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Figure 1 Time-frequency distribution of F'S chirp and sparse FS chirp signal
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(a) FS chirp signal; (b) sparse FS chirp signal
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Figure 2 ISAR imaging model
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IS5 AR 52, AT A A5 5 20 8 5 200 SR O R 8 P VR A0 1E A5 5 BT (R0 I DL EA T G A 3, 49 2107
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5T AR 2 MR R AU A AR R SR, A Ak 2B AT BORI IR S, I HR S TR S
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Table 1 Scatterer properties

Point Range (m) Cross range (m) Amplitude (dB)
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=~
5| @ 09 3 N e 3w pees
- 1
3 0.8 s
0.7 3 .
= 56
" 1 mm 06 2
w8 - 05 < 55
g -1 - 04
- 5 54
-y 03 2
- g
& 02 & 53
’ 0.1 3
@ § sal—— .
-4 -2 0 2 e ] 01 02 03 04 05 06
Cross range (m) Cross range (m)
5 (c) 0.9 3 (d) 0.9
2 | 0.8 5 0.8
0.7 ] 0.7
o — 06 = " 0.6
g 0 — 05 T 0 n 0.5
= =)
g -1 - 0.4 g -1 a 104
. 0z % 0.3
. 0.2 02
=g -3
) 0.1 0.1
—4 . E -4 .
-4 -2 0 2 -4 -2 0 2
Cross range (m) Cross range (m)

B 3 AXFHEMEGH MF FEBIGER
Figure 3 Comparison of the conventional MF and the proposed method in imaging results
(a) Image by MF with FS chirp signal; (b) changes of center frequencies of sub-pulses; (c) image by MF with sparse F'S

chirp; (d) image by the proposed method

N T AP IS UEA ST, K Yak-42 - RHLI SEEAE 34T T AL BEIT 45 45 . Bk my o
10 GHz, 15574556 0 400 MHz, BE S0 FE% 0 0.375 m, PSR4 )5, B3 ) s 30808 100, &I
(P K S A 25 Haz, SILAEH 25 ANk, S EGET T 1s. (oS R 4n . BLEs 0 55 F [ R
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FEAS TR S 52558 100 MHz, $EHEE 4 100 MHz, SR 56 55 1A 713 26 BE 55 458 77 o7 15 I ) 1
ATHIEL, BPEAT R AGAL BE LU A FS 55, iEFFEREWE 6(b) Bras, Hrp e O 1) 2ikdm
BB, XTI FR ST IFRIGE FS 5 S HEATACER, SKH] MF S SO 0 5 45 T2 5 14 6(c) Al (d).
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Figure 4 Comparison of the simulation results with Doppler ambiguity
(a) Image by MF with FS chirp signal; (b) image by MF with sparse FS chirp signal
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Figure 5 Comparison of the results of different SNRs

(a) SNR is 10 dB; (b) SNR is 0 dB; (c) SNR is —10 dB; (d) SNR is —20 dB
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Figure 6 Real data results of the MF and the proposed method
(a) Result of MF with full measurements; (b) center frequency of sub-pulses; (c) result of MF with sparse FS chirp signal;

(d) result of the proposed method
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ISAR imaging via sparse frequency-stepped chirp signal

WANG HongXian*, LTANG Yi, XING MengDao & ZHANG ShouHong

National Key Laboratory of Radar Signal Processing, Xidian University, Xi’an 710071, China
*E-mail: hxwang@mail.xidian.edu.cn

Abstract Frequency-stepped chirp signal can simplify the designation of radar system. However, it has a
shortcoming of Doppler ambiguity for high-speed moving targets. Therefore, it is of great significance to study
how to increase its equivalent pulse repeat frequency. The back scattering field of the ISAR target has strong
sparsity; that is to say, most energy is contributed merely by a few scattering centers. Hence, based on the
theory of the sparse signal representation, a novel method for ISAR imaging via sparse frequency-stepped chirp
signals is proposed by analyzing the signal model of the target. In the proposed method, part of sub-pulses of
the frequency-stepped chirp signal is randomly selected to transmit, and then the 2D high-resolution image of the
target can be constructed by sparse signal decomposition. At the cost of computational resources, the method
can effectively resolve the problem of Doppler ambiguity, decrease the sidelobes and obtain a super-resolution
image. Furthermore, the validity of the proposed approach is confirmed by the results of numerical simulations

and real data.

Keywords inverse synthetic aperture radar (ISAR), radar imaging, sparse signal representation, frequency-
stepped (FS)
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