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What’s our
vision?

Human-Al Teaming
Platform for Maintaining
and Evolving Al Systems
in Manufacturing

) teaming.ai

Limited possibilities
Overcome the lack of flexibility

as a limiting factor of Industry
4.0

Societal dimension

Ensure the role of the human being
In the future industrial scenario by
means of a human-centered Al
collaboration
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Human-Al teaming to
close the gap between

..and..




Human-Al teaming to {» teaming.ai

close the gap between

AI/ML Systems

narrow Al, data hungry,
lack of trust

Al/ML System Engineering
high adaption efforts, Al expert
centric, reuse in its infancy

Social Threats
paradigm aims at replacing
humans, acceptance problems




Human-Al teaming to ¥ teaming ai

close the gap between

Trend by Industry 4.0

Personalisation, small lot sizes, high quality

Engineering Challenge
compensate for the lack of reuse of
workflows, General Al reuse of data &
models

Human Centered Al
human in control, technological
implantation of human-centered
paradigm (Industry 5.0)
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First Results on the

Modelling of
Teaming Intelligence



TEAMING.AI
Platform
Overview

Designed as an add on
to an existing
production system in
order to support
knowledge-based
reasoning and
collaborative problem
solving.

Teaming
Engineers

Refinement/
Improvement

lTeaming T

Operators

TEAMING.AI
Platform

Control l T Sensor Data
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Collaborative Problem
Solving

— Dynamics

Static Knowledge

Team
Orientation

Team

Leadershlp Mutual
Performance
RO I e S Monitoring
Backup
Behaviour
Share /
Mental *

Skills
Interdependences - :
“‘ /I 4o v =2 .- ==

Processes L? e
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~
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~
Closed Loop
Communication

Salas, E. et al (2005), Is there a “big five” in teamwork?, Small group research, 36(5), 555-599 Johnson and Vera (2019), No Al is an Island: The Case for Teaming Intelligence, AAAI 2019




Performer / Supporter .
Interdependency role assignment for ) teaming.ai

Analysis of Teamwork team activities

Activity Operator | Operator | Operator Decision Diagnostics
Role 1 Role 2 RoIe 3 Support

Activity 1

Activity 2

Activity 3 S
Sub-Activity 3.1 > S
Sub-Activity 3.1 P < > S

Activity 3 an

Role P...Performer, S...Supporter

<€<—> Policy-dependent role assignment (P/S) Teaming Model
1 Policy-dependent activity execution

Hoch et al. “Teaming.Al: Enabling Human-Al Teaming Intelligence in Manufacturing” I-ESA Workshop (2022).



Know|edge Graph Low latency vs knowledge granularity

‘-\ e
Dynamics » teaming ai

Input KG Engine Action

Static Knowledge Self-Diagnosis KG Complex Decision Support
(process models, (reasoning on Event Agent (e.g. engineer,
team, policies) events & context) (filter, aggregate) operator)

Dynamic Data Monitoring Agent Runtime KG

(sensors, logging, (e.g. Virtual (lightweight KG;
contextual info) Sensors by TL) low latency)

Optimization &
Control Agent




Know|edge-based Decision support and knowledge

. management system for repetitive Q) teammg ai
Reasonlng manufacturing processes

Design process Runtime process Teaming process

Teaming § ML model
Teaming Enine improvement

Model
dynamic KG \ Knowledge
management
Activities Traces, Models,
Policies Decisions, Workflows,

Events Context Audits



TEAMING.AI
Architecture
Detalils

* The Dynamic KG acts as a
single integrated data store.

* |t captures a digital
semantic shadow of the
production system for all
software components.

Haindl et al. "Towards a Reference Software
Architecture for Human-AI Teaming in
Smart Manufacturing, International
Conference on Software Engineering
(ICSE), 2022, accepted for publication

.->t
H<0®

Teaming
Process Model

Background
Knowledge

Monitoring
Agents

Teaming
Model

Activity
Model

Teaming
Engine

observe |
|
v

Dynamic
KG

Event Stream Broker

orchestrate

Production Environment




TEAMING.AI
Architecture
Detalils

* The Teaming Engine makes
informed decisions at
runtime about the behavior
of the system.

* |t is responsible for enacting
the Teaming Model for
activity automation.

Haindl et al. "Towards a Reference
Software Architecture for Human-AI
Teaming in Smart Manufacturing." arXiv
preprint arXiv:2201.04876 (2022).
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Teaming
Process Model

Background
Knowledge

Monitoring
Agents

Teaming
Model

Activity
Model

Teaming
Engine
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|
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Dynamic
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Event Stream Broker
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Production Environment
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The three TEAMING.AI
Use Cases



Use Cases

f

d

Sinkmark

Silver line

arplas

Short shot

Quality
Inspection

Transfer learning based
robust quality inspection
(for plastic injection sector)

9 Turkey

S INDL

AL



Use Cases

Machine 3
.. diagnostics |

Machine diagnostics for
plastic injection sector to
improve quality and reduce
waste

S INDUSTRIAS

//I M 9 Spain A G



Use Cases

GOIMEK

Ergonomic
risk prevention

Ergonomics and risk
prevention in large part
manufacturing

9 Spain



Use Case 1 Goal: Automation of a vision based r

. . quality inspection tool that can be T ‘
Quallty |n$peCt|0n improved through the operators / d rp ds
feedback.

TEAMING.AI TEAMING.AI Tasks
Platform « Fault analysis decision
Teaming support
Engineers *  Human Control
Fault lT Operational Injection lT Machine lT Part Quality
Analysis Feedback Process State Feedback
Param.
Part Quality
® Feedback ®
- £ injection Automated -
a Machine Quality
Refinement/ Process — >

Inspection Operator

Improvement Engineer NOK Parts




Use Case 2 ® |NDUSTRIAS

g Goal: Self-adjustment of process
Machlne guality parameters based on process A- ALEGRE
/1

diagnostics and operator feedback.

Diagnostics

TEAMING.AI TEAMING.AI Tasks
Platform * Injection parameter
Teaming optimization
Engineers « Part quality feedback
Parameter lT Operational Param. lT Machine lT Part Quality
Suggestions Feedback State Feedback

®
ah O Injection

Injection a Machine
Improvement Technician

Assembly
Operator

Refinement/




Use Case 3

E . i k Goal: To assess the ergonomic risk
raonomic ris and to predict which sequences of
g actions are ergonomically favorable. —\ GOIMEK

prevention

TEAMING.AI TEAMING.AI Tasks
Platform * Ergonomic risk assessment
Teaming « Task management support
Engineers
. Machine Operator
Task lT Operational State Activity
Support Feedback

o . * Part
& / Set-up Tracking &
: Scene
Refinement/ Machine Analysics
Improvement Operator

System
Machine

aﬁ Milling
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Summary

A New Paradigm
of Human Al
Collaboration



A New Paradigm for KG Dynamics enabling

b
¢
Auditable
Ethics

The adoption of the

ethical principle of

human autonomy by
design

An auditable model of
trust in human-Al
interactions based on
committed roles and
process models

A

Agile
Development

Self-organizing and
cross-functional teams
of human agents and Al
components

Novel software platform
for agile Al system
engineering and
operation

&) teaming.ai

o
&
Operational
Performance

Eased development and
operation by enriched
representations of
processable knowledge

Advanced data analytics
and optimization in
dynamic manufacturing
environments



Certifiable Al for
human autonomy

&) teaming.ai

Expected
Impacts
Ig':"\

Improved adoption
and acceptance of Al

Reduced setup time
i ~,
and maintenance cost A

More flexible
production processes
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Who
we are

OLLSCOIL TEICNEOLAIOCHTA
BHAILE ATHA CLIATH

DUBLIN

TECHNOLOG!
UNIVERSITY DUBLIN

TIMELEX

tyris. o'

Predictive Analytics
2 INDUSTRIAS

ALIGRE

=7 SD Partners
GOIMEK
IDcKO

MEMBER OF BASQUE RESEARCH
& TECHNOLOGY ALLIANCE

o'l
w UNIVERSITY
OF MANNHEIM

scch {
software
competence
center

) hagenberg

W/

VIENNA

F1 PROFACTOR

A\

farplas
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Stay @ www.teamingai-project.eu/

con neCted 1N Teaming Al Project
with us!

, @AiTeaming



http://www.teamingai-project.eu/
https://www.linkedin.com/in/teaming-ai-project-2630aa204/
https://twitter.com/AiTeaming
http://www.teamingai-project.eu/
https://www.linkedin.com/in/teaming-ai-project-2630aa204/
https://twitter.com/AiTeaming

