
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/
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Ingenuity I/O

design, develop & deploy

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

in the real world, for projects of various sizes

§ Toulouse, France

§ Since 2012

§ Designers + human factors specialists + engineers 
+ software developers
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Ingenuity I/O
§ More than 60 projects, 75% of them deployed in production
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Breaking the complexity wall 
in modern systems ?

Extended MBSE
Model-based representations
Iterative & agile approaches

Simulation & progressive integration

Humans & automation in the loop
(scenarios, activities, metrics, etc.)

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

Human-System 
Integration

Model-based 
HSI

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

Making
Systems of Systems

observable 
actionable 
measurable 
verifiable

System specs
& design

Iterative coding 
and integration

Code 
generation

Verification 
& validation

Operational 
supervision

Training Maintenance
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The Ingescape solution

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

§ Highly supervised + fully decentralized

§ Model-based

INGESCAPE
Library

§ Very innovative productivity & collaboration tool suite 
addressing the whole lifecycle of complex systems, 
involving all stakeholders continuously and iteratively

INGESCAPE
CIRCLE

Confidential document – Do not distribute without agreement

Open-source

Commercial

https://github.com/zeromq/ingescape

https://ingescape.com

System specs
& design

Iterative coding 
and integration

Code 
generation

Verification 
& validation

Operational 
supervision

Training Maintenance

https://github.com/zeromq/ingescape
https://ingescape.com/
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Demo #1

§ A sample Ingescape platform
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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=9Gr1Le_F7jU

https://www.youtube.com/watch?v=9Gr1Le_F7jU
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A non-exhaustive list of software, hardware and gateways 
already orchestrated with Ingescape

Languages

Operating
Systems

Frameworks
& environments 

Gateways with 
network 

Gateways with 
protocols

Confidential document – Do not distribute without agreement
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A real-world railway operational system 
designed & developed using MBHSI

§ 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)

Confidential document – Do not distribute without agreement
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How it was before…
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Activity analysis + Participatory design 
+ Iterative prototyping + Formative assessment

RATP - PGIM  |  Poste physique - V1.0  | 22.03.16 | Page 2

Travail en atelier sur la disposition

Confidentiel - Ne pas diffuser sans accord
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Real-time supervision

Confidentiel - Ne pas diffuser sans accord
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Command application on a touch tablet

Confidentiel - Ne pas diffuser sans accord
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Real-time regulation with decision helpers

Confidentiel - Ne pas diffuser sans accord
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Overview of the resulting control room
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Demo #2

§ Three examples of Ingescape systems
• An import from Capella
• An activity structure from the spring school use cases
• The railway operational system
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Make all profiles 
collaborate together

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

observable

actionable

measurable

verifiable

System architect

Software architect

Software developer

System tester

System integrator

System validator

Human Factors

Digital design

Domain users & experts

AI & data experts

Requirements engineer
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Unified platforms for
Simulation & Integration & Operations

Confidential document – Do not distribute without agreement

Hardware &
test benches

Environments
& simulators

Simulations &
algorithms

(Matlab, etc.)

System 
behaviors & metrics

A.I. & automation
engines

Human
operators

System-wide
logic & services

Operational & 
simulation data

User-centred 
scenarios & metrics

 

INGESCAPE
PLATFORM

Record / Replay
Export / Analyze

+
Ingescape agents and gateways

Human-In-The-Loop
Simulation (HITLS)

fully-decentralized + highly-supervized

Leverage data 
from the real-world

Hardware &
test benches

Environments
& simulators

Simulations &
algorithms

(Matlab, etc.)

System 
behaviors & metrics

A.I. & automation
engines

Human
operators

System-wide
logic & services

Operational & 
simulation data

User-centred 
scenarios & metrics

 

INGESCAPE
PLATFORM

Record / Replay
Export / Analyze

+
Ingescape agents and gateways

Human-In-The-Loop
Simulation (HITLS)

fully-decentralized + highly-supervized

Leverage data 
from the real-world

Hardware &
test benches

Environments
& simulators

Simulations &
algorithms

(Matlab, etc.)

System 
behaviors & metrics

A.I. & automation
engines

Human
operators

System-wide
logic & services

Operational & 
simulation data

User-centred 
scenarios & metrics

 

INGESCAPE
PLATFORM

Record / Replay
Export / Analyze

+
Ingescape agents and gateways

Human-In-The-Loop
Simulation (HITLS)

fully-decentralized + highly-supervized

Leverage data 
from the real-world

Hardware &
test benches

Environments
& simulators

Simulations &
algorithms

(Matlab, etc.)

System 
behaviors & metrics

A.I. & automation
engines

Human
operators

System-wide
logic & services

Operational & 
simulation data

User-centred 
scenarios & metrics

 

INGESCAPE
PLATFORM

Record / Replay
Export / Analyze

+
Ingescape agents and gateways

Human-In-The-Loop
Simulation (HITLS)

fully-decentralized + highly-supervized

Leverage data 
from the real-world



21

Demo #3

§ Creating a new agent using code generation

§ Global record/replay features
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Continuous & iterative 
model-based design

Code & documentation 
generation engine

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

Instrumented code
(any language, any OS)

Simulations

Static & dynamic data

iterative model-based design

Workflows

MODELS EXECUTION

Continuity for 
HSI DESIGN

Organizations, workflows, 
activities & tasks 

(BPMN, SysML, UAF, etc.)

Models for UIs 
(vector graphics, etc.)

Third party models
(UML, PLMXML, web APIs, 

protobuf, etc.)

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

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

HU
M
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Continuity for 
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Capturing & measuring
organizations, workflows, tasks and activities

Timelines & scenarios

Metrics & resources

Branch

Loop

Synchro

Timer

Task

Workflows Organizational structure
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Scientific assessment

§ Detailed protocols for scientific 
proof
• Hypotheses
• Scenarios 
• Variables
• Participants
• Markers
• Questionnaires

§ Assistance to live evaluation 
sessions

§ Automatic data collection & 
structuration with statistics

§ Easy export to advanced statistics 
& data analysis solutions

§ Assistance to data analysis and 
reporting
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Demo #4

§ Let’s do some Verification & Validation

§ https://ingescape.com/verification-validation-using-ingescape/

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
Requirements

Instrumented code
(any language, any OS)

V&V scripts 
automated with DevOps

EXECUTION

Code & documentation 
generation engine

automatic/assisted requirements distribution

Traceability & Compliance
monitoring

in ALM/PLM tools

Continuity for 
REQUIREMENTS



27

V&V automation for the RATP RER A project

§ 116 scripts

§ 144 392 lines

§ 20 189 test blocks

§ 320 requirements with human-assisted 
verification

§ 2537 requirements verified automatically
• Tested via DevOps at every change
• Results sent to HP ALM after each DevOps cycle

+

Confidential document – Do not distribute without agreement
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Ingescape measured benefits

Confidential document – Do not distribute without agreement

90%
Effort reduction

up to

Continuous and iterative
Testing

75%
Time & effort reduction

up to 50%

Model-based architecture
and interface contracts

80%
Effort reduction

up to

Verification & Validation

In full accordance with your practices
In a few seconds

Bootstrap software projects Real-time system supervision

No additional code
Automated100%

Global gains
in projects range between

30% and 47%



Thank you!

Stéphane Valès – vales@ingenuity.io

https://ingescape.com

mailto:vales@ingenuity.io

