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Abstract—The aim of this paper is to present a hybrid
approach for designing focal plane arrays using commercially
available software, considering the fact that the main trade-off
in the EM simulation is the accuracy versus computational power.
The presented approach is hybrid method based on FDTD/PO.
The optimization process, based on the alternating projection
algorithm and projection matrix method, is performed on the
embedded element patterns in order to fit the gain of the complete
system onto the pre-defined mask.

I. INTRODUCTION

During the past two decades, there has been a huge growth
in mobile satellite and radio communication. In parallel with
rapid increase in commercial applications of satellite commu-
nication, high data rate and wide bandwidth are highly de-
manded. Multibeam reflector antennas are attractive candidates
for meeting this demands because they can be launched into
orbit to provide spot beams for different spots on the earth or
communicate with several satellites simultaneously from the
ground. In fact, the need for a more reconfigurable antenna
which is capable of electronic scanning have highlighted the
idea of using focal plane arrays (FPA) instead of popular
horn antennas. This technology combines the advantages of
reflector antenna and phased arrays.

The basic idea has already been investigated in radio astron-
omy. Considering the antenna array in the receiving mode, the
rays in the different directions, focus on the different parts of
the FPA. Therefore by properly sampling of the focal plane
fields of each beam, the field of view for the radio telescope
is enlarged. The same concept can be applied to satellite com-
munication for the next generation of TV satellite receivers to
communicate with several satellites simultaneously. A switch
matrix located behind the FPA switches the signal from the
active sub array to the output and thus, the system complexity
will reduce significantly. Fig. 1 shows the schematic view of
the focal plane array.

Fig. 2 shows the flowchart for the presented approach. The
problem with simulating large reflector antennas is that, it
requires lots of computational power and physical memory.
On the other hand, the feeds which are used can be sometimes
quite complex and simulating the reflector dish with the
same accuracy as the feed array is hard to achieve with the
available hardwares. It is therefore preferred to first simulate
the antenna array in the feed and study the radiation pattern.
The reflector dish serves as the electromagnetic mirror which

Fig. 1. Focal plane array with multibeam capability.

reflects all the fields which are impinging on it into the focal
point, so applying a hybrid method which solves different
parts of the problem with different methods can increase the
computational efficiency. Pervious works for simulating large
reflector antenna includes physical optics-approximation tech-
nique, method of moments(MOM) technique and multi level
fast multi pole method (MLFMM) algorithm. Since the PO-
approximation lacks the accuracy to solve the small scale EM
problems, it can not be used to solve the radiation pattern of
the feed. On the other hand MOM technique is more suitable
for simulating large structures, since it requires excessive com-
putational power. [1] explains the hybrid simulating method
based on MLFMM and MOM approach. The combination of
these two approaches can benefit from high accuracy of the
MOM and the possibility of simulating large EM structures
with MLFMM. This paper provides a systematic description
to interface MATLAB [2] with FEKO [3] and EMPIRE [4] for
designing focal plane array for satellite communications. The
MATLAB file runs and controls the FEKO and MATLAB, then
post process the data to calculate the coefficients for steering
the beam. Nevertheless, the approach presented here can be
generally applied to all the array-fed reflector antennas.



Fig. 2. The flowchart for design process of focal plane array.

II. SYSTEM DESIGN OVERVIEW

The presented algorithm is based on the hybrid FDTD/PO
simulation in which the computational efficiency can be in-
creased by importing and exporting far fields from one model
into another. The antenna array is simulated using commercial
software EMPIRE EXCCel , which uses the finite difference
time domain(FDTD) technique. The FDTD is a full wave sim-
ulation technique which uses tetrahedral meshing. The gener-
ated far-field radiation pattern is imported into EM solving tool
FEKO which offers a MOM-PO hybridization technique for
simulating reflector dish.Then the optimal phase and amplitude
for each element array is determined by post-processing of
the calculated element patterns. The post-processing part is
performed with the MATLAB code which is based on the
intersection approach [5] and projection matrix technique [6].
The calculated radiation patterns after post-processing are
superimposed to form the radiation pattern of the FPA. The
final radiation pattern of the array-fed reflector antenna should
fit into the desired mask. Applying the presented hybrid
approach has several advantages, namely the computational
efficiency will increase, the whole simulation process requires
limited physical memory and also one can take the mutual
coupling between array elements into account.

III. FOCAL PLANE ARRAY

This section describes the focal plane array design for
satellite communication application. The first part explains the
design of a 7× 1 aperture coupled microstrip array operating
at 30 GHz. The second part describes the feed array when it is

Fig. 3. 7x1 aperture coupled microstrip operating at 30 GHz.

located in the focal point of the 60 cm symmetrical reflector
dish.

A. FPA Design

Fig. 3 shows the 7× 1 antenna array for transmitting mode
operating at 30 GHz. Since the distance between elements
is 0.5λ, the resulting area of the module is 46 × 15 mm2.
The aperture coupled microstrip (ACMA)[7] is used as the
element array a multi layer structure. The radiating patch is
on the top and the microstrip feed line is on the bottom
substrate. A slot(aperture) is in the ground plane which couples
the feed line and the radiating patch. An important aspect
of this configuration is the isolation between electronics on
the bottom side and radiating patch in the top side. Fig. 4
shows the return loss for array elements. The main trade-off
in reflector dish design is between scan loss and complexity
of the whole system, namely the higher F/D is required to
minimize the scan loss, but it means that for large steering
angles, either more elements must be used or the distance
between them must be increased. In this paper the element
spacing is 0.5λ. The directivity of the 7 × 1 array is 8 dB.
The far fields produced by the 7 × 1 array is imported in
FEKO. The reflector gis discretized with the triangular meshs
with the edge of λ/10. Fig. 5 shows the boresight gain for
7× 1 aperture coupled microstrip array.

In order to combine FEKO’s electromagnetic modeling
power with MATLAB’s signal processing capability, the re-
quired files are defined in Table I. The MATLAB reads the
calculated fields from EMPIRE, then runs the FEKO with
these data as the point sources. Data written by FEKO for use
by MATLAB is written in the element x, where x varies from
left3 to right3. Fig. 6 displays a flowchart of the EMPIRE-
MATLAB-FEKO software performance.

The following commands run the PREFEKO [3] and FEKO
from MATLAB, using the geometry which is defined in the
the CADFEKO. It is worth to notice that the model is fully



TABLE I
RELEVENT COMPUTER FILES

File name contents
empire.txt ASCII file exported from EMPIRE

Matlab-control.m MATLAB m file
reflector.pre Geometry of reflector and requested fields
pattern.out FEKO output file

Fig. 4. The predicted reflection coefficients for the array elements.

parameterized and can be controlled from MATLAB.

CADFEKO BATCH model.cfx -#var=value
PREFEKO element x > empire.txt
RUNFEKO element x

The lines in PREFEKO that import the text file for the point
source and export the secondary pattern as the output are given
by :

AR :0:2:1:Nθ:Nϕ:1:0:px:py:pz:αx:αy:αz :’File name’
FF :1: NθF : NϕF : 0 : : 0 : 0 : dθ : dϕ : ’FarField’

Table.II describes the parameters in more detail.

TABLE II
DESCRIPTION OF THE USED PARAMETERS FOR PREFEKO CARDS

parameter description
Nθ Number theta points
Nϕ Number of phi points

Px, PY , PZ coordinates for the position of he feed
αx, αy , αz coordinates for the orientation of he feed in degree
File name Address for the imported file
NθF Number of theta points for the generated far-field
NϕF Number of phi points for the generated far-field
dθ, dϕ incremental step for phi and theta

Far Field The name of the output file

FEKO performs the calculation and writes the output to the
element x.out. Then MATLAB can easily read the text file
and perform the post processing.

Fig. 5. The gain of 7× 1 aperture coupled microstrip array .

Fig. 6. Empire-MATLAB-Feko flowchart .

IV. POST-PROCESSING DATA

An important feature of array-fed reflector antennas is com-
munication with several satellites in different orbital positions.
On the other hand, adaptive beamforming offers a possibility
of nulling out interferes. The aim of this section is to find
algorithm in order to fit the gain of the complete system into
the pre-defined mask. The applied approach here is based on
the intersection method [5] and projection matrix algorithm
(PMA) [6]. Alternating projection is the simple algorithm to
calculate the point in the intersection of the some convex sets,



using a sequence of projections onto the sets, see Fig. 7.
Following the guidelines of [8] which introduces a general
approach for projection operator, the gain of the complete
system is calculated for different steering angles. The method
is based on the orthogonal projection of the desired far field
vectors onto the space spanned by the far field intensity vectors
of the array elements. We then apply the PMA in each iteration
of the intersection approach in order to find a result that
satisfies the gain mask and dynamic range of the amplitude
and phase for each of the array elements. Fig. 8 shows the
iterative process.It should be noticed that the value of input
coefficient in PMA [8] for each iteration differs and should
be significantly smaller for higher iterations. One can use the
c(2h) ( C is the arbitrary fraction in the projection matrix
algorithm which is typically 1

2 or 1
4 [8] )as the empirical

formula. According to the algorithm presented in [5] the
pattern synthesis will be the result of the computation of the
pattern which belongs to the intersection of the two sets BM
and Bc. The set BM includes all the patterns which satisfy
all the pattern requirements. The set Bc deals with constraints
on excitations. The requirement on the mask can be stated
mathematically as below

M ≡ {ML ≤| G(θ, ϕ) |≤MU} . (1)

Where ML and MU are respectively, lower gain mask and
upper gain mask. G(θ, ϕ) is the calculated gain of the system.
The same concept can be applied to the excitations [5]. Due
to the matrix implementation of the intersection approach, the
post-processing is computationally efficient. It must be noted
that the gain of the off-axis antenna drops compared to the
bore-sight antenna. Increasing F/D improves the gain for
larger steering angles. The same approach can be applied for
placing the null in the desired direction. Fig. 9 compares the
gain of the complete system (7×1 aperture coupled microstrip
in front of 60 cm dish and F

D = 0.4) for ideal coefficients.
Fig. 10 shows the result for a 1.5 degrees offset beam in the
ϕ = 0 plane. Table III shows the required coefficients. The
current feed with 7 linear elements is capable of scanning in
±3 degree in the ϕ = 0 plane. Higher f/D ratio results in less
scanning loss, However it also limits the scanning capability.
For larger steering angles either more elements must be used
or the distance between the elements must be increased. One
can observe that by steering the main beam to 1.5 degree,
deteriorates the sidelobe performance of the system.

TABLE III
AMPLITUDE AND PHASE INFORMATION FOR 1.5 DEGREE OFF-AXIS BEAM

DIRECTION

element amplitude [dB] phase [degree]
element left3 0.42 147
element left2 0.54 161
element left1 0.46 149

element center 0.51 175
element right1 0.16 26
element right2 0.1 -141
element right3 0.03 -289

X1

X2y1

X
*y2

BC
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Fig. 7. The first few iterations of the alternating projection approach.

Fig. 8. The representation of the iterative projection method.

V. CONCLUSION

We have successfully developed a hybrid approach for
designing focal plane arrays which generally can be applied to
array-fed reflector antenna problems. By dividing the problem
into different sections and analyzing each section with a com-
putationally efficient approach, the complete design process
is computationally efficient for large array-fed antennas struc-
tures. The approach also takes into account mutual coupling
between array elements. In order to fit the gain of the complete
system into the pre-defined mask the data post-processing has

Fig. 9. The gain of the complete system for bore-sight direction



Fig. 10. The gain of the complete system for 1.5 degree off-axis direction.

been performed based on the intersection approach. The matrix
implementation of the problem helps designers to reduce the
computational burden and impose different constraints to the
desired solution. The disadvantage is neglecting the blockage
effects of the array.
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