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sagecontinuum.org

Cyberinfrastructure for 
AI@Edge Computing

The Sage Grande Testbed
Nicola Ferrier

Northwestern Argonne Institute for Science and Engineering
Deputy Director of Sage Grande Project 
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Sage Grande: An Open Artificial Intelligence Testbed 
Supporting Edge Computing and Intelligent Sensing

Sage Grande
Award: #2436842
Start Date: 
2/15/2025
$25.6M over 5 years

First generation Sage nodes deployed 2019-2024
(MSRI-1 #1935984 2019-2024)

Institutional Lead: Northwestern Univ.
Partners: Univ. of California, San Diego; Univ. of Illinois Chicago, Colorado State, 
Univ. of Utah, Univ. of Hawaii, Univ. of Oregon, George Mason Univ.,

Provide academic community AI resources to:
• Develop new AI algorithms and technologies
• Advance techniques to enhance AI safety & 
privacy

• Explore next-generation AI-enabled infrastructure 
for real-time monitoring of wildfire, flooding, and 
drought to support early warning and mitigation for 
farms

• Deploy 300 new state-of-the-art AI-enabled 
platforms across the USA, and in every state

• Train students to use AI-enabled 
cyberinfrastructure with hackathons, workshops, 
and new curricula

Goals

Partnerships with 
American Companies

Training and Educating
the AI Workforce

Embed AI with the Edge
Enable intelligent sensing
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Field Proven

NEON

Building on
NSF Array of Things
(2016-2018)

Almost 10 
years of experience
NSF MSRI-1 Pilot 2019-2024
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Plant Species Pedestrian Flow

Traffic Flow Wildlife Cloud Motion 
Vectors

Wildfires: detecting smoke

Birdsong

Flooding / surface water

AI@Edgeplatform brings together sensors, actuators, and computing.

sensors
software

computing
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BYOS – bring your own sensors
● Tree sap monitor
● Hawaii rain
● Insect screen
● Lidar (Nantucket and Chicago)
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Lorawan connected 
tree sap monitor

Thomas Giambelluca Volcano National Park
October 2023
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Node will 
trigger ground 
level lidar scan

AI will steer lidar 
towards 
turbulence in 
wake of wind 
farm.

• DL is a great target for edge processing: 
• Doppler spectra are not routinely stored

• Currently only moments are archived 
• Spectra contains rich information that should be 

processed differently when different phenomena are 
present

Sage + Doppler Lidar

Jackson, R. C., and Coauthors, 2023: ARMing the Edge: Designing Edge Computing–
Capable Machine Learning Algorithms to Target ARM Doppler Lidar Processing. Artif. 
Intell. Earth Syst., 2, 220062, https://doi.org/10.1175/AIES-D-22-0062.1

https://doi.org/10.1175/AIES-D-22-0062.1
https://doi.org/10.1175/AIES-D-22-0062.1
https://doi.org/10.1175/AIES-D-22-0062.1
https://doi.org/10.1175/AIES-D-22-0062.1
https://doi.org/10.1175/AIES-D-22-0062.1
https://doi.org/10.1175/AIES-D-22-0062.1
https://doi.org/10.1175/AIES-D-22-0062.1
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Dario Dematties

Biodiversity

Jakub Szumny

Wildfire Detection

Anagha Tiwari

Urban Safety

Seongha Park

Predict Flooding

Eugene Kelly

Drought Agriculture

Ongoing 

Work

Bobby Jackson

Lidar/Digital Twins

A Few Examples of AI@Edge
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Dickcissel Barn swallow Yellow-breasted chat Great horned owl

Emiquon National Wildlife Refuge, Illinois. (3/6-11/2024) 
Future AI: Identify Insects RainBlue Jay:  93.2%

AI to Monitor Biodiversity in Real Time
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Building Community for AI@Edge Sage Applications

The Edge Code
Repository
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Edge Code 
Repository

Sage Cloud

Data

AI-Enabled 
Instruments

AI Containers

HPC/Cloud

AI Analyzed Data

End-to-end AI 
Workflows

Testbed
User

Model Tuning &
Data AnalysisGPU

Expert Mode:
Purpose-built AI 

How Did It All Work?

Difficult !

Sage – MSRI-1 2019-2024
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Testbed Advance AI -- Guide what we can imagine next

16

Computer Science:
• AI inference, federated / self-supervised 

learning
• LLM benchmarking and correctness at edge
• Cybersecurity, privacy, real-time data analysis
• Adaptive power management
• Programming model for continuum computing
• Resource management, streaming data

National NSF Cyberinfrastructure to Support AI Research
Domain Science:
• Developing next-gen AI-enabled instruments
• LLMs for in-situ data analysis
• Domain-specific tuned AI models for edge
• Understanding drought, wildfire, and flooding
• Real-time forecasts with edge-HPC models
• Adaptive steering of data collection

Why Edge:  Big Data @ Edge, Autonomy, Real-time
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SageChat: 
Using LLMs 
with No Code

Query: 'Is there a fire?', 
response: 'Yes, there is a 
fire visible in the image, 
located near the forest.))
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Edge Code 
Repository

Sage Cloud

Data

AI-Enabled 
Instruments

AI Containers

HPC/Cloud

AI Analyzed Data

End-to-end AI 
Workflows

Testbed
User

Model Tuning &
Data AnalysisGPU

Expert Mode:
Purpose-built AI 

Sage v1: How Did It All Work?
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Edge Code 
Repository

Sage Cloud

Data

AI-Enabled 
Instruments

AI Containers

HPC/Cloud

AI Analyzed Data

End-to-end AI 
Workflows

Testbed
User

Open Model 
Repositories

LLM

Model Tuning &
Data AnalysisGPU

LLM

Hugging Face

Text Prompts: LLM @ Edge Text Prompts: LLM @ Cloud 

Expert Mode:
Purpose-built AI 

SageChat

How Does (Will) It All Work?

SageChat
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Natural Language to interact with Sage Grande Testbed:
SageChat Prototype and Future Directions

● Goal:  Harness LLMs --- provide natural language interfaces and expand user 
community for AI-enabled cyberinfrastructure and edge computing.

● Anthropic’s “Model Context Protocol” (MCP) is open standard: Nov 2024
○ Provides standard way for computing systems to publish interfaces that AI can use
○ MCP is a link between AI Agents and APIs to everything

20

ExampleGitHub
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Sage Grande has a Prototype MCP!!!

21
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What does the SGT MCP Provide Users?
A new way to write programs and control Sage 

Some Examples:

22
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SageChat --- The Future
● Tutorial and educational interactions:

○ “Teach me about AI inference at the edge”
● Code and AI model development:

○ “I’d like to improve the performance of my code, either by quantizing the model or using 
a more efficient run-time system. Provide some step-by-step paths forward”

● Workflows spanning MCPs:
○ “I’d like to link my AI@Edge code with a HPC forecast that predicts drought.  Please 

find the HPC resources and apply for a starter allocation and then run my workflow”
● MCP for the edge: (Agents at the Edge!)

○ I’d like to examine all incoming data at the edge for anomalies and then autonomously 
modify the data sampling protocol and redirect cameras and instruments to better 
collect data”

23

Resources:
● https://github.com/waggle-sensor/sage-mcp/blob/main/docs/EXAMPLES.md
● https://github.com/waggle-sensor/sage-mcp/tree/main

https://github.com/waggle-sensor/sage-mcp/blob/main/docs/EXAMPLES.md
https://github.com/waggle-sensor/sage-mcp/blob/main/docs/EXAMPLES.md
https://github.com/waggle-sensor/sage-mcp/blob/main/docs/EXAMPLES.md
https://github.com/waggle-sensor/sage-mcp/blob/main/docs/EXAMPLES.md
https://github.com/waggle-sensor/sage-mcp/blob/main/docs/EXAMPLES.md
https://github.com/waggle-sensor/sage-mcp/blob/main/docs/EXAMPLES.md
https://github.com/waggle-sensor/sage-mcp/tree/main
https://github.com/waggle-sensor/sage-mcp/tree/main
https://github.com/waggle-sensor/sage-mcp/tree/main
https://github.com/waggle-sensor/sage-mcp/tree/main
https://github.com/waggle-sensor/sage-mcp/tree/main
https://github.com/waggle-sensor/sage-mcp/tree/main
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Process Archived Data with AI
Use Natural Language Search Interface 

(as of June, 2025)
Preprocess Computation: 

● 10 sec/image.  
● Sage archive: ~33M 

images 
● 15K images/day
● ~382 weeks of H100  

(unparallelized). 
● scales by Images/Nodes

Sage Image Search Service 
Computation: 

● 20 sec/query for top 25 
images.

● Sage has ~303 users
● If all users made one 

query, it would take ~1.68 
hours of H100 to process 
all. (not yet parallelized). 

● Scales by Users.

gemma-3-4b-it
DFN5B-CLIP-ViT-H-14-378

Weaviate

ms-marco-MiniLM-L-6-v2
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AI to Make Data Useful and Broadly Accessible to Scientific Communities
Early Prototype that shows the promise of AI for data insights

25https://sage-hybrid-search.nrp-nautilus.io/

“Wildfire Smoke”

Soon: Agentic Data Analysis! 

https://sage-hybrid-search.nrp-nautilus.io/
https://sage-hybrid-search.nrp-nautilus.io/
https://sage-hybrid-search.nrp-nautilus.io/
https://sage-hybrid-search.nrp-nautilus.io/
https://sage-hybrid-search.nrp-nautilus.io/
https://sage-hybrid-search.nrp-nautilus.io/
https://sage-hybrid-search.nrp-nautilus.io/
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Integrating Sage Grande with other NSF Resources:
NRP/NDP, Pelican/OSDF, PATh (HT Condor)

26

Thank you SDSC 
& U Wisconsin!

https://sage-hybrid-search.nrp-nautilus.io/

https://sage-hybrid-search.nrp-nautilus.io/
https://sage-hybrid-search.nrp-nautilus.io/
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https://sage-hybrid-search.nrp-nautilus.io/
https://sage-hybrid-search.nrp-nautilus.io/
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https://sage-hybrid-search.nrp-nautilus.io/

