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1. Introduction 
GPR(ground-penetrating radar) has been used as an effective tool for detecting buried targets or 

geological anomalies[1].  Electromagnetic analysis of GPR is very difficult because of the close 
proximity of transmitting and receiving antennas, ground surface, and buried targets.  These 
difficulties render the analysis of all elements of GPR simultaneous.  Recently, electromagnetic 
characteristics of GPR have been analyzed by using 3-dimensional FDTD(finite-difference 
time-domain) method[2-5].  Those simulations include equivalent models of transmitting and 
receiving antennas, ground, and buried targets.  In our laboratory, an improved GPR simulator was 
developed by adding CP(contour-path) FDTD method and extended PML condition for multi-layered 
media, such as air/ground.  Our simulator may be applicable to the development and optimization of 
GPR. 

The purpose of this paper is to develop a compact GPR antenna for portability using our FDTD 

simulator.  Actual GPR measurement is also performed above PVC tank(140 cm×100 cm×120 cm) 
filled with dry sand in our laboratory.  In FDTD simulation, the excitation of the transmitting antenna 
and the dielectric property of dry sand are equivalently modeled by using measured data.  We 
compare the received voltage of GPR in FDTD simulation with measured data for the same cases. 

 

2. FDTD simulation and results 
As shown in Fig. 1, the same antennas are parallel each other above a dry sand at the height of 

=gh 2 cm.  Metallic-plate target(14.6 cm × 14.6 cm × 1 cm) is buried below the center of the 

antennas at the depth of =td 5 cm.  For FDTD simulation, the excitation of the transmitting antenna 

is modeled by using the Gaussian pulse with a voltage peak =0V 40.6262 V and the characteristic 

times of rising and falling part of the pulse are given by 0.21739 ns and 0.4 ns, respectively.  The 
electrical parameters of dry sand are modeled by approximating measured data using an open-ended 

coaxial probe to Debye dispersion formula ( =rsε 2.72, =∞rε  0.846, =0σ 0.0029 S/m, =τ 1.24 ps).  

As shown in Fig. 2, the antennas in FDTD simulation are used cavity-backed and resistor-loaded 
planar dipoles, such as triangular-plate (so called "bow-tie") and rectangular-plate.  To make 

small-size and light-weight antenna, the size of the metallic -cavity is restricted within 9 cm × 14.5 cm 
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× 3 cm.  The computation region consists of cells with space step size =∆ min,ελ /15.19 = 0.5 cm.  

The simulation is performed for 3000 time steps with each size =∆t ≈∆ c2/  8.3 ps, where c  is the 
speed of light in free space. 

VSWR characteristics of transmitting antennas are calculated over a wide range of frequencies 

DC∼2.5 GHz, which correspond to meaningful bandwidth of the excitation.  Fig. 3 shows VSWR vs. 

frequency.  The wideband matching characteristics are improved by using rectangular-plate dipole 

antenna as VSWR < 2.2 up to 2.5 GHz.  Time-domain yE  patterns at a radial distance 

=+= tg dhr 7 cm are also calculated at 4 angles, =Ψ 0°, 30°, 60°, and 90°.  As shown in Fig. 4, 

the field patterns of two different dipoles resemble each other.  In case of rectangular-plate dipole, 

however, peak-to-peak value of yE  field in the ground is about 30 V/m larger than that of 

triangular-plate dipole.  It leads us to conclude that electromagnetic radiation into the ground is 
improved by employing rectangular-plate dipole instead of triangular-plate dipole. 

Fig. 5 illustrates the effects of two dipole types on the received voltages in the FDTD simulation.  
When no target is buried, two hinds of the received voltages have the same peak-to-peak value.  On 
the other hand, when metallic -plate target is buried, peak-to-peak value is about 0.4 V greater for 
rectangular-plate dipole than for triangular-plate dipole.  Fig. 6 shows comparison of FDTD results 
and measured data for rectangular-plate dipole.  The FDTD results agree well with measured data. 

 

3. Conclusions 
The transmitting and receiving characteristics of planar antennas for GPR are analyzed by using 

3-dimensional FDTD method.  It is found that the rectangular-plate dipole is suitable for a compact 
GPR antenna. In spite of no change in direct-coupling between the transmitting and receiving antennas, 
the rectangular-plate dipole provides lower VSWR and stronger coupling into the ground than the 
triangular-plate dipole.  The validity of our FDTD simulation is confirmed by showing the 
convergence of the FDTD results to the measured data of the received voltage for GPR. 
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Fig. 1. Geometry of a bistatic GPR system. 
 

 
   

 
(a) Triangular-plate dipole.   (b) Rectangular-plate dipole. 

Fig. 2. Geometry of GPR antennas. 
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Fig. 3. Calculated VSWR as function of frequency for dipole antennas. 
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Fig. 4. Near-field yE  patterns of dipole antennas. 
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(a) No target is buried.                        (b) Metallic -plate is buried. 
Fig. 5. Received voltage of a bistatic GPR system with planar dipole antennas. 
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  Measured data

0 2 4 6 8 10
-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

  FDTD          

 

R
ec

ei
ve

d 
vo

lta
ge

  v
R

X(
t)

  [
V

]

Time  t  [ns]

  Measured data

 

(a) No target is buried.                    (b) Metallic -plate is buried. 
Fig. 6. Comparison of FDTD results and measured data for rectangular-plate dipoles. 


