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Design of a Radio-Frequency Immunity Evaluation Method for Wi-Fi
Communication Systems Based on Estimated Bit Error Rate
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Abstract

In this paper, a method for quantitatively evaluating the radio-frequency immunity of Wi-Fi communication systems is proposed.
The proposed method utilizes a frame-based estimated bit error rate (FB-BER) as a communication performance metric through
data-link-layer-based frame analysis, considering the limited direct access to physical layer bit streams in commercial Wi-Fi
environments. The communication performance metric in the linearly degrading region is simplified using a linear model, and the
resulting area of the region is defined as the noise susceptibility index (NSI), which serves as a radio-frequency immunity evaluation
metric for Wi-Fi communication systems. The proposed method was experimentally validated by evaluating the NSI measured at each
injected noise frequency, confirming that the radio-frequency immunity level of Wi-Fi communication systems can be quantitatively
compared and evaluated at the physical layer across different frequencies.
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Fig. 1. Conceptual diagram of FB-BER extraction based on
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Fig. 2. Setup for RF immunity evaluation of the Wi-Fi
communication system.
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Fig. 3. Repeatability test results of FB-BER as a function of
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transmitted frames under 2.437 GHz noise injection.
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based on linear modeling of FB-BER.

865



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 37, no. 9, September. 2026.

NSI 7t ARE 9% wmolze] U 4% Ak D3t
DTS HZx A5 37t B 9F o2 A7)
2 P wstel BA A%l AHEE T vl
HO 2 AFgsd Aot
1
NSIpp_ g = 9 |.S(A) | (Apax _Arcf)z 3)

Aok WS ASa] Y8 N3 $d3 A
oA Wi-Fi 34 54 F34¢ 71% 10 MHz H 9
5 MHz 7HA4 9] ZF 7] Faprel dis] 25 347 &9
A8 71F 0~16 dBm B9 9% o] 25 2 dBm 7+
A0 2 #9351 FB-BERS S35tk 18 55 57 +
g4l A 9] FB-BER 54 235 Yeply LE F315
oA o]= F9] 7] F7tel| whEh FB-BERC] 4134 2
2 Z7keke Aol #SHAUT & Aol A FB-BER,
= o] = H|F9] Ao A e ¥F FB-BERY] v}A< X
ojsle] 00322 MAA3th 18 62 AtE HrhHS
A gsto] A& Fu4E NSI 245 Yehdth B4 5
Al Ad FupE<l 2432 GHzolA 71 W& NSIZ $-°
3k RFI WAS Hol whd % Foh42l 2427 GHz9
2437 GHzAl A =& NSI %ol YR RFL WA o] 7+
v Ao FIH ol Wi-Fi B4 Adel 22
MHz Hlo]8 t% Woll A slojg FH7} wzEo
TAstug, oy Jurt gle F4 Ad ForEd

£ BN

0.12 3
- 2.422 GHz B
0.10 -B- 2.427 GHz ’,1"
—A— 2,432 GHz et
o 0.08 -6- 2.437 GHz L. /,:ﬁ. ______ |
5 2.442 GHz S S
m .
[
m
s

0 2 4 6 8 10 12 14 16
Signal Generator Output Power [dBm]

J8 5. 297 ko2 39 2] hE 35 FB-
BER =4 23

Fig. 5. FB-BER measurement results depending on the in-
jected near-field noise amplitude at various injected
noise frequencies.

866

0.4 The carrier
/ frequency
0.3 |
~
o
202 i
59
s
wn
Z 0.1
0
2.422 2.427 2.432 2.437 2.442

Frequency [GHz]

12 6. 91 NSI(noise susceptibility index) =3 23}
Fig. 6. Noise susceptibility index (NSI) results for each
injected noise frequency.

Hole tedl sigshs 9 Fakre kol=7t TAl

N2 2

B =EolME Wik 4 Al2E el REL WS E2 Al
T FEolA AgH oz gtk s Adesith 7]
T B9 AT 7 AR dAE S5 S8 Hold
33 Ao MAC = JHE &8 FB-BERS 54
A% ARE ALY, B A 59 54 AT 28t
T AFHLE AT F Jee 4BHCE AFsin
S8 FB-BER®] g S7F 54l 7Intste] Fu4=12 RFI
W< gEstehe NSIE Aelslal ol& A Fak
ge] W7 ARE AQFIATE Ak WS 71Ee] &
T 4 o Ade o A% FElAM Fad

e
<,
ox N

References

[1] S. Grivet-Talocia, M. Bandinu, F. Canavero, 1. Kelander,

and P. Kotiranta, "Fast assessment of antenna-PCB coupling



374 HE QFE 71N Wik 54 A2de] AR A 205 g

in mobile devices: A macromodeling approach," in
Proceedings of the 2009 20th International Zurich Sym-
posium on  Electromagnetic Compatibility, Zurich, Jan.
2009, pp. 193-196.

[2] M. Ramdani, E. Sicard, A. Boyer, S. B. Dhia, J. J. Whalen,
and T. H. Hubing, "The electromagnetic compatibility of
integrated circuits: Past, present, and future," [EEE
Transactions on Electromagnetic Compatibility, vol. 51, no.
1, pp. 78-100, Feb. 2009.

[3] E. Song, H. H. Park, "A component-level radio-frequency
interference evaluation method for mobile devices," IEEE
Transactions on Electromagnetic Compatibility, vol. 55, no.
6, pp. 1358-1361, Dec. 2013.

[4] J. Pan, H. Wang, X. Gao, C. Hwang, E. Song, H. B. Park,
and J. Fan, "Radio-frequency interference estimation using

Ao e SR

https://orcid.org/0009-0002-6320-0918

20261 29: F2Uita AAHEAlFE
Ay (FE

20261 ~FA: FLhsty AT
34 - AE YR

2 2HA 20} Near-Field Measurement Te-
chniques, System-Level EMI/EMC

o

7 A

equivalent dipole-moment models and decomposition
method based on reciprocity," IEEE Transactions on
Electromagnetic Compatibility, vol. 58, no. 1, pp. 75 - 84,
Feb. 2016.

[5] N. Kim, E. Song, "Design of a radio frequency immunity
evaluation method and communication performance analysis
for wireless devices under electromagnetic noise interferen-
ce," The Journal of Korean Institute of Electromagnetic
Engineering and Science, vol. 36, no. 11, pp. 1055-1062,
Nov. 2025.

[6] Information technology —Open Systems Interconnection —
Basic Reference Model: The Basic Model, ISO/IEC 7498-1,
Dec. 199%4.

[71 Wireshark Foundation, '"Wireshark user’s guide," 2026.

Available: https:/www.wireshark.org/docs/wsug_html_chunked/

$ o @ [BeRgWES]

https://orcid.org/0000-0003-4176-6179
. 20044 29: st=HET|Ed AR

3 (T
| 2006 29: d=HEIed AV
L e (T

2010 2¥: st e A9 AR

=% (FHAD
20114 ~2013d: A AR S 2E 714 H

d
2

A

d

YA
20149~ A Fe st AAEATS wg

[ ZHMEZO0}  System-Level EMC/EMI, High-Speed —Signal
Integrity/Power Integrity, Electromagnetic Measurements Tech-
nologies

867



