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A Study on the Utility of Statistical Power Balance Method for Efficient
Electromagnetic Analysis of Large and Complex Structures
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Abstract

With the trend of technological advances in electronic communications and the advent of ubiquitous environments,
the density of existing electronic equipment in the surroundings is increasing significantly. It is hence great importance
to study the numerically efficient and fast algorithm for complex and large environments to identify their electromag-
netic compatibility and interference characteristics of equipments installed in those structure. This paper introduces a
statistical-based power balance method(PWB) for the analysis of these problems and considers its practical utility. The
2-dimensional lossy rectangular cavity was numerically revisited to clarify its relationship with the classical deter-
ministic analysis solutions based on the Maxwell’s equation. It can be shown that the statistical assumptions and ana-
lysis results from the power balance method correspond to the volume average over the realistic deterministic domain.
This statistical power balance approach should be a sufficiently practical alternative to the electromagnetic problem of
complex and large environment since it is apparent that the full-wave analysis methods have some severe limits of
its computational burdens under the situation of complex and large envirionment.
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Fig. 2. Comparison of the histogram data of E, with



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 24, no. 2, Feb. 2013.

ol

fd

e rE

o o

38 i
ML
e
H
[N

— N

23
o

o
10
ol
o

ol P, :;1,
> o lo
m e e M
=
[t
of
o, ru1>_',
Mz ﬁ
oL
5 o
o 1o |4
N
oft i ox

off
=
ol

o
£
©
1
=y
o

o

tlo A o 42 mm 1%
o ¥ >

Y

E-)

P‘L

rir

e

H
ot

=

i 2

oo
E ro
fi
X rlo @z alo Mz bR oHToax mx oo 2 ar &

2
ol
i
=2
rJ
0
< 2
L
oX,
i)
oot
tjo
R

,d
(o3
S
e

E x ¥ DL of

=
=]
Au
=

2 N
o
1o, ofm o
:c,&_,‘

B
o
H
tlo

e ol
=l
o
30

=
L ona
ot
o

Peopo @
=
i o
i
ot
oM,
>
Ir
:cé
S~
ol
L

r=
o,
>
By
X,
N

A
WB a4 Az Fof
PR R R
| Erhe AHIE 49

q 714ke] PWB &4 W

R

ifin3

o, [
S
rf

[0
ol
rol,
r I

P

N Lo

N
my oofy px o= -

ol
o
oX,

o

ol
-
38
o
)

:[olfﬁﬁiﬂmr

S

ok ﬁf”d =
Yy

oo

ob

2,
N

o)

rir

e

3

ol

=

ogt

‘LI o

o M

1% do -
2 o o

ofo X,
it}
4
s
o

N I
o
iyl
N
=
i
fuj

=
>
o

[1] M. N. O. Sadiku, Numerical Techniques in Electro-
magnetics, CRC Press, 2000.

[2] Z. I, B. Li, H. Wang, H. Chen, and T. K. Sarkar,
"Efficient ray-tracing methods for propagation pre-
diction for indoor wireless communications", /IEEE
Antennas Propag. Mag., vol. 43, no. 2, pp. 41-49,
Apr. 2001.

[3] M. Rak, P. Pechac, "UHF propagation in caves and
subterranean galleries", [EEE Trans. Antennas Pro-
pag., vol. 55, no. 4, pp. 1134-1138, Apr. 2007.

4] &%, T34, A9, "EM TopologyE ©]-&-3
Aol Axbs 23 54 4", =82k
8t3] 2] AR} 7)<, 23(4), pp. 24-31, 20129 7€,

[5] J. P. Parmantier, "EM topology and cable networks
- applied EM topology", HPE 2011 Presentation,
part. 2, 2011.

[6] X. Wei, Q. Wang, "Analysis of irregular multicon-
ductor transmission line structures with external el-
ectromagnetic field", Int. Conf. on Microw. Milli-
meter Wave Tech. 2007, vol. 55, no. 4, pp. 1-4,
2007.

[7] P. Kirawanich, N. E. Islam, and S. J. Yakura, "An

196

electromagnetic topology approach: crosstalk cha-
racterization of the unshielded twisted-pair cable",
Progress in Electromag. Research, PIER 58, pp. 285-
299, 2006.

[8] F. M. Tesche, "On the analysis of a transmission
line with nonlinear terminations using the time-
dependent BLT equation", IEEE Trans. Electromag.
Compat., vol. 49, no. 2, pp. 427-433, May 2007.

[9] F. M. Tesche, C. M. Butler, "On the addition of
EM field propagation and coupling effects in the
BLT equation", Interaction Note 588, Dec. 2003.

[10] Y. Li, J. Luo, G. Ni, and J. Shi, "Electromagnetic

topology analysis to coupling wires enclosed in

cavities with apertures", Mathematical Problems in

Engineering, vol. 2010, pp. 1-11, Sep. 2010.

R. Holland, R. St. John., Statistical Electromag-

netics, Taylor & Francis, pp. 3-23, 1999.

[11

[A—

[12] L Junqua, J. P. Parmantier, and F. Issac, "A net-
work formulation of the power balance method for
high-frequency coupling", Electromagnetics, vol.
25, no. 7-8, pp. 603-622, Feb. 2007.

[13] T. M. Antonsen Jr., G. Gradoni, S. Anlage, and E.
Ott, "Wave chaotic characterization of complex
cavities: distributed ports and coupling", Proc. of
the 10th Int. Symp. on Electromag. Compat., pp.
549-554, Sep. 2011.

[14] D. A. Hill, Electromagnetic Fields in Cavities -

—

Deterministic and Statistical Theories, IEEE Press,
Chap. 1 & 7-9, 2009.

[EC 61000-4-21 : IEC Standard, Electromagnetic
Compatibility(EMC), Part 4 : Testing and measu-

—
[
wn

—_

rement techniques - Reverberation chamber test
methods, pp. 17-40, 2011.

[16] T. H. Lehman, "A statistical theory of electro-
magnetic fields in complex cavities", Interaction
Note 494, May 1993.

[17] L. R. Arnaut, "Compound exponential distributions
for undermoded reverberation chambers", IEEE Tr-
ans. Electromag. Compat., vol. 44, no. 3, pp. 442-
457, Aug. 2002.



B35 Oy Fx2EY 28490 AT 4
o] o =
20061 8¢: Y AIEA

83 (F3Ah
2008 88: = |ed A7)
2 Az} (FAAD
20129 29 =&
2 AR} (B8
/- 2012 39 ~EA: SxAEAA
FH(ETRI) 479
[+ EAE0H AAyl o]2 2 Ak EMIEMC

(ETRI) #9791

19919 29: vty SE5A
3} (o] 8k
1993 2¢: Iyt
3 (el8H4Ah
2004 29 FE
3 (FsaAh
1993 8L ~A: S=FHAFAA

$5EA

st AREA

O g5, 29 EYF S EMC

197



	복잡한 대형 구조물의 효율적인 전자파 해석을 위한 통계적인 PWB 방법의 유용성에 관한 연구
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. PWB 해석 방법
	Ⅲ. 2차원 손실 캐비티 시뮬레이션
	Ⅳ. 결론
	참고문헌


