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Diffraction and Image Simuation of Natural Microwave Radation
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Abstract:  The diffraction of natural radiation is analyzed with GTD theory and the brightness temperature formula is deduced
to calculate the diffraction effects. The numerical results ndicate that the natural environment and the sun ot the direct viewing field
only generate ignorable diffraction temperatures of more less than 1K. Without considering diffraction effects the ray tracing method
was ntroduced to the image simulation of natural scene radiation, the emiting model and illuminating model of natural suface are
established, the polarization wtation in ray transmission process are also considered. Real scene of building is smulated at last and
validated by comparing with field measurement, which indicates that this simulation model is completely feasible in practice.

Key words:  geometric theory of diffraction (GTD) ; passive microwave imaging; ray tracing; scene simulation

(-

(2l [3]

’ 5 Salmon

[4.5]
2

12006 05 11; : 2007 1227
(:No. 40674070,,40671121)



6 1069
Keller  GI'D 1s, , AO=1] /71, 1 ,
E -D 0 E l
D e | 1= g [ nen2c9azae (y)
E! 0 -DJ LE p2oee
:D ,h v
, Ei , Ed s s
5 Ad ’
Holm 1. 2.2
’ 8
D, = DV+ Ry'R'DP+ Ry'D¥ 4+ R'D (2 (8)
R, X 0 , 2 i o . sun o
0 " : " CTi=300K /7
D) 300K ’ .,"'\ /‘
7 n 0. 5Sm, ! . \
- OCHL ¢ 35 ¢=240 0-face
[ - — (i) 2.2, (i) ) = 3.5-
= ae( Y7 ) F[2kLn sin® (¥ 3 ! .
sin( 0;)2n 27k SR (e L2il” 3 e =50
F 240° ‘
5 0 , k , L o n-face
, ¥ BBR
B2 HAssrEE
1K
) 4 )
Ty 0. 05K; ,
0. 15K.
’ 1 ’ 15
i O ?
| E~D, Ayl % BlRE g
P= Ay S.= Ay o R T TS 4 fg
(4 3
Ay , Sy § 05
. E ) <
) 18 .
2 42 . o 30 40 86 60 70 80 90 100 120
Ty= kA. ﬁ. <E2'—E1"l> (5) View Angle/m
B 3 RERIR -5 000 BE B N 5 R B LW A BE - = 2407
kg , A , 1 -
, E , T , M sl T RTEA
’ (4) ? 03
D2 A% ko T, M
P=A eZp ‘d B "B DA 6 £ 028
eff }\2 r% ( ) gozs
ge
S 024
§
A, o2
r,= 24 Ty DpAzdo o2} e
A gt 2 2. 01?90 200210 ] 220 230 240 250 260
= ?J.GJ“PTB. Dp ( 9, ('P) *A 7sin0d6d ¢ (7) View Angle/deg

) AB

B4 REWBESWI AERXRERYA B 5= 50m



1070

2008
. 9GHz (CSG)
10K/ Y, 3. , ,
400 2 2
5 . ¢= 20 )
= 14‘(jJ s ? ’
22. 78K 22. 2K, B
7. 09K 1. 44K. s s s
) 1K. s
. (1)
10? :(2) ;(3)
10° | |
¥ 2
5 10°
E [10]
(-9 2 B
E 10"}
l_' 2 2
g
5 10° P
: / >
10°
10 L L L L
50 100 150 200 250 270
View Angle/deg 3.2

Bl S KPHSES TR R G BE AR M o= 40° REER s= S0m

>

>

T(0,®)="T+ T+ Tp
= 6(9, (P)'T()+ I‘(e, ‘P)'Ti+ p(e, ‘P)'Ti (9)

3 T, , T,
31 ce(6,.9 (69 (6, ¢
, , e+ r
, + P=1 ,
(Ray-tracing) ) ,
’ [0 s , :
, (1 (ks< 0.1), k L k=2 N\
[y [1]:
, : (0)=1 ws0- [ €- sin’0 2
€n = 1= >
’ : ws0+ [ €- sin?0 (10)
’ ’( ) €wsO- /] €- sin” 0 ’
s s e’)(e): 1_ .
s € s+ €—sin 0
s eh ’ ez; 4 87
, , (2) (ks< 0.3),
, , choudhury

(12,



6 1071
e (0)= 1= r™(0)= 1= ry( Q) =e~ =0 (qy) :
p » Ty , k , >
‘ ( ). b(z) T(:) ,
(3) (0.3< ks< 1), ’ .
Tsky( e): Tatm(l— eln(lf TU/Tm“) sec()) (16)
o [13. Ty > T oam .
e, ()= 1= ro(0)= 1- re(0)- revc0) (129 (16 ,
rp . (11)
s rlf)lﬂﬂ s . ’
1 2
r7(0)= IMeosd KJ';V [9( 00, ®)+ ( 0; 0, )] 332
*sin6,.d0,d¢ (13) 6000K ~
[1]
(4) (ks> 1), 10°K! Y, 7 7%
5
; Gycos Bicos b, G 10° , , 21
, [, .
0 1 J’zrr OJ‘n/z Deoef <in 0.0, ¢ 100K ,
= 1- O 1
e,(0)=1 ATeos0J - od -0 ocos Dost sin0,d0,d ?,
-7 (14
- Z M_ Tso]‘dr Qso]ar ~ 104X 7x10° 5 <
) Su = T, O 100 % 2T S0.0012 (17)
> 333
33 )
, Tp=e,* Tot ro" T+ ri® T, (18)
To > Tm B Ti
331 ,
= A ,
., Tp= e, Tyt r,*T+ Te°T, (19)
had 7sec9‘|-;k(z/)dz/ T.s Ti , Ce, Te TP
Ti(0) = secejo ko(z)T(z)e ‘ dz (15 .
k.(z) T(z)

T.= [Lfﬁ\{l— f—zﬂ L Te= R-[H Lfﬁ\[l— éij] ,



1072
e=1-r—T, (20) T cos2® st ®  sin(29)/2 0] | Tho
R , L T, _ sin®  cos’® —sin(29/2 0| T (2
, L= 1. Ul | - si2® sin2¢® cos2 ¢ ol | Uo
3.4 v 0 0 0 Vo
¢ Tg= T e+ Ay )* Typin 1) 1t A;i+ y 'Tz;(n T
4 Stokes ! ], (23)
Stokes , A A/ T
i ; > I'p;
’ & a) ’ T; ey 1y
, 6(b) , ’
4
. X >
50K, )
E,
(a) STAK LA X A (b) Fifi X AR ’ ’
e MibierrEmE . X
0 L6b) . (9.4GHy) ,

|:Eh1 _|: ws ? sm‘lj.[Eho (21) ,
E, L-sn® cs¥ |E, 7

Stokes ,

200 K

‘ 0 20 - 0 2 w0 K
(@) %l 25 It (b) LW (c) EMM® (d) BEIM R
M7 mEgymn
) IK,
5 2
1K,

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net’



1073

[ 1] Ulaby F T, Moore R K, Fung A K. Microwave Remote Sens
ing,vol. I [M].Massachuseites: Artech House, 1986.

[2] Ruf C S, Swift C T, Tanner A B, Levine D M. Interferometric
synthetic aperture microwave radiometry for the remote sensing
of the earth[ J] . IEEE Trans Geosci Remote Sensing, 1988, 26
(5):597- 611.

[ 3] Yujiri L, Shoucri M, Moffa P. Passive millimeter wave imaging
[J].IEEE Microwave Magazine, 2003, 4(3) : 39— 50.

[ 4] Salmon N A. Polarimeiric scene simulation in millimeter w ave
radiometric imaging [ A]. James L Passive Millimeter Wave
Imaging Technology[ C]. Orlando: Proceedings of SPIE, 2004.
5410.260- 269.

[5] Salmon N A. Polarimetric passive millimeter wave imaging

scene simulation including multiple reflections of subjects and

ther backgrounds| A] . David H. Passive Millimeter Wave and

, 1978 ,
/ )

E mail: zhangcheng  hebut@ 163. com

Terahentz Imaging| C] . Orlando: Proceedings of SPIE, 2005.
5989. 354 358.

[6] Keller J B. Geometrical theory of diffraction| J]. J Opt Soc
Amer, 1962, 52: 116- 130.

[ 7] Holm P D. A new heuristic UTD diffraction coefficient for norr
perfectly conducting wedges[ J] . IEEE Trans Antennas Propa
gation, 2000, 48(8) : 1211- 1219.

[8] Tsang L., Kong J A, Shin R T. Theory of Microwave Remote
Sensing| M] . New York: Wiley, 1999.

[9

—

Sagnard F, Vignet C, Montcowtois V, et al. Microwave mea

surements of the complex permittivity of construction materials

using Fresnel reflection coefficients and reflection ellipsometry

[A]. IEEE Antennas and Propagation Society International

Symposium[ C] . Boston: IEEE Press, 2001. 1. 626— 629.

[10] Glassner A S. Space subdivision for fast ray tracing| J|. [EEE
Computer Graphics & Application, 1984, 4(10): 15— 22.

[11] Rizk K, Wagen J. Two dimensional ray-tracing modeling for
propagation prediction n microcellular environments| J]. IEEE
Trans Veh Tech, 1997, 46(2):508- 517.

[12] Choudhury B J, Schmugge T J, Newton R W, et al. Effect of
surface roughness of the microwave emission from soils[ J].
Jounal of Geophys Res, 1979, 8( 4): 5699- 5706.

[13] Fmg A K. Microwave Scattering and Emission Models and

Their Applications| M |. Norwood, MA : Artech House, 1994.

, 1958 s

(N COSPAR) ,
(ILEWG) :

. E mail: wuji @ cssar. ac. m



