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Infrasound research conducted at Los Alamos National Laboratory (LANL) in recent years has
included development of tools for signal analysis, propagation modeling, and uncertainty
quantification. Many of these tools have been licensed as open-source software, made available
for download at the LANL Seismoacoustics Github page, and are utilized by scientists across the
globe for a variety of national security, civil, and scientific applications. The InfraPy signal analysis
suite includes state-of-the-art detection, association, localization, and yield estimation algorithms
accessible through Python-based scripting and notebooks, a command line interface, as well as the
InfraView graphical user interface. The InfraGA/GeoAc software is a propagation modeling tool
capable of simulating the propagation of infrasonic signals through the atmosphere in the limit of
geometric acoustics and includes a number of unique features such as eigenray identification,
weakly non-linear waveform calculation, and propagation over realistic terrain. The stochprop library
is an in-development tool that includes methods enabling quantification and reduction of propagation
uncertainties for infrasound analysis. The capabilities of these tools and their application to a recent
seismoacoustic event of interest are presented here.
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* Researchers on the LANL SeismoAcoustics LANL
(SA) Team have made an effort to share new

algorithms and methods following peer Seismoacoustics
reviewed publication through open-source i

software licensing seismoacoustic = bV

software from Los
Alamos National

» Several infrasound-specific software tools are | ooy
summarized here (bold below); though, they
are only a subset of the tools developed by |
the SA Team il

https://github.com/LANL-Seismoacoustics

bulletproof InfraPy RSTT
EZpick particleman SASM

InfraGA/GeoAc pisces stochprop
InfraMonitor PyGeoTess
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Infrasonic signal analysis methods developed
at LANL have been collected into a Python i A —
library called “InfraPy”

Features -
« Beamforming and Detection A
« Event Identification e

uuuuuuuuuuu

ccccc

* Localization

* Yield Estimation

Interface options
* InfraView GUI
« Command Line Interface (CLI)
» Python Notebook

PUTTING AN END TO NUCLEAR EXPLOSIONS e —_ CTBTO.ORG



S nT InfraPy, InfraGA/GeoAc, & stochprop:

oty ol o e e e open-source software tools for infrasound signal analysis and propagation modeling "\ C l B I O

Philip Blom (pblom@lanl.gov) & Jeremy Webster PREPARATORY COMMISSION
Poster No.: Los Alamos National Laboratory, Earth and Environmental Science Division

Beamforming and Detection

* Includes standard (Bartlett) beamforming
as well as Capon and MUSIC

» Detection uses adaptive Fisher-statistics

Beamforming results for persistent sources demonstrates the improved resolution of Capon and

MUSIC algorithms for identifying multiple, co-incident signals

Event Identification Localization

«  Pair-based, joint-likelihood analysis and . L
: : : | * Location and origin time
clustering analysis of the resulting @ ; : :
distance matrix to identify events ﬁ:trlnrré?;gcrjkusmg a Bayesian

H ! { — W =
2 1 0 Localization estimate for a surface explosion at the Utah Test and Y' I d E t' t'
5 ! :‘3 “‘J/ Training Range using regional infrasound (red star denotes ground truth, Ie s I m a Io n
5 1 1§ \ j‘/ ) magenta point is max likelihood, and ellipses show 95 and 99% bounds)
i ! 7 By : i :
H: %h | » Statistical propagation
g 11 O .
£ ; . models to estimate near-
21 % 3 > ) - . .
o £
e ——— ? / £ : source characteristics
= ¥ 5 S,
%?, 1 Event identification for 3 events in the - N . . A N ° Com parlson Wlth a SOU rce
27 western US identified in a clustering i i 1 10 100 . .
» IS : P T T 1N dendrogram analysis of the distance 025 0 5f [Hl] 2 Yield [tons eq. TNT] model to estl mate yleld

matrix {note: synthetic example) Yield estimation for a surface explosion via computation of the near-source

spectral characteristics (left) and comparison with a blastwave model (right)

Linkage Distance
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InfraGA/GeoAc is a suite of numerical tools for . = 1
modeling Infrasound propagation in the limit of g . nes s
Geometric Acoustics ¢ o
« Used and referenced in 25+ publications since o
2014
E 500 g 100;
* Models propagation in Cartesian coordinates 2 . :
or through a spherical atmospheric layer °
r !’ﬁg:}él :‘ / W . 0 -1000 -Sog‘ange (;W) [km]‘:')OO ’ -1000 »50[;ange (EO-W) [km]SOO 1000
] i W 10 . . .
_ 1 | . Y |l =g Calculates arrival characteristics:
€ B sl i\ L 130 E
r | A | «  Propagation time
< U : : J SR ; *  Arrival geometry (back azimuth, inclination)
Slaay | aa 45 ‘ i . i «  Turning height
3|00 3%0 4K20 -E;O -:;0 0 :;0 -4‘50 éoo -1;50 0 1|50 360 4250 . Geometric Spreading’ thermo-viscous losses
Snd Spd [m/s] Wind Spd [m/s] Range [km]
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« Able to simulate propagation
over realistic terrain

Altitude [km]

- N Wwbs oo

320 336 352

140 = r Sound Speed [m/s] [

120 | 1F
— 100 |- e b
g
EE RN i
2 60 5 -116 -115.6 -115.2 -114.8 -11 -114 -113.6 -113.2
< g4} / 4 Longitude [deg]

20

ANEE

Vs o * Uses auxiliary parameters to compute geometric

o Con @) I Fenoe el spreading as well as identify propagation paths
E o T oof ‘ , - : connecting specific source/receiver geometry
Y | R R A ’ (eigenrays)
& 20t {1 o2} , :
el 1.1 « \Weakly non-linear waveform calculations along ray
Time (5] Time s paths provide a means to estimate arrival signals

* OpenMPI features allow for parallelized calculations
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90

sampled, particularly the middle- and upper atmosphere

60

Altitude [km]

—> Variability/uncertainty in the propagation medium leads to

variability/uncertainty in infrasound propagation predictions

‘ \
NtV
The atmosphere is dynamic and relatively sparsely o[ % [

?

» Python library, stochprop, uses empirical orthogonal - S
function (EOF) analysis to quantify this uncertainty and . |
variability and construct stochastic propagation models < .

o [mis] @ & G e e e & e G 10 5 f

300 360 420 -75 0 75 50 0 50
c[m/s] u [m/s] v [m/s]

Identifies seasonal trends and
generates “typical” atmospheric and
propagation characteristics
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* Region- and season-specific models can be used with
localization and yield estimation methods in InfraPy

Probability

» Detection probabilities can be computed by combining

the propagation statistics with source and background | = -
noise models NI ]
Probability of Detection (min. 3 arrays) Probability of Detection (min. 3 arrays) 35°N

10 t eq. TNT @ 0.5 Hz during winter 10 t eq. TNT @ 0.5 Hz during summer 10

A TS 0 R 0 SN S =i

[ 0.8 ®:
33°N ALK

—— Generalized Model
—— Rocky Mountains
32°Nf— South
—Southwest

112°w 110°w 108°wW 106°W

T
o
o

Probability

o
IS

» Propagation statistics for several
locations across the continental

US have been constructed for

evaluation of the method

r0.2
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« Alarge chemical explosion occurred in Beirut,

Lebanon in early August, 2020 and produced .., : Bea ot e

infrasonic signals observed 6,000+ km away

» This event provides a useful example to

demonstrate InfraGA/GeoAc and InfraPy
* InfraGA/GeoAc analysis of regional propagation as

well as more detailed simulations for propagation —
towards 126 (Germany) and 148 (Tunisia) -7y

« InfraPy detection of signals on several IMS stations e SRR Y
to the west as well as a nearby non-IMS station, IMA A
(Israel), to the south

» Detections used for localization of the event

» Propagation simulations show a stratospheric
waveguide to the west typical of summer in the
northern hemisphere
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* Ray tracing analysis has been used to study
propagation towards the nearest IMS infrasound
stations (126 in Germany and 148 in Tunisia)

* Weak stratospheric waveguide towards 126 >
* Much stronger waveguide towards 148

25°N

A

* Propagation towards 148 is primarily over water, while that
towards 126 is over land - need to include terrain (in
progress)

15°N
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* InfraPy analysis at 126 oce

. . . QLLELN Beamforming  Location
» Expect infrasonic arrivals
approximately 2.5 hours "o Jenar. T |

.126H4. 8DF

0 1000 2000 3000
later (~1 hour per 1000 km) gl
o] N
°£ - - ! - ) ‘ S tes0s
. A iV l b XI- t / 0 1000 2000 3000 g Ay
4
rrival pand approximate - .
d app y Mot
N iR s o] H
O y4 -1000 1
- - 0 1000 2000 3000
.01 K] 1 Tes0
OE ruo»anmu - ol — | LTG5 =AM772‘ f(H2)
-1000
(A} 0 1000 2000 3000 A 0MHz : <-Setfilterto-> | f2 0.90Hz
°% JH38HZLBOR . "’ 4 i bt | . ‘ fft window (N): 2400 2| sampling Freq.: 20.00 H
0 1000 2000 3000
fitwindow: 120.00s | Window: hamn [
0 W e raibpnacit . ;
-1000 E |__ ‘ Apply Filter?
0 1000 2000 3000 Show Unfiltered?
Settings:
Noise Region Start: 2300.00s || Duration: 600.00 s B Signal Region Start: 30000 s o Duration: 1800.00's
Type:  Band Pass B
o HighPass F: 0.1 Hz
CRULLITTAN * J26H4.BDF  x I26HS.BDF  x J26MG.BDF  x .I26H7.BDF > .126H8..BDF LowPassF: 090 Hz
sampling rat: 200 Order: |4
delta:
Sharime: 2020-08-04T17:00:00,000000Z Zero Phase
endtime: 2020-08-04T17:50:50.950000
opts: 72000 Update
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File View Help

» Expectinfrasonic arrivals Eoassas

 InfraPy analysis at 126 oo

approximately 2.5 hours e -
§ o i bnitoenim o ,‘,",N'WAWHMM\MWJ]WN i v
later (~1 hour per 1000 km) 2 o '
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L
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File View Help

+ Expect infrasonic arrivals o _
approximately 2.5 hours ‘ S
later (~1 hour per 1000 km) :

» Arrival band approximately
0.1t0 1.0 Hz

» Array processing identifies
an extended arrival (almost
800 seconds) containing

. . 3] b \ v Threshold:  5.00
multiple arrival phases

 InfraPy analysis at 126 oo

Waveforms  Beamforming K00

ountries | States and Provinces [ Lakes  Rivers [ Coastline Resolution  110m  [&)

Radius Max.: 1000.00km  ©

Range Max.: 7000.00km |

Resolution 180

Show Ground Truth

Associations

Lon: |0.00 deg

Lat: 0.00 deg

Assaciation Settings

Update Ass

» InfraPy localization TR

lysis:
ion: 34.684, 35.391
2020-08-04T15:02:36.914056

» Estimated location is slightly — «-.-
north of Beirut

» Origin time estimate is ~5
minute early

34.684 +/- 32.682 km.
): 36.391 +/- 29.203 km.

763 square kilometers

: 2020-08-04T15:03:31.088056 +/- 150.046 secon: d
ds: | T14:50:26.336056, 715:07:30.575056]
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» LANL Seismoacoustic researchers are sharing their research with the
wider geophysics community via open-source software

* InfraPy is a signal analysis pipeline software package that includes detection,
event identification, localization, and yield estimation capabilities that can be
accessed via the InfraView GUI or a command line interface

* InfraGA/GeoAc is a suite of numerical tools for modeling infrasound
propagation in the limit of geometric acoustics including propagation through a
spherical layer and interaction with terrain

» stochprop is a collection of methods that allow researchers to quantify the
variability and uncertainty in the atmospheric state relevant to infrasound
propagation uncertainty quantification

» The large explosion that occurred in Beirut during August, 2020 provides a useful
example to demonstrate InfraGA/GeoAc and InfraPy analysis
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