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The Geophysical Monitoring System

* Sandia National Laboratories is developing the Geophysical Monitoring System (GMS)
to modernize the United States National Data Center waveform processing system,
including data acquisition, automated processing, and interactive analysis.

* The United States is providing the common architecture and processing components
of GMS as a contribution-in-kind to accelerate progress on International Data Centre (IDC)
Re-engineering.

* Recently the GMS project has focused on developing a Station State-of-Health (SOH)
Monitoring capability, to enhance the ability of system operators to quickly recognize
and address station availability and quality issues.

* The GMS Station State-of-Health (SOH) Monitoring capability was provided to the IDC in April 2021.

* Availability:

* https://github.com/SNL-GMS/GMS-PI13-OPEN
* BSD open source license
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Station SOH Monitoring
* The GMS Station SOH Monitoring application

* will receive, process, and display SOH information,
* supports at least 300 stations using the CD-1.1 protocol, and

* meets operational performance, deployment, and reliability specifications.

* Allows users to
* view current network and station SOH status,
* be notified of changes in station status,
* acknowledge their awareness of station status to other users, and

e drill down to view detailed SOH metrics to the channel level for each station.
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Capabilities
* Acquires CD1.1 protocol data for 300+ stations .
a P SOH Displays
* Computes SOH metrics, configurable for each channel and metric type: «  Overview Display
* Missing Data *  Station Statistics
e Data Timeli i Missing drill-down
ata Timefiness *  Timeliness drill-down
* Communications Lag . Lag drill-down
* Station Environment Issues *  Environment
] ) ) . Missing Trends
* Computes roll-up statuses, configurable by station and station group: «  LagTrends
*  Worst-of SOH status roll-up for each Station . Environment Trends
* Capability status roll-up for Station Groups and Stations ) System Messages
* Displays current status as well as selectable long-term averages and trend plots All SOH displays are synchronized
* Stores SOH data for trend plots and to restart with stored state
* A System Messages Display shows information and provides audible alarms Layout is adjustable by the user
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SOH Overview Display

: The SOH Overview Display shows
Flerty Btn g RS—————————a  {hc current status of IMS stations
- = = - - 0 organized by Station Group
Needs Attention Needs Attention Neads Attantion Meeds Attention ( netwo rk) .
semar  KEICH 0 AKTO ) FITZ O  KDAK sz O HIEV ) iz0EC §  i30sR 42PT oSN
NWAO 4)  SADO § SHEM & TeY “IGE §  157US 159us The colors of the station icons
usia indicate the mission capability for
the station. The badges attached
to each station indicate the worst
-of status. Both are separately
configurable.

p— = EE EL Er N B Changes to SOH status are

sxrm oo [ wosex 9 msce 4 maok woss [ vosn  wew  wm elevated to the “Needs
i ¢ mm @ mme  mea  Wms Attention” box for each group
enz ¢ umwoB] wsew o woee ¢ (upper panels) until an operator
WY QU @ e wsau acknowledges the change by

i R G . dragging the station back to the
mo 153Us I55US I156US |0W€I" bOX

158U%S Isous
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Station Statistics Display

Hover rermyrerermpe o—— : B The Station Statistics Display
s by Saiss = Lasi Updaied: 2021/03/25 173801 Updaie Inienval: 20 secands ShOWS the Cu rrent SOH metriCS
Hoss Rifertan for each SOH category.

Siafion + Slation Missing (%) Slation Timelines Siadion Lag () Siafion isswes (%) Channel Missang Channel Timaiine Channel Lag () Channel issues [

ARAEGE 41.56 0.05 025 41,61 00.08

The values shown in the

23 332 o e columns labeled for station
v i (best channel) and channel
— v umno (worst channel) are separately
uninown 1,301.61 ; configu ra ble

Unknown 2,251.15

I. Thresholds for

nsn 121 68 e a5 ML good/marginal/bad Color
coding is only configurable for
the worst channel case.

o AKTO Unknown Unknown 00.00 1,381 .61
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Siation ¢ Siation “Ibslllq :\!I Stlation Timelines Siation Ldg l:‘il S1ation Issues :":I Channel Misss ny Channel Timehne Channe! Ld'.l |1: Chanmel 1ssues |

0000 50,801.61 Wiknwr Lrkown M 040 50,901 61 MW

38 540 UMk nOWT 025 462 i H UAnRnOWS

ARCES 025 161 a3.38 ( 25 ari i 1 0.00 . . .
e _ s " Selection of a station is
s o , . e synchronized with other
BOSA 0.25 e a2 0 25 a6 000 displays.
GRM,I\R 012 .61 0. 1.259 41.64 - 0.0
GRTQ 025 .61 1.8 0. L 64 . 0.0

CPUP 025 .61 35.04 ] 25 4161 36.3 L]
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SOH Environment Drill-down Display

— : e ; o e Each SOH metric category has
Filler Monftors By Sk~ Fillor Channcis by Staius = Last Updatect 2021/03/2% 174641 3 Time Fange  EMIAES 171510 TN 174490 dri”—down displays Showing the

AKASG Cu t percant en = 1 AKASG v ar 1 H
Monltar Type + AK11 BHE AKA3 BHZ AK14 BHZ AKDLEHE current Status (Ieft) and hIStOI‘IC
trend plots (right).

Aulhenticalon Seal. . oo oo ao oo
ARTRBHE
Backup Power Unst oo oo ao oo

ey — - o0 . an o In this example, the AK12.BHZ
ciippra 0 oo a0 8o : channel was seen to have a high
Giock Difirential i Unkswn ninow unkenen . : percentage of bad status bits for
ek Differealel T ae o0 o0 pe sz “Vault Door Opened” (left). The
. * ., N N o trend plot shows that this bit is
e Calloati oo us . switching randomly from low to
[—— a0 : high, likely indicating a faulty

T w i switch or circuit (right).

Equipment Mowad Lk AKIRLAHT

Gps Recaiver O o o Metrics that have changed or
have been quieted by the

L e e i e operator are indicated on the drill

Shghg ah : -down displays.
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SOH Missing Trends Drill-down Display

In this view of the SOH Missing

: e onge. [T ey Trends Display, the Average

ILAR Histor for missing Missing data percentage is shown
for each channel for the Time
Range selected. The lower panel
shows a trend plot for each
channel, with colors matching the
upper display.

The channels shown may be
down-selected to reduce
complexity.
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GMS Architecture
= mmumm * GMS has a service-oriented
' o architecture, using Kafka for inter-
T Tl e process communication.
oo pessss T . C— — * User interfaces are rendered in a
“ )/ / web browser
_____ exd 18wt - . -——:— U mmu.w_
-L | e || e % 7l e languages:
e . o | \_Fama v gy ——, * Java (back-end)
ettt -ty el — * Typescript (user interfaces)
I | [ - * Python (platform utiliti
1 ;— ython (platform utilities)
meiama || EEONEY | eaeaas | rasesns || jehgvewsasm | JiliL | Lemeeess * The SOH storage database is
| | | [ | | PostGRES.
* GMS is deployed in Docker
R - . i |l N mmm E containers orchestrated with
— p— e a Frmres Kubernetes, a common cloud
= environment.
= —
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Future GMS Development
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: —F—F Fraa j The GMS project is transitioning to
————t——1+—+—+—+— E:":'“‘“ development of data analysis tools,
CSEE O ER R AR R AR R e including “bridge” components to
= = ol
o | [ e e Bl e e et s L -E EE ;'E access data from the legacy system
° —*'—- - - b EE database and translate to the GMS
- — - EEEE Common Object Interface format.
= s T _I o l_
o A ~EE

The next open source release is
planned for late 2021
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