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Abstract:  The significant characteristics of the electromagnetic environment in an ideal reverberation
chamber are uniformity, isotropy and random polarization. Stirrer performance in a reverberation
chamber is crucial to these characteristics. In this paper, based on the statistical theory, the uncertainty
due to the number of independent samples is given. The key mechanism that causes the fields in a
reverberation chamber to become uniformly random by rotation of stirrers, and the advantages of
using two stirrers over one stirrer are analysed. The E-fields inside a large reverberation chamber with
two stirrers and with one stirrer respectively are simulated using the Finite-Difference Time-Domain
(FDTD) technique. By comparing the effects of two stirrers with that of one stirrer on the uniformity
and number of independent samples, it is found that two stirrers produce a better performance in a
large reverberation chamber than one stirrer with a relatively larger size.
Keywords:  Reverberation chamber, Stirrer, Electromagnetic environment

1. Introduction
         A reverberation chamber is an electrically large metal room with one or more rotating conductive
stirrers. A properly designed and operated reverberation chamber will provide a test electromagnetic
environment (EME) that is statistically homogeneous and isotropic. The test EME is obtained by
sufficiently sampling of independent, complex cavity boundary conditions [1-3]. For immunity testing,
the maximum field must be quantified by using the extreme value theory [4], which also needs a large
number of independent samples. So the number of independent samples plays an important role on the
uncertainty within certain confidence limits of EME. By rotating the metal stirrers through different
positions in a reverberation chamber, a large number of independent samples are obtained. The idea is
to perturb the boundary conditions to modify the eigenmode of the modes present in the reverberation
chamber. Earlier work [5] has pointed out that small stirrers are by no means appropriate since they can
not modify the modes great enough to introduce randomness, and only large stirrers are effective.
However, with the increasing size of stirrers, it places great demands on the driver motor and
controller system. It is expected that by introducing two or more stirrers with relatively smaller sizes,
they can produce the performance that can match or even be better than a single stirrer with larger size.
         In this paper, firstly, the relation between the number of independent samples and the desired
accuracy is studied. Secondly, the effects of stirrers are analysed. Finally, the simulation results of two
stirrers and one stirrer in a large reverberation chamber with dimensions of 12.5m×8.5m×6m are
compared.

2. Requirement on independent samples
         Numerous papers have discussed the expected distribution functions for the statistical EME in a
properly designed and operated chamber. The received power density for one dimensional field
component ( xE , yE  or zE ) is proportional to the square of the field, and is exponentially distributed.

The probability distribution function is
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         For a large sample number, 2σ  is approximately normally distributed. The normalized accuracy

of 2σ  is N/1  for one-dimensional data. The normalized accuracy of 2σ  makes it possible to
determine how many samples are needed for a desired accuracy. The probability that is within k
standard deviation of its mean ( 2σ ) is [6]
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         For 2σ  is within a confidence interval of ddB , the required independent number of the field
data is

                                                  2

10/

10/
2 )

110

110
(

−
+⋅=

d

d

kN                                            (3)

         Fig.1 is the plot of standard deviation k  as a function of independent sample number N  when
dBd 1= . With %90=k , N  is required to be no less than 206; %95=k , N  is no less than 293.

Fig. 1

         For an immunity test, in most cases, the peak value of the EME will be of more interest than the
mean value. By using the extreme value theory, it is possible to write the probability density function
of the maximum of these samples. Using   NiE  to indicate the maximum of N  independent iE

samples, the mean and variance of 
2

iE are presented as below:
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          Thus the ratio of the mean of  NiE 2  to the mean of 2
iE  is derived as below:
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r  is a good estimator of the maximum to the average ratio.
          The uncertainty can be described as below:
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This means that in order to estimate the largest measured value by the mean value within certain error
limit, for uncertainty to be within  1dB, N .is required to be larger than 200.
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          From above discussion, the conclusion can be drawn that a large number of independent
samples is required to ensure that: (1) the pdf for one dimensional field square is chi-square
distribution;and (2) the measured peak is close to the true peak.

3. The effect of stirrers
         In order to get enough independent samples in a reverberation chamber, the design of stirrers is
crutial. The factors that govern the effectiveness of the stirrers must be known to gain insights on the
design of stirrers. Without stirrers, the spatial variation of the field in an empty cavity can be as high as
40dB. In order to perturb the non-random nature of the incident field, we seek to maximize the
scattered field, which is induced by stirrers. These perturbed mode functions differ from the
unperturbed mode functions in that they satisfy the boundary conditions on the perturbing body
surface as well as on the cavity walls. The boundary conditions can be changed by two ways: (1)
change the position of large stirrers; or (2) change the location of large stirrers. Since it is hard to move
the stirrers, randomness is introduced by rotating the large stirrers. It is expected that when a large
stirrer rotating, the amount of shift for each mode will be large enough that randomness is introduced
into the cavity. As mentioned before, in order to satisfy the requirement of the uncertainty within 1 dB
with 90% confidence limit, the number of independent samples should be no less than 206. Here let

N =206, then the angular interval θ∆  of a rotating stirrer should be o8.1 . Since the samples must be
independent, the boundary conditions should change enough to shift the eigenmodes when the stirrer

rotates o8.1 . For one stirrer, there is only one way to reach this requirement, that is increasing the size
of the stirrer until the modes are quite sensitive to the location of stirrer. It can be postulated that when
two stirrers are used in the chamber to get enough number of independent samples, the stirrers may be

smaller than one single stirrer. Since one stirrer can rotate in the o8.1  interval, and it need not to be

independent in two positions while another stirrer rotates in an independent interval, the resultant E
field is independent under the combined effects of the two stirrers. However, it should be pointed out
that though the combination of two smaller stirrers can be used to enhance the stirrer effectiveness,
they must have the minimum size required for effective stirring. If the stirrers are too small, regardless
of how they are being rotated, they can never produce a spatially uniform field.

4. Simulation
4.1   Autocorrelation function
         For a small change in the stirrer position, it is expected only small changes resulted in measured
values. This effect will be pronounced at low frequencies where a small change in the stirrer position
results in a small change in the boundary condition compared to the relative large wavelength. The
field in the chamber changes significantly only when the stirrer turned by a degree θ  large enough. In
this paper, the E-field autocorrelation coefficient is used to evaluate the independence of two stirrer
positions, which is denoted as [7]:
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When )(rρ drops to 1/e, the data is taken as independent, or in another word, θ  is large enough.

4.2   Selection of stirrer positions and number of stirrer step
         Since the stirrer positions play an important role in the generation of EME, attention should be
put on it. For the case of two stirrers, the choice of stirrer locations is more difficult. We must choose
an algorithm for moving two stirrers that can take advantage of the effect of two stirrers. In order to
get enough independent samples, let one stirrer steps in a small increment and the other stirrer steps in

a large increment. Here choose one stirrer in steps of 360/N, the other stirrer in steps of 360/ N .

.Since it has been calculated earlier, N should be no less than 206, the small step 1θ∆  is chosen as
o8.1 , the large step 2θ∆  is o25 .
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4.3   Results
         A 3-dimensional model of a reverberation chamber with dimension 12.5m×8.5m×6m with two
Z-shaped stirrers inside is generated using FDTD. The dimensions of the two stirrers are 2.5m×4m
and 3m×5m respectively. The excited frequency is 80MHz. In order to evaluate the advantage of two
stirrers over one stirrer, the same chamber with one stirrer of 4m×6m is simulated. The
autocorrelation coefficients are calculated for one stirrer and two stirrers respectively. It is noted that
for the one stirrer model the E-field becomes uncorrelated after 3 steps, or 5.4 o , which means only 70
independent samples can be gotten. It is not statically sufficient for the analysis to be valid. For the
case of two stirrers, it becomes uncorrelated after one step, or 1.8 o , which means all the 206 samples
are independent. This is just as we expected. The x-component mean amplitude of the electric field at
16 points in defined working volume for one stirrer and two stirrers are given in Fig.2 and Fig.3. In the
figures, the maximum differences are 4dB and 2.3dB.respectively. Apparently, two stirrers produce a
much better uniform electric field in the defined uniformity volume.

          Fig.2 The simulation result of one stirrer                       Fig. 3 The simulation result of two stirrers

5. Conclusion
         The primary objective of this study is to investigate the advantages of two stirrers over one stirrer
in a large reverberation chamber. Based on statistics theory, the relation between the uncertainty
within a definite confidence limit and the number of independent sample is derived. It is noted that in
order to obtain a homogeneous test EME and reliable peak value, the number of independent samples
should be no less than 206. Through theory analysis, it is found that a chamber with two correctly
designed stirrers is easier to reach this requirement than that with one stirrer of a relatively larger
dimension, and two stirrers will produce the better performance than one stirrer. The simulation results
of a large reverberation chamber with two stirrers and one stirrer respectively agree well with the
theory analysis.
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