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Abstract

In this paper a pattern synthesis method based on Evolu-
tionary Algorithm is presented. A Flat-top beam pattern
has been generated from a concentric ring array of isotropic
elements by finding out the optimum set of elements am-
plitudes and phases using Differential Evolution algorithm.
The said pattern is generated in three predefined azimuth
planes instate of a single ¢ plane and also verified for a
range of azimuth plane for the same optimum excitations.
The main beam is steered to an elevation angle of 30° with
lower peak SLL and ripple. Dynamic range ratio (DRR) is
also being improved by eliminating the weakly excited ar-
ray elements, which simplify the design complexity of feed
networks.

1. Introduction

The scanned shaped beam has a wide range of applications
in radar and satellite based communications. These shaped
beams faced the problem of high side lobe and ripple. The
concentric circular ring array antenna (CCRA) is very effi-
cient to steer the beam patterns, which enables to increase
the capacity in directional communication systems. Vari-
ous techniques have been reported in the literature as given
below [3-8].

Azevedo proposed a technique to generate shaped beam
patterns from a linear array antenna through the control
of nonuniformly samples of the array factor, both in am-
plitude and phase based on Fast Fourier Transform (FFT)
[3]. By minimizing the First Null Beam Width (FNBW)
and peak side lobe level (SLL) the best beam directivity
has been obtained by Wooh and Shi to determine the opti-
mum transducer parameters [4] and also investigated that
the inter-element spacing and the number of elements plays
an important role in determining transducer performances.
Mandal et al. generates shaped beams from concentric ring
array antenna using discrete excitations in a range of pre-
defined ¢ planes with zero elevation angle [5]. Reyna et al.
described the design procedure of steerable concentric rings
array for low side lobe level using Genetic Algorithm [6].
A new steerable reflector which can electronically steer a
reflected beam over +/ — 40° in two dimensions for both
polarizations have been proposed and implemented [7] by
Sievenpiper et al. A different approach proposed by Mandal
et al. for generating shaped beams (Flat-top and cosec?)
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Figure 1: Geometry of concentric ring array Antenna

have been carried out using Differential Evolution Al-
gorithm, which improves the dynamic range ratio by elimi-
nating weekly excited array elements [8].

2. Problem Formulation

In this paper the peak SLL and ripple of the steered Flat-top
beam pattern in three different planes of (6y = 30°,¢p =
0°), (fo = 30°,¢ = 15°) and (g = 30°, = 30°) are
reduced by finding out the optimum set of elements ampli-
tudes and phases using Differential Evolution (DE) algo-
rithm [9-12]. Scanning any beam from an array requires
progressive phase gradient considered as 30°. Patterns are
also generated in three arbitrarily chosen azimuth plane us-
ing same excitations, where the pattern retains their shape
with some minor variations. Weakly excited array elements
are removed (or turn off) from the optimized array without
distorting the obtained pattern to achieve better Dynamic
Range Ratio (DRR).

A concentric ring array of isotropic elements shown in
Fig. 1 is considered. The far field pattern of the array
scanned to a specified angle can be defined as [1,2,6].
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where, M= number of concentric rings;
N,,=number of isotropic elements in m-th ring;
I, excitation amplitude of mn-th element;

rm radius of the m-th ring;

d., inter element arc spacing of m-th circle;

k = 27 /), represents wave number;

A is the wave length;

0, Elevation and azimuth angle;

Pmn= Z"T” is the angular location of the mn-th element
with, 1 <n < N,,, and

(0o, o) = steering angle.

Table 1: Ring radius and number of elements per ring

M 1 2 3 4
Ny, 5 10 15 20
rm(A) 03979 0.7958 1.1935 1.5915

The fitness function of the Flat-top beam pattern for this
approach is defined as:

F(p) = kx{peakSLL? ~ pea (AFT5(0, ENF + ke x A
2

where, A is defined for Flat-top beam pattern as:
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In equation, 2 and 3 ¢ € (0° to 30°) at # = 30° plane.
p is the unknown parameter set responsible for the de-
sired beam patterns. Which is defined as follows:

1<m<Mandl <n<N,
“)

peakSLL? are the desired value of peak SLL for Flat-
top beam pattern. A is the sidelobe region for the pattern.
Dyg (0, ¢) is the desired pattern shown in Fig. 2 at ¢ =
0°,15° and 30° plane. The range of ; for Flat-top beam
pattern is —15° 4 6, to 15° + 6, .

k1 and k5 are the weighting factors. The fitness function
has to be minimized by finding out optimum set of ampli-
tudes and phases using Differential Evolution (DE) Algo-
rithm.

p= {Imn7 amn} ;

3. Differential Evolution Algorithm

Differential Evolution Algorithm (DE) is one of the best
population based evolutionary Algorithm introduced by
Storn and Price in the year of 2005, which is able to find out
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Figure 2: Desired scanned Flat-top beam pattern

true global minima with less control parameters and faster
convergence. After a randomly initialization and generation
in D dimensional search space three main steps involved
in DE Algorithm are [8-12] namely Mutation, Crossover
and Selection. In Mutation process mutant vector V; ¢ is
generated corresponding to the target vector X; . Dur-
ing crossover operation the trial vector U; ¢ is generated
using mutant vector V; ¢ and target vector X; . Finally,
in Selection process the objective function values are com-
pared with each trial vector and those produces the best fit-
ness function retain for the next generation. These steps
are being repeated till the predefined value of generation,
results the best solution of the objective function in the cur-
rent population (Xpest,@)-

Pseudo code of Differential Evolution Algorithm (DE)

1. Initialize G = 0 and rand (X; ¢)
2. Compute Xpest, ¢ until G > Giaq
2.1 initialize 1 = 1

22 Vieg = Xpest.c + F.(Xr1.6 — Xr26)
23 Ujic = Vji,q, whererand(0,1) < CR
otherwise, z;; a
2.4 check f(U;.q < f(X; ¢ if yes
goto24.1else2.4.2
241 fWUic) = f(Xict1))
242 Xic=Xic+
2.5 check i = NP, if yes go to 2.5.1
else go to 2.5.2
2.5.1 G=G+1
252 i=1i+1
3. Loop back to step 2.2

The population size, scale factor (F'), and crossover
rate (CR) of DE are chosen as 50, 0.8, and 0.2 re-
spectively [8—12],. The DE scheme used in this paper
is “DE /best/1/bin” with maximum iteration number of
5000.
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Figure 3: Scanned Flat-top patterns after removing the
weakly excited elements from the array (a) ¢ = 0° (b)
@ =15 (c) ¢ = 30°

4. Simulation Results

A concentric ring array of 50 isotropic elements with 0.5\
inter-element spacing has been considered (Figure 1).

Table 2: Desired and obtained result for scanned Flat-top
pattern in predefined ¢ planes

0, © Design Flat-top Pattern
(Degree) (Degree) Parameters Desired Obtained
— 00 Peak SLL (dB) -15.00 -14.2675
Y= A (dB) 0.00 9.8496
Peak SLL (dB) -15.00 -13.5942
o — o
30 p=15 A (dB) 0.00  9.5019
_ 300 Peak SLL (dB) -15.00 -13.15
Y= A (dB) 0.00 9.8783
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The number of elements present in each ring with their
respective ring radius is given in Table 1. Figure 2 and
Figure 3 depict the desired and obtained Flat-top beam
pattern in all predefined azimuth planes considering the
scanning angle of 30° respectively.

—_

=
(=l

=
=

=
(3]

Normalized Amplitudes
=
(=)

1 L3

0
X [in terms of a]

-1.5

Phases in degrees
=
i

P
—_
[n]
[m}

0
Y[irlter‘msl:lf:l.]1 1.5

g 05 1
X [in terms of 1]

M -15 !

Figure 4: Optimum excitations (a) Amplitudes and (b)
Phases

The design specification of steered Flat-top beam pat-
tern with its corresponding desire and obtained results are
given in Table 2. From Table 2 it can be observed clearly
that the peak SLL for all three predefined azimuth planes
are very much closer to its desired value.

Optimum values of excitation for the array elements
obtained using the DE algorithm are presented in Table 3
where the elements having amplitudes less than 0.04 con-
sidered as 'of f’, by making impedance equal to the source
impedance of the fed elements resulting improvement in
DRR level. The obtained values of normalized amplitudes
having a range in between 0.0125 to 1 provide the DRR
level 80. Whereas, by making the elements ‘of f’ having
amplitudes less than 0.04, the range of amplitudes are now
become 0.059 to 1 results improved DRR level 16.949 with-
out distorting the shape of the beam. Thus simplify the de-



Table 3: Amplitudes and Phases of the Array Elements

Ring Normalized Phases
No. Amplitudes in Degrees
| 0.603, 0.969, 0.992, 162.72, -180.00, 177.12,
©1.000, 0.860, -161.64, 178.20,
1.000, 0, 1.000, 166.68, 0, 99.36,
’ 1.000, 1.000, O, -176.04, 177.48, O,
©0.141, 0.834, 1.000, 180.00, 180.00, -180.00,
0.970, -180.00,
1.000, 0, 0.524, -180.00, 0, 179.28,
0, 1.000, O, 0, 11376, 0,
3. 0.321, 1.000, 0.997, 167.40, -87.84, 180.00,
0, 1.000, O, 0, 180.00, O,
0.229, 0.629, 0.371, -76.32, -180.00, 119.16,
0.985 0.544 0.999 5436 -45.00 12.60
0.354 0.999 0.258 54.00 -180.00 142.56
0.059 0.452 0.982 -115.56 1296 -48.60
4. 1.000 0.075 0.107 45.00 3132 123.84
0.720 0930 O 35.64 114.84 0
0.549 0.271 0.467 -168.84 324  37.80
0.262 0.063 -73.44 -154.08
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Figure 5: Optimized array after removing weekly excited
elements (green represents “on’ and red “off™)

sign complexity of feed networks (less number of attenua-
tors and phase shifters are required). Figure 4(a) and Fig-
ure 4(b) depicts element wise normalized amplitudes and
phases respectively.

After eliminating weakly excited array elements the
modified array geometry is shown in Figure 5. The excita-
tions are also being verified by considering three arbitrarily
chosen azimuth planes (¢ = 7.5°,22.5°and 35°) presented
in Figure 6 where the steered beam pattern has been gener-
ated with some minor variations with respect to its desired
parameters illustrated in Table 4.
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Figure 6: Scanned Flat-top patterns in arbitrary planes (a)
@ ="T7.5%(b) p = 22.5° (c) p = 35°.

Table 4: Obtained results for scanned Flat-top pattern in
arbitrary  planes

0, %) Design  Flat-top Pattern
(Degree) (Degree) Parameters Obtained
_ 750 Peak SLL (dB) -16.2995
L A (dB) 11.3549
Peak SLL -13.2957
— o — o
0o =30° ¢ =22.5 A (dB) 10.8354
_ 350 Peak SLL -11.46
v= A (dB) 14.3837




From Table 4 it can be observed that for an arbitrary
angle of 7.5° which is in-between the range of predefined
plane 0° to 15° has a value of peak SLL —16.2995 dB and
ripple (A) 11.3549 dB where as for the arbitrary angle of
22.5° the value of peak SLL and ripple (A) are —13.2957
dB and 10.8354 dB respectively which is adequate to its
desired value but for an arbitrary angle of 35° which is be-
yond the pre defined range of azimuth plane (¢ = 30°)
the obtained peak SLL and ripple are far deviated from its
desired value. The convergence curve of DE algorithm has
been given in Figure 7.
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Figure 7: Convergence curve of Differential Evolution Al-
gorithm (DE).

5. Conclusions

Synthesis of a Flat-top beam pattern of concentric ring array
antenna for a scanning angle of 30° has been proposed and
assessed using Differential Evolution algorithm. This pat-
tern has been generated in three predefined azimuth planes
instead of any particular ¢ plane. Optimum excitations
used for generating the Flat-top beam pattern are also veri-
fied for three arbitrarily chosen azimuth angles to illustrate
that those excitations are useful not only in some prede-
fined ¢ planes rather a range of azimuth plane. For syn-
thesis of Flat-top beam patterns; side lobe and ripple are
minimized by minimizing properly formulated fitness func-
tion using evolutionary Algorithm. Dynamic Range Ratio
(DRR) have also been improved by turning off the weakly
excited array elements. The presented method can also be
applied to synthesize other array geometries.
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