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1 Introduction

1.1 About

SWARM, Seismic Wave Analysis and-tRaalMonitor, is a Java application designed
to display and analyze seismic waveforms in-tima¢. SWARM is a functional replacement to the
traditional helicorder, but also has many other tools for visualizing wave forms, such as frequency
spectra plots and spectrogram®&ther features include ability to obtain station metadata for plotting
on map, andsupport for IRIS DMC connectioRecent additions include ability to view NEIC events and
do basic picks.

SWARM was developed at the Alaska Volcano Observatory (ARmMMirand is still used at
various volcano observatories around the worfthe latest version of SWARM can be obtained from

https://volcanoes.usgs.gov/software/swarm/download.php

2 Getting Started

2.1 System Requirements

SWARM is platform independent (will run any operating system) but requires a graphical display and

a Java Virtual Machine8lor greater. Due to the large volume of data and complex calculations

performed it is recommended to run on SWARM with modern specifications for memory and processing
sSLISSR® ¢tKS fSaa YSY2NER FYyR LINRBOS&daaAy3a ALISSR (KS
performance is affected when pulling and analyzing large data 84itimum screerresolutionof 1280

X 960is also recommendedaximizing the application windovetfull screen size will provide the best

user experience.

2.2 Installing SWARM

To install SWARM, unzip the download swas.y.zbin.zip file downloaded from thelSGS SWARM

website In Windavs, your unzipped swarm.y.z directory will looKike this:

)¢


https://volcanoes.usgs.gov/software/swarm/download.php
https://volcanoes.usgs.gov/software/swarm/download.php
https://volcanoes.usgs.gov/software/swarm/download.php

= | swarm-3.0.2 — O x

e
Home Share View 0
= v <« Programs » Swarm * swarm-3.0.2 w Search swarm-3.0.2 0
s
swarm-2.8.9 ~ Mame Date modified
swarm-2.8.10 docs 2/6/2020 10:10 AN
swarm-2.8.11 layouts 2/6/2020 10:10 AN
swarm-2.8,12 lib 2/6/2020 10:10 AN
owarm-2.8.13 rmapdata 2/6/2020 10:10 Al
=] 51020
cwarm-3.0.0 =) CHAMGES.md 2/5/2020 11:24 AN
cwarm-3.0.1 % clipawav 2724720171133 A
=| DefaultVelocityModel.tt 9/14/2018 11:00 A
d .
e A dingwav 7/11/2018 12:38 P|
layouts 7 EventClassifications.cenfig 9/13/2019 10:18 A
libs =l HypoT1.config 9/28/201810:32 A
mapdata E LICEMSE.md 22472017 11:33 A
cswarm-3.0.2 E. MTP.config 10/23/2019 2:18 P
docs E README.md 22472017 11:33 A
swarm.sh 3/10/2017 12:41 P
layouts
swarm_console.bat 22472017 11:33 A
lib -
I E. WaveDefaults.config 1/28/2020 10:20 A
mapdata

Swarm724_ForEcuador v £ >
16 items =

Figurel Swarm Directory Contents

2.3 Running SWARM

On Windows, double clicking on swarm_console.bat will open the SWARM user interface. If nothing
happens, you can run the application from a command (or DOS) prompt to see if there are any errors
that can be usedor troubleshooting.On Linux or Maoperating systemsyou will need to execute

swarm.sh from the terminal (commarahe).



3 Data Sources and Channels

3.1

Introduction
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Figure2Data source chooser and the channel selector

3.2 General Usage

After starting SWARM, a panel will be visible on the left side of the

main screen. This is the Data Source Chooser and Channeb&elect
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line in the center, either by dragging with the mouse or clicking on

one of the small arrows.

The Data Source Chooser, the top half of the panel, is used

to select the source ahe waveform or helicorder data. The box

contains the list of all available data sources, both ones that have

been used before and new ones that are created.

The Channel Selector, the bottom half of the panel, is used

to select a channel, either

the wavefam or the helicorder. Once a data source is selected, the

Channel Selector will

be populated with the available channels. The contents of both

theWaves and Helicorders

lists depend on the data available from the selected data source.

SWARM is preconfigured with AVO Winston Wave Server. To add another data source click bnhe
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The next icor.= will let you collapse the data source trees. To remove an existing data source, select
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The * icon in the upper right lets the user dismiss the whole data source chooser window if
more space is desired. To get it back, type @¥RBt.go to the Window menu and select Data Chooser.
The icons assaaied with the different data sources have the following meaning:
f kot RIEGE ASNBSNI GKFG GKS dzaSNJ YIydzZ ft& | RRSR 42
§ 42 A data server that is in thBataSources.conffige. The small padlock denotes that it is not
possible to edit or delete it from SWARM.
1 A data server that is broken; e.g. not responding.

{ & Data channels available after opening a wave in a file (e.g. SEED, SAC format) from the File
menu.
Double cli€ing on a data source will cause a channel tree to appear, listing the avaifernels.
Double clicking on a channel will bring up a helicorder. Alternatifely,Qa L2 aaAoft S (G2 asSts$s
channels, with CTRar Shiftclickon Windows) and prss one of the five buttons at the bottom of the

data chooser:
1 =2 Opens helicorder views
= Puts waves on the clipboard
E3 puts waves on the regime monitor

1
1
1 Wiy Opens waves in the redime view window
1 A Opens RSAM viewer

1

@ Shows channels on a map

3.3 DataSource Types

[ fTAO1TAY3 2y (KS WbSg RIGI &2 dzNWiSdaw. Cdréngy sdppoitdd 2 LISy
data source types for SWARM are Winston Wave Server, Earthworm Wave Server, FDSN WS, and

SeekLink Server.

3.3.1 Winston Wave Server
Winston is a Jaxbased seismic wave server developed by USGS that provides data and plots to clients.

It can be obtained fronmttps://volcanoes.usgs.gov/software/winstonConnection toNinstonrequires

the IPaddress or host name of the server, port number, and communication time out in seconds.


https://volcanoes.usgs.gov/software/winston/

Mew Data Source hod

Data Source Mame: |

J(Winstnn Wawve Sewer\{ Earthworm Wawve Sewer‘{ FONSM WSTI Seedlink Ser\rer".I

Uze this data source to connect to a Winston Wawve Server (WWS).

|P Address or Host Mame; || |

Port: [16022 Winston default: 16022
Timeout: seconds

Use Compression:

Figure3 Adding new Winston data source

3.3.2 Earthworm Wave Server

Earthworm is an opesource software system used globally for regional local network seismology.
Earthworm Wave Server éssentiallythe wave_serverV module of the Earthworm syst€onnection

to Earthworm requires the IP address or host name of the sepget number, and communication

time out in secondsEarthworm data provides raw wave data only. Thdp sizesetting determines

how much past data to retrieve at a time, a@Gdilp delaydetermines how much time between past data

retrieval.



Edit Data Source hod

Data Source Name: ||

I,I(Winstu:un Wave Ser-.rery Earthworm Wave SENEF‘{ FDSM WSTI Seedlink Ser-.rer‘l,l

Uze this data source to connect to an Earthworm Wave Server (WSY),

IP address or host name:

Port: [168022 Earthworm default: 16022
Timeout: |20 seconds
Gulp size: (30 minutes

Gulp delay: 1.0 seconds

El ]
(i}

Tank file time zone:

Figure4 Adding new Earthworm data source

3.3.3 FDSN Web Services
International Federation of Digital Seismograph Networks (FDSN) provides RESTful web service

interfaces for accessingave data. Sekttps://www.fdsn.org/webservicesfor more information on the

FDSN web services.
To add an FDSN web service data source, enter in the dataselect and station URL. A list of

available web services can be founchébs://www.fdsn.org/webservices/datacenters/Then click on

the Update button to get a list of Networks to choose from. You may choose to filter the data further
with station, channel, and location information.
TheGulp sizesetting determines how much past data to retrieve at a time, &uip delay

determines how much time between past data retrieval.


https://www.fdsn.org/webservices/
https://www.fdsn.org/webservices/datacenters/

Mew Data Source

Data Source Mame: |

I,I(Winstu:un Wave Ser-.rer\[ Earthworm Wave Ser-.rerr FD5SM WS\; Seedlink Ser-.rer‘l,l

Uze this data source to connect to an FOEN Web Services server.

Dataselect URL | http://service.rns.edu/fdsnws/dataselect/1/que |

Station URL |http:ffser».rice.iris.eduffdsnws.fstatinnﬂfquer}r

Enter Station, Channel, Metwork and Location. An emnpty field is the same as
*', Use -- for an empty location code, Wildcards (" for any single character
and "*" for zerc or more characters) and comma-separated lists are
accepted. All Metworks channels will not be displayed on the map.

Metwork |---Need Update--- |~r|

Station Gulp size
| |

minutes

Channel| | Gulp delay (1.0 seconds

Location | |

Figure5 Adding new FDSN data source

3.3.4 SeedLink Server

SeedLink protocol transmits data packet$12byte MiniSEED recordiRIS Bta Management Center

65a/0 K2ada | LdzotAO | 00SaaA0t8 {SSR[AY]

4 SNIS N

can be found ahttp://ds.iris.edu/ds/nodes/dmc/services/seedlink/To connect to a SeedLink ger

enter in the IP address or host name, and the port.



Mew Data Source hod

Data Source Name: || |

I,I(Winstu:un Wave Sewer\[ Earthworm Wawve Sewer‘{ FOISM WS}‘ SeedLink Server |

Usze this data source to connect to a SeedLink Server.

IP &ddress or Host Mame: | |v|

Port: {18000 Seedlink default: 12000

Figure6 Adding a new SeedLink data source

3.3.5 Files
Swarm can open waveform data stored in files throughRlie-5 h LJS ymer/SéipSoxtedread
formats are SAC, SEED, miniSEED, SEISAN;fdatlable text fileand WIN

3.3.5.1 Matlab-readable text file
Matlab-readable text files do not contain station information. While the station information is not
strictly necessary to display the data in helicordad most other views, it may be required in some
cases, such as in the particle motion view. Swarm will attempt to ol#@iNlinformation usinghe
filename. Simply name the files with the SCNL information separategameor underscore (), e.g.
MLLR_EHE.txt, MEV SHN OP.txt, etc.

The content of Matlalyeadable text file is space delimited with the epoch time in milliseconds
followed by the vale, e.g.:

15403379167202567

15403379167462519

15403379167662532

15403379167862568



15403379168062562
15403379168262541
15403379168462519
15403379168662536
15403379168862555

3.3.5.2 WIN

The Japanese WIN format does not contain station or time adoemation. This information can be

provided through a configuration file that Swarm will prompt for when opening WIN files. By default,

the file open dialog will filter orconfigextension but the configuration file can be called anything and

located amywhere. The first line of the file must contain the time zone, followed by the name for each
channelinthefilesL ¥ &aLISOATFTASR GAYS T2yS A& y20 @GFrfAR Al o6A
I @ AflofS 2NJ NBI RI.atbviafions maywiork, bR iSiFrecdrimiendédao useélthe / Q

full time zone name (e.g. Americas/New_Yd@HRantic/Reykjavik). See

https://docs.oracle.com/cd/B13866 04/webaf.904/b10877/timezone.htnfor a list of time zones that

can be usedExample WIN file configuration file content:

Asia/Tokyo
IJEN EHZ ID
RAUN EHZ ID

Ly GKS 06208 SEIFYLXS:E ¢2182Qa GAYS T2yS gArtt o
first channelwill be mapped to IJEN EHZ ID (Station: IJEN, component: EHZ, and network: ID). The
second to RAUN EHZ IDchannel names are not provided it will use channel numbers as names (e.g. 0,
1, 2, etc.).

Since there usually many WINfilest 8 2 OAF § SR A G K | gAseBesall AG A& | R
unknown files are of thistyfe 2 LJGA 2y ¢ KSy LINR Y LITKsRvill RuponatiGallyt S (& LIS
assign WIN to other unknown file typbeing opened simultaneously. It will also use the WIN

configuration selected for the first file on all subsequent files.


https://docs.oracle.com/cd/B13866_04/webconf.904/b10877/timezone.htm

Select File Type >

Select file type:
10090100.00

Choose 'Cancel to skip this file or select file type:

SAL file

SEED/miniSEED file
Matlab-readable text file
Seizan file

L‘lssume all unknown files are of thistg.-'pel

K I | Cancel |

Figure? File type selection dialog
3.3.5.3 SEED Files

Only Integer (3) encoding is supported.

4 Helicorder Vievs

4.1 Introduction

hyS 2F {21! waQad LINAYINE TFdzyOiiAz2ya Aa (2 RAaLAIlI& KS
helicorder below is displaying channel PN7A SHZ AV from AVO Winston data stalic@aders

derived from an active source, like a Wave Server or Wingsianextion, will automatically update

when new data are available.



P Swarm [2.6.4] — [} b4

File Layout Window Help

8 PR7A SHZ AV, [AVO Winston] |
2 Kbk X &

11:00 A A

05-02

=
300
200 *
@ 100 | M llll TRV T | || hnll]ll Il 4 - A 1o |
t
I T LR i I
(=)
. B L [ LR L L AR
-200 I
-300
13:16:00 13:16:10 13:16:20 13:16:30 13:16:40 13:16:50
0500 . e S T ———— ' P — o 1230
06:00 ¥ ” ‘ 1330
07:00 r " " * * ....... i 14:30
*., o . W , —— i
08:00 Ftontn - ' . sy i [15:30
I:‘Hﬂf"mmlllllllll\lll IINNNRINNET |||\||||||||||||E||\|| |\||\|||||||||||||||\|E||||||||||||||||
9 1m0 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2% 27 28 29 30
Time (PDT) + Minutes Time (UTC)

Figure8 Helicorder view

4.2 \Wave Inset Panel

Clicking on the helicorder opens a wave panel for a magnified view of the area highlighted in yellow. See

section onwWave Viewdor more informationon wave view settings and types

4.3 Status Bar

The status bar at the bottom will display information about the wave when in Wave, Spectra, or
Spectrogram view in inset panel.

First Line

The top line of the status bar always has information on the entire wave displayed:

 Starttimein UTC



End time in UTC
Number of samples (duration in seconds)
Sample rate

Minimum amplitude (does natccount for bias)

= =/ =4 =4 =

Maximum amplitude (does not account for bias)
1 RSAM value (does not account for bias)

Example:

[2018-07-23 16:15:53.470 - 2018-07-23 16:16:56.210 (UTC), 6274 samples (62.74 5), 100 samples/s, -4768, 4159, 539.4]
Second Line
If the panel is in time series view (Wave and Spectrogram), it will display the time oraxietkat the
mouse is hovering oven local and UTC time. Other information shown:
1 Y-axis value if in Wave view; e.g.:
2017-05-01 23:19:35.261 (PDT), 2017-05-02 06:19:35.261 (UTC), Counts: -31.764
1 Frequency and Power in Spectra view; e Frequency (Hz): 1.568723, Power: 341.370
1 Frequency in Spectrogram view; e.g.:
2017-05-01 23:16:23.990 (PDT), 2017-05-02 06:16:23.990 (UTC), Frequency (Hz): 10.645

4.4 Helicorder Toolbar

Below are the functions available in the toolbar above the helicorder. Hovering over an icon will also

provide a tooltip indicating the function of the butt@nd the hot keys, if available.
9 ™ Helicorder always on top

10 Helicorder view settings

44 Scroll kack time(A or left arrow)

# Scroll forward timeZor right arrow)

0 Compress ixis Altandleft arrow)

% Expand Yaxis Altandright arrow)

% Compress ¥xis Altanddown arrow

& Expand ¥axis Altandup arrow)

*. Decrease zoom time window)(

“ Increase zoom time window)(

=A =4 =4 =4 4 -4 -4 -4 -4 -9

1l Wave view setting€?)



v wave view(W or ,)

. Spectra viewSor .)

™ Spectrogram viewGor /)

8 Particle motion viewOor §

= Copy inset to clipboar@Cor CtrlQ

¥ Remove inset wavDeleteor Esg

= =4 =4 =4 4 -4 =4

i@ Save helicorder imag®)

=

Tag mode

=

4.4.1 Helicorder ViewSettings

B Toggle between adjusting helicorder scale and clip

There are two main ways in which the user can interact with the a helicorder view: manipulating the

helicorder view itself or zooming in and looking at the underlying waveféihthe settings for the

helicorder view can be manipulated in the helicordeww settings dialog which can be opened by

Helicorder Yiew Settings *
Axes

X, minutes: 30 -

Y, hours: 24 -
View time: ‘Now
Zoom

Zoom, seconds: 30 -

| 1i2] Wave Settings |

Clipping
Show clip

[ Audible clipping

Alert frequency, minutes:

Other
Refresh, seconds: 15

Scroll size, rows: 24

[] Force center
Auto-scale

One bar range:

Clip threshold:

[] Apply to all open helicorders

I oK Il | Cancel |

Figure9 Helicorder View Settings

clicking on theil button.

44.1.1 Axes

T Xis the number of minutes to display along the bottom

of the helicorder. Default is 15 minutes.

I  Yis the total time in hours to display on the helicorder.

Default is 12 hours.

1  View time setting allows user to set the time at the
o2G02Y 2F GKS KStAO2NRSND
The format forspecifying the bottom view time is
YYYYMMDDr, if more resolution is needed,
YYMMDDHHMMSS

4.4.1.2 Zoom

q Zoomdetermines the amount aofime, in seconds, on
either side of the mouse cursor to zoom.

1 Also available is a button to display the Wave View

Settings Dialog.

5S ¥ dz



4.4.1.3 Clipping

T

Show clipwill display the data in red when clip threshold is exceeded.

1 Audible clippinggnables audio alarrwhen clip threshold is exceeded.

1 Alertfrequencysetsthe frequency of audio alarm in minutes.

4.4.1.4 Other

1 Refreshs the number of seconds between attempts to refresh the helicorder with the latest
data. The default value is 15.

1 Scroll sizés the number of hetorder rows to scroll up or down on user scroll requests with
mousewheel or scroll bar buttons.

1 Force centeforces each helicorder sample to be centered on its current Tihés effectively
eliminates all drift and is useful for broadband stationdwiitts of low frequency energy. This
feature is to be used with caution though: it can make an obviously false signal look like an
earthquake.

1 Auto-scaletoggles helicorder autgscaling on and off. When auszaling is on aattempt is
made to produce @pleasang looking helicorder. If this fails, or if more contmler the
appearance of the helicorder is wanted, set the One bar range.

9 One bar rangés the number of counts on either side of zero that make up one bar. For
example|f there is a seismomet that reports counts betweef8600 and 3600 and a bar range
of 1200 is selected, a felange waveform will take 3 bars, overlapping one above and one
below. This is best understood through experimentation.

1 Clip thresholallow user to set a counts thrkeld after which the trace will be shown in red.

1 Apply to all open helicordeaption will copy the current helicorder settings to all other

helicorders currently open. The new settings are applied on next helicorder update, which may

be several seconds.

5 Wave Views

5.1

Introduction

Wave views are one of the fundamental data views in SWARM. There are four wave view types:

standard wave view, spectra, spectrogram, and particle motion. Any time a wave view is seen in SWARM



there are settings associated with thatividual view. For example, a wave view pasted into the

clipboard from somewhere else has its own view settings.

5.2 Wave View Settings Dialog

The Wave View Settings allow users to change how to look at the plots. The settings can be edited by

clicking on tle wave view settings icolid or pressing the ? key.

Wave Settings

View

) Wave () Spectra

{® Spectrogram

! Particle Motion

Wave Options

Min. Amplitude:
Max. Amplitude: m

@ Auto scale amp.

) Manual scale amp.

Persistent rescale

Remove bias

Uze calibrations

Spectra Options

Min. frequency:
Mazx. frequency:

Log frequency

Log power

® Auto scale y-axis

i) Manual scale y-axis

Y-axis range:

Spectrogram Options

Min. frequency:
Max. frequency:

Log power

] Use alternate color spectrum

() Auto scale power

(® Manual scale power

Power range (dB): |20.0, 120.0

Window size (s):
# of FFT points: D
Overlap (%)

Particle Motion Options

[] Use alternate erientation code

ZME alternative: Z12

Butterworth Filter

[ Enahled ) Low pass
) High pass
® Band pass

Min. frequency:
Mazx. frequency:

[] Zero phase shift (doubles order)

Crder

-

Cance

Figurel0 Wave View Settings dialog window



5.2.1 View

The general display mode can be set under the View section. Options are Wave, Spectra, Spectrogram,
or Particle Motion.

5.2.1.1 Wave

W or, will also toggle Wave view mod&o apply filter, press thEkey. To apply rescale, press Re

key.

15,000

10,000 : : ? ? ?
: : é é ; Sep 5, 2019

5,000

Courts
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-10,000 : : : : ; :
AS 000 [ ................................. ] .................................. r ................................. I ................................. ] .................................. I .....................

15:10:43.000 15:10:43.500 15:10:44.000 15:10:44 500 15:10:45.000 15:10:45.500

Figurell Wave view

In certain windows (e.g. Helicorder View, Clipboard), users can zoom in on a watftecligking and
dragging over the portion of the wave you want to see. The selected section will highlight in yellow
prior to zooming in.

When in Helicorder View, Duration Magnitudeption is enabled (see Options under File menu)
users can left atk on the wave panel to create two green markers. Once marked, the status bar at the
bottom will display the duration time and magnitude at the end of the first line. Example:

[2017-05-03 14:35:59.489 - 2017-05-03 14:36:59.489 (UTC), 3000 samples (60.00 5), 50 samples/s, -6468, 5152], Duration: 8.125 (Md: 0.84)
If the wave panel is subsequently copied to the Clipboard, the duration msabezome Coda markers

for use in Pick Mode.

5.2.1.2 Spectra
Sor . will also toggle Spectra view modeo apply filter, press thEkey.
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Figurel2 Spectra view

5.2.1.3 Spectrogram

Gor/ will also toggle Spectrogram view mode apply filter press theFkey.

25
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T
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Figurel3 Spectrogram view
5.2.1.4 Particle Motion
Oor Wvill also toggle Particle Motion view modEgo apply filter, press thEkey.
Z Z I FGa BH* Gl 00
Sep 5, 2019
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Fumbier repres
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Figurel4 Particle Motion view

The particle motion view will plot the amplitude of one component against the amplitude of another
component from the same station. The plot begins as red at start time and gradually turns to blue at end
time. The gray number next to each plot indicatles timit of the x and y axi§upport for this view is
limited to the following:
1 Traditional(Z N E)triaxial (A B C), nemaditional orthogonal (1 2 3), and optional component
(U V Worientation codes.



5.2.2

5.2.3

= =/ =4 =4 =

In helicorder view and clipboard

For channels tat have metadatand associated SCNL informat&nce retrieval of the wave
form for other components is automate&ome wave data, such as those imported from
Matlab-readable texfiles, may not have the requirestation and channdghformation to

perform this plot.See sectior3.3.5.1for more information on getting Swarm to recognize SCNL

information from Matlabreadable text files.

Wave Options

Min. Amplitudeis the yaxis minimum limit.

Max. Amplitudds the yaxis maximum limit.

Auto scalewill scale the yaxis automatically ifelected. The-axis will be set to contain the
minimum and maximum values attained by the wave in the shown time interval.
Manual scaleif selectedwill set the yaxis to the user specified Min. Amplitude and Max.
Amplitude settings.

Persistent rescalaf unchecked, will rescale the x and y axis to use the whole screen based on
the current max amplitude being displayed.

Remove biawill remove the mean value from the wave if on. It is enabled by default.
Use calibrationsif enabled, will use conversidactor information available from the data

source to convert the data to real velocity.

Spectra Options

Min. frequencyspecifies the saxis minimum.

Max. frequencypecifies the »axis maximum. While SWARM will allow the maximum frequency
to be set to ay positive value greater than the minimum frequency, this value will adjust
automatically if it is greater than the Nyquist frequency of the wave being manipulated.

Log frequencyif checked, will set the frequency axis to log mode.

Log Powerif checked, will set the power axis to log mode.

Auto scaley-axisto scale yaxis automatically.

Manual scalgy-axisto scale yaxis manually.

Y-axisrangespecifies the minimum and maximurrayis values. 1bg poweris enabled, the

values here should bihe log power range (i.e. the x in 10"x).



5.2.4 Spectrogram Options

1 Min. frequencyspecifies the yaxis minimum.

1 Max. frequencypecifies the yaxis maximum. While SWARM will allow the maximum frequency
to be set to any positive value greater than timnimum frequency, this value will adjust
automatically if it is greater than the Nyquist frequency of the wave being manipulated.

Log Powerif checked, will set the power scale to log mode.
Auto scalgpowerto scale power automatically.

Manual scalgower to scale power manually.

=A =/ =4 =4

Power rangdo useif manual scale power is enabled. This determines the minimum and

maximum to use on the color scale if power is scaled manually.

1 Window sizénfluences the temporal or frequency resolution of the analysis.

1 FFT pointss the number of samples to be used in each FFT. Adjusting this value affects the
dimensions of each pixel of the spectrogram. Increasing the number of samples increases the
vertical resolution while decreasing the horizontal resolution. Decreasing the number of samples
increases the horizontal resolution while decreasing the vertical resolution.

1 Overlap (%gletermines the amount of overlap in consecutive FFTs. Legal values ameced
and 95. The higher this value is set the smoother the FFT will look. However, artifacts can occur
when excessive overlap is used.

9 Use alternate color spectrunf checked, will use a color spectrum that is more cblord

friendly. i.e.:

23

20

15

10

Freguency (Hz)

]

20:07:30 20:07-40 20:07:50 20:08:00 20:08:10

5.2.5 Butterworth Filter
1 Enabledcheckbox will turn Butterworth filtering on and off.
1 Low pasdilter removes signal aboveorner frequencyNlax. frequencysetting

1 High pasdilter removes signals beloaorner frequencyNlin. frequencysetting



Band paséilter removes signalaboveMax. frequencyr lower thanMin. frequency
Min. frequencyspecifies the lower bound to filter on.

Max. frequencypecifies the upper bound to filter on.

=A =| =4 =4

Zero phase shitiption runs the specified filter both forward and baeard. This eliminates any
phase shift effects due to the filter at the expense of effectively doubling the filter order.
9 Orderslider bar sets the order of the filter as even values between 2 and 8, inclusive. In general,

the higher the order the steepehe cutoff at the corner frequencies.

6 Wave Clipboard

The Wave Clipboard holds as many simultaneous wave views as dé&siiedllows user$or example
to compare arrival times across many stations, look at the same waveform with three different filters, or
compare different events from one station.

The user interface consists of a clipboard toolbar at the top and then as many stacked
clippoardwaveview I &4 RSaANBR>X SIOK gAGK AGA 2¢y (G22F0l N
a waveby left clicking and dragging over the portion to zoom ir(thie transparent yellow block is
showing the act of zooming)he status bagat the bottomdisplaysnformation about the waveThe

panelshaded bluégs theselectedvave for the purposes of the clipboard toolbar.
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Figurel5Wave Clipboard

6.1 Clipboard Toolbar

Below are the functions available in the clipboard toollbéovering over an icon will also provide a

tooltip indicating the function of the button and the hot keys, if available.

q | Open a saved wave

=] save selected wave

[ save all waves

=3 Synchronize times with helicorder wave
e Synchronize times witkelected wave

@ Sort waves by nearest to selected wave
Set clipboard wave size

%% Remove all waves from clipboard

=A =4 =4 =4 4 =4 -4 4

16 Saveclipboardimage P

i Pick Mode

=



44 Scroll back timeXor left arrow)

# Scroll forward timeZor right arrow)

# Go to time CtrkG)

¢4 Shrink sample time 20%Alt left arrowor +)
G Expandsample time 20%Alt right arrowor -)
€Y Last time settingBackspace

12 Wave view settings?|

I wave view\or,)

. Spectra viewgor .)

™ Spectrogram viewGor /)

8 Particle motion view@or §

= Place another copy of wave on clipboaéb¢ Ctr+-C)
' Move wave(s) up in clipboartlp arrow

‘*Move wave(s) down in clipboar®¢wn arrovy

=A =4 =4 =4 4 -4 -4 4 -4 -4 -4 -4 -4 -4

¥ Remove wave from clipboar@®életeor Es¢
6.2 Pick Mode

When the? button is enabled, users are able to make picks for P aimde3, and coda start and end
timesin the wave and spectrogram view for each pafi@ make a pick, right click over tdesiredpick
time in the appropriate channggo down the Pick menand select he desired pick type.

Locatingoriginis not yet supported in Swarm.

6.21 PandS
When doing a P or S pick, users must traverse all the way down the menu tree to determine onset
(Emergent or Impulsivepolarity,and weight (0 to 4) of the pick. The weight selected will be applied as
the lower and upper uncertainty. The amount of time represented by each weight is dependent on each
dza SNDa LA O] & 623w 2Bmanbre hfdrBatién Sropick setifhg©nce a pick is made,
a vertical line will display over the pickn, along with a tag indicating the phase, onset, and polarity.
The uncertainty times will be highlighted.

If other channels from the same station exists in the clipbodre,Rand S pick markessill be

displayed there as wellThe pick tag on the chanhehere it was originally selected will have a colored



background (green for P and purple for S). The pick tag on other channels will have a white background.
Selecting a P or S when one exists for the station will simply replace the existing pick wighwtbae.

P or S picks may be cleared or hidden using the-glitk menuOnce both, P and S, picks are made, the
SP duration and distance will display on the third line in the status bar when hovering over a wave

panel.
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Figurel6 P and S picks

6.2.1.1 SP Plot

Once both P and S picks are made, tHe @stance can be calculated using thegiocity value set in

Swarm OptionsKile>Optiong. The & duration and distance are displayed in the status bar at the
bottom of theclipboard when a user hovers over the wave panel for the applicable station. Additionally,
the SP distance from station is plotted on the map as a circle. When uncertainty is present, additional
SP circles using dashed lines are also plotted. The tirde represents the shortestiSdistance

possible given the uncertainty. The outer circle represents the longBslliStance possible given the
uncertainty.Multiple SP plots can be madeSP plots for individual stations can be disabled through

the right click menu when in pick mode (uncheck 8fPlotmenu item). Note: Locations for the

stations that the picks are made on must be defined for this feature to work, either through the da

source or SwarmMetadata.config.
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Figurel7 SP plot

6.2.2 Coda

Coda picks can be made with a P pick and either a Coda 1 (C1) or Coda 2 (C2) pick, where C1 or C2 pick
time is greater than the P pick time. Users can also pick C1 afutde? does not matter) to calculate

coda duration and magnitudeAs with the P and S picks, rigtiick menu options exist to hide or clear

coda picks. The background color of the coda marker tags will be yelloge both coda picks are



made,or a P ad one coda picis made,the coda duration and magnituder the channebre displayed
in the third row of the status bar when hovering over tiggplicablepanel. Calculations use the same
Duration Magnitude parameters configured under Eiteptions (sesection12.1.1.2) The average

coda duration and magnitude of all coda windows on the clipboard are also displayed.

_“3 Wave Cliphoard
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Figurel8 Coda picks
When a wave is added to the clipboard from the helicorder view, if the wave had the green duration

markers on them in helicorder view, they are translated to coda markers in the clipboard and will be

visible in Pick Mode.

6.2.3 PickMenu
When Pick Mde is enabled, &ick Menus displayed to the right of the pick button. itiggling the

pick button will hide thePick Menuwagain.

_Dg Wave Clipboard

=) ﬁ'@ = _ || Pick Menu W BMPY w82 ¢ & X
Settings Ctrl-5 -4
Clear All Picks Ctrl-D

Open Event Dialog  Cul-E

1

Figurel9Pick Menu

6.2.3.1 Settings

SelectingSettingdn the pick menu, or pressir@trkS will openup the pick settings menu. Here users
can select the units and values that the uncertainty weights will mafté Sampless selected, users
should enter in the number of samples that the weight will map to. The actual uncertainty time will

then be kased on the sample rate also.#IMillisecondss selected, the uncertainty time each weight



will map to is the actual value entered in the settings dialGhanges made to the settings will be

stored inPickSettings.config

Pick Settings X
Uncertainty
) # Samples @ # Milliseconds
Weight Value
0 | 0
1 | 100)|
2 | 250|
3 | 500
4 | 1000|
ok ]| Cancel |

Figure20 Pick Settings Menu

6.2.3.2 Clear All Picks

TheClear All Pickmenu will remove all picks from all channels in the clipboard. This feature may be
useful if a user has completed processing of one event and would like to begin working on a new event
without clearing the clipboard contents. There is also an optiortoave all picks from a single

channel through the rightlick menu.

6.2.3.3 Open Event Dialog
Opens the Event Dialog. See sectdh4

6.2.4 Event Dialog
The Event Dialog can be used to import existing events or export events generated in Swarm. The Event

Dialog can also be used to run the Hypo71 locating algorithm on picksim#ueclipboard.



| & Event Dialog =

Event Details

Event Type | earthquake "'|

Event Type Certainty | suspected v|

Description | |

Comment

Hypo71 Input
{2} Use Clipboard Picks

Crustal Model File |DEfa|.|It'-;Elccit';.'r'-ﬂl:l:IEI.txt | IZI

@ Use Input File

Hypo 71 Input File | | IZI

Settings | | Run |

HypoT1 Output

Location

Magnitude

GAP

ERH

ERZ

| |
| |
RMS | |
| |
| |
| |

View | | Plot | | Save | | Clear |

QuakeML

| Import | | Export |

Figure21 Event Dialog

6.2.4.1 Event Details
If an event is imported, the event summary details will be displayed here. When exporting an event, the

details specified here will be exported with the event.



6.2.4.2 Hypo71 Input
Users can provide input to Hypo71 locating algorithm in two ways, through clipboard picks or Hypo71
input file. The recommended way to do earthquake locating is through picks in Sweke at least 1
pick in the clipboard to enablkie Use Clipboard Pickgtion. In order to perform locating using picks,
note the following:
1 Make a P pickn three stations for fixed depth solution. Make a pick on at least 4 stations for
non-fixed depth solution.
1 Swarm Hypo71 usesHrduration as input for magnitude. Faah channel with a P pick, pick
the event (earthquake) end time using one of the coda pick options (C1 or C2). Swarm will take
whichever coda pick is later and use it to calculak durationIf no coda picks are made
magnitude will not be calculated fdinat station.
9 Each station must reside in the same quadrant (i.e. NW, SW, NE, SE). This is a limitation of the
Hypo71 algorithm.
1 Trial hypocenter is the epicenter of the station with the earliesirfval (+0.1 degreesind a
depth of 5km.

The default oustal model in Swarm is:

3.300.0
5.001.0
5.704.0
6.70 15.0
8.00 25.0

The first column is the-Relocity in km/sec for a given layer. The second column is the depth in km to
the top of the layer. You can change the Swarm crustal model defaaliitigg thetext file called
DefaultVelocityModel.txtinder Swarm directory. Yiacan also load crustal model files by other names

through the browse buttoD.

@ Use Clipboard Picks

Crustal Model File | DefaultVelocityModel.txt B

Figure22 Use Clipboard Picks

ForUse Input Fileption, select the Hypo71 input file by clicking on the brovsiton E Refer

to Hypo71 manual foits input file format specifications.



# |Use Input Filgl

Hypo?1 Input File |z|

Figure23Use Input File

Once you have made your input type selection, clickRbabutton to run Hypo71If there are
insufficient phase picks, an error message willqpppand the run is aborted. Otherwise, Hypo71 is
executed and results will display unddypo71 Ouptut

Regardless of which method is being used, the Hypo71 settings should be reviewietiby cl

on . This will open a dialog window to allow editing of sattings Configurations are saved
in Hypo71.configThere are two categories of settings:

T KSINGBYy default, Swarm uses the original SINGLE subroutine which only suppuets/ork
earthquake locating. To allow use of the modified SINGLE subroutine to locate earthquakes
outside of network, select the second option. This will extend the distance weighting so that
distance stations will still be used in the location procedure. Refdraddypo71 manual for
further details on this option.

 Testvalues OO2NRAYy3I (2 GKS 1 @&LRTtTmM YlydzZadf G§KS aadl yF
are appropriate for earthquakes recorded by the USGS California Network of stations. Careful
consideration shold be given to their definitions and the values appropriate to a given set of
RFEGIF 0ST2NB (K Rafer tapageT NilthiHypb 7 maadafypdyimanual.pdf

included with Swarm bundldor definitions of these test variables.

In addition b the inputs above, ensutthat the station location information is available in
Swarm either through the data source or metadata configuration. If available, also provide station delay
and FMAG correction for more accurate location calculations. Seies&8t8for more information on

metadata configuration.

6.2.4.3 Hypo71 Output

Once Hypo71 has run, you will see sdkagoutput in thissection



HypoT1 Output
Location 38.48 12270 8.41 km
Magnitude 1.70
RMS 0.16s
GAP 59 deg
ERH 0.5 kmn
ERZ 1.1 km
View | | Plot | | Save | | Clear

Figure24 Hypo71 output

Underneath the output are the following buttons:

Viewc Viewfull output text in a popup.

Plot¢ Plotevent on map.

SavecSave output to text file.

Clearc Qear Hypo71 results.
The Hypo71 output text will containformation on station input, crustal model input, conticard,
iterations, origin, station results, and travel time residuals. Refer to Hypo71 manual for more details on

output format.

6.2.4.4 QuakeML
Swarm supports event import and export using QuakeML forrRat. more information on QuakeML,

visit their website ahttps://quake.ethz.ch/quakeml

P, S, C1, and @&ks are imported and displayed if a loaded data source has the

wave data available for the pick channel and time. If the data source for a channel is configured but the
wave form data does not display, ensure that it is loaded by double clicking o ieamport the file. If
there is still no wave form data, it is likely the data for the given time is not avail@bkevent
description,comment,type, and typecertaintyare also importedrbm the file and displayed in Event

Dialog


https://quake.ethz.ch/quakeml

Clicking on te Export buttorwill open a file chooser dialody default, the
save filename is of thiormat: Swarm<version>_QuakeML_<user>_<timestamp>gdrs
may optionally enter desired file name in the file chooser dialioig.recommended to save
your picks pior to running Hypo71 in case there is an issue during execution or a future desire
to reprocess the picksf Hypo71 was executed prior to export, the output file will also contain

origin, magnitude, and arrival data based on the run results.

6.3 Status Bar

The status bar at the bottom will display information about the weiden in Wave, Spectra, or
Spectrogram view
First Line
The top line of the status bar always has information on the entire wave displayed:
M Starttimein UTC
 Endtimein UTC
1  Number of amples (duration in seconds)
1 Sample rate
T Minimum amplitude (does not account for bias)
1 Maximum amplitude (does not account for bias)
Example
[2018-07-23 16:15:53.470 - 2018-07-23 16:16:56.210 (UTC), 6274 samples (62.74 5), 100 samples/s, -4768, 4159, 539.4]
Second Line
If the panel is in time series view (Wave and Spectrogram), it will display the time oraxietkat the
mouse is hovering over in local and UTC ti®#ner information shown:
1 Y-axis value if in Wave view.g.:
2017-05-01 23:19:35.261 (PDT), 2017-05-02 06:19:35.261 (UTC), Counts: -31.764
1 Frequency and Power in Spectra vjeug: Frequency (Hz): 1.569723, Power: 341.370
1 Frequency in Spectrogram viegg.:
2017-05-01 23:16:23.990 (PDT), 2017-05-02 06:16:23.990 (UTC), Frequency (Hz): 10.645
Third Line
If the clipboard is in Pick Mode, the third line will display:

1 SP duration and distance, if P and S phases are picked.



1 Coda duration and magnitude, if coda start and end are picked.
Example: S-P: 16.77s (100.63km), Coda: 32.55s (Mc: 1.96)

7 Realtime Monitor
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Figure25 Realtime Monitor
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The realtime monitor is useful to see new data coming in. Multiple waves can be plotted in the same

window.

8 Realtime Wave Viewer

Clicking onl¥ at the bottom of the Data Chooser window will open reale wave viewerThe white

area to the right shows the lag between now and the last available data at the time of refresh (which
occurs every two seconds.) It is possible to switch between vieds, &0, 60, 120 (default), 180, 240,
or 300 seconds. The time displayed is UE&ch wave is in its own window.

v PN7A SHE AV, [AVO Winstan]

o .2

Counts

22:38.00 22:38:30 22:39:00 22:39:30

Figure26 Realtime Wave Viewer

9 RSAM

Clicking or.-l-”- at the bottom of the Data Chooser window will open tRealtime SeismieAmplitude
Measurement RSANlviewer. The buttons at the top let you choose between values view and counts
view. The expand‘#’) and compress) buttons will toggle between the folleing time spans: 1 hour,

12 hours, 1 day, 2 days, 1 week, 2 weeks, 4 weeks, 6 weeks, and 8 weeks.
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Figure27 RSAM values view
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Figure28 RSAM counts view
Note that Swarm does not calculate RS#ithin the program, but instead relies on RSAM data being
provided by the data source, e.g. Winston. If the data source is not an RSAM data source, the RSAM

viewer will indicate there is no RSAM data for the channel:
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Figure29 If data source does not support RSAM
9.1 RSAM Ratio

RSAM values of two channels can be compared as RSAM Ratio:

1. Open two or more channels in RSAM viewer.

2. Select the viewer of one of the channels to compare and alicke L putton.

3. If two channels are open in RBI viewer, the window with RSAM Ratio will pop up
automatically. If three or more channels are open, it will prompt the user for the desired
channel.

The RSAM Ratio viewer will loakd functionsimilar to the RSAM viewer.

9.2 RSAM Settings

Clicking on th& icon opens the RSAM Settings dialog
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View

im RSAM values i1 Event counts

RSAM Options

[ ] Detrend (linear) RSAM Period: |Ten Minutes -
[ Despike (mean) Despike Pericd: D

Auto scale Scale Min;

Alarm Scale Max:

Event Options

Event threshold: Period: |Ter1 Seconds "l

Event ratio:| 1.3 Bin size: |H|:n.|r "’l

Event max length:| 300.0

QK Cancel

Figure30 RSAM Settings

RSAMlefaultsettings can beonfigured usindRsamDefaults.conffie. Each SWARM execution will

read this fileupon start upto determine initial RSAM viewonfigurations.

9.2.1 Event Options

Event threshold The RSAM value must exceed this threshold for it to be an event.

Event ratiogc The minimum ratio between current and previous value to define event. l.e. current value
>= (previous value * event ration).

Evert max length¢ Maximum event length in milliseconds. RSAM values that meet the threshold and
ratio criteria will be counted as a new event after this length of time.

Periodg Users may choose RSAM period of 10 seconds, 1 minute, or 10 minutes.

Bin Size Users may choose varying bin size between a minute to a yider.bar graph in Event view

will display the number of events per bin size, e.g. hour, day, month, etc.

9.2.2 RSAM Alarm
If the Alarm option is checked, Swarm will play an audible alaMalne viev whenever the latest RSAM
value acquired is equal to or greater than tGeent thresholgpecified undeEvent Options The

resulting plot will also have a red line across the threshold value to indicate alarm is enabled.



L WIZ EHZ CC --, [C¥O Winston]
e M

0T 1 : : ! 1 : !
ol ! ! ! ! ! ! !
70
50
S0
ol
30
20 :
10f- i
i}

RSAM “Yalues

Figure31RSAM Plot with alarm enabled

10 Map Interface

10.1 Introduction

The map shows station locations on geographically projected background imagery. Imagery can be, for
example, shaded DEMS, satellite imagery, aerial photos, coastlines, etc. By default a Hdgitapor

taken from NASA Blue Marble imagery is provided. Custom imagarge addegrovided that

unprojected, geeregistered image files are available. See map packs for more informa&tienmap

interface can be openebly checking on th&Vindow-> Mapmenu itemor pressingCtrkM.
10.2 Displaying Station on Map

The map can also be openeddlicking on th button at the bottom of the Data Chooser to
display the selected stations or network. For example, selecting\ifggoup under AVO Winston data
source and then clicking on the map button will display the Aleutian arc along with transparent station
markers. To avoid clutter not all stations are displayed at this scale. The number of hidden channels is

displayed in the lower left of the map panel.

10.3 Map Toolbars

Map related functions:
q b Map Options or map settings
1 Change label settinggoggles between showing some,,al none of the station labels

1 @ Zoom out to full scale (home)



+ Drag map) ¢ left click and hold to pan the map

< Zoom into boxB) ¢ left click and hold to draw a box to zoom in on
~ Measure distances\)

*\ Zoom in(+)

= Zoom out(-)

<7 Last map viewGtrkBackspace

Wave related functions:
q & Realtime mode
=3 Synchronize timewith helicorder wave
%4 Scroll back tim@0%(A or left arrow)
2 Scroll forward time20%(Z or right arrow)
& Go to time CtrkG)
i1 Shrinktime axis(Alt left arrow)
% Expandime axis(Alt right arrovy

1

1

1

1

1

1

1 %Y Last time setting(Backspace
1 1 Wave view settings?)

1 W Wave view\V or,)

1 1™ Spectra viewgor .)

1 N Spectrogram viewgor /)

T 8 Particle motion view@or Y

1 L= Copy inset to clipboard)or CtrtC)
1

i@ Savemapimage P)

10.4 Map Settings

Clicking orill will open the Map Settings dialog.



Map Settings

Location
Longitude: degrees
Latitude: degrees
Scales m,/pixel
Options
Line:
Refresh Interval: |1.00 seconds

Channel Labels: ) Mone
i Some

0 All
Hide Stations [

Events

MEIC Event Summary |1 Hour - All =

Hide Legend [
Plot event color by: @ Age
) Depth

I gK I | Cancel | | Help

Figure32 Map Options

1 Longitudeg Longitude to center map on in decimal degrees

Scale; Map scale in m/pixel

=A =/ =4 =4 =

all station labels

1 NEIC Event Summarriteria for displaying NEIC event
i Hide Leged ¢ Option to hide event plot legend
f Ploteventcolorby/ K22a$8 W! 3SQ

plot event color based on depth of event origin.

Latitude¢ Latitude to center map on in decimal degrees

Linec Choose line color used on map
Refresh Seconds-requency of map refresh

Channel LabelsNoneto show no station label§Someto show some station labelgyJlto show
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10.4.1 Displaying NEIC Events
To display events from the National Earthquékisrmation Center (NEIC), choose an option from NEIC

Event Summary. Ségventssection for more information.

10.5 Ruler Tool

The ruler tool measures great circle distaa@nd azimuths. Distances are measured byclefking on

the map at the desired start point and then moving the mouse, wstileholding down thdeft button,

to the desired end point. The distance and azimuth will be displayed at the lower le# afap panel.

Note that because great circles are used, the distances and azimuths may seem -cowitiee when
f221Ay3 Fd tFNBS a40Ft8 YILAS® hyOS ¥Fhoysisoksddre 64 G K

enable drag box area selectionmanning.

10.6 Understanding Map Scale

The map scale is shown in the upper left of the map panel. The scale is accurate at the center of the map
and diminishes in accuracy with distance from the center. Inaccuracy is high for small maps and low for

large maps.

10.7 Channel Interactions

Left-clicking a station marker will produce a wave view on the map. The wave vievecaoved

around the map by dragging the title bar. A tie line will point back to the stdticetion. An individual
wave view can be resized by haidithe mouse over the panahd moving the mouse wheel. Moving
the mouse to spots not over a wave panel andving the mouse wheel while holding tikI Rkey will

resize all the wave view panesnultaneously.

l.:.l
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Hgure 33 Waveview on map

A left doubleclick will open delicorder.Rightclicking on a station marker will show multiple

channels (if present) and alloavselection from them.

10.8 Wave Panel Time Spans

All wave view panels on a map have the same time span. The vertical line on the wave panels always

points tothe same time on every panel.

10.9 Map Packs

SWARM usegn-projected, geereferencedJPE@r PNGmages to produce map background. By

default,the imagery is in thenapdatadirectory of its installation. This can be change&warm.config

Subdirectories inmapdataare called Map Packs. The binary distribution of SWARM includes world and



NASAk Map Packs. The fiapPack.txprovides SWARM the information needed to render the
imagery. This is the first line fromMapPack.txtn world sutdirectory:
world.jpg,2700, 1350180, 18090, 90, 0, 2000000, 0
The commaseparated fields are defined as follows:
1. Thename of image being described.
2. Pixel width
3. Pixel height
. West longitude extent180 to 180)
. East longitude extentX80 to 180)
. South latude extent (90 to 90)
. North latitude extent-90 to 90)

. Minimum scale (m/pixel) this image will be displayed at

© 00 N o O b

. Maximum scale (m/pixel) this image will be displayed at

10. Precedencehigher numbered images are rendered on top of lower rendémages.
Note that a longitude extent (west to east) from 175105 spans 10 degrees of longitudied one
from -175 to 175 spans 350 degrees of longitude. That is, the 4ttbindolumns daot specify

minimum and maximum longitude but western aedsternboundaries.

11 Events

11.1 Importing Events

Events can be imported into Swarm by enabling NEIC Event Summary option in Map Settings (see
section10.4.1) Eventsri QuakeML file formats can also be imported from Hile-> Import Event

menu. For more information on QuakeML, visit their websitéheips://quake.ethz.ch/quakeml

11.2 Map Display

Events displayed on the mapearepresented by unlabeledircles as markersThe size and color of the
markeris based on how recent the event is, and its magnitutlee larger the magnitude, the larger the
marker. Below table shows the colors associated with the age of event.

EventAge Color
<1 hour Red


https://quake.ethz.ch/quakeml

1 hour or more but < 1 day Orange
1 day or more but < 1 week Yellow

1 week or more White

Hovering over the marker will turn the color green and display basic information about the event.

S TR S ™ vl

o 38km NINE of Amboy, Washington _ '
017-05-03 20:00:31°UTC ;

Figure34 Example of hover over event

Clicking on the marker will open the Event Frame.

11.3 EventView

Theevent view can be opened by clicking on an event marker on the map. The topeyeihiewindow

will display basic information about the evefiihe bottom part of the event window will display the

wave views of the picks associated with each arrival witlénevent. Pick times are marked by a green
line and label tag indicating thieéne weight of arrival; an@énset, phaseand polarityof the pick. The

gray area to either side of the pick mark representse residual associated with the arrivalhe

toolbar above the picks contain buttons that perform functions similar to that found in other views. The

buttons related to waves are enabled only after a wave is selected.



Figure35Event Frame

Event source Resource identifyig the event

Descriptiong Event description

Origin datec Focal time

Typec Describes the type of event. Limited to a set of values supported in QuakeML.
Hypocenter¢ Geographical location of hypocenter. Latitude and longitude, with respect to WGS84

reference system; and depth, with respect to nominal sea level given by the WGS84 geoid.

































