Seismic Laboratory for
Imaging and Modeling

Contact:
Felix J. Herrmann
fherrmann@eos.ubc.ca

Website:
slim.eos.ubc.ca

afft 7\
Michael Friedlander, Ph.D. Felix Herrmann, Ph.D. Ozgur Yilmaz, Ph.D.
Assistant professor Assistant professor Assistant professor

Department of Department of Earth & Department of
Computer Science Ocean Sciences Mathematics

Dynamic Nonlinear Optimization for Imaging in Seismic Exploration




Additional Team Members

./
Gilles Hennenfent Vishal Kumar Tim Lin Mohammad Maysami  Henryk Modzelewski, Ph.D.  Peyman P. Moghaddam
Ph.D. student M.Sc. student Summer Co-op M.Sc. student Scientific programmer Ph.D. student

*

Rayan Saab Challa S. Sastry, Ph.D. Darren Thomson Sean Ross-Ross Ewout Van Den Berg Carson Yarham
Ph.D. student Post-doctoral fellow Research associate Summer Co-op Ph.D. student M.Sc. student

SINBAD (Seismic Imaging by Next-Generation Basis Functions Decomposition)

This proposal describes a systematic five-year research project to apply recent techniques in modern computa-
tional and applied harmonic analysis to problems in seismic imaging, inversion, and processing. The application of
these new techniques requires a seismic shift that moves away from traditional operator design towards the con-
struction of multi-scale frame decompositions. These decompositions must consist of multi-dimensional prototype
waveforms or atoms that are localized and mimic the directional and multi-scale character of seismic and subsur-
face reflectors. With the project DNOISE, we seek funding to complement and expand current industrial research
projects operating in the Seismic Laboratory for Imaging and Modeling (SLIM).

One of the main challenges will be the development of recovery techniques that are not only stable for incomplete
and noisy data -- they must also preserve frequency content during imaging. We plan to address this challenge by
leveraging the recently proposed uniform uncertainty principles in the field of information theory to the seismic-
imaging problem. Uncertainty principles provide machinery to predict the accuracy of signal recovery by tech-
niques in nonlinear optimization that promote signal sparsity.

We hope to answer the basic question: “What accuracy is attainable given certain acquisition geometries?” To an-
swer this and other questions, we propose to extend the current theory, and to develop (i) directional frames
adapted to the seismic-imaging context that can deal with images sampled on irregular grids; (i) uniform uncer-
tainty principles that apply to frames, including those that arise from seismic-imaging operators; (jii) specialized
nonlinear optimization algorithms suitable for very large seismic data sets. By replacing inversion techniques based
on linear least-squares with those based on a more accurate nonlinear model that promote sparse frame expan-
sions, the outcome of DNOISE will be a substantial improvement in the quality and resolution of seismic images.

Industrial partners: BG, BP, Chevron, ExxonMobil, Shell.

CHARM (Characterization of Reflectors and Modeling)

In this project we decompose imaged reflectors in pre-/post-stack data and well, core and outcrop data into dic-
tionaries consisting of parameterized basis functions. By selecting the best fitting basis functions, information is
obtained on the location, sharpness, characteristic scale and instantaneous phase of the transitions from seismic
images as well as from direct (outcrop), in situ(well/core) and controlled experimental sedimentary data. This infor-
mation is used (i) to constrain geological models for the depositional system (permeability) and diagenic processes
(porositiy); (i) as input for rock-physical mixture models that predict sharp (phase) transitions in the elastic modu-
lias a function of a slowly (on the length-scale of the seismic wavelength) varying composition/sorting.

Industrial partners: Chevron.




