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MY WORLD FOR ~45 YEARS...

From correction...
... to interaction
... to integration

... and other things
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PEOPLE, AUTOMATION & ARTIFICIAL INTELLIGENCE (Al)?
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PEOPLE, AUTOMATION & ARTIFICIAL INTELLIGENCE

!

FROM AUTOMATION TO COGNITIVE SYSTEMS

!

SOCIOTECHNICAL SYSTEMS EVOLUTION
FROM PHYSICAL TO COGNITIVE TO SOCIAL?
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Contemporary Software
& Tangibility HSI issues
as a Socio-Technical
Systemic Endeavor




AlASE & SE4AI

A HUMAN & MACHINE MULTI-AGENT APPROACH...

Al: Artificial Intelligence
SE: Systems Engineering
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Al4SE & SE4AI

Al complementing SE, and vice versa

2 R Y * Human vs. machine competencies (situation
/8 i =| i\ LR awareness, decision-making, action-taking)

RESEARCH AND APPLICATION WORKSHOP * Human-machine cognitive function allocation

Al and SE are similar, e.g., multi-agent systems are
systems of systems

SEPTEMBER 17-18, 2024 | Arlington, VA QB RS +  Ina sociotechnical system (STS), there are human
N AL AT /| ) and machine agents

*  Whoisin charge?
Socio-cognition, socio-ergonomics & social systems

S\‘.&?\.ESR'?&'.E U S ARMY EI'EVCHM (C_‘: GEORGE MASON o o
mesenncr cenen -9. M| UniversiTy: * Trust, collaboration, and operational performance

* Authority, responsibility, and accountability
Digital Engineering & Society 5.0

* Human systems integration is possible during the
whole life cycle of the STS

Tangibility has become a crucial issue

Boy, G.A. (2024). PRODEC: A Method and platform. For Human Systems Integration of Human-Al Teams. Human-Al Teaming certification/qualification?
The fifth annual AI4SE & SE4Al workshop is sponsored and organized by the U.S. Army DEVCOM & /q .
Armaments Center Systems Engineering Directorate and the Systems Engineering Research Center (SERC), Dealing with the unexpected

at George Mason University, Arlington Campus, Arlington, VA, USA
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SE4Al & Al4SE

AGENT VS. SYSTEM

Isolated
MULTI-AGENT (AN AGENT AS A SOCIETY OF AGENTS) VS. SYSTEM OF SYSTEMS | System

AGENT/SYSTEM —> STRUCTURE & FUNCTION (ROLE, CONTEXT, RESOURCES (SUB-SYSTEMS))
AGENT/SYSTEM CAN BE HUMAN AND/OR MACHINE (HARDWARE & SOFTWARE)

Cognitive Function Physical /
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Systems represent Humans and Machines... Interconnected System of Systems
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SE4Al & Al4SE

AGENT VS. SYSTEM
MULTI-AGENT (AN AGENT AS A SOCIETY OF AGENTS) VS. SYSTEM OF SYSTEMS

AGENT/SYSTEM - STRUCTURE & FUNCTION (ROLE, CONTEXT, RESOURCES (SUB-SYSTEMS)

~

AGENT/SYSTEM CAN HUMAN AND/OR MACHINE

HSI Metrics:
Shared Situation Awareness
Trust & Collaboration
Speed & Precision
TOP Maturity
Resilience

Interconnected Functions of Functions

Potentially,
creating new
people’s jobs

Emergent Functions

Overlapping Functions of Functions

Interconnected Structures of Structures
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SE4Al & Al4SE

AGENT VS. SYSTEM

MULTI-AGENT (AN AGENT AS A SOCIETY OF AGENTS) VS. SYSTEM OF SYSTEMS
AGENT/SYSTEM - STRUCTURE & FUNCTION (ROLE, CONTEXT, RESOURCES (SUB-SYSTEMS))
AGENT/SYSTEM CAN HUMAN AND/OR MACHINE

HSI Metrics:

Emergent Structures
Emergent Functiofis :
ping Funct®ns of Functions

AN

Shared Situation Awareness

\'\
=

Trust & Collaboration
Speed & Precision
TOP Maturity
Resilience
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| .

Interconnected Systems of System‘§‘~ '

Societies of agents
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SOCIO-COGNITIVE
V

HOW DO WE MANAGE COMPLEX SYSTEMS?
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Expected
situations
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FROM RIGID AUTOMATION TO FLEXIBLE AUTONON.4

Life-critical sociotechnical systems management
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FlexTech

CentraleSupélec-ESTIA Chair
12




Reductionist approach Involves Maturity

FROM RIGID AUTOMAT] XIBLE AUTON Wulti-agent

(Human &
Machines)

COMPLICATED

Expected Make it simpler, Make it familiar, Unexpected

Situati . Situati

bk 11 more rational understandable b
& usable & useful

FlexTech

https://www.sciencedirect.com/science/article/pii/S0160791X23001033 CentraIeSupéIec-ESTIA Chair
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READINESS LEVELS

Human (HRL)

Description

Technology (TRL)

Relevant human capabilities, limitations, and basic
human performance issues and risks identified

Human-focused concept of operations defined and
human performance design principles established

Analyses of human operational, environmental,
functional, cognitive, and physical needs
completed, based on proof of concept

Modeling, part-task testing, and trade studies of
user interface design concepts completed

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

Human-system interfaces fully matured as
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

https://www.sciencedirect.com/science/article/pii/S0160791X23001033

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

Organization (ORL)

First principles where potential organizational models are
explored.

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

[e]

= o =

ORL-2 Proof of principle development, and active R&D is started in a
virtual environment

ORL-3 Virtual agile organizational prototype development and first HITLS
(virtual HCD)

ORL-4 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

MACHINE LEARNING READINESS LEVELS?
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HOW CAN WE INCREASE MATURITY?

© Guy A. Boy — Artificial Inteligence Applications in Aeronautics, Defense & Space, Air & Space Academy, Paris 14 November 2024




THE 1.0.P. MODEL.. Procedure following
... INHUMAN SYSTEMS & problem solving

INTEGRATION (HSI) Skills & Knowledge
People

Human-
Centered
Design

Technology Organizations
Automation Regulations

Al & Data Science Coordination
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COMPLEX HUMAN & MACHINE SYSTEMS TESTING

Separability
a crucial issue

Complexity

in connections

as well as

in agents/systems themselves

Emergent functions,
Coordination rules
and

the maturity issue ... therefore, this is a living organism
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LIFE-CYCLED HUMAN SYSTEMS INTEGRATION...

Technology-centered Human-centered

Human MODELIN

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 FIGXTGCh
FOR HELICOPTER ENGINE MAINTENANCE
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DIGITAL TWINS

: : : : 100%
* Extending human-in-the-loop simulations

* Throughout the life cycle in th:,ng';
e “whatif?”
e Active documentation DIGITAL
* Integration of experience feedback (ML)
* Organizational memory (case-based)
* Digital twins as virtual assistants

* Collaborative multi-agent systems

* Mediators for collaborative work -
System Engineering Phases

Design ... Manufacturing ... Certification --- Operations ... Dismantling
& Support
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FROM TECHNOLOGY-DRIVEN ENGINEERING...

.. TO HUMAN SYSTEM INTEGRATION

™
SOCIO-COGNITIVE
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FROM TANGIBLE TO VIRTUAL

Tangible
Traditional Engineering
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Human
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Outside-in
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FlexTec

OFF-SHORE MULTI-AGENT TELEROBOTIC SYSTEMS

PRODEC method combined with human-in-the-loop digital simulation

Domain Experts l
Storytelling GEM sessions

Timeline analysis
Journey maps...

Physical & cognitive

Structure & Function analysis -
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TANGIBILITY: SYSTEMIC ATTRIBUTES

Complexity: separability, interconnectivity, collaboration, trust, ...
Maturity: TRLs & HRLs & ORLs

Flexibility (design & operations): safety modes, reversibility, FlexTech, ...
Stability/Resilience: passive vs. active, resilience, crisis management, ...

Sustainability: design rationale, knowledge management, ...

Guy André Boy

B Tangible

Shared situational awareness Interactive
: : Cooperative decision-making Systems
+ SOCloteChnlcal Factors . . . Grasping the Real World with
Harmonized risk-taking Conpies

Trust and collaboration £) Springer
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SOCIO-COGNITION

WHY DON'T WE TALK V
ABOUT AUGMENTED COGNiITION

INSTEAD OF ARTIFICIAL INTELLIGENCE?
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HUMAN-SYSTEMS
INTEGRATION

From Virtual to Tangible

Guy André Boy
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