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Abstract

Ir. this paper, we design an optimal planar array geometry for maximum side-lobe reduction. The concept of thinned
array is applied to obtain an optimal two dimensional(2-D) planar array structure. First, a 2-D rectangular array with
uniform spacing is used as an initial planar array structure. Next, we modify the initial planar array geometry with
the aid of thinned array theory in order to reduce the maximum side-lobe level. This is implemented by a genetic
algosithm under some constraint, minimizing the maximum side-lobe level of the 2-D planar array. It is shown that
the optimized planar array structure can achieve low side-lobe level without optimizing the excitations of the array

anteanas.
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1. Introduction

Act ve phased array antennas(APAA) for GEO (geos-
tationery orbit) or LEO(low earth orbit) have been
studied and developed for more than ten years. In this
paper, we present the analysis and result of a basic
study on a planar array structure with microstrip patch
antenras for side-lobe reduction. A desired low side-
lobe evel(SLL) can be accomplished by forming a
proper array geometry with uniform excitation of each
array antenna. The excitation includes the amplitudes
and paases of array elements. An optimal non-uniform
spacirg can be also available for reducing the SLL of
a given planar array M3 However, it is difficult to
construct sub-array modules and to implement a simple
array antenna system for the non-uniformly spaced
planar array(NUSPA). In this study, thinned array
theory is applied to form an optimal planar array
structure of uniform spacing, under some constraints. It
is illustrated in [3] that thinning an array means turning
off some elements in a uniformly spaced or periodic
array to create a desired amplitude density across the
apertire. Thinned arrays have been investigated for
several decades in many array antenna fields since
Skolnik et al."! applied dynamic programming to the
design of thinned array. Recently, derivative-free opti-
mizat.on methods, such as simulated annealing(SA) and
genet ¢ algorithm(GA), have drawn much attention for
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this area”""M* While SA use a single agent in search
for an optimal solution, GA has a multi-agent system.
GA is composed of natural evolution mechanism of
SA, random search mechanism, and biological mecha-
nism. Therefore, we make use of the GA in order to
implement thinned array structure. The resulting unifor-
mly spaced planar array(USPA) under some constraints
can accomplish low SLL without optimizing the excita-
tions of each array element. An element pattern is
obtained by circularly polarized microstrip patch an-
tenna.

This paper is organized as follows. In Section II, We

‘describe a field pattern for a circularly polarized

rectangular single patch antenna. In Section III, we
formulate the problem of interest for a USPA. In
Section IV, we describe the pattern synthesis method of
USPA in detail. In Section V, we show a simulation

example. Finally, we draw our conclusions in Section
VL

II. Circularly Polarized Rectangular Microstrip
Patch Antenna

Fig. 1 (a) shows a structure of a rectangular micro-
strip patch antenna and Fig. 1 (b) the top view of the
Fig. 1 (a) with circular polarization. Circular polari-
zation can be obtained if two orthogonal modes are
excited with a 90° time-phase difference between
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Fig. 1. Rectangular microstrip patch antenna.

them!”. As shown in Fig. 1 (b), two radiation field
patterns for the two orthogonal modes, TM%, and

TM%, can be calculated rtespectively as follows!":
Ei( 0,0 )Ei0(8,6)8 +E14(0,8)
Ex6,0)=E20(6,8)§ +E24(6,6)

where,
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The magnitude of the circularly polarized patch an-
tenna is obtained by

VIE (6, 6)+iE, (0, E*(0, ¢)—jEx(0, é)].

. Problem Formulation for Uniform Planar Array

For an odd number of elements, if isotropic array
elements are uniformly distributed along the x-axis and
are symmetric about the array center, the array radiation
pattern over the set of angles 6 1,02,---,81L can be
described as follows:

PID(9,~)=LN mﬁ::lexp[ #(m—1) («k dx(sinf;— sinﬁo)]

-2

U = cos ( x mdx(sin §;— sind,)) + ]1—\, )

where, N is the total number of clement antennas,
is free space propagation constant, dx is inter-element
spacing, @ o is the maximum radiation angle, and M is
given by (N —1)/2. If the linear array is extended to

18

2-D rectangular array lattice along the row and column
directions according to the uniformly located positions
of the linear array elements, the USPA pattern can be
written as follows :

PPy, v)=7\1[7[ 2 nﬁ:lcos(/c mdy - (v— vo))+l]><

3
[2 glcos(/cndx'(u—ug))-i—l] ®

where, u=sinfcos¢@, v=sinfsing, and dy=dx.

In the following section, a pattern synthesis method
to find the most suitable planar array geometry is
derived from the initial USPA given in eqn. (3).

IV. Uniform Planar Array Pattern Synthesis

In this section, to achieve low SLL from the initial
USPA of eqn. (3), a GA is applied to a modification
of the initial rectangular array structure.

GA is stochastic search procedures modeled on the
Darwinian concepts of natural selection and evolution®,
The basic process of the GA is shown in Fig. 2.

The general concepts and applications of the GA in
EM problems have been presented in detail®®' =" n
our case, to formulate a pattern synthesis of the USPA
using the GA, we start with Fig. 3. Fig. 3 shows the
initial N X N rectangular array arrangement.

Generation of initial
population

b 4

Evaluation of a fitness
P function for each
individual

v

Selection

Mating and creating
offspring

h 4

Mutation and
re~cvaluation

Fig. 2. The basic process of a genetic algorithm.
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Fig. . 2-D rectangular array geometry.

As shown in Fig. 3, each array element is symme-
trically positioned along the uniformly spaced rectan-
gular zrid with respect to x-axis and y-axis. Due to this
symmetry, we consider only the outer elements under
the rezion (A) and (B) belonging to the first quadrant,
not wiole spaces, to minimize the computational com-
plexity of the 2-D planar array and to obtain the
symm:trical array structure. The USPA pattern of eqn.
(3) can be written as follows:

p¥-. [ ﬁcos(xmir (2— uo))-l-l]

N
. [2 zlcos(/cmdy‘ (v— vo))+1]

+——[4 2 mgﬂAmncos(/cndx- (u—uy)) - cos( & mdy - (v—uy))
+2 2 cos{ & mdy - (Z/,UO))]

+‘——[4 nﬁﬂ mﬁ A pmcos (& ndx - (u—ug)) + cos(x mdy - (v~ wvy))
+2 mgﬂcos(/cndx- (u—ug))]
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where A, is amplitude weight of element = {1 or 0},
uo=sn6bo cosdo, vo=sinfosingy, and M, O, and R
are given in Fig. 3. A4,,=1 represents the element
status as "on", whereas A4,,, =0 "off". Values for the
parameters of the GA can be represented by a binary
string or real valued string. In this study, we adopt a
binary string because A,» have discrete values, 1 or 0.
The cost function, F, to evaluate the fitness value of
given individuals is defined as follows:

F==02{2010g(|P?|)} for @ = side-lobe region,
and ¢ =0° ~180°. (5)

The procedure for the pattern synthesis of the USPA

using the GA is summarized as follows:

Step 1 : Randomly generate an initial population for
Amn which represent a chromosome con-
sisting of binary string.

: Calculate the maximum SLL(MSLL) using
eqn. (5).

: Rank chromosomes from best to worst,
according to their fitness values obtained
by Step 2, and discard bottom 50 %.
Create new offspring settings from the
selected top 50 % using the crossover
operator.

: Mutate the new offspring based on pro-
bability of mutation.

Iterate Step 2~Step 5 until the fitness
value F is less than a predefined threshold
value.

Step 2

Step 3

Step 4 :

Step 5

Step 6 :

V. Simulation Result

Suppose we have a 23 X 23 rectangular array of mic-
rostrip patch sub-arrays with 2.2 A spacing. Each sub-
array is 2X2 rectangular patch antennas with inter-
element spacing of 1 1. For the circularly polarized
rectangular patch antenna, its overall dimensions are
given in Table 1. To generate an optimal USPA with
low SLL, we modify the initial rectangular array struc-
ture using the planar array pattern synthesis method in
Section IV.

In order to optimize the initial rectangular array with
uniform spacing, we set the R(=Q) value to 7 for the
23X 23 USPA. Fig. 4 shows the resulting USPA with
the MSLL of —22.53 dB for all the azimuth planes ( ¢
=0° ~180° ). From the result of the Fig. 4, we observe
that status variations of only the outer elements, namely
1 or 0, far from the array center can achieve the
improved array radiation pattern with low SLL.

We focus on the constitution of an array shape from
the result of Fig. 4. If a modification is applied to the
optimized USPA of Fig. 4, maintaining the form of the
array as much as possible, the resulting array shape can
be obtained as shown in Fig. 5. From Fig. 5, we

Table 1. Overall dimensions of the rectangular patch.

w 0.3904 cm

L 0.3904 cm

Dimensions h 0.1588 cm
Dielectric constant of &, 2.2

Center frequency | 20 GHz
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Fig. 4. Optimized USPA.

Fig. 5. USPA shape with rectangular lattice.

observe that the resulting array shape is quite different
from an expected circular one.

Side view of the 2 —D planar array pattern for the
array shape given in Fig. 5 is plotted in Fig. 6 as a
function of wu=sinf cose and v=sinf cos¢g. The
MSLL of —20.57 dB is achieved for the array shape
of Fig. 5.

Fig. 7 and Fig. 8 show the total radiation patterns for
the optimized USPA shape at ¢ =0° and ¢ =90°, when
the mainbeam is scanned to (o, #o)=(-5°, 0°),
(0°, 0°), and (5°, 0°), respectively. Finally, MSLLs,
main-lobe levels, and 3 dB beamwidths for the initial
23 X 23 rectangular array and the optimized USPA are
compared and summarized in Table 2 when the main
beams are steered to the three different directions. As
shown in Table 2, it should be pointed out that the
optimized USPA shape can provide low SLL at the

20

u

Fig. 6. Side view of the 2-D planar array pattern.

| i
—— main beam angle=0[degree] |
main beam angle=5(degree}

angle =-5[degree}

elevation angle[degree)

Fig. 7. Total radiation pattern for the optimized
USPA shape at ¢=0°.

—— main beam angle=0[degree]
main beam angle=5{degree]
1| - - main beam angle =-5[degree]

elevation anglefdegree]

Fig. 8. Total radiation pattern for the optimized
USPA shape at ¢=90°.
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Table 2. Comparison of the two planar arrays.

Maximum radiation angle
Clas; Items (40=0")
Bo=~5°| 89=0" | 89=5°
MaXim(;‘];‘“ SLLI 1330 | —13.25 | —13.39
The in tial [dB]
23 x 23 | Main-lobe level
-0. -0.37
rectangular [dB] 0.37 0 0
array/
. 3 dB
beamwidth [ ° ] 0.94 1.0 0.94
Maximum SLL
[dB] -20.831 -20.86| —20.83
The .
optimized Ma‘“‘EZg‘j level| 437 0| -037
USPA
3 dB
beamwidth [ ° ] 1.02 1.08 1.02

expense of a slight beam broadening, compared to the
initial 23 X 23 rectangular array.

VI. Conclusion

In tais paper, an optimization approach is used to
synthesize a planar array pattern with uniform spacing.
In order to reduce the maximum SLL of the initial
planar array, we applied the thinned array theory to
obtain an optimal planar array structure, instead of
optimizing the excitations of the array elements. To
minim.ze the degradation of the aperture power effici-
ency und the computational complexity, a constraint
optimization using the genetic algorithm is applied to a
construction of an optimal array geometry. In com-
parison of the initial 23x23 USPA, an amount of
about 7.5 dB reduction of MSLL is achieved with the
optimized USPA, leading to an increase of approxim-
ately 8 % over the 3 dB main-lobe beamwidth of the
initial USPA. The result shows that the optimized
planar array is not similar to a circular array shape and
can provide lower SLL than the initial rectangular
arrangzment, maintaining the uniform amplitudes or
phases of the excited array antennas.
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