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Abstract— The averaged absorption cross section (ACS) of a 

lossy object can be measured in a reverberation chamber (RC). 
Conventionally, the measurement is conducted in the frequency 
domain and it requires two antennas with known efficiency. In 
this paper, two one-antenna methods are presented – one is in the 
frequency domain and the other is in the time domain. In the 
frequency domain, by using the enhanced backscatter effect, the 
measurement setup is greatly simplified and only one antenna 
with known efficiency is required. In the time domain, the 
measurement can be conducted rapidly and accurately using just 
one antenna and the source stir technique by considering the 
robustness of the chamber decay time; moreover, the RC can be 
replaced by a suitable electrically large conducting cavity, which 
will greatly reduce the hardware requirement. It is found that, the 
time domain approach is superior to the frequency domain 
approach in many aspects. The new measurement methods are 
efficient and accurate while the system requirements and setup 
are simpler than the conventional ones.  
 

Index Terms—Absorption cross section, reverberation 
chamber, electrically large cavity, one-antenna method, frequency 
domain, time domain, source stir. 
 

I. INTRODUCTION 
HE reverberation chamber (RC), also known as a 
mode-stirred chamber, can be characterized as an 

electrically large shielded metallic enclosure, which is designed 
to work in an “over mode” condition, with typically an 
asymmetric rotating paddle to change the boundary conditions 
of the chamber [1]. Thus, a statistical environment is created 
inside the chamber and it offers a unique test facility. The RC is 
becoming prevalent as an alternative test facility for both 
electromagnetic and electromagnetic compatibility (EMC) 
measurements. It is currently used for a wide range of 
measurement applications, such as antenna efficiency 
measurement [2-4], shielding characterization of equipment 
and materials [5-8] and EMC radiated emission and immunity 
tests [1, 9]. 
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Recently, it has been shown that the RC can also be used to 
measure the averaged absorption cross section (ACS) of a lossy 
object, which is averaged over all angles of incidence and 
polarization [10, 11]. The measurement of the ACS of a lossy 
object is required for many applications including the 
characterization of the effect of lossy objects in multipath 
environments such as interiors of mass transit vehicles or 
aircraft loaded with cargoes or passengers [12], biometrics 
electromagnetic exposure studies such as human’s specific 
absorption rate (SAR) [13]. 

 The ACS of a lossy object is defined as the ratio of the 
power dissipated in the object to the power density of the 
incident plane wave. The averaged statistic power transfer 
function of an RC is proportional to its quality factor. The ACS 
contribution to the quality factor was derived mathematically in 
[14], which offers an opportunity to measure the averaged ACS 
of an object from the quality factor of the reverberation 
chamber.  

For ACS measurement, the common approach is to place a 
transmitting antenna inside a chamber along with a generic 
receiving antenna and extract the power transfer function by 
measuring the transmission coefficient 𝑆21 , and reflection 
coefficients 𝑆11 and 𝑆22. The problem with this approach is that 
it requires two antennas with known efficiency - this could be a 
problem in reality. An alternative technique given in [15] is to 
use the coherence bandwidth which is estimated from the 
complex correlation function of the loaded and unloaded 
chambers, but it has its own approximations and limitations 
because of the ambiguity introduced by selecting the threshold 
for determining the bandwidth of the modes. In this paper, we 
propose to use both the frequency domain and the time domain 
information to obtain ACS. Our method requires only one 
antenna and provides an accurate measurement of ACS without 
the above-mentioned limitations and approximations. 

This paper is organized as follows. Section II contains the 
formula derivation for the one-antenna method for the 
measurement of ACS in the frequency domain and in the time 
domain. Section III presents the measurement setup and 
comparison of measured ACS using different methods. Section 
IV presents the convergence properties of the proposed 
methods. The discussions and conclusions of this work are 
given in the final section.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
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II. THEORY 
The quality factor (𝑄 ) of the RC is a key quantity in 

calculating the ACS of lossy objects. Generally, in an 
electrically large cavity, 𝑄 is defined as: 

 
𝑄 = 𝜔𝑈𝑠 𝑃⁄                                        (1) 

 
where 𝜔 is the angular frequency, 𝑈𝑠 is the steady state energy 
in the cavity and 𝑃 is the dissipated power. 

When the cavity is unloaded, i.e., there are no lossy objects 
within the chamber, the dissipated power can be written as the 
summation of three items [14]: 

 
𝑃𝑢 = 𝑃𝑤𝑎𝑙𝑙 + 𝑃𝑎𝑛𝑡 + 𝑃𝑙𝑘𝑔                             (2) 

 
where 𝑃𝑢  is the total power dissipated under the unloaded 
scenario,  𝑃𝑤𝑎𝑙𝑙 is the power dissipated in the cavity walls, 𝑃𝑎𝑛𝑡  
is the power consumed by the antennas and 𝑃𝑙𝑘𝑔 is the power 
leakage due to any apertures of the cavity.  

By substituting (2) to (1), we can write the following 
equation for the inverse of 𝑄: 

 
𝑄𝑢−1 = 𝑄𝑤𝑎𝑙𝑙−1 + 𝑄𝑎𝑛𝑡−1 + 𝑄𝑙𝑘𝑔−1                          (3) 

 
where 
 

𝑄𝑤𝑎𝑙𝑙 = 3𝑉 2𝜇𝑟𝑆𝛿⁄                                  (4) 
 
It is determined by the loss due to the finite conductivity of the 
walls of the cavity, 𝑉 is the chamber volume, 𝑆 is the inner 
surface area of the cavity, 𝜇𝑟 is the relative permeability of the 
wall, 𝛿 is the skin depth of the wall [14]. 
 

𝑄𝑎𝑛𝑡 = 16𝜋2𝑉 𝑚𝜆3⁄                                (5) 
 
is the contribution due to receiving antenna. 𝑚 is the mismatch 
factor of the antenna and 𝜆 is the wavelength [14]. In addition, 
 

𝑄𝑙𝑘𝑔 = 4𝜋𝑉 𝜆〈𝜎𝑙𝑘𝑔〉⁄                                (6) 
 
is the contribution from the apertures of the cavity. 〈𝜎𝑙𝑘𝑔〉 is the 
averaged transmission cross section [14]. 

When the cavity is loaded with lossy objects, the total 
dissipated power can be rewritten as: 
 

𝑃𝑙 = 𝑃𝑤𝑎𝑙𝑙 + 𝑃𝑎𝑛𝑡 + 𝑃𝑙𝑘𝑔 + 𝑃𝐴𝐶𝑆                       (7) 
 
where 𝑃𝑙  is the total power dissipated under the loaded scenario,   
𝑃𝐴𝐶𝑆 is the power loss of the lossy objects. 

The corresponding inverse of 𝑄 becomes: 
 

𝑄𝑙−1 = 𝑄𝑤𝑎𝑙𝑙−1 + 𝑄𝑎𝑛𝑡−1 + 𝑄𝑙𝑘𝑔−1 + 𝑄𝐴𝐶𝑆−1                   (8) 
 
The contribution of the ACS to the cavity 𝑄 can be expressed 
as: 

 
𝑄𝐴𝐶𝑆 = 2𝜋𝑉 𝜆〈𝜎𝐴𝐶𝑆〉⁄                               (9) 

 
If we want to know the averaged absorption cross section of a 
lossy object, we can determine it from its contribution to 
chamber 𝑄 from (9): 
 

〈𝜎𝐴𝐶𝑆〉 =
2𝜋𝑉
𝜆

𝑄𝐴𝐶𝑆−1                                (10) 

 
where 〈⋅〉 indicates average with respect to the incidence angle 
and polarization.  

From (3), (8) and (10), the averaged absorption cross section 
〈𝜎𝐴𝐶𝑆〉 can be re-written in terms of the measured loaded and 
unloaded chamber 𝑄 factors 𝑄𝑙  and 𝑄𝑢: 

 

〈𝜎𝐴𝐶𝑆〉 =
2𝜋𝑉
𝜆

(𝑄𝑙−1 − 𝑄𝑢−1)                      (11) 

 
Thus we still need two pieces of information, 𝑄𝑙  and 𝑄𝑢, in 

order to determine 〈𝜎𝐴𝐶𝑆〉. Basically, the chamber 𝑄 factor can 
be measured either in the frequency domain or in the time 
domain. In the frequency domain, the chamber 𝑄  can be 
evaluated from the averaged net power transfer function 𝑇 by 
using Hill’s formulas in [14]. In the time domain, the chamber 
𝑄 can be obtained from the chamber decay time τ [2, 16-18]. 
Both the averaged net power transfer function and the chamber 
decay time can be extracted using only one antenna [2]. In the 
following part of this section, we are going to derive the 
formulas required for the one-antenna method to determine the 
ACS of lossy objects within the RC both in the frequency 
domain and in the time domain.  

A. Frequency Domain 
In the frequency domain, the averaged statistic power 

transfer function of an RC is proportional to its quality factor 
𝑄𝐹𝐷  [14].  

 

𝑄𝐹𝐷 =
16𝜋2𝑉
𝜆3

〈𝑃𝑟〉
𝑃𝑡

                                (12) 

 
where 〈𝑃𝑟〉 is the average received power, 𝑃𝑡 is the transmitted 
power in the chamber, and 〈⋅〉 means average over all stirrer 
positions. The second item on the right hand side of (12) is 
related to the S-parameter measured using a vector network 
analyzer (VNA) as: 
 

〈𝑃𝑟〉
𝑃𝑡

= 〈|𝑆21|2〉                                   (13) 

 
A simple measurement of this S-parameter would account for 
contributions from dissipative and mismatch loss of antennas. 
The contributions from the stirred (energy that interacts with 
the paddles) and unstirred energy (energy that does not interact 
with the paddles) in the chamber are included as well. Thus, 
〈|𝑆21|2〉 can be regarded as the uncalibrated chamber transfer 
function. By calibrating out the dissipative and mismatch loss 
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of antennas we can remove the unstirred contributions of 
S-parameters. The net power transfer function 𝑇  can be 
extracted as [19]: 
 

𝑇 =
〈�𝑆21,𝑠�

2〉
(1 − |〈𝑆11〉|2)(1 − |〈𝑆22〉|2)𝜂1𝑟𝑎𝑑𝜂2𝑟𝑎𝑑

           (14) 

 
where 𝑆21,𝑠 is the stirred part of 𝑆21 which can be obtained by 
the vector average subtraction [20]: 
 

𝑆∗,𝑠 = 𝑆∗ − 〈𝑆∗〉                                    (15) 
 
〈⋅〉 means the averaged value of the S-parameters, as defined 
earlier, but here it is linked to the stir method (mode stir, 
frequency stir, source stir, etc.),  𝜂1𝑟𝑎𝑑  and 𝜂2𝑟𝑎𝑑  are the 
radiation efficiency of antenna 1 and antenna 2 that are used in 
the measurement, respectively. 

Substituting (12), (13) and (14) into (11), the averaged ACS 
〈𝜎𝐴𝐶𝑆〉 can be determined from the net power transfer function 
with and without the lossy objects (𝑇𝑙 , 𝑇𝑢): 

 

〈𝜎𝐴𝐶𝑆〉 =
𝜆2

8𝜋
(𝑇𝑙−1 − 𝑇𝑢−1)                           (16) 

 
Typically, the net power transfer function is measured with two 
low-loss antennas using (14). The radiation efficiency of the 
two antennas (𝜂1𝑟𝑎𝑑, 𝜂2𝑟𝑎𝑑) should be known in advance, or,  for 
a rough measurement, we could assume the efficiency to be 
unity, which will actually introduce systematic errors. 

For a well performed RC, the enhanced backscatter constant 
[2, 21] 
 

𝑒𝑏 = �〈�𝑆11,𝑠�
2〉 〈�𝑆22,𝑠�

2〉 〈�𝑆21,𝑠�
2〉� = 2             (17) 

 
Assuming two identical antennas are used in the 

measurement, we have 〈�𝑆11,𝑠�
2〉 = 〈�𝑆22,𝑠�

2〉 = 2 〈�𝑆21,𝑠�
2〉 . 

Now, equation (14) can be expressed as: 
 

𝑇 =
〈�𝑆11,𝑠�

2〉
2(1 − |〈𝑆11〉|2)2(𝜂1𝑟𝑎𝑑)2

                         (18) 

 
Thus, only one antenna is needed to complete this measurement, 
and we only need to know the radiation efficiency of one 
antenna, which will greatly simplify the measurement. 

B. Time Domain 
The time domain method is realized by performing the 

measurement in the frequency domain and then transforming 
the results to the time domain. In the time domain, the loaded 
and unloaded chamber 𝑄 can be determined from the chamber 
time constant. [2, 22] have shown 𝑄𝑇𝐷 = 𝜔𝜏, 𝜔 is the angular 
frequency and τ is the chamber decay time. The loaded and 
unloaded 𝑄 can be written as: 

 

𝑄𝑙 = 𝜔〈𝜏𝑙〉 and 𝑄𝑢 = 𝜔〈𝜏𝑢〉                         (19)   
 
where 〈𝜏𝑙〉 is the loaded chamber time constant and 〈𝜏𝑢〉 is the 
unloaded chamber time constant. If we substitute (19) into (11), 
we can also obtain the ACS in the following form [22]: 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 1. ACS measurement setup in the RC: (a) unloaded scenario, (b) loaded 
scenario, (c) measurement system. 
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〈𝜎𝐴𝐶𝑆〉 =
𝑉
𝑐

(〈𝜏𝑙〉−1 − 〈𝜏𝑢〉−1)                      (20) 
 
where c is the speed of light in free space. This technique 
requires the knowledge of the chamber decay time τ. To obtain 
τ, we first need to obtain the power delay profile of the RC from 
the inverse Fourier transform (IFT) of 𝑆11. Because the time 
domain power in the RC decays exponentially, thus τ can be 
obtained from the slope of ln(power) in the time domain. The 
details for extracting τ from the S-parameters can be found in 
[16]. Compared with the frequency domain method, the time 
domain method is simpler and more accurate because we do not 
require the knowledge of the antenna efficiency and the 
systematic error caused by antenna efficiency estimation can be 
avoided.  

III. MEASUREMENT 
To validate the proposed methods, measurements were 

performed from 4 to 5 GHz in our RC which has a size of 3.6 m 
× 4 m × 5.8 m. It has two mode-stir paddles: the vertical one is 
mounted in a corner while the horizontal one is set close to the 
ceiling. Two double-ridged waveguide horn antennas were 
used as antenna 1 (SATIMO® SH 2000) and antenna 2 (Rohde 
& Schwarz® HF 906). Antenna 1 was mounted on a turn-table 
platform to introduce source stir positions and connected to port 

1 of a VNA via a cable running through the bulkhead of the 
chamber, and antenna 2 was connected to port 2 of the VNA via 
another cable through the bulkhead of the chamber. During the 
measurement, the turn-table platform was moved stepwise to 3 
source stir positions (20 degree for each step), at each source 
stir position the two paddles were moved simultaneously and 
stepwise to 100 positions (3.6 degree for each step). At each 
mode stir position and for each source stir position, a full 
frequency sweep was performed by the VNA and the 
S-parameters were collected. Thus, for each frequency, we have 
300 stir positions (3 source stir positions, and 100 mode stir 
positions for each source stir position). A piece of RF absorber 
was selected as an object under test (OUT). The measurement 
setups without and with the OUT are shown in Fig. 1 (a) and 
Fig. 1 (b), respectively. The whole measurement system is 
shown in Fig. 1 (c). 

The measurement procedure is given as follows.  
Step 1: Calibrate the VNA including the cables according to 

the standard calibration procedure. 
Step 2: Place the two antennas, the turn-table platform and 

the support (excluding the OUT) inside the RC. 
Step 3: Connect antenna 1 to port 1 of the VNA and antenna 

2 to port 2 of the VNA, and collect the full 
S-parameters for each stir position. 

 
Fig. 2. eb under the loaded and unloaded scenarios. 

 

 
Fig. 3. The measured chamber transfer function using one-antenna and 
two-antenna methods under loaded and unloaded scenarios. 

 
 

 
(a) 

 

 
(b) 

 
Fig. 4. Extracting τ from S11: (a) measured S11 and filtered S11, (b) time domain 
response: ln([IFFT(S11)]2) and  least-square fit. 
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Fig. 5. The measured chamber decay time using one-antenna method under 
loaded and unloaded scenarios. 
 

 
Fig. 6. The measured ACS of the OUT. 

 
 
 
 
 

Step 4: Keep the previous measurement setup unchanged 
and place the OUT on the support, and repeat Step 3. 

In this measurement, 10,001 points were sampled in the 
frequency range from 3.8 to 5.2 GHz. The ACS of the OUT was 
calculated using the conventional two-antenna method 
(ACSFD, 2), the one-antenna method in the frequency domain 
(ACSFD, 1) and the one-antenna method in the time domain 
(ACSTD, 1), respectively. The first subscript “FD” or “TD” is 
used to indicate that the measurement is conducted in the 
frequency domain or in the time domain, respectively, and the 
second subscript “1” or “2” is used to indicate that one antenna 
or two antennas were used in the measurement. In the 
frequency domain, the enhanced backscatter coefficients (𝑒𝑏) 
under the loaded and unloaded scenarios are obtained and 
shown in Fig. 2. We can see that they are very close to 2, which 
means the RC is well stirred and measurement setup is 
reasonable [23]. The chamber transfer functions using one 
antenna method (TFD,1) and two-antenna method (TFD,2) under 
loaded and unloaded scenarios are shown in Fig. 3. As can be 
seen, the chamber transfer function is reduced when the 
chamber is loaded because of the increase of the power loss. 
TFD,1 is very close to TFD,2 for both loaded and unloaded 
scenarios, which manifests the effectiveness of the one-antenna 
method in the frequency domain. In the time domain, we use a 
band-pass elliptic filter of order 10 to filter 𝑆11 with 200 MHz 

bandwidth, as shown in Fig. 4(a), and then the IFFT is applied 
to the filtered 𝑆11 . Since the time domain power decays 
exponentially (𝑒−𝑡/𝜏) in the RC, the least-square fit is applied to 
ln(power) to obtain the slope, and τ can be extracted by getting 
the negative inverse of the slope. To avoid the fit error caused 
by the noise level, only part of the signal is used for least-square 
fit, as shown in Fig. 4. By sweeping the center frequency of the 
filter, τ at different center frequencies are obtained. The 
measured chamber decay time using one-antenna method under 
loaded and unloaded scenarios are depicted in Fig. 5.  The thin 
cyan curves are the measured τ for different stir samples and the 
thick dash curves are the averaged τ for all samples. As 
expected, the chamber decay time is reduced when the chamber 
is loaded. Another thing to be noted is that τ is very robust in the 
full frequency span, i.e., τ does not vary much for different stir 
samples. The reason can be explained as follows: the chamber 
decay time τ is determined by the chamber loss. For a given 
frequency, the chamber loss will vary due to the change of the 
paddle positions and the change of the chamber modes. When 
the number of resonant modes is massive (1,657,518 modes in 
4 GHz in our RC according to Weyl’s formula [22]), the 
positions of the peaks and troughs of the resonant mode will not 
change much for different boundary conditions, and the loss 
variation is relatively small for different paddle positions. 
Hence, the chamber decay time is very robust. As shown in Fig. 
5, under the unloaded scenario, the variation between the τ for 
one sample and the averaged τ is within about ±10%. And under 
the loaded scenario, the variation is within about ±5%. It is easy 
to understand, when the RC is loaded, the majority of the power 
is consumed by the lossy objects, the power loss is not sensitive 
to the boundary condition of the RC, and hence the loaded τ is 
more robust than the unloaded τ. The robustness of the chamber 
decay time actually offers an opportunity to extract τ by merely 
a few number of stir samples, thus the ACS can be measured 
rapidly and accurately, which will be detailed later. The ACS 
measurement results are shown in Fig. 6. In the frequency 
domain, 200 MHz frequency stir is adopted. The efficiency of 
antenna 1 and antenna 2 in 4-5 GHz are 78% and 95%, 
respectively. It can be seen clearly that the measured ACSs 
using the three methods are all around 0.1 m2 and the maximum 
variation is within 10%. 

IV. CONVERGENCE PROPERTY 
The convergence properties of the three methods are also 

studied. The root-mean-square-error (RMSE) of the measured 
ACS from 4-5 GHz with different numbers of stir positions to 
the ACS measured with 300 stir positions is adopted to evaluate 
the convergence, and the algorithm is expressed as: 

 

RMSE𝑖 = �∑ (ACS𝑖,𝑗 − ACS𝑀,𝑗)2𝑁
𝑗=1

𝑁
 (𝑖 = 1,2,⋯ ,𝑀)   (21) 

 
where i is the number of stir positions, M is the maximum 
number of stir positions, j is the frequency sampling point 
number, N is the number of frequency sampling points in 4-5 
GHz. In our case, M = 300 and N = 7143. The calculated results 
are shown in Fig. 7. As can be seen, the convergence speeds of 
the one-antenna method and the two-antenna method in the 
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frequency domain are close but the time domain method 
converges faster than the frequency domain methods. This is 
because the chamber decay time τ is not sensitive to the 
boundary conditions and only depends on the overall loss of the 
RC. While the chamber transfer function and 𝑒𝑏 depend on how  
well the RC is stirred. Thus, ACSTD, 1 converges faster than 
ACSFD, 1 and ACSFD, 2. It is worth mentioning that, in the time 
domain, the RMSE is always below 10% (compared with the 
averaged ACS in the full frequency span, about 0.1 m2 from Fig. 
6) and drops below 3% after 15 stir positions. However, in the 
frequency domain, the one-antenna method and the 
two-antenna method have similar convergence behaviour, the 

RMSEs are always above 10% before the first 10 stir positions 
and drop down slowly afterwards. They are below 3% after 100 
stir positions. As implied in (17) and (18), the one-antenna 
method in the frequency domain requires 𝑒𝑏 = 2. Inaccurate 
results may be obtained if 𝑒𝑏  deviates from 2. To show the 
influence of the deviation of 𝑒𝑏 from 2 to the validity of the 
measurement in the frequency domain based on one-antenna 
approach, we have checked the convergence behavior of the 
measured 𝑒𝑏 (under both loaded and unloaded scenarios) and 
ACSFD, 1 at 4.5 GHz, as shown in Fig. 8. The 𝑒𝑏 = 2 level and 
ACSFD, 1= 0.1 m2 level are marked out with dash lines. As can 
be seen, at the first dozens of stir, the deviation of 𝑒𝑏 from 2 
fluctuates drastically, the measured ACS is unreliable. 
However, with the increase of the number of stir, 𝑒𝑏 converges 
to 2 gradually. The convergence behavior of ACSFD, 1 is very 
similar to 𝑒𝑏. After about 150 stir, the variation of 𝑒𝑏 from 2 
becomes small (within 10% variation) and the measured 
ACSFD, 1 becomes stable (it converges to 0.1 m2). That means 
that the accuracy of the frequency domain one-antenna 
approach highly depends on 𝑒𝑏 = 2, i.e., how well the chamber 
is stirred. 

Considering the robustness of the chamber decay time and 
the fast convergence property of the time domain method, the 
measurement setup can be further simplified by using an 
electrically large conducting cavity, i.e., an RC is not necessary. 
To verify this idea, the paddles of the RC were set stationary, 
therefore, no mode stir was introduced during the measurement, 
and thus the RC would merely act as an electrically large cavity. 
To extract the correct τ of the electrically large cavity, a simple 
source stir was introduced by rotating the turn-table platform. 
Based on the convergence speed of the one-antenna method in 
the time domain, 20 source stir positions was adopted in our 
measurement. The turn-table platform was moved stepwise to 
20 source stir positions (18 degree for each step). A 
double-ridged waveguide horn antenna (SATIMO® SH 2000) 
was mounted on the turn-table platform and connected to port 1 
of a VNA via a cable running through the bulkhead of the 
cavity. The measurement procedure was similar to that in the 
RC. The cavity decay time with and without OUT was 
extracted from 𝑆11. The measurement results are shown in Fig. 
9. As can be seen, the results from the mode stir and source stir 
are in good agreement. The difference is within 4% and the 
whole measurement time for the source stir was about 7 

TABLE I 
COMPARISON OF DIFFERENT MEASUREMENT METHODS 

Measurement 
method 

Number of 
antennas 
needed 

Measurement 
time 

Measurement facility 
needed 

FD two-antenna 
method 

2 approx. 8 
hours 

reverberation 
chamber 

FD one-antenna 
method 

1 approx. 8 
hours 

reverberation 
chamber 

TD one-antenna 
method (mode 
stir) 

1 approx. 7 
minutes 

reverberation 
chamber 

TD one-antenna 
method (source 
stir) 

1 approx. 7 
minutes 

electrically large 
cavity 

 
 

 
Fig. 7 The RMSE with the increase of the number of stir positions for different 
methods. 
 

 
Fig. 8 The convergence behavior of the measured 𝑒𝑏 and ACSFD, 1 @ 4.5 GHz. 

 

 
Fig. 9 The comparison of the measured ACS in the time domain with 20 source 
stir positions and 360 mode stir positions. 
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minutes while the measurement time for the mode stir was 
more than 8 hours, which means that the ACS can be measured 
in the time domain rapidly and accurately. The major 
contribution to the measurement time is the damping time of 
the turn-table platform between the steps and the time of 
transferring data from the VNA to the computer. The 
measurement time of this method is comparable with that of the 
rapid method proposed in [24] and therefore, it is quite suitable 
for applications requiring discriminations between subjects due 
to its high accuracy and short measurement time. It should be 
pointed out that the cavity should be large enough to support 
sufficient cavity modes to ensure enough independent samples 
to be obtained at the lowest frequency of the measurement, or 
the OUT could not fully “submerge” into the field-uniform area 
and the measurement result could be wrong. This is the main 
consideration for the selection of the size of the conducting 
cavity in the measurement. 

V. DISCUSSIONS AND CONCLUSIONS 
In this paper, we have presented one-antenna methods for 

determining the ACS of the OUT in the frequency domain and 
in the time domain. The commonly used RC technique for 
determine the ACS of the OUT requires two antennas and the 
radiation efficiency of the two antennas should be known. In 
this paper, we first presented the one-antenna method in the 
frequency domain which requires only one antenna (with 
known efficiency) by making use of enhanced backscatter 
effect. Thus, the measurement setup was simplified. Then, we 
presented the one-antenna method in the time domain which 
needs no knowledge of the efficiency of the antenna. 
Experimental setup was illustrated and measurement results 
were presented. It seems that the measured ACSs by the three 
methods are in good agreement. We investigated the robustness 
of the chamber decay time and the convergence speed of the 
three methods and found that the time domain method 
converges much faster than the frequency domain methods. A 
rapid and accurate measurement can be achieved in the time 
domain based on this finding by using source stir technique, 
which makes it quite suitable for human absorption and 
exposure measurement. Furthermore, in the time domain 
approach, the RC can be replaced by a suitable electrically large 
conducting cavity, which will greatly reduce the hardware 
requirement.  The method was validated in the RC by setting 
the paddles stationary and the results agree well with that 
measured in the RC using mode stir. The comparison of the 
measurement methods mentioned above is shown in Table I. It 
is demonstrated that the time domain method is much more 
efficient and its hardware requirement is much lower than the 
frequency domain method. 

There are some points that need to be emphasized. Firstly, 
the proposed methods presented in this paper assume that the 
RC was well stirred. When the RC is not well stirred, the OUT 
could not fully “submerge” in the field-uniform area. The 
measured chamber transfer function and chamber decay time 
will be inaccurate, hence the measured ACS will be of 
considerable errors. Secondly, the antennas used in the 
measurement should be of high efficiency in the time domain 

method, i.e., the losses in the RC are dominated by the chamber 
wall loss and OUT loss rather than by the losses of the antennas 
used in the measurement. Otherwise, the power will not decay 
exponentially and chamber decay time cannot be extracted 
correctly. However, in the frequency domain, the antennas used 
do not have to be of high efficiency because the antenna 
efficiency has been calibrated out in the net power transfer 
function. Thirdly, during the measurement, the OUT should be 
set far away from the antennas to avoid the proximity effect 
[25]. Last but not least, the calculation of the ACS requires the 
difference in the net power transfer function (in the frequency 
domain) or the chamber decay time (in the time domain) with 
and without the OUT, as seen in (16) and (20). If the loss of the 
OUT is too small compared with that of the chamber itself, it 
will be very difficult for the chamber to distinguish the 
difference of the loss (i.e., the difference of the Q factors 
between loaded and unloaded scenarios), which will result into 
the inaccuracy of the measurement. However, for most of the 
applications, like the measurement of the human body 
absorption cross section, the loss of the OUT is normally large 
enough for the chamber to see and thus the ACS can be 
accurately calculated. 

Future work may include the application of the proposed 
one-antenna method for real applications, such as the 
measurement of the absorption cross section of human bodies 
in the RC. 
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