
ISET Journal of Earthquake Technology, Technical Note, Vol. 46, No. 3-4, Sept.-Dec. 2009, pp. 147–155 

APPLICATION OF LEAST SQUARES SUPPORT VECTOR MACHINE IN 
SEISMIC ATTENUATION PREDICTION 

Pijush Samui* and T.G. Sitharam** 
*Center for Disaster Mitigation and Management 

VIT University, Vellore-632014 
**Department of Civil Engineering 

Indian Institute of Science, Bangalore-560012 

ABSTRACT 

 The potential of least squares support vector machine (LSSVM) in the prediction of seismic 
attenuation based on rock properties is investigated in this paper. LSSVM is firmly based on the theory of 
statistical learning. Here, LSSVM is used as a regression technique. In LSSVM, Vapnik’s ε-insensitive 
loss function is replaced by a cost function, which corresponds to a form of ridge regression. LSSVM 
involves equality instead of inequality constraints and works with a least-squares cost function. LSSVM 
is also used to compute error bars. A sensitivity analysis is performed to investigate the importance of 
each of the input parameters. The results show that the LSSVM approach has the potential to be a 
practical tool for the determination of seismic attenuation. 

KEYWORDS: Seismic Attenuation, Least Squares Support Vector Machine, Predictions, Artificial 
Neural Network 

REFERENCES 

1. Best, A.I., McCann, C. and Sothcott, J. (1994). “The Relationships between the Velocities, 
Attenuations, and Petrophysical Properties of Reservoir Sedimentary Rocks”, Geophysical 
Prospecting, Vol. 42, No. 2, pp. 151–178. 

2. Biot, M.A. (1956a). “Theory of Propagation of Elastic Waves in a Fluid-Saturated Porous Solid. I. 
Low-Frequency Range”, Journal of the Acoustical Society of America, Vol. 28, No. 2, pp. 168–178. 

3. Biot, M.A. (1956b). “Theory of Propagation of Elastic Waves in a Fluid-Saturated Porous Solid. II. 
High-Frequency Range”, Journal of the Acoustical Society of America, Vol. 28, No. 2, pp. 179–191. 

4. Boadu, F.K. (1997). “Rock Properties and Seismic Attenuation: Neural Network Analysis”, Pure and 
Applied Geophysics, Vol. 149, No. 3, pp. 507–524. 

5. Brzostowski, M.A. and McMechan, G.A. (1992). “3-D Tomographic Imaging of Near-Surface 
Seismic Velocity and Attenuation”, Geophysics, Vol. 57, No. 3, pp. 396–403. 

6. Das, S.K. and Samui, P. (2008). “Applicability of Statistical Learning Algorithms for Seismic 
Attenuation Prediction”, Proceedings of the 12th International Conference of International 
Association for Computer Methods and Advances in Geomechanics (IACMAG), Goa, pp. 1627–
1633. 

7. Haykin, S. (1998). “Neural Networks: A Comprehensive Foundation”, Prentice-Hall, Upper Saddle 
River, U.S.A. 

8. Kecman, V. (2001). “Learning and Soft Computing: Support Vector Machines, Neural Networks, and 
Fuzzy Logic Models”, The MIT Press, Cambridge, U.S.A. 

9. Kjartansson, E. (1979). “Constant Q-wave Propagation and Attenuation”, Journal of Geophysical 
Research, Vol. 84, No. B9, pp. 4737–4748. 

10. Klimentos, T. and McCann, C. (1990). “Relationships among Compressional Wave Attenuation, 
Porosity, Clay Content and Permeability in Sandstones”, Geophysics, Vol. 55, No. 8, pp. 998–1014. 

11. Kuster, G.T. and Toksöz, M.N. (1974). “Velocity and Attenuation of Seismic Waves in Two-Phase 
Media: Part 1. Theoretical Formulations”, Geophysics, Vol. 39, No. 5, pp. 587–606. 

12. Leggett, M., Goulty, N.R. and Kragh, J.E. (1993). “Study of Travel Time and Amplitude Time-Lapse 
Tomography Using Physical Model Data”, Geophysical Prospecting, Vol. 41, No. 5, pp. 599–619.  



 

13. Liong, S.Y., Lim, W.H. and Paudyal, G.N. (2000). “River Stage Forecasting in Bangladesh: Neural 
Network Approach”, Journal of Computing in Civil Engineering, ASCE, Vol. 14, No. 1, pp. 1–8. 

14. MathWorks (1998). “MATLAB®: The Language of Technical Computing—Getting Started with 
MATLAB, Version 5”, The MathWorks, Inc., Natick, U.S.A. 

15. Demuth, H., Beale, M. and Hagan, M. (2006). “Neural Network Toolbox 5: User’s Guide”, The 
MathWorks, Inc., Natick, U.S.A. 

16. Mavko, G.M. and Nur, A. (1975). “Melt Squirt in the Asthenosphere”, Journal of Geophysical 
Research, Vol. 80, No. 11, pp. 1444–1448. 

17. Mavko, G.M. and Nur, A. (1979). “Wave Attenuation in Partially Saturated Rocks”, Geophysics,  
Vol. 44, No. 2, pp. 161–178. 

18. Park, D. and Rilett, L.R. (1999). “Forecasting Freeway Link Travel Times with a Multilayer 
Feedforward Neural Network”, Computer Aided Civil and Infastructure Engineering, Vol. 14, No. 5, 
pp. 357–367. 

19. Quan, Y. and Harris, J.M. (1997). “Seismic Attenuation Tomography Using the Frequency Shift 
Method”, Geophysics, Vol. 62, No. 3, pp. 895–905. 

20. Roth, E.G., Wiens, D.A. and Zhao, D. (2000). “An Empirical Relationship between Seismic 
Attenuation and Velocity Anomalies in the Upper Mantle”, Geophysical Research Letters, Vol. 27, 
No. 5, pp. 601–604. 

21. Samui, P. and Sitharam, T.G. (2007). “Application of Relevance Vector Machine in Seismic 
Attenuation Prediction”, Journal of Earthquake and Tsunami, Vol. 1, No. 4, pp. 299–309. 

22. Smola, A.J. and Schölkopf, B. (1998). “On a Kernel-Based Method for Pattern Recognition, 
Regression, Approximation and Operator Inversion”, Algorithmica, Vol. 22, No. 1-2, pp. 211–231. 

23. Solomon, S.C. (1973). “Shear Wave Attenuation and Melting beneath the Mid-Atlantic Ridge”, 
Journal of Geophysical Research, Vol. 78, No. 26, pp. 6044–6059. 

24. Stoll, R.D. and Bryan, G.M. (1970). “Wave Attenuation in Saturated Sediments”, Journal of the 
Acoustical Society of America, Vol. 47, No. 5B, pp. 1440–1447. 

25. Suykens, J.A.K., Lukas, L., Van Dooren, P., De Moor, B. and Vandewalle, J. (1999). “Least Squares 
Support Vector Machine Classifiers: A Large Scale Algorithm”, Proceedings of the European 
Conference on Circuit Theory and Design (ECCTD’99), Stresa, Italy, pp. 839–842. 

26. Suykens, J.A.K., De Brabanter, J., Lukas, L. and Vandewalle, J. (2002). “Weighted Least Squares 
Support Vector Machines: Robustness and Sparse Approximation”, Neurocomputing, Vol. 48,       
No. 1-4, pp. 85–105. 

27. Vapnik, V.N. (1995). “The Nature of Statistical Learning Theory”, Springer-Verlag, New York, 
U.S.A. 

28. Vapnik, V. and Lerner, A. (1963). “Pattern Recognition Using Generalized Portrait Method”, 
Automation and Remote Control, Vol. 24, No. 6, pp. 774–780. 

29. Walsh, J.B. (1966). “Seismic Wave Attenuation in Rock due to Friction”, Journal of Geophysical 
Research, Vol. 71, No. 10, pp. 2591–2599. 

30. Walsh, J.B. (1969). “New Analysis of Attenuation in Partially Melted Rock”, Journal of Geophysical 
Research, Vol. 74, No. 17, pp. 4333–4337. 

31. Zucca, J.J., Hutchings, L.J. and Kasameyer, P.W. (1994). “Seismic Velocity and Attenuation 
Structure of the Geysers Geothermal Field, California”, Geothermics, Vol. 23, No. 2, pp. 111–126. 


