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Abstract: 

Stepped Frequency Continuous Wave (SFCW) GPR uses separate 
antenna for transmission and reception[1].Since in SFCWGPR 
transmit antenna (Tx antenna) is continuously transmittingand 
receiver antenna(Rx antenna) is receiving there should be high 
isolation between Tx and Rx antenna so that receiver does not get 
saturated.High Tx/Rx antenna isolation also ensures that  weak 
reflections from the nearby target are not masked by strong Tx/Rx 
antenna coupling.This paper brings out a simple technique of 
reducing the Tx/Rx antenna coupling.This technique does not 
require change in Tx/Rx antenna design and was found to improve 
the input impedance matching,pattern bandwidth and gain of 
antenna. 
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I. INTRODUCTION 

Ahandheld GPR based on SFCW concept is being developed 
for detection of anti-personnel mines (APM) and anti-tank 
mines (ATM) and Improvised Explosive Device (IED).This 
GPR should operate in different types of soils like 
desert,laterite,red,alluvial and black soil.It should be 
lightweight and compact in size and should be suitable for 
single person operation. 

Based on requirement of detection depth and resolution and 
considering loss various across frequency in various soils it 
was decided to start GPR operation from 100’s of MHz till 
few GHz covering a bandwidth of 150%.Antenna being one 
of the most critical component of this GPR system it needed 
to be compact and lightweight.The antenna was also required 
to have a Return Loss < -10 dB over 150% bandwidth with a 
good pattern stability and gain. 

An UWB antenna element operating over 150% bandwidth 
was designed for this handheld SFCW GPR[2].It is a type of 
monopole with a combination of triangular and elliptical 
shape to achieve ultrawidebandwidth.The size of UWB 
antenna element was 135mmx60mm and it was printed on a 
62 mil RT Duriod 5880 substrate.Figure 1 shows front and 
back side of UWB antennaPCB.Figure 2 shows two such 
elements for Tx and Rx backed by a reflector and housed in a 
radome.The worst case coupling between Tx and Rx antenna 
was measured to be -14 dB as shown in Figure3.This antenna 
was connected to Vector Network analyzer and experiments 
were done with this antenna for detection of APM,ATM and 
IED’s using SFCW mode in Vector Network analyzer.In 
these experiments vector network analyzer was used as a 
exciter as well as receiver.Results of experiment was 
collected as S-parameter data and this data was used as input 
for detection algorithm.SuccessfulDectection of APM,ATM 
and IED’s  was done using UWB antenna and vector 
Network Analyzer. 

In the next step network analyzer was replaced with receiver, 
exciter and SP card which were much compact than vector 
network analyzer.In the second set of experiments it was  
possible to detect APM’s only upto few cm’s and it was 
decided to increase the receiver gain to increase detection 
depth.This required recucing the Tx/Rx antenna coupling to 
at least -30 dB from -14 dB over 150% bandwidth so that 
receiver does not go into saturation. 

 

II. DESIGN CONSTRAINT 

Since the antenna was for a handheld GPR it needed to be 
lightweight and compact hence it was required that any 
change done in antenna design to reduce Tx/Rx antenna 
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coupling should not add extra weight or increase volume of 
the antenna. 

III. Tx/Rx ANTENNA DESIGN 

To reduce Tx/Rx antenna coupling,design of archimedian 
spiral[3] and logarithamic spiral antenna[3],[4] was 
attempted.Since in spiral antenna coupling can be reduced by 
reversing the sense of polarization for the Tx and Rx antenna 
element coupling of the order of -25dB could be easily 
achieved.But the spiral antenna needs a transition to be 
designed to transform spiral input impedance of 188 ohms to 
50 ohm transmission line[5].A spiral antenna also needs a 
cavity to make its radiation unidirectional. Due to this,size of 
the designed spiral antenna was too large (single element 
dimension :17cmx17cmx7cm) hence it was not found to be a 
suitable option. 

Since  no other antenna element could be realized with size 
suitable for handheld GPR with good isolation, attempts 
were made to apply some technique to existing UWB 
antenna element to reduce TX/Rx antenna coupling.  

a) Resistive loading of monopole :Tx and Rx antenna 
was loaded with resistors of 150ohm.This was able 
to reduce the Tx/Rx antenna coupling at some 
frequencies but not over the band and it also 
reduced gain at lower frequencies drastically. 
 

b) Three element configuration: Two Tx elements 
were fed out of phase so that their coupling cancels 
at the Rx element[6].This method was able to 
reduce coupling only over a narrow bandwidth on 
the other hand size of the antenna system was 
increased, hence this method was not found 
suitable. 
 

c) Partition by an isolation plate : An aluminium 
plate was inserted between Tx and Rx antenna[7], 
this reduced coupling to <-20 dB throughout the 
band but deteriorated Return loss performance of Tx 
and Rx antenna.  
 

d) Partition by an isolation plate and absorber 
loading: Finally an isolation plate was inserted 
between Tx/Rx antenna elements and isolation plate 
and Tx and Rx antenna elements were covered with 
flat absorber having reflectivity better than -17 
dB.This technique was able to reduce Tx/Rx 
antenna coupling to -30 dB over the full band of 
150%.Figure 4 shows the photograph of the antenna   

and Figure 5 shows measured Return loss atTx and 
Rxantenna port and Tx/Rx antennacoupling. 

The pattern and gain of the antenna with isolation plate and 
flat absorber (Ver2) was measured and it was found that the 
pattern has become more stable with frequency and gain has 
improved as compared to Ver1(without plate and 
absorber).Table 1 gives comparison of gain for antenna Ver1 
and Ver2. 

 

Figure 1UWB Antenna front and back side 

 

Figure 2  Tx/Rx antenna elements housed in Radome 

 

Figure 3 Tx/Rx antenna coupling 

 

fo-1.5 GHz                                                       fo+1.5 GHz 
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Figure 4 Tx/Rx antenna with isolation plate and absorber 

 

Figure 5 Measured Tx/Rx Antenna coupling and RL with Isolation plate 

and flat absorber 

S.No.  Frequency  Gain  ( Ver 1)  
 

Gain (Ver 2) 

1  (fo-1) GHz  1.93 dB  5.6 dB  

2  (fo-0.5) GHz  5.89 dB  7.3 dB  

3  fo GHz  4.81 dB  4.5 dB  

4  (fo+0.5)GHz  4.07dB  4.7dB  

5  (fo+1) GHz  1.72 dB  4 dB  

6  (fo+1.5)GHz  0.881 dB  2 dB  
Table : Measured Gain for Ver1 and Ver 2 antenna 

 

CONCLUSION Isolation 
plate A simple technique for improving Tx/Rx antenna coupling is 

demonstrated which is able to improve antenna coupling over 
the 150% bandwidth with improvement in gain and pattern 
bandwidth. 

           Flat absorber 
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