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Recording of ground-penetrating radar data is very time
consuming compared to other geophysical prospection
methods like magnetics. The spatial resolution of the tech-
nique is so high, that a very dense survey grid is necessary
to properly record the anomalies and to prevent aliasing.
Additionally the antennas need direct contact with the
ground, which reduces the maximum possible survey speed
in the field. In magnetometry it has become standard to use
several sensors to speed up field recording, whereas GPR
surveys are done with only one or two antennas. Therefore
there is a great potential to reduce field time by using large
arrays of GPR antennas. It has been shown, that a profile
separation of 25 cm for a 400 MHz antenna is still too wide
for a full waveform recording (Grasmueck e al., 2005). The
later is important to get the most detailed information about
the underground that is possible to record with GPR. If a
large number of antennas are used simultaneously and clo-
sely enough, this requirement can be fulfilled too.

For our tests, we used a GeoScope control unit from
3d-radar with a B1831C antenna (Eide and Hjelmstad,
2002). This antenna array consists of 31 antenna element
pairs allowing to record 31 profiles in one go. Additionally
the system uses a stepped-frequency technique with a very
wide range of frequency from 150 MHz to 2000 MHz for
the B1831C antenna, hence repeated surveys with diffe-
rent antenna frequencies should no longer be necessary:
Theoretically the array covers the spectrum of a 200, 400,
900 MHz and 1.3 GHz antenna from a pulsed system in
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one trace. But this is difficult to achieve and hence the array
is composed of three different antenna element types for low,
medium and high frequencies, optimally arranged inside the
box. The different type of bow-tie antennas permit using
them as air-coupled antennas, making field recording easier.
The electronics can acquire lines of CMPs by proper confi-
guring the TX- and RX-elements.

Such a high resolution requires a proper survey in the
field including high precision coordinate determination of
each single trace. Existing technology using an RTK-GPS
or a tracking total station can fulfil these requirements
(Leckebusch, 2005b). When an area is covered by such a sys-
tem, the high density should be maintained throughout the
complete area. Hence any gaps between the swaths should
be avoided. Using real-time technology and a proper naviga-
tion system the data can be recorded with no gaps between
the profiles (Fig. 1).

The data that are recorded with a stepped-frequency sys-
tem are enormous, even for smaller areas. The data from
such a system is very different from conventional pulsed
radar systems: The information is recorded in frequency
domain with a real and imaginary part. Therefore the data
must first be converted to time domain. But some proces-
sing steps are better applied in the frequency domain before
conversion: The system has a very strong ringing and much
higher amplitude of the first reflection. These disturbances
could be eliminated by a conventional background removal
in time domain. Tests have shown that a background remo-
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Figure 1: Mounting of the used stepped-frequency GPR array on
a Quad bike.

val in frequency domain is more efficient and preserves the
reflections much better. There is also a different time delay
of the first reflection for each antenna element. Additionally
the emission point of the signal varies with frequency (per-
sonal communication Egil Eide). Hence the correction of
the time delay should be frequency dependent and applied
after the background removal, but still in frequency domain.
The background removal eliminates also the first reflection
because without this process nothing can be seen. Therefore
it is very difficult to determine time zero and use any rou-
tine to adjust for it. Unfortunately the differences of the

a) min, M) max. intensity

Figure 2: Comparison of a frequency stepped
profile 150 — 1000 MHz: a) raw data, b) after
background removal of a medium element and
c) a raw profile from a conventional pulsed
antenna with 400 MHz.

amplitudes between adjacent but different antenna elements
are high and therefore require a special footprint filter to
remove this effect (Leckebusch, 2005a). These datasets are
non-gridded compared to traditional surveys. As each trace
is provided with 3D coordinates and the spacing is very
close, a full 3D binning and stacking becomes an important
part of the data processing. This is necessary at the latest
during the calculation of time- or depth-slices.

Proper analysis of the recorded profiles and calculated
slices revealed the following: First of all there is a high
amplitude horizontal reflection at about 83 ns (Fig. 2a and
b). This seems to be an internal reflection of the system
(personal communication Egil Eide) and hence precludes
proper data recording in a window of about 75 to 95 ns.
Another horizontal, but much weaker reflection at 19 ns
seems to be an internal reflection too. Repeated measure-
ments of the same and very different sites showed, that the
system is extremely dependent on the ground conditions
and hence coupling of the antenna. In many cases, were a
pulsed system delivers excellent results, the array fails even
to penetrate the ground. Obviously the coupling is often so
bad, that the penetration depth is severely degraded. After
trials on archaeological sites, for engineering work, utility
location and airport runway surveys, we must conclude, that
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Figure 3: Comparison of depth-slices at a depth 0f 0.82 — 0.87 m
recorded with a pulsed a) and a stepped-frequency system b), both
datasets without footprint filtering.

the used system is not reliable enough for routine survey.
Additionally the time- and depth-slices show high reflection,
circular areas, where a pulsed system does not show any-
thing (Fig. 3b) on the left side). These spurious reflections
of course cover the underlying archacological remains. The
reason for these remains are unclear.

Hence we must conclude that this frequency-stepped sys-
tem looks very promising, but cannot be applied during
routine surveys. The biggest problem seems to be the use of
air-coupled antennas compared to the conventional ground-
coupled antennas of pulsed systems.
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