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Abstract  An efficient method combining the 
finite-difference time-domain (FDTD) method and 
genetic algorithm (GA) is proposed for the 
reverberation chamber (RC) optimization. In this 
method, the GA is utilized to optimize the 
parameters of RC model built by the FDTD 
method, such as the stirrer position and stirrer 
shape. Since the application of GA in the RC 
optimization and the RC model is automatically 
varied along with the optimization process, this 
method improves the accuracy and efficiency of 
the RC optimization. In addition, the influence of 
transmitting antenna position on the field 
uniformity around the lowest usable frequency is 
also investigated by this method. This method has 
been verified by comparing with the experiment 
results. 
  
Index Terms  Field uniformity, finite-difference 
time-domain, genetic algorithm, reverberation 
chamber, stirrer, and transmitting antenna.  

 
I. INTRODUCTION 

The reverberation chamber (RC) is an 
electrically large and highly conductive enclosed 
cavity used for electromagnetic compatibility 
(EMC) measurements. Mechanical stirring is the 
most common technique used in the RC in order to 
produce fields that are statistically uniform and 
isotropic, and is accomplished by using rotating 
stirrers, which are made up of metal paddles inside 
the chamber. Consequently, the stirrer plays a key 
role in defining the RC performance. More 
precisely, the field uniformity inside the chamber 
can be enhanced by optimizing the stirrer position 

and stirrer shape. In [1], the optimization of the 
stirrer shape is investigated to improve the field 
uniformity of the RC. In [2, 3], the optimal stirrer 
position is found by studying the influence of 
different stirrer positions on the field uniformity of 
the RC. However, the optimal stirrer shape in [1] 
is chosen from the finite stirrer shapes given by 
the authors, and the optimal stirrer position in [2, 
3] is chosen in the same way. Thus, since the 
optimization mechanism is artificial selection, the 
accuracy of the optimization results is limited, and 
the really optimal stirrer shape or the stirrer 
position may not be precise.  

In order to improve the optimization accuracy, 
an efficient RC optimization method is proposed 
in this paper, which combines the FDTD method 
with the genetic algorithm (GA). Based on the 
standard deviation of the electric filed inside the 
RC, the GA is utilized to optimize the parameters 
of the RC model built by the FDTD method, such 
as the stirrer position and stirrer shape; thereby the 
optimization accuracy is improved. Furthermore, 
this method makes the RC model automatically 
varied along with the optimization process, which 
saves time and workload. In addition, the 
eigenmode density (number of modes per 
frequency interval) is low and the performance of 
the RC is not good when the RC operates around 
the lowest usable frequency (LUF) [4]. The 
transmitting antenna position will also slightly 
affect the performance of the RC, but there is less 
attention to this point. In this contribution, the 
influence of transmitting antenna position on the 
field uniformity around the LUF is also 
investigated by using our proposed method. 
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II. MODELING OF REVERBERATION 
CHAMBER 

Numerical modeling of the RC is a very useful 
tool to analyze the electric field. The obvious goal 
of the simulation would be the complete design, 
evaluation, and optimization of the RC until all 
target specifications are met prior to physical 
construction. The RC test systems are designed to 
cover a broad frequency range. For a broad 
simulation response, frequency-domain methods, 
such as the method of moments (MoM) [5, 6] and 
the finite element method (FEM) [7], are at a 
disadvantage compared to time-domain methods 
such as FDTD [8, 9], the finite-volume time- 
domain (FVTD) [10], and the transmission line 
matrix (TLM) method [11]. While the latter 
requires only one simulation run to calculate the 
field in a large frequency band with the use of a 
Fourier transform, the former necessitate one 
simulation at each frequency point. 

After evaluating the pros and cons of different 
numerical methods, we use the 3-D FDTD method 
as it is suited to the determination of all resonance 
frequencies and field properties in a frequency 
band. The RC model in this study is a rectangular 
cavity with dimensions 10.5 m × 8.0 m × 4.3 m 
(length × width × height), which is identical with 
the prototype RC. The first resonance frequency of 
the RC with this size is 24 MHz, and the LUF can 
be evaluated by multiplying the first resonance 
frequency by a constant whose value varies 
between 3 and 6 [12, 13]. Hence, the LUF of the 
RC analyzed in this paper is between 72 MHz and 
144 MHz. Since the performance of the RC is poor 
around the LUF, it is of interest to optimize the 
performance of the RC around the LUF. 
Therefore, we have chosen to study the frequency 
band from 80 MHz to 150 MHz. The transmitting 
antenna model is a log-periodic operating between 
60 MHz to 2 GHz, and a Gaussian pulse up to 300 
MHz in the frequency domain is excited by this 
antenna. According to the FDTD principles 
defined in [14], the space and time increments are 
set equal to h = 0.1 m and t = 1.710-10 s, 
respectively (the space step is assumed to be the 
same for the three directions). In order to reduce 
the simulation time, an ideal wall is considered 
and air losses can be used to replace wall losses 
[8]. For the RC in this paper, the conductivity of 
the air is σ = 210-5 S/m obtained from the 

experimental analysis, and 25,000 time steps are 
needed to ensure that the FDTD algorithm 
converges to the steady state. In Fig. 1 the 
temporal electric field z-component signal (x = 5.0 
m, y = 6.9 m, z = 2.15 m) reaches the equilibrium 
after 25,000 time steps. 
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Fig. 1. Temporal electric field z-component signal 
inside the RC. 
 

Figure 2 shows the internal structure of the 
prototype RC, with a log-periodic antenna, the 
horizontal stirrer, and the vertical stirrer. Since 
fifty angle positions may be required for the lower 
frequencies according to [15], the model needs to 
run fifty separate times for each investigated 
stirrer. The horizontal and vertical stirrers are 
stepped in fifty positions (10  5) in interleaved 
mode in this paper. 

 
 

Fig. 2. Photo of the reverberation chamber 
prototype, showing a part of the horizontal stirrer 
on the right, the vertical stirrer, and a log-periodic 
transmitting antenna. 
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III. OPTIMIZATION PROCESS 
Many empirical criteria and the classical 

statistical laws characterizing the RC electrical 
behavior have been proposed to ensure satisfactory 
functioning of the RC [16-20]. The standard 
deviation measurement is usually used to evaluate 
the field uniformity [15, 19]. In this case, the 
standard deviation σr (with r = x, y, z) of the eight 
maximal values over a stirrer rotation of each field 
component (Ermax) calculated at eight points within 
the working volume, and the standard deviation 
σ24 of Ermax of three field components (24 values) 
are calculated, respectively (a more detailed 
presentation of calculating the standard deviation 
can be found in [15]). According to the norm 
IEC61000-4-21 [15], the smaller the standard 
deviation is, the better the field uniformity is. 
Furthermore, the σ is much easier to be used to 
evaluate the performance of the RC, since 
comparing several sets of graphs by eye, such as 
those depicted in Fig. 3, is very difficult. Hence, 
the σx, σy, σz and σ24 are taken as the objective 
functions, and the σ is defined as the average 
standard deviation over frequencies 80 MHz  150 
MHz in this paper. 
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Fig. 3. Standard deviation of the RC model. 

 
By letting the fitness function F = σx  σy  σz  

σ24, the multi-objective optimization problem 
becomes a single-object problem. Again, the field 
uniformity is getting better with the decrease of F. 
The GA is used to optimize the field uniformity of 
the RC model. The specific optimization process is 

as follows: (1) Generating an initial population of 
the optimization variables defining the 
transmitting antenna position (the stirrers shape or 
the stirrer position). The population size is 30. (2) 
Every individual of the optimization variable is 
assigned to the RC model, and the model is 
calculated by the FDTD method. (3) Calculating 
the fitness function F. (4) Selection takes place, 
where a stochastic universal sampling (SUS) is 
applied to select the quality individuals. (5) 
Crossover is followed, where a uniform crossover 
is applied to make individuals matched pairs in a 
crossover probability Pc that is 0.8. (6) Mutation, 
Gaussian mutation is applied to make the selected 
individuals stochastically vary gene in a mutation 
probability Pm that is 0.1. (7) The condition of 
termination; if the generation t is less than the 
maximum generation 30, program jumps to step 
number (2), or else the individual with the 
minimum fitness is exported. 

It should be noted that the RC model is 
automatically modified by the program after the 
optimization variable is assigned to the RC model, 
which saves time and workload. 

 
IV. OPTIMIZATION RESULTS 

The transmitting antenna position, the stirrer 
shape, and the stirrer position are optimized by 
using our proposed method, respectively. The 
optimization variable is set as follows: (1) The 
coordinates of the transmitting antenna tail x = a, y 
= b, z = c, are the optimization variables when the 
antenna position is optimized, as shown in Fig. 4. 
(2) The angle  and  between the paddles are the 
optimization variables when the stirrer shape is 
optimized, as shown in Fig. 4. (3) The distance d1 

between the horizontal stirrer and the right wall of 
the chamber is the optimization variable when the 
stirrer position is optimized, as shown in Fig. 5 
(N.B. the reason why the horizontal stirrer position 
is only optimized is that the vertical stirrer takes 
too much space and has to keep a distance from 
the transmitting antenna, so the range of the 
vertical stirrer position is small). (4) The a, b, c, , 
, and d1 are the optimization variables when the 
global RC is optimized. 
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Fig. 4. Drawing of the RC model showing the 
horizontal stirrer with ‘V’ angle  on the right, the 
vertical stirrer on the left with ‘<’ angle  and the 
transmitting antenna. The x = a, y = b, z = c, are 
the coordinates of the transmitting antenna tail. 
The working volume is x∈[2.9, 7.0]; y ∈ [4.3, 
9.5]; z∈ [1.0, 3.3]. 
 

 
 
Fig. 5. Platform of the RC model, where d1 is the 
distance between the horizontal stirrer and the 
right wall of the chamber. 
 

Table 1 contains the optimal values of the 
optimization variables. From Table 1, it can be 
seen that the optimal values of the optimization 
variables when optimizing the global chamber are 
different from the optimal values when optimizing 
the transmitting antenna position, the stirrer shape 

and the stirrer position independently, which 
shows that the optimal values of these parameters 
are interactional.  

It is well known that the stirrer shape and the 
stirrer position affect the field uniformity of the 
RC. However, as shown in Fig. 6, the transmitting 
antenna position also affects the field uniformity 
around the LUF, but relatively slightly compared 
with the stirrer shape and the stirrer position. 
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Fig. 6. Fitness functions versus individual number 
of the first generation. 

 
Table 2 shows the optimization results. The 

results in Table 2 verify that the optimization 
improves the field uniformity of RC, but the 
improvement is small by optimizing the 
transmitting antenna position, and a much greater 
improvement in field uniformity is achieved by 
optimizing the stirrer position or the stirrer shape, 
which shows that the field distribution inside the 
RC is more sensitive to the stirrer. 

 
 
Table 1:  Optimal and initial values of the optimization variables. 

 a/m b/m c/m d1/m /° Ө/° 
Initial  5.72 2.20 1.13 1.20 128.30 90.00 

Optimal antenna position  6.43 2.43 1.87 － － － 
Optimal stirrer position － － － 4.25 － － 
Optimal stirrer shape  － － － － 168.23 146.54 

Optimal the global RC 6.35 2.26 2.08 3.33 127.48 161.62 
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Table 2:  Optimization results.  
 σx/dB σy/dB σz/dB σ24/dB F/dB 

Initial 2.35 2.37 2.30 2.46 9.48 
Optimal antenna position 2.33 2.31 2.27 2.32 9.23 
Optimal stirrer position 2.19 2.21 2.17 2.17 8.74 
Optimal stirrer shape 2.16 2.15 2.14 2.18 8.63 

Optimal the global RC 2.09 2.07 2.10 2.12 8.38 
 

 
V. VERIFICATION OF THE 
OPTIMIZATION METHOD 

The optimization method is verified by 
optimizing the transmitting antenna position to 
save the experiment resource. The field uniformity 
of the RC (see Fig. 1) is measured separately when 
the transmitting antenna is at initial and optimal 
positions. The horizontal and vertical stirrers are 
moved in 10  5 positions, in interleaved mode, 
using a stepper motor that is controlled by 
computer software. An optical fiber transmission 
field strength meter EMR-200 produced by Narda 
STS is used to measure the electric fields at the 
eight positions within the working volume. 

Table 3 shows the standard deviation obtained 
from the measurement data for both the optimal 
and the initial position of the transmitting antenna. 
There is an improvement of 0.17 in the value of F 
between the optimal and the initial transmitting 
antenna position, which shows that the 
optimization does improve the field uniformity of 

the RC although, the modeled optimization results 
predicted a slightly larger improvement of 0.25 
(see Table 2). The differences between the 
simulation and experiment results can be 
explained by the numerical dispersion of the 
FDTD scheme. Moreover, the differences could be 
reduced by using a more accurate mesh.  

In addition, from the optimization results 
separately obtained by experiment and simulation 
(see Tables 2 and 3), we can note that, although 
the optimization does improve the RC’s 
performance, the margin of improvement is not 
excessive by modifying only those six parameters 
(a, b, c, d1, , and  ), especially the transmitting 
antenna position. Using this optimization method 
proposed in this paper, a much greater 
improvement in performance could be achieved by 
modifying more complex parameters that affect 
the design of the stirrer, rather than keeping the 
basic shape the same and searching for the best 
angles.

 
Table 3: Optimal and initial transmitting antenna position measurement results. 

 σx/dB σy/dB σz/dB σ24/dB F/dB 
Initial 2.23 2.27 2.19 2.30 8.99 

Optimal 2.17 2.18 2.23 2.24 8.82 
 

 
VI. CONCLUSION 

By applying the GA in the RC optimization 
design, an efficient RC optimization method is 
presented which improves the RC optimization 
accuracy and saves time and workload. 
Measurements have been performed to verify that 
the optimization within the GA does actually 
produce an improvement within a real chamber. 
The optimization results of simulation and 
experiment show that the field uniformity of the 
RC has been improved by optimizing the 
transmitting antenna position, the stirrer shape and 
the stirrer position, and the improvement obtained 

by optimizing the stirrer is larger compared with 
optimizing the transmitting antenna position.  

Although the optimization does improve the 
RC’s performance, the improvement is small by 
modifying only those six simple parameters (a, b, 
c, d1, , and ). As we all know, the larger the 
rotation volume of stirrer and the more complex 
the stirrer structure, the better the RC’s 
performance. Consequently, in the future work, on 
the basis of the constant working volume, some 
more complex parameters that affect the design of 
the stirrer (e.g., the rotation volume and structure 
of the stirrer) could be optimized by using the 
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optimization method proposed in this paper, 
instead of keeping the basic shape the same and 
searching for the best angles.   

In addition, since the performance of the RC is 
poor around the LUF, the performance of the RC 
around the LUF (from 80 MHz to 150 MHz) is 
investigated in this paper. When the RC operates 
around the higher frequency of the RC, the RC’s 
performance will also be improved by 
optimization, but the improvement will be 
relatively small since the eigenmode density is 
high and the RC’s performance is inherently good 
at high frequency. Consequently, it is of small 
significance to optimize the RC at high frequency. 
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