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Abstract: The total cost of the large arrays can be solved by dividing the array into
contiguous subarrays with amplitude and time delay devices at subarray level. This cause
appearance of grating lobes when the beam has been steered to small angle away from
broadside named grating lobes due to uniform subarrays. These grating lobes caused by the
periodicity and the larger spacing between subarrays. If there is a need to steer the main beam
at angle that will be small (limited scan), some methods are used to reduce these grating
lobes. These methods will be optimized using genetic algorithm implemented using
MATLAB. Two approaches used to disrupt the periodicity in the array, so reduction of the
grating lobes can be achieved. Three parameters are optimized simultaneously, the amplitude
weighting at the subarray ports; the number of elements per subarray and the spacing between
elements. The results show that the two approaches reduce the grating lobes upto -9.8 dB for
the first approach and -14.6 dB for the second approach, when steered over small-scan angles,
up to 15° from broadside, after this range grating lobe will appears again and cannot be
reduced.
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1. Introduction

Large antenna arrays are partitioned into subarrays in order to reduce cost through common
use of components or mass production of identical subarrays [1]. Typically, time delay units
for beam steering large phased arrays are placed at the output of a subarray due to the high
cost of placing a time delay unit at each element. Placing amplitude weights and time delay
unit at the subarray ports rather than the elements creates grating lobes [2].

One way to eliminate the grating lobes is to create overlapped subarrays using Butler matrix
or lens feeds. Some examples of overlapped constrained feed networks are found in [2]. The
elements in the subarray can be uniformly weighted or have an amplitude taper that is the
same for all subarrays [3]. Other approaches have tried randomizing the number of elements
within a given subarray [4], rotating the subarray orientation [5], and nonuniformly spacing
the elements within the subarrays [6]. Throw this paper two approaches are used to disrupt the
periodicity in the array.
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2. The Array Divided Into Subarrays
If the array has been divided into M subarrays with N elements in each subarray and
amplitude taper w(m) at subarray level. The array factor will be

M N ) )
S,.(0)=S"w (M) g% (m-DN+n)dsin(0) 1)

where w(m) is the amplitude weight at subarray m, M is the number of subarrays, N is the
number of elements per subarray and d is the uniform distance between elements.

In the previous equation the main beam will point to the broadside direction. If there was a
need to scan the beam, a time delay units should be inserted. These time delay units are placed
at the output of subarrays due to the high cost of placing a time delay unit at each element as
shown in figure 1. The array factor will be

Sa (9) — iw (m )e J K, (M=1)Nd [sin(6)—sin(6, )].NZe jx,ndsin(6) (2)

m=1 n=1

where w(m) is the amplitude weight at subarray m, M is the number of subarrays, N is the
number of elements per subarray, d is the uniform distance between elements and 6o is the
pointing angle. Placing amplitude and phase weighting at the subarray outputs alone causes
grating lobes in the array factor due to the periodicity and the larger spacing between
subarrays.
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Fig. 1 The array divided into contiguous subarrays with
time delay unit to steer the main beam at any angle.

In this configuration, if the beam steered away from broadside, grating lobes will appeared as
shown in figure 2. These grating lobes will be reduced using three techniques:

1. Optimizing the subarray amplitude weights, the amplitude weightings at the subarray
outputs are optimized to reduce the highest SLL/GL.

2. Optimizing the subarray sizes, the randomizing of the number of elements at each subarray
disrupts the array periodicity resulting in the reduction of the peak SLL/GL.

3. Optimizing the spacing between the elements, the nonuniform spacing between elements
also disrupts the array periodicity and consequently reduces the peak SLL/GL.



Paper: ASAT-14-187-AV

These techniques will make reduction of grating lobes up to -14dB for steering to angle 15°
right and left broadside direction as shown in figure 3, so it will be named limited scan.
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Fig. 2 Power radiation pattern of the array factor of a linear 32-element phased array
antenna divided into 8-subarrays with 4-elements in each subarray with uniform
element spacings = )/2 , phased for beam pointing at 6, = 10° from broadside.
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Fig. 3 Power radiation pattern of the array factor of a linear 64-element phased array
antenna divided into subarrays with optimized amplitudes at subarray outputs, number
of elements per subarray and spacing between elements, phased for beam pointing at
0o = 15° from broadside.

3. Genetic Algorithm

A genetic algorithm is an iterative optimization algorithm prepared to emulate the processes
of evolutionary biology. A block diagram for simple genetic algorithm is shown in figure 4
[7]. The genetic algorithm operators are crossover and mutation, our genetic algorithm use
one point crossover and 20% mutation rate. This paper use population decimation as a
selection strategy. The fitness of each individual will be evaluated using the fitness function
which is defined by the maximum relative sidelobe level. The algorithm minimizes the fitness
of the population.
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4. Optimization Results

4.1 Optimizing the subarray amplitude weights and the number of elements
per subarray
By dividing the array into subarrays of unequal sizes and amplitude weighting at the subarray
ports, reduction of grating lobes due to uniform subarray can be achieved, as shown in
figure 5. The total number of elements in the array is given by

M
Ny =2 N(m) ©)
m=1

where Nr is the total number of elements in the array, M is the number of subarrays and N(m)
is the number of elements in subarray m.
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Fig. 4 Block diagram of a simple genetic algorithm optimizer
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The fitness function used in genetic algorithm program will be

. u SNy . i N
iw (m)e]%[(éN(' ))=N (m)]d [sin(6)-sin(6, )] ﬁ)e J.nd sino)
FF =max| 2L =
max (AF) (4)
, 0 <06<0

O first right null O first left null

where w(m) is the amplitude weight at subarray m (first parameter that will be optimized), M
is the number of subarrays, N(m) is the number of elements of subarray m (second parameter
that will be optimized), N(i) is the number of elements of subarray i, d is the uniform distance
between elements will be 0.5\ and 6, angle that the array is steered from broadside.
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Fig.5 An array divided into subarrays of unequal size with amplitude
weights and time delay units at subarray level.

Each subarray starts with minimum number of elements Nemin that is allowed in subarrays, the
remaining elements [Nt - (M X Nemin)] are distributed among the subarrays. Selecting Nemin IS
arbitrary unless certain design constrain exist. In order to take advantage of the efficiencies
offered by subarrays, take Nemin >2. If this minimum number of elements is changed, the
reduction will be affected. Amplitude should be assigned for each subarray.

For example, if an array of 64 elements divided into 16 subarrays of equal number of element
per subarray steered to 14° from broadside, grating lobes will appears. By applying genetic
algorithm for amplitudes at subarray level and number of elements of subarrays for minimum
number of elements per subarray equal to 2, -9.8 dB reductions is achieved as shown in
figure 6. The distribution of number of elements and subarray weights is shown in figure 7.
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Fig. 6 Power radiation pattern of the array factor of optimized array divided
into subarrays with unequal size and amplitude taper at subarray level.

4.2 Optimizing the subarray amplitude weights, number of elements per
subarray and the spacing between elements

A combined approach to disrupt the periodicity in the array is proposed to reduce the grating
lobes. In this approach, three measures are simultaneously used. They are: (1) the optimized
amplitude weighting at the subarray ports; (2) optimize the number of elements per subarray;
and (3) optimize the spacing between elements, more reduction can be achieved. Instead of
uniform spacing of 0.5A between elements, it will be nonuniform spacing, in this case the
maximum disturbance is 0.5X, constrains for minimum number of elements per subarray will
be as previous case. The fitness function is
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Fig. 7 The number of elements in the subarrays and the subarray weights.
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where w(m) is the amplitude weight at subarray m (first parameter that will be optimized), M
is the number of subarrays, N(m) is the number of elements of subarray m (second parameter
that will be optimized), dy, is the distance between subarrays, d, is the distance between
elements in subarray (third parameter that will be optimized) and 6o angle that the array is
steered from broadside.

If spacing between elements are optimized then spacing between subarrays will be changed,
that must be calculated through the program, this spacing depend on number of elements in
that subarray and spacing between them. A reduction of -14.6 dB can be achieved. The power
radiation pattern is shown in figure 8. The distribution of elements in subarrays with
amplitude weighting is shown in figure 9.
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Fig. 8 Power radiation pattern of the array factor of optimized array divided into
subarrays with unequal size, amplitude taper at subarray level and nonuniform
spacing between elements.
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5. Conclusions

For linear array divided into uniform subarray with amplitude and phase weights at the
subarray ports, two approaches used to disrupt the periodicity in the array, so reduction of the
grating lobes can be achieved.

The first approach, two parameters are optimized simultaneously, they are: (1) the amplitude
weighting at the subarray ports; and (2) the number of elements per subarray.

The second approach, three parameters are optimized simultaneously, they are: (1) the
amplitude weighting at the subarray ports; (2) the number of elements per subarray; and (3)
the spacing between elements.

The results show that the two approaches reduce the grating lobes upto -9.8dB for the first
approach and -14.6dB for the second approach, when steered over small-scan angles, up to
+15° from broadside, after this range grating lobe will appears again and can’t be reduced.
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Fig. 9 The number of elements in the subarrays and the subarray weights.
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