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Abstract — A hybrid FEM-GO method is proposed and
a new CAD tool based on it is developed for anechoic
chamber simulation. The proposed method can deal
with a chamber with arbitrary shape and arbitrary
layout of radio absorbing material. The normalized site
attenuation values are simulated and match the
measurement results well. It is shown that the proposed
method is an efficient and effective way for chamber
design and simulation.

Index Terms — anechoic chamber, finite element
method, geometric optics, normalized site attenuation.

L. INTRODUCTION

Anechoic chambers have been widely used for
antenna, radar and electromagnetic compatibility
(EMC) measurements and tests. There are three key
figures of merit to characterize the performance of
anechoic chambers: normalized site attenuation (NSA),
field uniformity (FU) and site voltage standing wave
ratio (SVSWR) [1-2]. Normally, before a chamber is
handed over to the customer, an evaluation test from an
independent third-part is necessary. If the test fails to
pass the required standards/specs, modifications have to
be made which is both time consuming and cost
ineffective. Thus a prediction of the chamber
performance during the design process is needed to
ensure a good safety margin to pass the requirements.

However, the design of chambers is difficult and
heavily dependent on the designer’s experience [3]. The
radio absorbing material (RAM) is normally expensive

and its size is closely linked to its performance and
cost. There is a trade-off between the performance and
cost, a better RAM (better absorption rate) normally
means more expensive and a larger RAM size. The
objective of this paper is to develop an efficient and
systematic approach for the anechoic chamber
designers to estimate the chamber performance
accurately during the design process. The ultimate goal
is to minimize the cost (optimize the layout of the
RAM) and to maximize the chamber performance.
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Fig. 1. Comparison of different CEM methods; PO:
physical optics, SBR: shooting bouncing ray, GO:
geometric optics, MLFMM: multilevel fast multipole
algorithm, FDTD: finite-difference time-domain, FEM:
finite element method, MoM: method of moment.

A number of computational electromagnetics
(CEM) methods have been used for chamber simulation
which can be mainly categorized into two classes: full-
wave method and high frequency approximation
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method. The mesh type, complexity and the electrical
size for different methods are summarized in Fig. 1,
where N means the number of freedoms/unknowns.

For the full-wave method, transmission line matrix
(TLM) [4], MoM/FEM (method of moment/finite
element method) [5] and FDTD (finite-difference time-
domain) [6] have been used to simulate this study.
Because the size of chambers is normally electrically
large, even with a high performance computer, large
electrical size problems with complex material
scenarios are not easy to solve due to the required large
memory and time consumption. Another issue is, in the
full-wave method, the detailed material property
distribution (as a function of the frequency and depth)
should be known, and the antenna 3D structures need to
be defined. In the design process, these details may not
be completely available.

For the high frequency approximation method,
such as the geometric optics (GO) has been proven to
be a fast and efficient way to simulate this problem [7-
12]. However, the RAM model directly determines the
accuracy of the simulated result. The RAM reflectivity
has been characterized by using analytical models
which include: a cosine approximation [8], an effective
medium [13], a homogenization model [14] and a
multi-layer model [9]. Thus, the RAM is not fully
described and a simplified analytical model over a wide
frequency range and a wide incident angle is normally
not available. The complexity of the analytical model
also reduces the speed of GO, because the reflected
field needs to be calculated using complex equations or
an iterative method.

In this paper, we hybridize a full-wave method
(FEM) and a high frequency method (GO) to realize a
systematic approach for the chamber design. In the
micro level, the RAM is analyzed using the FEM. By
using the periodical boundary condition (PBC) only one
RAM element needs to be analyzed. After the FEM
analysis is completed, the reflection coefficients of the
RAMs are saved in a database. The GO is used to
simulate the whole chamber which is electrically large;
the local reflection coefficient will be extracted from
the database obtained from the FEM. Thus the FEM
and the GO are combined seamlessly. Finally, the
simulated results are verified by measurements
completed by an independent third party.

II. THEORY
In this section, the proposed hybrid method is
introduced with essential details.

A. GO

It is well known that in the GO, the electric field is
assumed to propagate like light as shown in Fig. 2. At the
boundary of different materials, the wave is reflected and
transmitted.

The E-field at the field point can be expressed as
[15-16]

E=E, {1_[ R} {1_[ T} {1—[ erii} . SF. (1)

where A, and A in Fig. 2 are the cross-sectional area of
the ray tubes at the source point and field point of
interest, they will be used to calculate the spreading
factor (SF = \/A_O /\A). EO is the E-field at the source

point (reference point), E is the E-field at the field point.
[IR; and [IT; are the reflection and transmission
coefficient dyads along the whole ray path, [Te i is
the total phase variations and losses along the whole
path.

Fig. 2. Wave propagation in GO.

In the anechoic chamber simulation, only reflections
are considered. Thus equation (1) can be simplified as

F=§,- {1_[ R} {1—[ e~} SF. @)

where R relates the incident field E¥ and reflected field
E" as
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Fig. 3. Decomposed incident and reflected waves.



When the GO is applied to the anechoic chamber
scenario, as shown in Fig. 4, the rays between the
transmitting (Tx) antenna and the receiving (Rx) antenna
need to be found out [17]. Once the routes of the rays are
known, the incident angles are known, equation (3) will
be used to calculate the reflected field. Finally, the vector
superposition is performed at the Rx antenna to calculate
the total E-field.

There are issues to be carefully treated. When the

ray is launched from the Tx antenna, an initial E-field EO
needs to be determined. This requires the radiation
pattern of the antenna to be known, we consider the
radiation pattern as a function of (6,¢), then an
interpolation is implemented for an arbitrary launching
angle.

Another issue is that R needs to be determined; we
may have different RAM types in a chamber. Since the
reflection coefficient is a complex number, and it is
related to the incident angle, frequency and polarization.
It is noted in equation (3), R includes four elements: Ry,
Ry1, Ryjand Ry, they can be considered as a function
of incident angle and frequency R;; = R;;(0,¢,f) (i, j
can be || or 1). We use a 3D matrix to save each element
in the database. In the next section, the FEM is used to
obtain the R(0, ¢, f) for different type of RAM. The
workflow is shown in Fig. 5, we use the triangular
surface mesh in the model described by .stl file [18].

RAM 2

Fig. 4. GO rays in an anechoic chamber with four
different types of RAM.
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Fig. 5. The workflow of the FEM-GO.
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B. FEM analysis

The FEM analysis is performed before the rays are
launched, and only need to be analyzed once for each
material. All the data obtained from the FEM simulation
will be saved in a database/matrix which will be used by
the GO.

It should be noted that the reflection coefficient R
can be obtained from measurement using the arch
method [19]. It can also be obtained from simulation; the
simulation model in the FEM is shown in Fig. 6. By
applying the PBC, only one unit cell needs to be
analyzed [20]. For each incident angle, two orthogonal
incident waves/modes need to be analyzed, shown in Fig.
7. Frequency sweep is adopted for each incident angle.
When all the simulation/measurements are finished, Ris
ready. Since we can only simulate some discrete incident
angles, for an arbitrary incident angle, the reflection
coefficient can be obtained using interpolation.
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Fig. 7. Two orthogonal incident waves/modes.

A typical value of R at 3 GHz is shown in Fig. 8
(magnitude) and Fig. 9 (phase) with different incident
angles. A 5° step is used for both 6 and ¢ directions, for
other values 2D interpolation is used, note that at the
edge of the figure (large incident angle) the transition is
not very smooth, this is because we have used the nearest
available value to interpolate it.
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Fig. 8. Typical magnitude values of each element of R,
unit: dB.
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Fig. 9. Typical phase values of each element of R, unit:
degree.

C. NSA definition

After the FEM-GO analysis is finished, the NSA
values can be extracted from the E-field distribution. The
test scenario is shown in Fig. 10. The measurement
distance is can be 3 m, 10 m or 30 m, depending on the
relevant standards. The radiation power is assumed to be
1 W and the NSA value can be obtained from [21]

NSAzp = 46.76 + Gain(dBi) — 201log(f)
—2010g(Emax) - 4)

where f'is the frequency of interest in MHz, E,,,,, is the
maximum magnitude of the electric field strength in V/m
at the location of receiving antenna by scanning the
height from 1 m to 4 m.

«4— Measurement distance
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+H' Height=1m

Scan height
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Fig. 10. NSA measurement setup.

II1. SIMULATION AND MEASUREMENTS

The simulation and verification for an ideal
chamber has been done and a very good agreement has
been obtained in [22]. In this paper, we compare the
simulated results and the measured results for a real
chamber.

The size of the selected chamber is 9 m X 6 m X 6
m (L X W x H). It is shown in Fig. 11(a) which is a
semi-anechoic chamber for EMC tests and the
simulation model is given in Fig. 11(b). Three different
types of RAMs are used which are shown in different
colors. Triangular meshes are used to represent the
chamber, the mesh number is 70.
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Fig. 11. (a) Test chamber and (b) the simulation model.

The test scenarios are shown in Fig. 12 and listed
in Table 1. Four different locations of the Rx antenna in
the turntable region are tested: left (L), right (R), front
(F) and center (C). At each location, there are two
height values and two polarizations for the Tx antenna.
These makes 2 X 2 X 4 = 16 cases in total.
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Fig. 12. Test scenarios with Tx and Rx antenna.



Table 1: NSA test scenarios

Polarization Height Tx Position
Center (C

Horizontal (H) | Lower (L) enter ()
Front (F)
Right (R

Vertical (V) | Upper (U) Lfft (L())

The simulation time for each scenario is around 2
minutes on a standard personal computer; the memory
consumption is around 600 MB. The rays between the
Tx and Rx (two height values) antennas are shown in
Fig. 13.
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Fig. 13. (a) Rx antenna height is 1 m; (b) Rx antenna
height is 4 m.

A typical result is shown in Fig. 14, the limit in the
CISPR standard [1] is also given in the same figure. As
can be seen, they are in a very good agreement. We
have also compared the NSA values of all 16 cases, all
the errors are in the range of +2 dB.

IV. CONCLUSION

A systematic approach has been proposed in this
paper for anechoic chamber performance prediction and
analysis, which combines both the full-wave method
(FEM) and the high frequency approximation method
(GO). It has been shown that the proposed method is
efficient and accurate for the anechoic chamber
simulation and suitable for real work chamber design.
The results from simulation and measurement show that
the error was smaller than +2 dB over the whole
frequency range.

It should be noted that although GO is very fast,
prepared data from the FEM is needed. To obtain R at
different incident angle, polarization, frequency is time
consuming. However, this kind of simulation/arch
measurement needs to be done only once. After it is
finished the data can be reused, which saves much
computing time compared with other methods.

Future work may include more detailed research on
different kinds of chambers (e.g. tapered, compact
chambers) and the limitation of the hybrid method.
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Fig. 14. Simulated and measured NSA values for the
lower height, left Tx antenna position in Table 1. (a)
horizontal polarization; (b) vertical polarization.
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