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The challenge of working with infrasound
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Infrasound signals are 
complex and often 
buried in wind noise

The atmosphere is 
dynamic; infrasound 
propagates at slow 
speeds.

The atmosphere is 
dynamic

We can’t take seismic-based methods and 
expect them to work for infrasound data!
We can’t take seismic-based methods and 
expect them to work for infrasound data!



Additional features

Features

A wide variety of built-in tools for analyst review that are 
easily extensible in Python (various time series plots, PMCC 
plots, record sections, spectrograms, spectra, etc.)
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Smart detectors learn from 
data and fuse multiple 
features for targeted 
detection of signals of 
interest

(e.g., detection of moving 
vehicles, or detection of single 
point explosions at long range)

In-house developed full-
wave infrasound yield 
estimation tools provide 
better estimates than 
traditional parametric 
techniques for estimating 
explosion yields

Infrasound propagation simulationsInfrasound propagation simulations

Built-in geometric propagation codes and 
interfaces to open-source community codes

Analyst tools for reviewAnalyst tools for review

Core functionality

Automatic detection, association, location, and yield estimation 
of seismic and infrasound events

Automatic detection, association, location, and yield estimation 
of seismic and infrasound events

Network processing 
algorithms can exploit 
meteorological data to 
enhance event location.



Smart detectors

Illustration of a two-feature detector (top). Most existing 
detectors are developed for a single feature (bottom).

A multivariate detector based on two features detects multiple 
signals of interest and provides additional details of signals.
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Bloodhound combines multiple detectors for 
more targeted detection of signals of interest 

Why BLOODHOUND?

Existing detectors use only single feature (e.g., power) to separate signals and noise. 

Bloodhound intelligently combines a parallel bank of detectors to provide more targeted detection 
of signals of interest (this fuses the detection and discrimination problems).



Generating automatic infrasound catalogs

Illustration of an event detected in Russia by 
BLOODHOUND. The signal shown above is from KSG.
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Bloodhound contains unique algorithms for associating 
and locating ‘smart’ detections at multiple arrays

Why BLOODHOUND?

Existing tools require extensive manual work to analyze data.

Bloodhound is a pipeline tool that can be set up to chew a huge amount of data and generate on-
the-fly catalogs. It uses multithreading so it runs fast on standard desktop computers.



Generating automatic infrasound catalogs
Bloodhound features smarter associators
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Celerity Distribution

 0.2  0.22  0.24  0.26  0.28  0.3  0.32  0.34  0.36

Celerity (v) is representative of 
the ‘phase’ or propagation path

Previous 
capability

We are building improved 
models that use atmospheric 
and propagation models



Generating automatic infrasound catalogs
The importance of propagation modeling



Generating automatic infrasound catalogs
Regional detection and association with Bloodhound

Location of Utah source



Full-wave yield estimation

The evolution of the blast wave as a function of scaled time 
and range is captured from historical observations and used 
to estimate the yield of unknown explosions.
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Bloodhound’s yield estimation module uses state-of-the-art methods 
that produce the most robust estimates for above-ground explosions

Why BLOODHOUND?

Existing methods measure overpressure and 
then relate to yield through empirical equations.

Bloodhound uses the whole waveform, 
resulting in much more accurate yields.

Status

The yield estimation module is not currently 
integrated into BLOODHOUND’s pipeline 
processing system. Future research will merge this 
module into the pipeline.



Infrasound propagation simulations

Ray bounce points from a source 
color-coded by maximum altitude

3/9/2017 10

Bloodhound contains built-in propagation codes 
and interfaces to community codes

EXAMPLE SIMULATIONS

Transmission loss and bounce points for a 
different source

Why BLOODHOUND?

The current standard features ad hoc propagation tools with different interfaces.

Bloodhound has a single interface for multiple propagation tools, including built-in Python ray 
tracing that exploits multithreading.

Status

Future research will focus on 
fully exploiting propagation 
tools in order to improve 
pipeline processing.



Using Bloodhound to find events in Korea
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Bloodhound is currently command-line 
based and relies on an input 
parameters specified by an SME.

Ultimately, we would like to more 
comprehensively integrate 
Bloodhound with Inpulse & Ephors to 
suggest parameters (that are easily 
tunable) based on the arrays selected



Using Bloodhound to find events in Korea
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Output SQLite database file

Bloodhound processes data from five arrays in the Korea region, and plots a 
map of the events found.

Input node locationsFlags to indicate what steps to do

Minimum number of arrays 
in an event



Using bloodhound to find events in Korea
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Viewing a particular event association and 
location (identified by an ORID).
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ORID

Geographic bounds for plot



Using bloodhound to find events in Korea
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Plotting the detections associated with Event 1
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Filter band Start/end times for plotFlag for detections to plot



Using bloodhound to find events in Korea
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Exploring the time-frequency properties of 
the coherent energy.
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Semblance threshold



Propagation modeling with bloodhound
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Plotting a meteorological profile for 
propagation modeling.
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Propagation modeling with bloodhound
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Running raytracer and plotting ray bounce 
points, color-coded by the maximum altitude 
of the ray
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No. of rays to shootEvent location



Propagation modeling with bloodhound
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Running full wave code and plotting 
predicted amplitude as a function of location 
for a source of yield=2400 kg. 
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Source parametersFrequency



Propagation modeling with bloodhound

3/9/2017 19

Running full wave code and plotting 
predicted amplitude as a function of altitude 
along a particular azimuth.
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