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�é�Kz�{3)û¢S�ü¯K�QU�Ñ¯K�Ø·½5q�±é�§Ýþ³�D(ÚØ��DÂ,

�©JÑ
|^¢D�{(Ü�Kz�{�#�{, 3¢D�{·AÝ¼ê¥Ú\�Kz�5�üÅ�ëê; ,�

é�{?1�ýÁ�, (JL²#�{�DÚ¢D�{�'äk�p��ü°Ý, ¿�Ñ�D(Ø��u 10%�,

�{äk�r� “�D” 5U; ��|^Å1X�3 Wallops�&ÿ�°L¡?ÛÜ£Å]�?1�üÁ�, ò�ü
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1 Ú ó

|^X�£Å&E�ü�íÅ���´I

S	'5�9:, @3 1998c°�Y¡Ô�¥

% (NSWC) ÄgJÑ|^X�&ÿ�°,Å&E

é�íò�(�?1ý�O (Refractivity from Clut-

ter, RFC)[1]. ��, GerstoftÚ Yardim �<©O|

^
¢D�{ (GA)[2], ��d – ê��Åó�A

kÛ (Bayesian-MCMC)�{ [3], S�­�Ä��

{ [4] Úk�ùÈÅ{ [5] éX�£ÅÛÜ*ÿ]�

?1
�'��íÅ��üÁ�. �gÔ!ë�¸

Ú�¾3I	ïÄ�Ä:þé�ü�{?1U?

�M#, (ÜX��ý�N*ÿ]�JÑ
|^C

©��(Ü�Kz [6−11] ��{^u�íÅ�ëê

�üïÄ, Uõ
�ü�mÚ°Ý.

CA�c5, Tikhonov�Kz�{ (Tikhonov

regularization method)3�¯KïÄ¥u�
­�

�^, 3)û¢S¯K�QU�Ñ¯K�Ø·½

5q�±é�§Ýþ/³�D(ÚØ��DÂ. �

©JÑ|^¢D�{(Ü�Kz�{ (modified ge-

netic algorithm with tikhonov regularization method,

MGAT) �#�{é�íÅ��ü?1ïÄ, ò#

�{^u�ýÚ¢ÿ]���üÁ�, ¿é�ü(

J?1?Ø©Û, (JL²
T�{�k�5, #

�{ÿ°
°��íÅ��üïÄ�g´.

2 �Ô.Å�§�ª

{I°�Ôn¢�¿JÑ
�«²;Ê·5

�Êëê�. [2] ^u£ã¢SA^¥��«�í

Å�, �^¥þ m L«�

m = (Md, zthick, c1, zb, δ)
T, (1)

¥þ m ¥�Ê�ëê©OL«�: L¡Å�éA

�Kò��ê Md(M-deficit); L¡Å��¼��

þÝ zthick(thickness);·Ü���Ç c1(mixed layer

slope);L¡Å��¼�.�pÝ zb(base height);�

uÅ�þÝ δ(evaporation duct height),äN/ªX

ã 1 ¤«.

Êëê�.éA��íò�Ç+�R�©Ù

Ú�ëê>.^�����©z [2]. �Êëê

�.¥�uÅ�pÝ δ �"�, �|^oëê�

. m = (Md, zthick, c1, zb)
T �üÅ�ëê.

£ã>^Å3¢S�í¥DÂ��Ô.Å�

§ [9] �L«�
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∂2U (x, z)

∂z2
+ 2ik0

∂U (x, z)

∂x

+ k2
0(m

2 − 1)U (x, z) = 0, (2)

ª¥ x Ú z ©OL«/¥L¡�Y²ålÚR

�pÝ; k0 L«gd�m¥�Åê, U (x, z) L«

>^|r; m L«�í?�ò�Ç. |^©ÚF

p�C� [12], 3�� x = x0 ?|r� U (x0, z)

�, (Ü©Ú�c{ [12] �¦Ñ x > x0 �:�|

þ� U (x, z), ÏL|þ� U (x, z) ¦Ñ��ãD

ÂÏf Q =
√

x |U (x, z)|, ,����ü§DÂ�

Ñ L(m) Xe:

L(m) = 20 lg
(4πx

λ

)

− 20 lg(Q), (3)

Ù¥ λ L«>^Å�Å�, m L«¥þéA�Å�

ëê.

Md

c1

δ

zb

zthick

ã 1 ²�Êëê�. [2]

3 MGAT �{

Tikhonov�Kz�{�A^�X�¯K�u

Ð
Åì,å, |^¢D�{(Ü�Kz�{, �

ïÜn��Kz�¼!ÀJk��Kzëê�±

k�/�Ø�¯K¥Ø·½5¤E¤�¦)(J,

é�§Ýþ/³�D(ÚØ��DÂ. DÚ¢D�

{ (GA) `:3uU
��(½8I¼ê±9|¢

�m, Ò�±éE,¯K?1¦), äkér�¢

^5. §�":3u�Û|¢��mLú, 3|L

ó��Ð�ã, U
×�é�Âñ�, �\ÛÜÂ

ñ, �C°(��|¢�Ý²wü$, ��Ã{¼

��Û��`). MGAT �{éDÚ¢D�{?1


XeU?.

�½Ð©8I�¼ J0[m] L«Xe:

J0[m] =

∫ S

0

∫ H

0

[

Lobs(mobs) − Linv(minv)
]2

× dzdx, (4)

Ù¥ S Ú H ©OL«|¢�m�Y²ålÚ

R�pÝ; m
obs L«�½��|�íÅ�ëê,

ò m
obs ��*ÿ�íò�+�, Lobs(mobs) L

«*ÿ+�éA�DÂ�Ñ; m
inv L«�üO

� � � � � í ò � + �, Ó n � �, Linv(minv)

L«�ü+�éA�DÂ�Ñ. J0[m] ����,

` ² � ü O � � � � � í ò � + � ° Ý � p,

�C*ÿ�. 38I�¼¥Ú\�Kz� J1, �

Kz� J1 �L�ªXe:

J1 =
1

2

∫ S

0

∫ H

0

∣

∣

∣

∣

∂U (x, z)

∂z

∣

∣

∣

∣

2

dzdx, (5)

T��­½�¼, Q�±�Ñ¯K�Ø·½5, q

�±�Ø)���y�. d�ò8I�¼U�¤

J =J0[m] + γJ1

=J0[m] +
γ

2

∫ S

0

∫ H

0

∣

∣

∣

∣

∂U (x, z)

∂z

∣

∣

∣

∣

2

dzdx, (6)

Ù¥ γ L«�Kzëê [13], ¦)�íÅ���ü

¯K�±=z�¦)8I�¼ J ����.

���|¢�m��:ê� N , du8I�

¼ J ��, �ò·AÝ¼ê ϕfit �O�

ϕfit[m] =
1

1 +
√

J/N
. (7)

ù��O�±�y·AÝ�3 0 � 1 �m, ·A

Ý ϕfit ��Cu 1, `²�ü(J��C*ÿ�, �

ü°Ý�p.

4 �ýÁ�

4.1 ëëëêêê������999DDDÂÂÂ���ÑÑÑOOO���

L 1 ¥ � Ñ ü | � ý ê â, Ù ¥ m1 =

(Md, zthick, c1, zb, δ)
T � Ê ë ê � ., m2 =

(Md, zthick, c1, zb)
T �oëê�.. ü|ëê©O

éA�´·ÜÅ�ÚL¡Å�.

L 1 ü|�íÅ�ëê

Md/M zthick/m c1/(M/m) zb/m δ/m

m1 30 50 0.13 160 25

m2 40 40 0.20 160 —

�X�ó�ªÇ� 7 GHz,U�e�pÝ 18 m,

U�4zA5�Y²4z. �âþãXÚëê�

�, (Üëê�.���íò�Ç+��R�©Ù,
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O�>^Å3ü«Å��¸e�DÂ�Ñ L(m),

Xã 2 Úã 3 ¤«. ã 2(a)Ú 3(a)¥î�IL«

�í?�ò��ê, ü  M; p�IL«R�pÝ,

ü  m. ã 2(b) Ú 3(b) ¥î�IL«Y²ål, ü

  km; p�IL«R�pÝ, ü  m; �Ý¢ÚL

«>^Åü§DÂ�Ñ, ü  dB.

4.2 MGAT ���{{{��� GA ���{{{���üüü(((JJJééé'''

ò 4.1¥O����DÂ�Ñ L(m) ���ý

*ÿ�, ©O(Ü MGAT Ú GA �{�üü|Å�

ëê, ò�ü(J�IO��'�, �Ñ�'(Ø.

Ù¥ GA �{�©z [14].
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ã 3 (a)�í?�ò��êR�©Ù; (b) >^Åü§DÂ�Ñ�m©Ù

L 2 ü«�{�ü(J'�

1�|ëê 1�|ëê

IO� GA1000� MGAT1000� IO� GA1000� MGAT1000�

Md/M 30 24.145 31.769 40 37.146 39.280

zthick/m 50 16.520 54.936 40 37.048 41.762

c1/(M/m) 0.13 0.057 0.151 0.2 0.150 0.203

zb/m 160 181.839 156.864 160 139.721 157.921

δ/m 25 20.450 25.650 — — —
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MGAT �{�'ëê�½Xe: «+�� 30,

/ÚN�Ý 40, ��Ç 0.7,CÉÇ 0.03,øòCÉ

Ç 0.15,��?z�ê 1000�. �ýÁ�L§¥d

u®�ý¢êâ, �â L ­�{ [13] N��Kzë

ê, γ � 0.005.ã 4(a)Ú 5(a)L«ü«Å��¸¥

�íò�Ç+��ü(J�IO��é'. Ù¥î

�IL«�í?�ò��ê, ü  M; p�IL«

R�pÝ, ü  m. ã 4(b) Ú 5(b) L«ü«Å��

¸¥pÝ 200 m?>^ÅDÂ�Ñ�ü(J�I

O��é'. Ù¥î�IL«Y²ål, ü  km;

p�IL«DÂ�Ñ, ü  dB. ü«�{��ü(

J'���L 2.
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ã 5 L¡Å��¸¥�ü(J�IO��é'ã

�âãL�Ñ�(J�±uy: 3·ÜÅ�

�¸e, MGAT �{é·Ü��Ç c1 ��ü°Ý

'�¯a, �´�IO��'Ø���, éÙ{o

�ëêäk�p��ü°Ý; �ü����íò

�Ç+��IO+��m�Ø�3 1 M ±S; D

Â�Ñ�ü(J�Ð, �3 10 km?�IO��m

k 10 dBØ�. GA �{�ü·Ü��Ç c1!�¼

�þÝ zthick Ú�¼�.pÝ zb ùn�ëê�Ñ

w�'�¯a; �ü����íò�Ç+��IO

+��m�Ø�3 5 M ±þ. 3L¡Å��¸e,

MGAT �{��ü°Ý�~p, �ü����íò

�Ç+��IO+�A�­Ü. GA �{Ø
é·

Ü��Ç c1 Ú�¼�.pÝ zb ��ü°Ýw��

¯a, éÙ{ëê�üÑkØ���ü°Ý; �ü

����íò�Ç+��IO+��m�²þØ

��C 10 M; DÂ�Ñ�ü(J�IO��m�
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Ø��DÂål�O\
ÅìO�.

nþ¤ã, MGAT �{�ü°Ý`u GA �{,

�±�Ä^ MGAT �{�O GA �{?1�íÅ

�ëê�üïÄ.
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ã 7 ØÓD(Ø�^�e, pÝ 150 m?DÂ�Ñ�ü(J�IO��é'ã

5 MGAT �{ “�D5” ©Û

3)û¢S�íÅ��¯K (RFC)�, X�&

ÿ��°,Å¥¹k�þD(&E, Ïd´Ää

kûÐ� “�D” Uå´u��{�ü5Urf

���­��I. �!3L 1 éA�ü«;.Å

��¸¥©OV\ 5%, 10%Ú 15%�pdD(Ø

�, �âD(^�e��ü(J©Û MGAT �{

�“�D5”.

ã 6 Ú ã 7 L « Ø Ó D ( Ø � ^ � e, |

^ MGAT �{�ü����íò�Ç+�Ú>

^ÅDÂ�Ñ. äN�ü(J±9�IO��é'

ëìL 3 ÚL 4.

L 3 ØÓD(Ø�^�e, ·ÜÅ��ëê�ü(J

IO� 5%D(Ø� 10%D(Ø� 15%D(Ø�

Md/M 30 32.160 39.198 10.068

zthick/m 50 65.885 61.486 89.443

c1/(M/m) 0.13 0.164 0.215 0.335

zb/m 160 147.043 143.384 116.617

δ/m 25 25.298 7.273 0.508

�âãL©Û��±e(Ø:1)MGAT �{�

�ü°Ý�XD(Ø��O\
ü$; 2) �Å��

¸¥�D(Ø��u 10%�, MGAT �{äk�r

� “�D” 5U, �ü����íò�Ç+��¢S
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+��ÎÜ, Ø����±�É; 3) �Å��¸¥

�D(Ø��u 10%�, MGAT �{¬Ô�� “�

D” 5U, �ü����íò�Ç+��¢S+�

 �é�, �ü°ÝÉ�î­�K�.

L 4 ØÓD(Ø�^�e, L¡Å��ëê�ü(J

IO� 5%D(Ø� 10%D(Ø� 15%D(Ø�

Md/M 40 41.838 44.673 10.068

zthick/m 40 55.230 62.463 18.671

c1/(M/m) 0.2 0.164 0.226 −0.107

zb/m 160 145.310 141.266 100.176

6 ¢SX�£Å]��üÁ�

ÏL±þ©Û, �±uy MGAT �{3�ý]

�Á�¥äk�r��ü°Ý� “�D” Uå, (

Ü¢SX�£Å]�, ?�Úu��{��15.

¢S]�?1�üÁ��, Ø�U�����

m«�S�DÂ�Ñ�, Ïd�U|^°L¡?X

��Â��¢S£ÅõÇ?1Å�ëê�ü. �â

©z [2] ��, X�£ÅõÇ Pc �L�ª�

Pc = −2L(m) + 10 lg(r) + σo + C, (8)

ª¥ L(m) L«>^ÅDÂ�Ñ, r L«DÂål,

σo L«8�zÑ�Xê, C L«�X��'ëê�

~þ.
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ã 8 ¢ÿ�í+�R�©Ù

�©æ^�X�£Å]�� 1998c{I°�

Y¡Ô�¥%3 Wallops�?1�&ÿ]� [3], ?

1T&ÿ�X���mÿåX�, äNëê��X

©z [2]. T]�3Y²ål 60 kmS�¹k 32 ^

�ò�Ç+�, Ù¥¢�L«¢ÿ 32 ^+�, J�

L« 32 ^+��²þ�, Xã 8 ¤«.

dã 8 ��, ù 32 ^+��m�Ø�Ø�, Ä

�3 5 M ±S. {IÆö Barrios3 1991cuL�

I��w¥L² [15], �*ÿ�¸�Ñyré6�

Uíy��, °��í�¸ÛÜ��S�Cqw�

�Y²þ!�¸. Ïd, �!�â¢SO�I�, �

òþã¢ÿ]��¸Cq�Y²þ!�¸, � 32

^+��²þ���¢ÿ+�.

ò°L¡ H0 ?X�¢S�Â�£ÅõÇP�

*ÿ� P obs
c , �ü����íò�Ç+�éA�X

�£ÅõÇP��ü� P inv
c , (Ü�Kz�{��

8I�¼ J Xe:

J =J0 + γJ1

=

∫ S

S0

(

P obs
c − P inv

c

)2
∣

∣

∣

z=H0

dx

+
γ

2

∫ S

S0

∫ H0

0

∣

∣

∣

∣

∂U (x, z)

∂z

∣

∣

∣

∣

2

dzdx, (9)

ª ¥ � J1 L « � K z �; S0 L « Ð © å

l. d u æ � : Ø v E ¤ 
 Û Ü ] � � �

­ Ï f u ) U C, Ï d � K z ë ê γ I �

? 1 N �, © Û γ � � � � � 3 10−3 � m,

� ! � γ = 0.001. � â � ½ � 8 I � ¼,

æ^ MGAT �{é¢SX�£Å]�?1�ü.

ã 9(a)�Ñ°L¡ 10 km� 60 kmDÂål

SX��Â��£ÅõÇ, ã 9(b) ¥¢�L«¢ÿ

�íò�Ç+�, :y�L« MGAT �{�ü�

��+�. ÏLé'�±uy, ò MGAT �{A^

�¢ÿ]��ü�äk�Ð�°Ý, Ø�Ä���

3 5 M ±S.

�âã 9 �Ñ�¢ÿ+�Ú�ü+�, ©Ûé

A�>^ÅDÂ�¸A�, Xã 10¤«, (a)L«¢

ÿ+�^�e�>^Åü§DÂ�Ñ; (b) L«�

ü+�^�e�>^Åü§DÂ�Ñ; (c) L«þ

ãüö�m�DÂ�ÑØ��m©Ù. (a), (b)Ú (c)

¥�î�IL«Y²ål, ü  km; p�IL«R

�pÝ, ü  m; �Ý¢ÚL«DÂ�Ñ, ü  dB.

ÏLã 9 Úã 10 �Ñ�(J�±uy:MGAT

�{�ü���+�Ú¢ÿ+��3�½�Ø�,

���U
�NÅ��(�A�; �ü+�éA�

DÂ�Ñ�¢SDÂ�Ñ�m�Ø�Ä�3 40 dB

±S, `²�ü+�Ä�U
£ã>^Å3Å��
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¸¥�DÂA�&E, �y²
ò°��íÛÜ�

¸Cq�Y²þ!´Ün�.
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ã 9 (a)¢ÿX�£ÅõÇ; (b) �íò�Ç+�R�©Ù

Douvenot3©z[16]¥�ÑXe(Ø: |^X

�£Å]��ü�íò�Ç+� (RFC) �Ì�8

�¿Ø´����^°O��íò�Ç+�, 


´��U
O(£ã�íò��¸��'&E. �

â Douvenot�*:, �±@� MGAT �{3 RFC

EâA^¥ä��15.

7 ( Ø

�Kz�{�±k�/)û�ü¯K¥�Ø

·½5, é�§Ýþ/³�D(ÚØ��DÂ. �

©JÑ|^¢D�{(Ü�Kz�{ (MGAT �

{) �üÅ�ëê, ��±e(Ø:

1. |^�ý]�?1�üÁ��, (JL²:

"D(Ø�^�e, MGAT �{�N��ü°Ýp

u GA �{. é MGAT �{ “�D” Uå?1©Û,

uy�Å��¸¥�D(Ø��u 10%�, MGAT

�{� “�D” 5U�Ð, �ü����íò�Ç
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Abstract

Due to the fact that regularization method can overcome the ill-posed characteristic and obviously suppress noise and errors

propagation in practical inverse problem, a new algorithm (genetic algorithm with regularization method) is proposed, combining

fitness function of genetic algorithm with regularization term to retrieve ocean duct parameter. Simulation experiments show that

retrieval accuracy of the new algorithm is better than that of traditional genetic algorithm. When the noise errors are less than 10%, the

noise-immune performance is better. Finally, the inversion result from airborne radar clutter local date of sea surface in the Wallops

island is compared with real refractivity profile, pointingout the efficiency of algorithm. The new method provides a newconsideration

for inverse research of ocean atmosphere duct.
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