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Abstract: In recent years, space situation awareness has garnered increasing attention in both military and civilian
fields. Space-borne inverse synthetic aperture radar (SBISAR) is an important tool for space situational awareness. It
enables high-resolution imaging of space targets, and supports subsequent tasks such as component extraction, posture
estimation, and type identification. However, in SBISAR imaging scenarios, complex and non-uniform high-speed
relative motion exists between the platform and the space maneuvering targets, rendering traditional range-Doppler
(RD) imaging methods ineffective. Therefore, motion compensation should be considered. In this paper, two typical
motion errors are discussed, i.e., the failure of the traditional “stop-go-stop” model under high radial velocities and the
inconsistent target rotation speeds within long coherent processing intervals (CPIs),and a specific algorithm is designed
for intra-pulse and inter-pulse motion compensation. First, a signal model for SBISAR imaging is established. Then,

based on the minimum entropy criterion, a parameter estimation cost function is constructed to estimate the chirp rate of
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the echo signal, and the obtained estimation is used to construct a compensation term for intra-pulse motion

compensation. Similarly, an image entropy cost function is established to estimate the rotational parameters, achieving

spatial-variant phase compensation for rotational motion. The proposed algorithm can effectively address the range

extension and azimuth defocusing issues by traditional RD imaging algorithms in the case of high-speed maneuvering,

and enables the high-resolution imaging of space targets by SBISAR. Through the experimental analysis based on the

simulation data, the effectiveness of the proposed algorithm is validated.

Key words: space-borne inverse synthetic aperture radar (SBISAR) ; intra-pulse translation; maneuvering target;

motion compensation; minimum entropy
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Fig.4 One-dimensional range profile of a single echo

A T F e R BER — 10~10 dB YA RME
W LY 25 L 23 B8 F MID (FREF T Rl S5/ 75 Ak 11
YR IR AT 3, A A W e A A R AT 20 IR AR R
Sy gk BICE MAE A 5 s . AT LR RN
TEAEAR S M L £ 1 T AT et i Al i 22, W) it
TRUE T & k.

S0 R HOAH OGRS 7 A Keystone 43 5]
SE J AL 45 X FF )R AR I R R I R A B B il
JIT 4 A e /N T 58 B H bR A TR RMEE | AR
ZiRE 6 TR, 5 LIRS A —3, B 6(a)~
[ 6(c) HAn MLz SR &, B 6(d)~ Kl 6(1) Kt
s s, B 6(g)~E6() hEmizsh, HELE
L 7E 22 W R i R A B Bk |, R R

—o B/
40 —=—FRFT
MD

S W

_— = NN W W
wn O W

W5 R ZERMSE / dB
Lo

wn

0 o o
10 -5 0 5 10
frMitl / dB

5 T E7iEH RMSE $8ER

Fig.5 RMSE performances of different methods
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Fig.6 Comparison of the RD imaging results using echo of point scatter simulation
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Tab.3 Parameters of the radar in the electromagnetic

simulation
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Fig.7 Model of satellite target in electromagnetic simulation
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Fig.8 Comparison of the RD imaging results using echo of electromagnetic simulation
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