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Ranking with respect to the reference

Excellent Good Fair Poor
3 Slvdata (1) gallovic (4) causse (2)
E sg (3) gallovic2 (5) | gallovic3 (6)

hobyy1 (8) hobyt (7)
hobyy3 (9) somala (11)
navid (10)
somalal (12)

Wl s v o v » v SRR

—40 -30 -20 -10 0 10 220 30 40
dimension 1

Dissimilarity matrix
Solution [SIVdata | causse| fsg |gallovic| gallovic2 | gallovic3 | hobyt [hobyy1 | hobyy3 navid |somala | somalal
SiVdata 0.00 | 28.15| 3.07 | 20.18 865, 2406|2283 | 21.79 | 2230 | 744 | 29.71 | 1225
causse 28.15 | 0.00 | 27.39 | 24.38 19.01 18.16 | 35.82 | 38.79 | 28.37  23.97 | 32.55 24.37
fsg 3.07 | 27.39 | 0.00 | 19.57 5.98 2011 | 2272 | 1740 | 1658  2.97 | 32.34 9.03
gallovic 20.18 | 24.38 | 19.57 0.00 11.32 9.04 | 4183 | 24.98 | 32.88 | 19.87 | 35.36 18.65
gallovic2 8.65 | 18.01 | 598 | 11.32 0.00 10.83 | 29.31 | 21.29 | 1850 7.31 | 25.98 10.05
| gallovic3 | 24.06 | 18.16 | 20.11 9.04 10.83 0.00 | 45.24 | 21.04 | 2717 | 19.52 | 30.65 16.83
hobyt 22.83 | 35.82 | 22.72 | 41.83 29.31 4524 | 0.00 | 36.52 | 31.79 | 23.15 | 51.59 28.05
hobyy1 21.79 | 38.79 [ 17.40 | 24.98 21.29 21.04 | 36.52 | 0.00 | 33.71 | 16.48 | 46.19 19.70
hobyy3 22.30 | 28.37 | 16.58 | 32.88 18.50 2717 | 31.79 | 33.71 0.00 | 11.62 | 44.17 21.21
navid 744 12397 | 297 | 19.87 7.31 19.52 | 23.15 | 1648 | 11.62  0.00 | 38.53 10.44
somala 29.71 | 32.55 | 32.34 | 35.36 25.98 30.65 | 51.59 | 46.19 | 44.17 | 38.53 0.00 24.64
somalal 12.25 | 24.37 | 9.03 | 18.65 10.05 | 16.83 | 28.05 | 19.70 | 21.21 | 10.44 | 2464 | 0.00
Each element represents a measure of dissimilarity between pairs of models obtained using normalized square metric
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Abstract:

Kinematic source inversion is used to image the complexities such as nucleation, growth and stop
of the earthquake rupture. The earthquake’s kinematic source inversion is an ill-posed problem due
to two main factors: 1) The forward equation is discretized from a Fredholm integral equation of
the first kind, therefore it is inherently ill-posed. 2) The number of observations is usually less
than sought for parameters, therefore the problem is substantially under-determined. Small singular
values intensify the effect of data noise in the model parameters in this situation, hence a proper
technique for controlling their destabilising effect is required. In this dissertation, we propose using
the adaptive neuro-fuzzy function approximation, in particular ANFIS to expand the model-space.
Using this procedure, we can represent the model-space using only a few basis functions. This
procedure allows reducing the number of small singular values, reproducing a better posed discrete
inverse problem. The best model is found by training the ANFIS parameters using a neural network.
We discuss how the number of model parameters can be decreased while keeping the inversion stable
and achieving an adequate resolution. Additionally, we propose a maximum-likelihood analysis of
the model misfit to selects a sufficient number of basis functions for each frequency. This inversion
procedure is synthetically tested using the SIV-invl community benchmark. Besides, a real-data
study has been presented for the source study of the Mw 6.2 24/August/2016 Amatrice earthquake.
Three datasets including static GNSS (f = 0 Hz), high-rate GNSS (0 < f < 0.06 Hz), and
strong-motion (0.06 < f < 0.5 Hz) are inverted to infer the source kinematics in the respective

frequencies. The inverted source model has been compared with previous well-known studies.

Keywords: Seismic Source Inversion, Rank-deficiency and Ill-posedness, Fuzzy Logic, Neural

Network, Regularization
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