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Executive Summary

This deliverable describes the strategy for exploiting the results as well as the actions
taken for the dissemination of the FELICE project results during the first phase of the
project (M1 to M25). The main purpose of this report is to ensure that research activities,
technological developments, and project results are-consistent and aligned with the
objectives and also useful in the implementation phase.

The document also reports the most important aspects related to the identification of the
exploitable outputs in the long-term and the path to achieve the expected exploitation. It
sketches the roadmap for exploitation, related business models innovation activities
for the FELICE solution but also for individual partners. Thi ch is based on the
strategy implemented by each participant and then mor geneously by the whole

exploitability of the single part of the system as rated system. This
exploitation strategy translates into a business pl ch component of

the solutions. Innovations are analyzed from the p iew of sustainability and their
strengths and weaknesses. This a nied by an evaluation of the
licensing strategy already identifie that will be refined in the
following months of the project.

Compared to Delivera Seminati itation, and Communication Plan”, the
analysis is deepened [ e description of the evolution of individual
strategies usiu ; i on the profile and interests of partners, as

rformed in the first phase of the project as well as the current
semination Key Performance Indicators (dKPIs) for FELICE.

newsletters, and videos have been created to aid the consortium. FELICE partners
contributed to the dissemination of the project’s results by publishing scientific papers
and participating in or organizing several workshops and conferences.
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1 Introduction

The main objective of this deliverable is to update the exploitation strategy by
incorporating the incremental evolution of the project during the 25 months of
development.

In the FELICE project, to achieve valid results from the point of view of sustainable and
exploitable business, a strategy was defined to guide the technologies and products under
development in the project toward the derivation of competitive solutions.

In particular, the main objective of this deliverable is to present the individual and joint
business models that aim at the commercialization of the FELICE solution.

This document describes the structure on which the FELICE ject will manage the
the impact of its

results and assets.
Exploitation and dissemination management are also li
to guide the project from a scientific and technologic

rch activities in order

the intellectual

1.1 Purpose of the document

The main purpose of this report is tQki ' search activities, technological
developments, and results towards e ' art but also that they can be
linked to external technological devela 0 with them.

A further objective of “Dissemination, é ation activities report and

market.

This document ai
innovations. The docu i i 1l the main aspects to be considered in
the activitie ) on, standardization and exploitation. In

usiness Model Canvas (BMC) content in terms of user needs,
olders, and competitors

Project’s IPR

Furthermore, this report summarizes and discusses the current status of the consortium's
dissemination, communication, and standardization efforts until Month 25 of the project.
Providing transparency in dissemination and communication activities and processes
involved in the creation of dissemination material.

Therefore, providing evidence of the successful execution of the first phase of the
dissemination and communication plan defined in Deliverable 9.2, with the goal to
promote the project as well as ensuring the visibility of FELICE activities to relevant
stakeholders to support the successful exploitation of the project's results and its impact.
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The deliverable is organized into four sections that meaningfully connect the various innovative
elements and enhance the ability to understand the exploitation path.

The first section is related to the innovations, exploitation analysis and strategy plan. In this
section there is a description of the main ideas for exploitation of the innovation assets identified
in the deliverable D1.4. The most important link of the project to the policy context of the call
for proposals is also reported.

The outputs created and the innovation solutions that we want to exploit are analyzed
considering the needs arousing from manufacturing process analysis that can be addressed
based on the scientific and technological achievements. Furthermo advantages as well as
weak points, and possible risks of the detected innovations are e fore further internal
or external exploitation.

e exploitable assets
to translate the

The second section concerns the exploitation roadmap
carried out in the previous section, the aim here is to
innovative findings into useful and exploitable as

These assets, to be appealing on the market, m
customers, therefore it is important to identify the tential users of results. It is also
important to define the involvement qfipatential end-u nd stakeholders in this process.
Steps for implementing the exploitatio 42 ider the barriers to any release
of results. The graphical representation of i roadmap for exploitation
chart. The chart can support and drive the B C partner as well as the whole
business model of the projectincluding the agi : arding IPR that are created within
the project.

The third section i

well as possible risks involved in their adoption, support
t results and create interest in the market for the project

cooperation is give

The fourth and last seé¢tion deals with further steps for practical application that can be taken
beyond the project mission. Any further action useful to transfer the innovations developed in
the laboratory outside the experimental environment have to be considered and elaborated. This
section reports the list of ideas to support this goal.

10
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Figure 1 - Overview of the

1.2 Intended readership

,and impactassessment [”
considered to be the European
rs involved in the FELICE
j as well as the general

Commission, the FELICE Project
consortium, beneficiaries of other H
public.

1.3 Relationship

The relationship of* ivera iverables and WPs is due to the need to
monitor the develop
technical actiyitie ir 1Imp ation. In this regard, the main interactions

ork Package 6 concerning “Data driven digital twin
e Work Package 7 about “Al for predictive models of
ion evolution”.

s h as described in deliverable D1.4, these Work Packages can
contribute to the p@ of extracting some innovative aspects that could be exploited

To some extent, the work described here is also linked to Work Package 8 (WP8) as it
captures innovations from the FELICE pilots, benchmarking, impact analysis and the
evaluation of the solution against individual business needs.

Moreover, the organizational structure should help to foster the connections and the
collaboration among the Work Packages, deliverables and outcomes of the project.

11
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2 Innovation, exploitation strategy [SECTION1]

Innovation is steering the exploitation. As reported in the GA, FELICE is a research project
whose mission is innovation. The results described in the following sections include both
intellectual results (i.e., methodologies, working methods, and analyses) and products
and technologies that can be sold or used independently.

In D9.2, some exploitable assets were identified as described in section 4.4.2.2 (Table 11:
List of exploitable software assets) that now have been further developed and better
defined.

al assets, but also to
mong assets.
it the results within the

The exploitation strategy is mainly oriented to exploit the indj
further exploit the “integrated system” that benefits from the
In both cases, structured activities are being developed t

commercial product, also outside the project, especial of the project. On
the basis of this path, in the coming months, w, ' evelop potential

As far as the exploitation of intellectual results is including the development
ion and communication trend.
ntial of the system under
bsite and social media
ogress and first results of
newsletters, scientific as well

In this way, we intend to increase
development through communicatio
channels (e.g. posting videos and news
the project), as well as dissemination of

oned in D9.2, the mobile cobot is included that integrates
several of thc{proj i ions and outcomes.

§ ive Workstation (AWS) is an innovative hardware device
exploitable withi ond the project that can be included to the list as already
mentioned in D9.2.
Several partners are 1nvolved in exploiting the project achievements, but the main driver
will be the end-user and its needs for assembly systems with collaborative robotics.

The identified assets offer several benefits in terms of reduced implementation time, less
risk when implementing a work assistance robot, greater flexibility when switching
between tasks, easy interfacing with multiple tools, shorter setup time for a new
technology operation, and a proven, standardized framework for those tasks. It also
provides the possibility to improve HRC in cooperative work by reducing the risks of
human activity interference with (albeit collaborative) robots. All these benefits apply
differently to the individual use cases of the project (small and big scale).

12
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Exploitation Strategy

The exploitation strategy, as described in D9.2, includes eight different phases that aim to
lead to a concrete business model and a go-to-market plan, and support industrial
readiness, as depicted in the list below and in Figure 2:

i) analysis of market insights

ii) business requirements

iii) definition of project’s assets and value proposition

iv) requirements validation

v) elucidation of business model

vi) viability of scenarios and post-project partnership planning

vii) identification of open issues and consolidation

viii) business plan to go-to-market and for industrial readi

BLISINESS VIABILITY OF uﬂm o
! SCENARICS —

REQUIREMENTS BASSINESS FLAN

>m
/

A\ _;” :
e A

= -

M3 M6 iz M25/M38 Ma3 Mas
05.2 DS.SfDS.d. D85

tion strategy of the whole project

Up to mont of market insights, business requirements
and a de ssets as well as a value proposition have been drafted
and w,

Thes ocedure to recognize, capture and characterize the

project’s ed o common techniques from the business management
e project, and the assets described in chapter 4.4.2 of D9.2.
A dedicated wa laring and discussing the exploitability of the assets identified
was developed ace@rdingto the strategy. The workshop contents are described in section
5.
The assets are analyZzed in regard to the value they create for the stakeholders.

The procedure for capturing project results is going to be respected by all partners and
continuously applied, e.g., through notification of partners of any publication. Moreover,
in the procedure, it is foreseen to regulate and define appropriate arrangements to ensure
that the legitimate interests of the project partners are not compromised (e.g. the filing of
a patent, or the need to keep results confidential) - such as pre-publication reviews.

13
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2.1 Link of the project to the policy context of the call for proposals

In accordance with European policies and with the "Digital Agenda" document, the
objective of research and innovation activities in the ICT sector is to support and exploit
technological advances in the sector for the benefit of European citizens and industries,
as well as scientific communities. From this point of view, the development objectives and
the subsequent exploitation of the results planned in the FELICE project are well aligned
with European policies as they make the improvement of manufacturing efficiency and
the workers well-being possible.

As Europe is among the largest information technology marke e world, it needs to
continue to support and lead the development of the ICT s r and’its companies, with
the help of governments, R&D centers and of universities context, the partnership

marrying the needs of the community.

Soon through ICT all key processes of produ iti ic services
and knowledge in science, learning, cultural an i rs will be more usable and
more accessible. Information technologies will participate in major societal

: munity formation, consumer

behavior, and political participation. t to support and integrate
research to develop competitive useé ICE is moving in this

direction by facilitating process flexibi ati otic systems and adaptive
workstations and digitiziagsth

In addition, SMEs, Wit
exploit the size of
collaborationgan

ghi-tech enterprises can strengthen the
ong Union scientists and engineers. The

research and development of ICT systems, which takes place
lamental rights and freedoms of natural persons and their

regarding human-roBet cooperation and flexible planning given by the orchestrator, are
coherent and connected to these development policies. All the innovative assets identified
and included in the exploitation plan, both individually and in an integrated manner, can
be linked to the points set out above.

2.2 Outputs created and innovation solutions

The outputs created during the project development were initially mentioned in the
previous deliverables (D1.4 and D9.2) but during the 24 months of R&D efforts additional

14
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innovative and exploitable assets were derived, and others were better defined and
unified.

Through the analysis of outcomes based on the innovation process, some further
innovative assets were identified and are currently under evaluation and monitored to be
included in the assets list of exploitable innovations.

The following Table 1 includes a revised list of exploitable assets in which one asset
definition was revised as “Real-time object detection and 6D localization to facilitate
human-robot interaction”

software assets and
ion and the Mobile
e two items are now part

As depicted in D9.2 the exploitable innovations were divided i
hardware assets. In the last category (hw) the Adaptive W,
Collaborative Robot were included. In the following Table,
of the general asset list.

The list also reports the responsible main partne
as the physical location of these assets.

invelved in the pment as well

Table 1 - Exploitable assets and Ir location

Asset description Partners involved Asset location

Digital twins

Al Multi-paradigm and multi-model | CAL-TEK s.r.l. Italy
Digital Twin for what-if analysis,
experimentations and mirroring of
the Assembly Line.

Pervasive scene perception

A2 Perception module that combines | Foundation for Research | Greece
information from multiple camerasin | and Technology - Hellas
real time for producing environment | (FORTH);
representations

Institute of
Communication and
Computer Systems (ICCS)

Real-time object detection and 6D localization to facilitate human-robot interaction

A3 A module for real-time object | Institute of | Greece
detection and 6D pose estimation of | Communication and
objects with challenging | Computer Systems (ICCS)
characteristics in industrial

environments. It exploits information
from on-robot camera images to
support human-robot collaboration
and facilitate object grasping by the
robot.

Fluent human-robot interaction

A4 A decision making and human-centric | Foundation for Research | Austria
reasoning module aimed at robots | and Technology - Hellas
equipped with action primitives for | (FORTH).

enhancing Human-Robot
collaboration fluency PROFACTOR Gmbh (PRO)

15
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Assembly Line Orchestration
A5 Intelligent manufacturing execution | FH Oberosterreich | Austria
system for improved productivity and | Forschungs &
ergonomics in assembly line tasks by | Entwicklungs GmbH
orchestrating the interplay between | (FHOOE)
human workers, cobots, and adaptive
workstations.
Domain Specific Workflow Modelling Language
A6 Improved workflow modeling | FH Oberosterreich | Austria
language for collaborative assembly | Forschungs &
line tasks Entwicklungs GmbH
(FHOOE)
Adaptive WorkStation (AWS)
A7 Adaptive workstation for manual | Institute for Ergonomics Germany
industrial assembly tasks on large | and Human Factors (IAD)
work objects, adapting based on | - Technical University
anthropometric and biomechanical | Darmstadt (TUD)
principles as well as selected
environmental factors
Advanced Interactive Screen (AIS)
A8 Advanced Interactive Screen (AIS) for | AEGIS IT Research GmbH | Germany
Human-Computer Interaction (HCI) | (AEGIS)
and Decision-Making activities Leibnitz Research Centre
for Working Environment
and Human  Factors
(IfADo)
FH Oberdsterreich
Forschungs &
Entwicklungs GmbH
(FHOOE)
Mobile Collaborative Robot
A9 Mobile platform, a central column | ACCREA Engineering | Poland
with the possibility of changing the | (ACC)
height, an arm equipped with a
gripper, and a head with a
touchscreen on a motorized neck.

Most of the assets

be solved based on the scientific and technological

ared in the GA are part of a wider idea to make the production

system more flexible and more efficient than it is today. The FELICE system addresses
these needs and is based on several subsystems able to face and overcome several
obstacles and issues. Each of these subsystems is an outcome able to solve a subset of
problems either in cooperation with other subsystems or stand alone. In the following
table the business requirements of each partner are reported for exploiting R&D results
of the project.

16
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Table 2a - Business requirements for the exploitation of results

Partner

Business Requirements

ICCS

The exploitation of R&D results will be through providing services, licensing
specific products to industrial partners, contracting with industrial partners to
jointly develop new products, and participating in start-up/spin-off companies
and joint ventures.

CRF

The FELICE system must be commercial with a CE mark with an after-sales
service network available. Moreover, it must be affordable enough to be
competitive with other MES. Finally, it has to be compliant with standards ISO
11228-1/2/3 EN 1005-1/2/3/4/5 and ISO 10218-TS 15066.

FHOOE

The prototypical implementation is also geared towards scientific evaluation
and needs to be implemented using a rigorous software engineering process in
order to achieve a maintainable and stable product. This will potentially take
1-2 years for a dedicated team of developers.

FORTH

The R&D results will be exploited through providing services, licensing specific
products to industrial partners, contracting with industrial partners to jointly
develop new products, and participating in start-up/spin-off companies and
joint ventures.

CAL-TEK

Considering that the main output of the FELICE project will be a prototype (and
also the Digital Twin will be realized as s prototype according to the selected
case study e.g. assembly line), an industrialization process is required to bring
the TRL up to the maximum level and the Digital Twin on the market. Obviously,
this will require a specific study to understand how to carry out the
industrialization as well as additional resources (e.g. people, funds, etc.) to be
used. Once the Digital Twin is ready for the market, specific development work
will be needed for each customer as their own Digital Twin is a replica of a real
production environment and real production environments are varying.
Therefore, while the core engine of the Digital Twin can be reusable and
scalable, additional activities are required to adapt the solution to the real
production environment considered.

TUD

A functioning demonstrator of an adaptive workstation for manual industrial
assembly tasks at the end of the FELICE project is planned based on the
requirements concerning environmental and physical ergonomics that are
specific to the use case as well as national and international standards.

ACCREA

The mobile manipulator developed within this project will extend the ACCREA
commercial offering of product i) to be sold as one time investment or ii) to be
leased on monthly/subscription basis. The specific software capabilities of the
robot will be consortium - wide harmonized with the owners of the respective
IP.

PROFACTO
R

The implementation is also geared towards scientific evaluation and needs to
be further developed using a rigorous software engineering process in order to
achieve a maintainable and stable product. However, some aspects of the R&D
results will be exploited through providing services, licensing specific products
(task based execution system) to industrial partners, contracting with

17
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industrial partners to jointly develop new products, and participating in start-
up/spin-off companies and joint ventures.

AEGIS

The exploitation of R&D results will be through providing services, licensing
specific products to industrial partners, contracting with industrial partners to
jointly develop new products, and participating in start-up/spin-off companies
and joint ventures.

The exploitable assets detected, aim to solve problems based on the technical, scientific
or technological achievements.

In Table 2b, some of the scientific and technological achieveme
of opportunities to exploit the outcomes of the project furthe

are categorized as internal or external to the consortium.

Table 2b: Opportunities for scientific and technological achje

nts (t

e evaluated in terms
able, opportunities

evised and updated)

infrastructure

procedures, Cybersecurity dept
of the plant (CRF) hosting the [oT
solution.

Scientific and technological Internal context External opportunities
achievements

1. Safety for Human-Robot | Synergy, Internal Standards Regulations and international
Interaction standards. New loT devices.

2. Human Cyber Physical | AR tools and smart assistance | Technologies integration and
Production Systems: systems availability highly customized products

3. Open, scalable and secure IoT | Existing IoT structures and | Centralised IoT  operating

environment. Blockchain-Based
[oT. Extended connectivity.

4. Robot navigation in dynamic
environments

Synergy with other project,
Internal Standards

Transversal application to
different sectors.

5. Object detection and 6D pose
estimation

Transversal use of results

Transversal application to
different sectors.

6. Human behavior analysis

Synergy with other project,
Internal safety standards

Extension to the artificial
intelligence application;
Transversal  application to

different sectors.

7. Task-level programming

Transversal wuse of results,
existing robotics task-based
programming

New technique for programming
and user-friendly visual
programming

8. New implicit measures for the
design and assessment of HRC

Knowledge and skills synergy at
project level and end user level

Regulations and international
standards. Cognitive modeling.

9. Machine learning for embedded
industrial applications

Synergy with other project,
Internal Standards

Maintenance and intelligent
asset management in various
industrial sectors

10. Skill-based orchestration and
adaptation in assembly lines

Knowledge and skills synergy at
project level and end user level

Transversal application to
different sectors. Real-time
condition-based monitoring in
industrial environments.

Several of the scientific and technological achievements reported in the table above have
a strong impact on the exploitable assets. In the following a table is provided that includes

18
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exploitable assets, while crossing them with the scientific and technological
achievements.

In Table 3, this correlation matrix is finalized to detect any further impact useful to
enhance the manufacturing environment and to make each single asset more exploitable
and useful.

Table 3 - Impact of scientific and technological achievements on exploitable assets (to be revised and
updated)

Exploitable Assets*

Scientific and | A1. | A2. A3. A4. | AS. A6. A7. A8. A9.

technological
achievements

1. Safety for Human-Robot X
Interaction
2. Human Cyber-Physical X
Production Systems:

3. Open, scalable and secure
IoT infrastructure

4. Robot navigation in X
dynamic environments

5. Object detection and 6D
pose estimation

6. Human behavior analysis

7. Task-level programming X

8. New implicit measures for
the design and assessment
of HRC

9. Machine learning for
embedded industrial
applications

10. Skill-based X
orchestration and
adaptation in assembly lines

A4. Fluent huma eraction
A5. Assembly Line
A6. Domain Specific Workflow Modelling Language

A7. Adaptive WorkStation (AWS) for manual assembly tasks on large work objects
A8. Advanced Interactive Screen (AIS)

A9. Mobile Collaborative Robot

The utility and the exploitability of the mentioned assets is depending on the possibility

to solve problems in their application domain. Then, any scientific and technological
enhancement is finalized to overcome limitations and solve the related problems.

19
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A minimal list of problems that can be solved by the exploitable assets is reported in the
following table:

Table 4 - Problems that can be solved by each asset

Exploitable asset Problem that can be solved
nO
Al Interfacing of robots and humans as well as a right setting of the tasks

sequences depending on the human performances during the car
production needs to be carefully evaluated in a short time. This is hardly
possible without digitalization of the scenario. A digital twin that also
includes a simulation environment can be used te predict a priori all the
possibilities, identifying optimal decisions bef;

can be used to find optimal solutions.

A2 The task of monitoring the work envir i ical because of the large
number of related variables and thejni i fety. The detection
of humans with respect to th used for work
operations must be perform rception can

overcome these issues, facili of mobile

cobot and workers.

A3 aracteristics in industrial
environments stil r mobile cobot application. The
object detection 2 ary to support human-robot
collaboration and fa ' i robot considering safety
aspects.

A4 Human-Robot collabor? not completely achieved in this field,

redu e efficacy
Ition may introduce inconsistencies
e, which create obstacles to the exploitation
hman-centric reasoning module aims to

hestrator (advanced MES) is a possible solution.
modeling is an important task that has influence on the
s. With a domain-specific set of actions, decisions, and assets

A6

robot interaction, as well as the ergonomics adjustment in every detail.

A7 For large work objects, whose dimensions exceed ergonomic grasp spaces,
an ergonomic “one-size-fits-all” position does not exist. Changing the work
object's position according to the average anthropometry of a theoretical
worker mid-process is used to address this point to some degree, but fine-
tuned individualization is impossible. To overcome this problem, the
workpiece position is to be adapted automatically multiple times during the
work cycle according to the task, work object geometry, and the
anthropometry of the worker using actuators.
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A8 The problem to be solved is the interactivity between worker and system
as whole. This interaction is carried out by interactive screens that have
limited functionalities and are bonded to traditional workplaces. The
interactive screen aims to improve the human-worker interaction with the
system and the Decision-Making activities from the Orchestrator. It adds
humans in the loop of decision making while improving the HRC.

A9 The assistance on demand carried out by cobots is still missing in the
manufacturing environment but could be essential to improve ergonomics
well-being and efficiency of the workers and the system as whole. The
mobile cobot is dedicated to the fulfillment of this need.

2.4 Advantages of the new solution

This section is dedicated to the evaluation of the advan
group or optimization costs or resource commitme
process by the introduction of a new concept sol
evaluation is carried out on the industrial use ca
analyze positive effects (against negative
environment. The advantages can be:

ergies of the research
the manufacturing
ICE system. This
it is possible to
i working

project, in
ased on a

fects)

« Direct- like a manual, test, model, better product or process, or improved
understanding of mechanisms

« Indirect - like reduced material or energy usage, improved safety, efficiency, or
better-trained staff.

The direct advantages of the FELICE system can be summarized in:

— A a4
e Flexibility of the process for easy accommodation of several car model variants

(introduction of different task for each model variant without impacting on the
micro logistic)

e Adaptability of workplace to the needs of the workers (better configuration of the
workstation to the worker needs and related improvement of the working
organization)

e Simplification of equipment and tools for assembling operations (reduction of the
number of items for holding components in the position or for storing them)

e Simplification of the plant layout by the reduction of constraints for the assembly
line (it is the mobile cobot that can bring components and tools to the worker
allowing to place them in a remote position instead of close to the assembling
chain)

e Scheduling improvement and process management optimization (due to the
orchestration of the work sequences and interconnection of different tools and
instruments)

The indirect advantages of the FELICE system:

e Safety improvement of the system (due to the sensorization of the working
environment and the detection of possible drift of the process parameters)

e Ergonomics optimisation and risk index reduction (considering the personalization
of the workplace according to the anthropometry of the worker and keeping
operations and postures in golden zone)
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e (Quality improvement and process errors reduction (better working conditions and
ergonomics enhancement affect the quality of the manual work in the last part of
the shift when fatigue occurs)

e Efficiency increasing for better task allocation as well as for cycle time
optimization (concentration of value-added activities on worker and not value-
added activity assigned to the cobot)

e [Energy saving of the sub-processes for better organization of the operations and
for the cycle time reduction (less time for processing means less energy used for
performing of the same tasks)

e [nvestment reduction for specific dedicated equipment and tools (the general
purpose mobile cobot can standardize the ancillary operation leaving the
diversifications to the SW programming and to the scheduling organization)

2.5 Weak points, and possible risks of the de

This section is dedicated to the analysis of the ints of the system under
development. The system is made up of sever tegrated subsystems subsystems
can be adapted to be used as standalone sy section, thes evaluated
as integrated into the FELICE production system:
Based on the weaknesses and stren
corrective actions that need to be i

is possible to identify early the
the final result.

As already consideredinia i .4), there are risks associated with the
ich can also influence the creation and

various difficulties are being faced related to the need to
es to be introduced to achieve the best possible result. Since
sources higher than those budgeted for, some functions can be
delegated to an ind development phase and applied to later releases of the future
product.

(ii) technical risks.
In this case, there are typical risks of innovative products in which some technical aspects
(such as, for example, the manipulation of some objects and the end effector in general)
may present the need for a more extensive experimentation before being deemed
sufficiently reliable. To overcome this type of risk, it was agreed to focus the development
only on the components of the (CRF) use case and to create a reliable end effector only for

the selected components/tools.

(iii) External risks.
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These risks are always present from the very beginning of the development, starting with
the idea and remain relevant even in the industrialization and commercialization phases.
These are the risks associated with:

a) no full usability of the results inside and outside the project’s context due to a difficulty
in adapting the system to different scenarios

b) similar competing technical approaches with more performing characteristics

c) possible strategies for replication of project results by third parties

All assets will flow 1nto the FELICE system Wthh must be consj ered in its entirety. It

medicine, logistics or services.

The risk of a similar approach by competitors exi
high level of maturity.
The following table also shows (only as an o

Table 5: Risk analysis for

Development rlsks Tech. risks External risks
Planning Consortium Usability of Competing Replication
problems collabor. the results approaches by third
issues partles

~/ ~/

descrl tion

A3. Real-time object
detection and 6D
localization to

facilitate human-
robot interaction

il obot interaction
Orchestratlon

A6. Domain Specific
Workflow Modelling
Language

A7. Adaptive
Workstation (AWS
A8. Advanced
Interactive Screen
AIS

A9. Mobile V

L L L < <K
L L KX

L N N SR N

v
v v

<

Collaborative Robot

The SWOT analysis for the moment is focused on the FELICE system ideally described in
the sketch below. Its further deployment in subsystems will be defined towards the end
of the project with more technical details and innovative solutions for each subsystem.

23



D9.3 Dissemination, exploitation, standardization, and impact assessment | Final v. FELICE - GA 101017151

Head
PHYSICAL DIGIT 6 4
Camera
- 6 =
B

{ proedor Assembly Orchestrator
Tout
" o

Runtime System

@ FIWARE
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SWOT chart
We begin the description of the analysis with a desc n of the four groups of elements

Strengths: the orchestrator remains o
intended to organize work activity bet

oints. This subsystem is
robots, and workstations.

job represents an inno¥V hat Jras not yet been fully developed in the
industrial Bhere are aches to "adaptation” of the workplace to the

workstation.

Another strong pointJs the availability of a mobile collaborative robot to assist the worker
during the processing phases. The cobot is developed to have constant close cooperation
as if it were another worker helper of the operator. This is an advance in HRI over the
current state of the art in the industry.

The last strength is the digitization of the process based on the application of a digital twin
model. This will allow the orchestrator's decision-making process to predict the best
configuration in near real-time.

Other positive aspects are related to HRI development of strong human-robot interaction,
based on cobotics and orchestration. Furthermore, the aim is to improve the safety and
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ergonomics of the workers thanks to the optimization and reduction of the workload. In
parallel, there are further benefits in terms of increased efficiency and productivity due
to the reallocation of tasks according to value-added operations that can be concentrated
on the worker while leaving non-value-added operations to the cobot.

Weaknesses: the complexity of the system is one of the biggest weaknesses. Many different
subsystems have to work together effectively communicating with each other efficiently.
Complexity does not help the management of such a structure by making it sensitive to
misalignments and defects.

Productivity needs require the entire system to be interfac
production systems. This condition sometimes leads to v.
the compatibility of the commercial 10T devices us

he plant's existing
problems depending on
lant and the related

The speed of intervention and resolution of t ther potential
weak point of the FELICE system. No referen a specific
experiment will be carried out in the coming m

Some auxiliary operations must be carried out foll safety procedure (for example,
the operator confirming that object the robot). These extra checks
require time with a potential increa iti

Finally, an aspect of weg sented by the still evolving
standardization. The ocedures in the collaborative
industrial robotics x interoperable systems in a structured
environment desp andards?! could weaken the possibility

of exploiting the syste

m industry could represent one of the exploitable assets.
Modularity aadaptability of the system to Customer needs.

Fluid and natural interaction using human language can increase interest in this area and
create a stronger market for not yet fully defined cognitive devices.

Even the management of the workforce becomes easier through the application of the
FELICE system, especially when there are numerous limitations on the worker's working
capacity due to health problems or aging. This aspect can create the opportunity to extend
the application of the system to the security and management objectives of the companies.

1 The Ethics Guidelines for Trustworthy Al, High-Level Expert Group on Artificial Intelligence set up by
the European Commission, April 2019
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The new concept offers the opportunity to increase the personalization of the workstation
and the working environment by moving production systems toward a realistic “design
for all”.

Threats: among the threats are the aspects of vulnerability related to the use of
interconnected equipment and robotics that must fully comply with the highest standards
of assurance and safety (before any release) in order not to jeopardize the reliability of
the system.

Even the continuous evolution of the rules in the manage
according to the environment in which the system op

ata confidentiality
(industry, logistics and

In fact, the abuse of productivity manage
human decisions in many activities, creating a b
worker's point of view.

The autonomy of the system in the i n cast a dark shadow on the
management logic adopted and the
application.

Certain asp gated by conforming with well-established
ethical p

Tha -design human oversight and “human-in-the-loop”
in the s ansparency and interpretability of decision-making using

Nevertheless, th relevant provisions in the regulatory landscape and the
difficulties in harmot g relevant future regulatory initiatives at a global level makes it
difficult to ensure that appropriate governance mechanisms and rules will be put in place
to monitor and address the diverse aspects that constitute such concerns and provide
workers with stronger assurances in this direction.

The international situation relating to the availability of strategic electronic components
could represent a further threat also linked to the reliability of the components collected
on the market at affordable costs.

2 The Ethics Guidelines for Trustworthy Al, High-Level Expert Group on Artificial Intelligence set up by
the European Commission, April 2019
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If the quality standard of the subsystem is not the best in its category, the reliability of the
“FELICE system” could decrease making the system not reliable enough to compete with
other similar innovative devices.

Furthermore, the broad protection of intellectual property rights on the subject of cobots
and production systems in general could pose a threat to the exploitation of the overall
system.

The unpredictable impact of competitors' patents in the next years of the project should
be considered by applying constant patent monitoring on this topic and further
developing a comprehensive IPR policy of the project.

The following table collects the synoptic framework of

above considerations.
Table 6 - SWOT analysis foA

T analysis based on the

Strengths Weaknesses
- safety and ergonomics improvement - interfacing with the existing production
- orchestration of the production process system
- workstation adaptability - system complexity
- reduction/optimization of the workload - communication protocols selection for
- digitalization of the process for connection of several systems
collaborative and mobile robotics - low speed of intervention for effective

HRI enhancement and efficient support
efficiency and productivity increasing unavailability of certified procedures

customization of the workplace - poor security assurance
modularity of the system management complexity of data privacy
advanced HMI interface for not-skilled unregulated use of the system and ethics

workers issues
- cognitive workload reduction - scarcity of reliable components
- easier management of the workforce in - impact of competitors patents on
‘ case of limitation and ageing subsystem and components
Opportunities Threats
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3 Exploitation roadmap [SECTION2]

In this section, after the analysis of the above-mentioned outline (issues and
potentialities), the operational actions are reported in the road mapping chart. The
viability of this outline is then considered in the description of the roadmaps through the
actions to undertake to concretize the plan. The roadmap also depicts the scenario for the
next period and over the project end. Alongside the roadmap description there are some
further considerations that can support the viability analysis based on the investigation
of the potential users and their involvement, as well as the detection of the stakeholders
for the exploitable innovative assets. Moreover, in this viability analysis the potential

3.1 Potential users of results

The main users of the FELICE system are in the
industry. In addition to automotive and automati
already addressed by consortium members,
other markets, where collaborative and wo
technical features of applications suitable fo
following combination of features:

e The parts to be assembled or processe be manipulable by a single
person and by a single robot. They m

- Mechanics operations and machining assistance

This list obviously is not exhaustive and can be increased depending on the specific target
of the operation. The different domains must be briefly characterized at the technical
level, identifying the possible applications, and the expected economic evolution of this
domain in the coming years. This will be defined at the end of the testing process of the
FELICE system based on the full clarification of the applicability limitations and related
potentialities.
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3.2 Involvement of potential end-users and stakeholders

Most of the potential users and stakeholders in the field of automotive manufacturing can
be involved by traditional channels, for example via workshops in which experts share
information and knowledge about a specific topic. Another possible involvement of end
users or stakeholders from the automotive field can be pursued by the purchasing office
(through its contact network) of the companies involved in the innovation development.
The supply chain is a tank of small, medium and big enterprises that can be interested in
joining the development of a new system and industrialization.

The fundamental element that must be considered in this phase regards the
industrialization of the innovative assets in order to propose a itable product to the
market in a manufacturing environment. In fact, altho the™¥hnovative asset in
consideration is an effective and successful potential res eds to be industrialized
and brought on the market with all the ancillary measu and used in industry
(like standards of references, CE mark, insurances, , Spare parts, etc.).

ompany inside
a service

To face these aspects the best way is to involve
the project partnership) able to transform
including it in their catalog.

To do that, a direct contact with the SME companle act the business on the possible
innovative assets developed into th ed and is planned according to
the road map description.

the industrialization a ' stem or subsystems (separate
modules).

act by adopting public data repositories such as those
t Plan (D1.2). FELICE provides publicly available
tform, a general-purpose open-access repository
es and metadata, provides version control and assigns
s. Zenodo is an open and accessible repository that enables
ctions and retains datasets for the lifetime of the repository,

operated ¥
DOIs to all

which is at least

3.4 Barriers to any application of results

Barriers and obstacles foreseen in the beginning of the project, still remain actual. They
are mainly focused on political, economic, social and technological aspects.

A possible obstacle is political instability, which could condition strategic choices in
application plans due to lack of specific resources or conflicts in countries supplying
strategic materials such as for the automotive sector. Digitalization pushed towards hard
automation could also have an impeding effect on the exploitation of results that are
oriented towards supporting the human workforce.
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Possible barriers include the flow of data that must be shared between various platforms
and stored. Even though the technologies that will be developed in FELICE will be fully
compliant with the GDPR practices for data protection and confidentiality, data protection
and privacy issues could arise especially for those involving the monitoring of workers'
actions. In particular, with potential restrictions in the use and sharing of data between
countries.

The economic obstacles are linked, primarily, to an effective productivity of the system
and to the related investment and management costs. Industrial automation is drastically
reducing the prices of robots making collaborative solutions less attractive. The cost-
benefit ratio for a complex solution must therefore be suppor careful cost analysis
which is updated very quickly due to market evolutions. T ossibility that inadequate
financing in the phase of industrialization and com '

ore industrial robots highlights
a drift towards hard automation in$ i tions for manual work which
is a target in the scope of the project.
is operating in the next two or three
FELICE project.

The intellectual prag
organization that j
rules and the agree
overcome the barrier.

ent, are faced by a management
being a possible obstacle, up to now the
sortium seems to be good enough to
months with the development of the

w, currently, collaborative robotics applications are few in
ustrial robotics and cobot applications are often not used at
boration. In this case, the social benefits are reduced and the
lack of awareness € possibilities and advantages of collaborative robotics for the
manufacturing indusry could slow down the market uptake of these new solutions.

In this context, skills shortage could be a possible obstacle if the training of workers that
should be in contact with the mobile cobot and Al is inadequate. The innovative system
has to be then supplied together with a training program to be developed in the
industrialization phase from the supplier of the system.

The FELICE system is a complex integrated system and the risk of incompatibility

between parts of systems (and related lack of standards) is realistic. Although the
nature of the project and the several tests carried out specifically for the integration and
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harmonization of all parts minimize this risk. Based on that, for the moment, the
integration of the subsystems seems to be an surmountable obstacle.

As far as regulation that hinders innovation, a complex solution like that of the FELICE
system certainly exposes shortcomings in the regulatory aspects and in the certification
of the complete solution. These shortcomings can hinder the implementation and
exploitation of the results. Furthermore, the lack of specific interoperable solutions
(technical standards) and practices (process standards) for Al-managed mobile cobots
can certainly represent an obstacle to their application.

Both of the above-mentioned points lead to possible barrier e traditional value
chains that are less keen to innovate than the companiegfificlined to innovation. The
manufacturing process often is based on structural syst rules consolidated and
not ready to include innovations that can jeopardize t r the effectiveness of
the whole process of transformation. To ove le, the extended
experimentation of the new system in a restric uring (a model

area) is strongly recommended. Experiments ji ' i ilot plant) as
prototype

system and its application in a realistic envir ach production plant has
different needs and characteristics. This i n case of different sectors (e.g.
appliance industry). In these cases, & i the value chain, together with
a specifically designed demo to be a i a_of the selected plant is

fundamental for the acceptance of the ¢

The exploitation o ons necessary to transfer the innovation
from the theoretical p ptotype while adhering to reality. The
study and definition of rategic process that can be represented
through rg

Thero mentation of activities during the course of the project
and on in the short and medium term. The long-term

d medium term activities that should be undertaken by each
ieve exploitation of results.

This section also i es a dedicated paragraph for each developer-partners or user-
partner describing £he BMC it intends to follow for the long-term exploitation of
innovations/methodologies. References to the exploitable assets are reported in the list
described in paragraph 2.3 (Table 2).

Depending on the results of a research project, there are different levels of exploitation.
There may be exploitation characterized as internal exploitation that means within the
consortium and external exploitation that means outside the consortium.

For external exploitation we mean:
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e Industrial exploitation (for production process efficiency improvement)
e Technological exploitation (quality process and product increasing)

e Scientific exploitation (innovative concept enabling knowledge enhancing)

For internal exploitation we mean:
e Application for demonstration

e Incremental innovation of existing processes for partners

e Problem solving for the specific use case and inside the er domain

e Commercial development for the partners able to f.

For external exploitation, emphasis should e.g. social

[t is clear that the value of the resultSii ' ificant when considering the
social and scientific dimension, and t e to evaluate the social
on investment.

In the roadmap the firs [ i ploitation is indicated as a “further
up to levels suitable for seeking
private funding use cialize the result (in this case the FELICE

system).
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. Investigation Technological research @ Feasibility Ready for application
(Technological concept) (Proof of concept) (Pilot/relevant environment) Operational environment
MAIN ASSETS

. Al.Use case Application
A2.Pervasive scene description
AS5.Applicationin project testing AS5.Proposal of IA project to achieve TRL8/9 ' AS5. SME collaboration P

A3: Real-time object detection

. A9. Applicationin a model area in plant (Melfi) A9. Application to others manuf. Dept. and 6D localization to facilitate

human-robot interaction

O A7. Furtherimprovement in ergonomics A7.Usein the model area in Plant . Ad: Fluent human-robot
interaction
O A3.Application to extra subsystems /Logistic . A5.Application project for ADAS AS: Asseml_)ly Line
Orchestration
. AG. Use case application A5.Application project for other equipment . A6. SME collaboration A6: Domain Specific Workflow
Modelling Language
O A2.Benchmarking and performance testing A2. SME collaboration A7. Adaptive Work-Station
- L
Q A8. Base for benchmarking and performance testing . A8. collaboration with SME for industrialization

Q A4.Improvement of knowledge A4.Development of cobotics in use cases

A1l. Application to the sub processes (Painting / sanding) Al.Digital twin

Exploitability and scalability of the solutions

A8. Advanced Interactive Screen
(AIS)

A9. Mobile Collaborative Robot

meetings.

These moments of ] inati intended not only to present the results

The road-mapping es for the exploitation of the results of the FELICE project are
based on the prog of the outputs obtained through the research conducted,
throughout the duration of the project and on the possibilities of transforming these
results into products and services that can be used by the members of the consortium or
by external bodies interested.

This is a short-medium scope in which it is easier to exploit the subsystems. For a long
term sustainability of the integrated FELICE system, a business model on which to base
the exploitation can be more suitable to drive the planned actions instead of roadmaps.

On a long term basis, the consortium is in contact through its partners with the
manufacturing technologies and robotics technologies community to share useful
approaches to the implementation of the innovations created by the project. These
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innovations resulting from the development of project activities can thus also be
communicated to other interested parties and decision-makers involved in the
technological and industrial improvement policy according to the BMC.

Furthermore, the training seminars could help stakeholders to easily familiarize
themselves with the use of the results.

In the following table it is possible to see the single BMC for each partner as well as the

BMC for the whole integrated system sponsored by the consorti

Table 7 — Business Model Canvas of th

ICE s

Designea for: Bes.'gnéﬂ by Date! varsion:
Business Model Canvas CRF Factory Engineering 061212022 20
—— o Fuc _ ) - ;

Key Partners .‘,‘),. Key Activities ,5,'1\_ Value Propositions l_w" Customer Relationships '_Z Customer Segments i:_

* FELICE system developers

* FELIGE system producers

* CRF researchers' team with high
knowledge of the system to guide
its customization, installation and
training

+ Implementation of dedicated ICT
network

* Training for comect
FELICE system

* Setup and tuning (customization on
plant needs) by Manufacturing
Engineering

* Privacy data management

* Guideline and protocols for system
application

* ICT maintenance service

* Legal agreement with Unions

use of the

* The relationship is mainly based on
direct contact with the team leader

FELICE system supplying high quality
service for improvement of:

Final users (assembly line
workers)

3
Key Resources './s.?

* HR team and psychologists

* ICT team & services

* WCM training and consulting
infrastructure

* Social media channel with
Institutional account on YouTube,
Facebook, Instagram, Twitter,
Linkedin

or others colleagues of WCM dept. *  Team leaders / Assembly line
— Wellbeing (Reducing, stress, Guidelines managers
Wellbeing (Red L

s 0 5 TN | - T chtorshp s

~ Process efficiency established for other topics

~ Productivity = Itis fully integrated because already *  The market is both segmented
Through: existing and niche market
+ Smartwatch and Smartphone — Segmented, because is oriented
* Orchestrator for managing work of st‘nimerdepl D‘fth;ccmdp.any

tasks / Method (based on rules and (productive segment) and in

Al) _ several difierent production

Channels \ﬂ plants.

Niche market, because from our
perspective is involving only
workers of our company and in
a limited number.

Having CHARACTERISTICS of.
* MNewness,

* Performance

* Convenience

+ Plants promotional videos with
stories of experience

* Internal newsletters

. USED\"l!_‘ _ » Dedicated workshops
* Customization « Direct contact with team leader or
* Accessibility

dept. manager or by phone or email

Cost Structure

* Connection to external HW

* Training courses

* loT infrastructure (sensors, cameras, smartphone and smartwatch combos)

* FELICE app licence or FELICE embedded system

Revenue Streams =

* Woerkers wellbeing improvement at work and beyond

+ Mitigation of risks and accidents

* Reduction of costs for sickness and diseases

* Productivity increasing

* Flexibility of workplace management

* Knowledge and competences keeping

* FELICE-system customer segment dependent, Volume dependent

Only one B

In the following tabl
models of the partners.

r (CRF) is shown above as an example.

e BMC is presented in a different format, integrating the business
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SECTION

Based on BMC of partners

Key

partners

@® Software Licenses Suppliers (e.g, Unity 3D, AnyLogic,
processSimulate, etc.);

® Companies acting as Dealers Network.

® FELICE system developers, producers, integrators, and teams for the
system customization, installation and training

@ Standard part suppliers (e.g., Bosch, Item,

@ Actuator suppliers (e.g., LINAK)

@ [llumination system supplier (e.g., B

@ Sensor suppliers (e.g., Pepperl &

Key

activities

-> Software Development: i elease of

the Software

=> Maintenance and Help: Desi elopment, test and release of
Help, FAQ, Chat i
Base Articles

Documentation, Knowledge

anagement
pplication: guideline and protocols

Activities: Faster algorithms, more complex problem

arketing: Success Stories, Digital and Traditional Marketing,
Search for Commercial Partnership

=> Service provisioning
=> Integration with existing services
=> Ergonomic evaluation

-> Configuration of adjustable workstation system due to ergonomic
requirements

=> Consulting
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Value
propositions

— Creation of Digital Twin assets

— Monitoring, Reasoning and Control over the real manufacturing
process using Key enabling technologies

— Reduced times and costs for education and training

— Better Knowledge Management

— Greater simplicity in identifying solutions to already encountered
problems

— Long-term efficiency and productivity gains

— Real time data to predict and improve asse

— 3D virtual scenarios
— Wellbeing (Reducing, stress, fatig
— Human Robot collaboration sa
— Process efficiency
— Productivity

ased on rules and Al)
ine processes can consider a
ine managers.

e real-time data conveyed to operators in an innovative way
aving CHARACTERISTICS of:

— Newness,

— Performance

— Convenience

— Usability,

— Customization

— Accessibility
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Customer
relationships

> Collecting Customers Feedback

> Self Service Assistance (Help/ FAQ)
> Dedicated Assistance (Chat)

> On-site Assistance

> CRM

> Webinars

> Customers Involvement to increase the Value Propositions through
the actions described above

> Direct contact with the team leader or ot gues of SPW dept.
> Workshops

> Client communities

> Provide feedback and technic

Customer
segments

% Manufacturing s
processes where

ies integrating vision technologies for detection and
> objects (e.g., surveillance, quality management etc.)

et owners and solution providers

% High number of employees (at assembly line)
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Key
resources

@ Personnel

® Developers/Programmers

® R&D Team

@ Marketing Specialist Manager

@ Accounting Personnel

@ Sellers

® PCs

@ Offices Spaces, Laboratory space, Shopfloor space

® Software

@ Budget for Digital Marketing, Ads, etc.

@ Database Access for Market Analysis

® HR team and psychologists

® ICT team & services

® Company training and cons

@ Social media channel o
LinkedIn

Twitter,

@® Software archit
® Repository

Channels

romotional videos with stories of experience
newsletters

ect contact with team leader or dept. manager or by phone or
email

® I[ndustry fairs

@ Existing Direct Contacts /Existing customer base
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-> Personnel Costs, Hardware Costs, Software Licenses Costs,

Cost Marketing Costs,

structure . .
- Commercial Partnership Costs, Dealers Network Costs, IPR and

Legal Costs,

- Personnel Update Costs, Offices Space Costs and Utilities,
Administrative and Accounting Costs, Bank Services Costs. Legal and
other infrastructure and administrative costs (10%)

2

IoT infrastructure (sensors, cameras, smartphone and smartwatch
combos)

Connection to external HW
FELICE app license or FELICE emb
Training courses
Technology development a
Customization and integ
Equipment (wearables and
Traveling expenses

2 2 2 R R

Overheads

- Selling the Digital

Revenue
streams

dge antd competences keeping
system customer segment dependent, Volume dependent
ng of the orchestration software

dmization of the software and development of customer-
ecific features

- Licensing, SaaS offering / Subscription fees

- Selling of adaptive workstation system

- Consulting and maintenance fees

- R&D fees
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3.7 Safeguarding IPR that are created within the project

This section is dedicated to the guidelines for the creation of intellectual property rights
(IPR), to ensure a consistent and transparent protection process.

First, some general considerations on IPR are presented, including important concepts
that need to be clearly defined and distinguished. Then, IPR concerning the FELICE project
and its results are described.

Within the content of the CA, several definitions are included and that are crucial to be
considered in this deliverable.

Background: means information and/or knowledge which i
their accession to the Consortium Agreement, as well
pertaining to such information and/or knowledge, th

a Parties prior to
opyrights or other IPRs
jon that has been filed

Controlled License Terms: means terms in a , copying,
modification and/or distribution of Software o rk”) and/or
of any copyright that is a modified version of or is ' ork of such work (in each

case, “Derivative Work”) be subject, i i one of more of the following:
a) (where the Work or Derivative i t the Source Code be made

third party.

Foreground: means t ineluding inférmation, whether or not they can be
protected whi C '

; @opyrights (including without limitation copyrights in
Software); r'é ign rights, applications for registered design rights, unregistered
design rights 3 tory rights in designs and other similar or equivalent forms
Confidential Informa or trade secrets.

Sideground: means information, other than Foreground developed or otherwise
acquired by a Party after entering into the CA, as well as copyright or other IPRs pertaining

to such information, and that is introduced into the Project by that Party for use in
execution of the Project.

Starting from the set-up described in the Grant Agreement (GA) some more aspects will
be considered.
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The GA reports that each participant, who contributes intellectual property to the project
or has developed intellectual property within the project, must make a declaration about
its IPR to the coordinator.

This declaration shall include any special requirements for the use of this IPR in addition
to or in derogation of the standard rules on rights in the Consortium Agreement.

Confidentiality and exploitation issues shall be determined at the start of the project and
reflected in the Consortium Agreement.

In particular, the following commercial issues shall be addressed;

(i) confidentiality of information disclosed by the parti
of the project;

(i)  ownership of the results resulting from the
(iii)  legal protection of the results through

(iv) commercial use of the results, taki ' ership of

(v) g the use of knowledge, owned
by either party, resulting ’ i rior to the agreement;

(vi)  sub-licensing of commercialeffe ). thi ithin clearly defined limits;

(vii) availability of information, prod r ) other EU-funded projects;
and

(viii)

s also reported “Any Party may add further own Background
> Project by written notice to the other Parties. However,
sembly is needed should a Party wish to modify or withdraw

its Background in A ent 1”.

Foreground shall be owned by the Party who carried out the work generating the
Foreground, or on whose behalf such work was carried out.

Dissemination, use of knowledge and results generated in the project is governed by the
terms of the Consortium Agreement.

In order to make sure that these terms are followed, to avoid disputes and to facilitate
business planning, an IPR Directory is going to be kept and updated throughout the
lifetime of the project. The IPR directory presents the IPR rules accepted by all partners
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at the beginning of the project and that can influence the options for future exploitation
and commercialization of the results.
This document listed all items of knowledge relating to the work of the project (results
developed in the project), and make explicit for each item:

e The owner(s).

» The nature of the knowledge, and its perceived potential for exploitation.

e The currently agreed status of the item concerning access rights, plans to use the

knowledge in exploitation, or plans to disseminate it outside

» Measures required, or in place, to ensure protection of

Table 8 — Initial version o]m

r the item.

Partner

The nature of the knowledge Deliverable
(owner)
Concept, methods and software e CA D4.1, D4.2,
ICCS implementation for object detection and D4.3
tracking
CRF Met_ho_dolf)gles for process t D8.4
optimization
Algorithms and software implementation
FHOOE for adaptive control, ba.sed on sensor D73
measurements and environmental
feedback
FRAUNHOFER According to the CA D73
/According to the CA
ACCREA D5.1
lAccording to the CA
D5.2,D5.4
PRO and D5.5
CAL-TEK Concept, ods and software According to the CA D6.1 D6.2
implementation for the Digital Twin B
Design, implementation, and ergonomic lAccording to the CA
TUD methodology behind adaptive workstations D2.1,D5.1
and adaptive processes
Algorithms, methods and software codes  |According to the CA
FORTH for visual localization and scene perception gz;, D4.2,
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3.8 Liaising with Digital Innovation Hubs

FELICE is liaising with the ongoing Digital Innovation Hubs TRINITY and DIH?, which
aspire to improve the agility of the European manufacturing sector. It is foreseen that
FELICE will employ toolkits from these DIHs but also contribute certain of its
developments in order to extend existing toolkits and introduce new ones.

For that purpose, FELICE is assessing the current states of development and content of
deliverables of the DIHs like assets, methods and tools. Subsequently, these outcomes are
matched against the intended work of FELICE and additionally against the current state
of work. In parallel, the existing and newly formed DIH are scree continuously. In case
promising DIH are found to fit the content of FELICE, we con espective partners
and propose initial meetings.

or complementary
to find synergies
ed in section

These meetings help FELICE to get deeper insights
work. The FELICE consortium evaluates the outc
and exploitation possibilities. The evaluation
“Section 3 - Networking with DIHs”.
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4 Dissemination and communication activities [SECTION 3]

This section reports on the dissemination and communication activities performed by the
dissemination manager (TUD) and FELICE consortium members, as outlined in the
Dissemination, Communication, and Exploitation plan (DECP) in deliverable D9.2.

Section 4.1 outlines the next steps in the Dissemination and Communication strategy.
Section 4.2 provides a report on the current state of dissemination Key Performance
Indicators (dKPIs). The number of dissemination and communication activities
performed by partners in the first phase of the project is presented in section 4.3.
Activities are subdivided into different categories and explained in more detail in the
following subchapters. Section 4.4 provides a list of publis d accepted FELICE
publications. The next steps for FELICE standardization actiyities are'discussed in section
4.7 while the liaison between FELICE and Digital Innov. s (DIHs) is outlined in
section 4.8.

4.1 Strategy for dissemination and co nication

The strategy for dissemination and commun
outlined in D9.2 as part of the Dissemination,
(DECP). Outlining the target audie

and Communication plan
ools and channels available to

In D9.2, dissemination and communi
target audiences, and key channels ha defin ree phases of the FELICE

Table 0 { d dissemination activities

Phase | Month | Goals /Types of Main target audiences Key Channels
Information

Robotics and Project Website
manufacturing industry

Social media
Scientific community
E-newsletters
DIHs
Scientific
Objectives and expected publications

results
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II M25-39 | Result-oriented content; Robotics and Exhibitions
Project intermediate and manufacturing industry
final results Info days
Scientific community
Inform targeted industry Focused publications
stakeholders and early DIHs and PPPs
adopters in the project Conferences
activities. Standardization bodies
Open source communities
III M39-45 | Result-oriented content; Robotics and xhibitions
Project final results manufacturing i
Info days
Integrated platform, all pilot

showcases, and lessons
learned

Long-term sustainability and
potential commercialization
Publications

section 4.3.9).
ial media and newsletters included the first information

4.2 Disseminatiofiey Performance Indicator (dKPI) status

Table 10 lists the current status of the 20 quantitative dissemination Key Performance
Indicators (dKPI) that have been defined in the proposal. Activities and partner efforts are
specified in section 4.3 of this document.

45



D9.3 Dissemination, exploitation, standardization, and impact assessment | Final v. FELICE - GA 101017151

Table 10 — status report on the 20 quantitative dKPI defined for FELICE

dKPI Description Status
dKPI-1 Num. of site ~140 individual users/month with ~120 being new users
visitors/country >100 Users in 2022 were mainly located (in order) in Germany,
visitors (monthly) Italy, USA, Greece, China, Spain, Austria, UK, France and
India
dKPI-2 Num. of site access >75% (~3900) page accesses in 2021

annually >5000 (annually) | >95% (~4780) page accesses in 2022

dKPI-3 Num. of downloads per
month >100 (monthly)

dKPI-4 Num. of push
announcements > 20
(monthly)

dKPI-5 New followers
worldwide/month >20
(monthly)

dKPI-6 Num. of re
month >20

get, but an increase of 64% has been achieved
from 2021 to 2022 on Twitter

% achieved for the end of project goal with ~360 views

3 videos published including a project overview and two
development progress videos on FELICE hardware

dKPI-9 Num. of downloads to |est.~300in 2022 with 4 newsletters published
FELICE newsletters >1000

dKPI-10 | Num. of press echoes (from | FELICE was featured in press and magazines from:

all over Europe) =10 Austria (Austria Innovativ, der Standard supplement);
[taly (Platinum magazine); France (ERCIM news);
Germany (Discover Logistics)
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dKPI Description Status

dKPI-11 | Num. of international 6 conference publications published & 3 accepted
refereed journal 1 conference poster presented
publications >8 1 book chapter published

2 journal publications published

dKPI-12 | Special issues in FELICE members are editors in a planned 2023 special
international refereed issue at Frontiers in Robotics and Al titled Robotic
journals >2 Applications for a Sustainable Future

dKPI-13 | Num. of articles in printed | 6 articles have been published in online or print
and online magazines, magazines
newspapers >25 1 Article has been included in a newspaper supplement

dKPI-14 | [scientific] Num. of &ifferen rences
presentations in Overall, partner; conferences 2 S
conferences and other

events > 12

at ISM 2021 conference
conference
00 registered

dKPI-15 | [scientific] Num. of
international workshops
and summer schools
organised >2 events with
>100 attendees joi with the euRobotics

dKPI-16 | Num. of info

dKPI-17 with euRobotics Topic group “Robotics for
ustainability and Environmental Aspects”

itation opportunities at Stellantis under discussion
d several discussions held with Trinity and DIH? digital

innovation hubs

dKPI-18

Target groups have been identified
groups to Next step is an internal standardization workshop

dKPI-19 | [European DIHs] Num. of | Started, expected in later stages due to availability of
toolkits to link with results
FELICE modules >3

dKPI-20 | [EU commission & | Invitation to participate in a EU commission session for
regulatory sessions] Num. | ICT-46 projects at ERF 2021

of events in the field of
interest to participate >4
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4.3 Dissemination and Communication activities report

Table 11 gives an overview of the number of dissemination and communication activities
performed by FELICE partners. Additional information on FELICE materials, activities,
events, workshops and conferences is presented in the corresponding section 4.3.1 to
4.3.10. Scientific publications are listed separately in the following section (4.4).

Table 11 — Report of partner dissemination and communication activities in categories

Number of Dissemination and Communication activities in categories
= [~
] % ) Z 2 E = a 3 E Q g =
S | £ | & | @ z | 5|58 | 2 S | = | &
S |8 |g|2|Z|g8|3|B|g|8||E|&|T
= g
Partner =
Conference
Coorganisation 1 1
Conference special
sessions organized 2
Conference
attendance 1 3 20
Organisation of a
Workshop| 2 1 8
Workshop
participation 3
Popularised
publications 3 6
Exhibitions 10
Flyers 1 1 4
Social Media posts 1 1|76 1 3 1 |105
Website updates| 1 1 1 11 1 1 16
Videos/Films 3 1 5
Brokerage Events 1 1
Trade Fairs 1 1
Other events| 1 1 2 4
Joint activities with
other EU projects| 2 8 10
Newsletters 4 4
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Table 12 gives an overview of the estimated number of persons reached in the different
target groups. The data has been estimated taking event target audiences, website and
social media statistics, LinkedIn user profession data, or magazine media kits into
account.

Table 12 — Estimated number of people reached by partners split in target audiences

Number of persons reached, in the context of all dissemination and communication activities, in
categories
Partner 1ccs | CcRF | FHOO | AEGIS | IFADO [ FORTH |cALTEK| TUD F::llerlh ACC | PRO | EUNL

Academics| 1k 13k [ 300 | 200 | 1k | 300 19k
Industry| 500 100 4.5k

Civil Society 120
General Public| 500 tbd*| 1k | 200 790 | 7k*
Policy Makers| 50 125
Media 3.6k
Investors 200
Customers 300

Other ' k 1k

*Information on the FELICE er Standard newspaper with a potential print run of 58.000-

Tabl ' i onferences (Co-)organized by FELICE partners:

or special sessions at conferences (Co-)organized by FELICE

Name of Conference Organizer Presenter

18th International ydisciplinary Modelling & | CALTEK FHOOE, FORTH, CRF,

Simulation Multiconferénce (I3M 2021) CALTEK, ICCS

International Conference on Industry 4.0 and Smart | FHOOE, CALTEK FORTH, CRF, FHOOE,

Manufacturing (ISM 2021) ACCREA, CALTEK,
PRO

The FELICE Special Session at the 18th International Multidisciplinary Modelling &
Simulation Multiconference (I3M 2021) was held on September 16, 2021, and included
four presentations related to FELICE project, focusing on the Orchestration of the Human-
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Robot Collaboration, Designing of a Data Driven Digital Twin and Definition of use cases
in automotive production:

® Manolis Lourakis (FORTH): The FELICE EU Project

@ Felice Tauro (CRF): The use case at FIAT Research Center (CRF use case)

® Antonio Padovano, (CALTEK): FELICE: Design of a Data Driven Digital Twin
® Florian Holzinger (FHOOE): Orchestration of Human-Robot Collaboration

The International Conference on Industry 4.0 and Smart Manufacturing (ISM 2021) was
held online from 17 to 19 November and represented a knowledge exchange platform for

Austria University of Applied Sciences (FHOOE). A FELICE s ion was organized
by CALTEK and held on 17th November. The session foc the main aspects of the

layer
Andreas Beham (FHOOE) & S vi (PRO): Orchestration and
Robot task execution
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Table 14 lists additional ented at or participated in to
disseminate the FELIC

participated in by FELICE

Activity Name of Conference Presenter Participants

Confe e 2 ernatio ference on FORTH
par n Patte cognitio R) 2021

26th IEE ternational Conference on IML, IfADo
merging/Technologies and Factory
oma (ETFA) 2021

13th'International Conference on IML
Applied Human Factors and Ergonomics
(AHFE 2022)

27th IEEE International Conference on PRO
Emerging Technologies and Factory
Automation (ETFA) 2022

11th IEEE International Conference on ICCS
Cloud Networking (CloudNet) 2022
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31st IEEE International Conference on UNISA UNISA
Robot and Human Interactive
Communication (RO-MAN) 2022

International Conference on Industry 4.0 CAL-TEK, FHOOE
and Smart Manufacturing (ISM) 2022

18th International Multidisciplinary CAL-TEK
Modelling & Simulation
Multiconference (I3M) 2022

This multiconference includes eight
conferences

International Conference on Industry 4.0 FORTH, CRF,
and Smart Manufacturing (ISM) 2021 FHOOE, ACC,
CALTEK, PRO

18th International Multidisciplinary
Modelling & Simulation
Multiconference (I3M) 2021
This multiconference includes ei
conferences

CALTEK, FHOOE TEK, FHOOE

European Robotics Fg
2021)

m 2021 (ERF

gies in the field of industrial and factory automation. Topics

communication technology, automated manufacturing,
obotics, cyber-physical and embedded systems. The conference
deas, trends, research results, and practical accomplishments in

include informa
intelligent sensors a
aims to disseminate
these topics.
International Conference on Applied Human Factors and Ergonomics (AHFE)

The conference aims to disseminate information on theoretical, generic and applied
human factors and ergonomics research. The conference includes keynote presentations,
parallel sessions, demonstrations, and poster sessions as well as tutorials and exhibitions.
Participants include people from academics, industry, and business as well as
policymakers.

IEEE International Conference on Cloud Networking (CloudNet)

CloudNet brings together researchers and industry experts in Cloud Computing and
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related fields of research. The CloudNet program includes keynotes, technical sessions,
tutorials, and discussion panels.
International Conference on Robot & Human Interactive Communication (RO-MAN)

RO-MAN is a leading forum where state-of-the-art innovative results, the latest
developments as well as future perspectives relating to robot and human interactive
communication are presented and discussed. The conference covers a wide range of
topics related to Robot and Human Interactive Communication, involving theories,
methodologies, technologies as well as empirical and experimental studies. It collects
papers related to the study of robotic technology, psychology, cognitive science, artificial
intelligence, human factors, ethics and policies, interaction-bas bot design and other
topics related to human-robot interaction.

International Conference on Industry 4.0 and Smart

ISM is a yearly open forum fostering the smart culture the transformative
impact of digital technologies characterizing the 4 i ion across the full
breadth of economic sectors.

International Multidisciplinary Modellin i i (I3M)

earchers, industry leaders, and
he latest developments in robotics and

orkshops (Co-)organized by FELICE

Activity Name of Workshop Event/Conference Organizer Presenter

Workshops Hum ot collaboration and Al for | PRO, ICCS CALTEK, CREF,
organized Sustainable Production. Workshop Conducted at FORTH
the European Robotics Forum 2021

Application of Robotics in Sustainability and | PRO; ICCS
Environmental aspects. Workshop Conducted at
the European Robotics Forum 2022

Industrial Robots and Sustainability. Workshop | PRO
Conducted at the European Robotics Forum
2022
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Social Robots: the duality of sustainability and | PRO
societal applications. Workshop Conducted at
the European Robotics Forum 2022

Robotics for Sustainability - Manufacturing of | PRO
Sustainable Robots. Workshop Conducted at the
European Robotics Forum 2022

The FELICE project co-organized a workshop entitled Human-Robot Collaboration & Al for
Sustainable Production. This workshop focused on the aspect of collaborative robots for
the development of sustainable production, mainly dealin ith topics related to

workers.
The following year, FELICE co-organized four addition
Robotics in Sustainability and Environmental aspec

on the Application of
e workshops were

was followed by some ongoing applications and c ies where robotic applications
tainability. The workshop was
conducted to trigger an information €X mia and industry about the
current challenges and possible solutid ' ion with the application
of robots.

Name of article Author

Mensch und Roboter in der Fabrik der | FHOOE
Zukunft

Mensch und Roboter in der Fabrik der | FHOOE
Zukunft

Austria Innovativ 06-2021 issue Fachhochschulen im Vormarsch, | FHOOE
Leuchtturmprojekte der FHs

Platinum Magazine March 2022 issue Artificial intelligence in the field UNISA
Discover Logistics Magazine Kolla(ro)bor(t)ation Fraunhof
(Issue #22) er

ERCIM news issue 123, January 2023 issue Automatic Vision-based Monitoring of Work | FORTH,
ICCS
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Postures and Actions for Human-Robot
Collaborative Assembly Tasks

ERCIM news issue 123, January 2023 issue Speech and Gesture Command Recognition to | UNISA
Improve Human-Robot Interaction in Manual
Assembly Lines

Shortcuts - Die FHOO Zeitung fiir Schnellleser September 2021 issue & magazine
supplement of Der Standard newspaper

Shortcuts is FHOOE'’s in-house magazine. As the name suggests, Shortcuts provides
exemplary insights and shows new perspectives from the fou ties of FHOOE - and
presents, among other things, research projects in a short a form.

An excerpt of this article also appeared in a magazine su of the daily newspaper
Der Standard, which is one of the biggest daily news tria with a potential
reach of ~558.000 people (58.000 to 95.000 in pri

Austria Innovativ 06-2021 issue

FELICE was featured in the 06-2021 issue of Aus est research

units.

and innovation made infltaly ' JPhe article describes the research
activities of DIEM i i

ouse and customer magazine of Fraunhofer
nts and results of applied research and development
was featured in an article in this magazine,

Informatics and Mathematics. It reports on the joint actions of the ERCIM partners and
aims to reflect the contribution made by ERCIM to the European Community in
Information Technology. Through short articles and news items, it provides a forum for
the exchange of information between the institutes and also with the wider scientific
community. Each issue focuses on a special theme identified by the editorial board and
has a circulation of 6,000 printed copies and more than 8,200 epub subscribers. The
results on human posture monitoring as well as speech command and gesture recognition
tasks obtained in the project have been described and discussed in two separate articles.
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4.3.3 Exhibitions

Fraunhofer has set up a robotic demonstrator facilitating multiple research aspects
covered within the FELICE project, including planning, manipulation, and reinforcement
learning tasks.

This demonstrator has been part of at least 10 internal exhibitions on site at Fraunhofer
Institute in Dortmund, Germany - showcasing the potential of machine learning research
within the robotics domain to potential industrial customers.

or at Fraunhofer IML

in M10, describing the project's main developments, goals,
aim of the flier is on the one hand to provide an overview of
the general conte goals of the project and on the other hand to direct people to the
FELICE website or | media channels. To make these offers easily accessible, a link
tree page was set up for the FELICE communication channels:
https://linktr.ee/FELICE H2020, from which those can be easily accessed with a single
click. A link to the FELICE linktree page was embedded on the flier using a QR code.
Partners reviewed the content of the flier, after which printable.pdf version was
distributed in the consortium to be used at conferences, workshops, or other events. The
flier was also made available to the public via the FELICE website:
https://www.felice-project.eu/resources/dissemination-material/.
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. el

The Project Main Developments Goals & Benefits
The main objective of this project is to ingh bot ion, {5 5% productivity increase
combine adaptive workspaces, collaborative  enabling robots to operate safely and =<t 20% increase in adaptability, e.g. product
robotics, human factors, Al, loT, machine ergonomically alongside humans. = customisation capability
learning, process optimization and Implementing perception and cognition % ity i i
Ergonomics to deliver a modular platform in P 8 percep! 8 @ 10% quality increase in human and

. - L for imp context: 1ess. A performance
order to increase the agility and productivity

of cyber-physical production systems, ensure  Realizing a manufacturing digital twin, tightly ~_@B50% reduction of critical failures

the safety and improve the physical and i i
ot wyellrbein Pof workefs Y: coupled with production assets and the (“‘Wide adoption of the new developments
8 g assembly process. in advanced automotive manufacturing

systems
IoT sensors Eranmy ot b
Adaptive Multimodel .
Es comanurication Solutions for sectors:
Human Robot

oC
o A\ b—o

BT Robotics Automotive
adaptation

Artificalintelligence.

Distributed
architecture

Process quality Process efficiency Ergonomics Safety.

Digital Twin

Human-Robot Collaborative Assembly

5 - Fron ackside of the FELICE trifold project flier

er for ita was created to address the collateral impact of

FELICE on i sector for vision and robotic-related activities such as object
detection andigraspi en in Figure 7.
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Figure 7 - Excerpt from

4.3.5 Social Media activities

Social media is used to disseminate FE ' ' ience and communicate
the project's goals, results, and activitié gy inkedIn channels, FELICE
can engage directly wi ) ontent and other modes of

created i ] i dders and channel descriptions. Until M25 the FELICE
Twitter ha i aggregated over 620 followers, managing continuous

Twitter follower nt exceed the dKPIs defined for the project by 50% making the
FELICE Twitter chani€l rank in second place among the thirteen projects funded under
its topic. Likewise, 132 people follow the FELICE LinkedIn page, which is used to crosspost
Twitter content, while striking a more professional tone.
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o  FELICE H2020 Project F E ﬁ -i C’““E

FELIC E_ NEXT GENERATION ASSEMBLY PROCESSES

FELICE Horizon 2020 Project

- - . o FELICE iz an EU Horzon 2020 funded research project that sims to design next generation

_mm
FELiCER 24 :
Edit profile

Info Beitrige lobs Personen Videos

FELICE H2020 Project

funded 't No. 101017151
s to d generation assembly processes by combining human and

Alle Details anzeigen

Tweets Beitrdge ':: ) ::'

0An project titled Rt o -t
"Automatic Vision-ba: s s and Actions for

Human-Robot Collaborative

as well!

@ FELICE H2020 Proiect FELICE Harizan 2020 Praject FELICE Horizon 2020 Praject

& Check it out:

FELICE H2020 Project
- A ojec article by B titled

"Speech and Gesture Command Recognition to Improve Human-Robot I F e e e T T T B R ST I T
and Actianz t Calisbarstive Assembl.. nin Manual..

Interaction in Manual Assembly Lines" is featured in the January issue of
1

& Check it out:

Fos Fos
O . - O . -
€ - e S o i 8 - comm < o “
Kommentar  Teilen Senden Kommentar  Teilen Senden
mir -

FELICE News e.g. t ogress on the project as well as FELICE events, workshops, or
conferences are posted as news. Until M25 of the project 13 website news have been
posted. Dissemination material, like the project flier, public deliverables, and newsletters
can be downloaded from the website.

In 2021 (M1 to M12) website pages were accessed ~3900 times while in M13 to M25
~4800 page accesses were registered (+23%).
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.
FE&'I CE NEWS RESOURCES  THE PROJECT  CONSORTIUM

FLEXIBLE ASSEMBLY MANUFACTU T I ONAND DIGITAL TWIN MODELS

Perception and cognition Human-robot Manufacturing digital twin
collaboration

s # 1 ugse™  Coordinated interaction and

mmm - FEEICE —_— co.mbmat!on of human and robot
e — skills

- 1 e

Process quality Process eficiency Ergonomics safety

Digital Twin
Human-Robot Collaberative Assembly

Figure 9 - ] ebsite

er events FELICE partners participated in

Table IH— ‘okerage :

Type of event Name of Event Venue Participants

Robo' Technical University of | ICCS
Crete, Chania, Crete

1k on the topic | Online PRO
abled Human-

ot Interaction In
Industrial
Scenarios”,Lecture
Series Trust in Robots,
TU Vienna (online), 21st
January, 2021

Other 6th FITCE Technology The Great Arsenali, Chania | FORTH
Forum
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Other 3rd edition of the GMAR | Online PRO
Industry talks

Trade Fair LogiMAT 2022 Stuttgart, Germany IML

Trade fair at| European Robotics Rotterdam, Netherlands IML

conference Forum 2022

aMAZEing Robot Challenge

FELICE Project coordinator M. Pateraki (ICCS) prese
aMAZEing Robot Challenge at the Technical Universit

GMAR industry talks

FELICE project at the

On February 21st 2022, PRO presented th j ional and
transregional Industry Talks GMAR. The prese i cs related to
Industry 4.0 & the field of Robotics. PRO gave a b rview of the FELICE use cases
and expected results.

FITCE Technology Forum

On June 3rd, 2022, M. Lourakis (FORTH e alk ti omputer vision for safety
monitoring and human-rgbot collabora kplace in a session themed
Convergence of Teleco of Advanced Services at the 6th
FITCE Technology F

LogiMAT 2022

Fraunhofer has presented a robotic demonstrator facilitating multiple research aspects
covered within the FELICE project, including planning, manipulation, and reinforcement
learning tasks. \.

This demonstrator has been presented at LogiMAT - the international trade show for
intralogistics solutions and process management - to showcase the potential of machine
learning research within the robotics domain to potential industrial customers.

4.3.8 FELICE Vid

Two videos showcasing the development of the two main hardware components of the
FELICE system, namely the adaptive workstation (TUD) and the mobile cobot (ACC), have
been published in the first phase of the project. Additional video material of the phase I
system modules have been captured by partners during the phase [ integration periods to
be used in the future, while more activities are planned for the phase Il integration period
from Q2 2023 onwards and at the end of the project (M45). Additionally, a voice-over of
an introductory presentation of the FELICE project (ICCS & FORTH) has been made
available to the public.
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FELICE videos are distributed on a dedicated YouTube channel, which is managed by TUD.
Video thumbnails are created by TUD as well, to create a uniform look for videos
appearing in the video feed. To this date, three videos have been uploaded to the channel
as seen in figure 10, which have been viewed ~350 times.

FE&1CE FE&JCE FE&1CE

_ NEXT GENERATION ASSEMBLY PROCESSES NEXT GENERATION ASSEVBLY PROCESSES N GENERATION AS SCHB PROCE S322

5

e Fra——"
N lgeren
>

A
- i
L e ( rgm ;
FELICE h2020 - Introduction FELICE H2020 - first look at FELICE H2020 - first look at
of the project at the Europe... the mobile FELICE... the adaptive workstation...
A 4
Figure 10 - Video feed of the FELICE ouTube prese
A roadmap has been created by TUD, outlining video creatifon process in
FELICE with the requirement that partners can en n the creation of videos without

specialized tools or software.

The roadmap includes:

st in 1080p (1920 x 1080

® (Guidelines: videos should be in 1
‘ font if supported by the user’s

pixels) resolution
software.
® Recommenddtions: ree unding text-to-speech software to create

® Inst 25! e cards and end cards (figure 11) that have
i ICE partners in the creation of videos and to ensure
ith EU guidelines for the dissemination of material

FELiCE

b4 Thank you for watching!
For more information visit
www.felice-project.eu

This project has received funding from the (‘ e ! A ' rus e Tﬁ"‘c«‘
& / -

European Unicn's Horizon 2020 Research and

Innovatien program under grant agreement No AEGIS
101017151, @FORTH A4 A@CREA F2 PROFACTOR

= Fraurlhofer Jﬁl

TECHMISCHE

= UnIVERSITAT
WL DaRméTaDY A

Figure 11 - Title card and end card for FELICE videos, which ensure compliance to EU guidelines
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4.3.9 FELICE Newsletters

Since the beginning of the project, four FELICE newsletters have been published on the
FELICE website, while being promoted using the social media channels:

@® FELICE Newsletter December 2021

® FELICE Newsletter April 2022
@® FELICE Newsletter June 2022

® FELICE Newsletter September 2022

FELICE newsletters feature current activities of the co ium as well as progress
reports. The last pages are reserved for news on confe kshops, and events as
well as publications and public deliverables. In each ne ific technologies are
highlighted, e.g. the adaptive workstation, FELI i ), or intelligent

execution system.

First look into the [ &
mobile FELICE L. 8
cobot

Object detection and localization aims to estimate
the accurate 6D pese of industrial objects to support
human-robot collaboration and object grasping.

Speech and gesture control allows
workers to interact with the robot
directly and dynamically change the
workflow e.g. by requesting tools. The
algorithms in FELICE are optimized for
noisy industrial environments.

- Developed by UNISA

It retrieves image data from an RGBD camera sensor
mounted on the robot arm and exploits
advanced Machine and Deep Learning methodologies
to achieve real-time cbject localization.

The mobile manipulator scaled - Developed by ICCS

for human-robot cooperation,
developed by ACCREA
engineering, is equipped with a
mobile platform, an arm and a
display where a f

a user interfac

weight arm has force

ORTH

Scene perception is responsible for keeping
track of FELICE's collaborative robot location in
has intelligent mechanics the environment. To achieve this, an RGB-D
enabling both pinch grip and image streom from the robot navigation

power grip with a singl or camera is received and processed with a

t feature-based visual simultanecus localization
and mapping (vSLAM) algorithm in order to
maintain an updated map of the assembly shop
floor.

Implementation of a ROS-based
manipulation and grasp planning
system on the robot as well as
software integration of the rabot arm
and the gripper to perform smooth
trajectories and grasping actions.

A novel grasping approach of applying
domain adaptation to novel objects by
generating evolved objects is used
when grasping a newly introduced sst
of industrial cbjects with an associated
lack of training data.

- Developed by PROFACTOR

Current development focused on a visual
localization component that given a single
image, performs place recognition followed by
6D pose estimation using an cffline map.

- Developed by FORTH

CRF at the Stellantis plant in
Melfi, Italy

Figure 12 - example page from newsletter 4 (September 2022) featuring the robot and technologies
deployed by other partners on the robot hardware
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4.3.10 Joint activities with other EU projects

Table 18 lists joint activities or events between the FELICE consortium and other EU-
funded projects:

Table 18 — Joint activities between FELICE and other EU projects

Name of Project Topic Partner
TRINITY Participation in TRINITY Deep Dive event ICCS
Robotics4EU & other ICT- | ICT-46-2020 EU projects meeting initialj PRO

46-2020 projects Robotics4EU

Workshops with other EU | Workshop conducted at the Eu

projects 2021
(COLLABORATE)

PRO, ICCS

Four workshops condu

Forum 2022
DIH? Joint Demons IML
IMPROVE Interreg [ : i reg AT-HU | PRO
Europe a
FELICE coordinator M etworking event of the EU-funded

d DIHs at the event included ADMA

{2020 funded Digital Innovation Hub DIHZ
ICE/DIH? demonstrator at the European Robotics
between FELICE and DIHs are described in section

networking event 0 ed by the H2020 project Robotics4EU together with other ICT-
46-2020 projects next'to FELICE. PRO also presented the FELICE project to the EU-funded
IMPROVE Interreg Europe project.
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Scientific publications published by FELICE partners until M25 are summarized in Table

19:
Table 19 — Published scientific publications by FELICE
Partner Authors Type | Date Title DOI Published in
Confer A Globally Optimal Method 25th International
FORTH M. Lourakis, G. ence May |for the PnP Problem with [10.1109/ICPR48806. Conference on Pattern
Terzakis publicat (2021 |MRP Rotation 2021.9412405 I,
. o Recognition (ICPR)
ion Parameterization
S. C. Akkaladevi, Programming-Free o Advanced Human-Robot
M. Propst, M. https://doi.org/10.100 .
Book [June |Approaches for Human— Collaboration in
PRO Hofmann, L. L 7/978-3-030-69178- ) .
. . chapter {2021 |Robot Collaboration in Manufacturing. Springer,
Hiesmair, M. Ikeda, A blv Task 3 12 Ch
N. C. Chitturi, A. Ssembly 1asks am.
Pichler
J. Jost, T. Kirks, S. Confer Kee:-p Distance with a 26th IEEE Internatlona‘\I
IML Chapman. G ence Sep. |Smile - User 10.1109/ETFA45728. | Conference on Emerging
IfADo Rinkpenauér ’ publicat (2021 |Characteristics in Human- |2021.9613601 Technologies and Factory
ion Robot Collaboration Automation (ETFA )
M. Frychel, S. Confer A.Concgpt for Three-. . 13th International .
July |Dimensional Proxemics in Conference on Applied
IML Hoose, J. Jost, J. ence -
. 2022 |Human-Robot Human Factors and
Gerken, T. Kirks poster . .
Collaboration Ergonomics
Confer 2022 IEEE 27th
A. Pratheepkumar , ence Oct Domain Adaptation With International Conference
PRO M. Hofmann , M. ublicat 202'2 Evolved Target Objects for on Emerging
lkeda, i%n Al Driven Grasping 10.1109/ETFA52439. [ Technologies and Factory
A. Pichler 2022.9921470. Automation (ETFA)
Guided Reinforcement
J. ERer, N. Bach, C. [Journal Jan Learning — A Review and |https://doi.org/10.110 |IEEE Robotics and
IML Jestel, O. Urbann, |publicat 202'2 Evaluation for 9/MRA.2022.320766 |Automation Magazine
S. Kerner ion Efficient and Effective 4 (IEEE RA-M)
Real-World Robotics
K. Papoutsakis Detection of Physical
G. Papadopoulos, Journal Strain and Fatigue in
FORTH/I |M. Maniadakis, T. ublicat Mar. Industrial Envir?)nments 10.3390/technologies MDPI Technologies 2022
CCS  |Papadopoulos, M. |° 2022 | MU 10020042 9
. ion Using Visual and Non-
Lourakis, M. Visual Low-Cost Sensors
Pateraki, |. Varlamis
M. Dimolianis, D. Confer Dl?oS Attack Detection via
Kalogeras. N ence Nov Privacy-aware Federated
ICCS 9 P . . |Learning and Collaborative IEEE Cloudnet22
Kostopoulos, V. publicat {2022 e . .
Maalaris ion Mitigation in Multi-domain
9 Cyber Infrastructures”
Confer Benchmarking deep neural
S. Bini, A. Greco, A. [ence Sep. |networks for gesture 10.1109/RO-
UNISA Saggese, M. Vento |publicat|2022 |recognition on embedded |[MANS53752.2022.990 IEEE RO-MAN 2022
ion devices 0705
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Table 20 lists additional publications in active preparation that have been accepted for
conferences.

Table 20 — Accepted scientific publications by FELICE

Partner Authors Type | Date Title Published in
. Confer o . 18th International Conference on
F. Holzinger, A. ence Multi-criteria optimization of workflow- .
FHOOE . |tbd . . Computer Aided Systems Theory -
Beham publica based assembly tasks in manufacturing

. EUROCAST 2022
tion

18th International Conference on
Computer Vision Theory and
Applications - VISAPP 2023

M. Pateraki, P Confer
ICCS ’ T ence |Jan. |Crane Spreader Pose Estimation from a

S tzoglou, M. . . .
FORTH apou ?og ol publica|2023 [Single View
Lourakis tion

Confer
ence |Mar. [Adaptive positioning of large work objects to

publica|2023 [reduce physical load in industrial assembly 69th GfA spring conference

TUD M. Pétzold

tion

To ensure transparency for the publica ance with EU regulations
ed by TUD in coordination

partners shall prov ormation about their publication in a document managed by
TUD, after their dig€losure. Partners may update the status (Accepted, Submitted,
Published) of their publication during the publication process and provide additional
information when ready. As expected, no objections have been raised by partners during
the publication of results until M25.

After publication, consortium partners inform TUD to disseminate the results using the
FELICE channels and inclusion in the ZENODO repository (Figure 13).
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FELICE H2020 Project - FLEXIBLE ASSEMBLY MANUFACTURING WITH
HUMAN-ROBOT COLLABORATION AND DIGITAL TWIN MODELS

[ o= | i | View -]
rking deep neural networks for gesture recognition on embedded devices
E G, Antanic; Saggese, Alessia; Vario, Maric;
™ 5 s ezt e
E

FELICE H2020 Project - FLEXIBLE
ASSEMBLY MANUFACTURING WITH
HUMAN-ROBOT COLLABORATION AND
DIGITAL TWIN MODELS

[ 22,2022 01 | o | Gorminemee | vien T FELICE grejact s furs
A Concept for Three-Di Proxemics in Human-Robot C U

Guided Reinforcement Learning — A Review and Evaluation for Efficient and Effective
Real-World Robotics

FELICE

Disseminating and i to standardization bodies will have

increased importance
FELICE systenisa

(ribute to existing standards
esults into standards currently under development

internationally agre@@d®ipon approach to solving the challenges to be addressed by the
FELICE system, ensuring compatibility with current design methods and removing
barriers for market exploitation. Compliance with standards has to be ensured to operate
the FELICE system safely and for the possibility to acquire the certification needed for its
application. To ensure safety in human-robot collaborative assembly, the FELICE
consortium agreed to ensure compliance to at least four standards in safety, security, or
incident management for robot and adaptive workstation requirements and operation as
well as robot task execution as part of its evaluation objectives.

Incorporating FELICE results in Standardization will maximize the impact of the FELICE
project and accelerate its market adoption. Taking part in standardization will also

66



D9.3 Dissemination, exploitation, standardization, and impact assessment | Final v. FELICE - GA 101017151

disseminate the project's results to professionals and will provide access and visibility of
relevant data after the completion of the project.

In phase I of the project, relevant standards and standardization bodies or Technical
Committees in the fields of ergonomics and human factors, as well as robotics have been
identified. Normative requirements from standardization to be included in the FELICE
system development process have been outlined in deliverable D3.1.

TUD monitors the status of Standards currently in development in the field of robotics as
seen in Table 21. Including the ISO International harmonized stage codes to refer to their
development status.

Table 21: Standardization in the field of Robotics under development, including the current stage of
development.
Standards for Robotics under development Stage
ISO/AWI PAS | Robotics — Collaborative applicatiofis’— Test methods for measu 20.00
5672 forces and pressures in quasi-statice i pntacts between r
and human
ISO /FDIS Robotics — Safety requi trial robots 50.00
10218-1
ISO /FDIS Robotics — Safety require bot systems, robot 50.00
10218-2 applications and robot cells
ISO/AWI 20.00
13482
ISO/CD i iteri elated test methods for service 30.00
iy for service robots — Part 201: Common 30.00
pdularity for service robots — Part 202: Information model 20.00
I1ISO/DIS 31101 i Application services provided by service robots — Safety 40.20
ent systems requirements

To identify which standardization bodies should be targeted by FELICE dissemination
activities, a consortium internal Standardization Workshop is planned. The goals of the
workshop will be to find common ground between FELICE output and assets and
standardization activities. Table 22 outlines relevant standardization bodies for the
dissemination of results.

67
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Table 22: Standardization bodies and Technical Committees in robotics, ergonomics, safety, and risk
management

Relevant body Short Description

Technical Committee 299:
https://committee.iso. | Objective: Standardization in the field of robotics, excluding toys and
org/home/tc299 military applications

Technical Committee 159:

https://www.iso.org/ Objective: Standardization in the fields of gen onomics principles,
committee/53348.htm | anthropometry and biomechanics, ergono an system
1 interaction and ergonomics of the physi i

Technical Committee 262 - Worki
https://www.iso.org/ Objective: Standardization in t

committee/629121.ht
ml

Technical Committee 199:
https://www.iso.org/ Objective: Standardization of ba cepts and general principles for the
committee/54604.htm | safety of ma incorporating inology, methodology, guards and
1 safety devices [EC Guide 51

4.6 Networking

Liaising with the Dig
process, the deliverable e screened and evaluated. The project
coordinato i etlngs were set up to identify synergies

Table 23: Events between FELICE and Digital Innovation Hubs

Type of event DIH Date Participants
Module Screening 7 18.05.2021 IML

Initial Meeting DIH? 12.11.2021 IML

Extended Meeting | DIH? 19.05.2022 FIWARE.ORG, IML
on modules
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Content Alignment | DIH? 23.01.2022 IML

Trade Fare DIH? 28.06.2022 - 30.06.2022 IML
Demonstrator at

ERF 2022

Module Screening TRINITY 06.07.2023 IML

Initial Meeting TRINITY 27.07.2022 FHG IWU, IML

Deep Dive TRINITY G IWU, ICCS, et al.

Corporate  Module | TRINITY
Discussion

FHG PWU, ICCS, IML,
FORTH, FHOOE

For DIH? the following modules were idé potential use in FELICE:

It is a useful modul purpose and the possibility of integrating into FELICE. Trinity
is using off-the-shelff¥8afety certified" hardware, which has both positive and negative
consequences.

Positive - it is all safety certified, in most cases by some kind of TUV or a similar body. So
if we use them, we can rely on their certification. If we have to perform our own safety
functions, we get all the safety-related data (like PL/SIL levels, MTBF - mean time between
failures, failure rates), so it makes it easier to use.

However, since they are all off-the-shelf products we can simply buy them and use them
if we need them, and we do not need the institution (Centria University of Applied
Sciences) to implement a similar module on our own.
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From the description on the website, it is difficult to figure out what is the added value of
the module, that would go beyond the off-the-shelf certified components. Certainly, the
added value would be the art of combining those components together and configuring
them into a working system. It depends on the business model of Centria University of
Applied Sciences, and the price of this module. If it is offered for free, or at a reasonable
cost I would implement it. Otherwise, we decide to implement it on our own.

ROS Peripheral Interface

The idea is that the TRINITY-provided module will do all requested initializations to the
unit at boot time and then it will (i) keep track of the dynamic s f the unit at run time,
which is reported to ROS, or (ii) provide an interface for se mands to the unit,
thereby changing its state on demand.

that useful because
onents either by
ich has been

Although it sounds interesting, in the case of FELICE
we have already implemented the interface betwe
linking them directly to the ROS environme
interfaced with ROS.

or through FIWAR

Projection-based Interaction Interface for HR

This module monitors components @
simple Ul choices and assumes a stati
This will be problematic for CRF use-ca

pjection-bas

interface. It seems geared to
on - hard i

tallations on the ceiling.

Robot Trajectory Geng

The Module uses 3 ~ e environment with required objects and

workflow modeling, which uses Node-RED components. It
nd specific brands of Autonomous Mobile Robots, AGV and
ion with FIWARE, which is necessary in our use case.

Digital Twin and P isualise Control

This module uses a Digital Twin of the robot only - the human operator is not considered.
Integration with FIWARE is not given. In conclusion, there is no possibility to model &
simulate the entire assembly line with fast time simulation.

Digital Shop Floor Smart Production

This module handles a Ul for a manufacturing execution system. Only limited details are
provided, and the module’s applicability/generality is unclear.
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Object Detection

The object detection in this deliverable requires depth information for the object position,
which is not applicable for certain objects with challenging appearance (reflectivity,
shininess, darkness and transparency of surfaces) and for camera-to-object distances
shorter than the minimum depth distance of the used RGBD sensor.

Easy Programming Module

Very similar to the XROB programming framework. We are already using the XROB

framework available at TRL 5 Workflow modeling. &
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5 Further steps for practical application [SECTION 4]

In this section, further steps undertaken to foster the innovation and the application of
the project results are summarized and described. The most important actions are the
following:

e Workshop on the exploitation of results
e Drafting the Revenue sharing model

e Identification of additional innovations in accordance with the innovation plan,
which should be transformed into exploitable assets

Workshop on the exploitation of results

The application of the results is a complex process th ies of elements to be
effective.

In this view, to raise the effectiveness of the
workshop was developed and held on July

ic exploitation

oitation phase, a s
i g in Melfi,

uring integration

d ICCS in the scope of the WP9 -

an increase of the TRL of the project results was proposed.
: low. The second objective of the RSM discussion led to the
request for the t of the legal departments of the partners before the final

approval.

The third objective Ied to the formulation of a proposal for innovation within Stellantis
(CRF), based on the experience of the integration phase. More specifically, a sanding
operation was considered.

The last point was concerning the discussion of the revised list of innovative items. The
list was shared and tuned during the workshop with the agreement of the partnership.

The plan for going on the market through a credible path and at the appropriate timing is
depending on the commercial and industrial maturity of project results.
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One of the most important aspects is concerning the level of maturity of a specific
innovation or technology.

The higher the maturity, the more exploitable the results. Thus, one possibility for further
increasing the TRL of FELICE technologies would be a followup IA project targeting a TRL
9, as shown in the following figure.

DESCRIPTION TRL

Actual system proven in operational environment
(competitive manufacturing in the case of key @ Product manufacturing
enabling technologies; or in space)
___________________________________________________ —
System complete and qualified 8 A 5
_______________________________________ . E
System prototype demonstration in operational ; (IT;‘i’:rt]')o” Q
environment o
_______________________________________ >
. . ()
Technology demonstrated in relevant environment . o
(industrially relevant environment in the case of 6 Product demonstration o
key enabling technologies) §
_______________________________________ 5
Technology validated in relevant environment L
(industrially relevant environment in the case of @ Felice Proj

key enabling technologies)

. . RIA
_T_egh_nf I_o _g! !a_hfi it_eé T _Ia_b ______________________ (GEEEENE)]

Experimental proof of concept Technological research and.
——————————————————————————————————————— Innovation
Technology concept formulated Action)

Basic principles observed Basic research

As mentioned i , arevenue sharing model can facilitate the exploitation of the
ear of the project a revenue sharing model was drafted and

here are reported s etically the relevant elements of the model.

Background / Results Direct Use:

* In case of direct use of products or services, a compensation fee of 2-10% relating
to the net selling price of products or services shall be agreed.

» If there is more than one "providing beneficiary", that holds the background and
results needed to be requested by the "exploiting beneficiary"”, each "providing
beneficiary" shall get X% of this compensation fee. This X% can be calculated
considering the "providing beneficiary" project costs contribution.

Background / Results Licensing (Indirect Use):
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* In the case of licensing the "licensor beneficiary" shall at first receive a bonus of
20%.

* From the remaining amount (80%), if there is more than one "providing
beneficiary”, each '"providing beneficiary" (including the "licensor
beneficiary") shall get X%. This X% can be calculated considering the
"providing beneficiary" project costs contribution.

The full framework of the model is available in a separate document, which is currently
being evaluated and revised by the consortium's legal departments. The description
above reports only the core elements with respect to the economic aspects.

Extra innovations

identified that can
d-alone at the end

Following the innovation process, some new soluti
increase the portfolio of assets that can be exploite
of the project.

These new solutions, not defined at the begi i te thanks
to the development activities and the definition

They are reported in this section because they ent one of the useful steps to
increase the exploitability of the p . e improvement is due to the

numerical increase of the available ility of application to other
sectors and case studies.

The following table shows new resul become exploitable assets.

Table 24 - New potentially exploitable assets
| | \ 4

nr | WP Partner New potential Asset description Time
Asset
10 Ag Novel grasping solution for a given set of 1-2
solutio novel industrial objects; applicability in year
developing grasping solution for product
variants
11 Initiating fluent physical collaboration with 1-2
humans by taking ergonomic aspects into years
consideration
12 (online) Robot | Dealing with dynamic situations (locally) by 1
Execution re-parametrizing robotic tasks year
Parameters
13 | WP7 | FRAUNHOFE | Resilient Intelligent Recovery Policies for Robust Task 1-2
R assembly line Execution in Failure Cases and Handling years
operation Complex Situations

As part of the innovation process, some verification and detailed analysis will be carried
out for the inclusion of these additional items in the exploitable assets list.
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6 Conclusions

This document provides the vision of the exploitability of the project outcomes and
related technologies. The document also includes an evaluation of the strengths and
critical aspects pertaining to these assets. Moreover, there is also some information about
how the assets can be used and exploited to increase the potential impact of the project.

The document provides useful guidelines to identify a common framework able to guide
the project to implement systematic innovation, facilitate exploitation and benchmarking.

Overall, the project activities have produced several innovations which can maximize the
exploitation opportunities for individual partners and the sustdinability of the FELICE
system beyond the project duration.

Regarding exploitation, the partners outlined a nderstanding of the

cases. In addition, the aspects of innovation were i s of tangible and
intangible results (knowledge, skills, and technj

The final objectives remain in line with those e ' ase but have

been expanded and detailed.

The scenario selected to test the FE s one of the most effective and
eloped in the project. This

il* recent months.

Therefore, the objective o nd offering a solid solution is

fully achieved in met that the final result will be the

one that will give va

The research related f@ arried out within the project could make

implementatign.easier, tht

d the reality of the business models and finalized the design
st business plan for the FELICE system, oriented towards

Assuming the possible commercialization of the overall system, the partners have clearly
identified three distinctive phases: Innovative conception, prototype development, and
engineering of defined solutions. These phases are perfectly supported by the mix of skills
incorporated in the Consortium.

The different characteristics of the system are also distinguished, and therefore the

individual modules represent a further capitalization opportunity, in addition to the
entire system.
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Considering also the targeted TRL, all partners agree on the need to continue the
development process of the FELICE system, selecting follow-up key activities (e.g., to
obtain homologation and Certificate of Conformity according to European standards) and
hoping to extend the collaboration with the Consortium Partners even beyond the
duration of the project. Possibilities for further project financing and the detection of
interested investors have already been recognized.

The analyses carried out revealed elements that threaten the success of the project both
internally and externally. However, partners immediately responded with suggestions for
mitigating actions, showing intent to strengthen collaboration and maintain a realistic
view of required effort and achievable goals.

Successful exploitation and publicity could be achieved e functional tests of the

automotive and non-automotive manufacturin

FELICE cooperative technology.

Overall, the project is being successfu
FELICE consortium members have di
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