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éA«���i\«�, 3T«�i\d��&E)¤���ÅS�. J�L§¥, Ó�Uì�ÅXêéA'XÏ
é�i\«�¿�äÙ���ÅS���'5=�)�, ØI�Jø�©ã�. ¢�(JL², T�{U¢y��
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1 Ú ó

&EÛõÏ~´ò��é�Ûõ31N�P
{&E¥, ±¢yÙØ�a�5ÚS�5, �o�
�&EØ��Ç��1n�»). 8c&EÛõ+
�Ì�k�m��{ÚC���{ü�a�{. C
���{õê|^
lÑFp�C�!lÑ{u
C�Ú�ÅC�� [1−3], ��m��{�', C�
��{°�5�Ð!Nþ��.

�ÅC�duÙ�ªA59õºÝ!õ©E
ÇA5, Cc5��
�ÊH�A^ [4,5]. �´Ü
©Äu�ÅC���{3J�&E�L§¥ÑI
��1Nã�, ��ü$
Ï&��Ç, Ïd�Å
�_J��{Cc5�´ïÄ���9: [6,7]. ©
z [8] JÑ
ÏLé�ÅA�äþz��{5i\
��&E, þzc��Åä�m�ÚO��^u&
E_J�. T�{¢y
_J��8�, �´3i
\�J�L§¥Ø�O��Ø��¬K�¤J�
Ñ�ã��J [9]. ©z [10] ¥é1Nã�©)��
�ÅXê?1
ØU/©¬, z�¬«�¥ü�

���ÅXê���ÏL�²þ���'�?1
?U, l¢y&EÛõ�8�. J�L§¥g·
A/ÀJK�, ù��±JpÙ�½�|ôÂ5�
|D(Uå�� [9].

�©JÑ
Äu©¬lÑ�ÅC� (DWT) �
ã�&EÛõ_J��{, ¢y
��ã��k�
ÛõÚJ�. |^�ÅC�A�ä�éA'X, J
�L§¥ØI�Jø�©ã�. ��{dué1N
ã�æ^©¬ DWT, Ïd��&Ei\��é2
��ªÇf�¥, �mþ�©Ù31Nã���Ü
©«�, ¤±éu}�ôÂ�°�5�Ð. ¢�(
JL², |^�©�{J�Ñ���ã��þ�Ð,

¿äk�½�|ôÂ5.

2 Ûõ&E�ý?n

�
Jp��&E�S�5, Äké��&E
?1�Ï. �Ï?nQ�±�Ø���ã���m
��'5, OrÙ|}�Uå; Ó�¦ã�C�,
ÏÃÙ, XJ�Ïa.��², KÃ{¡Eã�.

* ô��p�Æ�g,�ÆÄ7 (1OÒ: 09KJA140002) Úô��g,�ÆÄ7 (1OÒ: BK2009400) ]Ï��K.

† E-mail: njnukjc nie@163.com

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

084203-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 8 (2012) 084203

�©�{æ^ Arnold C�é��ã�?1�Ï.

éu��ê� N × N �ã�, Ù Arnold �I
C�� x′

y′

 =

 1 1

1 2

  x

y

 (modN). (1)

ò Arnold C�gê��J�&E���� K1.

Ó�, �©��{¿Ø´��ò�Ï����
ã�i\�1Nã�¥, ´�â��ã��&E
)¤��ÅS�?1i\. ù���ÅS���u
I�i\�Y<, J���â®����ÅS��
±¢y_J��8�. XJ��Åêu)�ª��
², Ó�Ã{J���&E, ù¬¦���&E�
Ø�a�5�r. �
�y1Nã�3ÀúþØÉ
K�, �©¥)¤ü�ýé���3 (0, 1) ���
ÅS� Sp0 Ú Sp1, Ó�ò§���J�&E��
�� K2. ��ÅS�´d(½��{�), �½�
{�«f9�Åê����±�)�G��Åê.

�©æ^
�5[Ü��Åêu)ì�)��Å
S� Sp0 Ú�êm���Åêu)ì�)��Å
S� Sp1, �yü���ÅS�pØ�'.

��ÅS� Sp0 d�5[Ü��Åêu)ì
�), Ue�S��§¼�:

Xn+1 = (aXn + c)(modm), (2)

Ù¥ m > 0, 0 < a < m, 0 6 c < m. �©)¤��
ÅS� Sp0 = {0.53426, 0.53712, 0.32579, 0.77975}.

��ÅS� Sp1 d�êm���Åêu)ì
�), Ue�S��§¼�:

Xn+1 = 10m
√

Xn − a. (3)

�©)¤��ÅS� Sp1 = {−0.83162,−0.1548,

−0.96595,−0.65187}.

3 �Å�&EÛõ_J��{

DWT �±éã�?1õ©EÇ©ÛÚ�ª©
). ã�²L�� DWT �©)¤oÜ©, =$ª
Ü©Ún����pªÜ©, $ªÜ©w«ã��
Cqfã LL1, n�pªÜ©©Ow«ã��Y²
��[!fã HL1!R���[!fã LH1 Úé
����[!fã HH1. 3e��©)¥, $ªÜ
© LL1 ?�Ú�©)¤o�Ü©, �daí, éã

�?1����ÅC�. ã�ü� DWT �©)X
ã 1 ¤«.

ã 1 ü� DWT ©)«¿ã (a) ©)L§; (b) éA
u (a) ã�ªÇf�

éu�? HL, LH, HH f�Xê, þ3�m!
��þkr���q5, ù«Xêª��m�'
X�±^ “"ä” (�5L«, ã 1(b) ¤«=�ü
� DWT ¤/¤�ä. �âª�Xêm�éA'X
��, HL2, LH2, HH2 ¥�����©OéA HL1,

LH1, HH1 ¥�o���.

du DWT ´�_�, �âþã�©)L§�
�, ²�Å_C�����ã�2²�ÅC�¤)
¤��ÅXê���ÅXê´���. �âþã�
n, �©�{�Ø%´|^�ÅC�A�ä�éA
'X¿(Ü��&E�A�, 3pªÜ©ÀJÎÜ
�½^��«�i\��ÅS�. 3pªÜ©¥,

�ÅXê��L«�ã�¥�[!�²w, �
�
y1Nã�3ÀúþØÉK�, ÏdÀ^���Å
Xê¤éA�«�?1i\.

�1Nã���ê� 512× 512, òÙ±��ê
� 16 × 16 �«�©¤ 32 × 32 ¬. ±1 K �f¬
R����ªÇf��~, Ù1�?�ÅC�Xê
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KLH2 ={KLH2(1, 1),KLH2(1, 2),

KLH2(2, 1),KLH2(2, 2)}. (4)

é�Xê8 KLH2 ¥����ÅXê¿PeÙ
  � � I (i, j). � � � X ê � KLH2(i, j), K
Ù é A u 1 � ? � Å C � X ê 8 KLH1 ¥ �
o � X ê � KLH1(2i − 1, 2j − 1), KLH1(2i − 1,

2j), KLH1(2i, 2j − 1), KLH1(2i, 2j), P � X ê
8 KLH1 max.

�©¥��ã�´��ê� 32 × 32 ���
ã�. �©JÑ��{¢Sþ´(Ü��&Eò�
�ÅS���Y<?1i\. d (4) ª��, 1N
ã�¥1 K �f¬R���ªÇf��i\«�
� KLH1 max, ù�«�¥¹k 4 ��ÅXê, Ïd
�©¥)¤�ü���ÅS�þ�¹ 4 ���Å
ê. ���&E� 0 �, K3 KLH1 max ¥i\��
ÅS� Sp0; ���&E� 1 �, K3 KLH1 max ¥

i\��ÅS� Sp1. �Äi\&E�°�5Ú1
�ã��Àú�JÀ^·��i\Ïf α, i\�
ª�L«�

KLH1 max =
KLH1 max

α
+ αSp0,

KLH1 max =
KLH1 max

α
+ αSp1.

(5)

��²i\��ÅXê²_lÑ�ÅC� (IDWT)

��1�ã�.

ã 2 ¤«��©�{�&EÛõ6§. Arnold

�Ï�S�gê���� K1, ��ÅS� Sp0

Ú Sp1 ���� K2.

ã 3 ¤«��©�{�&EJ�6§. dþã
�n��, 1�ã�² DWT ���?©)Xê�
�1Nã���?�ÅXê´���, ��±Ø�
6�1Nã�=�é���ã��Ûõ«�, ,�
�äT«����ÅS� Sp0 ��'Xê ρ0 Ú�
��ÅS� Sp1 ��'Xê ρ1 lJ�Ñ&E,

��² Arnold _C� (�� K1) =����ã�.

ã 2 &EÛõ6§ã

ã 3 &EJ�6§ã
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�
�y��&E���5ÚS�5, �©|
^�ÅC�õ©EÇ�A5, Ó�3�ÅC��
n�pªÜ©Uþã�{?1i\. du��ã
�´��ã�, 3J�L§¥é�pªÜ©¤J
�Ñ�&E?1'��ä, ÑyVÇ��À�Y
<&E. ±1 K �f¬�~, Ùn�pªÜ©©
OJ�Ñ���ã������ WHL(k), WLH(k),

WHH(k). ,�O� 0 Ú 1 ©OÑy�VÇ P0 Ú P1,

e P0 > P1, K W (k) = 0; �� W (k) = 1.

3n�pªÜ©Ñi\��&E�±;��
|^��pªÜ©¤J�Ñ&E�Ø�, Jp_J
�����ã��J¿OrÙ|ôÂUå.

4 ¢�(J

�©æ^¸�&D' R é�{?1Ýþ, éu
�Ý�?� 256 ��Ýã�, Ù¸�&D'½Â�

R = 10lg
2552

1
MN

M∑
i=1

N∑
j=1

(f(i, j) − f0(i, j))2
, (6)

Ù¥ M × N �ã����ê, f0 ��©ã�, f �
?n��ã�.

¢�¥, �©À�Xã 4 ¤«��Âã���
1Nã�, Ù��ê� 512 × 512. ��ã�´�Ì
Xã 5 ¤«���ã�, Ù��ê� 32 × 32.

ã 4 1Nã�

ã 5 ��ã�

Äk, é��ã�?1 q g Arnold �Ï, ¿ò
�Ïgê q ��J�&E���� K1. ��æ^
�5[Ü��Åêu)ì�)��ÅS� Sp0 Ú
�êm���Åêu)ì�)��ÅS� Sp1, ¿
ò�ö��J�&E���� K2. Uìþã�{,

ò1Nã�±��ê� 16×16 �«�©¤ 32×32

¬¿é��Ai\«�� (5) ª?1i\.

ã 6 ¤«�1�ã�, Ù��1Nã��¸
�&D' R = 39.4099 dB. ã 7 ¤«�_J�
 � � � � ã �, Ù � � � � ã � � ¸ � & D
' R = 71.2441 dB, 8�zp�'Xê� 0.98729.

ã 6 1�ã�

ã 7 ����ã�

¢�¥,	�æ^
Xã 8 ¤«� 4 Ì1N
ã�, Ù¥ã A ´£)ã�, ã B ´�þã�, ã C

´Ègã�, ã D ´å¬ã�. ù 4 Ì1Nã��
��êþ� 512 × 512.

ã 9 ¤«� 4 Ì1�ã�©O��A�1N
ã��¸�&D'. L 1 ¤��l 4 Ì1�ã�
����ã�����ã��¸�&D'98�
zp�'Xê. ¢�(JL², �©JÑ��{U

¢y��ã��_J������ã��þ
�Ð, Ó�ØK�1Nã��Àú�J.

d	, �©�{��^uÀªã�Ûõ+�.

¢�¥À^��¹ 55 vã��>´�Àª©�,

À�Ù1 12!1 30!1 45 vã�©Oi\�Ì
��ã�, ã 10 ¤«�nvã�9Ù����
ã�.
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ã 8 ,	À^� 4 Ì1Nã� (a) ã A; (b) ã B; (c) ã C; (d) ã D

ã 9 4 Ì1�ã���1Nã��¸�&D'

ã 11 ¤«��Àª©��1�Àª©��¸
�&D'�. lã 11 �±wÑ, 1�c�Àª�
¸�&D'�¿vké²w�ØÓ, `²i\�
�&E�ØK�Àª©���NÀú�J.

?�Ú, �©é¤JÑ��{�°�5Ðm


L 1 ����ã�����ã��¸�&D'9
8�zp�'Xê

1Nã� ã A ã B ã C ã D

¸�&D' /dB 78.2338 75.2235 78.2338 ∞

8�zp�'Xê 0.99746 0.99492 0.99747 1.00000

ïÄ. æ^ 4 «;.�ôÂ�ªéã 6 ¤«�1�
ã�?1ôÂ?n. �ª.´}�1�ã�� 1/16,

�ª/´V\rÝ� 0.005 �þíD(, �ª0´
æ^��� 3 × 3 ���Ú��� 0.5 �pd$Ï
ÈÅì?1$ÏÈÅ, �ª1´¬�Ïf� 95 �
IOã�Ø . 3þão«ôÂ�ªe����
ã�����ã��¸�&D'XL 2 ¤�.

du�©�{�Ä:´|^�Åª�Xêm
�'X, '��6�ÅXê, Ïd3|D(�¡
�°�5��. �Ï�Xd, i\�&EÃØ3�
m!��þÑ©Ù31Nã���Ü©«�, ¤±
Ù|}�Uåér.
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ã 10 Àª©�¥�ã�Ûõ (a) 1 12 vã�; (b) 1 30 vã�; (c) 1 45 vã�; (d) 1 12 v����ã�; (e) 1 30 v
����ã�; (f) 1 45 v����ã�

ã 11 Àª©��¸�&D'� (a) �Àª©��¸�&D'�; (b) 1�Àª©��¸�&D'�

ã 12 }�ôÂ��1�ã�9Ù����ã� (a) }� 1/16 �1�ã�; (b) }� 1/8 �1�ã�; (c) }� 1/4 �1�ã
�; (d) }� 1/16 �����ã�; (e) }� 1/8 �����ã�; (f) }� 1/4 �����ã�
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L 2 ôÂ?n�����ã�9Ù����ã��¸�&D'

ôÂ�ª �ª . �ª / �ª 0 �ª 1

����ã�

¸�&D'/dB 69.7828 56.5312 57.8996 58.5959

¢�¥é|}�5U?1
��\�ïÄ, �
�ØÓ}�'~e����ã�Xã 12 ¤«.

lã 12 �±²wwÑ, �1�ã��}� 1/4 �E
U_J�Ñ�þ�Ð���ã�.

5 ( Ø

�©�é&E_J�¯K, JÑ
�«3�Å
�¢yã�&EÛõ�_J���{. T�{�Ø
%´é1Nã�?1©¬ü� DWT, é�1�?
©)f�¥����=����ÅXê, �â�

ÅXêª�m�'X31�?©)f�¥ÀJé
A«�, (Ü��ã��A�3T«�i\ØÓ�
��ÅS�. J�L§ØI�Jø�©ã�, Uì
^�Ïé�i\«�¿�äÙ���ÅS���
'5=�)�. ¢�(JL², ��{U¢y��
ã��Ûõ�_J�, �¤J�Ñ�ã��þ�Ð
¿ä��½�|ôÂUå, cÙéu}�ôÂ�°
�5�Ð. d	, du1�ã���1Nã�3À
ú�Jþ��ÃA, Ïd�©JÑ��{�^uÀ
ªã�Ûõ+�.
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Abstract

In this paper, we propose a blind watermarking algorithm based on block discrete wavelet transform. The watermark is scrambled

by Arnold and two pseudo random sequences are generated first, and then according to the wavelet tree structure, the significant wavelet

coefficients in a block are found and quantized by pseudo random sequence. During the extraction, the quantized coefficients can be

found without the original image, then the correlation between them and the pseudo random sequences are calculated to estimate the

watermark bits. Moreover, in this method all high-frequency subimages are used to provide better robustness. The performance of the

proposed watermarking is robust to several attacks, especially quite effective against image cropping attack.

Keywords: image hiding, blind extraction, discrete wavelet transform

PACS: 42.30.Va, 42.30.Wb
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