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Abstract—The average absorption cross section (ACS) of a car
in the frequency range of 80 MHz — 24 GHz is measured in a
reverberation chamber (RC) based on the time domain method.
The measured ACS of a car is very useful: it can be used to predict
the electric field strength in a given RC loaded with a car, which
can accelerate the calibration process of the RC greatly. The
measurement results are provided with uncertainties. Summary
on potential applications is also given.

Index Terms—Absorption reverberation
chamber.

cross section,

I. INTRODUCTION

HE absorption cross section (ACS) of an object is defined

as the ratio of the power dissipated in the object to the
power density of the incident plane wave. Reverberation
chambers (RCs) have been widely used in the ACS
measurement [1-10], and the measured ACS is an averaged
value over all incident angles.

Generally, two methods have been proposed in the ACS
measurement: the frequency domain (FD) method and the time
domain (TD) method. Theoretically, these two methods are
equivalent; however, the TD method converges faster than the
FD method because the chamber decay time (or Q factor)
measured in the TD converges faster than that in the FD [11].
Thus, for the same number of samples, the ACS measured in
the TD has lower uncertainties than that measured in the FD [11,
12]. Another advantage for the TD method is that the insertion
loss from the cables and the antennas will not affect the
measurement results, but the loss from the diffused waves
determines the chamber decay time.

The ACSs of a human body [4, 7, 9], absorption materials [5],
and printed circuit board [8] have been measured. Although
RCs have been widely used in electromagnetic compatibility
(EMC) measurements for vehicles for years, the ACS of a car
has not been quantified. In vehicle EMC test, an RC loaded
with a car needs to be calibrated to know how much input
power is enough to achieve the required field strength in the
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EMC test [13]. This measurement is normally performed in the
FD using a signal generator, a power amplifier and a field probe.
However, this measurement process is relatively time
consuming: we need to set the working frequency of the field
probe (to have a correct calibration factor), record the E-field
values for all the frequencies of interest and stirrer positions.
Although this measurement can be performed faster using a
vector network analyzer (VNA), inherently, the FD
measurement converges slower than the TD measurement [11],
thus the statistical variation in the FD measurement is larger
than that in the TD measurement. The insertion loss of cables
and antennas needs to be removed in the FD measurement but
they do not affect the results in the TD measurement.

In this paper, we measure the average ACS of a car in the
frequency range of 80 MHz — 24 GHz. In EMC measurements,
it is often necessary to estimate the electric field strength in an
RC loaded with a car before the RC is constructed. Once the
typical ACS of a car is known, we only need to measure the O
factor of an unloaded RC, and the Q factor of the RC loaded
with a car can be predicted (without loading a real car). This is
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Fig. 2. Measured PDP of the loaded and unloaded RC, the center frequencies
are (a) 80 MHz, (b) 200 MHz, (c) 10 GHz and (d) 24 GHz.

very useful before the RC is constructed, as once the RC is built
the unloaded Q factor cannot be increased.

The measurement methodology and the configurations are
presented in Section II, Section III details the measurement
results and uncertainty analysis, and Section IV summarizes the
paper.

II. THEORY AND MEASUREMENT SETUP

The average ACS of an object under test can be measured
using [11, 14, 15]

(ACS) = K( S ) )

Co E_m

where V is the volume of the RC, ¢, = 3 X 108 m/s is the
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Fig. 3. Measured chamber decay constant of the loaded and unloaded RC.

speed of light in free space, (1;) is the decay constant of the
loaded RC averaged over all measured stirrer positions, (7, ) is
the averaged decay constant of the unloaded RC, and (-) means
the average operation over all stirrer positions.

The schematic plot of the measurement setup in an RC is
illustrated in Fig. 1(a), Ant 1 and Ant 2 are broadband antennas
which are connected to port 1 and port 2 of the VNA
respectively. Log-periodic antennas (or biconical antennas) are
used for frequencies lower than 1 GHz, while horn antennas are
used for frequencies higher than 1 GHz. A computer
synchronizes the frequency sweeping of the VNA and the
moving of the stirrer, i.e. for each stirrer position, the computer
controls the trigger of the VNA and records the measured
S-parameters. The measurement scenario is shown in Fig. 1(b),
where the RC is loaded with a car. The inner dimensions of the
RC are 10.8 m X 12.6 m X 6 m, and the lowest usable
frequency [16] is lower than 80 MHz. The stirrer is an
oscillating wall which is controlled by a computer to stir the
field inside the RC.

III. MEASUREMENT RESULTS

To obtain the chamber decay constant (7;) and (z,), we
measure the FD response (S,;) and apply the inverse Fourier
transform (IFT) to obtain the TD response [11, 12]

Sp1(8) = IFT[§21(f)] (2)

where S5, (f) means the filtered S-parameters [17] for a given
center frequency (the frequency of interest). The power delay
profile (PDP) can be obtained from the average of received
power for all stirrer positions:

PDP(t) = (s3,(1)) 3)

From the PDP, the chamber decay constant can be extracted by
using the least squares method [12], because the PDP decays
exponentially when the waves in the RC are well diffused. The
decay speed is determined by the chamber decay constant Tz
[11,12, 14, 15]

PDP(t) ~ Pyet/Trc 4)

By fitting the slope (k) of the PDP in log scale, Tz, can be
obtained as [11, 12, 14, 15]
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For the IFT process in this paper, a relative bandwidth of 10%

is used for the center frequencies lower than 1 GHz, and 200
MHz bandwidth is used for frequencies higher than 1 GHz. To
have a good TD resolution, the frequency sampling interval of
the VNA is set to be smaller than the coherence bandwidth of
the unloaded RC [12]. The measured PDPs for different center
frequencies are given in Fig. 2(a)-(d), the early-time response
and the late-time noise level are avoided in the least squares
fitting. Note that when the frequency is high (24 GHz), the
cable loss is significant and the noise level is increased, but we
still have at least 10 dB signal-to-noise ratio. To measure the
PDP at even higher frequencies, an amplifier is required to
increase the dynamic range of S,;.

By repeating the least squares fitting process for different
center frequencies and sweeping center frequency from 80
MHz to 24 GHz, the chamber decay constant for the loaded
({t;)) and unloaded ({t,,)) RC can be obtained as in Fig. 3.

Considering the uncertainty of 7y, in the loaded and
unloaded RC, the error bound for one stirrer position is about
+10% [11]. In this paper, we used 36 stirrer positions, thus the
error bound for (7;) and (z,) can be estimated as +10%/
V36 ~ +1.7%. The error propagation in (1) can be derived as
(18]

x1.7% (6)

where g, is the uncertainty of ‘*’ (absolute value). From (1)
and (6), the measured average ACS and the error bound are
presented in Fig. 4 with #1, the relative error bound of the
measured ACS is in £10.4%. We have also repeated the
measurement with another car with similar size; the results are
illustrated in Fig. 4 with #2. It is interesting to note that the ACS
differences of #1 and #2 are not large and the loading effects are
similar.

IV. SUMMARY

The average ACS of a car has been measured in the RC using
the TD method. The ACS for different cars may vary, but a
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Fig. 7. The contour plot of {[|E,|]100), the x-axis is the value in an unloaded
RC, the contour lines are the corresponding values in a loaded RC.

typical value is required. The measurement uncertainties (error
bounds) have also been estimated which is very small
(£10.4%). From the measured ACS we can estimate the
electric-field (E-field) strength for a given input power without
actually load the RC with a car. We can also use radio
absorbing materials with the same ACS to emulate the loading
effect. Suppose an unloaded RC has a decay constant of (t,,),
the mean value of the magnitude of the E-field rectangular
components can be obtained as [14-16, 19]
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where (|E,|), can be (lEy )u or (|E,|),, which represents the

mean value of the magnitude of the rectangular E-field
component, the subscript ‘u’ represents the unloaded RC, P, is
the net input power (excluding the insertion loss), Q is the
chamber Q factor, and A is the wavelength. From (1) and (7),
the E-field (for 1 W input power) for the RC loaded with a car
can be derived as

/10
(lExl)l - \/(ACS) + 101{2/(|Ex|)124 (8)

A contour plot is illustrated in Fig. 5. Normally the maximum
E-field is used for EMC applications. For an independent
sample number of &, the maximum E-field has a probability
density function (PDF) of [15, 19]

Nx e\ V! a2
PorIE ) = 21— e ()| ew(3) ©
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where x = [|E;|ly = max(|Ex|, |Exz|, -, |[Exny]) is the peak
value of N independent samples, o/ /2 is the mean value of

|E,|. The ratio of ([|E,|]y) and (|E,|) can be obtained as [15,
19]

N-1

(1B fow Nx? [1 — exp (_sz>] exp <_sz> dx
(IED Jrn/2

which is evaluated numerically in Fig. 6, thus the maximum
E-field can also be evaluated using (8) after converting
(T1E;1n) to (|E,]). When N =100, the contour plot is
illustrated in Fig. 7. From the unloaded decay constant (t,,) or
Q factor, by applying (7), (8) and (10), the estimated E-fields

(10)

(including the maximum and the mean values) can be obtained
and are illustrated in Fig. 8. Although a car has been used in this
paper, the method is general and suitable for other
equipment/devices under test.
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