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CubeSat missions face critical ground station access bottlenecks that limit mission effectiveness. Traditional
centralized ground networks are characterized by high deployment costs, significant downlink latencies ex-
ceeding 90 minutes [1], and long periods of idleness, with stations often unused for over 85% of potential
satellite pass times [2]. Furthermore, geographic distribution imbalances, known as the Uneven Queuing
Effect, can result in a 13-31% loss in potential throughput [3]. These combined factors create substantial
barriers for academic institutions and open-source space projects seeking affordable and responsive ground
station access.

We are developing a research framework to investigate the viability of Decentralized Physical Infrastructure
Networks (DePIN) for ground stations through a methodology combining literature review, economic mod-
eling, and experimental validation [4]. This framework examines the coordination of federated traditional,
amateur and Ground-Station-as-a-Service (GSaaS) providers [5] using blockchain consensus mechanisms [6].
Our experimental work involves the implementation and testing of four novel cryptographic proof systems
designed to verifiably report on physical infrastructure performance: Proof-of-Location (POL) [7], Proof-of-
Accuracy (POA) [7], Proof-of-Backhaul (PoB) [8], and Proof-of-Flow (PoF) [9]. Current experiments focus
on implementing a distributed hash-based verification system for ground station telemetry and evaluating
consensus overhead in simulated satellite pass scenarios.

Literature analysis demonstrates that distributed ground networks could potentially reduce data downlink
latency by up to 76% (from over 90 minutes to 21 minutes) [1] and improve throughput by 13-31% through
intelligent, network-wide scheduling [3]. Our economic modeling suggests that a federated network could
achieve break-even points with as few as 50 participating stations, offering potential cost reductions of 60—
80% for university-scale operators [2, 5]. Preliminary digital experiments and implementations testing the
cryptographic proof mechanisms show sub-second verification times, indicating their suitability for real-time
ground station coordination [7, 8, 9]. Ongoing testing is focused on evaluating consensus latency and the
scalability of proof validation under realistic LEO communication windows.

Our analysis indicates that blockchain-based coordination could enable trustless, dynamic collaboration be-
tween diverse ground station operators without requiring complex legal frameworks, significantly lowering
barriers for educational and research-focused CubeSat missions [4]. The proposed framework supports the
development of open-source ground station virtualization standards while maintaining compatibility with
existing infrastructure [10]. Key research challenges remain, including the optimization of consensus mech-
anisms for real-time satellite pass constraints [11] and ensuring regulatory compliance across international
boundaries [12]. Future experimental work will seek to validate whether these cryptographic proof systems
can operate effectively within CubeSat communication windows while delivering the security and decentral-
ization benefits required by the global educational and open-source space community.
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