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Abstract

The growing number of satellites and debris in Low Earth Orbit (LEO) is straining current Space
Traffic Management (STM) practices, which remain predominantly ground-centric, highly reliant on hu-
man operators and limited by latency and fragmented interoperability. Although onboard autonomy for
collision avoidance is advancing, satellites still lack a standardised means to communicate directly with
one another across operators, an essential requirement for any future federated STM architecture.

This paper introduces Satellite Automatic Identification System (SatAIS), a novel application-layer
protocol that enables direct and automatic Satellite-to-Satellite (S2S) coordination. Inspired by modern
Air Traffic Management systems, particularly the Automatic Dependent Surveillance-Broadcast (ADS-B)
and Mode S systems, the SatAIS framework is initially designed around four mission-critical functions:
situational awareness broadcast, cooperative debris data relay, manoeuvre coordination, and authenti-
cated identification for Space Domain Awareness (SDA). The paper details these use cases to illustrate
the operational concept and highlight how such a protocol can act as a missing coordination element to
complement advancements in onboard autonomy, tracking and surveillance.

Being physical-layer agnostic, SatAIS focuses on defining the information to be exchanged and its
structure. Its hybrid design, combining a fixed header with an extensible Type-Length-Value (TLV) pay-
load structure, supports interoperability and provides both processing efficiency and modularity. While
the system is consistent with the data fields used in CCSDS standards for different operations, SatAIS
offers the capability for further development and extensibility of critical functions, while maintaining
compatibility with existing standardisation and information exchange protocols.

To demonstrate internal consistency and implementability, the SatAIS concept is tested through an
operational validation pipeline comprising Software-in-the-Loop, Model-in-the-Loop, and Hardware-in-
the-Loop procedures implemented using commercial transceivers. The results demonstrate consistent
protocol logic, message handling, and end-to-end behaviour in an ideal ground-based setup.

Consequently, the paper establishes SatAIS as a system-level contribution toward federated STM
architectures, providing a foundation for future high-fidelity studies and integration with space-qualified
communication hardware.



