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MY WORLD FOR OVER 40 YEARS...

... in engineering design

\

and in operations
perations Pt

Human Factors & Ergonomics...
Human-Centered Design...

Human Systems Integration...

© Guy A. Boy — The FlexTech Chair — Cranfield University — 20 March 2023




THE T.0.P. MODEL...
.. IN HUMAN SYSTEMS
INTEGRATION (HSI)

Technology

Automation
Al & Data Science
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LET'S INTRODUCE THE FLEXTECH CHAIR...

FlexTech

CentraleSupélec-ESTIA Chair




FlexTech

CentraleSupélec-ESTIA Chair

NT
N

HUMAN SYSTEMS

“GRATION (HSI)
NCREASINGLY

AU

'ONOMOUS

SYSTEMS

Digital Engineering

Role of people and organizations in life-
critical complex systems

Development of new approaches,
methods and tools

Applications in various industrial sectors,
e.g., aerospace, defense, oil-&-gas,
health, automotive, nuclear, and others




FROM RIGID AUTOMATION TO FLEXIBLE AUTONOMY

Procedures Automation Problem
\L ‘L Solving

Automation Automation A
of of utonomy

of (human)
Agents Unexpected

Ee People Machines

Situations l Rigid l Flexible Situations

Automation Automatisation Coordination
of des of Autonomous
Human Machine Agents’
Functions Functions Functions

I
v

Human & Machine

Function Allocation FleXTGCh

CentraleSupélec-ESTIA Chair
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FEEXTECERACTOR S

+ ~100 students
3A & Master/year

FlexTech
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1. FlexTech

CentraleSupélec

ESTIA
HSI Course

ACAD E M lC 2. External Partners taught at Master
PARTNERS . ENSC & doctoral levels

ISAE-SUPAERO
ESCP Business School

Autres...

Created in September 2019

FlexTech

© Guy A. Boy — The FlexTech Chair — Cranfield University — 20 March 2023




1. French Air & Space Forces

INSTITURONAL & 58—
& INDUSTRIAL 3. Thales
PARTN ERS 4. Ingenuity

6. Clients via ESTIA (DGA, TotalEnergies, SAFRAN)

Cross-Fertilization of various HSI projects

FlexTech
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A MAJOR RESEARCH TOPIC EMERGED ...

PRODEC method emerged from various applicative research projects

A 4

PRODEC is currently developed:

to allow the analysis, design, and evaluation of data
exchanges, and support the validation of all possible
transformation

to overcome major obstacles, mainly information exchanges  to dig technological, organizational and human gaps towards

to capture and analyze existing operations (AS-IS) a successful digital transformation

Towards a modeling platform that supports considering people and organizations

all along the life cycle of a system

FlexTech

© Guy A. Boy — The FlexTech Chair — Cranfield University — 20 March 2023




INDUSTRIAL USE CASES USING PRODEC

FlexTech




LET’S TAKE AN EXAMPLE...
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s THE MOHICAN PROJECT

VIRTUAL ASSISTANT IN AIR COMBAT AIRCRAFT

A RESEARCH EFFORT SPONSORED BY DGA,
AND SUPERVISED BY THALES AND DASSAULT AVIATION

FlexTech

CentraleSupélec—ESTIA Chair
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MONITORING HUMAN-MACHINE PERFORMANCE
BY ANALYZING TRUST AND COOPERATION

Objectives

* Propose and test a method to evaluate the performance of pilot—virtual assistant teaming...
... in the cockpit of a simulated fighter aircraft

* Define trust and collaboration models & metrics by
* Considering pilot’s context and environment

* Building indicators based on operational experience H U m a n' M a Ch | n e

* Building metrics based on tangible virtual prototypes Team | ng

* Developing virtual prototypes (virtual assistant) and experiments
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Method for the analysis opermtions! kil
of trust and collaboration S

& HSI

Procedural &
Declarative
Knowledge on Systems
being developed

Analysis
Potential Redesign

Prototype Development ACt""tZI 2bs¢|erv.atlon _ HSI ?bl‘?CtIVES
Preparation of a and Analysis . satisfaction |.n terms of
Emergent Properties operational
Detection performance

Task Analysis (BPMN) + Human-in-the-Loop e Structure-Function

Function Analysis Simulations

Simulation Facility
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MOHICAN PRODEC

[Context Role

TASK FUNCTION

—" -

ANALYSIS ANALYSIS

A

ACTIVITY

e ANALYSIS

Resources ] — Scenarios

A 4

—»

FUNCTION
MODEL

SIMULATION

PERFORMANCE
MODEL 9

[

(m} = (€} > (T

v

ACTIVITY
OBSERVATION

REFERENCE

PERFORMANCE
ANALYSIS

PERFORMANCE
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Task-based Task-based Emergence
Procedural Declarative - & Activity
Knowledge Knowledge Analysis

AS-IS TO-BE Human-in-the-loop simulations

PROcedural Modeling £ Cl DE Clarative Modeling PROcedural Modeling Prototyping Tests PROcedural / DE Clarative Modeling

R

TO-BE becomes AS-1S 4SSN TO-BE

Activity-based
Procedural

Knowledge
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CAPTURE AND ANALYSIS TOOLS
Heart rate monitor : GARMIN watch

* More reliable than wrist measurement
e Less intrusive

Eye tracking : Tobii glasses

* Goal: record in real time, user's eye gaze on screens

Noldus XT Observer

Allows the observation of uses to be instrumented

Represents behaviors in an accurate and quantitative manner
Integrates behavioral and physiological data

Create video clips of the most interesting data
Create video clips of the most interesting data B
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Emergent functions

==

Emergent function

[

Emergent function

i

Emergent function

BPMN ACTIVITY ANALYSIS +
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CORRELATION BETWEEN PILOT LOAD INDEX AND CFA RESULTS

Search target 1 (No PID)

Average HR = 71,86-8,71 \Cumulated HR & Index — same scale R=0,53 (strong correlation)
5

51 s \ 54 s 49's Search + shoot

Threats + audio target 1 (Al Load)
overload (PTI) —I —l /'

No shoot target shoot target 1
(SCAR) (SCAR)

\

Provide explanations on
trust in the VA
J

2
(information flow to manage :
Watch SITAC + concentration on Search PID - CDE
announcement): simulation bias

08:14:31
08:15:55
08:16:37
08:18:43
08:29:55
08:30:37
08:32:43
08:42:31
08:43:13
08:43:55
08:44:37
08:45:49
08:46:31
08:47:13
08:47:55
08:48:37
08:49:19
08:50:01
08:50:43
08:51:25
08:52:07
08:52:49
08:53:31
08:54:13
08:54:55
08:55:37
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ELICITATION & VALIDATION OF EVALUATION CRITERIA

Metrics

Criteria

\EERITES

Efficiency

Processed information (pilot actions)

Verified information (eye tracking)

Effectivity

Interaction time (Raw data - The Observer XT)

Reliability/Robustness

Bug or functional default (experimenter)

Relevance

Added value (pilot)

Transparency

Perceived information (pilot)

Interpretated/comprehended information (pilot)

Flexibility/Adaptability

Adaptability to the pilot or to context (pilot)

Collaboration

Feedback quality

Quantity & nature of VA feedback (pilot)

Perceived relief of the task

Perceived relief of pilot’s workload (pilot)

No discomfort

Discomfort introduced by usage/announcement (pilot)
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DISCUSSIONS & PERSPECTIVES

Human
Factors =
Ergonomics

Task Analysis

A 4

Prototype Development
Preparation of a Simulation Facility [*

High-level Metrics

Contextualized Criteria Human-in-the-Loop

Basic HF Measures

\

Simulations

'

Procedural & Declarative
Knowledge on Systems
being developed

Activity Observation and Analysis
Emergent Properties Detection

\

Structure-Function Analysis

Potential Redesign

!

y

Tangibilization

.. PRODEC

Formative
Evaluations

Agile
- Development
& HCD

Systemic ontology development enables optimal definition of HSI metrics (e.g., trust, collaboration & operational performance)
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WHAT IS FUNDAMENTAL HERE?
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FIRST THING TO
UNDERSTAND

* There is a structuring space
- the System Space
* There is a functional space

- the Context Space




A SYST E M Role

Structure

REPRESENTING A system & Context

Function

DECLARAT'VE Human Systems
E NTITY Machine

Physical
Cognitive

SYSTEM SPACE '




System of Systems

A SYSTEM

REPRESENTING A
DECLARATIVE
E NTITY = Physical

SYSTEM SPACE '



A SYSTEM
REPRESENTING A

PROCEDURAL Task W
ENTITY

# Activity

CONTEXT SPACE '



OPERATIONS

PROCEDURAL SCENARIOS

CONTEXT ARCHITECTURE...

.. SYSTEM ARCHITECTURE

DECLARATIVE CONFIGURATIONS

ENGINEERING DESIGN




SCENARIO-BASED DESIGN...
..HUMAN-IN-THE-LOOP SIMULATION




LIFE-CYCLED HUMAN SYSTEMS INTEGRATION

Technology-centered Human-centered

100% , ﬁ
Human MODELIN S

inthe loop || SIMULATIONS

System Engineering Phases System Engineering Phases

Design ... Manufacturing ... Certification --- Operations ... Dismantling Design ... Manufacturing ... Certification --- Operations ... Dismantling
& Support & Support
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HUMAN-CENTERED DESIGN OF A DIGITAL TWIN
FOR HELICOPTER ENGINE MAINTENANCE
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DIGITAL TWINS

100%
Expanding HITLS Human

* During the whole life cycle in the loop

e “what if?”
i’ . DIGITAL
Vivid documentation 2 MBSE

* Integration of experience feedback
e Organizational memory

DTs as virtual assistants 2 HMT

* Multi-agent collaboration System Engineering Phases
Design ... Manufacturing ... Certification --- Operations ... Dismantling
& Support

e Mediators for collaborative work

MBSE: Model-Based Systems Engineering
HMT: Human Machine Teaming
(where the machine is increasingly autonomous)
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Engineering

Ergonomics
& Automation

Human Factors
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FROM MEANS TO PURPOSE

Tangible
Human-Centered Engineering

Physical Environment

Human Agents

Control & Management
Space

Humans
In
The
Loop

20t century
approach

Engineering,
Ergonomics,
HCl &

Automation




Virtual
Human-Centered Design

Virtual Environment
Virtual

Human Agents

Virtual
Machine Agents

Tt 3

Control & Management
Space

l Humans |
In The

Loop

Virtual/Tangible
Human-Centered Design

Physical Environment

Human Agents

Virtual/Physical Environment
Virtual

Human Agents

Virtual
Machine Agents

Tt 3

Control & Management
Space

L Humans -J
In The

Loop

FROM PURPOSE TO MEANS

Tangible
Human-Centered Engineering

Physical Environment

Control & Management
Space

l Humans l
In The

Loop

Tangibilization
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PHYSICAL & FIGURATIVE TANGIBILITY:
SYSTEMIC ATTRIBUTES

* Complexity = separability, interconnectivity, collaboration, trust, ...

* Maturity 2 TRLs & HRLs & ORLs

* Flexibility (design & operations) = safety nodes, reversibility, FlexTech, ...

» Stability/Resilience = passive vs. active, resilience, crisis management, ...

» Sustainability > design rationale, knowledge management, ... e

l Tangible

Shared situation awareness ISntSet rear;tslVe
+ Social Factors COOpera_tlve decision-making GYgd
Harmonized risk taking Compters

Trust and collaboration £ Springer
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MATURITY =

TRL: Technology
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Description

Relevant human capabilities, limitations, and basic
human performance issues and risks identified
human performance design principles established
Analyses of human operational, environmental,
functional, cognitive, and physical needs
completed, based on proof of concept

user interface design concepts completed

User evaluation of prototypes in mission-relevant
simulations completed to inform design

- Human-system interfaces fully matured as

MATURITY =
READINESS LEVELS

HRL:; Human

influenced by human performance analyses,
metrics, prototyping, and high-fidelity simulations
Human-system interfaces fully tested and verified
in operational environment with system hardware
and software and representative users

Total human-system performance fully tested,
validated, and approved in mission operations,
using completed system hardware and software and
representative users

System successfully used in operations across the
operational envelope with systematic monitoring of
human-system performance
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MATURITY =
READINESS LEVELS

ORL: Organization
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First principles where potential organizational models are explored.

Goal-oriented research that requires making choices from first principles to practical
fully digital organizational setups

Proof of principle development, and active R&D is started in a virtual environment

Virtual agile organizational prototype development and first HITLS (virtual HCD)

Proof of organizational concept development using concrete scenario-based design
from fully virtual to more tangible environments

Assessing organization capability in terms of authority sharing (responsibility,
accountability and control), trust, collaboration and coordination, for example

Real-world use-case tests in a wider variety of situations - tangibilization continues

Practical integration with respect to criteria such as safety, efficiency and comfort, at
various levels of granularity of the organization — tangibilization continues

Readiness for effective implementation on a real site (fully tangible) based on
personnel feedback for deployment approval

Deployment involving both personnel and real machines




REFERENCES FOR THIS PRESENTATION

Cognitive Function Analysis

i Y COGNITIVE ; . _' . Risk-laking,Prevenﬂon.
The Handbook of Human-Machine Interaction FuncTion [ and Design

ANALYSIS ~ Guy André Boy

Orchestrating Human Centered Design ! . gJerS;?er;(ibility

A Human Systems
Integration

: A e HUMAN-MACHINE [ Approach
Design for Flexibility | INTERACTION i

IUMAN-CENTERED DESIGN APPROACH

Human Systems Integration
+«HANDBOOK

Risk taking, Prevention & Design

... be curious!
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THANK YOU FOR YOUR ATTENTION...

| am open to questions...




