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 In this research, we explain comprehensive industrial and innovation results 

on using an artificial neural network (ANN) method to improve the 

performance of microstrip patch antennas for 5G, indoor-outdoor, and Ku 

band uses. To determine if an antenna is appropriate, this article discusses 

multiple methods, one of which is to do a simulation using validating software 

like high frequency structure simulator (HFSS) and Altair Feko. Based on the 

Rogers RT 5880 substrate, the antenna is constructed. There is a loss tangent 

of 0.0009 and its dimensions are 17.1053 mm in length and 16 mm in width. 

Its dielectric constant is 2.2. Despite its small size, it boasts an impressive 

maximum efficiency of almost 90% and a gain of approximately 8 dB. As an 

indicator of ANN model performance, we may look at the R-squared value 

(99%), the mean square error (MSE), which is approximately 0.0015, and the 

confidence interval (99%). The ANN models are the most accurate and have 

the lowest error rate when it comes to predicting efficiency and gain. The 

suggested antenna is a promising contender for the targeted Ku band, 

indoor/outdoor, and 5G uses, as verified by the clustering of computer 

simulation technology (CST), HFSS, and Altair Feko simulated results with 

the measured and predicted outcomes of ANN approach. 
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1. INTRODUCTION  

Wireless cellular networks have become an essential component of day-to-day life, as they offer 

pervasive mobile communication services and make it possible for a wide variety of applications that go beyond 

voice and text, including mobile internet, video calling, and connectivity for the internet of things devices [1]. 

Ku-band is a portion of the electromagnetic (EM) spectrum commonly used for various applications, 

particularly in the field of telecommunications and satellite communications. The Ku-band spans a frequency 

range from approximately 12 to 18 gigahertz (GHz) [2]. Ku-band has some advantages over lower frequency 

bands like C and X bands [3], including faster data rates and relatively excellent resistance to rain attenuation, 

although it may be more vulnerable to signal deterioration in severe weather circumstances. The millimeter 

wave (mm-wave) spectrum includes frequencies in the 20-25 GHz range. The higher frequency bands are 

https://creativecommons.org/licenses/by-sa/4.0/
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useful for both indoor and outdoor use, especially for short-range, high-capacity wireless communication [4]. 

There are some distinct features of mm-wave frequencies like 20-25 GHz. They have a shorter effective range 

than lower-frequency bands and are easily disrupted by physical barriers, but they provide a high data 

throughput [5]. That’s why it’s important to think about things like line-of-sight, route loss, and signal 

obstruction from buildings and foliage before putting them into use. The 28 GHz band is an important one for 

5G networks in some areas because it is part of the mm-wave spectrum [6]. High data rates and minimal latency 

are only two of the many advantages of using the 28 GHz spectrum in 5G applications. It’s worth noting that 

spectrum allocation and regulatory decisions can affect whether the 28 GHz band is made available for 5G in 

each region or country [7]. The limited propagation properties of mm-wave frequencies necessitate meticulous 

planning and infrastructure implementation for 28 GHz 5G networks. This technology works in tandem with 

5G bands operating at lower frequencies to improve coverage and penetration through obstructions [8]. 

Microstrip patch antennas are a popular choice for radio frequencies (RF) and microwave applications in 

wireless communication systems. Its small size and flat profile make it a good fit for incorporation into a wide 

range of electrical gadgets, including mobile phones, Wi-Fi access points, and even radar systems [9]. 

This study aims to conduct a simulation and performance analysis of a microstrip patch antenna 

utilizing computer simulation technology (CST) EM simulation tools. The validation of CST simulation 

findings, including the reflection coefficient, gain, and efficiency, is conducted through the utilization of Altair 

Feko simulation software and high frequency structure simulator (HFSS). The simulated outcomes are 

subsequently compared. In recent times, there has been an exploration of a novel approach including the 

utilization of artificial neural network (ANN) techniques to predict efficiency and gain through the application 

of CST EM modeling tools. Conceptually, Table 1 compares several current projects. In the works [10]–[15], 

the suggested antenna has been said to have gains of 6.5 dB, 5.8 dB, 4.6 dB, 7.4 dB, 6.08 dB, and 8.3 dB. 

However, the gain that was seen in CST is 8.5 dB. CST says that the suggested architecture has a bandwidth 

of 2.34 GHz in the first band, 4.369 GHz in the second band, and 3.614 GHz in the third band. The reports 

talked about 3 GHz, 1.1 GHz, 0.51 GHz, 1.09 GHz, and 4.1 GHz as bandwidths. It is suggested that the antenna 

has a radiation rate of 96.27%, which is higher than the 90%, 80%, 80.8%, and 82% found in the studies [10], 

[12], [14], [15]. While the table’s list of references did not make use of ANN, the stated investigation does 

extensively rely on ANN.  

 

 

Table 1. Performance comparison with related works 

Reference Frequency 
Return 

loss 
Bandwidth 

(BW) 
Size (mm2) 

Peak 
gain 

Maximum 
efficiency (%) 

Substrate 
ANN 

investigation 

[10] 28 -30 3 30×30 6.5 90 Roger RT 5880 No 

[11] 12.85 -23 - 31.16×27.04 5.8 - Roger RT 5880 No 

[12] 5,  
11.5,  

14.1 

-20.9, 
-36.2, 

-40.9 

0.7, 
1.1, 

1.1 

50×40 4.6 80 Roger RT 5880 No 

[13] 12.24 -16 0.51 0.92 λo×0.90 λo 7.4  F4BME220 No 
[14] 11.79, 

15.77 

-25, 

-37 

1.09, 

0.83 

30× 

13 

6.08 80.8 Arlon DiClad 

880 

No 

[15] 28 -30 4.1 30×35×0.76 8.3 82 Rogers 
RO4350B 

No 

Proposed 17.549, 
21.56, 

27.965 

-23.85 
-30.82 

-29.47 

2.34, 
4.369, 

3.614 

17.10×16 8.5 96.27 Rogers RT 5880 Yes 

 

 

2. DESIGN METHOD 

Figure 1 displays the intricate structure of the microstrip patch antenna that has been suggested. The 

antenna is fabricated on a 20×20 mm2 Rogers RT 5880 substrate with a dielectric constant of 2.2 and a loss 

tangent of 0.0009. The substrate has a height or thickness of 1.5 mm. The initial idea involved creating a patch, 

a feedline, and a ground that was totally covered [16]. The radiating section is 17.1053×16 mm2 and is 

connected to a feedline of 3.6×4.5 mm2. We enhanced the antenna performance by adding slots and creating a 

partial ground, which altered the current distribution within the antenna and thus impacted the findings [17].  

A rectangular slot measuring 8×5 mm2 is created on the left side of the patch. The slot starts 2.70 mm below 

the top left corner of the patch. A circular slot with a radius of 𝑟 = 1 mm is added to the upper right corner of 

the patch and is positioned 4 mm to the left and 3.75 mm down from the top right corner of the patch. The 

ground was finally reduced slightly on the top, as well as on both the right and left sides. The ground dimension 

measures 18×8 mm2. HFSS, CST, and Altair Feko were utilized to simulate the proposed antenna to validate 

the accuracy of our simulated outcome. Table 2 displays the accurate and revised physical dimensions of the 

proposed antenna. 
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Figure 1. Structure of the proposed antenna 

 

 

Table 2. Design parameters of the antenna structure 
SL. 
No. 

Parameter Symbol 
Size 
(mm) 

SL.No. Parameter Symbol 
Size 
(mm) 

01 Length of patch pl 17.1053 08 Length of feed line fl 3.6 

02 Width of patch pw 16 09 Width of feed line fw 4.5 
03 Patch thickness t 0.035 10 Slot width Sw1 5 

04 Length of substrate sl 20 11 Slot length Sl1 8 

05 Width of substrate sw 20 12 Radius r 1 
06 Substrate thickness st 1.5 13 Distance d 2.70 

07 Length of ground plane bl 18 14 Width of ground plane bw 08 

 

 

3. EFFECTS OF CHANGING THE WIDTH AND LENGTH OF THE PATCH AND GROUND PLANE  

3.1.  Effect of changing ground width  

Evaluation of ground plane on antenna’s operational reliability is critical. Resonant frequencies for  

18 mm ground plane width are 17.549, 21.56, and 27.965 GHz with reflection coefficients of -23.85, -30.823, 

and -29.475 dB, respectively. The frequencies and corresponding reflection coefficients change to 17.465 GHz, 

21.644 GHz, 28.112 GHz, -19.835 dB, -26.079 dB, and -21.609 dB after increasing the ground width to  

1.5789 mm. The frequencies and reflection coefficients for 16.604 GHz, 21.959 GHz, and 28.448 GHz are  

-26.28 dB, -42.317 dB, and -38.329 dB, respectively, when the ground plane is 2 mm wide. The antenna’s 

ground plane width affects the simulated reflection coefficient, as seen in Figure 2. Wider ground shifts 

frequency down the spectrum. Also, the reflection coefficient decreases. However, as ground plane width 

diminishes, frequency shifts to the higher spectrum. This scenario also increases the reflection coefficient [18]. 
 

 

 
  

Figure 2. Reflection coefficient response for different widths of ground plane 

 

 

3.2.  Effect of changing patch width  

Along with the length of the patch, width of the patch also determines antenna performance. The resonant 

frequencies are 17.549 GHz, 21.56 GHz, and 27.965 GHz for 16 mm patch width (pw). Their corresponding 

reflection coefficients are -23.85, -30.823, and -29.475 dB, respectively. After expanding the pw to 16.74 mm, 

the frequencies and reflection coefficients are 17.255 GHz, 23.618 GHz, 27.713 GHz, -16.481 dB, -34.873 dB, 
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and -20.485 dB, respectively. With a pw of 14.84 mm, resonant frequencies of 17.465 GHz, 22.169 GHz, and 

28.721 GHz and reflection coefficients of -23.573, -29.121, and -28.218 dB were achieved. The antenna pw 

affects the simulation reflection coefficient, as seen in Figure 3. Increased patch width shifts the frequency to 

the lower spectrum, decreasing the reflection coefficient [19]. In contrast, reducing the pw to 14.84 mm,  

it raises the resonant frequency. Additionally, the reflection coefficient also rises. 

 

 

 
 

Figure 3. Response of the reflection coefficient for different pw 

 

 

3.3.  Effect of changing patch length  

The antenna’s performance depends on patch length (pl). Resonant frequencies and reflection 

coefficients for 17.1053 mm pl are obtained as 17.549, 21.56, and 27.965 GHz and -23.85, -30.823, and  

-29.475 respectively. By adding 1.6842 mm to the pl, the frequency and reflection coefficient are shifted to 

17.192 GHz, 21.098 GHz, 26.726 GHz, -20.944 dB, -24.858 dB, and -30.911 dB. The frequencies of 17.759 GHz, 

22.001 GHz, and 28.343 GHz are measured at 16.68 mm, together with their reflection coefficients of-19.688, 

-21.684, and -20.588 dB. As pl increases, frequency changes to lower spectrum [20]. Frequency rises as pl 

decreases to 16.68 mm. This also lowers the reflection coefficient. The antenna pl affects the simulated 

reflection coefficient, as seen in Figure 4. 

 

 

 
 

Figure 4. Response of the reflection coefficient for the different pl 

 

  

4. RESULTS AND DISCUSSION  

4.1.  Refliection coefficient  

The reflection coefficient in patch antennas is strongly linked to return loss and is used to evaluate the 

impedance mismatch between the antenna and the feeding network [21]. It is generally preferred to achieve a 

high return loss. Figure 5 illustrates the reflection coefficient of the suggested antenna designed and simulated 

using CST, HFSS, and Altair Feko software. The results obtained from CST software show that the antenna 
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exhibits resonances at 17.549 GHz, 21.56 GHz, and 27.965 GHz, with a corresponding return loss of -23.85,  

-30.825, and -29.475 dB respectively. The antenna exhibits bandwidths of 2.34 GHz (15.799–18.139 GHz), 

4.369 GHz (20.724–25.093 GHz), and 3.614 GHz (26.97–30.584 GHz) for these respective frequencies. On 

the other hand, HFSS simulations reveal resonances at slightly lower frequencies of 17.213 GHz, 21.098 GHz, 

and 26.789 GHz, accompanied by return losses of -21.674, -24.926, and -31.769 dB respectively. The 

bandwidths obtained from HFSS are slightly narrower, with 2.286 GHz (15.375–17.661 GHz), 3.521 GHz 

(19.764–23.285 GHz), and 3.256 GHz (25.446–28.702 GHz) for the corresponding resonant frequencies. In 

Altair Feko, the antenna exhibits resonances at 18.137, 22.925, and 28.931 GHz, with corresponding reflection 

coefficients of -22.658, -30.03, and -32.261 dB, resulting in bandwidths of 1.693 GHz (19.003–17.31 GHz), 

3.576 GHz (21.402–24.978 GHz), and 4.9 GHz (27.095–32 GHz). The discrepancies might be due to variances 

in the algorithms and numerical methodologies used by the software programs. Despite the differences, both 

simulations reveal that the antenna can cover a wide frequency range, which provides flexibility for Ku band 

applications and applications that take place indoors, outdoors, and with 5G. 

 

 

 
 

Figure 5. Reflection coefficient of the proposed antenna 

 

 

4.2.  Gain  

Gain is critical in patch antennas, indicating their capacity to concentrate and guide emitted energy in 

a particular direction [22]. Figure 6 illustrates that the highest gain in CST is recorded as 8.547 dB, but the gain 

at the resonant frequency is 4.9712 dB, 7.4562 dB, and 8.547 dB, respectively. HFSS simulations, on the other 

hand, produce the highest possible gain of 7.28 dB, with resonant frequencies displaying gains of 4.9339 dB, 

7.2601 dB, and 6.1082 dB, respectively. There was also a change in gain that was seen when the Altair Feko 

software was used to design the antenna. The antenna shows a maximum gain of 8.5 dB, while the gain at the 

resonant frequency is reported as 6.1276 dB, 7.2671 dB, and 6.9869 dB, respectively. Despite these differences, 

the antenna displays resonances with strengths that are much higher than average, which suggests that it may 

be suitable for applications that need adequate signal reception and transmission.  

 

 

 
 

Figure 6. Gain of the proposed antenna 
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4.3.  Efficiency  

Efficiency in patch antennas pertains to the antenna’s capacity to transform input power into radiated 

power efficiently [23]. There are considerable differences in the microstrip patch antenna’s efficiency, as 

shown in Figure 7. The highest efficiency achieved in CST simulations is 96.27%, whereas in HFSS 

simulations, it is somewhat lower at 93.279%. In addition, the highest efficiency was recorded as 97.03% when 

the antenna was developed using Altair Feko.  

However, upon closer inspection, the efficiency values at the resonant frequency show more 

noticeable variations across these three distinct software tools. CST simulations have determined that the 

efficiency at the resonance frequencies is 82.69%, 80.377%, and 90.228%, respectively. The resonance 

frequencies demonstrate the efficiencies of 80.08%, 86.79%, and 92.62% when implemented in the HFSS 

software. Lastly, in Altair Feko tools, the efficiencies at the resonant frequencies are recorded as 86.55%, 

84.31%, and 92.616%. The persistent high efficiencies at all the resonant frequencies indicate the usefulness 

of the planned microstrip patch antenna. This means that a significant amount of the power provided to the 

antenna is radiated as EM waves, contributing to improved performance in transmitting or receiving signals. 
 
 

 
 

Figure 7. Efficiency of the proposed antenna 

 

 

4.4.  Current distribution  

Antennas are instruments used to send or receive EM radiation, such as radio waves, for 

communication. When an electrical signal stimulates an antenna, it produces a current distribution along its 

structure. To maximize the performance of antenna devices made to send or receive EM waves, it is essential 

to comprehend the current distribution [24]. At the antenna’s feed and corner edges, the peak surface current 

is 113.355 A/m as depicted in Figure 8. 
 

 

 
 

Figure 8. Current distribution of proposed antenna 

 

 

4.5.  Radiation pattern  

As the radiation pattern is described on different planes, the letters “XY,” “YZ,” and “ZX” indicate 

the antenna orientations and the planes on which the pattern is visible [25]. This electric field, as a function of 

azimuthal angle (phi), is depicted by the E-field radiation pattern. An antenna’s H-field radiation pattern 

describes the changes in the strength and direction of the magnetic field as a function of the polar angle theta 

[26]. The main lobe magnitude at ϕ= 90° is 11 dB V/m, the half-power beam width (HPBW) is 39.3 degrees, 

and the primary lobe magnitude of the E-field is 21.4 dBV/m at ϕ= 0°, all calculated at an angular beam width 

of 39.3 degrees at 3 dB. HPBW of the H-field is 16.6 degrees, and the primary lobe magnitude is -39.5 dB A/m 

when theta= 90 degrees as presented in Figure 9. 
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Figure 9. Radiation pattern of the antenna 

 

 

5. ANN-BASED ANALYSIS OF THE PROPOSED ANTENNA 

An ANN model can be trained with data on antenna parameters and their corresponding performance 

characteristics [27]. The first stage in training an ANN to predict antenna parameters is to collect a dataset of 

input-output pairs that characterize the relationship between the input parameters and their corresponding 

output parameters [28]. The parameters of the input, hidden, and output layers of the neural network are 

presented in the form of a block diagram shown in Figure 10. The network depicted in the picture has 10 hidden 

layer neurons, 7 inputs, and 2 outputs. Seven inputs, including the ground of the length, the length of the patch, 

width of the patch, the width of the ground plane, the height of the substrate, the length of the substrate, and 

the width of the substrate, are combined with two outputs, which are efficiency and gain [29]. Following ANN 

training with 221 samples, the proportions of training and test data are calculated as depicted in Figure 11. 

 

 

 
 

Figure 10. Neural network’s input, latency, and output layers’ parameters 

 

 

 
 

Figure 11. Estimation of training proportions 
 

 

For this ANN implementation, we opted to use the “Levenberg-Marquardt” (LM) algorithm for 

training. Figure 12 displays the mean squared error (MSE) and correlation coefficient (R2) for the training [30], 

validation, and test values produced by the ANN application. Training yielded an MSE of only 1.5×10–3 and 

R2=0.996284, therefore the accuracy is quite good. When training ANN applications, a value between 80% 

and 90% is preferred. The confidence interval for the estimated data in this probe is very close to 99 percent as 

depicted in Figure 13.  
 

 

 
 

Figure 12. Training, validation, and testing samples, MSE, and R2 
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Figure 13. Correlation of efficiency value predicted by ANN 
 

 

Figures 14 and 15 shows a comparison between the predicted efficiency and gain using ANN and the 

simulated efficiency and gain. The results of ANN diverge just a little from what was predicted [31]. A near-zero 

error rate allowed for very accurate prediction of most of the test samples. As demonstrated in Figure 14, the 

results of the simulation and the prediction regarding efficiency are consistent with one another. On the other 

hand, Figure 15 depicts the prediction regarding gain.  

 

 

 
 

Figure 14. Simulated vs predicted efficiency 

 

 

 
 

Figure 15. Simulated vs predicted gain using ANN 
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6. CONCLUSION  

This article presents our findings on utilizing an ANN technique to improve the performance of 

microstrip patch antennas operating at the Ku band. The focus is on enhancing the antenna’s capabilities for 

indoor-outdoor applications and 5G technology. This article discusses many ways, including simulation using 

software like HFSS and Altair Feko to evaluate the suitability of an antenna. The antenna is constructed using 

a Rogers RT 5880 substrate. The proposed antenna is small and has a maximum gain of approximately 8 dB 

and a maximum efficiency of approximately 90%. The evaluation of ANN models can be conducted by 

utilizing the R-squared coefficiency (99%), the mean square error (MSE) which is approximately 0.0015, the 

ANN models exhibit the minimum error and highest accuracy in predicting gain and efficiency. The suggested 

antenna has strong suitability for the targeted Ku band, indoor, outdoor, and 5G applications, as evidenced by 

the simulated results obtained by CST, HFSS, and Altair Feko in conjunction with the measured and predicted 

outcomes achieved through ANN. 
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