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Background

(Referred to as‘Paper 1') nfraPy (0.1)

Arrowsmith et al., 2015 publication in GJI I
Adaptive F + Graph-based associator Glote: InfraPy dev. continues at LAN

)

ITW 2015: Presentation by Jones and Arrowsmith
on limitations of Paper 1 algorithms for
low-coherence signals

BloodHound (in dev.)

- Completely independent code base (planned to be open-source)

- New multivariate detector (enabling detection of low-coherence signals)
- New associator (works better for larger # detections)

Preliminary event catalog for 2014 with BloodHound



BloodHound

Waveform data Python Modules

bloodhound_FK | < bhfk

Input parameter file FK database table

Array metadata bloodhound_DETECT| <€

Detection database table

Grid file —>

bloodhound_ASSOCIATE | < f Cbhassociate)

v

Association results



Combining detectors to detect low-coherence signals

without clutter

» Different detectors might exploit different signal properties (e.g., coherence,
duration, bandwidth)

e How can we combine detections from different detectors?
* Logical

— Doesn't fully exploit ¢ >d™* OR d,>d,"™ [
the combined effects ) )
of two detectors d >d™ AND d,>d;" [

 Arithmetic
— Doesn’t use noise

k
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— Uses distributional
properties of HO

— Each detectoris thus  Pi =
normalized by it’s
distribution
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Detectors should ideally exploit different signal characteristics



How do we calculate p-values?

1. Calculate 23
distribution

of detection

statistic from

a long time
interval \
Y
o
o \
10}

2. Estimate PDF
using Kernel Density
Estimation (a non-
parametric

approach that
/ doesn’t require any
stats assumptions)

KDE ensures tails
are properly fit
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A p-value is the probability of obtaining a result equal to or more extreme than
actually observed given the PDF of the test statistic (empirical PDF of signal+noise).



A Semblance-based Detector

Semblance is a
normalized measure
of coherent power
across an array
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max(S) is estimated
over a fixed slowness
grid and converted
to p-values using
KDE over a long time
interval.
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A Stationary Source Detector

0.018 T T T T T T T T 1.0

Stationary sources
are fit by straight
lines in
backazimuth/time
space:
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A multivariate signal detector

0.10
0.08
0.06
0.04
0.02
0.00
0.08
0.06
0.04

Multivariate
detector not

sensitiveto g ol

local signals  0.00

0.08
.06

0.

0.02

0.00
0.1

k
| = —ZZlnpi
i=1

T

L Multivariate p-values

Threshold1

Coherence-
based
detector

- barely

detects the
event



Grid-based associator
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40962 nodes, generated using triangular tessellations with GeoTess.



Physical constraints stored in look-up table

1. Backazimuth Constraints for a node & given pair of arrays:

Plan to replace with
range-dependent

Gaussian Mixture , , , ,
2. Travel-time Constraints for a node & given pair of arrays:

Model
\ Model For a node & a given pair of arrays
_—

min max .
min max




Implementation of associator

Inputs

@etection buIIetina + (Nodes)

Nodes processed in parallel

h 4 AAA 4
Single Node Processing: 1

Grid Node location: lat(i), lon(i)
For each combination of arrays within An
of node:
© Find all detection pairs where the
delay-time and each backazimuth is
consistent with a source at lat(i), lon(i)
O store all unique associations of
detection pairs in memory

Other single node processes

Cluster all unique associations of detection
pairs by chaining on common ARID’s.

List of association lists
Lists of association lists

Y

O Organize the full set of association lists by size

O Beginning with the largest unique association list,
and working towards smaller association lists,
store only associations with a unique set
of ARIDS

List of seed associations
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Synthetic Tests

Six array association: Azimuth constraints only
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FAR from Monte Carlo Simulations

Number of false events in 1 day
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Results
for 2014 -
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Data Availability at SNL for 2014
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FK Results

131KZ: 0.5 -3 Hz
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131KZ: 0.01 - 0.5 Hz




Detection Results
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Figure shows
number of
detections at each
array in 2014
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Example Event 1
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Example event 2

Only 2-array association in LEB
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