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ABSTRACT: Several methods have been developed over the last decade aiming at estimating elastic properties or some attributes
of subsurface from seismic data. Much effort has been focused on computational efficiency. The AVO technology, which is based
on a very simplistic wave propagation model, has been the most popular because a large volume of data can be analyzed at the same
speed as NMO and stack. A more complete full waveform inversion method that is based on a 1D earth model has been
successfully employed in a few applications. The success of the full waveform inversion technology depends on the efficient
design of the algorithm that involves careful choice of forward modeling algorithm, the data domain, the optimization method,
regularization parameters and cooling schedules. In addition, the availability of cheap personal computers connected by high-speed
network has enabled the design of parallel algorithms for the application of 1D waveform inversion of several CMPs in a 2D or 3D
seismic survey. In this talk I will review the algorithms for full waveform inversion along with their limitations and application to
field data and comment on some of our recent work on 2D waveform inversion.

INTRODUCTION

Estimation of rock properties from reflection seismic
data is an area of active research. Subsurface rock properties
are manifested in seismic data as variations in travel times,
amplitudes, and waveforms. It is well recognized that the travel
times are sensitive to smooth changes (or low frequency
variations) in velocity field while the amplitudes are affected
by fractional or high frequency variations in elastic parameters.
Low frequency velocity fields are useful for time to depth
conversion, i.e., they can be used for estimating depths.
However more detailed estimates of velocity field are
necessary for lithology discrimination and direct detection of
hydrocarbons ; this is achieved by amplitude versus offset or
AVO analysis. An AVO analysis is based on a ‘primaries only’
model of P wave reflection coefficient; mode-converted waves
and internal multiples are not included. Several of the
limitations of AVO analysis can be overcome by using a more
rigorous pre-stack seismic waveform inversion. In this
approach, synthetic seismograms are computed for an
assumed earth model and compared against the data. If the fit
is not acceptable, the model is perturbed, the synthetic data
are regenerated and the procedure is repeated. Unlike the AVO
analysis, which is a one-step procedure, the prestack waveform
inversion is an iterative procedure. Formally this is done by
casting the model-fitting problem as an optimization procedure
in which we seek an optimum earth model that explains the
observations. In other words, we search for the minimum of a
suitably defined error function that measures the misfit
between observed and synthetic seismograms. It is well
recognized that the waveform inversion problem is highly non-
linear and the error function has multiple troughs. Thus one
has to make careful choice of optimization methods and data

domain. The parameter estimation problem depends largely
on the following: the forward modeling method, the
optimization method, and uncertainly analysis. Here, we review
the global and local optimization methods in 1D and 2D and
include examples of inversion of marine seismic data that
include anisotropy and ocean bottom cable data.

METHODS

The practicality and correctness are the two
important factors in defining waveform inversion algorithms
that in turn depend on the choice of the  forward modeling
algorithm, the definition of a misfit function, choice of the
data domain and choice of the optimization method. The AVO
makes use of NMO corrected offset/angle gather with a
forward model of ’P-wave primaries only’ linearized relflection
coefficient and computes AVO attributes by least squares
fitting of the amplitudes. The 1D full waveform inversion makes
use of full reflectivity calculation that includes internal muliples
and converted waves. The plane wave domain is an appropriate
choice for the data. The misfit function comprises two parts: a
model misfit and data misfit with a regularization weight that
assigns relative weights (Sen and Roy, 2003). Global
optimization methods can be applied to selected CMPs.
However, local optimization methods, when used with
reasonable prior models, can be made to work rapidly provided
Frechet derivatives can be evaluated efficiently. Amongst the
avialable global optimization methods, we found the very fast
simulated annealing (VFSA) to be the most efficient. For use
in a local optimization scheme, we developed analytic formulae
for the computation of Frechet derivatives and efficient
methods for choosing regularization weight that is iteration
adaptive. The algorithm was further enhanced by making use
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of parallel algorithm (Figs 1 and 2) on a cluster of PCs (Roy,
Sen, and Verdin, 2003) and was successfully applied (Fig 3) to
marine seismic data (Roy et. al 2003).

Figure 1: Schematic plot of a τ-p based seismic inversion algorithm.
The data are distributed from master node to several nodes
(slave). Note that algorithm uses single program multiple
data (SPMD) type parallel computation. E
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correspond to the partial values of error function,
sensitivity matrix and GTG computed at processor i. The
totals ET, ST, GT 

are computed using a global 2 sum. (Roy
et al., 2003)

Most recently we have focussed our goal on to
including full waveform elastic modeling in two dimensions.
For this purpose, we adopt the following steps:

l Computation of synthetic seismograms using a
staggered-grid finite difference elastic modeling

l Employ local optimization using a sub-space approach

l Use an adjoint state approach to compute the sensistivity
matrix

l Invert multiple-shots simultaneously.
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Figure 2: Example inversion run on a cluster of PCs: The plot of the
elapsed time versus the number of processors. Elaspsed
time decreses with the addition of the processor. (b) Plot
of the elapsed time versus the inverse of the number of
processors: the plot is almost linear, indicating that the
sequential components of the algorithm is nearly constant.
Similar trends are observed for the two datasets containing
30 and 60 traces (Roy et al., 2003).

Figure 3: Inversion of a 2D seismic line from Gulf of Thailand: (a)
Data, (b) Impedence section and  (c) Poisson’s ratio section
(Roy et al., 2003).


