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Overview Unifying Monitoring as Bayesian Inversion Signal Decomposition Locations from Waveform Correlation
* Traditional monitoring systems relying on station processing discard Existing monitoring and location techniques can be viewed as inverting Visualizing the internal representation of the model allows us to Combining travel-time information with waveform correlations
significant information present in the original recorded signal. individual aspects of the underlying physics. decompose an observed signal into a base shape, repeatable waveform provides more precise location estimates.
 SIG-VISA (Signal-based Vertically Integrated Seismic Analysis) is a system structure, and non-repeatable background noise. .
(Sig Y & ysis) Y Physical phenomenon when inverted, yields Modeled in SIG-VISA P 5 Locating held-out doublet (gold star) from aftershock sequence of

for global seismic monitoring through Bayesian inference directly on

. . . . . : i i iti ick- i Banda Sea event (mb 5.0, April 20 2009):
observed signals, incorporating a rich representation of the physics Predictable travel times Tradl.tlor.1al pick-based IASPEI 91 travel time ( P )
: : : (1D) monitoring model
underlying the signal generation process.
o ] o _ Spatial continuity of Waveform matching/ Gaussian process (kriging) Observed envelope T | fi
* Bayesian inference correctly combines statistical evidence from travel waveforms cross-correlation model of wavelet emplate Tit Ll .
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tractable for large-scale global monitoring. Other predictable Not exploited by GP models of envelope template Mgl del (12 3 t stations) proposal distribution, using
regularities (attenuation, existing techniques shape parameters, Brune modade -component stations : .
dad tes, spectral and Mueller-Murph LEB event 5335760 BN R e GIE A
Signal-Based Monitorin A P - |
9 9 content, etc.) source models P arrival at MKAR array (MK31)
-_— len=250s, freq=2-3Hz Background o % " ¢ o
events i T o _ . . mb=4.37, dist=7318km noise sheRtNCe RS
A 4, . A | By combining all of these phenomena into a single forward model, inverted ar o " e .
S :mo - : using Bayesian inference, SIG-VISA unifies and extends existing techniques S .. =
Monitoring inference | :m"de' within a single system, exploiting waveform correlations and historical data C : o :
(GA/SEL3) I inference | where available while gracefully reverting to travel-time-based inference for . -
g NETVISA ] de novo events. BaYESIa“ cross'correlatlon SIG-VISA posterior conditioned on SIG-VISA posterior conditioned on
detections \ 4 : waveform at MKAR waveforms from MKAR, CMAR,
4 siG-visa | | . . . . . ASAR, FITZ
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PTOLESSING i a new, easily computed statistic that resembles cross-correlation but can be
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The SIG-VISA signal model defines a probability distribution over templates to explain fluctuations the observed signals. New templates Bayesian cross-correlation Location posterior ellipse
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time) accumulator array.

A i Background noise: autoregressive , , ., ; We use this statistic to compute proposal probabilities for historical events
* Weights of accumulator bins are sums of “votes” from all current
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_ ion. see next pane), but it may have applications more generally as a drop-in :

= process at each station unassociated templates; each template votes for all bins in its (rep,acem o W)herever iyhiseaasomislblimbt oo P Basic Research Grant #HDTRA-11110026, as well as the support of the
Observed envelope: sum of all arriving backprojected space-time cone. | CTBTO through the provision of IMS data and the use of the vDEC
phases, plus background noise. » Additional proposal mechanism based on historical waveform data (see experimental platform.
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