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Evolution of Man-Machine Collaboration

Industry 4.0 evolution : The term ‘Industry 4.0’ describes the Fourth Industrial

Revolution, preceded by three other Industrial Revolutions
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[] Evolution of Man-Machine Collaboration

* Industry 4.0 is a new concept of manufacturing, involving the
Industrial automation and integrating new production technologies,
to improve work conditions and to increase productivity and

quality.
* Industry 4.0 brought a great change in the interaction between

workers and machines.
* The term ‘machine’ indicates every kind of dynamic technical system including

« automation
» decision support equipment and software

Source: Drath & Horch, 2014 Co-funded by the
Erasmus+ Programme
of the European Union
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Manufacturing Control System Machines in new concept

te";'s Customer relationship management (CRM) * Move from I?VGI 1to Ievel 3
ManggRinent Supply Chain Management (SCM) (manufacturing level, system and
B e management level) or level 4
gu,;,,_.,,"‘“,..f’,,,,.,,g& Product Lifecycle Management (PLM) (enterprise resource planning)

W’“ﬁ ! Product Data Management (PDM)

Engineering Data Analysis System (EDA) * the automation SUppOI’tS human

N Advanced Planning and Scheduling (4PS) work not only in the production
el o 00 M s ool ) phase, logistics and data collection

: : but in business management and
Monitoring, supervisory control and automated

contred of production process, handling system, E R P tOO
storage system, and factory fadilities

Level 1 Sensing, 1D identification , machine vision systems
Sensi nd Control and PLC control system
nsing a ontro
5 (RFID, barcode, sensors, controllers, PLC...)
Level 0 Production, handling, storage, and
i factory equipment;
AL e s e S materials, vehicles, molds and fixtures

Source: Drath & Horch, 2014 Co-funded by the
Erasmus+ Programme
of the European Union
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* The new paradigm of Industry 4.0 is a revolution, which
allows communication between humans and machines
throughout a highly networked environment (Gu & Liu,
2013), using

« Automation technologies like Cyber-Physical Systems (CPS)
* Internet of Things (1oT)
* Cloud computing

Source: Drath & Horch, 2014 Co-funded by the
Erasmus+ Programme
of the European Union




|
Iml

[] Evolution of Man-Machine Collaboration

* Cyber-human system (CHS) is an update of the simple
CPS including some consideration on
* how the human element must be integrated
* How human factor is crucial in the higher levels

* CHS has the ability to feedback information at each level

* The configuration level of CHS acts as the supervisory
control to ensure the decisions, made at the cognition
level

Source: Drath & Horch, 2014 Co-funded by the
Erasmus+ Programme
of the European Union
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The CHS framework compared to the CPS
Cyber-Physical Systems Cyber-Human Systems

"+ Seif-configure for fiexibility
~ + Recognize and adapt to variation
* Absorb disturbance

« Soif-configure for resilience
+  Spif-adjust for variation
+ Sedl-optimize for disturbanse

* |ntegrated simulation and synthesis
= Remote visualization for human
+ (Collaborative disgnostics and decision making

* Synthesis of known patterns with reality
* Visualization and understanding
* Collaborative decision making

« Twin model for components and machines
* Time machine for variation identification and

Memary
+ Clustering for simiarity in data mining

* Smart analytics for

* Component machine health

+  Multl-gimensional data correlation
* Degradation and performance prediction

* Twin mode! for individual hisman workers
* Recognition of variation over time
* Recognition of patterns and dasses

+ Analytics for human readiness monitoring
+ Converting data to information
* |dentifying state changes

* Pug & Play ¢ Plug & Play people. .,
* Tether-free communication + Communication Integrated to infrastructure
*  Sensor network *+ Sensing in the data stream

Source: Krugh & Mears, 2018 Co-funded by the

Erasmus+ Programme
of the European Union
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 Man—machine interaction (MMI) or with the name
of Human—machine interaction (HMI)

 an interaction and communication between human
users and machines in a dynamic environment
through several interfaces.

Source: Drath & Horch, 2014 Co-funded by the
Erasmus+ Programme
of the European Union
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* The history of HMI can be split up into four time
Zones.

* 1940 t01955: developers tried to find the limits of
human possibilities

» 1955 to 1970: researchers tried to model the humans
like machines and design products accordingly.

« 1970 to 1985: the technology was used to automate
many tasks, which normally required humans.

 Since 1985: workload, cognitive process, emotional
human—robot interaction models are taken into
account.

Source: Drath & Horch, 2014 Co-funded by the

Erasmus+ Programme
of the European Union




|
Iml

[] Evolution of Man-Machine Collaboration

 Human—machine interaction deeply changed
through years and in Industry 4.0 reached a great
Innovation

« Some pillars of the Fourth Industrial Revolution:
* Big data and analytics
* Robot-assisted production
« Self-driving logistics vehicles
* Augmented reality and additive manufacturing

Source: Drath & Horch, 2014 Co-funded by the
Erasmus+ Programme
of the European Union
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Use of robots in the production as ergonomic help

LINE WORKER HAS A PHYSICALLY DEMANDING TASK ROBOT PROVIDES ERGONOMIC IMPROVEMENTS

S o
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@ Worker lifts the roof lining into a car; the shape

is difficult to handle Robot lifts the roof lining and places it in the chassis

@

Worker guides the robat in aligning the roof lining

@ Worker manuazlly aligns the roof lining and holds
but carries no weight

itin place

©

Robot fastens the lining with screws as directed by

8 Wor ker fastens the roof lining with screws, which 1€ lir re
worker, who maintains a comfortable position

requires being in an uncorfortable position

e

Source: Ferdows & De Meyer, 1990 Co-funded by the o
Erasmus+ Programme [
of the European Union
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The supply chain in industry 4.0

From isolated, ...to fully integrated data
optimized cells ... and prod uct flows across borders

Greater automation will
displace some of the least-
__skilled labor but will require
higher-skilled labor for
monitoring and managing
the factory of the future

Integrated communication
along the entire value
chain reduces work-in-
progress inventory
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Machine-to-machine and machine-to-human
interaction enables customization and small batches

Source: Ferdows & De Meyer, 1990 Co-funded by the
Erasmus+ Programme
of the European Union
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 Man—machine collaboration in total quality environment

* The Industry Enabling Technologies 4.0 (Cyber-physical
systems (CPS), Internet of Things, Data Mining and Big
Data) are integrated with the standard Deming cycle
(PLAN — DO — CHECK — ACT)

« A model designed for continuous quality improvement from a
long-range perspective

Source: Drath & Horch, 2014 Co-funded by the
Erasmus+ Programme
of the European Union
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New man—machine collaboration in industry 4.0 from design to management

_— BIG DATA
PROCESS
DESIGN
,.‘ HUMAN
l

28  INTERFACE

~ PERFORMANCE
IMPLENTATION

Source: Nardo, Forino and Murino, 2020 Co-funded by the

Erasmus+ Programme
of the European Union
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* The goal of automation will be to provide devices

that will collect data and aggregate them and then
orovide them, in the most user-friendly way, to the
person in charge of making appropriate decisions
pased on the data available.

Source: Nardo, Forino and Murino, 2020 Co-funded by the

Erasmus+ Programme
of the European Union
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identify performance Improving strategy machines technology
" quality index definition | i improvement
TARGET human-machine TARGET YES _
ACHIEVED? interface improvement |° ACHIEVED? *| technical problem
NO human machine
communication problem
human quality on |
b operator skills TARGET resuits
improvement ACHIEVED? angtpe
Source: Nardo, Forino and Murino, 2020 Co-funded by the

Erasmus+ Programme
of the European Union
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* Organizations must have human resources with new
skills to analyze and understand the growing demand for
Innovation.

« Multitasking people with skills that are not strictly related to
their direct work environment and above all related to
Information technology will be increasingly requested.

Source: Nardo, Forino and Murino, 2020 Co-funded by the

Erasmus+ Programme
of the European Union
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From the CPS Framework to the decision-making phase

CPS

10T

MANUFACTURING SYSTEM
° Equipmem DATA ACQUISITION

e Process * By sensors on equipment
¢ Product » By sensors on personnel g §; (;) e

BIG DATA
DATA MINING

et GRAPHIC USER INTERFACE

PLANNING
EXECTUTION

Source: Nardo, Forino and Murino, 2020 Co-funded by the
Erasmus+ Programme
of the European Union
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* One-third of the skills required of employees will include skills
that are not considered crucial for the role played today.

* In Industry 4.0-era, companies are no longer simply required
to invest In technological infrastructures, but it becomes

essential:
 Driving and anticipating change: the ability to solve complex
problems and critical thinking to help organizations adapt quickly to
changes in perspective. Database analysis must involve data
scientists to turn data into strategic business suggestions.

 Valuing the human factor before technology: all companies need to
reconsider their human resource models

Source: Nardo, Forino and Murino, 2020 Co-funded by the
Erasmus+ Programme
of the European Union
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