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ABSTRACT The subarray-level multibeam structure is advantageous for minimizing system complexity
and enhancing multi-target detection and estimation performance. Furthermore, the subarray configuration
plays a major role in determining the multibeam antenna pattern parameters. Therefore, we propose a
subarray partition technique based on the tournament algorithm to enable spatial multibeam synthesis.
In this paper, subarray configuration and excitation are alternately optimized through multiple rounds of
tournament iterations. Each iteration calculates subarray excitations using convex optimization methods to
fulfill requirements for the main radiation direction and low sidelobes, among other performance criteria.
At the same time, excitations for each unassigned array element are calculated within each subarray
separately. Simulation results for linear arrays demonstrate the proposed algorithm is not only suitable for
linear arrays but also applicable to other array configurations, such as circular ring arrays and cylindrical
arrays. And the proposed algorithm is effective in subarray periodicity, suppressing sidelobe levels, and
allocating resources based on priority.

INDEX TERMS Antenna arrays, antenna pattern synthesis, multibeam antennas, sidelobe suppression,
subarray partition.

I. INTRODUCTION
Subarray partition technique divides the entire antenna array
into several independent subarrays to achieve multi-target
detection and tracking in radar and electronic countermeasure
systems [1], [2]. How to segment the antenna array effec-
tively and calculate the excitation of each segmented sparse
array is a discrete, non-convex and high-order optimization
problem [3].

Array segmentation strategies are roughly divided into
two categories: excitation matching and heuristic methods.
Excitation matching method minimizes the degree of dif-
ference between the corresponding excitation value and
the predetermined excitation. Based on this thought, the
tree-searching method and the border element method were
proposed by optimizing the excitation amplitude, but the
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excitation phase was not considered in this method [4].
Thereupon, the complex extended contiguous partition
method was proposed in [5], which optimizes both amplitude
and phase of the excitations. To guarantee the resulting clus-
ter is physically contiguous, the sparsity-regularized method
was used for obtaining modular clustered architectures with
optimized irregular tiling configurations according to [6].
In addition, the optimal subarray partition was transformed
into a clustering problem, and then a clustering method was
presented to solve the array synthesis with uniform exci-
tation at the element level in [7]. However, these methods
generally require a specific reference as a prior condition.
Furthermore, the excitation matching method does not allow
for direct control of sidelobe levels. Heuristic methods have
been successfully devised to simultaneously optimize subar-
ray segmentation and weight. Performance indicators such as
sidelobe levels or beam widths are often used as optimization
goals [8]. Genetic algorithm [9], [10], differential evolution
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algorithm [11], convex optimization algorithm [12], sequen-
tial convex optimization algorithm [13], and particle swarm
algorithm [14] are typical examples of heuristic algorithms.
Although these algorithms can achieve narrow main lobes
and low sidelobes in patterns, they usually require more
computing resources than the excitation matching method.
In [15], the subarray design problem was formulated as
a binary integer optimization problem, which was solved
by iteratively relaxing the non-convex binary constraint into
a convex approximation. At this time, the heuristic initial
iteration point was set randomly according to [15]. To find
solutions that provide exact tilting and scanning radiation
performance simultaneously, the heuristic iterative convex
relaxation programming (H-ICRP) framework [16] was pro-
posed, which finds a heuristic initial point. In [17], the initial
point was first set using the excitation matching strategy, and
then the subarray design scheme was obtained by an iterative
convex optimization algorithm with the weighted L1 norm.
By combining the advantages of the excitation matching
method and heuristic algorithm, this method improves search
performance and avoids falling into local convergence.

Due to the anisotropy of array elements, a general par-
tition method for arbitrary phased array structures has not
yet been reported. Most algorithms are only suitable for
specific arrays. There are many methods that perform well
for subarray partition and beam pattern in linear arrays. For
example, an efficient method based on compressed sensing
(CS) was proposed in [18]. Additionally, improved particle
swarm algorithms [14] and hybrid algorithms of genetic and
convex optimization [19] have been proposed to obtain opti-
mal configurations using heuristic methods. To synthesize
asymmetric shaped beam patterns, a novel clustering method
combining linear programming and nested K-means methods
was proposed in [20]. The rectangular array is also a common
antenna array structure. An improved genetic algorithm was
used to complete the array element allocation and suppress
sidelobe levels as demonstrated in [21]. In order to break
the periodic array layout and simplify the feeding network,
a type of single-shaped subarray was proposed by flipping
and filling the aperture. Consequently, a type of single-shaped
subarray with different orientations was proposed in [22],
and the L-shaped subarray was proposed in [23] to suppress
sidelobe levels and reduce complexity, which is beneficial for
bothmanufacturing andmaintenance. However, with changes
in the array structure, the design structure of the subarray will
subsequently change. More subarray partition methods have
been applied to arrays of other structures to meet practical
engineering needs. For example, the K-means clustering
method proposed in [3] and [24] can be used to design
subarrays for linear and rectangular arrays. Additionally,
an efficient iterative algorithm using penalty-based optimiza-
tion methods was proposed in [25] to solve uniformly and
non-uniformly spaced subarray configurations. It optimizes
subarray configurations and element excitations/positions
with minimum inter-element spacing simultaneously to min-
imize peak sidelobe levels. Subarray partition methods are

currently being adopted in some special conformal array
antennas. In [26], precise partition methods and quasi-precise
partition methods of the X algorithmwere used in the circular
array. Sivasankar and Hegde used a weighted clustering
algorithm to obtain subarray configurations and multibeam
patterns in the hexagonal array in [27]. The differential
evolution algorithm proposed in [28] is beneficial for finding
subarray configurations for arc arrays. And in [29] proposed
a design for concentric ring antenna arrays to simplify the
feeding system.

This paper proposes a subarray partition method for
array antennas using an excitation amplitude tournament.
Compared with other algorithms, the proposed algorithm
divides the array into subarrays by selecting apertures. The
main contributions of this article can be summarized as fol-
lows: 1) Instead of relying solely on an excitation matching or
heuristic method, our proposed algorithm combines the basic
knowledge of array aperture and convex optimization algo-
rithms to solve the discrete and non-convex problem. 2) The
proposed algorithm addresses the issue of non-uniform and
discontinuous partitioning of three-dimensional conformal
array antennas. 3) Compared to other algorithms for the
subarray partition of line arrays, the subarray configuration
can be obtained with lower sidelobe levels.

The remainder of the paper is organized as follows.
Section II describes the mathematical formulation of the
multibeam pattern synthesis based on the proposed subarray
partition technique, and how the exact partition of the antenna
array aperture is converted into an optimized problem con-
cerning subarray partition and excitation. In order to solve
the complex non-convex optimization problem, Section III
uses an amplitude tournament competition of the excita-
tions to ensure the subarray configuration. The beam pattern
synthesis with low sidelobe performance is then obtained
by optimizing the subarray partition scheme and excitation
weight. In Section IV, some representative results from a
set of numerical experiments are presented and discussed.
Finally, Section V summarizes the conclusions and prospects
of this research.

II. MATHEMATIC MODEL
Our proposed algorithm is not only applicable to linear arrays
but also suitable for other conformal arrays. Then, we con-
struct a mathematical model using a cylindrical array as an
example. Fig. 1 shows the schematic diagram of the array
antenna, where each small radiating dot represents an antenna
element.

The far-filed radiation intensity of an array antenna is

E(r) =

N∑
n=1

wnf (1n) exp(jKPTn r), (1)

where N is the number of array elements. wn, Pn =

[ xn yn zn ]T and f (1n) are the excitation coefficient, posi-
tion vector and electric field intensity of the nth element,
respectively. Define K = 2π f0/c, where c is the light veloc-
ity, and f0 is the center frequency.
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FIGURE 1. Schematic diagram of array antenna.

The r =
[
sinθcosϕ sinθsinϕ cosθ

]T is a unit vector,
where θ and ϕ are noted as the elevation angle and azimuth
angle, respectively. In addition, 1n = arccos

(
dTn r

)
is the

angle in-between the normal vector direction dn and the
radiation direction r of the nth element. Therefore, we can
know that the normal vectors dn of the nth element points
outward from the center of the circular ring.

Referring to (1), the far-field radiation intensity can be
written as

E(r) = wTb, (2)

where w = [ w1 w2 · · · wN ]T is the complex excitation
vector and the array steering vector is expressed as b =

[ f (11)exp(jKPT1 r) · · · f (1N )exp(jKPTN r) ]
T .

To synthesize a multibeam pattern, we can optimize the
amplitude and phase of excitation. In order to generate beams
in multiple desired directions, we need to meet the following
requirements:

1) Minimize the sidelobe levels (SLLs).
2) Meet a given value of the radiation level in the targeted

beamforming direction.
Thus, the optimization model can be summarized as follows:

min
w

ε

s.t. wTbr = µ,

|wTbs| ≤ ε, rs ∈ �s

|w| ≤ 1 (3)

where wTbr and wTbs are respectively noted as the radiation
intensity in the radiation direction r and in the sampling
direction rs. µ is the given expected radiation value, and
ε denotes the sidelobe constraint parameter in the sidelobe
region �s. Excitation amplitude |w| is normalized.
Subarray partition technique divides the array into different

independent apertures. Then, the radiation field intensity of
the mth subarray is defined as

Em(r) =

N∑
n=1

βnmwnf (1nm) exp(jKPTn r), (4)

where βnm represents the working state about the nth ele-
ment in the mth subarray. The binary variable βnm describes

the working state and it satisfies ∀n,
M∑
m=1

βnm ≤ 1. Where

βnm = 1 means that the nth element is working at the
mth subarray, and βnm = 0 means that it is not.
From (3) and (5), we can conclude the radiation intensity

based on subarray partition technique as

E(r) =

M∑
m=1

N∑
n=1

βnmwnf (1nm) exp(jKPTn r). (5)

To satisfy the requirements of array pattern synthesis,
multibeam pattern synthesis based on subarray partition
needs to meet the following conditions:

1) Each element is not shared by multiple subarrays.
2) Each radiation level along beamforming direction is

greater than the given value.
3) Each subarray generates a beam s that satisfies the

sidelobe constraint.
Therefore, the comprehensive mathematical model of

multibeam pattern can be expressed as in (6).

max
βm,w

µm

s.t. (βmw)
Tbm = µm

|(βmw)
Tbms| ≤ εm, rms ∈ �ms.

0 ≤

∑
m

βm ≤ 1

βnm ∈ {0, 1} (6)

Suppose the division configuration of the mth subarray is
βm=[ β1m · · · βNm ]T . bms is the array steering vector in the
area of the sideband. At the same time, µm and εm are the
expected amplitude and sidelobe constraint, respectively.

The mathematical model becomes an optimization prob-
lem with multiple variables, where βnm is a binary variable.
So, we cannot solve the problem directly by the convex
optimization algorithm.

III. METHOD OF TOURNAMENT COMPETITION
Because the problem (6) cannot be solved by the current
solvers, this paper proposes a method based on the excitation
amplitude tournament competition to find the selecting vec-
tor βm. After that, themathematical model is transformed into
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a convex optimization problem to get the multibeam pattern
synthesis with desired sidelobe levels.

The algorithm is carried out from the following three
aspects.

A. MAXIMIZE SUBARRAY APERTURE
The aperture size of the array antenna negatively affects the
sidelobe performance. As the number of elements decreases
and the aperture size decreases, the sidelobe level increases.
So, in order to obtain a low sidelobe level, it is desirable
for each subarray to obtain the maximum aperture size.
Therefore, the initial array elements of each subarray can be
determined by maximizing the aperture.

The array antenna of N elements is divided into M sub-
arrays, so the mth subarray contains Nm elements meeting
M∑
m=1

Nm ≤ N . We use the position vectorPn to describe the nth

element. Defining the mth subarray set Am that is composed
of the selectable element position Pn, we can write it as

Am = {Pn,∀n, f (1nm) > 0} , (7)

where 1nm represents the angle between the normal vector
dn and the radiation direction rm of the mth subarray.
The maximum aperture of the mth subarray is determined

by

Rm = max
(
∥Pi − Pj

∥∥
2

)
, ∀Pi, Pj ∈ Am. (8)

Referring to (4), suppose Pk1,Pk2 are the largest two aper-
ture positions for the mth subarray. So, the subarray partition
coefficient βnm meets

βnm =

{
1 m
0 else,

n ∈ {k1, k2} . (9)

The initial subarray selection set is S0m = {Pm1,Pm2}, and
Pm1,Pm2 generally are expressed by the largest two aperture
positions. If the aperture position is occupied by other sub-
arrays, we can select the second-largest apertures referring
to (8). Then the mth subarray selection set is Sm.
Correspondingly, the remaining N − 2M elements

are divided into the initial candidate sequence S00 =

{Pn,∀n,m,Pn /∈ Sm,Pn ∈ Am}.

B. OPTIMIZE EXCITATION VALUE
Once the subarray selecting vector βm is determined, the
problem (6) is transformed into a single-beam synthesis
problem.

When themain lobe gainEm(r) = 1, we can get the optimal
excitation value. Then the mathematical model becomes

min
w

εm

s.t. wTbm = 1.

|wTbms| ≤ εm, rms ∈ �ms

|w| ≤ 1 (10)

The complex excitation coefficient is generally expressed
as

wn = Inejψn , (11)

where In ∈ [0, 1] and ψn are the excitation amplitude and
phase of the nth array element, respectively.

Referring to (10), we can obtain the weight w by the
convex optimization algorithm (CVX). It is used to evaluate
the contribution of each element in multiple given directions.
The maximum gain is µm = 1/max(w).

C. MAXIMIZE SUBARRAY RADIATION LEVEL
According to (4), the maximum radiation intensity in the
radiation direction rm is

|Em(rm)|max =

N∑
n=1

βnmf (1nm), ∀n, Pn ∈ Am, (12)

where the excitation amplitude and phase are In = 1 and
ψn = −jKPTn r, respectively. The radiation power is nega-
tively correlated to the sidelobe performance. Tomeet the low
sidelobe levels, the maximum radiation intensity |Em(rm)|max
should be larger than the given value µm. Let |Em(rm)| =

βTmFm, can be expressed as

max µ0

s.t. µm + µ0 = βTmFm, (13)

where µm is the given radiation value and µ0 is the gain
redundancy. Fm = [ f (11m) . . . f (1Nm) ] represents the radi-
ation intensity, andβm=[ β1m . . . βNm ]T is the partition result
of the mth subarray in the radiation direction rm.

To obtain high radiation gain, the selection sequence S im
should be composed of array elements with the large radia-
tion intensity value f (1nm) from the candidate array element
set S i0. Suppose that the element position with the highest
radiation intensity is Pmax. If |E i+1

m (r)|max < µm + µ0,
we should update the selection set and candidate sequence
of i + 1 times is S i+1

m =
{
S im,Pmax

}
, S i+1

0 = S i0 − {Pmax}.
Otherwise, we should keep S i+1

m , S i+1
0 and S im, S

i
0 consistent.

In each round of the tournament, according to (11)
and (13), we can obtain that the excitation amplitude and the
radiation intensity of the mth subarray are I i+1

nm ,∀n,Pn ∈ S i0
and I i+1

nm f (1nm),∀n,Pn ∈ S i0.
In this section, we propose an array element partition

method based on the competition of excitation amplitude
tournament. The method involves the following steps:

1) Maximize the subarray aperture to determine the initial
subarray.

2) Minimize the sidelobe level to optimize the complex
excitation coefficients.

3)Maximize the subarray radiation gain to update subarray
sequence and obtain the multibeam pattern.

The flowchart is shown in Fig. 2, and the processing flow
is given below.

Step 1) Initialize the array parameters and multibeam val-
ues. Input parameters such as the number of array elements,
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FIGURE 2. Flowchart of proposed algorithm.

the number of winning-element, and the expected amplitude
for calculation.

Step 2) Solve the element radiation intensity vector f (1nm)
and construct the candidate array element sequence Am.
Step 3) Determine the initial element selection set of each

subarray S0m and the candidate set S00 .
Step 4) If the set S i+1

0 is not empty or the tournament
iterations do not reach the maximum number, we should
repeat the following steps:

1) According to the single beam pattern synthesis in (10),
solve the excitation coefficient wi+1

m and excitation amplitude
I i+1
nm .
2) Select the element with the largest radiation intensity

I i+1
nm f (1nm) as the winner Pm of the tournament competition.
3) Update the array element selection sequence S i+1

m and
the candidate set S i+1

0 .
Step 5) The entire array segmentation is completed based

on the task priorities. Output subarray configuration and
multibeam pattern synthesis.

IV. SIMULATION RESULTS
In this section, we present a series of numerical examples
to assess the feasibility and validity of the proposed method.
In order to comprehensively analyze the algorithm and its per-
formance, we also explore the effects of various parameters
on the algorithm’s performance. All simulations were calcu-
lated in MATLAB R2018a, and the computer configuration
was an i5 10500 CPU with 8GB of memory.

A. LINEAR ARRAY MULTIBEAM PATTERN SYNTHESIS
BASED ON SUBARRAY PARTITION
In this section, we compare the beam pattern performance
of the proposed method with the block partition method
(BPM) to verify the superiority in terms of main lobe width

and maximum sidelobe level suppression performance. Sup-
pose a uniform linear array with 40-element spaced by
half-wavelength is considered. The beam width is 10◦, and
the respected radiations are set as θ1 = −30

◦

, θ2 = 0◦,

θ3 = 30◦. Table 1 lists the comparison of simulation results.

TABLE 1. Comparison of simulation results for two algorithms.

Fig. 3 shows the subarray partition results in detail.
Meanwhile, Fig. 4 shows the multibeam pattern synthesis
using subarray partition.

FIGURE 3. Subarray configuration of the proposed method and block
partition method. The yellow, blue, and green marks indicate that the
element belongs to the subarray at θ1 = −30

◦
, θ2 = 0

◦
and θ3 = 30

◦
,

respectively.

As problem (6) is non-convex, the proposed method solves
the problem. In this section, we compare our algorithm and a
hybrid algorithm in [19] to verify the effectiveness.

For intuitive display, a linear array composed of
40 isotropic elements is considered. The desired radiation
directions are {−5·, 15◦} and the corresponding sidelobe
region is [−90◦,−10◦]∪[0◦, 10◦]∪[20◦, 90◦]. Table 2 lists
the sidelobe levels of the proposed method and the hybrid
algorithm.

From that, we can conclude that: 1) the proposed method
effectively solves the non-convex problem. 2) the peak side-
lobe level of the proposed method is lower than that of the
hybrid algorithm.

B. PERFORMANCE ANALYSIS OF DIFFERENT
PARAMETERS
In this experiment, we aim at showing the capability of the
proposed method to discuss the performance with different
parameters. We also select the uniform linear array as an
example.

1) THE COMPARISON WITH DIFFERENT
WINNING-ELEMENTS
The proposed algorithm divides the array based on the pre-
determined number of winning-element for each iteration.
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FIGURE 4. Two-dimensional pattern by the proposed method and BPM.
The red and black type line denote the subarray pattern synthesis with
the proposed method and BPM.

TABLE 2. Sidelobe levels by the proposed method and the method in [19].

In this part, we mainly focus on the effect of the different
number of winning-element on running time and sidelobe
level.

The uniform linear array consists of 100-element spaced
by half-wavelength and the beam width is 10◦. Assuming
that the three respected radiations are sequentially set as
θ1 = −30◦, θ2 = 0◦, θ3 = 30◦. Under limited resources,
the priority order of the three tasks also follows this order.
Table 3 reflects the variation law of the running time.

TABLE 3. The variation law of the running time with different values.

It can be seen from Table 3 that with the increase of Nw,
the iteration times and operation time are decreasing. Then
the side-lobe levels are summarized in Fig. 5 in detail.
We can see that the SLLs of the subarray multibeam pattern
are controlled below −19.55 dB, −18.36 dB, −16.44 dB,
−15.83 dB, and −15.63 dB, respectively.

There is a tradeoff between the sidelobe levels and
the operation time. We can conclude that: 1) with Nw
increasing, the iteration times and operation time decrease.
2) with increasing, the sidelobe levels of each subarray
increases.

FIGURE 5. Variation law of the sidelobe level for each subarray.

2) THE COMPARISON WITH DIFFERENT PRIORITY ORDER
In this section, the proposed algorithm can allocate array
according to the radiation demand, and assign the elements
with high radiant intensity to the subarray based on priority
order.

A uniform linear array of 40 elements is selected. And
we also set a series of experiments to explore the effect of
the priority order on the performance. Table 4 shows the
performance in different configurations and sidelobe levels
with two different orders. The order 1 is set to −30◦, 0◦, 30◦,
and the order 2 is set to 30◦, 0◦,−30◦.

TABLE 4. Performance parameters for different priority orders.

Meanwhile, the number of iterations is set to 12, and
the iteration time is 14.41 seconds and 14.44 seconds,
respectively.

Based on these results, we can draw the following con-
clusions: 1) changing the priority order leads to a reduction
in subarray elements and an increase in sidelobe levels.
2) changing the priority order has little effect on iteration
times and computation time.

3) THE COMPARISON WITH DIFFERENT ELEMENT NUMBER
As we all know, the number of array elements can affect the
performance of the multibeam pattern. Therefore, we explore
the algorithm performance with different the number of ele-
ments for the array antenna.

We select a uniform linear array with varying numbers of
elements N . The variation of running time is listed in Table 5,
while the variation of subarray configuration and sidelobe
levels are listed in Table 6. Since the variation trend of the
sidelobe levels for each subarray is analogous, Fig. 6 only
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TABLE 5. Variation law of the running time.

TABLE 6. Variation law of performance parameters for the proposed
method.

FIGURE 6. The beam pattern of the sidelobe level in the radiation
direction with different total element number.

shows the beam pattern in radiation direction θ1 = −30◦ with
different array element numbers.

As the number of elements decreases from 70 to 30, the
operation time of the algorithm is reduced by 61.33 seconds.
Additionally, the sidelobe levels of the three beams increase
by 10.53 dB, 5.67 dB, and 9.75 dB, respectively.

4) THE COMPARISON WITH DIFFERENT EXPECTED
MAGNITUDE
Due to the proposed algorithm allocating array elements
while meeting radiation requirements. Therefore, we explore
the impact of different radiation requirements on algorithm
performance.

In this part, the uniform linear array consists of 40-element
with the space setting to λ/2 and the beam width set-
ting to 10◦. We explore the effect by keeping the expected

amplitude µ2 = µ3 = 3 unchanged, and altering the
expected amplitude µ1.

Therefore, the values µ1 are set as Table 7. And Table 7
shows the results in sidelobe levels and subarray configu-
rations with different values. For the sake of clarity, Fig. 7
summarizes the variation law of the sidelobe level of each
subarray in detail.

TABLE 7. Variation law of performance parameters for the proposed
method.

FIGURE 7. Variation law of the sidelobe level for each subarray.

As the expected amplitude increases from 1 to 9, the side-
lobe level of the first beam decreases by 6.6 dB, and the
corresponding number of subarray elements increases by 7.
However, for subarrays 2 and 3, the sidelobe levels increase
by 2.81 dB and 3.99 dB, respectively. The element numbers
of these subarrays also decrease by 3 and 4.

The above simulation results indicate that the partition
results remain unchanged under the same given conditions.
Meanwhile, the local optimum of the convex optimization
algorithm is the global optimum. The tournament strategy is
advantageous in finding the global optimum. So, convergence
analysis shows the effectiveness of the proposed algorithm.

C. CIRCULAR AND CYLINDRICAL MULTIBEAM PATTERN
SYNTHESIS BASED ON SUBARRAY DIVISION
Due to the anisotropy of the radiation pattern, the structure
of most conformal arrays is more complex than that of lin-
ear arrays. In order to further explore whether the proposed
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algorithm is suitable for array antennas, this section selects
circular arrays and cylindrical arrays as simulation examples.

1) SUBARRAY PARTITION AND PATTERN SYNTHESIS OF
CIRCULAR ARRAY ANTENNA
In this section, a 300-element three-dimensional torus with
the beam width of 10◦ is selected for simulation. The eleva-
tion angles are set to θ1 = θ2 = θ3 = 90◦ and azimuth angles
are set to ϕ1 = 90◦, ϕ2 = 100◦, ϕ3 = 110◦. The radius is set
to 5λ. And each array element is located on the torus spaced
at equal angles. Table 8 shows the performance of the pattern
on subarray configuration and sidelobe level.

TABLE 8. Performance of subarray partition.

Fig. 8 shows the synthesis of subarray multibeam patterns
for the circular array antenna, and the subarray configuration
obtained by the proposed method is listed in Fig. 9.

FIGURE 8. The subarray multibeam pattern synthesis by the proposed
algorithm. The line with red, black, and blue indicate the subarray at
θ0 = 90

◦
, ϕ0 = 90

◦
, θ1 = 90

◦
, ϕ1 = 110

◦
, and θ2 = 90

◦
, ϕ2 = 90

◦
,

respectively.

Fig. 9 only shows 166 elements out of the 320 elements,
which have been calculated to be in working condition.
Due to the complex structure and large number of elements
in large-scale array antennas, effective array elements are
preselected to form subarrays according to the relationship
between the array structure and radiation direction. These
effective array elements are defined as working array ele-
ments, which help improve calculation speed.

FIGURE 9. The subarray configuration obtained by the proposed
algorithm. Red, green, and blue mark indicate that the element belongs
to the subarray at θ0 = 90

◦
, ϕ0 = 90

◦
, θ1 = 90

◦
, ϕ1 = 110

◦
, and

θ2 = 90
◦
, ϕ2 = 90

◦
, respectively.

The circular array has lower sparsity and dispersion com-
pared to the linear array due to non-uniform positions and
orientations. Pencil subarray beams with equal amplitude
are synthesized by the proposed algorithm in three radiation
directions, and the average sidelobe level is controlled below
−20 dB.

From these results, we can see that the proposed method is
valid for subarray partition and multibeam pattern synthesis
with low sidelobe level in circular array antennas.

2) SUBARRAY PARTITION AND PATTERN SYNTHESIS OF
CYLINDRICAL ARRAY ANTENNA
This section selects a three-dimensional cylinder with
320 array elements for simulation. Suppose that the two
desired beam directions are θ0 = 90

◦

, ϕ0 = 50◦ and
θ1 = 90◦, ϕ1 = 70◦.The performance of the three-
dimensional cylindrical array elements are shown in Table 9.

TABLE 9. Performance of cylindrical subarray partition.

Fig. 10 shows the detailed subarray layout for the elements
in working state, and the three-dimensional beam patterns of
the two beams are shown in Fig. 11.

From Fig. 10, we can see that there are 120 elements in the
working state, and the proposed algorithm efficiently com-
pletes the partition of overlapping regions. The core of the
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FIGURE 10. 3D cylindrical subarray configuration. Red and blue are used
to indicate that the element belongs to the θ0 = 90

◦
, ϕ0 = 50◦ and

θ1 = 90◦, ϕ1 = 70◦, respectively.

FIGURE 11. Three-dimensional beam pattern of multibeam
simultaneously. One beam is at θ0 = 90

◦
, ϕ0 = 50◦ and the other is at

θ1 = 90◦, ϕ1 = 70◦.

design is dividing the elements into corresponding subarrays
according to the radiation intensity. After dividing the array,
each of the two subarrays has 60 elements. At the same time,
the sidelobe level of each beam is controlled below an average
of −16 dB.

From these results, we can see that the proposed method is
suitable for both 3D circular arrays and 3D cylindrical arrays.
Therefore, the algorithm is feasible and effective for cylindri-
cal array configurations. It also performs well in suppressing
the sidelobe level.

V. CONCLUSION
This paper presents a new method based on excitation ampli-
tude competition. By utilizing the relationship between the
aperture and sidelobe level, the proposed method obtains a
subarray partition scheme and multibeam pattern synthesis
by optimizing the subarray configuration and excitation.

The main contributions of this article can be summarized
as follows:1) The proposed algorithm is not only suitable

for linear arrays but also applicable to other array configu-
rations. 2) Solving the discrete and non-convex problem of
the subarray configuration scheme through combining the
basic knowledge of array aperture and optimization algo-
rithms. 3) Synthesizing subarraymultibeam patterns with low
sidelobe levels that meet multi-function needs by properly
dividing antenna resources based on the priority order of
multiple tasks.

Future work will involve exploring the effect of device
errors on subarray configuration and beam pattern design.
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