2%y INGESCAPE

by Ingenuity i/o

A breakthrough tool suite for
Extended System Engineering, Systems Interoperability
and Human-System Integration

How to break the complexity wall in modern systems and
support multidisciplinary teams at all steps of complex systems lifetime?

vales@ingenuity.io
https://ingescape.com



mailto:vales@ingenuity.io
https://ingescape.com/

Ingenuity 1/0

= Toulouse, France
= Since 2012

= Designers + human factors specialists + engineers
+ software developers

design, develop & deploy

complex systems of systems
with humans & automation in the loop,

in the real world, for projects of various sizes
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Ingenuity 1/0

= More than 60 projects, 75% of them deployed in production
"y =

-t -

b Bt dias 24

[

(m

7
il | I 'I-

(c INGENUITY



Breaking the complexity wall
in modern systems ?

Model-based representations
Iterative & agile approaches Extended MBSE

Simulation & progressive integration
Humans & automation in the loop
(scenarios, activities, metrics, etc.) H uman'SYStem

Multidisciplinary teams (HF, HCI, etc.) Integration
Whole projects lifecycle

Model-based

HSI
+ TANGIBILITY
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Practical support for Model-Based SE & HSI
during the whole project lifecycle

' @ © & w

System specs Code Iterative coding  Verification Operational Training Maintenance
& design generation and integration & validation supervision

Making actionable

Systems of Systems Mmeasurable
verifiable

2y INGESCAPE
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INGESCAPE
Library

INGESCAPE
CIRCLE

Confidential document — Do not distribute without agreement

Interoperability for any language, any OS, web, mobile,
cloud & edge

Highly supervised + fully decentralized
Model-based

Very innovative productivity & tool suite
addressing the of complex systems,
involving all stakeholders
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System specs Code Iterative coding  Verification Operational Training Maintenance
& design generation and integration & validation supervision
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https://github.com/zeromq/ingescape
https://ingescape.com/

A sample Ingescape platform

QRCode

EncodeText ..utEncodedimage
DecodeFile ..utsDecodedText

Weather

city weatherReport
country

Translate

sourceLanguage translateResult
targetLanguage
translatelnput

web_agent

text
pngData
imgURL
dlData
loadURL
shutdown

textField
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Ingescape is already used in many demanding industries
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How it all started with Airbus...

https.//www.youtube.com/watch?v=9GrlLe F7|U
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https://www.youtube.com/watch?v=9Gr1Le_F7jU

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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RATP RER A in Paris
Largest urban train line in Europe (1.2M
pax/day, more than 250 trains/day)
New system deployed in January 2024

64 systems orchestrated with Ingescape
Field equipment command & control, alerting,
authentication, archiving, itineraries, trains
parking, missions/trains/drivers management,
etc.

598 inputs/outputs

438 services

6664 monitored field equipment
1580 messages/second

21 real-time gateways to external systems
9000+ applicable requirements

16 workstations and an 18-meters wide LED
display (5 x UHD)

(€ INGENUITY
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How it was before...
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Activity analysis + Participatory design
+ Iterative prototyping + Formative assessment
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Three examples of Ingescape systems
An import from Capella
An activity structure from the spring school use cases
The railway operational system

£ Services_Platform
Services_Platform

Automatic_Itinerary_Commands

& Supervision_BUS
Supervision_BUS_1

Alarme_Al e

Alarme_Authentification
1

£ Authentication Gesti - d
Authentication_1 es'l On_l.ll.l cite_commandes
Gestion_unicite_commandes

Sessions Jeton_commande_PRS

Demande_jetons_commande_PRS
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Make all profiles
collaborate together

= Tangible models offer a shared, evolutive
and interactive frame of reference

Requirements engineer

System architect

Software architect

Software developer

System tester

System integrator

System validator

Human Factors

Digital design

Domain users & experts

Al & data experts

(€ INGENUITY



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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Creating a new agent using code generation

@ @ Record & Replay

Global record/replay features

(<> RECORD & REPLAY

< recorder

Database Endpoint
tcp://10.0.0.225:9042

CONFIG RECORDS (15)

16/05/24 - 15:08:32
80:00.89.006

02/05/24 - 14:50:02
00:00.83.715

multiply

: 30/04/24 - 14:47:09
@ in 60:00.91.235

26/04/24 - 14:57:14
60:00.083.220

19/04/24 - 11:29:30
90:00.03.986

18/04/24 -17:21:01
00:00.89.041
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Continuous & iterative
model-based design

SYSTEM

MODELS

Architecture, functions,
behaviors, logic, flows,
sequences, interfaces,

constraints, etc.
(SysMLv2, Arcadia, etc.)

Organizations, workflows,

activities & tasks
(BPMN, SysML, UAF, etc.)

Models for Uls

(vector graphics, etc.)

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

Code & documentation
generation engine

full control on generated files,
able to merge various kinds of models together

update/adjust the models during the execution (simulations, tests, etc.)

EXECUTION

Instrumented code
(any language, any OS)

Simulations

Workflows

Static & dynamic data

(€ INGENUITY



Capturing & measuring
organizations, workflows, tasks and activities

Workflows

Branch 0/8

Loop 024.

Synchro H

Timer o

\ %

Task

Organizational structure

journey profiles
Signalizatiendata
@ movementauthorization | ™ l - ' n I I
o T @ | m | A )

OMG UNIFIED

W ARCHITECTURE
FRAMEWORK®

Timelines & scenarios

(5) EVENTS& TIMELINE

O ATO_TrackSide
@ Journey profiles Journey profiles @
Transmit data to ATO On Board

ETCS_TrackSide

@ movement_authorization sig data @
Joumey profiles journey profiles
® sig data

Receive data from Eurobalise

Transmit data to ETCS OnBoard Metrlcs & resources

Driver

wh e

= Communicate to passengers

M A

OperateTrain
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Scientific assessment

d Lo de l'

Etude de Ueffet tunnel

Flan ¢'analyse

S10<A2°(2>"N4

Liste des FDG o1 des EDG
protecport_environnement_immersd - v1.2 »

protecport_environnement_semlimmersd - v23

Auter +

Bescription 6 I U H0esee
Lorem Ipsum dolar 1 amet, consectetur adipiscing olit sed do
#iUsmod empor Madidunt ot Labore et dolore magna aliqua. Ut
Nim ad M venian, Quis nostred wilameo tadoris
eisi ul allguip ex ea commodo Consequat Duts aute irure deled in
reprehenderit in voluptate velit esse cillum doloce eu fegist rulla
pariatur. Excaptour snt occaecat cupidatat nan prossent, sunt in

€ulpa qui officia desi
Lorem ipsum dolor

nolt anien i est Laborum.
CAISECTATUT BAIPISTINE BUIL S do

Etude de U'effet tunnel

Nombre de participants 12

Variables indépendantes
T .
Syncaronisation cardlaque

© Niveau de charge mentaie

Variables dépendantes
Nombre &'omissions

Temps de reaction

(Vinetle  Visuee o sonore]
(Synchreae ; Asynchrone)

iniveasl; niveau2: niveaus ; aiveayd}

module_analyse_participant no_onissions

module_anatyse_panicipant teaps_reaction

= Detailed protocols for scientific

proof

* Hypotheses
Scenarios
Variables

efusmod Lempor nudidunt ut Labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nosand exercitation ollamco laborts
risi ut aliguip ex ea commoda consaquat. Duls 2ute irure delor In
reprahendertt In yoluptate velit esse cillum dolore

Participants
Markers
Questionnaires

Marqueurs

Aghation

ponciuel
» [ J

conting

Hypothéses Phises de vol (decollage ; vol; asterissage|
'Y

1- détection dal »
Al - Synchronisde

On S'attend 3 & que L3 Condition AL obrienne les medteurs résultats
sur la ddeaction d alrmes que La condition A2

cardinque
Questionnaires

Evaluaticn du niveau de charge mentale

Assistance to live evaluation
sessions

A Timeline

O CAPA | «

Etude del'effet tunnel

Passation P1/A1-C1-N1

Session Marqueurs

Camera
1D_Cam_01

Poncisels Centinus

Automatic data collection &
structuration with statistics

Cameéra
10_Cam_02

O Agitation Surveillance piste sous-marine ®

© Panne moteur @

Phase de stress
Micro & Hésitation Arréter le marqueur

Cagteur cardaque

Phase de stress Elevé > Bas
Margquesrs

& Paane écran Interception de la menace » T e Yl Modére

Cemmentaires

Easy export to advanced statistics
& data analysis solutions

Brouillard »

lonaalre
» @ (3 charge

Questionnaire
Gettion de svest

Timeline Durés de (a sim

Margarurs Déowt 0:17:36.124 ‘ fn

Phases de stress

Survelllance piste serface

Assistance to data analysis and
reporting

Panne écran

Panne motesr L 2 L 2 L 2

Questisanaires

€valuatien du niveau
e charge mentale 8 8
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Demo #4

= Let’s do some Verification & Validation

"REQ 1.0.1" "range of values"{
multiply.din =:2.5
assert multiply.out = 5.000000
multiply.in = 0
assert multiply.out = 0.000000
multiply.in = -2.5
assert multiply.out = -5.000000

= https://ingescape.com/verification-validation-using-ingescape/
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Continuous and automated
Verification & Validation

= A dedicated language for V&V, accessible to all profiles

= Involving system + human metrics

MODELS

/4

Requirements

~

~

Traceability & Compliance
- monitoring 4- -

Continuity for
REQUIREMENTS

Code & documentation
generation engine

in ALM/PLM tools \

\

EXECUTION

V&YV scripts
automated with DevOps

Instrumented code
(any language, any OS)

(€ INGENUITY



V&V automation for the RATP RER A project

. Valdates
N Testing
o P Valdates
ystem System
- ) l
Validates
Testing
Validates

Moduie
Design

v oP

116 scripts VE
144 392 lines k s

4

320 requirements with human-assisted oo TG . TRTE1 Tt st

[ comTCTK 01 TKTE14_on_TKmetior_PMLI igsscriot ) No Selection

20 189 test blocks

i:onversinn_TC_YK.TK_TE:a = "TE14_TK 11 0_85 eeees”

verification

"Flacement de la valeur Fixe de 1 objet DI_AG & 1" "Numero de ligne
Equation:{<211001086,> 51100802}" {
block.timeout = 1868

2537 requirements verified automatically o T N e A

assert Conversion_TC_TK.TK = “TK_RONFLEUR 11 Ronfleur_SIG 1 8*

o Tested Via DevOpS at every Change ; b e

Conversion TC_TK.TK_TE14 = "TE14_TK 11 0_05 66063"

 Results sent to HP ALM after each DevOps cycle A e

Conversion TC_TK.TC = "TC_ACQ 11 ACQ_DI_AG 1"

assert Conversion TC_TK.TK = “TK_RONFLEUR 11 Ronfleur_SIG 0 ©*
assert Conversion TC_TK.TK = “TK_DI_AG 11 DI_AG @ 8"
assert Conversion TC_TK.TK = "TK_DI_AG 11 DI_AC 8@ 8"

}

sleep 609

Confidential document — Do not distribute without agreement

5765 -

(€ INGENUITY



Ingescape measured benefits

Continuous and iterative
Testing

90%

Effort reduction Verification & Validation

Model-based architecture
and interface contracts

75% 50% 80%

Time & effort reduction Effort reduction

Global gains
In projects range between
30% and 47%

Bootstrap software projects Real-time system supervision
In a few seconds Automated
In full accordance with your practices No additional code

Confidential document — Do not distribute without agreement Ll-.‘ INGENUITY



Thank you!

Stéphane Vales — vales@ingenuity.io

https://ingescape.com
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