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ÅWho we are

ÅWhat we do

Å How we do it
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Who we are

ÅUniversity of Glasgow, 
Scotland
ÅStudent - run society
ÅFounded 2019
ÅMostly Bachelors / 

Masters students
ÅDiverse team
Å80+ students
Å20+ countries
Å10+ disciplines
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What we do

ÅNanosatellite development
ÅThree pillars:
ÅTechnology Demonstration
ÅData Collection
ÅIn - house Subsystem Development

ÅTechnologies:
ÅMachine Learning & On - Board Processing
ÅDeployable Drag - Sail

ÅMission:
ÅEarth Observation
ÅWildfire Risk Assessment
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What we do

ÅNanosatellite development
ÅStarted the OirthirSAT  spin - off mission
ÅSimilar technologies
ÅCoastline Monitoring mission
ÅOff - the - shelf subsystems
ÅWon £600K from UK Government!
ÅCurrently in Phase D

    (Assembly,
    Integration,
    Testing)
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What we do

ÅResearch & Development
ÅSSEA- 22
ÅMechanical design and deployment of a quasi - rhombic pyramid drag 

sail for safe de - orbit of a 3U CubeSat

ÅIAC- 23
ÅAn Open - Source Method for Model - Based Development of Embedded 

Systems: Experience Report from a CubeSat Student Project [1, 2]
ÅCalculation of the Death Index of the most catastrophic wildfires

ÅIAC- 24 (upcoming!)
ÅAstraeus - 01 Mission Proposal: a Student CubeSat for Autonomous 

Wildfire Risk Assessment Enhanced by Technology Demonstration
ÅAI - Based Wildfire Risk Assessment from Low - Cost Multispectral Data: 

Collection, Processing, and Analysis for Sub - 6U CubeSat Missions
ÅFinancial Feasibility Analysis of the Launch of Miniature 

Satellites for Student Teams, Based on Mission Design
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How we do it

ÅModel - Based approaches!
ÅSystems Engineering
ÅFunctional paradigm  (Capella)
ÅNumerical paradigm  (beyond scope)

ÅSoftware Engineering
ÅEmbedded systems   (TASTE)
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How we do it

ÅAgile lifecycles
ÅHow
ÅҚΎϺƸħĀƋϺЫƏƈƋŉťƘЬ
ÅSounding balloon missions

ÅWhy
ÅGraduations = fast & forced turnover
ÅConsistent full lifecycle experience
ÅCyclical full lifecycle validation

ÅWhat: CloudView
Å3 subsystems
Å3 hours
Å35 km
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MBSE Adoption
ÅMotivations

Å Tools

Å Processes

Å Lessons Learnt
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Motivations

ÅGraduations = fast & forced turnover
ÅDocument - based SE
ÅЫÉƘƝġħťƘ-ĿƋĀġħЬ
ÅVoluntary compliance
ÅTeams regularly starting over!

ÅModel - based SE
ÅÉƘŉŞŞϺЫƏƘƝġħťƘ-ĿƋĀġħЬ
ÅConsistency enforced
ÅTeams consistently progressing!
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Tools

ÅCapella   (Systems Engineering)
ÅDeveloped by Thales & Obeo
ÅFree and Open - Source
ÅImplements ARCADIA method

ÅTASTE  (Embedded Software Development)
ÅDeveloped by the European Space Agency & industry
ÅFree and Open - Source
ÅTargets heterogenous systems
ÅMultiple code blocks
ÅMultiple languages
ÅMultiple hardware nodes

ÅSupport for formal verification!
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Processes
ÅKnowledge acquisition
ÅOnline tutorials & docs
ÅExpert training courses

ÅKnowledge transfer
ÅPair/Mob sessions
Å1+ Navigator

Åexperienced
Åcan only talk Д no actions

Å1 Driver
Åinexperienced
Åphysically acts

ÅApplied to:
ÅModelling   (Systems)
ÅProgramming  (Software)
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Processes

ÅModel Development
ÅConcurrent engineering:

interdisciplinary collaboration

ÅSoftware Development
Å"Bridge method" (next section)
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Lessons Learnt

ÅMBSE helpful in learning SE
ÅMethod + Tool integration

ÅMob modelling + Concurrent engineering =
ÅMethod knowledge transfer  (SE, MBSE, ARCADIA)
ÅTool knowledge transfer  (Capella)
ÅSystem knowledge exchange!
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Embedded Systems Development
“Bridging the Gap”
Å The Gap

Å The Precedent

Å Tools and Workflows

Å The Bridge
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The Gap

ÅSystems Engineering Ą actual systems
ÅOutput of SE
ÅTraditionally:  spec for manual implementation
ÅBetter:   the actual system itself!

ÅTools exist to bridge this gap
ÅProprietary
ÅOutside Capella ecosystem
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The Precedent
ÅAutomatic bridge plugin

ÅDeveloped:
ÅIn 2020
ÅBy N7 Space
ÅUnder ESA contract

ÅNo further contracts = 
no further maintenance

ÅDivergence of both 
ƘŭŭŞƏЮϺŉťƘħƋťĀŞƏ

ÅStuck in 2020 L
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From https://mbse - capella.org/addons :

https://mbse-capella.org/addons


Tools and Workflows

ÅCapella
ÅARCADIA workflow
Å4 main levels
ÅOperational

Åcontext
ÅSystem

Åsystem
ÅLogical

Åsubsystems
ÅPhysical

Åcomponents

ÅTransverse models
ÅFinite State Machine
ÅClass Diagram
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Tools and Workflows

ÅTASTE
ÅOwn workflow
Å3 views
ÅData

Ådata types
ÅInterface

Åcomponents
Åinterfaces

ÅDeployment
ÅSW Ą HW allocations
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The Bridge: Goals

ÅMake the most of the similarities between 
Capella and TASTE
ÅFuture - proof
ÅTheoretical foundation
ÅMappings
ÅActivities

ÅFollow - up work
ÅAutomation
ÅFormalisation
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The Bridge: Entity/Relationship Mappings
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The Bridge: Diagram Mappings
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(red arrows in the next slide) (blue dashes in the next slide)



The Bridge: Workflow
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The Bridge: Walkthrough Case Study
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ÅArea of Interest ( AoI ) management feature
ÅFunctions:
ÅConfigure AoIs

Åadd/overwrite
Åenable
Ådisable

ÅTrigger imaging mode when inside AoI
ÅTrigger non - imaging mode when outside AoI



The Bridge: System Modelling
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The Bridge: System Modelling
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The Bridge: Logical Modelling
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The Bridge: Logical Modelling
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The Bridge: Physical Modelling
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The Bridge: Physical Modelling
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The Bridge: Data Implementation
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The Bridge: Data Implementation
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The Bridge: Data Implementation
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The Bridge: Data Implementation
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The Bridge: Interface Implementation
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The Bridge: Interface Implementation
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The Bridge: Interface Implementation
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The Bridge: Interface Implementation
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The Bridge: Interface Implementation
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The Bridge: Interface Implementation
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The Bridge: Deployment Implementation
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The Bridge: Deployment Implementation
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The Bridge: Deployment Implementation
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The Bridge: Deployment Implementation
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The Bridge: Deployment Implementation

06/06/2024 © GU Orbit Д University of Glasgow 54

Embedded Systems Development т љ7ƖŔĬŊŔŰŊШƣőĲШ]ċƓњ



The Bridge: Deployment Implementation
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The Bridge: Behaviour Implementations
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Implementations
Capella:
Physical [MSM]

TASTE:
SDL implementation
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The Bridge: Behaviour Verifications
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The Bridge: Behaviour Verifications
Capella:
Physical [MSM]

TASTE:
SDL State Chart View
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The Bridge: Behaviour Verifications
Capella:
Physical [MSM]

TASTE:
SDL State Chart View
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The Bridge: Behaviour Verifications
Capella:
Physical [MSM]

TASTE:
SDL State Chart View
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The Bridge: Behaviour Verifications
Capella:
Physical [MSM]

TASTE:
SDL State Chart View
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The Bridge: Exchange Verifications
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The Bridge: Exchange Verifications
Capella:
Physical [ES]

TASTE:
Message Sequence Chart
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The Bridge: Exchange Verifications
Capella:
Physical [ES]

TASTE:
Message Sequence Chart
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The Bridge: Exchange Verifications
Capella:
Physical [ES]

TASTE:
Message Sequence Chart
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The Bridge: Exchange Verifications
Capella:
Physical [ES]

TASTE:
Message Sequence Chart
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The Bridge: Exchange Verifications
Capella:
Physical [ES]

TASTE:
Message Sequence Chart
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The Bridge: Exchange Verifications
Capella:
Physical [ES]

TASTE:
Message Sequence Chart
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The Bridge: Exchange Verifications
Capella:
Physical [ES]

TASTE:
Message Sequence Chart
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The Bridge: Exchange Verifications
Capella:
Physical [ES]

TASTE:
Message Sequence Chart
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The Bridge: Impact Verifications
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The Bridge: Impact Verifications
Capella:
[PAB] (highlighting FCs)

TASTE:
End- to - End Data View
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The Bridge: Higher-Level Verifications
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The Bridge: Validations
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The Bridge: Validations
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The Bridge: Validation Results
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The Bridge: Advantages

ÅUpstream shift:
implementation activities Ą design model
ÅThorough system analysis
ÅEasier debugging
ÅFunction implementations
ÅArchitectural flaws (including async!)

ÅIt works!
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The Bridge: Limitations and Further Works

ÅManual labour
ÅTime - consuming
ÅEntrypoint  for bugs
Å(by design)

ÅBehaviour verification 
exclusive to component 
level

ÅAutomation
ÅImplementations
ÅVerifications

ÅExtension
ÅFormal verification
ÅHigher levels
ÅSubsystem
ÅSystem
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Thank you 
for your 
attention!

ΌΊЮϺľŭƋϺ
questions 
J



Resources

Å Capella - TASTE Method
Å [1] IAC - 23 paper
Å [2] IAC - 23 iPoster

Å Capella model
Å GitHub repo
Å Browsable HTML export

Å TASTE model
Å GitHub repo
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https://hal.science/hal-04564986/
https://iac2023-iaf.ipostersessions.com/default.aspx?s=B6-B6-08-15-0D-B5-9F-07-EF-43-D7-23-EC-37-78-9C
https://github.com/guorbit/obc-model
https://guorbit.github.io/obc-model/
https://github.com/guorbit/obc-firmware
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