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1. Recall of the activity context and objectives – 5 mn

2. Analysis of pain points/Challenges and selection of MBSE tool – 25 mn
– Presentation of the pain points and MBSE tool selection – 20 mn
– Q&A : 5 mn

3. Reverse Engineering of OPS-SAT mission and system from Doc Pack – 20 mn
– Presentation of the approach followed and its improvements – 10 mn
– Demo 1: navigation in OPS-SAT model with traceability and document generation – 10 mn
– Q&A : 5 mn

4. OPS-SAT 2 mission – new model derived from OPS-SAT 1 – 30 mn
– Presentation of the approach to address the new mission and its variability – 10 mn
– Demo 2: simulation of OPS-SAT 2 operational concept – 10 mn
– Demo 3: navigation in OPS-SAT 2 150% model with preview of several configurations – 5 mn
– Q&A : 5 mn

5. Conclusion – 10 mn
– Summary of achievements and lessons learned
– Perspectives
– Q&A
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Agenda and timing
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• 18 Dec 2019 - launch of OPS-SAT mission
– First CubeSat mission designed and operated by ESA

– Low-cost, open, and flexible flying ‘laboratory’ powerful platform for in-orbit 
demonstration (IOD)

– Large and diverse team mixing academic and industrial stakeholders

➔some challenges and pain points…

• Can an MBSE approach and tool help in addressing those pain points ?
– And to which extent ?

• Can we provide a model as a reference for use by future IOD missions?
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Recall of the background
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Goals and organization of the study 

model
Capture of requirements, 

method and tool for the model 
definition

TU Graz

TU Graz

TU Graz

1. Identification and analysis of OPS-SAT SE challenges
2. Analysis and selection of appropriate existing 

MBSE tool and methodology to alleviate 
encountered pain points

3. Reverse-engineering of the OPS-SAT mission and 
system architecture utilizing a MBSE approach

4. Preparation of the model and modelling environment 
for the next IOD mission with the intention to 
transition to a fully model-based approach

5. Identification of how the developed environment 
addresses the lessons learned and pain points 
encountered and any future further development needs

Overall, the activity shall seek to demonstrate the 
benefits of an MBSE approach versus a traditional 
paper-centric approach and shall seek to position a 
reference IOD system model such that it can be a 
starting point for an MBSE approach for a future 
IOD mission.
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1. Analysis of pain points/Challenges and 
selection of MBSE tool

4/28/2022
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• From document-based approach…to a centralized model, to better address 
consistency and completeness of system requirements

Recall :“completeness” and “consistency” challenges

6
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Model as single source of truth= 
centralized repository that eases the 

definition and navigation amongst 
systems engineering artefacts)
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• In 2017 Airbus DS decided to define a study to assess the different MBSE 
tools with a formal approach
– Samares Engineering was selected for this study

• In 2018 this study was extended to consider interoperability with 
Requirements, Design, optimization and V&V
– Samares Engineering was confirmed for this extension

• The next slides give a short summary of the final presentation (mid 2019)

7

MBSE tool choice - history

4/28/2022
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Whatever the project 
category and associated 
weights, Cameo Systems 

Modeler (SysML tool) was 
ranked in the top 2 tools and 

1st most of the time 

Cameo Systems Modeler was 
selected by Airbus DS in 2018 

and extended as corporate 
choice in 2019 when the 

DDMS project started
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But SysML is not used directly by systems engineers…

• Airbus has defined SECAM as the set of common SE concepts to be used by all Airbus projects (including Space) 
• The Airbus MBSE framework is based on top of Cameo Systems Modeler and implements SECAM on top of SysML
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• Systems Engineering Common Architecture (Meta) Model

• SE Foundations (including requirements) + 5 layers

– Missions, 

– Operations, 
– Functional analysis, 

– Logical, 

– Technical/Physical

• Used as input for OSMOSE definition (space ontology WG)
– Airbus takes care to keep SECAM aligned with OSMOSE

• Independent of any language  and tool (SysML, Capella…)

– SECAM provides a “mapping” mechanism to write 
formal transformations

– Can define formal mapping from a SECAM concept to 
any other meta model concept

– Can generate wrappers to ensure model to model 
transformations based on mappings

10

SECAM overview

4/28/2022
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MOFLT interoperability through SECAM pivot meta model

4/28/2022

AMP

SysML

UML
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a

m
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(AMP4SECAM)
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Capella2Arcadia

Arcadia2Capella

Arcadia
Arcadia2SECAM

SECAM2Arcadia

Developed by 
Samares for Airbus
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• Many similarities and a few differences

– GSEF is more focused on the technical architecture 

– SECAM has a larger scope with mission, operations, functions and logical layers not defined in GSEF
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Interoperability between MOFLT and ESA GSEF

AMP

SysML
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eo

Capella

SECAM

Cameo4SECAM

(AMP4SECAM)

Capella4Arcadia:
Capella2Arcadia

Arcadia2Capella

Arcadia
Arcadia2SECAM

SECAM2Arcadia

GSEF
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Note: It is possible to define formal transformations between SECAM 
and GSEF (ESA Ground Segment Engineering Framework)
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Overview of the Airbus MBSE solution, with M, O, F, L and T viewpoints
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MBSE with MOFLT first metrics

4/28/2022

June 2021
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MBSE needs derived from pain points/challenges (OPS-SAT design)

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

8

No means to guarantee 

that manufacturers 

respect their 

commitments

The Manufacturer of PCBs refused help to fix issues.  There was no way to force manufacturers to comply with 

their specification.

One reason may be the very limited budget for each subcontractor (around 300 K€)

No, this is more about agreement/supplier processes

9 Limited tests on ground

Because of limited tests on ground, the right parameters have to be adjusted after launch Calibration was done 

within a month. 

The full duplex transceiver was only tested with cables: the interference was not detected.

Note: Time could have been saved by investing in test facilities for low maturity or recent technologies.

Modeling can help in formalizing a set of expected scenarios with 

different contexts (on ground and in flight) to appreciate the 

differences in test facilities and in interactions.

N8: modelling of same scenario in 

different contexts, and analysis or 

simulation capabilities to detect 

performance, constraints or behaviour 

differences between scenarios of 

different contexts

10 Transponder issue
There was a big problem with the transponder commanding time, which was far below the expected performance. 

Commissioning had to be thought differently due to the bad performance of that command link.

The command link was a prototype. Their tests were not representative concerning the interferences.

Yes, a specific modelling of the transponder expected behaviour and 

dysfunctional behavior would certainly help in better understanding 

and anticipation of possible issues.

Tests are as always needed to determine the performance of the 

equipment, but modeling can absolutely help in determining the 

expected behavior and the expected performance,  as well as help 

with identifying non-nominal scenarios and how the different parts of 

the satellite should react in these cases. 

N9: need for modeling of behaviour of 

a transponder.

N10: modeling of dysfunctional 

behaviour and analysis of errors and 

their propagation. 

11
Bad design of some key 

components

ADCS was designed with a PCB with 4 layers. This was a bad design with a lot of issues. 

GPS: if the battery (min 8 volts) is dead the mission is dead, because the converter does not accept above/below 8 

volts (converter pb). 

Even small modifications to existing equipment have caused major problems (e.g. power subsystem, FPGA updates 

on CCSDS engine, implementing packet store on external FLASH)

Yes, by illustrating the bad design to explain it to the concerned 

supplier.

Also, modeling helps with impact analysis in case of any changes 

(requirements, hardware, …), which will help when there are even 

small changes to any piece of the equipment, to determine if and how 

the change impacts the rest of the system. 

N11: a technical architecture traced to 

functional chains realizing operational 

scenarios could allow demonstrating 

or highlighting issues

12
Bad qualification of 

suppliers and their 

components

The suppliers were not qualified for their ability to deliver high quality components. Their list was limited, with 

very few options for selection. In the end, to get things that fit together, only 1 or 2 candidates were available. 

Could not add penalty guarantees, due to limited budget. 

The TRL level of components was perhaps underestimated, or the low maturity was not fully addressed with an 

action plan to raise it.

Note: seems related to 2.8

No, this is more about agreement/supplier processes

13 Orbit restrictions
It took years for the team to get a dawn/dusk orbit. If that restriction had not existed, they could have launched 

earlier and cheaper

perhaps some analytical model can help understanding the issues 

related to the restricted orbit?

14
Some constraints 

missed.

Some constraints were not identified: for instance, the CAN bus could only handle 400 kbps  while the team 

thought they could benefit from 1 MBits downlink. Or some components could not communicate as expected.

Some other constraints came from the whole communication chain. So, it is key to get a good view of the global 

communication chain as quickly as possible.

Yes, the capture and storage of all requirements (including constraints 

at any level of granularity) and the use of traceability can surely help 

tracking those constraints and avoir missing some

N12: Requirements and traceability 

from requirements to functions down 

to technical components

N13: support the building of an 

executable model with simple 

communication budget evaluation

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

1
Very fragmented 

distribution of hardware 

suppliers

Instead of getting a few suppliers in charge of the delivery of several pieces of equipment, there was a requirement 

to use COTS components, which led to the use of many technologies and many sub-systems coming from various 

suppliers without global consistency. 

Note: here are some problems found using COTS: 

•	mitigation was needed due to radiation => impact on reliability 

•	protocols and interfaces were those proposed by suppliers and not often compatible system to system (I2C for 

example)

•	assembly: the size was the one proposed and not optimized

No. This point is mainly related to agreement processes (acquisition and 

supply). From our experience, modeling can not help in such processes.

2
Several avionics 

networks

Traditionally there is only one avionics network, proved for its reliability in other domains, like the CAN bus 

(proven by the automotive industry). In OPS-SAT system there were several communication systems between the 

components: I2C (lots of problems), CAN Bus, USB…, which led to extra efforts to ensure the consistency and the 

resilience of the integration, with some technologies not yet proven.

Note: except CAN, most of the technologies are new in space domain.

By showing the detailed interfaces of components with the various 

networks, we can improve the understanding of issues about connectivity 

and about protocols and better analyze impacts on changes in interfaces.

Perhaps a model could be used to support trade off in the selection of the 

COTS taking into account interfaces and interoperablity 

N1: Technical architecture showing the 

different bus interfaces and with live 

support on compatibility of interfaces 

(graphical error if bad connection)

3 Interferences between 

subsystems

There were also issues coming from interferences between the different subsystems. This situation led to efforts to 

isolate those different subsystems.

Can be helped/mitigated by identifying interference properties on the 

different hardware components, to see which pieces need to be placed at a 

certain distance or shielded from each other. 

An interference analysis model could be used as a complement to the 

system definition model (but this is specialty engineering).

N2: Extended concepts on technical 

architecture to add interference 

properties on HW components.

4 Small size of the satellite

Many problems seem to come from the small size of the spacecraft. The reduced size required a lot of efforts in 

optimization of space to allow assembling the different items in the restricted volume with the right isolation. 

Note: this small size allowed a lower cost for the launch, but it is not sure that this cost savings for the launch was 

more important than the extra cost spent to perform the optimizations.

The model could contain sizing information to allow the global sizing 

and help for accomodation.

A 2D geometry view (face by face) could give some indications on the 

respective positions of components and may help to check the size 

constraint.

N3: extended Geometry and sizing 

concepts in addition to technical 

architecture.

N4: support 2D geometry views (face 

by face) in the technical architecture 

views.

5
Late major changes in 

interfaces

Major changes in interfaces were done very late (close to the launch) with some assumptions already done. The 

team had to adapt very quickly.

The reason for those late changes comes from some companies that wanted to develop new items with new or 

changed interfaces.

Yes, with showing the detailed interfaces of components and their 

integration. Any change can be quickly analyzed

N5: technical architecture view 

showing the integration (mechanical, 

electrical, buses) connections of the 

physical components

6
Bad reliability of COTS 

datasheets

Some parts were developed as COTS, without any control of the payload, and offered as flight proven, but in the 

reality, there were many issues compared to what was mentioned in the datasheet:

•	Flight sensor issues => required workarounds. Reprogramming from the ground to make a sensor at all useful. 

•	GPS on board did not behave as expected. Post processing was necessary. 

•	GPS antenna not adapted, and tests on-ground not able to reveal this "incompatibility". 

•	EPS unable to boot in case of dead battery: it was not clear at all from the datasheet.

Note: never trust datasheet or technical components, especially from new space companies.

modeling can be used to formalize the part of the datasheets used in 

OPS-SAT and to complete the information with test results to give 

realistic information about the component capabilities and 

characteristics.

note: High effort to formalize the notion of "tests" done on a 

component.

Modeling will not fix the fact that the information is erroneous, but 

can absolutely help in formalizing the information and combining 

different sources into a single source of thruth. 

N6: Ability to trace any technical 

component to both its datasheet 

document and also to its measured 

performances.

Rationale:  any component issue 

found in the model (connectivity, 

simulation…) could quickly lead to the 

related data in the datasheet and ease 

to find the source of error

7
Lack of tests by 

manufacturers on the 

expected scenarios

There was the assumption that you can rely on the manufacturer for some tests. But some scenarios had never 

been tested before. A lot of time was spent to fix problems. A lot of exchanges were needed to ping the 

manufacturers. Some manufacturers said that the detected error is a problem with their product, but with the test 

/ something else, or they responded, "I do not want to fix it".

A lot of work was performed to detail the specification and the tests.

There were promises that subsystems should have already flown, but this it was not the case. 

Modeling can help in formalizing a set of expected scenarios and show 

the collaboration of components in those scenarios supported by 

functional chains

N7: Technical architecture (with 

connected components) mapped to 

functional chains that realize 

operations.

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

15 Use of low maturity 

standards

Implementing standards that are not mature is a source of problems. Standards are not always as unambiguous as 

you might think, even though they are better than nothing.
No. Use of TRL evaluation early seems a good idea.

16
Handling errors during 

integration

It is key to respect strict equipment handling procedures at each site for the hardware:

•	Team had bent pins causing the loss of the ADCS, bad handling causing the loss of a wheel and the main 

processor blew up due to the wrong voltage being applied to it.

•	SEPP-1 story - mechanical stress placing it in the container, caused micro cracks, thermal cycling did the rest. 

Possible overheating. Hot day in plexiglass on a roof with no FDIR protection or TM recording

Yes, an integration model (a model with all virtual products assembled 

for final integration) would certainly help in preparing integration in 

good conditions.

Models could also be used to describe the handling processes and 

handling requirements for each component . 

But it requires to define the model at the physical level and focus with 

specific viewpoints (electrical, thermal...)

see N5: technical architecture showing 

integrated components

17
Integration tests not 

always performed in 

representative conditions

Some units were not tested in representative conditions during some of the integration stages, which led to 

discovering late that the GPS did not work.

Yes, focus on operations (operational scenarios, phases, behaviour, 

conditions) seems a good idea, but "environment constraints" shall be 

added in the operational model dans tests shall be driven through 

those constraints.

N14: ability to model Mission, 

Operations and refine those 

operations into Functions, logical and 

Technical architecture with full 

traceability

18 Late tests on behaviour
Some behavior was not tested in the early stages and an I2C problem was discovered too late: team says they 

should have plotted TM to check for spikes etc. as early as possible. They discovered the I2C problem too late.

Yes, the expected behaviour on key/sensitive operational 

scenarios/functional chains would be useful.

See N14

N15: ability to formalize behaviour 

and simulate the model to check if the 

formalized behavior is accurate

19
1. Accessibility not 

envisioned after 

integration

After integration there was a need to remove a panel, but the ADCS could not be accessed as the JTAG was just in 

front of a structural panel…

Some other tests are simply not possible after integration, like calibrating the sensors: it is key to remember to 

perform them BEFORE integration.

Yes, by applyting strict Systems Engineering principle on all system life 

cycle stages (including maintenance) and by creating dedicated 

contexts for each stage to better characterize the various interfaces

N16: ability to formalize several 

contexts according to the system 

lifecycle (not only "operations phase").

20
Lack of experience in 

estimation of efforts
Some tasks were underestimated: building ground stations, configure ADCS systems, … No. Rather a matter of project management. 

21

Some system 

requirements not 

checked before 

integration

Some sensors were not calibrated before integration, and it was impossible to do it afterwards due to access 

problems. Some protection diode requirement was forgotten, and was difficult to add after integration…

The team discovered after integration and environmental testing that the star tracker firmware was out of date 

(information told by the provider, but very late). It led to extra efforts and the design of a new solution to ensure 

possible updates in flight.

Yes, the capture and storage of all requirements (including constraints 

at any level of granularity) and the use of traceability can surely help 

tracking those constraints and avoir missing some.

Note: we need double traceability: vertical traceability (satisfy) and 

horizontal traceability (verify)

See N12

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

22

Missing Verification 

matrix and lack of 

verification progress 

follow-up

One of the most useful documents produced on the advice of an ESTEC reviewer was the AIV and OBSW testing 

spreadsheet. This listed the tests intended, the goal of the test and a sequence of execution dates and comments. 

It was color coded so that it had to all be green when completed. It gave the team a great overview of where they 

were and what the problems left to solve were (also for the reviewers).

Yes, by formalizing the verification procedures and their traceability to 

system requirements.

N17: formalization of verification 

procedures and traceability of 

Verification procedures to 

requirements

23 Test driven software 

development

The team realized that the unit test procedures shall be written at the same time as they are coded. Otherwise, 

they will never get done, or the team will face a massivejob afterwards. At least the critical functions need to be 

unit tested as they are written, so it is key to identify them and make sure it is done and recorded.

No

24
Diagnosis tooling to 

debug or to follow 

operations

In the lessons learned, the team insisted on getting a maximum of information to understand the problems and 

follow the operations. They mention:

•	Beacons

•	Status parameters

•	Logging

•	Crazy messages

•	Crash reports

•	I2C and CSP error counting and reporting

They lacked the tools to analyze ground activities with S/C data.

No

25
Configuration 

management issues

Some inconsistencies were discovered very late because of some parameter values that had not been recorded 

before the launch (including configuration parameters for RX and TX). Some versions of files to upload had the 

wrong version, and not everyone used the latest TLEs, which led to synchronization problems…

updating the model instead of documentation help defining 

incompatibility and /or impact on design / software / protocols…

Diversity (variability)  can be helped along with Product Line 

Engineering models 

N18: Product Line Engineering 

modeling 

26
Reliability not fully 

addressed

Several cases were not envisioned and led to delays and efforts to recover, including:

•	The loss of a ground station was not envisioned, and it took time to get a spare part.

•	The same frequency used by another satellite was not envisioned and this situation occurred, preventing 

switching TX on.

•	The Nanocom switched itself off blocking UHF access, which was not supposed to happen…

•	…

Yes, by formalizing dysfunctional scenarios and reconfiguration 

scenarios. Useful to anticipate reliability issues.
see N10

27 Lack of test means

Examples of issues faced by the team with regards to testing:

•	Not having S-band radio in EM caused lack of testing of S-band power On/Off TCs

•	The OBSW freeze happened again when doing the GPS calming and locking us out

From these situations, it seems that the team needs a complete Flatsat to test before upload.

No

28
Operations concept not 

planned before launch

In OPS-SAT orbit, all the passes are outside working hours. The "noble" aim was to have all operations execution 

automated so that this would not be a problem. However, in reality, there were many problems with the ground 

system and spacecraft that made it very inefficient to rely on automation alone, e.g., one problem and the entire 

schedule for the evening and morning would be lost. The only way to accelerate progress was to add manual 

operations (at least partially) to react to these problems.

Yes, mission and operation formalization can surely help in better 

understanding. Idea would be to build a framework for "mission 

planning" to ease the building and validation of experiments on 

ground => requires conceptual framework for experiments with the 

use of resources. Warning: equations can be complex and should take 

time into account

As well as identifying this risk through dysfunctional scenarios early in 

the development process (defining expected and dysfunctional 

behavior)

N19: mission planning modeling 

supporting time.

29
Lack of training or late 

training

This project had continuously changing manpower in the form of trainees and YGTs on ESOC side. The only 

constant has been industry, and if training is too much to ask for, at least a smooth handover in any chosen media 

(webinars/presentations/telco) would have helped everyone speed up and start contributing more constructively 

sooner

Yes, model can help in better description of the system with 

navigation and zooms in the model, easier than with slides or word 

documents

See N14

N20: ability to formalize behaviour 

and simulate the model to check if the 

formalized behavior is accurate

29 “pain point” categories have been captured from OPS-SAT team 
interviews, with the support of ESA and TU Graz

21 modeling needs have been identified to alleviate those pain points
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Needs for an MBSE tool, derived from OPS-SAT feedback

Cameo Systems Modeler natively supports the 
creation of extended concepts using stereotypes 
and their customization (icons, rules…)
Example:

XXX

Some needs can easily be addressed through language extensions
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Needs for an MBSE tool, derived from OPS-SAT feedback

See next slides to get the compliance results 
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Q&A

End of “Analysis of pain points/Challenges and selection of MBSE tool”
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2. Reverse Engineering of OPS-SAT mission 
and system from Document Pack

4/28/2022
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Reverse engineering modeling approach – V1

Flight and Ground segment architecture, 
design,  implementation, 

ES
A

 a
n

d
 T

U
 G

ra
z 

D
o

cu
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e
n

t 
p

ac
k

Mission, System and SoW 
Requirements, Mission 

Operations Plan

1.1 Translate with traceability

1.2 Translate with traceability

Verification & 
Validation 2. Ensure continuity between L0 and L1: use of 

functions and logical components at L0 and L1 
to fill the gap (refinement and abstraction) and 

reach end to end traceability

OPS-SAT GLOBAL SYSTEM (Level 0)
Initialized with mission and operations

OPS-SAT FLIGHT SEGMENT (Level 1)
Initialized with data about equipments

Hard to identify the right granularity 
level for system functions:  not “too 

technical” (bottom-up), no “too 
mission-specific” (top-down)  …
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Reverse engineering modeling approach – V2

1.1 Translate with traceability

1.2 Translate with traceability

2. The gap is easier to bridge when 
system functions exist !!!

1.3 Translate 
(without traceability)

Space domain knowledge
(CubeSat)

2.1 Op - Func

2.2 Func - Log - Tec

Flight and Ground segment architecture, 
design,  implementation, 

ESA
 an

d
 TU

 G
raz D

o
cu

m
e

n
t p

ack

Mission, System and SoW 
Requirements, Mission 

Operations Plan

Verification & 
Validation

Experiment 
illustration

1.4 Translate
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OPS-SAT overview (for navigation)
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Overview of the OPS-SAT model and navigation

Demo 1
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• Main Mission, mission concept, mission phases, mission capabilities 

4/28/2022 24

Mission Analysis
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All requirements imported and classified

Note: Use of Excel sheet as 
intermediate artefact between 
PDF documents and CSM tool. 
CSM tool supports round trip 
with Excel
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MBSE to maintain traceability

MOFLT method ensures the traceability between the different elements from the different layers and between the engineering levels

4/28/2022

From OPS-SAT mission to its technical components
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MBSE to maintain traceability

4/28/2022

From OPS-SAT system requirements to technical components
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Operational behaviors

LEOP behaviour



Copyright Samares-Engineering 2021-2022 - All rights reserved4/28/2022 29

Technical views of OPS-SAT model

3 different views of the same technical architecture => consistency

Limited value from the 
pure mechanical point 
of view (no native 
mechanical library)

Limited value from the 
pure electrical point of 
view (no electrical 
library)
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Document generation

4/28/2022
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From document template to final report
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Summary of achievements after MBSE reverse 
engineering of OPS-SAT system

4/28/2022
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• N1: Technical architecture showing the 
different bus interfaces and with live support 
on compatibility of interfaces (graphical 
error if bad connection)

• N4: support 2D geometry views (face by face) 
in the technical architecture views.

4/28/2022 33

Summary of achievements with OPS-SAT model

Limited value as it is not connected to the CAD model…

Validation rules can work in “live” mode (real time)
Or on demand (“validate” menu) 
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• N5: technical architecture views showing the integration (buses, electrical, mechanical) connections of the physical components

4/28/2022 34

Summary of achievements with OPS-SAT model

3 different views of the same technical architecture => consistency

Limited value from the 
pure mechanical point 
of view (no native 
mechanical library)

Limited value from the 
pure electrical point of 
view (no electrical 
library)
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• N7: Technical architecture (with connected components) mapped to functional chains that realize operations 

• N11: a technical architecture traced to functional chains realizing operational scenarios could allow demonstrating or 
highlighting issues 

• N14: ability to model Mission, Operations and refine those operations into Functions, logical and Technical architecture 
with full traceability

4/28/2022 35

Summary of achievements with OPS-SAT model



Copyright Samares-Engineering 2021-2022 - All rights reserved

• N17: formalization of verification procedures and traceability of Verification procedures to requirements

4/28/2022 36

Summary of achievements with OPS-SAT model
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Q&A

End of “Reverse Engineering with MBSE of OPS-SAT mission and system”
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OPS-SAT 2 mission – new model derived from 
OPS-SAT 1 with focus on operational concepts

4/28/2022
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The big picture of the modeling approach
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Mission, operational behaviors and tasks

STEP 1

4/28/2022
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Missions – OPS-SAT 2 completes OPS-SAT 1

For traceability issue… we need to show both missions

We explain here how mission phases are 
supported by operational behaviors
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op behaviors: op tasks and allocation to L1 systems

Each operational behavior is detailed with operational tasks and allocated to L1 Operational Systems 
(Launcher, Satellite, MCS) ➔ we can deduce a first set of operational exchanges between L1 systems
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From mission to op tasks allocated to L1 Systems

We show here a first decomposition of the mission into phases, operational behaviours and op tasks allocated to Systems

Note: this is a simplified view of the operational concept that is next refined at L1 level by both S/C and MCS teams
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Refinement of operations from L1 Systems

STEP 2

4/28/2022
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Refinement of S/C behavior – from lifecycle to modes and to tasks

S/C behavior is complete and consistent by construction – simulation will show if it is also correct (accurate)
Waiting for a given signal…

Sending a given signal…

Waiting for a given delay…
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Refinement of L1 Systems - MCS
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Creation of an integration model for all L1 systems 
and simulation of this model

STEP 3

4/28/2022



Copyright Samares-Engineering 2021-2022 - All rights reserved4/28/2022 48

Simulation of OPS-SAT2 in operational context

Running the 
operational 
concept on 
the global 
integrated 
system with 
launcher,  S/C 
and MCS… 
but also the 
experimenter 
interface…

1

1

22

3

3

3

1 System life cycle, in “operations” phase

2
System modes state machine,
during operations

Illustration of one operational 
behavior (Optical Pass), showing 
sending               and reception                  
of data between ground and flight 
segments, with and delays

4 Experiment life cycle, from definition to 
deployment and run on S/C

4
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Operational simulation of OPS-SAT2 Global System

Running the 
operational 
concept… 
performing an 
experiment…
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Demo 2 on operational concept simulation

4/28/2022
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S/C technical configuration from 6U baseline

STEP 4

4/28/2022



Copyright Samares-Engineering 2021-2022 - All rights reserved4/28/2022 52

S/C technical configuration (150%)

Components are classified 
according to the proposed 
classification of the document

This is 150% list of 
components, with components 
from both 6U and 12U 
baselines (thruster, PPU…)
The variable elements (related 
to propulsion) have a specific 
adornment (small blue icon on 
top left) – see next slide for 
use of variability
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Demo 3 on variability – 2 configurations

4/28/2022
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• We can define different configurations with different drivers and 
parameters

• We will show how the selection of a configuration (6U or 12U) will 
trigger impacts on propulsion and associated artefacts (requirements, 
operational task, functions, components…)

4/28/2022 54

L1 S/C envisioned configurations – trade off
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L1 S/C – see impacts of a given configuration

6U configuration 
preview

12U 
configuration 

preview
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SpaceCraft network for 6U configuration



Copyright Samares-Engineering 2021-2022 - All rights reserved 57

S/C logical components and architecture (proposal)

STEP 5

4/28/2022
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S/C Logical components and associated classification



Copyright Samares-Engineering 2021-2022 - All rights reserved4/28/2022 59

S/C Logical components and associated functions

Space domain knowledge 
about functions, arranged into 
logical groupings (components)
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S/C Logical component and technical realization

From functional groups to 
conceptutal equipments (without 

vendor physical products)
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S/C logical architecture (proposal)

If we have spent efforts to define 
functional flows, it becomes possible to 
connect the logical components easily: 

logical flows are groups of functional flows

Note: the layout of this diagram has been  
performed by the tool – It is a high saving… 
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Ground Segment Technical configuration

STEP 6

4/28/2022
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Ground segment technical configuration

Some networks 
are highlighted
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Ground Segment Logical Architecture

STEP 7

4/28/2022
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Ground segment logical architecture (to refine…)

NOTE: currently it is a mix between OPS-SAT 1 and OPS-SAT 2…
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OSP-SAT 2 integrated technical and logical architectures

STEP 8

4/28/2022
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L0 technical configuration

Both Flight and Ground 
segments are displayed in 

their technical configuration 
(networks) and with their 

technical interfaces
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OPS-SAT 2 integrated logical architecture
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Summary of achievements after preparation 
of a model for OPS-SAT 2 mission

4/28/2022
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• N18: Product Line Engineering modelling

• N20: ability to formalize behavior and simulate the 
model to check if the formalized behavior is accurate

4/28/2022 70

Additional achievements with OPS-SAT2 model
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Q&A

End of “OPS-SAT 2 mission and system model”
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Conclusion

4/28/2022
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Ability of the MBSE solution to address pain points/challenges

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

1
Very fragmented 

distribution of hardware 

suppliers

Instead of getting a few suppliers in charge of the delivery of several pieces of equipment, there was a requirement 

to use COTS components, which led to the use of many technologies and many sub-systems coming from various 

suppliers without global consistency. 

Note: here are some problems found using COTS: 

•	mitigation was needed due to radiation => impact on reliability 

•	protocols and interfaces were those proposed by suppliers and not often compatible system to system (I2C for 

example)

•	assembly: the size was the one proposed and not optimized

No. This point is mainly related to agreement processes (acquisition and 

supply). From our experience, modeling can not help in such processes.

2
Several avionics 

networks

Traditionally there is only one avionics network, proved for its reliability in other domains, like the CAN bus 

(proven by the automotive industry). In OPS-SAT system there were several communication systems between the 

components: I2C (lots of problems), CAN Bus, USB…, which led to extra efforts to ensure the consistency and the 

resilience of the integration, with some technologies not yet proven.

Note: except CAN, most of the technologies are new in space domain.

By showing the detailed interfaces of components with the various 

networks, we can improve the understanding of issues about connectivity 

and about protocols and better analyze impacts on changes in interfaces.

Perhaps a model could be used to support trade off in the selection of the 

COTS taking into account interfaces and interoperablity 

N1: Technical architecture showing the 

different bus interfaces and with live 

support on compatibility of interfaces 

(graphical error if bad connection)

3 Interferences between 

subsystems

There were also issues coming from interferences between the different subsystems. This situation led to efforts to 

isolate those different subsystems.

Can be helped/mitigated by identifying interference properties on the 

different hardware components, to see which pieces need to be placed at a 

certain distance or shielded from each other. 

An interference analysis model could be used as a complement to the 

system definition model (but this is specialty engineering).

N2: Extended concepts on technical 

architecture to add interference 

properties on HW components.

4 Small size of the satellite

Many problems seem to come from the small size of the spacecraft. The reduced size required a lot of efforts in 

optimization of space to allow assembling the different items in the restricted volume with the right isolation. 

Note: this small size allowed a lower cost for the launch, but it is not sure that this cost savings for the launch was 

more important than the extra cost spent to perform the optimizations.

The model could contain sizing information to allow the global sizing 

and help for accomodation.

A 2D geometry view (face by face) could give some indications on the 

respective positions of components and may help to check the size 

constraint.

N3: extended Geometry and sizing 

concepts in addition to technical 

architecture.

N4: support 2D geometry views (face 

by face) in the technical architecture 

views.

5
Late major changes in 

interfaces

Major changes in interfaces were done very late (close to the launch) with some assumptions already done. The 

team had to adapt very quickly.

The reason for those late changes comes from some companies that wanted to develop new items with new or 

changed interfaces.

Yes, with showing the detailed interfaces of components and their 

integration. Any change can be quickly analyzed

N5: technical architecture view 

showing the integration (mechanical, 

electrical, buses) connections of the 

physical components

6
Bad reliability of COTS 

datasheets

Some parts were developed as COTS, without any control of the payload, and offered as flight proven, but in the 

reality, there were many issues compared to what was mentioned in the datasheet:

•	Flight sensor issues => required workarounds. Reprogramming from the ground to make a sensor at all useful. 

•	GPS on board did not behave as expected. Post processing was necessary. 

•	GPS antenna not adapted, and tests on-ground not able to reveal this "incompatibility". 

•	EPS unable to boot in case of dead battery: it was not clear at all from the datasheet.

Note: never trust datasheet or technical components, especially from new space companies.

modeling can be used to formalize the part of the datasheets used in 

OPS-SAT and to complete the information with test results to give 

realistic information about the component capabilities and 

characteristics.

note: High effort to formalize the notion of "tests" done on a 

component.

Modeling will not fix the fact that the information is erroneous, but 

can absolutely help in formalizing the information and combining 

different sources into a single source of thruth. 

N6: Ability to trace any technical 

component to both its datasheet 

document and also to its measured 

performances.

Rationale:  any component issue 

found in the model (connectivity, 

simulation…) could quickly lead to the 

related data in the datasheet and ease 

to find the source of error

7
Lack of tests by 

manufacturers on the 

expected scenarios

There was the assumption that you can rely on the manufacturer for some tests. But some scenarios had never 

been tested before. A lot of time was spent to fix problems. A lot of exchanges were needed to ping the 

manufacturers. Some manufacturers said that the detected error is a problem with their product, but with the test 

/ something else, or they responded, "I do not want to fix it".

A lot of work was performed to detail the specification and the tests.

There were promises that subsystems should have already flown, but this it was not the case. 

Modeling can help in formalizing a set of expected scenarios and show 

the collaboration of components in those scenarios supported by 

functional chains

N7: Technical architecture (with 

connected components) mapped to 

functional chains that realize 

operations.

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

8

No means to guarantee 

that manufacturers 

respect their 

commitments

The Manufacturer of PCBs refused help to fix issues.  There was no way to force manufacturers to comply with 

their specification.

One reason may be the very limited budget for each subcontractor (around 300 K€)

No, this is more about agreement/supplier processes

9 Limited tests on ground

Because of limited tests on ground, the right parameters have to be adjusted after launch Calibration was done 

within a month. 

The full duplex transceiver was only tested with cables: the interference was not detected.

Note: Time could have been saved by investing in test facilities for low maturity or recent technologies.

Modeling can help in formalizing a set of expected scenarios with 

different contexts (on ground and in flight) to appreciate the 

differences in test facilities and in interactions.

N8: modelling of same scenario in 

different contexts, and analysis or 

simulation capabilities to detect 

performance, constraints or behaviour 

differences between scenarios of 

different contexts

10 Transponder issue
There was a big problem with the transponder commanding time, which was far below the expected performance. 

Commissioning had to be thought differently due to the bad performance of that command link.

The command link was a prototype. Their tests were not representative concerning the interferences.

Yes, a specific modelling of the transponder expected behaviour and 

dysfunctional behavior would certainly help in better understanding 

and anticipation of possible issues.

Tests are as always needed to determine the performance of the 

equipment, but modeling can absolutely help in determining the 

expected behavior and the expected performance,  as well as help 

with identifying non-nominal scenarios and how the different parts of 

the satellite should react in these cases. 

N9: need for modeling of behaviour of 

a transponder.

N10: modeling of dysfunctional 

behaviour and analysis of errors and 

their propagation. 

11
Bad design of some key 

components

ADCS was designed with a PCB with 4 layers. This was a bad design with a lot of issues. 

GPS: if the battery (min 8 volts) is dead the mission is dead, because the converter does not accept above/below 8 

volts (converter pb). 

Even small modifications to existing equipment have caused major problems (e.g. power subsystem, FPGA updates 

on CCSDS engine, implementing packet store on external FLASH)

Yes, by illustrating the bad design to explain it to the concerned 

supplier.

Also, modeling helps with impact analysis in case of any changes 

(requirements, hardware, …), which will help when there are even 

small changes to any piece of the equipment, to determine if and how 

the change impacts the rest of the system. 

N11: a technical architecture traced to 

functional chains realizing operational 

scenarios could allow demonstrating 

or highlighting issues

12
Bad qualification of 

suppliers and their 

components

The suppliers were not qualified for their ability to deliver high quality components. Their list was limited, with 

very few options for selection. In the end, to get things that fit together, only 1 or 2 candidates were available. 

Could not add penalty guarantees, due to limited budget. 

The TRL level of components was perhaps underestimated, or the low maturity was not fully addressed with an 

action plan to raise it.

Note: seems related to 2.8

No, this is more about agreement/supplier processes

13 Orbit restrictions
It took years for the team to get a dawn/dusk orbit. If that restriction had not existed, they could have launched 

earlier and cheaper

perhaps some analytical model can help understanding the issues 

related to the restricted orbit?

14
Some constraints 

missed.

Some constraints were not identified: for instance, the CAN bus could only handle 400 kbps  while the team 

thought they could benefit from 1 MBits downlink. Or some components could not communicate as expected.

Some other constraints came from the whole communication chain. So, it is key to get a good view of the global 

communication chain as quickly as possible.

Yes, the capture and storage of all requirements (including constraints 

at any level of granularity) and the use of traceability can surely help 

tracking those constraints and avoir missing some

N12: Requirements and traceability 

from requirements to functions down 

to technical components

N13: support the building of an 

executable model with simple 

communication budget evaluation

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

15 Use of low maturity 

standards

Implementing standards that are not mature is a source of problems. Standards are not always as unambiguous as 

you might think, even though they are better than nothing.
No. Use of TRL evaluation early seems a good idea.

16
Handling errors during 

integration

It is key to respect strict equipment handling procedures at each site for the hardware:

•	Team had bent pins causing the loss of the ADCS, bad handling causing the loss of a wheel and the main 

processor blew up due to the wrong voltage being applied to it.

•	SEPP-1 story - mechanical stress placing it in the container, caused micro cracks, thermal cycling did the rest. 

Possible overheating. Hot day in plexiglass on a roof with no FDIR protection or TM recording

Yes, an integration model (a model with all virtual products assembled 

for final integration) would certainly help in preparing integration in 

good conditions.

Models could also be used to describe the handling processes and 

handling requirements for each component . 

But it requires to define the model at the physical level and focus with 

specific viewpoints (electrical, thermal...)

see N5: technical architecture showing 

integrated components

17
Integration tests not 

always performed in 

representative conditions

Some units were not tested in representative conditions during some of the integration stages, which led to 

discovering late that the GPS did not work.

Yes, focus on operations (operational scenarios, phases, behaviour, 

conditions) seems a good idea, but "environment constraints" shall be 

added in the operational model dans tests shall be driven through 

those constraints.

N14: ability to model Mission, 

Operations and refine those 

operations into Functions, logical and 

Technical architecture with full 

traceability

18 Late tests on behaviour
Some behavior was not tested in the early stages and an I2C problem was discovered too late: team says they 

should have plotted TM to check for spikes etc. as early as possible. They discovered the I2C problem too late.

Yes, the expected behaviour on key/sensitive operational 

scenarios/functional chains would be useful.

See N14

N15: ability to formalize behaviour 

and simulate the model to check if the 

formalized behavior is accurate

19
1. Accessibility not 

envisioned after 

integration

After integration there was a need to remove a panel, but the ADCS could not be accessed as the JTAG was just in 

front of a structural panel…

Some other tests are simply not possible after integration, like calibrating the sensors: it is key to remember to 

perform them BEFORE integration.

Yes, by applyting strict Systems Engineering principle on all system life 

cycle stages (including maintenance) and by creating dedicated 

contexts for each stage to better characterize the various interfaces

N16: ability to formalize several 

contexts according to the system 

lifecycle (not only "operations phase").

20
Lack of experience in 

estimation of efforts
Some tasks were underestimated: building ground stations, configure ADCS systems, … No. Rather a matter of project management. 

21

Some system 

requirements not 

checked before 

integration

Some sensors were not calibrated before integration, and it was impossible to do it afterwards due to access 

problems. Some protection diode requirement was forgotten, and was difficult to add after integration…

The team discovered after integration and environmental testing that the star tracker firmware was out of date 

(information told by the provider, but very late). It led to extra efforts and the design of a new solution to ensure 

possible updates in flight.

Yes, the capture and storage of all requirements (including constraints 

at any level of granularity) and the use of traceability can surely help 

tracking those constraints and avoir missing some.

Note: we need double traceability: vertical traceability (satisfy) and 

horizontal traceability (verify)

See N12

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

22

Missing Verification 

matrix and lack of 

verification progress 

follow-up

One of the most useful documents produced on the advice of an ESTEC reviewer was the AIV and OBSW testing 

spreadsheet. This listed the tests intended, the goal of the test and a sequence of execution dates and comments. 

It was color coded so that it had to all be green when completed. It gave the team a great overview of where they 

were and what the problems left to solve were (also for the reviewers).

Yes, by formalizing the verification procedures and their traceability to 

system requirements.

N17: formalization of verification 

procedures and traceability of 

Verification procedures to 

requirements

23 Test driven software 

development

The team realized that the unit test procedures shall be written at the same time as they are coded. Otherwise, 

they will never get done, or the team will face a massivejob afterwards. At least the critical functions need to be 

unit tested as they are written, so it is key to identify them and make sure it is done and recorded.

No

24
Diagnosis tooling to 

debug or to follow 

operations

In the lessons learned, the team insisted on getting a maximum of information to understand the problems and 

follow the operations. They mention:

•	Beacons

•	Status parameters

•	Logging

•	Crazy messages

•	Crash reports

•	I2C and CSP error counting and reporting

They lacked the tools to analyze ground activities with S/C data.

No

25
Configuration 

management issues

Some inconsistencies were discovered very late because of some parameter values that had not been recorded 

before the launch (including configuration parameters for RX and TX). Some versions of files to upload had the 

wrong version, and not everyone used the latest TLEs, which led to synchronization problems…

updating the model instead of documentation help defining 

incompatibility and /or impact on design / software / protocols…

Diversity (variability)  can be helped along with Product Line 

Engineering models 

N18: Product Line Engineering 

modeling 

26
Reliability not fully 

addressed

Several cases were not envisioned and led to delays and efforts to recover, including:

•	The loss of a ground station was not envisioned, and it took time to get a spare part.

•	The same frequency used by another satellite was not envisioned and this situation occurred, preventing 

switching TX on.

•	The Nanocom switched itself off blocking UHF access, which was not supposed to happen…

•	…

Yes, by formalizing dysfunctional scenarios and reconfiguration 

scenarios. Useful to anticipate reliability issues.
see N10

27 Lack of test means

Examples of issues faced by the team with regards to testing:

•	Not having S-band radio in EM caused lack of testing of S-band power On/Off TCs

•	The OBSW freeze happened again when doing the GPS calming and locking us out

From these situations, it seems that the team needs a complete Flatsat to test before upload.

No

28
Operations concept not 

planned before launch

In OPS-SAT orbit, all the passes are outside working hours. The "noble" aim was to have all operations execution 

automated so that this would not be a problem. However, in reality, there were many problems with the ground 

system and spacecraft that made it very inefficient to rely on automation alone, e.g., one problem and the entire 

schedule for the evening and morning would be lost. The only way to accelerate progress was to add manual 

operations (at least partially) to react to these problems.

Yes, mission and operation formalization can surely help in better 

understanding. Idea would be to build a framework for "mission 

planning" to ease the building and validation of experiments on 

ground => requires conceptual framework for experiments with the 

use of resources. Warning: equations can be complex and should take 

time into account

As well as identifying this risk through dysfunctional scenarios early in 

the development process (defining expected and dysfunctional 

behavior)

N19: mission planning modeling 

supporting time.

29
Lack of training or late 

training

This project had continuously changing manpower in the form of trainees and YGTs on ESOC side. The only 

constant has been industry, and if training is too much to ask for, at least a smooth handover in any chosen media 

(webinars/presentations/telco) would have helped everyone speed up and start contributing more constructively 

sooner

Yes, model can help in better description of the system with 

navigation and zooms in the model, easier than with slides or word 

documents

See N14

N20: ability to formalize behaviour 

and simulate the model to check if the 

formalized behavior is accurate
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Summary of achievements

Need ID Need statement
Addressed by the MBSE tool  capabilities or illustrated 

through OPS-SAT and OPS-SAT2 models

MBSEF-ON1
Technical architecture modeling view showing the different bus interfaces and with live support on 

compatibility of interfaces (graphical error if bad connection) ILLUSTRATED ON OPS-SAT MODEL

MBSEF-ON2

Extended concepts on technical architecture modeling view to add interference properties on HW 

components.

CONCEPT EXTENSION DEMONSTRATED

MBSEF-ON3
Extended Geometry and sizing concepts on technical components visible on technical architecture 

modeling view. CONCEPT EXTENSION DEMONSTRATED

MBSEF-ON4  support 2D geometry views (face by face) in the technical architecture views. ILLUSTRATED ON OPS-SAT MODEL

MBSEF-ON5
technical architecture view showing the integration (mechanical, electrical, buses) connections of 

the physical components ILLUSTRATED ON OPS-SAT MODEL

MBSEF-ON6

Ability to trace any technical component to both its datasheet document and also to its measured 

performances.

Rationale:  any component issue found in the model (connectivity, simulation…) could quickly lead 

to the related data in the datasheet and ease to find the source of error ILLUSTRATED ON OPS-SAT MODEL

MBSEF-ON7
Technical architecture (with connected components) mapped to functional chains that realize 

operations. ILLUSTRATED ON OPS-SAT MODEL

MBSEF-ON8
Modelling of same scenario in different contexts, and analysis or simulation capabilities to detect 

performance, constraints or behaviour differences between scenarios of different contexts ILLUSTRATED ON OPS-SAT 2 MODEL

MBSEF-ON9 Need for modeling of behaviour of a transponder. NOT DONE

MBSEF-ON10 modeling of dysfunctional behaviour and analysis of errors and their propagation. NOT DONE

MBSEF-ON11
 technical architecture traced to functional chains realizing operational scenarios could allow 

demonstrating or highlighting issues ILLUSTRATED ON OPS-SAT MODEL

MBSEF-ON12 Requirements and traceability from requirements to functions down to technical components ILLUSTRATED ON OPS-SAT MODEL

MBSEF-ON13 support the building of an executable model with simple communication budget evaluation ILLUSTRATED ON OPS-SAT 2 MODEL

MBSEF-ON14
 ability to model Mission, Operations and refine those operations into Functions, logical and 

Technical architecture with full traceability ILLUSTRATED ON OPS-SAT MODEL

MBSEF-ON15
 ability to formalize behaviour and simulate the model to check if the formalized behavior is 

accurate ILLUSTRATED ON OPS-SAT 2 MODEL

MBSEF-ON16
ability to formalize several contexts according to the system lifecycle (not only "operations 

phase"). ILLUSTRATED ON OPS-SAT 2 MODEL

MBSEF-ON17
formalization of verification procedures and traceability of Verification procesdures to 

requirements ILLUSTRATED ON OPS-SAT MODEL

MBSEF-ON18 Product Line Engineering modeling ILLUSTRATED ON OPS-SAT 2 MODEL

MBSEF-ON19 mission planning modeling supporting time. CAPABILITY DEMONSTRATED ON OPS-SAT 2

MBSEF-ON20
ability to formalize behaviour and simulate the model to check if the formalized behavior is 

accurate ILLUSTRATED ON OPS-SAT 2 MODEL

MBSEF-ON21

Method to support the transition of existing projects using a document-based systems engineering 

approach to a model-based systems engineering approach , keeping fidelity in the information 

translated from documents to models ILLUSTRATED ON OPS-SAT MODEL
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1. Choose the right level for the technical/physical architecture
– The formalization of physical products from their datasheets is very time consuming and does not help 

in building the digital continuity ➔ not the 1st target

2. Mechanical and electrical views have low value if done in SysML or require a lot of 
efforts for useful concepts, not needed with dedicated tools

3. System functions are key to bridge the gap between mission and the technical 
architecture, but it is very hard to identify the “good” ones

1. When refined from mission/operations (top-down), they are too “mission” specific
2. When abstracted from equipments, they remain too “technical”
3. The best approach seems to use “space domain knowledge” as input for those functions and then 

adapt those functions to meet in the middle…

4. Building an operational integrated model (binding the launcher, the S/C ,  the Ground 
segment) is a powerful toolbox to support early validation of the operational concept
1. that is define and run a large set of operational scenarios 
2. check that those scenarios lead to the expected behavior of the global system and especially the  S/C 
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• Continue OPS-SAT 2 model to refine (realize?) some operational tasks by functions (allocated to 
components) while ensuring that the resulting model can still support the simulation of the operational 
scenarios (challenge)
– Goal = trace the activation of functions and of their components during op scenarios
– Samares internal funding – potential support from Airbus

• Complete OPS-SAT 2 model with space environment
– Connect “space environment” external entity to automate “end of orbit” events and get eclipses
– Samares internal funding

• Use simulation widgets to ease control and monitoring of simulation (instead of default panel)
– Samares internal funding

• Complete the variability and trades between 6U and 12U (simplistic so far)
– Samares internal funding with the support of ISAE Supaero intern

• Use the model to support FDIR
– Envisioned collaboration with Airbus
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Ability of the MBSE solution to address pain points/challenges

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

1
Very fragmented 

distribution of hardware 

suppliers

Instead of getting a few suppliers in charge of the delivery of several pieces of equipment, there was a requirement 

to use COTS components, which led to the use of many technologies and many sub-systems coming from various 

suppliers without global consistency. 

Note: here are some problems found using COTS: 

•	mitigation was needed due to radiation => impact on reliability 

•	protocols and interfaces were those proposed by suppliers and not often compatible system to system (I2C for 

example)

•	assembly: the size was the one proposed and not optimized

No. This point is mainly related to agreement processes (acquisition and 

supply). From our experience, modeling can not help in such processes.

2
Several avionics 

networks

Traditionally there is only one avionics network, proved for its reliability in other domains, like the CAN bus 

(proven by the automotive industry). In OPS-SAT system there were several communication systems between the 

components: I2C (lots of problems), CAN Bus, USB…, which led to extra efforts to ensure the consistency and the 

resilience of the integration, with some technologies not yet proven.

Note: except CAN, most of the technologies are new in space domain.

By showing the detailed interfaces of components with the various 

networks, we can improve the understanding of issues about connectivity 

and about protocols and better analyze impacts on changes in interfaces.

Perhaps a model could be used to support trade off in the selection of the 

COTS taking into account interfaces and interoperablity 

N1: Technical architecture showing the 

different bus interfaces and with live 

support on compatibility of interfaces 

(graphical error if bad connection)

3 Interferences between 

subsystems

There were also issues coming from interferences between the different subsystems. This situation led to efforts to 

isolate those different subsystems.

Can be helped/mitigated by identifying interference properties on the 

different hardware components, to see which pieces need to be placed at a 

certain distance or shielded from each other. 

An interference analysis model could be used as a complement to the 

system definition model (but this is specialty engineering).

N2: Extended concepts on technical 

architecture to add interference 

properties on HW components.

4 Small size of the satellite

Many problems seem to come from the small size of the spacecraft. The reduced size required a lot of efforts in 

optimization of space to allow assembling the different items in the restricted volume with the right isolation. 

Note: this small size allowed a lower cost for the launch, but it is not sure that this cost savings for the launch was 

more important than the extra cost spent to perform the optimizations.

The model could contain sizing information to allow the global sizing 

and help for accomodation.

A 2D geometry view (face by face) could give some indications on the 

respective positions of components and may help to check the size 

constraint.

N3: extended Geometry and sizing 

concepts in addition to technical 

architecture.

N4: support 2D geometry views (face 

by face) in the technical architecture 

views.

5
Late major changes in 

interfaces

Major changes in interfaces were done very late (close to the launch) with some assumptions already done. The 

team had to adapt very quickly.

The reason for those late changes comes from some companies that wanted to develop new items with new or 

changed interfaces.

Yes, with showing the detailed interfaces of components and their 

integration. Any change can be quickly analyzed

N5: technical architecture view 

showing the integration (mechanical, 

electrical, buses) connections of the 

physical components

6
Bad reliability of COTS 

datasheets

Some parts were developed as COTS, without any control of the payload, and offered as flight proven, but in the 

reality, there were many issues compared to what was mentioned in the datasheet:

•	Flight sensor issues => required workarounds. Reprogramming from the ground to make a sensor at all useful. 

•	GPS on board did not behave as expected. Post processing was necessary. 

•	GPS antenna not adapted, and tests on-ground not able to reveal this "incompatibility". 

•	EPS unable to boot in case of dead battery: it was not clear at all from the datasheet.

Note: never trust datasheet or technical components, especially from new space companies.

modeling can be used to formalize the part of the datasheets used in 

OPS-SAT and to complete the information with test results to give 

realistic information about the component capabilities and 

characteristics.

note: High effort to formalize the notion of "tests" done on a 

component.

Modeling will not fix the fact that the information is erroneous, but 

can absolutely help in formalizing the information and combining 

different sources into a single source of thruth. 

N6: Ability to trace any technical 

component to both its datasheet 

document and also to its measured 

performances.

Rationale:  any component issue 

found in the model (connectivity, 

simulation…) could quickly lead to the 

related data in the datasheet and ease 

to find the source of error

7
Lack of tests by 

manufacturers on the 

expected scenarios

There was the assumption that you can rely on the manufacturer for some tests. But some scenarios had never 

been tested before. A lot of time was spent to fix problems. A lot of exchanges were needed to ping the 

manufacturers. Some manufacturers said that the detected error is a problem with their product, but with the test 

/ something else, or they responded, "I do not want to fix it".

A lot of work was performed to detail the specification and the tests.

There were promises that subsystems should have already flown, but this it was not the case. 

Modeling can help in formalizing a set of expected scenarios and show 

the collaboration of components in those scenarios supported by 

functional chains

N7: Technical architecture (with 

connected components) mapped to 

functional chains that realize 

operations.
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Ability of the MBSE solution to address pain points/challenges

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

8

No means to guarantee 

that manufacturers 

respect their 

commitments

The Manufacturer of PCBs refused help to fix issues.  There was no way to force manufacturers to comply with 

their specification.

One reason may be the very limited budget for each subcontractor (around 300 K€)

No, this is more about agreement/supplier processes

9 Limited tests on ground

Because of limited tests on ground, the right parameters have to be adjusted after launch Calibration was done 

within a month. 

The full duplex transceiver was only tested with cables: the interference was not detected.

Note: Time could have been saved by investing in test facilities for low maturity or recent technologies.

Modeling can help in formalizing a set of expected scenarios with 

different contexts (on ground and in flight) to appreciate the 

differences in test facilities and in interactions.

N8: modelling of same scenario in 

different contexts, and analysis or 

simulation capabilities to detect 

performance, constraints or behaviour 

differences between scenarios of 

different contexts

10 Transponder issue
There was a big problem with the transponder commanding time, which was far below the expected performance. 

Commissioning had to be thought differently due to the bad performance of that command link.

The command link was a prototype. Their tests were not representative concerning the interferences.

Yes, a specific modelling of the transponder expected behaviour and 

dysfunctional behavior would certainly help in better understanding 

and anticipation of possible issues.

Tests are as always needed to determine the performance of the 

equipment, but modeling can absolutely help in determining the 

expected behavior and the expected performance,  as well as help 

with identifying non-nominal scenarios and how the different parts of 

the satellite should react in these cases. 

N9: need for modeling of behaviour of 

a transponder.

N10: modeling of dysfunctional 

behaviour and analysis of errors and 

their propagation. 

11
Bad design of some key 

components

ADCS was designed with a PCB with 4 layers. This was a bad design with a lot of issues. 

GPS: if the battery (min 8 volts) is dead the mission is dead, because the converter does not accept above/below 8 

volts (converter pb). 

Even small modifications to existing equipment have caused major problems (e.g. power subsystem, FPGA updates 

on CCSDS engine, implementing packet store on external FLASH)

Yes, by illustrating the bad design to explain it to the concerned 

supplier.

Also, modeling helps with impact analysis in case of any changes 

(requirements, hardware, …), which will help when there are even 

small changes to any piece of the equipment, to determine if and how 

the change impacts the rest of the system. 

N11: a technical architecture traced to 

functional chains realizing operational 

scenarios could allow demonstrating 

or highlighting issues

12
Bad qualification of 

suppliers and their 

components

The suppliers were not qualified for their ability to deliver high quality components. Their list was limited, with 

very few options for selection. In the end, to get things that fit together, only 1 or 2 candidates were available. 

Could not add penalty guarantees, due to limited budget. 

The TRL level of components was perhaps underestimated, or the low maturity was not fully addressed with an 

action plan to raise it.

Note: seems related to 2.8

No, this is more about agreement/supplier processes

13 Orbit restrictions
It took years for the team to get a dawn/dusk orbit. If that restriction had not existed, they could have launched 

earlier and cheaper

perhaps some analytical model can help understanding the issues 

related to the restricted orbit?

14
Some constraints 

missed.

Some constraints were not identified: for instance, the CAN bus could only handle 400 kbps  while the team 

thought they could benefit from 1 MBits downlink. Or some components could not communicate as expected.

Some other constraints came from the whole communication chain. So, it is key to get a good view of the global 

communication chain as quickly as possible.

Yes, the capture and storage of all requirements (including constraints 

at any level of granularity) and the use of traceability can surely help 

tracking those constraints and avoir missing some

N12: Requirements and traceability 

from requirements to functions down 

to technical components

N13: support the building of an 

executable model with simple 

communication budget evaluation
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Ability of the MBSE solution to address pain points/challenges

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

15 Use of low maturity 

standards

Implementing standards that are not mature is a source of problems. Standards are not always as unambiguous as 

you might think, even though they are better than nothing.
No. Use of TRL evaluation early seems a good idea.

16
Handling errors during 

integration

It is key to respect strict equipment handling procedures at each site for the hardware:

•	Team had bent pins causing the loss of the ADCS, bad handling causing the loss of a wheel and the main 

processor blew up due to the wrong voltage being applied to it.

•	SEPP-1 story - mechanical stress placing it in the container, caused micro cracks, thermal cycling did the rest. 

Possible overheating. Hot day in plexiglass on a roof with no FDIR protection or TM recording

Yes, an integration model (a model with all virtual products assembled 

for final integration) would certainly help in preparing integration in 

good conditions.

Models could also be used to describe the handling processes and 

handling requirements for each component . 

But it requires to define the model at the physical level and focus with 

specific viewpoints (electrical, thermal...)

see N5: technical architecture showing 

integrated components

17
Integration tests not 

always performed in 

representative conditions

Some units were not tested in representative conditions during some of the integration stages, which led to 

discovering late that the GPS did not work.

Yes, focus on operations (operational scenarios, phases, behaviour, 

conditions) seems a good idea, but "environment constraints" shall be 

added in the operational model dans tests shall be driven through 

those constraints.

N14: ability to model Mission, 

Operations and refine those 

operations into Functions, logical and 

Technical architecture with full 

traceability

18 Late tests on behaviour
Some behavior was not tested in the early stages and an I2C problem was discovered too late: team says they 

should have plotted TM to check for spikes etc. as early as possible. They discovered the I2C problem too late.

Yes, the expected behaviour on key/sensitive operational 

scenarios/functional chains would be useful.

See N14

N15: ability to formalize behaviour 

and simulate the model to check if the 

formalized behavior is accurate

19
1. Accessibility not 

envisioned after 

integration

After integration there was a need to remove a panel, but the ADCS could not be accessed as the JTAG was just in 

front of a structural panel…

Some other tests are simply not possible after integration, like calibrating the sensors: it is key to remember to 

perform them BEFORE integration.

Yes, by applyting strict Systems Engineering principle on all system life 

cycle stages (including maintenance) and by creating dedicated 

contexts for each stage to better characterize the various interfaces

N16: ability to formalize several 

contexts according to the system 

lifecycle (not only "operations phase").

20
Lack of experience in 

estimation of efforts
Some tasks were underestimated: building ground stations, configure ADCS systems, … No. Rather a matter of project management. 

21

Some system 

requirements not 

checked before 

integration

Some sensors were not calibrated before integration, and it was impossible to do it afterwards due to access 

problems. Some protection diode requirement was forgotten, and was difficult to add after integration…

The team discovered after integration and environmental testing that the star tracker firmware was out of date 

(information told by the provider, but very late). It led to extra efforts and the design of a new solution to ensure 

possible updates in flight.

Yes, the capture and storage of all requirements (including constraints 

at any level of granularity) and the use of traceability can surely help 

tracking those constraints and avoir missing some.

Note: we need double traceability: vertical traceability (satisfy) and 

horizontal traceability (verify)

See N12
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Ability of the MBSE solution to address pain points/challenges

ID
Pain points and 

challenges captured
Detail of the pain point or challenge MBSE interest

Needs for an MBSE 

framework

Addressed (demonstrated 

or illustrated) during the 

activity

22

Missing Verification 

matrix and lack of 

verification progress 

follow-up

One of the most useful documents produced on the advice of an ESTEC reviewer was the AIV and OBSW testing 

spreadsheet. This listed the tests intended, the goal of the test and a sequence of execution dates and comments. 

It was color coded so that it had to all be green when completed. It gave the team a great overview of where they 

were and what the problems left to solve were (also for the reviewers).

Yes, by formalizing the verification procedures and their traceability to 

system requirements.

N17: formalization of verification 

procedures and traceability of 

Verification procedures to 

requirements

23 Test driven software 

development

The team realized that the unit test procedures shall be written at the same time as they are coded. Otherwise, 

they will never get done, or the team will face a massivejob afterwards. At least the critical functions need to be 

unit tested as they are written, so it is key to identify them and make sure it is done and recorded.

No

24
Diagnosis tooling to 

debug or to follow 

operations

In the lessons learned, the team insisted on getting a maximum of information to understand the problems and 

follow the operations. They mention:

•	Beacons

•	Status parameters

•	Logging

•	Crazy messages

•	Crash reports

•	I2C and CSP error counting and reporting

They lacked the tools to analyze ground activities with S/C data.

No

25
Configuration 

management issues

Some inconsistencies were discovered very late because of some parameter values that had not been recorded 

before the launch (including configuration parameters for RX and TX). Some versions of files to upload had the 

wrong version, and not everyone used the latest TLEs, which led to synchronization problems…

updating the model instead of documentation help defining 

incompatibility and /or impact on design / software / protocols…

Diversity (variability)  can be helped along with Product Line 

Engineering models 

N18: Product Line Engineering 

modeling 

26
Reliability not fully 

addressed

Several cases were not envisioned and led to delays and efforts to recover, including:

•	The loss of a ground station was not envisioned, and it took time to get a spare part.

•	The same frequency used by another satellite was not envisioned and this situation occurred, preventing 

switching TX on.

•	The Nanocom switched itself off blocking UHF access, which was not supposed to happen…

•	…

Yes, by formalizing dysfunctional scenarios and reconfiguration 

scenarios. Useful to anticipate reliability issues.
see N10

27 Lack of test means

Examples of issues faced by the team with regards to testing:

•	Not having S-band radio in EM caused lack of testing of S-band power On/Off TCs

•	The OBSW freeze happened again when doing the GPS calming and locking us out

From these situations, it seems that the team needs a complete Flatsat to test before upload.

No

28
Operations concept not 

planned before launch

In OPS-SAT orbit, all the passes are outside working hours. The "noble" aim was to have all operations execution 

automated so that this would not be a problem. However, in reality, there were many problems with the ground 

system and spacecraft that made it very inefficient to rely on automation alone, e.g., one problem and the entire 

schedule for the evening and morning would be lost. The only way to accelerate progress was to add manual 

operations (at least partially) to react to these problems.

Yes, mission and operation formalization can surely help in better 

understanding. Idea would be to build a framework for "mission 

planning" to ease the building and validation of experiments on 

ground => requires conceptual framework for experiments with the 

use of resources. Warning: equations can be complex and should take 

time into account

As well as identifying this risk through dysfunctional scenarios early in 

the development process (defining expected and dysfunctional 

behavior)

N19: mission planning modeling 

supporting time.

29
Lack of training or late 

training

This project had continuously changing manpower in the form of trainees and YGTs on ESOC side. The only 

constant has been industry, and if training is too much to ask for, at least a smooth handover in any chosen media 

(webinars/presentations/telco) would have helped everyone speed up and start contributing more constructively 

sooner

Yes, model can help in better description of the system with 

navigation and zooms in the model, easier than with slides or word 

documents

See N14

N20: ability to formalize behaviour 

and simulate the model to check if the 

formalized behavior is accurate


