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÷*!¢�!Ä��êâ, ���~�
ó�
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iÿ�¢�5. ü���aêâk�Ø
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êâ�nÜ$^. ��?KÜU
¿©A^�©
êâ¥�&Eþ, nÜ8¤õ�a&E�`:,
¦�Uõ��±ã���©&E, ¼��p�þê
â, Ïd��?KÜ��´�a&E?nïÄ�9
:.HIS C�KÜ�{�±Jpã���m[!&
E, �´1Ì&E�ý��î. HIS C� [1] Ú�
ÅC� [2−4] ´8c�Ú (PAN) Úõ1Ìã� (MS)
��?KÜïÄ¥^��õ��{. �ÅC��{
�±�yã��1Ì&E���Ð��3, ��m
&E'�"y. �d, éõÆöæ^ HIS C�(Ü
�ÅC���{é�aã�?1KÜ [5−7], ¦�m

&E�1Ì&EÓ���Uõ. p$ªXêKÜ5
K´ HIS �ÅC��Ø%, ïÄö�JÑ
�«Ø
Ó�KÜ5K, ù
KÜ5K�k`:, Ïd, XJ
éõ«ØÓ�KÜ5KKÜ��(J?1`z|
Ü, �±?�ÚJpKÜã���þ.

õ 8 I â f + ` z (multi-objective particle
swarm optimization, MOPSO)[8−10] �{´|^õ
�8I¼ê��ïþIO, éõ�ëê?1`z,
¦õ�8I¼êÓ����`��ZG�. �©
± HIS C�Ú�ÅC��(Ü� HIS �ÅKÜ�
{�Ä:, Äk©Û
�Å©)�p$ªXê�Ô
nA:, ±QU³�D(qU¿©J�ã��[!
&E��K, JÑ
�«Äu��pd�©�pª
XêKÜ5K, 3pªXê�KÜL§¥¿©�Ä

pª[!&EÚD(&E3��5þ��É; ,
�, �épªKÜ5K�õ�5JÑ
�« HIS �
Å(Üõ8I`z�KÜ�{, ±õ«ØÓ�KÜ
(Jµd�I�Eõ8I¼ê, Äu MOPSO éõ
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«ØÓKÜ5K���(Jã�?1`z\�|
Ü, ¢�(Jy²
T�{�k�5.

2 HIS (Ü�ÅC���ÚÚõ1Ì
ã�KÜ�{

HIS (Ü�ÅC�� PAN Ú MS ã�KÜ�
{��©�±eA�Ú½: Äk, ò MS ã��

ù!7ÚÉn���1Åã?1 HIS C�; é MS
ã�� I ©þÚ PAN ã�©O?1ü��ÅC
� [11]; é¤kpª©þÚ$ª©þU�½�KÜ
5K?1KÜ, �� I ©þ#�pª©þÚ$ª©
þ; òKÜ��pª©þÚ$ª©þ?1_�ÅC
�, ����#� I ©þ; #� I ©þÚ�5� H
Ú S �å²L HIS _C���KÜã�. ��KÜ
L§Xã 1 ¤«.

ã 1 HIS �ÅC��ã�KÜ6§ã

3þã�Ú½¥, �Ì��´pª©þÚ$ª
©þ�KÜ5K. e¡Äk0�ã���Å©)Ú
�, ,�:0�pªXêÚ$ªXê�KÜ5
K.HIS C�9_C�ë�©z [1].

2.1 ããã���������ÅÅÅ©©©)))

�Å�d��½Â3k�«m�¼ê Ψ (x)
5�E, Ψ (x) ¡�1�Å, ½ö��Ä��Å.
é Ψ (x) ?1 �Ú²£�, ���|�ÅÄ¼

ê {Ψa,b (x)}, ¡ Ψa,b (x) =
∣∣∣∣ 1√

a

∣∣∣∣ Ψ

(
x − b

a

)
�ë

Y�Å, Ù¥ a �?1 �� �ëê, �NA½
Ä¼ê�°Ý (½ö��ºÝ), b �÷ x ¶²£�
ëê. ¼ê f (x) ±�Å Ψ (x) �Ä�ëY�ÅC�
½Â�¼ê f (x) Ú Ψa,b (x) �SÈ

Wf (a, b) = 〈f, Ψa,b〉

=
∫ +∞

−∞
f (x)

1√
a
Ψ

(
x − b

a

)
dx. (1)

é a, b ?1lÑz, � a = 2i Ú b = ka, ��lÑ
�ÅÄ¼ê Ψi,k (x) = 2−i/2Ψ

(
2−ix − k

)
, Ù¥, k

�²£ëê, i � �Ïf. éA��ÅC��l
Ñ�ÅC�. �¢y��ã��¯�©)Ú�,
1989 c, Mallat[2] JÑ
lÑ�ÅC��¯�©)
Ú��{, ^ H($Ï) Ú G(pÏ) ü���º�

ÈÅì¢yã� Cj �lÑ�Å©), ©)úª�

Cj+1 =HrHcCj , D1
j+1 = GrHcCj ,

D2
j+1 =HrGcCj , D3

j+1 = GrGcCj ,
(2)

Ù¥ j L«ã��ºÝ, Hr, Hc ©OL«$ÏÈ
Åì�^3ã��1Ú�þ, Gr, Gc ©OL«pÏ
ÈÅì�^3ã��1Ú�þ, Cj+1, D1

j+1, D2
j+1

Ú D3
j+1 ©OéAã� Cj �$ª¤©!R���

þ�pª¤©!Y²��þ�pª¤©Úé��
�þ�pª¤©. ��éA���ã�� Mallat 
��{�

Cj =H∗
r H∗

c Cj+1 + H∗
r G∗

cD
1
j+1

+ G∗
rH

∗
c D2

j+1 + G∗
rG

∗
cD

3
j+1, (3)

Ù¥ H∗, G∗ ©O´ H Ú G ��Ý=�Ý
.

2.2 ������ªªªÇÇÇ������KKKÜÜÜ555KKK

é Pan ã�Ú MS ã�� I ©þ²L N ��
�Å©), �©O���A�pªXêÚ$ªXê.
�e5Ò�3üö�õ©EÇ©)¥ÀJz��
pªXêÚ$ªXê, ��KÜ� I ©þ�õ©E
Ç©). �ÅC��$ª&EÌ��¹
ã���
NVm, pª&EÌ��¹
>�Ú[!�A�,
�
3Ü¤ã�¥�3�ã�3ØÓªÇ��w
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ÍA�, 3ØÓ�ªÇ�$^ØÓ�KÜ5K.

2.2.1 $ªXê�KÜ5K
8c, $ªXêKÜ5K�~^��\�²þ

{ [12], L«�

CF (pn) = ωMSCMS (pn) + (1 − ωMS)CPAN (pn) ,

(4)
Ù¥ CMS(pn) Ú CPAN(pn) ©O� PAN ã�Ú MS
ã��$ªXê, éu PAN ã�Ú MS ã��K
Ü, $ªÜ©�KÜ�¿©�Äõ1Ìã�, ¦�
Uõ/�3§�$ªÜ©.

2.2.2 pªXê�KÜ5K
8c, pªXê�KÜ5Kk4��ÀJ{!

V\{!��O�{ÚÄu>�uÿ�KÜ5
K [7,12,13] �. Äu>�uÿ�KÜ5KU¿©J
� PAN ã�¥pª[!&E, ´8cpª©þK
Ü�Ð�ÀJ. ã�KÜ¥~^�>�uÿ�f,
X Sobel �f [7] 9©z [12] Ú [13] ¥�>�uÿ
�f, Ñ´éã�?1ØÓ������©, ±�
����FÝ&E²�Ú��uÿ(J.

þãpªXêKÜ5K3J�pª&E�, é
J;�D(:�ØÀ, ��D(:���[!&E
ÀJ�, Ò¬~� I ©þg��pª[!&E, l
3_C��¬îK�KÜ(Jã�. XÛ3¿©
J� PAN ã�¥pª[!&E�Ó�, ~�D(
:�K�´pªXêJ��7L�Ä�'�¯K.

pªXêäkXeÔnA:: pª�>�[!
&EÑäk��5, D(Ñ´±�á:�/ª�
3Øäk��5. �âTA:, /� Canny �f [14]

�g�, 3pªXêKÜL§¥æ^pd���©
J�ã��pªA�þ, 3¿©J� PAN ã�¥
pª[!&E�Ó�, ~�D(:�K�.

� MS ã�� I ©þÚ PAN ©þ² N ��
Å©)�pªXê©O� DMS (pn) Ú DPAN (pn),
1 6 n 6 3N . ��pd¼ê

G =
1

2πσ2
exp

(
− x2 + y2

2σ2

)
éA�pd���©�

∂G

∂x
= kx exp

(
− x2

2σ2

)
exp

(
− y2

2σ2

)
,

∂G

∂y
= ky exp

(
− y2

2σ2

)
exp

(
− x2

2σ2

)
,

(5)

Ù¥, σ ´pd¼ê�©Ùëê.

½Âã��pªA�þ

E(pn) =
(

∂G

∂x
∗ DPAN(pn)

)2

+
(

∂G

∂y
∗ DPAN(pn)

)2

,

EMS(pn) =
(

∂G

∂x
∗ DMS(pn)

)2

+
(

∂G

∂y
∗ DMS(pn)

)2

,

(6)

Ù¥ ∗ ÒL«òÈ. ÀJ E ���pªA�þ��
KÜ� I ©þ�pªXê, ù�ÒU3KÜã�¥
��§Ý��3�ã��>�&E, KÜ¼êL�
Xe:

DF(pn) = ωMSDMS(pn) + ωPANDPAN(pn), (7)

Ù¥

ωMS =

1, EMS(pn) > EPAN (pn) ,

0 Ù¦,

ωPAN = 1 − ωTM, DF(pn) �KÜ��pªXê.

3 HIS �ÅC�(Ü MOPSO �KÜ
�{

HIS �ÅC�KÜ�{¥, æ^ØÓ�p$ª
XêKÜ5K, ½öÓ�´Äu>�uÿ�KÜ5
K, �>�uÿ�fØÓ, ¤��(J�k`:. Ï
d, XJéõ«ØÓ�KÜ5KKÜ��(J?1
`z|Ü, �±?�ÚJpKÜã���þ. HIS
�ÅC�(Ü MOPSO �KÜ�{�g´Ò´é
ü«æ^ØÓKÜ5K� HIS �ÅC�KÜ(J
ã� Fus1 Ú Fus2 \�|Ü

Fus(i, j) = ω1Fus1(i, j) + ω2Fus2(i, j), (8)

Ù ¥, Fus � ( J ã �, i, j � é A � � : � �
I. ÏLõ8Iâf+`z�{(½�`\�X
ê W = (ω1, ω2), Ù¥ 0 6 wt 6 1, t = 1, 2. dué
ØÓ���ã�A^T�{���(JØÓ, ¤±
éã�?1©¬?n, ¬��� 35× 35 [10]. �{6
§Xã 2. õ8I`z´T�{�'�Ü©, e¡k
0�ã�KÜ��*µd�IÚ PSO �{�n, ,
�X0�TKÜ�{¥� MOPSO �¢y.
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ã 2 HIS �ÅC�(Ü MOPSO �ã�KÜ6§ã

3.1 ããã���KKKÜÜÜ������***µµµddd���III

8cïþKÜ(Jã��� MS ã�Ú PAN
ã��m�'5��*µd�I'�õ, ~^��
*µd�I�)þ�!&E�!���!²þF
Ý!�'Xê!IO �!�ÅUþ!IO�!
þ��Ø�!&D'� [15]. e¡0�~^�o«
µd�I: �'Xê (CC)!¸�&D' (PSNR)!
²þFÝ� (Grad) Úþ��Ø� (RASE).

�'Xê

CC(Fus,PAN) =
M∑

m=1

N∑
n=1

(Fusn,m − F̄us)(PANn,m − ¯PAN)

M∑
m=1

N∑
n=1

(Fusn,m − F̄us)2(PANn,m − ¯PAN)2
, (9)

^5ïþ(Jã�Ú� PAN ã���m©EÇ
��'5, ���, �� PAN ã���'5Ò�
�, Ù¥, M , N ´�¬ã��1êÚ�ê, Fus,
MS Ú PAN ©O´�ª(Jã�!� MS ã�Ú
� PAN ã�. F̄us Ú PĀN ©O�KÜ(Jã�Ú
�Úã�éAã�¬¤k����þ�.

¸�5D'

PSNR(Fus,MS) = 10 log
2552

RMSE2 , (10)

^5ïþ(Jã�Ú� MS ã��1Ì�þ, ��
�, �3�1Ì&EÒ�õ.

²þFÝ�

Grad =
1

M ∗ N

M∑
i=1

N∑
j=1

√
∆I2

x + ∆I2
y

2
, (11)

�N
�m[!&E, Ù¥, M , N L«ã��
°ÝÚpÝ, ∆Ix = f (i + 1, j) − f (i, j), ∆Iy =
f (i, j + 1) − f (i, j), f(i, j) L«ã�¥éA� i

1 j ����. FÝ���, L²ã��[!&E
�´L, ã��Ò��ß.

þ��Ø�

RASE =
100
L

√√√√ 1
K

K∑
k=1

RMSE2(k), (12)

�N
1Ì&E, Ù¥, K L«� MS ã��1Ì
Åãê, L L«� MS ã�� K �1ÌÅã�þ
�, RMSE L«���

RMSE =

√√√√ 1
M ∗ N

M∑
i=1

N∑
j=1

(F (i, j) − MS (i, j))2,

(13)

Ù¥, M , N L«ã����, F L«KÜ�(J
ã�, MS �õ1Ìã�. RASE �N
KÜã��
� MS ã��1Ì�C§Ý, ���, `²�3�
1Ì&E�õ.

3.2 PSO ���{{{���ÄÄÄ������nnn

â f + ` z � { (PSO)[8] ´ Eberhart
Ú Kennedy Ä u j + �   1 �  J Ñ �. PSO
¥, z�`z¯K�)aqu|¢ �m¥��
� j, ¡ � � “â f”, z � â f k ü � A � þ:
�ÝÚ �. PSO Ð©z� D �8I|¢�m
¥��+�Åâf, ,�ÏLâf�ÝÚ �
� S � é � � ` ). � m � â f � ¤ � � +
N, Ù¥1 i �âf� ��L«� D ��¥
þ Zi = (Zi1, Zi2, · · · , Zid, · · · , ZiD). âf i ��
1�Ý� vi = (vi1, vi2, · · · , vid, · · · , viD), âf i �
�N�` �� Pi = (Pi1, Pi2, · · · , Pid, · · · , PiD),
� � â f + î 8 � � | ¢ � � � Û � `   �
� Pε = (Pε1, Pε2, · · · , Pεd, · · · , PεD), zgS�¥,
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âf i ÏL�l Pi Ú Pε ü�4�, �#gC��
ÝÚ �

vk+1
id =wvk

id + c1γ1(Pid − Zk
id)

+ c2γ2(Pεd − Zk
id), (14)

Zk+1
id =Zk

id + vk+1
id , (15)

Ù¥ i = 1, 2, · · · ,m, d = 1, 2, · · · , D, w ´�±Ä
�?U��, k ´S�gê, γ1 Ú γ2 � [0, 1] �
m��Åê. c1 Ú c2 �ÆSÏf, �¡\�Ïf,
Ù¦âfäkg·o(Ú�+N¥`D�NÆS
�Uå. d	�Ý vi ���� vmin—vmax,  � Zi

������ Zmin—Zmax.

3.3 ããã���KKKÜÜÜ���õõõ888IIIâââfff+++`̀̀zzz

éüÌKÜ(Jã� Fus1 Ú Fus2 \�|Ü�
8�´�
¦õ��*µd�I�`, l���
Ð�KÜ(Jã�, Ù¢�´��õ8I`z¯K.

± 3.1 0��o«µd�I�~5`². Ø

RASE, Ù¦n��IÑ�ÅãÃ', �, Ñ´
���, L«KÜ(J�Ð, �±���©�{¥
�8I¼ê.

b½KÜL§¥, ÀJÙ¥� m �µd�
I F (W ) = (f1(W ), f2(W ), · · · , fm(W ))T ��
8I¼ê, K (7) ª¥�`\�Xê�(½�±L
«�Xe��åõ8I`z¯K:

max
W

F (W ),

s.t. 0 6 wt 6 1, ∀ t
(16)

±�(½� W ��âf� � Z, ^âf+`
z�{¦)T8I`z¯K. (14) ªÚ (15) ª Z

^ W �O. 3�{�z�gS�¥, Ñ¬�â (14)
ª)¤��#��Ý v, ¿�â (15) ª5�#éA
âf� � W , ,�^ (8) ª�)#�KÜ(Jã
� Fus, ¿O�#�8I¼ê.

âf+�{^u`z¯K�'�´XÛ(½
z��N�ÛÜ�` � Pi Ú��âf+��Û
�` � Pε. ¢S¯K¥Ï~Ø�U¦¤k�8
IÓ����`z, Ïdõ8I`z¯KÏ~Ãü
���`), ´�N��OK��|`z), =
ò©), ½¡ “Pareto )”[9].

� W k
i L«1 i �âf1 k gS����

� (âf� �), fji L«zgS��1 i �âf�
1 j �8I¼ê�ÛÜ�`¼ê�. �
Bu£ã,
aq©z [9], k�Ñ 3 �½Â.

½Â 1 W k
i ÛÜ�`

XJé¤k j = 1, 2, · · · ,m, þ�3 fj(W k
i )

> fji, ���k��÷v fj(W k
i ) > fji, K¡ W k

i

ÛÜ�`.

½Â 2 Ó`Ú`u
X J é ¤ k 8 I, x1 Ø ' x2 �, ½ é ¤

k j = 1, 2, · · · ,m, þ�3 fj(x1) > fj(x2), �
��k��÷v fj(x1) > fj(x2), K¡) x1 `
u x2, ½ x2 � x1 Ó`.

½Â 3 ��)Ú Pareto )
éu)8 Xd = {Xd(1),Xd(2), · · · ,Xd(n)},

XJ Xd(p) ∈ Xd Ø� Xd ¥Ù¦?�)Ó`, K
¡ Xd(p) �����)½ Pareto ).

�k��	ÜPÁN�� Pareto )8 PF∗, â
fê� N . zgS��, (½ Pi Ú Pε ��{äN
L§£ãXe.

Ú½ 1 éz�âf i, i = 1, 2, · · · , N , E
XeL§:

�#z�âf i �ÛÜ�`��

Pi =

W k
i , W k

i ÛÜ�`,

Pi, Ù¦.
(17)

(½�g)8

Xd(i) =

W k
i , W k

i ÛÜ�`,

ϕ, Ù¦.
(18)

�#z�8I¼ê�ÛÜ�`�

fji =

fji(W k
i ), W k

i ÛÜ�`,

fji, Ù¦.
(19)

�#z�8I¼êéA��âf+��Û�
`�

PBESTj =

fji(W k
i ), fji(W k

i ) 6 PBESTj ,

PBESTj , Ù¦.

(20)

Ú½ 2 é i = 1, 2, · · · , N , �â½Â 2 Ú 3,
l�g)8 Xd ¥é� Pareto )8

PF(i) =

Xd(i), Xd(i)´ Pareto ),

ϕ, Ù¦.
(21)

Ú½ 3 é i = 1, 2, · · · , N , �#	Ü��
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� Pareto )8

PF∗(i) =



PF(i), PF(i)Ø��PF∗

¥?¿)Ó`,

PF∗(i), PF∗(i)Ø�PF

¥?¿)Ó`,

ϕ, Ù¦.

(22)

Ú½ 4 ý�� Pareto )AT´z�8I¼ê
Ñ�u�Û�`��âf, �
¦�UÂñ�ý�
� Pareto c÷, é�Û Pareto )8 PF∗ ¥�éz
�âf, O�·A�

d(i) =
m∑

j=1

(fj(PF∗(i)) − PBESTj)2, (23)

Ù¥, m L«8I¼ê�ê, d(i) L«3�Û Pareto
)8 PF∗ ¥�1 i �âf�¤3 ��·AÝ. À
J d(i) ��� Pareto )����âf+��Û�
` �, = t = argi min d(i), Pε = PF ∗(t).

4 ¢�(J�©Û

éØÓ«�®²�O� 512 × 512 �õÌ MS
Ú Spot �aã�, �ü��¡�KÜ¢�ïÄ, 5
�y�©�{�k�5. ã�êâ5u©z [16]
g��1�.

¢� 1 �{k�5�y
æ^ Mallat �Å, HIS-Mallat KÜ¥pªX

êKÜ5K©Oæ^©z [13] �pªFÝ²�
ÚKÜ5KÚ�©JÑ�pd���©KÜ5
K, ü« HIS-Mallat KÜ(J MOPSO `zL§
¥±�'XêÚ¸�&D'�`z8I. KÜ(
JXã 3(c)—(e) ¤«, ã 3(c) ´ HIS-Mallat C�
¥æ^pªFÝ²�ÚKÜ�(J, Ù¥ã 3(d)
´ HIS-Mallat C�¥æ^pd���©KÜ�(
J, ã 3(e) ´��`z�(J.

lã 3 �±wÑ, ²LKÜ�, (Jã���
ÝÑO\
, Àú�JÑÐu� MS ã�, 1Ì&
E'� PAN ã�´L. �l(Jã¥Ã{���
ä=«�{�`. �
��*/µd(J, I�O
�µd�I. 3O�¸�&D'c, ÄkéüÌ�
KÜ�ã�?1.Ê.dÈÅ [10], 3 × 3 ���
� lap = {−1,−1,−1;−1, 8,−1;−1,−1,−1}.

(a) (b)

(c)(d)

(e)

ã 3 ØÓKÜ�{�(Jã� (a) � MS ã�; (b)
� PAN ã�; (c) HIS-Mallat(FÝ²�Ú) KÜ(J; (d)
HIS-Mallat(p d � � � ©) K Ü ( J; (e) HIS-Mallat (
Ü MOPSO KÜ(J

L 1 ØÓKÜ�{�(J5U'�

KÜ�{ RASE Grad CC PNSR

HIS-Mallat(FÝ²�Ú) 0.3762 0.6322 19.1681 27.3799

HIS-Mallat(pd���©) 0.3730 0.6449 19.2546 26.2633

MOPSO KÜ 0.3640 0.6572 19.4962 25.9142

L 1 �Ñ
KÜ(J� RASE!�'Xê!¸
�&D'Ú²þFÝ. RASE Ú¸�&D'�N

1Ì&E, RASE ��1Ì&E�Ð, ¸�&D'
��1Ì&E�Ð; �'XêÚ²þFÝ�N
�
m&E, �'Xê��L«�� PAN ã���m
&E��C, ²þFÝ��L«ã�4<wX��
ß. lL 1 �±wÑ, HIS- �Å(Ü MOPSO �(
J RASE ��� PNSR ��, �'Xê���²þ
FÝ=Ñ�uÙ¦�{, `²T�{31Ì&E�
�3Ú[!&E�J��¡�`uÙ¦�{; lü
« HIS �ÅKÜ(J5w, pªXêæ^pd��
�©KÜ�(J���I��`upªFÝ²�
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ÚKÜ�(J=²þFÝÑ�.
¢� 2 �{°�5ïÄ
�
�y�{�°�5, ©n��¡5?1

ïÄ, �´¢�ã��¢��ØÓ, �´ HIS �
Åæ^ØÓpªKÜ5K��(J�ØÓ|Ü`
z(J'�, n´ MOPSO ¥8I¼ê�êØÓ
�(J'�. HIS-Mallat ¥^��ØÓpªXê
KÜ5K�FÝ²�ÚÚ!«���Úpd��
�©KÜ5K, éùn« HIS-Mallat (J©OÀ

^ü�8IÚn�8I?1üü|Ü`z. ü�
8I´CCÚPNSR, n�8I´ CC, PNSRÚGrad.
MOPSO �{�Ð©ëê w, c1, c2, vmin, vmax, Zmin

Ú Zmax, éÙÐ©z� 0.65, 1, 1, −1, 1, 0 Ú 1; â
f+�� POPSIZE ÚS�gê MAXITER, ©O�
�� 15 Ú 40.

ã 4 �Ñ
¢�(J. lã 4 �±�Ñã 3 �
��(Ø. �
�*µd(J, L 2 �Ñ
��µ
d�I�.

(a) (b) (c) (d)

(e) (f) (g)

(i) (j) (k)

(h)

ã 4 HIS �Å(Ü MOPSO KÜ�ØÓ`z|Ü(J (a) � MS ã�; (b) � PAN ã�; (c)HIS �Å (FÝ²�
Ú); (d)HIS �Å (pd���©); (e)HIS �Å («���); (f) V8I MOPSO(FÝ²�Ú + pd���©); (g) V8
I MOPSO(FÝ²�Ú + «���); (h) V8I MOPSO(pd���© + «���); (i) n8I MOPSO(FÝ²�
Ú + pd���©); (j) n8I MOPSO(FÝ²�Ú + «���); (k) n8I MOPSO(pd���© + «���)

L 2 HIS �Å(Ü MOPSO KÜ�ØÓ`z|Ü(J5U'�

KÜ�{ RASE Grad CC PNSR

HIS �Å (FÝ²�Ú) 0.1836 37.7770 0.2875 16.5855

HIS �Å (pd���©) 0.1775 36.3099 0.3008 16.8649

HIS �Å («���) 0.1865 37.3713 0.2887 16.4496

ü8I MOPSO(CC/PSNR)
FÝ²�Ú + pd���© 0.1770 36.3055 0.3020 16.9170

FÝ²�Ú + «��� 0.1833 37.2913 0.2906 16.6126

pd���© + «��� 0.1783 36.0955 0.3026 16.8510

n8I MOPSO (CC/PNSR/Grad)
FÝ²�Ú + pd���© 0.1821 37.4232 0.2903 16.6716

FÝ²�Ú + «��� 0.1838 37.6953 0.2881 16.5864

pd���© + «��� 0.1847 37.0836 0.2915 16.5491
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lL 2 �wÑ, Òn« HIS �Å�{�',
HIS �Å (pd���©) � RASE ���PNSR�
�, �'Xê���²þFÝ=Ñ�uÙ¦ü«
�{, ¤±5U�`, ,	ü«�{5UØ�þ
e. n« HIS �Å�{ØÓ�|ÜéA�ü8
I MOPSO 5Uþ`uüÕ� HIS �Å�{, `
²�©�{éu HIS �Åæ^ØÓpªKÜ5
K��(J�ØÓ|Ü`zäk�½�°�5.
¤k�n8I MOPSO 5UK´0u¤|Ü�ü
« HIS �Å�{�m, `²n8I MOPSO ØXü
8I MOPSO, �{éu8I�ê�°�5��.

5 ( Ø

�©Ì��
ü�¡�ó�, ��¡´l�Å
C��ã��p$ª©þÔnA5©ÛÑu, ±�

Ð�3�õ1Ìã�[!&E�8I, é HIS �
ÅC��{�pªXêKÜ5K�
U?, JÑ

pd���©pªXêKÜ5K, ¢�(JL²
U?� HIS �Å (pd���©) �{Ñ`uÙ¦
� HIS �Å�{, X HIS �Å (FÝ²�Ú) Ú HIS
�Å («���). ,��¡, �épªKÜ5K�
õ�5JÑ
�« HIS �Å(Üõ8I`z�K
Ü�{, Äu MOPSO éõ«ØÓKÜ5K���
(Jã�?1`z\�|Ü, ¢�(JL²T�{
éØÓpªKÜ5K�|Ü`zäk�½�°�
5, ¿�ü8I`z�, �{U×�¿k�/ÓP
����`), �� Pareto c÷, (J3k�J�
�m[!&E�Ó�, éÐ/�3
1Ì&E, �
T�{�õ8I`z¦)�{I?�ÚïÄ, ±J
p�{é8I�ê�°�5.
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Abstract

Effective fusion method of remote sensing multispectral and panchromatic image must ensure maximizations of spectrum and

space information. Using the fusion algorithm framework with combining HIS transformation and wavelet transform (HIS-wavelet),

in this paper we propose a new method to extract high frequency coefficients and a new multispectral and panchromatic image fusion

method by using multi-objective particle swarm optimization (MOPSO) algorithm. According to the physical characteristics that the

edge information in the high frequency has the nature of direction and noise points in the high frequency are generally isolated, a

high frequency coefficient extraction method based on Gauss first order differential is proposed. The final resulting image is optimally

combined by two images obtained by using different fusion rules in HIS-wavelet. Multiple fusion evaluation indicators are used as

object functions and the MOPSO algorithm is used to find the optimal weights. The experiments on TM multi-spectral image and

SPOT panchromatic image are carried out. Experimental results demonstrate that the improved method has a better improvement

in spectral and spatial information. At the same time, the resulting image which is obtained using MOPSO algorithm has obvious

advantages in retaining the spectral information and the spatial information is also greatly improved.

Keywords: remote sensing image fusion, wavelet transformation, extraction of high frequency coefficients, multi-
objective particle swarm optimization algorithm
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