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~ MainObjective

Formal verification of the
Pocket+ protocol




The Recommended
Standard
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The Recommended Standard

=csDs

= The Consultative Committee for Space Data Systems

Recommendation for Space Data System Standards

ROBUST COMPRESSION
OF FIXED-LENGTH
HOUSEKEEPING DATA

RECOMMENDED STANDARD

CCSDS 124.0-B-1

BLUE BOOK
February 2023




Consultative Committee

CSDS

for Space Data Systems
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B CCsDS Member
Agencies

| CCSDS Observer
Agencies
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Existing Implementation

C++ code implemented by
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time

_ First input vectar
=econd Input vector

Third input vector

Last input vectar

First input vector

Second input vector

Third input wector

Last input vector

—

Full protocol

Telemetry data sources
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S

L

e i March 2026

First output vector

Second output vector

Third output vector

Lasl output vector

| First field | Second field | -- Last field |—m —
First field | Second field Last field o -
First field | Second field Last field — Compressor —
First field | Second field Last field — >
First field | Second field Last field |[=— . —
First field | Second field Last field |- -’ —
First field | Second field Last field |- Decompressor - —
First field | Second field Last field  |«€— <

First output vector

<

Second output vector

-

Third output vector

Last output vector

Space 1o
ground
channel
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Encoder

OouUTPUT

Mask

INPUT—Lp) iR IMask BEEE | RLE (Mas

3rd binary |
2nd binary | Vector
1st binary | vector

vector
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- Strategy

Functional implementation

in Haskell + its formal
verification
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ht

ut

ot

qt

Vi = BiT4
Fl
>
» et
>
¥
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¥ > kt > ct
[D] )| reverse I Xt I _‘
RLE
J; ¥
reverse reverse
‘ »
Y » EE
>
Mt bit fiip BE yt
| >| left bit shift
reverse ———» RLE
dt
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Decoder

another attempt (

Partial Sync.
a vector is lost W
(synchronization is broken) W ‘] (recover old data)
Foward Decoding W Resynchronization Full Sync. : Backward Decoding
start J
I M
all vectors
processed :
h'd
é ( Mo Sync.
end another attempt L

resume foward decoding
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Foward Decoding

» RLE® » Xt
» Vi
» et —d=0andf=1—P» RLE®* —» reverse —» IB;E&"IE ' o
A4
check T
ot » deﬁfde »  rest » existence M d=Qandf=0 recnrlutstruct ‘
of Mt
. ~ A A
> kt 7

P
kLl

h 4

dt
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Implementatlon and
Verlflcatlon
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compressor

W decompressor

| utils

[ main.cpp

[ main_crossval_comp.cpp

[ main_crossval decomp.cpp

C++ (Vision Space)

Implementation

: March 2026

[ Cp.hs
[ Lisths
[N Naths

[ decoder.hs

[ encoder.hs

3 rlehs

Haskell (UMinho)
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Call Grap

pocketplus::decompressor
::PocketPlusDecompressar
idecompress

pocketplus::decompressor
::PocketPlusDecompressar
reverse

main

pocketplus::decompressor
::PocketPlusDecompressaor
::get_input_vector_length

pocketplus:utils::
deqgue_bool_to_number

pocketplus::utils::
print_vector

pocketplus::decompressor
::PocketPlusDecompressor
:zhamming_weight

pocketplus::utils::
read_bool_deque_from_file

pocketplus::utils::
write_bool_degue_to_file

pocketplus::utils::
zero_stuffing

pocketplus::decompressor
::PocketPlusDecompressar
sundo rle

pocketplus::utils::
bool_to_string

- March2026

pocketplus::utils::
pop_n_from_front

pocketplus::utils::
divide_up
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Encoder - Mealy Machine chain

¥

¥

s

A

¥

©
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©

encoder = mapAccumdL (curry m g f)

Image: https.//colah.github.io/posts/2015-09-NN-Types-FP/




Encoder - Mealy Machine chain

|

St ——» m=(my,f).{g m) i




Encoder - Mealy Machine chain

Lgr




~ Verification

The Decoder should be the
left inverse of the Encoder

Decoder. Encoder = id




Verification

Using Calculus of Information Systems, we will

e Verify that the Encoder is injective

e Get the converse of functions using
least complements



Example

RLE = fRLE - FRLE - gRLE
RLE° = gRLE® - FRLE® - f RLE®

To prove that RLE - RLE® = id
there needs to be injectivity



RLE Verification

rle = sentinel . (>>= count) . run2count . dror eros

where run2count = analList gRLE

sentinel = (++ [1,0]) NOt injective

RLE Is not Injective
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Least Complement

dropZeros = reverse . dropWhile(== . reverse

€Ctive 1

dropZeros :: [Bit] -> ([Bit],Int)
dropZeros = (reverse >< length) . swap . cspan ( . reverse
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Least Complement

rle = sentinel . (>>= count) . run2count . dropZeros

where run2count = analList gRLE
sentinel = (++ [1,0])

rle = (split (sentinel . (>>= count) . run2count . fst) snd) . dropZeros

where run2count = analList gRLE

sentinel = (++ [1,0]) ’nlective

Omy
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Feb 2025 - Jan 2026 Feb 20256 - June 2026

Task

Developing
Encoder & Decoder

00000 00000
Coderefinement ()(OHOOO O0909® -

Verification OOy OO ¢

PIOGUERonolE: o oo oo e
preliminary article — ~ '~~~






