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Abstract – Reducing the antenna mass while maintaining its 

desired characteristics is associated with many challenges. The 

optimal current grid approximation and its modified versions 

provide the possibility of creating sparse antennas with 

controllable characteristic accuracy while considerably 

minimizing their mass compared to their original structure. 

However, for antennas operating in wide frequency bands, it is 

necessary to consider that the current distribution through the 

wires of the original grid will change as the frequency changes. 

This leads to different sparse structures after applying these 

approaches. This paper investigates and compares the 

performance of sparse antenna structures obtained at different 

frequencies in the antenna operating frequency range. Different 

approximations are applied on a horn antenna designed to 

operate in the K/Ka band. Its sparse structures obtained at 18, 28 

and 38 GHz were used for the analysis. Detailed analysis of the 

performance and advantages of the sparse antennas obtained 

after applying these approximations is performed. The analysis 

results allow the selection of a suitable sparse structure for 

specific applications. In addition, this paper also verifies the 

conclusions drawn in previous work for a different frequency 

band regarding at which frequency in the considered band the 

sparse structure must be generated. 

Keywords – Wire-grid, sparse antennas, horn antennas, 

method of moments, optimal current grid approximation 

I. INTRODUCTION 

With the rapid development of 5G and future 6G networks, 

the need for high-speed and stable data transmission is 

increasing [1–3]. To accommodate these demands, antennas 

must be able to operate over a wide frequency range, 

including the millimeter-wave range [4, 5]. They also must be 

capable of supporting multiple connected devices, from 

smartphones to Internet of Things (IoT) sensors, while at the 

same time operating on the principles of optimal frequency 

usage and minimal interference, especially in densely 

populated urban areas, to improve the user experience. 

As the infrastructure of these networks is deployed in such 

areas, reducing the size and weight of antennas is becoming 

more and more important. This allows antennas to be 

integrated into advertising panels, street light poles, trees or 

even on the building's window glass without disrupting the 

aesthetics of the urban area [6, 7]. Additionally, this reduces 

the transportation and installation costs, which is especially 

important when it comes to both expanding the network 

coverage area and ensure the portability of the supported 

devices [8–10]. In general, reducing the antenna mass has a 

significant impact on reducing the overall manufacturing 

costs, and in some cases can improve the antenna performance 

[11, 12]. 

On the other hand, mass reduction may affect the antenna 

performance and its important characteristics. Thus, there are 

challenges that must be considered and addressed to achieve 

the desired reduction [13, 14]. An effective way to minimize 

and predict the negative effects of weight reduction is to use 

computer modeling in antenna design and development. It has 

many valuable benefits, especially when considering aspects 

such as performance, durability and stability. Modeling allows 

one to evaluate antenna performance under different operating 

conditions, optimize antenna design, and predict its 

manufacturing costs before proceeding to the actual 

fabrication and deployment process [15, 16]. 

There are many different popular antenna modeling 

methods including method of moments (MoM), finite-

difference time-domain method and finite element method. 

Each method has its own advantages and limitations. 

Depending on the specific requirements, a suitable method 

can be selected. Meanwhile, among these methods, using 

MoM for antenna modeling has many appreciable advantages, 

which make it popular in such research community [17–19]. 

One of these advantages is its ability to model antennas with 

diverse and complex structures, providing detailed and 

accurate information about their characteristics [20, 21]. 

Moreover, MoM has a simple algorithm, which makes it 

easier in implementation and faster in computation compared 

to other methods. On top of the above advantages, the most 

frequently used one is the ability of MoM to serve as a basis 

for developing new approaches to design novel antenna 

structures. Wire Grid (WG) is among some of these 

approaches that have a great potential for development. It is 

based on approximating the antenna conducting surface with a 

grid of wires [22, 23]. Researchers in [24, 25] used WG to 

reduce the antenna mass as well as the computational cost 

associated with its simulations. They also demonstrated that 

the use of WG allows to accurately determine the main 

antenna characteristics, which may help designers to analyze 

and optimize them with low computational cost. 

Meanwhile, the development of sparse antennas has 

received much attention recently, considering the growing 

demands for reducing antenna mass and size [26, 27]. 

Moreover, the development of sparse WG antennas presents 

opportunities for their easy integration in compact devices 

such as IoT sensors and in areas such as vehicle on-glass 

antennas where space and mass are important constraints 

[28, 29]. 
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Inheriting the advantages of MoM-based WG antennas, a 

new approach to design sparse antennas was proposed in [25]. 

This approach is known as optimal current grid approximation 

(OCGA). It provides an equivalent sparse antenna structure by 

eliminating wires with normalized current magnitudes below a 

given threshold comparing to the maximum or average current 

magnitude in the grid wires. This threshold is called the Grid 

Element Elimination Tolerance (GEET). OCGA has been 

applied on different antenna types [30]. However, its 

application on non-printed antenna designs faces several 

technical challenges due to the presence of wires unconnected 

to the main grid. To address this problem, a modified versions 

of the initial approximation were proposed in [31]. The first is 

referred to as the “eliminating” OCGA (EOCGA). In it, the 

connections between all remaining wires are checked and then 

the wires not connected to the main grid are eliminated. The 

second modification is called the “near-connecting” OCGA 

(NCOCGA). In it, only the necessary wires are recovered after 

OCGA to establish a connection between any free wire and 

the nearest one to it in the main grid. 

In [32], a comprehensive comparative analysis of sparse 

structures derived only from the OCGA and connected OCGA 

(COCGA) approaches is performed for a wide-band 

perforated horn antenna. The successful approximation of the 

antenna surface is confirmed by comparison with HFSS 

simulation results and measurements of 3D-printed structures. 

The study showed that COCGA generally (with smaller 

GEET values) yields antenna characteristics closer to those 

for the original structure, indicating a higher accuracy in 

preserving the original characteristics, but OCGA surpasses 

COCGA in terms of mass reduction as well as time and 

memory requirements for further simulations. As is known 

and demonstrated in [32], the current distribution along the 

WG varies at different frequencies. This results in the 

appearance of different sparse structures after applying these 

approaches at diverged frequencies. The study recommended 

generating the sparse structure at the lowest frequency in the 

bandwidth since it can closely resemble the characteristics of 

the original antenna, and no matter at which frequency in the 

bandwidth the sparse antenna was obtained, the accuracy of 

the C/OCGA results increases with increasing the frequency. 

However, it was noted that manufacturers should choose the 

sparse structure with suitable GEET value based on their 

specific requirements as in some certain cases, structures 

derived at other frequencies provide superior results. 

These findings emphasized the value of the analysis 

performed in [32] and the need for another one to evaluate the 

performance of sparse structures derived from the EOCGA 

and NCOCGA. Moreover, the analysis in [32] was conducted 

only for antennas operating in the X-band. Therefore, in order 

to generally understand the influence of the choice of the 

frequency at which the sparse structure can be generated on its 

characteristics, it is necessary to consider other frequency 

bands. Therefore, the main aim of this paper is to perform a 

comprehensive analysis and comparison of the performance of 

sparse antenna structures obtained after applying OCGA and 

all its modifications and operating in the K/Ka band 5G 

networks. The valuable contribution of this paper can help 

antenna designers and manufacturers to decide which 

approach is appropriate to choose for designing their sparse 

antenna as well as at which frequency it should be generated 

to obtain the desired characteristics. 

This study is organized as follows. Section II presents the 

results of the surface approximation process of a K/Ka band 

horn antenna using WG. Then, it provides comparisons of the 

WG results obtained by different programs with each other 

and with simulation results of other methods as well as with 

measurements of the antenna model created using 3D printing 

technology. Section III presents the sparse antenna structures 

after applying OCGA and its modifications at the main 

(boundary and center) frequencies in the antenna operating 

frequency band. This section also provides a comparative 

analysis of each sparse structure performance, highlighting 

their similarities and differences. Furthermore, conclusions 

and recommendations made in earlier papers were verified 

add new ones were introduced. Section IV presents the sparse 

antennas obtained after applying different approaches with 

specific GEET values. A comprehensive analysis and 

comparison of the performance improvements achieved by 

these antennas over the entire operating frequency band are 

carried out. Section V summarizes the study findings and 

draws conclusions based on the conducted analysis. 

II. SURFACE APPROXIMATION USING WG 

To accomplish the purpose of this study, we chose a 3D-

printed horn antenna made of conductive filament and 

described in [33]. This antenna is designed to operate in the 

K/Ka band for 5G networks. It consists of two parts: regular 

and irregular. The regular part of the antenna is a standard 

WR34 rectangular waveguide operating in the frequency 

range of 22–33 GHz. The waveguide geometrical parameters 

are: length a1=8.35 mm, width b1=3.85 mm and height 

l1=4.32 mm. The irregular part of the horn antenna is an 

expanded extension of the waveguide that directs radio waves 

into beams. The geometric parameters of this part include the 

length a2=22 mm, the width b2=17.15 mm and the height 

l2=13.25 mm. An isometric view of the antenna is shown in 

Fig. 1a. 

First, the horn antenna is modeled using WG in [34]. The 

grid that approximates the antenna regular part was divided 

along the OX axis into 7 parts, OY axis – 6 parts and OZ 

axis – 10 parts. While the grid approximated the irregular part 

was divided along the OX axis into 7 parts, OY axis – 6 parts 

and along OZ axis –10 parts. A total of N=1139 wires was 

used to approximate the entire antenna surface. For the 

fabrication of the horn antenna prototype in [33], 0.4 mm 

thick Electrif material was used. Therefore, all grid wires had 

a radius r=0.2 mm. To excite the grid, a wire with a voltage 

difference of 1 V was connected to the grid on the underside 

of the regular part and inside it along the OY axis. This wire 

was placed in the center of the waveguide at a distance of 

l1/2=2.16 mm from the closed waveguide surface. The 

excitation wire had a length of lS=2.15 mm and radius of 

rS=0.2 mm, and divided into 5 segments, while a single 

segment was used for the rest grid wires. Antenna structures 

approximated by WG in TALGAT and 4NEC2 systems are 

shown in Fig. 1b, c. To distinct these structures from the 

sparse ones in this study, they will be referred to hereafter as 

the original structures. 
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Fig. 1. (a) Isometric view of the 3D printed horn antenna,  

(b) its equivalent structures approximated by WG  

in TALGAT, and (c) 4NEC2 [34] 

Next, the WG simulation results in TALGAT (with manual 

segmentation) and 4NEC2 (with manual and auto-

segmentation) were compared with those obtained in [33] 

using the CST system for the same horn antenna model. These 

results were also compared with the measured ones for the 3D 

printed horn antenna made of conductive filament and 

described in [33]. The considered antenna characteristics of 

interest included the reflection coefficient magnitude (|S11|) 

and the maximum gain (Gmax) over the operating frequency 

range. A comparison of these characteristics was performed 

and presented here for further comparisons in Fig. 2. Besides 

that, to verify the directivity of the horn antenna, it is 

necessary to consider its radiation pattern (RP). The RPs 

obtained using WG in TALGAT were compared with those in 

CST, 4NEC2 (manual and auto-segmentation) and with the 

measured ones for the 3D-printed antenna with conductive 

filament Electrifi. The RPs were compared in the E and H 

planes, at the center frequency of 28 GHz and here presented 

for further comparisons in Fig. 3. 

 
(a) 

 
(b) 

Fig. 2. Frequency dependences of the horn antenna obtained 

experimentally [33], numerically in CST [33], and numerically using 

WG in TALGAT and 4NEC2 (manual and auto-segmentation) [34]: 

(a) |S11|, (b) Gmax   

The results in Fig. 2 and Fig. 3 are discussed in detail in 

[34]. Their comparative analysis data are summarized here in 

Table 1. The considered characteristics obtained for the horn 

antenna different models are the antenna bandwidth, resonant 

frequencies, and the Gmax, the RP beam width (BW) and the 

side lobe level (SLL) at the central frequency. It was noticed 

that, in general, TALGAT gives results that are in better 

agreement with the measured ones compared to those 

obtained in CST and 4NEC2. The difference between the 

calculated and measured results might be attributed to the 

inevitable errors in the fabrication process using 3D printing 

technology.  
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TABLE 1 

THE HORN ANTENNA CHARACTERISTICS OBTAINED FOR ITS DIFFERENT MODELS [34] 

Antenna model Bandwidth, GHz Resonant frequencies, GHz 
At a frequency of 28 GHz 

Gmax, dBi SLL (E/H), dB BW (E/H),  

Measured 16.5 29.7 12.0 22.37/17.69 38/31.5 

CST 3.5 28 13.6 32.11/11.64 27/32 

WG in TALGAT 14.8 29.7 14.3 23.24/18.24 34/32 

WG in 4NEC2 manual segmentation 11.9 34.7 14.0 25.39/14.19 34/31 

WG in 4NEC2 auto-segmentation 11.6 35.2 15.3 27.93/13.73 33/29 

 

Meanwhile, in the E plane, the obtained simulation results 

in CST were slightly better than those in TALGAT and 

4NEC2, e.g., lower SLL and BW, but they differed 

significantly with the measured ones. In the H plane, the 

obtained SLL in CST was higher than those in TALGAT and 

4NEC2 and highly differed with measured one. 

 
(a) 

 
(b) 

Fig. 3. Horn antenna RPs obtained at 28 GHz experimentally [33], 

numerically in CST [33], and numerically using WG in TALGAT 

and 4NEC2 (manual and auto-segmentation) [34] in:  

(a) E, (b) H planes  

III. COMPARATIVE ANALYSIS OF SPARSE 

STRUCTURES 

Based on what was done in [34] and briefly presented in 

section II, the effectiveness of the WG approach in 

approximating the surface of the horn antenna is 

demonstrated. Simulation results using WG in TALGAT were 

most similar to the measurement ones of the 3D-printed horn 

antenna prototype. Therefore, the TALGAT WG structure was 

selected to design sparse antennas by applying OCGA and its 

modifications on it. In the case of modeling a horn antenna 

using WG, the excitation wire is directly connected to grid, 

which results in much higher current along the wires near the 

connection point than others. To handle this issue, the current 

magnitudes along the grid wires (except their values along the 

excitation wire) were normalized relative to their average 

value. 

The sparsity of the WG structures obtained after applying 

OCGA, EOCGA and NCOCGA mainly depends on the GEET 

value. By changing the GEET value, different numbers of 

wires are removed from the original WG. However, the 

current through the grid is distributed differently at each 

operating frequency. Therefore, different sparse structures can 

be obtained for the same GEET value. Although the 

differences in these structures may be quite small, they may 

have a noticeable impact on the antenna characteristics. 

Consequently, a comprehensive comparative analysis is 

necessary to evaluate the performance of the sparse antennas 

obtained at different frequencies (e.g., the main operating 

ones). The central frequency of 28 GHz and the boundary 

ones of 18 and 38 GHz are considered for comparison. To 

avoid confusion, the sparse structures obtained at these 

frequencies will be denoted as S28, S18 and S38, respectively. 

First, the original WG is simulated at these frequencies and 

then the current distribution along its wires is calculated. 

Then, the current magnitudes are normalized with respect to 

their average value obtained at each frequency. After that, the 

OCGA, EOCGA and NCOCGA approaches with different 

GEET values are applied to obtain the sparse structures. By 

changing the GEET, the number of remaining wires in the 

grid is changed for each sparse structure. This is demonstrated 

in Fig. 4. The effect of GEET value after applying the 

considered approaches on reducing the antenna mass and the 

required memory and time for further simulations when using 

the sparse structures instead of the original one is investigated 

and the results are compared at different frequencies in Fig. 5. 

From the data presented in Fig. 4 and Fig. 5, it can be 

drawn that for GEET<40%, the least number of remaining 

wires is observed for S18, and for GEET>40% – for S38. 

Consequently, when GEET<40%, the reduction of antenna 

mass and required memory and time for further simulations is 

best for S18 compared to S28 and S38, and when GEET>40% – 

S38, and the results of S18 and S28 are very similar. 

GEET dependences after applying OCGA, EOCGA and 

NCOCGA for S18, S28, and S38 structures at 18, 28, and 
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38 GHz were calculated for the following antenna 

characteristics: Gmax, voltage standing wave ratio (VSWR), 

|S11|, and input impedance magnitude (|Z|). The obtained 

results are compared with those of the original structures (at 

GEET=0%, summarized in Table 2) and presented in Fig. 6–

Fig. 9, respectively. 

 

TABLE 2 

ORIGINAL WG STRUCTURE ANTENNA CHARACTERISTICS  

AT THE MAIN FREQUENCIES 

f, GHz Gmax, dBi VSWR |S11|, dB |Z|, Ohm 

18 11.50 15.67 –1.11 55.91 

28 14.30 1.29 –17.99 53.51 

38 14.54 2.39 –7.75 115.90 



 
Fig. 4. GEET dependencies of the total number of remaining wires 

after OCGA, EOCGA and NCOCGA for S28, S18 and S38 

 

 

 

 

   
(a) (b) (c) 

Fig. 5. GEET dependences of the reduction of the sparse WG horn antenna for further simulations after OCGA, EOCGA and NCOCGA for 

S28, S18 and S38: (a) mass, (b) required memory, and (c) time  

 

   
(a) (b) (c) 

Fig. 6. GEET dependences of Gmax after OCGA, EOCGA and NCOCGA for S18, S28 and S38 at: (a) 18 GHz, (b) 28 GHz, (c) 38 GHz 

 

   
(a) (b) (c) 

Fig. 7. GEET dependences of VSWR after OCGA, EOCGA and NCOCGA for S18, S28 and S38 at: (a) 18 GHz, (b) 28 GHz, (c) 38 GHz  
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(a) (b) (c) 

Fig. 8. GEET dependences of |S11| after OCGA, EOCGA and NCOCGA for S18, S28 and S38 at: (a) 18 GHz, (b) 28 GHz, (c) 38 GHz 

 

   
(a) (b) (c) 

Fig. 9. GEET dependences of |Z| after OCGA, EOCGA and NCOCGA for S18, S28 and S38 at: (a) 18 GHz, (b) 28 GHz, (c) 38 GHz 

 

When comparing all the antenna characteristics, it can be 

observed that when GEET<40%, the difference between the 

obtained results at 18 and 28 GHz for S18 and S28 is 

insignificant compared to the original WG. While the 

difference of the S38 results is insignificant only when 

GEET<20% at 18 GHz and when GEET<10% at 28 GHz. 

This difference is also insignificant at the frequency of 

38 GHz for all structures when GEET<50%. This 

demonstrates that sparse structures obtained when 

GEET<50% at any frequency in the frequency range give best 

results when operate at high frequencies. This consists with 

the conclusions made in [32] for a different antenna operating 

at different frequency range after applying OCGA and 

COCGA. 

In general, as the GEET value increases (especially when 

GEET>50%), the difference becomes more noticeable for all 

sparse structures. In particular, in Fig. 6, the Gmax results show 

that S18 and S28 give similar results and better ones than those 

for S38. This is also can be concluded for the VSWR results in 

Fig. 7, which also show that when GEET>50%, S18 has the 

lowest VSWR value compared to S28 and S38. At the central 

frequency of 28 GHz and for all GEET values, the obtained 

VSWR values for all structures are always less than 2.2 and 

for S18 they are even always less than 1.4. The same 

conclusions as for VSWR and Gmax can be drawn for |S11| and 

|Z| results from Fig. 8 and Fig. 9. From the comparison results, 

it can be observed that in general, S18 has advantages over 

other structures since its characteristics vary less with 

changing the GEET value. 

When comparing the results obtained for all structures, it 

can be observed that in general there is no significant 

difference between the results after applying OCGA, EOCGA 

and NCOCGA. The difference is only observed at a few 

specific GEET values. In order to determine the most suitable 

structure, Table 3 summarizes the maximum differences of the 

sparse antenna characteristics obtained after applying OCGA, 

EOCGA and NCOCGA for each sparse structure compared to 

the original one at the considered frequencies. The results 

allow manufacturers to make informed decisions when 

designing such sparse antennas. 

Based on the calculated data in Table 3, it can be noticed 

that at the main frequencies and for all structures, the smallest 

differences in the results are most often observed after 

applying NCOCGA (underlined values in Table 3). In 

particular, after application of NCOCGA the smallest 

differences are obtained at 18 GHz for VSWR, |S11| and |Z|, at 

28 GHz – for |S11|, and at 38 GHz the smallest differences for 

all characteristics are obtained after applying NCOCGA. After 

applying OCGA, the smallest difference is obtained only at 

28 GHz for VSWR and |Z|, while after applying EOCGA, the 

smallest difference is obtained only for Gmax at 18 and 

28 GHz. 

In addition, when comparing the results at all frequencies 

with each other, the smallest differences in Gmax, |S11| and |Z| 

are obtained after NCOCGA, while in VSWR – after OCGA 

(values highlighted in red in Table 3). This demonstrates that 

NCOCGA provides higher accuracy and preserves the original 

antenna characteristics more than OCGA and EOCGA. 

NCOCGA maintains a seamless WG structure without 

interrupting the current path, which leads to more accurate 

results. However, compared to OCGA and EOCGA, 

NCOCGA gives sparse antennas with larger mass and more 

time and memory requirements for further simulations. 

Therefore, manufacturers should carefully evaluate their 

requirements and capabilities before selecting the most 

appropriate approach among the considered ones. 

In general, the OCGA, EOCGA and NCOCGA give sparse 

structures that provide reasonably similar results to those of 

the original structure at high frequencies, regardless of the 

frequency in the band at which the sparse structure is obtained 

(bold values in Table 3). For example, the |S11| values at 
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38 GHz for all structures after applying any approach have 

minimal differences from its value for the original structure. 

Moreover, generating the sparse structure at the lowest 

frequency or at the central one in the frequency band 

regardless of the used approach provides more accurate results 

(italic values in Table 3). For example, at 28 GHz the Gmax 

obtained for S18 has minimal differences compared to the Gmax 

value of the original structure (24.74, 19.49, 22.02 dB), and at 

38 GHz the Gmax obtained for S28 has the minimal differences 

(15.08, 19.67, 13.26 dB). The comparison results are in good 

agreement with the conclusions drawn in [32]. Moreover, for 

antennas operating in the K/Ka band, the obtained structures 

not only at the minimal frequency in the frequency band, but 

also at the central frequency can be used to create sparse 

antenna structures with acceptable characteristics. 

 
TABLE 3 

COMPARING HORN ANTENNAS SPARSE STRUCTURES CHARACTERISTICS 

WITH THOSE OF ITS ORIGINAL STRUCTURE 

f, GHz Sparse Structures 
Maximum Difference, % 

Gmax VSWR |S11| |Z| 

18 

S18 

OCGA 32.37 43.17 76.48 7.05 

EOCGA 30.66 45.18 83.01 6.67 

NCOCGA 37.11 48.61 95.35 7.64 

S28 

OCGA 34.07 57.52 136.86 10.45 

EOCGA 32.51 76.3 332.04 8.97 

NCOCGA 32.51 39.22 64.93 5.74 

S38 

OCGA 76.16 86.79 724.39 40.06 

EOCGA 77.22 86.4 576.62 36.12 

NCOCGA 75.82 98.36 540.9 40.75 

28 

S18 

OCGA 24.74 12.94 38.04 12.5 

EOCGA 19.49 14.99 49.24 15.5 

NCOCGA 22.02 20.04 103.39 17.38 

S28 

OCGA 30.08 28.62 32.55 43.46 

EOCGA 22.16 34.5 36.46 39.03 

NCOCGA 23.08 15.48 21.35 21.1 

S38 

OCGA 45.24 67.46 51.56 55.32 

EOCGA 35.28 74.77 53.91 54.79 

NCOCGA 35.04 66.89 51.36 54.38 

38 

S18 

OCGA 37.84 21.95 19.78 17.94 

EOCGA 38.07 20.04 18.39 18.86 

NCOCGA 43.36 14.23 13.83 15.65 

S28 

OCGA 15.08 19.26 17.81 16.37 

EOCGA 19.67 19.2 17.76 16.26 

NCOCGA 13.26 19.11 17.7 14.82 

S38 

OCGA 29.45 61.52 40.54 52.25 

EOCGA 22.45 38.9 30.26 29.82 

NCOCGA 28.69 43.37 32.58 33.29 

 

 

IV. SPARSE ANTENNA CHARACTERISTICS AT 

CERTAIN GEET 

Next, in order to analyze the characteristics of the obtained 

sparse antennas in the operating frequency range, the GEET 

values of 50% and 80% were chosen as an example. Fig. 10 

and Fig. 11 show the sparse structures S18, S28, and S38 

obtained after applying OCGA, EOCGA and NCOCGA at the 

same GEET values of 50% and 80%, respectively. Analyzing 

the obtained sparse structures, it is noticeable that a significant 

number of wires along the OZ axis have been removed from 

the narrow wall of the original WG. This consists with the 

conclusion made in [35] where researchers demonstrated that 

the surface currents through the narrow wall of the waveguide 

mainly flow along the OY axis direction, which also agrees 

well with the waveguide theory and confirms the effectiveness 

of OCGA and its modification. The total numbers of 

remaining wires after applying OCGA, EOCGA and 

NCOCGA for all structures at GEET=50 and 80% are 

summarized in Table 4 together with the improvements that 

can be gained from the sparse structures in terms of the 

reduction in mass and computational costs. The antenna 

characteristics obtained for each sparse structure after 

applying different approaches were compared with each other 

and with those of the original structure in the operating 

frequency range. These comparisons for Gmax, VSWR, |S11|, 

and |Z| at 50% and 80% GEET are shown in Fig. 12 and 

Fig. 13, respectively. 

According to the obtained data in Fig. 12, it can be noticed 

that at GEET=50%, the obtained results for S28 and S18 do not 

differ much from the results of the original structure. 

Meanwhile, the obtained results for S38 are significantly 

different from those of the original structure, for example, the 

obtained Gmax for S38 is much lower than that for S18, S28 and 

the original structure. In general, Fig. 13 shows that at 

GEET=80% the obtained results for all structures are 

significantly different from the original structure. In this case, 

it can be noted that the advantage of reducing the antenna 

mass, as well as reducing the memory and time required for 

subsequent simulations, comes at the expense of degrading its 

characteristics. In addition, it is necessary to consider some 

special cases, for example, the structure S18 after the applying 

NCOCGA with GEET=80% gives very close characteristics 

to those of the original WG structure, while the improvements 

that can be achieved by using it are also significant 

(2.23 times less mass, 4.97 times less memory and 

11.07 times less time than the original structure). 
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(d) (e) (f) 

   
(g) (h) (i) 

Fig. 10. Sparse horn structures after OCGA, EOCGA and NCOCGA 

at GEET=50%: (a, b, c) S18, (d, e, f) S28, (g, h, i) S38 

   
(a) (b) (c) 

   
(d) (e) (f) 

   
(g) (h) (i) 

Fig. 11. Sparse horn structures after OCGA, EOCGA and NCOCGA 

at GEET=80%: (a, b, c) S18, (d, e, f) S28, (g, h, i) S38 

TABLE 4 

TOTAL NUMBERS OF REMAINING WIRES IN THE SPARSE STRUCTURES 

AND THE IMPROVEMENTS RELATIVE TO THE ORIGINAL ONE 

GEET, 

% 
Sparse structures 

Remaining 

wires 

Reduction 

Mass, 

times 

Memory, 

times 

Time, 

times 

50 

S18 

OCGA 621 1.83 3.36 6.17 

EOCGA 613 1.86 3.45 6.41 

NCOCGA 623 1.83 3.34 6.11 

S28 

OCGA 623 1.83 3.34 6.11 

EOCGA 623 1.83 3.34 6.11 

NCOCGA 623 1.83 3.34 6.11 

S38 
OCGA 613 1.86 3.45 6.41 

EOCGA 595 1.91 3.66 7.01 

NCOCGA 624 1.83 3.33 6.08 

80 

S18 

OCGA 497 2.29 5.25 12.04 

EOCGA 469 2.43 5.90 14.32 

NCOCGA 511 2.23 4.97 11.07 

S28 

OCGA 483 2.36 5.56 13.11 

EOCGA 463 2.46 6.05 14.89 

NCOCGA 491 2.32 5.38 12.48 

S38 

OCGA 413 2.76 7.61 20.98 

EOCGA 407 2.8 7.83 21.92 

NCOCGA 417 2.73 7.46 20.38 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 12. Frequency dependencies of the original and sparse WG 

antennas after OCGA, EOCGA and NCOCGA for S18, S28 and S38 at 

GEET=50%: (a) Gmax, (b) VSWR, (c) |S11|, (d) |Z|  
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(d) 

Fig. 13. Frequency dependencies of the original and sparse WG 

antennas after OCGA, EOCGA and NCOCGA for S18, S28 and S38 at 

GEET=80%: (a) Gmax, (b) VSWR, (c) |S11|, (d) |Z| 

V. CONCLUSION 

This study investigated the influence of the choice of 

frequency at which the sparse structure is obtained on its 

resulting characteristics. The investigation considered 

different approaches (OCGA, EOCGA and NCOCGA) for 

generating the sparse structures. A comprehensive 

comparative analysis was performed on different sparse 

structures obtained at different frequencies in the K/Ka band 

and different GEET values. It was shown that when 

GEET<40%, sparse structures provide characteristics similar 

to those of the original structure. This demonstrates the 

effectiveness of the considered approaches in obtaining sparse 

antennas. Among these approaches, in general, NCOCGA 

generates sparse structures that effectively resemble the 

original one characteristics. However, it leads to less 

reduction in antenna mass and simulation time and memory 

requirements compared to OCGA and EOCGA. 

As the GEET value increases, divergences in the obtained 

sparse antenna characteristics from those of the original 

structure become more noticeable. The study showed that in 

the considered frequency band the structure obtained at the 

minimal boundary frequency gives closer characteristics to 

those of the original one and more stable ones with varying 

the GEET value. Moreover, the structure obtained at the 

central frequency for this antenna also can be used since it 

gives acceptable results. This also was demonstrated by 

investigating in the operating frequency range the 

characteristics of sparse structures obtained at certain GEET 

values after applying different approaches on structures 

generated at different frequencies. Manufacturers can use the 

results of the performed analysis in this study and even 

perform one to choose the appropriate sparse structure that 

meets their specific requirements. This involves the selection 

of the suitable original structure and what approach to apply 

on it and at which GEET value. 

This study is a proof of the ability of OCGA and its 

modifications to generate sparse antenna structures operating 

over a wide frequency range, such as the K/Ka band, while 

maintaining an acceptable level of performance. This is 

evidenced by the insignificant impact of these approaches on 

the antenna maximum gain level, as well as on preserving its 

impedance matching and its radiation directivity. All this 

despite the fact that the current distribution along the WG 

varies at different frequencies. Thus, the effectiveness of these 

approaches in designing novel sparse antennas is confirmed 

for X-band antennas in [32] and for K/Ka-band antennas in 

this paper. 

In summary, this paper presents complete and detailed 

information on the characteristics and advantages of sparse 

antennas obtained after applying the optimal current grid 

approximation to the original structure of a horn antenna 

operating in the K/Ka band. This information enables the 

selection of a suitable sparse structure for a specific 

application. The study contributes to the enhancing of antenna 

performance and resource utilization in modern wireless 

communication systems. 
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