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Abstract-A 2° factor experiment is carried out in
order to examine the effect on the number of
uncorrelated samples (NUS) that is created in a
reverberation chamber. The three factors that
are examined are stirrer diameter, stirrer
position and chamber Q-value. The most
interesting factors, chamber Q-value and stirrer
diameter, are then examined in a 3% factor
experiment and presented with simple
regression models.

l. Introduction

When using a reverberation chamber for measure-
ments of many kinds an interesting parameter is the
number of uncorrelated samples NUS. The NUS
gives the uncertainty that you can obtain in your
measurements and it is a result of the statistical
properties that you use when working with a
reverberation chamber. The NUS is commonly
supposed to be related to the number of different
mode structures that you can obtain with the mode
stirring device of your chamber. In order to obtain
this different mode structures one have showed that
the stirrer should be electrically large [1] in order to
give enough frequency shift for the eigenmodes
created by the cavity structure. A large frequency
shift of the eigenmodes will enable modes to be
shifted in and out of the bandwidth of the cavity
and thus excite a new set of modes for each new
stirrer position (cavity structure). This will add
randomness to the mode stirring of the chamber.
Lots of work have been made [2] [3] to find stirrer
configurations that will give the best possible
statistical field uniformity in the chamber and it has
also been showed [2] [4] that use of several stirrers
will increase the stirring efficiency. The number of
simultaneously excited modes in the chamber is
highly related to the chamber Q. An expression for
the number of simultaneously excited modes is
givenin for instance [5] as:
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Here one can see that the number increases with a
smaller O-value of the chamber, which is natural
since a smaller Q gives a larger bandwidth of the
chamber and therefore a larger number of excited
modes. This paper examinesiif it is possible to build
a stirrer efficient enough to take advantage of this
larger number of simultaneously excited modes and
by stirring, shift more eigenmodes in and out of the
chamber bandwidth and increase randomness.

Il The equipment

A small reverberation chamber of size 1x0.5x0.5 m
is used and the frequency used is 2.5 GHz. For
every test run 801 samples of the relative
transmission coefficient, between two small WLAN
antennas, are registered with a Network analyzer.
The stirrer is driven by a DC-motor and set to rotate
(almost) one full turn per test sequence. The stirrers
used in the experiments are shown in figure 1 and
are, except for the largest one, of zig-zag type. All
gtirrers are of the same height but they differ in
diameter. The chamber Q is controlled with flat
absorbers in different sizes that are placed inside
the chamber. Finally the tirrer's position can be
altered between a central position in the chamber
and a position close to a corner.

Figure 1b. The stirrers used in the 3~ experiment.
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M. The 23 factor experiment

The full factor experiment [6] examined the
response variable, NUS, for two levels of the three
different factors, dirrer diameter (SD), stirrer
position (SP) and chamber Q (CQ). The response
variable matrix is therefore a three dimensional
matrix with two levels in each dimension which
gives atotal of 2°=8 elements. A minus sign for the
factors SD, SP and CQ represent, a small tirrer,
stirrer placed in the corner position and a loaded
chamber (low Q) respectively. Plus signs represent
a large dtirrer, stirrer placed in the central position
and an unloaded chamber (high Q) respectively.
The NUS is obtained by looking at the auto
correlation function and searching for the sample
shift (offset) that gives a correlation less than ¢™.
The total number of samples is then divided by the
offset and this gives the NUS.

total number of samples

NUS = T
offset (correlation lessthan e ™)
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Actually, since the interesting parameter is the
number of statistically independent samples. And
that uncorrelated not always imply statistical
independence there are better methods for finding
the true number of independent samples see for
instance [2] but as long as the total number of
samples is the same in all test cases the method is
fast and accurate enough. A factor experiment is
used for finding factors that significantly affects the
response variable. This is called the main effect of
the factor and beside this the experiment is also
able to detect interaction effects between factors.
The response variable matrix looks as shown in
figure 2.
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Figure 2. The response variable matrix for the 2°
experiment. The NUS for every factor combination
is given in the circles.

Every value for the different factor combinations is
a mean value of three replicated runs with different
positions of the transmitting antenna. This means

that an estimated variance can be calculated for
every factor combination and this will help us draw
a useful conclusion later. As we can see a large
gtirrer diameter and a high chamber Q gives many
uncorrelated samples. Calculating the effects from
this experiment will give aresult shown in Table 1.
The effects are presented with the £1 standard
deviation limits.

factor est. effect +1 std
SD (stirrer diameter) 54.5 4.15
SP (stirrer position) 5.5 4.15
CQ (chamber Q) 35.5 4.15
SD*SP 35 4.15
SD*CQ 19.5 4.15
SP*CQ 8.5 4.15
SD*SP*CQ 5.5 4.15

Table 1. Main effects and interaction effects on the
response variable NUS.

This experiment clearly shows an effect on the
NUS for the factors SD (stirrer diameter) and CQ
(chamber Q). The experiment also shows an
interaction effect between the SD and CQ factors.
We aso examine the residuals for al the
experimental runs and find that the variance seems
to increase with an increasing number of
independent samples, seefigure 3. Theresiduals are
the deviation from the mean value within the three
replicated runs for every factor combination. The
residuals are supposed to be normal distributed.
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Figure 3. The residual plot of the 3*8=24

experimental runs.

The increase of variance as the response variable
(NUS) gets larger is a problem. The large interval
of the response variable can create non-physical
interaction effects [6]. In order to get rid of this [6]
and [7] suggests a transformation of the data. In my
case the logarithmic function was used to transform
the data and this gives a new table of the effects
according to table 2.



factor est. effect + 1 std
SD (stirrer diameter) 0.66 0.20
SP (stirrer position) 0.029 0.20
CQ (chamber Q) 0.40 0.20
SD*SP -0.014 0.20
SD*CQ -0.041 0.20
SP*CQ 0.089 0.20
SD*SP*CQ -0.0017 0.20

Table 2. Main effects and interaction effects for the
logarithm of the response variable.

As we look at the plotted residuals for the
logarithmic response variable in figure 4 we see
that the variance is more equa and that the
normality criterion seems to be better fulfilled.
After the transformation the experiment indicates
that only the factors SD (stirrer diameter) and CQ
(chamber Q) have a sdignificant effect on the
number of uncorrelated samples obtained from a
chamber. No interaction effects are significant. To
further investigate the effect of factors SD and CQ
we expand the experiment with a third level of the
factors but this time we only examine the two
significant factors SD and CQ giving a 3* factor
experiment.
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Figure 4. The residual plot of the logarithmic
response variable.

IV. The 32 experiment

A third level of the factors SD and CQ are
introduced and this will give an experiment with a
tota of 9 factor combinations. The response
variable matrix looks like in figure 5. As before the
range of the response variable is too high so it
needs to be transformed with the logarithmic
function in order to create a uniform variance
within the experiment. Since we already know that
the factors SD and CQ significantly affect the NUS,
this experiment is made to find out how they affect
the NUS. Figures 6 and 7 show the NUS as a
function of the stirrer’s diameter and stirred volume
respectively. The figures also include regression
lines found by the least square error method. Both
figures show that no interaction effect
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Figure 5. The response variable matrix for the 3°
experiment. The NUS for every factor combination
is given in the circles.

between the factors is present and this makes sense
according to the results from the 2° experiment.
According to the regression lines, the NUS seems
to increase proportional to an increase of the
diameter of the stirrer rather than to an increase of
the volume of the stirrer. For every load case, a
fourth point is added to the data before the
regression lines are calculated. This extra point
corresponds to a stirrer size of 0 that is supposed to
giveonly 1 uncorrelated sample.
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Figure 6. The NUS as a function of stirrer
diameter.
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NUS as a function of stirrer volume
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Figure 7. The NUS as a function of stirrer volume.



V. Conclusions

We have found that the NUS is significantly
affected by the stirrer’s diameter and the chamber’s
Q-value. A high Q-value and a large stirrer
diameter give many uncorrelated samples. We have
aso found that the dirrer's position does not,
significantly, affect the NUS obtained in a chamber.
Also, by looking at simple, linear regression lines
we conclude that the NUS increase proportional to
an increase of the stirrer diameter rather than to an
increase of stirrer volume.

VI. Discussion

The initial idea was that an efficient stirrer could
take advantage of the low cavity Q and the large
number of existing eigenmodes within the band-
width of the cavity for aloaded chamber and maybe
create a larger NUS than for an unloaded chamber.
The efficient stirrer was to create a large amount of
eigenfrequency shift and thereby enable a larger
number of eigenmodes to be shifted in and out of
the bandwidth of the cavity and add more random-
ness to the stirring. This idea must be rejected since
nothing in the experiment shows any sign of this
idea being true. A large number of simultaneously
excited modes is thus not something to strive for
since it tends to decrease the NUS that can be
obtained from the stirrer.
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