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Effective Method of Real-Time Motion Compensation for
Airborne Synthetic Aperture Radar System
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Abstract

Aircraft inevitably experience motion caused by the flight environment in airborne synthetic aperture radar (SAR) systems. Therefore,
motion compensation is essential. The real-time motion method is vital for high-resolution SAR image formation and onboard SAR
signal processing. In this paper, an effective implementation scheme for a radar-timing signal generator is presented. This paper also
describes a motion prediction method suitable for airborne SAR systems. The performance of the proposed real-time motion
compensation scheme was evaluated using a captive flight test.
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Fig. 1. Airborne SAR sensor overview.
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Fig. 3. SAR scenario.
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Table 1. SAR system parameters of the flight test.

Parameter Unit Value
Height m 3,000

Platform velocity m/s 60
Slant range m 15,000
SAL m 248.13

&3-8 SAR A 2gol Mo aaA el A 2F R Y

Along-track
62 T T T T
w
£
%61 F
(=]
ke S/
=
A0 I . L . A L
0 10 20 30 40 50 60 70
. Cross-rack
~ T T
e o
[l
= ™~
o 5 S~ )
o e o
0 . 1 L
0 10 20 30 40 50 60 70
Vertical
5 — T T T
—_ T ™.
= ~ -
e ur — —
g \\\ //// \\\ "’/ -
@ 5| —
i \\__7_/ /
10 ! I L | L
0 10 20 30 40 50 50 70
Time[zec]

J8 1. gAnEAe 2%
Fig. 11. Motion in the captive flight test.

o) 413 A%E ol HFAT 5 otk A LFUAL
4534 B2 BANAE PA4F 8
o] 43

%3 SAR Ge] Aol A

(@) 4% 2%

23 A

(a) Before real-time motion compensation

a8 12, gAmgAE 23

Fig. 12. Test result of the captive flight.

(b) AAIZ 8 5RY $
(b) After real-time motion compensation

569



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 7, July. 2022.

WEo) MA LERA] AGH AF ARANE A
27 7180l A83A G JAYelE B7EI B8l
g 270] & B AL AT 5 otk A7 25uA
o H&H SAR YA N AEEF /1Yol AEHTA &
F A% 9AE s} WA 94 LAE F/1E AA
T 4 YONE SAR 949 ¥4 54 F 0 AN
9tk

.8 &

2 =i E & SAR A2l AT 25 HA
e AgS A A stEdo] B AZE e A
A 2ol tisl] A QretAt g AAIZE 85 EHAFS 9
gk Z&H el 91 T4 A GaFFE A A
Qhalsitt. AIbe w9 AAZF 8 R e Tt
3715 ol &t gAMPN A T3l AFadeh 'A
HIPA Y AAE B3l F2-§& SAR A LF A AAZES
2 I3 SAR 9735 53] HalMe AAT 85
d 7150 2FYS 99U F A

References

[11 I. G. Cumming, F. H. Wong, Digital Processing of
Synthetic Aperture Radar Data, Norwood, MA, Artech
House, pp. 113-168, 2005.

[2] H. . Shin, K. I. Kwon, S. H. Yoon, H. S. Kim, J.
Hwang, and Y. C. Ko, et al, "SAR test-bed to acquire
raw data and form real-time image," Jowrnal of the
Korea Institute of Military Science and Technology, vol.
20, no. 2, pp. 181-186, Apr. 2017.

[3] J. Hwang, Y. C. Ko, S. Y. Kim, K. I. Kwon, S. H.
Yoon, and H. S. Kim, et al, "A study on spotlight SAR

570

image formation by using motion measurement results of
CDGPS," Journal of the Korea Institute of Military Sci-
ence and Technology, vol. 21, no. 2, pp. 166-172, Apr.
2018.

[4] W. G. Carrara, R. S. Goodman, and R. M. Majewski,
Spotlight Synthetic Aperture Radar Signal Processing
Algorithms, Norwood, MA, Artech House, pp. 13-80,
1995.

[5] S. Theodoridis, R. Chellappa, F. Gini, and N. D.
Sidiropoulos, Academic Press Library in Signal Processing:
Communications and Radar Signal Processing, Kidlington,
Academic Press, pp. 918-925, 2014.

[6] G. Fornaro, G. Franceschetti, and S. Perna, "Motion
compensation errors: Effects on the accuracy of airborne
SAR images," I[EEE Transaction on Aerospace and Ele-
ctronic Systems, vol. 41, no. 4, pp. 1338-1352, Oct. 2005.

[7] G. E. Haslam, A. Damini, "Specifying the allowable
latencies in the application of SAR motion corrections,"
in EUSAR 96, European Conference on Synthetic
Aperture Radar, Konigswinter, Mar. 1996, pp. 403-406.

[8] D. H. Kim, S. H. Park, and K. T. Kim, "SAR motion
compensation using GPS/IMU," The Journal of the
Korean Institute of Electromagnetic Engineering and Sci-
ence, vol. 22, no. 1, pp. 16-23, Jan. 2011.

[9] H. Lee, C. S. Jung, and K. W. Kim, "A position esti-
mation technique for motion compensation of synthetic
aperture radar," Journal of Korean Institute of Infor-
mation Technology, vol. 18, no. 5, pp. 65-75, May 2020.

[10] E. Brookner, Tracking and Kalman Filtering Made
Easy, New York, NY, John Willey & Sons, pp. 3-63,

1998.



A8 4 [Egetd A/

https://orcid.org/0000-0001-8193-1736

19979 24Y: B&E
2]

19994 2¢: A&y A8 (3-8
A Ah

2006 ~ A =gt T AddT
9

[ ZHAZ0H SAR A]2E] SAR QEHA

27-4)

Su AAgetd (¥

g 4 F [T am AT

https://orcid.org/0000-0003-4768-8642

2003 29: 3HorEta
3 (FSHAh

20053 24: d=r38tr)E
J_El—_l,} (5161/\«} /K]-)

2020 29: Feoh ot Aot (38
LI

20053 ~ A A A A A

[F ZHA 20} SAR A5 A2, SAR AA 2A

WA B

217 2 AR

s

ot

o AF

& 4 & [y

https://orcid.org/0000-0001-5557-6582

1999 29: ZaF sty
BENEER)

20019 29 3oty
83} (%fﬂr*“})

20049 29 T sty
&3} (FeHEkAh

27-4)

[F ZHAEO0H ZolthSAR A28 2 A5 A

F& SAR AZFGA9] EHHQ WAL LERY Y

AR T
AR T

AR 2

200413 ~&A: =gstd o YA

571



