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Abstract

Ground-penetrating radar (GPR) has been proven effective for detecting subsurface pipes in a nondestruc-
tive way, typically with manual processing and decision-making. However, existing automatic models for
segmenting target hyperbolas from B-scans perform inadequately, particularly for thin pipes buried under
suboptimal field conditions. In this paper, an automatic model for B-scan preprocessing is proposed to assist
in interpreting B-scans with small-scale hyperbolas that attenuate along the time axis. The model includes a
ground reflection removal algorithm (GRRA), the data gravitational force enhancement (DGFE) method, and a
global-local thresholding technique consisting of dilation-based local thresholding and segmentation (DLTS).
First, a frequency-domain filter based on the fast Fourier transform and a spatial filter are applied to the raw
B-scan to remove obstructive ground reflection strips. Owing to the minimal intensity differences among the
target hyperbola, multiples, and background, the DGFE enhancement approach is introduced to amplify the
main body of the hyperbola, distinguishing it from the noise. Finally, the target hyperbola is extracted from
the grayscale image by an integrated thresholding approach. The approach initially employs global thresh-
olding to eliminate all information except part of the hyperbola, followed by DLTS, which uses a dilation
operation with local thresholding to fully segment the hyperbola. The proposed model is demonstrated to be
fast and effective through implementation on B-scans from a database acquired in a field experiment.
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