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1 Ú ó

u Ð Å 1 Ü ¤ � » X � (synthetic aperture
radar, {P� SAR) °¡º|&ÿEâ, ¼�p°Ý
�°¡º|&E, ´¢y«�°��¸°[z&ÿ
�­��!. �éù�I¦, �À� [1] mÐ
Äu
$Üxl�ÅC��Å1 SAR °¡º|�üïÄ,
lÅ1 SAR &ÿêâ¥�üÑ
p�m©EÇ�
°¡º|&E, �y
æ^Å1 SAR &ÿ°¡º
|��15.

e�?�ÚmÐÅ1 SAR °¡º|&ÿ�Ö,
Å1 SAR XÚ�&ÿ°Ý7L��k��y. ²
(&ÿ°Ý��Û«�I�±÷v°¡º|�ü
�¦, éuÅ1 SAR °¡º|&ÿEâïÄäk­
�¿Â. ,
, Å1 SAR &ÿXÚ�1Å²�!/
¡Õ±9 SAR 1Ö�þ�¹XE,�fXÚ [2,3].
���éXÚ&ÿ°Ý�¦�ïÄ, X�XÚ�§

¸ [4] JÑ�|^Ån9±êâ©Û(½ SAR �Ø
(½5, ?
ïáØ�D4�.5ïÄ&ÿ°Ý�
�{. duØ�D4�.3XÚØ�
�E,��
¹eJ±O(ïá, 8c=?u½5ïÄ�ã.

��&ÿêâ^r, ·��'5��Å1 SAR
XÚ�&ÿ°Ý, �±ÏL�	XÚà�à�5
U5�N�	&ÿ°Ý�¦, l
;�E,�f
XÚ5U©Û. ·�5¿�, Ë�½IL§´�I
½ SAR XÚà�à5U�L§, Ë�½I°Ý�
N
&ÿ� lý¢��§Ý, Ïd�±�Ä|^
Ë�½I°Ý5�	Å1 SAR XÚ�&ÿ°ÝU
Ä÷v°¡º|�ü�¦ [2,3,5]. Freeman[6] ÐÚ�
Ñ
 SAR &ÿ°¡º�!Åp�°��¸���
�Ë�½I°Ý, @� SAR &ÿº��Ø��u
º���� 20%�, §�ýé½I°Ý!�é½I
°Ý (�ÏÚáÏ) þ� 1.0 dB. ISR�� [7] 3Ù
a¬Ø©¥Ú^
T�¦. � Freeman �ïÄ�U
�ÑË�½I°ÝO��äN�{, �º��ü°
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Ý�¦�ISþú@�°¡º|�ü°Ý�¦ (º
�ÿþ�� 3—20 m/s: º��ü°Ý� 2 m/s; º
�ÿþ�� 20—30 m/s: �ü°Ý�º��� 10%;
º�ÿþ�� 3—30 m/s: º��ü°Ý� 20◦) Ø
��, Ó�"y3Å1 SAR Ak�õº�Ú°\
����^�e, éË�½I°Ý�¦�XÚïÄ,
ØU��Å1 SAR °¡º|&ÿ�Ë�½I°Ý
�¦.

�©XÚ©Û
Ë�½I°Ý3Å1 SAR °
¡º|&ÿ&E6§¥��^, JÑ
ÏLË�½
I°Ý�¦�N�	Å1 SAR XÚ&ÿ°Ý�¦
�ïÄ�{. Uì°¡º|�ü°Ý�¦y©

ïÄ��, |^ CMOD4 /¥Ôn�.¼ê�[�
	
Å1 SAR °¡º|&ÿ�Ë�½I°Ý�¦,
©Û
Ù�º�Ú\��Cz�5Æ, ¿?�Úï
Ä
Å1 SAR °¡º|&ÿ�n�'�Eâ.

2 Ë�½I°Ý�¦ïÄ�{©Û

2.1 ËËË���½½½IIInnnØØØ

Ë�½I´�I½ SAR XÚà�à5U, ï
á SAR ã��8I��Ñ��¡°('X�L§,
±BÏL/¥Ôn?n�{5©Û8I«��5
� (Xº¥þ!°LpÝÚè1�Ý�). Ë�½
I�)S½IÚ	½I. S½I´�ÏL�½��
5\½I&Ò�X�êâ6¥, ±I½X�XÚ5
U�L§. 	½I´�ÏL/¡8I�)½��
�½I&Ò, ±I½ SAR XÚ5U�L§. ÏLÿ
þ SAR XÚ�½I~êÚXÚD4¼ê, (½Ñ
8I�X��¡È, ^TX��¡ÈØ±©Eü�
¡È����Ñ��¡, l
�� SAR ã�þ�
�Ý��ýéX�Ñ��¡È���éA'X. p
°Ý� SAR êâ?nQI�	½I5�OXÚà

�à�5U, I½XÚ�ýéOÃ, qI�S½I
iÀXÚ3üg	½Im�S��é¤£ [2,3,5].

8c, ISþ(1 SAR XÚ�S½I°Ý�
p, �� 0.2 dB[5]. �éu(1 SAR, Å1 SAR �
§Ý�¸'�­½, OÃCz­�²­, éS½I
��¦�$, Ïd�©�Ë�½I°Ý�¦ïÄØ
�ÄS½I.

Å1 SAR 	½I�8I�©�Ã
8IÚk

8I. Ù¥, Ã
½Iì����ì!¥Ú��
/²��, ÙnØ�O°Ý�� 1.0 dB, IS¢S°
Ý�� 1.5 dB, §�`:´{ü!p�!¤�$, "
:´�A'�Ä, éX�½��~¯a, D(Ú�
µ,Åé½I�Z6� [5,8]. k
½Iì´�«=
uì, §�Â5gX�u�5�&Ò, ²��ì�
��2u�£X�, ÙnØ�O°Ý�� 0.5 dB, I
S¢S°Ý�� 0.7 dB, §�`:´UJøép�
&Ò,Å', 3� �Úål�ÑkéÐ�Åå°
Ý!p�­½Ý±9Ð�ë�IO, ":´ëê�
U��m!§Ýu)¤£, EdÚ�o¤�p [5,9].
	½I°Ý��û½
Å1 SAR XÚ�&ÿ°Ý,
´K�°¡º|�ü°Ý�'�Ï�. �©�Ë�
½I°ÝÌ��	½I°Ý.

2.2 ïïïÄÄÄ���{{{©©©ÛÛÛ

Å1 SAR &ÿ°¡º|�, Äk3A½&Ò
ëê�^�e, Uì�½�­EªÇ�°¡u!Â
óÀ, ¼�äkõÊV� ÚålâÄ�L«°¡
º|A5�£Å&Ò, ,�é�Â��£Å&Ò?
1Ë�½I?n!¤�?n!AÛ��?n±9
�Z�³��?n, ¼�L«��Ñ��¡� SAR
ã�, ��æ^/¥Ôn�.¼ê�ü¼�°¡º
|&E [2,3]. � �

ã 1 Ë�½I°Ý3Å1 SAR °¡º|&ÿ&E6§¥��^
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3Å1 SAR °¡º|&ÿ�&E6§¥, �
âË�½I�½Â, Ë�½I°Ýlà�à��Ý
(½
Å1 SAR XÚ�&ÿ°Ý, Ó���û½

��Ñ��¡ (σ0) �°Ý, 
°¡º|�ü°Ý
qÏL/¥Ôn�.¼ê���Ñ��¡°Ý�
éX. Ë�½I°Ý3Å1 SAR °¡º|&ÿ&
E6§¥��^Xã 1 ¤«.

�âþã©Û, Ë�½I°Ý�¦Q�N�	

Å1 SAR XÚ�&ÿ°Ý�¦, q�N
&ÿ
^ré°¡º|�ü�°Ý�¦, ÏLïÄË�½
I°Ý�¦U
�	Å1 SAR °¡º|&ÿXÚ
�&ÿ°Ý�¦. ,	, Ë�½I°Ý�¦q�Ë
�½I�YÀJ!�1�Y�O�äNEâ�Y
���', 3Å1 SAR °¡º|&ÿïÄ¥äk
AÏ¿Â.

3 �ý�ª

|^ SAR ã��ü°¡º|�, �±|^¯
� Fourier C�{!ÛÜFÝ{Ú�Å{��{�
�ÏLº^«(½º� [10−14], 2ò¤�º�Ñ\
/¥Ôn�.¼êO�º� [15−19]. ,
, duÅ
1 SAR ã�¥Ø�½�3º^«, 3¢SïÄ¥,
Ï~��æ^ê�ý�(J��Ñ\º�, 2|^
/¥Ôn�.¼êO�º� [12,13]. �ud, �©3
Å1 SAR °¡º|&ÿË�½I°Ý�¦ïÄ¥,
6Ø�Äº��ü�°Ý�¦, =�Äº��ü�
°Ý�¦.

CMOD X�/¥Ôn�.¼ê´8c C Å
ã SAR êâ�üº��Ì��ª. §3b½�
�Ñ��¡�º�¤�'�Ä:þ, ÏL�ÏÚ
O��Ñ��¡��A ��2I½ê�ý�
(J]��Ñ�'Xê, �ª(á
��Ñ��
¡�º�!º�Ú\���¼ê'X. Ù��L
�ª� [20]

σ0 = A (θ) uγ(θ) (1 + B (u, θ) cos (φ)

+C (u, θ) cos 2φ) , (1)

Ù¥, u �°¡ 10 m pº�, φ �º��éu
X�À��Y�, θ �X��éu°¡�\��, A,
B, C Ú γ �dX�ªÇÚ4zû½�Xê.

Ù¥, dî³¥�Ïý�¥%Jø� CMOD4
/¥Ôn�.¼ê®²3(1 SAR þ�ÖzA^.
3º�Ú\��(½�, ·�@�T�.¼êO(

ÃØ/Jø
º����Ñ��¡���éA'
X, |^§U
ÏLº��ü°Ý�¦¼���Ñ
��¡�°Ý�¦, ?
ÀJÑË�½I°Ý�¦.

4 Ë�½I°Ý�¦�ýïÄ

4.1 ���YYY���OOO

Äuc©ïÄ�{©Û¤�(Ø, |^�ý
�ª, mÐÅ1 SAR °¡º|&ÿ�Ë�½I°
Ý�¦ïÄ, ïÄ�Y6§Xã 2 ¤«. l�ýï
Ä CMOD4 /¥Ôn�.¼ê�ëê'XÑu, |
^º��ü�°Ý�¦¼���Ñ��¡�°Ý
�¦, ?
(½Å1 SAR °¡º|&ÿ�Ë�½
I°Ý�¦, ¿3XÚ©ÛË�½I°Ý�¦Cz
5Æ�Ä:þ, mÐÅ1 SAR °¡º|&ÿ�n
�'�EâïÄ, Ì�Ú½Xe.

� � �
ã 2 ïÄ�Y6§

1) �ýïÄ\��!º�Úº�n�ëê�
��Ñ��¡�m�¼ê'X, 
)z��ëêC
z���Ñ��¡�Cz5Æ.

2) 3,�A½�º�Ú\��^�e, �ýï
Äº� 3—20 m/s ��S, z���êº���ü
Ø�� ± 2 m/s �, ��Ñ��¡�°Ý�¦, ±9
º� 21—30 m/s ��S, z���êº���üØ
�� ± 10%�, ��Ñ��¡�°Ý�¦, 2l¼
����Ñ��¡°Ý�¦¥, À���� (°Ý
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�¦�p) ��Ë�½I°Ý�¦.
3) ­#�½��º�Ú\��� (º�� 0◦—

359◦ ��S��ê�, \��� 20◦—60◦ ��S
��ê�), ­E 2) L§, (½ØÓº�Ú\��^
�eÅ1 SAR °¡º|&ÿ�Ë�½I°Ý�¦,
¿?�Ú©Û.

4) �âË�½I°Ý�¦�\��Úº��
Cz5Æ, mÐÅ1 SAR °¡º|&ÿ�n�'
�EâïÄ.

4.2 ëëëêêê'''XXXïïïÄÄÄ

�©©O�	\��!º�Úº�n�ëê
���Ñ��¡�¼ê'X, 
)ÙCz5Æ. ·
��º���� 0◦—359◦ (º��X�À��Y
�), \����� 20◦—60◦ (Å1 SAR \���
�O�I), º���� 3—30 m/s.

Äk�	\��Czé��Ñ��¡�K�.
·�l 0◦—359◦ ��S�º�� 90◦, l 3—30 m/s
��S�º�� 3 m/s, 10 m/s, 20 m/s Ú 30 m/s, �
ýïÄ\�����Ñ��¡�¼ê'X.

lã 3 ¥�±wÑ, �º�Úº��½�, �
�Ñ��¡�X\���O\
~�. ��5¿�
´, �º��½�, dº�CzÚå���Ñ��
¡Cz��X\���O\
O\.

� � � � � � � � � �� � �� � �� � �� � �� �� � � � 	 
� � � 	 
� � � 	 
� � 	 
	 � � 
���
ã 3 \�����Ñ��¡�¼ê'X

Ùg�	º�Czé��Ñ��¡�K�. �
©l 20◦—60◦ ��S�\��� 40◦, l 3—30 m/s
��Sþ!�º�� 10 m/s, 20 m/s Ú 30 m/s (º�
� 3 m/s �ØU�	��\����, 3ùpØ�
Ä), �ýïÄº����Ñ��¡�¼ê'X.

lã 4 ¥�±wÑ, �º�Ú\���½�,
��Ñ��¡�Xº�¥±Ï5Cz, Cq�{u

¼ê'X. ��5¿�´, �\���½�, º��
�� 0◦—90◦, 180◦—270◦ �, dº�CzÚå��
�Ñ��¡Cz��Xº��O\
O\; º��
�� 90◦—180◦, 270◦—359◦ �, dº�CzÚå�
��Ñ��¡Cz��Xº��O\
~�.

� � � � � � � � � � � �� � 	� � �� � 	� � �� 	� � � 
 � �� � 
 � �� � 
 � �
� 
 � ����

ã 4 º����Ñ��¡�¼ê'X

���	º�Czé��Ñ��¡�K�. �
âcü�ëê�üN5Ú±Ï5Cz5Æ, �©
l 20◦—60◦ \����S�¥m�� 40◦, l 0◦—
359◦ ��S�º�� 0◦, 90◦ Ú 180◦, �ýïÄº
����Ñ��¡�¼ê'X.

� � � � � � � � � � � �� � �� � �� � �� � � � � � � � �� 	 � �
 � � 
 � ����
ã 5 º����Ñ��¡�¼ê'X

lã 5 ¥�±wÑ, �º�Ú\���½�, º
����Ñ��¡Cq��5'X. Ïd, 3Ë�
½I°Ý�¦��ýïÄ¥, �±éº�þ!��.

4.3 ���ýýýïïïÄÄÄ

Uì°¡º|�ü�°Ý�¦, òïÄ��©
� 3—20 m/s Ú 21—30 m/s üÜ©.
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3�½º�Ú\���^�e, �ýïÄ 3—
20 m/s º���S, z��êº� (3, 4, 5, · · · · · · ,
20) �Ø���� ± 2 m/s �, ��Ñ��¡�°
Ý�¦, ¿l¥À������d^�eÅ1 SAR
°¡º|&ÿ�Ë�½I°Ý�¦.

­EþãL§, º�Å�� 0◦—359◦ ��S
��ê�, \��Å�� 20◦—60◦ ��S��ê
�, �ý¼� 3—20 m/s º���SÅ1 SAR °¡
º|&ÿ�Ë�½I°Ý�¦, Xã 6 ¤«.�� �� � � � �� 	 
 	 � 	 � 	 
 		� 	 	� 	 	
 	 	 	 � �	 � 
	 � �� � 	� � �

ã 6 3—20 m/s º���SÅ1 SAR °¡º|&ÿ�Ë�½
I°Ý�¦

dã 6 ��, 3—20 m/s º���SÅ1 SAR
° ¡ º | & ÿ Ë � ½ I ° Ý � ¦ � ê � � �
� 0.35—1.25 dB, �ÙCz5Æ�\��Úº�
���'. l\���Czw, Ë�½I°Ý�¦
�X\���O\
ü$. �\����� 20◦—
25◦ �, Ë�½I°Ý�¦3 0.35—0.5 dB �m;
�\����� 25◦—30◦ �, Ë�½I°Ý�¦
3 0.5—0.7 dB �m; �\����� 30◦—40◦ �,
Ë�½I°Ý�¦3 0.7—1.0 dB �m; �\��
��� 40◦—60◦ �, Ë�½I°Ý�¦3 0.8—
1.25 dB �m. lº��Czw, Ë�½I°Ý�¦
�Xº��Cz¥±Ï5Cz. �º���� 0◦—
90◦, 180◦—270◦ �, Ë�½I°Ý�¦�Xº��
O\
ü$; �º���� 90◦—180◦, 270◦—359◦

�, Ë�½I°Ý�¦�Xº��O\
,p.

��5¿�´, 3\����� 30◦—60◦ ^
�e, º���� 140◦—220◦ �, Ë�½I°Ý�
¦�Ù¦º�ã��'�p, ê�3 0.7—0.9 dB
�m; º���� 320◦—40◦ �, Ë�½I°Ý�
¦�Ù¦º�ã��'�p, ê�3 0.7—1.0 dB
�m; º���� 40◦—140◦ Ú 220◦—320◦ �, Ë
�½I°Ý�¦�Ù¦º�ã��'�$, ê�
3 0.7—1.25 dB�m.

21—30 m/s º���SÅ1 SAR °¡º|&
ÿ�Ë�½I°Ý�¦ïÄL§�þ©�q, «
O3uùp3�½º�Ú\��^�e, �ýï
Ä 21—30 m/s º���S, z��êº� (21, 22,
23, · · · , 30) �Ø����º�� ± 10%�, ��Ñ
��¡�°Ý�¦, ïÄ(JXã 7 ¤«.�� �� � � � �� 	 
 	 � 	 � 	 
 		� 	 	� 	 	
 	 	 	 � �	 � 
	 � �� � 	� � �

ã 7 21—30 m/s º���SÅ1 SAR °¡º|&ÿ�Ë�
½I°Ý�¦

dã 7 ��, 21—30 m/s º���SÅ1 SAR
° ¡ º | & ÿ Ë � ½ I ° Ý � ¦ � ê � � �
� 0.35—1.25 dB, ÙCz5ÆÓ��\��Úº
����', ��c©�Cz5Æ�Ó. ØÓ�´,
�\����� 20◦—26◦ �, Ë�½I°Ý�¦
3 0.35—0.5 dB �m; �\����� 26◦—30◦

�, Ë�½I°Ý�¦3 0.5—0.7 dB �m.
dþ©�ýïÄ(J��, ü�º�ã�Ë�

½I°Ý�¦Ä��Ó, �þ�X\���O\

ü$, �Xº��Cz¥±Ï5Cz. lã 3 Ú
ã 4 ��, ù�5Æ� CMOD4 /¥Ôn�.¼ê
¥º�CzÚå���Ñ��¡Cz��Cz5
Æ��.

|^Ë�½I°Ý�¦�\��Úº��C
z5Æ, �±mÐÅ1 SAR °¡º|&ÿ'�E
âïÄ.

5 Å 1 SAR ° ¡ º | & ÿ ' � E
âïÄ

5.1 ËËË���½½½III���YYYÀÀÀJJJ

Ë�½I°Ý��û½
Å1 SAR XÚ�&
ÿ°Ý, ÀJÜ·�½I�Y, éumÐÅ1 SAR
°¡º|&ÿäk­�¿Â.

Uìk
½Iì!Ã
½Iì�nØ�OÚ
IS¢S°ÝòË�½I°Ý©� 0.5 dB, 0.7 dB,
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1.0 dB Ú 1.5 dB o��	:. l 4.3 !�ýïÄ�
�, Å1 SAR &ÿ°¡º|�, k
½Iì�nØ
�O°Ý�÷v\�� 26◦—60◦ ��S�Ë�½
I°Ý�¦, IS¢S°Ý�÷v\�� 30◦—60◦

��S�Ë�½I°Ý�¦; Ã
½Iì�nØ
�O°Ý�÷v\�� 35◦—60◦, º� 40◦—140◦,
220◦—320◦ ��S�Ë�½I°Ý�¦, IS¢S
°ÝØU÷vË�½I°Ý�¦.

�âþã©Û, (Ü 2.1 !üa½Iì�A:,
·�@�Ã
½Iì�,¤�$, ¢y�Y{ü,
�Ù°ÝÃ{÷vÅ1 SAR °¡º|&ÿ�Ë�
½I°Ý�¦. Å1 SAR °¡º|&ÿ7Læ^
k
½Iì½I.

5.2 ���111���YYY���OOO

1Å�1��K�XË�½I°Ý�¦, �O
T���1�Y, éuJpº��ü°Ýäk­�
�^.

Uìº��X�À��Y�, 1Å�1���
©�^º�1 (º��X�À�� 180◦ �m)!ý
º�1 (º��X�À�� 90◦, 270◦ �m) Ú_
º�1 (º��X�À�� 0◦ �m). \����
� 30◦—60◦ �, 3�1O�Ú½I�Y�&ÿ^
��Ó��¹e, ÀJË�½I°Ý�¦�$�ý
º�1, �üº��°Ý�p; ÀJË�½I°Ý
�¦�p�_º�1, �üº��°Ý�p; ÀJ
Ë�½I°Ý�¦�p�^º�1, �üº��°
Ý�$.

�âþã©Û, mÐÅ1 SAR °¡º|&
ÿ�, �O1Å�ýº�1, k|uJpº��
ü°Ý.

5.3 ���üüüããã���«««ÀÀÀJJJ

\��K�X&ÿã��Ë�½I°Ý�¦,
ÀJ\����Ün�&ÿã�, éu(�º��
ü°Ýäk­��^.

3�1��Ú½I�Y�&ÿ^��Ó�^
�e, \�� 20◦—30◦ ��S&ÿã��Ë�½
I°Ý�¦�p, �üº��°Ý�$, Ø¨òÙ
���üã�«; \�� 30◦—50◦ ��S&ÿã
��Ë�½I°Ý�¦�p, �üº��°Ý�p,
·Ü���üã�«; \�� 50◦—60◦ ��S&
ÿã��Ë�½I°Ý�¦�$, �üº��°Ý

�p, �3T«�Å1 SAR �Â����&Òf,
&ÿã��þ��, ATÀJã��þ�Ð�«�
���üã�«.

�âþã©Û, �ü°¡º|�, ÀJ�\�
��&ÿã��±(�º��ü�°Ý.

6 ( Ø

�©�âË�½I°Ý3Å1 SAR °¡º|
&ÿ&E6§¥��^, JÑ
ÏLË�½I°Ý
�N�	Å1 SAR XÚ&ÿ°ÝUÄ÷v°¡º
|�ü�¦�ïÄ�{, l^rI¦Ñu)û
Å
1 SAR &ÿ°Ý�¦�¼�¯K. |^ CMOD4 /
¥Ôn�.¼êmÐ
�ýïÄ, XÚ(½ÑØÓ
\��Úº�^�eÅ1 SAR °¡º|&ÿ�Ë
�½I°Ý�¦, ¿3dÄ:þmÐ
Å1 SAR
°¡º|&ÿ�n�'�EâïÄ.

CMOD4 /¥Ôn�.¼ê�ëê'X�ýï
ÄL², ��Ñ��¡�X\���O\
~�,
�Xº�Cz¥±Ï5Cz, �º�Cq��5'
X. ��Ñ��¡�º��Cq�5'X´Ë�½
I°Ý�¦�ýïÄ¥º�þ!���nØ�â.

Ë�½I°Ý�¦�ýïÄ(JL², Ë�½
I°Ý�¦�X\���O\
ü$, ��Xº�
Cz¥±Ï5Cz. ù�Cz5Æ� CMOD4 /¥
Ôn�.¼ê¥dº�CzÚå���Ñ��¡
Cz��Cz5Æ��.

'�EâïÄ(JL², æ^k
½Iì½I,
�O1Å�ýº�1±9ÀJ�\���&ÿã
�k|uJpº��ü°Ý. þã(ØdË�½I
°Ý�¦�\��Úº��Cz5Æ©Û��.

�©�ïÄéuuÐÅ1 SAR °¡º|&ÿ
Eâ, Jp&ÿ°Ýäk­��^. du8c^�
��, ©¥=mÐ
Å1 SAR °¡º|&ÿË�
½I°Ý�¦��ýïÄ. 3e�Ú�Å1 SAR
°¡º|&ÿÁ�¥, òUì�©�ïÄ(Ø�
OÁ��Y, mÐË�½I°Ý�¦ïÄ(Ø�Á
��y±9��[��'�EâïÄ, �uÐÅ
1 SAR °¡º|&ÿ�ÖJønØ|±. �ïÄ
éÅ1 SAR &ÿ°L!°�SÅ�ïÄäk/�
¿Â.

a�¥I>f�E8ìúi1n�lïÄ¤�áfp

óJøISË�½I°Ý¢S�IÚÅ1 SAR \���O
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�I, ±93Ë�½InØ�¡�9��Ï.

N¹ CMOD4 /¥Ôn�.¼êä
N/ª� [19]

σ0 = 10a+bf1(V +c)br (1 + b1 cos φ

+b3 tanh b2 cos 2φ)1.6 , (2)

ª¥, σ0 L« VV 4z��Ñ��¡, φ L«º��éuX
�À��Y�, ¼ê f1 (y) �©ã¼ê:

f1 (y) =


0 y 6 0,

log10 y 0 < y 6 5,
√

y/3.2 y > 5.

(3)

a, b, c, b1, b2 Ú b3 �Ðm� 18 �Xê� Legendre õ�ª,

äN�

a = c1 + c2P1 + c3P2, (4)

b = c4 + c5P1 + c6P2, (5)

c = c7 + c8P1 + c9P2, (6)

b1 = c10 + c11V + (c12 + c13V ) f2 (x) , (7)

f2 (x) = tanh [2.5 (x + 0.35)]

− 0.61 (x + 0.35) , (8)

b2 = c14 + c15 (1 + P1) V, (9)

b3 = 0.42 [1 + c16 (c17 + P1) (c18 + V )] , (10)

±þ�ª¥, Legendre õ�ª�

P1 = x, (11)

P2 =
(
3x2 − 1

)
/2, (12)

ëê x � θ �¼ê:

x = (θ − 40) /25. (13)

Ù¥, V L«°¡ 10 m pº�, θ L«X��éu°¡�\

��, Xê c1—c18 ���L 1, ØÓ\�� θ éA�?�Ï

f br ��L 2.

L 1 /¥Ôn�.¼ê¥� c1—c18 Xê�

Xê ê� Xê ê� Xê ê�

c1 –2.301523 c7 –1.015244 c13 0.004023

c2 –1.632686 c8 0.342175 c14 0.148810

c3 0.761210 c9 –0.500786 c15 0.089286

c4 1.156619 c10 0.014430 c16 –0.006667

c5 0.595955 c11 0.002484 c17 3.000000

c6 –0.293819 c12 0.074450 c18 –10.00000

L 2 ØÓ\�� θ éA� br �

θ/(◦) br θ/(◦) br θ/(◦) br θ/(◦) br θ/(◦) br

16 1.075 25 0.979 34 0.937 43 1.033 52 1.016

17 1.075 26 0.967 35 0.944 44 1.042 53 1.002

18 1.075 27 0.958 36 0.955 45 1.050 54 0.989

19 1.072 28 0.949 37 0.967 46 1.054 55 0.965

20 1.069 29 0.941 38 0.978 47 1.053 56 0.941

21 1.066 30 0.934 39 0.988 48 1.052 57 0.929

22 1.056 31 0.927 40 0.998 49 1.047 58 0.929

23 1.030 32 0.923 41 1.009 50 1.038 59 0.929

24 1.004 33 0.930 42 1.021 51 1.028 60 0.929

148404-7



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 148404

[1] Kong Y, Zhao X B, Ai W H, Han D, Xue J 2011 J. PLA Univ. Sci.
Technol. (Nat. Sci. Edition) 12 301 (in Chinese) [�À, ëyR,
M�u, ¸¶, Åê 2011 )��nó�ÆÆ� (g,�Æ�)
12 301]

[2] Curlander J C, Mcdonough R N (Translated by Han C Z, Wen J
P) 2006 Synthetic Aperture Radar: Systems and Signal Process-
ing (1st Ed.) (Beijing: Publishing House of Electronics Industry)
pp215–228 (in Chinese) [Curlander J C, Mcdonough R N Í, ¸
Dm�È, ©ô² "� 2006 Ü¤�»X� —— XÚ�&Ò
?n (1 1 �)(�®: >fó�Ñ��) 1 215—228 �]

[3] Curlander J C, Mcdonough R N 1991 Synthetic Aperture Radar:
Systems and Signal Processing (1st Ed.) (New York: Wiley-
Interscience Publication) pp223–240

[4] Ge Y, Wang J F 2000 Geo. Inf. Sci. 2 28 (in Chinese) [�X, �§
¸ 2000 /¥&E�Æ 2 28]

[5] Yuan L H, Ge J L, Jiang K, Zhang C Y 2009 Radar Sci. Technol.
7 35 (in Chinese) [�r°, �[9, ôp, Ü�� 2009 X��Æ
�Eâ 7 35]

[6] Freeman A 1992 IEEE Trans. Geosci. Remote Sens. 30 1107
[7] Xi Y X 2005 M S dissertation (Beijing: Institute of Electronics,

Chinese Academy of Sciences) (in Chinese) [R�� 2005 a¬
Æ Ø© (�®: ¥I�Æ�>fÆïÄ¤)]

[8] Chen L 2005 MarCoPola Polarimetric SAR Trial: Signatures of
Multiple Vessels with Aligned Operating Conditions (1st Ed.) (Ot-
tawa: Defence R&D Canada Ottawa) pp10–13

[9] Gray A L, Vachon P W, Livingstone C E, Lukowski T I 1990 IEEE
Trans. Geosci. Remote Sens. 28 374

[10] Walker N, Woodhouse H, Gameron D 2007 Proceeding Interna-
tional Geoscience Remote Sensing Symposium Barcelona, July 23–
27, 2007 p3273

[11] Alpers W, Brummer B 1994 J. Geophys. Res. 99 12613
[12] Wolfgang K 2004 IEEE Trans. Geosci. Remote Sens. 42 702
[13] Gladeston C L, Daniela M U, Fátima N S M, Gilson G D L 2010

Sensors 10 5994
[14] Zhang R W, Yan W, Ai W H, Ma S 2011 J. Microw. 27 79 (in

Chinese) [ÜF�, î¥, M�u, êc 2011 �ÅÆ� 27 79]
[15] Stoffelen A, Anderson D 1997 J. Geophys. Res. 102 5767
[16] Hersbach H, Stoffelen A, Haan S D 2007 J. Geophys. Res. 112

C03006
[17] Quilfen Y, Chapron B, Elfouhaily T M, Katsaros K, Tournadre J

1998 J. Geophys. Res. 103 7767
[18] Jiang Z H, Huang S X, He R, Zhou C T 2011 Acta Phys. Sin. 60

068401 (in Chinese) [ñ6�, �gÔ, Û,, ±�C 2011 Ôn
Æ� 60 068401]

[19] Yang J S 2005 SAR Remote Sensing Techniques of Sea Surface
Wind, Surface Wave and Internal Wave (1st Ed.) (Beijing: Ocean
Press) pp24–32 (in Chinese) [
§t 2005 Ü¤�»X�°¡
º|!°LÚSÅ�aEâ (1 1 �)(�®: °�Ñ��)
1 24—32 �]

[20] Jochen H, Wolfgang K 2005 IEEE J. Oceanic Eng. 30 508

148404-8



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 148404

Radiometric calibration accuracy of airborne
synthetic aperture radar in ocean surface
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Abstract

Sounding accuracy is difficult to study systematically and effectively because of complex airborne synthetic aperture radar system.

In this paper, according to the role of radiometric calibration accuracy in ocean surface wind field sounding process of airborne synthetic

aperture radar, a method is proposed to investigate the system sounding accuracy by radiometric calibration accuracy. The parameter

relationship of CMOD4 geophysical model function is simulated. The radiometric calibration accuracy of airborne synthetic aperture

radar ocean surface wind field sounding at different incidence angles and in wind directions is ascertained. The results show that the

radiometric calibration accuracy decreases with incidence angle increasing and changes periodically with wind direction changing.

The law is accordance with the change of backscattering cross-section, cased by wind speed in CMOD4 geophysical model function.

According to this law, we find that the accuracy of ocean surface wind field retrieval can be improved by using active calibration scale,

designing carrier aircraft crosswind flight and selecting the large incidence angle sounding imagery as retrieval area.

Keywords: airborne synthetic aperture radar, ocean surface wind field, radiometric calibration accuracy, simula-
tion model
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