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Modeling Method of Receiving Radar Signals from
Warhead and Decoy with Micro-Motion
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Recently, several studies were conducted on the micro-Doppler(MD) phenomenon to identify a warhead from decoys. Both, the
warhead and decoy, can be modeled as various shapes and maneuver with their own micro-motion. Their MD phenomenon can be
demonstrated by amplitude modulation and phase modulation. Most studies have utilized approximate solutions to express the amplitude
modulation regardless of various warhead and decoy shapes. However, the exact solution of the amplitude modulation is required for
more effective warhead identification. In this study, we proposed a new modeling method of receiving radar signals from warheads and
decoys based on physical optics. The proposed solution was evaluated using an electromagnetic prediction technique and computer-aided
design models.
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Fig. 1. Various shapes for warhead and decoy.
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Table 1. Occlusion effect of cone-shaped warhead',

hy (t) hy () hy(t)

0° <6, <~y 1 0.1 0.1

v <0, <90° —y 1 0.1 0
90° —y < 6, <90° 1 0.1 0
90° < 6, < 180° —~ 1 0.1 0.1
180° —v < 0, < 180° 0 0.1 0.1
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Table 2. Occlusion effect of cone-shaped decoy™.

p () | p(t) p;(¢)
0° <6, <y 1 0.1 0.1
7y <6, <90° 1 0.1 0
90° < 6, < 180° —v 1 0.1 0.1
180° —y < 60, < 180° +v 0 0.1 0.1
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360° —y < 0, < 360° 1 0.1 0.1
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Table 3. Occlusion effect of cylinder-shaped decoy'.

CEl(t) zQ(t) x3(t) :174(t)
0° <6, <90° 1 1 1 0
90° < 6, < 180° 1 1 0 1
180° < 6, < 270° 0 0 1 1
270° < 64, < 360° 1 0 1 1
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Fig. 3. CAD models for warhead and decoy.
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Table 4. Experiment parameters.

Carrier frequency 10 GHz
Observation time 05s
Sampling frequency 2 kHz
Wave length A 0.03 m
Coning frequency f, 8 Hz
Coning angle ¢, 10°
Wobble frequency f,, 5 Hz
Wobble angle amplitude ¢, 10°
Polarization HH
Aspect angle 0, 85°
Height h I m
Diameter d 0.75 m
Diameter for fin d, 0.1 m
Height for fin h, 0.1 m
g ot e By 72 VIRAF A 59t

W AR RCS 27 W3} 542 HelFE Aol
w22 J% 5@~1% 5(d) B 18 5e)~21% 5h)
L 7bzb Aot goltt AlAle Y 2 VIRAF A4
$59 2D JTF Fd5< HolEnt o, ot 5414
<
%

fr

HE 2D JTF G4 A7) 9 5}04 spectrogram[6]‘[7]

AHESHETE o] ITF GRES A7-F315 70l
RECECES EREERERE- S-S
2 Bo)Z 4 9tk WA 19 5a) 2 1Y 5e)S va
o, oh5 SRR oA EEE Bae] UEge AT £
o 2

AN 53, 4B G @ KA AEd pol v
%

& 8T 5 It TA 19 50) % 29 S A
FAE PhPIE 8524 B 219l &
Be B2 5



MAEES THAE g 9 7Rk A ZE dolt £AN S RdE iy
5 5 5
1]
0
g’ T ° T s 710
g . g . g0 g
15 -30
-10 -10 -20 -40
01 0.2 0.3 0.4 0.5 0.1 0.2 03 04 05 o 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Time [sec] Time [sec] Time([jse:] Time [sec]
@) s, ()2 RCS () s,,(t) ¢ RCS (©) sq(t) ¢l RCS (d) s,(t) 2 RCS
(a) RCS for s, (t) (b) RCS for s,,(¢) (c) RCS for s, (¢) (d) RCS for s,,(t)
5 5 5
o
0
g’ g’ g s g
A5 -30
-10 -10 -20 -40
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 ] 01 0.2 0.3 0.4 0.5 0 01 0.2 03 04 0.5
Time [sec] Time [sec] Time [sec] Time [sec]
(e) 9% T thgh RCS  (f) 9¥+27l &7l thd RCS (g) A% 7|WHAlol th& RCS  (h) €% 7ITHAlel B g RCS
(e) RCS for cone-warhead () RCS for cone-warhead+fins (2) RCS for cone-decoy (h) RCS for cylinder-decoy
T8 4. Aok goltt A5 ((a)~(d))9F VIRAF F22 3 ((e)~(h)2] A+3HE RCS ML
Fig. 4. Comparison of normalized RCSs to evaluate the similarity between the proposed signal models((a)~(d)) and VIRAF
signals((e)~(h)).
1000 1000 pm 1000 0 1000
A\ -10 -10 -10
= 500 20 o 500 20 o 500 20 = 800 -20
£ 30 = -30 = I; -30
g 0 40 g 0 0 g 0 40 S0 -0
§' -50 §' -50 ug; qg; -50
[ - -60 [ -500 -60 i -500 -60 uh' -500 -80
=70 -70 -T0
1000 & R— -80 " -80 -1000 = -80 -1000 -80
.2 0.3 0.4 .. 0.3 o 041 02 03 04 o 0.1 02 0. 0.4
Time [sec] Time [sec] Time [sec] Time [sec]
(a) s,,(t)& JTF (b) s,,0(¢) ] JTF (c) s4(t) <] JTF (d) sz(t) S JTF
(a) JTF for s,,(t) (b) JTF for s,,(t) (c) JTF for s, (t) (d) JTF for s,4(t)
0 1000 0 1000 T T 0 0
£ Rt i il
= 20 o s00f 20 o oS0 A ¥ WM AL . -20
= = & - A S
z z g ) m m f “ oz
c -40 c 0 -40 5 0 ¥ 5 -40
?‘; ?-; 1y 3" AN ‘ ~ 60 %
[ 6 & s00) " L1 0 T o0 | \ AR 0T R " & i -60
) g4 Py ) i o
-80 -1000 - . -80 1000 Lol b i) L -100 £ -8 3 -80
0 02 03 0.4 "] 01 0.2 0.3 0.4 o 0.1 0.2 0.3 0.4
Time [sec] Time [sec] Time [sec] Time [sec]

(e) 9% &7 gt JTF
(e) JTF for cone-warhead

() L¥+7l &7l 3k JTF
(f) JTF for cone-warhead + fins

(p) €% 1WA 3 JTF
(g) JTF for cone-decoy

(h) 9E 71 gt JTF
(h) JTF for cylinder-decoy

J8 5. ArE otk 225 ((a)~(d)F VIRAF 521213 ((e)~(h)e] F+tste JTF 94 vl
Fig. 5. Comparison of normalized JTF images to evaluate the similarity between the proposed signal models((a)~(d)) and

VIRAF signals((e)~(h)).

249



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 3, Mar. 2019.

HiEo] 79 5(d) ¥ 19 5h)e 95 71T AS, At
= 713} VIRAF A0S B A% 7)akd) oF 2] &

£ 09 P 310 R derd e selg S e,
N.Z E
B egot RCS 7] WEE TAS] skl 4
2 dojnt FANE R /1S ARk wA A
el #4120 E & Al PO 7189 RCS

2 ﬁ?ow
= 7Y 7HHL5‘°E W, 71E9 FdAe

I vlaste] Bop A& 0|3 Mgl M TS )
e Zlojth

References

[1] V. C. Chen, F. Li, S. Ho, and H. Wechsler, "Micro-
Doppler effect in radar: Phenomenon, model, and simu-
lation study," IEEE Transactions on Aerospace and Elec-
tronic Systems, vol. 42, no. 1, pp. 2-21, Jan. 2006.

[2] H. Gao, L. Xie, S. Wen, and Y. Kuang, "Micro-Doppler

signature extraction from ballistic target with micro-mo-

| 20149 89 B

& /ﬂ)\],)

S 0015 9Y ~&A: EkyIt
A7) 28k} uhAag

=
o
Bl
(2
X

) & .]
#4914, olct AT A2, A, AAE

250

tions," IEEE Transactions on Aerospace and Electronic
Systems, vol. 46, no. 4, pp. 1969-1982, Oct. 2010.

[3] A. R. Persico, C. Clemente, D. Gaglione, C. V. Ilioudis,
J. Cao, and L. Pallotta, et al., "On model, algorithms, and
experiment for micro-Doppler-based recognition of ballistic
targets," [EEE Transactions on Aerospace and Electronic
Systems, vol. 53, no. 3, pp. 1088-1108, Jun. 2017.

[4] L O. Choi, S. H. Kim, J. H. Jung, K. T. Kim, and S. H.
Park, "An efficient method to extract the micro-motion
parameter of the missile using the time-frequency image,"
Journal of Korean Institute of Electromagnetic Enginee-
ring and Science, vol. 27, no. 6, pp. 557-565, Jun. 2016.

[5] B. Mahafza, Radar Systems and Design using MATLAB,
Champman & Hall/CRC Press LLC, Jan. 2000.

[6] K. W. Yoo, J. H. Jun, and C. H. Ryu, "Multi-target po-
sition estimation technique using micro-Doppler in FMCW
radar system," Journal of Korean Institute of Electro-
magnetic Engineering and Science, vol. 27, no. 11, pp.
996-1003, Nov. 2016.

[7] C. Hoffimann, H. H. Slim, and P. Russer, "System stra-
tegies for time-domain emission measurements above 1
GHz," Journal of Electromagnetic Engineering and Science,
vol. 11, no. 4, pp. 304-310, Dec. 2011.

R Ak i iy
2004 29 XISy A E
EENEI)
20074 29 TSy AR E
g3} (A
2010# 2% yaygty A7 F



WA SES S B 2 s]EA e

ERETTENEE

7 AAA7

ko)
[e}

3 3o}

3
X

o
N
vl
o=
N
=

stat (3D

1996 24:

o AR F

3}
o}

= I

33 (34 Ah

&

T
B

Il
)

A TR R M

1999 24€:

}\]—)

ity
20029 3€9~20119 2€:

Mo

#+ (

1

o

N

ol

o

e

A=
-1 °

A A, AEEY &

A, ®

ke

o

A2

20121 99 ~2017'3 12¢¥: Fo|tHIR (3 4d &3

ol

s}
o}

3

1

o
I

2011

K

3

=
=

AeldA, Aa71eAs4 8 RCS

251



