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Abstract

A shared common mental model of a system design between team members 
is a goal many projects aspire to. Applying MBSE can be one way of achieving 
this. Here we present the results of an inexperienced modeler taking existing 
code logic and modeling it in Capella 5.0 and measuring how much effort was 
needed. The models make the logic of the program more accessible to coders 
who did not work on that specific piece of code previously, which can increase 
the possibility of code review and improving logic. The case study was a 
University CubeSat team, where team members join the project as a part of 
their thesis, while the project continues for 2-3 years, and modeling the code 
logic can reduce some of the onboarding effort required when new members 
want to reuse or improve on existing codebase.
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HYPSO Project
The CubeSat and the context



Our Goal

Establish a pipeline for fast 
integration of payloads on 
small satellites

1

Establish a network of small 
satellites, drones, unmanned 
surface/underwater vehicles

2



What are we trying to do?

Provide data for oceanographers On-demand and coordinated 
missions with unmanned vehicles



Background

• Ocean Color

• Algae; HABs

• Phytoplankton

• Cyanobacteria/toxins

• River plumes/oil spill

• Norwegian fish farms

• Global climate change

• Microplastic (<5mm)

Credits: Mariusz Grøtte, NTNU; ESA; iFinnmark



How do you get data today?

• Big satellites such as 

Sentinel

• Planned missions with 

boats and personnel that 

are costly and lengthy

• Manned mission in general, 

with drones or airplanes

• Hard to influence where 

and when the data is 

gathered



HYPSO 
Context

System-of-Systems



HYPSO

• 6U CubeSat at NTNU

• In-house developed hyperspectral payload

• Polar SSO orbit



HYPSO
• Pushbroom principle

• Detect spectra



AutoNaut 

Cooperative long-

endurance wave 

powered autonomous 

surface vessel

Scientific sensors
• NORTEK Signature500 ADCP
• Seabird CTD SBE 49
• Aanderaa Oxygen Optode 4835
• WET Labs ECO Puck Triplet
• Airmar 120WX Weather Station
• ThelmaBiotel TBR 700 (acoustic fish tracker)
• IMU/Sea-state (in-house, work in progress)
• Spectrometer/HSI (work in progress)



Problem: Detecting Oceanographic 
Phenomena

[Yarish 2012]

Phenomena:
• Temperature
• Salinity
• Current
• Wind
• Height
• Phytoplankton



Use case: Monitoring 
Harmful Algal Blooms



Operational Analysis - Capabilities
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HYPSO team



2021 Team



HYPSO team

• 8 PhD/PostDoc researchers

• On average 15 MSc and 6 BSc students each year

• Students join for their bachelor and master thesis work

• Students join in late August and finish in May
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Model-Based 
Systems 
Engineering 
goals for 
HYPSO 
project

Reuse Reuse of model elements across projects and assets

Exchange Efficiently exchange data between project groups

Better Better traceability

Reduce Reduce onboarding time of new team members

Improve Improve knowledge management
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The Bootloader
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The Bootloader

• Hardware-firmware-software co-design 

flow

• Firmware and software execution flow

• Final booting procedure



The modeler

• Background in mechanical and systems engineering

• No experience with MBSE previously

• Some experience with coding from previous courses

• Did the Capella catapult tutorial and watched some 

webinars before starting the modeling effort



Modeling process

• Use model to 
simplify code

• Look for 
redundancies

• Identify
dependability
issues

Future work

• Review with
supervisors 
and group 
leaders

• New model
iteration

Model 
bootloader

• Limitations
and 
functionality

• Intended vs. 
implemented
design

Understand 
bootloader

• Meeting with
software
responsible, 
project
manager

• Choose
function to 
model

Software 
functionality

• Do tutorial 
and watch 
webinars

Learn 
Capella



Bootloader modeling I

• 216 lines of code

• Very sequential



Bootloader 
modeling II
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The physical implementation of the secondary SD card 
did not work as expected, so this functionality is not 

implemented on HYPSO-1.

The bootloader model will be used to improve the design 
for HYPSO-2



How much time does it take?

• 162 lines of code = 25 hours including time spent 

learning Capella

• So, we tried with another modeler and another 

functionality to see if we could get more data



cli opu git command

• Low-level command

• No extra documentation provided

• Only code lines

• Difficult to model without understand 

code

• Gave up and decided to go higher level 

instead after spending 3 hours trying to 

model function of 34 lines of code



Lessons 
learned

• Academic CubeSat teams are limited in Systems 
Engineering resources and experience – cannot choose 
or control who joins the project at any time

• Need to find ways to do SE activities without too large 
overhead

• Capella is open source and has a large online 
community which facilitates learning

• Can collaborate on model through Git

• Challenging to train engineers in MBSE in addition to 
their discipline (radio comm., ADCS, SW dev.) and 
develop understanding of what is needed to contribute 
to MBSE process

• The first functionality to model should be higher-
level code rather than low-level, where more 
knowledge of software systems is needed



Way forward

• Model HYPSO-2 from top-down

• And bottom-up from existing functionality re-used from 
HYPSO-1

• Use for identifying functions not implemented to give issues 
in GitHub for students

• And dependability analysis

• And verification and validation (hopefully)



Thank you

• Flow diagrams from Joar Gjersund’s master thesis

• Bootloader model from Runar G Rovik’s master thesis

• Work from Runar G Rovik’s master thesis


