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Fig. 1 Schematic of the GPR working scenario
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Fig. 2 Typical layered geoelectric model for the

frequency-domain electromagnetic method
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Fig. 4 Schematic of airborne time-domain

electromagnetic surveying
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Research and Application Progress on Electromagnetic Detection for

Underground Engineering Targets

WU Wenxian, CHEN Xuhui®, ZHAO Xin, DAI Hongrui

(Center for Military-Civil Integration Geological Survey, China Geological Survey, Chengdu 610036, China)

ABSTRACT: Underground engineering targets are commonly encountered in settings that include tunnel linings,
underground pipelines, karst cavities, water-rich fractured zones, and subsurface reinforcement structures. Their
inherent characteristics, including concealed locations, heterogeneous surrounding media, and high verification
costs, place increasingly stringent demands on detection techniques in terms of nondestructive operation, rapid as-
sessment, and detection reliability. This paper provided a systematic review of the technical features, application
scopes, and recent advances in ground-penetrating radar ( GPR). frequency-domain electromagnetic methods
(FDEM), time-domain electromagnetic methods ( TDEM), and airborne/semi-airborne/ground-airborne electro-
magnetic systems (AEM/SATEM/GATEM) for the electromagnetic detection of underground engineering targets.
At the methodological level, particular attention was devoted to standardized processing workflows, attribute-based
analysis, and advances in intelligent recognition for GPR applications in highly conductive media and under complex
lining conditions; laterally constrained inversion techniques for FDEM and their integration with structural prior in-
formation and multi-source joint inversion frameworks; the evolution of TDEM from one-dimensional interpretation
to quasi-two-dimensional inversion, rapid three-dimensional inversion, and deep-learning-based approximate inver-
sion; as well as key technological developments, including the weight reduction of unmanned platforms, electro-
magnetic synchronization, and attitude compensation. At the application level, representative case studies address-
ing tunnel karst identification, lining defect detection, risk assessment in tunnels situated in complex terrain, and
advanced water detection in mines were analyzed to clarify the complementary capabilities of different methods with
respect to detection depth, spatial resolution, efficiency, and environmental adaptability. The findings indicate that
electromagnetic detection of underground engineering targets is evolving from interpretation based on individual
methods toward collaborative, multimodal sensing across multiple platforms and more reliable interpretation
frameworks. Future developments are expected to extend beyond incremental improvements in individual instru-
ments, placing greater emphasis on data standardization, joint inversion, uncertainty quantification, and the estab-
lishment of an integrated intelligent sensing framework encompassing the processes of “detection-recognition-re-
sponse”. This review provides a technical reference for method selection, system integration, and engineering deci-
sion-making in the detection of underground engineering targets.
KEYWORDS : underground engineering targets; electromagnetic detection; ground-penetrating radar; frequency-do-
main electromagnetic method; time-domain electromagnetic method; joint inversion; intelligent iden-
tification
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