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Abstract  Conventionally, non-uniformly excited antenna ar-
rays are synthesized by independently determining the excitation
amplitude and phase of each single element. Such an approach is
considered to be the most expensive and complex design method
available. In this paper, the tilling technique is harnessed to
synthesize non-uniformly excited antenna arrays. To apply this
technique, the array elements are first divided into different sub-
array shapes, such as rectangles or squares known as tiles. The
use of rectangular tile blocks instead of a single element archi-
tecture greatly simplifies the array design process and reduces
array complexity. Next, the problem concerned with synthesiz-
ing sub-arrays comprising rectangular tile blocks is formulated
and solved by using horizontal and vertical orientations of tiles
having different shapes and sizes, and their larger integer ex-
pansions. The third approach to tiled design is a mixture of both
previous tile architectures. A genetic algorithm is used to design
such tiled arrays offering optimum sidelobe levels, beam width,
directivity and taper efficiency. Simulation results demonstrated
the effectiveness of the proposed tiled arrays.

Keywords  antenna arrays, non-uniform amplitudes, perfor-
mance optimization, tiled subarray blocks

1. Introduction

Antenna arrays are capable of providing many desired radia-
tion characteristics, such as beam forming, beam scanning,
pattern reconfiguration and high directive gains for current and
future wireless communication systems. Large antenna arrays
composed of many radiating elements placed along rectangu-
lar grids are a solution that is best suited for achieving these
desired characteristics. However, these large, fully-populated
arrays that consist of a single transmit/receive module for
each element of the planar array are generally complex and
expensive. Thus, they are unattractive for many applications,
especially for use in satellites, where low-profile antennas
with low costs are needed [1]–[2]. The addition of adaptive
multi-beamforming capabilities to these arrays will increase
their implementation costs even further.
To solve these problems, different subarray configurations
have been proposed in the last years. In [3]–[4], the authors
proposed sparse arrays, whereas in [5]–[9], thinned arrays
were suggested as a method capable of effectively reducing
the number of transmit/receive modules in the array feeding
network. Generally, thinned arrays are associated with direc-

tivity degradation, due to the fact that several array elements
are turned off. Thus, clustered arrays [10]–[13] or partial-
ly adaptive arrays [14]–[15] are more preferable due to their
ability to provide high directive gains.
On the other hand, the tilling technique is a promising strategy
in reducing array complexity. The authors in [16] proposed an
optimum algorithm to generate tile structures, while the au-
thors in [12] used the tilling technique to synthesize aperiodic
tiling planar antenna arrays. The works described in [17]–
[18], which are related to the optimized design of tiled arrays,
have proved the effectiveness of the tilling technique in syn-
thesizing antenna arrays. Recently, these tilling techniques
are continuously gaining in popularity due to their simplified
feeding network requirements, as the array elements are di-
vided into different regular or irregular tiles and each tile is
equipped with a single transmit/receive module, thus increas-
ing array modularity, which leads to a significant reduction
in the implementation cost. Although irregular tiles are more
complex than their regular counterparts, they are the preferred
solution due to the absence of undesired grating lobes in their
radiation patterns. However, the problem of un-tile-ability,
i.e., the lack of ability to divide the entire array aperture into
tiles, may exist in irregular tiled arrays. In such a case, deter-
mination of an optimized tiled configuration will not be an
easy task, as there is a huge number of various tiling options
available. This renders the method highly time consuming.
In this paper, amplitude weighting of non-uniformly excited
antenna arrays is first performed with the use of rectangu-
lar tile blocks with different orientations and sizes to achieve
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Fig. 1. Element-based architecture of a fully populated array.
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Fig. 2. Tile architecture of the proposed array.

the irregularity property. The first design consists of an array
aperture divided into small tile blocks with sizes and orienta-
tions of 1× 2 and 2× 1. The second design considers larger
tile blocks (2× 4 and 4× 2 configurations), while the third
design mixes the two tile configurations described above. A
genetic algorithm is used to optimize the amplitude weights
of these tiled arrays under specific user-defined constraints,
resulting in improved radiation patterns, optimum sidelobe
levels, specific beam widths, and improved taper efficiency.

2. Tiled Arrays

Consider a two-dimensional rectangular planar antenna array
made up of E = N × M elements. These elements are
symmetrically distributed on the x− y plane, with uniform
inter-element spacing on both x and y axes d = dx = dy over
the entire array aperture, as shown in Fig. 1.
Assume that these elementary radiators are arranged and
grouped into a set of tiles equal to T as shown in Fig. 2. These
tile blocks should fully cover the array aperture. Each single
tile t = 1, 2, . . . , T (where T is the total number of tiles)
is assumed to be composed of a number of sub-elementary
radiators equal to 1×L for the horizontal orientation scenario,
L× 1 for the vertical orientation scenario, or equal to their
multiple integer expansions t = i(1× L) and t = i(L× 1)
where i is an integer number that control the sizes of the tiles.
When i ­ 2, larger tiles may be obtained and, consequently,
a higher degree of modularity is achieved that helps further
reduce the required number of transmit/receive modules,
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Fig. 3. Array layouts: a) conventional element-based array without
tiles, b) tiled array with 1× 2 and 2× 1 tiles, and c) tiled array with
2× 4 and 4× 2 tiles.

thus resulting in a simplified array feeding network. The
optimization problem consists in finding the optimal number
and positions of the horizontal and vertical tiles that precisely
cover the entire array aperture, in accordance with specific
user-defined constraints affecting the resulting tiled array
pattern. Generally, array radiation patterns may be expressed
as [19]:

AP (θ, ϕ)dB = 10 log
[
EP (θ, ϕ)×AF (θ, ϕ)

]
, (1)

whereEP (θ, ϕ) is the elementary pattern which is considered
to be EP (θ, ϕ) = cos1.2(θ, ϕ) and AF (θ, ϕ) is the array
factor given by:

AP (θ, ϕ) =
E∑
e=1

ae e jρe e jk(xe sin θ cosϕ+ye sin θ cosϕ) , (2)

where E is the total number of array elements, ae and ρe are
the amplitudes and phases of the elementary array weights,
xe and ye are the element locations on the x and y axis,
respectively, k = 2π/λ, λ is the wavelength in the free space,
while θ and ϕ are the elevation and azimuth angles. The
horizontal and vertical rectangular tiles, t = i(1 × L) and
t = i(L × 1) are formed by grouping each i × L adjacent
sub-elementary radiators with a single tiled weight. The tiled
amplitude weights vector can be written as:

w =
T∑
t=1

Aδtce e = 1, 2, . . . , E , (3)

where T is the total number of tiles, E is the total number
of array elements, A and δtce are the tiled amplitudes and the
Kroneker delta function, respectively, defined as:

At =
1
i× L

E∑
e=1

aeδ
t
ce t = 1, 2, . . . , T , (4)

δtce =

{
1 if ce = t
0 if ce ̸= t

. (5)

From Eqs. (4) and (5), it is clear that when δtce = 1, the e-th
element belongs to the t-th tile. Then, each tiled amplitude
weightAt is computed by taking the average or mean value of
the referenced elementary amplitude weights ae that belong
to the same tile under consideration.
For an array ofE = N×M = 16×16, an integer number of
i = 1, and a number of sub-elements in each ofL = 2, a 1×2
tile block is formed in the horizontal orientation scenario and
a 2× 1 tile block is created in the vertical orientation case,
as shown in Fig. 3b. The total number of tile blocks is 128.
The sizes of the tile blocks become 2× 4 and 4× 2 for i = 2
and the total number of the tiles equals 32, as shown in Fig.
3c. The total number of potential tiling solutions capable of
completely covering the entire array aperture amounts to, for
the two above-mentioned cases, approximately 8× 1019 and
1× 108, respectively.
For larger arrays, the number of potential options will increase
rapidly. Thus, deployment of the optimization algorithm to
identify all the potential options and determine the best tile
configuration that guarantees the coverage of the entire array
aperture is time consuming.
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The proposed optimization solution aims at using a pre-
specified block configuration shown in Fig. 3b-c in order to
meet specific user-defined constraints concerning the resulting
tiled array patterns and guaranteeing complete coverage of the
entire array aperture. Thus, the problem of time consumption
may be solved and, at the same time, performance of the tiled
array can be maintained (remaining as equal as possible to
the optimal value). This can be achieved by introducing the
following cost function:

Cost =
S∑
s=1

∣∣AF (θs, ϕs)− Constraints(θs, ϕs)
∣∣2 , (6)

where S is the total number of the sample points used for
evaluating the difference between the obtained and the opti-
mal array pattern described by the specific constraints. The
constraints in terms of the desired sidelobe level (SLL) and
beam width (BW) may be defined as:

Constraints =

{
SLL,−1 ¬ 0 ¬ − 2

BW
, 2
BW
¬ 0 ¬ 1

0 , − 2
BW
¬ 0 ¬ BW

. (7)

Note that all the values in Eq. (7) are in decibels and they
are normalized to 0 dB. The optimization algorithm applied
consists of the following steps:
1) Initialize the genetic algorithm by creating a set of initial

populations and specify the total number of iterations. An
initial population size equals 50, the number of marriages
is 25, and number of iterations is set to 1000.

2) Generate the required constraints according to Eq. (7) by
applying user-defined limits, such as upper sidelobe level,
lower sidelobe level, and the required width of the main
beam between the first null-to-null beamwidth. These
constraints (see the dashed red line in Fig. 6 represent
the reference pattern or the ideal pattern that needs to be
achieved during the optimization process).

3) Generate a new set of individuals with the following speci-
fications: roulette wheel selection, single point crossovers,
mutation probability, and a mating pool. The number of
crossovers is 2, the mutation probability is 0.04, and the
mating pool is chosen to be 4.

4) For each a single individual, evaluate iteratively the cost
function according to the user-defined constraints given
in Eqs. (6) and (7). The number of pattern points between
the obtained array pattern and the one required according
to Eq. (6) is 512.

5) Among all the current individuals, keep the best one that
corresponds to the optimized tiled weights according to
Eqs. (4) and (5).

6) The steps starting with item 2 are repeated iteratively until
the final number is reached.

3. Simulation Results

In this section, the proposed tiled subarray blocks are ana-
lyzed and assessed by relying on various numerical examples.
In all of the examples, a square array with fully populated

elements (in the 16 × 16 configuration) is considered. An
optimized array of fully elementary radiators with optimal
amplitude weights is considered as a reference solution. User-
defined constraints concerning the desired sidelobe level and
first null-to-null beam width are SLL=–30 dB and BW=10o,
respectively.
In the first example, a small two-cell tile block of sizes of
1× 2 and 2× 1 is validated. The layout of the fully optimized
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Fig. 4. Optimized amplitudes of element-based and tiled arrays,
their layouts a)–b) and their weights for 1× 2 and 2× 1 tiles c)–d).
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array and the layout of the proposed tiled array, with opti-
mized amplitude weights of the tiles, are shown in Fig. 4.
Their corresponding three-dimensional radiation patterns are
shown in Fig. 5. To compare these two-array patterns at ele-
ment and tile levels, their two-dimensional radiation patterns
at the cut-plane of u = 0 are plotted together, as shown in
Fig. 6.
From these figures, it can be concluded that the use of small
tile blocks of sizes of 1× 2 and 2× 1 are effective and re-
liable. Its resulting tiled array pattern is optimal, since it is
very close to that of the optimized, referenced solution. In ad-
dition, all the user-defined constraints are fully met where all
the sidelobes are below –30 dB and the first null-to-null beam
width is exactly 10o. However, the feeding network complexi-
ty (i.e., the number of the required transmit/receive modules)
is only reduced by half, since each two adjacent elements
are made as a single block to which a single tile’s amplitude
weight is attached.
In the second example, horizontal and vertical tile blocks of
sizes of 2× 4 and 4× 2 are considered to further simplify
the array feeding network. The tiled layout, the optimized
amplitude weights, and the corresponding two dimension-
al radiation patterns are shown in Fig. 7. It can be seen that
the same constraints cannot met due to the availability of
a smaller number of variable tiled weights. Thus, a trade-off
is needed between complexity and the desired constraints.
In the next example, different tile blocks of sizes of 1 × 2,
2× 1, 2× 4 and 4× 2 are considered. The results applicable
to such mixed tile architectures are shown in Fig. 8, where
both the complexity and the desired radiation constraints are
traded off in the best possible manner.
Finally, the performance was measured in terms of taper effi-
ciency, directivity, peak sidelobe level and average side lobe
level. The total area under the sidelobe pattern and the av-
erage deviation of all sidelobe peaks that appear above the
required sidelobe limit for all the above tiled arrays are re-
ported in Tab. 1. For the first type of the design, one may
observe that SLL, directivity, taper efficiency and the average
SLL deviation are exactly same as those of the optimal ref-
erenced solution. For the other design, directivity and taper
efficiency values are only 0.3 dB and 4% higher, respectively,
than those of the optimal referenced solution. For the third
scenario, all the parameters once again reached the optimal
values. These results fully confirm the effectiveness of the
proposed tiled array designs.

4. Conclusions

In this paper, an effective antenna array synthesis method
based on tiled subarray blocks rather than depending on sin-
gle independent elementary radiators has been described. The
tiled blocks can provide designers of large antenna arrays
with numerous advantages. To offer optimal performance, the
configuration of the tiles and their amplitude weights were
optimized by using a powerful optimization tool, such as the
genetic algorithm. To reduce the time spent on searching for
various options, specific rectangular tile blocks with sizes of
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Fig. 7. Results for 2×4 and 4×2 tile configurations: a) array layout,
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i(1× L), and i(L× 1) were used and genetic optimization
was solely used to find the optimal values of the tile amplitude
weights that meet the user-defined constraint requirements.
The obtained results prove the effectiveness of the described
method, showing an exact match between measured perfor-
mance values and the referenced optimal solutions in the case
of small tile blocks sizes, and identifying some deviations in
the case of larger tile block sizes.
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