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Small Perturbation Method of Electromagnetic Scattering from Rough Surface
with Considering the Effect of the Curvature of the Surface
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Abstract: A new classical small pertuthatbn method of electiomagnetic scattering from rough surface with consideration of the
effect of the curvature of the suface is presented.The problem of scaitering emror due to this method at a grazing angle is solved. Conr
paring with a set of measured data, numerical computations of the backscattering radar cioss section for actual natural rough surface by
the classical and new small perturbation methods are given. The results show that the new small perturbation method is validity for the
small, moderate and grazing angle incidence.

Key words:  the effect of the curvature; mugh surface; electromagnetic s cattering; small perturbation method

,IEEE(AP) 98
[1,2]

Maxwell . [.9

Rayleigh
l 9 . Ri:lylt‘lgh

[3.41.

k8< 0.3,/26/1< 0.3

: 2000 07 26; : 200+ 01- 08
. (No, 60101001)



3 329
65 I 1 2 R
s s € &, a( ,a= W/2- 0;).
&) . ,
PE," exp(ik1r) , 1
p h( ) RN Ei= DL EH (kir)exp(in®) (8)
( ) o
, E= Y E.aH? (kar)exp(in®) (9)
E.= Eo(-1i)"/ ki,
Fraunhofer 1 :
- aH L (k\R)HY (kaR)+ [&H" ,(kiR)HY (k2R
n, JeH P (ki R)HY (kaR) - [&H Y (k\R)H™ ,(k2R)
0= 8kleas™0,ca0,l 0,12 o+ hrsinl, by (2) (1
iz hoo , kiR > 1, kaR > 1, /6]
= — [ysi = — ksin,sin®, 2 .
Ky k1sin0,cos by, k, kisin0 sin®, (3) H)V (kR )= (W V2exp(ic1)A,
q1 (11)
i 2
(&= Dewt, HY (kR )= () Pesp(ic) B,
Qph= ] . 2pn 172 - _ 2012 ki TR
[cosO;i+ (&= sin"0;) ][ cosO;+ (€,— sinQ;) 7]
ae (&- 1)(&- sin’0;) " %sin®, H\Y (kR )= (]% "exp(ic)An
T [&coshi+ (&- sinze,:) Vz][cos@ﬁ (&- sin293)1/2] 12 (12)
. . , i 2
. — (&= 1)( &= sin*0)sind, HY ,(kaR)= kLz(JTLRZ) V2 e ica)

- [cosO;+ (€- sinzei) 1/2][8,.00595+ (€- sinzeé)l/z]

- (&- 1)/ &sinO;sinl,— cos® (€, — Sinzei) '/2(8,— Siﬂzes)l/zj
v [ &cwbi+ (€- sinzes)l/zj[oose_& (&- sinzes) 1/2]
(4)

(2) S
(=07,

0, = 8kjcos 0005 0,1 al S/ ky(sind; F sind,) ] (5)

“Fx” 4).9: 05 1% 5 ei= 657 d).:: T[a
(4) A= App= 0’
Qn= &= !
"= [cosOi+ ( €— sin’0;)"*]? (6)
(&= 1)[(&~ Dsin'fi+ &]
YT [&cosDi+ (&- sinzei) 1/2]2
0%= 8kToos*0;l ! 2S( 2ksind;) (7)

ci= kiR(sina- acowa)— T/ 4, co= koR(sinB- BeosB) -
/4, cosB= (e/ &) Vzcos(l, g1= kisina, g2= (k%— k%oosza) 1/2’
HY (x)= (H' (=" )" :
( (9)
0= 8kteos™0;c0s>0,1 aul 2c(a, kiR) S ( ket kisind;, k)
= cn( 0 k1iR)[ On( Q)] R= oo (13)

o= 8ktcos0;1 aul 2cn(a, kiR) S (2k1sind;)
= cu( @ k1R)[ ()] k= (14)

[Ou( Q)] R= oo [O%( Q)] Re e
( (2 (7).

cn((l,klR).

|q1+ q2|4

a, kiR)= — 3 15

e O kR = B T (15
| g &q.l*

va(ay klR): 191+ =g (16)

| 81(1214* + 82(113* |4
(15),(16) A, B

. J%Hq};(zmp[m/u_ 0] (17)
B= - 3coiszq Jf—tm— 3isin’a) Hii(1)
+ 3 (1)] exp[i( SV/12- 1) ] (18)
-3
1= kiR - (19)



330 2002
. . , R™
: .o, (el kiR)”
’ , D, 4 R/A=100 , a<75 , ei(q,
s kiR) 1,
4
(15 (16) v 5
cu( A, k1R) a R 3 (hh
- &= 1, &= (1534,3.66)'7, ),
f=15GHz(L , A= 20cm), 4 ( ),
a [1.8],
3, 4 : S(f)=Sof " (20)
a ( 0; )s hh v %0
> n(a, kiR) L :: . — s
0dB)7 5 5 o 5 — =i b R S\E 0 --‘--i‘;:gﬂ(@ﬂ?ﬁt
3ol | —— it | 27O
( 13) > (14) > ¥ -15 ‘-' ===zl A RAE ° z:)
, R L en(a, kiR) 20l ¢ —— =207 B ot
25 ®
. 70 20 30 40 50 50 70 80 w0 w0 0
, en( @, k1R )Z 1, ’ . o 10 20 Mf:,? S0 80 70 80
3 cu( A, k1R) 5
10 ©
s » fetmstit
- R
R R e cimbic o Bl - F—
™ -5 — R 10050 B 0
T 0 === R 60ANERIE -1
- / © s = RA-20BHEREE E
- x —a— R 100y 1K © 30 -
\<‘ 20 —— Ri-o0 BRI 40
fE2 ks 25 —a— Rl 200 BRI 5o} r=8 91GHz
.30 -
. o s 10 :1;); 20 26 0 o 10 2 3 xﬁ 50 60 70 8
2 4 c,(a, kR) 6
So (So> 0). [5] ,S0=35 N
x107°, ¥= 0.5, k16= 0. 1, kyl= 2. 6. , 507, ,
=60 . R/X=20
20 , 103561'55(?, 9i> 50,
(200 <6, <60) ,
, (0:> 60 ), ,
' [1.2] |
R/ A= 20. s I0<R/A<Z60 5
) R/A> 60 ,
6 [1] bl , 2
(hh ), S = 891GHz
0.12 k6= 0.13, kil=20 & =1, €,= (433, 34.9) , R™ oo ,
s Y= 0.75 So= 2 1x

1072, , 10 < 6, <50

)



331

[ 1]

[ 2]

[ 3]

[ 4]

[ 5]

F T Ulaby, et al. Microwave Remote Sensing [M]. Vol. 2, Chap. 12,

Addisorr Wesley Publishing, 1982.

J A Ogilvy. Theory of Wave Scattering from Random Rough Surface
[M].Adam Hilger, New York, 1991

J RApel. An improved model of the ocean wave vector spectrum and its
effects on radar backscattering [ J]. J Geo phys. Res. , 1994, 99: 16269
- 16291.

L B Wetzel. A model for sea backscatter intermittency at extreme graz
ing angles [ J]. Radio Science, 1977, 12:749- 756.

J M Soto Crespo, M Nieto Vesperinas, A T Friberg. Scattering from
slightly rough random surfaces: A detailed study on the validity of the
small perturbation method [ J]. J. Opt. Soc. Am. , 1990, 7(7) : 1185—

1201.

[ 8]

A G Vornovich. Wave Scattering from Rough Surfaces [ M]. New
York: Springer Verlag, 1994.

Y Oh, K Sambandi, F T Ulaby. An empirical model and an mversion
technique for radar scattering from bare soil surfaces [ J]. [EEE Trans.
Geosci. Remote Sensing. 1992, 30(2) :370- 381.

G Francesdietti, et al. Fradals and the small perturbation scattering
model [J]. Radio Science, 199, 34: 1043—- 1054.

. 1968 . 193
, 199 s

. 1946



