
  

  

Design and Study of a Microstrip Patch Antenna for GPS Application  
 

Mouloud Ayad1*, Kamel Saoudi1, Turki E.A. Alharbi2, Mohammed S. Alzaidi2, Mourad Benziane1, Souhil Mouassa1, 

Sherif S.M. Ghoneim2 

 

 

1 LPM3E Laboratory, Faculty of Sciences and Applied Sciences, University of Bouira, Bouira 10000, Algeria 
2 Electrical Engineering Department, College of Engineering, Taif University, P.O.Box 11099, Taif 21944, Saudi Arabia 

 

Corresponding Author Email: m.ayad@univ-bouira.dz 

 

https://doi.org/10.18280/ts.390406 

  

ABSTRACT 

   

Received: 2 April 2022 

Accepted: 23 July 2022 

 A microstrip patch antenna for Global Positioning System (GPS) application is presented in 

this study. It has a rectangular shape with two notched slots. The notched slots are introduced 

to improve the adaptation between the microstrip line and the antenna. The antenna was 

designed and simulated by CST using FR-4 material as the substrate with relative 

permittivity of 4.3. The proposed microstrip antenna is designed to operate in the GPS band 

frequency from 1.555 GHz to 1.595 GHz. The performance analysis of the proposed 

antennas has been carried out in terms of return loss (dB), gain (dB), and VSWR. 
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1. INTRODUCTION 

 

Telecommunications systems are very widely present in our 

current smart lifestyles. The Global Positioning System (GPS) 

is one of these systems. It is a satellite geographic positioning 

system used by various navigation systems. These localization 

systems have become essential to the tremendous demands for 

new services and applications in multiple civil and military 

domains. GPS is very widely used in several domains, such as 

in monitoring systems [1-6], intelligent systems [7-9], power 

management [10], and other applications. Moreover, GPS can 

provide real-time location information for an unlimited 

number of users. A satellite navigation system allows users 

equipped with a receiver to calculate and determine their 

position at any place on earth from the estimation of the 

distance which separates them from a minimum number of 

satellites. When we talk about GPS, we must systematically 

and specifically consider the equipment used to provide 

location. However, the GPS is not limited to this type of 

instrument, as it consists of three different elements called 

segments or sectors. The first segment of satellites is called the 

space segment. The second segment comprising the control 

station is called the control segment, and the last segment 

corresponding to the GPS receiver is called the user segment. 

In user equipment, we find the essential element of 

transmission. In the GPS systems, the antennas do the 

emission and reception of the data. These antennas are used at 

the reception level and are generally placed in land vehicles, 

aircraft, and ships to precisely locate their positions. It has 

advantageous characteristics (wide frequency band, security, 

and high speed). The antennas aim to perfect and improve 

several performances for all wireless communication systems 

[11-14]. Therefore, the antenna is a crucial element for 

coupling the device and the propagation medium. Hence, the 

design and proposition of a microstrip patch antenna for GPS 

application is a vital task. 

Several microstrip patch antenna are presented in the 

literature for GPS applications [15-23]. 

Supriya and Rajendran [17] proposed an antenna for a GPS 

system based on an open-loop resonator, a split rectangular 

slot, and a stub at the non-radiating edge to generate three 

operating bands. Awais et al. [18] use four-element antenna 

array for the proposed antenna for a navigation satellite system. 

It is an assembled of 4 single patch antenna elements. Based 

on a circularly polarized dielectric resonator, Sharma et al. [19] 

present an antenna for GPS application that operates at 1.56 

GHz. Lee et al. [20] proposed a patch antenna with a metallic 

reflector. This antenna is designed for GPS applications and 

operates at 1.575 GHz. The occupied volume by the antenna 

and the reflector is very extensive. With the addition of an 

artificial magnetic conductor plane, the proposed antenna [21] 

operates with a dual-band at 1.575 GHz for GPS and at 2.45 

GHz for WLAN applications. Another antenna that operates 

in dual bands for GPS application is proposed by Zhong et al. 

[22]. The proposed antenna consists of two patches to generate 

two bands. Another antenna is proposed by Pourbagher et al. 

[23] with circular polarization. The structure of the antenna is 

composed of two orthogonally dipoles. 

The main challenges in these proposed antennas are volume 

and occupied areas. Therefore, this paper aims to design, 

simulate, and analyze an antenna with a reduced volume 

destined for GPS application. 

The rest of this paper is organized as follows: In section 2, 

the antenna design steps are presented. The results and 

discussion are given in Section 3. Finally, the last section 

provides the conclusion. 

 

 

2. ANTENNA DESIGN 

 

This part is devoted to studying the influence of the different 

parameters on the reflection coefficient S11 and the VSWR. A 

parametric study was conducted to obtain an effective and 

optimized final structure to understand the various parameters' 

influence. We use FR-4 material as the substrate, usually with 

relative permittivity equal to 4.3. The parameters to modify are 
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the length (Lp) and the width (Wp) of the patch, the width of 

the microstrip line (Wf), the width (gpf), and the length (fi) of 

the notch, and the thickness of the substrate (hs). The proposed 

antenna structure and detailed configurations are illustrated in 

Figure 1. 

 

 
 

Figure 1. Antenna structure 

 

This part will present the structure and simulation results of 

the patch antenna of rectangular shape fed by the microstrip 

line, and this is for a GPS application in a frequency band of 

value 1.575 GHz [20-23]. 

The sections below present the evolution steps of the design 

of the proposed antenna according to the following forms: the 

ground plane, the substrate, and the radiating patch. For this 

antenna, we have chosen a power supply by microstrip line. 

The parametric study justifies this choice to improve the GPS 

frequency band of [1.555-1.595] GHz. 

 

2.1 Influence of the (Lp) patch length 

 

The length of the patch has a vital role in determining the 

resonant frequency. This part will allow us to see the variation 

in the size of the patch (Lp). The results obtained are 

represented the Table 1. 

 

 
 

Figure 2. Influence of length (lp) by the contribution of 

reflection coefficient (S11) 

 

 
 

Figure 3. Influence of the length (lp) by the standing wave 

ratio VSWR contribution 

Figure 2 and Figure 3 show the results of the influence of 

the length of the patch (Lp) by input reflection coefficient (S11) 

and the VSWR. 

In Figure 3, we note that the length of the patch mainly 

affects the matching of the antenna. The patch size (lp) 

reduction leads to an increase in the resonant frequency and 

bandwidth. Also, from Figure 3 and Table 1, we observed that 

for all changes in length that we made, the VSWR remains less 

than 2 (VSWR ≤ 2), therefore, we can conclude that the length 

lp3= 44.2 mm is the best to improve the frequency band [1.555 

to 1.595] GHz. 

 

2.2 Influence of patch width Wp 

 

The patch's parameters (the length (Lp), the permittivity (εr), 

and the height (hs) of the substrate) are fixed during the study. 

However, the parameter relating to the width of the patch 

varies continuously. 

The results obtained are shown in Table 2. 

The influence of length (Wp) by the contribution of 

reflection coefficient (S11) is given in Figure 4. 

In the case of a variation in the width of the patch, presented 

in Table 2 and Figure 5, show us that the bandwidth and the 

resonant frequency register minor downward variations while 

the reflection coefficient varies. 

According to Figure 5, we notice that the VSWR gives us 

values ≤ 2, so we conclude that the width wp3 = 58.5 mm is 

the best width to improve the frequency band [1.555-1.595] 

GHz. 

 

 
 

Figure 4. Influence of length (Wp) by the contribution of 

reflection coefficient (S11) 

 

 
 

Figure 5. Influence of the width (Wp) by the standing wave 

ratio VSWR contribution 

 

2.3 Influence of the thickness (hs) of the substrate 

 

We will fix all the antenna parameters and change the value 

of the thickness (hs) of the substrate. The results obtained are 

identified in Table 3. 

Figure 6 below clearly shows the variation of the thickness 

(hs) of the substrate on the parameter S11. 
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Table 1. Study the variation of the patch length (lp) on the antenna 

 

lp (mm) Resonant Frequency (GHz) S11 Bandwidth VSWR Impedance 

42.2 1.645 -18.23 1.625- 1.666 1.27 54.5-1.64j 

43.2 1.609 -21.10 1.589-1.630 1.19 52.6-0.98j 

44.2 1.575 -24.80 1.555- 1.595 1.12 50.7-0.31j 

45.2 1.544 -30.43 1.523- 1.566 1.06 49.1-0.33j 

46.2 1.512 -44.40 1.492- 1.533 1.01 48.7-0.92j 

 

Table 2. Study the variation of the patch width (wp) on the antenna 
 

Wp (mm) Resonant Frequency (GHz) S11 Bandwidth VSWR Impedance 

56.5 1.578 -30.29 1.558-1.601 1.06 52.5-2.1j 

57.5 1.576 -27.11 1.556-1.597 1.09 51.9-1.2j 

58.5 1.575 -24.80 1.555-1.595 1.12 50.7-0.31j 

59.5 1.574 -22.95 1.554-1.593 1.15 51.0-0.38j 

60.5 1.572 -21.50 1.552-1.590 1.18 49.7+0.22j 

 

Table 3. Study the variation of the substrate thickness (hs) on the antenna 

 
hs (mm) Resonant Frequency (GHz) S11 Bandwidth VSWR Impedance 

1.1 1.597 -14.16 1.585-1.610 1.48 47.6j-3.2j 

1.6 1.584 -19.22 1.567-1.602 1.24 49.2-2.7j 

2.1 1.575 -24.80 1.555-1.595 1.12 50.7-0.31j 

2.6 1.564 -33.39 1.541-1.587 1.04 54.1+0.34j 

3.1 1.554 -44.13 1.529-1.580 1.01 59.2+0.85j 

 

Table 4. Study the variation of the microstrip line width (wf) on the antenna 

 
wf (mm) Resonant Frequency (GHz) S11 Bandwidth VSWR Impedance 

2.11 1.564 -16.04 1.549-1.581 1.37 62.6-5.22j 

3.11 1.570 -20.07 1.552-1.589 1.22 59.2-2.9 j 

4.11 1.575 -24.80 1.555-1.595 1.12 50.7-0.31j 

5.11 1.580 -31.90 1.559-1.601 1.05 45.9-0.11j 

6.11 1.593 -52.0 1.563-1.607 1.02 38.2+2.15j 

 

 
 

Figure 6. Influence of thickness (hs) by the contribution of 

reflection coefficient (S11) 

 

 
 

Figure 7. Influence of the thickness (hs) by the standing 

wave ratio VSWR contribution 

 

Figure 6 shows that the bandwidth increases as the substrate 

thickness (hs) increase. Moreover, the resonant frequency 

decreases as the thickness (hs) grow. Therefore, the resonant 

frequency is inversely proportional to the substrate thickness 

(hs). On the other hand, the bandwidth is symmetrical to the 

thickness (hs) of the substrate. 

The influence of the thickness (hs) of the substrate on 

VSWR is presented in Figure 7. 

According to Figure 7 and the results of Table 3 obtained, 

the different thicknesses of the substrate (hs), the VSWR ≤ 2, 

so we conclude that the thickness hs3= 2.1 mm is the best to 

improve the frequency band [1.555-1.95] GHz. 

 

2.4 Influence of the width of the micro ribbon line wf 

 

By changing the width of the microstrip line (wf), we 

distinguish the different variables according to Table 4. 

The influence of different widths line (wf) of the microstrip 

on the reflection coefficient (S11), and the VSWR are 

presented in Figures 8 and 9. 

 

 
 

Figure 8. Influence of width (wf) by the contribution of 

reflection coefficient (S11) 

 

According to the data in Table 4 and Figure 9, we note that 

with each increase in the microstrip line width (wf), the 

resonance frequency and bandwidth increase while the 
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reflection coefficient changes. 

According to Figure 9, we observe that for all the widths of 

the micro-strip line wf the VSWR ≤ 2, according to these 

results, we conclude that the width wf3= 4.11mm is the best to 

perfect the frequency band [1.555–1.595] GHz. 

 

 
 

Figure 9. Influence of the width (wf) by the standing wave 

ratio VSWR contribution 

 

2.5 Influence of the (gpf) width of the notch 

 

We have found in the literature that adding a notch makes it 

better to fit the antenna fed by the microstrip line. The 

following Table 5 summarizes all of the notch width change 

results. 

 

Table 5. Study the variation of the width of the notched (gpf) 

on the antenna 

 

gpf (mm) 

Resonant 

Frequency 

(GHz) 

S11 Bandwidth VSWR Impedance 

0 1.556 -10.05 1.551-1.561 1.91 26.7-4.1j 

1 1.575 -24.80 1.555-1.595 1.12 50.7-0.31j 

2 1.575 -13.91 1.561-1.590 1.50 57.1+1.33j 

3 1.575 -10.51 1.570-1.573 1.84 51.23+5.6j 

 

The notch width variation (gpf), in terms of the reflection 

coefficient S11 and VSWR, are shown in Figure 10 and Figure 

11, respectively. 

From the analysis of Figure 10, we find that the width (gpf) 

of the notch, for small values, the bandwidth decreases with 

the stability of the resonant frequency. On the other hand, 

when the value of (gpf) is zero, the adaptation between the 

microstrip line and the antenna is weak. 

 

 
 

Figure 10. Influence of width (gpf) by input reflection 

coefficient (S11) 

 
 

Figure 11. Influence of the (gpf) width by the standing wave 

ratio VSWR contribution 

 

Figure 11 shows VSWR (dB) as frequency (GHz) function. 

Please note that our VSWR≤ 2 for all notch (gpf) widths used. 

Based on these results, we conclude that the width gpf2= 1 mm 

is better to improve the [1.555-1.595] GHz band. 

 

2.6 Influence of the length (fi) of the notch 

 

The notched band is recommended to improve the 

adaptation between the microstrip line and the antenna. The 

following table shows some results on the variation of the 

values of the notch length. 

The next curve gives the results of the influence of the 

length (fi) of the notch concerning the reflection coefficient 

S11. 

The curve above shows the results of the influence of the 

length (fi) of the notch concerning the VSWR. 

 

 
 

Figure 12. Influence of length (fi) by the contribution of 

reflection coefficient (S11) 

 

 
 

Figure 13. Influence of the length (fi) by the standing wave 

rate VSWR contribution 

 

 

Table 6. Study the variation of the length of the notched (fi) on the antenna 

 
fi (mm) Resonant Frequency (GHz) S11 Bandwidth VSWR Impedance 

12 1.576 -26.22 1.533-1.599 1.10 45.01+2.34 j 

13 1.577 -52.20 1.554-1.600 1.00 49.22-0.18 j 

14 1.575 -24.80 1.555-1.595 1.12 50.70-0.31j 

15 1.574 -18.22 1.558-1.594 1.27 55.43-2.55j 

16 1.573 -14.13 1.560-1.590 1.48 55.92-4.33 j 
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Figure 12 indicates that the resonance frequency remains 

almost the same for different lengths with a very slight 

variation, while the level of S11 is varied. 

On the other hand, through Figure 13 and Table 6, we 

noticed that by making all the changes related to the (gpf) 

length of the notch, the VSWR always remains less than or 

equal to 2 (VSWR≤2). 

From the studies we have done, we note that for the resonant 

frequency equal to 1.575 GHz, we find that the impedance is 

Z = 50.7-0.31j, so we can say that when the fundamental part 

of impedance input reaches its maximum, the imaginary part 

vanishes. 

 

 

3. RESULTS AND DISCUSSION 

 

We can deduce the final parameters to improve the 

frequency band; see Table 7 below. 

After designing the antenna, we simulate the latter's 

operation, which was intended for the GPS application. 

The results obtained by studying this antenna are 

represented in several parameters, the most important: the 

reflection coefficient (S11), VSWR, and the radiation pattern, 

which are shown in the figures below. 

Figure 14 shows the result of the simulation of the reflection 

coefficient S11 (dB) as a function of frequency (GHz). We 

observed that the antenna showed a good adaptation in the 

band [1.555-1.595] GHz, so the reflection coefficient is less 

than -10dB, then the latter is the smallest at the resonance 

frequency of 1.575 GHz at - 24.804dB. 

Figure 15 determines the result of the standing wave ratio 

VSWR as a function of frequency (GHz). The figure shows 

that VSWR ≤ 2 corresponds to S11 ≤ − 10 dB in the same 

frequency band (1.555-1.595) GHz. 

CST software makes it possible to visualize the radiation 

diagram in gain and directivity after the simulation (Figures 16 

(a) and (b)). We observe that the radiation diagram of this 

antenna is oriented in the Z direction. We note that the gain 

and directivity are positive when the antenna radiates on the 

1.575 GHz frequency band. 

Figure 17 shows the radiation patterns in two planes: E and 

H, for the antenna frequency, studied (1.575 GHz). 

From Figure 17, the antenna radiates in the direction (θ= 0°). 

The angular widths are 96.9° and 71.9° in the E-plan and H-

plane, respectively. The corresponding side lobe levels are -

12.1 dB and -12.6 dB. 

 

 
 

Figure 14. Reflection coefficient (S11) of the proposed 

antenna 
 

 
 

Figure 15. VSWR of the proposed antenna 

 

 

Table 7. Size of the optimized antenna 
 

Parameter Dimensions (mm) The Type of Materials Used 

Substrate width (ws) 95 FR-4 (lossy) 

Substrate length (ls) 82 // 

Substrate thickness (hs) 2.1 // 

Patch width (Wp) 58.5 Copper (anneded) 

Patch length (lp) 44.2 // 

Notch thickness (ht) 0.05 // 

Ground plane width (wg) 95 // 

Ground plane length (lg) 82 // 

Ground plane thickness (ht) 0.05 // 

Line length (wf) 4.11 // 

Line width (wf) 26.31 // 

Notch length (fi) 14  

Notch width (gpf) 1  

 

Table 8. Comparison of the proposed antenna with related works 
 

Ref Size (mm3) Array area (mm2) Volume (mm3)  Bandwidth (GHz) Resonant Frequency (GHz) 

[17] 127.5×127.5×1.6 16256,25 26010 1.5831-1.589 1.58 

[18] D=125*, h=9.525 12265,625 116830,07 1.55-1.65 ≈1.61 

[19] 120×120×1.6 D=76*, h=28 14400 149996,48 1.5-1.6 1.56 

[20] 130×130×1.52 80.8×80.8×30 16900 217688 1.563-1.587 1.575 

[21] 85.5×85.5×5.62 7310,25 41083,605 1.435-1.715 1.575 

[22] D=70*, h=20 3846,5 76930 1.568-1.581 1.575 

[23] 113×113×33 12769 174469 1.260-2.210 1.575 

Proposed 95×82×2.1 7790 16359 1.555-1.595 1.575 
* The circular shape with D is the diameter (mm), and h is the thickness 
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(a) Gain 

 
 

(b) Directivity 

 

Figure 16. 3D radiation patterns of proposed antenna 

 

 
(a) E-plane 

 
(b) H-plane 

 

Figure 17. 2D gain radiation pattern 

 

To give significance to the proposed antenna, a comparison 

with recently proposed antennas is necessary. The 

performance of the proposed antenna is compared with 

recently proposed antennas in the literature is given in Table 8. 

The two sizes [19] are the antenna's size and the dielectric 

resonator. The two sizes are those of the antenna and the 

reflector [20].  

According to Table 8, the proposed antenna has a good array 

area and good occupied volume. 

 

 

4. CONCLUSION  

 

A microstrip patch antenna has been proposed and 

investigated for GPS application. The proposed antenna has 

compact dimensions of 95×82×2.1 mm3. The antenna is 

designed to operate in the GPS band frequency from 1.555 

GHz to 1.595 GHz and resonates at 1.575 GHz with a return 

loss of -24.804 dB. The material used for the substrate is FR-

4, with relative permittivity of 4.3. The performance analysis 

of the proposed antennas has been tested by the obtained 

values of the return loss (dB), gain (dB), and VSWR. The 

obtained results verify the satisfactory performance of the 

proposed antenna for GPS application. 

The following steps to deepen this study are the 

miniaturization of the antenna's dimensions in future work. In 

the second part, the antenna's operating frequency must be 

extended to multiband to support other ranges of applications. 
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