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Fig. 1  Sketch of coordinates for scattering by a spheroid particle detected by a bistatic radar system
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Fig. 2 Scattering functions B,, , B,, and B, for h-polarized waves incident at any

elevation and corresponding vertical profile along the main station point
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Fig. 3 Scattering functions B, , B,, and B, for v-polarized waves incident at

elevation of e, =0° (upper panel) and 20° (lower panel)and corresponding vertical profile along the main station point



Wit e , 25 XU A 7 35 T P /R R 57 £ 000 1) RS R

254 YANG Tongxiao, et al.Study on scattering features of a small rotating spheroidal raindrop for a bistatic polarization radar detecting system.

®1 EWEOEHNEMNERL,G k=h,y)

Table 1 Scattering functions 8,,(j,k=h,v) at vertical profile along the main station point x10"
K A G T A SR
Jififs(2) e fTE ,=0° ,=20°
Bu By, By By By B, By By B,

0 10. 16 0 10. 16 7.85 0 7.85 8. 11 0 8. 11
10 10. 16 0 10. 16 7. 61 0 7.61 7.74 0 7.74
20 10. 16 0 10. 16 6.93 0 6.93 6.93 0 6.93
30 10. 16 0 10. 16 5.89 0 5.89 5.78 0 5.78
40 10. 16 0 10. 16 4.61 0 4.61 4.42 0 4.42
50 10. 16 0 10. 16 3.24 0 3.24 3.01 0 3.01
60 10. 16 0 10. 16 1.96 0 1.96 1.73 0 1.73
70 10. 16 0 10. 16 0.92 0 0.92 0.73 0 0.73
80 10. 16 0 10. 16 0.24 0 0.24 0.14 0 0.14
90 10. 16 0 10. 16 0 0 0 0.02 0 0.02
100 10. 16 0 10. 16 0.24 0 0.24 0.38 0 0.38
110 10. 16 0 10. 16 0.92 0 0.92 1.19 0 1.19
120 10. 16 0 10. 16 1.96 0 1.96 2.34 0 2.34
130 10. 16 0 10. 16 3.24 0 3.24 3.71 0 3.71
140 10. 16 0 10. 16 4.61 0 4.61 5.11 0 5.11
150 10. 16 0 10. 16 5.89 0 5.89 6.39 0 6.39
160 10. 16 0 10. 16 6.93 0 6.93 7.39 0 7.39
170 10. 16 0 10. 16 7.61 0 7.61 7.98 0 7.98
180 10. 16 0 10. 16 7.85 0 7.85 8. 11 0 8. 11
190 10. 16 0 10. 16 7. 61 0 7.61 7.74 0 7.74
200 10. 16 0 10. 16 6.93 0 6.93 6.93 0 6.93
210 10. 16 0 10. 16 5.89 0 5.89 5.78 0 5.78
220 10. 16 0 10. 16 4.61 0 4.61 4.42 0 4.42
230 10. 16 0 10. 16 3.24 0 3.24 3.01 0 3.01
240 10. 16 0 10. 16 1. 96 0 1. 96 1.73 0 1.73
250 10. 16 0 10. 16 0.92 0 0.92 0.73 0 0.73
260 10. 16 0 10. 16 0.24 0 0.24 0.41 0 0.41
270 10. 16 0 10. 16 0 0 0 0.02 0 0.01
280 10. 16 0 10. 16 0.24 0 0.24 0.38 0 0.38
290 10. 16 0 10. 16 0.92 0 0.92 1. 19 0 1. 19
300 10. 16 0 10. 16 1.96 0 1.96 2.34 0 2.34
310 10. 16 0 10. 16 3.24 0 3.24 3.71 0 3.71
320 10. 16 0 10. 16 4.61 0 4.61 5.11 0 5.11
330 10. 16 0 10. 16 5.89 0 5.89 6.39 0 6.39
340 10. 16 0 10. 16 6.93 0 6.93 7.39 0 7.39
350 10. 16 0 10. 16 7.61 0 7.61 7.98 0 7.98
360 10. 16 0 10. 16 7.85 0 7.85 8. 11 0 8.11

AR AR AT ). = 2 =5 18] P B R BULAT DR IRIEGRIE.B,, BJE N 0.

L Z b RIS D A IR T 15 S e Bt | S A X B A Kl 3¢ J& MM e, = 0°, K5k 2 T D 41 0 IR A HIC
Pl 3b S22 e, =00, KOS EAMIR BN B9E B eRE B, , FR R AN TR J5 1) L AT R W I i e S

SYRREL By, , FAR AT ) b AT B KA KPR IR Z R SREE. T B, N 0,8, B A RFE



K71 R 24 2L 240 RBIEMT 2014 ,6(3) :249-256

Journal of Nanjing University of Information Science and Technology : Natural Science Edition,2014,6(3) :249-256 255

5 B, 5e A MR, AHXE 3236 K2k F5 1] (14 7 0 A O &R
ooy 18l 3i [\ 18] 3g,B, BUEHE 1 s, =4E2s A
FIEIE L Z Sl kst Bkl 2 o A o A

& 3d J& 240 e, = 2000, & 5 3 B i I A9
U REL B, , Fn AR ) b AT 2 SCHR S e Ay e B
it 73 ek 8 . T LA EE 55 e, = 0° B A B I e
A5 EARAFAE RO R R B I e KRBT V-7 F
TN 35 Fos, By S Y SeYJeff e, FORi 4l
[ [ e . 7R S G E 0. 65 B, S R e S 9
WhJeffy 22. 500 202. 5° (AL, AHXT 3 b R 44 1]
AL B, B AN R 1 .

 3e &2 e, = 20°H} , & 53 EL W I I s )
U R B, , Forn A TF 1] AT 2 ISR ST 0 A K S
TRl o3 i B A2 X-Y T L miy ) UG a0,
AN T BB s X e A 3 38 o R 5 ARG 2 3 R
LA 1 0 5 7 A HUR R A G 3k B BT Y-
7 FimAb b A 0,8, BUEIN 1 Fis. 78 X-Z i L
277 T HCE AR ), LA fe A, — 4 2 (8] v 7 BT R
BOUM EIE 43 A UL X-Y | Y-Z 1 X-Z - Ta 52 % FR
I3AR.

B 3 2 YA A e, = 2000, % 5 3 B D 4% D IF 1)
B R B, , 2/ AR I 1) b T 2 ORI i i) A B
UK Gl BE. B T B, iy LA EE 2 1 3d Al
3e ZM, MU LS B, MR A AR AE , I IS A 05
BKMEM n 5 Y S/ e, R4t L 3G [R] e
FETERNELH 0. 35 B, 78 X-Y -1 L, S R (A ) BL7E
X Jh B L 1) SE A 2 T[] 5 AR 32 0 R 2 A 1 19
DB R B AR R 31 s, BIAE Y-Z Fid |,
B RAE HAE S 0 Ghle fy 22. 5901 202. 5PRYALE LB,
BAEINE 1 PR 78 X-Z 1 b oK B X B
T H R 1o S 2R 7 1), = e s Ja) v ) B R R B, A
HOXTRRIEDE X EFRE R Z 5 X s e 2. 5°
D7, 5 H T AR PR 1 B A X-Y ST 58 X i s
B 2. 5° 01 .

3 &g

Ao 0 KUK il T K A R R A = TR
T EAASERAL T ) RIS R R, A5 LA RS i 3R
NS PR RIS PRS2 T 0 A AL

Xt T e A ek 1 A SRS ER KR T TR
TAEASS WAL T7 ) b A RO 5 & G R 2l #a
5, TR RN £ 1 728 AL 7K ST D 41 T8 1 1B R
SN A A S 3 A I 8155 B0 T 30 R P B o

B SHN A A W A, SRR S A S 00k, i
i) AR ST 4T A it , >4 7 IR R SR A AN D 0° i, 1K
S RABHFAR H BUAE o R 6 K S D 1) i -5 AT A
—E A E X — A B2 1 R/ kL - ROBE I I8 &
S e IR P

R AN 1) i I 282 11 0SS R A 0, 7 i i 0
T e 2 TR 7 1 1R 90 B 3 (R s R, 7
JFHXSCHE i 41 B S RN P, ) R T~ B TBOR e, 5
JEHRIN H bRy P fb 07 8 35 FHAS [R] 9 i 07 3, SR B
(CTIETEHEARIPYE S

S 3Lk

References

[ 1] Wurman J,Heckman S, Boccippio D.A bistatic multiple-
Doppler radar network [ J].J Appl Meteor, 1993, 32
(12).1802-1814

[ 2] deElia R,Zawadzki I.Optimal layout of a bistatic radar
network[ J ].Journal of Atmospheric and Oceanic Tech-
nology,2001,18(7) .1184-1194

[3] ZEHZ B R, S RAHS
RIAE T BT [ T]. TR 4] ,2005,63(6) :994-1005
MO Yueqin, LIU Liping, XU Baoxiang, et al. Detecting
capability analysis on a bistatic Doppler radar network
[J].Acta Meteorologica Sinica,2005,63(6) :994-1005

[ 4] Pruppacher H R,Beard K V.A wind tunnel investigation
of the internal circulation and shape of water drops falling
at terminal velocity in air[ J].Quarterly Journal of Royal
Meteorological Society,1970,96(408) .247-256

[ 5] Mason B J.z¥#E% [ M].2 i, i EIRF 2 B KA 3
WEFERTE AL AT Bl A, 1979.:343-345
Mason B J.The physics of clouds[ M ].2nd Ed.Translated
by Institute of Atmospheric Physics,Chinese Academy of
Sciences.Beijing: Science Press, 1979 .343-345

[ 6] Macklin W C.Heat transfer from hailstones[ J ].Quarterly
Journal of Royal Meteorological Society,1963,89(381) :
360-369

[ 7] Barber P,Yeh C.Scattering of electromagnetic waves by
arbitrarily shaped dielectric bodies[ J ]. Applied Optics,
1975,14(12) :2864-2872

[ 8] Atlas D, Kerker M, Hitschfeld W. Scattering and
attenuation by non-spherical atmospheric paritcles [ J].
Journal of Atmospheric and Terrestrial Physics, 1953, 3
(2).108-119

[ 9] Vandehulst H C.Light scattering by small particles[ M ].
New York : Dover Publications, 1957 ;470-490

[10] Asano S, Yamamoto G. Light scattering by a spheroidal
particle[ J ].Applied Optics,1975,14(1) ;29-49

[11] Asano S.Light scattering properties of spheroidal particles
[J].Applied Optics,1979,18(5) :712-723

[12] Asano S, Sato M. Light scattering by randomly oriented
spheroidal particles [ J ]. Applied Optics, 1980,19(6) :
962-974

[13]  TRERE 50, BRI G BROR R ACKL T T (0 U



Wit e , 25 XU A 7 35 T P /R R 57 £ 000 1) RS R

256 YANG Tongxiao, et al.Study on scattering features of a small rotating spheroidal raindrop for a bistatic polarization radar detecting system.
Rt B THEE ()] B R = B 3k, 1990, 13 BRIE W AR S 1) B8 DDA B2 [T & R4,
(2):158-166 2002,21(1) :31-36
ZHANG Peichang, WANG Baorui, JI Yimin. Theoretical XU Xiaoyong, WANG Zhenhui, WANG Qing’an, et al.As-
calculation of the microwave properties of spheroidal pre- sessment of DDA for computing the backscattering by ob-
cipitous particle group[ J].Journal of Nanjing Institute of late spheroidal particles with experimental data [ J].
Meteorology,1990,13(2) : 158-166 Plateau Meteorology,2002,21(1) :31-36

[14] Aydin K,Seliga T A, Bringi V N.Differential radar scat- [20] /0K, BIRE, FPRZE, 25 BRAE I A6 BR 0GR 18] 5L
tering properties of model hail and mixed-phase hydrome- BF9008 5 DDA TP E MR [J]. M KR L ERER,
teors| J ].Radio Science, 1984 ,19( 1) :58-66 2002,25(3) :101-107

[15] XUV st ARAESMBEXEHN 5.6 em Tik XU Xiaoyong, WANG Zhenhui, WANG Qing’an, et al.Lab
PERUET M R SR [T ] S R4, 1991, 10 observation and DDA computation on the backscattering
(1).:26-33 features of sphere-cone-oblate ice particles| J ].Journal of
LIU Liping, XU Baoxiang.A study of scattering and atten- Nanjing Institute of Meteorology,2002,25(3) :101-107
uati properties of model hail with different phase at [21] Howard J,Gerogiokas M.A statistical raindrop canting an-
5.6cm wavelength [ J ]. Plateau Meteorology, 1991, 10 ¢le model[ J].IEEE Transactions on Antennas and Prop-
(1):26-33 agation, 1982,30( 1) :141-147

[16] Atlas D, Wexler R.Backscatter by oblate ice spheroids [22] Bringi V N, Chandrasekar V.Polarimetric doppler weather
[J].Journal of the Atmospheric Sciences, 1963,20(1) . radar; Principles and applications [ M ].Cambridge ; Cam-
48-61 bridge University Press,2001:176-178

[17] Allan L E, McCormick G C.Measurements of the back- [23] Mpe, EIRS, okEE B, 25 A6 BK TR T A e %% Bl B )
scatter matrix of dielectric bodies[ J | .IEEE Transactions ST R 2 E RSB WA ST &
on Antennas and Propagation, 1980,28(2) :166-169 JRS % ,2009,28(5) :997-1005

(18] TEPRZ, X)L S | 45, W ERIE R 3% A vjok: 5 YANG Tongxiao, WANG Zhenhui, ZHANG Peichang, et
[ BT S SIS I [ T]. KRR FF2#, 1996,20(6) . al.Effects of axial orientations of rotating spheroidal rain-
735-744 drops on polarimetric measurements of dual-polarization
WANG Qing’an, LIU Liping, CHAO Zengming, et al. An radar[ J ] .Plateau Meteorology,2009,28(5) :997-1005
experimental and theoretical study of electromagnetic [24] SRIFE MHFE HEL. FEILFE(M]LIER . RE
backscattering from the axially-symmetric oblate water H it , 200178
and ice ellipsoids [ J ]. Chinese Journal of Atmospheric ZHANG Peichang, DU Bingyu, DAI Tiepi. Radar meteor-
Sciences, 1996,20(6) :735-744 ology[ M ].Beijing; China Meteorological Press,2001;78

[19]  ¥F/AvK, B2, EPRLE, 45 ) 52 90 BRI 56 fi A

Study on scattering features of a small rotating spheroidal
raindrop for a bistatic polarization radar detecting system
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Abstract In this paper,based on the theory of electromagnetic scattering, the expressions for scattering features of
a small spheroidal particle incident by polarized waves from a bistatic polarization radar system have been estab-
lished and the physical concept and distribution patterns at different incident angles have been discussed.The results
provide a theoretical basis for inference of spheroidal raindrop-based bistatic polarization radar detecting equations,
as well as the study on the impact of spheroidal raindrop on the detection capability of bistatic polarization radar,
and even the data processing and analysis of bistatic polarization radar detecting system.

Key words bistatic radar;dual linear polarization radar;small rotating spheroidal raindrop ;scattering features



