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OHB Develops Satellite Guidance, Navigation, and Control Software for Autonomous
Formation Flying

Satellites becoming smaller
and working together



https://www.mathworks.com/videos/ohb-ag-develops-satellite-gnc-software-for-autonomous-formation-flying-78723.html
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DEFENCE AND SPACE

High Autonomy

Detect

* Using NavCam on mast

+ Visual Based Detection System (Machine Learning Algo.)
« Identify sample + position relative to rover

» Point cloud of terrain to avoid obstacles

Grasp

« Arm and Gripper System calculating trajectories based off position
and terrain

» Visually check the grasping in gripper

Stow

+ Manipulate the delicate sample for storage
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Link (Customer Presentation)

Mars Sample Fetch Rover:

Autonomous, robotic, sample fetching

Raul Arribas, GNC Robotics and Mission Performance
21 February 2022 >

DEFENCE AND SPACE

AIRBUS

DEFENCE AND SPACE

High Autonomy

Vision and arm system fully integrated with autonomous logic with "] i P Sanager e, 1k Am Control SW
A <«—Joint-space trajectories——
* Robotics ToolBox MATLAB Amm TCITM Manager joint3
SIMULINK
« Statistics and Machine Learning Toolbox -
5 3 AN R Sample Pose  Accessibility
« State-machine with visibility of all the equipment
« Asynchronous processer for computation intensive tasks e Sample Position € 0" U igual Based
) ) ) Manager Sample P Detection Algorithm
« Arm/Gripper and Camera interact with Sample
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Visual Detection T
. A ind Grij
« Request Camera image " Robotics S
» Detect Sample with Machine learning
mechanical lr.llonace vlsua.l detection
* Use Sample Pose and Point Cloud for accessibility to plan arm mc *ul e
= Sample Equipment
Arm motions o SW on OBC
SW on Co-Pro
» Target poses sent to Arm Control SW mechanical interface  mechanicalinterface Sample
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https://www.mathworks.com/videos/mars-sample-fetch-rover-autonomous-robotic-sample-fetching-1653992801253.html
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DEFENCE AND SPACE

Autocoding / Code Generation

« Airbus developing autocode systems for a long time
* OneWeb: first autocoded control system in flight
— Software modules integrated autocode / generated code
— All 3 modes have been run
— Nominal spacecraft behaviour achieved + delivered on time

« Ensures ECSS standards:
— ECSS E-60: AOCS
— ECSS E-40: SW
— ECSS Q-80: SW PA
— Automatic Code Generation for AOCS/GNC SW Handbook

Objective: to optimize our process by exploiting full capability of MATLAB/Simulink environment, and keeping the ECSS compliancy

Solution: C-code generated vis embedded coder from MATLAB/Simulink, with automatically generated documentation

\ETES S"ample Fetch Rover:

Autonomous, robotic, sample fetching

Raul Arribas, GNC Robotics and M[ssmn Performance
215! February 2022 2
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DEFENCE AND SPACE
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C-code generated from MATLAB/Simulink
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https://www.mathworks.com/videos/mars-sample-fetch-rover-autonomous-robotic-sample-fetching-1653992801253.html
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MOXIE

Produces Oxygen from Martian CO,
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Use Simulink to model and simulate the Mars Oxygen In-Situ Resource Utilization Experiment (MOXIE)
and MATLAB to analyze data from both the Simulink model and the real MOXIE on Mars

https://www.mathworks.com/company/mathworks-stories/moxie-converts-mars-co2-to-oxygen.html
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https://www.mathworks.com/company/mathworks-stories/moxie-converts-mars-co2-to-oxygen.html
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NASA Human Landing System Requirements Document:

Revision: Initial Release Document No HLS-RQMT-001
RELEASE DATE: September 27, 2019 Page: 7 of 315
Title: HLS Requirements Document (SRD)

2 Documents

For the purpose of this document, the term ‘document’ can also refer to ‘digital artifacts,’
‘models,” or ‘viewpoints’ as needed to convey and exchange configuration managed
data or information. An objective of the HLS Program is to advance towards a digital
engineering environment and away from the traditional document-based approach for
capturing data, reports and baselines.

https://forum.nasaspaceflight.com/index.php?action=dlattach:topic=50843.0;attach=1944357:sess=0

ESA Agenda 2025:

“ESA will therefore digitalise its full project management, enabling the
development of digital twins, both for engineering by using Model
Based System Engineering, and for procurement and finance,
achieving full digital continuity with industry.”

https://esamultimedia.esa.int/docs/ESA Agenda 2025 final.pdf
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https://esamultimedia.esa.int/docs/ESA_Agenda_2025_final.pdf
https://forum.nasaspaceflight.com/index.php?action=dlattach;topic=50843.0;attach=1944357;sess=0
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Assessment Process on Civil Airborne Systems '_ = .
and Equipment - e i
— DO-178C: Software Considerations in Airborne —— =
Systems and Equipment Certification = =

— DO-254: Design Assurance for Airborne
Electronic Hardware

— DO-278A: Guidelines for Communication,
Navigation, Surveillance, and Air Traffic

Management (CNS/ATN) Systems Software
Integrity Assurance

Links: NPR 7150.2, ECSS-E-40, DO-178, DO-254



https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/solutions/aerospace-defense/standards/Poster_MathWorks_NASA_NPR7150_Workflow.pdf
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/solutions/aerospace-defense/standards/Poster_MathWorks_ECSS_Autocoding_Workflow.pdf
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/solutions/aerospace-defense/do-178/mathworks_do178c_autocoding_workflow_poster_jan18.pdf
https://www.mathworks.com/content/dam/mathworks/signage-or-poster/poster-mathWorks-do254-qualified-workflow.pdf
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ACTIVE DIGITAL TWINS @ ESAIS CONTROL LAB o:qmlley peei?grﬁ:;‘:ensigl:ar; ances SYSTEM IDENTIFI(A:ZU:XTuanox « Requirements Formalised '
B - i sical Model
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Physical Model Incertain:
. - Actuation Measurements in * Virtual HWIL / PIL testing
:E?Jiitﬁf;sg.emeen erformance & Commands * Optimization Driven Simulation
7 < V&V e
Dr. Samir Bennani T — Manual tuning around nominal = - Implementation Level
Benedicte Girouart, Massimo (asasco, Steeve - ~ conditions => poor peformance & § . Auto-coding HWIL
Kowaltschek, Valentin Preda, Fabrice Boquet and b robusness. = . 9 Fu 'r'g X
the GNC & AOCS Pointing Division team o | . T gptll!'nlz?]tlm.'l based Testing 3
o e n-line Design
Senior GNC Systems Advisor - E;:I;‘?ii;:igtl:ﬂI;Otliim'?‘]snlood;r:nage . System Identification & Model Validation
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ESA NEEDS & KEY TAKEAWAYS Eesa  TAKEAWAYS Eesa
- Digital Twins (DT) are crucial for active controls of innovative concepts - Digital Twins (DT) are crucial for Active Controls of innovative concepts

* DT integrate physics & allow flexible E2E design&testing

* DT reveal complex multi-physics inter-dynamic couplings & system wide design drivers « From Concept Design to HW Implementation in matter of weeks (fast iteration cycle)

’ F]T ena!:le untnce_rtainty management _ ) * DT reveal Complex inter-dynamic couplings and system wide design drivers
Digital Twins within the MathWorks Toolchain « Uncertainty management with Robust Modelling Analysis and Control

* From Concept Design to HW Implementation in matter of weeks

* Estimated time & cost saving factor about 10 - Digital Twins within the MathWorks Toolchain

» Demonstrated performance improvement factor 100
* Realised innovative generic technology
Enabler for Innovation and technology acceleration

— Main tools used: Simulink, Simscape, Robust Control Toolbox, System Identification Toolbox

» Estimated Time & Cost saving factor about 10
» Demonstrated Broad Band Adaptive Active Isolation improvement factor 100
* Developed innovative technology concept adaptable to any of our missions

> Eﬁ ::“ ._.': o o et
Simscape nd == Jove R — Main tools used: Simulink, Simscape, Robust Control Toolbox, System Identification Toalbox
Il b 2= B ™= = (Il = = = e EIl == = imll + THE EUROPEAN SPACE AGENCY =l i = == T (IS I =2 EEE = i lvl + THE EUROPEAN SPACE AGENCY
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https://www.matlabexpo.com/content/dam/mathworks/mathworks-dot-com/images/responsive/supporting/events/matlab-expo-2021/proceedings/matlab-expo-2021-active-digital-twins-at-esa-control-lab-enablers-for-complex-spacecraft-controls-solutions-edt.pdf
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Attitude and Orbit
Control System
Tessella

| Vehicle Management

.

Attitude Control System
ESA - Airbus

IRIS Satellite GN&C System
o Lockeed Martin
/

Attitude Control, Power Control,

Mars Reconnaissance Orbiter
GN&C System
Lockeed Martin

Thermal Control, FDIR

Swedish Space Corporation
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Accelerating the pace of engineering and science

© 2024 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See
www.mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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