
JOURNAL OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 13, NO. 3, 192～194, SEP. 2013
 

http://dx.doi.org/10.5515/JKIEES.2013.13.3.192
ISSN 2234-8395 (Online)․ISSN 2234-8409 (Print)

192

A Validation Model for the Statistical Power Balance Method 
Using a Reverberation Chamber  

Young Seung Lee1,*․Sung Woong Choi2․Seung Keun Park1

Abstract 

This paper proposes a validation model using a reverberation chamber for verification of the effectiveness and accu-
racy of the statistical power balance (PWB) method. The PWB method treats electromagnetic (EM) field distributions 
in certain environments as a representative value of an “ensemble” average, so a reverberation chamber is utilized as 
a testing apparatus to experimentally simulate the sets of measurement field “ensemble” inside a complex environment. 
Measurements are performed with various test conditions for environmental loss using flat absorbers, and front and 
side doors of the chamber. Comparison between the PWB analysis and the measurement results shows good agreement, 
indicating the usefulness of this statistical analysis method for stating the electromagnetic field inside the EM zone 
as a representative value to general structures. 
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Ⅰ. Introduction

The trend toward increasing complexity of electronic 
devices and environments has made the computational 
burden of a realistic system for a full-wave electro-
magnetic (EM) analysis a growing concern. The power 
balance (PWB) method to assess statistical variations of 
EM fields was proposed as an efficient alternative me- 
thod, in conjunction with the concept of the topology 
analysis [1], and its utility for large complex structures 
has recently been discussed [2] along with the theore-  
tical background of statistical treatment. However, its 
validity over various amounts of power losses inside the 
same environment remains to be analyzed.

 The aim of this paper is to propose an experimental 
validation model that uses a reverberation chamber to 
verify the availability of this statistical EM analysis 
method. Reverberation chambers have been widely used 
as test in the area of electromagnetic compatibility (EMC) 
measurements or for multi-input multi-output commu-
nications. We have focused the stochastic “ensemble” as 
the most fundamental feature of this chamber [3]. Mea-
surements are performed under several non-ideal 
conditions, which correspond to the EM power losses in 

Fig. 1. A validation model for the power balance method 
using the reverberation chamber located at Korea 
Advanced Institute of Science and Technology.

each environment. The PWB method is validated by 
comparing the results with those of the PWB analysis of 
a proposed experimental model.  

Ⅱ. A Validation Model and PWB Analysis

The proposed model in this paper was developed us-
ing the reverberation chamber located at Korea Advan-
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Fig. 2. Topology network representation of a proposed va-
lidation model.

  

 
ced Institute of Science and Technology. The chamber 
configuration is shown in Fig. 1. The chamber size is 
1.8 m×1.2 m×1.4 m. The vertical mode stirrer is present 
to the left of the main door. The flat absorber (60 
cm×60 cm), front door (80 cm×80 cm), and side door 
(60 cm×60 cm) are used to incorporate the EM losses 
in various situations. Detailed measurement conditions 
are discussed in Section III.   

The PWB method outlined in [2] is used to character-
ize the proposed model shown in Fig. 1 by the topology 
network drawn in Fig. 2. The center ideal junction adds 
the total of the dissipated EM power, inP  is the incident 
feeding power from the transmitting antenna into the en-
vironment, and js< >  is the mean coupling cross sec-
tion from each power loss mechanism j . The analytic 
expressions are well summarized in [1, 4], and are given 
as follows: 
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where l  is the wavelength, ,a aT Rh  is the radiation effi-
ciency of the transmitting (Tx) and receiving (Rx) an-
tenna, 1a =  for Tx and 2a =  for Rx antenna, 11S  is 
its reflection coefficient, S  is total surface area of the 
chamber excluding apertures (doors and absorbers), c  is 
the speed of light, f  is the operating frequency, 0m  is 
the permeability of free space, wm  is the permeability of 
the chamber wall, ws  is the conductivity of the chamber 
wall, and A  is the total cross-sectional area of aper-
tures. Note that the corresponding adequate area should 
be used in A  of (3), according to the aperture loss me-

chanism. The total mean coupling cross section tots< >  
is obtained by the sum of all cross sections as: 
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and the mean power density cS  inside the validation 
model can be computed from: 
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Ⅲ. Measurement Results and Validations

Measurement data were collected by rotating the mo-
de stirrer through 2001 equally-spaced positions from a 
variety of test conditions. The experimental configura-
tion is described in Fig. 3. Several aperture losses were 
added to the chamber model in order to increase cross 
section tots< >  (equivalently, the total power loss) by 
making the use of the flat absorbers, and the front and 
side doors, and all measurement conditions are summa-

Table 1. All measurement conditions correspond to the to-
tal power loss

Category Wall A Front door Wall C
Case 0 - - -
Case 1 1 absorber - -
Case 2 2 absorbers - -
Case 3 4 absorbers - -
Case 4 4 absorbers - 2 absorbers
Case 5 4 absorbers - Side door opened

Case 6 4 absorbers - Side door opened 
with 1 absorber

Case 7 4 absorbers Opened -
Case 8 4 absorbers Opened 2 absorbers
Case 9 - - 2 absorbers

Fig. 3. Experimental configuration for a model.
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rized in Table 1. “Wall A” denotes the wall against the 
main front door and “Wall C” represents the wall to the 
right of the main door (against the vertical mode stirrer). 
The operating frequency in all experiments was set to 
1.95 GHz. The Tx antenna was a double-ridged horn 
antenna and located at the left corner of the chamber. 
The Rx antenna aligned parallel to the vertical stirrer 
was a dipole antenna that has a resonance at 2 GHz and 
located at four points in the working volume, along with 
a Styrofoam platform, as shown in Fig. 3. An Agilent 
PNA 8358A network analyzer was used to measure the 
insertion loss 21S  and the received power rP . In the re-
verberation chamber, the mean power density cS  is re-
lated to rP  as 
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where the symbol  denotes the ensemble average.
The measurement results for all conditions in Table 1 

are plotted in Fig. 4. Also shown in the figure is the re-
sult of the PWB analysis from Eq. (5) for all ex-
perimental conditions. The large difference for the case 
0 is mainly due to the insufficiency of the total power 
losses inside the environment for dissipating the feeding 
power [2]. Among the measurements, the curves are in 
good agreement except for the case of position 4, which 
shows a remarkable difference of a maximum 8 dB
from the others. This is attributed to the fact that the 
measurement position is too close to the chamber wall 
and to the absorbers that incorporate the radiation loss-
es; hence, the measurement is strongly influenced by the 
boundary field transition [5]. This correspondence al-
lows the conclusion that the equivalence between the 
volume and ensemble average may be extended to the 
non-ideal lossy situation. The discrepancy between the 
PWB and the measurements also becomes more appa-
rent as the environment losses increase, but it still 
shows relatively favorable correspondence within 10 dB, 
which is an adequate safety margin in the area of EMC.

Ⅳ. Conclusion

In this paper, we have proposed an experimental vali-
dation model that uses a reverberation chamber to verify 
the PWB method. The reverberation chamber can be 
used to simulate the statistical “ensemble” field and en-
vironment losses by employing a mode stirrer and ch-
anging the experimental conditions. Good agreement was 
found between the measurements and the PWB analysis, 
indicating the efficiency of this statistical method for the 
analysis of general complex structures. 

Fig. 4. Measurement and power balance (PWB) analysis 
results for all experimental conditions. Pos.: posi-
tion.
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