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Travel-Time Tomography Summary

Crosshole Data Crosshole seismic travel-time tomography is often applied to image the
Non-Linear Inversion velocity structure of an inter-well medium and involves in finding a velocity
Global Optimization model that minimizes the error energy between the measured and the
Particle Swarm Optimization theoretical travel times. Travel-time tomography is a non-linear inverse

problem because the ray paths depend on the unknown velocity field.

Linearized techniques are usually employed to reconstruct the velocity field in
an iterative manner. A limitation, inherent to deterministic methods, is the strong relation between the starting
model and local minima entrapment. Global optimization methods such as particle swarm optimization (PSO) can be
applied to such problems. Regardless of the starting model, global optimization ideally finds the region of the solution
space containing global minima without calculating derivatives. In this paper, the regularized PSO approach to seismic
travel-time tomography is described, and is tested on synthetic as well as real seismic data, and is also compared with a
local optimization method that is Levenberg-Marquart (LM) algorithm. The results show that the proposed method
estimates the velocity model better than LM, especially in the absence of good prior information.

Introduction

The purpose of this paper is to study a particular class of methods for imaging subsurface structures called crosshole
seismic travel-time tomography. Crosshole tomography has been used extensively in recent years to estimate velocity
model of the earth. Some of the important tomographic applications include: geotechnical and engineering parameter
estimation, hydrological parameter estimation, mineral exploration, etc.

In this paper, we focus on the regularized non-linear inversion of travel time tomography of crosshole data using PSO
approach. Applications of this method to each of the synthetic and real data are then presented.

Methodology and Approaches

If we represent some elastic property of the subsurface (e.g. velocity) by a set of model parameters m, then a set of data
(e.g. travel-times) d can be predicted for a given source-receiver array. The non-linear relationship between data and
model parameters, d = G(m), forms the basis of any tomographic method. For an observed dataset d,,, and an initial
model my, the difference d,,, — G(m,) gives an indication of how well the current model predictions satisfy the data.
The inverse problem in tomography is then to manipulate m in order to minimize the difference between observed and
predicted data subject to any regularization that may be imposed. The end result will be a mathematical representation
of the true structure whose accuracy will depend on a number of factors including: 1) assumptions made in
parameterizing the model, 2) errors in the observed data, 3) dependence of the ray geometry on the model, and 4) the
measurement errors due to errors in source/receiver locations and 5) incorrect first break picking. A regularization term
is often included in the objective function to provide additional constraints on the model parameters, thereby reducing
the non-uniqueness of the solution.

In this paper, we propose regularized PSO method for solving non-linear crosshole seismic travel-time tomography.
PSO method is a recently developed and population based stochastic optimization method, inspired by the social
behavior of bird flocking and fish schooling.

Linearized techniques are usually employed to reconstruct the velocity field in an iterative manner, i.e., a local
optimization approach is used to modify a user-defined initial model.
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Compared with standard linearized inversion approaches, the higher computational effort is usually considered as a
major limitation of global optimization methods. However, their advantages include the ability to produce results
independent of the starting model, to explore the model space in more details and thus, may provide a better chance to
find the global minimum.
The forward problem of finding source-receiver ray paths and travel-times is solved using two-point ray tracing
technique.
According to the tests on the synthetic data sets, the tomograms resulted from the proposed approach could image the
subsurface in terms of the model velocities and geometries very well. As expected, the image exhibited the velocity
variations at a good resolution.
We then presented the results of field crosshole data set made available by International Geophysical Technology
(IGT). The travel-time data were inverted using PSO algoithm. The recovered models indicated a low velocity anomaly
at depths between 25 and 28 m. Moreover, some high velocity zones were observed above and below the low velocity
anomaly.

Results and Conclusions

In this paper, a non-linear PSO algorithm was proposed to solve the crosshole seismic travel-time tomography problem.
The tests with free-noise and noisy synthetic models and a real data set showed that the global optimization PSO
approach yielded a high resolution solution. Moreover, the inversion results of noise-free synthetic data with the local
optimization method of Levenberg-Marquart showed that the final model of local search approaches was sensitive to
starting model.




