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ABSTRACT

We consider the detection of a buried object with a transmitting and a receiving wire antenna. As a first step, in this paper,
our aim is to detect a buried wire directly from the shape of the current at the receiving antenna. The complete coupling
problem for three wires with an interface is solved numerically with thin-wire integral equations. To minimize the effects
of repeated reflections at the end faces of the wire antennas, pulse compensation is introduced. Numerical results show
that with the aid of pulse compensation a buried wire can easily be detected.

INTRODUCTION

We consider the feasibility of detecting a buried object with the aid of two straight thin-wire antennas above an interface
between two homogeneous dielectric half spaces. One antenna is transmitting, and the other one is receiving. Our aim
is to use this simple set up without applying pre and post processing to the received signal. As an initial test object we
consider a buried straight thin-wire antenna, as shown in Fig. 1.
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Figure 1: Two wires above an interface between two half spaces and one buried wire.

THREE COUPLED WIRES

The problem of three coupled wires in two homogeneous half spaces is solved numerically with the aid of coupled Hallén
equations and a dedicated spectral approach for obtaining the Green’s functions.

The theory involved in the modeling of the mutual coupling between the transmitting and receiving antennas as well
as the reflected and transmitted fields at the interface has already been described in previous work [1,2]. The transmitting
wire is excited at its center by a transient Gaussian voltage ,.-0/�1 � ,  32�46587 9 -�-0/ 9 / � 1�:$;�1 ��< , where we have chosen ,  =1 V,
/ � =2 ns, ; =0.5 ns. This pulse generates traveling current waves along both wires. For conducting wires, it was observed
that repeated reflections of these current waves at the end faces of both wire antennas result in a strongly oscillating



behavior at late times. The presence of a buried wire in the lower half space results in a small amplitude change of the
current along the receiving wire. Therefore, a direct observation of the effect of a buried wire from the shape of that
current is very difficult.

PULSE COMPENSATION

To suppress the end reflections, the transmitting and receiving wires can be coated with a so-called Wu-King resistive
profile [1,2]. Repeating the numerical experiments for the coated wires showed that the presence of a buried wire in
the lower half space is directly visible in the shape of the current along the receiving wire. A major disadvantage of a
resistance profile is the high loss introduced.

As an alternative method for suppressing the repeated reflections, pulse compensation is introduced. For the entire
configuration of the three coupled wires of Fig. 1, pulse compensation is carried out in three stages.

Pulse compensation of the transmitting wire

First we consider a transmitting antenna in free space only. With pulse compensation, the excitation of the transmitting
wire is not limited to a single voltage pulse. Instead, a second voltage pulse is applied with a carefully chosen amplitude� � and time delay � � . Combining the currents generated by the original voltage pulse and the compensation pulse results
in a single current pulse along the transmitting wire:

������� - * � /�1 � � - * � /�1	� � � � - * � / 9 � � 1 � (1)

where
� - * � /�1 is the current along the wire pertaining to a single voltage pulse ,.-0/�1 . The parameters

� � and � � are
determined by minimizing the integral 
������
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where *������ :�' is the center of the wire and 7 /���� � � /������ < is the time interval where the compensation should take place.
It turns out that the parameters

� � and � � are hardly influenced by the endpoint /������ , but the choice of /���� � is very
critical. Before the actual compensation can start, the complete current pulse should travel along the wire at least once,
see Fig. 2. For a wire with length � =1 m and radius � =2 mm, excited by the Gaussian voltage pulse as mentioned before,
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Figure 2: The current waves arriving at * � *�� ��� :�' after one reflection.
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Figure 3: Current at the center of a wire with length � =1 m and radius � =2 mm in free space. Solid line: uncompensated
current, dashed line: compensated current.



the minimization with /���� � =7 ns and /������ =80 ns results in the parameters
� � =0.7590 and � � =3.4637 ns. In Fig. 3 the

effect of pulse compensation for a single wire with these parameters is clearly shown. Since all calculations are carried
out in the frequency domain, it is possible to choose a complex-valued parameter

� � . The imaginary part of
� � then can

be interpreted with the aid of the theory of dual-analytic signals [3] and provides an extra minimization parameter. In the
time domain the total current results in������� - * � /�1 � � - * � /�1	��- � 2 � � 1 � - * � / 9 � � 1 ��-���� � � 1 ��� - * � / 9 � � 1 � (3)

where
���

denotes the Hilbert transform of
�

.

Pulse compensation of the receiving wire

With the above pulse compensation, reflections are suppressed and the EM field of the transmitting wire therefore almost
consists of a single pulse. Now we return to the three-wire configuration of Fig. 1. The transmitted pulsed field will result
in repeated reflections along the receiving wire and an unwanted reflection at the interface. By minimizing these effects,
the detection of a buried wire can be enhanced considerably.

Let us focus on the repeated reflections along the receiving wire. To this end, we only consider the parallel transmitting
and receiving wires in free space. The incident field at each point * of the receiving wire may be regarded as a small
voltage pulse. After two reflections and a total travel distance of ' � , see Fig. 4, the pulse reaches the same point * again.
And this holds for each point * . Therefore, compensation parameters, based on two reflections and a ' � travel distance
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Figure 4: The current waves arriving at a point * after two reflections.

are valid for the complete wire. The current along the receiving wire assumes the form� ��� ����� - * � /�1 � �
	� - * � /�1	��- � 2 � � 1 �
	� - * � / 9 � � 1 ��-���� � � 1 �
	��� � - * � / 9 � � 1 � (4)

where
� 	� - * � /�1 is the current along the receiving wire resulting from a compensated current along the transmitting wire.

Since both the transmitting and receiving wires are assumed to be identical, the following relations between the compen-
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Figure 5: Current at the center of the receiving wire. The solid line represents the current without any compensation. The
dotted line shows the current after pulse compensation of the transmitting wire only. The dashed line shows the current
after compensation of both wires.

sation parameters is almost valid: � � � 9 � � � � � � � ' � ��� (5)



These relations are not exact because coupling effects between the wires are not yet taken into account, but they serve
as a good initial estimate for the minimization procedure of the compensation parameters of the receiving wire. Fig. 5
shows the current along the receiving wire at a distance of 1 m from the transmitting wire. Again it turns out that pulse
compensation suppresses repeated reflections quite well.

Pulse compensation of interface reflection

In the third and final step we consider the reflection at the interface. In a similar manner as described before, the effect
of this reflection on the current along the receiving wire can be suppressed. To this end, an extra set of compensation
parameters - � �"� � � 1 is introduced. The values of these parameters depend on the height � � of the detection set up, the
distance

)
between the transmitting and receiving wire and on the material parameters of the upper and lower half space.

By the application of an additional minimization procedure, it is possible to find the necessary parameters to suppress the
current pulse along the receiving wire resulting from this reflection.

RESULTS

Numerical results for the compensated transmitting and receiving wire antennas show that a buried wire can be observed
directly from the current along the receiving wire. As an example, Fig. 6 shows the current along the receiving wire
antenna with and without a buried wire. The buried wire is parallel and identical to the transmitting and receiving wires.
The upper half space is vacuum, the lower half space is lossless with relative permittivity � � � =9. It is noted that the wire can
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Figure 6: The induced current at the center of the receiving wire with (solid) and without (dashed) a buried wire. All wires
have a length � =1 m and radius � =2 mm. The distance between the transmitting and receiving wires is

)
=1 m and the

height of the detection set up is � � = 9 0.1 m. The buried wire is located at a depth of � � =1 m with a lateral distance of) � =0.5 m (see Fig. 1).

be detected so well because it is buried relatively deep. Therefore the total travel time of the transmitted electromagnetic
field to and from the buried wire is large enough for the pulse compensation to take place. This remarkable fact makes
pulse compensation an excellent way to detect buried objects, especially when they are relatively deep.

As a final example, both a B-scan and a synthetic seismogram of a lossless lower half space with permittivity � � � ���
and a buried wire is visualized in Fig 7. It shows the current at the center of the receiving wire as a function of time and
lateral distance

) � (see Fig. 1). The buried wire is clearly visible from the non-uniformity in the
) � -direction.

To conclude, with pulse compensation unwanted current reflections at the end of wire antennas can be suppressed.
Therefore, it is possible to detect a buried object directly from the received current signal without applying pre and post
processing. Unlike a Wu-King resistance profile, pulse compensation does not have the disadvantage of resistive power
loss. In addition, the necessary processing can be carried out either in software or in hardware, resulting in a low cost
detection set up.
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Figure 7: The induced current at the center of the receiving wire as a function of time and lateral distance

) � (see Fig. 1).
All wires have a length � =1 m and radius � =2 mm. The distance between the transmitting and receiving wires is

)
=1 m

and the height of the detection set up is � � = 9 0.1 m. The buried wire is located at a depth of � � =1 m.


