WWiﬁJm@'H'Gh«!fni‘ﬂh'lTW
a J g’ aa 1 ] o :’ 1 a A LY
WlI‘WﬁWEJ'LﬂWﬂﬁﬂﬁﬂi%ﬂ@ﬂﬁ’)ﬂﬂ?ﬂ?WN!LﬂﬁQ“llf)ﬁﬁﬂgigWﬁlﬁWﬂHHlﬁ%ﬂWﬂﬂ!iNLﬂaﬁluﬁluﬂ15ﬁh

v o :’ : { o = 4 A
pazmiasntudyaraaoiidiwan lds ldszvuliaanimvesnimednatauaziinam

q q

e

o g’ 1 a o o { an yd o w o
numuvesdyaraaieiianszuwan dygraatotiinlsluitmsiidudwuvesiuau

4
=< o

Aa 1 A Y o ak Ao J9 YN Y 1
VIUUVUFY l!aglweiﬁ@ﬂﬂ@iﬂu‘ﬂ‘ﬂ'lﬂ']'i@@ﬂllﬂﬂélllxlﬁ'lu']ﬁﬂu'llrlﬂﬂﬁgﬂﬂﬁclﬁlfhlﬂﬂﬂ']\?

a 9 [

A o ) @ a ) a 4 :’ aa 4 1
naInNvany I%:'Ji]Elll??]}‘ﬂ1ﬂ1iﬂﬂﬂu!L'ﬁ3WGJJH1’E)aﬂ’é)‘iﬁiJﬂTﬁﬂWﬂWWWNWﬁTﬂUWﬂ%ﬂ@ﬁﬁuGlWN

&%

9y a a9 9/ a <3 o o :’ £ Y ~ a
Tagldmatiaunugiduldveuiadnaalumsiedyapaumeihdailudoyaluuns maia

[ 1 o @ 1% :I Y 1o & Y Y Y o 1 1
ﬂ\'iﬂaTJ?Hiﬂﬁﬂ‘VHﬂﬁﬂ@!LﬂﬂﬁmuiUUWﬂlaWEIHWfJ@ﬂiJWIIQIﬂEIU]JJﬂ11ﬂuﬂﬂﬁ1%ﬂ1WﬁuﬂUUuﬁﬁ)ﬂN

o o o :’ Ao Y 1 @ < P4 1
Glﬂ iﬂﬂﬂ’]ﬁFt]'la’fNﬂ’liﬂ’l\?’lﬂWU?’]ﬁiﬂiU’lﬂ!ﬁ’lﬂu'lﬂVJ\?hl?hlilff'liﬂ'iﬂﬁﬁlﬂﬁlﬁuulﬂﬂ']ﬂ@'llﬂaﬂlag

O 9

lanunumuaemsdszanadyauuaeg  Kadeganieuesmsesnuuy lainaue
=~ ~ a a ) a 4 g’ aa v A
ﬂTiL‘l]iEJ“]JmEJU‘l]i$ﬁ“I/]‘ﬁﬂ1W"UE)\1ﬂ1i‘1/ﬂﬂ1WW11WﬁmuWﬂ%@]@ﬁiuIﬂmuﬂlﬂ\iﬂﬁLlﬁﬂﬁﬁhﬁm’lw

=} Y o o a 4 :} aa Aq o a a9 9 v A 3 2 9
ae TﬂElulﬂu13$1JUﬂ’lﬁT]'lﬂ1W°W11°Wﬁ’lﬁlu1ﬂﬂﬁf]aﬂiﬂflﬂﬂuﬂllwu@jﬂﬂuquﬂﬂﬁuaﬁL'J“V\ILﬁ@]“INulﬂ

o

vy 9 o ~ ~ a a o Aq ¥ a P} o
‘VI1ﬂ1'§fJf]ﬂl!‘U“Ull’J"UNﬁuﬂﬂ‘ﬂ1ﬂ1'ﬁlﬂ5€l‘ﬂl‘ﬂEl‘Uﬂ5$ﬁﬂﬁﬂ1Wﬂ‘Ui$1J°]J°VIGI,“M‘VIﬂUﬂﬂ13L"1ﬂ§Wﬁ'

[

dygauuy Code Division Multiple Access (CDMA) dyanmaieiildgnisunlaen

o 9

< o o J a = ~ @ J o A @ [
sUwuwuiluamdyansal AEmsnlseuiieuasnanlansziinszduauninvesdyga



amingy Tne1¥n1 Normalized Correlation uag Bit Error Rate lumsnIoudiou
»
YrstninmysamahnmiauininiAtaea

/
i JmansaIndh aeilederinfinm _t/é &

-l
Ynrsftnwn 2548 muitedeninsdfiuTom
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WATERMARKING/MULTIWAVELET/MULTIWAVELET TREE/

GENETIC ALGORITHM

This doctoral thesis presents the research and development of multiwavelet-
based image watermarking algorithms by classifying the research topics into two parts.
In the fundamental part, we investigate the effects of different types of transformation
methods in the spread spectrum image watermarking algorithm including discrete
cosine transform, discrete wavelet transform, and discrete multiwavelet transform. The
efficacies of these transformation methods are discussed by evaluating watermarked
image quality and robustness of the watermarks. We also investigate the effects of the
recombining processes for multiwavelet filter banks to image watermarking. The
performance of private and public watermarking schemes with different methods of
the recombining processes is measured by the robustness of the watermark. The
simulation results can clarify the effects of the recombining processes in terms of
robustness of the watermark and we can select the suitable recombining method for
the further design of robust image watermarking algorithm. In the design part, we
present a new approach for optimization in multiwavelet-based image watermarking.
Performance improvement with respect to existing algorithms is obtained by genetic
algorithm optimization. In our optimization process, we search for parameters which

consist of threshold values and embedding strength to improve the visual quality of



v

watermarked images and the robustness of the watermark. The watermark is a
sequence of randomly generated real numbers which can only be detected by
employing the detection algorithm. In order to use an image watermarking algorithm to
a variety of applications, it is required that the watermark be binary and be extractable.
Consequently, we have developed a novel robust image watermarking algorithm based
on the multiwavelet-tree. The embedding information is binary data and it cannot only
be detectable but also extractable. Moreover, this technique does not require the
original image in the watermark extraction. The experimental results show that the
proposed algorithm yields a watermark which is invisible to human eyes and robust to
various image manipulations. The final topic of the design: part presents the
performance comparison of image watermarking schemes in the multiwavelet
transform domain. The first watenxtarking scheme is based on the concept of
multiwavelet-tree and the second is based on the code division multiple access
(CDMA) technique. In this comparison, the embedding information is a binary logo
image. The normalized correlation and bit error rate are used to evaluate the robustness
of the watermark, The evaluation process of robustness is performed on the

watermarked images from both techniques under the same image quality.
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