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PREFACE

ClémentineGallet
CEOQO, Caoriolis Group

| think of Naomi Parker Fraley, the American woman who
AYALANBR GKS AO02yA0 428 /[ty 5:
with a red and white polka ddteadsquarepulling up the
sleeve of her work clothes, and representing the militant
claims of women to take their rightful place in the factory.
Although the aim is no longer to encourage participation in
the war effort, this image remains entirely modern today, and
I am firmly convinced that women have a merited place in
industry. Today, almost 30% of jobs in industry are done by
women. Despite the steep increase in this percentage over
the last 20 years, women nevertheless remain in the clear
minority.

At this time in which industry is undergoing enormous
technological change, | feel that it should welcome not just
women but also new multidisciplinary skills. Artists,
ergonomists, and psychologists all have a particular vision to
bring to the secalled industry of the future and would be
instrumental in bringing about a more peaceful, a more
constructive and especially a more open atmosphere while
stimulating collaborative innovation. Moreover, | feel that it is
the purpose of this guide to force us entrepreneurs to reflect
more deeply on the technological and social transformation
at work within our companies.

Today, much remains to be done. For example in the field of
training, to entice talented youngsters, and particularly young
engineers and operators to join forces with industry, it would
be useful to create a virtuous circle with, at the forefront,
strong and popular female figures, from industry of course,
but also from tech, business, literature, cinema and politics.

Industry today is at an important crossroads, both
technological and social. Is Woman not perhaps the future of
Man?



EDITORIAL

PatrickCheppe
CEG EMC2

From the very outset, the emergence of new
technologies has created fear. This continues to be the
case today with the technologies of the Industry of the
Future andthe digitalisation and automation they

bring with them. But we must not forget that
companies are first and foremost the work of women
and men who, by their commitment to and capacity
for innovation, are the true agents of change. This
requires not only a complete understanding of existing
solutions but also a determined effort towards
integration and sharing at all levels of the company.
Based on this observation, together with our clients,
we have placed the programme foperatorsof the
future at the heart of our roadmap. The study you are
about to discover herein will, | hope, provide food for
your strategic reflections and help you move a step
closer to the Industry of th&uture.

William Roze
General ManagerAltran France

The subject of this study reflects my own daily
concerns for two reasons. First, it meets the
expectations of our customers who are obliged to
embrace transformation in order to win the battle
for competitiveness in amdustry of the Future that
is ever more demanding in terms of talent and
technology. But it is also a subject that affects me
personally sinceas General Manager of Altran
France] am profoundly convinced that humans are
at the heart of value creation within companies.
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HUMANS AT THE HEART OF
THE INDUSTRY OF THE FUTURE

Since the dawn of timéhumans have acted as the inventive genius, the driving
force and the accelerator of transformation, while at the same time constituting
an impediment to change and to the adoption of new technologies

But for the first time in the industrial age, many are saying that technology is no
longer a limit to development, and that it is now the capacity of women and men
to adopt and capitalize on technologies that governs the rate at which
performance will evolve

We too believe that those companies most successful in making
the transition to the Industry of the Future will be those having a
human dimension at the heart of their transformation projects

The purpose of this guide is to provide a reflection on individual performance
and value creation, to offer an analytical table in the form of an action plan and
models of maturity, and to draw up a panorama of solutions anutial actors

to successful transformation

HUMANS AS CREATORS OF VAL JE

A What are the factors that determine performance and what new
technological solutions affect thePn

HUMANS AS ARCHITECTS OF TRANSFORMATION

A How should companies be organised to ensure that humans
remain at the centre of their transformation projeés

HUMANS AS ACCELERATORS OF INNOVATION
A How can we identify crucial actors to the development of
solution®?



HUMANS AS
CREATORS OF VALUE

What performance factors enable value creation?
What impact can technologicablutions and managerial practickave on
these factors?

To answer these questions, we propose a model combining knowledge,
experience, capacity and attitude.

Placing humans at the headf the Industry of the Future means
utilising these new technological and methodological solutions
to:

A Facilitate access to knowledge and accelerate acquisition of
experience

A Utilise new technologies to enhance the physical, sensory,
cognitive and communicative capacities of humans

A Favour and reinforce motivation, innovation and commitment.

From this model, we have selected 18 new technological solutions with
illustrations fromreaf A ¥S &AGdz GA2yad dintte aéxbsRé T A
and present a summary of these solutions.

VALUE CREATION AIMS SOLUTIONS
Topromote and boost The
motivation, innovation d { dzf) O é é ﬁ A )/ 3 3 S U K S !
and commitment.
roadmap
Big data
COGNITIVE Data visualisation @
CAPACITY Data science
Simulation
Mobile apps
COMMUNICATIVE DD 10T platforms %
CAPACITY technological solutions Chatbot
olephafcehuman Collaborative platforms
physical sensory, )
cognitive a‘nd Wearable connected objects
communicative
Drones (@D
APAGY Augmented reality
Connected tools
Exoskeletons O
PHYSICAL CAPACITY Cobots
Zerogravity devices
To facilitateaccess to Elearning
knowledge and i -
KNOWLEDGE AND EXPERIENCE accelerateacquisition of Dlgltallsedl\_lorkstatIOUS @
experience Virtual reality




HUMANS AS ARCHITECTS
OF TRANSFORMATION

How can conditions be created that will favour and enhance motivation,
innovation and commitment among staff?

What action plan must the company initiate?

To this end, we provide the basis farcustomisable roadmap to ensure
transformation of the company centred around the human
element

Based on a SWOT Analysis (Strengths, Weaknesses, Opportunities,) direats
each of the three major stages in the transformation process (Organisation,
Identification, Acceleration), each company chooses the managerial practices it
wishes to implement.

We have illustrated our roadmap with a selection of 24 work approaches that
positively impact the attitude of the women and men working within the
company.

These are simply examples combining both classical and innovative approaches
and each company must adapt its own choices by including in its reflections its
future network of partners.

ORGANISE THE COMPANY > IDENTIFY PROJECTS > ACCELERATE INTEGRATION -

Intrapreneurship
Spin-Offs

Company
Bottom-up approach Collaborative

VALUE
CREATION
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HUMANS AS ACCELERATORS
OF INNOVATION

Which actors should be involved in the transformation project and at what
point?

Toguidecompaniesegardingthis choice,we suggesteginningwith an analysis
of the maturity of developmentof a givensolution in terms of the following 3
parameters

A TRL (Technology Readiness LeveRvels corresponding to the
chronological stages of development of a given technalogy

A HRL (Human Readiness Levalperception criteria describing
readiness of adoption of a given solution by women and men.

A MRL (Manufacturing Readiness Leved)evels of impediment to the
introduction of a given solution within industry.

A list of generic personsinvolved is given based on the different levels of
maturity. The purpose of this list is merely to illustrate our proposal with
suggestionseach companymust preciselydefine the actorsthat it wishesto
assignto the project It is alsonecessaryto considerthe choicebetween use of
externalresourcesandrequalificationof internal resources

_ TREMATURITY LEVEL

Research laboratory X X

Technology supplier X X X X
R (G S egrtor

Service company X X X

User company X X X X

IRT

Competitiveness cluster X X X

Third-party testing facility X X
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INDUSTRY OF THE
FUTURE
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THE CENTRAL ROLE OF HUMANS IN
THE INDUSTRY OF THE FUTURE

Discussinghe Industry of the Futur@andthe issues involved is obviously
complex given the rich and diverse communication that already exists on this
subject We shall not attempt to give a new definition or conceptualisation here
but simply to provide some context for our study based on human capacities

To this end, we definthe Industry of the Futur@asthe implementation of new
technologies and new managerial practices to achieve new performance levels in
response to new requirements of society, new market needs and new
competitors(see graphic oppositennovation, innovation, innovation...

While it is common practice to speak of the fourth industrial revolution, the new
is not necessarily disruptive and in most cases it is simply an extension of that
which already exists. A characteristic feature is undoubtedly the fact that the
new elements are being introduced at a faster pace.

It is also widely held, for the first time in the industrial era, that technology is no
longer the limiting factor for development, but that the main potential
impediment to development is now the ability of women ameénto adopt and
capitalise on the new technologies.

Moreover, the transition tahe Industry of the Futurés not simply a question of
introducing a few technological building blocks. As with previous industrial
revolutions, this process will also have a great impact on the way companies are
organised. It is naturally a source of anxiety and may engender marked
resistance to change.

Although humans may impede change, they remain the primary
creators of performance andalue. The ability of each company
to improve and reinvent itself in order to improve
competitiveness and increase market share derives from its
commitment and from the capacity of its workforce for
innovation.

Clearly companieghat are most successful in the transition towattie
Industry of the Futurevill be those that choose to place human involvement at
the heart of their transformation project.



THE INDUSTRY OF THE FUTURE

New needsof Newmarket New

society requirements competitors
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New technologies Newmanageriapractices

If humans are at the heart of the Industry of the Future, what must companies
do to develop individual and collective performance so as to improve their
competitiveness?

Without promising any miraculous secret recipes, this study proposes

A A value creation model that allows the identification of factors contributing
to performance,

A A panorama of new solutions for use by operators,

A Elements needed to build a road map in which humans are placed at the
heart of the transformation project,

A An analytical model of the maturity of solutions and identification of actors
able to contribute to the development of a solution.

13
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HUMANS AS
CREATORS OF

VALUE




16

VALUE CREATION AND INDIVIDUAL
PERFORMANCE

P=(K+E+C)xA

This is a decidedlydd equation to express and explain the contribution of
INDIVIDUAL PERFORMANEHO value creation.

In our model, based on the work of V.S. Ravi and on the KASH Model, individual
performance depends upon knowledge, experience, capacity and attitude.

KNOWLEDGE (e9omprises the intrinsic knowledge of the individual as well as
ease of access to available knowledge. The acceleration in technological change
and working methods underscores the need for professional training and the
need for the company to guide istaff throughouttheir entire career.

EXPERIENCE designates another type of learning consisting of recognising the
importance of acquired personal experience. Previous work in different
environments and using different tools, together with prior experience of both
success and failure are all elements that enrich the experience of individuals and
tend to augment their performance levels.

CAPACITY (eefers both to current aptitude and, more particularly, capacity for
development. We have identified four important levels of capacity for women

and men in the industry, namely physical capacity, sensory capacity,
communicative capacity and cognitive capacity, and these are discussed in detail
below.

ATTITUDE (/designates the degree of motivation, empathy, desire for
innovation and commitment on the part of women and men with regard to their
performance and the transformation of their company. The key role of
management here is to create the conditions needed to foster the most positive
attitude possible at the individual and collective levels.

In our model, attitude is a multiplication factor since it is by far the most
important variable. Indeed, regardless of the level of the other factors, without
motivation, no performance will follow. Worse still, if a negative attitude
prevails, performance may also be negative.



Placing humans at the heart tife Industry of the Futureonsistsof using these
new technological solutions and new managerial practices to:

A Facilitate access to knowledge and accelerate experience

A Utilise new technologies to increase the physical, sensory,
cognitive and communicative capacities of women and men

A Favour and acceleratmotivation, innovation and commitment

VALUE CREATION AIMS SOLUTIONS
Promote @
ATTITUDE
Boost
COGNITIVE @
CAPACITY
COMMUNICATIVE %
CAPACITY
Augment
SENSORY CAPACITY @
O
PHYSICAL CAPACITY W
KNOWLEDGE AND EXPERIENCE Facilitate q
Accelerate =

Source:EMC2; ALTRAN
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KNOWLEDGE

& EXPERIENCE

Theaim hereis not to theorise about the conceptsof training and experience,
about which a replete literature already exists, but rather to insist on the
henceforthcrucialrole of the companywith regardto thesefactors

A Facilitate access to training: given the acceleration of technologies and
managerial models, it is now necessary for companies to facilitate training of
their workforce. However, while new technologies create needs, they also

provide solutions.

A Accelerate experience: today, digital tools may be used to immerse humans
in a virtual environment in order to simulate numerous types of work

conditions.

Examples of use and potential new technologies to facilitate access
to training and accelerate acquisition axperience

EXAMPLES OF USE

Winning an international
contract requiring oral and
written communication in
English

Continued use of temporary
staff to deal with seasonal
fluctuation in orders

In complex industrial
installations, how should
operators be trained for
situations that occur only
very infrequently?

AIMS

Do not disrupt activities but
seek to rapidly improve
employee skills

Reduce integration time by
facilitating the learning of
operations to be carried out in
the workplace

Reduce accidents by enabling
operators toexperience such

very infrequent situations using

virtual reality.

NEW
TECHNOLOGIES

elearning

Digitalised
workstation

Virtual reality




PHYSICAL
CAPACITY

Physicatapacitiesare naturally essentialfor all manualjobs and may be crucial
for performancein the workplace Thekeyaspectsare:

A Strength: capacity to lift, carry or press together objects
Speed: capacity to carry out tasks quidilsice)
Endurance: capacity to resist fatigue

Dexterity: capacity to carry out precise and intricate tasks

o e > Do

Handeye coordination: capacity to coordinate movements in accordance
with visual information

Examples of use and potential new technologies to increase human
physicalcapacity

NEW

EXAMPLES OF USE AIMS TECHNOLOGIES

In building work, handling of ~ To increase operator strength  Exoskeletons
doors and windows that have  and reduce the risk of

become heavier due to new accidents in the workplace

regulations governing thermal

performance
Repeated operations involving To reduce musculoskeletal Cobots
tightening and loosening of disorders
screwsat aworkstation To improve reliability

To improve productivity
At an oxyacetylene burning To reduceatigue Zerogravity
workstation,manual carrying  To improve productivity devices

of many items of widely
varying size and weight

19



SENSORY
CAPACITY

Sensory capacity is essential for activities in which perception of signals from the
environment is necessary.
A The 5 usual senses: sight, hearing, touch, smell, taste

A The lesseknown human senses: time, balance, thermoception,
proprioception

A Other senses found in nature: electroception, magnetoception, echolocation

A Certain senses (of superheroes) that we would all like to possess: seeing
through walls, seeing in the dark, sensing radio waves, etc.

Examples of use and potential new technologies to increase
human sensory capacity

NEW
EXAMPLES OF USE AIMS TECHNOLOGIES
Maintenanceoperators To avoid accidents by enabling Wearable
working near equipment operators to detect electrical ~ connected
without knowing whether or fields objects

not it is electrified

Erection of scaffolding to carry To limit costs, reduce risks and Drones

out inspections at height shorten operation times by
extendingoperator) FASEt R 2F
perception

The need to physically travel  To increase productivity by Augmented

to view information at a allowingoperatorsto acquire reality
terminal or on a process PC.  contextual information in the

workshop
Manual drilling operations To reduce nomuality by Connected
requiring extremely precise preventing initiation of tools
positioning operations until the device has

been properly positioned.




COMMUNICATIVE
CAPACITY

Communication,which concernsthe exchangeof information between two
entities, is essentialboth in daily life and in the workplace Thereare a number
of factorsaffectingcommunication

A The channel of communication: communication may be made either
verbally, in writing, through gestures, by wires or wirelessly.

A The language: enables (or prevents) entities from understanding one another

>

The environment: may assist or hamper communication

A The entities communicating: the classical entities are individuals, groups and
bodies, but in the case of industry, machines must also be added (human
machine communication)

A The type of information being exchanged: more or less complex and suitable
for digitalisation

Examples of use and potential new technologies to increase
human communicative capacity

NEW

EXAMPLES OF USE AIMS TECHNOLOGIES

For maintenance, need for To improve productivity by Mobile apps

continuous access to ensuring more fluid
documentation on interfaces
equipment and to stores of To ensure use of proper
replacement parts documents and product
codes.
Presence of old equipment To integrate data into loT systems and
not connected to SCADA or  monitoring systems sensors
MES
During operations it may be  To avoid interrupting Chatbot

necessary to answer queries  activities

or provide recommendations To provide an interface
directly from the workstation
To automate responses to
simple queries

Teams in different locations  To create coherence and Collaborative
working together on a single  accelerate projects through platforms
project group communication (e.g. Slack, 21

Yammer)
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COGNITIVE
CAPACITY

Cognitive capacity concerns the mental processes used in memory, language,
intelligence, learning, estimating and so on, and may be summarised under the
following four headings:

A Capturing information: the capacity to observe, learn and extract information

A Memorising information: the capacity to select, store and redirect
information as necessary

A Processingnformation: using information, ordering it to analyse a situation,
resolve problems, draw up an action plan.

A Managing various sources of information: the capacity to do several things at
once, to change between different subjects several times a day, to handle
crisis or stress.

Examples of use and potential new technologies to increase
human cognitive capacity

NEW

EXAMPLES OF USE AIMS TECHNOLOGIES

Considering heavy investment To provide better justification Simulation of

to improve times for analyses and decisien complex flows
making

Collectionof data from several  To better capture, organise Digital Control

industrial sitesand assets for and memorise data Tower

comparison

Presence of critical rotating To predict problems Data science

devices that could stop

production

Analysing undeperformance To facilitate understanding Analytics
of complex systems and decisiormaking




ATTITUDE

Attitude refers to a state of mind, which may be positive, nonchalant, negative
or even hostile towards a given situation, request or interaction.

As explained above, attitude plays a key role in value creation. Whether in terms
of company projects (commitment), daily work (motivation), teamwork
(empathy), or contribution to change (desire for innovation), attitude acts as
either a brake or an accelerator and leads to success or to failure.

A positive attitude cannot be obtained by decree or by the use of a miraculous
technological solution; it results from many ingredients associated with factors
inherent in the individual, with his or her influencing environment and with
company management.

While the transition tahe Industry of the Futurés exhilarating, it also creates
anxiety through its impact on the existing company model.

It is therefore essential for the company to create conditions that favour and
boost motivation, innovation and commitment among its stdthis Is reliant
upon managerial choices throughout the entire organisation.

There can be no universal solution since each company has its own uniqueness,
culture and projects.

Based on our findings, for this study we have drawn up a panorama of
YEYF3ISNRFE LINF OGA0OSa GKIG 6S KFE@S AyoOf

¢hD9¢I 9wQ> YR gKAOK Aa RAaOdzaaSR Ay F
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VALUE CREATION
MODEL

VALUE CREATION

ATTITUDE

COGNITIVE
CAPACITIES

COMMUNICATION
CAPACITIES

SENSORY CAPACITIES

PHYSICAL CAPACITIES

KNOWLEDGE AND EXPERIENCE

SourceEMC2 ALTRAN




PANORAMA
OF SOLUTIONS

AIMS SOLUTIONS

To promoteand boost 0 | x x A a X ~A
motivation, innovation OGO IRIAR 3@ 3Suf
and commitment. Roadmap

Big data
Data visualisation @
Data science
Simulation

Mobile apps
loT platforms
Chatbot
Collaborative platforms

To providenew
technological solutions to
increase human physical

sensory, cognitive and
communicative capacity

Wearable connected objects
Drones @
Augmented reality
Connected tools

@)
Exoskeletons
Cobots
Zerogravity devices
To facilitateaccess to Elearning
TERIREES Ee Digitalised workstations
accelerate acquisition of Virtual it L__
experience Irtual reality
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FACILITATING ACCESS TO
KNOWLEDGE

eLEARNING

eLearning uses multimedia and Internet technologies to facilitate access to a
wide variety of training content.

The combination of eLearning, artificial experience and conversational agents
takes user experience and learning quality to new heights.

Key benefits

A A wide range of solutions and subjects to satisfy the greatest number of
people

Flexibility to fit in with everyone's timetable

An inexpensive and constantly developing solution

Constantly improving user experienabowingvariation in learning methods
(MOOQC, serious games, forums, etc.)

To o o

DIGITALISATION OF TWERKSTATION

Provision of digital solutiorat the workstationto help operators carry out their
tasks, particularly through the replacement of paper operating instructions with
multimedia support and applications.

Key benefits

A Eradication of paper procedures, occasionally difficult to use, complicated to
manage and relatively unsuitable for the younger generations

A Accelerated acquisition of the basic knowledge needed to work in a given
post

A Ready access to information for nooutine tasks (e.g. annual equipment
maintenance)



ACCELERATED
ACQUISITION OF EXPERIENCE

VIRTUAIREALITY

Solutions designed to place users at the core of a virtual world, either in an
immersion area or using virtual reality glasses. The user can move around inside
the model, act on certain elements and occasionally experience certain
sensations thanks to haptic devices.

Key benefits

A Speeds up acquisition of experience within a given environment and enables
users to live through nomnoutine situations.

Allows riskfree experimentation training fooperators

An inexpensive and constantly developing solution

Allows testing of environments andorkstationsfor adaptation to user
requirements.

To Do Do

27
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ENHANCING
PHYSICAL CAPACITY

EXOSKELETONS

An exoskeleton is an articulated pieceegfuipmentattached to the body that
maintains and/orenhances thghysical capacity of the wearer. Exoskeletons

may be motorised or mechanical. They do not increase overall physical capacity
but they are instead designed to simplify work in awkward positions (e.g. arms
above shoulder height, crouching position, carrying heavy loads, etc.)

Key benefits

Increased productivity by increasing endurance or strength
Reduced risk of musculoskeletal disorders

Reduced risk of fatigueelated accidents and nequality incidents
Increasedeminisation of professions artklps people work for longer
Increasedattractiveness of manual work

To To To I I

ZERGGRAVITY DEVICES

Articulated mechanical devices that reduce the weight of a tool or item to be
carried while allowing normal handling of the object in question. In some cases
they are partly motorised and fitted with effort feedback mechanisms to give the
operator an idea of the actual weight being lifted.

Key benefits

A Allow heavy tools to be used

A Elimination of fatigue associated with carrying heavy loads
A Reduced risk of accidents and musculoskeletal disorders
A Reduced risk of fatiguassociated nosmuality incidents

A Enable women to work in certain jobs



COBOTS

Acobot is a robot specifically designed to operate in an environrirewhich

humans are already working while guaranteeing the safety and physical well
being of these persons. As physical aid devices, cobots interact with operators to
carry out repetitive low adde#alue tasks such as moving parts around. They

can also be guided by operators to carry out physical operations.

Key benefits

A Simplification of production lines and thus of the circulatioropérators
since cobots do not require protective cages

A Reduction of fatigueelated loss of performance and occurrence of Aon
quality incidents

A Increased attractiveness of certain jobs

29
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ENHANCING
SENSORY CAPACITY

WEARABLE CONNECTED OBJECTS

Electronic objects fitted with sensors and means of communication and designed
to be worn easily either on the body or on clothing.

In industry, they may be integrated in watches, sleeves or arm bands, helmets,
shoes, gloves or overalls.

Sensors may be used to capture either external data or physiological data of
operators.

Key benefits

A Reduced risk through improved perception of the environment and of the
2LISN) (2NDa LKeaAz2t23A0lt O2yRAGAZY

A Provision of warnings to a monitoring system or interaction with nearby
equipment

A Optimising activity through improved knowledge of the environment.

DRONES

The termdronesis used mainly talesignateunmanned aeriavehicles(UAV).

They may either be remoteontrolled or autonomous. The term is sometimes
extended and applied to terrestrial vehicles (AGV) or marine vehicles (USV, AUV).
In a complete industrial solution, it is necessary to distinguish the carrier and its
navigation system, the payload, the-twoard program and the processing of
collected data.

Key benefits

A Capture of information from impracticable areas or areas presenting a risk for
humans, or from sites withoutperatorspresent

A Use in operations conducted at height (e.g. drawing cables)

A carrying out evaluations in large areas

A Transporting loads (physical assistance)



SMARTTOOLS

A Smart Tool is a connected tool having a certain degree of intelligence. It helps
operators in the functions for which it was designed.

The solutions incorporated include simple functions such as locating the tool
itself or more elaborate functions allowing dynamic setting of the tool in
accordance with reaime measurements or operation of the tool only where
specific conditions are met.

Key benefits

A Optimised performance of processes

A Reduced risk of instances of nqnality

A Recording of additional data allowing monitoring of the process

AUGMENTED REALITY

Augmented reality uses devices to insert objects, contextual menus or
information in the2 LJS NJfill®oRuizd (glasses, goggles) or by
superimposition of a scene in real time (tablet).

Key benefits

A Improved safety and productivity thanks to better knowledge of the
environment (visualisation of hidden objects such as underground piping,
visualisation of the state of a given system on site, of a risk area, etc.)

A Guiding operators through the performance of complex tasks (assembly
operations, maintenance operations, etc.)

A Simulation of changes in the environment (addition of equipment, definition
of the ergonomic profile of aorkstationbefore implementation, etc.).

31
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ENHANCING
COMMUNICATIVE CAPACITY

MOBILE APPS

Programs intended for use on wearable devices such as watches, armbands,
mobile phones or tablets. The main benefit is hypermobility, as summarised by
the ACATAWAD concept: Any Content, Anytime, Anywhere, Any Device.

Key benefits

A Greater autonomy for operators in the field,

A Easier reatime collaboration between various stakeholders with shorter
time cycles

A Provision of critical information

A Improved traceability of operations

10T (Industrial Internet of Thing)LATFORMS

Platforms using the Internet of Things for all factory devices and enabling:

A Addition of 10T sensors to older equipment

AattdzZa3aray3a Aye 2F |tf SldZALIYSyld Ayiaz
connectors (operators can also be connected)

A Management of objects, connectivity, networks and data flows

A Easier integration of application levels

Key benefits

A Reduced cost of upgrading industrial information systems

A Enable operator to dispose ofggeater number of jokbased applications
using a shared data set



CHATBOTS

A chatbot or conversational agent is a programme allowing information to be
exchanged with users via a natural language. The quality of a chatbot is
determined by its ability to understand human speech, its learning capacity, its
application software and its information database. A chatbot that provides
instructions is called Bossbot

Key benefits

A Improved operator autonomy through retime access to information

A Ability to communicate with software when both hands are being used
A Improved quality of service

A Improved traceability of information

COLLABORATIVE COMMUNICATION PLATFORMS

Whether used within a company's social network, for innovation, for the sharing
of good practices or in project management, collaborative tools can be used to
enhance exchanges by the sharing of communications throughout a community.
There are many options such as Yammer, Slack, Trello and Teams, and it is
sometimes difficult to decide, but in any event, it is important to avoid a
proliferation of tools, which is ultimately harmful to communication.

Key benefits

Enhanced communication between members of a project team

Storageof communications outside mailboxes and capacity to refer to past
events even for newly arrived staff

Search tool

Integration of thirdparty apps

User experience

o To Io  To Ix
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ENHANCING
COGNITIVE CAPACITY

BIG DATA

The ability to collect, concentrate, process and apprehend large quantities of
data is one of the limitations of human cognitive capacity that can be solved
digitally using Big Data.

Big Dataefers bothto the extremely large quantity of data involved but also
more commonly to extremely large databases in which all types of raw or
processed data may be stored.

Key benefits

A Supplementation of human capacity

A Operators can recover data and structure them while verifying their integrity

A Raw data may be placed in memory while checking that they are suitable for
use

DATA SCIENCE

Data processing is a key cognitive capacity that is unfortunately hampered when
the quantity of information becomes too great. Data science offers a solution by
enabling large quantities of data to be analysed in order to extract information
with high added value. To simplify, we use this term to cover methodologies
suchas machinéearning and data mining.

Key benefits

A Detection of weak signals not perceptible to the operator

A Supplementation of human limitations for the ppgocessing of large
volumes of data

A Predictive maintenance

A Optimisation of production



DATAVISUALISATION

Data visualisation is a solution (seen by some as an art) to simplify the
representation of dense and complex information in order to facilitate
communication and decisiemaking. Here we are talking of solutions to
overcome the limitation of programs such as Excel in particular in order to view
information associated with big data in the formTfeeMap Heatmap or

Network, etc. However, despite the design efforts involved, it is essential to train
users how to read these new graphical representations in order to be able to
understand and use them.

Key benefits
A Simplification of dialogue between data scientists aperators
A Improved quality of decisiomaking (datadriven decisiormaking)

SIMULATION

Simulation is a tool that allows testing of the impact of modifiable incoming data
using a digital model representative of reality.

Numerous types of simulation exist such as physical, behavioural and financial to
meet all types of use. Simulation is also continually undergoing appreciable
improvement through technological advances with regard to modelling and
visualisation that enhance precision and user experience.

Key benefits

A Testing of conditions that cannot be done in reality (e.g. simulation of
accidents)

A Optimisation of choices by launching numerous test cases (e.g. simulation of
production flow to determine investment requirements)

A Facilitation of decisiomaking by means of representation close to reality
(e.g. simulation ofvorkstationg
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OSUCCEEDI NG TOGETHERS®G
ROADMAP MODEL

As discussed above, it is essential for the company to create conditions that
promote a positive attitude in order to boost motivation, innovation and
commitment on the part of its staff.

The aim of this chapter is to provide the basis for a customisable
roadmap for the transformation of industry centred around
humans.

Our roadmap model comprises 3 major steps:
A Organising the company

A Identifying projects

A Accelerating integration

NB: Even though the results exhibit a certain degree of chronological order, the
actions themselves are not necessarily sequential and may all be initiated at the
same time at the start of the project.

In order to meet customisation needs, we shall submit each of these stages to a
SWOT analysis to allow selection of areas of work specifically applicable to each
individual company.

A Leverage strengths

A Transform weaknesses

A Exploit opportunities

A Master risks

The final step in constructing the roadmap is thus to select the managerial
practices to be implemented while assigning aims to each.

We then provide a panorama as well as a brief description of the various
practices applicable within each sector, while bearing in mind that many others
also exist.

This panorama comprises a mixture of proven methods and disruptive
approaches.



We have selected these managerial practices based on their ability to produce a
positive impact on women and men within the framework of the extended
company, in other words one that includes all partners contributing to
transformation

Using the precepts of commitment and innovati@re also recommend that
this roadmap be cereated in conjunction with external partners
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MODEL OSUCCEEDI NG
TOGETHERO6 ROADMAP

ORGANISE THE COMPAN IDENTIFY PROJEC

Bottom-up approach

Strategy

In my shoes

Key people

Agile methods

TRANSFORMWEAKNESSES LEVERAGE STRENGTHS

EXPLOIT OPPORTUNITIES

SourceEMC2 ALTRAN




PANORAMA OF
MANAGERIAL PRACTICES

> ACCELERATE INTEGRATION

Intrapreneurship

Company .
collaborative ST ___..-"'
space ‘___..-‘ . CREATION
“““‘ ““
““I‘ “
.
* "Flnanual P
us® o
JUTTL ““ Levers‘ MLP
0
“"‘Collaboratlve ‘.’ MVP
ecosystem,¢*
0 .
o* Regulations
““‘
.
bt Hackathon R
. *
* -
““‘ 0"
.* R Celebratingfailure
Crossfertilisation O

Prioritisation

&L Alignment

o* Commitment by partners

MASTER RISKS/THREATS

41



42

ORGANISING
THE COMPANY

LEVERAGING STRENGTHS

STRATEGY
A strong clear message from management acts as an important driver for staff

staff via an extremely clear message. Next, it is also necessary to ensure :
effective communication and to assess understanding and adhesion to the;
message on a regular basis.

KEY PEOPLE
Leading the transformation project rests upon a small number of staff WhOSe
leadership will be pivotal in brmglng the rest of the teams on board. Since they
gAff 020K adSSNJ GKS LINR2SOG FyR F:
selected not just on the basif their management ability but also of their
credibility, communication abilities and charisma

(o]
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EXPLOITING OPPORTUNITIES

AGILE METHODS

Born out of software development, agile methods are now being mcreasmgly
used in projects involving the integration of technological solutions. By
working in bursts over a period of several weeks, and adopting an iterative:
and incremental approach, they enable extremely dynamic readjustment of
the course of a project by delivering at each step elements that may be tested
by the final user.

REVERSE MENTORING

Reverse mentonng is an approach in which younger staff act as mentors for
ASYyA2NI Al FFO ¢CKAA azfdziazy NBfASHA
odds with these new technologies. In addition to its teaching value, reverse
mentoring is designed above all to improve value creation by breaking dovfm
inter-generation silos and better integrating younger generations eager to
discover meaning.

¢KS FANBG adSLI A& G(GKdza G2 &aSaG 2dzi: Yiy

2y



Lack of knowledge and skill concerning the new technologies is a problem
frequently described by manufacturers. It may be necessary to set up a
customised training programme to enable everyone to better understand
the technological changes in question and their potential, while at the same
time strengthening their commitment. Training is required at all levels,
starting with the decisiomrmakers(managemenboard).

All organisations unwittingly create silos and lock their staff into their own
individual activities. Creating a dedicated organisation completely separate
from the routine schema enables the daily processes to be set aside so as to
encourage a dynamic attitude to creativity and change among the
transformation team.

MASTERING RISKS

INVOLVING THE INTERFACES

Excessive focus on operational performance may result in insufficient
attention to requirements at the interface. This may result in rejection by :
staff in supporting departments whose activities will be affected. :
The project team must be extended to all parts of the company so as to :
involve their respective staff and share success. :

COMMITMENT OF PARTNERS -
Upstream, it is necessary to involve all actors in the ecosystem potentially
having a consultative or decisignaking role (health and safety committees,
trade union representatives, professional associations, insurance companies,
etc.) to ensure full alignment. :

43



44

IDENTIFYING
PROJECTS

LEVERAGING STRENGTHS

BOTTOMUPAPPROACH
There is no one better placed than staff members themselves to describe :
annoyances hampering performance and with sufficient vision of their own:
terrain to be able to define opportunities for improving performance. This :
bottom-up approach also has the advantage of turning individuals into :
important actors in transformation. The problem is to make them receptive:

to innovation with regard to a known environment and unknown solutions. :

IN MY SHOES
Shadowing operators in the field to identify annoyances and productivity -
losses at the interfaces constitutes an extremely rich source of informations,
This enables modelling of activities in the form of user journeys that may be
shared and analysed. Spending time in their shoes is also a way of creating
empathy and encouraging staff to speak freely.

MU EE NS NN NSNS NS NN NN NN EEEEEEEEEEEEEEEEEE
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The aim of crosgertilisation is to reap benefits from what is being done
elsewhere. This process may be carried out within the company, in order to
utilise the experience of all human resources (it should not be limited only to
those operational actors cited in examples), and externally, taking inspiration
from what has been done in other industries.

This is a competition organised over a short period and intended to create
strong emulation in order to develop a prototype for a given theme or a
particular practical example.

The aim is to elicit a large number of potential solutions and to single out
some interesting concepts, but also to identify talented individuals capable: of
carrying the project forward.



Design thinking is a solution intended to promote innovation and adoption

of new solutions by placing the eadser at the heart of the process. Itis a
co-creation method involving several steps, beginning with interviews or
shadowing through which empathy and appetite for the innovation project
may be created. The subsequent stages of imagination, design, prototyping,
testing and implementation are also carried out with strong involvement of
the various actors.

Without extensive knowledge of a new technology, it is difficult to imagine
extremely promising uses. This weakness may be overcome by removing
staff members from their daily routines and enabling them to acquire
experience with the new technologies. This can be organised within the
company or at thireparty testing areas (e.g. Ma Manufacture in Naptes

MASTERING RISKS

CELEBRATING FAILURE

In the field of innovation, it is necessary to take risks, to test and to be
prepared to give up on a particular path. Failure is to be celebrated sinceit
enables genuine progress to be made. It is commonly held that we learn :
more from our mistakes than from our successes. This approach also sends
out a strong signal to teams that no one is to blame and that failure is
merely part of the transformation process.

PRIORITISATION

A flurry of ideas may give rise to a flurry of projects that cannot be
adequately handled. This is a problem of both human resources and
financial resources, but also a one of adoption. To avoid frustration, it is :
necessary to prioritise the various initiatives while sharing the criteria.
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ACCELERATING
INTEGRATION

LEVERAGING STRENGTHS

THE COMPANY'S COLLABORATIVE SPACE
This is a dedicated space, often removed from the daily environment so as to
create conditions propitious to sharing, learning and innovation.

It may containvaryinglevelsof equipment,and may be transformedinto a Fab
lab containing a number of rapidly constructed prototype elements Such:
spacesmay alsotake the form of Learninglabs or Experiencelabs where the :
chiefaimislearning Theymayalsobe dedicatedto data use,in Datalabs, with :
data visualisationor product designsolutions,or in a Designlab, with design:
andvirtual reality tools.

INTRAPRENEURSHBPINOFFS
The aim is to derive value from the input of staff by placingthem in the :
situation of entrepreneurswithin the company, and this can lead to the:
possibility of spin-offs in the form of start-ups for example Thisis a strong
motivationaldriver that enhancesoth staffand company

EXPLOITING OPPORTUNITIES

FINANCIAL LEVERS :
The public authorities support industrial transformation and put in place a :
number of financial levers designed to accelerate projects. Human impact is
indirect but financial levers allow budget, and consequently resources, to he
increased. ThéVitrineindustriedufuturé 6 2 Aoyl tRe2Inidustry of the
Future)label proposed by the AIF also lends great worth to the
transformation project, thereby increasing the attractiveness of a company-
and the commitment of its teams.
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COLLABORATIVE ECOSYSTEM

There are a number of regional collaborative systems or networgkaoe
designedo favour crosdertilisation and the creation of collaborative

projects. They also help companies to identify and utilise sources of public'
funding. Such is the case for instance with the ecosystem created in the Pays
de la Loire Region around the EMC2 cluster and IRT Jules Verne.



In order to promote rapid adoption, it is tempting to involve a large number
of persons in a given project. However communication becomes an
authentic problem, as does scheduling in order to set up sharing sessions.
Collaborative communication solutions provide great flexibility and enable
all participants to contribute to the project at their own pace without losing
the thread.

The accompanimentby a service company provides an opportunity for
expertise,methodologiesdedicatedresourcesand a detachedoverview,as
well asindependencdrom the systemin placeanda neutral forum in which
everyone can expresstheir views It is important to choose a service
provider skilledin technologiesand in the methodologiesof innovationand
with sufficientknowledgeof the terrain to interfacewith all actors

MASTERING RISKS

POCPOVMLREMVP

In order to minimise risk in the project, it is best to proceed mcrementally
and to pass through test phases.

A POC, Proof of Concept, to validate the technology

A POV, Proof of Value, to validate the economic model

A MLP, Minimum Loveable Product, to validate adoption

A MVP,Minimum Viable Productp test integration.

REGULATIONS

Regulationsnay hinder the introduction of new technologicakolutionsin a :
factory and must thus be scrutinisedwith extremecaution It mayalsobea :
question of standardsand/or insurancein the event of a work accident 3
involvingone of thesenew solutions :
It is essentialto work well upstream since extremely long times may be
requiredto achievechangein relevantregulatorytexts or standards
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MODEL
OF MATURITY

One major decisionthat companiesmust make is the point at
which they need to embracea technologicalsolution in order to
createa competitive edge

It is nevertoo late to implement an off-the-shelf solution but this is doubtless
simplya way of catchingup with the competition

Converselyinvestingtoo sooncarriesa risk of needlessspendingand a waste of
energy

It istherefore necessaryo havea certainability to assesshe maturity of a given
solution.

The developmentof a new technologyis normally measuredin terms of TRL,
Technology ReadinessLevel, which provides a chronological indicator of
maturity.

With regardto industrial issuesand adoption by staff, we suggestaddingtwo
further measurements

HRLHumanReadiness evel,which concernsadoption of the technicalsolution
by humans

MRL, Manufacturing ReadinessLevel, which designatesintegration of the
solution specificallywithin a givensector or company Thisindicator completes
the TRL by analysing stoppage points such as interfaces, necessary
infrastructuresandrelevantregulations

Analysisof the maturity of a solution usingthe three tools of TRL,
HRLand MRLprovidesa better understandingof the activities to

be performed, allows better definition of the actors and better

monitoring of the state of progressof the project, as well as
improving commitment by taking into accountthe humanfactor.

In our model, measurementof maturity usingHRLand MRLbeginsonly when
caseof industrialuse hasbeenidentified, in contrastwith TRLwhich is already
initiated at the researchstage



The speed at which maturity develops is another important param@&aer daily
experience shows that women and men are quick to adopt solutions
Developmentof technology is slower but tends to be speededaypanumber

of collaborative arrangements and by agile methdtisere is a risk of industrial
integration becoming a limiting factor where it is necessary to ensure the
development of regulations or other external factosfferent industrial sectors
must therefore anticipate the latter aspect of transformation

MATURITY OF A SOLUTION

Identification of a case of industrial use .

ANTICIPATH

v

TRL

Technological Readiness Level

HRL

Human Readiness Level

MRL

Manufacturing Readiness Level
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TECHNOLOGY
READINESS LEVEL

Historically devised by NASA, thée9el TRL system is widely used in the
management of technological projects. For example, it constitutes an important
element in the European H2020 programme and allows the definition of
eligibility criteria and assignment of funds for R&D projects.

However, it is not simple to use it in defining the general level of a solution since
several levels may coexist together. For example, exoskeletons are already
utilised in industry and have indeed been optimised for specific work situations
(TRL9). However, some laboratories are currently working on the use of artificial
muscles and connection to the human nervous system to prepare future
generations of exoskeletons (TRL1).

For this study, we propoge useof a simplified fivdevel model.

1 Research Technology with aget unknown potentiaTRL 1 to 3)

Identified industrial potentia, integrated in

2 Development . b nological building blocks (TRL 3 to 6)

Identified instance of use prototyping a solution for

3 Demonstration testing (TRL 6 to 8)

4 Implementation  Solutionalready being used (TRL 8 to 9)

5 Optimisation Solution optimised after intensive use

Thisapproachenables

A Positioning of technologies and identification of those still requiring
developmentor integration.

A Positioningon the 5-level system,of the different actorsin the valuechainof
developmentof solutions
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HUMAN
READINESS LEVEL

Theacceptanceof new technologieshasbeenthe subjectof numerousstudies
For the purposesof our report, we shall refer to the TechnologyAcceptance
Model (TAM)andthe numerousmodelsderivedtherefrom.

We propose to use four factors contributing to the adoption of a given
technology thusincreasinghe levelsof performanceby the operators

Hereinwe describethe perceptionof a state rather than the state itself, since
for all matters affecting human judgement, perceptionis what constitutesthe
reality of eachindividual

1 Perceived Whatvaluedoesthe new solutionoffer me?
usefulness
2 Perceived What impact will this change have on me, my

consequences  colleaguesmy company?

3 Perceived ease What efforts will 1 have to make to use this new

of use solution?

4  Perceived What do others think about this new solution and
collective aboutthe factthat | am usingit?
reaction

Perceptionof each layer of HRLwill be assessedusing at least the following
three states

A Rejection

A Neutrality

A Adoption

Foreachof thesesolutions,this modelallows
A Identificationof the specificareasof progressneededto promote adoption
A Definitionof thoseactorslikelyto interveneregardingeachof thesefactors



PANORAMA
OF ACTORS

ACTORS INVOLVED
IN DEVELOPMENT
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Perception of
usefeulness
Perception of

The individual X X X X
The user company X X X X
Z:r(])elletz);;ges, trade union) X X
Designagency X X X
Development agency X X

ge(;rmpetitiveness cluster X X

Thirdparty testing facility X X X X
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MANUFACTURING
READINESS LEVEL

In some cases, technologically mature solutions, despite having been accepted
by women and men, may not go on to be developed in the industry. This may be
the result of technical, standard, legal, cultural, insurance or other constraints,
which may apply to the industry in general, to specific sectors, or to the
individual company.

For this element, we propose the use of a model based on three factors that
must be analysed for each instance of use and for each industrial sector.

1 Technical Solutions subject to technical obstacles within the
constraints sector. In the current state of technology, the solution
cannot function in particular situations (e.g.
connectivity for persons working on underground

equipment).
2 External Solution subject to external netechnical constraints
constraints (legislation, standards, insurance).

The solution could function but requires further
development of factors outside the control of the
company (e.g. legislation governing arduous work not
incorporating the physical assistance measures).

3 Internal Solution subject to internal constraints (e.g. culture,
constraints system compatibility, posture, etc.)
The solution could function but requires changes in
FI OG2NA dzy RSNJ 6 KS O2 YL\
cloud solution based on company principles of caution)

Each constraint should be evaluated in terms of its level:

A Blocking constraints

A Strong constraints

A Weak constraints

A Constraints removed and deployment ongoing

A Constraints removed and industrial application common
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COLLABORATION

Collaboration is a true catalyst of innovation as attested by the ecosystems that
have grown up aroun@ompetitiveness Clusters.

The increasingly fast rate of innovation cycles with which companies are faced
today warrants even greater opening to the outside world in order to identify
skills, technologies, equipment, methods and financial le\aarmng others,

since cedevelopment also allows sharing of development costs.

Such opening should be encouraged and facilitated via networking and in
keeping with the skills and actors involved.

This is the case with the Manufacturing ecosystem that has grown up around the
EMCS2 cluster, where all the necessary tools and services are concentrated and
organised in @ooperativeand open environment and help manufacturers

remain or become leaders in their respective markets through innovative
production expertise.

These services are not provided by a single actor but rather through the network

of knowhow provided by Ma Manufacture, the EMC2 cluster and IRT Jules
Verne. These services, based on collaborative devices, can be used at all stages

of innovation programs:

Ma Manufacture P6le EMC2 IRT Jules Verne
Place dedicated to the The only French The industrial research centre
exploration, acceleration and competitiveness pole that accelerates the deployment
industrial innovation dedicated to manufacturing of innovation in factories
Exploration & Collaborative Development
Discoveries Innovation & Industrialisation
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Thestrength of collaboration consists of the coherence and complementarity
between the various stakeholders. Thus, the triptych Ma ManufacfUEdMC2g
IRT Jules Verne, which supports industrial stakeholders, brings together key
technological and scientific skills essential and provides training on precise
themes concerning the place of humans in the modern factory.



EXAMPLE OF THE ECOSYSTEM
IN PLACE AT THE EMC2 CLUSTER

RECOGNISEHTIENTIFIENDRESEARGCHKILLS

ARTET METIERS ANGERS
CEATECH

CETIM

CLARTETSF

CRITT INFORMATIQUE
ECAMRENNES

ECOLE CENTRALE DE NANTES
ECOLDBE DESIGN NANTES ATLANTIQUE
ENSTBRETAGNE

ICAM NANTES

IFTH

IMT ATLANTIQUE
INSTITUMAUPERTUIS

IRT JULES VERNE

LE MANS UNIVERSITE
UNIVERSITEE BRETAGNE SUD
UNIVERSITE DE NANTES

Complementaryclusters

PROXINNOQV (robotics)
WE NETWORK (connected objets)

ADN OUEST (digital)
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EXOSKELETON
Ergoskeleton, Exoskeleton

Definition

An exoskeleton is an articulated piece of
equipment attached to the body that
maintains and/orenhances thehysical
capacity of the wearer. Exoskeletons
may be motorised or mechanical. They q
do not increase overall physical capacity

Photo: GOBICby GEBE

Key benefits

A Increased productivity by increasing endurance or strength

A Reduced risk of musculoskeletal disorders

A Reduced risk of fatigueelated accidents and nequality incidents

A Increased feminisation of professions and helps people work for longer
A Increased attractiveness of manual work

Examples of use

Exoskeletonsan address aumber of different uses where physical

activitiesor working postures arparticularly arduous. The main examples

of use include:

A Handling of objects, whether on sites or in factories

A Postures that involve holding the arms above shoulder height (activities
carried out under car, on an assembly line or activities at ceiling height).

More generally, exoskeletons are used preferentially for jobs in which the

operatormust move around (in other caseésijs bestfor the moment to

attempt to improve theworkstation)

Market players
Still a niche market, only few dedicated actors are present in France such
as AIM ExhaussGobioand RB 3D.



TECHNOLOGY READINESS LEVEL (G ) @{9}

Overall, the elementary technological building bricks are mature but their

integration remains to be optimised. The other subjects of development are:

A 3-D printing to customise contagivints.

A Feedbackoops to understand what the exoskeleton is absorbing (haptic
feedback)

A Mind control or body control to trigger actions

A Integration of artificial muscles in place of mechanical systems.

o
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The acceptance of exoskeletonsdperatorsis the most critical issue. The
disparity of reactions, from adoption to rejection, is strong and is associated
with deep valuesComfort, easef adjustment and setup time are key criteria.
The exoskeleton must become as comfortable to wear as work clothes and to
this end, a number of manufacturers are working on solutions that combine
clothing and exoskeletons.

MANUFACTURING READINESS LEVEL (B D [;];ﬂ

To date, integration ifiactories ismarginal.

Regulations couldpeed things up (laws on arduous work) or digeler them

dueto the absence of standards (e.g. no labelling of compliance). Moreover, the
acceptable limits for carryinigeavy loads setut in the French Employment code
do not take into consideration the possibility of physical assistance.

AFNOR 76800 AGREEMENT of March 2017

Physical assistance contention devices such as exoskeletons, whether robotised
or not - Tools and methodological scores to evaluate humeavice interaction

Translation of aexerptfrom the Afnor site: Method for assessing the benefits and
constraints of the exoskeleton, which provides everyone with tools and
methodological pointers to assess the use of this device and its interaction with
humans. The designers of these exoskeletons , like future investors and users, may
thus analyse the impact of the device on the physical activitypefators

(objective methods), the feelings and experience oberator(subjective

methods). They may also anticipate the biomechanical effects of these
exoskeletons onperatorsbefore they are used or even manufactured (simulation
methods).
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ZERO -GRAVITY DEVICES
Zero-gravity balancers & manipulators

Definition

Articulated mechanical devices that reduce the weight of a tool or item to
be carried while allowing normal handling of the object in question. In
some cases they are partly motorised and fitted with effort feedback
mechanisms to give theperator anidea of the actual weight being lifted.
New solutions are available depending on the type of use envisaged, from
simple hoistingoeams to pantographs and largealehandling arms.

Key benefits

Allow heavy tools to be used

Elimination of fatigue associated with carrying heavy loads
Reduced risk of accidents and musculoskeletal disorders
Reduced risk of fatiguassociated nofguality incidents
Enable women to work in certajobs

To To Io o o

Examples of use

All manual operations requiring the carrying of a heavy tool or piece to be
assembled. This type of equipment is especially suited for fixed
workstationsand is often adapted specifically for individual tasks.

Market players

The market for zergravity physical assistance devicegastandincludes
severalinternational companies and very many integrators.

This diversity is well illustrated by actors at the EMC2 cluster, where
companies such d3esoutter SapelemandNeoditechoffer off-the-shelf
and customised solutions, while numerous integrators specialise in
specific sectors.

Is this really a new technological solutién

We decided to include this relatively mature technological solutioprtamote
and increase its rate of use, but also because of its overlap with cobotics in
handling objects
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The technologies needed to create a zgravity devices are mature and many
optimised solutions are currently in operation.

The interaction between cobotics and human handlers is a key area of
development.

The generic nature and mudtise capacity of these devicase alscan area of
development in order to enable greater agility in factories.

o]
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Zerogravity devices have been designed to reduce the drudgery of arduous
tasks and are very well accepted in the workplace.

Although they are widely used in workshops, work still remains to be done on
operations site models that are readily transportable and easy to set up.

MANUFACTURING READINESS LEVEL (GGG ) [;];ﬂ

Despite the absence of any special constraints, the level of industrial maturity
can still be improved by extending the range of potential uses.
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COBOTS
Collaborative robots

Definition

A cobot is a robot specifically designed
to operate in an environment in which
humans are already working while
guaranteeing the safety and physical
well-being of these persons. They are
characterised by the absence of
protective cages, although this means
that they work at lower speeds.

Key benefits

A Simplification of production lines
and thus of the circulation of
operatorssince cobots do not
require protective cages

A Increased flexibility of the factory .

A Improved efficiency obperatorsin Photo: Ma Manufacture
higher added value tasks.

Examples of use

There are many examples of use of cobots in industry, either in operations
similar to those performed by robots or in specific collaborative activities
that cannot be performed by robots.

As physicahssistance devicesobots interact with operators to carry out

low addedvalue repetitive tasks such as moving parts around. They can
also be guided by operators to carry out physical operations such as
tightening/loosening screws.

Market players (examplest the EMC2 cluster)

The cobots market is developing quickly and includes manufacturers from
the robotics sectoruka Yaskawa), specialist machine integrators (BENE
SolutionsGebe2 Productique Huguet SERAARBtig and startups (e

Cobo)
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Based on robot technology, cobots rely on already mature technological building

blocks but they have considerable potential for development in the following

areas:

A Programming interfaces to make them increasingly simple to use and ensure
their development

A Collaboration logic that includes artificial intelligence and deep learning

A Gesture recognition and autadaptation
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By definition, cobotics takes the human factor fully into account. Two types of
situation may be distinguished:

A Coactivity, where operator and cobot occupy the same space,

A Interaction, where operator and cobot interact.

The adoption of cobots is fairly simple and is based primarily upon the
increased worth of th@peratorand on the perception of a less aggressive
environment (absence of cages).
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The development of cobotics has been accelerated by the recent introduction of
two standards (ISO 10218 and ISO 16066) that set out the limits of operation and
safety.

However, for the moment cobots are not widely used and comprehensive testing
is needed in the intended areas of use, in particular to ensure that the areas of
operation are consistent with the stated objectives.

ROBOTS or COBOTS?

How should one choose between a robot and a cobot, given that they both
perform the same actions?

Robot: where the work rate is critical (a cobot must work at slower speeds due
to safety considerations), for very large scale production, in environments
where there are few humans present.

Cobot:Where what is needed is a collaboration or coactivity between an
operator and a robot in the same work space, constraints in terms of area
(cobots have a smaller footprint because of #ifesentcages), production of

small series and agile activity requiring redefinitiomafrkstationsand tasks
suitable for robots.
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WEARABLE CONNECTED OBJECTS
Smart wearables, smart EPI

Definition

Electronic objects fitted with sensors and means of communication and
designed to be worn easily either on the body or in clothing.

In industry, they may be integrated in watches, sleeves or armbands,
helmets, shoes, gloves oweralls.

Sensors may be used to capture either external data or physiological data
of the operators.

Key benefits
A Reduced risk through improved perception of the environment and of
GKS 2LISNI G2NRa LIKeaA2t23A0Ft O2yRAGA
A Provision of warnings to a monitoring system or interaction with
nearby equipment
A Optimisingactivity through improved knowledge of the environment.

Examples of use

Worker safety is an extremely important example of use particularly in
high-risk zones and for staff working in isolation. A few examples are
helmets fitted with electric field detectors for staff working near
powerlines, an armband that signals the approach of an oncoming vehicle
or train, physiological sensors, work clothes fitted with sensors to
determine the degree of difficulty of specific tasks, etc.

Geolocation obperatorsis an example of use that can improve safety
while recording data in order to optimise movement in tlverkstation.

Market players

With the exception of connected watches, the market is still in its infancy
and consists of numerous staups. A number of major groups
manufacturing personal protective equipmefRPEare beginning to offer
connected solutions.

At the EMC2 cluster, the Parade company supplies connected safety
footwear while the Altran group is working on the integration of multiple
technological building blocks.
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The maturity of the solution varies for each type of wearable connected object.
While connectedvatches are widely used, other solutions remain to be
developed and industrialised, particularly to ensure lower prices.

In terms of technological building blocks, the integration of sensors into work
clothesand their resistancéo washing are currently the subject of much
development.
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Although solutions aimed at improving safetye wellaccepted, perception of
the consequencess based upon direct utilisation of the data by thgerator.
Transfer of data to a supervisor (for example via geolocation) may meet with
resistance.

Comfort and ease of implementation are important criteria in ensuring
perceived ease of use.
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Overall integration into factory settings is currently marginal and at present is in
fact only at the stage of technological demonstrators.

Connectivity is a major technical constraint that may render solutionsauosh
effective due to high infrastructure expense.

The absence of standard protoc@gsn external constraint that adversely affects
the interconnection of wearable connected objects.

How footwear can improve the safety of staff working in isolation!

Safety footwear is the most widely worn type of PPI in France.
The Parade company belonging to tBeamgroup has
designed intelligent safetyhoes byincorporating the functions
of a DATI alert device to ensure optimal protection
of staff working in isolation (in particular
via detection of falls).
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AUGMENTED REALITY

Definition

Augmented reality uses devices to insert objects, contextual menus or
AYF2NNXIGA2Y Ay GKS 2LISNY G2NRa FAStR 2
superimposition of a scene in real time (tablet).

Key benefits

A Improved safety and productivity thanks to better knowledge of the
environment (visualisation of hidden objects such as underground
piping, visualisation of the state of a given system on site, of a risk
area, etc.)

A Guiding operators through the performance of complex tasks
(assembly operations, maintenance operations, etc.)

A Simulation of changes in the environment (addition of equipment,
definition of the ergonomic profile of a workstation before
implementation, etc.).

Examples of use

A Quality control of assembly operations in complex installations is an
example of use that is quickly expanding. It enables the theoretical
3D model to be superimposed on actual reality in order to check the
state of progress of the installation but also, and above all, the
proper positioning of each component.

A This principle is also used upstream during installation of
components, where augmented reality is utilised to assist the person
carrying out assembly, as well as downstream, where it can guide
maintenance workers.

A Projection of contextual information into the visual field is also
undergoing extensive development and will ultimately provide a
veritable mobile operations centre.

A Interms of safety, visualising danger zones (such as electrical fields)
is currently the subject of promising demonstrators.

Market players

The market is divided between equipment suppliers and software solution
integrators. The first market is one of multinational companies while the
second is still divided up between major integrators, engineering
companies, startips and R&D centres (eQLARTHE Laval).
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Pending the release of the mustaunted Magic Leap One, which will supposedly
turn the world of augmented reality on its head, the maturity of equipment and
software is constantly progressing. Current limitations include:

A Onboardcomputing capacitgnd handling of complex models

A Geolocation within large partitioned structures (eom ships)

A Precision of measurement.
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Global acceptance of augmented reality is extremely good, particularly
regarding perception of its usefulness.

The principal area for improvement is ease of use in terms of both visual
comfort and the wearing of glasses or goggles, but also and above all in terms
of human/machine interaction.

N.B.importance of intergeneration impact omdoption of this type of solution.
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The development of BIM (Building Information Modelling) and of PLM (Product
Lifecycle Management) within the industry provicBBmodels and metadata
favouring the development of such solutions in the field.

Photo: CLARTE
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SMART TOOLS
Connected tools, intelligent tools

Definition

A Smart Tool is a connected tool having a certain degree of intelligence. It
helps operators in the functions for which it was designed. Solutions may
consist of simple monitoring of parameters or the addition of secondary
functions to improve operational efficacy, quality or traceability of
operations.

N.B. Here we are speaking of portable tools, since machine tools already
possess such ability via their controls

Key benefits

A Optimisedperformance of processes

A Reduced risk of instances of ngoality

A Recording of additional data allowing monitoring of the process

Examples of use

A Monitoring: here we find simple functions such as location of the tool
itself (to help find it quickly or for inventories) or more elaborate
performance monitoring functions (temperature, vibration, battery
levels, etc.).

A Traceability of operations: to meet the requirements of recording of
the parameters used and of the name of thperatorin question,
some tools allow this data to be captured by associating it with the
user badge and the tag on the part manipulated (e.g. clamping of a
flange on a pressurized device).

A Quality of operations: fitting of sensors to allow the tool to be used
only when specific conditions have been met (use by a qualified
operator, correct settings for key variables, etc.)

Market players

While occasionally initiated BYOCsvithin start-ups or integrators, smart
tools are generally sold by equipment and solution providers (e.g. member
companies of the EMC2 clust&esoutterand Hexagon).
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Most technologicalbuilding blocks are availableand the question is primarily
how to ensuretheir successfuintegrationin order to meet robustnessand cost
objectivesthat will allowtheir largescaleuse
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Smart tools are generally well accepteddperators

It is only the ability of a specifaperatorto follow the conditions of use of a
tool that may create some reticence (perception of the consequences).
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The main constraint is the absenceof communicationstandardswhich may
discourageend-usersnot wanting to have to managea multitude of different
interfacesfor eachbrandof tool.

The existence of a communication infrastructure is also a strong external
constraint and there is little doubt that the arrival of 5G will favour the
developmentof this particularsolution.

Photo: Desoutter
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VIRTUAL REALITY

Definition

Solutions designed to place users at the core of a virtual world, either in
an immersion area or using virtual reality glasses. The user can move
around in the model, act on certain elements and occasionally experience
certain sensations thanks to haptic devices.

Key benefits

A Speeds up acquisition of experience within a given environment and
enables users to live through nanutine situations.

Allows riskfree experimentation training fooperators

An inexpensive and constantly developing solution

Allows testing of environments and workstations for adaptation to user
requirements.

To To I

Examples of use

A Training or practising in a virtual reality environment is an extremely
common example of use where training in the real world is dangerous
or expensive. Although it has been used until now in highly specific
fields (e.g. aircraft pilot training), virtual reality training is becoming
more widespread and financially accessible. The example of training in
industrial painting using virtual reality developed by SDI Services and
CLARTE with the support of the EMC2 cluster is highly representative
of this practice.

A Virtual reality also permits a collaborative approach between
engineers, designers, users and clients, since it places each in a readily
understood environment (in contrast withD plans and3D models).

For example, this allows validation of designs, assembly sequences or
installation of assembly chains.

Market players

Aside from manufacturers of virtual reality glasses, actors on the industrial
market consist of end users who may purchase immersion rooms (Airbus,
Naval Group, STX), integrators (Altran, HRV), R&D cetiaa$( or

shared immersion rooms (CIRV).
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Virtual reality is a solution that is both mature and undergoing extensive
development Indeed, although many casesof industrial application currently
exist, the software and hardware technologiesnecessaryfor virtual reality are
constantlydevelopingandthe marketis growing

Theconsumerand gamingsectorsprovidestrongincentivesfor innovation
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Although attractive, virtual reality using glasses induces a form of transport or
motion sickness in many users. Screen size and particularly resolution can help
improve the situation, but these factors do not in themselves suffice.

Immersion rooms or cellars improve acceptance of this solution.
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Whilethere are no specialconstraints the lackof standardsregarding3D models
andmetadatamayhinderwidespreaddeployment

Photo: CLARTE
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