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Application of Image Processing Techniques to GPR Data

for the Reliability Improvement in Subsurface Void Analysis
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Abstract: Recently, ground-penetrating radar (GPR) surveys have been actively carried out for precise subsurface void
investigation because of the rapid increase of subsidence in urban areas. However, since the interpretation of GPR data
was conducted based on the interpreter’s subjective decision after applying only the basic data processing, it can result
in reliability problems. In this research, to solve these problems, we analyzed the difference between the events generated
from subsurface voids and those of strong diffraction sources such as the buried pipeline by applying the edge detection
technique, which is one of image processing technologies. For the analysis, we applied the image processing technology
to the GRP field data containing events generated from the cavity or buried pipeline. As a result, the main events by
the subsurface void or diffraction source were effectively separated using the edge detection technique. In addition, since
subsurface voids associated with the subsidence has a relatively wide scale, it is recorded as a gentle slope event unlike
the event caused by the strong diffraction source recorded with a sharp slope. Therefore, the directional analysis of
amplitude variation in the image enabled us to effectively separate the events by the subsurface void from those by the
diffraction source. Interpretation based on these kinds of objective analysis can improve the reliability. Moreover, if
suggested techniques are verified to various GPR field
data sets, these approaches can contribute to semi-
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Fig. 1. Gradient analysis of three images. First column shows the images containing (a) Flat, (b) linear edge, and (c) corner. Second and
third columns show x- and z-direction gradients of images in the first column, respectively. Last column displays the crossplot between two
gradients in second and third columns. (modified from lecture note of Robert Collins, http://www.cse.psu.edu/~rtc12/CSE486/lecture06.pdf).
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Fig. 3. Image analysis workflow using Harris corner detection method.
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Fig. 7. GRP basic data processing results: (a) Initial GPR data acquired along the red line indicated in Figure 6(a). (b) Data after applying
DC filter, NMO correction, frequency filter, and gain control to (a). (c) Data after eliminating the first arrival event from (b) using trace mean

filter.
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Fig. 9. Comparison of corner detection results before and after applying 2D Gaussian frequency-wavenumber filter. (a) R values calculated
from Figure 8(a). (b) R values calculated from Figure 8(b).

|
),
W
")
o

]

ol
' _n.“:

(@

Fig. 10. Structure tensor maps and photos of test site: (a) Sy, component and (b) S.. component. (¢) Photo of underground displacement
gauge. (d) Photo of ground compaction process.
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