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Abstract

This paper introduces the inverse synthetic aperture radar(ISAR) imaging technique for rear view target of an automobile,
which uses both linear frequency modulation-frequency shift keying(LFM-FSK) waveform and monopulse tracking. LFM-FSK
waveform consists of two sequential stepped frequency waveforms with some frequency offset, and thus, can be used to generate
ISAR images of rear view target of an automobile . However, ISAR images can often be blurred due to non-uniform change
rate of relative aspect angle between radar and target. In order to address this problem, one-dimensional(1-D) Lagrange inter-
polation technique in conjunction with angle information obtained from the monopulse tracking is applied to generate uniform
data across the radar’s aspect angle. Simulation results show that the proposed method can provide focused ISAR images.

Key words: ISAR, LEM-FSK Waveform, Automotive Radar

I.M E A AAZE de] EE&HI Utk ol AR Azt

A o] 2pF A -5 A s A At ZHAI(Blind

golth= Fok 2 IR ol W] Qi ARR-o] THE Spot Detection: BSD)9} #llo|the] ZHA|A2lo] A3t A}aF
atn, T2 YA AT SHEY] wol] Ao T o] Aot AHEEE FAS ALLE mdel] WAT

"B ATl W REANE B AREANGATAY) THEAANPAAI ) A7 AFHE 550 59S(NIPA-2013-H0203-13-1001).
Eehy sty AR}y I Department of Electrical Engineering, Pohang University of Science and Technology)

+ Manuscript received November 7, 2013 ; Revised December 3, 2013 ; Accepted December 4, 2013. (ID No. 20131107-111)

- Corresponding Author: Kyung-Tae Kim (e-mail: kkt@postech.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved. 245



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 25, no. 2, Feb. 2014.

F e 2 M4 B Z(Lane Change Assistance: LCA)<]
Ise gtk
AL &

i ZAAE S otk QAR FEA]
7171 {18l A3 F3}4 M Z-F-3}4 Hol(Linear Frequen-
¢y Modulation-Frequency Shift Keying: LFM-FSK) 413 9}
A vl Rieds S AbgehE golth AaAE
71 el 3’—‘3}3913}“]’[2]
F-T}(stepped frequ-
A4 Aot} wet
] o g ISAR(Inverse Synthetic Ap-
HPS LFM-FSK 4 mﬂ 24

Ao 2N B} Kﬂ ;‘32’*3& EE ’E:} 1S ﬁJro#éPoi °J
Ag FAE 7hssA ddke A v eth

ISAR 9742 24 9] et (scatterer) FHE 22+ 3
A% ATAT, doitie} 51 Aole] Aol A
AolHE otk #5 = (radar’s aspect angle)®] A3k
o] dAsiTiA, o FAl4(Radar Line Of Sight: RL-
0S) Weko 7o &49S HAstE A olF EAK(tran-

slational motion compensation)S 43} } = 22 95E

1o

k1

o@
N

o] M 3H(inverse Foureir transform)< %
A & gl T8y girg ez 9 7] HoltE
AHgete AhFE A5 A, doltt #5 4= ¥
&o] dAsA °}D} uebd 2l M A olF B
uhE Feste] A5 Aol e ISAR ¥4 AT
¥ ISAR 7de] Kol TejAA HH, o] & & Zdst7] ]
M= 313 ©]F H H(rotational motion compensation)©
A e ofof gk

-E_ iEoﬂHh LFM-FSK A5 ¢} 9A|y R g

tml

)

}

40 ox oX

71‘?3% 03?3}93\ A b ?‘%}9] s A5 B¢
goltt #5 A= W&ol dAsA 7] wiel
ISAR %972 230l 2zt o] & 7j4detr] Sal

¥ 2135 H7H(Lagrange interpolation) &2 3] 71 o]

offt

s
ox
tjo
4
o?‘:,"
ol
ol
32 o
_Q

L= &

246

f@

. Fove
----- fngp

fool oo B Iﬂ‘f }f

fAD_

J8 1. LFM-FSK 415
Fig. 1. LFM-FSK signal.
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Table 1. Moving car and radar parameters.
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Fig. 6. 3D CAD model of an automobile.
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Fig. 7. ISAR images using PO data.

ISAR 945 FAT A, dolt #F 49 Wsggol
AA A 7] w&o] ISAR GAte] s A= EAE &
AstAt Hdnn Bieg s S AR S A #o]
0 #5458 F4T § ok F4E 4 ARE ol %
sto] AL-Fakr oA 12 ST EhEE A
SFoEN 4k Wskgo] A% HolHE ¥58 &
Atk A3 AHE T3l T E2AGAA IH o]F B
FE FAFOZHN ISAR 949 23E& 2& F A=
Ae stk
References

[1] M. -M. Meinecke, H. Rohling, "Combination of LFM-

249



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 25, no. 2, Feb. 2014.

CW and FSK modulation principles for automotive radar
systems", German Radar Symposium GRS2000, Berlin,
Germany.

2] A7+t T+, A8, A4, "Aed s A%
T NS otk A5 Ae 71 dgk A, &
= A8} 8 8] =1 A, 22(11), pp. 1070-1077, 20119 11
4.

o

[3] C. Ozemir, Inverse Synthetic Aperture Radar Imaging

2007 29 E3FFAoicty AAEett
(A

2009\ 29: E3FFAoicha AAgetat
(T84

20093 39 ~8A: TdTIYT AR}
R =

[ BA20 A4 254

2012 2¢: St gty ARy etk et
AB)

2012 39~&A): ey Aisty A=}

1—1]. /HA].J,].;H

of
ﬂ'

250

with MATLAB Algorithms, New York: Wiley, 2012.

[4] D. Zhu, L. Wang, Q. Tao, and Z. Zhu, "ISAR range ali-
gnment by minimizing the entropy of the average range
profile", In Proceedings of IEEE Radar Conference 2000,
NY, USA, pp. 813-818, 2006.

[5] J. Wang, X. Liu, and Z. Zhou, "Minimum-entropy phase
adjustment for ISAR", IEE Proc.-Radar Sonar Navig.,
vol. 151, no. 4, pp. 203-209, Aug. 2004.

1994 29 xaFHUiety AAA7F
3t} (FE4h

199611 29: E3FF )
gt} (F3HAAh

1999 29: Ty sty A7 ¥
St} (33

20029 3€~2011d 29 gdisty A

1%

W AR F

o>

/

b I A
2011 3E~&A: 23

Tt AAA71E S W
2012'd 99 ~EA: EJIOIBMR A 53T 4%
b 97, dolth AleA,

[ 22l ot 24
Aelel s, AR715 390

T«



