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Abstract: 

This paper describes an antenna system for vehicle mount Ground 
Penetrating Radar (GPR) which is used for detection and 3-D 
imaging of anti personnel,anti tank mines and IED. The antenna is 
1.8 meter long and consists of a Tx antenna row and a Rx antenna 
row.Each row  houses 9 radiating elements arranged in triangular 
grid.The two rows are aligned at an angle of 40 degree so as to 
form a monostatic antenna arrangement.Thismonostatic 
arrangement ensures that targets at lower depth are also 
illuminated by both transmit and receive antenna.For obtaining 
required detection depth the radiating element is required to 
operate over 187% bandwidth with good return loss and stable gain 
and patternIn addition it should have Tx/Rx antenna coupling 
between adjacent Tx and Rx antenna < -30 dB so that sufficient 
gain can be provided in the receiver for small target detection. 

Key Words: Vehicle mount GPR,UWBAntenna,Tx/Rx antenna 
coupling,Radome 

 

I. INTRODUCTION 

Avehicle mount GPR system is required for detection and 3-
D imaging of anti-personnel mines (APM) anti-tank mines 
(ATM) and Improvised Explosive Device (IED).The antenna 
for this GPR system is to be mounted on front side of a 
vehicle and should contain multiple radiating elements so 
that a large swath area is scanned simultaneously. The 
spacing between the elements decides the resolution in the 
X-Y plane.The depth of detection(in Z direction) is decided 
by the frequency of operation and usually detection depth is 
more for lower frequencies[1].Thus lower frequency of 
operation should start from few 10's of MHz for a detection 
depth of 2 meters.In addition since the antenna is mounted on 
a moving platform it should be rugged,lightweight and 
should be able to operate in different weather conditions like 
rain,high and low temperatures. 

 The novelty of this paper is the design of an antenna 
system for vehicle mount GPR which is 

compact,rugged,lightweight and suitable for all weather 
conditions. 

II. ANTENNA SYSTEM DESIGN 

Based on the requirement of detection depth, resolution and 
swath area following electrical specifications were set for the 
Antenna system. 

Electrical Specifications:  

Operating B.W: 187% 

VSWR :<  2:1 

Gain :> 1 dB 

TX/Rx antenna coupling< -30 dB 

Mechanical Specifications: 

Weight of antenna system:<25 Kg 

Dimension of antenna system:1.8mX0.15mX0.17m 

Environmental Specifications: 

Antenna should be rain proof 

Based on these specification antenna system design was 
worked out ,which involved design of radiating 
element,design of antenna configuration and radome.To meet 
the electrical specification radiating element and antenna 
configuration was designed on the other hand Radome was 
designed to make the antenna rain proof.Radome was also 
designed to be electrically transparent. 

 The following sections describes these three steps 
involved in the design of antenna system for Vehicle Mount 
GPR.  

III. RADIATING ELEMENT 
Performance of radiating element was already established 
and it was found to work satisfactory over the required 
bandwidth[2].Next section gives the details of the radiating 
element design.Theradiating element is a type of monopole 
which is machined out of 2 mm thick aluminum plate in the 
shape of a rugby ball.It is backed by a curved reflector to 
make it unidirectional.To make this antenna work at 
frequencies starting from few MH'z and over 187% 
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bandwidth with VSWR<2:1it is loaded with 150Ω carbon 
resistors at appropriate places.Figure 1 shows photograph of 
the radiating element.Figure 2 shows measured return loss 
for the radiating element.Thefarfield pattern of this element 
was measured and for this element the beam peak is at 40°in 
E-plane. 

IV. ANTENNA CONFIGURATION 

Antenna configuration was worked out based on the 
requirement of swath area to be covered and resolution in X-
Y plane.To achieve resolution of 10cm, elements of Tx and 
Rx row were arranged in a triangular grid with inter-element 
spacing of 20cm.To cover required swath area antenna length 
was required to be 1.8 m.Thus each row was occupied with 9 
elements.Since the beam peak for single element is at 40 
degree, the Tx and Rx rows were aligned at an angle of 40 
degree so that Rx elements are able to receive from the area 
illuminated by Txelements.Figure3 shows photograph of the 
antenna.In antenna for the receiver to work at its maximum 
gain without going into saturationTx/Rxrowcoupling was 
required to be <-30 dB while measured coupling  between 
Tx/Rx row  was -16dB.To reduce coupling, increasing 
spacing between elements could not be done as it would have 
changed the resolution.Thus an isolation plate was inserted 
between theTx and Rx rows [3]and it was covered with 
flatabsorber.Figure 4 shows antenna with absorber and 
isolation plate and Figure 5 shows measured return loss of 
nearest Tx and Rx antenna and their coupling. 

I. RADOME 

Since the antenna has to operate outdoor in all weather 
condition it needed to be protected by a Radome which was 
electrically transparent.TheRadome was designed as a thick 
film radome in FRP with one way insertion loss < 1dB over 
the band[4].Figure 6 shows front face of the 
Radomeasembled with the antenna.TheRadome was 
designed in five sections, two side section ,two end caps and 
one centre section.Figure 4 shows different sections of the 
Radome.This made the fabrication and assembly of Radome 
with antenna system easier.It also provided easy access to 
radiating elements.The three sections were held together by 
screws as well as Adhesive so that the antenna is impervious 
to rain.ThisRadome was tested for driving rain as per the 
specification in the table 1.After the test there were no traces 
of water inside the antenna.  

 

 

Figure 1 Radiating Element for VM GPR Antenna System 

 

 

Figure 2 Measured Return loss of Radiating Element 

 

Figure 3 Photograph of Vehicle Mount Antenna 
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Figure 4 Vehicle Mount Antenna with absorber and Plate 

 

Figure 5 Measured RL and Tx/Rx antenna coupling 

 

Figure 6 Radome Assembled with the antenna 

Test 
No. 

Type of Test 
Test Conditions 

(JSS 55555 -2000) 

ET 1 Driving Rain  

 

Rain fall rate : 250 mm/hr 

Flow rate : 450 lit/hr 

Static pressure : 200 kpa 

Duration : 1 hour 

No. of drops  

:

26 drops (One 
drop on each 
face, edge and 
corner) 

Table 1: Specification for Driving Rain Test 

CONCLUSION 

An Antenna System for Vehicle Mount GPR has been 
designed and Developed with required electrical,mechanical 
and Environmental specifiications. 
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