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Abstract: Accurate detection of goaf is the core link to ensure mine safety and ecological environment restoration.

In view of the serious multi-solution of single geophysical method, there are problems of insufficient resolution and
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large depth error in goaf identification, the authors propose a cross-gradient joint inversion method with normalization
operator. Comprehensive utilization of three kinds of geophysical data advantage information ( gravity, seismic and
transient electromagnetic method ) , the interference of dimensional differences of different physical parameters on
structural coupling is overcome by embedding a normalization operator in the cross-gradient function. Lagrange
multiplier method is used to transform the structural constraints into optimization problems, and the simultaneous
inversion of multiple physical parameters is realized. The model test shows that the accuracy of the joint inversion
results is significantly improved in the deep adjacent small-scale goaf model. The accuracy is calculated by the relative
difference between the inversion results and the real physical property distribution, and the accuracy of gravity data
is improved by 50.53% , the accuracy of electrical data improved by 21.22% , the accuracy of seismic data
improved by 13. 65% , respectively. False anomaly is effectively suppressed, and the boundary of the goaf is more
clearly depicted. Noise resistance tests demonstrate that, the location and extent of the goaf are still reliably identified
by the joint inversion under 10% random noise, false anomalies appear only in the surrounding rock that lacks any
abnormal physical properties, indicating good stability and practical utility of the proposed method. Method is
applied to the measured data of coal mine goaf. The horizontal position (2 150-2 520 m) and depth range (40-80 m)
of the goaf given by the joint inversion are highly consistent with the known geological data, which verifies the
reliability and engineering practicability of the method. Study results show that the method can significantly improve
both the accuracy and the resolution of goaf detection, offering a new technical tool for the safe monitoring and
management of coal mine goaf.
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PPl 3 BB B KT
HURRIE GERNEIE /% R/ % SR %
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LRSI 68. 11 89.33 21.22
R AR 81. 64 95.29 13.65
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Fig. 13 Resistivity profiles from individual electrical inversion and joint inversion
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