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Seismic data acquisition

Fang, Z., 2018. Source estimation and uncertainty quantification for wave-equation based seismic imaging and inversion 
(Doctoral dissertation, University of British Columbia).



Shot record - one source location

Fang, Z., 2018. Source estimation and uncertainty quantification for wave-equation based seismic imaging and inversion 
(Doctoral dissertation, University of British Columbia).



Seismic data volume

Fang, Z., 2018. Source estimation and uncertainty quantification for wave-equation based seismic imaging and inversion 
(Doctoral dissertation, University of British Columbia).
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Objective of exploration seismology

Fang, Z., 2018. Source estimation and uncertainty quantification for wave-equation based seismic imaging and inversion 
(Doctoral dissertation, University of British Columbia).



Velocity model
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Nonlinear forward operator



Taylor series expansion



Taylor series expansion

Predicted data



Taylor series expansion



Linearization error



Seismic imaging
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Least squares seismic imaging

Number of source experiments

Source signature in          source experiments

Observed data in           source experiments

Data residual in          source experiments

A constraint set encoding our prior knowledge



Computational challenges
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Need for regularization/prior
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Stochastic optimization edit

●
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Witte, P.A., Louboutin, M., Luporini, F., Gorman, G.J. and Herrmann, F.J., 2019. Compressive least-squares migration with 
on-the-fly Fourier transforms. Geophysics, 84(5), pp.1-76.



Regularization/prior
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Esser, E., Guasch, L., van Leeuwen, T., Aravkin, A.Y. and Herrmann, F.J., 2018. Total variation regularization strategies in full-waveform inversion. SIAM Journal 
on Imaging Sciences, 11(1), pp.376-406.
Peters, B., Smithyman, B.R. and Herrmann, F.J., 2019. Projection methods and applications for seismic nonlinear inverse problems with multiple constraints. 
Geophysics, 84(2), pp.R251-R269.



Regularization/prior
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Esser, E., Guasch, L., van Leeuwen, T., Aravkin, A.Y. and Herrmann, F.J., 2018. Total variation regularization strategies in full-waveform inversion. SIAM Journal 
on Imaging Sciences, 11(1), pp.376-406.
Peters, B., Smithyman, B.R. and Herrmann, F.J., 2019. Projection methods and applications for seismic nonlinear inverse problems with multiple constraints. 
Geophysics, 84(2), pp.R251-R269.



Generative models as priors

●

●

Patel, D. and Oberai, A.A., 2019. Bayesian Inference with Generative Adversarial Network Priors. arXiv preprint arXiv:1907.09987.



Bayesian Inference
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Patel, D. and Oberai, A.A., 2019. Bayesian Inference with Generative Adversarial Network Priors. arXiv preprint arXiv:1907.09987.



Inference with generative model

Patel, D. and Oberai, A.A., 2019. Bayesian Inference with Generative Adversarial Network Priors. arXiv preprint arXiv:1907.09987.



Approximate inference

Patel, D. and Oberai, A.A., 2019. Bayesian Inference with Generative Adversarial Network Priors. arXiv preprint arXiv:1907.09987.



Why generative model as prior?
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Limitations in seismic inverse problems



Deep Image Prior

Ulyanov, D., Vedaldi, A. and Lempitsky, V., 2018. Deep image prior. In Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition (pp. 
9446-9454).



Deep Image Prior
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Ulyanov, D., Vedaldi, A. and Lempitsky, V., 2018. Deep image prior. In Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition (pp. 
9446-9454).
Herrmann, F.J., Siahkoohi, A. and Rizzuti, G., 2019. Learned imaging with constraints and uncertainty quantification. arXiv preprint arXiv:1909.06473.



Constrained weak deep prior

Herrmann, F.J., Siahkoohi, A. and Rizzuti, G., 2019. Learned imaging with constraints and uncertainty quantification. arXiv preprint arXiv:1909.06473.



Alternating back-propagation
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Han, T., Lu, Y., Zhu, S.C. and Wu, Y.N., 2017, February. Alternating back-propagation for generator network. In Thirty-First AAAI Conference on Artificial 
Intelligence.
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Han, T., Lu, Y., Zhu, S.C. and Wu, Y.N., 2017, February. Alternating back-propagation for generator network. In Thirty-First AAAI Conference on Artificial 
Intelligence.



EM algorithm to train generative models

Rubin, D.B. and Thayer, D.T., 1982. EM algorithms for ML factor analysis. Psychometrika, 47(1), pp.69-76.
Han, T., Lu, Y., Zhu, S.C. and Wu, Y.N., 2017, February. Alternating back-propagation for generator network. In Thirty-First AAAI Conference on Artificial 
Intelligence.



Stochastic Gradient Langevin Dynamics

Welling, M. and Teh, Y.W., 2011. Bayesian learning via stochastic gradient Langevin dynamics. In Proceedings of the 28th international conference on 
machine learning (ICML-11) (pp. 681-688).
https://www.ds3-datascience-polytechnique.fr/wp-content/uploads/2019/06/volkan-sampling-ds3-2019.pdf

https://www.ds3-datascience-polytechnique.fr/wp-content/uploads/2019/06/volkan-sampling-ds3-2019.pdf


Large scale sampling

Welling, M. and Teh, Y.W., 2011. Bayesian learning via stochastic gradient Langevin dynamics. In Proceedings of the 28th international conference on 
machine learning (ICML-11) (pp. 681-688).
https://www.ds3-datascience-polytechnique.fr/wp-content/uploads/2019/06/volkan-sampling-ds3-2019.pdf

https://www.ds3-datascience-polytechnique.fr/wp-content/uploads/2019/06/volkan-sampling-ds3-2019.pdf


Recall

Han, T., Lu, Y., Zhu, S.C. and Wu, Y.N., 2017, February. Alternating back-propagation for generator network. In Thirty-First AAAI Conference on Artificial 
Intelligence.



E-step: Langevin dynamics

Rubin, D.B. and Thayer, D.T., 1982. EM algorithms for ML factor analysis. Psychometrika, 47(1), pp.69-76.
Han, T., Lu, Y., Zhu, S.C. and Wu, Y.N., 2017, February. Alternating back-propagation for generator network. In Thirty-First AAAI Conference on Artificial 
Intelligence.



M-step: backpropagation

Rubin, D.B. and Thayer, D.T., 1982. EM algorithms for ML factor analysis. Psychometrika, 47(1), pp.69-76.
Han, T., Lu, Y., Zhu, S.C. and Wu, Y.N., 2017, February. Alternating back-propagation for generator network. In Thirty-First AAAI Conference on Artificial 
Intelligence.



After training/inversion: inference



True perturbation



Slack variable in weak formulation



Mean



Pointwise variance



Pointwise variance: traces
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