SAND2013-1232P

Sandia

Exceptional service in the national interest National
Laboratories

Infrasound Processing Workflow Software (INPULSE)

An Infrasound Analysis Tool

U.S. DEPARTMENT OF b a1

) YA o)
EN ERGY TN AT mﬂ Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
Natlonal Nuclear Securlty Administration Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND NO. 2011-XXXXP




What is Infrasound? ) i,
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= |nfrasound is sound with a frequency of less than 20Hz — too
low for the human ear to detect at any volume.

= Very low attenuation over vast distances — can be detected
hundreds of miles away.




Common Sources of Infrasound

Natural

= (Qcean Surf

= Aurorae

= Severe Weather

Man-made

= Aircraft

= Diesel Engines
= Explosions
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Infrasound Monitoring ) .

= We can passively detect and
locate infrasound sources
using arrays of infrasound
microphones.

= This can be done for large
events (such as nuclear
explosions) on a global
scale, or smaller events on a
regional scale.




Why INPULSE? )

= |nfrasound data analysis is complicated.

= Only avery limited set of tools are available and all are geared
towards the highly-technical user.

= We need something simpler to use.




INPULSE Demo )
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= Workflow Manager (left) provides step-by-step instructions
for producing reports from raw data.

= Data Display (right) shows analysis results.




Workflows

)E MPULSE \

File Window Help

Current Step

5] Available Worlflows
B Convert ARL to £S5 3.0
(-3l Produce Reports from Raw Da

Instructions

Welcome to INPULSE!

INPULSE (INfrasound Processing workfLow SoftwarE) is a software suite that
divides the work required to perform infrasound signal analysis into specific
sets ofinstructions, or workflows. Each workflow in the INPULSE software suite
guides you through a particular task, such as performing data conversion or
producing reports from raw data.

To get started, please select a workflow from the list below and click the
button at the bottom of the screen.

Convert ARL to C553.0
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= Guides the user through

complex tasks.

Instructions include
embedded controls.

Prevents the user from
skipping important steps.




Report Generation

)E NPULSE V
File Window Help

Current Step

1 Available Worlflows
o J Convert ARL to 55 3.0

=] Q Produce Reports from Raw Da

& State of Health
W Locate Infrasound Events
W' Generate Report

Instructions

Data Ingest

INPULSE may generate reports using either ARL binary-format data or CSS 3.0
data.

Ifyou wish to use ARL binary-formatted data to generate this report, simply click
the & button at the bottom ofthe screen to start the ARL ingest process.

If you wish to use CSS 3.0 data, click the = button in the Waveform Data View
area ofthe data display to choose CSS folders for ingest, then click the
checkbox below before moving on to the next step.

[7] Use user-selected €55 3.0 data
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= First step is to load
waveform data from disk.

= Supports CSS3.0 and ARL
binary format.




Data Display ) .
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Data Display
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Waveform Data

Global Data View
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Reportable Observations
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Data Ingest

)E NPULSE V
File Window Help

Current Step

1 Available Worlflows
o J Convert ARL to 55 3.0

=] Q Produce Reports from Raw Da

& State of Health
W Locate Infrasound Events
W' Generate Report

Instructions

Data Ingest

INPULSE may generate reports using either ARL binary-format data or CSS 3.0
data.

Ifyou wish to use ARL binary-formatted data to generate this report, simply click
the & button at the bottom ofthe screen to start the ARL ingest process.

If you wish to use CSS 3.0 data, click the = button in the Waveform Data View
area ofthe data display to choose CSS folders for ingest, then click the
checkbox below before moving on to the next step.
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Now that we have CSS data
loaded into the data
display, we can continue to
the next step.




State of Health )

MPULSE V

P Vinsow v — — | = \We can now check the

Current Step Instructions
1 Available Workflows

DR see o eath state of health of the data

W Data Ingest When waveform data is analyzed for the purpose of gathering intelligence, itis
] important to ensure that no arifacts in the data exist as a result of problems with

% Locate Infrasound Events | |the Station that recorded the data. While recording waveform data, each Station 1
% Generate Report in the field also records information about its own state of health. This state of W e J u S O a e .

health data is embedded in each hour-long ARL *.bin file the Station records.

While each ARL *.bin file is capable of storing state of health data,
C3S5-3.0-formatted folders are not. For this reason, INPULSE maintains a state
of health database that, over time, stores all state of health encountered each
time the userreads in a new ARL *.bin file.

After reading in waveform data, simply select any number of waveforms in the
Waveform Data View, then click the button to view historical state of health
data for the Station(s) that recorded the selected waveforms. While small gaps
in data availability are normal, larger ones indicate problems with the Station
itself and may cause incorrect or skewed waveform data analysis results.

There are two different types of state-of-health data collected by each Station.
These are QNX (instrument voltage data) and MET (meteorological data,
including wind and temperature) data. Knowing what these data represent can
help us better understand waveform analysis results. Click the button to read
more about these data types.




State of Hea )
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State of Health

Cumnalative State of Health
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Waveform Filtering ) i,

e v B = Raw waveform data can be

1 Available Worlflows
1) il| Convert ARL to C553.0 Filter Data

=] Produce Reports from Raw Da Ve ry n O i Sy !

J Data Ingest When dealing with raw infrasound data, the data itself can be fairly noisy,
- Wl State of Health making it difficult to distinguish impulsive signals from noise. Filtering out
- @ Display Overview certain frequencies from the data can reduce the amount of noise in the data,
e QNX making impulsive signals much easierto perceive.
-® MET
Locate Infrasound Events | |AS INPULSE reads in waveform data, filttered waveforms are shown in the
¥ WFilter Data display by default. Changes can be made to the default filter in two ways:

+@ Generate Spectrogram: @ From the Workflow Manager, select File—Preferences... From within u I f W e k n O W W h a t
- @ Perform FK Analysis

! the Preferences, browse to Display—\Waveforms. Here you can
- @ Identify Events configure defaultfilter settings, as well as choose whether Raw or

! Generate Report Filtered waveforms should be displayed by default.

® From the Waveform Data view, select any subset of waveforms and fre q u e n C i eS S h O u I d b e

then click the i’-‘i button. A dialog will appear where you will be able to
madify the Filter properties for just the waveforms you've selected.

Settings configured here may optionally be saved as the default Filter

present in the kinds of
events we’re looking for,
they will be easier to spot if
we filter the data first.




Waveform Filtering ) i,

NPULSE Data D

Waveform Data
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Waveform Filtering ) i,

NPULSE Data D

Waveform Data
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Generate Spectrograms

File Window Help

Current Step

1 Available Workflows
A Convert ARL to £S5 3.0
=3 Produce Reports from Raw Da
W Data Ingest
7 State of Health
@ Display Overview
o QNX
o MET
W Locate Infrasound Events
@ Filter Data
.
@ Perform FK Analysis
@ Identify Events
W' Generate Report

Instructions

Generate Spectrograms

Even after raw waveform data has been filtered to reduce noise, events of
interest may still be difficult for the analyst to distinguish when just looking at the
amplitude data. Spectrograms show how much energy is presentin the specific
frequencies that compose the waveform as a function of time.

First, select waveforms you wish to generate spectrograms for, then use the
form below to generate spectrograms. Spectrograms will only be generated for
the current zoom extent of selected waveforms in the Waveform Data view. The
form below may also be accessed by first selecting waveforms in the Waveform

Data view, then clicking on the Ev_ button in the toolbar above the plot.

Spectrogram Parameters
Spec. Low Frequency (Hz): |01
PSD FFT Length (Sec.): |1
Window Overlap %

Window Type: Harming

Sidelobe Attenuation (dB): |40

Generate Spectrograms...

After you've generated spectrograms for the waveforms you wish to analyze,
visually inspect each spectrogram for patterns that appear more regular than
random noise. Some patterns to watch for include:

Impulsive Events - These typically appear as vertical bars of "hotter” colors.
Look for elevated energy levels across a wide range of frequencies, but
generally over shorter periods of time.

Continuous Events - These typically appear as more or less horizontal lines of

“hotter” colors. Look for consistently elevated energy levels over a smaller range
of frequencies and larger amounts of time.

(YA
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In order to characterize
events we see in the
amplitude display, we need
to examine their frequency
content.

We can do this by
generating spectrograms.




Generate Spectrograms

MPULSE |
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Perform Fk Analysis LUl

=-J#l Produce Reports from Raw Da
Data Ingest FK (frequency-wavenumber) Analysis is atechnique usedto compute a line of
e MET spectrograms came from.
Locate Infrasound Events

= Fk (frequency/wave-
~ Current Step Instructions
1 Available Worlflows
B i ] O™ P Aralysis number) analysis gives us a
State of Health bearing for wavefronts observed by a particular station. In the previous step, we - - -
@ Display Overview computed spectrograms and looked for patterns. When configured properly, FK
o QNX Analysis can tell us what direction the wavefronts that caused the patterns in our I n e O e a rl n g 0 r a g I Ve n
© Filter Data To perform FK Analysis, select atleast four infrasound waveforms from the M
@ Generate Spectrograms | S3Me Station with equal start and end times, then fill out the form below and S I g n a .
PW D erform FK Analysis click "Perform FK Analysis”. FK Analysis will only be performed for the current
. = = zoom extent of selected waveforms in the Waveform Data view. The form below
@ Identify Events

may also be accessed by first selecting waveforms in the Waveform Data view,

Generate Report
then clicking on the @buﬂon in the toolbar above the plot.

FK Analysis Parameters

T = Stations that “heard” the
e same thing will give us

Minimum Det. Size:

- crossing lines of bearing

FK Settings
Freq. Band (Hz): s

and a rough location for

# Slowness Values:

the source.




Fk Analysis Results ) S
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Refine Results )
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Export Report: Imagery 1) .

MPULSE V

e e — — | = Dumpsall plots, map

Current Step Instructions
1 Available Workflows

FA Convert ARL to C553.0 Generate Report 1 1
=5 Produce Reports frem Raw Da VI eWS’ a n t e e ntl re
J Data Ingest Up to this point, we've performed various types of analysis on our infrasound
J State of Health data and have determined whether any events of interest were captured by that

@ Display Overview data. INPULSE can export all of its image- and detection-table-data into an H H

- onx HTLformated repor etection table/events IS
o MET

i Locate Infrasound Events || The first step in generating this report is to export all of INPULSE's image and

© Filter Data table datato a folder. First, look through all image data you've generated within M
© (enerate Spectrograms INPULSE and remove any waveforms/detections/etc. that you do not wish to O a O e r O I I I I a ge S .

© Perform FK Analysis include in your report. Then, choose a folder and click the Export imagery button

Identify Events to dump all image and table data to the folder you chose.
1 p Path: |ﬁ
Export Imagery
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Summary ) e,

INPULSE Provides:

= Simplified approach to infrasound signal analysis
= State-of-the-art mapping utilities for geographic context

= Rapid generation of reports from raw data




