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ABSTRACT: Conventionally, the thinning process in antenna arrays was performed at the element level with random selection after
examining all the possible combinations. Thus, the computational time of such thinned methods was relatively high. Reducing the
undesirable high computational time of great interest. In this paper, the thinning process is performed at subarray level rather than element
level, thus, the computational time and array complexity were significantly reduced while minimizing the peak sidelobe level (PSLL).
The optimization process consists of two steps where in the first step the array elements are portioned into a number of nonuniform
ascending subarrays, while in the second step some of the least significant subarrays were turned off. Moreover, two schemes were used
to portion the array elements. The first one is based on portioning all the array elements into ascending subarrays. This is known as fully
nonuniform ascending subarray configuration since the entire array elements were portioned into smaller unequal groups. The second
one is based on portioning only part of the elements located at the sides of the array, while leaving the central elements individually
without any partition. This is known as partially nonuniform ascending subarray configuration. The genetic optimization algorithm is
used to find out optimally which subarrays need to be thinned (or turned off) by setting their excitation amplitudes to zero. The simulation
results for a total of 100 elements linear array illustrate that the PSLL, in the full subarray configuration, can be minimized to more than
−33 dB by thinning 5 subarrays. The complexity reduction percentage was 72% before thinning, and it becomes 82% after thinning.
On the other hand, the PSLL in the partial subarray configuration was reduced down to more than 30 dB by thinning 4 subarrays at each
side of the array. In this case, the complexity reduction percentage was 52% before thinning, and it becomes 60% after thinning. The
number of individual central-elements on both sides of the array was 26, and the number of subarrays on both sides of the array was 22.
Furthermore, the idea of the thinned subarrays was successfully extended and applied to the two-dimensional planar arrays of 100× 100
elements.

1. INTRODUCTION

Large antenna arrays with unit-amplitude excitation weight-
ing possess many good radiation characteristics such as di-

rective beam patterns and narrow beam widths. They also have
some undesirable features such as high sidelobes. Convention-
ally, tapered-amplitude excitation weighting was used to reduce
undesirable sidelobes. Consequently, a large number of trans-
mitting/receiving (T/R) units are needed to built proper feeding
and divider networks where each element needs independent
T/R units, and each of these units consists of a digital variable
attenuator and phase shifter which are expensive. Thus, the im-
plementation of such tapered-amplitude excitation weighting is
complex and costly. Their designs’ computational times are
also long. One common approach to reduce the array com-
plexity is by using subarrays instead of its element counter-
part [1, 2]. Surely, subarrays need lower number of T/R units
by connecting the output of each of them into a single T/R unit,
and thus a considerable reduction in the feeding system can be
obtained. However, the array performance may be affected un-
der such a subarray design [3, 4]. Therefore, there was always
a tradeoff between array performance and its complexity [5].
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Consequently, many researchers have suggested different types
of subarrays to get acceptable compromise between these two
factors [6–10]. It is worth to mention that this topic is still an
active research line in the antenna array design community [11].
On the other hand, the formulation of subarrays can be either
in regular portions or irregular ones. Usually regular subarrays
are associated with emerged undesirable grating lobes, while
the irregular subarrays are not. Thus, the irregular subarrays
are more preferable than the regular ones.
The irregular subarray method which was used to portion

and simplify the large antenna arrays can be further processed
by turning off some of the least significant (or useless) subar-
rays. More importantly, the optimization process can be car-
ried out on the level of subarray excitation weights calcula-
tion which is far lower than the level of the individual element
excitation weights. Subarray weights can be optimized under
specific user-defined constraints. Imposing such constraints on
the resultant array radiation patterns leads the array synthesis
process to nonlinear problem, which requires efficient global
optimization techniques. Thus, various evolution algorithms,
such as genetic algorithm (GA) [12–14], differential evolution
(DE) [1], and particle swarm optimization (PSO) [15] have
been used to solve this nonlinear problem. The sparse restric-
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tions such as convex and compressed sensing were also used to
solve this problem [16–18].
In this paper, first the ordinary linear arrays are portioned ei-

ther fully or partially into a number of nonuniform ascending
subarrays. In the fully nonuniform ascending subarray configu-
ration, all the array elements are portioned into smaller irregular
subarrays. Thus, the computational time and array complexity
of such configuration can be greatly reduced, while its radia-
tion features may be most distorted. On the other hand, the par-
tially nonuniform ascending subarray configuration is based on
portioning only part of the array elements that located at the
sides of the array whereas the central elements remain indi-
vidually intact. Thus, its computational time and complexity
are compromised with respect to its radiation features. Next,
to maintain the radiation features of these two configurations
undistorted, some desired boundary constraints can be enforced
on their array patterns to keep them within the required enve-
lope. Note that the thinning process is performed at the subarray
level rather than element level, thus, the computational time and
array complexity can be significantly reduced while the peak
sidelobe level (PSLL) is minimized. Then, genetic optimiza-
tion algorithm is used to optimally find out the least significant
subarrays that need to be thinned (or turned off) by setting their
excitation amplitudes to zero while preserving the array per-
formance. Finally, the proposed linear subarray configurations
were successfully extended to large two-dimensional planar ar-
rays.

2. THE PROPOSED THINNED SUBARRAY CONFIGU-
RATIONS
In this section, the performance of the fully and partially
nonuniform ascending subarrays are demonstrated under thin-
ning process at the subarray level.

2.1. The Fully Non-uniform Ascending Subarray Configuration
Consider a linear array of N even radiating elements that are
distributed uniformly with inter-element spacing equal to d
along the x-axis. Its normalized far-field array factor, AF, can
be written as

AF (u) =
∑N/2

n=1
wn cos

[
2n− 1

2
kdu

]
(1)

where wn is the complex excitation coefficient of the nth ele-
ment, while An and pn represent the amplitude and phase of
wn; k is the wave number and equal to 2π/λ; λ is the free
space wavelength; d is the inter-element spacing between any
two successive elements; u = sin(θ), θ is the elevation angle
of the main beam in the desired radiation pattern. Note that the
array elements are distributed equally and symmetrically about
the centre of the array, thus, only half of the array elements can
be considered. To proceed with the fully nonuniform ascend-
ing subarray configuration (FNAS), all the array elements are
portioned into a number of irregular subarrays equal to S, and
the resultant far-field array factor can be written as

AF (u)FNAST =
∑S/2

s=1
Cs |Ws|

∑N/2

n=1
αsn |wn|

cos
[
2n− 1

2
kdu

]
(2)

where αsn is a binary vector that contains only ones and zeros
as

αsn =

{
1, if nth element is belong to sth subarray
0, otherwise

(3)

where wn and Ws represent the element distribution ampli-
tudes and subarray distribution amplitudes at both element and
subarray levels, respectively. The sub-vector Cs contains an
optimized subset of random ones and zeros that will be used
to decide which subarrays are in the active state (ON) or in
the passive thinned state (OFF). To find the optimized values
as well as the best combinations of αsn, Ws, and Cs, a ge-
netic optimization algorithm is used. More details on this op-
timization procedure can be found in [19]. To relax the opti-
mization process with such a high number of the design vari-
ables, we used a two-step optimization process. In the first step,
the element distribution amplitudes, |wn|, of N elements array
for n = 1, 2, ..., N/2 are first optimized under some desired
boundary constraints that may be imposed on the radiation pat-
tern to get a referenced fully optimized linear array with limited
sidelobe level and beamwidth. Then, in the second step, each
subset of the optimized element distribution amplitudes that be-
long to a specific active subarray, Cs, was averaged to get the
optimized value of the subarray distribution amplitudes,Ws.
Generally, the optimized element distribution amplitudes,

wn, that responsible for generating low sidelobe patterns have
the highest magnitudes at the array center and gradually de-
creases toward the array ends. Such envelope’s variation should
be preserved with the configured subarrays to maintain the
sidelobe levels within desired limit. To do this, subarrays are
formed in ascending order where the first one starts with two
elements only, while the second one contains three elements
and so on. After averaging the excitation amplitudes of the ele-
ments within each subarray, the resulting subarray distribution
amplitudes, Ws, will best approximates the original distribu-
tion amplitudes at the element level, wn. In other words, Ws

represents the discretization form of the wn. Finally, turning
off some of the least significant subarrays may affect neither
the array performance nor the sidelobe levels. The least signifi-
cant subarray represents the one that has a quantized level equal
or close to another one in the subarray distribution amplitudes.
Fig. 1 shows the portioned subarrays in the FNAS with thinned
subarrays that are highlighted with white color boxes. To main-
tain the overall array aperture unchanged and consequently the
array beam width pattern, the first and last subarrays on each
side of the array were excluded from the thinning process.

2.2. The Partially Nonuniform Ascending Subarray Configura-
tion
In this configuration, the subarrays are formed from the outer
elements of the original linear array such that the central ele-
ments are left individually without any partition. Fig. 2 shows
the configuration of the partially nonuniform ascending subar-
rays with thinned subset elements.
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FIGURE 1. Right side of the subarray distributions using FNAST.

FIGURE 2. Right side of the subarray distributions using PNAST.

The main advantage of this configuration is its capability to
provide a compromise tradeoff between array performance and
array complexity. The normalized far-field array factor of this
configuration can be written as:

AF (u)PNAST =
∑M/2

m=1
Hmbm cos

[
2m− 1

2
kdu

]
+
∑S/2

s=1

Cs |Ws|
∑N/2

n=n−M+1
2

αsn |wn| cos
[
2n− 1

2
kdu

]
(4)

where bm is the nonoptimized unit-amplitude weighting distri-
bution (i.e., bm = 1 for m = 1, 2, ...,M/2) for all the central
and individual elements, andHm is a unity sub-vector that con-
tains a set of one values to always activate the central individual
elements.
For both configurations, the sidelobe level and beamwidth of

their array patterns are controlled via the following user-defined
boundary constraints (BCC)

Cost function = 20Log10min
∑P

p=1

|AFSC (up)− BCC(up)|2 (5)

where AFSC is the array factor of subarray configurations either
according to (1) for full subarray configuration or (2) for partial
subarray configuration, and p = 1, 2, ..., P are the examined
sample points between these two patterns to get the minimum
least-square difference between them. In other words, the cost
function minimizes any excess magnitudes of the APSC(up) lo-
cated outside the user-defined constraint limits.

3. SIMULATION RESULTS
In order to demonstrate the effectiveness of both proposed con-
figurations of fully and partially nonuniform ascending subar-
rays under thinned subset elements, several scenarios are tested.
In all scenarios, the genetic algorithm is adopted in the opti-
mization process under the following specifications: the num-
ber of populations was 30; the mutation rate was 0.16; and a
single-point crossover selection was used. Moreover, the el-
ements excitation amplitudes were only used in which their
phases were set to zero. The total number of linear array el-
ements is selected to be 100 (meaning that 50 elements on each
side of the array will be portioned into proper subarrays). The
number of elements in each formed subarray is arranged in an
ascending order where the first subarray contains only two ele-
ments, then the second one contains three elements, and so on.
Thus, the number of elements in each of the successive subar-
rays is S = 2, 3, 4, and 5. This pattern is repeated for the other
parts of the array to cover the whole array aperture.
In the first scenario, all the radiating elements in the orig-

inal linear array are divided into a set of subarrays arranged
in ascending order according to the full subarray configuration
method. After that, the least significant subarrays were thinned
or turned off such that the array performance is not much af-
fected. The complexity reduction (CR) percentage in the array
feeding network can be calculated as:

CR% =[
Total number of subarrays− number of thinned subarrays

Total number of array elements

]
×100% (6)

ForN = 100 elements, a total number of 14 subarrays on each
side of the array center were formed and arranged as in the fol-
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(a) (b)

(c) (d)

FIGURE 3. Results of the conventional fully optimized array at element level and the proposed full subarray configuration method with and without
thinned subarrays. (a) Amplitude distribution of the fully optimized array at element level. (b) Amplitude distribution of the full subarrays without
thinning. (c) Amplitude distribution of the full subarrays with thinning (FNAST). (d) Radiation patterns.

lowing vector: [2, 3, 4, 5, 2, 3, 4, 5, 2, 3, 4, 5, 2, 6]. Note that
the subarray pattern [2, 3, 4, 5] was repeated three times, and
the last two subarrays are chosen to have 2 and 6 elements, re-
spectively. After applying the thinning process, some of these
subarrays were turned off, and the result of the genetic opti-
mization process was found as in the following vector: [2, 0,
0, 0, 0, 0, 4, 5, 2, 3, 4, 5, 2, 6]. Note that the locations of the
thinned subarrays were randomly chosen according to the opti-
mized Cs vector values. The complexity reduction percentage
before applying the thinning subarrays was 72%, while after
thinning subarrays it becomes 82%. Comparing this result with
the thinning process at the element level, it is quite clear that
the proposed thinned subarray is capable to provide better re-
duction in the array complexity while maintaining the array per-
formance undistorted. It is worth to mention that such thinning
percentage is not obtained in any other published work to the
best of authors’ knowledge. This extraordinary achievement is
mainly due to thinned several subarrays instead of the element
counterpart.
Figure 3 shows the results of applying the fully nonuniform

ascending subarray configuration method with thinned subsets
of elements (FNAST). To highlight its superiority and effec-

tiveness, its performance has been compared to the same fully
ascending subarrays pattern without thinned subset elements,
and it has also been compared with the conventional fully opti-
mized array pattern at the element level.
It is observed from this figure that the proposed fully nonuni-

form ascending subarray configuration method either with or
without the thinned subset elements is capable to completely
suppress the grating lobes which is a common feature with all
existing regular subarray methods. It is also able to meet the
user-defined boundary constraints (BCC) where the peak side-
lobe level was kept below the desired limit of −30 dB. This
approves the effectiveness of the proposed full subarray con-
figuration method under thinned subset elements.
In the second scenario, the performance of the partially

nonuniform ascending subarray configuration method was ex-
amined where the originalN elements linear array was divided
into two parts. The number of elements in the central array part
is M , while in the other part it is N − M . The M elements
in the first part are excited with unit-amplitude weighting, and
they are left individually without partition. The N − M el-
ements in the second part are divided into subarrays. In this
scenario, the value of M was set to 26 (i.e., 13 elements on
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(a) (b)

(c) (d)

FIGURE 4. Results of the conventional partially optimized array at element level and proposed PNAST method with and without thinned subarrays.
(a) Amplitude distribution of the partially optimized array at element level. (b) Amplitude distribution of the partially ascending subarrays without
thinning. (c) Amplitude distribution of the partially ascending subarrays with thinning (PNAST). (d) Their radiation patterns.

FIGURE 5. The PSLL versus number of subarrays. FIGURE 6. The directivity versus number of subarrays.

each side of the array center), while the number of elements
in the second part of the array is 74 (i.e., 37 on each side of
the array center) that are divided into 11 subarrays. The final
division vector become as in follows: [2, 3, 4, 5, 2, 3, 4, 5,
2, 3, 4, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1], and after applying

the thinning process, it results in [2, 0, 0, 0, 0, 3, 4, 5, 2, 3, 4,
1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1]. The complexity reduction
percentage before applying the thinning process was 52%, and
after thinning it became 60%. Fig. 4 shows the results of the
optimized partially array pattern at the element level, proposed
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FIGURE 7. Complexity of FNAST versus number of subarrays. FIGURE 8. Complexity of PNAST versus number of subarrays.

FIGURE 9. Cost functions of the FNAST and PNAST methods.

FIGURE 10. Results of 2D subarrays thinning with 100× 100 elements.

partially subarray pattern without thinned subset elements, and
the proposed partially nonuniform ascending subarray pattern
with thinned subset elements (PNAST). Again, the proposed
PNAST provides a good radiation pattern within the required
user-defined boundary constraints (BCC).

In the next scenario, the performance of both proposed
FNAST and PNAST configurations in terms of peak sidelobe
level (PSLL), directivity (D), and the array complexity versus
the number of subarrays are illustrated in Figs. 5, 6, 7, and 8,
respectively. Generally, it can be seen that the PSLL and the di-

172 www.jpier.org



Progress In Electromagnetics Research C, Vol. 147, 167-173, 2024

rectivity of both configurations increase with an increase in the
number of subarrays, while the array complexity is reversed.
However, the directivity is facing slight changes around 16 dB
and 17 dB values due to the exception of the first and last sub-
arrays from the thinning as mentioned earlier. By comparing
between Figs. 7 and 8, it can be observed that any reduction in
the complexity comes at the cost of higher sidelobe level. Also,
it is noted that the complexity of the PNAST is lower than that
of the FNAST due to the use of unity excitation for the central
elements, thus, they are excluded from the complexity calcu-
lation. This gives an additional benefit to the PNAST method.
Fig. 9 illustrates the cost function convergences of the FNAST
and PNAST against the number of iterations. It is observed
that the PNAST method needs approximately 50 iterations to
converge, while the FNAST method requires more than 95 it-
erations. Thus, the computational time of the PNAST is shorter
than that of the FNAST.
Finally, the partially subarray configuration method was ex-

tended to the large two-dimensional subarrays with size 100×
100, and its array factor along with the corresponding subar-
ray distribution amplitudes is shown in Fig. 10. From this fig-
ure, it is observed that the planar PNAST is capable to meet
all the user-defined boundary constraints under thinned two-
dimensional subset elements. The proposed two configurations
can be used to simplify the massive MIMO systems while still
guarantee good performances.

4. CONCLUSIONS
It is clear from the demonstrated results that the large linear and
planar arrays can be effectively divided into smaller nonuni-
form ascending subarrays. Two different configurations based
on the full and partial subarrays were suggested, and some of
the least significant subarrays were thinned while preserving
the array performance. Performing thinning process at the sub-
array level instead of the element level is a new idea, and it has
not been previously discussed to the best of authors’ knowl-
edge. The peak sidelobe level (PSLL), in the fully nonuniform
ascending subarray configuration was minimized to more than
−33 dB by thinning 5 subarrays. The complexity reduction per-
centage was 86% before thinning, and it becomes 91% after
thinning. The PSLL in the partially nonuniform ascending sub-
array configuration was reduced to more than −30 dB by thin-
ning 4 subarrays at each side of the array. In this case, the com-
plexity reduction percentagewas only 89%before thinning, and
it becomes 93% after thinning.
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