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A RCS investigation of Multiple Chaff clouds using Probability
Distribution Characteristics
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Abstract In order to estimate chaff RCS, we suggest here a novel method using the probability distribution.
Normally, a chaff is assumed that it is a thin dipole antenna and the RCS can be calculated by the scattering
wave theory. Most of the theoretical methods presented were mainly focusing on a single chaff cloud. In this
paper, the RCS calculation was done for two or more chaff clouds and the changes of RCS with azimuth
angle were observed. Matlab was used for presenting the probability distribution of chaff clouds and RCS
calculation. A more accurate RCS estimation method is suggested by estimating the number of chaffs except
the blocked elements.
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Fig. 2. Two chaff clouds for chaff#1(40, 50, 50) and
chaff#2(70, 50, 50)(standard deviation 0,=
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Fig. 3. Two chaff clouds for chaff#1(40, 50, 50) and
chaff#2(70, 50, 90)(standard deviation 07,=

01y=01,=30m, 09, =09,=0, =20m)
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Fig. 4. The RCS for two chaff clouds(# of chaffs =1,000)
with azimuth angle @3GHz(Z2=50m, 70m, 90m)
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Fig. 5. The RCS for two chaff clouds(# of chaffs =1,000)
with azimuth angle @5GHz(Z2=50m, 70m, 90m)
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Fig. 7. The RCS for three chaff clouds(# of chaffs =1,000)
with azimuth angle @3GHz(Z3=50m, 70m, 90m)

2.3 M= FE U RCS ALt ZHnt 2N

Algeold Ao &S 4 ])& ©]&3dt]
1,00070¢] thelEe 7Hgsta F34= 3GHZ(A=0.10m),
5GHz(A=0.06m)el 4] RCSE At abd 2+t -1.7dBsm
3} -2.6dBsme|t}. Fig. 4% x5 Zo|A AZE nlgln =
kS 713 view angle(0°)2 &t x-y Fwo A vb A]
A Wako 2 azimuth angle2 W3} Al7|HA A=Z T2
o] RCSE AlLtstaAt). olu 4rtz 7102 0°-180° 9
Z3} A Ao A Kol ALE 7|Fo 7 o 7tEA=
Aze] AFE ALt WHoR AA Az NFE
T-stth Fig. 4ol = AMS- F3k 3GHz] 5ol +
A A2 25 ] 9125 50m, 70m, 0m=2 ©]F
u] 19 Zke] Wl whE RCS A3HE HojFar 9tk

=

=
=
-



SHEELZE 0|28 CHE A=l RCS EH 24

WA A Z FEo] 75 WEOR o5 (%-00m, T0m, 0m) 54 Loz it 2w IAp &) weh 24 AzE
o F AE FEe] AA RCSE BTl vk Z7b o] AR 7HAE A9 24 Ao gF LEE 1esto]
50m, 70m?! 75 F HZe FAe o] A7 Ha IR R FHEE HFE ARtk o] Z3E o
ol Ad A, 270° Wl RCS7F 242t 21dBsm,  &3te] sAAowm H o] RCSE Fah= 42418 o] 43}
19dBsmO.& sk Ae B F vk 7 0mel 4 o] Brk 4E9 RCS AaE AABIATE 2 A 59
G AxZe FA e o] glolAAl Hol 360" B FA A w}a} zt HPHOHAH RCS #tol <5 3k
o]/l RCS7} 47dBsm A= d4% 218 & 5 3 W GATE = T A ATMe 4 A 7E
Fig. 5ol A= AME T34 5GHzR! 7-9-ol] Ak o = o] &F sto] Al E%E] A gkort g5 A
2] RCS7F44dBsmA = adte 2 & F AL A FellAe ukEt 31101%2741?% aeate] Brh Aeg
HHA Q) 5498 3GHzY ek frAkeE 5AS Bolal gtk RCS o5 A3E AlAgtaat gt
Fig. 69141 Al 7§9] Az 5o g7l xdhe= &
& FAIBHL Ark 7 AHze] FA 3 (chaff#1(30m,
20m, 30m), chaff42(60m, 50m, 50m), chaff43(80m, 80m, ACKNOWLEDGMENTS
0m)E 7o x, vy, z5 WY RFEHAH e, =30m,

B ATs WA HEd AR EsE

05=25m, 03=20m)¢} 2t A9 JiFE 1000719 o &
EE FASAT o] Aol 150°9F 3007 4]¢] RCS7H
Aoz e & A A ow thE Wk
A GepA] 7] wjitelch g

31 A w2} R 57} A3l
] WA Az el A WA

HA & Fol H 3}% ]
ol Al A A
T 2o g

A Aol A 78
0 ) Aze] 1 Wl
437} gle Ae

A=R=]
T

e 4 -3—
A=53 474
v g}, Fig. 7914 F34= 3GHz!
= 7% B3] 9145 S0m, T0m, 0m= °]5

zte] Wstel] wE RCS Z¥& HolFaL 9lth Z37F 50m,
70m, 0mS! 45 AZ7F HA= FEe] A7 Ha
130°, 300° "3kl Al RCS7F 42 7FeAE A
o] A7E debA HlYg A9l RCSE HolFaL Sith

= =

2
£ e
7

7FAslka

il

@

I
Tl

-
=
9
oz
o,
:)é
[&l
-
(il
o,
o)
%
2
A

<
uor
o
tlo
)
>
ol
k]
R
o

%2,
oK

o ofo
ol
ol
rir
oZ

M
e
il

-
9
o, it

o

=

SV i
-
ihd
:‘_l,
il
2
)

T
fru
N
ox
g‘ﬂ
£
iu)
£ 0
©
:)g‘

—
N
=

ol
[‘ = |-

(

i
)
£l

iin)
Y o

nlm N

N
-

A

SF QAL 3 o ALshe) 2718 ok
ol9IE), F2 AL G el Aol vl 3
ZZ 71435l RCSE o2& o2 AXlsl= v
AL Rl A T A9 RCS
chzof 53] % oo AL WSS
°l

o) Zbell w2 RCS WslE #2 shit dolt Aar}

w %

S
o
-+ oo

]_

iy
o
)

JlN‘ EE

oL

2

jint
s

Aom,

41

(EWRC)elIM A k.

REFERENCES

J. A. Boyd, Electronic countermeasures, Peninsula
Publishing, LA, CA, 1965.

Schleher, D. Curtis, Introduction to electronic warfare,
Dedham: Artech House, 1936.

G. T. Ruck, et al, Radar cross section handbook,
Chapter 4, Plenum Press, 1970.

J. Dan, Cha Hao and Z. Lei, "A Simulation study of
Chaff Echo Signal Based on LFM,” International
Journal of Signal Processing, Image Processing and
Pattern Recognition, Vol. 9, No. 4, pp. 131-140, 2016.
DOL: 10.14257/3jsip.2016.9.4.12

J. Zhang, Z. Liu and H. Wang, "A Chaff Cloud Echo
Modeling and Simulation Method based on Coherent
Scattering Model,” Journal o Computational Information
System, Vol. 5 No. 5, pp. 1579-1586, 2015. DOL
10.12733/jcis13221

J. S. Lim, “Analysis of Induced Currents on the
Dielectric Cube by the Fusion of MoM and PMCHW
Integral Equation,” Journal of the Convergence Society,
Vol. 6, No. 5, pp. 9-14, 2015. DOL: 10.15207/JKCS. 201565009
F. Pasquill, Atmospheric diffusion, 1st Ed, Van
Nostrand-reinhold, Princeton, New-Jersey, 1962.

H T. Peters, A. K Dominek, and L. Peter, Jr,
"Electromagnetic scattering by a straight thin wire,”
IEEE Trans. on Antennas and Propagations, Vol. 37,



SYHE=

E2X| M7H HM25

No. 8, pp. 1019-1025, 1989. DOL: 10.1109/8.34139

[9] J. S, Lim, M. N. Kim and G. S. Chae, "A study on the
dipole chaff RCS for aircraft,” Journal of the korea
academia-industrial cooperation society, Vol. 9, No. 3,
pp. 690-694, 2008. DOL: 10.5762/KAIS.2008.9.3.690

[10] S. W. Marcus, "Electromagnetic wave propagation
through chaff clouds,” IEEE Trans. on Antennas and
Propagations, Vol. 55, No. 7, pp. 2032-2042, 2007. DOIL
10.1109/TAP.2007.900178

[11] P. Pouliguen, O. Béchu, and J. L. Pinchot, "Simulation
of chaff cloud Radar Cross Section,” Antennas and
Propagation Society International Symposium, 2005
IEEE, Vol. 3A, pp. 80-83, 3-8 July 2006. DOIL
10.1109/APS.2005.1552180

[12] Z D. Zaharist, and J. N. Sahalos, "On the
electromagnetic scattering of a chaff cloud,” Electrical
Engineering, Vol. 8, No. 3, pp. 129-135, 2003. DOIL
10.1007/500202-003-0158-6

[13] R. A. Hessemer, Jr.,
Radar Chaff” IRE Trans. on Antermas and Propagations,

"Scatter Communications with

Vol. 9, No. 5 pp 211-217, Mar. 19%1. DOL
10.1109/TAP.1961.1144981
[14] N. Kruger, “Modeling the EM properties of dipole

reflections with application to uniform chaff clouds,”
Master’s thesis, University of Stellenbosch, Matieland,
South Africa, December 2009.

[15] L. Qiang and L. Yi-an, "A Modeling and Simulation
Method of Chaff Cloud Echo,” Journal of Modern
Radar, Vol. 28, No. 8, pp. 91-94, 2006.

VS BN |

Mo

2(Gyoo—Soo Chae) [BEA1E¢]

* 20001 129 : Virginia Tech. 717]
T A

=2001d 1€ 2003 2¢
Amphenol Mobile, RF manager

£ 20039 39 ~ @A WM gk
EFAIBH g

M), ZFst o)

42

&l & 4(Joong—Soo Lim) (X394
1987 8¢ 1 st A}
IHE A

» 19949 3¢ : Auburn University
(Z3haA}

» 1980 8¢ ~2003+ 12¢ : =3t

<Al E°¥> A

Z1
(=]

& =(Young—Ho Kim) [X3|9]

+ 20154 12€ St HAE
gt (o] sk

=2007d 39 ~ dA -

AREASE 24}

4 ot

A, MESIE, A, ek zol=



