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1 Ú ó

Cc, �XÏA��¯�uÐ, �äþDÑã
��êþ�5�õ!º��5��, ùé�ä�°
�5
é��Øå. ,��¡, ÑuS��ÏI�
éã�?1\��oã��Ûh. �
÷vpé�
þp�S�/DÑã�, DÚ��{´òã��Ø
 �\�©¤üÚ5�¤. 3ù�L§¥, ��´
kéã�?1Ø ,�\�, �L5KØ¬��é
Ð�Ø �J. ,
, ù��ò��Ø �\�Ó
Ú�¤¤äk��O(¹�O�{z��
`³.
���Ð��{´òØ �\�'éå5ÓÚ�
¤, ù�¤��c���ïÄ9: [1−5].

8c, NõïÄ©Ù®²�«
·bXÚ�
�èXÚ�m�;�'X [6−9]. d	, lÑ�Å
C��®²2�A^uã�Ø ¥ [10,11]. Ïd,
|Ü DWT �Ø A5�·bXÚ��èA5
´��kcå�ïÄ+�. ©z [12] JÑ
�«
æ^
·, HARR �Å?èÚ·bùè�é¡
\��{. ,
, T�{==æ^
 HARR f�
ÅÄ {h0, h1, h2, · · · , hn−1} �|Ü/ª5�Ï²
© 6� �
¿vkUC²© 6��. 3©

z [13] ¥, �öJÑ
�«#�h��èXÚ, Ù
\��)��^3��5k���ÅC��©Û
f�ÚnÜf�þ, �´�ö¿vkïÄù«�
{�Ø 5U. ©z [14] ïÄ
�«a�\��
{, §�^3Äu SPIHT Ø ?è�Ä:þ. 3T
�{¥, 5guo�ä¥Ó�I(:�o��Å
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k¿©|^ SPIHT �?èA5. SPIHT ?è�{
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T�{¥, \�L§�Sü3�ÅC�� SPIHT Ø
 ?è�m. \�L§¥, · L§���3ü�
�Åf�p, Tf��¹
ã��,Ü©[!&E.
Ó�, �­� ÚÎÒ �±ØC.

2 SPIHT ?è�{Vã

SPIHT �{U
)¤��i\ 6, ¦�Â�
 63?¿:¥ä�, Ñ�)ØÚ­�ã�, äk
ûÐ�ì?DÑA53Xêf8�©�Ú­�&
E�DÑ�¡æ^
ÕA��{, |^
�ÅC�
Xê�þ?kS!8Üy©!kS� ²¡DÑ
±9ã��ÅC�e�g�q�n. U
3¢yÌ
���Xê`kDÑ�Ó�, Ûª/DxXê�ü
S&E. ÙÌ�Ú½Xe [10,17]:

1) æ^·���ÅÈÅìéã�?1�Å©
), ,�^�½'A êL«C���Xê ci,j , �
p ´ÎÒ , Ù{ ´êþ , �Ø­� ü3
�e¡.

2) üS×£: DÑ÷v^� 2n 6 |ci,j | < 2n+1

�Xê ci,j ��ê l, 9éAXê� l é�IÚ l �
ÎÒ .

3) °[×£: DÑ÷v |ci,j | > 2n+1 �¤kX
ê�1 n ��­�'A . §�´1 2 ÚüSL§
¥ÀÑ5�Xê.

4) S�: XIUYS�, K n ~� 1, =Ú½ 2).
üS´Ì�Ú½, ÙÌ�?Ö´ÀJ÷v 2n 6

|ci,j | < 2n+1 �Xê. éu�½� n �, XJX
ê ci,j ÷v |ci,j | > 2n, K@�TXê´­��, Ä
K@�´Ø­��. 31�gS�L§¥, �k�
êXê´­��. ,
, du n ��3~�, �XS
���\, Xêò�5�õ. üSL§7L(½=

­�Xê÷v |ci,j | < 2n+1 ¿�D4ù��I�
)èì. ù´ SPIHT �{�­���Ü©.

3 ã�\��Ø 'é�{

3�©JÑ��{¥, x1, x2, · · · , xK , xK+1 ´
±V°Ý2:�ªL«� Logistic N����Ð©
�. K ´ DWT ©)�?ê. ù
��^5�)*
ÑL§�Ð©�Ú· L§��?�6.

3.1 ÄÄÄ���(((���

�©JÑ�'é\��Ø �{��{µ
ãXã 1 ¤«. \�L§u)3 DWT ©)�
� SPIHT Ø �c. ��\�L§dü��ã
|¤: 1��ã|^ION�5¢y*ÑL§, 3
ù��ã, f�ãp�¤k�ÅXê�����N
�6Ä, 6ÄL§¥Ù�vku)UC. 1���
ã´^ Logistic N�5¢y· L§, 3ù��ã
÷v,
^��Xêò�?U, U
, Xê���
UCò*Ñ�¦�Uõ�Xêþ. ��, ��N\
�ùèö���^3¤k�\�ÚØ 'A þ.

3.2 ������)))¤¤¤���???üüü

ã��lÑ�ÅC��±¦^?Û��ÅÈ
Åì, ¿�U
±?Û/ª©)ã�. �����
´, f�p7L�kv
�êâ:5CX¤k�È
Å^�.

7i©©)�y²´�«�~k���Å©
)�{. §�)Y²!R�Úé�n�f��ã
�[!êâ. z�?�n�f�Ñ�¹
A½º
Ý�Y²!R�Úé�ã�A�&E. Ïd, �©
¦^
ù«©)�ª. Xã 1 ¤«, z�?�z
�f�òÕá/?1*Ñ�· ö�?1\�.
��?üXe:

(9,7) (SPIHT)
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1) ^ SHA1 � { ) ¤ � © ã � Ú Ð ©
� x1, x2, · · · , xK , xK+1 � 160 bit HASH � s0,
Xã 2 ¤«.

(2) ^ SHA1 �{�) s0 Ú xl � 160 bit Hash
� sl (1 6 l 6 K).

S
H
A
1

S
H
A
1

S
H
A
1

S
H
A
1

xK⇁

源图

xK

xK↩

x

x

x
s

s

xl

sl

xK
sK

ã 2 160 bit HASH ��)¤

3*Ñ�ã, ION�¿Ø¬6Äã��þ�
�Xê, ù�U¬¤��è©Û¥���¦É. Ï
d, ���Åêé (rX0

l , rX1
l ) �Ú\?5. ù�, ?

U��ION�Xe:

sk+1 =
(
sk + tk + rX0

l + rX1
l

)
mod

N

2l
,

tk+1 =
(

tk + rX1
l + Kc

l sin
2π · sk+1

N/2l

)
mod

N

2l
,

(1)

d?, (sk, tk) Ú (sk+1,tk+1) ©O´ N/2l ×N/2l X
êÝ
¥*ÑcÚ�� �. ION�ëê Kc

l ´
����ê (1 6 l 6 K).

éu1 l(1 6 l 6 K) ?�n�f�ã LHl,
HHl Ú HLl: Kc

l ← s97
l · · · s108

l . sl �Ù¦ bit UX
e�ªSü

1) LHl: rX0
l ← s1

l · · · s8
l , rX1

l ← s9
l · · · s16

l ,
CX

l (0) = s65
l · · · s72

l ;
2) HHl: rX0

l ← s17
l · · · s24

l , rX1
l ← s25

l · · · s32
l ,

CX
l (0) = s73

l · · · s80
l ;

3) HLl: rX0
l ← s33

l · · · s40
l , rX1

l ← s41
l · · · s48

l ,
CX

l (0) = s81
l · · · s88

l .
� l = K �, éu�þ��f�ã

LLK : rX0
K ← s49

K · · · s56
K , rX1

K ← s57
K · · · s64

K ,

CX
l (0) = s89

l · · · s96
l .

3.3 \\\������ØØØ   

�©JÑ�'é\��Ø �{Ú½Xe:
1) éu�½�²ã, ^Ü·��ÅÈÅì?1

lÑ�ÅC�, ��C�Xê.
2) \��ÅC��z�?�¹�n�f�X

êÚ���?��þ�fãXê. \�L§�¹X
e�üÚ:

*ÑL§: ^ 3.2 !¥� (1) ªÚëê�Ïz
�fã¥�¤k�ÅC�Xê.

·   L §: U C @ 
 ý é � � u � u K
� δ(δ > 1) ��6ÄL�Xê. ÙäNö�Ú
½Xe:

XJ

b|cX
l (j)|c < 2blog2b|c

X
l (j)|cc + 2(blog2b|c

X
l (j)|cc−1),

K^

CX
l (j) =(b|cX

l (j)|c ⊕ b|CX
l (j − 1)|c ⊕ φX

l (j))

× mod2(blog2b|c
X
l (j)|cc−1)

+ 2blog2b|c
X
l (j)|cc (2)

5?U�c�6Ä�Xê, ÄK^

CX
l (j) =(b|cX

l (j)|c ⊕ b|CX
l (J − 1)|c ⊕ φX

l (j))

× mod2(blog2b|c
X
l (j)|cc−1)

+ 2blog2b|c
X
l (j)|cc

+ 2(blog2b|c
X
l (j)|cc−1) (3)

5?UXê�.
,�, ¤k�Xê CX

l (·) Ueª2��g?n:

CX
l (·)=


−

(
CX

l (·) + |cX
l (·)| −

⌊
|cX

l (·)|
⌋)

,

cX
l (·) < 0,

CX
l (·) + |cX

l (·)| −
⌊
|cX

l (·)|
⌋
,

cX
l (·) > 0.

(4)

d?, CX
l (j) ´Xê cX

l (j) �\��. CX
l (j − 1) ´

c��\��. CX
l (0) ´X1n! B ¤«���Ð

©�. ¼ê b·c ¢y�e��, =�£'Ñ\���
���ê.  Ä�¼ê φX

l (·) ¢yl Logistic N�
�£�¥Ä��½êþ� bit  .

τj+1(x) = µτj(x)(1 − τj(x)), x ∈ I = [0, 1] , (5)

d?, τj(x) ´ Logistic N��1 j gS��£�,
ÙÐ©�� xl, � x UXe�ªL«:

x = 0. b1b2 · · · bi · · · , x ∈ [0, 1] , bi ∈ {0, 1} .

�©Ä��´�ê:��1 b4b5 · · · b15  ,
� 12 bit.
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3) ^1 2 !£ã� SPIHT ?è�{Ø \�
���ÅXê. ÑÑ��?�S�^ m L«, m ¥
Ø
�¹ã�êâ&E	, ��¹
 3 �i!�Ã
Xã���!�ÅC�?ê!Ø '�ÞÜ&E.

4) ùK\�¿Ø � 6 m. aqÚ½ 2 ¤
«, ^ (5) ª½Â� Logistic N�, ��� 6 m

���'A�Ä�
Ñ5, ÙÐ©��´ xK+1,
l Logistic N��z�gS�¥Ä�Ù¥� b8 b9

· · · b15 � 8 � bit. ùèL§Xe:

Zi = Zi−1 ⊕ mi ⊕ ϕi, i = 1, 2, · · · . (6)

d?, Zi−1 Ú Zi ©O´1 i − 1 Ú i � 8 bit �ù
è6. mi ´S� m �1 i �i!. ϕi ´l Logistic
N��1 i gS�¥Ä�� 8 bit  6. � i = 1 �,
Zi−1 = Z0 ´��©��Ð© 8 bit  6. S� m

�ÞÜ&Evk�ùK.

4 ¢�(J

�!·�?1
�þ��ý¢�5ÿÁ�
{ � � « 5 U. ¢ � L § ¥, æ ^ (9,7) Ø � _
2 : � Å C �, � Å © ) ? ê K � 6. � I
� 7 � Logistic N�Ð©�. Ù¥ x1, x2, · · · , x6

� ^ 3 z � � Å © ) ? þ, x7 ^ 3 � � � ù
èL§¥ (X 3.3 !1 4 Ú¤«). �ÅÀJ� 7
�Ð©�Xe: x1 = 0.394857698348593, x2 =
0.762757068948018, x3 = 0.689837458934875,
x4 = 0.464350945435978, x5 = 0.865798324582347,
x6 = 0.654587439865794, x7 = 0.424398752348759.
d	, Z0 = (147)10 = (10010011)2. SPIHT �{
� Matlab §S�©z [18].

4.1 ­­­���ããã������ÀÀÀúúú���þþþ

¢ � L § ¥, ^ � 
 � � � 512 × 512
� � � I O 8 bit � Ý ? ã � (X Lena,
Barbara, Boat, Peppers Ú Baboon), 3 Ø
Ó � Ø   ' (compression ratio, CR) (CR∈
{0.250, 0.375, 0.500, 0.625, 0.750, 0.875, 1.000}, ü
 � bpp (bit per pixel), =L«z���¤I�'
Aê) ÚK� δ (δ ∈ [1, 32, 128, 256, 512]) e?1

ÿÁ. ÿÁ(JXL 1 Úã 3. ¢�(JL², 3
�Ó�Ø 'e, �©JÑ�\��Ø 'é�
{'üX� SPIHT Ø �{kÑ$� PSNR, �
3k�Ø e, ù«�{�Àú�þ´��É�.
E¤ù«y���ÏÌ�´3*ÑL§¥, Ü©
/�Ï
 SPIHT Ø �{¥�ÅXê��m��

ä�If'X. Ó�, 3· L§¥�Ü©/�Ï

 SPIHT �üSÚ°[×£L§. du*Ñ���
3z���Åf��SÜ, Ïd, ù«Û­´Ø­
��!��É�. d	, 3· L§¥, �±
�­
��ü� ÚÎÒ ØC, �ùA� �¹
ã�
��­��&E.

(a) (b) 

(c) (d) 

ã 3 ã�Àú�þ'� (a) �© Lena ã; (b) �?1Ø �­
�ã� (CR=0.250 bpp); (c) ­�ã�\��Ø 'é (δ = 1,
CR=0.250 bpp); (d) ­ � ã � \ � � Ø   ' é (δ = 512,
CR=1.000 bpp)

4.2 ���������mmm

��S��ã�\��{ATk¿©���
��m5{��åôÂ, =Ï~¤`�¡ÞôÂ.
�©JÑ��{����m���OXe:

3 K ? 7 i © � Å © ) L § ¥ � � �

 3 × K + 1 � f � ã �. f � ã � � ° ½ p
� N/2l, Ù¥, l ´¤3�?, N ´�©ã��°
½p. �X 3.2 !¤£ã, 3z�?p, Il 160 bit
� HASH �¥�ÑÙ¥� 84 bit �� rX0

l , rX1
l ,

CX
l (0) Ú Kc

l �Ð©�. d	, éu1 K ?��þ
� LLK fã, �¬31 K � HASH �¥,	2Ä
�Ù¥� 24 bit. ù�l K � 160 bit � HASH �
¥�Ä�
 (84 × K + 24) bit. éun�� HASH
¼ê5ù, Ù 0/1 ©Ù´²ï�. ù�, *Ñ�ã�
���m´ (84 × K + 24)/2 = 42 × K + 12 bit. 3
· �ã,  Ä�¼ê φX

l (·) lÐ�� xl (1 6 l 6
K) � Logistic ¼ê�zgS��¥Ä� 12 bit.
� â IEEE 754 2 : ê I O, φX

l (·) � n Ø � �
´ 52 bit. ,
, duO�Å�êiO�°Ý��,
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¢ S ¢ y � � � � 3 � � � � � � � � m S.
�â Kohda Ú Tsuneda �ïÄ(J [19], ¢S�
��m´ 12 bit, ¿� φX

l (·) S�´ÕáÓ©Ù
�. Ï d, 3 ù � � ã � I � K × 12 bit. 3
ù è � ã, ϕi I � l Ð � � xK+1 � Logistic
¼ ê � z g S � � ¥ Ä � Ù ¥ � 8 bit. ¦ +,
3 ù � � ã � � � � m é �, � � X 1 3.2 !
¤ ã, ù è ö � ´ Ú * Ñ � ·   ö � � ' �.
ôÂö¿ØU©lùü��ã\±©OôÂ. ¤±,
�{o����m´ 42 × K + 12 + 12 × K + 8 =
54 × K + 20 bit. � K = 6 �, ���mò�
� 344 bit.

4.3 |||���555ôôôÂÂÂ������©©©ôôôÂÂÂ©©©ÛÛÛ

�5ôÂÚ�©ôÂ´ü«ÄurA�Ly
�²;�è©Û�{. ÏL|Üù
A�ïá²

©!�©Ú���m�'X5?1ôÂ. Ïd, ?
Û���èXÚATäkXe�n�­�á55
�±�p�S�5 [7]: 1) ²©��©�m�N�
´�Å�, ==�6u��. 2) �©é²©´pÝ
¯a�. 3) �©é��´pÝ¯a�. ù¿�X�
�½²©��� bit �CzÑAT����ØÓ
��©.

1) ��¯a5ÿÁ
�
ÿÁ��¯a5, ¢�¥é���
��

�UC, =ò���ê:���� 1  \ 1 ½~ 1,
,�^#���^5\�ÚØ Ó��ã�. 3
·���{¥, k 7 �Ð©��, ==���� x1

l 0.394857698348593 C� 0.394857698348594. ,
�, ü��©S�?1Å '�, ¿O�Ù bit Cz
�z©'. (JXã 4 ÚL 2. (JL², 3¤k�
Ø 'ÚK�e,  Czz©'Ñ�C 50%, ùL
²�©é��´��¯a�.

L 1 �?1Ø �\��Ø 'é� PSNR

�Ø 
\�ÚØ  (δ)

CR(bpp) 1 32 128 256 512

Lena (512×512)

0.25 33.679 29.554 30.551 31.224 31.379 31.988

0.500 36.824 31.13 32.702 33.45 33.795 34.891

0.75 38.418 31.731 33.943 34.763 35.199 36.829

1.000 39.951 32.022 34.542 35.499 36.019 38.085

Babala (512×512)

0.25 27.086 24.519 24.412 25.084 25.393 25.508

0.500 30.847 26.605 26.995 27.831 27.993 28.153

0.75 33.542 28.36 29.326 30.157 30.481 30.752

1.000 35.82 29.147 30.443 31.57 32.026 32.418

Baboon (512×512)

0.25 22.804 21.599 21.602 21.773 21.987 22.001

0.500 25.041 23.393 23.464 23.887 23.946 23.959

0.75 27.081 24.497 24.63 25.285 25.367 25.385

1.000 28.550 26.256 26.506 27.016 27.152 27.172

Pepper (512×512)

0.25 33.037 28.568 29.649 30.365 30.674 30.104

0.500 35.554 30.446 31.837 32.828 33.385 32.297

0.75 36.678 31.671 33.107 34.297 35.181 33.569

1.000 37.638 31.908 33.554 34.896 35.926 34.069

Boat (512×512)

0.25 30.34 27.368 27.946 28.443 28.585 28.684

0.500 33.738 29.138 30.609 31.34 31.673 31.838

0.75 36.349 29.964 31.96 33.024 33.524 33.779

1.000 38.271 30.974 33.484 34.615 35.37 35.772
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2) ²©¯a5ÿÁ
�
ÿÁ²©¯a5, ²©ã�ØÓ ��

�����ÀÑ5, ,�Ú 1 ?1É½$�. ù�
�?U��ã��Ó����\��Ø . ü�
�©S�Å '�, O� bit Czz©'. 3·�
�¢�¥, ©OÀJ
�þ�!me�Ú�Å 
� (197, 339) n���. bit Cz²þz©'�3
L 3 Úã 5 ¥. 3¤k�Ø 'ÚK�e, §��
�Ñ�C 50%. ùL²�©é²©´�~¯a�.

L 2 Lena ã (512×512) ���¯a5ÿÁ

CR\δ 1 32 128 256 512

0.25 50.092 50.015 50.246 49.910 49.646

0.375 50.047 49.877 50.323 49.994 49.727

0.500 50.054 49.976 50.258 49.939 49.756

0.625 50.032 49.986 50.159 50.102 49.743

0.75 50.030 50.014 50.112 50.128 49.838

0.875 49.987 50.050 50.101 50.146 49.846

1.000 50.019 50.068 50.072 50.122 49.843

0.2
49.70
49.75

50.00

50.25

50.50

0.4 0.6

CR

比
特
变
化
率

0.8 1.0

δ 1 δ 32 δ 128 δ 256 δ 512

ã 4 Babala ã (512×512) ���¯a5ÿÁ

¯a5ÿÁL², �©S�é��Ú²ãÑ´
�~¯a�, =ù´���Cz. é��Ú²ã�
p¯a5U
éÐ/-|�©ôÂÚ�5©Û.

4.4 \\\������)))������ÝÝÝ

3�©JÑ��{¥, ¤k��ÅXêò�6
Ï�g, 
�k@
�u�u�½K� δ �Xê�
UC�g. ¢�¥'u�Ý5U�'�(J�3
L 4 ¥. L¥�Ñ
�{3ØÓ�K� (δ) ÚØ 
' (CR) e\��Ø 'éo�m (Total, §�)�
Å©)�m!\��m±9Ø ?è�m)!\�
�m (Encryption) ±9\��mÓ���{�m�
z©' (Encry/Total). ¢�êâL²:

1) 3�½�K�e, �XØ ' CR �O�, o
�Ñ��ÅìO\
\��mA�ØC. ù´Ï�,
�Ø 'O��, Ø ©�¥I£z���&E¤

I� bit ê�O\
, ÏdØ ?è��m��O
\; 
\��mØC´Ï�, \�u)3Ø �c,
\���ÅXê��K� δ k'.

2) 3�½�Ø 'e, �XK� δ �O�, o
�Ñ�Ú\��mÑ3~�. ù´Ï�, 3�½�
Ø '�e, Ø ?è��mA�ØC; 
�XK
��O�\��Xê�ê~�, Ïd\��m~�,
l
�Úåo��m�~�.

L 3 Babala ã (512 × 512) �²©¯a5ÿÁ

CR\δ 1 32 128 256 512

0.25 50.065 50.160 49.976 49.897 49.772

0.375 50.066 50.084 49.940 49.892 49.860

0.500 50.095 50.101 49.979 49.955 49.951

0.625 50.100 50.020 49.935 50.001 49.939

0.75 50.110 50.006 49.905 50.038 49.978

0.875 50.133 50.012 49.909 50.017 49.964

1.000 50.146 49.986 49.934 50.007 49.978

0.2
49.70
49.75

50.00

50.25

50.50

0.4 0.6

CR

比
特
变
化
率

0.8 1.0

δ 1 δ 32 δ 128 δ 256 δ 512

ã 5 Lena ã (512×512) �²©¯a5ÿÁ

3) \��mÓ���{�m��éz©'þ
�u 50%, ù¿�X\��mØ¬�LØ �m.

SPIHT Ø   � { � � Ý � ~ ¯ [10,20], �
{ ä k d 3 � � Ý ` ³, ¤ ± ù � � { �
� 
 2 � / A ^. 5 ¿, � © ¦ ^ 
 SPIHT
� { J Ñ ö Amir Said, Pearlman � < 3 �
Õ http://www.cipr.rpi.edu/research/SPIHT þ J ø
� MATLAB �è, �Ü¢�´3 MATLAB �¸
e¢y�, ¿vk?1û�^���è`z. Ïd,
L 4 ¥����mÑ�. �3é�'�è?1`
z�, é�� 512×512 � 8 bit �Ýã�, Ù SPIHT
Ø �m��Ñ�ò á� 0.64 s[20,Table 1], (
Ü © � L 4 ¥ � Encry/Total, � © � ' é � {
= ¦ 3 CR=1, δ = 1 � Ù � ¤ � m � ò � $
u 1 s(0.64/(1 − 0.2135) ≈ 0.84 s). d	, du�
Ì¤�, �©��Ñ
 Lena ã�¢�(J. ,
,
éuÙ¦ã/�k�q�(J.
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L 4 \��mÓ\��Ø 'éL§o�m��éz©' (%)

K� δ �m
Ø ' CR/bpp

0.250 0.375 0.500 0.625 0.750 0.875 1.000

1
Total/s 5.657 6.308 8.089 9.879 8.287 10.013 12.294

Encryption/s 2.593 2.578 2.546 2.875 2.453 2.484 2.625

Encry/Total/% 45.837 40.867 31.476 29.103 29.601 24.807 21.352

32
Total/s 3.491 4.068 6.175 6.439 7.091 9.152 8.838

Encryption/s 0.642 0.643 0.655 0.658 0.659 0.659 0.69

Encry/Total/% 18.392 15.806 10.607 10.219 9.293 7.201 7.807

128
Total/s 2.518 3.095 3.547 4.446 5.407 5.789 7.806

Encryption/s 0.391 0.39 0.375 0.391 0.406 0.393 0.406

Encry/Total/% 15.531 12.601 10.572 8.794 7.509 6.789 5.201

256
Total/s 2.250 2.689 3.500 4.424 5.122 5.170 6.473

Encryption(s) 0.328 0.312 0.343 0.327 0.343 0.326 0.343

Encry/Total/% 14.579 11.601 9.801 7.392 6.696 6.305 5.299

512
Total/s 2.078 2.648 3.641 4.159 4.614 4.834 6.195

Encryption/s 0.296 0.294 0.295 0.296 0.312 0.295 0.312

Encry/Total/% 14.244 11.103 8.103 7.117 6.762 6.103 5.036

L 5 �©�{�©l�{'�

CR
PSNR/dB \��mÓo��m'/%

�©�{ (δ = 512) JPEG+AES JPEG+[20] �©�{ (δ = 512) AES/(JPEG+AES) [20]/(JPEG+[20])

0.250 31.988 29.059 29.059 14.244 13.017 22.011

0.500 34.891 31.276 31.276 8.103 8.207 18.094

1.000 38.085 38.062 38.062 5.036 10.237 20.374

4.5 ���DDDÚÚÚ���ØØØ   \\\������{{{'''���

�
�DÚ�Ø �\�©l�{'�. �©
æ^IO� 512×512 �� 8 bit �Ýã� (Lena ã),
�Ñ
�©JÑ�'é�{ÚDÚ�Ø  (JPEG)
�\� (AES) ©l�{ (L 5 ¥P� JPEG+AES),
±9 JPEG \©z [21] ¥�\��{ (L 5 ¥P
� JPEG+[20]) �¢�(J, XL 5 ¤«.

¢�(JL², �Ø '�p�, �©�{­
�ã��þ`u©l�{ (JPEG+AES, JPEG+[20]).
ùÌ�´du JPEG Ø ¥�lÑ{uCz©¬�
AÚå; 
3Ø '�$�, �©JÑ��{\�
¤s�mÓ���{�m�'~$u©l�{¥

\��mÓ���{�m�'~. ùÌ�´Ï�©
l�{Ié��Ø ?è 6?1\�, 
�©�
�{��â�½�K�ÀJÜ©Xê?1\�.

5 ( Ø

�
�oõxN&ESN, �©ïÄ
Ø 
�c�\���U5. AO/, 3·���{¥,
�ÅXê��Ï
, ¿?1
ÀJ5/\�. ¢
�(JL², �©JÑ��{¢y
�{�S�
5!­�ã��Àú�þ±9Ø '�m���
éÐ�ò©.
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Abstract
A joint of image encryption and compression is investigated, and a novel joint encryption and compression scheme is proposed.

In our scheme, the encryption process is performed before compression. Making use of the properties of discrete wavelet transform
(DWT) and Set Partitioning in Hierarchical Trees (SPIHT) coding, confusion is restricted to the interior of single subband image itself
and so image details are retained. Furthermore, diffusion preserves the two most significant bits (MSBs) and the sign bit, which contain
important information about the image. The experiments show that the proposed algorithm possesses a good visual quality of the
reconstructed image and a high encryption speed.

Keywords: cryptography, compression, discrete wavelet transform (DWT), set partitioning in hierarchical trees
(SPIHT)
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