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Outline

• Introduction to the CREWES Project
• The seismic exploration / monitoring problem & the CREWES Matlab toolbox
• Seismic full waveform inversion (FWI) science and technology

o Academic applications to field-scale problems
o New formulations, new parameters, new data modes, new goals

• FWI in Matlab: tour of a simple implementation
• Recent research results

o New parameters and uncertainty
o New data modes (fiberoptic or “DAS” seismology)
o New goals (direct determination of rock physics properties)

• Next steps
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Research group introduction – who we are, what we do

Acceleware
CGG
Chevron
CNOOC Intl
Devon
Halliburton
INOVA Geo.
Petrobras
Petronas 
RIPED, CNPC
Aramco SC
SINOPEC
TGS

Do the science needed to create the next generation of 
seismic exploration and monitoring technology.

• Seismic acquisition: DAS and broadband
• Modelling, processing and imaging
• Large geo-computational problems
• Seismic inversion 

• Elastic FWI for reservoir properties
• Fractures and fluids
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The seismic exploration / monitoring problem
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(Some of the) seismic data processing tasks

• Processing
• Denoising – deconvolution – sorting – interpolation 
• Demultiple – inverse Q filtering
• Velocity analysis – traveltime corrections – stacking 

• Modelling
• Ray-tracing – eikonal solvers – reflectivity – AVO modeling 
• Finite difference – Q reflectivity

• Imaging
• time migration – depth migration – converted wave migration 
• least-squares migration – reverse time migration

• Inversion
• AVO inversion – Q estimation – tomography   
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The CREWES Matlab toolbox (www.crewes.org)
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The CREWES Matlab toolbox (www.crewes.org)
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The CREWES Matlab toolbox (www.crewes.org)
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The CREWES Matlab toolbox (www.crewes.org)
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Full waveform inversion – concept and technology
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Full waveform inversion – technology impact

Source: BP.com 2019
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Full waveform inversion – tenets and concepts

• Explain each datum in terms of a field which satisfies a partial differential equation
• Reduce extraction of secondary data (e.g., traveltimes) to a minimum
• Engage tools of local, iterative numerical optimization

Tenets

Challenges
• Computational expense
• Data incompleteness
• Parameter trade-offs / confusion

• Accurate/efficient wavefield simulation – 3D elastodynamic FD or FE
• Algorithms with minimal simulations
• Design updates: physics, intuition, parameterization, data usage, optimization

Tasks
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Full waveform inversion – tenets and concepts
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Full waveform inversion – tenets and concepts

simulate data
in current medium 

iterate

INPUT 
starting model

VP VS, ρ

INPUT 
observed 

data

form
residuals

uncalibrated update =
Σ sensitivities x residuals Σ

calibrate update, compute
ΔVP ΔVS, Δρ

update:
VP↵ VP+ΔVP
VS↵ VS+ΔVS

ρ ↵ ρ + Δρ
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Full waveform inversion – tenets and concepts

• Explain each datum in terms of a field which satisfies a partial differential equation
• Reduce extraction of secondary data (e.g., traveltimes) to a minimum
• Engage tools of local, iterative numerical optimization

Tenets

Challenges
• Computational expense
• Data incompleteness
• Parameter trade-offs / confusion

• Accurate/efficient wavefield simulation – 3D elastodynamic FD or FE
• Algorithms with minimal simulations
• Design updates: physics, intuition, parameterization, data usage, optimization

Tasks
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CREWES FWI research projects – field cases
ObservedSimulated ObservedSimulated

W. Pan, K. A. Innanen and Y. Geng, Elastic FWI and parameterization analysis applied to walk-away vertical seismic profile data 
for unconventional (heavy oil) reservoir characterization, 2018: GJI, 213, 3, 1934-1968.
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Full waveform inversion – tenets and concepts

• Explain each datum in terms of a field which satisfies a partial differential equation
• Reduce extraction of secondary data (e.g., traveltimes) to a minimum
• Engage tools of local, iterative numerical optimization

Tenets

Challenges
• Computational expense
• Data incompleteness
• Parameter trade-offs / confusion

• Accurate/efficient wavefield simulation – 3D elastodynamic FD or FE
• Algorithms with minimal simulations
• Design updates: physics, intuition, parameterization, data usage, optimization

Tasks

Can be addressed with Matlab
implementations of FWI
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation
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FWI in Matlab – code setup for a simple implementation

Result for specific choices of

• True model
• Frequency bands 
• Source configuration
• Receiver configuration
• Optimization type
• Introduction of frequencies

The Matlab environment, 
through treatment of small to 
medium sized problems, allows 
the response / numerical 
behaviour of FWI to be tested 
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New science and new methods from FWI in Matlab
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New science and new methods from FWI in Matlab

S. D. Keating and K. A. Innanen, Parameter cross-talk and leakage between spatially-
separated unknowns in viscoelastic full waveform inversion, 2020: Geophysics, 85, 4.



40

New science and new methods from FWI in Matlab

M. V. Eaid, S. D. Keating and K. A. Innanen, Multi-parameter seismic elastic full waveform 
inversion with combined geophone and shaped fiberoptic cable data, 2020: Geophysics, 85, 6.
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New science and new methods from FWI in Matlab

Q. Hu, S. D. Keating and K. A. Innanen, Direct updating of rock physics properties using elastic full 
waveform inversion, 2020: in review.
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New science and new methods from FWI in Matlab

Q. Hu, S. D. Keating and K. A. Innanen, Direct updating of rock physics properties using elastic full 
waveform inversion, 2020: in review.
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New science and new methods from FWI in Matlab

Q. Hu, S. D. Keating and K. A. Innanen, Direct updating of rock physics properties using elastic full 
waveform inversion, 2020: in review.
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Some next steps (2020 and beyond)

• Seismic inversion as a theory-guided data science / 
machine learning problem

• “Wave equation machine”
• Training a network to adapt wave propagation physics, 

produce better initial models
• Constraining FWI with prior (geological, rock physics) 

models and/or PDFs


