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1 Ú ó

áNã�´Äu<ú�V8À��n, =V8
Õá/�Â5gÓ�|µ�üÌäk[��O�
ã�5/¤V8À�±¼�áNa. V8À���
3¦<MaÉ�ã���Ý&E, l
Orã��
ý¢5, �<�±��Ù¸�aú [1,2]. �Xêix
NÚO�Å�äEâ�ØäuÐÚFÃÊ9, áN
ã�?nEâ���c���ïÄ9:, ®ÚåÆ
â.�2�'5, ÙïÄ¤J3��+�ÅÚ��

A^ [3,4]. áNã�´uE�Ú?U, ù¬���
ö���, 
'uáNã�����o���éu
²¡ã�����o���� [5,6]. Ïd, áNã�
����o´����)û�¯K.

êiY<Eâ´CcuÐå5��«�k
�/A^uêi�¬���oÚ@y�#,E
â [7−9]. <�®é²¡ã�����oÚ@y?1

�\ïÄ, JÑ
�
k��êiY<�{ [10−17].

"Y<�{U�Ð/)ûY<�°�5Úß²5
�m�gñ, ®¤�Y<Eâ���ïÄ9:. Ù
Ì�g�´|^ã��A��E�±��£O�
Y<, 3Y<�i\L§¥ØUC�©ã��?
Û&E, �±k�Ð�ß²5 [10]. �
O\�{
�S�5, �
Æöé·bXÚ��Å5Ðm
ï
Ä [18−20], ¿òTA5A^uêiY<Eâ [11−16].

d	, �
ÆöÏLén����.�AÛA�J
�, JÑ
ÄuAÛA��n����."Y<�
{ [17]. Ïd, 3²¡ã�Ún��.êiY<Eâ
®k¤J [10−17] �Ä:þ, (ÜáNã��A5,

´mÐáNã�êiY<EâïÄ�'�.
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{uC��6Xê­½�A:�E"Y<, 3Y<
��EL§¥vkUCáNã���þ, "Y<�
uÿÃI�©áNã�, "Y<�EÚuÿ� �
|^
�·bXÚ�Å5?1N�, l
÷v
á
Nã�êiY<Eâéß²5, °�5ÚS�5�
n�Ä��¦.

2 Äu�·bXÚ�áNã�"Y<
�{

2.1 ���···bbblllÑÑÑXXXÚÚÚ

��lÑXÚ (X Logistic N�) �.{ü, �
)��ÅS���Ý¯, Ïd�2�A^u\�Ú
êiY<Eâ. �du$�·bXÚ�3ÄåÆ
1��é'�{ü!(½S��ëê�é�� (�
��m�)!S�5U�é�$�"�, ��©æ
^���·bXÚ. �þ�ïÄL², �·blÑ
XÚäk±eüaÄ�A�: �´�(½2)��
�êþõ!���m�. �´duäkü�½ü�
±þ� Lyapunov �ê, ÙÄåÆ1���E,. �
� Lyapunov �ê�õ, XÚ;�Ø­½���Ò
�õ, XÚ��Å5�r, Ù|»ÈUåÒ�p.

~^����·blÑXÚL«�

xn+1 = m1 + m2xn + m3x
2
n

+m4yn + m5y
2
n + m6xnyn,

yn+1 = m7 + m8xn + m9x
2
n

+m10yn + m11y
2
n + m12xnyn,

(1)

ª¥, mi (i = 1, 2, · · · , 12) ��½~Xê; xn Ú yn

��·bS�S�. æ^p�XÚ�)�·bS�
�$�·bS�O��E,, �Å5�r, 3¢S
A^¥Ï~æ^XÚG�Cþëê¦�U���
·blÑXÚ5~�O�E,Ý. UìdOK, �
±��{ü���·blÑXÚ

xn+1 = m4yn + m5y
2
n,

yn+1 = m8xn + m10yn.
(2)

� m4 = 1.66, m5 = 1.30, m8 = −1.10, m10 = 0.10

�, TXÚ?\�·bG�. ã 1 ¤«�æ^�·
blÑXÚ)¤ 400 �:�ÅS�Ñ:ã.

ã 1 ���·bXÚ�ÅS�Ñ:ã (a) �·bXÚ xn �
�ÅS�Ñ:; (b) �·bXÚ yn ��ÅS�Ñ:

2.2 áááNNNããã���"""YYY<<<���EEE���{{{

e¡�ÑÄu�·bXÚ�áNã�"Y<
�E�{Ú½.

Ú½1 kò�©áNã��mÀ:©O?
1lÑ�ÅC�, ¿���mÀ:$ªf� LL(L)

Ú LL(R).

Ú½2 æ^�mÀ:¬���{ÚÀ��È
Å�(Ü��{¦�$ªf����À�, T�{
¿©�Ä
�mÀ:$ªf���m�'5ÚÀ
���m�'5. ¬���{|^�mÀ:ã��
�'55\rÀ�|¢L§¥���§Ý, 3¬�
��{¥, r�c�|¢À����ÚÙ����
�(Ü3�å���\°(���À�ã, |^¬
��{��áNã�À���{Xã 2 ¤«. À�
�ÈÅ�{´3¬���{�Ä:þ, |^
À�
��m�'5¦¦��À�ã��\²w. À��
ÈÅ�{¥¤¦^�úªXe:

E(xd, yd, dv) = Edata(xd, yd, dv)

+λEreg(xd, yd, dv), (3)
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Edata(xd, yd, d) =
u∑

i=−u

u∑
j=−u

|IL(xd + j, yd + i)

−IR(xd + i + dv, yd + i)| , (4)

Ereg(xd, yd, dv) = λ(|dv0(xd − 1, yd) − dv|

+ |dv1(xd − 1, yd − 1) − dv|

+ |dv2(xd, yd − 1) − dv|

+ |dv3(xd + 1, yd − 1) − dv|).
(5)

ùp, E ¡��q5Ýþ, ÀJ E ����À� dv

��c���À�; Edata ��q5Uþ, ^uïþ
�½À� dv �áNã��mÀ:��É§Ý; u ´
^u(½��¬���ëê, � u = 1 �, ��¬
���� 3×3; Ereg ���Uþ8�; ëê λ ^u
��À�ã�²w§Ý; xd Ú yd L«�c���
 �. Xã 3 ¤«, dv ��c¤�¦��À�, dv1,

dv2, dv3, dv4 ��¦À� dv �o��À�.

ã 2 |^¬��{��áNã�À��{ (a) áNã��
À:; (b) áNã�mÀ:

ã 3 ��À�«¿ã

Ú½3 òC���À�ã©¤Ø­U� k×k

f¬.

Ú ½4 é z � À � ã � f ¬ ? 1 l Ñ {
u C �, � � � 6 X ê Ý 
 M , " Y < ¢ Ú  
� æ ^ 
 � · b X Ú N � À � ¬ ¢ Ú   �, ä
N�)e¡A�L§. Äk�½�� xk Ú yk

� � � · b l Ñ X Ú � Ð © �, � � Ñ Ñ � �
� S � � � þ � x(n) = [x(1), x(2), · · · , x(N)]

Ú y(n) = [y(1), y(2), · · · , y(N)]. Ùg, æ^��

�þüS¼ê sort(·) �é x(n) Ú y(n) �þ?
1üS, ÙL�ª©O� [x′(n), p] = sort(x(n))

Ú [y′(n), q] = sort(y(n)), Ù¥, x′(n) Ú y′(n) �
®üS��þ, p Ú q ©O´�þ x′(n) Ú y′(n)

¥é�üS�þ x(n) Ú y(n) �¢Ú, TüS�%
@,SüS{. Ù�, ^ p Ú q ©O��¢Ú�6
XêÝ
 M �î�IÚp�I, ïá�6XêÝ

 M �¢Ú �Ý
 M(p, q), ØÓ�Ð©�ò
kØÓ�¢Ú�{.

Ú ½50 Ï L � ä ¢ Ú � � � 6 X ê Ý

 M(p, q) ¥��6Xê�p ê�Ûó5, �
E"Y< w. XJ M(p, q) ��p êi´Ûê,

K w = 1; ÄK, w = 0.

2.3 áááNNNããã���"""YYY<<<uuuÿÿÿ���{{{

áNã�"Y<�uÿ�{�"Y<��E
�{�q, e¡�Ñ"Y<uÿ�{� 5 �Ú½.

Ú½1 ò�uÿ�áNã�?1lÑ�ÅC
�, ���mÀ:$ªf� LL′(L) Ú LL′(R).

Ú½2 |^¬��ÚÀ�ÈÅ��{¦��
mÀ:$ªf����À�ã.

Ú½3 òC���À�ã©¤Ø­U� k×k

f¬.

Ú½4 éz�f¬?1lÑ{uC�, ��
��6XêÝ
� M ′. ¿^�·bXÚ�ÓÐ©
�Úëê��� p Ú q ©O��¢Ú�6XêÝ

 M ′ �î�IÚl�I, ïá�6XêÝ
 M ′

�¢Ú �Ý
 M ′(p, q).

Ú ½5 Ï L � ä ¢ Ú � � � 6 X ê Ý

 M ′(p, q) ¥��6Xê�p ê�Ûó5, �
E"Y< w′. XJ M ′(p, q) ��p ê´Ûê,

K w′ = 1; ÄK, w′ = 0.

3 ¢�(J9©Û

�
�y¤JÑ�{�°�5!S�5, ÿÁ
L§¥À���� 512×512 (æ^ Photoshop ^�
éÿÁã�?1?n) ��«a.��ÝáNã�
��ÿÁã�, ù
Y<ÿÁáNã�©O�²â
áNã�!�ÞáNã�!�²áNã�!W�
�áNã�!?� 1 áNã�!?� 2 áNã�,

ã 4 �Ñ
ù
áNã��mÀ:ã�. ÏL�þ
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ã 4 ØÓÿÁáNã��mÀ:ã� (a) ²âáNã�; (b) �ÞáNã�; (c) �²áNã�; (d) W��áNã�; (e) ?
� 1 áNã�; (f) ?� 2 áNã�

�¢�, é�{¥�'ëê N , u, λ Ú k ©O��
� 32, 1, 0.25 Ú 4.

3.1 áááNNNããã���"""YYY<<<���{{{������qqq555ÚÚÚþþþïïï
555ÿÿÿÁÁÁ

�E�À�"Y<�áNã��mÀ:�S
Nk', ÏdØÓ�áNã�"Y<AT´�pÕ
á�. �
ÿÁØÓáNã�"Y<�'5, ½Â
�qÝ S � [9,13]

S = 1 −

B∑
b=1

wb ⊕ w′
b

B
, (6)

ª¥, ⊕ L«É½$�, B �Y<��Ý. XJ�
���©"Y< w � w′ m��qÝ�C 0.5 L«
üÌáNã�Ø�'; XJ�qÝ� 1 K`²´
�'áNã�. ØÓáNã�"Y<�qA5ÿÁ
�(JXL 1 ¤�. lL 1 ��, �ÓáNã�d
uÙ����, "Y<��qÝ� 1, 
�Ù¦á
Nã��Y<�qÝ?1uÿ�, ����qÝ
� 0.5�m.

�E�áNã�"Y<�÷vþï5, Ò´�
"Y<¥�&Ò 1 Ú&Ò 0 ��êÄ��Ó. þï
5æ^e�úªO� [16]:

e =
|N1 − N0|

Nall
, (7)

L 1 ÿÁ��ØÓáNã�"Y<��qÝ

²âã� �Þã� �²ã� W��ã� ?� 1 ã� ?� 2 ã�

²âã� 1.0000 0.5342 0.5176 0.5234 0.5123 0.5203

�Þã� 0.5342 1.0000 0.4932 0.5088 0.5234 0.5048

�²ã� 0.5176 0.4932 1.0000 0.5195 0.5048 0.5332

W��ã� 0.5234 0.5088 0.5195 1.0000 0.5166 0.5234

?� 1 ã� 0.5123 0.5234 0.5048 0.5166 1.0000 0.5380

?� 2 ã� 0.5203 0.5048 0.5332 0.5234 0.5380 1.0000
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ª¥, N1, N0 Ú Nall ©OL«"Y<¥&Ò 1

��ê!0 ��êÚ&Òoê, e ����L«"
Y<�þï5�Ð, L 2 ¤��ØÓáNã�"Y
<þï5ÿÁ(J. lL 2 ��, "Y<¥&Ò 1

Ú&Ò 0 ��êCÀ��, =Y<ã��þï5C
À�".

3.2 áááNNNããã���"""YYY<<<���{{{���ÊÊÊ···555ÿÿÿÁÁÁ

áNã����)ü�À:ã�, �©æ^ü
�À:�áNã�?1ÿÁ, ¤±ôÂa.�±©
��é¡ôÂÚé¡ôÂ. �é¡ôÂ´éáNã
��Ù¥��À:?1ôÂ (ÿÁ±émÀ:?1
ôÂ�~), ôÂ�mÀ:�ã��þ�^¸�&D
' RSNP,R L«; 
é¡ôÂ´3mÀ:�ôÂ�
�¹eæ^Ó��ôÂ�{ÚÓ��rÝUYé
,��À: (�À:) ?1ô, ôÂ��À:�ã�
�þ^¸�&D' RSNP,L L«. ÿÁL§¥æ^

�©À�"Y<�ôÂ�áNã�uÿ���À
�"Y<��qÝ5ïþ|ôÂ�°�5.

3.2.1 V\pdD(ÚþíD(ÿÁ
é�©áNã�V\pdD(, pdD(�

� VNG ©O� 0.005 Ú 0.01, �©áNã�"Y<
�ôÂ�áNã�"Y<m��qÝ S Ú�©á
Nã��À:�ôÂ�À:�¸�&D' RSNP X
L 3 ¤�, Ù¥ RSNP,R L«�é¡ôÂ�mÀ:
�ã��þ, RSNP,L L«é¡ôÂ��À:�ã�
�þ.

é�©áNã�V\þíD(, þíD(r
Ý INSP ©O� 0.02 Ú 0.03, �é¡ôÂÚé¡ô
Â�ÿÁ(JXL 4 ¤�.

lL 3 ÚL 4 ��, 3V\pdD(ÚþíD
(ôÂ��áNã� RSNP �$��¹e, uÿÑ
� S Ñ3 0.83 ±þ, L²T�{é\D(aáNã
��?näk�r�°�5.

L 2 ØÓáNã�"Y<�þï5ÿÁ(J

²âã� �Þã� �²ã� W��ã� ?� 1 ã� ?� 2 ã�

N1 513 530 505 501 514 539

N0 511 494 519 523 510 485

e 0.0019 0.0352 0.0137 0.0215 0.0039 0.0527

L 3 V\pdD(��ÿÁ(J

²âã� �Þã� �²ã� W��ã� ?� 1 ã� ?� 2 ã�

�é¡ôÂ

S(VNG = 0.005) 0.9503 0.9250 0.9139 0.9499 0.9197 0.8603

RSNP,R(VNG = 0.005) 22.6415 21.7718 22.2933 23.0243 19.0599 20.2333

S(VNG = 0.01) 0.9311 0.9127 0.9061 0.9281 0.8862 0.8351

RSNP,R(VNG = 0.01) 19.7531 18.7991 19.3243 20.0587 16.1946 17.3021

é¡ôÂ

S(VNG = 0.005) 0.9309 0.9226 0.9087 0.9497 0.9134 0.8518

RSNP,L(VNG = 0.005) 22.7873 21.7331 22.7227 23.0527 19.0910 20.2666

S(VNG = 0.01) 0.9260 0.9126 0.9028 0.9278 0.8789 0.8319

RSNP,L(VNG = 0.01) 19.8723 18.7613 19.7678 20.0807 16.2241 17.3073

3.2.2 ¥�ÈÅÚpd$ÏÈÅÿÁ
é�©áNã�?1¥�ÈÅ, ¥�ÈÅI

� WFM ��©O� 3×3 Ú 5×5, �é¡ôÂÚé
¡ôÂ�ÿÁ(JXL 5 ¤�.

é�©áNã�?1IO�� 0.5 �pd$Ï
ÈÅ, pd$ÏÈÅI� WFPLG ��©O� 2×2

Ú 3×3, �é¡ôÂÚé¡ôÂ�ÿÁ(JXL 6

¤�.

lL 5 ÚL 6 ��, 3éáNã�²¥�È
ÅÚpd$ÏÈÅ�, uÿÑ S Ñ3 0.89 ±þ,

L²T�{éÈÅaáNã��?n�D(aá
Nã��?näk�r�°�5.
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L 4 V\þíD(��ÿÁ(J

²âã� �Þã� �²ã� W��ã� ?� 1 ã� ?� 2 ã�

�é¡ôÂ

S(INSP = 0.02) 0.9542 0.9399 0.9059 0.9503 0.9230 0.9152

RSNP,R(INSP = 0.02) 21.8072 21.1185 21.6842 22.4994 17.7193 19.5096

S(INSP = 0.03) 0.9398 0.9230 0.9046 0.9268 0.9097 0.9018

RSNP,R(INSP = 0.03) 20.0582 19.4604 19.9013 20.6987 16.0498 17.7985

é¡ôÂ

S(INSP = 0.02) 0.9474 0.9247 0.9042 0.9452 0.9152 0. 9041

RSNP,L(INSP = 0.02) 21.8872 21.2160 22.0856 22.5037 17.6649 19.5724

S(INSP = 0.03) 0.9354 0.9177 0.9014 0.9211 0.8644 0.8917

RSNP,L(INSP = 0.03) 20.2227 19.4139 20.4812 20.6992 16.0419 17.8287

L 5 ¥�ÈÅ��ÿÁ(J

²âã� �Þã� �²ã� W��ã� ?� 1 ã� ?� 2 ã�

�é¡ôÂ

S(WFM = 3 × 3) 0.9833 0.9697 0.9774 0.9756 0.9680 0.9586

RSNP,R(WFM = 3 × 3) 33.8847 32.5010 33.1921 31.0389 35.4804 34.4387

S(WFM = 5 × 5) 0.9697 0.9614 0.9541 0.9581 0.9524 0.9253

RSNP,R(WFM = 5 × 5) 29.8232 28.4693 29.3590 28.9018 30.7536 29.4972

é¡ôÂ

S(WFM = 3 × 3) 0.9735 0.9625 0.9637 0.9711 0.9461 0.9272

RSNP,L(WFM = 3 × 3) 35.0055 31.5393 34.5722 30.9884 35.5240 34.3061

S(WFM = 5 × 5) 0.9653 0.9614 0.9483 0.9528 0.9374 0.9201

RSNP,L(WFM = 5 × 5) 30.2719 28.0466 30.1382 28.8310 30.8134 29.3613

L 6 pd$ÏÈÅ��ÿÁ(J

²âã� �Þã� �²ã� W��ã� ?� 1 ã� ?� 2 ã�

�é¡ôÂ

S(WFPLG = 2 × 2) 0.9555 0.9296 0.9196 0.9130 0.9593 0.9068

RSNP,R(WFPLG = 2 × 2) 28.8954 28.9293 29.3349 28.1618 30.8927 29.9886

S(WFPLG = 3 × 3) 0.9887 0.9805 0.9779 0.9772 0.9730 0.9767

RSNP,R(WFPLG = 3 × 3) 39.5086 39.2663 39.2920 38.3521 41.7704 40.8713

é¡ôÂ

S(WFPLG = 2 × 2) 0.9553 0.9278 0.9156 0.9078 0.9312 0.8957

RSNP,L(WFPLG = 2 × 2) 29.3061 28.5595 30.0033 28.0488 30.9563 29.9161

S(WFPLG = 3 × 3) 0.9751 0.9675 0.9631 0.9675 0.9401 0.9117

RSNP,L(WFPLG = 3 × 3) 40.4204 38.3688 40.3761 38.2203 41.8063 40.7266

3.2.3 Ø ÿÁ
A^éÜã�;[| (JPEG) �{é�©áN

ã�?1�é¡Ø Úé¡Ø , Ø �þÏf
^ Q L«, Q ����, `²Ø ã��þ��.

�é¡Ø �émÀ:?1Ø , 
é¡Ø K´

3�é¡Ø �Ä:þæ^Ó��Ø �þÏf
é,��À: (�À:) ?1Ø , ÿÁ(JXã 5

Úã 6 ¤«. lÿÁ(J��, � Q = 10 �, Ø 
'®²é�, �©"Y<�{�UuÿÑ�p�
�qÝ (S = 0.84), L²T�{éA^ JPEG �{Ø
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ã 5 �À:ÚmÀ:ã�� Q Cz�¸�&D' RSNP (a) mÀ:ã�� RSNP,R; (b) �À:ã�� RSNP,L

ã 6 �é¡Ø Úé¡Ø �áNã�"Y<°�5ÿÁ (a)�é¡Ø ; (b) é¡Ø 

 áNã��?näk�r�°�5.

3.2.4 }�ÿÁ

é�©áNã�?1�é¡}�Úé¡}
�, ÿÁ±�þ�}�¡È��ÌáNã�� 1/8

Ú 1/16 �~ (ACUL = 1/8, ACUL = 1/16). �é¡
ôÂÚé¡ôÂ�ÿÁ(JXL 7 ¤�.

lL 7 ��, 3éáNã�²}�?n�, u
ÿÑ S Ñ3 0.90 ±þ, L²T�{é}�aáNã
��?näk�r�°�5.

L 7 }���ÿÁ(J

²âã� �Þã� �²ã� W��ã� ?� 1 ã� ?� 2 ã�

�é¡ôÂ

S(ACUL = 1/8) 0.9952 0.9924 0.9908 0.9967 0.9906 0.9906

RSNP,R(ACUL = 1/8) 27.3116 23.1705 22.3794 22.5266 26.4009 24.2487

S(ACUL = 1/16) 0.9892 0.9864 0.9843 0.9895 0.9851 0.9778

RSNP,R(ACUL = 1/16) 18.9840 17.3440 17.4312 16.1503 20.6332 18.3391

é¡ôÂ

S(ACUL = 1/8) 0.9746 0.9618 0.9501 0.9732 0.9372 0.9067

RSNP,L(ACUL = 1/8) 27.1017 23.0715 22.7964 23.3101 26.6085 24.0588

S(ACUL = 1/16) 0.9708 0.9573 0.9473 0.9664 0.9312 0. 8933

RSNP,L(ACUL = 1/16) 19.7730 17.1840 17.8064 15.9473 20.9589 18.2839
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3.2.5  £1�ÿÁ
é�©áNã�?1 £1�ôÂ. �m 

£� LMR ��Ìã�m£�, �>�A��Ö�
çÚ, £Ñ��¿�; �e £1 RMD Ón. ¢
�©O±�m £ 2 � (LMR = 2) Ú�e £ 2

1 (RMD = 2) �~, �é¡ôÂÚé¡ôÂ�ÿÁ
(JXL 8 ¤�.

lL 8 ��, 3éáNã�²1� £�, u
ÿÑ S Ñ3 0.84 ±þ, L²T�{é1� £aá
Nã��?näk�r�°�5.

3.2.6 º� �ÿÁ
é�©áNã�?1º� �, �«�{´ò

�©áNã�k��� �, ,�«�{´ò�
©áNã�k ����, ²C���º�Ú�

áNã��º��Ó. ¢�©O±k�� 4 ��
 � 0.25 � (RR,A = 4) Úk � 0.25 ���� 4

� (RA,R = 0.25) �~, �é¡ôÂÚé¡ôÂ�
ÿÁ(JXL 9 ¤�.

lL 9 ��, 3éáNã�²º� ��, u
ÿÑ S Ñ3 0.9 ±þ, L²T�{éº� �aá
Nã��?näk�r�°�5.

áNã�²ôÂ�À:��þ²weü, l
L 3— L 9 Úã 6 ��, áNã�"Y<�{é
ØÓ«náNã�äkér�°�5, |ôÂUå
r!Ê·5Ð.

��qÝ S �uK� Sth, K�±@����
�öPkT�¬���. �â±þ¢�(J¿²L
�E�y�, �±ò S = 0.83 ��K� Sth.

L 8  £1���ÿÁ(J

²âã� �Þã� �²ã� W��ã� ?� 1 ã� ?� 2 ã�

�é¡ôÂ

S(LMR = 2) 0.9305 0.9568 0.9539 0.9255 0.9491 0.9909

RSNP,R(LMR = 2) 21.2884 22.0938 21.7859 19.8428 24.3484 23.6506

S(RMD = 2) 0.9031 0.9204 0.9134 0.9286 0.9013 0. 8496

RSNP,R(RMD = 2) 23.1609 21.1440 23.1847 22.4735 24.5701 23.9105

é¡ôÂ

S(LMR = 2) 0.9249 0.9542 0.9517 0.9278 0.9497 0.8951

RSNP,L(LMR = 2) 21.4185 21.8804 22.1016 19.8017 24.4604 23.4215

S(RMD = 2) 0.9001 0.9188 0.9046 0.9227 0.9041 0.8326

RSNP,L(RMD = 2) 23.4269 21.0196 23.7374 22.3926 24.6043 23.8216

L 9 º� ���ÿÁ(J

²âã� �Þã� �²ã� W��ã� ?� 1 ã� ?� 2 ã�

�é¡ôÂ

S(RR,A = 4) 0.9962 0.9919 0.9914 0.9912 0.9884 0.9889

RSNP,R(RR,A = 4) 42.4441 43.4463 42.4787 40.8368 46.2749 45.7261

S(RA,R = 0.25) 0.9962 0.9913 0.9866 0.9867 0.9780 0.9802

RSNP,R(RA,R = 0.25) 35.6861 36.5179 35.8921 34.0122 39.0643 38.5121

é¡ôÂ

S(RR,A = 4) 0.9779 0.9691 0.9586 0.9709 0.9436 0.9068

RSNP,L(RR,A = 4) 44.3542 41.5271 44.6815 40.6843 46.3197 45.5554

S(RA,R = 0.25) 0.9779 0.9686 0.9631 0.9732 0.9390 0.9013

RSNP,L(RA,R = 0.25) 37.3598 34.9359 37.7949 34.0291 39.1533 38.3804
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3.3 áááNNNããã���"""YYY<<<���{{{SSS���555ÿÿÿÁÁÁÚÚÚYYY
<<<NNNþþþ©©©ÛÛÛ

�{´ïá3�·blÑXÚ�Ä:�þ, æ
^�·bN�(½"Y<¢Ú �, ÙS�5�6
u�·blÑXÚ�Ð©�9ëê, 
�{���
úm, ÷v
 Kerckhoff OK. À�²âáNã�?
1ÿÁ, ã 7(a) �æ^ 100 �pØ�ÓÐ©�N�

ã 7 �{S�5U�ÿÁ(J (a) Ð©�é�{S�5U
�K�; (b) ëêé�{S�5U�K�

���²âã�"Y<�m��'5, ã 7(b) �æ
^ 100 �pØ�Óëê���²âã�"Y<�

m��'5, Ù¥î�I���SÒ, p�I��
qÝ S. lã 7 ��: ��©"Y<äkØÓÐ©
�9ØÓëê��¤�E�"Y<Ú�©"Y<
��qÝ� 0.5 �m; �k��©"Y<äk�Ó
Ð©�9�Óëê��¤J��"Y<Ú�©"
Y<��qÝ� 1, Xã 7(a) 1 38 ���Úã 7(b)

1 68 ������©"Y<äk�ÓÐ©�9ë
ê��
����qÝ.

lã 7 ��, duæ^
�·bXÚéY<&
E� �?1¢Ú, ØÓ�Ð©�9ØÓëê��
áNã�"Y<��qÝþ� 0.5 �m, L²Y<
Nþ�ûu�·bXÚ�Ð©�9ëê. 
�·b
XÚ�ëêõ (���m�), ��±æ^ØÓ�Ð
©�, l
�y
Y<�Nþ, Ó���y
�{
�S�5.

4 ( Ø

�©|^
C��¥À��­½5Ú�·b
XÚÄåÆ1��E,5, JÑ
�«ØUCáN
ã�SN�"Y<�{, l
�éáNã�¢��
��o. ïÄL², T�{äk±eA:: (1) vk
é�©1NáNã��?Û?U, ¦áNã�Pk
ûÐ�ß²5; (2) |^�ÅC��$ªf��­
½5¦�À�, ¿?�Ú|^
lÑ{uC���
6Xê­½�A:, l
O\
�{�°�5; (3)

æ^�·bXÚé"Y<&E� �?1
¢Ú,

Or
�{�S�5; (4) �æ^ØÓ�Ð©�9
ëêé"Y<�&E?1¢Ú, 4�/O\
"Y
<�Nþ; (5) Y<3uÿ�L§¥ÃI�©áN
ã�, ¢y
"Y<�_u. ¢�(JL², T�{
é�aé¡Ú�é¡ôÂLyÑ
�r�°�5.
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Abstract

In order to protect the copyright of stereoscopic images in the condition of the image quality, a zero-watermarking stereoscopic

image algorithm is presented based on hyperchaotic system. In the proposed algorithm, disparity zero-watermark is constructed ac-

cording to the stability of disparity between low frequency bands of wavelet decomposition of the left and the right views and direct

coefficients of discrete cosine transform; in the process of zero-watermark construction, the zero-watermark position mapping accord-

ing to the features of the sensitivity of hyperchaotic discrete system initial value, ampleness of parameter key space and complexity of

dynamic behavior, enhances the security of algorithm. The relationship between security and watermark capacity is also analyzed. Ex-

perimental results show that the proposed algorithm is strong robust to noise, filtering, compression, and the shearing of asymmetrical

and symmetrical attacks.

Keywords: stereoscopic image, disparity zero-watermarking, hyperchaotic system, robustness
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