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Agenda and timing U SAMARES @ AIRBUS

Accelerate Systems Design

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:5mn
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:5mn
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:5mn
5. Conclusion =10 mn
— Summary of achievements and lessons learned
— Perspectives
— Q&A
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Recall of the background W SAMARES @ AIRBUS

DEFENCE & SPACE
Accelerate Systems Design

e 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...

fqpﬁg& * Can an MBSE approach and tool help in addressing those pain points ?

— And to which extent ?
oAl 3 S

;il e Can we provide a model as a reference for use by future |IOD missions?
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DEFENCE & SPACE

Goals and organization of the study W SAVARES @ AIRBUS

Accelerate Systems Design

P— g _

WPA- Airbus support

1. Identification and analysis of OPS-SAT SE challenges

. . . . .o " legends
2. Analysis and selection of appropriate existing — — :
MBSE 1 d hodol levi T1. Analysisof WP1: Capture of requirements @ vein s
too an' m?t odology to alleviate OPSAT pain points method and tool for the model
encountered pain points and challenges definition B efined Task
3. Reverse-engineering of the OPS-SAT mission and h.-' Information flow
UG T2 Analysis and selection of MBSE tool and methodology Revisii

system architecture utilizing a MBSE approach

4. Preparation of the model and modelling environment Sen s cennig ol a2 udyleoltl e

o . A . the analysis of relevance of the MBSE
for the next IOD mission with the intention to ivIBsf toolls, alnd of solution with regards
. the selected solution to OPSAT pain points
transition to a fully model-based approach with methodelogy Veballonges ensineormesr | RGEREJ T4 Preparation
5. Identification of how the developed environment OPS-SAT mission of tis modleliok
. . and system a future IOD
addresses the lessons learned and pain points 1. Mission using a
encountered and any future further development needs e titaaton T2.4 Update of the i MBSE approach
of ESA GSE MBSE solution
Framework for requirements and
soe indirect reuse improvement of
Overall, the activity shall seek to demonstrate thfz . e il SmalaE T
benefits of an MBSE approach versus a traditional assessments of
paper-centric approach and shall seek to position a e oty
- s oniguraton an
reference IOD system model such that it can be a deployment of the MBSE solution
starting point for an MBSE approach for a future | = MEuret: work logid
IOD mission. — - - I
' WPO - Management ,

4/28/2022 Copyright Samares-Engineering 2021-2022 - All rights reserved , \ 4



V SAMARES @ AIRBUS

EEEEEEEEEE DEFENCE & SPACE

1. Analysis of pain points/Challenges and

selection of MBSE tool
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Recall :“completeness” and “consistency” challenges W) SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

* From document-based approach...to a centralized model, to better address

consistency and completeness of system requirements
—

System
Problem space

mission

ECSS
standards

¥

L J
L ______________J
L _________________J Change

Customer
needs

System
Solution space

Mission and
Operations

logical /physical

L J
L _________________J component

Architecture Architecture
Description Evaluation

Make in a model the implicit explicit

13

Industrializ-
ation rules

Specification

Model as single source of truth=
centralized repository that eases the
definition and navigation amongst

T\

systems engineering artefacts)

OnBoard SW

Suppliers Specification

Data Sheets
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MBSE tool choice - history W eanans: @ameys,

* 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)
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DEFEMCE AND SPACE

Objectives & context of study

Purpose: provide an impartial assessment of tools’ capabilities in order to:
« Support projects efficiently in their tool selection
= Aftempt to reduce the number of MBSE tools we need to support

MBSE tools are assessed according to categories of projects:
+ Focus/coverage = Systems Engineering activities on design phase
= Scope = Airbus DS projects (global portfolio)

Assessment = formal approach based on criteria evaluation and weights according to project categories (see next slide for details)

= Gives a total score for each tool based on each project category
= =3 highlight best “matching” tools for each project category

Cnteria Weights

Project
comnn > = ([ []

[Indicate cor iality here];

Tool 1 Tool 2

Svaton @3%) C@@ C@@
— @ @ @

DEFENCE AND SPACE

Approach used for assessment

Each criterion is defined and detailed with a set of supported capabilities
- Goal / Rationale and scope + example

[indicate confidenfiality here]

- Detailed tool capabilities

- ID

Measure of criteria defined before start of assessment Zoom
- Expected capabilites support for maxamal mark (=3)

- Expected support to get mark = 2

- Expected support to get mark = 1
- Otherwise: mark = 0 Zoom

Note: the assessment is realized at a given point in time, based on the available
versions at that time, so it is subject to evolutions if new versions are published

Mark is given according to the coverage of those capabilities (from 0 to 3)

Evaluation done independently on the weights and on the projects

Evaluation performed by an external neutral consultant

Evaluation mainly done by experimenting the tool — sometimes collected from tool publisher =
clearly identified (dedicated column)

AIRBUS

Whatever the project
category and associated
weights, Cameo Systems

Modeler (SysML tool) was

ranked in the top 2 tools and
15t most of the time

and extended as corporate
choice in 2019 when the
DDMS project started

Mark is commented (justified) when needed I
[Fire =] =D — See slide 6 for detailed MBSE tools list with versions Zoom
category B
01/07/2019  TEIP - MBSE Toals study AIRBUS P 01/07/2019  TEIP - MBSE Tools study
CATEGORY  |CRITERIA COMMENTS Goalfrationale ond scope - example Detailed tool bilities / ir 'S i for maximal mark (=3) Perfor to get mark =2 Performance to get mark =1
input and outputs Can store execution of simulation as a sequence diagram c " tion £ simulati c " tion but i lize it
Ability to record simulation scenario (CSV file, sequence diagram...) MEG3 |or CSV file with all events injected and time between each &N Store execution _race o s'tm‘ atien an store ex_ecu len r_ace ut can notvisualize !
- N N - but does not record time duration nor record time duration
step - simulation trace can be visualized
Can set breakpoint on any model elementvisibleinthe [ - sl
Ability to set breakpeints in the simulation and pause simulation to execution - can watch all model elements (values of an reakpaints on many mode
N MEGA - I elements but can watch model element  [Can not watch model elements value
abserve model (values of properties) properties) when model execution is paused or even i 8
N N values only when pausing execution
during execution
Model execution Execution specified but not based on Most execution decisions done by execution
Capabilities o Ability to support BPMN execution MEP1L |Fully standardized execution through BPEL? pe N v
capabi standard engine are not spe d
Goal: manage execution of process modelling ability £ UML activi " MEP2 |Fully standardized tian (based on FUML) Execution specified but not based on Most execution de ns done by execution
(BPMN, Activity..) ility to suppor activity execution ully standardized execution (based on tondord engine are not specified
bl & rtoth } . WEPS | /A Execution specified but not based on Most execution decisions done by execution
ility to support other process language execution <ctandard enzine are not specified
Goal: ” " ~ delli Can specify signal or duration to each message and Execution conforms to the order of
f;: - mana:‘i;xe]cu lon of scenaria madelling Ability to support sequence execution MES1 |duration between messages. Execution conforms to that [messages but does not take durations N/A
auence, - specification into account
i N - ) - Execution specified but not based on Most execution decisions done by execution
Goal: manage execution of control / command Ability to support execution of control / command model MEC1 |Fully standardized execution ~ .
standard engine are not specified
Goal: manage execution of automatons ( discrete . R o ~ ~ R ) - . R o R
world) Ability to support execution of automaton by injecting events to fire MEAL Fully standardized execution (based on PetriNet precise |Execution specified but not based on Maost execution decisions done by execution
transitions. semantics or on fUML extended for state machines ) standard engine are not specified
goal: manage execution of mathematical equations N
in continuous flow. Ability to solve mathematical equation MEEL |N/A M execution
R R Ability to generate code that can be executed. Can generate
‘General code Goal is to ensure that project can generate CG1
generation executable code for software or simulation means — — — C
Aol o generate natvely code for d ameo systems Ivioaele as
5 capa for a set of languages ility to generate natively code for £ \ r W
... |Code generation
Capabilities L U
customization
Goal is to ensure that code ge 0 - - .
o OfiTy existing code generators. No way
Customization 50 = 0 add new ones.
FJ ation through management rules
FOTZ [clearly defined into a transformation language with transformation language with graphical |Transformation language without graphical
Capabilities N B N L - N
1 |graphical support, diagnosis support on errors and support and limited diagnosis support
debug facilities
Ability to define automation tasks well defined API that can be used through script
language (javascript or VB script) and code (java, No script language or API not fully . ~
SA1 h d ¢ of tasks 4 sed No scripting language nor good API documentatiol
. Goal: automate some operations on model edition python..) and management of tasks (name, oruments
task automation classification)
|anguage with model {currently done manually)
. E . Ability to drive/control toal features, Only limited set of tool features can be  |Very few tool features can be automated (less tha
Capabilities Examples: checks, import of data from Excel sheet,
P c pie £, Imp 5A2 |All tool features can be controlled from tasks automated 10)
production of indicators, code or document
: £ Ability to define tasks as batch command executed from command line




But SysML is not used directly by systems engi \J/ SAVARES @ AIRBUS

Accelerate Systems Design

* 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

ibd [SeftwareComponent] MBSE Tool[ MBSE Tooel with logical components ]J

___________________________________ 5\
| MBSE 5 : R-MOFLT plugins digfribution
MBSE / SEProcesses ) [ SECAM N\ o ot proamll
Framework (1SO 15288) (Airbus - Systems Engineering Common | " Automations I profiie '““f Validation Rules Handbooks | |
Architecture Model) | | I I |
. > . A [ T I
e— —c - il '» i ‘ .l L
i === ! ! :
i -
k - ; )
tr_plugin AP
: Plugins Manager
: Teamwork
{ ‘ : Cameo Projects TWC collaboration APl Cloud Server 19
@ I DDMS MOFLT Method | < 1 DDMS MOFLT Handbook ‘ Ao e " Tnil - SN
manager '
. - 1 . e simulation : Cameo Simulation
Reql"rements ﬁ i,.; |-DDMS MBSE Training ‘ x l DDMS MBSE Example | 3D Phy5|ca| T UML API lation API -cToolki"? 195:2:
& Parameters IE Architecture

O
k System Architecture (MOFLT) J _
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SECAM overview W SAVARES @ AIRBUS

Accelerate Systems Design

e Systems Engineering Common Architecture (Meta) Model ' — e
* SE Foundations (including requirements) + 5 layers o en i e p—
— Missions, > - o) | ot -
~ Operations, —|
— Functional anaIysis, _wf'” mt“m - Bhvsictoaismuinl 0" capsites oy
— Logical, e T S Y
— Technical/Physical R : - i
* Used as input for OSMOSE definition (space ontology WG) e mmm I =ese——
— Airbus takes care to keep SECAM aligned with OSMOSE poeepmeie] | i s aproenen
* Independent of any language and tool (SysML, Capella...) T )
— SECAM provides a “mapping” mechanism to write bsctapsing
formal transformations it "
— Can define formal mapping from a SECAM concept to om0 1 iy
any other meta model concept p— e ol Lo s ot wthos st 00 )
— Can generate wrappers to ensure model to model o
transformations based on mappings

4/28/2022 Copyright Samares-Engineering 2021-2022 - All rights reserved , \ 10



MOFLT interoperability through SECAM pivot meta \J SAMARES @ ARBUS,

Accelerate Systems Design

Arcadia2SECAM

SECAM2Arcadia

Cameo4SECAM Capellad4Arcadia: _)-
Capella2Arcadia C GPEI [o]
(A MP4SECA M) Arcadia2Capella

4/28/2022 Copyright Samares-Engineering 2021-2022 - All rights reserved ’ \ 11



DEFENCE & SPACE

Interoperability between MOFLT and ESA GS N SAVMARES @ AIRBUS

Accelerate Systems Design

« 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

Note: It is possible to define formal transformations between SECAM
— and GSEF (ESA Ground Segment Engineering Framework)

Arcadia2SECAM
> Arcadia

SECAM2Arcadia |

AMP

SvsML Cameo4SECAM
e (AMP4SECAM)

UML

CapelladArcadia:
Capella2Arcadia Cape ]
Arcadia2Capella
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MBSE MOFLT AF — Overview

o

18/04/21

DEERATICRAL

+ | Dafiritzn 2t how 3 Syammm of Immsant inssracin wity by s
cpa e v we'n o

Ratadibe g oy

Mission Analysis : WHAT is
the problem that we need to
solve, and WHAT are the

potential ways of solving it?
«Definition of SoS Mission : Objectives /
Effects

«Determine and characterize potential
ways of realizing a Mission (Mission
Concept)

CONOPS - Goncept of Operstion

Operational Analysis:
WHAT the System of Interest
will do to contribute to the
mission ? What is the context
of the SOI ?

*Definition of Operational Concept
focusing on a Entity : Context /
Constraint / SO!

«Definition of Operational Scenarios
consistent with Mission Concept

OPSCON - GOperationsl Concepts

DDMS MBSE Framework : MOFLT AF Overview v4.2

Functional Architecture :
HOW the System of Interest

will work to meet expectations
?

*Definition of execution sequence
between functions to realize operations
*Definition of structural arrangement of
functions & interfaces

Logical Architecture - HOW
the System of Interest is
organized ? (Abstract

Component)

«Definition of logical components +
logical interfaces

+Allocation of functions to logical
components

Technical Architecture -
HOW the System of Interest

will be implemented ?
«Definition of technical components &
Interfaces

*Realization of logical Components /
Interfaces by technical Components /
Interfaces

Architecture Dossier / System Interface Document

AIRBUS



DEFENCE AND SPACE

Preliminary evaluation results

June 2021

Objectives Evaluation

~10% savings for Phase 0/A projects
~60% potential reduction of harness CnQ based on ESM database

Quantify savings on projects deploying
MBSE/MOFLT method

Confirm acceptation of the MBSE/MOFLT
method in the teams

Assess if savings reported in the literature
can be confirmed

Confirmed.

All teams feel confortable with the MOFLT method utilization.
Learning curve is shallow. Nice quick process for using the
method.

Positive ESA feedback on MBSE models at EL3 PRR

After MSR-ERO review with model presentation ESA would like
to deploy the MOFLT method in another activity called
,TRUTHS'.

Confirmed.

The expected range was 10%-15% in phase 0/A/B1

The big savings (lower CnQ) are expected in later phases as the
design becomes mature earlier (-60% of reduction in design
defects).

Overall MBSE approach needs to be further prepared to
increase these promising figures.

AIRBUS



MBSE needs derived from pain points/challenges

Pain points and
challenges captured

Detail of the pain point or challenge

MBSE interest

Needs for an MBSE
framework

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 subsystems 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 (12C for
lexample)

3ssembly: 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.

Several avionics
networks

[Traditionally there is only one avionics network, proved for it reliability in other domains, like the CAN bus.
[(broven by the automotive industry). In OPS-SAT system there were several communication systems between the.

By showing the detailed interfaces of components with the various
Inetworks, we can improve the understanding of issues about connectivity

|components: 12C (lots of problems), CAN Bus, USB... which led to extra efforts to ensure the y
resilience of the integration, with some technologies not yet proven.
Note: except CAN, most of the technologies are new in space domain

and about pr nd changes in interfaces.
Perhaps a model could be used to support trade offin the selection of the.
account interfaces and

N1: Technical architecture showing U
[different bus interfaces and with livel
lsupport on compatibility of interfacel
(graphical error if bad connection)

Pain points and

challenges captured

Detail of the pain point or challenge

MBSE interest

Needs for an MBSE
framework

lUse of low maturity

Interferences between

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

Can be. 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
model (but this is specialty engineering).

N2: Extended concepts on technical
larchitecture to add interference
properties on HW components.

. |optimization of space to

Many problems seem to come from the small size of the spacecraft, The reduced size required a lot of efforts in
items in the with the right solation.

[The model could contain sizing information to allow the global sizing
ccomodation.

15 |section P s s o s T xnion crseems o e
‘
a o condiom.
16 [remes romer e apdo et weng el b 8

™ recoring

lspecificiewpoints (elecricl thermal..)

SAMARES @ AIRBUS

VENGINEERING DEFENCE & SPACE

Accelerate Systems Design

Nead statement

L

MBSEF-ON1

Technicl architecture modeling view showing the different bus nterfaces and with Ivesupport ﬁn
lcompatibility of interfaces (graphical error if bad connection)

MBSEF-ON2

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

MBSEF-ON3

Extended Geometry and szing concepts on technical componentsviible on tedhnical architecture
modeling view.

MBSEF-ON4

support 20 geometry views (face by face) in the technical architecture views.

sizing
[concepts in addition to technical
larchitecture.

Integration tests not

h

[Nt abity © model Mission,

! shallbe

lalways performed in

[scovering e that the 695 did ot work

29 “pain point” categories have been captured from OPS-SA

interviews

€95 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 companes.

component.

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

can absolutely help in formalizing the information and combining
intoa of thruth.

[found in the model (connectivity,
lsimulation... could quickly lead to th
related data in the datasheet and

Lack of experience in

with the support of ESA and TU Graz

Jadid in the operationl mogel dans tests shall e driven through

[operations and reine those
Joperatons into Functions, ogialand
[rechnicalarcitectue withfull
hraceabity

MBSEF-ONS

technical architectureview showing the integration (mechanical, electrical, buses) connections of
ithe physical components

Jsee 14
[uts:abilty to formalize behaviour
Jand simulate the model to check i the
formalized behavor i accurate

MBSEF-ONG

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

Rationale: any component &sue found in the model (connectivity, simulation...) could quickly lead
[to the related data in the datasheet and ease to find the source of eror

Jeontexts accoraing o the system
|fecycle (not oty "operatons phases).

lestimation of efforts

to find the source of error

Lack of tests by
on the

[There was the assumption that you can rely on the manufacturer for some tests. But some scenarios had never,
been tested before. A lot pent to fix problems. A lot B to ping th
manufacturers. Some manufacturers said that the detected error s a problem with their product, but with the test

expected scenarios

"1 do not want to fix it"
1A ot of work was performed to detail the specification and the tests.
[There were hould 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
loperations.

21

ISome system

not
[checked before

integration /

Inorizontltraceabilty(verify)

Jsee n12 ‘

A

Z

Pain points and

M)ims and
hallenges captured

Needs for an MBSH
framework

MBSEF-ON7

Technical architecture (with connedied compaonents) mapped to functional chains that realze
operations.

MBSEF-ONE

Modelling of same scenario in different contexts, and analyss or smulation capabilities to deted
performance, constraints or behaviour differences between scenar ios of different contexts

MBSEF-ON9

Need for modeling of behaviour of a ransponder.

MBSEF-ON10

modeling of dysfunctional behaviour and analysk of errors and ther propagation.

SEF-ON11

technical architecture traced to fundtional chains realizing operational scenarioscould allow
demonstrating or highighting issues

MBSEF-ON12

Requirements and tracesbility from requirements to functions down to technical components

MBSEF-ON13

Isupport the building of an executable model with simple communication budget evaluation

MBSEF-ON14

ability to model Misson, Operations and refine those operations nto Functions, logical and
Technical architecture with full traceability

MBSEF-ON13

ability to formalize behaviour and simulate the modelto check i the formalized behavior is
accurate

MBSEF-ON16

ability to formalize several contexts according tothe system ifecycle (not only "operations
phase").

MBSEF-ON17

formalization of verification procedures and traceability of Verfication procesduresto
requirements

MBSEF-ON18

Product Line Engineer ing modeling

MBSEF-ON19

mision planning modeling supporting time.

D LD o] Detail of the pain point or challenge MBSE interest D Detail of the pain point or challenge MBSE interest
No means to guarantee [ L N o ot . Missing Verification
8 that '“a":‘ac‘” rers [their spocifcation. : o, this 1e mora about agraement/supptiar processas 27 |matixand lack of spreadsheet. [res
respect their G raasan may be the very limited budget for each subcantractor (around 300 Ke) y verification progress
folow-up requirements
N8 modetling of same scengffb n T
sccause ofimied tests o ground, the igh parameters hve to b adjustd after launch Callraton was 4one. |\soeting can het i formaliing » et o expected scanarios wign | |dITerent contexts, and 3 23 |Test drven softvare o
9 Limited tests on ground [0 1 ansceiver was onty tested with cables: th interterence was ot detectes different contexts (on ground and in flight) to appreciate the eriormance:conmisgfle o nen
[Note: Time could have been saved [differences in test facilities and in interactions. differences betweegffcenarios of follow the operations. They mention:
aitterent contexts ‘ (ot e
[ves. 2 specific modeling of the transponder expected behaviour and Diagnosis (00ling 10 |.sausparametrs
benavior would n hetter o need for mffleting of benavio] 24 [debug o to follow meane o
and anticipation of possibie issues, 2 transponde; erations erary mssages
10 - [ There was o big problem with the. mmanding time, which was far npected perforMance. |ests are as always needed to determine the performance of the i Erash eports
P issue [Commissioning had to be thousht diferently due to the bad performance of that command finke eauipment, but modeling can absolutely help n determining the N10: modeiffl of dysfunctional 2C and C?eror countingan resoring
expected benavior and the expected performance, as well as help _|behaviour ol anaiysis of arrars
it dentiying o nominalscenarios and how th different pars of pdotng the mode mstend of docamenaton el defnng
the satellite should react in these cases. 5 [ s or software protocols.. [N1: roduct Line Engineering
issues e onersty (varibity) canbe hlped along with Procuct Line
engineering modes
es, by llustrating the bad design to explain i o the concerned
11 Bad design of some ke
components
21 d I. d |I b -d t.- dt || i t Il [ - t
Bad qualification of — —
) ould not 2dd penalty guarantess, due to limited budgst
12 suppliers and their T Tl 1evel of companants was herhaps Underestimated, or the low maturlty was not fully addressed with an | N % 2 more about agreement/supplier processes
components ciion
Notor soems reiated to 2.8 dersand
Inors-sa7 b, The nabe” lannin’ o ease th blin and vaidation of experiments on
I took yaars for the team 1o get 2 davwn/dusk it that restriction had not axisted, thay could have lsunched [PErhaps some analylical model can help understanding the Rsues o
13 Orbit restrictions [ took years for he B v rerated to the reswicted oroi? ” * g [Operatons concept not invealt, fround = reaur ss: mission pagpf modeling
planned before launch
opertons ot esst artal o rest o thse rablems,
thedevelopment proces (defning expected and dysfuncional
behavior)
N12: Requirements and traceabil feemia
from requirements to functions di ‘on ESOC side. The only |es, model can help in better description of the system with IN20: ability to formalize behaviou
Some constraints [some comtraints ware nat identi . he CAN b could it tearm [ves, the capture and storage of ail requirements (including constraints [to teehnical components 29  |Lackoftraining orlate
14 sght they [at any level of granularity) and the use of traceability can surely help training

missed.

pacted.
her constraints came from the whole communication chain. S0, it 1 key to gat a good view of the global

tracking those constraints and avoir missing some.

=
MBSEF-ON20

ability to formalize behaviour and Smulete the model to check if theformalzed behavior is
accurate

N13: support the bullding of an
executable model with simple

MBSEF-ON21

Method to support the ransition of exigting projects using a document-based systems engineering
approach to @ modelbased systems engineering approach , keeping fidelty in the information

ldocuments

formalized behavior is accurate

‘ v

communication budget evaluation

4/28/2022
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SAMARES

ENGINEERING

Accelerate Systems Design

@ AIRBUS

DEFENCE & SPACE

Needs for an MBSE tool, derived from OPS-SAT feedb

e 4
i Aol

Cameo Systems Modeler natively supports the

creation of extended concepts using stereotypes
Meed ID Meed statement p g yp
MBSEE-ONL Technical architecture modeling view showing the different bus interfaces and with live support on and their customization (ICOﬂS, ru IeS...)
compatibility of interfaces (graphical error if bad connection) Exa m Ie .
Extended concepts on technical architecture modeling view to add interference properties on HW # p : W Specification of Technical Component EPS [Read-Only] x
M BSEF-U NZ El:llTIpClr'lEf'IE. j Specification of Technical Component properties
il rectyaton oo, Chocss the Expers or 1l aptons fom the Phopores.
M ESEF-ONS Extended Geometry and sizing concepts on technical components visible on technical architectureiﬁ °°"'"°"°°‘l PHonS drop-down list to see more properties.
modeling view. j T‘
) ) ) . stereotype
MEBSEF-ON4 | support 2D geometry views [face by face) in thetechnical architecture views. CO,,},:,',?&T;Q," EPS e &
[Class] » = /E_gl @l ';l m—i 254 E] 9 Properties: Standard ~
- . 2 : . i i P attrbutes = i
M ESEF-ONS techml:al_ architecture view showing the integration {mechanical electrical buses) connections of S § nmaIComponent -
the physical components oﬁeferegcel String Delivery Date
+Frce eal i
Ability to trace any technical component to both its datasheet document and also to its measured i iy +Deiivery Date : date erence Nenopoar 750 System
erformances E.j ‘ vendor CXXX
M ESE F_ﬂ m p . : Owner = 11.Flight.5.3.1.1 EPS Subsys...
Rationale: any component issuefound inthe model {connectivity, simulstion...) could quickly lkead i Parts [ZB : DDMS AMT -OPS-SAT Systel
to the related data in the datasheet and easeto find thesource of error Comment Name
- - - - - The name of the NamedElement.
Technical architecture (with connected components) mapped to functional chainsthat realze T
M EEE F"D N_u" _ «stereotypes ™
operations. | DocumentTraceability Close Back Forward Help
[Comment]
M BSEF-ONE M odelling of same scni:narln:u in di‘fe_rerrt contexts, and analysis or 5ITIL.I|E1JI:IE'| capabilities to detect *Documerf}'ihé}:éﬂmem
performance, constraints or behaviour differences between enarios of different contexts *Location : Sting
MESEF-OME2 |Meed for modeling of behaviour of a ransponder. ‘
- # Owner “7 Document Location
1 E Payload of Opportunity Software integration process for experimenters.pdf |p7
2 (E& Payload Peripherals Software integration process for experimenters.pdf |p7
3 (B8 SEPP - Satellite Experimental Payload Processor Software integration process for experimenters.pdf |p6
1 1 4 |gll Antenna Module OPSSAT-SYS-SDR_v4.4_Excerpt_v1.0.pdf p124
Some needs can easily be addressed through language extensions [ERCES
6 |E core Payload OPSSAT-5YS-S5DR_v4.4_Excerpt_v1.0.pdf p58
7 |E& core Payload OPSSAT-SYS-SDR_v4.4_Excerpt_v1.0.pdf p33
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Needs for an MBSE tool, derived from OPS-SAT feedb

MBSEF-ON1D

maodeling of dysfunctional behaviour and analysis of errors and ther propagation.

MEBSEF-OM11

technical architecture fraced to functional chainsrealizing operational scenarios could aliow
demaonstrating or_highlghting issues

MBSEF-OM12

Requirements and traceability from requirements to functions down to technical components

MBSEF-OM13

support the building of an executable model with simple communication budget evaluation

MEBSEF-OMN14

ability to model Mission, O perations and refine those operations into Funcdons, logical and
Technical architecture with full traceability

MBSEF-OM15

abilty to formalize behaviour and simulate the model to check if the formalzed behavior is
accurate

MBSEF-OMN1G

ability to formalize several contexis according to the system Iifecycle (not only "operations
phasa").

MBESEF-OM1T

formalization of verification procedures and traceabilty of Verification procesdures to
requirements

MBSEF-OMN1E

Product Line Engineering modeling

MEBSEF-ON1D

mission planning modeling supporting time.

MBSEF-OMNZ0

ability to formalize behaviour and simukte the model to chedk F theformalized behavior is
accurate

MBSEF-OM21

M ethod to support the transition of existing projects using a document-based systems enginesring
approach to a model-based systems engineering approach |, keeping fidelity in the information

translated from documentsto models

SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

See next slides to get the compliance res
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

End of “Analysis of pain points/Challenges and selection of MBSE tool”

Q&A
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VSAMARES @ AIRBUS

DEFENCE & SPACE
celerate Systems

2. Reverse Engineering of OPS-SAT mission

and system from Document Pack
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Reverse engineering modeling approach — V1 W/ sAMARES @ AIRBUS

Accelerate Systems Design

L0 - OPS-SAT System (by Raphael)
- =7 0 Requirements / Spedifications
-l 1 Mission Analysis

OPS-SAT GLOBAL SYSTEM (Level 0)
| - 12 Satolds Initialized with mission and operations

| Bl 1.3 Mission Concepts

| E}ﬁ 1.4 Mission Capabilities

| E}ﬁ 1.5 Entities/Operational Systems

| B[ 1.6 Mission Phase Behaviors

| BB 1.7 Mission Tasks

| E}ﬁ 1.8 Mission Item Types

| E} 1.9 Templates

| B-[371.10 Helpers

E1-[1 1.11 Mission Acronyms & Terms
E-53 2 Operational Analysis

| E}-[3 2.1 Operational Concepts

| B3 2.2 Operational Capabilities

| E3-[33 2.7 Entities/Operational Systems

| B3-[33 2.4 Operational Phase Behaviors

| B[ 2.5 Operational Tasks

| ED 2.6 Operational Item Types

1.1 Translate with traceability

Mission, System and SoW B AL g Seomen
Requirements, Mission

Operations Plan

Cesa D D

Verification &
Validation

L1.Hight.1 M
L1.Aligh
1
L1

Fligh

ol ol ol ol ol ol ol o

2. Ensure continuity between LO ai 4 L1 o2 of
functions and logical components at LO and L1
to fill the gap (refine

TU

Grazm
Graz University of Technology

——8-6H-H00608e

ESA and TU Graz Document pack

Hard to identify the right granularity

reach end
DDDDDDD level for system functions: not “too
1.2 Translate with trag te.chfncal (b(?;t(’)’ra—up)(; oS )too
. . mission-specific” (top-down) ...
Flight and Ground segment architecture, [ P P o
design, implementation, OP>-5AI FLIGHT SEGMENT (Level 1)

Initialized with data about equipments g
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Reverse engineering modeling approach — V2 W/ SAMARES @ AIRBUS

J=RANL 0 - OPS-SAT System (by Raphael)
B[] 0 Requirements / Specifications
=] [ 1 Mission Analysis
| B 1.1 Missions
| B 1.2 Stakeholders
1.3 Mission Concepts
1.4 Mission Capabilities
1.5 Entities/Operational Systems
-l 1.6 Mission Phase Behaviors
1.7 Mission Tasks 3
1.8 Mission Item Types
1.9 Templates
£1-(37 1.10 Helpers
| 1.11 Mission Acronyms & Terms
: (3 2 Operational Analysis
B33 2.1 Operational Concepts
| B3-B3 2.2 Operational Capabilities
E1-[33 2.7 Entities/Operational Systems

2. The gap is easier to bridge when

system functions exist !!!

Mission, System and SoW

Requirements, Mission 2.2 Func - Log - Tec

Operations Plan =4l 1.4 Translate R EEnt SRt~ e
I Bt BT E3-[33 2,6 Operational Item Types g

| BB nent1.6 FLOW TYPES I

Experiment 4~ 210p-Func ¢

@esa illustration

S —

B

1.3 Translate

(without traceability)

S -

Verification & I
Validation

Space domain knowledge

TU

yoed JuswindoQ zedo N1 pue ys3

Grazm
Graz University of Technology (Cubesat) é-;
o8
DDDDDDD 1.2 Translate with traceability @é
mg.'
B
B
Flight and Ground segment architecture, £
design,—imptementation; K
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OPS-SAT overview (for navigation) U/ SAVARES @ AIRBUS

DEFENCE & SPACE
Accelerate Systems Design

=

‘Camera

ILIl Logical - L0 Logical
Generic  Simulation with
|[1per-ne’ nt Experiment

Overview

|

|

|

|

| Hom
OPS-SAT Diagram | (,pe""",,m’—""’"l

| Procedure

|

|

1§

l 1- x;a_l Sol ignt

| = Sol - Logical
| Remcal - gl -top A i ) .
| 1 with Level 2 with level Diagram L1 - Flight Segment _ Link TA,L‘ _FA
L classification
‘ 5ol - OPS-SAT
| integrated System
(from L1)
L

Structure Capabilities to
operational
concepts
Structure

(L1 FLIGHT Segment System b
I . )
| I L

|

|

| |Logical Architecture

| .

|

|

|

|

|

|

|

|

|

Sol - OPS SAT System Logical

| Architecture High Level J

Sol - Ground
Architecture showing
functions

|

|

|

|

Spec to |
omponents & |
|

|

\
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

Overview of the OPS-SAT model and navigation
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Mission Analysis W/ sAMARES @ AIRBUS

Accelerate Systems Design

* Main Mission, mission concept, mission phases, mission capabilities

# MName Documentation Objectives Stakeholders
Mission Statement: OPS-SAT is a hardware and Allows the operation of software on-board that has ... |{2h ESA
software laboratory flying in a LEQ orbit, available L o _

Y TYIng The objective of the OPS-SAT Mission is to provide...

for authorized experimenters.
Break the cycle "has never flown — will never fly"...

1 @ OPS-SAT Mission: Flying Laboratory

# Name Required Capabilities Phases Entities

: OPS-SAT Satellite
: OPS-SAT GroundControl

{€ support Experimental @ Routine Operations

stm [Stats Machine] Versatile Miniature Laboratory Satelits Mission Phases [ Versatie Winiature Laboratory Satelits Mission Fhases | ] @ Provide in-orbit test-t| @8, Mission Definition anc

el &l &

cdocumentations . o _ {€) Provide advanced cor| @ LEOP : Launch vehicle
From OPS-SAT ission Operations Plan.docx, paragraph 3.1: 1 o Versatile Miniature Laboratory Satellite ) i N )
(" Mission Definition and Early Preparation Phase g | {€ Provide compression | @ De-orbiting : Space environment
3o Wission Defintion and Early Freparations During this phase ESOC specifically generates mission analysis reports and documents for
— OPS-SAT CDF Study ™ Commissioning
. the definition of the OPS-SAT mission operations concepts
the definition of the Systems and Mission Requirements and Assumptions -
the definition of the initial ground segment design @& Pre-Launch Operatior
. the provision of cost estimates for HS0-0 activities in the operations preparation
and execution of the OPS-SAT mission
the provision of the required documentation
bdd [Mission Viewpoint Package] Mission Capabilties [ Mission Capabilities to mission Concepts ])
Pre-Launch Operations. - N —
Versatile Miniature
«Question_Problems L Satellite
- From OPS-SAT Mission Qperations Plan.docx, paragraph 3.2.2: o
OPS-SAT Ground Stations g, fiEGD
ESOC-1and ESOC-1 A . . . .
Testing and Validation Campaign - - _|4s mentioned above, the OPS-SAT mission does not have a simulator; to
support contingency procedures validationand a LEOP campaign is not reconfigurable FPGA Reconfigu {€)
foreseen for the launch preparations, experimentation Support rable
The nominal procedures shall be exercised and valdated to a large extend Experimentation FPGA Run &)
with the flat-sat. o § - a
The LEOP and commissioning contingency procedures zhall be partially dompression techni in-orbit test-bed fof on-board SV applications, run Linux and JVM | Linux
exervizad, to the closest scerario possible, P! sl communication protocols. e in. and JVM
Provide Provide in- (&) storage o
Eviel & Provide © orbit test- .a_orm [G]
compression bed for on-
techniques advanced T
Two-way contact with Mission Contral i communication board SW
[Thermal situation is stable && Power situation is slahlp] Commissioning ‘] protocols applications
do/ LEOP behaviour do / Commissioning behavior
[Commissioning operations successful Support (€}
Support @ ground
scheduling Blascid
: : experiments applications
Routine Operations - Ty pe
_ 1 week planned at a time, in advance.
do / Mission Planning behaviour Support autonomy  {(€)
_ (®) Pravide optical (€} - Support © experiment
i aTions Provide advanced (€} experiments
77777777777 from ground to software defined using cameras
Automated operations Phase g space for several radio concepts for
| «comments purposes communication L N
Automated execution of Stacks and MAES purposes Navigation Diagram
& WAUS, provided by the Mission Planning.
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All requirements imported and classified

= A L0 - OPS-SAT EXPECTED SYSTEM
B33 L0-0PS-SAT 11 REQUIREMENTS
-["71 0.1 Mission Requirements
<51 0.2 System Requirements
-7 0.3 Need Requirements

-[ @ Functional requirements

-[ @ Non-dassified requirements

- (@ Non-functional requirements
ﬁ Requirements Derivation Map

Note: Use of Excel sheet as
intermediate artefact between

PDF documents and CSM tool.
CSM tool supports round trip
with Excel

SAMARES @ AIRBUS

ENGINEERING
Accelerate Systems Design

%] Hame [ Text | Applied stereotype | |
;P'S'snr;sl;ﬁ :Md mmimnm mwmvﬂnl:.w"h':rrd.unn:"g:udmsnﬂm: by [H desipnconstraint DHSO-MIS-RS-100  One of I?F:i- |- r:'la-n goals -srta break It'!e er fl\-"'es:lﬂeclel_ P for 5;&'.'.0@ Therefore
i " ur: new software for the ground station and within the OPS-SAT mission.
1 0s-M-010 [ Bxperimenmton experiments that are relevant for future mission operaticn needs at ESA. Mission Requireme
Document_v1_0.pc
|oPS-sAT shall be a nanosatellite comphiant with current nano-satellite volurme .m“"w‘cm”"".DHSQ‘MIS‘RS‘IUU Manc-satellites offer a great advantage in terms of cost, schedule and complexity when compared to bigger satellites.
e o ents with fi i llows a fi lific redu he i q
2 lasm.020 I nanosstalite characteristics mmxi"fmfn;mmfﬂmﬁm mm::m flight heritage (at. Misslon Requi “Ine:Is.oc of COTS components with fight heritage allows a faster qualification process and reduces the risk in terms
Document vi O.pc
|The sstellite orbit shell be & sun- orbit allowing @ [c DHSO-MIS-RS-100 *° fire an bacause it allows the satelite to have the fewest smount of soler ecipse time and
N with the mission-related ground stations at the necessary dm data transfer - N [I erefore ge nerating the most power.
Q5-M-030 [ satelite ortit rates and produce sufficient pawer to operate the mission, D"Lwon ':EQ;" ;‘ €
ument_v1_0.pc
|OPS-SAT shall be comphant with an exsting and proven launch adaptor |3 desipnconstrain{ DHSO-MIS-RS-100 | Deploying the satellite with 2 proven launch adaptar mitigates the sk of falure
4 gsM-040 [ launch adaptor interface frberface for nanacateited. Mission Requireme
‘Document_v1_0.pc
[The satellite shall have a lifetime of at least one year in orbit and be comgpliant mllnulr.m.m L DHSO—MIS—RS—IUU The satellite shall re-enter the atmosphere within 25 years.
with debris guideli - . The shall with all
5 05.M-050 [H satslite lifetime e e e g T The missan shall comgly wth > Mission Requireme
Document_v1_0.pc
:‘?;nwmn m&mmhu mm.éﬁmmu.mﬂmkﬂﬁmmu .Edeslmcnnmamt.DHSO-MIS-Rs. 100 ot mny ¢ 1:” r|.I_....;. the mr.;;_‘.r...,u !I'_Irru-k- and ..hﬂl nr: Irﬂrl[‘.n
. 3 be able to recover OPS-SAT into a nominal state anytime.
6 05-M-060 & Retability and robustmess software. Mission Requireme ... . on.c design is one of the important objectives for the OPS-SAT mission. 1t shall be demonstrated that despite
Document_v1_0.pc |using COTS companents a reconfiqurable and yet reliable platform can be delivered.
Lhe OPS-SAT payload i‘:lwy::l" m::;puhllmes required for 05-M-010. | [ designConstraint DHSO-MIS-RS-100 To fulfil the requirements that most of the experiments need, these specifications far the processing platform have
& minimum these coy in ean chosen
) ’ * At least two processcrs running at S00MHz g mare, capable of running Mission Requireme
7 Q5-M-070 [ Experiment support capabilities L el = Yo b ; Document_vi_0.pc
« SO0MB RAM and 10GE solid storage -
« One gr more reconfigurable FPGAS
T'::;:Smir payload T;;:mx;eh:dua;; u:-r::;:;nnn of new software [& Requirement [©'| DHSO-MIS-RS-100 Ec"a :;qel\:‘\:ll;‘:ﬂu.'l of l'Ir;::JI:'IIt'::ré‘..‘. : \;ugrf d :;u ljlf:l :’:\1‘uge‘.l|u EXper :;u-lué.-.n-: to the I[LJI ated on
executed - X rd syste ce to 05-M-060 faulty software e should not &
B 05-M-080 L8] payioad capabilites Software experiments shall have open access to all on-board resources and D’issmn :ﬁqli.li Da' ¥ Therefare special safety mechanism should manage access to the s ems
systems unless justified due to safety. ument_vi_U.pc
At least one configuration on board and on ground shall be rep of @ [c/| DHS0-MIS-RS-100  S"ce operation with £
3 an ESA mission (incuding ground software and DBSW). ESOC assets including - " pratocols and interfaces need to b
Q5-M-090 [E] 58 mission representativensss s ) and ESTRACK shall be avallable for the mission. The aiternatie data Mission Requireme
link a5 required by ©5-M-110 shall use the NGS-1 station. Document_v1_0.pc
|S-8and uplink rates of 2t lgast 256 kbps and S-Band downlink rates of 1 Mbps | 8 performanceRed DHSO-MIS-RS-100  7he figh up nk :10[.10.-.I1I-nl. data rates a ekau' to t:e act tratdn.s mission is mainly focused on ne
shall be supported. experiments. Therefare the necessary uplink data rate is needed to b
10 05-M-100 [E 5-Band rates Mission Requireme . .. experiment in reasonable time. The downlink data rate is necessary to be able te downloa
Document_v1_0.pc  of some experiments
The spacecraft shall be recoverable and resettable by at least two [& Requirement [©'| DHSO-MIS-RS-100 k provides a means to transmit essential and safety relevant commands
Independent communications routes in hardware and software. One shall be Mission Raqui ays-an and its antennas will be ommadirectional 50 & communicat
through & CCSDS compliant S-band transceiver and one shall be implemented eme
1 05-M-110 [ Recover and resat through inchusion of an alternative |ow-data-rate radia link typical of nano- Document_v1_0.pc C patibility on the S-Band link is given following DS-M-090 because ESOC infrastructure is based or
satellites. The spacecraft shall be able to communicate with the respective CCSDE compliant equipment.
ground station in any orentation.
OPS-SAT shall have payload peripherals to be used by the experimenters. [d desipnConstrain{ DHSO-MIS-RS-100  During evaluation of the experiments it turned out that certain experiments will need access to payload peripherals. If
12 jos 5 Pavicad peripherals far ents Mission Requi the safety of the satellite can be guaranteed access to the payload peripherals can be granted.
Document_v1_0.pc
Within av:;lm'ls‘nlw‘ Dﬁﬂ shall mdm ad«ilrlmn:upwﬁsm of [ designconstraint DHSO-MIS-RS-100
opportunity which are hardware systems looking for a demonstration
13 log-H-130 I Payioads of apport opportunity and which can add additional value in respect of the mission Mission Requireme
05- ayioads of opportunity shjective, These payloads of opportunity are selected as the X band HOR TX Decument_v1_0.pc
(COTS), optical uplink (prime), software defined radio (prime) and retro
reflectors (prime)
AL ary tirme DPS-SAT‘%AL“M cu:;"m cantral DJEES:U:‘IIM g [# functionalRequir| DHSO-MIS-RS-100 u-f to safety re : nirmise risks can terminate & running
riment to block ite. the spa t npromised.
14 08-M-140 (3 satelite control by ESA experiment sl b 3 ES from coniroing Mission Requireme ¥ of the spacecrait may be comgrom
Document_v1_0.pc
OPS-SAT shall be able to adopt a non-ECSS standard upp:m o [ Requirement €/ DHSO-MIS-RS-100 uality and documentation approach shall be mut ‘ll\r defined between t;-_— and the prime contractor
documentation and quality assurance in order to make use of nanc-satellite L i L ppro ws an efficent v 5.
15 0§-M-150 [ Ecss deviations mmdmolmmejpr?oessﬁwhﬂ]um. Mission Requireme T
Document_v1_0.pc
I3 shall be possible to configure experimental TMTC ervironments in parallel to .G‘\JMWWR‘Q_'.DHSO‘MIS'RS‘IOO open access to changing both an- board L'\.cl ground-side ape s software, Le. allow
the core TMTC chan and delegate control to the software experiments up to Missl i 5/PUS/CCS0E) as long as mechanism are in place to ensure
16 Q5-M-160 [H experimenal TMIC and including the channel encoding. on Requireme

Document vi 0.pc

T will be designed to demonstrate r

w concepts on ground and on-board and therefore should also offer the
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MBSE to maintain traceability

R samares

@ AIRBUS

DEFENCE & SPACE

Accelerate Systems Design

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

@ OPS-SAT Mission .. atory =~ Q) Versatile Minia ... lite u\

\ , @ commissioning a

'@ Mission Defint . Phase

*OFilight operations © ——

/8 Commissloning & - = 4

lator 8 <

‘@LEOP=--+1)
'@ Test LEOP

- |de
~ @ Routine Operating &
~ @ sate

/8 Define the expenment 2

¥ Depioy the expe .. board ©

- execute exeprim . onomy

. QExperiment of payloads O <

\. Operations ©
'@ Pre-Launch Operations.

*OFlight operations @ -

~ @ monitor and con ... iment &

" Test the exper! .. gment ©

- e

— ~ @ Routine Operating ©

~ @ Sate

© Checkout OPS-SA . stems

@ Checkout Periph . unity
@ Cneckout S-band . -tme
© satelite detumbling
@ start cADCS pol . hecks
© start s-band ch . kout
© start satests . bling
@ switch on Coars .. ath
OA:qulre beacon in UHF
© Activate Safe Mode
ODepon solar arrays

. @ Deploy UHF antenna

- @ Detach sateste

© Detect separati .._hicle
@ Disable the dep _uence
© Downlink stored . metry

- @ Enable Bdot unt .. ntrol

@ Enavle GPS

- @ Establish space  tatus

© initiate power-  uence
© send downsinked ... aton
@ switch on Bdot . orbit

~@ Switch on Bdot pass

@ Switch to beacon mode
© switch to Iive TM mage
© switch to nadir . nting
@ switch to S band

© Transmit an UHF beacon

- © Gather MPS Inputs

@ Produce MPS outputs

@ Design the experiment

- @ patch -redeploy ... Iment

© upload FPGA Firmware
ouploau the SWi .. ment
@ Define command stacks
@ Execute command stacks

- @ Execute the experiment 2

@ send command to .. erals
@ Fuissues onr . dures
0Uploau Experime .. ation
© upload the VM | . iment
@ valigate routin .. dures

- © Gather MPS Inputs
- @ Produce MPS outputs

Legend
Concepts

= Logical To Technical Re...

mission

- =~ opTasks

OTR2Functions
Phases

= Spedifying Element

Type
User Components
Multiple (two-way)

Execute the experiment © <

(o Acknowleage Exp . ution 2 ~ W Expenmenter Interface 8 —

«bE Control Camera = -l HO Camera System & —

(M control Laser reflector = ~ il Laser refector 3 ————=—_

4B Controi Optical ., eiver @

Optical Recewver & ——

& controt Ragio C .. tions 9 - W Radio communica . ystem 2 —

i controt satelli . tion 2 ~ [ Determine atit . ptit 3 —

Wl Execute experiment 2 ~ [l Expenimental Pa ., oller 3 —

*L& Request Experim .. ution @ ~ W Expenmenter interface D ——

*ll Schedule Experiment & —

~ W Mission Piannin . (MPS) & —

‘{8 Upload Experiment 2 ~ W Mission Control .. SCOS 2—

- #4 S0l - Grouna Se
-8 . Expenmenter

- #4 S0l - Fagnt Se

onent
fface
onent @ ~ &8 : soi- Flignt ... onent
8  HD Camera €

~B ' HO Camera System &

&8 | RWCAM Interf ... Boara 2

~##4 S0l- Faght Se .. onent ® - : soi- Flignt ... onent
-8  Laser reflector® &l : Retro Reflectors (4]
- {8 Sol - Faght Se .. onent © -8 : Sol- Flignt .. onent
-8 - Optical Recener © &8 - Optical receiver 8

-84 S0l - Faght Se .. onent ©

~EB : Radio commun

&l : Soi- Flight .., onent
B8 : Antenna Moduse &
ystem € &8 spr @

& : monopole antenna €

~ 88 Sol - Flignt Se .. onent ©

-l Coarse ADCS & —

~WiFine ADCS 2

- S0l - Faght Se

~ @8 : expenmental

- 84 sol - Grouna se
~ &8 : Epenmenter

- ¥4 Sol - Grouna Se
~ 8 - Mission Pran

- ¥ Sol - Ground Se

~@mcs

Mission C

~E8 : Coarse ADCS 2

~ & S0l - Flignt Se . onent ©

~G8 : Fine ADCS €

~ &8 : soi-Flignt ... onent
EBsePP) SEPP @
GBSEPPI  SEPP @
EBSEPP2 | SEPP @

&l omcsww e

&8 omcswme

~ @B ' 5O Camera System 2
" ]

HD Camera System 2

~GB  Laser refiector ®

§

Optical Receiver 8

Radio commun . ystem &
Radlo commun ... ystem @

Radio commun .. ystem @

EEE EEEEERNEEER

anent

Fine Sun Sensor @
Fine ADCS @

Experimental ., oller 3
Expenmental . oller ®

Expenmental ... olier @

8 Mission Pian
~EBwmCS  Mission C

(MPS) @
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MBSE to maintain traceability
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Operational behaviors W/ SAMARES @ AIRBUS

DEFENCE & SPACE
Accelerate Systems Design

act [Operational Phase Behavior] LEOP behaviour [ LEOP behaviour | ]

stm [State Machine] Flight Operations [ Flight Operations ],J

«allocates «allocates «allocates
acomments 0OPS-SAT Sateliite : Launch vehicle OPS-SAT Ground control
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|
|
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|
|
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Test the experiment on Ground [}
Segment

do / Test the experiment on a flatsat - behaviour R
- - «comments
— — °|Fourth pass
'\ - — = activities
( : Send downlinked GP'S data for orbit determination @]
T

- upload the experiment on the spacecraft é%é - - —
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do / Monitor and control the experiment - behaviour Mavigation Diagram

LEOP behaviour
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Technical views of OPS-SAT model

5. [Fechnical Componert] System Technical Archfeclur | BataBus Sysiem Techwioal Archiecture 1

=]
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x

C Slave BS Control

12C Data Bus

SOR
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12¢/Shve BS Control

2C Payload
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omments

Bus Switch

LVDS1 Engine Bypass.
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2C Slave BS Control

s cinl

2 Slave SX Cirl

us

ectStatus.

joe Bypass.

pand TX

LVDS2S/X band TX

LVDS SIX SelectStatus.

Bypass SelectStatus

Navigation Diagram
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©
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AW 85 OUT
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52 : Deployment Mechanism Power Supply
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=

OUT2: PV Power OUT
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— —m

V.8t -Band Tramsmte b 'ne 3un sensor directy powered by
fine sun sensor connecied to SOR end
Magnetorquer

+5.0V Optical Rep

Limited value from the
pure electrical point of

17 Solar Panel Depioyment Mechand
15 Solar Panel Deployment echar)
14 Solar Panel Deployment Wechar

view (no electrical

1BD_C [Technical Component] System Technical Architecture [ Wechanical System Technical Architecture (Mechanical view) 1 J

s library)

Retro Reflectors [4]

Hechanical Interface

Mechanical interface
Mechanical interfare

SEPP1 Mechanical Interface

LT
Mechanical Interface
Retro Reflectors Mechanical Interface
SEPPZ [lechanical Interface
Mechanical Interface P T
s X Wechanical Interface

Vechanical Inferface [ Double-Deployable Solar Panels ¥

¥ Mechanical nterface.

Mechaniesl nerface - 3 Bouble-Deployable Solar Panc

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

=¥ Mechanical Interface

Hechanical Interface Body Mounted Solar Panels +7

Z Wechanical Interface

0 Mectanicsl nerface ) 3 Body Mounted Solar Pancls -
X Mechanical Iterface

Hechanical Interface m

RWCAM Mechanical nterface

Wechanical Interface lechanical Interface

RWCAM Interface Board
Navigation Diagram
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V SAMARES @ AIRBUS
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Document generation
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VSAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

From document template to final report

4 Mission Operational Concepts

#set($dia6 = Sreport.findElementinCollection(5allDiagrams, “OPSSAT Operational Concepts Definition
Table™))

Sdia6.image
#foreach ($¢ in $QperationalConcent)

4.1 $oc.name
#zet($lifecycleDia = Joc classifierBehavior. name)

411 Life cycle

Life cycle diagram: $lifecysleDia

#set(Sdia = Sreport.findElementinCollection(SallDiagrams, SlifecycleDia))
Sdia.image

4.1.2 Operational capabilities for concept
#set(Selements = Sreport.getinnerElement(Sac))

#set(Scapa =$sorter sort(Sreport fitterElement(Selements, [“Capability Usage™1)))

Required Capabilities for this concept

Accelerate Systems Design

[ E——— - T

b Or—————— -

B O — -

i [Siate Unceea] Hecyce] ]

==

| eatry { & entry /

Activats Routine Cpenating mose ‘

e

perating -

—Iamy 1 Reuting Dparating Node nlakzaton
do/ Wission Planning behaviowr

cQuestion_Problems E
Wegre showd perationsl modes by
defined? Cannaot find any reference

o resdes in WOFLT

|iE
Havigation Diagram

4.1.2 Operational capabilities for concept
Required Capabilities for this concept
spacecraft atiitude and orbit control
4.2 Commissioning and LEOP with simulator
421 Life cycle

Life cycle diagram: LEOP and Commissioning lifecycle

#forrow($c in $capa) 4.1 Flight operations
- ‘wim [Ssle Uachine] LD LEoR Hecyce 1 ]
$c.name 411 Life cycle
Life cycle diagram: Flight Operations lifecycie: @,

#endrow - ‘_Imﬁ.”:.TL?;“:.T.ﬂ'Fﬁ“ﬁ"mi‘fm« ) o

W}’mww m‘
#end o
5 = =)
4.2.2 Operational capabilities for concept
Required Capabilities for this concept
provide LEO in-orbit test-hed for on-board SV applications
test Manosuves.
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V SAMARES @ AIRBUS

ENG'NEER'NG DEFENCE & SPACE

Summary of achievements after MBSE reverse

engineering of OPS-SAT system
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Summary of achievements with OPS-SAT mode

» N1: Technical architecture showing the
different bus interfaces and with live support
on compatibility of interfaces (graphical
error if bad connection)

Nanomind Power supply : GPS Power Supply :
[3,3V;0,130A] [3,3V;0,364A]

:EPS
: GPS OUT '*SSVGPS‘\.’E_ : GPS Receiver
Nanomind OBC OUT
- +3.3V Nanomind IN L Nanom ind OBC 1 : Nanom ind OBC |
=1

Validation rules can work in “live” mode (real time)

Or on demand (“validate” menu)

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

SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE
Accelerate Systems Design

Tew AGCE

=]
[ | o)

g

) ]

i
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Summary of achievements with OPS-SAT mode W SAMARES @ AIRBUS

Accelerate Systems Design

» N5: technical architecture views showing the integration (buses, electrical, mechanical) connections of the physical components

180_C System 1J anenel 3.3V Antenna Woduie i [T
33V Nanomnd 1 - Nanomind OBC 1 : Nanomind 0BC.
ORI 1 Seromind 00 |
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2 e |
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1osasix iudi
> = Mechanical Interfoce
Retro Reflectors Mechanical nterface
SEPPZ lechanical Interface
LVDS Six Sekectstatus A
oS contt 26 Siave 55 Contrr Hechenial nerfce (5 Body Moutea somr Faners X
I pr—— Is X Hechanical Interfacs
ove SX Ci Bypass SelectStatus

" Hechencol nerfce (L Bouble-Deployatie Solar Panel= 7

- Mechanical terface

s Limited value from the
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@ AIRBUS
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ummary of achievements with OPS-SAT mod

QY sAMARES

Accelerate Systems Design

» 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

© Cneckout OPS-SA . stems.

with full traceability
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Summary of achievements with OPS-SAT mod
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» N17: formalization of verification procedures and traceability of Verification procedures to requirements

(‘act [Activity] Camera acguisition Operational Procedure [ Camera acguisition Operational Procedure ]) N
«allocates wallecates sallecates «allocates
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|
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|
L
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3 Navigation
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y
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

End of “Reverse Engineering with MBSE of OPS-SAT mission and system”

Q&A
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

OPS-SAT 2 mission — new model derived from

OPS-SAT 1 with focus on operational concepts
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The big picture of the modeling approach

VSAMARES @ AIRBUS
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Nack / item .

Step 1 - LO (global expected system) S ;:crque{it:\)/r;:;;asks for

i
|

il

Step 3 — LO Joint definition model
with simulation of L1 systems

LO (OPS-SAT2 global) — b E
Mission Analysis LO (OPS-SAT2 global) L1 S/C~ Operational LO (OPS-SAT2 global) Simulation of LO
— Operational — Operational Operational concept

L1 Ground —
Operational

Step 4 — S/C Technical Configuration Step 5—S/C Logical Architecture (proposal)
( LO integrated model -\
L1 S/C- Logical Components Logical architecture
and architecture

LO integrated model —

. \ ~ Technical Configuration
Step 6 — Ground Technical Configuration Step 7 — Ground Logical Architecture

L1 S/C- Logical Components
and architecture

i
il

Hi)

Step 8 — LO joint definition model with
technical and logical architectures

Qesa B oo

CDF Study Report
OPS-SAT2

L1 S/C- Technical Configuration

of In-Orbit D

\ W INY
| R
| %
\,‘J‘//

Y L1 Ground — Technical configuration
\.ops-sat 2,
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

STEP 1

Mission, operational behaviors and tasks

4/28/2022 Copyright Samares- Engineering 2021-2022 - All rights reserved , \ 40



Missions — OPS-SAT 2 completes OPS-SAT 1 W SAVARES @ AIRBUS

Accelerate Systems Design

# Name Documentation Objectives Si
OPS-SAT2 Final Report - DRAFT 0.4-clean.pdf §2.3 Build a mission based on the OPS-SAT Space Lab con... 425 ESA We exp I ain h ere h OW mission p h ases are
The first three sessions shall terminate after 30... 45} Experimenters

Include an optical terminal on-board allowing opti...
Launch date 2024 to 2026 Allow the mission to safely experiment with the op...
Connect the experimental computer and the FPGA to ...

Launcher Ride share (e.g. SpaceFIight, mel;menl aulnrfm)lmnus n-)ptu:atl IIlnk schidullr!tghusm.g...
ExoLaunch, OHB, SpaceX, PSLY, rovide a powerful experimental computer with an i...

Vega, ULA, Dnepr)

supported by operational behaviors

Legend -1 [OPS-SAT 2 Mission Phases and Tasks]-
/" Realization E}-@ Operations:

&
2
Z B B B
o 2 2 g g e
Lifetime - . @ E S8 g
2 year minimum + 2 year optional a & SRS
£ E 28 32
c o o ©
= 8 = =2 g &
2 = ] 5 EE 9
2 ission: i i . it Type : c u ‘E £ s &
1 @ OPS-SAT?2 Mission: Space Lab with optical com Orbit characteristics £ b= £ = 2 g S o
Preferably SSO Lo = = g s & 8 o
5 o =
Bg £o0E873%
4 £ Z T £ £ j==
. stm [State Maching] OPS-SAT 2 Mission Phases and Tasks [ OPS-SAT 2 Mission Phases and Tasks ]) i g £ o £ = £ O
Altitude : 400 — 600 km (launch to 500 8,28 92 2 2%
- 600 km) &2 5 5 5 53
255 %3 @ o @ T
— it i o 2o 2 2 2 a o
Mission Definition and Early Preparation Phase g o J = = = z a
LTAN: Any gaaae @ @ ae
Period: ~90 mins 103 L0-OPS-SAT 3.4 BEHAVOURS
Eclipse D_uration: depends on rideshare ‘2, Analyze Key Performance Parameters and react s
opportunity - - ¢2, Commissioning behavior
Ground Station ;;%c‘;v%:s many optical ground terminals e L] %2 LEOP behaviour
Ground stations Testing gy = ‘22, Run the experiments - L1 Systems collaboration
Mission Statement: OPS-SAT is a hardware and software laboratory flying in a LEO orbit, available for Allov pakistion Pre Launch passed _f—r e —————— P2 Schedule the different validated experiments
2 @ OPS-SAT 1 Mission: Flying Laboratory authorized experimenters. The

LT — — — — — — —

LEop SpaceCraft detached successfully
Campaign

LEOP and -
commissionning

do / LEOP and Commissioning

For traceability issue... we need to show both missions

Commissioning operations successful

«comments
® Should be at
least 2 years...

do/ Operate the experiments /

/
End of Life (®)

Mission Planning "

.—)Ldu J Plan experiments and deploy experiments
«comments

we need to ensure that the mission can be

done (good orbit, enough power, avoid

collisions, temperature in valid ranges...) - - — Mission Monitoring and -
itigation actions

Navigation Diagram

ldu.' Monitor and react if nesded
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op behaviors: op tasks and allocation to L1 syste

SAMARES

ENGINEERING
Accelerate Systems Design

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

@ AIRBUS

DEFENCE & SPACE

(‘act [Operatienal Phase Behavior] LEOP behavicur [ LEQP behaviour ])

wallocates

SpaceCraft (L1)

«comments

| { : Detect separation of the launch vehicle @j_
I

b
[:: Initiate power-up sequence @)
T

[: :Deplay::'ltenna @)

W
’lx‘weacnn \MQH&?B @j

9( : Acquire beacon @) |

| (:Ac‘tiv:;e Safe Mode @)

[

: Send data for orbit
determination

«dllocates
Misson Control System (L1)
( : Transmit a beacon @Jj beacon
T
I
TTT—— [ —

I =

et

REVIEW:LEOP:
— —|what is the
condition for
detection of
separation?

Navigation Diagram

ibd [Operational System] OPS-SATZ Global System [ OPS-SATZ Global System ]’J

. PowerSupply

: ~Powersupphy

: Misson
Control
System (L1)

. ~Beacon

. Beacon

4/28/2022
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From mission to op tasks allocated to L1 Systems S ¥ EvEs P T

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

Legend
~ @D Check SIC platf ... ments ® -[B] spaceCraft (L1) Allocate
2, Commissioning behavior® — ~ o
/@ EOL Disposal - OSateIIite detumbling ® - @ SpaceCraft (L1) mission2phases
. Realization
W& Launch ,OAcquwe beacon & -[B] spaceCraft (L1) Sub Phases
4@ LEOP and commissionning © ,f IODepIcy antenna © -] spaceCraft (L1) = = = = Tasks
I 7
[ ,/// - @) Deploy solar arrays @ -] spaceCratft (L1)
| %
z 2 _ - Detect separati ... hicle® ~[8] spaceCraft (L1)
| 22 LEOP behaviour® - = = =
= S ~ @) Downlink stored ... metry & - [2] spaceCraft (L1)
‘| N .
| W ~ @ nitiate power- ... uence ® -] SpaceCraft (L1)
\
,‘ \‘\ ‘OSend data for o ... ation® -@Misson Control ... (L1)
If “@ Transmit a beacon ® ~[B]misson Control ... (L1)
.‘I‘ @ Mission Definit . Phase J,GActivate Safe Mode ® - @] spaceCraft (L1)
" ! - @] Misson Control ... (L1
/ @) Analyze TM abou ... eters= - = D
4 ~ @] spaceCratft (L1)
" . : Z
@ oPs-5AT2 Missio ... tions & @ Mission Monitor ... tions 2 “ Analyze Key Per ... react® = _ ) - @ Misson Control ... (L1)
& *OMcnltor Spacecr ... eters= —
N ~ @ spaceCraft (L1)
\\
Q@ Request Altitud ... ction @ ~ @] Misson Contrel ... (L1)
@) send Safe Mode TC® ~ @] Misson Contrel ... (L1)
,OAckncwIedge the ... files® - @] Misson Contrel ... (L1)
@& Operations @ ,/fro Perform Optical ... orbit® ~ @] spaceCratft (L1)
\‘-‘Mission Nominal ... tions @ 22 Run the experim ... ation® = ;é — @ Perform RF COM ... orbit® - @] spaceCratft (L1)
N
\_\*GRun the experim ... rbits & - @] spaceCraft (L1)
“@) Upload GS locat ... tions © - @] Misson Control ... (L1)
/«0 Plan experiments © ~B]Misson Control ... (L1)
@ Mission Planning® — 22, Schedule the di ... ments & ~ = ~ @ store Experiment ® - @] SpaceCratft (L1)
N
N T ) Upload experiments = - @] Misson Control ... (L1)

- @ Ground Stations ... ation

'@ Pre-Launch Operations® —=—__ ) _
~~ @ LEOP Campaign

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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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

STEP 2

Refinement of operations from L1 Systems
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Refinement of S/C behavior — from lifecycle to modes and to task VSAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE
Accelerate Systems Design

2 A L1 - SpaceCraft - Flight Segment ([Operatiunal Phase Eeh“iur] Optical COMM pass SJ'C'J h
1 1 REQUIREMENTS and DESIGN DRIVERS LA
- 1 ) OPERATIONAL m

CONCEPTS stm [State Machine] Satelite Operational Phase [ Satelite Operational Phase ]J [currentGSToTrack=5]
(CAPABILITIES
2.3 ENTITIES / OPERATIONAL SYSTEMS Operational phase ——

[ ]
Relations «comments

| &

| é Entities from Mission Analysis ETTE FEILETEY (RTETIETE ; GS sends
| ™ Enties Definition next orbits of the cycle beacen

| -l sic op Tasks [ §/ optical COM pass- 1st orbit | ss - 2nd orbit g2

| &R spaceCraft (L1)

do/ RF COM pass in 2nd Orbit S/C \

A
(: Slew to next Station @)

: if cloudy weather, try again...

I

I

I

(_w > v 5 «COMMeEnts I
: Wait for elevation > 107 @) |

I

|

try / set initial GS
I Optical COMM pass S/C mess &
|-{ @ power : powerfwatt] = 30.0 W ‘ EXP Mode [ 5] P B —_— =
|-{ @ temperature : celsiusTemperaturefkelvin] = 300.0 . [power =25] | do/ Run Secondary Experiment S/C [ \ astructureds P l
1 @ doudyWeather : Boolean = false | — Aperﬁ_uus establish optical link (try for 209)
f ik = ye .
e e ontaet s i iz = ' A Waiting for a given delay...
| after (800d) else |
Secondary [else] = =
Experiment TC After1000s gfnr simu)j | /l-/ |
stm S/C LifeCycle | After1000s after (1000s)
(for swmu? \l{ STBY Mode | after (3s) |
I Orbit 5 Orbit gz Orbits g5 | M clse] |
N End of Orbit I | — ?
sLifeCycleStages g wJ [cloudyWeather]|
1. Development gp'—g::ﬂzﬁ:e of tQ’ TR — — = = — = p > o
————————— el e o change
i concgpt We Wait g SERTEAe ){ ploying experimerjts g I Aftera0s — Current G5
«LifeCycleStages (g transition the | o ing the experiment - SIC | eiraami) I+|
2. Testing _|SiC life cycle I Beacon é@ 5
until reaching | dm:::oq \
[aLifeCycleStages 5 | | DePlOyment” End of Cycle I beaco
3T t Z after (20 s)
| Sl End of Orbit after (Ss) / downlink | ] iy
T T R R T I - - s - - - - - - - - - = = — =7 r— 1T - - — — = — . -
Satellite Ejection Wonitoring Attitude | + Fine pointing Could not track the GS
2atelite Election] [ Analyze SiC KPP and react ;ﬂ Correction to the Ground
e | Station

4. Deployment - LEOP and
Commissionning

Planning

Hmm KPP and react 5/C
aLifeCycleStages L_f,l nalyze KPP and rea

| do / Satelite LEOP and Commiseioning

visual Camera and

Preparation of OPCOM pass w ‘ A

@ ——— & e pass : Capture image from @W

Downlink image files

" aLifeCycleStages 5
: \
5. Operations = é b Files
OwWer = 25] Attitude e — 4
| do / Satelite Operational Phase o 1 [elze] ST L] M | Image File via \\ R:?:E'(D_‘T_Ign
Normal Mode TC Safe Mode T do { Change Atttude b - — 3 files Sending / - ? B %.
- [ At @) ) / roms
- Mavigation Di; during the pass - Vi C 1on
aLifeCycleStages 5 Safe - === — _ _ avigation Diagram ]
6. ReEntry igati N L )
Diagram Step _J_ N «comments
by Step SUSEMRESEt |, |technical details coming from OPS-SAT 1 - may be . . .
= imelevant in OPS-SAT 2 Sendlng a given 5|gnal...

Waiting for a given signal...

S/C behavior is complete and consistent by construction — simulation will show if it is also correct (accurate)

i 4
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Refinement of L1 Systems - MCS W/ SAVARES @ AIRBUS

Accelerate Systems Design

([Operatinnal Phase Behavior] Analyze S/C status and react MCS )

Navigation
Diagram

stm [State Machine] [ MCS operational phases ]J

A L1 - MCS - Ground Segment

B[22 11.Ground. 1 REQUIREMENTS
[—j 3 L1.Ground.2 OPERATIONAL

&-B3 L1.Ground.Ground2.1 CONCEPTS ——— | | 7T ]
@B L1 Ground.Ground2.2 CAPABILITIES «Dperat_lunalPha,se» ® /
-8 L1 .Ground. Ground2.3 ENTITIES / OPERATION, Operations - MCS ] SIC Status TM

B2 Relations tmmlp:ion

«OperationalPhases
|- (43 Entities from Mission Analysis /!h SIC stat R
nalyze status [SC_rightAttitude]

?

I I
I I
I I
|-~ Entities Definition ! & !
|- 536 MCS Op Tasks stm [Life Cycle] 1CS LifeCycle [ 11CS LifeCycle ] yf Anahlyze S/C status and react MC5# I : Analyze TM about S/C 5 |
OE menter | Key parameters |
|- [8J Flatsat test bench X - - - - - - - - - - - - — — — | ] | wcomments
£~ 8] Misson Control System (L1) 8 | | fter 80s the
BT C LifeCyce (by Raphae) ‘ e o p E—— | | -GC stop sending
{- @ SC_temperature : celsiusTemperature[ks é GO LZRILTE AlFE e w0 [5C_power = 20] . beacon
-~ @ SC_rightOrbit : Boolean = true Q Control or support the experiments / ' <t>é —-— = 433 I |
[ @ 5C-power - poverivall) = 200 W \Q ( «OperaticnalPhazes w l | [else) | [elsel] l
-~ @ SC_rightAttitude : Boolean RQ p the OP | - = - I
8- 38 out tcSending : ~TC ) H repare the OP pass | B
B 1 in tmReception : ~TM b do/ Prepare inputs for Optical Pass | “Request
B+ I out beaconSending : Beacon | Attitude I
: Correcti
| E-18 in flesReception : ~FILE — = Start of OPCOM pass (From MCS | B |
-~ 8 Processing platform validation bench ' after (BO:
: 4> 4 I (B0s)
= D' 1.Ground.Ground2.4 PHASE BEHAVIOURS i i
8- L1.Ground.Ground2.5 TASKS ﬂDDEFﬂtIDI’IﬂFh&SE» Aﬂﬂ“d_e
&- B L1.Ground.Ground2.6 FLOW TYPES 5 Operations = Support Optical Pass prechion ‘
| BB L1.Ground.Ground2.8 CONTEXTS do / MCS operational phases | do / Optical COMM pass MCS 4 tcSending
B3 11.Ground. 3 FUNCTIONAL [ Safe Mode -
B3 L1.Ground. 4 LOGICAL Q TC via Hl‘;lél
| nd tcSending
BBl 1. Ground.5 TECHNICAL (( /> ) @ l wcomments
o «OperationaPhase» g —— A | | | ___________ | Navigation owvsiting
L. Support RF Pass Diagram Step o image files
ep 1 be
/O | do/ Support RF Pass Jowniinked
© y |
O, | !
’f@ «OperationalPhases ® A | r
j/,o plan and upload experimedits W Files
(S | do / Plan validated experin%nd upload them «0perationaTaskinvocations 3¢k | peception
Acknowledge reception — = ACKTC via 9.
of files tcSending
&
<.
$
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

STEP 3

Creation of an integration model for all L1 systems
and simulation of this model
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Simulation of OPS-SAT2 in operational context W/ SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE
Accelerate Systems Design

gngL- OP:-iAIT;éEO’::;Z:F’l":l‘I’ION ibd [Operatanal Context] Ov erall Dperabanal Context w th L1| Operabanal Context wah L1 Systems | ] stm [State Machine] Define - test - deploy Experiment [ Define - test - deploy Experiment ] J
OPS-SAT
3 ‘OPS : Flight
E3-[3 0PS-SAT2.2.1 ENTITIES - SYSTEMS - ARCHITECTURE ol ; OPS-SATZ Integrated Global System contror Team = -
#-,7 Relati Defining the experiment @ |
4 ions - -
& 183 Entities from Mission Analysis ; do / Define the experiment - behaviour
- f
| Entities Definition [ 1 SIC : SpaceCrafi (L1) Rec «comments
°=Y : Launcher (L1) FLE )
{3 Operational Capabilities Structure S load th 440 8 Data Relay S, definition of the pass
<) Flight Control Team - ~Pow stm [State Machine] Satelite Operational Phase | | Satelits Operational Phase ]) Expacin enter upload the experiment to a Uata Relay server (plan} is dons in
=] OPS-SAT2 Integrated Global System Interface _ _ another operational
g]— ,7 Relations Bc ton '-. - Testing the experiment on Ground ® | _ phase
| Systems Collaboration (by Raphael) T | -
{—[B MCS : Misson Control System (L1) - ispace [y R o o 2 lafeat - behaviour Phe
{—[B S/C : SpaceCraft (L1) T - S environm ent e
—CB : Launcher (L1) . - wcommenty upload the experiment an the spacecraft Satellite
o - ot Can be on SMILE at ESOC Operational
. a—— { Experimenter’ - - Phase
= e, = S T ;;Daundx.gee;rr::r:‘( | Deploying the experiment on board @&
™, T TR I “:om'.r'“ o do / Deploy the experiment on board - behaviour
MAGEFLE || || e 4 "
R . h | dsorig sxsecmas
u n n I n g t e MCS : Misson Control System (L1 «comments
tm ational
H |Lite Cycle] [ |5 MCS LifeCycie | St WS oper prases [ 'J Monitoring and controling the -
operationa [ reore] 8 M8 eorce ) : == ExpermntSiop TC
. = do / Monitor and control the experiment - behaviour
Navigation Diagram
g .
' System lif le, in “ tions” ph
Integrated - yste ITeé CcyCle, In operations phnase

system with
launcher, S/C
and MCS...
but also the
experimenter
interface...

act [Dperational Phase Behavior] Optical COMM pass SiC| g ]J

o s . System modes state machine,
ﬁ%’% = during operations

I\
2 Tewing s | [anstion the

[ 1o et swen |

lllustration of one operational
vasn behavior (Optical Pass), showing

Beacon via

sending | > and reception i

ding beaconAcq

of data between ground and flight
segments, with and delays > e

e s)  (Dwomer
Satahte Bucten

4 Deployment - LEOPana 5
Lommissionning I']

da ! Sanalts LEOF and Commesioning

—_—

& Operations s
da | Satalite Cgursfenal Phas o

Experiment life cycle, from definition to
deployment and run on S/C ’
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Operational simulation of OPS-SAT2 Global Systé

v

SAMARES

ENGINEERING
Accelerate Systems Design

@ AIRBUS

DEFENCE & SPACE

Running the
operational

Wl | Gearai Cperstorsl Cortmd wit L1 psestorsy Cotmtmen il Sypstore 1) PR oy
Sol : OPS-SATZ Integrated Giokal System BT T >l “Care Nistien
th enwrenment Control Team
St mmebur L] IC :SpazeCran (L1) = . P
g - — - — . ‘Right Comtrol
s ~Sow erbupph stm (Sate Machine] Sooeite Opeanonal Fases | a Saledte Opey sty #hases |/l I Exparimenter ) ‘ Team - |
Sewasw Opwratan  Fircan Figermmes oo 10 - La —_—
Bocson - T — -l : =3 || ™ insa it om ) aet [Cparazcnal Fraze Benavier) Catical COWMzaia SCT G | )
€=,'""‘ e 3¢ I 07 KL LI b ¥ 2 v i'"""-""“" ; 2
! | |corcmon ba cary
onwcn : =" = .. -
1 =
J—
nEVEw

 bbed e woes
=y
i e V@Tn
I wxced vose | bew iy
e oreparmion -
u.Lg oecon poe
CPCOM pas \
an | ~I0 FiF » et
g ."'&""3- -
M3 Miszon Control System (L) —-E'.‘m-‘_ . = .‘ mmu T % *}_
g1 o R RSPy — PATSRRS———
stm 133ts Macrng] KOS cparatonal prases | B LGS oparancnal shaces ) ’ I
e N - — : S
L o | £ 7
e — = 2 . V
. l“&‘mf-ﬁ:") ’ S f
o S - - -
Sit ] — s J— -
g A s | | ‘ ‘ ; -
E ;‘- Srngawn (myram
[ . N 1EN
‘ 1IN Catale Corwng B CP3 GAT - mae te wwievam i D95 84T 2
wicosl Pwse Denevior] Oolce] oy m kS0 & @ Tagoe [ Ae1000s ffer s} “ Anirafion geed:
[Coerstionsy Phase Schavior] Anshyze SIC stats ana reoct HE 8 |/| . ? N 7 Sesslons » ¥, Cotsowm x
o [l Overall Operstionsl Comeet with LL | Operadl Oy siusad | sl @®
- | — I .abtmwmnmul’mma Core Misaon Canand T VT | S B e et - ament
A T WMeitor ey SpaceCralt pawarsetins [ 30 Cortrd Taadd 1 te )
. -2 = 00145, 540 WARN
e — - 5= Deflee and test Bxpesiment | eoerimentenis | 2245205 (“dat ratinieg axperimast 27 ow
= T MCS LifeCydle [Misen Contral System | Woes24) {Sewted, | Opical HO Camera
-~ My i b b b %9 SIC UfeCycte [“pacelrant |11 | Blebacial] (Startes -> action: Start
—_ —_ s UfeCvchel cmailior Dreiventin | {Losmdmr {11 M0GESE L e | Oyl HO Campra
oy s | el sy | BT
S dizmem ! "~ =% - > opes phares P T _~ o GNSS Paoad |
e age =™ & -5 Launch sabelRe {Lancher {11)0abat18e ] (Startec) > acthon: St
L M —_; T Launch satele || s VohGte e atn] GNGS Pandoad |
b = - v e | 2192 Anbyee ST statss s peect MCS (Msan Cimly 145 340052 > acticn: Actiont
****** = - s ¥ Angyze SIC stahus and rasct MCS [ e L1 e ) {OPcH HO Camera
._‘__4.- t“‘ 3 ——— = G:_.-‘;tmo:naual Phases [Spacecrat (11) 5k artind | Cyrical HO Cagera
! E2, / N I T = |-> atizn: ol J
R e—— W o3- Y, Pregere inputs for Ooticel Rass Mson Cortiel Sy W] o 1Y = j

S T—
B e B

«block»
Experiment

concept...

performing an
experiment...

1T D

values

id : Integer

«block»
ExperimentCmd

ablacks

resource |PayloadRessource

values
frace : String

values
name : String

«valueType»

ControlAction

Start
Stop
Action1
Action2
Action3

control Action
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V SAMARES @ AIRBUS

ENG'NEER'NG DEFENCE & SPACE
celerate Systems

Demo 2 on operational concept simulation
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

STEP 4

S/C technical configuration from 6U baseline

4/28/2022 Copyright Samares- Engineering 2021-2022 - All rights reserved , \ 51



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

SAMARES

@ AIRBUS

ENGINEERING DEFENCE & SPACE
Accelerate Systems Design
bdd [Technical Viewpoint Package] COMPONENTS - EQUIPMENTS [ EQUIPMENTS ]_,J
DHS_OBC_Platform I Nano Power System [I]
| ximports [ . g e —— I pout PDU2,
| l.umpnn» 'T&:riu.depluycddmniln il |Sohrl:elll WI | SADM WI | Battery WI | PCDU il
| T T T T T
9 | | wimports | wimpart: | cimparts | wimports | wimports
Experimental | | | | |
processing e | - = |
core | L _ _ - 1 [
Py
CCSDS Engine I .
== & I o
Igeuc Power
| wimports
|
CCsDS
Protocol
GNSS RX with Antenna WI T‘I‘Ilrulter WI ‘ Tank WI |sun5ens.ur WI |Stanrﬂ:kerW| |neaeﬁnnwneelwl ‘rbmhizmpumrunmppmml | 0BSW @I i zml | Y WI ‘ WI I I ‘ Gyro WI
T T T T T T T T T T T
| wimport: | wimport | wimport: | zimport | gimport | wimport: | zimport | wimports | wimports | zimports | wimport: | gimport
| | | | |l _____ | | ————— | | | | | |
! \ - _ - --—C ., I ! ! \
I_____:11111111111111111111111:H“Nﬁ:::::::::::::::::::::::::: _______ I \
___________________________________ I Mnr- - - - - - - - - - - - - - - - ” - ” ”””””””C°C°C° - - ___-_-_.g4
I L 1] [
I | !
AOCS (with
actuators
and sensors)
nn: i WI ‘Mﬂmenna EI |MTmnsmmer il |I]|S_OBC_PkaMI ‘Paykmcumpnler il |Laser Terminal EI ‘II)—Clmam WI
T T T T T T
i | cimports | cimports | wimports | cimports | wimports | cimports | gimports
| | | I_ _ _ _ | |
TS -ooDo2o et T s T O
Lo |
| [ "p SI d |
- ayloa
Communicati p
ons peripherals
2U Panel I ‘ﬂllﬂm strunmrel | 3U Panel I | 6U Panel I |PLﬂlssfmzoeiver WI ‘Aﬂimq)l'ral Device (ELROI) WI |Lueern Reflector (LRR) WI ‘ MLI I | White paint I | Kill Switch I ‘ CAN BUS EI
T T T T T T T T T
| eimports | zimports | wimports | wimports | wimport | wimport | wimports | wimports | wimports | wimporty | wimports
| [ _ | | o o | I _| | |
_______ | I | r | |
| - \é}' uey o
, |
| ‘ Payloads of ‘Th lI Ha[:':;ﬁ ng OPBSI'JSSAT
Structures opportunity erma
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VSAMARES @ AIRBUS

DEFENCE & SPACE
celerate Systems

Demo 3 on variability — 2 configurations
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L1 S/C envisioned configurations — trade off W SAMARES @ AIRBUS

Accelerate Systems Design

* We can define different configurations with different drivers and
parameters

Platfiorm
Real time
" Name O Star Tracker Alignement : o Propulsion : o Denlmble o HM o orbit
Alignement Type Boolean Wﬁm Hrr-:g P ﬂthﬂTI determination
' Capacity : Boolean
1 = 6U design Along Cardinal Directions j false j false Low j <undefined> |
2 | [= 12U design Along Non-Cardinal Directions | true | true High 'm| <undefined> |

* 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...)
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L1 S/C — see impacts of a given configuration

(act [Operational Phase Behavior] Change orbit [ Change orbit | J R

«comment»
Will be refined by
functional layer

orbit correction E
1y v

[ :Prepare Orbit Correction “—,1

target orbit

6U configuration
preview

«comment»
For simulation

. © Full Model

\Preview: 6U design : OPS-SAT2 Featur ..

(act [Operational Phase Behavior] Change orbit[ Change orbit | J R

«comment»

Will be refined by
functional layer

orbit correction TG
=,

13 L3
{ :Prepare Orbit Correction @J

12U
configuration
preview

target orbit

SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE
Accelerate Systems Design
|nn_nnc_nmorm I Nano Power System ﬁl
|J'I"
lampors | = 0| m — mpm = = = — — — — — — — — — — — — — — — — — — — — — I pous POU2
| | et m [sotar cens (| [ saow @) [ Bettery ] E Poou
: [
9 | ;m | aimports | cirvports | airrports | airports
Experimental | | | |
e . | o
processing | P e | ™ = = = = o= o= - o |
core L e T | T
| '
COSDS Engine | ;9 I
| cCsDs P
Engine | l ‘Powel‘ L
| simport»
! \Preview: 6U design : OPS-SAT2 Featur = ... () Full Model
ccsps
Protocol
) G [ 6 Erew Erew e m [ 3]
¥
| aimports 1 gt | simports I aimports Iarpoﬂ: | aimports | zimpart
| ] [ | | | [
F -+t e e e e - - - - - = =
' § ' 'e e e ST T TS ﬂﬁ—::::::::;
e e e e — —— i — o ——— — — — ' = - - - - - - —C
!_ ‘IHH’IﬂH’IﬂH’IHHIﬂH’IﬂH’IHHIﬂ”’ﬂ”’”ﬂlﬂ”’ﬂ”’ﬂ”’ﬂ”’ﬂqI 1 I ’| i P = == o= e e e e
[N |1
le
| ]
AQCS (with
actuators
and sensors)

? mor (55)
«comments
é For simulation

o ——f ————
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SpaceCraft network for 6U configuration N/ SAMARES @ AIRBUS

Accelerate Systems Design

ibd [Technical Component] OPS-SAT2 150% Configuration [ OPS-SAT2 network configuration ]‘J

{AOCs Actgators T~ T T =777

4rw : Reaction Wheel [4] rEPS

// | PrimCAN é =] e
I : Nano Power System
DM A

: PrimCAN
. PrimCAN ,J:| battery : Battery tank : Tank

oyed drag sails
MagnX : Magn : MagnZ : i 77 /
MagnetotorquerX MagnetotorqueryY MagnetotorquerZ WA J FEFFFTF T T
n Power s PU
] ] B QL7007
: PrimC.AN T PrimCAN T PrimCAN
\ 4
ez O iy — T : PrimCAN . . - B - Bri - B - Pri - Pri
ETEEmEmE . LPrlmCAN - PrimCAN : PrimCAN : PrimCAN - PrimCAN : PrimCAN : PrimCAN
: Lel H ' H v i | v
. OBC_PF : DHS_OBC_Platform GNSS_RX1: GNSS5_RX2: s-Band A1: §- s-Band A2: 5- : 5-Band UHF Trans : UHF : UHF antenna
- PrimCAN gyro1: Gyro GNSS RX with GNSS RX Band Antenna Band Antenna Transceiver Transceiver
. PrimCA| Antenna with
Antenna

str2 : Star Tracker
. Prim

H H H H H
. =
E=ensor [6] 1 SecCAN 1 SecCAN : SecCAN : SecCAN : SecCAN
: +
by
P .
v
: PrimCAN - GecCAN SecCAN
: PrimCAN . . PrimCAN : SecCAN :SecCAN :SecCAN : SecCAN 1 SecCAN
(ryl * [y *
- L | v L+ | v
0OBC_PL : DHS_OBC_Payload laser terminal : Laser 1 X-Band + X-Band : HD-Camera PL GN55: PL LRR-1to15: elroilto2 :

Terminal Antenna Transmitter GNS5_Receive Laser Retro Active

: SpacefFibre th r Reflector npti_cal

paceFibre /HSSL (LRR) [15] Device

- IN_Bj HemL (ELROI) [2]
3]
5 - SpWILVDS - SpWILVDS
: SpWILVDS T SpWILVDS
Navigation
Diagram
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

STEP 5

S/C logical components and architecture (proposal)
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S/C Logical components and associated classificatio W SAMARES @ AIRBUS

DEFENCE & SPACE
Accelerate Systems Design

bdd [Logical Categery Package] CLASSIFICATIONS & CATEGORIES | Satelite logical components and classification ]J

Optical Camera EI |Paykmd Controller EI |GHSS Payload ml |0pii|::alCommunication Terminal EI |S—Band TT&C EI |lIHFNHF TT&C ml |x_Ba.nd TT&C EI

T T T T T T T
| imports | wimports | wimports | wimports | wimports | wimports | wimports | wimports
| o | | | | | |
L= = — = — = — = Lo [ I I I I
| N | | I I I
| I | I I I
Payload | | I I
Peripherals | Lo g |

OMMUNICATION'

[

GNSS Platform EI TPropulsion System EI |Magnetometer EI |Sun Sensor EI |lhgnetotorquer_‘f EI |ADCS Payload Manager [L] I |FDIR Manager EI |AOCS Manager EI |lhgnetotorquer_x EI |Mu-gnetotorquer_z EI |StarTracker EI
I I

T T T T T T T
| gimports | aimports | aimports | «imports | wimports | gimports | wimporte | wimports | gimports | eimports | eimports
| | | | - _ _ _ N | | | | |
I I l\_ - _ _ _ . .. ... ...\ oo - - ______ I I I
l\_ - - - - - = pbyryyr ——— - - - - - _ . . _ . _ . . . _ . ________ ______ I
l Pl byl :
(1! K |
N ol
AOQCS
|Ar.tive Optical Device EI |n||5 (Data Handling) EI | EPS EI |ADC5 Payload Manager EI |ADCS Payload Manager EI |AOC5 Manager EI
! Mavigation
| ximports | aimports | ximports Diagram

DATA POWER MGT
Payloads of
opportunity HANDLING
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S/C Logical components and associated functie

[&] ADCS Payload Manager

L] optical Camera

[&] pHS (Data Handling)

L] GNSS Platform

LE] Point Solar Cells
& Point optical terminal
[E] point Antennas
LE] Tune on-board ADCS algorithms
[ L1 Flight.4.3 COMPONENTS [E] Start ADCS pointing mode checks
[E] control attitude for PL
LE] Update ADCS parameter
[E] Reconfigure ADCS
[E] Check ADCS pointing mode
[E] switch On Camera
[E] switch Off Camera
£ Control Camera
m Take pictures
LE] Download experimenter data
LE] Transmit telemetry
@ Manage access to HW resources

[ L1.Flight.4.3 COMPOMENTS

LE] Manage and store payload and experiment dat;

[E] Format telemetry

[E] synchronize time

LE] Decode telecommand
[E] Acquire telemetry

[E] Distribute telecommand
EE] Upload data

[E] safely update all platform and payload softwar

[E] Manage on-board data

53 L1.Flight.4.3 COMPONENTS | [&] Supervise and manage autonomy
[E] recover the spacecraft to a defined state
@ Reset the payload computer

LE] provide a high-speed experimenting platform
ﬁ prevent the spacecraft from entering a non rec

[E] validate telecommand
LE] Download Mission Data
[E] Monitor the payload computer

[E] control and support the satellite platform bus

LE] Encode telemetry
[E] Receive telecommand
LE] synchronize on-board time
B Store on-board data
[E] power Control and Command
[E] Convert solar light to Electricity
(531 L1 Flight.4.3 COMPONENTS & power FDIR
(E] Generate/Supply power
|k Manage energy supply
LE] Acquire Galileo signals
[0 L1 Flight.4.3 COMPONENTS | [E] Acquire GPS open signals

[& GNSS Payload

& Optical Communication Terminal

[&] Payload Controller

L& Propulsion System
&} s-Band TT&C

L&) UHF/VHF TT&C
& X-Band TT&C

{4 Active Optical Device

& AOCS Manager

K cCsps Engine

=T

LE] real-time, on-board Precise Point Positioning (I

&l Acquire GPS open signals

[E] calculation of Position, Velocity and Time (PVT

[33 L1.Flight. 4.3 COMPONENTS | LE] Track Galileo signals

LE] generation of Galileo and GPS raw data measu

[E] housekeeping data on request
LE] Set GNSS PL in StandBy
|EE] Track GPS open signals
LE] Point optical terminal
23 L1 Fight.4.3 COMPONENTS [E] Acquire the GS beacon
m Transmit P/L data to G/S

LE] Adapt Data Rate for transmission

LE] perform optical communication pass

LE] Set Payload QBC in standby
LE] perform experiment
Flight.4.3 COMPONENTS [E] Perform in-orbit ACM tests
EE] Install experiment
LE] switch off experiment devices
LE] Switch off Payloads
Flight.4.3 COMPONENTS LE] Thrust
EE] Switch On SBand RX
[23 L1 Flight 4.3 COMPONENTS | [E] Transmit telemetry
EE] switch Off SBand TX
(53 L1.Flight. 4.3 COMPONENTS | [E] Switch off UHF TX
EE] Transmit P/L data to G/S
|EE] Transmit telemetry

Bat

31 L1.Flight.4.3 COMPONENTS

{53 L1 Flight.4.3 COMPONENTS
EE] Point optical terminal
LE] prepare the pass
[E] Maintain Nadir pointing attitud
Bl Detumble S/C T
LE] Slew to GS
LE] MANAGE S/C lifecyde

& comm

[ EDIR Manager

[ Gyroscope

& K-Band TT&C

& Laser reflector

& Magnetometer

m Magnetotorquer_X
m Magnetotorquer_Y
& Magnetotorquer_2
KL Reaction Wheel
& StarTracker

[ Sun Sensor

& Thermal Regulator

(23 L1 Flight.4.3 COMPONENTS [E] Autonomously determine the satellite velocity

[E] Track GS

LE] Control Attitude Mode

& Execute Solar yaw steering
LE] Control attitude and orbit

LE] Determine Satellite attitude estimation
&l Autonomously determine the satellite position |

£ Route_MO MAL Msg

L1.Flight.4.3 COMPONENTS
Ar':' ; [ Manage Telemetry

ENGINEERING DEFENCE & SPACE

v SAMARES @ AIRBUS

Accelerate Systems Design

Space domain knowledge

about functions, arranged into
logical groupings (components)

| Perform in-orbit ACM tests

[ L1 Flight 4.3 COMPONENTS EE] Manage Telemetry
EE] Receive TC from G/S
|E&] Transmit HK TM to G/S

[59L1 Fight 4.3 COMPONENTS B3 Acuire staus of equipments
E Ensure FDIR

[E3 L1.Flight.4.5 COMPONENTS | EE] Acquire Angular Moment

9 L1, Flight 4. COMPONENTS, =& Dovmload experimenter data

[E1L1.Flight 4.3 COMPONENTS|
[ L1 Flight 4.3 COMPONENTS | [E] Acquire Magnetic Field
[ L1.Flight.4.3 COMPONENTS W Produce Torque

[ L1 Flight.4.3 COMPONENTS [E] Produce Torque

|E3 L1 Flight 4.3 COMPONENTS [E] Produce Torque

[ L1.Flight.4.3 COMPONENTS (& Actuate RW

[ L1 Flight 4.3 COMPONENTS (] Aquire Star Tracker direction

[E] Measure Sun position

L1.Flight.4.3 COMPONENTS
= ' | Acquire Photo diode

[E31 L1 Flight 4.3 COMPONENTS| (] Cool satellite
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S/C Logical component and technical realizatio

SAMARES

ENGINEERING

@ AIRBUS

DEFENCE & SPACE

Accelerate Systems Design

Legend
/" Lagical To Technical Realization Link

E-E2l OPS-5AT2 150% Configuration—————1——— T

1 A Panel

: Spring-deployed drag salls—————
1 2 Panel

1 Sun Sensar [6]

: S-Band Transceiver ———————————
BB : HF anterna

Bl MagnX : Magnetotorguerf ——————
Bl Magny : Magnetotorgue 'y —
B MagnZ : Magnetotorquer ———

@B LRR-1t015 : Laser Retro Reflector (LRR) [15]——

BB GMSS_RX2 : GNES RX with Anfenna————
B |aser terminal ; Laser Terminal————

B GMSS_RX1 : GNSS RX with Anterna————
Bl gyrol : Gyro

BB elroi 1to? : Active optical Device (ELROI) [2]—

BB 4rw : Reaction Wheel [4]———————————

- 6l base stnuctre

Bl : X-Band Transmitter ——M8M
~® 2Upl

- 2Up2

-4 Slpl : 6 Panel

B : HD-Camera
@B : ¥-Band Antenna
- 3p2 : 3 Panel
e G5Up2 | 6L Panal
B battery : Battery
BB gyroZ : Gyro

- . Magretometer
¢ 3p1 : 3 Panel

- VL]
- White pairt

- : Kill Switch

®
LB
LB
LB

Bl CBC_PF : DHS_OBC_Platform—

(= [ e N We T 1w ¥ S —

B CBC_PL : DHS_OBC_Payload—

: Star Tracker:

BB s-Bard A2 : S-Band Anterris—————————
(BB U Trans | UHF Transceiver ————————|

Bl s-Band Al : 5-Band Anterma———
[ str1

B ppu : Propulsion Power Linit (PPU)—

[l str2 : Star Tracker

B tark ; Tark
B thr3 : Thruster

B thrl : Thruster
B thr2 : Thruster

= Bal ol - SpaceCraft Logical Architecture - 150%

—EH : ADCS Payload Manager
-8 : AOCS Manager

—EE : Chassis

~EB : DHS (Data Handling)

—EH : EPS

~EB : FDIR Manager

B : GNSS Payload

~EB : GNSS Platform

—[EB : Gyroscope

-~ : Laser reflector

—[EH : Magnetometer

~E8 : Magnetotorquer_X

~[EH : Magnetotorquer_Y

~EB : Magnetotorquer_Z

~EH : Optical Camera

~[@B : Optical Communication Terminal

—[E8 : Payload Controller

~E8 : Propulsion System

~EE : Reaction Wheel

-8 : 5-Band TTAC

~EE : Sun Sensor

~[E8 : Thermal Regulator

LB : UHF/VHF TTR&C
BB : X-Band TTAC

—[EB ELROI : Active Optical Device
[E8 st1 : StarTracker

[l st2 : StarTracker

N BB : Mano Power System——m————————————
SW

Ny

Ny
Ny

Ny

A A

N
Ny

N

N

From functional groups to

conceptutal equipments (without
vendor physical products)

7 e arare
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S/C logical architecture (proposal) W SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE
Accelerate Systems Design

o Lo Corpone= 5o SovonCra Logen Arehiscrs V501 1 Lopea Arvaecire 507w imciens 1]

If we have spent efforts to define

functional flows, it becomes possible to o
connect the logical components easily:
logical flows are groups of functional flovy ||R— VN N S i

Note: the layout of this diagram has been
performed by the tool — It is a high saving...

[ experiments | §) Define - test - deploy E... | B} 2 - Logical Architecture... [] 1. Logical Architecture ... X | Functional to Logical A

€ RN BOT® Ao 2 il ow @
Selection. A Quick Diagram Layout alsQ |

RO 88 - & Layout Class Diagram Style A —
Iﬁ?? & Layout Composite Structure Diagram Style —_—

:}C @ Layout Activity Diagram Style F—
[)Common.__. &  Layout State Machine Diagram Style
{1 Internal Blo.... ¥ Layout Business Process Diagram Style

= Logical Co... “B Layout Ordered Hierarchic Style

[[]Flow Dele... & Layout Hierarchic Style

»S® Flow Conn... 8 Layout Tree Style T

i:::::f oo Layout Orthogonal Style _—

e % Layout Organic Style
oo &3 Layout Circular Style
o Operation.- % Layout Grid Style F—— —
# Functional ... ¥ Route Paths Rectilinearly Ctrl+Maj+Q

v Technical ... & Route Paths Obliquely g o
[ Value Prop... Layout Options...

[# Part Prope...

Bt |

A Canctraint
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

STEP 6

Ground Segment Technical configuration
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Ground segment technical configuration

Some networks

are highlighted

Y samares

Accelerate Systems Design

ibd [Technical Component] Ground segment Technical Architecture [ Ground segment Technical Architecture ])

: SMILE (TO BE)

0G1 : Optical Ground Station

- OPTICAL_LINK ——
¥

: Laser Comm Terminal

Darmstad : ES0C-1 RF GS

: S-band RX

: 5-band TX

OUT_Bnd

: S-band

: ~-band

- IN_Bundle UPLINK .

Reindeer 1 : KIRUNA RF G5

- OUT_Bundle|

+ UHF Antenna

- UHF Link

: Commercial UHF

“ESOC-2 RF GS Reindeer 2 : KIRUNA RF G5 .
SELT : OUT_Bundle th A
IN_Bundle B
| PC2 : Ground Station PC | | : GS100 Ground terminal : VCM payload T
data receiver
:ITU Application
HF Link
- OUT_Bundle —
= TO OPS-SAT2
(4] IN_Bundle UPLINK y T Commercial UHF
:OGS-ESOC -
MCS Sgnal
:ESOC-3 RFGS : ESOC Ground Segment
th
: OUT_Bundle UPLINK -
= 1 s e
Antenna " OMCS VM
band-
- OUT_Bundle % : IN_Bundle
: OUT_Bundle|
: OUT_Bundle  MATIS VM
1 CCSDS
. IN_Bundle UPLINK p Engine | : MATIS Server
I w
MCS Signi | 3 y -
— y | : MATIS Operational Manager |
MCS Signal 9
: MATIS Designer
=
: CFDP Class 1

«Ccomments
REVIEW: not sure
we need this
component on
Experiment
Commmunity
platform to receive
the files from
ESOC...

Platform

: Experiment C

: Login
System 1

I
|

3 Experirﬁenter
Planning ﬁystem

: CFDP Class 1

- IN_FILE TRANSFER

: ~0UT_FILE_TRANSFER

- OUT_FILE_TRANSFER

4/28/2022
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

STEP 7

Ground Segment Logical Architecture
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SAMARES

VENGINEERING

@ AIRBUS

DEFENCE & SPACE

(to refin

Ground segment logical architecture

Accelerate Systems Design

ibd [Logical Component] Sel - Ground Segment Compenent[ Sel - Ground Architecture only components ]J
N EXP DEF : Experimenter Support System o - MOUT_SPF : C5PTerm (backup UHF MCS) - INOUT_CSF {Non MO - Backup)} —
- : INOUT_Engine_Bypass - -+
T IN_EXP_VERIF 4
:OUT_EXP_EXEC =] wcomments
d N_BxP_EXEC_REQ : INQUT_CSP (Mon MO - Backup) REVIEW: see what we show at
. CommandStack logical level (no network details) -
* . OUT_EXP_PASSPags .
Ll — A only alarge "SPACE LINK" interface?
\ ~OUT_SPP
- IN_EXP_CONFIRM_EXEC e AR e
argetinformation Sy -~ s
: IN_MPS_Pa=ssToFind T IN_MPS_EXP_EXEC [k
* 1L : INUtFI’ Engine_Bypass
 Mission Planning System (MPS) ST EGS-CC : Mission Control System (MCS) A
N g 3y Automation System : ¥ A
th (MATIS) - - ~
p3 : experimenterFeedback pd - TOMATIS SRR falon
1 ~0UT_S-Band_X-Band
:OUT_Cmd Stack - OUT_S5-Band_X-Band
p2 : OUT_Cmd Stack
: Pass Planning System Sl S :~INOUT_X_Band_RF
p2| IN_TLE Command3taciCommandStack )
PazsScheduleFilg S INOUT_TM_TC S BULEEL
- ~INOUT_UHF_RF
& o
: SMF
I_l_:IIN Cmd Stack :l - OUT_Hard_Reset
—| : ouT_cmd stack .
= :~INOUT_S_Band_RF
- OUT_CFDP =SLicl
| : Satellite Reference Database I
:IN_CFDP
: 5IC Files
: Baseband Equipment - OUT OF CMD
p1 : FMS File =]
] Experiment
File to
upload «comments
which protocol for
operation cmds. Navioati
avigation
Diagram
NOTE: currently it is a mix between OPS-SAT 1 and OPS-SAT 2

4/28/2022
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V SAMARES @ AIRBUS

ENGINEERING DEFENCE & SPACE

Accelerate Systems Design

STEP 8

OSP-SAT 2 integrated technical and logical architectures
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L0 technical configuration  pmm—

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 W SAMARES @ AIRBUS

DEFENCE & SPACE
Accelerate Systems Design

CIx o oreAT Tise o AT )
L1GS: Sol- Ground Segment Component 75+ 5ol - SpaceCraft Logical Architectare - 150%
h th
CSPTerm (backup UNF MCS) AR e
hea: o s
“Magnetotorquer_X L | BLTorausr Commang Quateron
+ HOUT_CSP lon MO - Backup}
< N_Moment_ Command
[ o
HOUT_Engne Bypass Torauer Command,
E
WVELGPS
Womeat Conmena OUT_Magneti Fekt Vector Fois Usgnetcrag L : agnescriess
4@ %u 1=}
im0 Estimated Poskon Vector
— 2 Gyroscope
B Torquer Command Torguer Commid h
uT_Sateme_pin_rate L
+Mason _tioment_Commang Womest Commang
aion Srviem acomments simates £
! IREVIEW. see what we show at I & ety vacer L Gyro ANG VELTM Gyro ANG VELTH
W_WPS_PassTeFng N_MPS_EXP_EXEC logical level (no network detads) - ICVELEES
S only 3 large "SPACE LINK” intedface? 5
+Mission Planning System (MPS) Lo Voment Commana LPOS_FLOPS POS_FLGPS, Goikeo siznsl o - Gatks sgnsl
.i. ey T M.P05.08 h
53 expermentereesvack [ | EGS-CC : Mission Control System (MCS) =
h Torquer Command LVEL FLOPS VEL_FLOPS, GPS signal GPS signal
. W_VEL GPS | =]
“Pass Planning System
AW toraue cne,
W_Moment_Command L L e PO_THETA (o Sum Semser
(A e i £ STR e =4
L st ey
_Torauer Command LPO_VAL FLAG eo_vas g L
I
Oren B
Spcesec 5y Rencion Whest LSS.VAL FLAG
Lo commanss
Quaternon
q LSS vec
Estmated B dot
Pt FuUSFI
*Baseband Equipment . ymted Sun Vi
{rommtmon syviam [t cnd s btz
[ToNSS Payiosd o] S0Mee
pos_raps (L TONSS Pariosd S
z| h
GPS signsl GRS sgnat
=) ~GHSS PL mgt
WEB_DATA HOUT_X_Bend_RF SRt
£ o e | s o
TOptical Camera ] Cameraiigt

\
NOUT_WEB_DATA Active Optcal Device mgt M_Engne_Bypass

ELRol
T ~noUT_S_Band_ar B _Kard_Reset
~NOUT_S_Band_R¥ «ecomments N_ssecRe fectortict
REVIEW: 2 Beerathoun 1OUT_Engine_Byppas
Satente Logical “Laser reflector E 2 it T
architecture N_fne ADCS mgt

_ByPass_000f!
NOUT_CFDP

M_optcaReceneriist

wouT_cFoe

“N_sptraRecenerist

ouT_comu.

® _coun

Diagram

w_com
1 =)

WoUT_T_TE T URFVINE TTAC
% h

RF - NOUT_S_Band_RF
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V SAMARES @ AIRBUS

ENG'NEER'NG DEFENCE & SPACE

Summary of achievements after preparation

of a model for OPS-SAT 2 mission

4/28/2022 Copyright Samares -Engineering 2021 -2022 - All rights reserve d ’ \



Additional achievements with OPS-SAT2 mode

« N18: Product Line Engineering modelling

Platform
Real time
2 Mame o Star Tracker Alignement : o Propulsion : o Deplwzble o capi_!dtv o orbit
Alignement Type Boolean passt Boolean |  Platform | determinatior
. Capacity : Boolean
1 = 6U design Along Cardinal Directions [ |false [ |false Low [m] <undefined= |
2 | = 12U design Along Non-Cardinal Directions [|true (V| true High [m] <undefined> |

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

W o7 H
Contan... = &

“3 B NS
4 Py Gones] &

* [
DOeE &

i) |12 Defoe - test - ooy E_ |

S5 IEE S B-B.00Q b

((wex TCpmainsi Pase Bahwrer] Coangn oA [ Grange o 1)

| ecommees
Y ]
[tonctonal ayer
erta comacton 1

“Prepare Orbi Correction

preview

12U

configuration

preview

U Sywema 1

b
P

1

HHE

Caunener 1)

i
z2

sessanmal
UEEE SOEN

EHE

S0l 0P SAT2 itogratnd bl Syvtem

o -.w-.~.155~.FEw«uolcF::.
TR s a2 2 g

OPSSAT2-OpConceptSimulation

6U configuration

SAMARES

ENGINEERING
Accelerate Systems Design

@ AIRBUS

DEFENCE & SPACE

L emparts

B
Preview: 60 deon - 005 SAT2 Feu .. ) Full Model

) T
B e
e I et ¥
® P lapis  Japes:  lapes Vo
Experimental i e
Mo | sl e M e
.
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End of “OPS-SAT 2 mission and system model”

Q&A
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Ability of the MBSE solution to address pain points/challenges

Pain points and
challenges captured

Detail of the pain point or challenge

MBSE interest

Very fragmented
of hardware

Instead of i charge of the ieces of equipment, there was a requirement
[to use COTS components, which led to the use of many technologies and many subsystems coming from various
suppliers without global consistency.

Note: here are some problems found using COTS:

suppliers

to radiatio ct on reliability
rotocols and interfaces were those proposed by suppliers and not often compatible system to system (12C for
lexample)

and not optimized

No. This point is mainly related to agreement processes (acquisition and
|suply). From our experience, modeling can not help in such processes.

Needs for an MBSE

framework

Addressed (demonstrated

or illustrated) during the
activity

Pain

oints and
challenges captured

Detail of the pain point or challenge

MBSE interest

15

Use of low maturity

'standards

problems.
[vou might think, even though they are better than nothing.

INo. Use of TRL evaluation early seems a good ide.

Needs for an MBSE
framework

SAMARES

ENGINEERING
Accelerate Systems Design

Addressed (demonstrated

o illustrated) during the
activity

Several avionics

[Traditionally there is only one avionics network, proved for its reliabilty in other domains, like the CAN bus
(proven by the automotive industry). In
Componants: 26 ot of probirs, CAN B, U5 e e 10 ot ot ensr e oroeney and th.

By showing the detailed interfaces of companents with the various
Inetworks, we can improve the understanding of issues about connectivity
Jand about protocols and better analyze impacts on changes i interfaces.

N1: Technical anmleameshnwmsme
and with live

networks Feince of th negaton, with some tecrologis ok et proven, e et e i e Ko iy s
/, most (COTS taking into account interfaces and interoperablity. ((eraphical error if bad connection)
e el G B BT A e 1 e et o el
3 between et the diferent sbssten. Thissuation e 0 efrst 41747 ATAVATe components 1 e whieh picesneed 10 b placed 342 ety t add terference
Subsystems e hose iferent subystens. o homer e |proverteson H companents

model (but ths i

'Small size of the satellite

. 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 smallsize allowed a lower cost for the launch, but it is not sure that ths 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
land help for accomodation.
/A 20 ge (face by face) could di the

N3: extended Geometry and sizing
[concepts in addition to technical
larchitecture.

ective positions P and may help to
lconstraint.

N: support 20 (face
by face) in the technical architecture
[views.

Handiing errors during

[ves, an ntegration model (a model with all virtual products assembled
in

forthe

e N: technical architecture showing

16 orocessor lew up due to the wrong olage bein appis o to deserive integrated compnents
integration |o8EPP-1 he sed micro eracks,
i recoring ot € requies to define the model at the physicalevel and focus with
fspecitc viewpoints elctricl, thermal...
e . Nia: 261ty to model Misson,
Integration tests not g (Operations and refine those
17 rformed v o a5 |operations into Functons, ogical and
S PerfOrmed i |oicocring ate that the Gos i not work. Jadcd in theoperationsl model dans tests shallbe diven through ~[2Fererion® 1o Function, logi

representative conditions

lthose constraints.

[rechnical architecture with full
traceabilty

5: technical architecture view

See s
IN15: ability to formalize behaviour

Vajor changes in the Iready done. The
Late major changes in  [team had to adapt very quickly. |Yes, with showing the detailed interfaces of components and their  |showing the integration (mechanical,
5 linterfaces e eason or rom deveion newor | ntegration. Any change can be quickly anayzed electrical, buses) conmections of the
[changed interfaces. physical components
modeling can be used to formalize the part of the datasheets used in_|NG: Ability to trace any technical
some parts as cors, of the payload, and offered as butinthe  |0pSSAT and with give both its datasheet
el there were many sues compard f what was menond nthe dtashect about @ also

Bad reliability of COTS

siight sensor issues =>
7S on board cid ot behave as expected. Post procesing s necessary.

make a sensor at al useful.

able to reveal this

G0 ansble v boot n <o o dsnd anery. e ot o rom th dmtsheet

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

performances.
Rationale: any component issue
[found in the model (connectivity,

lation..) could quickly lead to the

Modeling will not fix the fact is but

related data in

Note: never trust datasheet or technical components, especialh

Ipin e
into a single source of thruth.

to find the source of error

Lack of tests by
n the

that you can rely on ' Tad 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
I

ol
expected scenarios

they "l do not want to fix it
ot of work s performed to dtai thespeciiction and the
e wse ey flown, ot s was ot he s

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

d by
[functional chains

N7: Technical architecture (with
[connected components) mapped to
[functional chains that realize
loperations.

QKKK L

18  |Latetests on behaviour e Jand simulate the model to check i the
formaized behavior s accurate
1. not [Afeer ' JTAG was Justin |yes |N16: ability
19 Aot ront of a strucural panel. o
integration [perform them BEFORE integration. [contexts for ).
Lack of experience in
No. Rather a matter o project management
20 |esimation of efforts o ©
Some system [ves. o
21 not bl N the u:wssmg [Fee N2
checked before

integration

by the provider, but very atel,
[possble updates in fight.

Ihorizontal traceabily (verify)

NENESSER

Pain points and

Needs for an MBSE

Addressed (demonstrated

Pain points and

challenges captured

Detail of the pain point or challenge

MBSE interest

22

Missing Verification

matrix an
|verification
foll

d lack of

progress

the advice of

Needs for an MBSE

framework

IN17: formalization of verification

Jone or
spreadshee. the goal of th

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

[ves,
Jsystem requirements.

erfcatonprocedres o
reauirer

Addressed (demonstrated
or illustrated) during the
activity

| Test driven software

Otnervise,

(= Detail of the pain point or challenge MBSE interest or illustrated) during the
challenges captured framework
. : i

No means 1 guaranice
8 that manufacturers [ehere specitica o, this s more about agreement/supplier processes

oomecs to I e s o o e s 0056
9 Limited tests on ground |7 070! only tested with cables: was not detected. and in flight) to

[Note: Time could have been saved by investing in test facilities for low maturity or recent technologies. |differences in test facllities and in Interactions. |differences between scenarios of
e wms which wne o PerHarmAnce. |Tests are 25 always needed to determine the performance of the
10 Ssue e e b S s e e e e o et s s e ot e s madetig f aystuncionl
[A0CS was dosianed with a PCB with 4 layers. This was @ bad design with a ot of ssues. Mscteadd ° “ o technical architecturs traced to

11 Bad design of some key (7 ‘(':e ooen ;"”" 8 volts) is dead the mission is dead, because the converter does not sccept above/below 8 |51, madeling helps with impact analysis in case of any. :hang&s |functional chains realizing operational

e o . e o DT

e cuaifcaon of |y L e e S T
12 |suppiors and ther  [Coukter s bty seraniees et e o e [N tis 2 more sbout sareementsuppter processes

e ey
PR Frvmeerm— R e e e e

2 esroments and e ~

14 |some consuaints ot ey ot oner rom 5 Sguia  [ren e capture s storase ol requrerments (ncuaing copatrant 10 technicl componerts

misaed, oo o e key 1o fer o Boad view of the slobal an - V

lexecutable model with simpl
[communication budget evs

29

23 y o
I ey to dentity
ftlow the aperations. They mention
N -Beacons
Diagnosis tooling to [ Btatus parameters
24 |debug or to follow eossing o
eray messages
loperations ooy e
1 and C5 eror counting anc reporing
sicdns
c: software / protocols.. [N18: Poduct Une Engineering
™ upload had he
e issues Es, ) robems.. can be helped along with Product Line Imodeiing
engincering models
26 [Reliabiity notfully preventing ves, by formalzng dysfunction! scenariosand reconfguration || V
laddressed jwitching T on. |scenarios. Useful to anticipate reliability issues.
& )
[Eramptesofaues Faed By the team wih ragards t esting
27 |Lackof test means o No
S befoe upload
[ve, mission and operation formaizaion can surly hep n beteer
[In OPS-SAT orbit, all The "noble” [planning” of
I i round
Operations concept not IN19: mission planning modeling
entire[use of resources. Warning: equations can be complex and should take
28 planned before launch ichedue for belost. manual [supporting time.
operatons (t last parialy) t react t thse problems. "
[the development process (defining expected and dysfunctional
lehavior)
The anly V

Lack of training or late

training

industry,and i

e mocel anhelpinbetrdesriptono the sstem with

[See N1z
IN20: ability to formalize behaviour
the

Inavigation and zooms int word
léocuments

formalized behavior is accurate
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Summary of achievements

SAMARES
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Addressed by the MBSE tool capabilities or illustrated

Need ID Need statement S 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

Extended concepts on technical architecture modeling view to add interference properties on HW
MBSEF-ON2 |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
MBSEFE-ONS technical architecture view showing the integration (mechanical, electrical, buses) connections of

the physical components ILLUSTRATED ON OPS-SAT MODEL

Ability to trace any technical component to both its datasheet document and also to its measured
MBSEF-ONG performances. . ' o ' .

Rationale: any componentissue 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
MBSEE-ON7 Technical architecture (with connected components) mapped to functional chains that realize

operations. ILLUSTRATED ON OPS-SAT MODEL
MBSEF-ONS 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

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

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-ON1E 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

Method to support the transition of existing projects using a document-based systems engineering
MBSEF-ON21 |approach to a model-based systems engineering approach , keeping fidelity in the information

translated from documents to models

ILLUSTRATED ON OPS-SAT MODEL

Accelerate Systems Design

ﬁe
Framework

SE Processes
(1ISO 15288)

SECAM
(Airbus - Syst ineering C
Archnecture Model)

T,

@ I DDMS MOFLT Method PV | DDMS MOFLT Handbook
Requirements Sows WorLT Fugin | =] | Dows wase Traming | ¢ [Sows wese exarre | 3D Physical
& Parameters Enle] Architecture

System Architecture (MOFLT)

ﬂback/iterations ~
_ Step 2 — operational tasks for Step 3 - LO Joint definition model
Step 1 SH0 elobalexpected systemm) with simulation of L1 systems

0'“” Simulation of LO
Operational concept

11 Ground—
Operational

LOintegrated model -
Logical architecture
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Lessons learned W SAVARES @ AIRBUS

Accelerate Systems Design

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 =2 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. thatis 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

i 4
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Perspectives Y/ SANARES @ AIRBUS

Accelerate Systems Design

e Continue OPS-SAT 2 model to refine (realize?) some operational tasks b}/] 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

e Use the model to support FDIR
— Envisioned collaboration with Airbus
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Accelerate Systems Design

Ability of the MBSE solution to address pain points/challenges

Pain points and
challenges captured

Detail of the pain point or challenge

MBSE interest

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:

*Bhitigation was needed due to radiation => impact on reliability

s@rotocols and interfaces were those proposed by suppliers and not often compatible system to system (12C for
example)

sBssembly: 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.

Needs for an MBSE

framework

Addressed (demonstrated
or illustrated) during the
activity

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: 12C (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)

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 i ing).

N2: Extended concepts on technical
architecture to add interference
properties on HW components.

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.

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

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:

*Blight sensor issues => required workarounds. Reprogramming from the ground to make a sensor at all useful.
*BPS on board did not behave as d. Post pr ing was Y.

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

*BEPS 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

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, "l 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.

QS KR«K T L
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Ability of the MBSE solution to address pain points/challenges

Pain points and
challenges captured |

Detail of the pain point or challenge

MBSE interest

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

Needs for an MBSE
framework

Addressed (demonstrated

or illustrated) during the
activity

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 delling of the tr d d 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

but modeling can ly 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

AEER SN

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 was perhaps i
action plan to raise it.

Note: seems related to 2.8

or the low maturity was not fully addressed with an

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

S
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Ability of the MBSE solution to address pain points/challenges

Pain points and
challenges captured

Detail of the pain point or challenge

MBSE interest

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.

Needs for an MBSE
framework

v

Addressed (demonstrated
or illustrated) during the

activity

ENGINEERING
Accelerate Systems Design

16

Handling errors during
integration

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

eeam 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.

*BEPP-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 12C problem was discovered too late: team says they
should have plotted TM to check for spikes etc. as early as possible. They discovered the 12C 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 \J SAVARES @ AIRBUS

Accelerate Systems Design

Addressed (demonstrated

Pain points and . . . . Needs for an MBSE : .
ID p Detail of the pain point or challenge MBSE interest or illustrated) during the
challenges captured framework e
- - - - | activity
Mlss!ng Verification One of the most useful documents produced on the advice of an ESTEC reviewer was the AIV and OBSW testing N17: formalization of verification
22 matrix and lack of spreadsheet. This listed the tests intended, the goal of the test and a sequence of execution dates and comments. |Yes, by formalizing the verification procedures and their traceability to |procedures and traceability of
verification progress It was color coded so that it had to all be green when completed. It gave the team a great overview of where they |system requirements. Verification procedures to
fO”OW'Up were and what the problems left to solve were (also for the reviewers). requirements
Test driven software The tez?m realized that the unit test pro.cedures shall _be .written at the same time as tr‘m:'y are cod»edA Otherwise,
23 they will never get done, or the team will face a massivejob afterwards. At least the critical functions need to be No
development unit tested as they are written, so it is key to identify them and make sure it is done and recorded.
In the lessons learned, the team insisted on getting a maximum of information to understand the problems and
follow the operations. They mention:
. . . *Beacons
DlagnOSIS tOOIIng to Btatus parameters
24 debug or to follow «Bogging No
operations *@razy messages

s@rash reports
*2C and CSP error counting and reporting
They lacked the tools to analyze ground activities with S/C data.

updating the model instead of documentation help defining

Configuration Some mconsnstencn'es werle dlscov.ered \./ery late because of some parameter valu.es that had not been recorded incompatibility and /or impact on design / software / protocols... N18: Product Line Engineering
25 . before the launch (including configuration parameters for RX and TX). Some versions of files to upload had the Di ) iabili be heloed al ith Prod L deli
management ISsues wrong version, and not everyone used the latest TLEs, which led to synchronization problems... iversity {variability) can be helped along with Product Line modeling

Engineering models

Several cases were not envisioned and led to delays and efforts to recover, including:
slthe loss of a ground station was not envisioned, and it took time to get a spare part.

26 Reliability not fuIIy sThe same frequency used by another satellite was not envisioned and this situation occurred, preventing Yes, by formalizing dysfunctional scenarios and reconfiguration see N10
addressed switching TX on. scenarios. Useful to anticipate reliability issues.
she Nanocom switched itself off blocking UHF access, which was not supposed to happen...
.
(i

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

NNERNER N

27 Lack of test means eHNot having S-band radio in EM caused lack of testing of S-band power On/Off TCs No
sthe 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.
Yes, mission and operation formalization can surely help in better
understanding. Idea would be to build a framework for "mission
In OPS-SAT orbit, all the passes are outside working hours. The "noble" aim was to have all operations execution  |Planning" to ease the building and validation of experiments on
. i i i i round => requires conceptual framework for experiments with the
Operatlons concept not automated so that this would notvbe a p.roblen'n. However, in reality, there were many problems with the grour.\d 8! q ¢ P ? P N19: mission planning modeling
28 system and spacecraft that made it very inefficient to rely on automation alone, e.g., one problem and the entire |use of resources. Warning: equations can be complex and should take ting ti
planned before launch schedule for the evening and morning would be lost. The only way to accelerate progress was to add manual time into account supporting time.
operations (at least partially) to react to these problems. As well as identifying this risk through dysfunctional scenarios early in
the development process (defining expected and dysfunctional
behavior)
. . ) i . . . See N14
K of . I This project had co,"t'"uousw Cha_"g'"Ag _mar,'power in the form of trainees and YGTs on ESOC S'Ade' The only . |Yes, model can help in better description of the system with N20: ability to formalize behaviour
Lack of tralnlng or late constant has been industry, and if training is too much to ask for, at least a smooth handover in any chosen media L X . . . . B
29 .. . . I . navigation and zooms in the model, easier than with slides or word and simulate the model to check if the
tralnlng (webinars/presentations/telco) would have helped everyone speed up and start contributing more constructively . o
documents formalized behavior is accurate

sooner
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