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Construction the pseudo-Hessian matrix in Gauss-Newton Method
and Seismic Waveform Inversion
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Abstract : Seismic waveform inversion can be solved by using the classical Gauss-Newton method, which needs to
construct the huge Hessian by the directly computed Jacobian. The property of Hessian mainly depends upon a source
and receiver aperture, a velocity model, an illumination zone and a frequency content of source wavelet. In this paper,
we try to invert the Marmousi seismic data by controlling the huge Hessian appearing in the Gauss-Newton method.
We make the two kinds of the approximate Hessian. One is the banded Hessian and the other is the approximate Hessian
with automatic gain function. One is that the 1lst updated velocity model from the banded Hessian is nearly the same
of the result from the full approximate Hessian. The other is that the stability using the automatic gain function is more
improved than that without automatic gain control.
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Fig. 1. The Hessian matrix constructed for velocity model whose
size is nx X nz.
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Fig. 2. Numerical examples for the Marmousi model: (a) approximate Hessian matrix and (b) velocity image inverted by using the approximate

Hessian matrix using the iterative Newton method.
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Fig. 4. (a) The Marmousi model, (b) selected area used to compute
the Hessian matrix and (c) smoothed initial velocity model.
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Fig. 5. The part of Hessian matrix whose size is 5000 X 5000: (a) approximate Hessian matrix and (b) Hessian matrix with fixed band width.
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Fig. 6. The 1st updated velocity model using iterative Newton method with (a) approximate Hessian matrix and (b) Hessian matrix with fixed

band width.
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Fig. 8. Comparison between some elements of the diagonal elements of the full approximate Hessians computed (a) without and (b) with
automatic gain function, and the diagonal elements of the full approximation Hessian (¢) with and (d) without automatic gain function.
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