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Seismic Traveltime Tomography using Neural Network
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Since the resolution of the 2-D hole-to-hole seismic traveltime tomography is affected by the limited ray

transmission angle, various methods were used to improve the resolution. Linear traveltime interpolation(LTT) ray tracing
method was chosen for forward-modeling method. Inversion results using the LTI method were compared with those using
the other ray tracing methods. As an inversion algorithm, SIRT method was used. In the iterative non-linear inversion
method, the cost of ray tracing is quite expensive. To reduce the cost, each raypath was stored and the inversion was
performed from this information. Using the proposed method, fast convergence was achieved. Inversion results are likely
to be affected by the initial velocity guess, especially when the ray transmission angle was limited. To provide a good
initial guess for the inversion, generalized regression neural network(GRNN) method was used. When the transmitted
raypath angle is not limited or the geological model is very complex, the inversion results are not affected by initial
velocity model very much. Since the raypath angles, however, are limited in most geophysical tomographic problems,
the enhancement of resolution in tomography can be achieved by providing a proper initial velocity model by another

inversion algorithm such as GRNN.
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Fig. 1. Relationship between the number of node per cell edge and raypath accuracy in a homogeneous medium (2 kim/sec). (a) 6 points in

each cell, (b) 10 points in each cell, (¢) 28 points in each cell
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Fig. 2. Results of bore-hole tomography using various ray tracing methods in a medium having low velocity anomaly (-20%). (a) Synthetic
model, (b) LTI ray tracing, (c) Shooting ray tracing, (d) Straight ray tracing.
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Fig. 3. Flow chart for non-linear iterative tomography. In this
process, the segment length of the raypath are stored to reduce the
ray-tracing time.
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Fig. 4. The effect of velocity constraints to the resolution of bore-hole tomography. (aj Synthetic model, (b) No constraints are applied, (¢)
The velocity of the cells in 1st, 14th and 28th columns are fixed, (d) The velocity of the cells in 1st, 8th, 21th and 28th columns are fixed.
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Fig. 8. The effect of raypath angle to the resolution of borehole tomography. 24 Transmitters are located in the left borehole and receivers
located in right borehole and at the surface. (a) 24 borehole receivers and 13 surface receivers, (b) 24 borehole receivers and 28 surface
receivers, (¢} 12 borehole receivers and 13 surface receivers.
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Fig. 6. Initial guess for the model has great influence on the resolution. 24 transmitters and receivers are located in the left and right borehole,
respectively. (a) The block structure to obtain a average velocity model (7X8 cells). (b) The initial guess obtained by averaging within blocks,
(c) Inversion result with no velocity constraints (d) Inversion result with the fixed velocity in the transmitter and receiver borehole.
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Fig. 7. If the more accurate Initial guess for the model is calculated, the much better resolution ofrtomography can be obtainable (a) The
block structure to obtain a average velocity model (4X4 cells). (b) The initial guess obtained by averaging within blocks, (c) Inversion result
with no velocity constraints (d) Inversion result with the fixed velocity in the transmitter and receiver borehole.
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Fig. 8. Results of a velocity profile using GRNN method for a initial velocity guess in a inversion processing. Input data is the traveltimes
of (a) 25% anomaly case. (b) -25% anomaly case. (c) homogeneous case. -
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Fig. 9. Results of a bore-hole tomography for the complex synthetic model. (a) A synthetic model. (b) Calculated initial velocity guess. (c)
No velocity constraints. (d) Velocities for the transmitter and receiver holes are fixed.
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Fig. 10. Results of a bore-hole tomography for the synthetic model having velocity gradient. (a) A synthetic model. (b) Calculated initial
velocity guess. If the GRNN has a similar training case with a survey area, it calculates initial velocity more exactly. (c) Using homogeneous

initial velocity (3.8 kmy/sec). (d) Using calculated velocity from GRNN-2.
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