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Background



BloodHound



Combining detectors to detect low-coherence signals 
without clutter

• Logical
– Doesn’t fully exploit 

the combined effects 
of two detectors

• Arithmetic
– Doesn’t use noise 

distribution 
information

• Fishers Combined 
Probability Test
– Uses distributional 

properties of H0
– Each detector is thus 

normalized by it’s 
distribution

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

• How can we combine detections from different detectors?
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Detectors should ideally exploit different signal characteristics



How do we calculate p-values?

1. Calculate 
distribution 
of detection 
statistic from 
a long time 
interval

2. Estimate PDF 
using Kernel Density 
Estimation (a non-
parametric 
approach that 
doesn’t require any 
stats assumptions)

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).

KDE ensures tails 
are properly fit



A Semblance-based Detector
• Semblance is a 

normalized measure 
of coherent power 
across an array

• 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
• Stationary sources 

are fit by straight 
lines in 
backazimuth/time 
space:

• is estimated 
over all 
backazimuths over 
a fixed time 
window.
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A multivariate signal detector
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Coherence-
based 
detector 
barely 
detects the 
event

Multivariate 
detector not 
sensitive to 
local signals



Grid-based associator

40962 nodes, generated using triangular tessellations with GeoTess.



Physical constraints stored in look-up table

Plan to replace with 
range-dependent 
Gaussian Mixture 
Model



Implementation of associator



Synthetic Tests



FAR from Monte Carlo Simulations

2-array events

3-array events 4-array events



BloodHound

SEL3

Results 
for 2014

Figure shows 
3-array events 
and above…



Data Availability at SNL for 2014

In many cases 
we have 
waveform data 
but no 
metadata



FK Results

I31KZ: 0.5 – 3 Hz I31KZ: 0.01 – 0.5 Hz

Local sources



Detection Results

Figure shows 
number of 
detections at each 
array in 2014



Example Event 1
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Example event 2

Only 2-array association in LEB
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