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Automatic Determination of the Azimuth Angle of Reflectors
in Borehole Radar Reflection Data Using Direction-finding Antenna
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Abstract : The borchole radar reflection survey can image the underground structure with high resolution, however, we
cannot get any information on the orientation of the reflectors with dipole antenna alone. The direction-finding antenna
system is commonly used to give the solution to the problem. However, the interpretation of the data from direction-
finding antenna may be time-consuming, and sometimes have ambiguities in the sense of precise determination of the
azimuth. To solve the problem, we developed the automatic azimuth finding scheme of reflectors in borehole radar
reflection data using direction-finding antenna. The algorithm is based on finding the azimuthal angle possibly showing the
maximum reflection amplitude in the least-squared error sense. The developed algorithm was applied to the field data
acquired in quarry mine. It was possible to locate nearly all of the reflectors in three dimensional fashion, which coincide
with the known geological structures and man-made discontinuities.
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Fig. 1. Depth, distance from the borehole, and dip angle of
underground inhomogeneities can be extracted from the borehole
radar reflection image using dipole antenna, but azimuth angle,
cannot be determined (after Sender and Thierbach, 1987).
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Fig. 2. Schematic presentation of radiation patterns of dipole and
loop antenna.
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Fig. 3. An example of radar reflection signals detected by loop
antenna at fixed depth in a borehole, when rotating it (after Mun-
dry et al., 1983).
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Fig. 5. Location map of surveyed boreholes and geological linea-
ments.
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Fig. 7. Radar reflection images of directional antenna at borchole 97-DHA2. The azimuth of the radar image is (a) 0°, (b) 45°, (c) 90°, and

(d) 135° from the Magnetic north, clockwisely.
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