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Fundamental Nuclear Monitoring Questions
2

 Detection: Did an event occur?
◦ Must detect the event or there is no information to report

 Location: Where did it occur?
◦ Location tells us who the likely responsible party was

 Magnitude/Yield: How big was it?
◦ Size is relevant for specific treaty language, and also because it tells us something 

about the type of device

 Identification (Discrimination): What was it?
◦ Obviously we only want to report nuclear explosions, but unfortunately we generally 

have to go through the previous steps before we can figure out what type of event it 
was (e.g. earthquake or explosion)
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History and Purpose of GMS

• To answer the fundamental nuclear monitoring questions on location, discrimination, etc., the Analyst Review 
Station (ARS) was made in the 1990s and has been in use ever since at the U.S. National Data Center (USNDC) 
and the International Data Centre (IDC).

• The systems have become difficult to maintain and 
enhance, and thus require modernization.

• SNL is developing the Geophysical Monitoring System 
(GMS) to modernize and replace ARS.

• GMS is an interactive analysis tool to be used by seismic, 
hydroacoustic, and infrasound analysts to detect, locate, 
estimate yield/magnitude, and identify events  of interest.

• GMS will provide a more modern, efficient, and extensible 
system than ARS.

• The effort includes development of data services that 
“bridge” the data from the legacy database system to a 
GMS Common Object Interface (COI) format and make 
this data available through web services to GMS 
applications and external users.

• SNL is developing GMS for the USNDC modernization 
effort and is also providing two open source software 
releases per year to the IDC

• Open source releases have been provided since 2018 on 
GitHub



Methods
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GMS uses agile development practices, working in two week 
iterations. GMS developers manage code and workflow in 
GitLab.

We use GitLab Continuous Integration / Continuous 
Deployment (CI/CD) to automate software build, test, and 
deployment pipelines.

GME is deployed using a cloud-ready Kubernetes containerized 
platform, hardened for cyber security accreditation.

Development and DeploymentProduct Design and Architecture

GMS is a large software development project with several 
development teams, plus architecture, geoscience, platform, 
and test teams.

Product Management defines and prioritizes a capability 
roadmap, and along with user experience and architecture 
develops product guidance for developers in the form of 
descriptions, storyboards, and architecture designs.

Methodology



US NDC Modernization (The Software Architecture)5

Monolithic Architecture Service-Oriented Architecture

Legacy GMS



US NDC Modernization (The User Interface)6

Legacy System



GMS Applications: 
Interactive Analysis (IAN)
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Results
Interactive Analysis (IAN)
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IAN Overview

• IAN provides several interactive analysis 
capabilities. The current open-source 
release includes the ability to access, 
modify, and display:

• Station metadata
• Waveforms
• Quality Control (QC) masks
• Signal detections
• Events

• Seismic, hydroacoustic, and infrasound 
(SHI) data can be accessed in IAN.

• IAN uses modern web technology (e.g., 
Cesium, WebAssembly (WASM), etc.) to 
access the stored data (from the legacy 
database in this case) and provide the data 
for display and interaction.

• Data and user operations are fully 
synchronized across all displays, with 
consistent user experience design. Displays 
are flexible and customizable.



Getting Started with Workflow
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IAN With Interval Opened
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Waveform Viewing
• Beams and Raw Waveforms
• Zoom and pan
• Amplitude scaling
• Interactive QC masks
• Measure Window (zoomed waveform 

segment)

Station Viewing
• Map – station and site icons
• Station Properties – text attributes for 

stations, site, channels
• Waveform Display – show and hide 

stations

Waveform Analysis (next release)
• Edit QC masks
• Waveform filtering

QC Masks are color-
coded on waveform 
segments

Station and Waveform Analysis Features in Opened Interval
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Signal Detection Viewing
• Color-coded based on 

association status
• Signal Detection List – 

text attributes
• Waveform Display – 

phase marker, arrival 
time, uncertainty

• Map – great circle path

Signal Detection Editing 
(next release) 
• Create and reject
• Change arrival time 

(drag & drop)
• Change time 

uncertainty 
• Change phase label
• View signal detection 

association conflicts

Signal Detection Analysis Features



Results
Event Analysis Features
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Event Viewing
• Color-coded based on 

review status
• Event List – text attributes, 

workflow progress
• Map – location and 

uncertainty ellipse
• Waveform Display – 

zoom/align/sort for open 
event

• Waveform Display – travel 
time predictions

Event Editing (next release) 
• Create, duplicate, reject
• Associate or disassociate 

Signal Detections
• View event association 

conflicts

Event Analysis Features



IAN Displays
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Workflow Display
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• When using the IAN display, both the GMS system and human analysts work on the available 
waveform data in different processing stages, where each processing stage consists of a different set 
of processing sequences or activities applied to the data. These stages are listed in the rightmost 
column of the Workflow display.



Waveform Display
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• The Waveform display supports the querying, viewing, and analysis of waveform beams, the raw 
waveforms they comprise, and their associated signal detections, as recorded at stations in a 
configured default station group during a specified time interval. 



Event Display
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• The Events display allows users to 1) view detailed event information for bridged events within 
the time range selected in the Workflow display, 2) open and close events, and 3) modify events 
(i.e., reject, delete, etc.). 



Signal Detections List Display
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• The Signal Detections List display shows a tabular view of bridged signal detections (SDs), their 
corresponding metadata, and their association status. It also allows the user to modify SDs (i.e., reject, 
delete, etc.). 



Map Display
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• The Map display shows the locations of all 
stations and sites in the configured station groups 
available to GMS, including single stations, 3C 
stations, and arrays. Each station/site is 
represented by a triangle icon, events are shown 
by circular icons, and SDs are shown as great 
circle paths.



Station Properties Display
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• The Station Properties display allows users to view detailed metadata information about a 
selected station (channel group and channel configuration) in either the Map or Waveform 
Displays. 



Filters Display 
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• The Filters display provides a list of available filters that can be applied to the waveforms in the Waveform display. 
Filters can be uniquely defined for a function (e.g., DETECTION), a high/low/bandpass/band-rejected Butterworth filter, 
or a cascade of filters. 



Filters
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FK (Frequency, wave number) Display (Upcoming)23

Legacy



GMS Applications: State-of-
Health (SOH)
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Results
Station State-of-Health Monitoring
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• The latest GMS release 
also includes a mature, 
operational-quality 
Station State-of-Health 
(SOH) Monitoring 
capability for CD-1.1 
protocol stations, to 
enhance the ability of 
system operators to 
quickly recognize and 
address station 
availability and quality 
issues. 

• The US NDC is now 
deploying this 
application operationally 
and the IDC is 
assessing its 
capabilities for their 
operations.

Station State-of-Health Monitoring



Future Work
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GMS Schedule 

FY 23 FY 24 FY 25 FY 26

Bridge Milestones
(MVCRs)

Capability 
Milestones 
(MVPs)

OPS 
(MVCRs)

Open Source 
Releases

Bridge
Write 

Basic Data
Viewing

Basic Data
Editing

Signal
Analysis 

Event
Analysis

Other Analysis
Modes

Legacy System
Processing

Feb
2024

Aug
2024

Aug
2025

Feb
2025

Nov
2025

May
2026

Nov
2022

ARS Replacement 
Complete

AL1/AL2
MVP

Bridge
Read 

Basic Waveform
Analysis

Aug
2023

May
2023

Bridged
Data

Services

MVP: An early version of the software to deliver or field basic capabilities to users to evaluate and provide feedback on.  Insights from MVPs help shape 
scope, requirements, and design.
MVCR: The initial set of features suitable to be fielded to an operational environment that provides value to the warfighter or end user in a rapid timeline.  
The MVCR delivers initial warfighting capabilities to enhance some mission outcomes.  The MVCR is analogous to a minimum marketable product in 
commercial industry.

Now



Conclusion
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SNL is developing the GMS for the US NDC, currently focusing on data access 
services and an Interactive Analysis application to replace ARS. This effort is 
planned to complete in 2026. 

GMS is cloud-ready, operational quality, and secure. 

The United States is providing two GMS Open Source software releases per 
year as a contribution-in-kind for use by IDC Re-engineering. 

The current release is available on GitHub: 
• https://github.com/SNL-GMS/GMS-PI21-OPEN

The next release should be available early fall 2023, including:
• Final Station SOH Monitoring application
• Significant bridged data access capability
• Early Event Analysis capability

Conclusions

https://github.com/SNL-GMS/GMS-PI21-OPEN


QUESTIONS?
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