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Abstract 

 

The techniques of the duplication and 

modification for digital data are 

comparatively simple. This situation has 

incurred the extreme need for the copy right 

protection and authentication for the digital 

image applications in electronic commerce. 

The buyers and the sales must verify the 

integrality and status of the information 

source during the transaction. Therefore, to 

add the imperceptible digital watermarking 

into the digital image could meet the 

requirement. The owner of the digital image 

can very easily insert or extract the digital 

watermarking. The inserted information has 

the equivalent function of the private key 

encryption which offer the mechanism of 

protection. However, after deliberate 

manipulation like rotation, shifting, 

compression, zooming, transformation … etc. 

by the attackers, the watermark still exists 

and can offer the records as the reference. 

This makes the authentication mechanism 

available to verify the ownership attributes 

and also protect the normal usage for the legal 

users. The digital watermarking for the 

electronic commerce increases the reliability 

and safety which will improve the acceptance 

through the internet. 

 

The goal of this research project will 

concentrate on the design and development of 

the ownership protection and authentication 

techniques for the digital image applications 

in electronic commerce. We expect to 

elaborate a manageable solution to fulfill the 

demands. 

 

Keywords:  digital watermark�electronic 
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/01�23456789:;��<=>�&��?@A#BCD�EFGH�I+�(

)J(K�LMNOPQRS����01TUV�WXYZ�2/[�\�O]^_`(

abcde�01TUV"CDf�2g[�h=.ijk),lg,m��n��&o�

p=q.:rRS��shtuvw�01TUV���()�I+�#xij0yz�{

|}~��D�����+�z�qh%=.�6������X?���%�0���T

UVq(�����~�}���������)�&o�ij�()t+�#h�+}R

�����N;�c������ (DWT)�� ¡¢£01TUV�¤¥�v¦§¨©ª�

�«��¬­�®¯#°±�(Imperceptible)²³´}(Robust)%�lI}(Unambiguous)µ¶·R 

 

����01TUV²����²�()I+²¸¹º»R 

 

1.�� 

¼�¼½�¾��i¿À��K���

 !�¶·�D\Á�Âz3Ã�2[��

���GÄÅÆÇK����©ÈÉ�2

ÊËR����������������

��� !�"#$%&'�()*�+

,�-./01�23456789:;�

�<=>����&o?@A#BCDRO

]ÌÍ������01TUV�WXYZ

�2/[�\�O]^_`(abcde�

01TUV"CDf�2g[�%=.ij

k),lg,m�h�n��&o�p=q

.:rR 

 

ÎÏ�01TUV !�Ð[1]���

LSB (least significant bit) codingÑÒ��YZT

UVs(#°±��Ó}RD[2]-[4]�ÔÕÖ

×ØÀ[1]f§¨��ÙÚ²ÛÜ«�(filtering)

�ÝÞ�ßGD§¨¢à�á«��vw

z�LSB coding �Ñâ"(#$g«Rã�

ä¢ÝÞ����TUV !©å�

transform-domain�Ñâ[5]-[9]�Ð[5]��01æ

ç��(DCT)�WTUVYZf DCT����

1000 	�0y/[�%§¨�á«��¬

­R 

 
1
����	
��
����������� 

   (�����NSC88-2416-H009-021) 

ã�f��i¡�TUV ![

[5]-[8]��YZg01TUV	©.�0��

�èé�Ð[5]��� Gaussian distributed random 

numberRäê�TUVxvDë,ìè[�

��D��z9#sr�í~��îï�ä

ð�X�=,lk)�Ñâ�. ñòóô

õö÷gTUVøùúYZTUV�{û

ìb�%	fü¢ýþy(threshold)Hläò

óôõ.X�(R-ä����¢��zh

tu���=.YZôõg01TUV�Ð

º�²`k)�(*�VÕ�Dë,TUV

{ûìb��Á�vijqØ¢��k),

mR 

 

ê|��D[9][(% DCT ���=�

��XÑÒG%ê| JPEG ����%	


����éÑâ
�ZTUV��å��T

UVôõ��ù��ôõg 1/4��#h#

�#	R�fTUV���]�	����

���í���������%[9]���_

��TUVôõX§¨¬­�vw�.g�
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 R 

 

�����;�c������ 

(DWT)�� ¡¢£01TUV�¤¥�%

¢��zhtu����=.YZôõg0

1 T U VR#�f [9]���få�

multi-resolution �Ñâ�TUV��h%!

���nX�fù��ôõ���"5Ä

#Räð�äTUV¤¥v¦§¨©ª��

«��¬­�Ð JPEG Q$ÙÚ²×%ô&

	� (Resizing)��Á�hD¢���2[�

�Á�Z0'01TUV�(�t)�v

wRä¤¥®¯#°±�(Imperceptible)²³´

}(Robust)%�lI}(Unambiguous)µ�¶·R 

 

2.	
��
�� 

D���[�*+������(Discrete 

Wavelet Transform, DWT)� !�,¥01TU

V�¤¥R�������-.�GW�á

/0;¿1ø#123/R�f45���

ôõ�hWX/0;Ð (ô¢ )à�678

(pyramid)9¥�X[.¿1-¿1�:(HH1)²

#1-¿1�:(LH1)µR 

 

-ä��W01TUVYZf���;

/�:[�<Ð¿1-¿1(HH1)�:��f

�¿1��:G�ôõ�=>;/?;�Y

ZTUVfä@A×%ôõ�=>BC��

*ê���DE�f¿1�á�%F�#

°G��*+\h��äÓ}
YZ9Hó

01TUV�I�YZTUV#°�±��

��R 

 

2.1  	
��
���� 

01TUV�YZìèHlÐJ (ô

4)KL
�WùúôõO%����«��

WX/�;��g6789¥KXM�N�

OYZ01TUV��:�WPb. P�0

1TUV�YZf��[RDä�*+��

%J�QâK 
 

y’[m,n] = y[m,n]( 1 + R S N[m,n]) 
 

X[ y[m,n]ø y’[m,n]/)TUYZ�²

>�N��:� DWT� P	�0y�N[m,n]

HH1 

HL1 

LH1 

HH2 �LH2 

HL2 �LL2 

�(�) ����� DWT��	
��
�  (a)���(����
)  (b)�� 

(a) (b) 

YZTUV

>�ô� 

Inverse  

DWT   DWT 

�����  YZTUV   

fN���: 

ôV4WX�01TUV�YZìè�
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TU01TUV�RÖ.³b~0��%Y

MYZTUV�³bR 

 

Ä>�ZWYZ>� DWT 0y y’[m,n]

÷Tù�:�0y y[m,n]RZ�[\ôõ�

�á= Inverse DWT�YZ01TUV�ìè

\]:;R 

 

2.2  	
��
���� 

HóìèÐô(^)�_KL
�Wòó

g��ôõøùúôõ/)`����«

��XM�W2ôõg DWTa0{�Rb

mùú01TUVPb pøYZg�:�W

òóôõhvc(g01TUVö÷¡


RÄ>� ñäö÷g01TUVøùú

01TUV�{ûìb(Correlation)�hn¢

d�Å0RDä� ñ{ûìb����Q

âÐJK 

 

X[�xTUeòóôõ[÷¡g01

TUV�y TUùú01TUVR� x ø y

Ö/)TUXfgyR{ûìb�0yhf

iø¢gj��X0yklf¢�TUö÷

g01TUVøùúTUVmÅ{lR 

 

3.��	���� 

D�Õn[�*+op01TUV��

��í����%�TUVD0ª¬­J�

Uq�Ä>Ö�YZ0'TUV (Multiple 

Watermark)ØropR%J��ë[�*+�

���	� 512�512�s� Lenaôõ�=.

YZ�ótô&�YZ�01TUV	�.

32�32� binary image�9u��^v� DWT

�/�9¥R 

 

3.1 	
��
��� !��" 

¢à
H�YZ��ôõ[�01TU

V�³bw³�wv§¨�fôõ�¬­�

ßGYZ]³�01TUV�hvA�;ô

õ��z���R-ä�h<Ëcx[TU

YZ

�: 

YZ>ô

õ

PSNR(dB) 

HóTU

V

Correlation 

TUV 

Error Points 

HH1 60.59 0.995 0 

LH1 56.62 0.998 0 

HL1 51.68 0.999 0 

HH2 51.17 0.998 0 

LH2 49.15 0.999 0 

HL2 45.12 0.999 0 

HH3 46.03 0.999 0 

LH3 45.86 0.999 0 

HL3 40.79 0.999 0 

U(¢)   y�¬­J�01TUVD# 

 ��:�Uq 

{ûìb  = 
∑∑

∑
−−

−−
22
)()(

))((

yyxx

yyxx

òó�� 

Correlation 

ùú�� 

DWT 

DWT 

������ ! 

ö÷¡g0

1TUV 

ô(^)  01TUVHóìè 
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V³b~0R�I�TUV#°±��¶

·R�¤`¥[�YZTUVf�¿1��

:Á�h��0y�	�Ry�f�#1�

:Á�Ö×�³b���RR 

 

3.2  	
��
#��$%&'(�)

* 

U (¢).��z��TUV³b~0R

=0.3�W01TUVYZfôõ#��:�

UqR*+%ö÷g01TUVøùúTU

V�{ûa0�%�øùúTUV�{CÞ

0(Error PointsKÄ� 0�Ä	 32�32=1024 Þ)

=.|���}RD��ôõy�¬­J�

Hó01TUV�{ûìbmÅc¿�9u

v¦~I�{cÆö÷¡
(Error Point=0)R�

YZTUVf#��:��ùôõ���h

�U[� PSNR�1�¡�YZôõw�v

��:(Ð HL3)�X PSNR0yw���ôõ

����	R%ô(�).<�YZTUVf

HL3�:>�ôõ� PSNR. 40.79�ßD��

z"øùúôõmÅ{|R 
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3.3  +,-./0 (Bilinear Resizing) �&

' 

×%ô&	��¬­Ðô(�)�_�W

ùúôõ� 512�512�s�Bilinear Resizing;

256�256�s�äÁ�É�@.ù&���/

g¢(�fHó�:��Á���ZWX�

	�ùúô&�	�)�EFG�QÀùô

õ 75%���RO]ä¢¬­�YZTUV

gôõX PSNRJ"5 30dB��RDä�ë

[�*+����z��TUV³b~0R

=0.3��TUV�d�ÐU(4)�*+�q�

W01TUVYZw�v��:��ö÷�

TUV{ûìbw¿�§¨ Resizing �vw

w³R 

 

3.4  JPEG1234�&' 

*+WYZ01TUV�ôõO%

JPEGQ$ÙÚ�L
%#��ÙÚ��%ó

YZ�: 
¬­�ôõ 

� PSNR 

¬­>ôõ 

� PSNR 

HóTUV�

Correlation 

TUV�  

Error Points 

ö÷g01 

TUV 

HH1 60.91 31.53 0.009 293 
 

LH1 57.35 31.53 0.039 313 
 

HL1 52.35 31.53 0.025 331 
 

HH2 50.96 31.49 0.901 80 
 

LH2 49.38 31.47 0.951 25 
 

HL2 44.87 31.37 0.948 23 
 

HH3 45.71 31.39 0.927 29 
 

LH3 45.79 31.39 0.969 3 
 

HL3 41.12 31.12 0.978 2 
 

U(4)   Bilinear Resizing¬­J�01TUVD#��:�Uq 

ô(�)  Dôõy�¬­J�YZ01TUVf HL3�: 

   (a)ùúôõ Lena                  (b)YZg01TUV   

   (c)Watermarked�� (PSNR=40.79dB)  (d)ö÷g01TUV 

(a) (b) (c) (d) 
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tRU(^).YZTUVf LH3�:���³

b~0R=0.3Á�9@RDÙÚ�#Á�T

UV�v��cÆö÷¡
���ÙÚ��

i¿���&�Q$�ìbw���-äö

÷¡�01TUV�{CAw	R*+�%

HóTUV�{ûìb	f 0.8�TUV{

CÞ0#�] 50 Þ.htu��}�YZ

TUVf LH3�:Á����2DO] 14.5:1

�Q$ÙÚ�J�"htuX[�01TU

V�q¿�Q$ÙÚ��fde�	��X

tuvw	."#RU(�)ÖHlDhtu

¡01TUV���aMJ�#��:hI

��ÙÚ�ø{ûìbµUqR�ë0m�

_�WTUVYZw�v��:�hW��

ÙÚ�ìbw¿��TUV§¨ÙÚ¬­�

vw(³R 

 

3.5  Cropping�&' 

Cropping�¬­Ðô(�)�_Kx&�c

01TUV���X[�3/�¶ö÷ä3

/�01TUV� ��¡¢�3/Ö%£

y¤�01TUV�ùú��÷TRX�ë

0mÐU(�)�_K-.ôõ� 3/43/Æ÷

T�ûa�TUV�{ûa0"5¥ 0.6z

J��fx¦J 1/4�TUV{û�§�¨

*h©Xðª3/�«�Q�¬G�fDWT

� localization �Ó­����Áö÷¡�0

1TUVx¦[j�ôõ3/�Xtuìb

�����error points�0�Ö�¿�ß"(

{/���hjt+�;/�~�R 

 

3.6  ��	5	
��
 

*+h��
�01TUV�¤¥��

ÁYZ0'TUVf¢��ôõ[RX_î

ôÐô(®)RDä�ë[�*+%YZ2'

ÙÚ� 

compression ratio 

JPEG image 

� PSNR 
HóTUV�

Correlation 

TUV�  

Error points 

ö÷g 

01TUV 

8.9:1 36.69 0.968 0 
 

14.5:1 34.73 0.883 21 
 

21.9:1 32.72 0.706 129 
 

32.5:1 30.27 0.411 274 
 

70.8:1 17.94 0.041 344 
 

U(^)   JPEGQ$ÙÚ¬­J�01TUVD LH3�:�Uq 

(a) (b) 

ô(�)  Bilinear Resizing¬­    

(a) Resizing�ô& 512�512 pixels 

(b) Resizing>ô& 256�256 pixels 

(a) (b) 

ô(�)  Cropping¬­     

(a) ¡¢ðª3/�@&���[�3/ 

(b) %yc01TUV�ùú��÷T
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01TUV=.ót���c���Dy�

¬­²Resizing¬­%� JPEGQ$ÙÚ¬­

J�Ør�ëRD��y�¬­�¯°J�

01TUV�v~I�{cÆtu¡
��

#A±{���D Resizing�¬­J(U�)�

�f2TUVN²YZ��:#���A(

#��d�ìb�qKN²YZf��v�

�:�Xd�A�YZfðv�³�u��

� PSNRE�¿�d�¡�´����íR 

D JPEG�¬­[(U®)�*+N²YZ

201TUVf LH2ø LH3�:=.HlK

DÙÚ�#Á��ö÷g2TUVh��t

u�/�2ÙÚ�]¥ 15�1��fTUV

D��zµA�;�����R 

 

4.67 

shtuvw�01TUV���()

�I+�#xij0yz�{|}~��D

�����+�z�qh%=.�6���

TUV 

YZ�: 

hI�� 

ÙÚ� 

JPEG image 

 � PSNR 

HóTUV�

Correlation 

TUV� 

Error points 

ö÷g 

01TUV 

HH1 1.6:1 55.72 0.986 0 
 

LH1 2.9:1 43.50 0.927 7 
 

HL1 5.8:1 39.10 0.879 21 
 

HH2 6.9:1 38.28 0.81 43 
 

LH2 12.5:1 35.59 0.851 33 
 

HL2 15.7:1 34.35 0.849 36 
 

HH3 13.4:1 35.14 0.846 35 
 

LH3 17.3:1 33.95 0.823 47 
 

HL3 25.9:1 31.43 0.842 48 
 

U(�) Dhtu��aMJ�JPEGQ$ÙÚ¬­J�01TUVD#��:�Uq 

TUV ¶X

ôV®WX�YZ0'01TUVf��ôõg_î

ô

YZTUV

>�ôõ   

Inverse  

DWT   DWT  

ù��ôõ YZTUV   

fN���: 

TUV ·X
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���X?���%�0���TUVq(

�����~�}�hijØ¢��k),

mR�(�TUVt)�vw�h¸�D�

��2[��Á�Z0'01TUV
I

;R�ÔÕ��ë�,lD(ab�de¬

­J�shtuvw�01��TUV��

��������ij�()t+�#h�

+}��q³�ë,vwR 
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YZ�: 
¬­�ôõ 

� PSNR 

¬­>ôõ 

� PSNR 

HóTUV�

Correlation 

TUV�  

Error Points 

ö÷g 

01TUV 

HH1 60.91 63.60 0.663 132 
 

LH1 57.35 60.25 0.670 129 
 

HL1 52.35 55.74 0.679 132 
 

HH2 50.96 53.46 0.714 113 
 

LH2 49.38 52.18 0.708 126 
 

HL2 44.87 48.29 0.669 138 
 

HH3 45.71 48.53 0.641 180 
 

LH3 45.79 49.21 0.619 169 
 

HL3 41.12 45.19 0.596 199 
 

U(�)   Cropping¬­J�01TUVD#��:�Uq 



 13

 

 

 

N�gYZ�: 

TUV

1 

TUV

2 

Resizing 

image� 

PSNR 

TUV 1�

{ûìb 

TUV 2�

{ûìb 

TUV 1�

Error points  

TUV 2�

Error points 

ö÷g 

TUV 1 

ö÷g 

TUV 2 

HH1 LH1 31.53 0.025 0.041 262 314 
  

LH1 HH2 31.49 -0.005 0.093 293 79 
  

HL1 LH3 31.39 0.031 0.931 303 26 
  

HH2 HL2 31.33 0.901 0.947 66 20 
  

LH2 LH3 31.33 0.948 0.969 24 2 
  

LH3 HL3 30.98 0.965 0.977 2 2 
  

U(�)   YZ201TUVfN���:�D Resizing¬­J�Uq 

ÙÚ� 
JPEG image 

� PSNR 

TUV 1�

{ûìb 

TUV 2�

{ûìb 

TUV 1�

Error points 

TUV 2�

Error points 

ö÷g 

TUV 1 

ö÷g 

TUV 2 

4.4:1 39.15 0.988 0.994 0 0 
  

10.9:1 35.76 0.880 0.941 18 3 
  

14.6:1 34.61 0.798 0.860 61 36 
  

22.1:1 32.65 0.554 0.672 179 134 
  

32.6:1 30.22 0.374 0.419 255 265 
  

70.8:1 17.95 -0.021 -0.013 360 390 
  

U(®)   YZ01TUV 1f LH2�:²YZ01TUV 2f LH3�:� 

  D JPEGQ$ÙÚ¬­J�Uq 


