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Automatic Time Picking

Hypocenter Location using noisy data

* Hodogram/back-azimuth analysis
* Nonlinear Optimization
- Levenberg-Marquardt inversion
- Direct search (GA and PS)

Summary and Conclusions.
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Microseismic Monitoring
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FAST AUTOMATIC TIME PICKING

Develop the MER (modified energy ratio)
technique for automatic time picking and
compare with the standard STA/LTA method.
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Modified Energy Ratio
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HODOGRAM / BACK-AZIMUTH METHOD
FOR LOCATING HYPOCENTERS USING
NOISY 3C MICROSEISMOGRAMS

Develop techniques for mitigating the effects of
random noise on location accuracy.

Test on synthetic seismograms generated for a
layered-earth velocity model.



Microseism and borehole-observation geometry (3D view)
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NONLINEAR OPTIMIZATION FOR
HYPOCENTER LOCATION

Invert observed arrival times for hypocenter
coordinates (xg, Y., Z,).
Gradient based method (Levenberg-Marquardt).

Direct search methods (Genetic Algorithm and
Pattern Search).
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OTHER METHODS FOR LOCATING
HYPOCENTER S

Apollonius spheres (Bancroft, 2007).
Analytic method (Bancroft, 2009).
Migration techniques (future work).



SUMMARY AND CONCLUSIONS

For automatic time picking on noisy seismograms,
our MER method is faster and more consistent than
the STA/LTA method.

With noisy 3C microseismograms, reasonably
accurate hypocenter locations can be found using
hodogram / back-azimuth analysis when we mitigate
the effects of random noise.

After comparing both gradient-based and direct
search methods for inverting microseismic arrival
time data, it appears that Pattern Search is the
fastest and most efficient.
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