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1 Ú ó

Ü¤�»X� (synthetic aperture radar, SAR)
´�«ÌÄª�Å�aX�, äkp©EÇ!�U
�!�Uÿ!Bß5r!CX¡È��A:. SAR
ã�®²2�A^u�¯�	!�Â8Iµ�!
/�Ú¶�]t&!/�µ�!°�iÿ!/
/ÿ±!Ü��¸iÿÚà�Bc)�G¹i�
� [1−8].

SAR ÏLu��Z>^Å, �Â5g/Ô8I
���£Å?1¤�, ¤± SAR ã�¥�3X�
Z�D(. �Z�D(îK�
 SAR ã��?
�ÚmuA^. V>ÈÅ [9] ´�«��ÈÅÚ�
�ÈÅ�(Ü���5ÈÅ�{, U
31w SAR
ã��Ó��±>�&E, ÏdÉ�
2��'
5ÚïÄ [10−16]. V>ÈÅ�(JdAÛål�
� (σd) Ú�Ý�Cq�� (σr)[9] ü�ëê|�, �
´�Ñùü�ëê��`���~(J. Ü©�
� [10] òV>ÈÅA^u SAR ã��Z�³�, ¿
�JÑ
�«ëê���{, ��
�Ð��Z�
³��J. �´, T�{��� σr Ø���, �


Jp σr �°Ý, O��m¥�5O�, ù��5�
¢� SAR ã��Z�³��5(J.

�©Äu©z [10], JÑ
�«#�ëê��
�{, T�{�DÚ�{�', 3O��m���
�¹e, σr �°ÝJp��êþ?; 3 σr °Ý�Ó
��¹e, O��m~���êþ?.

2 V>ÈÅ

V>ÈÅ´ Tomasi Ú Manduchi[9] JÑ��«
��5ÈÅ�{. TÈÅ´����ÈÅìÚ��
��ÈÅì�(Ü, U
Ó��Äã���&EÚ
��&E, ¤±31wã��Ó��±ã��>�
&E. V>ÈÅ�±L«Xe [9]:

h (x) =k−1 (x)
∫ +∞

−∞

∫ +∞

−∞
f (ξ) c (ξ, x)

× s (f (ξ) , f(x)) dξ, (1)

Ù¥

k (x) =
∫ +∞

−∞

∫ +∞

−∞
c (ξ, x) s (f (ξ) , f(x)) dξ, (2)

f (·) L«Ñ\ã�, h (·) L«ÑÑã�, x ´�c
��:, ξ ´ x �����:. c (ξ, x) ÿþ x Ú ξ
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�m�AÛål§Ý, s (f (ξ) , f(x)) ÿþ x Ú ξ �
Ý�Cq§Ý. éuäk²£ØC5�pdÈÅ,
c (ξ, x) Ú s (f (ξ) , f(x)) �±L«� [10]

c (ξ, x) = exp(−0.5(||ξ − x||/σd)2), (3)

s (ξ, x) = exp(−0.5(||f(ξ) − f(x)||/σr)2), (4)

Ù¥ σd ´AÛål��, σr ´�Ý�Cq��. σd

^uN���¥é�c��:�ªÈÅ(JkK
����:, σd ��, ò¬k��ål���:é
�c��:�ª�kK�, éu N × N �ÈÅI
�, σd ������Ø�L N �g,ê; σr ^uN
���¥é�c��:�ªÈÅ(JkK���
�:, σr ��, ò¬k��c��:�Ý����
����:é�c��:�ª�kK�, éu8�

z�ã�, σr ���� (0, 1).
�mþl��¥% x ål���:é x ��

ª�K�AT��, ��ÈÅé�mþ�C�:?
1\�²þ, \�Xê�Xål�O\~�; �
�ÈÅKé�Ý��C�:?1\�²þ, \�X
ê�X�Ý����O�~�. ��ÈÅ==U
Cã���Ý�N�, =¦^��ÈÅvk¿Â,
¤±V>ÈÅ(Ü��ÈÅÚ��ÈÅéã�?
1?n.

SAR ã�ÈÅ(J�µd�IÌ��)��
Àê (equivalent number of looks, ENL)[17] Ú>�
�±�ê (edge preserving index, EPI)[18]. ENL[17]

Ú EPI[18] ©OL«�

ENL = µ̄2/σ2, (5)

EPI =
∑√

[ps(i, j) − ps(i + 1, j)]2 + [ps(i, j) − ps(i, j + 1)]2∑√
[po(i, j) − po(i + 1, j)]2 + [po(i, j) − po(i, j + 1)]2

, (6)

Ù ¥ µ̄ L « ã � � þ �, σ2 L « ã � � � �;
ps(i, j) �ÑÑã�3: (i, j) ��Ý�, po(i, j) �
Ñ\ã�3: (i, j) ��Ý�. ENL ��`²�{
ã�1w�J�Ð, EPI ��`²�{>��±U
å�r. éu N × M �ã�, µ̄ Ú σ2 �O�úª
Xe [19]:

µ̄ =
1

N × M

N∑
i=1

M∑
j=1

x(i, j), (7)

σ2 =
1

N × M

N∑
i=1

M∑
j=1

(x(i, j) − µ̄)2, (8)

Ù¥ x(i, j) L«: (i, j) ��Ý�.

3 DÚëê���{

©z [10] òV>ÈÅA^u SAR ã��Z�
³�, ¿JÑ
�«DÚ�V>ÈÅëê���
{. ã 1 ´ Ku Åã{Iæ|Ò@²�Z�dNC
�àXÅ1 SAR ã� [20], ©EÇ� 1 m. é�Ì
ã�?1V>ÈÅö�, ã 2 ´�½ σd �, 8�
z ENL Ú8�z EPI � σr �Cz. lã 2 �±w
Ñ, ENL Ú EPI ´�é���ëê, ¤±é σd Ú σr

���, I�?1ò©. DÚ�{b�8�z ENL
�Ú8�z EPI ���:´���Zò©�
�, ¿��Ñ σr ' σd é ENL �\¯a. ¤±DÚ
�{Äk�½�� σd Ú���Ý�«m; ò�½

��Ý�«m?1 N �©, �� N + 1 �ØÓ σri

(i = 0, 1, · · · , N), ± σd Ú σri (i = 0, 1, · · · , N ) �
ëê, éã�?1V>ÈÅ, �� N + 1 é8�
z ENL Ú8�z EPI �. ÷v^�

ENL(i − 1) < EPI(i − 1),

ENL(i + 1) > EPI(i + 1) (9)

� σri Ò´¤¦��Zò©��� σr.

ã 1 Ku ÅãÅ1 SAR ã�

aq�Zò© σr ��O�{, �±¦��Z
ò©��� σd. �[�{�ë�©z [10]. T�{
¥ σr °Ý�6u�Ý�«m�¿©, N ���, °
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Ý�p, �´O��m�� N ¥�5O�, ù��
5�¢� SAR ã�?n�5
(J.

ã 2 8�z ENL Ú8�z EPI � σr �Cz ‘+’, ‘◦’,
‘∗’, ‘×’ Ú ‘¤’ ©OL« σd = 1, 2, 3, 4, 5

4 ëê���#�{

lã 2 �±wÑ, ENL �´þàüN4O,
EPI �´eàüN4~, ¿��Xëê σd CÄ,
��±þãüNA5. �X σr �O\, ÈÅI
��¹���:Oõ, ã��1w�J�Ð, l
 ENL ¥4OG�, ÙO\��Ý¬�X σr �O
\C�, Ïd ENL �´þàüN4O�. ,�
�¡, �XÈÅI���:�Oõ, >���
�
§ÝOr, EPI �A¥4~G�, Ù�
§Ý�Cz
�X σr �O\C�, Ïd EPI �´eàüN4
~�. �©�â ENL �Ú EPI ��üNA5,
Äu8�z ENL �Ú8�z EPI ��:��
Zò©���b�, JÑ
�«#� σr �O�{.
T�{¦) σr �L§Xã 3 ¤«.

ã 3 #�{¦) σr «¿ã

�½Ð©: s Ú���þ ε, Xã 3 ¤«, Uì
_����, L: s, �g�� x ¶²1!R�!
²1!R����, � ENL ��u: a, �ä: s

� a î�I��´Ä÷v^� (10) ª. XJ÷v,
KS�¥�; ÄK±: a �Ð©:, Eþ¡�ö
�, � ENL ��u: b, �ä: a � b î�I��
´Ä÷v^� (10) ª, XJ÷v, KS�¥�, ÄK
±: b �Ð©:, Eþ¡�ö�, ��^� (10)
ª÷v��.

|sx − ax| 6 ε, (10)

Ù¥eIL«:�î�I. σr �O��[�{X
e:

1) �½�� σd Ú�Ý�«m, �½���
þ ε;

2) ò�Ý�«m¿©� N �°, �� N + 1
� σri (i = 0, 1, · · · , N), N �������, '
X 10;

3) ± σd Ú σri (i = 0, 1, · · · , N ) �ëê, éã
�?1V>ÈÅ, ¿O�8�z ENL Ú8�z EPI;

4) é8�z ENL Ú8�z EPI ?1õ�ª
�[Ü;

5) �½��Ð©: s, �ä: s  u[Ü�
�:��ý�´mý, XJ: s  u�:��ý,
K�1 6); XJ: s  u�:�mý, K�1 7); X
J: s �Ð´�:, KS�¥�;

6) LÐ©:, U_����, �g�� x ¶²
1!R�!²1!R����, �[Ü ENL �
��u: a, �ä: s �: a ´Ä÷v^� (10) ª,
e÷v, KS�¥�, ÄK±: a �Ð©:, E�
1 6) ��^� (10) ª÷v;

7) LÐ©:, U_����, �g�� x ¶R
�!²1!R�!²1���, �[Ü EPI ��
�u: a, �ä: s �: a ´Ä÷v^� (10) ª,
e÷v, KS�¥�, ÄK±: a �Ð©:, E�
1 7) ��^� (10) ª÷v.

Uìþã�{�±¦��Zò©���� σr.
du σd �êþ��, ¤±�½�Zò©� σr �,
σd �dDÚ�{�O.

5 ê�Á�

©O¦^#�{�DÚ�{éã 1 ¥� SAR
ã�?1ÈÅÁ�. �½ σd = 2, �Ý�«m
� [0.1, 0.55], N = 10, � ε ©O� 0.005, 0.002
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Ú 0.001 �, æ^ogõ�ªé8�z ENL Ú8�
z EPI ?1�[Ü, �Zò©��� σr �(JÚ
O��mXL 1 ¤«. Ù¥$1�m´Äu Matlab
g�� tic, toc ·-ÿþ��. Á��¸�¤H -2
VØ 2.53 GHz CPU, 4 GB S�.

lL 1 �±wÑ, �X ε �~�, #�{�O
��mA�vkO\, DÚ�{�O��m¥�
5O\. 3 ε = 0.005 �, #�{�DÚ�{�O
�(J��, ¤I�m'DÚ�{���êþ?.
3O��m����¹e, #�{�O�°ÝJp
��êþ?. �X ε �~�, #�{�DÚ�{�
O�(J �k¤O\, ùÌ�´du#�{¥8
�z ENL [Ü�Ú8�z EPI [Ü�´Äu
Ú�� 0.05 �lÑ:[Ü�, �X ε �~�, ENL
Ú EPI [Ü��Ø�¬k¤O\.

�O��m���, ¦^ü«�{éý¢ SAR
ã�?1ÈÅ���À5?1'�. #�{ ε =
0.005, N = 10, DÚ�{�Ú�� 0.05 �, ü«�
{�O��m��. d�, DÚ�{���ëê�
�� σr = 0.1500, σd = 2, #�{���ëê�
�� σr = 0.1950, σd = 2. ©O¦^ù
ëêé
ã 1 ?1V>ÈÅ, ���ã�Xã 4 ¤«. �±

wÑ, #�{ÈÅ(J��À5`uDÚ�{ÈÅ
(J��À5.

L 2 �Ñ
ü«�{ÈÅ�, µd�I�½þ
'�. lL 2 �±wÑ, #�{�DÚ�{�', ã
��1w�J�Ð, >��±Uå��, T(J�
�Zò©b����. oNó, #�{�(J�
ÐuDÚ�{.

L 1 ü«�{ σr �(JÚO��m

ε
σr �m/s

#�{ DÚ�{ #�{ DÚ�{

0.05 — 0.1500 — 46.503309

0.005 0.1950 0.1950 46.722498 427.571565

0.002 0.1963 0.1960 46.780648 1061.191718

0.001 0.1967 0.1960 46.801074 2121.066465

L 2 µd�I½þ'�

�{
ENL

EPI
«� I «� II

(1 : 80, 1 : 80) (1 : 128, 129 : 256)

�©ã� 8.3599 9.3954 1

DÚ�{ 21.3948 22.0810 0.6320

#�{ 33.2956 32.8563 0.5078

ã 4 ÈÅ(J�À5'� (a) �©ã�; (b) DÚ�{; (c) #�{

6 ( Ø

Äu ENL �Ú EPI �� σr Cz�üN
A5±9�`ò©��b�, JÑ
�«^u SAR
ã��Z�³��V>ÈÅëê��#�{. T
�{�DÚ�{�', 3O��m����¹e,
σr �°ÝJp
��êþ?; 3 σr °Ý�Ó��
¹e, O��m~���êþ?. T�{U
�

þ!� SAR ã��Z�³��m, ·Ü�5�¢
� SAR ã�?n, é SAR ã��n)Ú?�ÚA
^äk�¿Â.
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A novel method to configure the parameters of the
bilateral filtering for synthetic aperture radar images

speckle reduction∗
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Abstract
Bilateral filtering can effectively smooth SAR images with the edges preserved, but it is difficult to optimally configure the pa-

rameters of bilateral filtering. Traditional method is based on an optimal trade-off hypothesis according to the despeckling estimation

indexes, including the equivalent number of looks (ENL) and edge preserving index (EPI). However, the variance of gray value simi-

larity obtained by traditional method has large error, and to improve accuracy, the computing time is increased linearly. In this paper,

we present a novel method to configure the parameters of bilateral filtering based on the hypothesis and the monotone properties of

the ENL and EPI curves. Experimental results show that the accuracy of variance of gray value similarity is increased by one order

of magnitude in the case of almost the same computing time; the computing time is reduced by one order of magnitude for the same

accuracy of variance of gray value similarity.

Keywords: bilateral filtering, synthetic aperture radar, speckle reduction, parameters configuration
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