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Abstract  

In the recent years, radar systems have developed rapidly. Among developing radar systems, 

Ground Penetrating Radar (GPR) is also located. GPR systems are used quite effectively in civilian 

life, military operations and commercial activities. This article contains one of the optimization 

works which is ensued in the antenna side which the most important part of GPR. In this way, a 

bow tie antenna will be designed, simulated and fabricated. The fabricated antenna results agree 

well with the simulation analysis.
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INTRODUCTION

The system used to obtain information about 

an object which is behind a barrier, is the 

special type of Radar called Ground 

Penetrating Radar (GPR). With using the 

radar systems, it is possible to get information  

 

 

about location, distance and material type of 

objects. At first radio waves were used in 

radar systems, microwave and very High 

Infrared segments of electromagnetic 

spectrum are preferred to operate in modern 
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world [1]. Through the agency of GPR 

applications, information about the buried 

objects and behavior of electromagnetic 

waves that cross along the obstacle could be 

analyzed [2]. Civil and military sections are 

the most popular areas for the GPR 

applications. In military area, it is commonly 

used for finding unexploded bombs, 

underground warehouses, bomb shelters, 

discovering enemy communication channels, 

secret rooms [3].  In civil life GPR is 

commonly applied for finding, buried pipes 

and undetected voids. Together with these, 

GPR is used to find people behind the rubble 

also [4-6]. 

 

An antenna in the GPR systems is needed as 

a transmitter and receiver or both of them at 

the same time (monostatic Radar). 

Transmitter antenna generate electromagnetic 

wave and this wave’s scatter to object that 

buried under the soil or behind the wall. 

Wave’s speed is according to medium’s 

permittivity. When the wave hits the object, 

some part of wave is reflected from that and 

receiver antenna catches this part of wave. 

GPR system principle is shown in figure1. 

 

 
Figure 1. General working principle of GPR. 

 

Antenna's range-resolution is quite significant 

in terms of detecting objects in deeper 

underground or getting more reliable 

information about them. 

 

Physical features of antenna also play an 

important role in GPR systems. If antenna is 

small and light, it provides convenience in 

terms of usability of the system.   

 

The efficiency of the antenna is also an 

important part of the system. The high 

efficiency provides reliable and more 

information. Having better antenna efficiency 

depends on the optimization works in 

antenna's physical features. [7] 

 

There are a lot of antennas like, horn antenna, 

Vivaldi antenna and microstrip antennas that 

are used in GPR systems [8]. 

 

Biconic, Bow-Tie and Vivaldi antenna shapes 

demonstrated in Figure 2. Using circular 

polarized antenna is recommended in the 

literature for getting better result in multilayer 

medium [9-11]. 

   

 

 

 

 

          (a)                    (b)                      (c) 

Figure 2. Some GPR antennas; (a) Biconic 

antenna, (b) Bow-tie antenna, (c) Vivaldi 

antenna. 

 

The main features taken into consideration to 

select the most suitable antenna are the center 

operating frequency of the antenna, gain, 

bandwidth and also antenna size. 

 

When central operating frequency is adjusted 

to minimum 1 GHz, bionic, TEM Horn and 

Vivaldi antennas have to be quite large 

structures. It is shown that Bow-Tie antenna 

is the optimal antenna in terms of size, among 

mentioned antennas. When the mentioned 

antennas evaluated in term of gaining, these 

antennas have points where their gaining’s are 

pretty enough in terms of their capacities. 

Bow-Tie antenna is determined the best 

suitable antenna type to be used in this work. 

Bow-Tie antenna is determinative for the use 

of GPR applications in terms of being light 

considering its design, being smaller when it 

is compared to other antenna types in constant 

frequency and in having higher gain in 

another similar comparison. In this paper, 

firstly a new Bow-Tie antenna will be 

designed. In the light of the results obtained 

during the simulations performed a 

performance improvement of the antenna will 

become more efficient. These results which 

will be revealed by analyzing the antenna 

parameters in a detailed way and by working 

on these parameters will provide an insight to 

the antenna designs in the future. The 

simulation and fabricated results will be 

presented in next steps. 

 

GEOMETRY OF ANTENNA 

Geometric structure of the proposed antenna 

is shown in Figure 3. 

In the proposed bow-tie antenna used as an 

epoxy material εr = 4.4 which is FR4 
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substrate. Dimensions are 195 x 235 x 0.8 

mm3. The antenna feed 50 Ohm SMA 

connector. the antenna feed path length h = 

150 mm. Lx=110mm affecting the antenna's 

efficiency and operating frequency largely, 

and length of Ly is 70 mm. Made in different 

designs, the optimum angle θ is defined as θ 

= 35 °. 

 

As a result of the changes made on all 

parameters, the different operating frequency 

and bandwidth could be obtained according to 

the antenna size and geometry. 

 

RESULTS AND DISCUSSION 

The proposed bow-tie antenna individually by 

considering all parameters were studied, 

simulated and optimized by Ansoft HFSS 

ver.15. Initially, the improvements had 

discussed the antenna S11 parameter’s 

graphics. Improvements made by considering 

the antenna size done and is as follows. 

 

 
                                    (a) 

 
                                   (b) 

Figure 3. The geometric structure of the 

proposed antenna.  (a) Top view. (b) Side 

view.  

 

Table I. Antenna diameters 

 

Paramet

ers 

Ant

.1

Ant

.2

Ant

.3

Ant

.4

Ant

.5

Y (mm) 235 235 235 215 195 

X (mm) 235 235 235 235 235 

Lx (mm) 100 110 110 110 110 

Ly (mm) 90 90 70 70 70 

h (mm) 150 150 150 150 150 

θ 

(degree) 
48 44 35 35 35 

H (mm) 0.8 0.8 0.8 0.8 0.8 

Table I shows the dimension optimization 

during the design process step by step. To 

every improvement works in the Table I it can 

be observed; in the first antenna (Ant.1) X and 

Y values are equal to each other and are 235 

mm.  Lx and Ly values were determined in the 

form of 100 mm and 90 mm. Triangle-shaped 

structures within the antenna affect the 

antenna’s S11 value and gain. With the 

improvement in the second antenna (Ant.2) 

angle θ reduced and a larger triangle structure 

is formed by this step.  The third antenna 

(Ant.3) X and Y values are kept constant at 

235 mm Ly = reduced to 70 mm, and the θ 

angle reduced to 35 degrees that changed the 

current distribution. Thus antenna S11 values 

will continue to give better results. Each new 

modification, the antenna while moving a 

little further, the antenna is desirably smaller. 

Therefore, antenna of the triangle parts of are 

made by cutting the top part of the structure 

that includes touching the substrate is set at X 

= 215 mm. Therefore, parts of the antenna 

excluding the triangle made by cutting the top 

part of the structure including the substrate is 

set at X = 215 mm. This is happening in S11 

values have made more efficient. Before 

taking final shape of the antenna, cut again, 

this time from the bottom of the antenna with 

the same method it has been reduced to 195 

mm X = value. Fifth antenna (Ant.5) gives the 

best results according to the obtained results. 

The figure 4 represents the five antenna’s 

simulation results of S11 chart. The S11 

parameters of simulated and fabricated of 

Ant.5 is shown in figure 5. 

  
Figure 4. S11 graphs of simulated antenna. 

 

 
Figure 5. Measured and simulated diagrams 

of S11 parameter for proposed antenna 

(Ant.5). 
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The antenna bandwidth starts from the 0.8 

GHz; according to the first simulation, the 

bandwidth is widened. When the result of 

improvements of the third antenna, changes in 

a significant improvement in low frequency, 

but there is a second resonance at higher 

frequency. But the goal; to be able to get a 

good result at low frequency. The result of the 

fourth antenna in compare with third one, 

despite downsizing is protected. In the 

proposed antenna (Ant.5) by last modification 

the best result is acquired. Below -10 dB of 

S11 parameter in the frequency range 0.9-1.5 

GHz, by means 0.6 GHz bandwidth was 

obtained. The antenna is designed in the last 

step; it is seen that the current distribution is 

homogeneous. As clear in figure 6 making an 

effective and uniform radiation in all areas of 

the antenna also been observed. The 

fabricated bow tie antenna is shown in the 

Figure 7. 

 

Figure 6. Current distribution demonstration. 

 
 

Figure 7. Photograph of fabricated Bow tie 

Antenna 

 

Figure 8, shows the radiation pattern of the 

final version of the antenna in different θ and 

φ. 3D graphics and patterns that become the 

end of the antenna gain values is observed 

after the simulation as follows in Figure 9. 

 
(a)                                   (b) 

 

 
(c)                                    (d) 

Figure 8. Radiation pattern of proposed 

antenna at (a)  φ=0°, (b)φ=90°, (c)  θ =0°and 

(d) θ =90°. 

 
Figure 9. 3D antenna gain plot. 

CONCLUSION 

The most important part of GPR system is 

antenna. The system improvements in 

antenna designing way, will provide better 

results in GPR applications. Bow-Tie antenna 

advantages has been evaluated and the results 

of optimization studies to provide better 

results for GPR applications were made. 

These studies were made as a result of the 

antenna size to be working in both small and 

optimum operating frequency. As a result, the 

size of 195x235x0.8 mm3 was observed that 

the ideal dimensions. Using Relative 

permittivity's 4.4 with FR4 epoxy substrate 

with 0.8 mm thickness, it was chosen the most 

appropriate in terms of cost. Lx and Ly value 

of the triangle of the antenna structure 110 

mm and 70 mm in length, the angle θ of 35 

degrees to give the best results, simulation 

results were obtained. In light of these values, 

and received θ pattern for results, gain values, 

current distribution and radiation pattern 

graphical representations show that they are 

the best at this point of the antenna design.  

Specifically designed for this antenna will be 

able to obtain more detailed and reliable 

information about an object in the deep. It 

produced at less cost through downsizing in 

design work and offers easier use of the 

opportunity.  
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A Compact Size Reconfigurable Triple Square Ring Patch 

Planar Antenna 

Salar JAFARI1

Y. ZEHFOROOSH2

Abstract

A compact reconfigurable microstrip slot antenna with switchable single and dual band notch 

functions for Multiband applications is presented in this study. The antenna is capable of 

exhibiting three different performances of UWB spectrum coverage, UWB coverage with single 

rejection of thewireless local area network (WLAN) band, UWB coverage with single rejection of 

the WiMAX and C-band spectrum, andUWB coverage with dual band notch function at the WLAN, 

the WiMAX and the C-band frequencies. Good results is achieved at different performances of the 

antenna. The designed antennahas a small size of 20 × 20 mm2

 

Keywords: Reconfigurability Antenna, Triple Square Antenna,  Planar Antenna, Patch Planar Antenna

Introduction 

The development of wireless communications 

and theincreasing demand for operating 

frequency bands have madethe radio spectrum 

congested and different radio systemsoverlap 

because of their standard frequency band 

allocations.The wide frequency range of the 

ultra-wideband (UWB)systems which 

because of the FCC’s allocations is 

spreadbetween 3.1 and 10.6 GHz will cause 

interference in theexisting wireless  

 

communication systems, such as the 

wirelesslocal area network (WLAN) for IEEE 

802.11a operating inthe 5.15–5.35 and the 

5.725–5.825 GHz bands, WiMAXoperating 

in 3.3–3.6 GHz and C-band operating in 3.7–

4.2GHz, hence, the UWB antenna with single 

and dualband-stop performances is required 

[1–3]. Consequently,recently, several planar 

microstrip monopole and slotantennas with 

single and multiple band notch 
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