THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2024 May; 35(5), 381~393.

http://dx.doi.org/10.5515/KJKIEES.2024.35.5.381
ISSN 1226-3133 (Print) - ISSN 2288-226X (Online)

A4 dl ookl &3t $1A SAR A H Alve| S AA 2 &3 BA

Scenario Design and Analysis of Satellite SAR Jamming Performance
by Ground Radar

Hee-Woo Lee + Min-Ho Choi + Woo-Kyung Lee * Seong-Pyo Kim*

2 o

SAR(synthetic aperture radar) 73 71E2 wAF B S &8 Zobell A e E&HY QU 94 SAR AlAE2 I
ALl M &gl wel A4 deolth Aoz A Aol HeFoirh & =wellMe 24 94 SAROIA 2 EE 7

_,

A E B8l Al EE AFHOE FA L, ol & 7|Ne R tofet AlY Alue & AA gt} JCR(jamming to clutter

ratio)S T8 AW AT ARZ AAs L, A4 Alv e 94 Al 2E Zhe] #AE BA S gt glolth AFY 3 914
AZo] wE SAR ¥4 4 RAP S Fasted a4 AT A A A A Ale A A" 9] A5l
2 SAR e £ AstE gQlsty, AA SAR AW Atgl oF vlwste] HEstr} B Ate 914 SAR Aol o st
ol & ol AA 5 A AlL"] gk &AL o] A fEe 7] F 9ls Aotk

Abstract

Synthetic aperture radar (SAR) imaging is critical in military and national defense applications. Spaceborne SAR systems operate
in fixed orbits, making them vulnerable to the jamming effects of ground radar signals. This study quantitatively analyzed jamming
effects based on actual interference cases observed in the currently operational satellite SAR. Subsequently, various jamming scenarios
were designed for hostile satellite SAR systems. SAR jamming simulations were conducted based on the ground radar specifications
derived from real jamming cases by considering the jamming-to-clutter ratio (JCR) as a key metric for evaluating the jamming
performance. The SAR image corruption was quantitatively analyzed for various ground jammers, with the results verified by comparison
with real SAR jamming cases. This study attempted to understand the principles of satellite SAR jamming and contribute to the
development of defense strategies against adversarial space surveillance systems in the near future.
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Table 1. Jamming system parameters.

Parameter Value
Latitude 37.91°
Longitude 126.61°
Carrier frequency 5.4 GHz
Peak power 1 kW
PRF 1 kHz
Pulse width 50 us
Antenna gain 45 dB
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Table 2. X-band SAR system simulation parameters.

Inclination Sun-synchronous
Orbit Altitude 514 km
LTAN 18:00
PRF 1 kHz
Bandwidth 150 MHz
Radar Pulse width 5.14x10 ¢ sec
system
Center frequency 9.65 GHz
Maximum transmit power 33.54 dBW
Size 4.8 mx0.7 m
Antenna
Gain 45 dB
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Table 4. Comparison of jamming performances by ground

jammers at Joongwon and Gunsan.

Performance measures Joongwon Gunsan
] Max. jamming range [km)] 629.23 634.87
Probability of jamming [%)] 100 100
L Max. jamming range [km)] 590.9 614.61
Probability of jamming [%)] 62 60
I Max. jamming range [km] 550.6 593.45
Probability of jamming [%)] 3 4
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Fig. 12. Simulated SAR images affected by ground jammers.
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Fig. 13. Estimated signal levels before and after ground
jammer operations.

B s A 1% 2T ARSI

A~H AN $£228 Zs 353 3= 1
d 13914 HQlth 7k Aol o] A Aol mE 4
AS A Afol= HA A LR oF 18 dBE AAHEH. ©f
i Sentinel-1 $17d¢] A A S ol QAT AA AS
e Zolst vl frAtdE & 5 Sl

V.2 &

B =EAME 24 94 SAR A At 278k
A Al ARACE gF< vE 7 sle 2He £
Aot olE 7o R Ay A v daEes A
st Fdstglen, 44 ARE Ve E 7dE 914
SAR A Ay g Fall a4 A FAL &
Qe 221 AN o1& S8l thgat A% A Ab
Fol w914 SAR Fd Ast 235 AFHLE &4
AL ol AAZ ASH A vl FAEE AT
stk AW & dNHOE A AxE ] Agst
§173 SAR SHES] Al A oJsf A

A% dlolthel € 914 SAR AW AvEl e A B a3 4

RH7} FolA W 914 SAR B4 F4E A5E 5 9
o Btk olE oldste] A=E AT SAR Y-S F
af A% A AL e FFete Ak 7 Aotk &
ATE Tl FHE 94 24 AAc A4 SAR A 2H
o Aol thet ol & woly Bk A oS % W
of A& st 7198 ¢ s AR MdEn

References

[11 W. G. Walter, Synthetic-Aperture Radar and Electronic
Warfare, Norwood, MA, Artech House, 1993.

[2] K. M. Lee, L. H. Lee, S. G. Hong, Y. L Jeon, I. S. Na,
and K. T. Kim, "Analysis of the requirements for effec-
tive satellite-borne  SAR deceptive jamming," The
Journal of Korean Institute of Electromagnetic Engineer-
ing and Science, vol. 33, no. 2, pp. 146-159, Feb. 2022.

[3] M. Tao, J. Su, Y. Huang, and L. Wang, "Mitigation of
radio frequency interference in synthetic aperture radar
data: Current status and future trends," Remote Sensing,
vol. 11, no. 20, p. 2438, Oct. 2019.

[4] M. Shimada, "L-band radio interferences observed by the
JERS-1 SAR and its global distribution," in Proceedings
of the 2005 IEEE International Geoscience and Remote
Sensing Symposium(IGARSS), Seoul, Jul. 2005, pp. 2752-
2755.

[5] S. K. Lee, W. K. Lee, and J. W. Lee, "An analysis of
radio frequency interferences in L-band SAR images,"
The Journal of Korean Institute of Electromagnetic Engi-
neering and Science, vol. 23, no. 12, pp. 1388-1398, Dec.
2012.

[6] F. J. Meyer, J. B. Nicoll, and A. P. Doulgeris, "Corre-
ction and characterization of radio frequency interference
signatures in L-band synthetic aperture radar data," /EEE
Transactions on Geoscience and Remote Sensing, vol. 51,
no. 10, pp. 4961-4972, Apr. 2013.

[7] N. Hendy, F. Kurnia, T. Kraus, M. Bachmann, M.
Martorella, and R. Evans, et al., "SEMUS - An open-

source RF-level SAR emulator for interference modelling

391



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 5, May. 2024.

in spaceborne applications," TechRxiv, pp. 1-14, Jul.
2023.

[8] R. S. Hamess, M. C. Budge, "A study on SAR noise
jamming and false target insertion," in /EEE SOUTH-
EASTCON 2014, Lexington, KY, Mar. 2014, pp. 1-8.

[9] K. Dumper, P. S. Cooper, A. F. Wons, C. J. Condley,
and P. Tully, "Spaceborne synthetic aperture radar and

noise jamming," in Radar 97(Conference Publication No.
449), Edinburgh, Oct. 1997, pp. 411-414.

[10] X. F. Wu, D. Dai, and X. Wang, "Study on SAR jam-
ming measures," in [ET International Conference on
Radar Systems 2007, Edinburgh, Oct. 2007, pp. 1-5.

[11] Earth Engine Apps, "CSAR eye," 2022. Available:
https://orbtwz.users.earthengine.app/view/csar-eye

[12] Defense Security Cooperation Agency, "Kingdom of
Saudi Arabia-AN/TPQ-53(V) radar systems and related
support no. 16-84," 2017. Available: https://www.dsca.
mil/press-media/major-arms-sales/kingdom-saudi-ara
bia-antpq-53v-radar-systems-and-related-support

[13] B. Y. Lee, S. K. Lee, and W. K. Lee, "High resolution

of & % [BFFFUFLAMNIA]

https://orcid.org/0009-0006-5344-9698

2022 8Y: Sy
ugska (38

2022 8 A=yt FF3AAA
BZY3} A

[F 2l =ZO0H SAR A5 A, A7l

1%

3 F3AANY

392

spaceborne SAR operation and target recognition simu-
lator using STK," The Journal of Korean Institute of
Electromagnetic Engineering and Science, vol. 24, no.
3, pp. 299-309, Mar. 2013.

[14] ESA eoPortal, "Copernicus: Sentinel-1," 2023. Avail-
able: https://www.eoportal.org/satellite-missions/copernic
us-Sentinel-1#spacecraft

[15] ANSYS System Tool Kit v12, STK Help, "SAR con-
stants and equations,” 2024. Available: https:/help.agi.
com/stk/index.htm#comm/CommRadarA-07.htm?To
cPath=Capabilities%257CCommunications%2520%2526
%2520Radar%257CTechnical%2520Notes%257C 9

[16] Radartutorial.eu, "Pariot radar AN/MPQ-53," 2022.
Available: https://www.radartutorial.eu/19.kartei/06.miss
ile/karte003.en.html

[17] Air Power Australia, "Russian/Soviet/WarPac ground based
ECM systems: Technical report APA-TR- 2009-0501,"
2009. Available: https://www.ausairpower.net/ APA-REB
-Systems.html

2 W 3 [E=gsdsa/AA]
https://orcid.org/0009-0008-5089-247X

2024 29 IS FTAAA
B (Fh
2024 3 A=yt A

R AR
[ BAEON SAR AEA, AW71%



°of % A [Tt/
https://orcid.org/0000-0003-2092-2048
1994 24 =) A B A

=83 (F3Ah
1996 2€: e=r38l7|ed AR 2 At
T3} (FFA AL

1999 1249: dEhsta(uCL) 471747
CRENCEA )

19994 109 ~2002'd 129: &=34571&

4 AFAAME A

pul

20039 19~20041 84 AT R7IE HYA7<
20043 9L ~AA: A=Feiota FTAAYRT A wp
[ DAI20H 9AEAA, SAR G4, dlojth AAd 2 A%

A

A% dlolthel € 914 SAR AW AvEl e A B a3 4

A4 E [P TE A7)
https://orcid.org/0000-0001-8688-7412

19874 39: FRARIL FA A A3}
(®31h

1996\ 84: Oklahoma State University %
71 3 AFE T F A AD

20043 8<: University of Missouri 7] 2
AT ety (»1—6—]'\;‘_]-}\]-)

20153 10€ ~ A =std o 4

(7 A E0H +54 71&, vjatdol 7, WA g7,
AtelBAAA 71, A7, IEAD AeeA

393



