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 This article introduces an ultra-wideband (UWB) shifted arc antenna, 

designed using Rogers RT-5880 Duroid substrate for the human detection 

behind the wall. The frequency for this proposed antenna ranges from  

2.8 - 15.6GHz with the gain of around 6.05dB. A high gain for antenna has 

been achieved by the implementation of defected ground structure (DGS) 

method to make it a suitable configuration for through wall detection 

applications. For the verification of through wall detection configuration, a 

simulation-based experiment using ground penetrating radar (GPR) 

technology has been conducted. The results showed that proposed single 

antenna can act as a monostatic transceiver in order to detect human skin 

behind the concrete wall. Later, the reflections received from the target have 

been analyzed to detect and identify the antenna, wall and target for distance 

calculation. 
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1. INTRODUCTION 

Ultra-wideband (UWB) is now a days popular technology used in antenna design for different 

communication applications. It mainly consists of a system having large operating bandwidth and less power 

consumption. The bandwidth greater than 500 MHz is considered as UWB [1]. The free localization of UWB 

spectrum by the Federal Communications Commission (FCC) for industrial and scientific purposes, opened 

new gates of research to develop different technologies using UWB. The frequency band allocated for UWB 

technology ranges from 3.1-10.6GHz with the bandwidth of 7.5GHz. There are several advantages of UWB 

including very large bandwidth, low power consumption, low cost of implementation, high data rate, and 

obstacle penetration capability [1]. These advantages widen the number of prominent applications in the field 

of communications such as Wireless Local Area Network (WLAN), Wireless Body Area Network (WBAN), 

WiMAX, and Wireless Personal Area Network (WPAN) [2]. Furthermore, UWB also being implemented in 

the field of radar like ground penetrating radars (GPR), imaging and positioning [3]. 

From last few decades there is a positive growth in UWB GPR applications for ground based  

study [4]. The number of GPR applications has been reported in the field of science and engineering for 

military and civilian applications, which includes the detection of land-mines, imaging through the wall, also 

in remote sensing methods for non-destructive testing of concrete and detection of people buried under-debris 

or in the opaque environment [5]. The implementation of UWB antenna technology in the applications of 

GPR involves different antenna designs such as horn, bow-tie, tapered slot, patch, spiral, and dipole have 

been designed previously. These antennas are considered for their gain, design complexity, directivity, and 
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frequency bandwidth, which are the basic requirements of an antenna design for GPR applications [6-7]. In 

this paper, a shifted arc shaped UWB antenna using Rogers RT-5880 duroid as a dielectric substrate is 

proposed from 2.8 to 15.6GHz with the gain of around 6dB. Defected ground structure method is used to 

achieve the required gain while maintaining the UWB frequency band at the same time. Later, a monostatic 

transceiver (a term associated with the technology where a single antenna can be used as a transmitter as well 

as receiver) [6] based GPR experiment for behind the wall target detection is modeled and simulated using 

CST Microwave studio. Subsequently, the received reflections from the target is then computed and 

demonstrated using MATLAB. 

The remaining paper is organized as follows; Antenna design based on RT-5880 with complete 

simulation model including wall and target using GPR technology is presented in next section. While, the 

discussion and analysis of obtained results are highlighted in results and discussion section. Final section 

summarizes the complete discussion in the form of conclusion. 

 

 

2. ANTENNA DESIGN AND SIMULATION-BASED EXPERIMENT 

The proposed antenna design and simulation-based ground penetrating radar experiment is 

performed using CST Microwave studio. In this section antenna design structure and experimental procedure 

is divided into two sub-sections. Section 2.1. presents about the designing of ultra-wideband antenna 

proposed for ground penetrating radar that is configurable for detection application, whereas Section 2.2. 

discussed about the simulation-based experiment containing antenna, obstacle and target models using CST 

Microwave studio. 

 

2.1. The Antenna Design 

To implement an ultra-wideband antenna design for GPR technology and to address the through 

wall penetration function, a planar shifted arc shaped antenna based on Rogers RT-5880 dielectric substrate 

with Ԑr = 2.2 having defected ground structure characteristics is proposed during this paper. To achieve the 

arc shape of antenna, an elliptical patch radiator is designed first and then a partially circular slot is 

introduced towards the minor axis of elliptical patch. Later, this circular slot is further optimized by shifting 

it to adjust or tune the scattering parameter. The designed UWB arc antenna is shown in Figure 1(a), where 

the size in terms of antenna compactness is demonstrated by the dimensions of the substrate. This 

compactness of UWB antenna faced the challenge of bandwidth matching at lower frequency [8] over the 

band from 3-10GHz. To achieve the matching for whole band by maintaining the size compactness, a 

modified half grounded method is introduced in the design. However, the obtained gain is below the targeted 

value, whereas for GPR applications there should be the nominal gain. To achieve the targeted gain of 6dB, a 

DGS method [9] is used and the slots are added at the different areas of the ground as shown in Figure 1(b). 

These slots are the combination of even and uneven slots tuned to get the desired results. Table 1 shows the 

materials used in designing, dimensions of substrate as well as ground, the major and minor axis of the  

slotted arc along with the excitation port properties. The complete design discussed in this section is carried 

out for simulation using CST Microwave studio. 

 

 

 
 

(a) (b) 

 

Figure 1. Design of shifted arc antenna: (a) Front view; (b) Back view 
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Table 1. Parameters and dimensions of designed antenna 

Parameter Type Dimension (mm) 

Major arc axis Copper 31 

Minor arc axis Copper 19 

Substrate (LxW) FR-4 45x34.99 

Ground (LxW) Copper 25.5x34.99 

Port (HxW) Waveguide 3.95x7.14 

 

 

2.2. Experimental Model 

 In previous section, the design of proposed antenna have been discussed. Meanwhile, this section 

carried out a discussion on detection behind the wall using GPR technology. Where a wave signal is 

transmitted, which penetrates through wall, hits the target and some of its energy is reflected back from the 

target towards the receiving antenna. Based on this concept, a simulation-based experiment is carried out to 

observe the detection capability of the compact shaped arc antenna. The detection scenario of complete 

experimental model is shown in Figure 2, where the monostatic antenna is used to transmit and receive 

signals. The antenna is placed at certain distances from a concrete wall with the thickness of 9cm. In the 

meantime, a targeted skin model of human in the form of rectangular block is placed behind the wall. The 

distance of the antenna to the wall is measured as Wall_D whereas the distance between the wall and target 

can be determined as Target_D, these defined distances can be varied accordingly to measure the penetration 

depth. The dielectric value of concrete wall is Ԑr = 5.46 as it remained constant throughout the UWB 

frequency band, while during the experiment it has been observed that the dielectric value for skin varies [10] 

at different UWB frequencies with the value appears to be Ԑr = 26.31–36. The design and experimental 

results of proposed model will be presented in results and discussions. 

 

 

 
 

Figure 2. Simulation-based of experimental model 

 

 

3. RESULTS AND DISCUSSIONS 

The antenna proposed in this paper is designed using CST Microwave studio environment. The 

results obtained after simulations are shown in Figure 3. The reflection coefficient, S11 in Figure 3(a) shows 

the significant result over the entire ultra-wideband, as the obtained band ranges from 2.8 to 15.6GHz with 

bandwidth of 12.8GHz which is more than the defined UWB band i.e. 3.1-10.6GHz. Another factor involved 

in the designing of UWB antenna for GPR applications is gain, which demonstrates the penetrating efficiency 

of the antenna. Figure 3(b) represents the gain of proposed antenna as 6.05dB, this gain value is achieved by 

adding slots in the ground using defected ground structure technique. Different slots have been tried at 

different places on the ground to obtain the desired gain and as a result five uneven slots have been 

introduced in the design. Thus the resulted gain is helpful in detection behind the wall or under the debris as 

it also radiates in directional manner. 

Subsequently, a simulation-based experimental setup is modeled for the detection application 

follows the GPR technique as discussed in previous section. The experimental results of monostatic antenna 
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configuration are further analyzed in time domain by using Inverse Fast Fourier Transformation (IFFT) 

method to study the difference between obtained reflections from antenna, wall and target. The obtained time 

domain reflections of designed experiment is shown in Figure 4. 

 

 

 
 

 

(a) 

 

(b) 

 

Figure 3. Simulation results for arc antenna: (a) S11 from 2.8-15.6GHz; (b) 3D simulated antenna gain 

 

 

 
 

Figure 4. Antenna and target reflections 

 

 

The first reflection in Figure 4 is obtained from the antenna, while the second with dash line is the 

one when antenna and wall simulated together, whereas the last line in red shows the reflection obtained from 

antenna, wall and target simulated together. Based on these reflections, it can be observed that the first 

reflection from the wall is obtained at 0.27ns. Meanwhile the reflection before 0.27ns is the one from the 

antenna and at the obtained value, the antenna reflection faced the hurdle in the form of wall. The peak at 

2.13ns is the reflection from the targeted object behind the wall as it shows some disturbances in the obtained 

time domain reflections. From the obtained intervals of time t, the depth resolution d from the antenna to the 

target can be determined by using Equations (1) and (2) [11]: 

 

2

t
vd      (1) 
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In these Equations, v is the propagation velocity which is the ratio of speed of light c to dielectric 

value Ԑr of the medium where the wave is travelling at the defined time. The obtained results are showing 

minor difference in the reflections of the antenna and wall. The main reason of this difference is aliasing  that 

occurs mainly due to less number of samples [12]. 

 

 

4. CONCLUSION  

A complete experimental model of ultra-wideband antenna to detect behind the wall has been 

discussed with obtained results. A shifted arc shaped patch antenna using RT-5880 dielectric substrate has 

been proposed with defected ground structure method having gain of 6.05dB and the bandwidth of 12.8GHz. 

Later, the designed antenna is simulated and modeled with the wall and skin structures to perform detection 

operation. The obtained analyzed time domain reflections showed the responses from antenna, wall and 

target. This analysis demonstrated that the proposed monostatic UWB antenna has the potential to detect the 

buried targets. 
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