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- Sketch recognition

- Voice Recognition

- Collaborative edition on
touch screen

BabyMOD

EasyMOD

proof of concept — Youtube Video

ESA OSIP — Focuses on

-‘ 5 D@ESA m EasyMOD - New Hardware,

Personnal Assistant,
Incremental Formalisation,
Enhanced Navigation....

-ﬁ.t FRENCH
TECH

INSTITUTES OF
NOLOGY

2021 2022 2023 2024

© IRT Saint Exupéry * All rights reserved « Confidential and proprietary document


https://www.youtube.com/watch?v=VRSxZr0VjKQ

D© Q 29 T

09/11/2022

ﬁ%\\\\\a. SAINT &&; esa

T EXUPERY

Review Activities at ESA

% Review Secretary
Prepare the Review

Define Review () S
c o {0A) Review Panel
Objectives Members
D= Review Objectives * #EI Review Panel Members
Provide Review Perform the Review

Procedurs .
| D51 Review
4[EI'H'D'RET“ Procedure Draft

% Industrial Project Team I:Ither kKnowledge Sources % Review Board Member

v

Provide Aoolicabl Check and
Provide Data-Package m*&) = App ':a = Approve Review
GEUmEmnts Procedure
Final
D=f] Applicablg Documents D=l Review
k=] DataI-FacI-:agE Procedure
% Eff Project Tegm RID System % Repiewer
k J k 4
Check Data- Manage Data- o i
Package C s Package REE.E':&D?a
CompletenesDed ""; ';:E 4 Persistence D3] Complete Dpta- g
cHage Package
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Review Activities at ESA

% Review Secretary
Prepare the Review

Define Review () S
c o {0A) Review Panel
Objectives Members
D= Review Objectives * #EI Review Panel Members
Provide Review Perform the Review

Procedurs .
| D51 Review
4[EI'H'D'RET“ Procedure Draft

@ % Industrial Project Team I:Ither kKnowledge Sources % Review Board Member

v

v : Provide Applicable Eulzg BT
al Provide Data-Package HDc-curnen e Approve Review
= Procedure
s i Einal
D=3 Applicablg Documents D=Fl Review
k=] DataI-FacI-:agE Procedure
% Eff Project Tegm RID System % Repiewer
k J k 4
Check Data- Manage Data- - _
Package C oot Package REE,;TLD?&
CompletenesDed Gmpree La Persistence Complete Dpta- g
PacKage C=1 Package
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Review Activities at ESA

C=H Review Ob

% Review Secretary

Define Review & Mominate

— oR} Review Panel

Objectives ormbore
jectives ¢

#EI Review Panel Members

Provide Review
Procedurs

— g

Review

| D=l Procedure Draft

@ % Industrial Project Team Other|lknowledge Sources

% ﬁe'uiew Board Member

A
AN
N : : Check and L
’.1 Provide Data-Package m%iiﬂﬂ:i:hle Approve Review
== Procedure
] _ Final
Dol Dt ke D=f] Applicablg Documents D=l Review
I g Procedure
A % ESh Project Tegm RID System % Reviewer
IA Check Data- Manage Data- Review Data
Package el e Package T
CompletenesDed Pk Persistence D3] Complete Dpta-
age Package
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Challenging for non-MBSE experts

e.g, systems specialists (mech, elec, thermal, ....)
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Challenges during Review of MBSE models

SysML Diagrams

= Requirements

Modelling language knowledge
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e.g, systems specialists (mech, elec, thermal, ....)
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Challenges during Review of MBSE models

SysML Diagrams :% Requirements

Modelling language knowledge
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Navigation in scaled SE models

Challenging for non-MBSE experts

e.g, systems specialists (mech, elec, thermal, ....
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Challenges during Review of MBSE models

SysML Diagrams ) I [ -~  Requirements

A

State chart
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Modelling language knowledge
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Navigation in scaled SE models Abstraction levels

Challenging for non-MBSE experts

e.g, systems specialists (mech, elec, thermal,
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EasyMODQ@ESA Contributions
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Extract model views abstracted
from unnecessary concepts for a
given review

Link the extracted model views
with Review Objectives and
integrate them within the Review
Procedure

Navigate between concepts and
views without losing the context of
the review activities

Create comments and replies on
the Review Procedure or on the
model views in a collaborative
way
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;. Configuration Management

Process & Tool

" 'Prepare Review

»» s Define Review
Objectives

)

Define Participants ]

Rewview SE Data ‘

- Issues Finding - '

,?J:
;<‘“.F'repare SE Data

Ferform Rewvew

Issue Rejecte

\-/ Issue Acceple

Conclude the Review
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Close Issue and
Create Rationale

Create Actions and

Rationale

Amende or Endorse Decide If Review Results | |
Actions Satisfy Objectives
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Capella Model System Functional Specification

Other Knowledge Sources
% @ Provide Applicable

Cocuments

{(MB)SE Data Repository

Provide (MB)SE Data

(MB)SE Data

Request (ME)SF Data

ge| EasyMOD Fun

1onal System

£ EsA Project Team

I[E'El Check Review Frc-cedur..:h

L @ Edit Review Procedure
-r Information

I@ Watch Review Procedur

&) Create Review Project

Choose Existing Review
® Project
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£ Industrial Project Team [7] (MB)SE Data to
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|'- Add Mew View Requlest
@ IPT Add Represent
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D] AD Baf
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D=l View Information
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Capella Model Logical Specification (1/2)
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Capella Model Logical Specification (1/2)
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HMI Mockup before Implementation

>

o

[ Search...

1. ESA Mission
Requirements
Allocation to System
and Subsystem

1. ESA Mission Requirements Allocation to System and Subsystem
Technical Specification

Verify the proper translation and allocation of the ESA mission requirements into a set of system and

Select Started Connector

Capella Connector v

Select New File

= )

;z‘;'ﬂ[;'“on subsystem technical specifications in term of completeness, adequacy, and consistency.
+ —Add asub wacr(‘nnmmpmnh} Made and by Physical Constituent Avallable Flles
objective :

Add a Review Objective_ ..

[Search. -

FRENCH

- ) SF1 —Monitor Subsystem

- ) SF1.1—Retriave Attitude

- ) SF1.2 - Compute Speed

SF1.2.1-Title

SF122-Title o

pdiad teprlival s bk b i

[ r—
e
o g o ey

’Hmm.. nn\“

ECLSS.capella ~

Select Viewpoint

Functional Flow ~

Select Representation

Flow Diagram ~

Select Starting Element

Mass margin Sunburst m.u::mr Consumption by Mode Root Logical Function e
Maremcnpe: asn I IaEh52Z-Tdba-4d5-2430-3128c50 55 T GES0TSch-Babd-4c da-Sd2-d5Msdcfi 157, 347015 cfa-4aTB-a4ae-564181ha wlea NE
e e e s T—
Y T—— - Link to Review Objectives
Il Msse i = 5% aze
e 1. ESA Mission Requir...  ~
i

|
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Global Software Architecture and Technologies

a= |

Capella model files Specific use case

25

I
I
I
I
| Capella Connector
I
I
I
I
I

TWC Database TWC Server

TWC Activity Connector

EXTERNAL TOOLS l TEEPEE PLATFORM

FRENCH
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TECHNOLOGY

fit

© IRT Saint Exupéry « All rights reserved « Confidential and proprietary document

@%\\\\ SAINT &&%—— eSsa

EXUPERY

__________________ -
1 '

V. Chart.js : :

Frontend Users / Roles | |

I

I

| |

I |

¥y HIBER :

> | Projects / Reviews infos I I

) : |

I |

[ |

I"'backend I |

| Viewpoint results datas I |

== . |
- Fabric.js : | :
ELK 13 1!
I - |

JS \ Issues(Comments) l I

EasyMOD M52 ————— |
EASYMOD PLATFORM JI



D© Q 29 T

[N

09/11/2022

,_
=
=
7

[

%{/‘

=CSa

o

Resulting HMI (1/4) - Navigation and textual elements

®

AIDA Airbus project
Aida PDR Review

1. Mechanical ReviewHereafter
diagram that show Mass
budget has to be reviewed.

2. General design
reviewObjective of the review is
to validate preliminary and
global principles of the design

Review
Procedure
Navigation

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

EasyMOD Review interface (V3.2) v

AIDA Airbus project

AIDA Airbus is a project to show EasyMOD MS3 capabilities.
You can see here different chapters created with different viewpoints, and different arrangements.

You can modify it as you want.

Aida PDR Review
Review Procedure

Main HMI

Review to validate all items for preliminary design : Mechanical design, General design review, Component decomposition and relations, Function decomposition and relations,

Functional flows, Function allocation to components, Electrical design

o M A S

MW x

B I US o w» Header4 ~

1. Mechanical Review

Hereafter diagram that show Mass budget has to be reviewed.

Text editor
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Resulting HMI (2/4) - View extraction feature

EasyMOD Review interface (V3.2)
Valigate function flows with input/output interactions.

Following diagram is expandable in full screen mode to manage comments on sub-elements

edu] Tools for layouting

Diagram View

[SF5] Make and record video

| sanus payicas contret hato and vitea control

payload :3"|IC|

%]
@

I

[SF5.1] Selec contro | P 1
e ontrol camera o afio

Wake photos and -:e:s'%: [SF5.4] Digifise photos
JTee -

Functional flows focused on [SF5] Make and record video

®=0

¥ #F [SF5.1] Select camera control ¥ #F [5F5.2] Control camera orientation
[E% File storage format [E% Camera position
“H Automatic payload control “#ECamera position consign

[E& Photo and video control

[E% Camera position consign

ey @R Mannal navlnad cantral Tree Vl eWS

¥ #F [5F5.3] Make photos and videos
[ Camera position
% Video
% Photo and video contral
[E% Photo
W Aircraft ciaht

N s,
Doy €cesa

Viewpoint selection

Connector Type
TWC Block Connector

Available Resources

In_Space_Habitat_SP2

Available Tags
Test4EasyMOD

View point type

Functions Breakdown

Start ids

¥ In-Space Habitat Functional Architecture
¥ Functional Sol In-Space Habitat
P Move Spacecraft
P Protect Crew
Provide Experiments Facilities and Results

P Provide Extravehicular Mobility
P Sustain Crew
» Upgrade

Ground Station

Representation

Horizontal Tree

View Extraction
Panel
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Resulting HMI (3/4) - Commenting feature

®

AIDA Airbus project
Aida PDR Review

1. Mechanical ReviewHereafter
diagram that show Mass
budget has to be reviewed.

2. General design
. reviewObjective of the review is
" to validate preliminary and
global principles of the design

FRENCH
INSTITUTES OF
TECHNOLOGY

EasyMOD Review interface (V3.2)

Targ. Est

Tabular View Mass Mass Diff

Drone 4000 2825 1175
+  Flight contral system 500 372 128
=+ Propulsion system 1000 968 32
+  Payload 500 498 2
Power supply 1500 1075 425

Structure 500 880 -380

Mass Budgets focused on Drone

2. General design review

Objective of the review is to validate preliminary and global principles of the design

2.1 Component decomposition and relations

Tabular View

AIMA Cumdnn

. Undefined target or estimated

. Mass margin » 5%
D -5% <= mass margin <= 5%
. Exceeding mass = 5%

Mass Budgets focused on AIDA System

Optical flow sensor

GP3 receiver

=
?

@

W
Uiy € €S2

Mass Budgets - £
Sunburst

Jean-Marie.Gauthier
Now 7, 2022

My commment on mass budget
~ 2 replies

Jean-

Marie.Gauthier
Nov 7, 2022

This is a reply to a comment

Romaric.Demachy
Nov 7, 2022 *

Reply of another user an this
comment

Write a reply

‘ Cancel H Submit ‘

Components
Breakdown -
Horizontal Tree

® Romaric.Demachy
Nov 7, 2022

Another comment on another view
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Resulting HMI (4/4) - Full screen mode for Diagram

EasyMOD Interface

\ SAINT &&;— esa
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Model Explorer

~ ® Rpot Physical Function

qvvvvvvvvvvvvvvvvvvv
teaccrmRrNROORORARRON

[A/C] Stimulate payloa...
[DB] Exchange data wi...
' [Env] Identify drone

' [Env] Interact with dro...
' [Env] Stimulate accele...

[Env] Stimulate groun...

[Env] Stimulate magne...
[Env] Stimulate pressu...
[Env] Stimulate rate se...
[Env] Stimulate teleme...
[Pil] analyse mission r...

[Pil] Automatically con...
' [Pil] Manually contral ...
' [Pil] Perceive drone po...
[Pos] Generate positio...
[5F1] Control drone pr...
' [SF2] Control drone at...
" [SF3] Provide drone n...

' [SF4] Control drone n...

' [SF5] Make and recor...

» ®* [SF5.1] Select ca...
» ® [SF5.2] Control ca...
» ®2[SF5.3] Make photo...
» ®%[SF5.4] Digitise pho...
» ®%[SF5.5] Acquire ma...

» &
» &
> &

fit

[SFE] Manage mission

[SF7] Monitor drone c...
[SF8] Provide direct re...

FRENCH
INSTITUTES OF
TECHNOLOGY

nanual payload control

omatic payload control

E2iy My Issue

i

Textual issue

Manual payload control

”

Automatic payload control

\

[SF5.1] Select camera control

Sketched

comment

Camera position consign

[SF5.2] Control camer:

File storage format

[SF5.4] Digitise photos

J/

Photo and video control

All comments in this context

[SF5.3] Make photos &

E\ Close Issue

9 Discussion Thread

. Jean-Marie.Gauthier
* on Mon Nov 07 2022 at
R L

My Issue
Textual issue

o Romaric.Demachy
t‘{:‘j on Mon Nov 07 2022 at
WZa¥ 558

My reply to an issue

Comments

panel

write your reply

Send

u Delete Issue
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Implemented Viewpoints & Interactive Representations S

Tabular View Optical flow sensor
GPS receiver

RC receiver
LIDAR altimeter
Wifi contraller
Flight controler

¥ & Root Physical Function o - AIDA System @ Fitt control ystem
. [SF5.2] Control camera orientation

[Env] Stimulate magnetic sensors Drone control desk

) [Env] Identify drone Propeller 3
. . . y . - ) p) Remote control @ Fropussion unit3 Motor 3
[5F8] Provide direct remote identification information . [SF5.4] Digitise photos and videos oot suiten Motor Control and Protection Systen
amote switct
[Env] Stimulate rate sensors . . Molor Control and Profsction Systen
_ . emote communication
) [SF6] Manage mission @ Fropusionunit4 gi‘;;ﬁ‘em
) [A/C] Stimulate payload video camera . [SF5} Make and record video . [SF5.1] Select camera control Remote battery P orone @ Frosision system
Motor Control and Protection Systen
) [SF3] Provide drone navigation data + Remote control interface @ Fropuision unit 1 Motor 1
- Propelier 1
7 [Env] Stimulate telemetric sensors . [SF5.5] Acquire manual payload control Remote structure
_ ) Motor Control and Protection Systen
[Env] Interact with drone - Drone @ Fropuision unit2 Propeller 2
. Motor 2
[Env] Stimulate pressure sensors . + Flight control system Camera sensor
. o @ 5753 Make photos and videos — Gamera rotany <upport
[Pas] Generate positioning signal o ; Payload control
+ Propulsion system ower supply ‘ayload control
Structure
i wn foc 0 Physi ncti —_—
Functions Breakdown focused en Root Physical Function Functions Breakdown focused on [SF5] Make and record video o . . . L
Components Breakdown focused on AIDA System Components Breakdown focused on Drone

Functions Breakdown - Vertical & horizontal tree Components Breakdown - Tabular & horizontal tree

A Main  Monit
5 gy BT w8 Tor iew e
) [SF5.1] Select camera control Tk W " Licoll o ponis o besed: iR
Prope [8% File storage format | 7318 Acire e
Global thrust “H Automatic payload control . } : ‘ shicaa =
[EI’IV} Interact with drone & Photo and video control ” = -
Global torque Propd [E% Camera position consign - i " =
% Manual payload control & : ‘ -
te navigation data -

Functional Flows - Diagram & vertical tree Allocation — Matrix from FBS or PBS

Power Consumption by Mode
Namescope e
Obscrvation High Declination Manocmvre VS 53 31T 85075k S0 16 MTATS BT Tabular View Targ. Est. oo | [ vreerreomomorcsmens
Product Breakdown Structure EE_depth 2 Mass Mass
(Target: 350.0W) (Target: 300.0W) S [ SR
- [ 55 <= mass marin <= 5%
- Spacecraft 372.566W (Observation High Declination) 302.766W (Manoeuvre) = - Drone 4000 2825 1175 W -
cocding mass =
- Service Module 302.57W (roll-up) 302,777 (roll-up) +) Flight control system so0 372 128
£
- AOGNC 154,527 (roll-up) 154.52F (roll-up) i
- +  Propulsion system 1000 968 32
STR Sodern Hydra Electronics Unit 1~ 112W (On) L12W (On) =
MTQ Zam MT110-2 29W (On) 2.9W (On) + Payload 500 498 2
GYRO Selex Galileo Sireus 1 0.0W (Standby 0.0W (Standby
" (Stander) : I Power supply 1500 1075 425
GYRO Selex Galileo Sireus 2 0.0W (Standby) 0.0W (Standby) i H
RW Rockwell Collins RSI 12 90.0W (On) 90.0W (Om) H Structure 500 @30 -380
STR Sodem Hydra Electronics Unit 2 11.0W (On) 11.0W (On) :

fit | o Power Consumption by Mode — Tabular & Bar Chart Mass Budget — Tabular & Sunburst

TECHNOLOGY
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Practices at the ESA’s CDF %EXUPERY b

Validation at ESA

* 7 participants

* TWO exercises: prepare a review procedure
and performing the review

How familiar are you with the MBSE topic?

I'm an expert
29 %

I have some solid background
29 %

I have some basic knowledge

G 43 %0

I'm completely noob

0%
Did you find easily the elements you wanted Did you find the views self-explanatory ?
when you added a view ?
Yes
ves G 100 %
R 50 75
No No
FRENCH D 50 O 0%

fit
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Conclusion & Perspectives

Achievements

* Creation & edition of a review procedure
* Review objectives
 Textual elements

» Chart based and diagram based interactive
views from heterogeneous MBSE data

« Comments and discussion threads
At review procedure level
» At diagram element level
» Assessment of graphical comments

 VValidation at ESA's CDF

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

(L exubery &

Long-term perspectives :

\\\k\k

d:esa

* Integration of Extended Enterprise TeePee features

» Review of unified aggregated models
« Edition of models

» Personal Assistant

« Sketch recognition integration from BabyMOD
* Integrate other viewpoints

» Physical Archi. & Interfaces, functional chains, ...

» Other viewpoints defined directly by end-users

» Ontology definition as pivot metamodel
« OSMOSE, SECAM, OpenCAESAR, ...

 Partnerships with tool vendors to mature TRL
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Thank you for you attention.
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lean-marie.gauthier@irt-saintexupery.com david.Brandao@ext.esa.int
julien.baclet@irt-saintexupery.com

lerome.fasguel@irt-saintexupery.com
systems-engineering@irt-saintexupery.com
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