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[Abstract]

Electromagnetic topology (EMT) technique is a method to analyze each component of the electromagnetic
propagation environment and combine them in the form of a network in order to effectively model the complex
propagation environment. In a typical commercial communication channel model, since the propagation
environment is complex and difficult to predict, a probabilistic propagation channel model that utilizes an
average solution, although with low accuracy, is used. However, modeling techniques using EMT technique
are considered for application of propagation and coupling analysis of threat electromagnetic waves such as
electromagnetic pulses, radio wave models used in electronic warfare, local communication channel models
used in 5G and 6G communications that require relatively high accuracy electromagnetic wave propagation
characteristics. This paper describes the effective implementation method, algorithm, and program
implementation of the electromagnetic topology (EMT) method analyzed in the frequency domain. Also, a
method of deriving a response in the time domain to an arbitrary applied signal source with respect to the

EMT analysis result in the frequency domain will be discussed.

» Key words: Electromagnetic Topology, EMT, EM Software, Electromagnetic Propagation Modeling,
Electromagnetic Coupling Modeling, Time Domain Response
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I. Introduction

Axt} Fufe] S| 9 pazle wphaEel Mol
2719) U 0] olsfo] glojA] Fag AT Hopolr
ARt} Ante] 814 Eato] 56Ut 6G SAlat e 5
&MY AlE & ol 7]95he 5 HARt &
oA &8 ot =t} E3], AA] B A(Electromagnetic
Pulse, EMP)of| gt 57 o] W o] Fofof| A Akt 7
oo} gl siAd tiet 4= 54 "eoly ¥ao
A FHOA Fo5t ZA|Z tFojZlt:

Y] SAAIAH, £7], FHI]7] SO ARREl= A
7171714 ARS8l AREARR] HOlE ffot tefet T1s

S 2Y 2 A 0fe A1 Bilet}. B5F B 1A,
Al & U+ A ], A2 Alols, AELet
22 gt 7iAsel 5EReR MdEof e ot
At g7goll ot At} Hut 3 A} siA2 o of
Aot SEAQ An @Fdolut 3 4R A7) |
tieh AAP] shde durdeR F8 ARP] sy =58
AHgshHY| HARFo] QLE]7| wjRol MAp| 2t

o
’ Lot
2 weke ol g9t ot a3k ol wlA) o] 2]
7} 514 Zniro) mef iAo A chelels
= A A|ARLR AHAO) Alghs A7 W=t ol =5
S7] Slst weto.z ¢l sl AAb] s whol A}
7] EZ=ZX]|(Electromagnetic Topology, EMT) sljA 7]
Holot [1]-[5].
AAP| EZ2REMT) a4 71ge R Aol &9
2 F9sb] 913t cigbEle) B shAolck. EMT 7))
o] Jhge Wi oAl chare A7) Aol BiK 5

[|

X wastol wjet ofz] Jle) st9) B2 B o, i
g 2o EM a4 ATES AjEgete ol 2ad

ol BHE9 43 WS EZ24] UEYA(topology
network)2bal sHH, £H(Tube)?t AM(Junction)C.2
gtk 8 EEex) UEgad) e 4s 9 B
+= An} 4o E=A(Propagation Supermatrix, PSM)
QF ARt £mjuf E=Z A(Scattering Supermatrix, SSM),
Al o] sigoh= HHHE|(Supervector)2 BH I L
A=t AE AR EEZ2X] YEYF0] ZF B84 F9}
7t uj7f4= BLT(Baum-Liu-Tesche) WAlS S35
TR EMT 7]=o] 7H]= tlaAQl 72 chaat 2
o7t 2 ol Ae BT B3 AN AL L A8
ol Al7to] & W@stu, FDTD(S3t A A]ZH o),
FEM(Q3t 84 uhe) 9 2WlE(MoM) Wre Ea3lah o}
A

a
ofst MAH} 2] siA 7| S8 Aststo] AFREl= 3

=

(¢}

ZHeth 12]1 EEZRA] YEYI] »E
1’4ol IS 2t wofl SAJof &l & QlojA o
gh 580 Z8/do] =t [6]-[14].

EMT 7|=2 ARESto] Al 125, A=, A= A 5
orgst ARol tisto] oS 438 # O‘Ur[15] [20]. ©]
of gef YA = B4 EZ2A] YEYIE 7HA]
+ 0ol tigh EMT sliAe] 892 ¢fsto], AFAE
EMT 7]=2 F3dshe ofofet JE1Y] ek 7idsioint
EMT 7]=9] 41313 $isto] 54 S8 Aol tigh # 717]
AnEQJojso] it} Al oz EMEC, CRIPTE ¥
TopExpert 50| It} [21]-[25]. SHR|gE A% Al&do]
He2 tAl= Alghd g-8o9t A8 & Q= =14 7]

sic}. e 289 o)A EMT 1}Ao] =2]A]

fol
rlot
o,

Da)
U)*l
Lo
y o
]l

=

r
(¢}

olr
==

A

o&2 T O
ol &5 73 Yot go] WastA, 7|Ee L
AellSe U tmelFolt BLT WAl Fol why 5o
ohet Al AR & 5 gick Tebd EMT 71e) 29
& 58 Al K8 ¢stol 2TEYOIAl s} 1
2 450 welsel Ay, Fatg QolHe] sh 2 A
29 1 Ante] =2 5ol jsto] ALg WASY] A
2 AYYeT A FTASS AP0, ALgAL ool
283 AnEQolz 19T Wayol Yck

2 =7 U]A}?:_‘% 29]3t GENEC(Generic Object)
LS gigos AnEQol2 /Y ¥ e EMT =+
£ Z&sto] A Aot ¥ A e EMT 22835
T 99 5= Tote AYHA

235 &S A7, AR
o1 Ujgol chste} 7]43ict. GENEC 2ol thstol E2
27 YEYIZ TsH wWolo] istel i gojsti,
T8 E224] YEYAS LnEY0lS Falo] Host
T2 WaTh AR MY, D80, A ATSTS

ste wneizEl distol Eolsigic

o
o1 od”w=

II. Topology Network for the GENEC
Model

1. Structure of the GENEC model
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Fig. 2. Electromagnetic topology network structure and
variables for internal coupling analysis of external
electromagnetic waves for GENEC model.
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2, Strategy of Topology Network Configuration
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III. Software Implementation of EMT
Technique and utilization

1. Software Implementation of EMT Technique
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[ Topology network design for analytical models ]

l

Generate a propagating supermatrix diagonally
according to tube number

l

Generate a scattering super matrix according to all
defined junction relation matrices

I

Define the input signal source to the signal source
super vector according to the determined voltage order
N J

l

Solve the BLT equation using the generated
propagation, scattering supermatrix, and signal source
super vector

-

- J/

Fig. 3. Parameter definitions and algorithms for BLT
equations to implement efficient electromagnetic
topology techniques.
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2. Generation of Variables
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(b) Junction Relation Matrix (JRM)

Fig. 4. Two input variables required to perform the

electromagnetic topology description: (a) TNM, (b) JRM.
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Fig. 5. Propagation and scattering supermatrix
generation process
using two input variables of TMN and JRM.
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3. Developed EMT Analysis Software
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Create Matrix
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0

Save Drawing Pad Resel Topology
<Howio Use_ >

1. Double chck to create a EMT unction. Single Chck to comedt va a tube

2 Right K 10 defete the o e
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4. The create malsix button wil show lists of nction, ube &g topology network mafix
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7. you want to make a jpeq il for the topology nefwork, piesh the Save Diawing Pad bution

Fig. 6. EMT analysis software “EMT-PLUS"“ developed

based on the described algorithm : (a) topology network
editor, (b) software for EMT analysis and result plotting.
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Fig. 7. Comparison between the final S—parameter
analysis result for J6 and the analysis result using the
CST-MWS for the entire model: (a) In case of incident in
left direction, (b) In case of incident in front direction.

Table 1. Comparison of simulation resources
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Fig. 8. Concept diagram of system transfer
function between input and output for time
and frequency domains.

time domain samples at least t,., of
random source signals

l

re—time indexing source signals for
frequency sample step or zero padding

l

re—sampling (interpolation and filtering)
on the time domain to avoid aliasing

]

FFT

Fig. 9. Adaptive FFT process for system
response calculation to apply random sources.

749 B8 29| SAAIS BE Estol= oF 6A1To]
aQE|9lot RA| 2o 9o of 26A1Zt0] 2%
QIck. 2213 olA] 50) 9ol AA| Blo] vls) £2
WOr, vleRjt B8 T 20| 74.90) Aot 12GB

HEst Abgslo] FA) 2o ujs) 1/50] L7/l

IV. Time Response for Random Source

1. System Transfer Function and Adaptive FFT

A Al A”le] AT s oPA AR Hiz EMTS
7l8to 2 BLT WAAlS E5) =561t A|AEl SkS
W et R ALERE Tos
ol et ik olsoratt. AlAR A
U2 Aot AHRAH Ao Al o] Hg
Eojofstal, ARF S @71 HsliMe Fubao]

o 1o
o,
=]

_I?i g
L% 4 g
rlr

ne
0 5 go rLI-[)!-
ofh 4> 0% o 1o JE w

29] 25404 FT(Fourier Transform)2 3 42
Ak metM AJARL ARE 3HS 7] ff8l A

FFT(Fast Fourier Transform) 7]&o] T==|9)ch
A|AE 2o KMo shag E5 lady)l wi=lr) o] 7]
5o 2] g7} o] B2 o2 BAL o] 22 ALgshe

xﬂo1 A9 A Solel el S8, Il &
= Uepfn salEs Az 522 Uehd

o1 Kjole) Quat AL W 40] ofF) 2

R, 1EeA viglo] ofs) Qeto] X(S)2 EAJE D 2

o] Y(S)2 A=Y, AT o4 HS)= taat 75*Ur.

=2 a T

L

u



Time Domain Response of Random Electromagnetic Signals for Electromagnetic Topology Analysis Technique 141

H(S)= <o (1)

ek, A1ASY e Al

l__
xt
o v o o =
thol Gl 7% 183t 2ol A4l
(o]
=

4.4 % A ol
2790] Holg wefstol 2e1R AlgOIMOAA FT
FFTS 53 Y(S)8

A PRS00 ARE S
Attt

A 25 Jeio] s ol golel At A5 2 Fhgslor
gtk ol Zolal AT g4 H97HARE Qololiel Als
ME L Fbs A1E O9) EE Wl 59| Al st
Zu Qdolofx 4% el A5 o] s AR 4
RS ololeict. TR ALgA Aoje] Qojel A2 g Y
of AF8 4 glojofstae, Zums ole] AE Al
7 4S AR|A|7of slc}. & oS T8 99} 7o) AL
3 FFT I3} 22t} U2l AlE=l S Raka JoofA] A
251 ST VI9F 7] 99l Zoixl A T2 FalHor

fr 2 ro

o H re rx

JECESERE Lgm B1o] 91, o
Al%ﬂOl*éOﬂH Fape O fuep® Y B2014 20GHz
747] 100174 442 0] s 20MHz2 eIy, T2id

ks oAlet AC) ARRS TRt Rt
1
tmax - fstep (3)

J24% o] AlAle) AIZE Geioll 50[ns] 013 fnax
2ot skl det A 4ol9) 4 AZAY fon
PR ARE =09l Al g thstel e chAlsH
LHre-sampling) $%3+ ¥-50] tfsto] zero-paddingS:
B ZATICE A, AZE 9] Azl AER B

Fatiok ot} @2jol(aliasing) @2 Tst7] 3l AT

(c) (d)

Fig. 10. Every step response of the adaptive FFT process
for HPEM signal : (a) user defined HPEM signal, (b)
re—time indexing signal, (c) re-—sampling data, and (d)

frequency domain data after FFT.
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2. Time Response Results for Signals
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