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The large volume of publicly available data on satellites and other space domain entities presents both a challenge as well as an opportunity for 
advancing Space Situational Awareness (SSA) and predicting future events. Here we introduce SuperNOVA, a modular framework to leverage LLMs 
to generate a space domain knowledge graph using  unclassified space alerts.  We then design an agentic workflow to traverse the knowledge graph 

to enhance RAG-based question answering on this dataset. This framework has the potential to be applied not just in the space domain, but in a 
wide range of other fields as well. 

INTRODUCTION
➢ Notice to Space Operators (NOTSOs)  provide timely updates for Space 

Situational Awareness (SSA)  events such as maneuvers, launches, 
photometric changes, breakups, etc. (Fig. 1)

➢ Existing Challenges:

➢ Our Solution: Combine Knowledge Graphs and AI Agents powered by 
LLMs for Retrieval Augmented Generation (RAG) on the NOTSO dataset.

Knowledge Graphs
➢Database that stores information in Nodes and Relationships between 

them, each of which may have associated property metadata.
➢ Examples:

➢Satellite A – Neighbors→ Satellite B (Homogenous)
➢Satellite  X – Carries→ Instrument Y (Heterogenous)

➢ Nodes and Relati onshi ps m ay also have 

➢ N

METHODS

➢ The NOTSO Knowledge Graph 
was created by processing 
NOTSO documents through an 
LLM pipeline using LangChain
(Fig 2.)

AI Agents
➢LLM as a Task Orchestrator: LLM acts as the ”brain” to control the flow 

of the application. 
➢Has access to Tools and persistent Memory (State).
➢LLM Plans and Reasons about how to traverse knowledge graph, uses 

appropriate Tools to retrieve relevant subgraphs, and appends them to 
the persistent State (JSON).

RESULTS

CONCLUSIONS
➢ Our efforts demonstrate the potential of LLMs, Knowledge Graphs, and AI 

Agents in information retrieval and question answering  in the domain of 
SSA.

➢ However, these tools are highly generalizable and could theoretically be 
applied to any domain with large text corpus data.

➢ Thus, further exploration of the applications of these new technologies is 
required, as it could unlock new potential capabilities by uncovering new 
insights hidden within massive text corpora

Figure 6: Our chat interface for SuperNOVA
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Figure 1. Example of a Breakup NOTSO

Knowledge Graph Generation

SuperNOVA: Agentic Graph-RAG
➢ Graph-RAG Agent: Identifies relevant entities in user’s query. Then uses 5 

specialized tools to answer user queries by traversing a Neo4j knowledge 
graph.

➢ Candidate Nodes Retriever Tool: Finds relevant nodes in the 
graph based on extracted entities.

➢ Neighborhood Retriever Tool: Gets one-hop neighbors and 
their relationships for a selected node.

➢ Source Doc Retriever Tool: Retrieves documents with more 
details about a specific node.

➢ Shortest Paths Retriever Tool: Finds shortest paths connecting 
two nodes of interest. Uses breadth-first search.

➢ Linking Docs Retriever: Finds documents that link nodes along 
a path between entities.

➢ State Management: Each tool appends retrieved subgraphs to a JSON 
State for context.

➢ Final Output: Agent returns a user response and the complete retrieved 
subgraph stored in JSON.

Figure 2. NOTSO Knowledge Graph Generation Pipeline

Figure 4. Subgraphs for (a) satellite node types and (b) multiple node types

➢ Key entities, including satellites, rockets, and 
instruments, were identified and their 
relationships extracted.

➢ Extracted nodes and relationship triplets were 
stored in a Neo4j graph database.

➢ Satellite nodes were mapped to their NORAD 
IDs using a separate LLM-based pipeline, 
ensuring accurate identification and merging.

Figure 3. Full satellite (brown) and source document 
(blue) network from 304 NOTSOs
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Figure 5. SuperNOVA's agentic graph-RAG 
workflow. The user submits a query and 
based on its content, the LLM decides the 
correct graph traversal tool to call. Subgraphs 
are queried through Neo4j’s Cypher query 
language. All retrieved subgraphs are 
appended to the JSON state for that session, 
to be returned back to the user in the form of 
an interactive HTML visualization.

➢ Chatbot built with the help of Gradio and Haystack.
➢ User queries SuperNOVA about certain entities.
➢ Agent returns a response, along with a subgraph and the tools it used to 

traverse the knowledge graph.
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