
Progress In Electromagnetics Research, PIER 72, 21–37, 2007

PERFORMANCE EVALUATION OF SEPARATED
APERTURE SENSOR GPR SYSTEM FOR LAND MINE
DETECTION

K. Moustafa and K. F. A. Hussein

Microwave Engineering Department
Electronics Research Institute (ERI)
Dokki, Cairo, Egypt

Abstract—In this paper, the performance of the separated-aperture
sensor working as ground-penetrating radar (GPR) is assessed over
the operating frequency band. The capability of the separated-
aperture sensor to detect buried targets is examined by evaluating
and comparing the electromagnetic coupling between the transmitting
and receiving antennas in two cases: (i) when the system is placed
over an empty ground and (ii) when it is placed over a ground inside
which a practical target is buried at the proper depth. The finite-
difference time-domain (FDTD) method is used for electromagnetic
simulation. The results concerning the coupling between the
transmitting and receiving antennas are presented considering various
practical parameters such as the operating frequency, the electric
properties of the ground soil and the buried target, and the depth
at which the target is buried under the ground surface. It is shown
that target detectability using the separated-aperture sensor is strongly
dependent on all of the above parameters.

1. INTRODUCTION

Optimum performance of GPR systems is obtained only by taking into
account details of the target geometry and the nature of the ground.
Many forms of GPR antennas are used for buried land mine detection,
for example, bow-tie [1, 2, 13, 15], resistively loaded Vee dipole [3, 4]
and ultra wide-band (UWB), dual-polarized, dielectric-loaded horn-fed
bow-tie (HFB) antennas [5]. The separated-aperture sensor has been
introduced in [6] as a GPR system for detection of land mines. One of
the major advantages of this system is its dependence on a continuous-
wave operation of single frequency for mine detection. This avoids
the difficulties encountered in the process of detecting ground-buried
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mines, which result from the necessity of accounting for the dispersive
properties of the ground soils. Thus, unlike the other types of GPR
systems that depend on short pulse detection, the separated-aperture
sensor does not require a wideband antenna for the process of mine
detection. Narrow-band transmitting and receiving dipole antennas
are used in the separated-aperture sensor; each of which is partially
covered by a corner reflector. A metallic septum with the appropriate
length keeps the two antennas separated from each other.

The mechanism of target detection in the separated-aperture
sensor GPR depends on a continuous-wave operation, where the
amount of electromagnetic coupling between the isolated transmitting
and receiving antennas is used to indicate the presence or absence of
a buried target. Thus a single-frequency microwave-source attached
to the transmitting dipole antenna and a power meter, with the
appropriate sensitivity, attached to the receiving antenna are enough
for good operation.

Some examples showing the capability of this system to detect
land mines are presented in [6]. However, the investigations presented
in [6] are not complete and other practical situations are needed to
provide complete assessment of the system performance.

This paper provides elaborate discussions, based on accurate
results, to investigate the performance of the separated-aperture sensor
in detecting buried targets in practical situations showing various types
of targets and ground soils.

2. SEPARATED-APERTURE SENSOR CONSTRUCTION
AND OPERATION

The separated-aperture sensor has been used in GPR systems [6]; it
consists of two parallel dipole antennas (one for transmission and the
other for reception) housed in reflectors that are separated by a metallic
septum as shown in Fig. 1. When the sensor is over empty ground, the
coupling between the transmitting and receiving antennas |S21| is very
small because of the conducting septum and reflectors that partially
cover the two antennas and, hence, prevent the direct coupling between
them. As the sensor is moved over a buried target, the target reflects a
portion of the signal radiated by the transmitting antenna back to the
receiving antenna, thus increasing the coupling between the antennas.
The increase in the coupling is used to detect the presence of the buried
target.

Fig. 1 shows the dimensions of the separated-aperture sensor
(corner reflectors, septum, and dipole antennas) considered in this
paper.
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Figure 1. Construction and dimensions of a separated-aperture sensor
designed for detecting land mines.

3. MODELING THE SEPARATED-APERTURE SENSOR
GPR SYSTEM USING FDTD

One of the most efficient and commonly used methods for the analysis
of microwave detection of buried objects is the FDTD method [14].
The FDTD algorithm is used to simulate and analyze the separated-
aperture sensor. The overall model used in this paper is shown in
Fig. 2, the finite computational volume, which contains the sensor,
lossy ground, and mine, is truncated with an 8-cell absorbing boundary
condition (ABC): Brenger’s split-field perfectly matched layer [7–10].
The FDTD lattice dimensions are 60×90×140 cm, which is comprised
of cubic Yee cells each of dimension 1.2 cm. This discritization is
appropriate for electromagnetic simulation in the frequency band 600–
1000 MHz. Field components are updated every 23.094011 ps; this time
step satisfies the condition for numerical stability stated by Courant
[7]. Each reflector has a 19.2 cm (16-cell) width in the y-direction,
36 cm (30-cell) depth in x-direction, and 14.4 cm (12-cell) heights in
z-direction. A conducting staircase model of σ = 1016 S/m is used
to represent the reflectors. The reflectors are separated by a septum
of 14.4 cm width (12-cell) which is modeled as a conductor plate of
σ = 1016 S/m. Dipole antennas of 15.6 cm (13 cells) length are used.
A thin wire is used to model the dipole antenna [11]. The feeding
gap of a thin-wire antenna is often modeled in FDTD method, by the



24 Moustafa and Hussein

Ground 

g, g,  
 Mine   m, m,  

 

Air 

0, 0, 0 

19.2 cm 

14.4 cm 

86.4 cm 

2.4 cm 

Depth 

 4.8 cm 

 13.2 cm 

14.4 cm Metallic septum 

Dipoles 

Reflector

ε σ µ
ε σ µ

ε σ µ

Figure 2. FDTD model for separated-aperture sensor GPR system
over a ground with a buried target.

so-called “on-cell gap” which lets the feeding gap be one cell of Yee’s
lattice. However, the actual feeding gap is usually smaller than the cell
size. The conventional one-cell gap model can therefore cause cell-size
dependent error in FDTD computation [12]. This problem is treated in
[12] by assuming an infinitesimal feeding gap instead of a one-cell gap.
In this method, a new gap model for FDTD calculation is considered
in which the antenna gap is infinitesimally small.

4. RESULTS AND DISCUSSION

The results are obtained when a ramped sinusoidal source is applied at
the dipole center of the transmitting antenna of a separated-aperture
sensor placed at a height of 2.4 cm over empty ground and at the
same height over the same ground containing a buried target. The
FDTD algorithm runs for a period of time long enough for the fields
every-where to reach the steady state. Two types of ground soils
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are considered; the first one is described as a “fairly dry, loamy
soil with moisture content by weight of 6%” and has the following
electrical properties: εr = 2.9, µr = 1.0, σ = 0.02 S/m [6], while
the second is “red clay soil with 9.6% water by dry weight” and has
εr = 8.1, µr = 1.0, σ = 0.038 S/m [6]. All targets selected for the
following presentations and discussion are box-shaped and have the
dimensions 30 × 30 × 7.2 cm.

4.1. Metallic Mine Detection

The metallic mine is represented by a conductor block with the
following electrical properties: εr = 1.0, µr = 1.0, σ = 1016 S/m.

Fig. 3 shows the coupling between the transmitting and receiving
antenna |S21| for the sensor when it is placed over empty fairly dry soil
and when it is placed over the same type of soil inside which a metallic
mine is buried at depth of 12 cm. As shown in this figure, there is a
considerable increase in |S21| over the frequency band 600–1000 MHz
due to the presence of the bureid target. The optimum frequency at
which a metallic mine can be detected when buried in such a soil is
800 MHz. At this frequency there is about 28 dB increase in |S21| due
to the existence of the metallic target.

|S
21

| (
dB

)

Frequency (MHz)

Figure 3. Coupling between the sensor antennas when it is placed
over empty fairly dry soil (no target) and over the same soil with a
conductor block of dimensions 30×30×7.2 cm buried at 12 cm depth.

Fig. 4 shows the coupling between the transmitting and receiving
antenna |S21| for the sensor when it is placed over empty red clay soil
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Figure 4. Coupling between the sensor antennas when it is placed
over empty red clay soil (no target) and over the same soil with a
conductor block of dimensions 30×30×7.2 cm buried at 12 cm depth.

and when it is placed over the same type of soil inside which a metallic
mine is buried at depth of 12 cm. As shown in this figure, there is a
considerable increase in |S21| over the frequency band 600–1000 MHz
due to the existence of the target. The optimum frequency at which a
metallic mine can be detected when buried in such a soil is 800 MHz.
At this frequency there is about 23 dB increase in |S21| due to the
existence of the metallic mine.

Figures 5 and 6 show the frequency-domain electric field
distribution of Ex component in the ground and inside the reflectors of
the sensor in the case of an empty soil and that of the same soil with a
buried metallic mine at depth of 12 cm, respectively. By comparing the
figures, it becomes clear that the existence of a metallic mine results
in a significant increase in the electric field at the receiving antenna.

4.2. Dielectric Mine Detection

Two types of dielectric targets are considered; the first one is described
as “plexiglass block” and has the following electrical properties: εr =
2.6, µr = 1.0, σ ≈ 0.0, while the second is “stycast block” and has
εr = 7.4, µr = 1.0, σ ≈ 0.0 [6].

Fig. 7 shows the coupling between the transmitting and receiving
antennas |S21| for the sensor when it is placed over empty fairly dry
soil and when it is placed over the same type of soil inside which a
plexiglass block is buried at depth of 16.8 cm. As shown in this figure,
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Figure 5. Electric field intensity distribution in the frequency-domain
inside an empty fairly dry soil and in the reflectors of the sensor,
f = 800 MHz.

Figure 6. Electric field intensity distribution in the frequency-domain
inside a fairly dry soil containing a metallic target buried at a depth
of 12 cm and in the reflectors of the sensor, f = 800 MHz.

there is an insignificant increase in |S21| in some frequency bands. The
optimum frequency band at which a plexiglass block can be detected
when buried in such a soil is 750–850 MHz with maximum detectability
at 800 MHz. At this frequency there is about 10 dB increase in |S21|
due to the existence of the plexiglass block as shown in Fig. 8.

Fig. 9 shows the coupling between the transmitting and receiving
antennas |S21| for the sensor when it is placed over empty red clay
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Figure 7. Coupling between the sensor antennas when it is placed over
empty fairly dry soil (no target) and over the same soil with a plexiglass
block of dimensions 30 × 30 × 7.2 cm buried at 16.8 cm depth.
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Figure 8. Coupling between the sensor antennas when it is placed
over empty fairly dry soil (no target) and over the same soil with a
plexiglass block of dimensions 30×30×7.2 cm buried at 16.8 cm depth,
f = 750–850 MHz.

soil and when it is placed over the same type of soil inside which a
plexiglass block is buried at depth of 16.8 cm. As shown in this figure,
there is a considerable increase in |S21| over the frequency band 600–
1000 MHz. The optimum frequency at which a plexiglass block can be
detected when buried in such a soil is 827 MHz. At this frequency there
is about 28 dB increase in |S21| due to the existence of the plexiglass
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Figure 9. Coupling between the sensor antennas when it is placed
over empty red clay soil (no target) and over the same soil with a
plexiglass block dimensions 30× 30× 7.2 cm buried at 16.8 cm depth.

Figure 10. Electric field intensity distribution in the frequency-
domain inside a fairly dry soil containing a plexiglass block buried at
a depth of 16.8 cm and in the reflectors of the sensor, f = 800 MHz.

block.
Figures 10 and 11 show the frequency-domain electric field

distribution Ex component in the ground and inside the reflectors of
the sensor in the cases of plexiglass block buried in fairly dry soil and
red clay soil, respectively.

Comparing Fig. 10 with 5, it becomes clear that the existence
of a plexiglass block results in a little increase of the electric field at
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Figure 11. Electric field intensity distribution in the frequency-
domain inside a red clay soil containing a plexiglass block buried at a
depth of 16.8 cm and in the reflectors of the sensor, f = 800 MHz.
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Figure 12. Coupling between the sensor antennas when it is placed
over empty fairly dry soil (no target) and over the same soil with a
stycast block of dimensions 30 × 30 × 7.2 cm buried at 12 cm depth.

the receiving antenna because the relative permittivity of the plexiglass
block is near to that of a fairly dry soil inside which it is buried (εr = 2.6
versus εr = 2.9, respectively).

Fig. 12 shows the coupling between the transmitting and receiving
antennas |S21| for when the sensor is placed over empty fairly dry soil
and when it is placed over the same type of soil with a stycast block
buried at depth of 12 cm. The optimum frequency band at which
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Figure 13. Coupling between the sensor antennas when it is placed
over empty fairly dry soil (no target) and over the same soil with a
stycast block of dimensions 30 × 30 × 7.2 cm buried at 12 cm depth,
f = 800–1000 MHz.
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Figure 14. Coupling between the sensor antennas when it is placed
over empty red clay soil (no target) and over the same soil with a
stycast block of dimensions 30 × 30 × 7.2 cm buried at 12 cm depth.

a stycast block can be detected when buried in such a soil is 800–
1000 MHz with maximum detectability at 800 MHz. At this frequency
there is about 20 dB increase in |S21| due to the existence of the stycast
block as shown in Fig. 13.

Fig. 14 shows the coupling between the transmitting and receiving
antennas |S21| when the sensor is placed over empty red clay soil and
when it is placed over the same type of soil with a stycast block buried
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Figure 15. Coupling between the sensor antennas when it is placed
over empty red clay soil (no target) and over the same soil with a
stycast block of dimensions 30 × 30 × 7.2 cm buried at 12 cm depth,
f = 700–800 MHz.

Figure 16. Electric field intensity distribution in the frequency-
domain inside a fairly dry soil containing a stycast block buried at
a depth of 12 cm and in the reflectors of the sensor, f = 800 MHz.

at depth of 12 cm. The optimum frequency band at which a stycast
block can be detected when buried in such a soil is 700–800 MHz with
maximum detectability at 750 MHz. At this frequency there is about
6 dB increase in |S21| due to the existence of the stycast block as shown
in Fig. 15.

Figures 16 and 17 show the frequency-domain electric field
distribution of Ex component in the ground and inside the reflectors
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Figure 17. Electric field intensity distribution in the frequency-
domain inside a red clay soil containing a stycast block buried at a
depth of 12 cm and in the reflectors of the sensor, f = 800 MHz.
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Figure 18. Coupling between the sensor antennas when a plexiglass
block target is buried in a fairly dry soil versus its depth per
wavelength, f = 750 MHz.

of the sensor in the cases of stycast block buried in fairly dry soil and
red clay soil, respectively.

A comparison between Figures 16 and 5 shows that the existence
of a stycast block results in a significant increase in the electric field at
the receiving antenna because the relative permittivity of the stycast
block is much different from that of the fairly dry soil inside which it
is buried (εr = 7.4 versus εr = 2.9, respectively).
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Figure 19. Coupling between the sensor antennas when a plexiglass
block target is buried in fairly dry soil versus its depth, f = 850 MHz.
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Figure 20. Coupling between the antennas when a stycat block target
is buried in a fairly dry soil versus its depth, f = 800 MHz.

4.3. Dependence of Target Detectability on Depth of Buried
Target below Ground Surface

Figures 18 and 19 show the dependence of |S21| when a plexiglass block
is buried in a fairly dry soil on the target depth given as a ratio to the
wavelength at: 750 MHz and 850 MHZ, respectively. As shown in these
figures, the coupling between the two antennas is affected by the target
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Figure 21. Coupling between the sensor antennas when a stycat block
target is buried in a fairly dry soil versus its depth, f = 850 MHz.
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Figure 22. Coupling is being between the sensor antennas when
a stycat block target is buried in red clay soil versus its depth,
f = 800 MHz.

depth so that, as the target depth increases the coupling coefficient
converges to that in case of empty ground. There are some depths
at which the target can not be detected depending on the operating
frequency of the sensor.

Figures 20 and 21 show the dependence of |S21| when a stycast
block target is buried in a fairly dry soil on the target depth
given as a ratio to the wavelength at: 800 MHz and 850 MHz,
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respectively. As shown in these figures; there is a distinct change in
the coupling between the two antennas with changing the depth of the
target however, as the target depth increases the coupling coefficient
converges to that in case of empty ground. There are some depths at
which the target can not be detected these depths depending on the
operating frequency of the sensor.

Figure 22 shows the dependence of |S21| when a stycast block
target is being buried in a red clay soil on the target depth given as
a ratio to wavelength at 750 MHz. As shown in these figures; there
is a distinct change in the coupling between the two antennas with
changing the depth of the target however, as the target depth increases
the coupling coefficient converges to that in case of empty. There are
some depths at which the target can not be detected depending on the
operating frequency of the sensor.

5. CONCLUSION

The capability of the separated-aperture sensor to detect buried targets
is examined by evaluating and comparing the electromagnetic coupling
between its transmitting and receiving antennas in the presence and
absence of a buried target while the system is being placed over the
ground. The results concerning the coupling between the transmitting
and receiving antennas are presented considering various practical
parameters such as the operating frequency, the electric properties of
the ground soil and the buried target, and the depth at which the target
is buried under the ground surface. It is shown that target detectability
using the separated-aperture sensor is strongly dependent on all of the
above parameters.
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