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3D gravity inversion with bound constraint based on
hyper-parameter regularization

ZHU Zi-qiang, CAO Shu-jin, LU Guang-yin

(School of Geosciences and Info-Physics, Central South University, Changsha 410083, China)

Abstract: Traditional regularization inversions based on minimum smooth cannot distinguish the discontinuity of the
underground subsurface (such as faults and folds, etc.). Hyper-parameter regularization method was introduced under
split Bregman iterative regularization framework for taking advantage of edge-preserving inversion and wavelet
multiscale operator. A new depth matrix was created based on sensitive matrix for giving an exact description of deep
density abnormity. Physical bounds were imposed in each inverse iteration to obtain meaningful solutions and to avoid
insignificant abnormality in non-smooth inversion. The smoothness inversion, Marquardt inversion, Occam inversion and
focusing inversion with two synthetic models were compared. The inversion results show that the hyper-parameter
regularization inversion can preserve edge effectively and has relatively weak focusing effect when treating the designed
model with different depth sources. Meanwhile, this method can avoid inaccurate depth description and obliqueness
caused by over-regularization in focusing inversion. Moreover, the inversion proposed in this study is feasible, effective,
and has better adaptability.
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Fig. 1 Forward model of gravity data and comparison of effect of different inversion methods: (a) Forward model; (b) Smoothness

inversion; (c) Marquardt inversion; (d) Occam inversion; (e) Focusing inversion; (f) Hyper-parameter regularization inversion
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