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On Independent Platform Sample Number for Reverberation
Chamber Measurements

Xiaoming Chen

Abstract—The turn-table platform stirring technique is used to
improve the measurement accuracy of a reverberation chamber
(RC). It is usually assumed that the half-wavelength platform spa-
tial sampling results in independent samples, which can be used to
approximate the independent platform sample number. But the ap-
proximation is rather coarse. This paper presents a measurement-
based method to determine the independent platform sample num-
ber. This method is simple and accurate. In contrast to the half-
wavelength coarse approximation that depends only on frequency,
this method in addition illustrates the dependence of the indepen-
dent platform sample number on RC loading and mode stirring.

Index Terms—Independent samples, platform stirring, rever-
beration chamber (RC).

I. INTRODUCTION

HE reverberation chamber (RC) has traditionally been
T used for electromagnetic compatibility tests [1]-[9]. Over
the past decade, it has found application for over-the-air mea-
surements of wireless devices [10]-[14]. Due to the complicated
test conditions (e.g., inhomogeneous test objects, irregular mode
stirrers, changing boundary conditions, etc.) RC measurements
are usually studied from a statistical point of view [1]. There-
fore, it is of importance to gather enough independent samples
in order to make an accurate statistical analysis of the measured
data. Great effort has been exerted in determining and increas-
ing the independent sample number N, q in the literature. For
example, N;,q was estimated from the Q-factor in [2]; it was
studied using the (modified) autocorrelation function method
in [3], and using the autoregressive model and the central limit
theorem in [4]. Effort has also been exerted to increase Nj,q by
improving the effectiveness of the mode stirrers [5] or introduc-
ing two independent mode stirrers [6] (where a 2-D correlation
was introduced to estimate Nj,q in the case of two independent
moving systems), or using source stirring [7], [8], or electronic
(frequency) stirring [9]. Source stirring requires moving the
transmit antennas to different positions and orientations dur-
ing a measurement. A practical way of implementing it is to
introduce a turn-table platform, on which the transmit antenna
(or equivalently receive antenna due to reciprocity) is mounted.
The antenna on the platform is then rotated circularly (controlled
by a central computer) with a fixed orientation. This is referred
to as platform stirring [14]. Although being vastly deployed
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in RC measurements, e.g. [12]-[14], the independent platform
sample number N, q ¢ has not been studied thoroughly; and
previous studies simply approximate it by dividing the sum-
mation of all the piece-wise linear distances between consecu-
tive platform positions by the half-wavelength A/2 correlation
length [15]. However, this approximation is coarse; it does not
reflect the fact that Vj,q ,r depends also on the effectiveness of
the mode stirrers and the level of RC loading. Note that Nj,q p¢
also depends on the radius of the platform stirring circle and that
Nina,pr 1s larger for a larger radius. For the conciseness of this
paper, we keep the platform radius (i.e., the distance between
the antenna and the center of the platform) fixed throughout this
paper.

In this paper, we present a measurement-based method for
estimating NV, q,p¢. Simple as it is, the presented method is accu-
rate (as will be shown by simulations) and shows the dependence
of Ninq,pr on mode stirring and RC loading. Based on an accu-
rately estimated [V, q ¢ for a measurement setup, the optimal
platform sampling is to choose the number of platform stir-
ring positions V¢ equals to Vi, q pt, avoiding time-consuming
oversampling while minimizing measurement uncertainty.

II. INDEPENDENT PLATFORM SAMPLE NUMBER

During an RC measurement sequence, the turn-table platform
rotates (stepwise); and the antenna mounted on the platform
samples the field following a circular trajectory. It is intuitive
that the optimal sampling positions should be uniformly dis-
tributed along the circle (with a radius R that is the distance
between the antenna and the center of the circle). The ques-
tion is how frequently should we (spatially) sample the field?
A rule of thumb that is used ubiquitously in the RC literature is
the correlation length A/2 derived in [15]. Based on the corre-
lation length, the independent platform sample number can be
approximated by [14]

ey

2Rsi Npe) N,
pr,ind:min{pr, Rsin(m/Nyr) pf}

)2

where N,; denotes the number of platform stirring positions and
min represents the minimum operator. The derivation of (1) is
quite intuitive: the second term in the curly bracket is the number
of half-wavelengths obtained by dividing the summation of all
the piece-wise linear distances between consecutive platform
positions by A/2; since Nj,q ¢ cannot be larger than V¢, only
the minimum value of the two terms in the curly bracket should
be chosen.

The model (1) is inaccurate in that the half-wavelength cor-
relation length is derived based on the spatial correlation of the
total electric field assuming a perfectly stirred RC. Thus, the
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actual Vj,q ¢ experienced by a realistic linear-polarized an-
tenna with anisotropic radiation pattern will differ from that
predicted by (1). Moreover, the model (1) cannot take into ac-
count the imperfections of a practical RC (e.g., less effective
mode stirrers or inherent lossy objects). Therefore, a more ac-
curate method for Nj,q ¢ estimation is needed.

Knowing that the actual correlation length depends on the an-
tenna in use, which probably differs in different RC laboratories,
itis of little help to improve the model (1) by taking into account
a specific antenna. Instead, we propose a measurement-based
method that can accurately predict Ninq ¢ based on a priori
measurement. Based on this method, once Ninq pr is accurately
estimated, different laboratories can decide their optimal plat-
form string positions and use these for future measurements.

The proposed method is formulated as follows:

1) Denote the field samples (one corresponding to a different
mode-stirrer position) at the mth platform position as a
column vector X, m = 1... Npy.

2) Concatenate Xx,, into a matrix X = [X; ... Xy p¢l;

3) Estimate the correlation matrix of X as R = XX, where
the superscript 7 denotes conjugate transpose.

4) The independent platform sample number can be esti-
mated as

tr(R)?

N ind,pf = U'ER;) (2)
where tr represents the trace operator. Equation (2) has its root
from majorization theory [16], which deals with correlation
and, therefore, is particularly useful for determining the num-
ber of independent platform samples at hand. It determines the
dimensionality of the column space of X [17] and, therefore,
the independent platform sample number. The accuracy of this
method depends on the number of samples per platform position
(or realizations). For large realization numbers, (2) approaches
asymptotically to the true value.

III. SIMULATION

We resort to simulations to study the performance of the pro-
posed method. For the sake of easy exposition and without loss
of generality, we assume three platform stirring positions, i.e.,
Nyt = 3. We first numerically generated a 3 x /N random matrix
X,, consisting of independent and identically distributed Gaus-
sian elements, where N ranges from 10 to 10 000. For simplicity
and without loss of generality, we assume a real-valued correla-
tion coefficient p. Since these three platform stirring positions
are uniformly distributed over one circle, their correlation matrix
is

L pp
Ro=1|p 1 p|. (3)
pop 1

Correlations can be introduced to the platform stirring posi-

tions by [13]

X = RY/*X,,. 4)
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Fig. 1. Estimated N, q ¢ using (2) as a function of number of realizations.
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Fig. 2. STD of the relative error of the estimated Nj,q ¢ using (2) as a
function of number of realizations for p = 0.5.

The estimated correlation matrix is R = XX#, based on
which Nj,q pr is calculated using (2). Note that due to finite re-
alizations, R almost surely differs from Ry, but as N increases
the estimated /Vi,q,,¢ approaches its true value. This is illus-
trated in Fig. 1 for three correlation coefficients, i.e., p = 0,
0.5, 1. For p = 0, the three platform positions are independent
(to be exact, the random fields seen by the antenna at the three
platform positions are uncorrelated, and since the field in an
RC is Gaussian distributed [1], they are independent as well);
therefore, the asymptotic Nj,q,pr = 3; for p = 1, the three plat-
form positions are totally dependent; therefore, the asymptotic
Nina,pt = 1. In order to study the accuracy of the estimator (2),
we repeat the simulation 2000 times and calculated the standard
deviation (STD) of its relative error for p = 0.5 and plotted it
in Fig. 2. (Note that it was numerically checked that the STD
for other p values is smaller than that for p = 0.5.) It can be
seen from Fig. 2 that (2) gives accurate estimates (with less than
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Fig.3. Drawing of Bluetest RC with two mechanical plate stirrers, a platform,

and three wall antennas.

0.07 relative STD) once the realization number (i.e., sample
number per platform stirring position) is larger than 100, which
is practical to achieve during measurements.

IV. MEASUREMENT

Measurements were performed from 500 to 3000 MHz in the
Bluetest HP RC [14] with a size of 1.80 x 1.75 x 1.25 m? (a
drawing of which is shown in Fig. 3). It has two plate mode stir-
rers (or diffusers), a turn-table platform (on which a wideband
discone antenna is mounted), and three antennas mounted on
three orthogonal walls (referred to as wall antennas hereafter).
The wall antennas are actually wideband half-bow-tie antennas.
The measurement setup (or stirring sequence) of the RC is cho-
sen such that the turn-table platform was stepwise moved to 20
platform stirring positions evenly distributed over one complete
platform rotation; at each platform position the two plates were
simultaneously and stepwise moved to 50 positions (equally
spanned on the total distances that they can travel). At each stir-
rer position and for each wall antenna, a full frequency sweep
was performed by a vector network analyzer with a frequency
step of 1 MHz, during which the scattering parameter is sam-
pled as a function of frequency and stirrer position. Hence, for
this measurement setup, N,y = 20 and N = 150 (i.e., for each
platform stirring position, we have 50 plate positions and 3 wall
antennas). This large N ensures accurate estimation of Nj,q pt
using the proposed method (cf. Section III).

The same measurement procedure was repeated for three
loading conditions: load 0 (unloaded RC), load I (head phantom
that is equivalent to a human head in terms of microwave absorp-
tion), and load 2 (the head phantom plus three Polyvinyl Chlo-
ride cylinders filled with electromagnetic absorbers cut in small
pieces), whose quality factors are around 1000, 550, and 300 at
1.5 GHz, respectively. Fig. 4 shows a photograph of the load
2 configuration. Hereafter, measured data from these different
loading configurations are simply referred to as load 0, load 1, or
load 2 data.

Applying the proposed method to the measured data, Ninq pr
is calculated and shown in Fig. 5. It is shown that Nj,q ¢
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Fig. 4. Photo of the load 2 configuration in the RC.
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Fig.5. Estimated Njq ¢ using (1) and (2) based on measurement in the RC.

(referred to as model (2) in Fig. 5) increases with increasing
frequency and decreases with increasing loading. This is intu-
itive: at higher frequencies, the platform stirring positions are
less correlated due to the increasing electrical distance; by in-
creasing the RC loading, the angular spread reduces (the field
is less isotropic), and therefore, the correlation length (which
is inversely proportional to the angular spread) increases [18],
rending more correlated platform stirring positions. Note that
Ning,pt is strictly smaller than 20 over the frequency range of
interest; this agrees with our experience that for this RC in-
creasing Np,¢ (while keeping the other setting unchanged) does
not improve the measurement uncertainty. For comparison, the
estimator (1) (referred to as model (1) in Fig. 5) is also plotted
in the same figure. It can be seen that the estimator (1) tends to
underestimate Nij,q,p¢ for low frequencies and overestimate it
for high frequencies; and it is independent of the RC loading.
Thus, model (1) is a rather coarse approximation.
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Estimated Njj,q,p¢ using (2) based on measurement in the upgraded

In order to study the mode-stirring effects on Nij,q,pf, addi-
tional measurements were performed in an upgraded RC where
the plate width is doubled, and the wall antennas are moved
in one corner of the RC with a metallic shield blocking the
line-of-sight path between them and a discone antenna on the
platform. It was shown in [14] that this upgraded RC results
in a reduced K-factor and, therefore, is more effective in mode
stirring [19]. The measurement setup is almost the same as the
previous one except that the platform stirring number is dou-
bled, i.e., N,y = 40 and IV = 150. Since the loading effect on
Nind,pt is known already, this measurement was only performed
for the load O case. The estimated Nj,q ¢ is calculated using
the proposed method and plotted in Fig. 6. Comparing Figs. 5
and 6, it is easy to conclude that Nj,q ¢ increases with more
effective mode stirring. Note that Vj,,q ¢ of the upgraded RC is
larger than 20 above 1 GHz; this agrees with our experience that
by increasing NNy from 20 to 40 (while keeping the other setting
unchanged) for this upgraded RC, the measurement uncertainty
above 1 GHz can be improved (e.g., see [20]).

V. CONCLUSION

In this paper, a measurement-based method for determining
Nina,pt 1s presented. The accuracy of the method was studied
by simulations. It is shown that the method has an STD of the
relative error that is smaller than 0.07 when the sample number
per platform stirring position is larger than 100. This method
is applied to measurements in two RCs. It is shown that the
independent platform sample number depends not only on fre-
quency but also on the level of RC loading and the effectiveness
of mode stirring.
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