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Analysis of Shielding Characteristics and Optimal Reception Point of Large
Buildings Based on Field Distribution and Z-Score
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Abstract

In this study, we analyze the field distribution in large buildings using Winprop, a commercial 3D simulation tool based on ray
tracing. Furthermore, we analyze the shielding characteristics and selection of optimal reception points by comparing them with the
probabilistic algorithm PEPWB and numerical analysis methods. To accurately interpret the shielding characteristics of large buildings,
it is important to determine a receiving point that indicates the representative values inside the target space. Inside a building, resonance
may occur because of the reflection, transmission, diffraction, and scattering characteristics of the radio waves, resulting in a low or
high reception power at a specific point. Therefore, by analyzing the internal field distribution, it is possible to select an appropriate
receiving area to interpret the shielding characteristics in an actual measurement environment.

Key words: Field Distribution, Ray Tracing, HPEM(High Power Electromagnetic), IEMI(Intentional Electromagnetic Interference),

Shielding Characteristics, Z-Score

= o) Al A B4 7169 BHe Aast
o U ol 2g BEAE RO} S7Hel wt

I.M

Fo] ATE 202085 HHFA7EH ML AP AFHAS,

Shataty sty §hyd A4 2y 8t 3K Department of Electronics, Telecommunication and Computer Engineering, Korea Aerospace University)
#e= A AHE A 04—7“’1 (Electronics and Telecommunications Research Institute)
- Manuscript received July 11, 2022 ; Revised July 30, 2022 ; Accepted October 25, 2022. (ID No. 20220711-003S)

+ Corresponding Author: Jae-Wook Lee (e-mail: jwleel@kau.ac.kr)

753

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 10, October. 2022.

ohekek 19l ‘i%ﬂ% N7 S7hetath 9189 &
Al AAZE AEH HA7]7H(high power electroma-
gnetic, HPEM), -4_:_"3 7 243} 743 (intentional electromag-
netic interference, IEMI), 3l A3} Fo] dct ol gk 9
P F7H A At A8E op1E FE g7
ool gt o2 7} s A& wiAs]oF g, uhebA
AZFE oy Al 9] 2] EA(shielding characteristic) 31 4]
o] %g_—gﬁ x] 3 9) D]-D]’H]

03 A5Es R st AA0e J3s s st
7] e HHA O Z ALE-SlE thEE 0 gi*‘ CSTe}
FEKO7} itk CSTS} FEKOE E#EY(method of
moments: MOM)Z} +-SHxHE A] 7+ & ¥ (finite difference
time domain: FDTD) 59 4%] 1414 734 9 34 vy
& At Bk gt )M AE A o?fﬁ o 19
U A sA A i gl He dF
S T2 E(gid)E e #gol ZQ 5}
A9 A7), +x 5o et &0
A AHEshe 3D Al ol =4 A
(ray tracing) 7]4¥Fe] AFA Q] Sf 4] o“ﬂ*% *}%5‘}7] <=

]

of XFael A g AES] s Lolsiri,

= EwddlAE A FA4Y 7N e d HEQd 3D AlE
#o18 & Winpropat 4] 81412 7193 7|WHO. 2 4]
3= FEKOSH HliL A5 F3 AledolHE A58,
olE Rl AFS fell FEES 7N E st
PEPWB(performance enhanced power balance) % 3} H] 1
st} AZAY, EH Y AFE A SHS Ay

at7] 9 A&E Wi 2 £xE g<lst] 9late]
Winprops AHE3IAL HE #329] 747e] wlo|E 7} o &
groll o= A= HolA JYe7te BolFes IR 245
(Z-score) S AHEate] TEAHS Fopdl ek FA
FA 719k &4 wH Q] Winpropz 2ol o 4] 4 o]
2 FAH 7S 7N g 4 st FEKOAE

S st

= [S) = . —
T 7|9k s A 8] AAE AAAL, Y Szl e
# 7olg gohdth IiE 2802 2L der

754

II.

HJH

EAII

1z

HH
oH

I'-III

21 A2t|0lEf 45

ROl Y A%Be A% B4 457 9
A g AFANEE B 24 s H4E
She Winpropol ok, 2AHAS) 314 W Ags] BE

of sjA Ao tigk 5ol Dotk A5S A +
A &AM A 71 s A B S ARE-8HE FEKOS -3 |
Hol A& 22k 729} Z o] e 33 &
of fiaiA olF AFS FPstAth 73 W] Sle
Zo A wf el ek T3 % ukAL Aol sl HEEt]
HOH JI9 13} Zo] Hd 453 oy FJFRd FA A
7—}7 F 2704 473 T Point 1 & point 2 HHAF A
AQFH U ERE 3 m, MW i-rﬂ 2m
Aol FA A DAL, point 3 E point
= ‘_#ETFJ 2m 01215‘ 9]

2
i
T
>{l‘j
[
> o
el
jﬁ
Ap
r 2
J:L
n .
é
=
i
of
oot
tlo B
J&?l
re
QL

¢ BIUES ABARL BE 9 %—ﬁ}%— 1~

GHzo|th.

J9 2¢ F3 ¥ 3ol dis Winprop % FEKOS
ARgste] Algd ol S et Aol sl HojFEth 9
ol thek A F4W A3 #2] si4 7]wre] siA 4

1=2] 2~
H T
7t dA ke e Felasinh

Jg 1. 73 9e 23 72
Fig. 1. Infinite wall of two-dimensional structure.



U= BE 9 ZA5E MoR @ 0y 35%

0.2m

10 ¢
— — [Winprop] Point 1
T 50\ — — [FEKO] Point 1
% v [Winprop] Point 2
= A —— [FEKO] Point 2
E ol 154 \\
=
o
o
35
2
@
8 10 -
2 -
-15 :
1 2 3 4 5 6
Frequency [GHz]
() |9 wAF Ao F4l A
(a) Received power at wall reflection point
5
\ — = [Winprop] Point 3
\ — — [FEKO] Point 3
A0+ N . [Winprop] Point 4
— [FEKO] Point 4

Received Power [dBm]
o

Frequency [GHz]
(b) ¥ F3 A 4l A9
(b) Received power at wall penetration point
a8 2. 7 ¥H 29 AEFHolA v
Fig. 2. Simulation comparison of infinite wall structures.

F50] ol 32k 72E 19 39 2o FAE
AE o] Fojzl 72, A=, Fo|7t 3 me] A7E 7HA
H, Azl A AFHY A7)+ 7HE 02 m, A=
02 me] 3715 7Ht) $290E ‘)r':‘ ASEZHEH Sm
o|Ax o] 9, o] 1.5 molA AFHE<] JfHel AAt
7198 JARSLA, FAMEHUREE S SEHUE A
stttk FA AR 19 3(b)9k o] BMHOZRE 05
m o|A¥ A 7k AAE 2t F 9N7E 91
sttt 9709 721 A1 HAste] FEKO9F Winprop®] Al
Edold A3E vustoith

94 Z]-.Fﬂ E/\q ul 5];(—];]_ )\] Z]ZJ SH/_\j'

0.2m

(a) FEKOIA1 €] 3219 A&E
(a) 3D structure in FEKO

(b) 32+ ASFE W] 41 AA

(b) Receiving points within a 3D structure
J2 3. 339 A&Ee rdg
Fig. 3. Modeling of 3D structures.

Winpropol M= 73} 23], whAL 103], 314 23] & A&
ato] Al o]kt %E 4 ForE 0.5~2 GHz

olth 1Y 4R ATH] Y 3RA F2o ha
FEKOSH Winprop®] A Eel0]41 2317} QA5h A2 &

AL % ek WebA 2AHE 4 P FA FHYS
sl R A3 bl 34T AT £ 92

i Tz tldt FEKO2 Winprop] 314 <]l
ARE F 28 A7k vekith FEKOSH Winprop] 3l
A Ade SAHOZ YehA T oF 79uj9] )4 29

Zpol7F Ve A, FEKOE F37t S71e42

314 Akl Z7HeT Wb Winprop® #-8}e] 1%
Aol 4 Be A%l el E&A A3 a4 o] of
ol 4 91eg BAY 5 Y.

755



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 10, October. 2022.

N
[=}

— — Winprop
— — FEKO

-
o
T

o
7

Received Power [dBm)]
8 3
\

)
o

-40 L L 1
0.5 1 1.5 2
Frequency [GHz]

I3 4,339 72 ABHolA A% WL
Fig. 4. Simulation comparison of 3D structures.

B 1329 720t 2 AlEdolEE i &8 AZE

Table 1. Consumption time for 3D structure analysis by
different simulators.
FEKO Winprop
Consumption time (sec) 32,787 415

22 48 MNEzlO|EE o|8et B =X oY UY

Aoy AEE9] gt A asE S43] %’4611
e AFE U5 Ags $41 A8 FHo] &
o 2y A e 2R F3) wiAL 34, A m]
A A m} o 441 FEo] YehAl Ha, 54
ARA FRlo] wAste] FAHge FA HdS 7HE
T otk A AFE W] Ha Y i ERSE
gy, EFTS Ak 4 s 72k g Y
o &3taat stk 2 doAE e AlEEOIE ] Win-
prope AHEStY] AFE YRS JE £XE d|4 s}
of £41 AAE é%t whg el s Avetch

A A =] 312 m, 7HE 2.56 m, A E 3.06 m2]
A71E 7HAH, SHel= o] YA ste vt Fxe]
ok AEE Al P2 T9 S@)9F 2ok 4 A
BHOZRE 6 m olAH Al AL, ol 1.56
m=E A 8-E& A AT A7 37} st Ald

756

Back wall

3.12m

k%

(@) NBE A B4
(a) Geometry of a testing facility

(b) ANEH A 37
(b) Simulation environment
28 5. A9 A4S B4 2 ABdeld 87
Fig. 5. Geometry and simulation environment of a testing

facility.
& A duk M d} BA ZH YO o] FolA Gtk
YE BT NS 98 ABE A8 U 54 AH

198 6@ 2ol HiHORREH 03 m Eolo] HHo

2 4489t 7 BEL 750
Mol Al o] YA EAL AL, AL AL YR =
FA AR AFE 11,2507 0] ok, thEFS A 39

FA AN A S A gholh B4

2sE 4 ot

FAY Aol ZAARL s el7] wte] Fesk 4
RS 2 AL oy wEbA I8 6b)e] 74 A4
o PYHEe} o] A S ONZ A o ERL frAbet
FA HEg 7hs A A FEF B2 UE 79E 20
Ap sty ZF 9] A7) I8 6b)et ol st
7 27& 1#37] Y8l A IEEE Std 299-1997 v+ uw}
g T BHOERE 03 m o]AE XA AF

SRl



)
[t
M

%

R $o02m
| R4 2£03m
(a) ABE e | 52l A4

(a) Receiving points within a testing facility

1.96m

10.653m 0.653m 0.653m':

IO.Sm
03m B
Area 1| Area 2 | Area 3 0.802m
.‘ """ Area 4| Area 5 | Area 6 0.802m | 2.406m
Area 7'| Area 8 | Area 9 0.802m

() 2 A Hw
(b) Plan of the receiving point
J8 6 ABE AR WY S AR AEE
Fig. 6. Conceptual diagram of the internal receiving point
of the test facility.

AL A oA FAE HY dolHE S| A2ETD
W (histogram) O 2 19 73 o] EAsTh 418 o
o|HE 7}-Al9t ¥ (Gaussian distribution)Z UER] W
Pk A0l HolE e BEvt e AL el & 9l
oh. ¥ 72 1.5 GHz el A AlgdoldE dlojE ]
th & =1olA REE ke Htgkel 7k A AA
S 27 93 NBE 7.855 AMLst 1A ) 285
= A9 3t @%4 ik Atele] e EFUAE

frol Watgkel dvit LA YT

52!
e
N
o
4
]
N
23
|o
fiu
%

0y AFES A 54 2 A3 4 A7 o4

1. 5GHz Data
0.2 " ]

[ Data Histogram
Gaussian distribution

015

0.1

Density

0.05

-30 -20 -10 0 10
Received Power [dBm]
A 7. A WA A8 A dHolH e £
Fig. 7. Distribution of power data received inside the facility.

L AA- e 7} /\/\L] x4 2] do]

AR AA

A
#9) A ?ﬁ vu tﬂ°l Shai
Z

=

£ N
re U
FF
Hu

2

>

Ir

i)

N

i)
e
i
9

ofr
i

N

cl

¥
o b e w5 2
b A W o A
_L]ol.‘,i‘b‘grz
{O%;g_@uﬁ :
LS o e 2
> o,
T i
o N =
Com Y R
|y i G
r““—\-“ruifu
o o
> = Fr
9‘_‘_\|LI"Z
RooX X
—>|4—‘\fl:l_:>i
Mg
- -
[ Mo BN

E

|

|

|

|
vim

o oo oo l:lu
0.5 "E"3 880 oogg”
o oooo
0
0 05 1 1.5 2 25
x [m]

J8 8. A WielA |z]<19] AME £x
Fig. 8. Distribution of points |z|<1 inside the facility.

757



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 10, October. 2022.

3 0.78
25¢ 0.76
Area l Area 3
2 0.74
.E. 15 Area 4 Area 5 Area 6 0.72
>
1 0.7
Area 7 Area 8 Area 9
0.5 0.68
o ‘ ‘ ‘ ‘ - W%
0 0.5 1 1.5 2 2.5
x [m]

A8 9. xy-BHAN 79 FA AH e 2 Het
Fig. 9. Average of Z-scores at receiving points by zone in
the xy-plane.

rlo 1 X

-

& Z-A5E YER L, B 0] s 79
189 Hit 228571 0ol 77k A& el o]
o
-1

£ 12 ° {1 & o
e« 12 4y rid

>
> o olf

4

2
[\S)
N
e
=51
4

23 AlEd|old dit & 0| 2E H[u 43

Winprops AH&ate] ZE9 HoJHIPLE AFE Al
AR ks AAEY 2345 AFE st diE
oS MRS & dolMe FEE4 W ¥ FEKOE
AFg-3to] Winpropol A 8t o 3 3kS ¥l 3tal, FEKO®]
Al AR i E 90| Winpropol| Al A s i 7+
A=A S vt} g

1¥ 10 PEPWB Wi A48 $13k Ag8 AJdd o
)

1
h

A ZEdom o] R yels T, A5E Wil
[e}

T ute, A4, 99, 39, & 5ol fAEAL St
PEPWB W2 &AM dE(steady state)ol| A -7 Ul ol

A £48 AE(p)T 7] del daele Q)
o] 2= 7P o A s wakd 4] (2)9} 2o e

d ATl o714 FR7) Rl B e A

758

Source —>

Free space

Node 4
Ceiling Metal frame In cavity Side wall Door
& floor & Back wall

28 10. A9 A4 A4eE e
Fig. 10. The topological graph of a testing facility.

A EAE ol A3 EA(p,), el o3t EX(P,,),
el g EA(p,), Wi 2A AF E4(p,)0l
At

‘Pi, :Pd:Pw+P

ant

+P,+ P, 2)

FA7] Wil Jabsh= AE(p)> A (3)2 2ol A
A7 97F YAsHE WOl WA T A (mean coupling
cross section)Zt A WEZ yehdith of 7|4 dAtet=
A Node 17 Node 2°] =4 Zgel % #jwd] ojg 7h
A s gt

- <Oy >* T22+ <Oyt > |,

A714 s HHULE YAeke AY BE, <g,, >
- MUY HAAFEHA, <o, >0
AHAFEA, rE o FAAFE e
o HFAZHUA 1S Fote] FHALLEE 77
sfo} AxkGCE WRle) FRATVAHE A @) 2 4 ()

16 (27 \* 1.3¢

< O wall > _TI_(T) (16 (f = 9ra (4)
T 1.3¢c

< O wall > ’ f 27a (5)




)
[t
M

® 3 zA5E e r & O AFE9 A 54 3 FHs A AR 4

< Opetal > = 43L):5Y WJZI/OU (6) ’ — All Area
" 'g‘ — — Area 2
A7 s A Zelge) BAH, 4= AT FA S
&, 4,2 GEEAE, ot A9 AEEES Vet 4 g
B)~4 0% Bl ADE AN R A AFS & c
2% % 9 )
FEKOO A1) A1 880l 732 Winproph 5 8, g
A3 52 A H2E 9181 Winproph £ 9170
4 2208 JAA. I8 12 AEAIENE 01 oy ; s ;
sto] 78 ARG Al Wi AA Al B Ag frequency [GHz]
PEPWB < °] gt =&l Pt A& vagh s (@) ANEE AL Y 2l A uard 2)
A Azt FEKO% meropoﬂ A T HF S Age (a) Cor.n.parison of internal received power within a testing
AR5 PEPWB a4 A3E §A8 238 e fully (Area 2
FEKO?| 314 A#=ZH¥ +9 27} dominant area® 0r
R EDEPIEE RIEE P B EERE I — Al Area

— — Area 4

 A8E stk 19 9ollA 7o 2= Het 245
7b 7Hd gk FHO R 065287 2, 7Y 4= H
A5 7P B FHOR 0787872 ATk 19 12
+ FEKOZ |43 A13]-§ Al o] i A ¢ A3t
T A A8 hu'f& Id9olth 79 27F #9 45
o H YA AA o Ay AR 2HE de S 3
Qg & Sk

Average Power [dBm]

-20 : :
0.5 1 1.5 2
frequency [GHZz]
20 (b) AEE Ao W 2 A BETY 4)
— PEPWB (b) Comparison of internal received power within a testing
T 10 - = FEKO facility (Area 4)
m - =Wi
2 o — 28 12, N84 A4S UR AA BF 4G T
3 A A9 ui
S Fig. 12. Comparison of the regional average power of a
§ testing facility with the total average power.
2
@ 30 719 13914 FEKO9] 314} Z2#E o &3lef AFE Al
A e AA A A3 9 A A Aol g
-40 : '
0.5 1 1.5 2 E/\lﬁ}‘x‘ﬁ} 0ol SHEF= A Fa AH 3 2pol7} 4
frequency [GHz] & g e, 79 29 W Aol 714 Aot A
J8 1. 84 A gisk A4 "7 44 48 vz 37 49 Ha Aol 7P Ael7t 2 A AT
Fig. 11. The comparison of overall averaged received ATE. Winprop3} FEKOO A 9% o Ae 3} AA

power for test facilities.

759



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 10, October. 2022.

32 §X1(?:;5 Area 1
Area 2
Area 3
Area 4
Areas
Y VVVVVVVVVVVVVYV Area 6
Area7
Area 8

Area9

O O *

Overall Average Power
- Area Average Power
S
O O % 0O %
O *

Mean(|
O

0.6 0.8 1 1.2 1.4 1.6 1.8
frequency [GHz]

I3 13, A%E W% A4 A 493 7o @7 4
EEEDEE

Fig. 13. Average of the difference between the overall
average power inside the building and the
average power of each area.

oL

# A8 Aol fAH AR vheh
HE 1902 34 AYS 458 4 9

e},

o

X2,
lo
2

fru
2 ox

o

rir
o
2,

£ ©]E ¢l Winprop3} FEKOE
EH 3“” 734*‘24 vl ste]
o] 3l

>,
w 2
2R

o [l St oo iz
ol

=

Y o
u
N
-
e
B
QL
rr
pa)
o
Lk
l—fO
_O‘L
£
ofd

ot

— _m‘

e
o

2

ok
2o
mlo 2 4 JZi

B 1o ok o

)

[

e A

bl

=

o

ki

m

;L

l.,

PO

i~

Lo oxo TE
T T e ode X

N

[o

M

g3

=

e 2

-4
fo ro ofo
=
i
)
“
rO
o
o
2
o
N
N
Ir
=2
-4
12
o
N
X,

= e

ofr
ot
£
o

>
Dol
o

w2 o rir <
>

>~
ol

ol
ok
&
rx
o

ol

_,d

é
"9,
=
i; 5
&
o

)Y

)
Zo

>~

=
<
o
o% o

tlo 4y HS oE X mE dlo (T 1o ¥ ofN

[
o
£ o

rr

pas

- 2 o

9, ot

rO

ol

riﬂ e
K
re
_>.i
hj
L
= ¢
o
=
—1r£
3

Aol 7o, B
b A4 neoz 7

Mz o o
H nE do
il
[ m
e
H
=
o
i)
m[m
SN m:ln

760

FA QY 2235 E e, 9 Uil fAe £
AR 7-85E Ptk o]F Z-AFFol M A
F9& Ui FHoE AAgith vhek A 4] A7,
i AR, $2 A 5 g 54 e ALg +
AT AlEHOJHE o &3 o) FEES AMsl] 54 4
HE A5 F JA E 7S APt S AH S
AR F 9 Fo R odHt
I AlEdolEdA AA 4 Al aFsfoF & &
A, il FE, A W] 5 EdRd EF A&k
AL oy o] glorg Qaprp wAE 4= itk St A
EdolHRE As i T 34 HAAME A&l
TFsgtAlol o #7449 A 28 o w Helrk
References

[1] W. A. Radasky, R. Hoad, "Recent developments in high
power EM(HPEM) standards with emphasis on high
altitude electromagnetic pulse(HEMP) and intentional
electromagnetic interference(IEMI)," [EEE Letters on
Electromagnetic Compatibility Practice and Applications,
vol. 2, no. 3, pp. 62-66, Sep. 2020.

[2] W. A. Radasky, C. E. Baum, and M. W. Wil, "Introduction
to the special issue on high-power electromagnetics
(HPEM) and intentional electromagnetic interference
(IEMI)," IEEE Transactions on Electromagnetic Compa-
tibility, vol. 46, no. 3, pp. 314-321, Aug. 2004.

[3] E. B. Savage, J. L. Gilbert, and W. A. Radasky, "Expe-
dient building shielding measurement method for hemp
assessments," [EEE Transactions on Electromagnetic
Compatibility, vol. 55, no. 3, pp. 508-517, Jun. 2013.

[4] D. Micheli, A. Delfini, F. Santoni, F. Volpini, and M.
Marchetti, "Measurement of electromagnetic field attenu-
ation by building walls in the mobile phone and satellite
navigation frequency bands," IEEE Antennas and Wire-
less Propagation Letters, vol. 14, pp. 698-702, 2015.

[5] Altair, "Winprop 2022.1 user guide," 2022. Available:
https://2022.help.altair.com/2022.1/winprop/pdf/Altair Wi
nProp User Guide.pdf



=)
[
M
=
NE,
N
o
4
(i
~
23
|o
fiu
=)

[6] H. H. Lee, J. W. Lee, "Analysis of electromagnetic effect
inside large buildings by external electromagnetic waves
using performance-enhanced PWB method," The Journal
of Korean Institute of Electromagnetic Engineering and
Science, vol. 30, no. 1, pp. 12-22, Jan. 2019.

[7] S. Mcleod, "Z-score: Definition, calculation and interpre-

4 % F [REHFTUSLAAAA]
https://orcid.org/0000-0002-2684-0265
d 20219 8Y: LUy AL

AR (FEAY

20219 9Y~&AY; = sty 3 A
A2 F st A3

7: QQ—EOF o323} & ul;ﬂulaﬁh
EMIEMC ™3 714, RF A 2H

L,

of A & [FFFTUTW LT

https://orcid.org/0000-0003-2903-5904

19923 24 FFi sk WAt (3o

O

19944 29: S=37|ed A7
38t (4D

1998\ 2: g8t A7) 2 AR
3%t (¥

1998 39 ~20043 29: A AEAA
T UAEHEATS AT s

2004 3984 dFFFU L FFAPYRF Y wF

A7

)

[F ZAROH vlolazst 0 wnE 5, 55 24 64
% A7, EMUEMC 03 714, 729 £27] 2 159 o
0 A, S B4 SheL, AAE A A4

o8 A%Ee) Av 54 2 HA5 £4 A a4

tation," 2019. Available: https:/www.simplypsychology.
org/z-score.html

[8] IEEE Standard Method for Measuring the Effectiveness
of Electromagnetic Shielding Enclosures, 1EEE Std
299-1997, Dec. 1997.

A F 3 [BFAAFNATAAYAT]

https://orcid.org/0000-0002-2132-7403

1994 29: FHEU L A3 (33
Ah

1999\ 24: ST Skl W ok et (39
A

20108 29: AM WL A7 AAF S (F
spuba)

20219 9€~2022d 8¥: Missouri University
of Science and Technology Visiting Scholar

1999 19~87): F2AAEAAT Aol A4 A}
AHATEE AARAAN AT A AT

[F 2 Z0H EMC i 71& % %F3, 7%
29 AAdg gagd 9 24971 7

b4 EMC, 2L

§ % 8 [BFAAENAT WAL T

https://orcid.org/0000-0002-9012-2217
1996'd 2: Frh ol dAke et (5
}\]—)
1998'd 29: F2t gt A3} (F3
_ . AAh
phe~ o 4 20139 2€: st=rAd|ed AREAY
St} (A
1999 39~8A]: S=HAFAATY 2

4

r
O

4
al

S

761



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 10, October. 2022.

T 4 #[AFAAEAD LAY ATY)

[e]

https://orcid.org/0000-0002-6072-0443

19984 29: i gt Ay 83 (38
/K]—)

2000 29: F9thsty Augstat (e

vi | AAh)

Acrd 20169 2¢: §FH37|ed ARENT

‘ ) 83} (et
B B, )1 2 HTARENA T
.

qa+
[F ZHA=0F EMP, EMC/EMI, A9} A3 FAAd 2

762



