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Source Engineers
GmbH

* Located in Bern
* Embedded Software

e Software Engineering &
Project Management

* Power Electronics / Control

e Solar

* Product Development

* Functional Safety
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LIMS

Laser Ablation lonization Mass
Spectrometer

* In-situ material analysis on the moon
(regolith)
* Developed by University of Bern

NASA Artemis Program

CLPS Initiative (Commercial Lunar
Payload Services)

Mission in 2029 by Firefly Aerospace
e ,Blue Ghost Mission 4

Financing via ESA PRODEX

Images: ©University of Bern
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LIMS-APS

* Application Software / Flight Software

* Responsibilites
* Ground communication via SpaceWire
* Housekeeping Pipeline
* System Control
* Submodule Control
* Laser Electronics
* Read-out Electronics
* Sample Handling
* High-Voltage Power Supply
* Histogram processing and transfer

* Gaisler LEON2 / RTEMS / C++ 14
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Challenges

* Extensive Requirements Engineering
» Software Requirements Specification (SRS)
- basis for Statement of Work (SoW)

* Exhaustive Application Process to becoming ESA prime Contractor
* Firm Fixed Price (FFP) Project
— Detailed analysis and SW architecture required beforehand

* No hardware on project start
» SE suggested HIL-based ,Software Development Model (SDM)“
- became integral part of SRS/SoW
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Software Development Model - - -
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* Models the Environment of the Flight SW

Crm ) r
* Typhoon HIL-based (hardware-in-the-loop) 1 i
* University of Bern provides . E N 5
e HIL system model R D
* Adapter/simulation/submodule boards T ?
e Extendable and adaptable during development g E\ =
o !
* Allows o e
T u
* Early start of SW development S —
* When HW not available

sutomated

* Remote access for developers ,
* Expensive resources are shared :

e Automated on-target testing via Python HIL API
* CI/CD nightly builds
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Software Development Model -
SDM

SpaceWire adapter
PC for remote access
CPU Evaluation Board

Adapter/Simulation
Boards

Typhoon HIL

HIL I/O-Interfaces
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Outcomes

* Milestones
* 8 releases over 4 years of collaboration, 3 years of development
e ...each delivered on time
 ..containing promised features

* Project extension in 2026
* ESA Contract Change Notice (CCN)
e 1-2 more releases
* Due to missing HW (!) features and delays

* We managed to invert Embedded SW's fate:
» Software waited for working hardware, not vice-versa!
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Key Learnings

* Do proper Embedded Software Requirements
Engineering

* - SRS
* Break-down SW Architecture early for proper
Time Estimations
* Use HIL-based SDM
e Early SW development start
* Remote access for sharing expensive HW
* Automated Integration Testing on Target

* Use well-established SW development workflow
* CI/CD pipeline (unit tests & integration tests)
 Static code analysis
* Code Reviews
* Requirement tracing to code and tests
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Thank You!
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