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1 Ú ó

°¡º|´°�þ�$Ä�Ì�Äå5, A
��°�¥¤k�ÔnL§'X��, ´ïÄ°�
ÄåL§��Ä:. �ÅÑ�O´���°¡
º|��a*ÿ�k��{. ��ÅÑ�O©E
Ç�$, Ï~��m©EÇ� 12.5—25 km, ØU÷
v,
p�m©EÇº|êâ�A^I¦, cÙØ
U÷v°W�Ú��«�*ÿ�¦. Ü¤�»X
� (synthetic aperture radar, SAR) �nþ��u¤
�Ñ�O, äk�Uÿ!�U�!p�m©EÇ�
A:, �^uJ�p°Ý�°¡º|, �Ö�ÅÑ
�O�Øv. °¡º|�a&ÿ�Ì�²�´¥(,
É;����, (1 SAR &ÿØU÷v½�½:�
I¦; Å1 SAR ÅÄ5�Ð, �é«�°¡º|¢
�°[z&ÿ. |^ SAR &ÿêâ�ü°¡º|,
Ï~k¼�°¡º�&E, 2ò®��éº�!½

I�� VV 4z SAR ã���Ñ��¡ê�±9
\���� CMOD4, CMOD IFR2, CMOD5 �²�
�ü�.�Ñ\ [1,2], ÏLS�O����°¡º
�. Ïd, ��O(�°¡º�´¼�p°Ý°¡
º|�Ä:. 8c, ~^��{´|^ê�ý��
½Ñ�O�°¡º�&E�� SAR °¡º��ü
�.Ñ\ [3−6], ÏL©Û)��� SAR °¡º|.
�Ï~ù
°¡º�&E��m©EÇ�é�$,
�� SAR &ÿ�mØ��, K� SAR °¡º|�
ü�°Ý. Ïd, k7�ïÄ��l SAR ã���
J�°¡º�&E±)û°¡º�� SAR ã��
��Ø���¯K, Jp°¡º|�ü�°Ý.

du�í°�>.��Ø½5, 3²þ°
¡º|�þ/¤Ú^G�í>.�µ^, Ù�^
u°¡¦°¡�)ËàÚËÑ, lUC
°¡
o÷Ý, 3 SAR ã�þKNy�çx�m�º^
« [7,8]. �þ*ÿÚnØïÄL², �í>.�µ
^�¶����°¡º¥þ���Ä��� [9],
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Ïd�ÏLJ� SAR ã�þ�º^«&E¼�°
¡º�. ©z [10] é SAR ã�¢���¯�Fp
�C� (FFT), ÏLO�$ÅêÌ¼�°¡º�&
E; §t� [11] æ^�� FFT {¼�
·I°
H�ÀHÜCW°«°¡º�, �ü(J�ý�
º|�Î�Ð. ©z [12] æ^ÛÜFÝ{, 3¼�

 RADARSAT-1 &ÿêâº�&E�Ó�, ò(
1 SAR º��ü��m©EÇd 10 km×10 km J
p� 1 km×1 km. ©z [13, 14] JÑÄu Tikhonovz
�Kz���ê��©�{5©O�ü(1 SAR
ã��°¡º�Ú°¡º|. ©z [15—17] æ^�
Å©Û�{ïÄ
 SAR ã��°¡º��ü, �
�éõ«�ÅÄ��ü(J±9��4zêâ�
�ü�J?1©Û'�.

�©ïÄÄu�Å�õ4zÅ1 SAR °¡º
��üEâ, |^�Å©Û�� - ªÛÜzA5, ò
��ëY�ÅC�� FFT �(ÜJÑ�«#�Å
1 SAR °¡º��ü�{. ��y�ü�{�k
�5, ·�mÐ°þÓÚ�1Á�, |^õ4zÅ
1 SAR é°&ÿ¼�°¡ SAR ã�, Ó�òN�
Em� SAR &ÿ«�, ¼�ÓÚ°¡º�&E^
uêâ'é. æ^õ«°¡º��ü�{éü|¥
IH°�Å1 SAR ¢ÿêâ?1�üÁ�, ò�
ü(J�{II[�¸ý�¥% (NCEP) 2©Û]
�±9¢ÿêâ?1'é. (JL², 3Å1 SAR
°¡º��ü�¡, �©JÑ��{`uDÚ��
� FFT {Ú LG ÛÜFÝ{, �y
Ùk�5; 
�ÅÄ�ÀJé�ü(JK���; 3õ4z SAR
°¡º��ü�¡, Ó4z���4zÅ1 SAR
êâþ�^u°¡º���ü.

2 SAR �ü°¡º|�ÔnÅ�

SAR ´ÌÄª�a¤ì, ÏL�°L¡u�
>^Åÿþ°¡���Ñ�Xê. 3X�\��
� 20◦—70◦ �^�e, SAR ÿþ���Ñ�Xê
Ì�´du°L¡f�ºÝ�L¡Å�>^Åu
)Ù.���Úå, Ù'XL�ª�

kr = 2kem sin θ, (1)

Ù¥, kr ���Åê, kem �>^ÅÅê, θ �>^
Å�\��. �ºÝ�°¡o÷Ýé°¡º|k
��K�, �l SAR ��Ñ�XêJ�Ñ°¡
º|�&E. 3Ï~�¹e, SAR ã�þ�3�°

¡º�²1�º^«, ÏLéº^«�©Û���
°¡º�&E. �� FFT {ÚÛÜFÝ{Ñ´|
^ SAR ã�º«nO�°¡º�. �Å©Û´3
Fp�©Û�Ä:þuÐå5�#�&Ò?n�
{, äk�Ð�� - ªÛÜz©ÛUå, ÏLgÄN
!� - ªI¢y&Ò�°[z©Û. Ïd, �ò�Å
©ÛEâA^u SAR ã�º^«&E�J�, ±
¼�'DÚ�{�Ð�°¡º��ü(J.

3 ��ëY�ÅC�

�Å©Û�¢y&Ò�õºÝ©Û, ���&
Ò?n¥� “êÆw�º”. ^DÚ�Fp�C�©
Û&Ò�ªÌ, �Ué&Ò3����S�ªÌ�
©Û, J±��ÛÜ�� - ª©Û. �,�±ÏL\
I¼êé&Ò�ÛÜz©Û?n, �¬�5ªÌ�
¦, �3ÛÜz�ª�½�":, J±g·A/?
nÛÉ&ÒÚ�²&Ò. �ÅC�K�Ñ
þã
":, äkU
²£Ú� �A5, �±3��Ú
ª�þÓ�?1ÛÜz?n.

(2) ª��ÅÄ¼ê, ψa,b(t) ´d�Å1¼
ê ψ(t) ²²£Ú ��(J, a ¡�ºÝÏf, b �
 �Ïf.

ψa,b(t) = |a|−1/2ψ

(
t − b

a

)
a, b ∈ R, a 6= 0. (2)

|^ù|�ÅÄ¼ê�±é?¿&Ò f(x) ?
1©), =?1�ÅC�, ò¼ê f(x) ÝK���
¼êx. (3) ª�ëY�ÅC�, (Wψf)(a, b) ���
ëY�ÅC������ÅXê.

(Wψf)(a, b) = |a|−
1
2

∫ +∞

−∞
f(x)ψ̄

(
x − b

a

)
dx.

(3)
�ò SAR ã�w¤��&Ò, Iæ^��ë

Y�ÅC�?1?n, X (4) ª¤«:

(Wψf)(ax, bx; ay, by) =
∫ ∞

−∞

∫ ∞

−∞
ψ̄(ax,bx)(x)

× ψ̄(bx,by)(y)f(x, y)dxdy.

(4)

éuã�ù«��&Ò, �ÅC��ÅUþÅ
ð{K, ��&Ò�UþÅðúªX (5) ª¤«:

Ef =
∫ ∞

−∞

∫ ∞

−∞
|f(x, y)|2 dxdy

=
∫ ∞

−∞

Ew(a)
Cψa2

da, (5)
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Ù¥, Cψ =
∫ ∞

−∞
(|ψ(ω)|2/|ω|)dω �NN5^�,

Ew(a) =
∫ ∞

−∞
|(Wψf)a(x, y)|2dxdy ����ëY

�ÅºÝÏf a �'��ÅUþÌ.

4 °¡º��ü�{

4.1 ÛÛÛÜÜÜFFFÝÝÝ{{{

3 SAR ã�¥, n�º^«�ÌÝ3Ù��
þ´�~þ, �3Ù���R���þCz��
�, �Ò´n�º^«���§�FÝ��R�,
Ïd�±ÏL¦)º^«�FÝ��?¦Ñ°
¡º� [7,18].

ÏL`zL� Sobel �f Dx Ú Dy 5O�Û
ÜFÝ��¤. ò SAR ã�©)�eZfã�, ,
�fã� A �FÝ�¤�: G′ = (Dx + iDy) ∗ (A),
∗ L«òÈ, Ù¥ Dx Ú Dy ©O�

Dx =
1
32


3 0 −3

10 0 −10

3 0 3

 .

Dy = DT
x

(6)

|^�f R éFÝ�²��²����²w,
©OL«�: G′′ = R ∗ (G2), G′′′ = R ∗ (|G|2). ��

5ëê C AÎÜ 0 6 C =
|G′′|
G′′′ 6 1. O��fã

��FÝ�, du²LòÈ$��Ý
��ê¬O
\, AT�KFÝÝ
1�Ú���1!�, âU
��Ý
SÜ��((J. ÏLO�Å1 SAR ã
��ÛÜFÝ, ÀJªÇ�p�FÝ����¤¦
º�.

4.2 Gabor CCC���{{{ [13,19]

Gabor ¼êäk��5, �3��Úª�¥¼
�n�� �&E, ^u SAR ã��º^«Or
Úº�uÿ. �� Gabor ¼ê½ÂXe:

guv(x, y) =
k2

σ2
exp

(
−k2(x2 + y2)

2σ2

)

×

exp

ik ·

 x

y

 − exp
(
−σ2

2

) ,

(7)

Ù¥

k =

 kx

ky

 =

 kv cos ϕu

kv sinϕu

 , (8)

kv = 2−
v+2
2 π, (9)

ϕu = u
π

K
, (10)

v ���û½ Gabor ÈÅì�Ý, u ���L«
Gabor Ø¼ê���, K L«o���ê, ëê σ/k

û½
pdI����. é SAR ã�¢��� Ga-
bor C�, 2é$ÏÈÅ�� Gabor C�Xêæ^
�� FFT {, Ìë�����R���=�°¡º
�¤3��.

4.3 ÄÄÄuuu���ÅÅÅ���°°°¡¡¡ººº������üüü���{{{

Å1 SAR ã�©EÇ�p, �æ^��°[
��{5J�°¡º�&E. �Å©Û3��Úª
�Ó�¢yÛÜzõU, �UgÄN!� - ªI5
·A¢S©Û�I¦, ���Å1 SAR °¡º�
�ü��«k��{, äN�ü6§Xã 1 ¤«.

SAR

FFT

ã 1 Äu�Å�Å1 SAR °¡º��ü6§ã

ÀJÜ·��ÅÄé½I��Å1 SAR ã�
?1��ëY�ÅC�, ò SAR ã�ÝK����
Å�¥, |^�Å©Û�õºÝ� - ªÛÜzUå,
©ÛØÓºÝe��ÅUþÌã�, ¼� SAR ã
��º^«&E. é�ÅUþÌã�¢��� FFT
{, ò��ÅêÌ¸��ë��R�, (Üº��
�
�{Úã���=���°¡º�. SAR ã�
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Ì�O��{X (11) ª¤«:

Yl,m =
N∑

j=1

N∑
k=1

Xj,ke−2πi(jl+km)/N , (11)

Ù¥, Y �ã�ÅêÌ, X �ã��Ý�, N �ã�
º�, l,m = 1, 2, · · · , N .

l (4) ª��, �ÅC�´ò&Ò f(x) ±�Å
Ä ψ(x) �Ø¼ê�È©C�, ÀJØÓ�ÅÄC
�¤���ÅUþÌØÓ. Ïd, �éÅ1 SAR ã
�ÀJÛ«�ÅÄ?1C�ò��K�°¡º�
�ü�(J. Ï~ÀJäk�Ð���5!é¡
5!;| !��ÝÚ�K5��ÅÄ?1�Å
C�, J�°¡º�&E. �ØÓ�ÅÄ¤��ü
(JØÓ, ÏdI�ÏL¢�, ò�ü(J�N�
E¢ÿ(J?1'�, (½·^uÅ1 SAR ��
`�ÅÄ. ÏLnØ©Û�¢S��üÁ�, ·�
@� Mexican-Hat �Å3Å1 SAR °¡º��ü
�¡�¼��Ð��ü�J. Mexican-Hat �Å�
�Å¼ê�pd¼ê����ê, Xeª:

ψ(x) = (x2 − 1)e
x2
2 , x ∈ R. (12)

� � Mexican-Hat 1 � Å ¼ ê ψ(x) ´ �
� Mexican-Hat �Å1¼ê��ÝK(J, ´�
�Úª��I¼ê, äk?¿���K5, Ó�ä
k�Ð���Úª�ÛÜzA59&ÒUþ8¥
A5. �� Mexican-Hat �Å¼ê�L«� [20,21]

ψ(x, y) = (2 − (x2 + y2))e−(x2+y2)/2. (13)

5 °¡º��ü(J9©Û

5.1 ÁÁÁ���êêêâââ

�©æ^�Á�êâ´Å1 SAR &ÿ� C Å
ãõ4zêâ, �¹ VV 4z!HH 4z!HV 4
zÚ VH 4zo«êâ. ü|Å1 SAR êâ�&
ÿ�m©O��®�m 2009 c 2 � 21 F 15 �
Ú 3 � 9 F 10 �, N�E¢ÿº� (°¡ 10 m p
Ý?) ©O� 6.5 m/s Ú 8.3 m/s; SAR &ÿ«�Ú
N�E¤3«�þ3�� 19◦, À² 111◦ NC; ê
âã�©EÇ© 7.5 m Ú 5 m ü«, 1Å�1pÝ
�� 5500 m, å©�å�� 7200 m. NCEP 2©Û
]�´{I�¸ý�¥%ÚI[�íïÄ¥%é
Üé	uÙ� 6 h 2©Û]�, T]�zFo��
g (.� 00 h, 06 h, 12 h Ú 18 h), ²�Ý��å
� 1◦×1◦. N�E¢ÿêâÚ NCEP 2©Û]�ê

â�°¡º�þ�°¡ 10 m pÝ?º�. NCEP 2
©Û]�^u�Ø�üº�� 180◦ �
Ú°¡º
��oNª³©Û; N�E¢ÿº�^u�ü°Ý
�½þ'é.

5.2 ººº������üüü

|^�� FFT {!ÛÜFÝ{!Gabor C�{
±9�©JÑ��Å©Û�{éÅ1õ4z SAR
êâ?1�ü¢�¼�°¡º� (°¡ 10 m pÝ
?), ¿ò�ü(J�N�E¢ÿº�±9 NCEP 2
©Û]�?1'é. ± 2009 c 3 � 9 F 10 �ê
â�~, `²±þ�{�ü°¡º��L§. ã 2
´Å1 SAR � VV 4zã�, 1Å�ÜH���
1, X�À���ýÀ; ã�©EÇ´ 5 m z�
�, ã�¥%²�Ý�� (110.572◦, 19.083◦); N�
E uÅ1 SAR &ÿ«�NC, ¢ÿº�� 26◦.
�ã 2 xÚ�µ«�?1�üÁ�, T«���
� 128× 128, lã 7 �wÑT«�3·I°H�À
ÜCW.

ã 2 Å1 SAR ã�

æ^�� FFT {éã 2 ¤À«� (xÚµ)SAR
ã�?1°¡º��ü. é SAR ã�¢��� FFT
{, éã�Ì?1$ÏÈÅ, 2ò��ÅêÌ¸�
�ë��R�=�°¡º�¤3��, ã 3 ¥�J
���=�°¡º��¤3��.

3æ^ÛÜFÝ{�, ÏL`zL� Sobel �
f5O�ÛÜFÝ��¤, |^�f R éFÝ�²
��²����²w, ÀJªÇ�p�FÝ���
{�����¤¦º�. ÛÜFÝ{�üº�(J
�ã 4, ã¥�J�¤«���°¡º�¤3��.
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� � �� �� ��� �� �� � �
ã 3 �� FFT {°¡º��ü«¿ã

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

ã 4 ÛÜFÝ{°¡º��ü«¿ã

3æ^�Å{�ü°¡º��, ºÝC�Ï
f a û½
�ÅÄ¼ê;| 8���Ú�ÅÄ
¼ê�/G, 3 a �ØÓ�¹e¤�ëY�ÅUþ
ÌØÓ. SAR ã���ëY�ÅC���ÅUþÌ
Nyã���ÅÄ¼ê�[Ü§Ý, �ÅXê��,
`²&Ò�Å/��Å/¬Ü5�p; l (5) ª�
�, ã���ÅUþÌ´ºÝÏf a �¼ê. Ïd,
ÀJÛ«��ëY�ÅC�ºÝ��K�°¡º
��ü(J. �þÁ�L², ���ëY�ÅC�
�©)ºÝ a = 8 �¼��°¡º��ü�J�
Ð. ã 5 �TºÝeÅ1 SAR ã���Å��U
þÌã.

æ^ Mexican-Hat �ÅéÅ1 SAR ã�3º
Ý a = 8 �?1��ëY�ÅC�¼����ÅU
þÌ, 2|^ (11) ªéUþÌã¢��� FFT {,
òÙÌ¸�ë��R�=�°¡º�¤3��. X
ã 6 ¤«, �J���=�º��¤3��.

NCEP 2©Û]���m©EÇ�²�Ý�
�å� 1◦×1◦, z 6 h uÙ�g. Å1 SAR &ÿ�
m��®�m 10 �, ��m�'� NCEP ]��
mA�.� 00 �Ú 06 �, Xã 7 ¤«. lTã
��, °¡þ�¡«��º�Ä�´���, �
ÀHº�; duÉ�ïÓÔ�K�, °�Sº�
u)UC, º�~�. NCEP 2©Û]�Jø�
°¡º|�mÚ�m©EÇ�$, Ã{����
Å1 SAR &ÿ«��º�&E, ��©ÛÑo
� ° ¡ º | ª ³, ^ u � Ø º � � 180◦ � 
.
Ïd, ·��� SAR &ÿ«��mål���
C���:, =�� 19◦, À² 111◦ :þ�°¡
º�?1'é. lã 7 �wÑ, T:� 00 �º�
� 24.19◦, 06 �º�� 25.46◦, �N�E¢ÿ°¡
º��C.

� � �� �� ��� �� �� � �
ã 5 Å1 SAR ã����ÅC�UþÌã (a = 8)

� � �� �� ��� �� �� � �
ã 6 Äu Mexican-Hat �Å�Å1 SAR °¡º��ü«¿ã
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21ON

20ON

19ON

18ON

17ON

108OE 109OE 110OE 111OE 112OE

(a)
21ON

20ON

19ON

18ON

17ON

108OE 109OE 110OE 111OE 112OE

(b)

ã 7 NCEP ]�º|ã (a) 00 �; (b) 06 �

5.3 (((JJJ999©©©ÛÛÛ

��y�©¤JÑ�{�k�5, ½þ©Û
°¡º��ü�(J, æ^±þ�{éõ4zÅ
1 SAR ã��õ�«�?1�üÁ�, ù
«�
3�� 19◦, À² 111◦ NC. æ^�Å�{�ü°
¡º��, |^õ«�ÅÄ?1�ü¢�, ±ÿÁ
ØÓ�ÅÄ��ü�J.

L 1 ÚL 2 ©O�Ñ
 2009 c 2 � 21 F 15 �
Ú 3 � 9 F 10 �� 5 m ©EÇ� VV 4zÅ1
SAR ã � æ ^ FFT { ! Û Ü F Ý { !Gabor
C � { ± 9 æ ^ Morlet!DOG Ú Mexican-Hat
n « � Å Ä � � Å � { � ü ( J, ò ( J �
NCEP 2 © Û ] � ! N � E ¢ ÿ º � ? 1 '
�, O�
º��ü(J�¢ÿº��þ��
Ø�. NCEP 2©Û]���� 19◦, À² 111◦ :
º�&E, L 1 ¥� 06 �Ú 12 �°¡º�, (
J©O� 96.1◦ Ú 142.1◦; L 2 ¥� 00 �Ú 06

�°¡º�, (J� 24.19◦ Ú 25.46◦. lùü|ê
â�wÑ, du NCEP êâÚN�E¢ÿêâ3
�mÚ�mk���O, ÏÑy°¡º��Ø
��.

lL 1 ÚL 2 ��ü(J��, Äu Mexican-
Hat �Å�°¡º��ü(J�¢ÿ��'��
þ��Ø�©O� 9.1◦ Ú 3.2◦, �ü°Ý�p, æ
^ Morlet �ÅÚ DoG �Å�ü¤�º��¢ÿº
��þ��Ø�3 50◦ �m, �Ü©ã���ü(
JÑyé�Ø�, ù´du Mexican-Hat �ÅÄä
k�Ð�;| !��ÝÚ�K5, ��º^«�
[Ü§Ý�Ð. ~X, L 1 ¥ 0221125 êâ� Morlet
�ÅÄ��ü(J� 268.0◦, �¢ÿº��� 124◦.
ù`²ØÓ��ÅÄéuº��ü(J�K�é
�, Mexican-Hat �ÅÄ3º��ü¥LyÑ�Ð
�½5, ·^uÅ1 SAR °¡º���ü. 3¢
SÁ�¥, ·��ÿÁ
Ù¦�ÅÄ, ��ü�J
Øn�.

L 1 VV 4zÅ1 SAR êâ°¡º��ü(J (ü : (◦)) (2009-02-21)

Á�êâ FFT { ÛÜFÝ{ Gabor C�{
�Å{ NCEP ]�

¢ÿº�
Morlet DoG Mexican-Hat 06 � 12 �

0221015 196.0 163.0 178.0 182.7 161.2 164.0

0221025 202.6 170.0 244.8 176.1 156.0 157.4

0221115 206.8 145.0 214.8 183.3 157.5 158.3
96.1 142.1 170.0

0221125 196.0 165.0 159.5 268.0 164.7 164.0

0221215 200.4 159.0 151.4 178.0 166.9 168.5

0221225 201.7 158.0 156.6 177.0 160.2 163.1

RMS 33.8 13.9 40.5 44.9 10.6 9.1 — — —
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L 2 VV 4zÅ1 SAR êâ°¡º��ü(J (ü : (◦)) (2009-03-09)

Á�êâ FFT { ÛÜFÝ{ Gabor C�{
�Å{ NCEP ]�

¢ÿº�
Morlet DoG Mexican-Hat 06 � 12 �

0309017 9.4 16.0 20.4 83.6 4.4 26.6

0309027 23.1 35.0 57.9 63.4 5.2 20.6

0309037 15.6 22.0 23.0 150.0 115.0 28.3

0309117 18.4 24.0 42.1 59.0 120.9 28.3 24.19 25.46 26.0

0309127 10.4 24.0 30.7 29.1 41.6 26.6

0309217 26.5 11.0 43.2 45.0 39.8 23.2

0309227 11.3 11.0 26.5 84.8 37.2 22.4

RMS 12.3 10.4 13.5 64.5 55.3 3.2 — — —

3 FFT {!ÛÜFÝ{Ú Gabor C�{ùn
«º��ü�{¥, Gabor C�{��ü(J��,
�OêâÑy
��� �. Ï� Gabor C���
´�«I�Fp�C�, �,ÏL\I¼êéã�
�ÛÜz©Û?n, �Ù� - ªI�½, Ã{¢y
� - ªÓ�ÛÜz, J±g·A/?nÛÉ&ÒÚ
�²&Ò, Ï�ü�JØn�. ~X, 2 � 21 F
êâ�þ��Ø�3 40◦ �m,  0221025 êâ�
�ü�� 244.8◦, �3��Ø�. ÛÜFÝ{��
ü(J��½, ù��'©z¥(1 SAR ã�
°¡º��ü�(Ø´��� [1,2,22], =ÛÜFÝ
{��ü°Ý�`u�� FFT {.

Ï d, Ø J w Ñ, Ä u ë Y � Å C � � Å
1 SAR °¡º��ü�{, 3æ^ Mexican-Hat

�ÅÄ�Ù�ü°Ý²w`uÛÜFÝ{!�
� FFT { ± 9 Gabor C � {, N y 
 � Å © Û
3� - ªÛÜz�¡�`�5, y¢
c©¤ã
*:.

��yØÓ©EÇÅ1 SAR ã�é°¡º
��ü(J�K�, éÓ�«� 5 m Ú 7.5 m ©
EÇ�ã�?1�üÁ�. æ^�ü�J�Ð
� Mexican-Hat �Å{ÚÛÜFÝ{é 2 � 21
F 15 �Ú 3 � 9 F 10 � 7.5 m ©EÇ�Å1 SAR
êâ?1º��ü, (JXL 3 ¤«. ÏLé'©
Û&ÿ©EÇ©O� 5 m Ú 7.5 m ��º��ü(
JØJwÑ, ü«©EÇ�Å1 SAR ã�Ñ·^
u°¡º���ü, p©EÇ�Å1 SAR &ÿê
â�ü°ÝÑp.

L 3 7.5 m ©EÇÅ1 SAR êâ°¡º��ü(J (ü : (◦))

Á�êâ �ü(J
*ÿ�

Á�êâ �ü(J
*ÿ�

2009-02-21 �Å{ FÝ{ 2009-03-09 �Å{ FÝ{

0221017 163.3 161.0 0309017 12.5 19.0

0221027 160.6 139.0 0309027 25.0 13.0

0221117 151.4 145.0 0309037 25.0 15.0

0221127 151.4 147.0 170.0 0309117 22.3 14.0 26.0

0221217 168.5 153.0 0309127 18.4 7.0

0221227 168.5 149.0 0309217 21.8 11.0

— 0309227 12.5 11.0

RMS 12.9 24.2 — RMS 8.7 14.7 —

L 4 õ4zÅ1 SAR êâ�ü(J (ü : (◦))

êâ�{ FFT {
2009-2-21-15

�Å{ êâ�{ FFT {
2009-3-9-10

�Å{
ÛÜFÝ{ ÛÜFÝ{

VV 33.8 13.9 9.1 VV 12.3 10.4 3.2

HH 33.9 8.51 9.58 HH 10.1 4.3 3.2

HV 32.3 13.2 9.48 HV 13.4 9.5 3.5

VH 31.5 10.4 9.55 VH 11.6 9.2 3.4
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õ4z SAR �¼�Ó�8IÓ4zÚ��
4z���Ñ�Xê, =�Ó�Pk VV, HH, HV
Ú VH o«êâ. �ÿÁ�«4zêâ��ü�J,
æ^ FFT {!ÛÜFÝ{Ú Mexican-Hat �Å{
é 5 m ©EÇ�Å1 SAR êâ�õ�«�?1�
üÁ�, ¿�¢ÿº�'�, O�þ��Ø�, (J
XL 4 ¤«. ØJwÑ, �«4z�ªêâ��ü
(Jþ��Ø�'��C, þ·^u°¡º���
ü, Ó4zêâ��ü(J�Ñ`u��4z.

6 ( Ø

�©± 2009 c¥IH°°�ü|Å1 SAR
¢ÿêâ�~, ïÄ
Äu��ëY�ÅC��õ
4zÅ1 SAR °¡º��üEâ. æ^õ«�{
?1�üÁ�, ò�ü(J�N�E¢ÿêâ'é,
�y�{�k�5. �ÅÄ�ÀJéuº��ü
�K���, du Mexican-Hat �ÅÄûÐ�;|
 !��Ý!�K5�A5±9�º^«�Ð�
[Ü§Ý, Ù�ü(J��n�, vk²w lý
�. Mexican-Hat �Å�º��ü(Jþ��Ø�
��, Ù°Ý3�Nþ`u�� FFT {!ÛÜFÝ

{±9 Gabor C�{, `²�Å©Û�� - ªÛÜ
zõU�Ð, k|ué SAR ã�º^«&E�J
�. duÓ4zÚ��4z SAR êâ�º^«(
�Ä���, Ïdæ^�Å©Û�{Ñ����Ð
��ü�J; Ó4zêâã����ß, Ù�ü
(JÑ`. �p�m©EÇ�Å1 SAR &ÿêâ
�º��ü°ÝÑp.

�©JÑ�Äu�Å�º��ü�{·^u
kd°��í>.�Ø½Úå�º^«&E�
Å1 SAR ã�; éu(1 SAR ã�T�{Ó�
·^. d	, éu&D'�p!º^«���ß
� SAR ã�, T�{�¼��p�°¡º��ü
°Ý. e�Ú, ·�ò¼��õ� SAR êâ, ÏL
�üÁ�¿©�y�©JÑ�{�k�5, ¿ïÄ
°�Äå�µ|éº��ü(J�K�. �Xõ4
z SAR Eâ�FÃ¤Ù, �ò?�ÚïÄXÛ|
^ SAR ��4zêâ��ÌÚ� &E)ûº�
� 180◦ �
¯K.

a�¥I>f�E8ìúi1n�lïÄ¤Jø�Å

1õ4z SAR Á�êâÚN�E*ÿ(J.
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Ocean surface wind direction retrieval from
multi-polarization airborne SAR based on wavelet∗
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Abstract

An ocean surface wind direction retrieval method from multi-polarization airborne synthetic aperture radar images is presented

in order to retrieve high precision wind direction SAR image and improve the accuracy of ocean surface wind. The method relies on

the ability of two-dimensional (2D) continuous wavelet technique with better time-frequency than Fourier transform and local gradient,

which combines 2D continuous wavelet and FFT to exact the ocean surface wind direction from airborne SAR images. The proposed

method is executed by using several kinds of mother wavelet functions for the C-band co-polarization and cross-polarization airborne

sounding images, and the retrieved ocean surface wind direction is compared with NCEP data and buoy data. The verification results

show that the wavelet based ocean surface wind direction retrieval algorithm is suited to retrieve wind direction from airborne SAR

sounding data. The choice of mother wavelet function has a certain influence on the results, and 2D Mexican-Hat is the best mother

wavelet for wind retrieval. Both co-polarization and cross-polarization airborne sounding images are suited to retrieve ocean wind

direction.

Keywords: airborne SAR, ocean surface wind, wavelet, multi-polarization
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