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Abstract

Radar cross-section (RCS) measurements in non-anechoic chamber environments have gained attention as cost- and space-efficient
alternatives; however, studies focusing on the measurable range and reproducibility of such systems remain limited. In this study, a
postprocessing sequence consisting of coherent integration (CI), background subtraction (BS), and time-domain gating (TG) was applied.
Moreover, the effects of amplifier usage on the RCS measurement characteristics were quantitatively analyzed. Repeated measurements
were conducted on metallic spheres of various sizes that satisfied the far-field conditions, and the measurement accuracy and
reproducibility were evaluated based on the mean RCS error, log error, and their standard deviations. Based on the results, the
noise-equivalent RCS (NERCS) was determined to be —43 dBsm without an amplifier and —51 dBsm with an amplifier. The use
of repeatable and generalizable quantitative metrics enables a more reliable evaluation of the NERCS in typical non-anechoic
environments. The proposed analysis method can serve as a practical tool for small-scale laboratories to assess the measurable range
of simplified RCS measurement setups to ultimately enable rapid feedback during the early stages of stealth platform design.
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H 1. RCS 349 &89 55 759 HRH
Table 1. Information of spheres for RCS measurement.

Radius [mm] con}c:i?tri;)f;llild[m] Radius. [mm] con}c:i?tri-of;llild[m]

62.5 1.88 17 0.139

60 1.73 11 0.0581

50 1.20 9 0.0389

45 0.972 8 0.0307

37.5 0.675 5 0.0120

30 0.432 4 0.00768

26.5 0.337 3 0.00432

20 0.192
*Calculated based on frequency of 18 GHz.
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*The wavelength is based on the highest measured frequency.

636

=
s7hehe AdS FAd 91904 A= NERCSZ %
93 4 oltk & 2= AT RCS 54 £HEF ANE A
T Akl ket wagolth, g2 AFEelA 24
74 B AIZRS i 54 HSE ANSA doH, Al
A& 73 sl AET 2AZ et & drlXE
3 A 8736l NERCSE 7 714 £k¢ 2+ 24}

—

T RCS?
o

O
=

w
2|t
).
-
X
o
)
by
-0,
LS
:{o
=) -
4 e X

o
o

Ul
>
M oo lo g N odu &

791 ANE PNR 7S TS ), HAE 2 mm
2RO Bi1=d 407 o ZH) uper] 227
g 3

z

-
fo
)
g

-
1o
o,

A
95
of\
o
2
r ]
|

ey
@
=]

|o
it
)
m
2
|o
it
tot
ro,
ok
4
0,
u)

ERAIAE B2 4A A=) 27HE 4¢
R RCS 3% A1) ZAH, 92
SE A gsksh u] Fukak A $7def A 9] RCS



4 A EAs T 18 718 ATl A AAFHA
A AHA FHS 2] Y8 539 whE S4E
Fasith. H RCS 231, HF RCS ak9] BFHAL

(e}
27 04, 21 939 BEAAL E ] M) AXA A
AT, BAAE BAE 25 mmH 3 miA el &
& ot BEHION, Z57] Mg olRo] B2 Az}

gutdo g g8y F Qong FL Zukgk AWE B
G S AFE AFAME 7ho] 2 AHE 7
31y, 1 54 JrE ddete AEE §844E 4
S A0 R ofHnh £3 gt A% E 53 NERCSE
A&s] FHFOZA, NERCS ©o]/de] RCS7} ol 4=+
gidel disl 271 AAE 9 weE Huug AYT
Atk AspH oz 2EA ZPEZ A 9 7143l 7)o
& 5 s Ao ZYEh

F7H o2, AAE vEel 7H2 Zho] RCS 57 Al e]
Hoh §&3 E457] 8t 2AE S-S B
98 24 1=, 2 (3)oﬂ A AE 7%?4

References

[171 Y. H. Noh, H. R. Im, W. Kim, L. P. Hong, J. G. Yook,
"Communication bistatic RCS estimation using monostatic
scattering centers with compressive sensing," I[EEE
Transactions on Antennas and Propagation, vol. 70, no. 8,
pp. 7350-7355. Aug. 2022.

[2] R. E. Jarvis, J. G. Metcalf, J. E. Ruyle, and J. W.
McDaniel, "Wideband measurement techniques for
extracting accurate RCS of single and distributed targets,"
IEEE Transactions on Instrumentation and Measurement,
vol. 71, pp. 1-12, 2022.

HAE A A9 RCS 24 FEE 3 AEA Y

[3] F. Babaeian, M. Forouzandeh, and N. Karmakar, "Solving
a chipless RFID inverse problem based on tag range
estimation," IET Microwaves, Antennas & Propagation,
vol. 14, no. 12, pp. 1361-1370, Jul. 2020.

[4] S. Abadpour, S. Marahrens, M. Pauli, J. Siska, N. Pohl,
and T. Zwick. "Backscattering behavior of vulnerable road
users based on high-resolution RCS measurement," /EEE
Transactions on Microwave Theory and Techniques, vol.
70, no. 3, pp. 1582-1593. Mar. 2021.

[51 Y. X. Zhang, Y. C. Jiao, M. D. Zhu, and Y. Zhang,
"Wideband near-field RCS measurement techniques with
improved far-field RCS prediction accuracies," IEEE
Transactions on Instrumentation and Measurement, vol.
72, p. 8000404. Dec. 2022.

[6] L. Pometcu, A. Sharaiha, R. Benzerga, R. D. Tamas, and
P. Pouliguen, "Method for material characterization in a
non-anechoic environment," Applied Physics Letters, vol.
108, no. 16, p. 161604, Apr. 2016.

[7] H. R. Im, W. Kim, Y. H. Noh, I. P. Hong, and J. G.
Yook, "RCS estimation of singly curved dielectric shell
structure with  PMCHWT method and experimental
verification," Sensors, vol. 22, no. 3, p. 734, Jan. 2022.

[8] T. Oh, C. Cho, W. Ahn, J. G. Yook, J. Lee, and S. You,
et al, "Plasma generator with dielectric rim and FSS
electrode for enhanced RCS reduction effect," Sensors,
vol. 21, no. 24, p. 8486. Dec. 2021.

[9] C. Lee, Y. Ryu, Y. H. Noh, 1. Oh, J. Ha, and J. G. Yook,
"Ultra-low-cost radar cross section measurement and
validation method using a 3D-printed scale model in a
non-anechoic chamber environment," IEEE Access. vol.
13, pp. 41324-41335, Feb. 2025.

[10] H. Choi, Y. Ogawa, T. Nishimura, and T. Ohgane,
"Selective ultrawideband time-reversal MUSIC using a
time-domain gating technique," in Proceedings of the
2012 IEEE International Symposium on Antennas and
Propagation, Chicago, IL, Jul. 2012.

[11] Z. Chen, Z. Xiong, "Mitigation of band edge effects in
Fourier transform based time domain gating," in 2019
13th European Conference on Antennas and Propag-
ation(EuCAP), Krakow, Apr. 2019.

637



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 7, July. 2025.

[12] D. P. D. i Yague, A. B. Ibars, and L. F. Martinez,
"Analysis and reduction of the distortions induced by

time-domain filtering techniques in network analyzers,"

of A u [AAYGLA - A} EGIA)
https://orcid.org/0009-0003-5841-867X
20224 29 7Pt gt A ek (38

/\})
202213 99 ~¥A: AAhetw A7|Azk
38 A . oup 23k

[F ZA 20 RCS 24 2 B4 mgx

®, ekl 2, 28 2(RCS, IR)

© 4 o [FYd s ES

https://orcid.org/0000-0001-6840-2899

2007 2€: AMTE 7128k
(F3Ah

. 2013 8€: ATt A7 H g8k

Yool (CRIEI)

‘\ . 20149 19~2016% 8Y: AAAA Ap

‘ 2016 99 ~&A: F¥rHAS L FE

ARt Fug

T HAZOH MR A FAEA, SEet [2p7] 54 4
A, &% =Y AA, EMC

e ; '

638

IEEE Transactions on Instrumentation and Measurement,
vol. 47, no. 4, pp. 930-934, Aug. 1998.

3 A Al [FEed P AT

https://orcid.org/0000-0001-8831-0633

2009 24 AAsty A7) AR
(&8

20119 2¢: AAM gty A7) A A-E )
(332D

20179 2¢¥: AAw A7) A A-E )
(3-8Harrh

20179 8¥~&A: FFHFATAL MY

il
(7 2AZO0H AT HPA|, 28 ARCS)

https://orcid.org/0000-0001-6711-289X

19999 3€~20001d 29: FF343}7]1%4
ZAT (F A

2000 3€~&A: At A71HA
Fobst w5

20124 ~20139: IEEE Distinguished Lec-
turer (EMC Society)

2023\ F=xdAtv}ery] b8

F OUNEOH FAAA, vhelAst T2 AN B A,

EMIEMC, HEMP, RF A4, WElE®H &



