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1.2M pax & 600 trains /day
6000+ monitored devices
Operated 18/7 + maintenance
60+ systems

9000+ requirements

Legacy from the 80s/90s
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Before the modernization...

[———

T m e e

Phases ________|Build | Qualification [Run _____

1- Experimentation 8 months 4 months 1 year

2- Industrialization 24 months 8 months 10+ years
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Our innovative approach
to accelerate MBSE

MBSE == Operations

(and simulations)

An elastic process fitting inside larger processes

bridging MBSE, simulations & operations
to provide high-quality feedback to all actors

continuously from early design to qualification & exploitation
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Models for structure, flows and services

= Started on Capella
 Logical layer only, not fitting the needs
for development, specs and IVVQ

= Quickly moving to Ingescape
* to install a practical collaboration
between all the actors
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A non-exhaustive list of software, hardware and gateways
already orchestrated with Ingescape

Operating & macOS am Windows & 6 FreeBSD EEE ROS g

Systems iOS android

Languages @ e @ @ python ,s“..,t E\t% % @ust

pmmewre node € unity [0]7 @ AWRKiET Seclipse LAMAE T
e B @MQ Bkatka NMQTT hRabbit\1( {REST:API} R

Gat ith
wewut  goocoy SNMP  fifModbus
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interactively exposing the actual system

Make the system of systems

through its models
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Continuous & automated
Model-based Verification

= A model-based language for IVVQ, accessible to non-developers

= Involving scenarios, system models, requirements and metrics

MODELS

Traceability & Compliance

Requirements

7/ = = monitoring < —_——
/ in ALM/PLM tools \
/ \
, / Continuity for \
\
» REQUIREMENTS .
EXECUTION
N « _automatic/assisted requirements distribution V&V scripts
> automated with DevOps

Generation Engine

(€ INGENUITY



Verification automation for the RATP RER A project
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= 9000+ requirements translated into
« 116 scripts
« 144 392 lines
+ 20189 test blocks

= 320 requirements with human-assisted — e

[ comTCTK 01 TKTE14_on_TKmetior_PMLI igsscriot ) No Selection

Ly 1 . 2
ve rl fl ca tl 0 n i:anversinn_TC_'{K.TK_TEZé = "TE14_TK 11 0_65 8eee3”

sleep 200

"Flacement de la valeur Fixe de 1 cbjet DI_AG & 1" "Numero de ligne : 5765 -
Equation:{<211001086,> 51100802}" {

= 2537 requirements verified automatically i B ——

assert Conversion TC_TK.TK = “TK_DI_AG 11 DI_AG 1 8"
assert Conversion_TC_TK.TK = “TK_RONFLEUR 11 Ronfleur_SIG 1 8*

* Tested via DevOps at every change T
 Results sent to HP ALM after each DevOps cycle o M it

b\ k ti ut = 1888
TC TK.TC = "TC_ACQ 11 ACQ_DI_AG 1"

asser t CD rsion TC_TK.TK = “TK_RONFLEUR 11 Ronfleur_SIG 0 8*
assert Conve rsion TC_TK.TK = “TK_DI_AG 11 DI_AG 6 9"
assert Conversion TC_TK.TK = "TK_DI_AG 11 DI_AC 8@ 8"

}

sleep 609
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Model-based support to
Validation & Qualification

= Continuous model-based supervision
 System is always observable & actionable

= Model-based scripting
r— + No-code data record, replay & export
K recoter . - for testing, assessments, in-depth analysis & training

Database Endpoint
tcpi//10.0.0.225:9042

[ WO ] Record & Replay

CONFIG RECORDS (18)

05/07/24 - 09:51:12

B oo o ) = Model-based Validation & Qualification
- v  with scenarios, context, simulations and humans in
e | the loop, in addition to the system itself
osnas 15236  supporting multidisciplinary & regulated strategies

B9:08:86.433

16/05/24 - 15:08:32
99:08:99, 686

02/05/24 - 14:50:02
88:68:83.715
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Measured benefits

= Integration & Verification time
divided by 5

» Continuous model-based integration
* Formal expression of the requirements, always

consistent with the system
* Verification automated and reusable in DevOps

 Always using realistic data

= On-site Validation & Qualification time
divided by 8

* Most of the work was already reliably achieved on
integration platforms with trusted context & data
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An elastic process to bridge

Simulations + Integration + Operations

1- Human-Centered
Environment

2- MBSE

3- Development,
Integration & Verification

4- Quantified

Validation & Qualification
with humans in the loop

5- Analysis & Decisions

Simulation on
scenarios

4

Simulation on
scenarios & behaviors

4

Hybrid model-based
Simulations + Integration + Verification
on scenarios and behaviors

4

Quantified Validation + Qualification
on scenarios, behaviors
and human/A.l. operations,
traced with the requirements & metrics

Improve the models progressively,
keep them useful & up-to-date for all and at all times,
contribute to a Single Source of Truth. i2 INGENUITY



Ingescape is already used in many demanding industries

RATP
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Annexes
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Listing employees

*

pening of the management meeting Make alist of departments

START
> $0:00:81.800 Y 00:0:01.000

Registration of required hardware

* 0:00:01.000

Finding vacancies Assigning employees to dep...

. 95:a0:03.000 * 50001008

Examine the warehouse in accordance with the hardware list

+ 09:90:03,008

Deliverynotification &

Database update

+ ”

Hardware packaging
Database update

ol 000001000
02:00:02.000

Sending hardware to departments

. £0:90:01.803
Verification of received hardware

* 09:00: 03600

Ordering hardware

10:00:91. 0%
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Participatory design

on paper/cardboard mockups -\:’7) A u
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on the line, missions, drivers and trai

JOINVILLE
LE PARC

1
LA VARENNE sucy BOISSY Marosines

Matériels &
Missions
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with decision support

Vendredi 18/11 09:53:08
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Iterate on the models
using feedbacks from the system and its environment

SYSTEM

MODELS EXECUTION
Architecture, functions, Code
behaviors, logic, flows, (any language, any OS)
sequences, interfaces,

constraints, etc. Generation Enaine . .
(SysMLv2, Arcadia, etc.) g Simulations
full contr_ol on generated files,
Organizations, workflows, able to merge various kinds of models together Workflows
activities & tasks
(BPMN, SysML, UAF, etc.) Static & dynamic data

Models for Uls

(vector graphics, etc.)

Physics for simulation
(Simulink, Modelica, FMI/FMU)

Third party
(UML, PLMXML, web APIs,
protobuf, etc.)

update/adjust the models based on the execution (simulations, assessments, etc.)
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A multidisciplinary & iterative PROCESS
for System of Systems Engineering

1- Human-Centered
Environment = Progressively refine problems & solutions
* Leverage standards and models from all relevant
disciplines
» Make things quantified & concrete

2- MBSE

= Flexibly mix mock-ups, digital twins, prototypes, co-
simulations, and system components at various

3- Development, _
Integration & Verification levels of maturity

4- Quantified

Validation & Qualification
with humans in the loop

= Collect actionable data
+ orchestrated by the scenarios,
+ with realistic and repeatable context,
 traced with the metrics & requirements.

5- Analysis & Decisions

Improve the models progressively,
keep them useful & up-to-date for all and at all times,

contribute to a Single Source of Truth. _
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Unified platforms for

B & B ase g
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User-centred System Operational &
scenarios & metrics behaviors & metrics simulation data
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