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This paper presents a comparison between three evolutionary algorithms (EAs) for pattern synthesis of offset reflector antenna
fed by a planar array of horn antennas. To perform the optimization process, an elliptical-shaped beam in the U–V plane
(U ¼ sinu cosw and V ¼ sinu sinw) is considered as the desired far-field radiation pattern. To attain the appropriate exci-
tation value for array elements, three conditions are considered: (1) variable amplitude (with uniform phase distribution),
(2) variable phase (with uniform amplitude distribution), and (3) variable amplitude and phase excitation. Obtaining the
appropriate excitation value based on the mathematical methods is always complicated and time-consuming. Therefore,
genetic algorithm (GA) and particle swarm optimization (PSO) as two well-known EAs have been used widely for different
applications and shown the promise to solve complicated problems. This paper compares these two EAs with invasive weed
optimization (IWO) which is robust and has simple and powerful process with few tuning parameters. We found that for
pattern synthesis of multi-feed reflector antenna in different conditions, IWO can provide accurate and comparable
results with GA and PSO methods at approximately same iteration number. The convergence diagrams as well as the opti-
mized radiation patterns for different conditions are presented and compared for GA, PSO and IWO.
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I . I N T R O D U C T I O N

Pattern synthesis of antenna with different methods such as
large phased array antenna, shaped beam reflector antenna,
and multi-feed reflector antenna (MFRA) has been provided
for different applications such as satellite communications
and astronomy [1–5]. Pattern synthesis of phased array
antenna in [1] showed several restrictions such as using a
lot of elements to achieve desired gain and sidelobe level, com-
plexity of beam-forming network, and weight of radiation box.
For pattern synthesis of shaped reflector antenna fed by a
single antenna element, surface of the reflector was deviated
to achieve the desired radiation pattern, which is expensive
and increase the complexity of implementation [2]. MFRA
has been used widely for pattern synthesis problems. Due to
several advantages of MFRA such as ease of fabrication,
better cross-polarization, and frequency reuse, they can be a
good candidate for satellite communication systems [3–5].
Also, offset reflector antenna has negligible blockage effect
with respect to the simple parabolic model. Thus, MFRA
with offset parabolic reflector attracts attention based on its
merits for pattern synthesis applications [4].

In order to find appropriate excitation value (amplitude
and/or phase) for each array elements of MFRA, different
mathematical methods can be used [6, 7], which are time-
consuming and difficult to perform for complicated problems.
Therefore, two evolutionary algorithms (EAs) have been used
widely for pattern synthesis of reflector antennas, called
genetic algorithms (GAs) [8–10], and particle swarm opti-
mization (PSO) [11, 12]. Recently, invasive weed optimization
(IWO) with simple, powerful, and robust process for array
antennas has been suggested [13]. Also, Foudazi et al. [4, 5]
discussed some aspects of the IWO method and presented a
brief comparison between IWO and two other methods, GA
and PSO.

In this paper, MFRA with an offset parabolic reflector
antenna is used to provide a comparison between these evolu-
tionary methods for the pattern synthesis problem. Three dif-
ferent conditions are considered: amplitude-only, phase-only,
and amplitude–phase optimization. The desired radiation
pattern is an elliptical-shaped beam in the U–V plane. The
radiation pattern of MFRA is calculated using physical optic
(PO) illumination of the reflector surface. Generally, PO is
an approximate method and does not include the edge-
diffracted field. The PO field is known to be very accurate in
the main beam and the first few sidelobe regions. However,
in contour beam pattern synthesis, the shaped beam pattern
is at the main beam and the sidelobe is not taken into
account for the pattern synthesis. Also, the desired elliptical-
shaped beam pattern in the U–V plane covers small portion
of u angle in the U–V plane with complete coverage in the
w direction (08–3608). For example, point (0.05, 0) in the
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U–V plane corresponds to the (2.88, 08) in the u–w plane
which is at the main beam.

In order to calculate the far-field radiation pattern of the
MFRA with offset parabolic reflector antenna, a commercial
electromagnetic simulation package, FEKO, is used [14].
The excitation values of the array elements are tuned by
Edit-FEKO. The convergence diagram as well as radiation pat-
terns in the U–V plane for IWO are compared with two other
well-known EA methods, GA and PSO, for the pattern synthe-
sis of reflector antenna.

I I . R E F L E C T O R A N T E N N A D E S I G N

MFRA consists of a reflector antenna which is fed by a planar
array of horn antennas, shown in Fig. 1. The reflector antenna
is an offset parabolic reflector antenna with D ¼ 22l, H ¼
10l, and F ¼ 16l where D is the diameter of the offset para-
bolic reflector antenna, H is the offset height of the reflector,
and F is the focal point of the initial reflector with diameter
of Dp (Dp ¼ 2D + 2H ¼ 64l). Array elements are placed at
(xf–yf) plane at focal point of the reflector antenna and
rotated toward the center point of offset parabolic reflector
with angle of cC. One of the advantages of MFRA with para-
bolic offset reflector is that the feed network illuminates the
reflector surface from the offset to prevent the blockage
problem. In equations (1–4), the general relationships
between the angles and D, H, and F are presented.
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Based on these equations for the feed array network, cU ¼

90, cL ¼ 35, cC ¼ 67, and cB ¼ 62.5 are achieved.

Each array element has 10 dB gain with waveguide diam-
eter of 0.68l, flare length of 0.6l, aperture diameter of 0.9l,
and spacing (center to center) of l with the next element in
both xf and yf directions. The feed network consists of 25
horn antennas with rectangular lattice of 5 × 5 at center fre-
quency of 10 GHz. The excitations value of the feed network
should be optimized to achieve the desired radiation
pattern. The desired radiation pattern is an elliptical-shaped
beam in the U–V plane. In equations (5) and (6), the defini-
tions of U and V are given.

U = sinu cosw, (5)

V = sinu sinw. (6)

I I I . O P T I M I Z A T I O N M E T H O D S

Three conditions, amplitude-only, phase-only, and ampli-
tude–phase optimizations, are considered for pattern synthe-
sis of the desired elliptical-shaped beam. To achieve the
desired radiation pattern, the differences between the calcu-
lated and desired patterns are minimized. To compare differ-
ent evolutionary algorithms for the pattern synthesis problem,
the error equation or cost value should be defined. Generally,
this value is calculated by root-mean-square (RMS) of differ-
ences in samples [4]. Then, the initial parameters of GA, PSO,
and IWO should be defined properly.

Basically, GA is inspired from the biological behavior of
genes and their evolution for the next generations. In this
paper, the tournament method for mating and the uniform
crossover method for providing binary chromosomes for off-
spring are chosen based on [9].

Also, PSO is based on particle swarm to find the source of
food. For the PSO, the speed of the swarms are define as equa-
tion (7), where w is the inertial weight, P is the personal best, G
is the global best, c1 is the cognitive rate, c2 is the social rate,
and Vmax is the maximum velocity. Random behavior for
the swarm movements are added using random parameters
of h1 and h2 based on [9].

Vt = wVt−1 + c1h1(Pt−1 − Xt−1) + c2h2(Gt−1 − Xt−1). (7)

IWO, as a new EA method, is based on the ecology and
biology of weeds in nature. In IWO, provided seeds for the
next iteration for each flowering planet are spread based on
its standard deviation. This parameter is defined based on
equation (8) and shows that the provided seeds spread
closer to their parents as the number of iteration increased
[4]. In this equation, ni is the number of iteration, N is the
total iteration, m is the non-linear modulation index, Smin

and Smax are the minimum and maximum numbers of pro-
duced seeds, and Pmax is the total number of produced seed
after initial iteration. The standard deviation for the
maximum number of 50 iterations with initial and final devia-
tions of sini ¼ 0.1 and sf ¼ 0.001 is presented in Fig. 2. Based
on equation (8), the standard deviation changes linearly for
m ¼ 1. Although m ¼ 2 converged faster than m ¼ 1, the
convergence speed is slow and takes long time to find the
best result due to wide distribution of seeds at the intermediate
stage. Moreover, m ¼ 4 converged very fast and cannotFig. 1. Offset parabolic reflector antennas fed by an array of horn antennas [4].
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explore appropriately during the convergence. Thus, m ¼ 3
can be a good number for fast and accurate convergence of
IWO [13].

si = 1 − ni

N

( )m
× (sini − sf ) + sf . (8)

For each number of iteration, the error value is calculated
based on the RMS value of the differences between the
desired and optimized radiation patterns. The value is calcu-
lated based on equation (9).

Cost =
�������������������������������
1
L

∑
(Gi(u, f) − Gd(u, f))2

√
, (9)

L = Lu × Lf, (10)

which Gd (u, w) is the desired radiation pattern and Gi (u, w) is
the optimized radiation pattern in iteration of ni. Also, L is
described in equation (10), which is based on the number of
total samples in the u and w planes to calculate the differences
between desired and optimized radiation patterns. In order to
compare these three methods, the maximum number of itera-
tions for GA, PSO, and IWO are the same and fixed at N ¼ 50.
The maximum number of iteration is the number that the
process of optimization is stopped irrespective to the RMS
value of error.

I V . R E S U L T S A N D D I S C U S S I O N

A) Amplitude-only
To initiate the optimization algorithms, the initial population
is 40 with the total number of 50 iteration (N ¼ 50). The
initial search areas for these three optimization methods are
considered to be the same to be able to compare them based
on their performance. While the same number of populations
is chosen, the comparison is based on the speed of conver-
gence with the same initial space and dimensions. In [4, 5]
and [15], the comparison between different evolutionary

Fig. 3. Cost diagram of MFRA with GA, PSO, and IWO for the
amplitude-only optimization.

Fig. 4. Optimized radiation pattern of MFRA with GA, PSO, and IWO for the amplitude-only optimization (Gd(u, w) is dashed line and Gi(u, w) is solid line).

Fig. 2. Standard deviation of the IWO algorithm for m ¼ 1, 2, 3, and 4 with
sini ¼ 0.1, sf ¼ 0.001, and N ¼ 50.
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methods were presented based on the same initial population
size. Initial populations were chosen randomly with the same
size and dimension for each method. Also, it is considered that
the population size is 40 after the initial iteration. The dimen-
sion of the optimizer program for the feed network with 5 × 5
elements is 25 (only 25 amplitudes). Thus, 40 different points
in a 25-dimensional space is created for each iterations and
changes in [0–1] to find appropriate amplitude excitation.
For PSO algorithm, the main parameters are c1 ¼ 2, c2 ¼ 2,
w ¼ 0.9, h1 ¼ 0.99, h2 ¼ 0.99, and Vmax ¼ 0.1. The main
parameters of IWO algorithm are m ¼ 3, Smin ¼ 0, Smax ¼

5, sini ¼ 0.1, and sf ¼ 0.001. In Figs 3 and 4, the optimization
results are presented. As shown in Fig. 3, the final RSM error
values based on equation (9) for L ¼ 133 samples (L ¼ Lu ×
Lw) are around 0.28 for PSO and IWO and 0.24 for GA.
The PSO, IWO, and GA converged after 8, 12, and 17 itera-
tions, respectively. As depicted in Fig. 4, initial (i ¼ 1) and
final (i ¼ 50) iteration results for GA, PSO, and IWO are pre-
sented. The radiation patterns of GA, PSO, and IWO are
acceptable at the final iteration. For the amplitude-only

optimization, good radiation pattern for synthesis of simple
elliptical-shaped beam of MFRAs is achieved for IWO.
Although PSO and GA have been used widely as accurate
optimization processes, IWO shows promise to be an applic-
able and accurate method for pattern synthesis problems with
simple algorithm and few tuning parameters.

B) Phase-only
In this section, phase of 25 fed antennas is considered to be
optimized to achieve the desired simple elliptical-shaped
beam in the U–V plane. To initiate the optimization algo-
rithms, the initial parameters for GA, PSO, and IWO are
the same as the previous section, while the phase changes in
[0–360] for optimizations process. In Fig. 5, the convergence
diagram of phase-only optimization for MFRA with GA,
PSO, and IWO is presented. It is shown that the RSM value
of error between desired and calculated radiation patterns at
L ¼ 133 samples becomes converged around 0.4 after about
half of iterations (around 25 iterations). The GA and PSO
become converged after 40 iterations. Also, it is obvious that
IWO converged after 34 iterations. As presented in Fig. 6,
the radiation patterns of GA, PSO, and IWO are acceptable
at the final iteration. For phase-only optimization, it is
obvious that IWO converged at 0.36 and provides good radi-
ation pattern for synthesis of simple elliptical-shaped beam for
MFRA. Also, in comparison with amplitude-only optimiza-
tion, it is clear that the results of amplitude-only converged
at smaller error than phase-only optimization. In other
words, it means that better results can be achieved using amp-
litude optimization than phase optimization. The capability of
the IWO method shows the promise of having robust, simple,
and accurate method for phase optimization of array
antennas.

Fig. 5. Cost diagram of MFRA with GA, PSO, and IWO for the phase-only
optimization.

Fig. 6. Optimized radiation pattern of MFRA with GA, PSO, and IWO for the phase-only optimization (Gd(u, w) is dashed line and Gi(u, w) is solid line).

568 seyed mohammad alavi and ali f. naini

https://doi.org/10.1017/S1759078714000853 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078714000853


C) Amplitude–phase
In this section, the amplitude and phase of 25 fed antennas is
considered to be optimized to achieve the desired radiation
pattern. To initiate the optimization algorithms, the initial
parameters for GA, PSO, and IWO are the same as the first
section. The dimension of the optimization space is 50 in
this case, whereas in the two previous conditions it was 25.
In Fig. 7, the convergence diagram of amplitude–phase opti-
mization for MFRA with GA, PSO, and IWO is presented.
It is shown that the RSM value of error between desired and
calculated radiation patterns at L ¼ 133 samples becomes
converged around 0.25 before reaching half of iterations
(around 20 iterations). Although PSO converged sooner
than IWO, but IWO error is less than PSO. In addition, GA
is converged later than IWO with worse error values. The
PSO and GA become converged after 18 and 27 iterations,
respectively. Also, it is obvious that IWO converged after 22
iterations. As presented in Fig. 8, the radiation patterns of
GA, PSO, and IWO are acceptable at the final iteration. For

amplitude–phase-only optimization, it is obvious that IWO
converged at 0.36 and provides good radiation pattern for syn-
thesis of simple elliptical-shaped beam of MFRAs.

V . C O N C L U S I O N

Comparisons between GA, PSO, and IWO for pattern syn-
thesis of reflector antennas fed by planar array of horn
antennas are presented. Using the PO method, the surface
of offset reflector antenna is illuminated. The desired radi-
ation pattern is an elliptical-shaped beam in the U–V
plane. These three evolutionary algorithms (EAs) are used
to find good guess for excitations value of feed network
based on the minimizing the error value between the
desired, Gd(u,w), and the calculated radiation pattern,
Gi(u,w). Moreover, three types of excitation named as
amplitude-only, phase-only, and amplitude–phase optimiza-
tion for antenna elements of feed network are used. The
results of the convergence diagram as well as simulated
radiation patterns during the optimization process are pre-
sented and compared with each other. It is obvious that
the results of the amplitude-only are almost the same as
results of the amplitude–phase optimization. However, the
amplitude–phase optimization has bigger dimension in opti-
mization space than amplitude-only. Also, the phase-only
optimization results are worse than amplitude-only and
amplitude–phase optimization. It is shown that the IWO
algorithm which is a new and simple optimization method
with few parameters can provide good and comparable
results with two other well-known optimization algorithms,
GA and PSO, in all three conditions and shows the promise
that it can be a good candidate for complicated electromag-
netic problems.

Fig. 7. Cost diagram of MFRA with GA, PSO, and IWO for the amplitude–
phase optimization.

Fig. 8. Optimized radiation pattern of MFRA with GA, PSO, and IWO for the amplitude–phase optimization (Gd(u, w) is dashed line and Gi(u, w) is solid line).
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