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High-Resolution Spotlight Mode Design for Moving Target Detection and
Tracking Using a Single-Channel Spaceborne SAR System
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Abstract

Synthetic aperture radar (SAR) collects signals for extended durations to generate high-resolution images. In general, SAR processing
assumes stationary targets, and when moving targets are located in the scene, the processed images are defocused through blurring ef-
fects, or their locations are shifted from the true positions. Accordingly, the detection and tracking of moving targets have long been
an active research topic in the SAR community. In this study, we propose a method for detecting and tracking a moving target using
a single-channel spacebprem SAR system by adopting sub-aperture processing based on the spotlight mode. We show that the blurring
effect of the smearing target energy is suppressed by dividing the sub-aperture intervals, thus helping identify the moving target.
Accordingly, the direction and velocity of the moving target were obtained by analyzing the multi-frame target scenes. For verification,
a spaceborne SAR simulator was designed for moving target tracking. The range and azimuth velocities are extracted from the mul-
ti-frame target images to compensate for the position shift and recover the true trajectory of the moving target.
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Table 1. SAR simulator system & moving target parameter.

Parameter Value
Carrier frequency 9.65 GHz
Bandwidth 380 MHz
PRF 5,000 Hz
Platform altitude 550 km
Look angle 45°
Observation time Scenario | 325
Scenario 2 8s

Scenario 1 10 m/s
Scenario 2 | 10 m/s, 8 m/s

Across-track true velocity

Scenario 1 30 m/s

Along-track true velocity

Scenario 2 | 30 m/s, 8 m/s
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Table 2. Moving target’s location & velocity of each

frame.
ti . . .
Frame (ran;zCZ;?fluth) Range velocity | Azimuth velocity
1 ](0.79, 1,078.97)m ; ;
2 [(5.53, 1,088.68)m | 11.85 m/s 24.28 m/s
3 [ (8.69, 1,101.62)m 7.90 m/s 32.35 m/s
4 (1342, 1,111.33)m| 11.85 m/s 24.28 m/s
5 |(16.58, 1,12427)ym|  7.90 m/s 32.35 m/s
6 [(19.74, 1,137.2)m| 790 m/s 32.35 m/s
7 (2448, 1,146.91)m| 11.85 m/s 24.25 m/s
8 1(29.22, 1,159.86)m| 11.85 m/s 32.38 m/s
AVG - 10.15 m/s 28.89 m/s
50 T T
Estimated Velocity
. Estimated Average Velocity
E 40 —True Velocity )l
%30
S
<20
=
£
<10
0 . . .
1 2 3 4 5 6 7 8

Frame
(@ 39 W) AA & ¥ 29 &%

(a) Along-track’s true and estimated velocity comparison

20 :
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Estimated Average Velocity

—True Velocity

-
W
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s

h

0

1 2 3 4 5 6 7 8
Frame
®) B9 W WA % 2 E S
(b) Across-track’s true and estimated velocity comparison
a8 10. @4 olF x4 A, 09 A4 2 F4 &
T oHw Jg=

Fig. 10. Comparison of the estimated and true target velocities.
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Fig. 11. Comparison of the estimated and true trajectories of
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Fig. 12. Simulated SAR image on multiple targets having
different velocities.
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Table 3. Moving target 1’s location & wvelocity of each

frame.
Frame Locatif)n Range velocity| Azimuth velocity
(range, azimuth)
1 (5.53, 1,1149m - -
2 (16.58, 1,144.4)m 11.06 m/s 29.57 m/s
3 (26.06, 1,173.1)m 9.48 m/s 28.64 m/s
4 (37.11, 1,203.6)m 11.06 m/s 30.49 m/s
5 (48.17, 1,234.1)m 11.06 m/s 30.5 m/s
6 (57.65, 1,263.6)m 9.48 m/s 29.57 m/s
7 (68.70, 1,295)m 11.06 m/s 31.41 m/s
8 (78.17, 1,324.6)m 9.48 m/s 29.57 m/s
AVG - 10.38 m/s 29.96 m/s
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E 4 7 ZAgA olF £4 2 94 2 S5
Table 4. Moving target 2’s location & velocity of each
frame.

Frame (ranz(;?:;()mr;th) Range velocity| Azimuth velocity
(202.94,760.02)m - -

(210.84,767.42)m 7.90m/s 7.39m/s
(215.58,771.11)m 4.74m/s 3.70m/s
(223.48,778.51)m 7.90m/s 7.39m/s
(231.37,785.90)m 7.90m/s 7.39/s
(239.27,794.21)m 7.90m/s 8.32m/s
(247.17,801.61)m 7.90m/s 7.39m/s
(255.06,809.92)m 7.90m/s 8.32m/s

G - 7.45m/s 7.13m/s
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(a) Along-track’s true and estimated velocity comparison
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Fig. 14. Comparison of the estimated and true velocities
of the multiple moving targets.

NS BIPOE sARGON ¥ 2dhE 28
% 0% ZA9e Bol 9 A G4 AT Aol A

-L‘f”l

QoA LA BEd TEE B B o5 wARD

ohie 0 o)F BAY F4 L SE 70| 15

By ¥ A7E A2 0F 2A9e BEF YL §

B AT dolthl A o)F EHE gANE BHOZ B

29 5 glom 7129 v Ad T4 AT el Az

Fol A SEslole] T2 W glo] olF B4 YA} 7
1

Fofth B3k @ A

=
0% B4 £E F43 F o1F £4 94HGMIIn)

1o oft mjn
=2
X
o
x
!
g
2
2
oy yo I
o rlr xe



A ol wEkA ol mE &5 At
o7 HoAY,

References

[1] C. A. Wiley, "Synthetic aperture radars," IEEE Transa-
ctions on Aerospace and Electronic Systems, vol. AES-
21, no. 3, pp. 440-443, May 1985.

[2] A. Moreira, P. Prats-Iraola, M. Younis, G. Krieger, L
Hajnsek, and K. P. Papathanassiou, "A tutorial on syn-
thetic aperture radar," IEEE Geoscience and Remote
Sensing Magazine, vol. 1, no. 1, pp. 6-43, Mar. 2013.

[3] R. K. Raney, "Synthetic aperture imaging radar and mov-
ing targets," IEEE Transactions on Aerospace and Elec-
tronic Systems, vol. AES-7, no. 3, pp. 499-505, May
1971.

[4] J. H. G. Ender, "Space-time processing for multichannel
synthetic aperture radar," Electronics & Communication
Engineering Journal, vol. 11, no. 1, pp. 29-38, Feb.
1999.

[5] T. H. Kim, J. S. Yoon, J. H. Jung, and S. H. Ryu,
"Application design and performance analysis simulation
of sigma-delta STAP for GMTI mode of airborne radar,"
The Journal of Korean Institute of Electromagnetic Engi-
neering and Science, vol. 28, no. 4, pp. 336-346, Apr.
2017.

[6] C. W. Chen, "Performance assessment of along-track in-
terferometry for detecting ground moving targets," in
Proceedings of the 2004 IEEE Radar Conference,
Philadelphia, PA, Apr. 2004, pp. 99-104.

[7] 1. Sikaneta, C. Gierull, "Ground moving target detection
for along-track interferometric SAR data," in 2004 [EEE
Aerospace Conference Proceedings, Big Sky, MT, Mar.
2004, pp. 2227-2235.

[8] M. C. Wicks, M. Rangaswamy, R. Adve, and T. B. Hale,
"Space-time adaptive processing: A knowledge-based
perspective for airborne radar," IEEE Signal Processing
Magazine, vol. 23, no. 1, pp. 51-65, Feb. 2006.

[9] E. Chapin, C. W. Chen, "Along-track interferometry for

ground moving target indication," /EEE Aerospace and
Electronic Systems Magazine, vol. 23, no. 6, pp. 19-24,
Jul. 2008.

[10] M. J. Lee, S. J. Lee, B. G. Lim, T. B. Oh, and K. T.
Kim, "Study of improvement of GMTI performance us-
ing DPCA and ATL" The Journal of Korean Institute of
Electromagnetic Engineering and Science, vol. 29, no.
2, pp. 83-92, Feb. 2018.

[11] B. Dawidowicz, K. S. Kulpa, M. Malanowski, J.
Misiurewicz, P. Samczynski, and M. Smolarczyk,
"DPCA detection of moving targets in airborne passive
radar," IEEE Transactions on Aerospace and Electronic
Systems, vol. 48, no. 2, pp. 1347-1357, Apr. 2012.

[12] D. Cerutti-Maori, 1. Sikaneta, "A generalization of DPCA
processing for multichannel SAR/GMTI radars," IEEE
Transactions on Geoscience and Remote Sensing, vol.
51, no. 1, pp. 560-572, Jan. 2012.

[13] Y. Hou, J. Wang, X. Liu, K. Wang, and Y. Gao, "An
automatic SAR-GMTI algorithm based on DPCA," in
2014 IEEE Geoscience and Remote Sensing Symposium,
Quebec, QC, Jul. 2014, pp. 592-595.

[14] C. S. Bae, H. M. Jeon, D. H. Yang, and H. G. Yang,
"Ground moving target’s velocity estimation in SAR-
GMTL," The Journal of Korean Institute of Electromag-
netic Engineering and Science, vol. 28, no. 2, pp.
139-146, Feb. 2017.

[15] J. H. Jung, J. S. Jung, C. H. Jung, and Y. K. Kwag,
"Ground moving target displacement compensation and
performance analysis in the DPCA based SAR-GMTI
system," The Journal of Korean Institute of Electromag-
netic Engineering and Science, vol. 20, no. 11, pp.
1138-1144, Dec. 2009.

[16] J. Li, D. An, W. Wang, Z. Zhou, and M. Chen, "A nov-
el method for single-channel CSAR ground moving tar-
get imaging," IEEE Sensors Journal, vol. 19, no. 19, pp.
8642-8649, Oct. 2019.

[17] M. S. Kang, K. T. Kim, "Ground moving target imaging

based on compressive sensing framework with single-

187



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 3, March. 2023.

channel SAR," IEEE Sensors Journal, vol. 20, no. 3,
pp. 1238-1250, Feb. 2019.

[18] I. M. Ban, M. J. Moon, H. I. Chun, H. Jo, S. W. Lee,
and M. Lee, et al., "Compressive sensing-based ground
moving target detection technique for near-field moving
target video SAR," The Journal of Korean Institute of
Electromagnetic Engineering and Science, vol. 32, no.
12, pp. 1108-1118, Dec. 2021.

[19] C. Zhong, J. Ding, and Y. Zhang, "Joint tracking of
moving target in single-channel video SAR," [EEE
Transactions on Geoscience and Remote Sensing, vol.
60, pp. 1-18, Oct. 2021.

[20] Z. Yun, "An approach to high-resolution SAR-GMTI
processing and performance analysis," in EUSAR 2012;
9th European Conference on Synthetic Aperture Radar,
Nuremberg, Apr. 2012, pp. 52-55.

gl o)

A R R R )

https://orcid.org/0000-0001-9459-7511

20204 29: =2 iEty ST A}
Byt (FeAh

20219 39 ~8A: =PI a g
AR B8 7 A A}z

[F 420} SAR 21542, ¥]H 2 SAR

ox!

z 3 A [BEESaAag)
https://orcid.org/0000-0002-2468-983X

202015 29 ﬁAPFH [ 7] 7:]] fg)}_g_xé E%
z‘sjl-_g_ﬁ_ll-ﬂ (_1_6']-/\].)

188

[21] D. Muff, V. Ignatenko, O. Dogan, L. Lamentowski, P.
Leprovost, and M. Nottingham, et al., "The ICEYE con-
stellation-some new achievements," in 2022 IEEE Radar
Conference(RadarConf22), New York, NY, Mar. 2022,
pp. 1-4.

[22] J. R. Fienup, "Detecting moving targets in SAR imagery
by focusing," IEEE Transactions on Aerospace and
Electronic Systems, vol. 37, no. 3, pp. 794-809, Jul.
2001.

[23] J. Yang, Study on Ground Moving Target Indication
and Imaging Technique of Airborne SAR, Singapore,
Springer, pp. 16-22, 2017.

[24] M. L Pettersson, T. K. Sjogren, and V. T. Vu,
"Performance of moving target parameter estimation us-
ing SAR," IEEE Transactions on Aerospace and Elec-
tronic Systems, vol. 51, no. 2, pp. 1191-1202, Apr. 2015.

o] A ¢ [gh=rday /A A
https://orcid.org/0000-0002-1319-0857
2021 8Y: s=etydisty Ay

B3t (384D
A 20209 98 ~AA: AFFISaL Avt

Ed EgZ RN E 3} AA3A
s (7 ZAEOH JAe oY AFAe, vl



ol ¥4 ©A
o] ¥ A [g=8Fheta/iT]
https://orcid.org/0000-0002-3136-2819
19949 24: d=r3sr|ed A7) 2 AA
2383} (F8Ah
19969 24: =387 A7) 2 AA
3t (FH4 A
20013 8¢ d=3}ely|ed AxpAAket

‘ a h (3t
20013 3€~2004'3 29: 4442} System
LSI Biz A4 A+Y
20043 39 ~20073 2€:
2007 3L~ A =

%
a1
)

of $ A [BFFEUGWLF]

https://orcid.org/0000-0003-2092-2048

199413 24 S} ]ed 27
33 (T8

1996\ 2: S=33}7]ed 27
33t (384D

1999 12€: ¥ gr(UCL) A 71- 7
283} (F8HHAh

1999 109: F=#37l=d AFA9A

EURGPy

A

94 SAR 9% RE T8

of # T [N GF ARATY]

https://orcid.org/0009-0002-5590-9492

2012 29: yHiSty HFEEAATS
B (384

2019+ 2€: YHUISHL HFE
Fota} (o)

2019 29~ EAY: FSALE(F) HAA
2919 ARATH

[ A ZO0H Spaceborne SAR System

Design, SAR Image Processing, Array Processing MIMO Radar

HuoEa

Qi “

189



