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Formal verification of the
Pocket+ protocol

Main Objective
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This project is an international collaboration with the space
company Telespazio.
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The Recommended Standard
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The core of the protocol

Mask Update

Flags

RLE

Resynchronization

Packet encoding function

Identifies predictable bits

Restores information “lost”

Determine the protocol’s behaviour
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The core of the protocol







Implementation
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C++ code implemented by

Existing Implementation
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Existing Implementation
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Encoder - Mealy Machine chain
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Encoding step
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Encoding step
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Encoding step



Milestone 3 June 2026

Encoding step
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Encoding step
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Encoding step





Correctness
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Decoder = Encoder º

too strong

Decoder . Encoder = id

exactly what we need
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Reversibility
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Minimal complements

A minimal complement of a function contains just
enough information that was originally missing to

make it reversible.

By attaching this minimal complement, the
function becomes injective, and thus reversible.
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Run-Length Encoding
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Run-Length Encoding

Adding minimal complements...

But we’re not done yet.
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RLE decomposed
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RLE decomposed
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RLE decomposed
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RLE decomposed
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RLE decomposed



Milestone 3 June 2026

RLE decomposed
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RLE decomposed
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Counting
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Parse
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Count



Results and
Discussion

Milestone 3
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Implementation status

Mask Update

Flags

RLE

Resynchronization

Implemented + Verified

Implemented

Not implemented

Implemented
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Our contribution

Richer formal specification of the protocol

Haskell implementation with focus on the
mathematical foundations as new reference

Correctness verification with relational algebra



Conclusion and
Future Work
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Future work

M. Hernández-Cabronero, D. Evans, J. Bartrina-Rapesta, F. Aulí-Llinàs, I. Blanes and J. Serra-Sagristà,
"Resiliency and Efficiency of the CCSDS 124.0-B-1 Telemetry Compression Standard," in IEEE Access, vol. 12,

pp. 36702-36711, 2024, doi: 10.1109/ACCESS.2024.3374227
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Future work

Completing proofs

Implementation of resynchronization to verify
actual packet loss properties

Exploring the roles of flags in properties
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Conclusion

Foundation for a complete proof of correctness
for the Pocket+ protocol.

Encourage further research into the formal
verification of similar algorithms with critical
applications, where correctness is of utmost

importance, using relational algebra. 



Thank you!
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