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Modelling and Designing Wire-Grid Sparse Antennas
Using MoM-based Approaches
for Enhanced Performance and Reduced Cost
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Abstract — In today's competitive market, it is crucial to
continually improve antenna manufacturing technologies to keep
up with the increasing demands. Researchers can utilize
numerical methods to create novel and highly effective antenna
designs, pushing the boundaries of antenna engineering. This
paper considers two approaches to efficiently model and design
sparse wire-grid antennas. The main idea is to create an optimal
wire structure that closely approximates the current paths in the
antenna while maintaining its integrity with minimal mass. This
structure can be used in further simulations with controlled
characteristic accuracy and less resources. In this study, these
approaches were applied to modelling horn, conical horn, and
reflector antennas. The verification was conducted by comparing
their results with those obtained from numerical and
experimental tests for the same antenna designs. The findings
demonstrated good agreement between the results. In addition,
we investigated the impact of using these approaches on the
antenna characteristics and found that they can enhance the
performance of certain characteristics while reducing costs in
manufacturing and modelling.

Keywords — Horn Antenna, Conical Horn Antenna, Reflector
Antenna, Sparse Antennas, Method of Moments, Optimal
Current Grid Approximation, Wire-Grid.

l. INTRODUCTION

Many studies have been conducted on antenna modelling
and manufacturing, as antennas are an essential component of
any radio electronic device [1]. Thanks to advancements in
computational methods, researchers have proposed a wide
range of innovative solutions for antenna modelling,
particularly, for smart [2, 3], wearable [4, 5], and satellite
antennas [6, 7]. These solutions have helped achieve the
desirable final product that the market demands. As a result,
modern antennas feature small size and lightweight designs,
suggest minimal modelling and manufacturing costs, and
provide the required characteristics [8].

The advantages of numerical methods can be utilized in the
early stages of antenna design process to minimize modelling
costs and optimize the antenna structure and characteristics.
Additionally, these methods serve as the foundation for new
approaches to antenna modelling, resulting in innovative
antenna  structures  with improved performance.
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However, choosing the appropriate method is not a simple
task, as it can significantly impact the total design cost. In the
meantime, the method of moments (MoM) [9] can help to
eliminate this challenge. This is because MoM is simple and
allows for deriving new approaches based on it [10].
Moreover, it has low discretization cost and can provide
acceptable results using fewer resources than other methods
[11].

The wire-grid (WG) modelling approach is one of the
remarkable MoM-based approaches. This approach is popular
for its ability to reduce computational costs by approximating
the antenna surface with a grid of connected wires in which
surface currents flow [8]. A considerable number of studies
have been conducted on antenna modelling, especially those
related to WG modelling approach [12, 13], since it can
significantly reduce the computational cost. It is worth noting
that investigations on sparse antennas (SA) are also relevant
nowadays [14-17], since they can assist in optimizing the
antenna structure and obtaining desirable characteristics.
Therefore, combining the WG approach and the SA designing
technology into one approach with a MoM core would be
reasonable to take advantage of their benefits [18].

In [19], a MOM-WG core was used to modernize an
approach to effectively model surface antennas. This approach
was applied in modelling horn antennas. The obtained results
were compared with the measured ones to verify the former,
and the compared results showed good agreement. Based on
the approach in [19], the researchers in [20] proposed another
approach that can be used in modelling and manufacturing
SAs. The authors called it “Optimal Current Grid
Approximation” (OCGA). Using OCGA, an equivalent
antenna structure in the form of a sparse grid can be obtained
by excluding wires whose current magnitude is less than a
specified level relative to the maximum. This level is referred
to as the Grid Element Elimination Tolerance (GEET).

However, one limitation of using OCGA for non-printed
antenna structures is the technical difficulties arising from the
presence of free (unconnected) wires. To address this issue, a
modified version of the original approximation, named
"connecting” OCGA (COCGA), was proposed in [20].
COCGA preserves the physical connections of the grid wires
and avoids breaking the main current paths in the antenna,
thus reducing technical difficulties in manufacturing sparse
antennas. In [21] the modelling and designing approaches are
described in detail and verified on the example of only a horn
and a conical horn antennas, but without any analysis of their
efficiency regarding the change in GEET. These approaches
are briefly summarized and presented here in this work for the
integrity and clarity of the information. However, applying
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this approach to typical antenna structures and verifying its
results are necessary steps in developing this approach. It is
also essential to estimate the performance of this approach
regarding antenna characteristics, mass and cost reduction.
Moreover, to determine the efficiency of this approach, it is
crucial to assess its effectiveness in designing antennas in
their sparse form or for subsequent modelling, instead of the
original solid structures.

This study aims to evaluate the performance of the COCGA
approach and verify its results by applying it to horn, conical
horn, and reflector antennas and to summarize all the
investigation done regarding developing these approaches.
This will be achieved by considering three different types of
antennas and with providing for the first time a
comprehensive analysis of the obtained results regarding the
change in GEET and with concluding general assessments of
the approaches under study. This paper is organized as
follows: Section Il provide detailed explanations of the two
approaches used in modelling and designing the antennas.
Section 11 presents the results obtained by employing these
approaches on three antenna structures, along with a
comparative analysis of these results. Finally, Section IV
summarizes the work done in this paper, presents the
conclusions, and outlines the future work.

I1. MODELLING AND DESIGNING APPROACHES

A. OCGA Brief Description

Applying the OCGA method in wire-grid antenna
modelling allows for the reduction of mass, windage, and size
while preserving the desired characteristics with controlled
accuracy. To achieve this, the current vector elements
obtained from the initial simulation are normalized based on
the maximum current magnitude in the grid wires. Wires with
a magnitude below a user-defined GEET coefficient are
excluded from the grid. The resulting indexes of these wires
are stored in a separate list, which is used to delete
corresponding rows and columns from the system of linear
algebraic equations (SLAE) matrix. The resulting impedance
matrix is then used to construct a sparse antenna structure.

The obtained sparse structure can be utilized in subsequent
antenna  simulations, reducing  computational  costs.
Additionally, if feasible, the sparse antenna can be
manufactured in its final form. This results in a lighter and
smaller antenna with acceptable characteristics compared to
the original solid metal or wire-grid structure.

B. COCGA Brief Description

When implementing OCGA in antenna modelling, the
resulting sparse structure may pose challenges for
manufacturing, especially for non-printed antennas. Excluding
certain wires can disrupt the physical connections and break
the main current paths in the antenna. To address this, the
OCGA algorithm can be modified to generate a more
seamless sparse antenna structure that maintains these paths.

The modified approach involves constructing each section
of the structure separately, with each section containing a
group of connected wires aligned with their indexes in the

SLAE matrices. The wires are categorized as concentric (odd
indexes) or radial (even indexes). After building all the
sections to form the complete structure, OCGA is applied,
resulting in a list of indexes corresponding to elements that
need to be removed.

Before building the sparse structure, each element in the
original list of wire indexes is checked to ensure that deleting
the corresponding wire will not leave any wire without
connections. The algorithm examines whether the wires that
should be connected to the one under consideration are also
marked for deletion. If so, the algorithm excludes the indexes
of the first connected radial wire. The algorithm also verifies
if this radial wire is connected to any concentric wire from its
other end. If not, the algorithm proceeds to exclude further
radial wires until a connection is established with a concentric
wire or reaches a necessary level where all radial wires are
connected. This level is determined based on the antenna's
shape, and the wires at this level are crucial for forming the
foundation of the physical structure.

As a result, a new list of indexes is obtained, containing
wires that can be safely deleted without disrupting the current
flow. Although the number of deleted wires is larger when
applying COCGA compared to OCGA, the reduction in
computational costs, mass, and size of the antenna varies
slightly at the same GEET. Additionally, COCGA has the
advantage of producing structures with more accurate
characteristics compared to OCGA, as demonstrated in the
following section. It can also help alleviate technical
challenges in the manufacturing process.

Ill. RESULTS

To evaluate the performance of COCGA and verify its
results, we applied it to horn [19], conical horn [22], and
reflector [23] antennas. First, these antenna structures were
modeled using the WG approach presented in [19]. Next, the
OCGA and the COCGA were employed, and the results were
compared with each other as well as with those of WG.
Additionally, to verify their accuracy we compared the results
obtained from COCGA with measured data or with those
obtained using other numerical methods from other works.

A. Horn Antenna

First, we modeled a horn antenna using the approach
outlined in [19]. The regular part of the antenna grid was
divided into 8, 4, and 8 segments along the OX, OY, and OZ
axes, respectively. The irregular part was divided into 16, 8,
and 32 segments. The total number of wires (N) used to
approximate the antenna surface was 3556. The antenna was
excited by a wire with a 1V potential difference, placed
between the wide walls in the plane dividing the regular and
irregular parts of the horn. Fig. 1a depicts the original WG
structure of the antenna, while Fig.2 showcases the
normalized radiation patterns (RP) calculated and measured at
8 GHz [19]. The normalized field strength magnitudes were
calculated in the E and H planes.

Next, we employed OCGA with a GEET value assumed to
be 10%. Using the resulting SLAE, we constructed a sparse
antenna structure with Ns=2080 wires, as shown in Fig. 1b.
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The RPs of the sparse structure were compared with the
calculated and measured patterns in Fig. 2. Solving the SLAE
using Gaussian elimination consumes time proportional to
O(N)®, where N is the order of the SLAE, and the required
memory is O(N)% Consequently, the antenna mass decreased
by a factor of N/Ng=1.71, the required memory reduced by
(N/Ns)®=2.92, and the time for solving the SLAE decreased by
(N/Ng)®=5 times. Fig. 2 illustrates that the sidelobe level for
the sparse structure is higher compared to the original one.

Subsequently, we applied COCGA, resulting in the sparse
structure depicted in Fig. 1c. The calculated RPs in the E and
H planes are compared with those obtained using OCGA and
the measured patterns in Fig. 3. The resulting structure
comprised 2168 wires. Thus, the antenna mass decreased by
1.64 times, the required memory by 2.69 times, and the time
for solving the SLAE by 4.41 times. Although the reduction in
computational cost and mass using COCGA is slightly less
than with OCGA, the obtained sparse structure does not
complicate the manufacturing process since there are no
hanging wires. Moreover, the level of antenna RP sidelobes
decreased significantly.

(b)

(©)
Fig. 1. Horn antenna structures: (a) original [19], (b) sparsed using
OCGA and (c) COCGA

P=90" 345 g

180
(b)
Fig. 2. Horn antenna RPs calculated for the original structure by WG
[19] (---) and the structure sparsed by OCGA with GEET=10% (---)
and the measured ones [19] (-) in:(a) the E) and (b) H planes
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Fig. 3. Horn antenna RPs calculated by OCGA (---) and COCGA (---)
with GEET=10%, and measured (=) ones in: (a) E and (b) H planes

B. Conical horn Antenna

In order to assess the effectiveness of COCGA on a conical
horn antenna, we chose a specific antenna described in [22]
and displayed in Fig.4a. This antenna possesses distinct
geometric parameters, including a 30 mm diameter for the
regular part (d), a maximum diameter of 61.76 mm for the
irregular part (D), a 31.25 mm height for the regular part (I,),
a 12 mm height for the irregular part (I,), and a total horn
height of 43.25 mm (L). To excite the antenna, a wire with a
length of 1;=0.36\L was positioned at the center of the
intersection between the regular and irregular parts. Initially,
we modelled the antenna using the WG approach outlined in
[19], where all grid wires were assigned a radius of 0.1 mm.
The approximation of the antenna surface required a total of
3600 wires (N), as depicted in Fig. 4b, referred to as the
original structure. The resulting RPs of the original conical
horn antenna structure, obtained through WG approximation,
were then compared to those derived using the finite
difference time domain (FDTD) method [22] at an 8 GHz
frequency. The comparison of antenna gains (AG) was carried
out in the E and H planes, displaying favorable agreement
(Fig. 5). Notably, the modelling process using the WG
approach [19] was completed in 29.92 seconds, exhibiting a
1.34 times faster performance than the FDTD method [22]
while utilizing the same computational resources.
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Fig. 4. (a) Conical horn antenna isometric view [22] and (b) the
structure of the antenna approximated using the WG approach [19]
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Fig. 5. Conical horn AGs calculated for the original structure (---)
obtained by WG [19] and those calculated by FDTD [22] (-)
in the: (a) E plane and (b) H plane

Next, we applied OCGA to obtain sparse antenna RPs with
GEET value of 6% and 10%. The resulting sparse antennas
are shown in Fig. 6, with Ns=2846 wires in the grid at 6%,
and Ng=2362 wires at 10%. We then compared the obtained
RPs in the E and H planes with those obtained using FDTD
in [22] (Fig. 7). As seen, with increasing GEET value, the
divergence of the results increases, but the radiation in the
main direction remains acceptable. OCGA application results
in a reduction in the antenna mass by 1.26 times at GEET
of 6% and by 1.52 times at 10%. The reduction in required
memory was 1.60 and 2.32 times at GEET of 6% and 10%,
respectively, and in the required time for solving SLAE was
2.02 and 3.54 times, at GEET of 6% and 10%, respectively.
The total time spent on the simulation by OCGA at GEET of
6% and 10% was 18.42 s and 12.92 s, respectively, which was
2.17 and 3.09 times faster than that spent by FDTD [22].
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Using COCGA, we obtained sparse antennas with GEET 13 1
values of 6% and 10% (Fig. 8), consisting of 2850 and g:
2442 wires in their grids, respectively. The RPs of the 5
resulting antennas were compared with those obtained using 7
FDTD [22] in the E and H planes (Fig. 9). As a result of -12

-17 4

employing COCGA, the mass of the antenna decreased by
1.26 and 1.47 times, the required memory by 1.60 and i
2.17 times, and required time by 2.02 and 3.20 times at GEET 32
values of 6% and 10%, respectively. The time spent on
simulation using COCGA at GEET values of 6% and 10%

was 18.69 s and 14.08 s, which is 2.14 and 2.84 times faster 13
than using FDTD [22]. 8
To compare the results obtained with OCGA and COCGA, g
we present them in Fig. 10. It is evident that the results -
obtained with COCGA have less divergence from those -12
obtained using FDTD than those obtained with OCGA as the 7
GEET value increases. In addition, the results after OCGA 57 ]
and COCGA at GEET=6% are identical, while at 10% they 32 , i . . . 8,°
differ, and the divergence is well noticed in the sidelobes. -180  -120 -60 0 60 120 180
Nevertheless, the results in the main direction have a good (b)
agreement. This again proves the advantage of using COCGA Fig. 7. Conical horn AGs calculated for structure obtained using
over OCGA in terms of modelling accuracy and ease of OCGA with GEET of 6% (--) and 10% (---) and those calculated
manufacturing. using FDTD [22] (-) in the: (a) E plane and (b) H plane
Y
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Fig. 6. Sparse antenna structures obtained using OCGA Fig. 8. Sparse antenna structures obtained using COCGA
with GEET: (a) 6% and (b) 10% with GEET: (a) 6% and (b) 10%
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Fig. 9. Conical horn AGs calculated for structure obtained using
COCGA with GEET of 6% (---) and 10% (---) and those calculated
using FDTD [22] (-) in the: (a) E plane and (b) H plane
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Fig. 10. Conical horn AGs for structures obtained using OCGA with
GEET of 6% (---) and 10% (---) and those obtained using COCGA
with GEET of 6% (---) and 10% (---) in the: (a) E plane and
(b) H plane

C. Reflector Antenna

To verify effectiveness of COCGA on a reflector antenna,
we chose the antenna produced in [23]. The isometric view of
the antenna structure is presented in Fig. 11a, and it has the
following geometrical parameters: diameter D=400 mm, depth
h=143.6 mm, and focus F=75 mm. To excite the antenna, we
used a wire with a length of 1=A/3.6 and a radius R;=A/3.6,
placed at a distance equal to the focus of the reflector from the
center of the grid. When modelling using the approaches from
[19], we divided the WG of the reflector antenna into 60
radial and 25 concentric parts. The total number of wires (N)
with a radius R,=A/30 used to approximate the antenna surface

was 3000. Fig.11b shows the structure of the antenna
approximated using WG (hereinafter referred to as the
original structure). We compared the obtained antenna RPs for
the original structure with the measured results in [23]. The
AG was calculated at the frequencies of 5.1 GHz and 5.9 GHz
in the E (Fig. 12) and H (Fig. 13) planes, and compared to the
measured ones.

Subsequently, we applied OCGA with a GEET value of
10% to generate the sparse antenna radiation patterns at
frequencies of 5.1 GHz and 5.9 GHz. The resulting sparse
antennas are illustrated in Fig. 14, with Ns=1988 wires at
5.1GHz and 2112 wires at 5.9 GHz. The application of
OCGA led to a reduction in antenna mass by 1.51 times at
5.1 GHz and 1.42 times at 5.9 GHz. Additionally, the required
memory decreased by 2.28 and 2.02 times, respectively, and
the solution time for SLAE decreased by 3.44 and 2.88 times
at 5.1 GHz and 5.9 GHz, respectively. Moving forward, we
employed COCGA to obtain sparse antennas with a GEET
value of 10% at frequencies of 5.1 GHz and 5.9 GHz
(Fig. 15). The number of wires in their grids amounted to
2027 at 5.1 GHz and 2166 at 5.9 GHz. By utilizing COCGA,
the antenna mass decreased by 1.48 and 1.39 times, the
required memory decreased by 2.19 and 1.92 times, and the
solution time decreased by 3.25 and 2.66 times at 5.1 GHz
and 5.9 GHz, respectively.

X
(b)
Fig. 11. (a) Isometric view of the reflector antenna [23] and (b) the
structure of the antenna approximated using WG [19]
30 1G. dB
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9
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-180 -120 -60 0 60 120 180
(b)
Fig. 12. Reflector AGs obtained using the WG (-) compared to those
measured in [23] (--) in the E-plane at: (a) 5.1 and (b) at5.9 GHz
30 97 G dB
20 4

-180 -120 -60 0 60 120 180

-180  -120 -60 0 60 120 180
(b)
Fig. 13. Reflector AGs obtained using the WG (—) compared to those
measured in [23] (---) in the H-plane at: (a) 5.1 and (b) 5.9 GHz

(b)
Fig. 14. Sparse reflector antenna structures
obtained using OCGA at: (a) 5.1 and (b) 5.9 GHz

(b)
Fig. 15. Sparse reflector antenna structures
obtained using COCGA at: (a) 5.1 and (b) 5.9 GHz

The comparison of AGs at 5.1GHz and 5.9 GHz,
calculated using the WG approach (original structure), OCGA
(sparse structure), and COCGA (sparse structure), are
presented in Fig. 16 for the E-plane and Fig. 17 for the H-
plane. The results obtained using the sparse antennas align
closely with the measured values and those obtained using the
WG approach. Notably, there is a larger discrepancy in the
results at 5.1 GHz, while at 5.9 GHz, the sparse antennas
obtained with COCGA exhibit lower levels of sidelobes and
zero radiation points compared to those obtained with OCGA
(on average by 10 dB).

To demonstrate the feasibility of using sparse antennas
obtained by the COCGA method, we took the sparse antenna
generated at a frequency of 5.9 GHz and modelled it at a
frequency of 5.1 GHz. Subsequently, we compared the
resulting characteristics and presented them in Fig. 18. As
shown, the COCGA method effectively generates sparse
antennas that can operate in a range of frequencies without
significantly altering their characteristics, despite the fact that
the surface current flows in different directions at each
frequency.

30 71 G dB
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Fig. 16. Reflector AGs of the original structure (—) compared to those
of the sparse structures obtained using OCGA (---) and COCGA (---)
in the E-plane at: (a) 5.1 GHz and (b) 5.9 GHz

30 7G. dB

20 1

8-

-180 -120 -60 0 60 120 180
(b)

Fig. 17. Reflector AGs of the original structure (—) compared to those
of the sparse structures obtained using OCGA (---) and COCGA (---)
in the H-plane at: (a) 5.1 GHz and (b) 5.9 GHz

30 7G. dB

10 4
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(b)

Fig. 18. Reflector AGs calculated at 5.1 GHz for the antenna sparsed
by the COCGA (---) from the WG structure at 5.9 GHz compared to
that obtained using the WG (-) (original structure) at 5.1 GHz
in the: (a) E-plane and (b) H-plane with GEET=10%

D. Comparative Analysis: GEET Dependences

When creating sparse antenna structures and after
increasing the GEET value according to the manufacturer's
needs, a significant number of wires will be discarded. This,
in turn, will cause a change in the antenna characteristics.
However, for each antenna type, the change will be different
depending on the GEET value. Therefore, a more general
comparison of the properties of each antenna after applying
OCGA and COCGA to the WG antenna is necessary to have
an overview. This will assist designers in selecting the GEET
value that best suits their requirements.

E. Horn Antenna

For the horn antenna, Fig. 19 shows the change in the
number of wires after altering the GEET value. It is evident
that the number of remaining conductors in the sparse antenna
structure is consistently higher after COCGA compared to
OCGA. This can be attributed to the restoration of some wires
to maintain the antenna's seamless structure.

The total number of remaining wires in a sparse antenna
can significantly affect its characteristics and mass. As shown
in Fig. 19, there is not much difference in the total number of
wires when the GEET value is less than 10% for both OCGA
and COCGA methods. The results also indicate that the
characteristics of the original WG antenna and the sparse one
are nearly identical when the GEET value is less than 10%.
However, when the GEET value exceeds 10%, the sparse
antenna obtained using OCGA shows a sharp reduction in AG
and differs greatly from the original WG antenna element
(Fig. 19). On the other hand, COCGA produces a slower
change that results in characteristics closer to those of the
original WG antenna ones. Additionally, the reductions in the
antenna mass and in the time and memory required to
simulate it change linearly when the GEET value changes, as
depicted in Fig. 20. Other antenna characteristics are also
compared and presented in Table 1.

TABLE 1
THE HORN ANTENNA CHARACTERISTICS FOR THE
APPROXIMATION APPROACHES COMPARED TO THOSE FOR THE
ORIGINAL WG STRUCTURE AND MEASURED ONES

Antenna modelff, GHz| Gynay, dBi S'd(eE'be)ef ol lBw @), °
Measured 8 - 22.35/17.43 32/32
WG 8 | 2373 | 19.96/1554 | 32/28
OCGA | 8 | 2377 | 17.26/13.96 | 38/28
COCGA | 8 | 2279 | 19.18/14.89 | 36/28

The obtained results show that, for the horn antenna,
OCGA outperforms COCGA in terms of mass and resource
reduction when GEET is greater than 10%. However, it
provides less accuracy than the results obtained with COCGA.
This can be easily explained because COCGA creates a
seamless structure and does not interrupt the path of the
current.
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Fig. 19. Sparse WG horn antenna structure against GEET after applying OCGA (-), and COCGA (---): (a) total remains wires number,
(b) its maximum gain, and (c) its input impedance magnitude
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Fig. 20. Sparse WG horn antenna against GEET value after OCGA () and COCGA (---): (a) mass reduction, (b) the memory and
(c) time reduction on further simulation

Therefore, it is recommended to use OCGA when it is  closer to the results obtained by WG and FDTD at the same
necessary to reduce the computational cost of modelling, GEET value.
especially in the case of investigating the antenna properties TABLE 2
where a rapid estimation without strict requirements is THE CONICAL HORN ANTENNA CHARACTERISTICS FOR THE
required. On the other hand, when high accuracy of results is APPROXIMATION APPROACHES COMPARED TO THOSE FOR THE
required, using COCGA is the most appropriate option, as it ~ ORIGINAL STRUCTURE AND TO THOSE OBTAINED USING FDTD
can greatly reduce the weight while providing results closest

to those of the original antenna. . Sidelobe level o
AE model |G, dBi[VSWR (E/H), dB BW (E/H),
F. Conical Horn Antenna FDTD [22] 119 | 1.14 | 18.91/18.28 44/38
WG 12.24 | 1.80 | 20.70/20.70 46/48

Similarly, the change of the remaining wires for the conical
horn antenna and its maximum AGs and input impedance with OCGA (6%) | 11.68 | 1.77 | 19.47/19.47 46/50
changing the GEET value are shown in Fig. 21. In addition, | OCGA (10%) | 11.08 | 1.80 | 17.77/17.81 52/54
the relationship between GEET and the mass, memory and | COCGA (6%)| 11.68 | 1.79 | 19.28/19.28 46/50
calculation time reduction are shown in Fig. 22. o

It can be observed that the conclusions drawn for the COCGA (10%)] 1112 | 177 | 18011801 52/50
conical horn antenna are not significantly different from those
made for the horn antenna. However, as the GEET value is  G. Reflector Antenna
increased, the variation in AG value is not as linear as
observed in the horn antenna, particularly after OCGA. This The GEET dependencies of the total number of remaining
can be helpful in finding a high GEET value, which results in ~ wires after employing OCGA and COCGA on the reflector
a significant reduction in mass and computational cost while  antenna WG structure are presented in Fig. 23a. The changes
still maintaining acceptable antenna characteristics. Table 2  in AGs and input impedance are demonstrated in Fig. 23b, ¢
compares the characteristics of sparse WG antennas at various  as the GEET value is changed. The reduction in antenna mass,
GEET values with those of the original WG structure and ~ memory, and simulation time with changing GEET value is
those obtained using the FDTD method. From Table Il it can ~ shown in Fig. 24. Using the approximations under study on a
be seen that the results obtained after OCGA and COCGA do WG antenna structure produces a sparse structure with almost
not considerably differ. But in general, the COCGA resultsare  no characteristic difference between them when GEET value

is up to 15%. Beyond 15%, the difference becomes more
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obvious. In addition, despite the COCGA disadvantages, it
leads to sparse antenna structures that can be easily
manufactured with acceptable accuracy of its characteristics.

TABLE 3
THE REFLECTOR ANTENNA CHARACTERISTICS
FOR THE APPROXIMATION APPROACHES COMPARED TO THOSE
FOR THE ORIGINAL WG STRUCTURE AND MEASURED ONES

. Sidelobe level | BW
AE model [f, GHz|G., dBi[VSWR) (EH), dB  |(E/H).°
5.1 21.96/14.04
Measured 245+1 | <1.5 ~9
[23] 5.9 22.23/23.72
WG 5.1 | 2327 | 1.22 | 23.27/17.56 | 12/8
59 | 2449 | 1.25 | 24.49/18.69 | 12/8
5.1 | 23.15 | 1.22 | 23.03/15.99 | 12/8
OCGA
59 | 2422 | 1.26 | 21.68/19.02 | 12/8
COCGA | 51 | 23.17 | 1.22 | 23.15/16.20 | 12/8

This is also confirmed by the data in Table 3 where the AG,
VSWR, sidelobe level, and maximum beam width at -3 dB
are calculated for the sparse antenna structures obtained after
employing OCGA and COCGA and compared with the
measured results from [23].

IV. CONCLUSION

The OCGA and COCGA approaches that can be used for
modelling and designing sparse wire-grid antenna structures
have been investigated and verified in this work. They were

employed to three antenna structures. The results obtained
using these approaches are compared with those obtained
using other numerical methods or measurements results from
other works. The presented results were also compared
between each other to estimate their efficiency. In particular,
it was shown that COCGA can be perfectly generate antenna
structures that can be used in manufacturing antennas since it
preserves the structure integrity. Moreover, the structures
generated by COCGA can be used as an equivalent model of
the original solid antenna structure in the antenna modelling
process. This is explained by the fact that this model requires
less computational resources for further simulations with
maintaining an acceptable level of the results accuracy.

Further research can be directed toward investigating the
adaptability, performance, and possibility of applying these
approaches for different types of antennas, including printed
antennas and antenna structures with the presence of a
dielectric in general. Furthermore, it should be noted that
these approaches can indeed be used as the core of an
optimization procedure to obtain sparse antennas with certain
required characteristics and controlled accuracy, which is the
next prior step in improving the sparse antenna design
process, and to formulate and summarize all the usage aspects
of these approaches, their capabilities, advantages and
disadvantages.
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