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ExecutiveSummary

The current deliverable (i.e. D2.1: Modular and Functional Architecture of the A4BLUE platform for
adaptive assembly system Initial Version) aims to report on the initial results of tasks T2.1
(Reference model for evolving assembly systems) and T2.2L(&Bunctional and modular
architecture). However, to provide on time (i.e. D2.1 is due Month 9), relevant information to the
starting or ongoing work on other technical wepkckages (i.e. WP3, WP4, and WP5) it has been
decided to includeonly high-level specification of the AABLUE Platform in this initial version of the
deliverable. Tasks T2.1 and T2.2 follow the incremeiitadative approach (alphéeta loop)
identified for the overall project, so it is still an ongoing activity, thus only initial tseaué included

in D2.1 and the final results will be reported in M19 in the scope of D2.6 (Modular and Functional
Architecture of the A4BLUE platform for adaptive assembly systEmal Version).

The purpose of both tasks T2.1 and T2.2 is to idek#fychallenges to beddressed irA4BLUEas
well as to refine the initially proposed reference implementation and define the functional
architecture.To this end the main inputs of such activities are:

f DoA: Annex 1 (part A) of AMENDMENT Reference No-72@&8n (G2 (KS d&aDNJ
Agreement number: 723828 Adaptive Automation in Assembly For BLUE collar workers
al GAaTlOlA2y Ay 902t @l ofS O2yGSEG o6!'n. [ ! 90¢

1 D1.1- Requirements book and human factors best practice guidanicitial Version:an
exploratory investigét 2y 2F WYdz GARAYSYy&aA2y Lt NBIdA NBYSy
results capturing both user level requirements and high level requirements (i.e. the formal
requirements to which organisations must comply that typically come from legal and
prescripive sources)

1 D1.2- Scenarios definition Initial Version: D1.2 includes the description of thelB3 GBE
scenario of the four business cases driving the project (i.e. the two industrial scenario in
AIRBUS and CESA, and the two laboratory scenatkINIKER and RWTH).

The methodology followed to complete deliverable D2.1 included:

1 Table of ContentsT(pC) and document scopence the ToC was agreed among the partners,
a detailed template including a description of the required information along @xdmmples
was circulated to guide the section coordinators in the collection of the required information
from all the contributing partners.

1 EU initiatives analysis and alignment to the project objectives: a general overview of the
most important EU initiaves dealing with the definition of a common architecture for the
Smart Industry domain has been presented in order to ground the AABUE approach into well
known approach.

1 Specifications, reference model definition, business processes analysis, and FB&aspac
starting from the requirements books and from the use case descriptions, the A4BLUE
approach has been designed using UML diagrams.

1 Follow up activities to monitor the work progress through different types of meeting: (1)
General project follow p web meetings (every three weeks) involving representatives from
all the partners; (2) WP2 specific conference meetings; (3) General project F2F meeting.

Furthermore, several revision iterations of D2.1 were put in place along the duration of the initial
iteration (M4-M9) involving representatives of both the technical partners (i.e. ENG, ILL, TEK, RWTH,
KOM) and the business partner (i.e. AIRBUS, CESA, TEK, WQTH) to check that the provided
information was as clear as possible to be used in the scopeeobttier technical worpackages

(i.e. WP3, WP4, and WP5).
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Glossary of terms

Cyberphysical systems | Cyberphysical systems (CPS) are the basic technology platforms fq
and lloT and therefore the main enabler to connect physical mach
that were previously disconnected. CPS is a system which links
(physical) objects and processes with informatmocessing (virtual
objects and processes via open, in some cases global, and cong
interconnected information networks. A CPS optionally usesvices
available locally or remotely, has humarachine interfaces, and offel
the possibility of dynamic adaptation of the system at runtime.

FITMAN FITMAN (Future Internet Technologies for MANufacturing) was a-|
scale use case project, succedgfidompleted by September 2015.

mission was to assess the FIWARE platform in the context of ten indy
trials of various sizes and belonging to several manufacturing se
FITMAN also developed its own specialized Open Source compan:s
Speciic Enablers (SEJ filing some of the gaps existing betwe
CL¢ta! bQa dzasS OFaS NBIdANBYSyia

FIWARE FIWAREs an open initiative in the scope of the Future Internet PPH
PPP) program, aiming at the creation of a simsthle ecosystem of Cloug
ready generic componentsaka Generic Enablers (GE).

Generic Enablers Generic Enablers (GE) are claeddy generic components that may |
used as the foundational building blocks of Future Internet solution
any area, effedvely supporting the new wave of digitalization of
industry and society. They are essentially software tools offered b
WARE, they are for public use and are royalty free.

Industrial 10T Referenc| The Industrial 10T Reference Platfor(toT for Manufacturing- 10T4
Architecture Platform) is the synthesis of the three Smart / Digital / Virtual dom
into one unified Reference Architecture that brings together FIWARE
FITMAN SEs and lessons learned during the development of FITMAI
Trial Pl&forms. Its broader scope addresses complex-maidld use case
involving multiple facets of the Manufacturing Enterprise.

Industry 4.0 Industry 4.0is the next phase in the digitization of the manufactur
sector, driven by four disruptions: the astehing rise in data volume
computational power, and connectivity, especially new 4ogwer wide
area networks; the emergence of analytics and busiesdligence
capabilities; new forms of humamachine interaction such as toug
interfaces and augmenterkality systems; and improvements
transferring digital instructions to the physical world, such as adval
robotics and 2D printing. It includesyberphydcal systemsthe Internet
of thingsandcloud computing

Internet of Things The term Internet of Things (I0T) represents a paradigm that cove
wide range of topics in the informatiemased era. The goal of 10T is
enable any object to be connected anytime and anywhere with anyt
and anyone.
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RAMI 4.0

RAMI 4.0 is the Referendachitectural Model for Industrie 4.0, it is s
ServiceOriented Architecture that combines all elements and
components of Industrie 4.0 in a threkmensional layer model for th
first time. Based on this framework, Industrie 4.0 technologies cal
classified and further developed.

Specific Enablers

A Specific Enabler (SE) is a component similar to a GE which
functions relevant to domains specific, for example manufactur
media, eHealth, energy and agrifood.
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1 INTRODUCTION
1.1 CONTEXT AND SCQ@HETHIS DELIVERABLE

The current deliverable (i.e. D2.1: Modular and Functional Architecture of the A4BLUE platform for
adaptive assembly system Initial Version) aims to report on the initial results of tasks T2.1
(Reference model for evolving assemblystems) and T2.2 (A4BLUE functional and modular
architecture). However, to provide on time (i.e. D2.1 is due Month 9), relevant information to the
starting or ongoing work on other technical wepkckages (i.e. WP3, WP4, and WP5) it has been
decided to intude also higHevel specification of the AABLUE Platform in this initial version of the
deliverable, foreseeing further details in the outcomes of the other WPs.

Tasks T2.1 and T2.2 follow the incremeiitidative approach (alphheta loop) identified fo the
overall project, so it is still an ongoing activity, thus only initial results are included in D2.1 and the
final results will be reported in M19 in the scope of D2.6 (Modular and Functional Architecture of the
A4BLUE platform for adaptive assembigtemc Final Version).

T2.1 Reference Model for evolving assembly systems;

T2.2 A4BLUE Functional and Modular Architecture

M1 (Oct’ 16) M9 (June 17) M19 (Apr’ 18)
Modular and Functional Modular and Functional
Architecture of the Architecture of the
A4BLUE platform A4BLUE platform
for adaptive assembly for adaptive assembly
system — Initial version system — Final version

Figurel Tasks T2.1 and T2.2 timeframe and related deliverables

The purpose of both tasks T2.1 and T2.2 is to idekéfychallenges to be overcome by the A4ABLUE
as well as common and application specifiquirement to refine the initially proposed reference
implementation and define the functional architecture.

WP2 (and especially T2.1 and T2.2) is the starting point of the technical work to be performed in the
scope of AABLUE. Thalowing Figure2 shows the relationship of tasks T2.1 and T2.2 with the rest
of task involved in WP2.

T2.1& T2.3 &
12.2 125

Analyze existing
ontologies and
taxonomies

T2.4 T2.6

Specification of AABLUE
modules and component}

Analysis of security
requirements

Verification nad
Validation (WV) process

Define the reference
Virtual Asset Model for
A4BLUE Platform

Structuring principles
driving the integration of
these components

SecurityBy-Design
approach

o o Alpha and Beta test cas]
Quantitative Monitoring specification
of economic and technic

KPIs

Specification of APIs an|
information flow

Identity Management

Figure2 Relation of the tasks T2.1 and T2.2 with the rest of tasks in WP2
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1.2 RELATIONSHIP WITH OTHER TASKS

D2.1 is divided in five main parts involving:

9 Introduction: This section ldentifies the tasks of the project related to the deliverable
including information on objectives as well as a short description of the relationstifpeof
current deliverable with the results of other tasks and wpdckages.

1 Methodology. This section describes the approach followed in tasks T2.1 and T2.2 to
complete the deliverable D2.1.

1 EU ContextAn Analysis of other EU initiatives relevant to thaBRYWE architecture design,
complemented by a description on how A4BLUE can be aligned or support by them.

9 Specifications This is the core part of the document including relevant information from
each module composing the A4BLUE overall solution. This ipgkserincludes (1) the
specifications of the modules representing an external view of the system derived from the
requirements defined in WP1; (2) the identification of the A4BLUE Reference Model
providing the solution to be adopted in A4BLUE in termBurfctional Building Blocks; (3) the
analysis of main business processes to be put in place in the final solution to realize a
coherent system from the individual modules; (4) the detailed specification of FBB in terms
of system interfaces; (5) the overdfunctional and Modular architecture of the A4BLUE
project.

1 Conclusions:This section provides summarised information on the A4BLUE Reference
Architecture to pave the way to the technical developments in WP3, WP4 and WP5.

An overall view of the document sicture can be seen in the figure below.

List of authors

List of reviewers
Executive summary
Table of contents
List of Figures

List of tables
Abbreviations
Glossary of terms

INTRODUCTION

METHODOLOGY

EU CONTEXT I I

(<]
oc
]
-
o
=
o
[
wv
-
=
Ll
=
=
[
o
o

—> SHOPFLOOR LAYER I

ENTERPRISE LAYER I

SPECIFICATIONS

— BUSINESS LAYER I

CONCLUSIONS

Figure3 Diagram Document Structure
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2 METHODOLOGY
2.1 REFERENCE IMPLEMENOAN

The A4BLUEAdaptive Frameworkwill be designed upon the following pillarsirtualisation,
integration, adaptationrmanagement, worker assistance support and monitoring as showigure
4,

In general termsmodularity and adaptability will be supported by exploiting the Ser@dented
Architecture (SOA) and the Event Driven Architecture (EDA) patterns and scalability will be
implemented by a cloud approach.

FACTORY LEGACY
SYSTEMS

ERP, MES, CMMS ...

Worker Assistance tools Business Assistance tools

VR/AR BASED TRAINING DECISION SUPPORT
AND GUIDANCE COLLABORATIVE SYSTEM (DSS)
KNOWLEDGE PLATFORM

MONITORING

KPlacquisition (Quality
of service, etc.)

Offthe job training: VR

simulation Enterprise social networks
On the job training: AR based Information modeling and
assembly, quality control and, retrieval
maintenance guidance tasks.

Information aggregation
Recommendations systems
Visual analytics

SENSORS

Human tracking: Vision,
wearable, .
Contextinformation:
environmental, ...

AUTOMATION
CONFIGURATION
EVALUATION

AUTOMATION
MECHANISMS

Smort tools
Machines

‘ EVENT MANAGERS

SEMANTIC VIRTUAL ASSET

REPRESENTATION (models) T Publish/subscribe
Virtual osset representation Complex Event Processing

including tangible ond intangible Virtual asset representation Production & Human

assets (factory ossets instances variability
Processes, workers, context, etc.) Dynamic and static data Adaptation and assistance
actions

MEDIATION
SERVICES

Integration connectors
Plug and produce

Socio-economic
sustainability

INTERACTION

DEVICES QUANTITATIVE

MEASUREMENT OF
SATISFACTION

Computer based
tool

Smartphones & tablets
Head-mounted displays
Lights

Gestures, voice, sounds, lights, etc.

MULTIMODAL INTERACTION

Speakers
Monitors DEVICE MANAGERS

Publish/subscribe
Ta: ion

COLLABORATIVE
ASSET MANAGER

Configuration of

individual virtual asset
models Adaptation Management A4BLUE ADAPTIVE
FRAMEWORK

LOGICAL

Integration

HEEEH
HHEEE

Figure4 AABLUE Reference Implementation (from DoA)

The main components of such a vision figher detailed in the following ablel.

Pillars Reference Description

Modules

Virtualization Collaborative The CAM will be in charge of providingrtualisation
Asset Manager | capabilities by managing thértual asset modelcontaining
representatiors of both Tangible Assets.€. physical objects
with economic value like machinery, robots, tools, materi
workers, etc) andIntangible Assetd.é. key business driver
such as process definitions, technical or scien
knowledge, worker skills and their level of adaptabili
business relationships, technological soluticgts,).

Integration and Mediation These services will enable th@eégration of heterogeneous
interoperability Services hardware and software componentwhile complying with
the relevant standardée.g.OPC UAetc).
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Reference
Modules

Description

ETS

Device Manager:

The Device Managers will represent the logical part of

automating mechanism<CES) and Wl include managemen
capabilities to support the decentralisation of the dewis
making.

Multi-modd
Interaction

adzZ GAY2RIt AydSNMWudichaneyHumah
ldzi2YFGA2YykNROo20G Ay idSNI O

GadzZ GAOKIF yyISdzi 2 YIF deK 2y k NP2 0 2
implemens the multimodal] multichannel input/output

mechanisms for thehop floor operatoiinteraction with the
automationmechanisms (i.e. robotshrough gesture, voice|
lights, sounds, etc.

G! Ol A @SimplemdntS (adive safety mechanisms
adapt the behaviour of the automation/robot ogidering
the safety mode in place (i.e. safety rated stop mode
speed & separation monitoring modé)y R (G K S
profile.

Adaptation
management

Event Manager

The Event Manager will be in charge of continuod
capturing and analysing relevamvents and reacting td
them, on publish/subscribe basis, by triggering appropri
adaptive actions.

Personalised
g2NJ SN a
assistance tools

VR/AR base
training and
guidance

A4BLUE will sustaimoth off the job training (i.e. at a sit
away from theactual work place) and on the job trainit
(i.e. taking place in at the workplace in the real work
situation) by usingappropriate AR hardware and softwar
components.

Collaborative
Knowledge
Management

Facilitating the transfer of knowledge, espelsiainplicit and
informal ones, from skilled workers (e.g. older workers
young or less experienced workers to help them taking
right decision at the right time

Decision Suppor
System (DSS)

TheDecisiorupport Systemis aimed tosupportworkerson
relevant decisions for the assembly, maintenan
inspection operations. laggregates relevant informatio
produced in the domain of the A4BLUE systamd provide
visual analytics capabilitieso support workers in the
decisionmaking process.

Business
assistance tools

Monitoring

The monitoring module is aimed to suppdhte evaluation
process to be performed by supporting the collection &
visualisation of key performance indicators (KPIs) to as
the impact, from an economic and social geestive. Itis
aimed only to support thecollecion of the relevant
performance metrics produced in the domain of the A4Bl
solution other kind of KPIs should be out of the scope of
component

Automation

An evaluation toolable to assess the levels of automatic

© A4BLUE consortin
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Pillars Reference Description

Modules

Configuration (assembly system configurations/assembly process) fro
Evaluation sociotechnical as well as from an economical perspect
The results socioeconomic evaluation will be used as a
for further improvements of the assembkystem structure
as well as the selection and elaboration of automat

solutions.
Quantitative A psychometric instrument for quantitative measurement
Measurement of | satisfaction which can be used to assess levels of wd
Satisfaction satisfaction in relation to humaautomation systems an

wider work environment characteristicgt will include a
computer-based toolthat enables the involved shop flog
operators to complete the worker satisfactiqg
guestionnaires in an easy way and evaluates the results.

Table1l AABLUE Reference Modules (from DoA)

The abovementioned components will be further discussed later in this deliverable, since they have
paved the way for defining thREFERENCE MOD&dcribedn Sectim 6.

2.2 THE METHODOLOGICAPROACH

This document presents the architecture of A4BlbdEed systems, based on the use of multiple,
concurrent views. Multiple views lalv to address separately the concerns of the various
stakeholders of the A4BLUE project, mainly technical partners and business partners, and to handle
separately the functional and nefanctional requirements. ThA4BLUE Reference ArchitectufRA)

will be designed using an architectucentered, scenariodriven, iterative development process.

The A4BLUE RA deals with the design and implementation of thdeligihstructure of new adaptive

systems based on project outcomes. It is the result of assemblinertain number of architectural
components in some wetlhosen forms to satisfy the major functionality and Faonctional
requirements of the system.

C2ft2oAy3a GKS danbm GASg Y2RS([f) thisldhdhehiodads withr & RS T
abstraction, decomposition and composition of several viewoiNDt all the views prescribed in

this approach will be part of D2.1, since they fall in other progettomes.

The proposedpproach usea model composed of five main views (or perspectives):

1 Thelogicalview, which is the object model of the desiga concerned with the functionality
that the system provides to endsers See Sectior6 ¢ 6REFERENCE MODELT 2 NJ F dzNJi K ¢
details.

1 TheProcessiiew, which capturs the concurrency and synchronization aspects of the design
dealing with the dynamic aspects of the system, explains the system processes and how they
communicate, and focuses on the runtime behawimf the system See Section’/ ¢
CBUSINESS PROCESSES 2 NJ FdzNIIKSNJ RSOl Af aod

1 The Physicalview, which describes the mapping(s) of teiemponentsonto the concrete
instancesand reflects itdistributed aspectpresenting the inteconnections between these
components See SectioB ¢ 6FBBSPECIFICATION F2 NJ FdzNJI KSNJ RSGIFAf a @

1 The Developmentview, which describes the static organization of tkelutions to be
implementedin its development environmenSee outcomes from WP3, WP4, and WP5.
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1 The Senarios which become a fifth view, used to derive the architecture that is in fact
partially evolved from these scenarios as we will see |&ee the outcomes from WP1 and
Sections ¢ 6SPECIFICATIGNS

End-user Programmers
Functionality Software management
. . Development
Logical View \View
' ( Scenarios )
Process View Physical View

Integrators System engineers
Performance Tapology
Scalability Communications

Figure5¢ KS anbmé @GASH Y2RSH

Apart from adherence to the 4+1 view approach, the present deliverable has taken account prior
WPL developments (notably the requirementiescribed in D1.Andthe use casesdescribed in D1

in order to develop theA4BLUEarchitecture. In particular, the architecture of the project satisfies
several of the functional and nefuinctional equirements @ the project Some of key requirements
driving the development of the architecture are the ones relating to compliance to standaugls (
RAMI4.0and IIRA, as described in Sectio®B - THE CRTEXE), implementation ofadaptive
automationtaking into account process/product/worker variabilithote however that theA4BLUE
architecture has considered hidével requirements of D1, rather than the lowlevel technical ones
that will be further analysed in the scope of WP3, WP4 and WRE is because the presented
A4BLUEarchitecture focuses on higlevel decisions with system wide impact é#BLUE based
systems, rather than on loyeveltechnical details that will be elaborated as part of detailed design
and implementation.

In addition, theobjectives of the A4BLUE RA cardbeompaed as in the following:

A To develop aeference architecturefor the A4BLUE platform for the implementatiof its
solution by using an iterative approach

A To define thdogical structureof the infrastructure components in the A4BLUE stack

A To define thefunctional componentsmplementing each infrastructure component in order
to support the evolving adaptive ssmbly system concept

In order to achieve the aboweentioned objectives, it is worth to notice holdifferent levels ofan
architecture description could include botllesign and implementatiomspects, as summarized in
the followingFigure6.
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REFERENCE FUNCTIONAL
MODEL ARCHITECTURE

Formalization

High level
modelling
Assembly system

Functional
Building Blocks

A4BLUE Modules

Standard
notation

==

Figure6 Architecture description: Design vs. Implementation phases

Inter-connections
& dependencies

IMPLEMENTATION

1 e

The Reference Model will ideally connect the domain of the problem (as describédiroutcomes,
namely D1.1 and D1.2) and the domain of the solution (further described in WP2, WP3, WP4, and
WP5 outcomes). At design stage, a high level mapping and a common notation are needed to pave
the way to further analysis and detailed design tofbamalized in Functional Building Blocks (FBB)
and their mutual interdependencies.

To further structure the process envisioned to derive from the Reference Model a FBB Specification,
the followingFigure7 shows thesuggestedterative and incremental approach

VOCABULARY: a basic set of descriptive terms and concepts that help to create a level playing
field for people to discuss the subject

REFERENCE MODEL, FRAMEWORK OR ARCHITECTURE: a description of the elements of
the subject area at a conceptual level

FUNCTIONAL MODELS: a specification for the building blocks that would be needed in an
implementation

SOLUTION (services/profiles) — a set of the services or functional components that would
be required for one or more use cases or for a platform or ecosystem

TECHNOLOGY (design/engineering) — the rules and best practices for a technology that is
needed for implementation, including processing architectures, network architectures,
software architectures, etc.

Figure7 Architecture description: iterative and incremental approach

Starting fromdefininga grounding glossayyrommon conceptsral principles(mainly in Sectiorb ¢
CSPECIFICATIGNS ¢ Af f & (start(id&sSribiriy Gh® \El€ments of the architecture at a
conceptual level (i.e. thREFERENCE MOOE4$cribed in Sectiof); then a more functional analysis

will conduct to the identification of the main building block needed for the implementation stage
(namely in SectioB ¢ FBBSPECIFICATION @ | SNB ¢S LI aa (2 G§KS R2YIAY
the definition of a set of sergés that would be required by one or more application scenario
identified in WP1, to be further described in terms of background assets and technologies to be used

for implementing such service, by describing their decomposition incsatponents and the

business processes among them (in SectigqiBUSINESS PROCESSES®
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3 THE CQTEXT

The Internet of Things (loT) is an intensively discussed topic in industry, government and academia.
The industrial application of loT are named more specifitatlystrial Internet of Things (lloTand

are a fundamental part of Industry 4.0 solui®) offering a significant innovation potential for entire
industries. In such a context, one of the main problem is the technologically focused discussion.
Proposals exist for several technical applications within the 10T (e.g. Smart Grid, Smart Horhe, Sma
Factory); however, the core of the salled CybePhysical Systems (CRS}he technological basis

of lIoTt has not been defined clearly. In addition, the implementation of CPS in the industrial
ecosystem has not yet been discussed properly.

In the cortext of digitization, the term Internet of Things (loT) represents a paradigm that covers a
wide range of topics in the informatigmased era. Several terms correspond to 10T in different
applications or industries (e.g., Smart Grid, Smart Home, or Smaectdrf). In all these applications,
physical objects and digital information are converging into smart systems, based generally on cyber
physical systems (CPS). The technical basis of these cyber physical systems consists of many different
and fastdevelopng technologies. The goal of 10T is to enable any object to be connected anytime
and anywhere with anything and anyone.

Cyberphysical systems are the basic technology platforms for 10T and IloT and therefore the main
enabler to connect physical machingsat were previously disconnected (sEegure).

Smart Mohbility Smart f
& Tramsport ~ Healih
i 1y : - s ’ M - e

{mlll

I

Figure8 Cyberphysical systems: the core of loT and lloT

There are many expectations witlegard to the ways in which the current era will change the
management of manufacturing, supply chains and innovations; some of these are listed below:

1 Interconnected physical systems

T Mobile Information
I Minimized reaction times

Firstly, nearly every piecef hardware contains a system that can communicate to other systems.
Therefore, as physical systems become cyberized, able to communicate with other physical systems
or, via an interface, with human beings. Within an information network, physical systgths
increasingly be able to control themselves automatically, being able to behave as autonomous
systems in a changing and dynamic environment.
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Secondly, the information is becoming truly mobile, as opposed to merely decentralized o cloud
based. Informabn will be exchanged between CPSs, whose decision making processes -are self
controlled and not dependent on centrally stored data.

Finally, technical reaction times are minimized. CPSs will makeoseiblled decisions within a
globally distributed infamation system. Because information is now ubiquitous, the dynamics of
these processes are speed [dp.

These are among the main reasons it is time to pass ewaarchitectural approach.

Smart Home
IC smartBuidng __ Plattform 14.0

0 Smart Meter @ ’ Faeny
& w _°
Health- @ 6

care- @) o <
Smartphone ® @

Industry 4.0

Smart Devices

Smart Mability Smart Grid

Graphics © Bosch Rexroth AG

Figure9 Industrie 4.0 in the Internet of Things and Services

3.1 RAMI 4.0

One of the more interesting architectural approaches in the field of Industrie 4lbasReference
Architectural Model Industrie 40 (abbreviated RAMI 4.qQ}1], since it combines the crucial elements

of Industrie 4.0 in a thredimensional layer model for the first timés its name clearlytates,A (i Q a

the outcome of Platform Industrie 4.5 the Germanpublicprivate initiative addressing the fourth

industrial revolutiong i.e., merging the digital, the physical and the biological worlds aytoer

physical production system$hisspecification wadirstly published in July 2015 and provides a first

draft of the reference architecture for the Industrie 4.0 initiative trying to group different aspects in a
common model and to assure the etmlend consistency ofi X G SOKY A takive &nd I RY A Y A
commercial data created in the ambit of a means of production or of the worképiede ONR2 44 GKS S
value stream and their accessibility at all times.

Even if theRAMIis essentially focused on the manufacturing process and production &ilititries

to focus all essential aspects of Industrie 4.0. The participants (a field device, a machine, a system, or
a whole factory) can be logically classified in this model and relevant Industrie 4.0 concepts described
and implementedBased on thisramework, Industrie 4.0 technologies can be classified and further
developed. The RAMI consists of a thdmensional coordinate system that describes all crucial
aspects of Industrie 4.0. In this way, complex interrelations can be broken down intesiuad

simpler clusters (seEigurel0).

1 http://www.plattform -i40.de/I40/Navigation/EN/Home/home.html
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Reference Architectural Model Industrie 4.0
(RAMI 4.0)

AT i
" '/‘/’?gc 61512

Source: Plattform Industrie 4.0
Figurel0 RAMI 4.0 Reference Architecture
¢KS a1 ASNI NOKe [ S@St &a¢ ontdEaxia ard\hjerarkh leviel§ fom FEC 62264,S N =
the international standards series for enterprise IT and control systems. These hierarchy levels
represent the different functionalities within factories or facilities.

¢KS G[ATS /@80t S presents theife cyclé dfFatilies antl rddidcts, WaSed on IEC

62890 for lifeO@ Ot S YI yI 3SYSylid CANIKSNX¥2NBZ | RA&aGAYC
GAyadlryoSaeg¢d | aiellSe 0S02YSa Iy aAiAyaidlyOoSé gKSy
the acual product is being manufactureth order to represent the Industrie 4.0 environment, these
FdzyOiAz2yl ftAGASE KI 8S 06SSy SELIYRSR (2 AyOfdRS 4+
0KS LYyGSNySi 2F ¢KAy3Ia | yR G SNBAOSas tFroSttSR af
The six layers on the vertical axis serve to describe the decomposition of a machine into its
properties structured layer by layer, i.e. the virtual mapping of a machine. Such representations
originate from information and communication technology, whesroperties of complex systems

are commonly broken down into layers (deigurell).

Organisation and Business Processes o
=)

F_ Functions of the Asset C\
[CN @ |
—/

Information Necessary Data —
!
—/

Communication Access to Information 4
- =)=},
Transition from Real to Digital World =
: e |
T //
Physical Things in the Real World e
(4 (&=d)
N

Grafik © Plattiorm Industrie 4.0 und ZVEI, Piktogramme @ Anna Salari, designed by freepik

Figurel1RAMI 4.0 Layers
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Within these three axes, atrucial aspects of Industrie 4.0 can be mapped, allowing objects such as
machines to be classified according to the model. Highly flexible Industrie 4.0 concepts can thus be
described and implemented using RAMI. The reference architectural model allowsefeby-step
migration from the present into the world of Industrie 46).

One of the main objective dRAMIis to provide an endo-end (i.e., since the inception of the

LINE RdzOG Qa ARSIZT GAff AdGa RAAYIFIYGEAYy3I 2N NBEO2Of A\
all technical, administrative and commercial data so to create value streams providiad adlue to

the manufacturer9 f SYSy i a &l ORAVIESears ae Eallefhtiustrield 0 Somponer(t4.0

componen). Insummaryanl4.0 componentan be characterized as having the following features:

an 4.0 componenprovides data and functionsithin an information systemnabout an, even
complex, object;

anl4.0 componenexposes one or more engbints through which its data and functions can
be accessed;

14.0 componentbiave to follow a common semantic model.

Therefore, theRAMIframework aims at defining howt.0 componentsan communicate and can be
coordinated to achieve the manufacturing objectivAsdistinguishing element ¢#..0 componentss

the Administration ShelY A ®S® (KS aaYl NI St SYS ¢ni40 canfgdnént G NI y &
Even if not necessarily d4.0 componenphysically embeds thebject(s)it represents, logically the

relationship between amd.0 componenand itsobject(s)is the one represented iRigurel?2.

14.0 Component

~ Administration Shell
(Virtual Representation
+
Technical Functionalities)

[ Resource | [——_
Manifest
Manager = | = ——

~
N

/ Things o

y

‘_ Thing

w

Figurel214.0 Component

The Administration Shelk the element in charge of exposing tfe0 componenend-point(s) and,
therefore, able to interact with other external elemeént I yR | OG & A&aNBaz2dz2NDS
represented object(s) The Manifest contains the metanformation of the 14.0 componentand,

therefore, constitutes the basis for the virtual representation withinRaMI4.0context of the

object(s) Among the othedata, theManifestcontains mandatory4.0 componentiata hecessary to

identify it or tocommunicate with it

Currently RAMI does not provide detailed, strict indications for standards related to the
communication or information models, even if someferences are provided in the current
architecture document. In particular for:
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the Communication Layesn element to be taken into account is ti@PC UABasis IEC
62541) specifications;
the Information Layerthe current, initial indications point to thdEC Common Data
Dictionary (IEC 61360), th&lectronic Device DescripttofEDD), and théield Device Tool
(FDT) specification];
the Functional and Informadin Layerthe Field Device Integratidn(FDI) specification as
integration technology.

The RAMIspecification currently indicates, for extd-end engineering, théAutomationML[3] and

the ProSTEP iViBspecifications.Anyway, the RAMI reference model will adhere to relevant
standards in the field and will try to highlight missing features and stimulate the standardization
bodies to fill the gaps.

With respect to thedtter point, GPC UA is central to the RABIIG NI 6 S3e8 o LiQa (GKS a
much popular (in Microsofbased shopfloors) OPC machiiwemachine communication protocol for

industrial automation. As opposed to OPC, OPC UA is open, rogalfycrossplatform and supports

very complex information models. 14.0 Components will be required to adopt OPC UA as their
interfacing mechanism, while also relying on several IEC standards (e.g., 62832, 61804, etc.) for
information sharing.

3.2 1IRA

The Industial InternetReference Architecture (IIRA)as been developed and is actively maintained

by the Industrial Internet Consortium (IIC), a global community of organizations (>250 members,
including IBM, Intel, Cisco, Samsung, Huawei, Microsoft, Oracle, SAP, BoeirmsSEBosch and
General Electric) committed to the wider and better adoption of the Internet of Things by the
industry at large. The IIRA, first published in 2015 and since evolved into version 1.8 (Jan 2017), is a
standardsbased architectural template andhethodology for the design of Industrial Internet
Systems (lIS). Being a RA, it provides an ontology of IIS and some architectural patterns, encouraging
the reuse of common building blocks and promoting interoperability. It is worth noting that a
collabomtion between the IIC and Platform Industrie 4.0, with the purpose of harmonizing RAMI 4.0
and IIRA, has been announéeahd the kickoff eventsof a world tourare now taking place

IIRA has four separate but interrelat@tbwpoints defined by identifyig the relevant stakeholders
of 1l0T use cases and determining the proper framing of concerns. These viewpoints are: business,
usage, functional and implementation.

1 Thebusiness viewpoirdttends to the concerns of the identification of stakeholders and
their business vision, values and objectives. These concerns are of particular interest to
decisionmakers, product managers and system engineers.

I Theusage viewpointaddresses the concerns of expected system usage. It is typically
represented as sequenced activities involving human or logical users that deliver its
intended functionality in ultimately achieving its fundamental system capabilities.

2 http://www.eddl.org

3 C5L / 22 LISNI-GARSTIR aCHAA OS LYGSaN: GdaAzy ¢ SOKfgi-2f 238 ¢ =
cooperation.com/tl_files/images/content/Publications/Filhite_Paper.pdf)

4 http://lwww.prostep.org/en/medialibrary/publications.html

5 http://www.iiconsortium.org/IIRA.htm

6 http://www.iiconsortium.org/iiccand-i40.htm - to date, no concrete outcomes of such collaboration
have been yet published.

" http://www.iiconsortium.org/iiot-world-tour/index.htm
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1 The functional viewpointfocuses on the functional components in a system, their
interrelation and structure, the interfaces and interactions between them, and the
relation and interactions of the system with external elements in the environment.

1 The implementation viewpointdeak with the technologies needed to implement
functional components, their communication schemes and their lifecycle procedures.

Overall, the functional viewpoint tells us that control, management and data flow in IIS are three
separate concerns having vedifferent nonfunctional requirements, so that implementation
choices may also differ substantiall®n the other hand, he implementation viewpoint describes
some weHestablished architectural patterns for IIS: the Thtieg, the Gatewaymediated Edge
Gonnectivity and Management and the Layered Databus. Theeetier architectural pattern
distributes concerns to separate but connected tiers: Edge, Platform and Enterprise. Each of them
play a specific role with respect to control and data flows, as tegin the followingpicture Figure
13Figurel3.

Edge Tier Platform Tier Enterprise Tier
» § Monetization
other information domains
data flows
- | \
" Dita Services & Platforms || Analytic Services & Platforms | Business Domain |
data f Ingestion & fransformaticn Streaming & batch
ata flows information flows
— p—
H B & B A B - . *|Biz Analytics CRM  EMR
Parsistence & distribution Persistence & distribution
Control Domain | o
T ; h J h A
» Aetustore o  Application Domain
|
= ;) M. Controllar I Laogic & rules le
Pramey - . orchestration flows a N u
oo - ) AP & Partal
|| sensars Applicgtion
& Gateway asset mgmt service flows
¥ iz Apps
. < biz app flows Biz Apps
Asset momntows © OpembomsDomam BE
Provisioning & Deployment Prognostics & Optimization Biz users
. [ OT Apps
1 ™
i Asset & Meta data AP1 & Portal [l ’E EH .
. . ops app flows OT users
Management Monitor & Diagnostics
Proximity Access
Service Network
Network Network

Figurel3IlIRAThreeTier Architecture Pattern (implementation + functional viewpoint)

The implementation viewpoint indeed provides some very relevant building blocks for the AABLUE
platform. Another relevant contribution given by IIRA K in the definition of the following
architectural pattern: theLayered DatabusAccording to this design, a IIS can be partitioned into
multiple horizontal layers that together define a hierarchy of scopes: machine, system, system of
systems and interat. Within each layer, components communicate with each other pearto-

peer (P2P) fashion, supported by a laysgrecific databusA databus is a logical connected space that
implements a common data model, allowing interoperable communications betveeeipoints at

that layer.For instance, a databus can be deployed within a smart machine to connect its internal
sensors, actuators, controls and analytics.ti¢ system level another databus can be used for
communications betweelifferent machines. Athe system of systems levedtill anotherdatabus

can connect together a series of systems for coordinated control, monitoring and analysis.
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Industrial Internet
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Figurel4IIRA Layered Databus Architecture Pattern (implementation viewpoint)

3.3 FITMAN

FMWARES an open initiative in the scope of the Future Internet PPP (FI PPP) program, aiming at the
creation of a sustainable ecosystem of Clgaddy generic componentsaka Generic Enablers (GE)

¢ that may be used as the foundational building blocks wiufe Internet solutions in any area,
effectively supporting the new wave of digitalization of EU industry and society. The FIWARE

| 2YYdzyAGtlé YSYOSNAE FFNBE O2YYAGOUSR (2 YIFGSNRFIEAAS
sustainable ecosystem around lgic, royaltyfree and implementatiordriven software platform
adlyRFNRa GKFG gAtt SIasS GKS RS@St2LIYSyd 2F ySo
very beginning, FIWARE was built thanks to the joint efforts of different actors; and nowREIWA

goes a step further in the creation of a community to gather web entrepreneurs, mentors, investors,
students, academia, industry and public sector innovators to keep progressing. In FIWARE
technologies, developers can gather context information at laxgge from many different sources.
FIWARE also helps to easily process, analyse and visualize managed context information, easing the
implementation of the smart behaviour and the enhanced user experience required by next
generation Smart Applications. idg FIWARE, organizations can capture the opportunities that are
emerging with the new wave of digitalisation brought by combining the Internet of Things with
Context Information Management and Big Data services on the Cloud. FIWARE Community is not
only formed by contributors to the technology (the Open Source Community working on the FIWARE
platform), but also those who contribute in building the FIWARE ecosystem and making it sustainable
over time.

In the same FI PPP scope presented for FIWARBJAN (Future Internet Technologies for
MANufacturing) was a larggcale use case project, successfully completed by September 2015. Its
mission was to assess the FIWARE platform in the context of ten industrial trials of various sizes and
belonging to several marfiacturing sectors. FITMAN also developed its own specialized Open Source
components¢ Specific Enablers (SEF Af t Ay3a a2YS 2F GKS 31L& SEA&GA
NBljdzZANBYSyida FyR CL2! w9 LXFOGF2NYVQA Ourédwerdf AGASa
designed by assembling the available building blocks (GEs + SEs) into baseline platforms, each one
targeted at a specific EFFRA domaine., Smart Factory, Digital Factory and Virtual Factory. Each
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baseline platform was aimed at fulfilling ar@s of common requirements that are intrinsic to its
domain of reference.

The FIWARE for Industry (FWd4ijitiative is the main exploitation vehicle for the results of the

FITMAN project. FW4l was created by the FITMAN consortium but also involves a larger community

of end users and software developers. FW4l is proposing, alongside the three original FITMAN
architectures for the Smart, Digital and Virtual Factory, a fourth one ndmdgstrial l0T Reference
Architecture (IIOTRA) This design follows the same approach of the previous ones: wiring together
FIWARE Generic Enablers and FITMAN Specific Enabdeas iintegrated platform which aims at

solving some key problems of the industry. The rationale behind the choice of introducing a new

LI FGF2NY 61 & (2 YIS 322R dzasS 2F tSaaz2zya tSINyS
This meant addressinmore complex realorld scenarios involving multiple levels of the Enterprise,

YR Fta2 SELIYRAY3I GKS LXFGF2NYQa Fdzy OGAzyl t L2 N
and Machine Learning for Complex Event Processing. OveralRA®Tad 2 2 R 48y (G KSaAxa 27
Smart, Digital and Virtual architectures, with a major focus on the Smart domain (basically, a Smart

core with Digital and Virtual facets). It is the blueprint of a raljered, Clouenabled IT
infrastructure with a strong suport for advanced Shopfloor processes that involve loT devices and

Smart SystemsFigure 15 below, borrowed from the public FW4l website, illustrates HOT Q a
companents and their mutual relationships.

omo ‘

¥
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Figurel5 FIWARE for Industry IIOT Reference Architecture

The bottom layer of IIGRA( i.e., the Smart core is characterized by a-directional, twoelane flow
of events between the Shopfbr and the Cloud. The two lanes play the same role and share the
same upper infrastructure, but address quite different scenarios.

On the left hand side, the Fast & Wide Lane is represented bioth®evice Management (IoT DM)
GEfrom FIWARE This is dightweight middleware that adapts common IoT protocols like OASIS
MQTT and OMA LWM2M to the FIWARE Open API for IoT cloud enableneenOMA NGSI with a
RESDver-rHTTP binding. The FIWARE Generic Enabler Catalogue offers an Open Source
implementation of 10T DM which is based on the concept of loT Agents: small pregpeolfic
modules (typically developed using the C++ language to maximize runtime performance) that do a

8 https://catalogue.fiware.org/enablers/backendevicemanagemenidas
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straightforward protocol adaptation job without interfering with the data paylaadany way. This

very modular software architecture allows for an easy integration of new protocols on need. The Fast
& Wide Lane of IIGRA is best suited for very large (thousands of devices) automation and
monitoring scenarios with very tight time conaints (neafreattime) but no lowlevel event pre
processing requirements (more on this in the next paragraph).

On the opposite, right hand side, the Smart & Deep Lane puts in place a Shajgfboyed
appliance for both protocol and data adaptation. §hppliance; the Secure Gateway is basically

an Edge Node where event ppeocessing can be performed in close proximity to the source.
Typically, event pr@rocessing involves filtering, transformation and aggregation, and its main
purpose is to defla data streams running from the Shopfloor to the Cloud, lifting much of the load
from the network. In addition, the appliance providesoff-the-shelf ¢ a secure Shopfloor/Cloud
communication channel. On top of the Secure Gateway, and in Cloud territeWARBEOT Broker
GEexposes the same standard FIWARE Open API for 10T to the upper layers. The Smart & Deep Lane
addresses scenarios where fewer devices produce massive (and possibly sensitive) data, and
constraints allow more time for complex processing

Due to their common northbound API, both Lanes plug into the sBotdish / Subscribe Context

Broker (PSCB) moduleThis component, as its name implies, is a FIWARE GE which implements the
publish / subscribe pattern for asynchronous message exchanugk,isathe central hub for all

connected systemg i.e., the upper layers of the platform as well as those external applications and
AaSNIAOSAE GKIFIG €tS@OSNI3IS GKS LA FGF2N¥Qa {YFINIG O2N
FIWARE Open API for I16:E., OMA NGSI) service, so that integration is straightforward using web
protocols. On the other hand, PSCB can also keep historical events in a persistent storage of its own

as opposed to the loT Broker and IoT DM components which are statedeskmake them available

for inquiry. This feature helps making PSCB the optimal entry point for Shopfloor monitoring,
automation and intelligence applications.

¢KIFG &alFARI GKS aYI NI OKIFNIOGSNATFGdGA2y 2F GKS LI
Big Data (BD) G&nd the FITMANDynamic CEP (DyCEP) Biis works in close cooperation to realize

an online Complex Event Processing service that can-adapt dynamically to changes in the
working environment and in the incoming data. Online adaptatiorppems by means of a
continuous Machine Learning process running offline in the background. The BD component
supports such processes by analyzing massive historical data (extracted from persistentst@age
legacy factory systems as well as the P&e@B)iin batch mode and discovering-past phenomena

of interest (e.g., behavioural patterns); CEP logic is then updated on the fly to reflect this new
knowledge. The DyCEP component, on the other hand, implements a gp&gake computing
network micio-architecture supporting highly scalable distributed CEP pipelines. Overall, such
dynamicity represents a groundbreaking technology innovation, as the system can incrementally and
autonomously improve its own capabilities. Finally, it is worth noting BgCEP is not only a
consumer of events, but a producer as well: the outcome of event processing logic is often an event
stream (e.g., notification messages), that is made available to applications through the same PSCB
hub from which incoming streams carfrem.

On top of the Smart Core, the Digital Facet of IR}Nis where human users connect to the platform.
Two different components provide a wddased interface for users to interact with the Shopfloor. On
one side, the FITMADNyVisual SE for dynamiaendering of 3D content described using the XML3D
language. Models can be rotated, zoomed and virtually navigated by means ofpadintick mouse
commands. In the IIGRA context, complex shopfloor situations (as represented by the DyCEP
component) can b displayed in 3D to make them easier to understand. On the other side, the
FIWARE Application Mashup GE allows-specific cockpits to be built by assembling widgets on a

® https://catalogue.fiware.org/enablers/publishsubscrifm®ntextbrokerorion-contextbroker
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web canvas. Widgets are modular Ul components, selected from a library or destdimpadhoc
purposes, that leverage a common framework in order to communicate with the FIWARE Open API
for 10T cloud enablement and among themselves.

Finally, the Virtual facet of IIGRA hosts the FITMAQollaborative Asset Management (CAM).SE

This isa webbased, integrated platform for the management of virtual assets.e., digital
representations of tangible things (e.g., devices, equipment, machinery, vehicles, infrastructure,
products, people) and intangible concepts (e.qg., bills of materiafs,agteements, reference cards)

GKIFG FTNB 2F AydiSNBadg Ay (GKS aod2L8 2F (GKS FI O0G2N
terms of a custom ontology (i.e., classes and properties) and stored in CAM's online repository.
Virtualization is done bliuman operators through a simple web interface, and does not require any

specific technical expertise. Once virtualized, assets becomelifst a4 OAGAT Sya 27F (0 K!
perspective: applications can interact over the network with them as thimgisg the FIWARE Open

API service exposed by the PSCB hub.
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4 A4BLUERALIGNMENS

A4BLUEs not the sole effort that focuses on a general purpose architecture and on an associated
reference implementation of anadaptation platform improving working placesconditions
Acknowledging the benefits @daptive capabilitiegn the Industrie4.0 era, several other initiatives
are exploring similar direction§tandards Development Organizations (SDSuh as thePlatform
Industrie 4.00r the Industrial Internet @nsortium (IIC)have produced Reference Architectures.
EveryRA outlines the structuring principles of ssts for industrial applicationgddressng a wide

range of industrial use cases in multiple sectors, includisgmanufacturing.

4.1 ALIGNMENT WITH RiA4.0

RAMI4.0is an interesting architecture proposd.visual rendering of howeal world entitiescan be
YILWWSR G2 G4KS - IyR , FES&a 2F w!alLQ&a o5 Y2RSt
Hierarchy Levels have a clear and unique mappifdle Life Cycle & Value Stream phases have a
more blurred correspondence.

Life C
IEe 2Yel 64
Layers &C 0489(? a Value Str." m G 264
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Figurel6 Mapping RAMI axis with real world entities

RAMI 4.0 has gained a significant traction in Germany, and is also driving the discussion around
Industry 4.0 solutions and platforms in Europe. In particular, its glossary and its 3D structure for
element mapping are increasingly used in sedpecific projects (in particular platforuilding

ones) and working groups as a common language. The A4B\L Wil Bdopt some of the RAMI 4.0
conceptual framework as its own, simplifying communication with the external communities of
developers and users. Moreover, some key design and implementation choices will ensure that the
A4BLUE Platform is mostly compédilwith Industrie 4.0 systems as far is this is possible in the
absence of a final specification documeRtAMI also has the notion 4.0 @mponents which can

6S YILILISR (2 RATTSNBYd 1AYyRa 2F !n.[!9 6&@RdA Sa

REFERENCE MODEL

4.2 ALIGNMENT WITH IIRA

In AABLUE, which deals with platforms rather than solutions, the functional and implementation
viewpointsdescribed in the lIRAre the most usefubspecially regardinthe control domainand the
operations domainwhere the focus is oreading data from sensors, applying rules and logic, and
exercisingadaptingcontrol over the physicalorld and ITsystens.
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A4BLUE RA will exploit some conceptual organization of the @moengs foreseen in the lIRAy
targetinga more generaktompliance withthe layered architecture and the extensive use of databus
(even if A4BLUE will prefer an Ev@rtven approach).

LG A& ljdAGS AyGSNBaldAy3d G2 & %Sand K4BIUE modalds@an L n dr
serve the same purpose of creating a digiiteé representatiorof a realworld object (thing, machine

or person) that can be integrated into applications. Notably, besides the obvious differences in
naming the same concepts,dhtechnical means by which this integration is achieved arerdifit in

the three perspectives Overall, A4BLUE architectural approach is more flexible but still fully
compatible with these frameworks

4.3 ALIGNMENT WITH FITMAN HRA

The FITMAN IIGRA fitswell with A4BLUE sindéOTFRA is concerned with the integration of the real
and the digitaworlds, which happenwith the mediation ofloT. IOTRAQ & { YI NI FyR 5A3A 0
roughly correspond toA4BLUEShopfloor and Enterprise layers (further descrildein Sectiono6 ¢
REFERENCE MOf)Htlowever, the Virtual domain in IIGRA has a completely different scope with
respect toA4BLUE Business laydre former is about collaborative enterprise networks / extended
supply chains / cloud manufacturingall scenarios that go under the collective name of Virtual
Factoryg while the latter focuses on the digital representation bfisiness processes and systems
supporting business decisiarBhat said, the IIGRA notion of a context broker as the central hub for
all information exchanges can be considered as an enabling technolagyhdoAdaptation
Frameworkthat is proposed byA4ABLUEFor these reasons, II&RA was the primary inspiration for
the design ofA4BLUHEnodular architecture, that is described mext €ction.

4.4 AABLUE RA

A Reference #hitecture (RA) is often a synthesis of best practices having their roots in past
SELISNASYOSd {2YSiAYSacikiia cyhceptuaNiarnaNa@iatiSayalims moreda@ A & A 2
shaping the future and improving over statéthe-art design rather than at buildingystems faster

and with lower risk. The most successful RAs are those combining both approaches. Whatever the
strategy, a RA is for teamwork: its major contribution to development is to set a common context,
vocabulary and repository of patterns for athkeholders.

In AABLUEwhere we explore the business value of applying innovadidaptive patterns to the
smart factory, starting from an effective RA is of paramount importance. For this reasofBidJE
Reference Architecture is going to be the v&ri NA G 2 dzi 02YS 2F (GKS LINR2SOi
effort, paving the way to more technical efforts in WP3, WP4 and.\IViR&ur research, we are going

to consider some weknown and acceptedjeneric RAgas described irsub-section above as
sources ofnspiration. The goal is twofold: on the one hand, to leverage valuable experience from
large and respected communities; on the other, to be consistent and compatible with the
mainstream evolution of the smart factorye.g., Industrial IoT andlatformIndustry 4.0. At the end

of this journey we expect th@4BLURA to become an asset not only in the scope of the project (as
the basis for theA4BLUEPIatform specifications), but also in the much wider one adapting
workplaces where it may guide the desigof adhoc solutions havingvorker satisfactionas their

main driver.

The prime role of the AABLUE RA, as already stated, is to guide the engineering of the A4BLUE
tfFPOF2NYE a2 GKFG GKS FANRG adl {1 SK2f RSnekali2 0S5
technical team (and in some extent also part of the business tgiaoe the RA definition will target

the application scenario used in the project validation phaseénich amounts to a small group of

people having frequent interactiono this aimcontext, vocabulary and conventionsust easilybe

shared and agreed with a minimum of effpand the RA represents the ideal framework to address

this aspect
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5 SPECIFICATIONS

This sectionidentifies the Specifications (FEATURES) to be covered by thdJRA4&ilution
considering the initial results of T1.1 and T1.2 reported in D1.1 (Requirements book) and D1.2 (Use
case applications) and the initial reference implementation.

5.1 ACTORS

The followingTable2 shows the main actors identified in the textual descriptions of the application
scenarios as described in D1.2. In such descriptions, several names have been used for the same role,
thereforethe table represents a refactoring of the original actors list.

Actor Name BusinessScenarios

Assembly Operator 1,234

Auxiliary Operations Operatq 2

Workshop Supervisdtech.) | 2

Quiality Supervisor 1,34

MaintenanceTechnician 3

HumanResourceResponsible| 3

ProductionSupervisor 4

AssemblyPlanner 4

Table2 Main actors identified in A4BLUE application scenarios
This table did not consider explicitly the system administrators Withtalso been involved.

The followingfigure groups the abovenentioned in categories thawill be further used in the
following sections of this document, sintteeseactors are involved in the use case scenarios and the
sequence diagrams shad below

Assam bh‘ Planner System Administrator
pcrwsor
Shop floor O pcrator

Human Rcsourec Respon sible
Assembly Operator  Puxiliary ODﬁmiIDHS Operator Mzumcnzmce Technician  Production Supenisor Q“ﬂm‘i Supervisor W°"‘5"°P Supervisor

Figurel? Involved actors
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5.2 FEATURES ANALYSIS

Thefollowing table epresents the notation followed by these case included in the sectmibelow.
Thiswill be used as a criterion to prioritise functionalities and implementation effort.

Identified asessential requirement in D1.1

Identified as desirableequirementin D1.1

Identified in at least a use case applicatinb1.2

Table3 Use case legend

5.2.1 FTR.O4ldentity management

FTR.OE Identity management

Objective

Manage users' access tAA4BLUEapplications,to ensure secure and private
authentication, authorization & trust management, user profile managem
privacypreserving disposition of personal dateic.. Through the use of thg
provided API, every module of an BldUEbased system will be able to assess
user actually using the system, in order to start the adaptation process suitab
the specific logic provided by the requesting module.

Involved actors ALL
Involved reference | MOB.EN.IM
components

Externalinterfaces N/A

Addressed uselevel
requirements

R2.7R2.8, R2.11, R2.13, R2.15, RZRE§ R6.1

Related Application
scenarios

SC1.1, SC2.1, SC2.2, SC3.1, SC3.2, SC4.1, SC4.2

Related challenges

CH1.1CH2.2, CH3.1, CH3.3, CH4.1, CH4.2
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FTR.0Z Identity management

Involved Usecases

<<component>> gl
MOD.EN.IM- Identity Management (IM)

1dM Admin UCO1.1- Application N\~ ------ <<Extend>> +=======
Management

UCO01.2- Access/Role
—————————— <<Include>>
Management

"7 <<Include>>

------------ <<Extend>> -------"-
UCO01.3- User

gement A ---- <<Extend>> --------cc----
UCO01.3.2- Manage
Profile

', <<Include>>

|
UC01.3.3- Get
User Profile

End User

I = SO T . <<Extend>> ---------- UCO1.4.1- Authenticate
& Authorization

Application

UC.A.1Application Management

Objective Register and manage applicaticaisle to share the ldentities

Initiation On demand

Flow of Events | 1 IdM Administratorregisters and configures a new application

IdM Administration manages existiagplications

IdM Administration manages existing access/role granting at application level
IdM Administration manages existing access/role granting at user level

=A =4 =4 =2

The systenprovides feedbackon the result of the process

UC.@.2 Access/Role Management

Objective Managegranting configuration at application and user level

Initiation On demand

Flow of Events | 1 IdM Administration manages existing access/role granting at application level
1 1dM Administration manages existing access/role granting at leset
1 The systenprovides feedbackon the result of the process

UC.a.3 User Management

Objective Manage useidentity and user profile

Initiation On demand
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UC.@.3 User Management

Flow of Events | 1 End Usemanages existinglentity
1 End User manages existing profile
1 The systenprovides feedbackon the result of the process

UC.d.4 Authentication & Authorization

Objective Manageapplication authenticatiorand authorization, providingnformation about the
currentuser profile

Initiation Onevent

Flow of Events | 1 Application asks to verify authentication and authorization
1 Application retrieves information about the current user profile
1 The systenprovidesgranting and current user profile

5.2.2 FTR.02Multimodal human- automation/robot Interaction

FTR.02.Multimodal Human automation/robot Interaction

Objective Provide multimodal, multichannel interaction capabilities to allow shop f

operators to communicate with the automation/robots in an easy and intui
way.

Involved actors Shop floor Operators

Involvedreference | MOD.SEMHMI

components

External interfaces | Interaction devices, sensors and actuators

Addressed uselevel | R3.1, R3.2R3.3, R3.4, R3.5, R3.6, R3.7, R3.8, R3.9, R3.10, R3.11
requirements

Related Application | SC1.1, SC2.1, SC3.1, SC4.2
scenarios

Related challenges | CH2.1, CH3.1, CH3.6, CH4.1, CH4.2, CH4.6, CH4.8, CH4.9, CH4.10
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FTR.02.Multimodal Human automation/robot Interaction

Involved Use cases MO, SHANHA Mulf ol remeon H g

/C02.1.1.2:V1 based on natural
speaking
1UC02.1.2.1-NV| based on GUI T
/C02.1.1.1:V1 based on defined™ <. gxthnds> gestures
] |
voice commands c<Exlands> <<Ektend=>
.

1
<<fExlend>> IC02.1.2.-Non-varbal Interaction’
-------- UC02.1.1.Verbal interaction (V1)
i
'

1
1
' ! ]
I
<<Extand>> <<Extenti>> UC02.1.2.3.-NVI based en
! extemal devices
|
|

UC02.1.- Perform Human to Machine interaction a
Automation mechnisms
UC02 1.1.-Feback request
Shop floor operator . fil!n:ﬂ\{dg:t 7777777

/—\ﬁ,,,,,,,,fi@"lﬁ“ﬂii,,,,,,,J
UCO02 2- Perform Machine to Human Interacti
\nr/(
H
T1c02.2.1.1.V151 based on H <<Exland=> UC02.2.2.1.- AUDI based on
cul <<Exlfnd>> ! voice messages (OUT)
=2lend>> H

<<Extentio>

1
I
1
G02.2.1.Visual Interaction’ e
(vIsly f, ¢0C02.22 - Auditory Interaction’
7 '
A . : (AUDI) ‘
. |
! i
1

. ;
1
i <<Extend>>
UC02.2.13 VIS| based on <<Exlond=> ! i
push nolifications !
1
UC02.21.2-VI8) based on b C022.2.2- AUDI based on
projected images <<Exignd>> sounds s (OUT}
UC02.22. 3.VIS! based on
extemal displays or device

UC.02.1 Perform Humato Machineinteraction

Objective Support the interaction of the shop floor operator with tlaitomation/robot using
verbal (e.g. voice commands, natural speaking) and/or nonvecbainnels (e.g.
gestures, GUI, external deviceghd receive feedback regarding the command
interpretation.

Initiation On demand

Flow of Events | 1 The shop floor operator providegrbal and/or nonverbahput
1 The systemnterpretsand fuses, if necessarye user inputchannels.

1 The system provides feedback oninstruction interpretation and request
confirmation, if required.

1 The shop floor operatoprovides confirmation, if required.

UC.02.2Perform Machine to Humarinteraction

Objective Support the interaction of theautomation/robot with the shop floor operator usin
visual (e.g. GUI) and/or auditory (e.g. sounds, voice messages)anisms

Initiation On event

Flow of Events |  The systenprovidesa visual and/or auditory output
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5.2.3 FTR.03SafeHuman- Automation/Robot coexigence

FTR.03.Safe HumarmAutomation/Robot coexistence

Objective Provide capabilities to enhance the safety in environments where humar|
automation/robots ceexist in fenceless environments.

Involved actors Shop floor operators
Involved reference | MOD.SH.AS, MOD.SH.AM
components

External interfaces | Automationmechanism/robot, safety related sensors

Addressed uselevel | R2.1, R2.2, R2.3, R2.4, R2.5, R2.9, R2.15
requirements

Related Application | SC2.1, SC3.1, SC3.2, SC4.2
scenarios

Related challenges | CH2.2, CH3.2

<<component>=>
InVO|Ved Use Cases Active Safety Management (MOD.SH.ASM) g
- are workspace safely N

M mechanism/Robot
| |
! |
|
|

Shop floor operator

|
I
i
<< Extend>> <<Exténd>>
i
|

/C.03.1.1 Speed and separation :
monitoring '
UC.03.1.2 : Safety-Rated Stop

UC.03.1 Sha workspacesafely

Objective Provide active safety mechanisms to adapt the behaviour of
automation/robot, considering operators profile, to enhance the safety
environments where human and automation/robots -emist in fenceless
environments. The behaviour golation depends on the safety mode in pla
and the regulations to be applied

1 Safety rated stop mode: in the presence of an operator or obstruction
automation/robot should adapt its behaviour by stopping motion.

1 Speed & Separation emitoringmode: £paration distances are monitore
(e.g. by usingscanners, vision systems, proximity sensans) the robot
speed reduces when an obstruction is detectetl a $op condition given
if direct contact proximity is attained (Safetgted monitored stop) It can
include operator motion intention prediction to anticipate adaptation.

Initiation On event (safety related issue detected)

Flow of Events |  The system identifies a potential safety issue due to the detection o
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UC.03.1 Sha workspacesafely

obstacle in the automation/robotvorking zone.

1 The system adapts the automation/robot behaviour to the detected situa

LINEFAE ST AT

depending on the safety mode in place and the configuration settings b
2y 2LISNI G2NDA .

I @ At G

5.2.4 FTR.04Integration with enterprise legacy systems

FTR.04.Integration with enterprise legacy systems

Objective

Enable seamless integration of the enterprise level legacy systems to sy

adaptation to variability

Involved actors

N/A

Involved reference
components

MOD.SH.MSVIOD.SH.DM

Externalinterfaces

Enteprise legacy systems (e.g. MES

Addressed user leve)
requirements

R1.4

Related Application
scenarios

SC1.1, SC2.1, SC2.2, SC3.1, SC4.1

Related challenges

CH3.4

Involved Use cases

<<gomponent=>

MOD.SH,MS: Mediation Services

UC04.1.Integrate legacy system
T

g]

System administrator

<<gomponent>>
MOD.SH.DM: Device Manager

gl

UC04.2 Share information

<<component=>
Enterprise legacy system

UC.04.1 Integrate legacy system

Objective

Allow thesystem administrator to integrate the legacy system.

Initiation

On demand

Flow of Events

1 The system administrator integrates the legacy system

I The system discovers the exposed variables and methods and registe
registers them. If relevant@egister/ deregister event is published.
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UC.04.2 Share information

Objective Share the required information (i.e. data to be monitored: e.g. work order start/¢
operation validation, etc.) during the operation.

Initiation On event

Flow of Events | The legacy systems share the required information with the A4BLUE system
available.

5.2.5 FTR.05Adaptive automation mechanisms

FTR.05.Adaptive automation mechanisms

Objective Enable seamless integration of the automation mechanisms (e.g. robot, 3
tools, etc.) and adaption to human, process and context variability

Involved actors System administrator
Involved reference | MOD.SH.DMMOD.SH.AM
components

External interfaces | N/A

Addressed uselevel | R1.3, R1.7, R1.12, R4.10
requirements

RelatedApplication | SC1.15C2.1, SC2.3C3.1, SC3.2, SC4.2
scenarios

Related challenges | CH1.3CH2.1, CH2.ZZH3.5, CH3.2

Involved Use cases

<<component>> E
MOD.SH.MS: Mediation Services

UC05.1. Plug/Un-plug

<<component>> g
MOD.SH.DM: Device Manager

ﬁ <<component=>
System administrator UC05.2.8hare information Automation mechnisms

UC05.3.Adapt behaviour
I
1 <<Include>>
i

gC05.3.1. Execute automatiol
mechanism method

Paged4 of (149 © A4BLUE consortium



Deliverable D2.1

A4BLUEGA N° 723828

UC.03.1. Plug/ Uiplug automation mechanism

Objective Allow the system administrator to plug/dplug theautomation mechanism following
GLX dz3 9 LINPRdzOS¢ | LILINE I OK®
Initiation On demand

Flow of Events

1 The system administrator plugs/yplugs the automation mechanism

1 The system discovers the exposed variables and methods and registeegfidters
them. Ifrelevant a register/ deegister event is published.

UC.03.2. Share Information

Objective Support operation by sharing the required information (e.g. status of
automation/robot, process data, etc.).

Initiation On event

Flow of Events

i The systemand the automation mechanissrshare the required informatiorgbi-
directional)

UC.03.3. Adapt
Objective

behaviour

Adapt automation/robot behaviour based on the context.

Initiation

On event

Flow of Events

T The system executes the appropriate method to adapt the behaviour of
automation mechanism to the context situation (i.e. including human and pro
status).

5.2.6 FTR.06Adaptive assistance: doff the job training

FTR.6.- Adaptive assistance: on/ofthe job training

Objective Provide adaptive assistance through VR/AR
Involved actors ALL

Involved reference | MOD.EN.ARG

components

External interfaces | N/A

requirements

Addressed uselevel

Organisational LeveR1.1, R1.2, R1.3

Communication anthteraction MechanismdR3.1, R3.5, R3.7, R3.8, R3.9, R3.1
System Feedback and AssistariRé.4, R4.10, R4.13

System Information and InstructionR5.6, R5.7, R5.8, R5.9, R5.10

scenarios

Related Application

SC1.1, SC2.1, SC2.2, SC3.1, SC3.2, SC4.1, SC4.2

Related challenges

CH1.1, CH2.£€H3.3CH4.2, CH4.3, CH4.9, CH4.10, CH4.11
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FTR.6.- Adaptive assistance: on/ofthe job training

Involved Use cases = ]

==component==
MOD.EN.ARG - Adaptive assistance: on/off the job training

e UC06.1.1 - AR Guidance
_«Ex‘he—ai;»

X UCD6.1 - AR Confent N~ ___. <<Extendss--- UC06.1.2 - AR Informations
Assembly Maintenance Visualization Visualization
Operator  Technician

—— -
“z<Exfend=>

h UC06.1.3 - AR Remote
Assistance
==Depends on==

=Depends on=

. UC06.2.1 - AR Voice
PR <<Extends=>"" Command Interaction
UCo6.2 - AR fnteracﬁoD
S 7---.<=Extend=>
g TTTa. UC06.2.2 - AR Gesture

User Interaction

==Depends on==

. UC06.3.1 - AR Visual
=<Extend=="" Feedbacks and Notifications

UC06.3 - AR Feedbacks
and Notifications

e UC06.3.2 - AR Audio
Feedbacks and Notifications

% UCD6.4 - AR Data Collection
Admin \ -

UC.06.1 Augmented Reality Content Visualization

Objective Provide digital content (information, instructions, multimedia, etc.) in an Augme
Realityenvironment in order to:

1 Support operators witlwork procedures that show how to do tasks
1 Give fast, easy and immersive access to work material;
1 Help operators with remote assistance for réiahe support.

Initiation On demand

Flow of Events | { Theoperator wears his AR device

9 The operator selects the kind of support he needs
0 The operator chooses to display work procedures
0 The operator chooses to display a multimedia digital content
0 The operator chooses to connect to remote assistance
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UC.06.1 Augmented Reality Content Visualization

1 The operatoiinteracts with the digital content in an immersive way

UC.06.2 Augmented Reality Interaction

Objective Enable the possibility to interact with AR digital content using-dafined voice
commands or gestures
Initiation On demand

Flow of Events

1 Theoperator starts an AR visualization session (see UC.06.1)
9 The operator provides an input

0 The operator pronounces a paefined voice command

0 The operator performs a prdefined gesture

UC.06.3 Augmented Reality Feedbacks and Notifications

Objective Provide to the operator feedbacks and notifications through digital visual sig
(projected messages, highlights, visual indicators) and auditory effects
Initiation On event

Flow of Events

1 The operator starts an AR visualization session (see UC.06.1)

1 An event that needs to be notified to the operator occurs
o0 The AR device displays a visual feedback in the virtual scene
0 The AR device reproduces an audio effect

UC.06.4 Augmented Reality Data Collection

Objective

Continuously colleaflata for analysisf system performance and optimisation needs

Initiation

Automatic and continuous

Flow of Events

9 The operator starts an AR visualization session (see UC.06.1)

1 The AR device continuously collects data about the usage and elementary ¢
occurred on thedevice, without asking the operator for confirmation

i The log of collected events can be extracted and exanimated later in any mom

UC.06.5 Augmented Reality Adaption to Workspaces

Objective Provide to the system administrator the possibility to eas#yup the virtual scene i
order to adapt it to the real world. On introduction of new automated system
robotics the AR application receives the new configuration automatically.

Initiation On demand

Flow of Events

1 The system administrator reconfiguwrehe workspace setup on the A4BLUE bg
end platform
1 The operator finds the new configuration on his AR device
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UC.06.6 Virtual Reality Training

Objective Provide an ofthe-job tool able to train the operators on working procedures. The {
will exploit 3D and Virtual Reality technologies in order to realistically recreate
workspace in a virtual world and to provide a full immersion experience.

Initiation On demand

Flow of Events | |

1
1

The operator gets to the workstation where the Virtual Reabiyplication is
installed and prepare himself for the simulation by wearing a VR headset a
grabbing the appropriate VR controllers

The operator selects the training procedures he wants to train in

The operator follows the instructions and learn howpterform the presented tasks

5.2.7 FTR.07Adaptive assistance: collaborative knowledge management

FTR.0Z Adaptive assistance: collaborative knowledge management

Objective

Gonnect human implicit knowledge with factory and production knowled
making use ofobust ICT solutionso provide an onlineCollaborative Working
Environment(CWE)where users can discuss amcertain environmentsjearn
from experience of the other members of the platform, elicit tacit knowlefigen
the workers,and evaluate problemsising Gollaborative DecisionMaking (CDM)
processes to find quick solutions.

Involved actors

Assembly OperatoiVorkshop Supervisor

Involved reference | MODBUKM
components
External interfaces | N/A

Addressed uselevel
requirements

System Feedback adssistanceR4.9 R4.16
System Information and InstructionR5.5

Related Application | SC2.2
scenarios
Related challenges | CH2.5
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FTR.0Z Adaptive assistance: collaborative knowledge management

Involved Use cases

<<components > g
MOD.BU.KM- Collaborative Knowledge Platform

UCO7.1- Create [
Manage UGC
_____ < <Extends >
UC07.2- Search [
Retrieve UGC

End User <::E>ctend:>:_a-

UCo7.2.2- Find
Experiences

UCO7.3-Start
Collaborative Process

UC.07.1Create/Manage UGC

Objective Create and ranageUser Generated Content (UGC)

Initiation Ondemand

Flow of Events | 1 End Usecreatesmanagesnd enrichesis/her own UGCs
1 End User enriches UGCs created by other members of the MOD.BU.KM
1 The systenprovides feedbackon the result of the process

UC.07.3Search/Retrieve UGC

Objective Retrieve androwse User Generated Content (UGC)

Initiation Ondemand

Flow of Events | 1 End User browses and retrieves UGCs
0o End User browses and retrieves skills
o0 End User browses and retrieves experiences
1 The systenprovides feedbackon the result of the process

UC.07.3Start Collaborative Process

Objective Start collaborative process with the community

Initiation Ondemand
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UC.07.3Start Collaborative Process

Flow of Events | 1 End Userselecs the collaborative process to start (e.g. a collaborative deci
makingthrougha SWOT analysis)

1 End Useengages other users from the community
1 The systenprovides feedbackon the result of the process

5.2.8 FTR.8- Adaptive assistancedecision support

FTR.8.- Adaptive assistance: decision support

Objective Support decision making related to assembly, maintenance and inspeg
activities by enabling the involved workers (e.g. shop flaad maintenance
operators and supervisors) to access the relevant informatimtected during the
operation processvhen required (e.g. related to process parameters, defeq

downtimes.).
Involved actors Shop floor operatorsupervisors, maintenandechnician
Involved reference | MOD.BU.DSS

components

External interfaces | N/A

Addressed uselevel | R1.5, R1.7
requirements

Related Application | SC1.1, SC3.1, SC3.2, SC4.1
scenarios

Related challenges | CH1.3 CH3.5, CH4.6

Involved Use cases

<<gomponent=> E

Shop fioor operator MOD.EU.DSS: Decision support system

UCD8.1. Access decision
support information

A

I
; |
<¢Extend=> << Exﬂand»
’ I
]
I
]
I
]

!
. .
, \
/ UCOB.1.1 Process UC08.1.3.. Downtime's
parameters
UCO8.1.2 Defects

Supervisor

'
\
Maintenance technician <<ExtFnd>>

UC.08.1. Access decision support information

Objective Enable the collection and visualisation of relevant information to support the invg
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UC.08.1. Access decision support information

workers decision making process though visual analytics capabilities.

Initiation

On demand

Flow of Events

1 The users access visual information collected and procdss#te system,

5.2.9 FTR.9Performance nonitoring

FTR.09.Performance monitoring

Objective

Enabling the evaluation process to be performed by supporting the collectior
visualisation of key performance indicators (KPIs) to assess the impact, frq
economic and social perspective.

Note: It involves only the information generated in theA4BLddmain.

Involved actors

SupervisorsAssembly Planner

Involved reference | MOD.BU.MON
components
External interfaces | N/A

Addressed user leve]
requirements

R1.1, R1.6, R4.9, R4.16, R6.2

Related Application
scenarios

SC1, SC2, SC3, SC4

Relatedchallenges

CH1.3, CH4.7

Involved Use cases

gCcomponents
MOD.BU.MON: Monitoring

UC09.1 Select relevant
KPls
UC09.2.1 Set upper
. fimit
<qE:dgrld>b
Z=Extend==
" UC09.2.2 Set lower
limit

=
==Extend=>

" UC09.3.1 Set KPI
detail level

UC09.2 Set critical KPI
lirnit

ii

Supervisor

UC09.3 Access KPI
information
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UC.®.1. Select relevant KPIs

Objective Enable supervisors to select the relevant performance KPIs that will be measu
support decision making and to avoid manual measurement of KPIs.

Initiation Ondemand

Flow of Events |  Supervisors open a list of predefined KPIs
1 Supervisors select the relevant KPIs
1 The system measures and provides the selected KPIs at the KPI dashboard

UC.®.2. Set critical KPI limit

Objective Set the range within the KPI valigeacceptable

Initiation On demand

Flow of Events | § Supervisors define the range within the KPI value is acceptable without fu
action

0 Supervisors set lower limit
0 Supervisors set upper limit
1 If KPI limit is exceeded or undershot, an alert is triggered

UC.®.3. AccesKPlinformation

Objective Enable supervisors or Assembly Planners to access relevant performance KPlIs.

Initiation On demand

Flow of Events | 1 Supervisors or Assembly Planners access provided performance KPls collec
processed by theystem

0 Supervisors set required KPI level of detail

5.2.10 FTR.10Automation level definition support

FTR.0.- Automation level definition support

Objective Provide a tool to identify the optimal automation configuration through vary
criteria and procesgparameters from a socitechnical as well as from 4
economical perspective.

Involved actors Assembly Planner
Involved reference MOD.BU.ACE
components

External interfaces N/A

Addressed use level | R1.10, R1.14
requirements

Related Application | SC4
scenarios
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FTR.0.- Automation level definition support

Related challenges

CHA4.7, CH4.12

Involved Use cases

eComponents
MOD.BU.ACE: Automation Configuration Evaluation

2]

UC10.1.1 Vary
parameter

UC10.1 Parameter
input

A

=
. <<Includes==
Supervisor -

UC10.1.2 Receive
optimal solution

UC.101 Parameter input

Objective

Provision of system parameters

Initiation

On demand

Flow of Events

1 Assembly Planner enters the system parameters for all criteria
1 Varying of the parameters
1 Receive the recommendation of the optimal solution

5.2.11 FTR.11Worker satisfaction assessment

FTR.1%. Worker satisfaction assessment

Objective

Provide a wekbased tool for quantitative measurement of satisfaction enab
the involved users to complete thgorker satisfaction questionnaires in an eg
way and evaluate the results.

Involved actors

Shop floor Operators, Supervisors

requirements

Involved reference MOD.BU.CQMS
components

External interfaces N/A

Addressed use level | R1.19R3.1

Related Appliation
scenarios

SC1.15C2.1, SC2.SC3.1, SC4.2

Related challenges

CH2.1 CH2.2, CH2.3, CH2.4, CHZHI3.1, CH3.6, CH4.1, CH4.2, CH4.6,
CH4.9, CH4.10
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FTR.1%.Worker satisfaction assessment

Involved Use cases <ccomponent>> a]

MOD.BU.CAMS : Computer-based tool for Quantitative Measurement of Satisfaction

<<Include>>
Uc111.CRUD users ¥~ 77 1
i
1
1
i
=<|nclude>=> :
UC.11.2. CRUD worker satisfaction ™SW_- !
questionnaire|s) :
i
1
i
Includ H
C.11.3. Complete worker salisfactiomy - .o _
questionnaire(s)
Shop floor operator UC.11.1.1. Receive feedback
Co
<<|ncludes= : :
UC.11.4. Access individual worker N\ _. 1 !
satisfaction questionnaire(s) results

R ;

UC.11.5. Access aggregated worker <=|nclude>>
satisfaction questionnaire(s) results JM~<-----------=-------+
Maintenance operator

System administrator

Other specifications | Support online (on event based) and offline (stahohe, on schedule) operatior|

UC.11.1 CRUD users

Objective

Create/Read/Update/Delete users.

Initiation

On demand

Flow of Events

1 System administrator creates/ updates or deletes user data.
1 The systenprovides feedback on the result of the procgsC.11.1.1)

UC.11.2 CRUD worker satisfaction questionnaire

Objective

Create/Read/Update/Delete worker satisfaction questionnaire(s)

Initiation

On demand

Flow of Events

1 System administrator creates/ updates or deletes questionnaire.
1 The systenprovides feedback on the result of the process (UC.11.1.1)

UC.11.3Browse worker satisfaction questionnaire

Objective

Access to the list of pending questionnaire(s)

Initiation

On demand
Pending questionnaires are defined on schedule (offline) onemiebasis (online).

Flow of Events

1 The systendisplays the list questionnaire.
1 Shop floor operator selects the questionnaire.
1 The systendisplays selected questionnaire (UC.11.1.1)
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UC.11.4 Complete worker satisfaction questionnaire

Objective Providethe answers to the questionnaire and save it.

Initiation On demand

Flow of Events | § Shop floor Operator completes the satisfaction questionnaire.
1 Shop floor Operator saves the questionnaire results.
1 The systenthecks if all the required questions have beampleted.
a. If yes, the questionnaire results are sent.
b. If not the system asks the worker to complete the missing questions.
1 The systenprovides feedback on the result of the process (UC.11.1.1)

UC.11.5. Access individual view of worker satisfactogurestionnaires results

Objective Access individual results of worker satisfaction questionnaire(s)

Initiation On demand

Flow of Events | § Users ask for individual worker questionnaire results.

1 The systemdisplays the collected results (UC.11.1.1). Allcbkected information
is represented in an easy way prioritising graphical representation wher
possible.

UC.11.6. Access aggregated view of worker satisfaction questionnaires results

Objective Access aggregated results of worker satisfaction questionnaire(s)

Initiation On demand

Flow of Events |  Supervisor asks for aggregated worker questionnaire results.

1 The systendisplays the collected results (UC.11.1.1). All the collected inform:
is represented in an easy way prioritising graphical representation when
possible.

© A4BLUE consortm Pageb5 of (149



Deliverable D2.1 A4BLUEGA N° 723828

6 REFERENCE MODEL

The A4BLUE Reference Model (RM) primarily supports the functional requiramehst the
system should provide in terms of services to its users. Themyst decomposed into a set of key
abstractions, taken (mostly) from the problem doma#s stated in previous Sectiob. This
decomposition is not only for theake of functional analysis, but also serves to identify common
mechanisms and design elements across the various parts of the systeenfurther details in the
next sections of the document

This section will describe the A4BLUE Reference Model, bidimg\a description of the elements of
the A4BLUE solution at a conceptual level (starting from the Reference Implementation described in
the DoA, and then updated following the specifications).

The reference components are listed here below:

MOD.SH.DMDevice Manager

MOD.SH.MSViediation Services
MOD.SH.AMAutomation Mechanisms

MOD.SH.MI- Multimodal Interactions

MOD.EN.CM- Collaborative Asset Manager
MOD.EN.HE- Event Manager

MOD.EN.ARG/R/AR based training and guidance
MOD.BU.KI- Cdlaborative Knowledg Platform
MOD.BU.DS®ecision Support System (DSS)
MOD.BU.AGRAutomationConfiguration Evaluation Tool
MOD.BUGQMS Computer based tool for the meaement of worker satisfaction

=4 =4 =4 -4 -8 _8_a_4a_-4°_-29_-2

The rest of the section will present the mentioned components, by grougiiam into threefold
breakdown structured & S S { SCORUNGTIONAL AND MODULAR ARCHITECTURE NJ ¥ dzNJi K ¢
details)

1 Shopfloor Layer the lower layer is intended to ease the interconnection of the A4BLUE
Platform with the physical world, by hiding the complexity of dealing with shopfloor IT
systems (e.g. PLC, CPS and exikgary system) as well as dealing with human interactions
(e.g. using gesture and voice commands).

1 Enterprise Layerthe middle layer represents the core part of the A4BLUE Platform, being in
charge of managing the core components needed for adaptianagement using an Event
Driven Architecturein order to provide the assistance serviceghis layer will be also
enhanced by tools supporting the tactical decisinaking processes by producing and
consuming digital information coming from the other lagye

1 Business Layetthe upper layer is in charge of supporting strategic decigiaking process
(sometimes using ofine tools), targeting both blueand white-collar workers.

6.1 SHOPFLOAORAYER

6.1.1 MOD.SH.AMAUTOMATION MECHANISMS

Automaton mechanisms in theaspe of AABLUE involve both smart tools and rolbagsire18 shows
the components diagram representing the decomposition of the MOD.SH.AM component into
Functional Bilding Blocks (FBBs) and the relasand data flows between them.
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<< gomponents> @
MOD.SH.AM. Automation mechanism
<<gomponent==
AM.02. Automation GUI
<<gomponent== -
component=> E
AM.01.2. Smart tool <<flow>> <<component>> g MOD.5H,MS: Mediation Services
=<flow=> data to monitor
command =t flows= AM.04. Automation
data be monitor semantic registrator
<fflow>>
==flows= gl il
<<oomponent>> 4
AM.01. Automation AM.03. Local automation AM.05. Automation MS.02.0PC UA Discovery
hardware controller OPC-UA Client server
% = flow=>
:Mmor:ﬁor:::-: automation data
.01.1.Robo
“M > <<gomponent>> {l
automatipn data <<flow=> AM.06. Automation
method to be executed OPC-UA Server
<<gomponent==
AM.07. Automation
repository

Figure1l8 MOD.SH.AMHigh Level module decomposition

Figure 20 included in the following section, provides further details about the integration of the
automation mechanismwith the AABLUE system

¢KS aGl!adnod [20Fft | dzii2 YIdidaewd O2df0iaNRH {e§2gbot 02 NIRIANE N
AM.01 can involve auxiliary devices (e.g. camera, force sensor, etc.) to improve the accuracy of the
process in order to get a better final result.

The automation mechanism can involve a graphical user interfacsufport user interaction
(AM.02. Automation GYI

The automation mechanism should include G technology to support integration with the
A4BLUE solution. This involves:

1 AM.04. Automation semanticegistrator: registers automation semantic informationdan
identifies the automation data to be monitored.

1 AM.05. Automation OROA Client registers communication information (IP, port) into the
MS.020PC UAliscovery server.

1 AM.06. Automation OROA Serverprovides updates of the monitored automation data and
executes automation methods.

Table4 summarises the Functional Building Blof&BB) involved in MOD. & identifying the type
and scope.

Type Scope

Graphical

Business Data Offline Online

USer logic repository mode mode

Interface

AM.01. Automation hardware
AM.02. Automation GUI

AM.03. Local automation controller

AM.04. Automation semantigistrator
AM.05. Automation OROA Client
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Type Scope

Graphical

Business Data Offline Online

USer logic repository mode mode

Interface

AM.06. Automation OROA Server

AM.07. Automationdata repository

Table4 MOD.SHAM Functional building blocks summary

6.1.2 MOD.SH.MSMEDIATION SERVICES

The Mediation Sevicesand Device Mnagercomponentsclosely interact to support the plué
produce approach involving both the discovery and operation processes of automation mechanisms
and legacy systems. Due to this strong coupling, it is not easy to describe them separately; therefore,
only high levelriformation on MOD.SH.MS will feed this section, while further descriptions will be
part of next section.

TheMOD.SH.MSMediation servicesomponentincludes plugand-produce capability to connect the
automation as CPS into the A4BLUE framework. It ingothe functional capabilities of the
automation mechanisms to be recognized and used by the productive systemiscovery process)
Nowadays legacy systems as Manufacturibgecutionsystems (e.g. SAP MMES in SC3tc.)

involve OPGUA capabilitiedo integrate with external systems. As an initial approach, to be revised

in the scope of Task 4.1 (CPS enabling connectivity and management) once detailed inputs on the
legacy systems to be integrated is available from Task 1.2 (Scenarios definitiomtetration of

the legacy systems will follow an analogous approach to the integration of automation mechanisms.

6.1.3 MOD.SH.DMDEVICE MANAGER

The MOD.SH.DMevice nanager componensupports the operation process by monitoring data,
executing methods and magingthe events from the automation ethanisms and legacy systems
through publish/subscribe features

=<gomponant== E =<mmpanant== E
MOD.SH.AM. Automation Legacy system
mechanism
<sgompanant=> E <<componant=> E
AM.04. Automation L5.01. Legacy system
samantic registrator semantic registry
<=componant=> E <<componant=> E'
AM.05. Automation L5.02. Legacy system
OPC-UA Client OPC-UA client
<<icom ponant== @ <<componant== E
AM.0E. Automation LS.04. Legacy system
OPC-UA Server OPC-UA server

Figure19 MOD.SH.MS &OD.SH.DMAutomation and legacy systems OR{ approach

Figure20 shows the components diagram representing the decomposition of the MOD.SH.MS and
MOD.SH.DM into Functional Building Blocks (FBBs) and the relations and data flows between them
for the integation of automation mechanismg.he integration of legacy systems shotdtlow and
analogous approachrurthermore,it includes the interaction with the Event Manager (MOD.EN.EM),
through the EM.01 Publish/Subscribe Context Broker (CB).
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<<component> ) E <=gcompanants> E|:| <=gomponant=> E
MOD SH.AM. Automation mechanism MOD.SH MS: ion Servicesata val yhod MOD.EN.CAM Collaborative asset
= = manager
<<companant El me a=flows> -
forfnation data p e i b . Idata values <<pomponent>>
AMLOA et pve—— & autamation semantis infarmatian (data valuss-mathods CANLOT G SERVICE gl
semant] MS 01.Semantic
represantation registrator
<eflows>
<<component>> g _ communication infrmation <=component= &
AMO5 n g =laws> MS.02.0PC UA
OPC-UA Client 5
3 endpairt channal Discovery server
52 CAM.03.- Asset repository
i3
=<componant=> El 33
AM.06. Automation .
OPC-UA Server <<companents> ] “<mmpanent>> g
MOD.SH.MS: Device Manager MOD.EN.EM : Event Manager
<<gompanant>> @
P — DM.01. Devica manager
subscription b aubmaton data OPC-UA Client efiows>
<<flow=> i . <<companent>>
U pbEshex event autamation deta, Svent [uomaton day. EM.01.- PubllishiSubscribe &
automation data registeride-egistar)) - g gemrdaeg Context Broker (CB)
mpanant;
Aow> DM.2. DM event cetlon>
<<flaws> action to he executed protocol adapter ackion ta be ekegutad |
mathod b ba axecutad J

Figure20MOD.SH.MS & MOD.SH.DMigh Level module decompositiopautomation
mechanisms integration

The business logiof the discoveryprocess of both automation mechanisms and legacy systems is
YIAyYyf @& adzZILioRmSKs maviedation sedcesd 02 YLIZ Yy Sy

1 MS.01. Semantic representatioagistrator. stores the semantic representation provided by
the automation mechanisms and legacy systems as well as the datanmaha&gedinto the
G/ ! 08.PAssetNB LI2 a A (1 2 NB € & /(! KaN®dp3dk/ ! @K S{ 9w+ L/ 9¢
/2Tt 102N 0ABS 1aasSid al ylF 3SNE

1 MS.020PC UAliscovery servermaintains the list of OPC UA Servers thatragistered and
provides mechanisms fofients (DM.01. Device manager OPC)tbAfind them.

27

The discovery press is initiated only when integrating the automation mechanisms or legacy
systems.

The business logicof 2 LISNI A2y LINRPOSaa
GO02YLRYSyl YR Ay@2ft @dSay
1 DM.01. Device manager OPC dliant: subscribes to the data be monitored and executes
the appropriate methods, when required, through the appropriate OPC UA server (i.e.
Gl!adnc® ! dzi2YlFGA2Y ht/ |
1 DM.02. DM event protocol adaptesupports publish and subscribe céjldgies and it adapts
0KS S@SyiGa LINREJIZeScR manadger DRCSOAMES yiiiZ
supported by the Event Manager (EM) component.
Table 5 summarises the Functional Building Blocks (FBB) involved in both MOD.SH.MS and
MOD.SH.DM identifying the type and scope.

Aa & ddéuie Ndnsager 0 @
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Type Scope
GrS[;Zircal Busir_less Da?a Offline Online
Interface logic  repository mode mode
MS.01. Semantic representatioepository N/A
MS.020PC UA discovery server N/A
DM.01. Device manager OPC UA N/A
DM.02. DM event protocol adapter N/A

Table5 MOD.SH.MS and MOD.SH.DM Functional building blocks summary

6.1.4 MOD.SH.MHMIMULTICHANNEHUMANAUTOMATION/ROBOT INTERACTION

MOD.SEMHMI- Multichannel HumarAutomation/robot interaction implements the multimodal
multichannelinput/output mechanisms for theshop floor operatorinteraction with the automation
mechanisms (i.e. robotshirough gesure, voice lights, sounds, etc.

Depending on the situation a unique interaction/data source could not be enough as it can provide
only partial information even unreliable (i.e. due to environmental condition$ @ poor light or

high noise.) Furthermore, the shop floor operates can have different profiles that make an
interaction channel more suitable than another.

¢CKS dadzZ GAOKId¥YRSTF GAEzYkXNRPOo20 AYUSNIOGAZ2YE 02 Y LR
Machine (H2M) and Machine to Human (M2H)enaiction through multiple channels such as

gestures, voicelights, sounds, etc. It allows the system to deal with human variability as it can
enhance the interaction experience and allow users with limited capabilities (e.g. sensorial limitation

as limited vision or reduced hearing) to interact with the automation mechanisms in place.
Furthermore, it could deal with context variability by adapting the interaction channel.

H2M interaction is initiated by the shop floor operator. Shop floor operators caeraat with the
automation mechanisms through different interaction chanreeisl even though several at the same
time. Depending on the channel different data sources devices/sensors or graphical user interfaces
(GUI) can be involved (e.g. MS KONEor getures capture, etc).

Figure21 shows the components diagram representing the decomposition of the MQIHSH
component into Functional Building Blocks (FBBs) and the relations and data flows between them
Furthermore, it ncludes the interactiorwith the Event Manager (MOD.EN.EM), through the EM.01
Publish/Subscrib€ontext Broker (CB)
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<<component>> g]
MOD.SH,MI: Multimodal interaction
<<gompenent>> E
MOD.SH.MHMI- Hi A i i
-component>> g]
MOD.SH.AM. Automation mechanism
<afio>
teractign d:
<<compenent>> <<fiofy: ccfiows £
El
AM.02. Automation GUI feedback on ihulti-ghannel unichannel interpretation (gesture, voice, tec) . E
interpritatio ENES
ZE
<<fiows> . g1z 3
1k = 3
mpenent>> 1] g A
=l S
ML02. Uni-channel &2 n 8
3 interpreter E [ ]
e s Y2 2
a 3 = =
i5 - 3 T
335 g = -
v e £ T 8
£ IS
£ 15 <<gomponents> @ =l
iowds 28 MIL05. Multi-channel =
= fusion engine
in d <<component>> g]" g ks <<gomponent>> =]
MLO1. Multi-channel 2 .
Interaction device (gesture, Inte raction manager s MOD.EN.EM : Event Manager
voice, ext) <fio>
fow it (actipn to be
ecutad)
<<component=> a] <<compenent>>
<<component>> g MLOB. MHMI event <fowe> EM.01.- Publlish/Subscribe
ML03. Interaction protocol adapler wwant (cgntext jnformation() Context Broker (CB)
semantic repository
<acomponent>> E
MLO4. MHMI data
repository

Figure21 MOD.SHMHMIHigh Level module decomposition

As shown in the figure below different interactions chehoan be envisages.

<<components> =] <<components>
MIL02.1. Gesture MI.02.2 Voice interpreter
Inte rprater
L 5
<< O0Mponent== gl <<pomponents> g <<COM ponent>»
ML02.3 GUI interpreter [: ML0Z. Uni-channel {]— MI.0Z.4 External device
inte rpreter interpreter

Figure22 MOD.SH.MHMIH2M interaction channels

The key sub component is thé a L ®n m-O Kal dyf yiiSit AYGSNY OtdAazy YIFyl 3S
orchestrating the rest of components to perform ttéuman toMachine (H2M) andMachineto
Human M2H)E G KS daO®hyipStadAh WASNI OGA2Y YI yImuEiNE YI yl
OKIyySt AYUOGSNLINBGI GA2M.040 vy &I ally § BNI O G ANB B2 & K (1 AINKESE
retrieving the required information to support datpersistence for interpretation incremental
learning readiness.
The rest of relevant sub components involved are
1 MIL02. Unichannel interpreter interprets the input data provided by theMI.01 Multr
OKI yy St Ay dSNBupporte@ yn safrtanfit mfhatibn provided byd a L ®no @
LYGSNI OlGA2y &Sk systemOnva®slar raakyiiedketers as channels are
involved in the interaction.
1 MI.O5 Multi-channel fusion engine: fuses the wghiannel interpretations(i.e. partial)

considering Semartiinformation provided byii K S & nterdction €emantic repository
and provides the complete multichannel interpretation.

1 MI.06. MHMI event protocol adaptersupports publish and subscribe capabilities and it
I RIFLIWGa GKS S@Syida LINBDORGZYE{o& yilcdl daleym | § dz
protocol supported by the Event Manager (EM) component.

Table6 summarises the Functional Building Blo¢kBB) involveih MOD.SMHMI identifying the
type and scope.
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Type Scope

Graphical

Business Data Offline  Online

USer logic  repository mode  mode

Interface

MI.01. Multichannel interaction manager

MI.02. Unichannel interpreter

MI.03. Interaction semantiepository

MI1.04. MHMI data repository

MI.05. Multichannel fusion engine

MI.06. MHMI event protocol adapter

Table6 MOD.SHAHMI Functional building blocks summary

6.1.5 MOD.SHAS ACTIVE SAFETY

MOD.SH.A3ctive safety implements active safety mechanisms to adapt the behaviour of the
automation/robot considering the safety mode in place (i.e. safety rated stop modspeed &
separation monitoringmodd) Y R G KS 2LISNI 2NRa LINRPTFAf SO

¢KS a! OGAGBS al Tofesicdliisiontagoxdangeyb abdadpting tfid- behavi@ug.stopping

motion, reducing speed)f the automation/robot based on human and environment perception (e.g.

distance to an object, operator motion anticipation, intrusion in safety zpeés.) as wells on

2LISNI G2NRE LINPTFTAES 0Sdad g2NJAYy3a Y2ZRS LINBEFSNBYyOS

Figure 23 shows the components diagram representing the decomposition of the MOD.SH.AS
component into Functioal Building Blocks (FBBs) and the relations and data flows between them.
Furthermore, it includes the interaction with the Event Manager (MOD.EN.EM), through the EM.01
Publish/Subscribe Context Broker (CB) to send safety related eviergievant

<cgomponents> gl
MOD.SH,MI: Multimodal interaction
<<component>> @
MOD.5H,AS Active safety
<<flow>> <<gomponent=>
device sata <<component>> {l MOD.SH.AM. Automation mechanism

AS.01. Tracking

==flow=> ==flow=> <coomponent>>
=<device>> position command (adapt rebot behaviour) AM.03. Local automation
safety device (scanners, controller
vision systems, proximity <<component>>
sensors) AS.02. Safety controller
=< flow=p
<<ﬂcw>-?- published dvent <<components>
configuration (safety issud data) MOD.EN.EM : Event Manager
=<component=> <<gomponents> cflows <<components>
AS5.03. Safety AS.05. AS event consumed dpent EM.01.- PublilishiSubscribe
configuration reposito
] po: y protocol adapter (context irffo) Context Broker (CB)
<< flow==
configuration

<<gomponent=> flow

AS.04. Safety tow=>

i context info

Figure23MOD.SH.AHigh Level module decomposition

The key sub component is tied | Ak FSie O2yiGNRBEtfSNE 6KAOK LINEO!
NBadz Ay 3 NINE(Geodsshndhavwtebadapt the robot behaviotonsidering the safety
coy FATAzNY GA2Yy aG2NBRSEY ORKPTAAGGzInOAZ2Y NBLIRZAAG2NEE
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actions, operator preferred modes, etc.). Assafetg | ONRARGAOI ® {BESDE OXKPI M
interacts directy withK S NRB 620G f 20Ff O2yGNRBf dzyAl o0da! adnod [ ;

a! { oracking ¢dza S GKS RIEGIF FNRBY &Sy a2 NproxindyGéhsotsaa & Ol Yy

identify and track the position of target elements. Tracking can involve human anty safee
GNI O1AYy3 O60GNE O Pl EUHIDY IRAY2YES). AMNI O1 Ay T €

<<gomponent>> <<component>> =<component>>
AS.01.1 Human tracking AS.01. Tracking 1 AS.01.2. Zone tracking

—>

Figure24 MOD.SH.ASTIracking
! {ennd { FSGe& O2yFTAIdNI G2NE SylofSa GKS &ae
LT NBf SOOI yASseveit Kridcoltataptein naddzlJL}2 NI & Lzt AaK | yR &
I RIILIJia GKS S@SyAS023de® coazOlIdrR (628 (iKKSS S@Sy i LINR G20
Event Manager (EM) componenkurthermore, it allows collecting information related to the
operator from the A4BLUE system.

Table7 summarises the Functional Building Blo¢kBB) involved in MOD.SH.ASidentifying the
type and scope.

Q)¢
[axtN
a O
=<

N
—

Type Scope

Graphical

Business Data Offline  Online

USer logic  repository mode  mode

Interface

AS.01. flacking

AS.02 Safety controller

AS.03 Safety configuration repository

AS.04. Safety configurator

AS.05AS event protocol adapter

Table7 MOD.SH.A%unctional building blocks summary

6.2 ENTERPRISBAYER

6.2.1 MOD.EN.CAMCOLLABORATIVE ASSET MANAGER

In the context of the Manufacturing Industryfangible Assets (TAjre physical objects with
economic value like machinery, tools, materials, workplace equipnentjware, software, factory
buildings, transportation vehicles, etc. In re@e@brid scenarios, TAs are usually complemented by
Intangible Assets (IA)which are key business drivers whose essence is an idea or knowledge, and
whose nature can be defined armdcorded in some way e.g., technical or scientific knowledge,
worker skills and their level of adaptability, technological solutibasiness relationships, etc.

Asset virtualizationis the process by means of which Tangible and Intangible ASERf§ (h a
Manufacturing Enterprise or Ecosystem are represented in digital formgiraglized Assets (VA)
The individual steps of a typical asset virtualization process are the following:
1 Analysisg The overall aim of T/IA virtualization is defined andwoented. Individual real
world T/IA items are identified and analysed.
1 Formalizationg For each T/IA item identified in the previous step, a pragseset modeis
chosen from a domaispecificreference ontologyAttributes and relationships defined by
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the model are populated with iterspecific values, resulting in a formal description of the
individual T/IA item.

Deploymentg Each formalized T/IA item is stored in a shakadwledge bases a VA entity.
Maintenance¢ VAs in the knowledge base are continsty updated to reflect realorld
changes.

= =

The A4BLUECollaborative Asset Managewill be the implementation of a virtualized assets (VA)
knowledge basgn charge of supporting theirtualisationandrepresentation of Tangible Assets (TA)
and IntangibleAssets (I1A).

The A4ABLURIOD.ENCAV component will expose (standard) interfaces for retrieval of #ssets
from the knowledge base, by M2M interactions (i.e. using specific APIs) or by H2M interactions (i.e.
using a dedicated GUI)

The Figure25 here below shows the main components of tN€OD.ENCAV, describing both main
Building Blocks and information flows.

< <COmponents > < <Components >
CAM.02- gl CAM.01- gl
CAM-UI CAM-SERVICE
< <flows > < <flow= =
manage H2ZM interactions manage M2M interactions

< <COmponents
MOD.EN.CAM- Collaborative
Asset Manager

Figure25 MODEN.CAMHigh Level module decomposition

6.2.2 MOD.EN.EMEVENT MANAGER

EveryA4BLUBbased systenwill be able to gather, publish, exchange, process and analyse massive
data in a fast and efficient wayvents coming from thehop floorand the legacy systems (e.g.
automation mechanisms, sensors and interaction devices through the Mediation Services and Device
Manage) or from the other A4BLUE componemisist be managed in order to trigger the required
adaptation or assistance actionshel Event Managecomponent integrated in the A4ABLUE Platform

will implement a Complex Event Processing in its core in order to deal with production and human
variability events based on publish/subscribe servicesréftee, theEvent Manager will be linkkto

the other assistance modulessich asAR/VR training, collaborative knowledge, DSS) that will be
launched depending on the incoming event type.

In everydata intensivescenario,you would need a component in the architecture able to mediate
between entities (a physical thing or part of an application), such as data/eyeotlucers (e.qg.
sensorr IT systempsand theconsumer applications (e.g.saartphone appcationor AR tool3.

In the A4BLUE context (and not onlgyventsrefer to something that ha happened, or is
contemplated as having happened. Changes in context informatonbeconsidered as eventsas

well. Events Producersan publishinformation in order to make them available to other entities,
referred as Events Consumers which are interested in processing the published information.
Applications or even othetomponentsmay play the role of Producer§onsumers or bothEvents
typically lead to creation of some data or context element describing or representing the etlargs
allowing them tobe processed. The creation and sending of the context element is an event, i.e.,
what has occurred. Since the data/context elements that are generated linked to an event are the
way events get visible in a computing system, it imicon to refer to these data/context elements
simply as "events".
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The events generated all around the system and conveyed througM@®B.ENEM can also feed
Complex Event Processing (CEP) engine, intended to support the development, deployment, and
maintenance of application<CEP analyses event data in rBiade, generates immediate insight and
enables instant response to changing conditions. Some functional requirements this technology
addresses include eveitased routing, observation, omitoring and &ent correlation

A fundamental principle supported by th&4BLUE Event Managé that of achieving a total
decoupling betweerevents Producers and Consumers. On one hand, this means that Producers
publish data without knowing which, where and when Conetsnwill consume published data;
therefore, they do not need to be connected to them. On the other hand, Consumers consume
information of their interest, without this meaning they know which Producer has published a
particular event: they are just interestl in the event itself but not in who generated it. As a result,
the EMis an excellent bridge enabling external applications to manage events related &hdipe

floor in a simpler way hiding the complexity of gathering measures frorfield resources (@nsors)

that might be distributed or involving access through multiple-lewel communication protocols.

Event Managemernis the process through whidtata/information/event aredistributed and shared
between components of a complesystem. For efficient managemenseveral communication
schemesgan be selectedyith respect to the decoupling they provigeich as

1 Space Decouplingrhe interacting parties do not need to know each other. The providers
publish information through an ent/information service and the consumers receive
information indirectly through that service. Tipeovidersand consumersdo not usually hold
references to each other and neither do they know how maoynsumersproviders are
participating in the interactin.

i Time DecouplingThe interacting parties do not need to be actively participating in the
interaction at the same time i.e., the publisher might publish some information while the
subscriber is disconnected and the subscriber might get notified abautatrailability of
some information while the original publisher is disconnected.

1 Synchronization Decouplinfublishers are not blocked while producing information, and
subscribers can get asynchronously notified (through-limdks) of the availability of
information while performing some concurrent activity i.e. the publishing and consumption
of information does not happen in the main flow of control of the interacting parties.

This decoupling is important to cater for because decoupling of productioncandumption of
information increases scalability by removing all explicit dependencies between the interacting
components Removing these dependencies strongly reduces coordination requirements between
the different entities and makes the resulting comnmation infrastructure well adapted to
distributed environments.

The AABLUBMOD.ENEM componentwill expose (standard) interfaces for retrieval of the events and
20KSNJ RIFGF FTNRBY GKS t NPRAzZOSNE (2 GKS /2yadzYSNERO®
data are located and what is the native protocol for their retrieval. It will just communicate to the EM

through a welldefined interface specifying the data it needed in a defined way: on request or on
subscription basis. ThRIOD.ENEM will provide the datdack to the consumer when queried, in

case of "oArequest”, or when available, in case of “sabscription" communication mode.

The Figure26 here below shows the nia components of theMOD.ENEM, describing both main
Building Blocks and information flows.
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<<componentz> El
EM.02 Context
Producer (CP)
<<flows>
updateContext
< <flows >
<<flows> < <COMPONEnt::> El processEvent
< <COMPONeEntss @ subscribeContext EM.01 <-<components:= E
EM.0G Publis h/Subscribe EM.07 Complex Event
Application Context Broker (CB) Processing Engine (CEP)
< <flow==>
derive dEvent
< <flows> < <flows>
queryContaxt notifyContext
< <components:s> El

EM.04 Context
Consumer (CC)

Figure26 MOD.EN.EM. High Level module decomposition

6.2.3 MOD.EN.ARGV/R/AR BASED TRAINING AND GUIDANCE

The training system will be composbky two separate modules: a baekd server application and a
front-end Augmented Reality player.

VRStar AR Platform = ]

-
T
=5

<<application>>
Hololens Front-end
- =\
<<application>> -
Back-end

<<application>>
Other 3rd party
devices Front-end

Figure27 MOD.EN.ARGThe VRStar AR Platform and its modules

6.2.3.1 MOD.EN.AR®1¢BACKEND APPLICATION

Thebackend server application will run on dedicatedmachine and it will act as a bridge between

the existing A4BLUEameworkand the ARJevices. Once set, the baekd application will be able

to communicate with the AR device in order to send/receive data intmee during the training
session.The Event Manager and the Collaborative Asset Manager will be used as main interfaces to
access A4BLUE framework resources and. ddtis link will enable the possibility to:

Dynamically download 3D models and assets délpey on a particular context;
Retrieve daily tasks, assembly sheets and any other instruction for the operators;
Save statistics about training results;

1
1
1
1 Communicate with legacy systerisough the A4BLUE framewqrk
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I Update the subscribed workers about thgb operations status through mobile

notifications.

=<|ayer== E

Enterprise Layer

==model component== {l
VRIAR Based Training and Guidance

==application== {l
Front-end AR Application
A

¥

==gpplication== {l

Back-end Application

<=model component== E cerrmrTiEES E
Event Manager > EventConnector

[}

<<COmponent== E
ConfigureManager

<=model component== E < T E
Collaborative Asset Manager —— ResourceManager

==component==
MediaBridge E

Figure28 MOD.EN.AR@ackend Application Components Diagram

6.2.3.2 MOD.EN.AR®B2¢ FRONIEND APPLICATION

Thefront-end will consists in a native application installed on the Augmented Reality HMD device
that will receive data and asset from the bamkd and render a 3D scene accordingly. The player will

also be able to capture events such as gesture and voice commandseaddthem back to the
server application in order to update its status in réale and propagate this information to the
A4BLUE EM.

The player will be composed by a set of components specifically designed for the management of a
reaktime holographic saee:

1 AnchorManager It retrieves, clears and stores anchors locally on the device, linking and
updating an associated real transformation matrix on the scene graph.

1 MarkerManager It recognizes an AR marker in the scene, triggers an event when the marker
ison line of sight, recognizes if the marker is a new one or already registered.

1 CursorManager It handles the cursor type and position in the scene. The cursor can be
visualized in different forms for different interaction states.

1 GazeManagerThis componet can raycast the 3D scene where the user is looking at and
trigger an event on interactive object hit.

1 GestureManagerThis is an adapter that interpret and translate a subset of gestures as input
events.

1 VoiceCommandManagerThis is an adapter that ingret and translate a subset of voice

commands in input events
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1 InputManager. It collects all input events (gaze, gesture, voice commands) and raise

events/callbacks.

1 ConfigManager It stores and retrieves (locally or remote) the whole client configuration.
triggers events for further load and restore context and interfaces.

1 InteractionManager It guides the camera using the head tracking, manage the animation
timing of interactive objects, translate input events in possible commands & actions.

1 SceneManagerlt manages the optimization, loading and unloading of all 3D objects in the

scene.

1 FileManager It implements an abstraction layer for file system access. The virtual file system
must support folders with different layer dept. It implementsache system based on md5

hash comparison

==application==
Front-end AR Application

2]

h 4

amodules
Spatial Mapping

|

==component==
AnchorManager

[

==component==

MarkerManager E

amodules $:|
Scene
=<component==
CursorManager E
==component==
SceneManager E
h 4
«modules E
Input
==component==
InputManager E
==component==
GazeManager E
==component==
GestureManager E
==component== E
VoiceCommandManager
==components= E
InteractionManager

k.

¥

¥

amodules
Utils

=<components=
ConfigManager

Y

==component==
FileManager E

NetworkManager

==component== E

Figure29 MOD.EN.ARG-ront-end AR Application Components Diagram

GUIDANCE

MOD.EN.ARGVR/AR BASED TRAINING 4

Graphical

Type

User

Interface oeie

Business Data

storage

ARGO1 - Backend

ARGO2 - Frontend

Table8 MOD.EN.ARGunctionalBuilding Blocks summary
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6.3 BUSINESAYER

6.3.1 MOD.BU.KMCOLLABORATIVE KNOWLEDGE PLATFORM

The MOD.BWKM module will supportthe definition of paradigms andnethodologies aimed at
fostering the cooperation and the humariented management of information and knowledge,
making use of specifionline tools for collective intelligence and cooperative open innovation. The
cornerstone of such an approach will beetdevelopment of theCollaborative Knowledge Platform

for Manufacturing taking advantages from using a cloddsed management of knowledge, and
controlling the huge amount of data originating from the factory floor up to the business level as a
result of the increased collaboration itselfhe platform will provide social networking tools and
services, specifically conceived for the innovation solutions developed in all the project.

The MOD.BU.KMDllaborative Platform will be built upon OPENNESS (OPEMW®&ed Enterprise

Social Softwaré), the results ofa running private research projectinder development at
ENGINEERING R&D Departmeniplatform fully developed using open source technologies, and
leveraging on relevant results from research fields sasfOpen Innovation, Collective Intelligence,
Enterprise Social Software. OPENNESS integrates techniques and technologies for the concurrent
extraction, derivation and determination of new knowledge, using search, clustering, data mining,
automatic reasonig, and, wilinclude recommendation systenasid opinion mining techniques, etc.

The platform will be built upon three main pillars:

1 Engagementsin a closecommunityof workersusingthe online tools

1 Intelligenceis in the people and in the decisions they make

1 Knowledgeis in the people and in their knowledge artefacts, organized and managed more
efficiently

TheMOD.BU.KMCollaborative platform wilkupport both blue and white collar workerby reacting
to sharingexperiences and historical knowledge upon manufacturing processes and operations, by
providingdifferent types of interfaceswill address the needs of different work groups.

By more readily sharing documents and quickly locating experts to answer qugestiorkers can be

able to complete in minutes work that had previously taken more than one w€ekaboration
technologies can also provide guidance about how particular processes can be optimally performed

to improve quality and increase productivity.aie@ members can then use the platform to hand off

62N] 2 O2yRdzOG RAaOdzaaAizyaszr akKINB dzZJRIGS&ax NBOAS
tagging, searching and messaging features make it easier to ask for help, locate documents that can

be reusedand share best practices

The Figure30 here below shows the main components of tMODBUKM, describing both main
Building Blocks and information flows.

<<component>> <<component>> <<component>> E <<component> > <<component>>
KM.01.- Workspaces List KM.02.- User Profile" KM.03.- Group Management KM.04.- Universal Search KM.11.- Usage Analytics
QW

<<flows>> <<flow>> <<flow>> <<flow>>

<<component>>
<<components > @ <<flows> P! a <<flows> <<components> gl

KM.12.- Relational DB IR e KM.13.- NoSQL DB
Knowledge Platform

<<flow>> <<flows>> / <<flow>> <<flow>> <<flow>> <<flow>>

<<component>> <<component>> | <<component>> <<component>> <<component>> <<component>> E

KM.05.- Blogs KM.06.- Shared Calendars KM.07.- Documents KM.08.- Discussions KM.09.- Wikis KM.10.- Bookmarks

Figure30 MODBU.KM. High Level module decomposition

10 http://openness.eng.it/
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Table9 summarises the Functional Building Blocks(FBB) involveiDID.BU.KMdentifying the type
and scope.

Type

Graphical

Business Data

User .
logic storage

Interface

MOD.BU.KM  Collaborative  Knowledg;
Platform

KM.01: Workspaces List
KM.02: User Profile

KM.03: Group Management
KM.04: Universal Search
KM.05- Blogs

KM.06- Shared Calendar
KM.07- Documents

KM.08: Discussions
KM.09: Wikis

KM.10- Bookmarks
KM.11: Usage Analytics
KM.12: Relational DB
KM.13:- NoSQL DB

Table9 MOD.BU.KMFunctionalBuilding Blocks summary

6.3.2 MOD.BU.DSDECISION SUPPORT SYSTEM (DSS)

The Decision Support module (MOD.BU.DSS) is aimsdpfmort workers on relevant decisions for
the assembly, maintenance, inspection operationsaggregates relevant informatioproduced in
the domain of the A4BLUE systemd provide visual analytics capabiliti¢s support workers in the
decisionmaking process.

Figure31 shows the componerst diagram representing the decomposition of the MOD.BU.CQMS
component into Functional Building Blocks (FBBs) and the relations and data flows between them.
Furthermore, it includes the interaction with the Event Manager (MOD.EN.EM), through the EM.01
Publsh/Subscribe Context Broker (CB)
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<<gomponent== gl
MOD.BU.DSS: Decision support system

<<component>> E
DS5.03.. DSS data
repository
<<oomponents>
% MOD.EN.EM : Event Manager
A 2
-
<<gompenent>> £ 2 <<component>> =sfiow>>
DSS.01.. DSS GUI b g DSS.04. DSS event event (operational <<component>>
& protocel adapter information) EM.01.- Publlish/Subscribe
Context Broker (CB)
<<component>> E <cflow>>
=<flows> DSS.02.. DSS management operational data
operational data sarvices

Figure31 MOD.BU.DSSHigh Level module decomposition

The Event Manager (EM) component produces events related to operational activity (e.g. start/ end
operations, start/ end work orders, defects, downtimes, etc.) that are relevant for decision making.
ThedDSS.04. DSS event protocol adapterA & A yadaptiad theEe&nt@rduced bythe Event

al yIF3aISN) 69a0 FyR &ai2NB DISOSS datazrgpbsitoty R i € N deYKi 2 U Ki
a 5 { { BiIs8s mamnagement servieed

Users interact with thé1OD.BU.DS®oughweb based graphical user interfac&SS.01 DSS Gl

The business logic supportindpey decision supporfeatures is implemented ithe. d0SS.02.DSS
management servicécomponent whichinteracts with the dDSS.03DSS data repositofyy storing
and retrieving the required information.

Table10 summarises the Functional Building Blocks (FBB) involv&tDin.SH.DS@entifying the
type and scope.

Type Scope
Gl‘lanZircal Business Da‘Fa Offline Online
Interface logic  repository mode mode
DSS.01IDSS GUI N/A
DSS.02DSS management services N/A
DSS.03DSS data repository N/A
DSS.04. DSS event protocol adapter N/A

Table10 MOD.BUDSSunctionalBuilding Blockssummary

6.3.3 MOD.BU.MONMONITORING

The usage of performance indicato(&P! Key Performance Indicatordllows evaluating the
appropriate execution of the production from a sustainability (economic and social) perspective.

Task 2.5Kormalisation of the ecomnic and technical assessment framewpiskidentifying the KPIs

to be used for evaluating the performance of the A4BLUE solution along with the methods to gather
them. The Monitoring @mponent is aimed only to support thecollecion of the relevant
performance metrics produced in the domain of the A4BLUE solution. Other kind of KPIs should be
out of the scope of this component.
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MOD.BU.MONs expected to follow an analogous approach to the one identified in the previous
a S O 8.22¢ MGDBU.DSPHECISION SUPPORT SYSTEM)(DSS)

Potential updates could come from the prelimigaresults of Task.5 ¢ dFormalisation of the
economic and technical assessment framewédnd should beeported inthe main outcome of the
related task (i.e. D2.4ue at M13 but also in the final release of this deliverable.(D26 due at
M19).

6.3.4 MOD.BU.COMSCOMPUTER BASED TOOL FOR THE MEASUREMENT OF WORKER
SATISFACTION

The model for the quantitative measurement of satisfaction involves the development of a
guestionnaire with verified satisfactory levels of reliability and validity (i.e. psych@mestrument)
which can be used to assess levels of worker satisfaction in relation to hantamation systems

and wider work environment characteristics.

The Computebased tool for Quantitative Measurement of Satisfaction (MOD.BU.CQMS) enables
the inwlved shop floor operators to complete the worker satisfaction questionnaires in an easy way
and evaluates the results. MOD.BU.CQ@W8uld be generic enough to supportusability and allow

the update and introduction of new questionnaires, if required.

Furthermore, MOD.BU.CQMS expected to involve both online and offline working modes.

1 Offline mode MOD.BU.CQM$ used as a standalone tool involving all the required
components. In the offline working mode, episodic assessment of worker satisfaction is
supported by enabling to schedule the questionnaires on periodicity basis.

1 Online mode MOD.BU.CQMMteracts with the Event Manager (EM) to support on event
based assessment of worker satisfaction.

MOD.SH.CQMSshows the components diagram representing the decomposition of the
MOD.BU.CQM8omponent into Functional Building Blocks (FBBs) and the relations and data flows
between them Furthermore, it includes the interdon with the Event Manager (MOD.EN.EM),
through the EM.01 Publish/Subscribe Context Broker.(CB)

PrTS—— Ei]
MOD.BU.COMS: basad tool for i of

= > <<liow>>
€QMS.01.- User admin GUI User modeli/ data

<<component>> g
CQMS.03.- User Management
vices.

Authorisation

axfiows>
Authentication’

Fio
User modelidata

<<component>> <<component=> 4]
CQMS.02.- User login GUI E ‘CQMS.09. CQMS Data
repository

ie
§ E <<component>> E
Ccams.04- v2 MOD.EN.EM : Event Manager

H

Questionnaire admin 8 .
Gul <flow>> publi

<t >

Questionnaire model

8

vent

£2 184
T EY

8]

<<component>>
EM.01.-

vent

<<compor
<<com ponent>> E ‘CQMS.08. Questionnaire
CQMS.05. Questionnaire <<fow>> ‘manage ment servcies Context Broker (CB)

cul Questonnaire resutts

<<component>>
CQMS.06. Individual
dashboard GUI

«“<component>> w<flow»>
CQMS.07. Aggregated Questionnaire resuls (aggregated)

Figure32MOD.SH.CQM&ligh Level module decomposition
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Users (i.e. system administrators, shop floor operators and supervisoeshdntwith the CQMS
thoughweb based graphical user interfaces (GUlpdrticular:

91 All the users should be authenticated and authorised to access the MOD.BU.CO®MS
a/ va{-paddy D} LeO

1 System administrators access management featurescreate/read/update/delete both
dzZASNE FyR | 00Saa -NRIEISKNIal ROYAAYS oD !dal/évia { YR @ |j dzS
G/ va{-vdz8®GA2YyYI ANS FRYAY D! LEOT

T {K2L) FE22NJ 2LISNI G2NE Oly O2YL}X SGS a
Questionnaire GL£€ 0 FyR | 0O0Saa (KS KAAG2NER 2
LYRAGARdAzZ f RI&K0o2FNR D! L£OT

4

i g
- R

Q¢ >+
O ¢

T
2

b") O«

I I
T N
1 Supervisors can access aggregated and individualised scored questionnaire results
64/ va{lYRAWA Rz £ RI &Ko 2 kAgiteg@ddd dastbl MR Bf Lay ®nt @
The business logic supportingser and questionnaire management features is implemented in

OCQMS.03. User management servicesand 6CQMS.08. Questionnaire management serviées
respectively.

CdZNI KSNY2NB>Z (KSaS O2YLRYRyiada NPLBRAOZNBEGKADPRS
and retrieving the required information.

¢2 &dzZLJLI2 NI  ISYSNARAO | LIWINRBEFOK G2 GKS 2yftAyS g21
I RIFLJGSNE adzLJL2 NI a Lldzof AaK | yR &dzo dptiddNkeSent© LI 6 A f
produced byl KS &/ vvadzg8maniyA2 yy I ANB YIFylF3SYSyid &aASNBAOSag

by the Event Manager (EM) component.

Tablell summariss the Functional Building Blocks (FBB) involved@D.SHZQMS identifying the
type and scope.

Type Scope

Graphical

Business Data Offline  Online

User logic  repository mode mode

Interface

CQMS.0%.User admin GUI

CQMS.02 Login GUI
CQMS.04.Questionnaire admin GUI
CQMS.05.Questionnaire list GUI
CQMS.05 Questionnaire GUI
CQMS.06 Individual dashboard GUI
CQMS.0Z Aggregated dashboard GUI

CQMS.08 Questionnaire management
services

CQMI9. CQMS data repository
CQMS 10CQMS event protocol adapter

Tablel1 MOD.SH.CQMS Functional building blocks summary
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7/ BUSINESS PROCESSES

A processis a grouping of tasks that form an executable unit, able to realize a complex system
behaviarr through separate threads of controlhe business processes can be described at several

levels of abstraction, each level addressing different concerns. Ahitdpeest level, the process
architecture can be viewed as a set of independently executing logical networks of communications,
distributed across a set of resources and compongergstituting the overall system

7.1 SHOPFLOOR LAYER

7.1.1

MOD.SH.AM AUTOMATIONMECHANISMSVMOD.SH.MS MEDIATION SERVICES

and MOD.SH.DMDEVICE MANAGER

The following sequence diagrams provide details of the interactions amongaosnponents to
Support FTR.O4L Yy i SANI GA 2y 6 A GK Sy i SNLINRAptivef aBta@raiide

aead.
YSOKFyAaYaéd |4 RSAONROSR Ay GKS aLISOAFTAOIGAZ2Y A

involved use case scenarids, initially, an analogous approach is foreseen for the integration of both
legacy systems ah automation mechanisms only the djgams related to the automation
mechanisms are provided.

Discovery proceslug/Unplug automation mechanism/integratéegacy system

When theautomation mechanism iglugged/unplugged:

T

i K &M.@4. Automation semanticegistrato€ ~ NJ 3 A Zaiit@nddory sysiek Semantic
representationand theidentification of theRI G G2 6S Y2y A(i2NBR

580A0S YIEylF38NI ht/ 1 é Ay ( ke§stratod hapsem®o{ SYI y

i K HM.@1. Device manager OPC OA A Sy { ¢ r tdl Kilscril®e NdRtBe data to be
monitored.

the GAM.05. Autonation OP€ !  Of A Sy iithe comBumisasion $iddEnation (IP and
t 2NV aXyWwnwK®dtd !'! RAZO2OSNE aSNBISNWE

i K ®M.@0. Device manager OPC OA A Sy i¢ 3ISGa GKS A yoFtReNX | GA 2y

automation OP€ | & S NIJ S NMSPORBPPC UA Kiscovéry seév@nd subscribes to
GKS RIFEGEF G2 08 YAaMWO6iAdtdEton GRONBedea 0 ( KS &

machanism AM.4. Automation Sarvicas. M5 01.Samantic reprasantation assel managar. CAMO1.- Sarvicas. MS.02.0PC UA Manager.DM.01. Davica machanism AM.0G.

MOD.SH.AM. Automation MOD.EHMS : Madiation MOD.EN.CAM Collaborative MOD.SH MS : Madiation MOD.SH.DM : Davica MOD.SH.AM. Automation
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Figure33 MOD.SH.AMPIlug/Unplug automation mechanism

Furthermore, it carpublish a register/ deegister event that isadaptedi K N2 dz3BM.04. 08
event protocol adapteyto meet the event protocol supported by the Event Manager and published
into the Publish/Subscribe Context Broker (CB)
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MOD.SH.OM : Device Manager.DM .01, MOD.SH.MS : Device Manager.DM.2. DM Event manager (EM). EM.O1 .-
Device manager OPC-UA Client event protocol adapter Publish/Subscribe Context Broker (CB)
T

1: SendEvent() |

T I

! l :
i 1.1: AdaptEvent() |

| |

| |

|

|

|

|

|

|

|

|

|

I

1.2: PublishEvent()

Figure34 MOD.SH.AMEvent production
Share information(operation process)
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¢DM.01. Device manager OPC OA A Sy (i ¢ ( K| {publishing dngfentOwth theFuSdated] T

RFEGF o G KSM.ORyDMeveit rStocdl adaptéthat adapts itto meet the event protocol

supported by the Event Manager and published into the Publish/Subscribe Context Broker (CB)
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Device manager OPC-UA Client

MOD.SH.MS : Device Manager.DM.2.
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Event manager (EM). EM.01 -
Publish/Subscribe Context Broker (CEB)

Figure35MOD.SHAM. Share information with automation mechanism
Adapt behaviour(operation process)
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SYRLRZ A Yy AM@GFAutaa®n @RC! { SNIISNE FTNRBY (KS aSANPENE htyR
GKSy SESOdziSa GKS | LIINBLINAIFGS YSABN&E O NR dza3K (K S
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Event manager (EM). EM.0O1 -
Publish/Subscribe Context
Broker (CB}

I

MOD.SH.MS : Device
Manager.DM 2. DM event
protocol adapter

MOD.SH.DM : Device
Manager.DM.01. Device
manager OPC-UA Client

MOD.SH.MS : Mediation
Services. M3.02.0PC UA

Discovery serer

MOD.SH.AM. Autormation
mechanism AM.06.
Automation OPC-UA Server

T

1: event (adaptation requedt | |
to be executed by I
automationn ) | |

1.1: SendEvent{adaptation)

1.1.1: AdapEwvent{})

.1.2: SendEvent(adaptation)
| 1.1.2.1: RetrieveEndpointinfol)
T 1.1.2.2: BxecuteMethod|)

| "

Figure36 MOD.SH.AMAdapt automation mechanism behaviour

7.1.2 MOD.SH.M- MULTIMODAL INTERACTIONS

The following sequence diagrams provide details of the interactions amongaosuponents to
support FTR.02Multimodal human automation/robot Interaction and FTR.03Bafe Human-
Automation/Robot ceexistence as described in the specifications sectioseduence diagram is
provided for each involved use case scenario

7.1.2.1 Multimodal Human- Automation/ Robot Interaction

PerformH2M interaction

Depending on the situation a unique interaction channel can provide the complete interaction
information but in somecases, it only provides partial information that needs to be fused to get a
complete interpretation of the user interaction.

When the &op floor operator initiates § KS Ay G SNJ O A 2 ychariné $hterdctioh dnm  a
YIyl3SNE OF LI dzNB ay tiekngradtion lsidrcel andBpeRdderR © Be appropriate

Ay 0 SNLINE (i S Nghaanélaintetpreteip whicly hterprets them by using the semantic
NBLINBaASY(GlGA2y 2F GKS AyadNHzOGA2Y LINPOJARSR o0& (F
back the channel interpretation (e.g. gesture interpretation). Then thll.01 Multichannel

AYGSNI OGA2Yy YIFylI3ISNE &GN o0 I aly (REnNBEENISNGE:LR2AG2AYG 2)
for each relevant channel) W@ K I Yy St Ay (i SNMNBNMUtiiOK2YW y®2 FHAAa&Yy S
The fusion engine fuses partial interpretation and sends back the multichannel interpretation.

Once themultichannel interpretation is available théMI.01 MulttOK I yy St Ay G SNI Ol A2y
requests feedback through the alatle interaction mechanisms (e.g. interaction devices, GUI) to the

shop floor operator to check that the obtained interpretation is the right one or to request more

details. The feedback provided by the operator follow the above described sequencedsitve

feedback is available.

When a positive feedback is available it publishes an event with the H2M interaction information (i.e.
I QGAazy G2 0S8 MGBOMEMSdent plotpdblZadafitétitat adapts itto meet the
event protocol supportedy the Event Manager and published into thed @ldPublisiSubscribe
Context Broker (CB)®
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Tierpreter W03, Interacion semantic repostory || MI03. MM data | [MI.05. Wuil-crannal || M1.06. MAMI event Event manager (M) EM01-
repository fusion engine protocol adaptor | | PublishiSubscribe Contaxt Broker (CB)
T T T
i
i

1
v e T T
: 1.1.1.3: InterpretData()
| 1.1.1.4: SendChannelintemetation() I
1 I
| |
1.1.4.1. StoreChannelintemretation(} I |
g
1.1.1.4.2: SendChannel Interprefiation()
SendMultichannelintedretationf) :
s ) 1.1.1.421: Fus
i i
F 1.1.1.4.2[2 1: StosMutichabbel Channelinterpretatis () ! [
i
T L] i
| T
Request feedback
T
an) |
1
Stive foedback
[Postive foecdback 2 SendEvent{Humapainteracton acton)
F 2.1, AdaptEvent()
! 2.2: PublishEvent()
| T U i
] 1 I I

Figure37 MOD.SH-AMMI. Perform H2Minteraction

The figure below represents a sinfidd view of thefeedback requestoop. It is can be an iterative

process where theéMI.01 MultitOK I Yy St Ay (i S NdanCaSkitt® yshoprfloof bparatdi to
O2YFANY GKIG GKS 200l AYySR YdzZf GAOKIFYyY St AyidSNLINE
further details though diffegnt interaction mechanisms such as a GUI, a voice message, etc. Then

the operator can provide his/her feedback trough the different available interaction mechanisms
following the above described sequence diagram. The iterative process ends when a positive
feedback is obtained.

Interaction mechanisms MI.01. Multi-channel interaction
(devices/GUI, rc.) manager
T

Shop floor operator
Request feedback j

1.1: Proviide M2H Interaction

1: SendinteractionData ) H
T
|
|
|
|
|
|

t
2| Provide feedback (HZM intaraction 2.1: SendinteractionDataf)
IoopJ

|
|
[Till pos sitive feedback]
1

[ Parform H2M Interaction ]
T

Figure38 MOD.SHAMMI. Request feedback

Context information (e.g. operator identification, environment status informatiet;.) is an
additional input to the partial interpretations that could be manage®  (MKOS. Milt-channel
fusion enginé 2  Bedniultichafineliinterpretation Context information can come from the
A4BLUE system though th@MI.06. MHMIS @Sy (i  LINE (i 2a0c MI.01 RtdchiathelE
AYGSNI OGA2Yy YI yI 3f6lIbMing $eduerReSdia@daddh 6 SR Ay GKS
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Event manager (EM). EM.01 - MIL.OE. MHMI event
Publish/Subscribe Context Broker (CB) protocol adapter

MI.01 . Multi-channel interaction
manager

MILO4. MHMI data
repository

MI.05. Multi-channel
fusion engine

1: event{context info)
1.1: SendEvent(icontextinfo )

T
|
|
|
|
|
|
1.1.1: Sendinfo(contextinfo) |

.1.1.1: Storeenfo(context info)
| .
il

1.1.1.2: SendCqntextinfo

1.1.1.3: SendChannellnterpretation( )

|

|

I | 1.1.1.3.1: Fure PartialInformation()
| |

Figure39 MOD.SH-AMMI. Gontext information

Perform M2H interaction

hy OS Mi.665S MHMI event protocol adapter NB OSA@Sa |y FO0GAzy SESOd
CGEMO1. PublisiSubscribe Context Broker (BB A i A RSy (i A Tad&pis it ifinkc@ssdn@i A 2y |
meet the event protocol supported by th@v1.01. Multichannel interaction managér 02 YLRYS y ¥

FYR y23dAFASHMLOA Mubictarid iiteraicfos mahager NBOSA@ZS& (GKS y2dA i

S@Sy it AlG &l 2NBEMILOLI MHVI dad depoBitgly Alyy R KESYR G KS NBIj dzA N
integration mechanism so they can perform the expected Machine to Human (M2H) interaction (e.g.
display message in the Gtilyn on a light, make a sound, ejc

MLOE. MHMI event
praotocol adapter

MI.01. Multi-channe| interaction
managar

MILO4. MHMI data
repository

T Shop floor operator
1: event(M2H action) | M

. . 1ScndE\-'cnmntcracuonactlonl
gl

Event manager (EM). EM.01 -
Publish/Subscribe Context Broker (CB)

Interaction mechanisms
(devices/GUI, rtc.)

2: |dentify Action()

3. BpndAction{M2H Interaction)
3.1: StoreActioninfo ()

il

3.2 SendInterpctionData()

.
L

I | 4 Provide iM2H Imcrac[gn
|
|

Figure40 MOD.SEHMMI. Perform M2Hinteraction

7.1.2.2 Safe Human Automation/Robot Co-existence

Share workspace safely

¢ KS aBdfethfzpy TAIdzNF G2NE | ff26a aeadsSY FRYAYAAUGNT G2
Safety devicdd Sy R RASDL. Himan trackibg G Kl G LINP OSa a Sas.o8.isafétyy R aSy
controllee (G KS LRaAAGAZ2Y 27T {KAS.030 Skfet) [céolierS f RSSYCHIYRIS:AD 20y
automation behaviour adaptation based on this information and the configomainformation (e.qg.

al FSde 62Nl Ay3a Y2ZRSZ al ¥Sde [ Ag0aasafetyOdnfigudtioni Ay ¥F 2
repositoné ® L F | 0SKIF @A 2 dzNJ ARA3.L3afetyicordrglier A S E SGRRER NiK SR
0 K NP dz3AK1.031 KoBahutomation controlleg &

Pager8of (149 © A4BLUE consortium



Deliverable D2.1

A4BLUEGA N° 723828

System administrator

MOD.SH M| : AS Active safety AS.04.
Safety configurator

MOD.SH M| | AS Active safety AS.04.
Safety configuration repository

T
I
1: Configure safety settings |

1.1: StoreSafety Configuration()

1.3: Dispaly feedback

1.2: SendFEsdback() jj

Figure41 MOD.SH.ASShare workspace safelyonfiguration

Safety MOD.SH MI : AS Active MOD.SH MI : AS Active MOD.SH MI : AS Active safety AS.04. MOD.SH.AM. Automation mechanism AM.03. Local
‘ device ‘ safety.A5.01. Tracking safety. AS.03. Safety controller Safety configuration repository automation controller
T T
|
1: SendData(} |

1.1: ProcessDatal( )

1.2: SendPositioninfo()

|

.2.1: Retrieve SafetyConfiguratiolnfo(}

1.2.2: SendSafetyConfiguraticinfo()

1.2.3: DecideBehaviourAdaptation()

1.2.4: ExecuteBehayiourAdapiation()

"

Figure42 MOD.SH.ASShare workspace safelyperation

L¥ NB{ SAS.D3y Safetyi ¢odroliér

O2dz R

aSy R S @83/06AS evest pritdcd

0 KNER c

adaptek that adapts itto meet the event protocol supported by the Event Manager and published
into thed 9 a ®ublisSubscribe Context Broker (€B)

MOD.SH MI : AS Active safety AS.03.
Safety controller

MOD.EH MI : AS Active
safety.AS.04. Safety configurator

LifeLine2 : AS.05. AS event protocol
adapter

Event manager (EM).EM.01.-
Publish/Subscribe Context Broker (CB)

T
|

1: BendEvent|safety)
.

!

1.1; AdaptEvent(}

1.2: PublishEvent()

g

Figure43MOD.SHAS Online operation safety issue event

CdzNI KSNXY 2 NBZ 02y iSE (01APyblsASulis@ibeCyniext BrokerYEBE K & K NB dzdK
S @ S y an uph@eiing €afetly cohfifuration. S NE

a4 { dncod ! {

Event manager (EM). EM.O1.-
Publish/Subscribe Context Broker (CB)}

LifeLine2 : AS.05. AS event protocol

adapter

MOD.SH MI : AS Active
safety AS.04. Safety configurator

1. event (context info update)

1.1: SendEvent{context info)

1.1.1: AdaptEvent()

1.1.2: UpdateSafetyConfiguration()

-

Figure44 MOD.SH.ASOnline operation context info event
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7.2 ENTERPRISE LAYER

7.2.1 MOD.EN.CAMCOLLABORATIVE ASSET MANAGER

Every A4BLUBased system will be able s&tore, retrieve and manage information about tangible
and intangible assets by using the Asset Repositonaliby provided by the MOD.EN.CAM
component.

Both M2M and H2M interactions will be enables by such a componkerdugh the use of open APls
and user friendly GUIs in charge of enabling the maintenance operations on the repository itself.

The followingFigure45 shows the main business processes impacting on the A4BIQIFEEN.CIH
component while Figure46 showsmain interactions with the end users

<<flow>>
<<flow>> blish/consume
use GUIs ST R $:| P Ievlentrs: ’ <<component>> gl
< MOD.EN.CAM- Collaborative < MOD.EN.EM- Event
Asset Manager Manager
End User
<<flow>>
use APls
Application

Figure45 MOD.ENCAM. Crosscomponents business processes

cAM.01- CAM-SERVICE : CAM.01- CAM-SERVICE cAM.03 Asset Repository : CAM.03 Asset Repository

cAM.02- CAM-UI : CAM.02- CAM-UI ‘

End User T

T

1: Access WEB GUI } }
[

I

1.1: getAssets()

1.1.1: queryRegistry()

e

1.3: Display Assets List

I

I

2: Select Asset X I
2.1: getAsset() }

L 2.1.1: queryRegistry()
2.1.2:
€ e e
2.2:
ke
I
I
I
I

Figure46 MOD.ENCAM. Basic interactions and related entities

2.3: Display Asset Details

7.2.2 MOD.EN.EMEVENT MANAGER

Every A4BLUBased system will be able to gather, publish, exchange, process and analyse massive
data in a fast and efficient way. Evemisl represent the information brick used to covey information
among components using a decoupling approach.

Every A4ABUE component will be able to interact with thOD.ENEM, publishing new events or
consuming events generated somewhere else in the systemf(erg.the shopfloor and the legacy
systems through the Mediain Services and Device Managi&om the other asistance modules

such as AR/VR training, collaborative knowledge, DSS).
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The followingFigure47 shows the main business processmpacting on the A4BLUAOD.ENEM
component.

<<component>> <<component>> <<component>> EI <<component>> g
MOD.SH.DM- Device Manager MOD.SH.MS- Mediation Services MOD.SH.AM- Automation Mechanisms MOD.SH.MMI- Multimodal Interactions

<<flow>>
<<flow>> publish/consume events <<flow>> <<flow>>
publish/consume events publish/consume events publish events
<<component>> E <<flow>> <<component>> E
<<component>> ublish/consume events
MOD.EN.CAM- Collaborative < <<flow>> | MOD.EN.EM- Event gll_ / MOD.EN.ARG- VR/AR based
Asset Manager publish/consume training and guidance
events
(o:siloewez:nts <<flow>> <<flow>> <<flow>>
publish/consume events consume events consume events
<<component>> {I <<component>> <<component>> a <<component>> gl
MOD.BU.KM- Collaborative MOD.BU.DSS- Decision MOD.BU.ACE- Automation MOD.BU.QMS- Computer based
Knowledge Platform Support System (DSS) Configuration Evaluation Tool tool for the measurement of
worker satisfaction

Figure47 MOD.EN.EMCrosscomponents lusinessprocesses

The following Figure 48 depicts the basic interactions of th&OD.ENEM with its natural
counterparts, that are the Context Producers and the Context Consumers.

1 Context Producers publish data/context elements byoking the updateContexbperation
on a Publish/Subscribe Context Broker.

1 Context Consumers can retrieve data/context elements by invoking gheryContext
operation on a Publish/Subscribe Context Broker

T Context data is kept persistent by Publish/Subscribentext Brokers and ready to be

queried.
: Context : Publish /Subscribe : Context
Producer Context Broker (CB) Consumer
(CP) (CC)

[
I
I
1: updateContext{) I

[
|
|
|
— I
u |
I 2. queryContexti) I
I u
i |
I I

Figure48 MOD.EN.EM. Basic interactions and related entities

Some Context Consumers can be subscribed to reception of data/context elements which comply
with certain conditions, using theubscribeContexiperation aCBexports as shown ifrigure49.

I Subscribed consumers spontaneously receive data/context elements compliant with that
subscription through theotifyContexioperation they export

1 Note that the Application which subscribes a particular Context Consumer may or may not
be the Context Consuen itself.
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: Application : Publish fSubscribe : Context
Context Broker (CB) Consumer
T T 1CC)

I 1: subscribeContext{) |

1.1: notifyContext()

|
|
&
|
i

Figure49 MOD.EN.EM. Interactions to force CCs to subscribe to specific notifications

The last example business process presented here below shows how the CB can interact with the CEP
in order to start an event procegaetwork) and then derive new event/information that feed again
the CP itself.

- CEP : Complex Event : Event : Publish fSubscribe
Management Processing Processing Context Broker (CE)
I Engine (CEP) Agent (EPA)
i |
| 1: configurel) |
i

2: deployDefinition()

3: notifyContext()

I
I
!
/L 3.1.1: updateContext()
I
I
|
I

3.1: process()

Figure50 MOD.EN.EM. Interactions among CB and CEP

7.2.3 MOD.EN.ARGV/R/AR BASED TRAINING AND GUIDANCE

The MOD.EN.ARGomponent will be composed by a freahd application, viewable from a mobile
AR device, and a baeid application that will act as a bridge between the AR device and the
A4BLUE framework.

The operator using the AR device will be able, in any momenett@ve documents, 3D models,
procedures and any other kind of asset available for that particular operative context. This kind of
request will be forwarded from the Fro#iind application to the Badknd application, through the
ResourceManager componenthis object will have the capability to retrieve the requested asset
from the Collaborative Asset Managesreate a local copy of it and send it back to the FHemt app.

The copyallowsto create a caching systeand saves bandwidth, as a web server sloet need to

send a full response if the content has not changed
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Front-End AR Back-End MOD.EN.CAM - Collaborative
Application Application Asset Manager
L L L
1. getResource() N
1.1 getResource() _
1.2 reti
PP felurnresource

1.4 return resource

2. getResource()

A 4

2.1 isResourcelpdated|)

hJ

2.2 [Positive case] return yes

2.3 return cached copy

Figure51 MOD.ENARG Basicasset retrieving

The Baclend will also be able to publish content and subscribe to the Event Manager, in order to
always presensynchronized content in the AR Frdand.

7.3 BUSINESS LAYER

7.3.1 MOD.BU.KMCOLLABORATIVE KNOWLEDGE PLATFORM

Everyworker using the MOBUKM componentwill be able togenerate content, retrieve and
manage knowledge using the Asset Repository capability providedBbth M2M and H2M
interactions will be enables by such a component, through the use of open APIs and user friendly
GUIs in charge of enabling the collaboration process aimed at enriching the knowledge repository
itself.

The followingFigure52 shows the main business processes impacting on the A4BIQIEBUKM
component.

<<flow>> <<flow>>
<<component>>
H2M communications <:;8;;%’:'EHMIT> El update/subscribe Context EISI.OI $:|
Collaborative Publish /Subscribe
Knowledge Platform Context Broker (CB)
End User
<<flow>>

M2M communications

<<component>>
EM.06 {l
Application

Figure52 MODBU.KM. Crosscomponents business processes

Figure53 and Figure54 show exampleinteractions with the end usersn orde to add and retrieve
blog entities (but similar interactions can occur for any knowledge entity managed by the platform.
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End User

I T I
1.1: showWorkspaceList() | !
| -

| . ! I
1.1.1: showBlogList() ‘I 1.1.1.1: storeEntity() o | 1.1.1.1.1: updatelndex()

|

|

L |

1.1.1.1.2: 1 /I}J

PR e l |

Figure53MOD.BU.KMCreate a hew blog entry

: MOD.BU.KM- - KM.O1.- - KM.04.- cKM.13.- - KM.12.- - KM.05.-
Collaborative Knowledge Workspaces List Universal NoSQL DB Relational Blogs
Platform Search DB
End User T

T
1: login() I |
9 ! 1.1: showWorkspacelList() } ! :

: MOD.BU.KM- :KM.01.- :KM.05.- D KM.12.- :KM.13.-
Collaborative Knowledge Workspaces List Blogs Relational NoSQL DB
Platform DB
I

1: login() T[

|
|
|
1.1.1: search() l
|

I
I

i |

1.1.1.1: retrievelndex() I
—————p 1.1.1.1.1: retrieveBlog()

1.1.1.1.1.1: showBlog()

1.1.1.1.1.2:

H
N
———————

1.3 H
I
I
I

Figure54 MOD.BU.KM. Retrieve blog entry

7.3.2 MOD.BU.DSPDECISION SUPPORT SYSTEM (DSS)

The following sequence diagrams provide details of the interactions amamgcemponents to
& dzLILBPTRI8Adaptive assistance: decision supgort F & RS a ONX 6 SR section. it KS & LIS «

Access decision support information

hy OS D&KW DSS event protocol adapter NEOSA @Sa |y 2LISNI EM@RY |t R
PublistiSubscribe Context Broker (€B) allapts ittransforming raw events related to downtimes,
defects, etc,into operational datar Y R & Sy R & DSB.02.D62 maiak§enentiserviées i K I (i
al2NBa UKBSS.03D68 @ata efoSitorgd

Event manager (EM).EM.01.- Decision Support System (DSS).055.04, - | | Decision Support System (DSS8).DS8.02. - Decision Support System
Publish/Subscribe Context Broker (CB) D83 event protocol adapter DSS data management services (D35).055.03.- DSS data repository

1: event (operational <:|ata] ) . |
1.1: SendEvent( operaicnal data) |

| |

| |

| |

| |

| |

1.1.1: AdaptEvent() I I
| |
|

1.1.2: SendOperaticnalData(
ndOperationalData) .D 1.1.2.1: StoreOperationalData() |

T

Figure55MOD.BU.DSSAccess decision support informationdata storage

Theusers can access the operational itfwough the graphical user interfacé SS.01.DSS G©l
user administration graphical user interfgcand the systendisplaysthe resultin the appropriate
format.
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MOD.BU.DSS : Decision support ecision Support System (D35).055.02. .- Decision Support System
system.DSS.01.. DSS GUI DSS data management services (DS5).055.03.- DSS data repository
Actor I I I
[] 1: Access operational info ) _ I I
1.1: GetOperationallnfo() | ) ) |
1.1.1: Retrieve Operationallnfor |
1.1.2: SendOperationalinfor

| 1.1.3: SendOperationalnfor | [~

1.1.3.1: Display operations] info
E: _______________

Figure56 MOD.BU.DSSAceess decision support informatioq data access

7.3.3 MOD.BU.MONMONITORING

MOD.BU.MONs expected to follow an analogous approach to the one identified in the previous
section (7.3.2¢ MOD.BU.DS®ECISION SUPPORT SYSTEM)(DSS)

Potential updates could come from the preliminamsults of Task.5¢ a C2NX I f Aal GA 2y
economic and technical assessment framewédnd should beeported inthe main outcome of th

related task (i.e. D2.4 due at M13) but also in the final release of this deliverable (i.e. D2.6 due at

M19).

7.3.4 MOD.BU.CQMSCOMPUTER BASED TOOL FOR THE MEASUREMENT OF WORKER
SATISFACTION

7.3.4.1 Interaction among mternal subcomponents

The following sequence dgrams provide details of the interactions among samponents to

& dzLJLJ2 NI -2 QO vEDm v GA AT OGA2Yy aaSaavySyide Ia RS&EONJ
A sequence diagram is provided for each use case scenario involved in FTR.11. Notice thatrthe re

messages have been explicitly identified as providing feedback on the results of the process (i.e.
R3.1) has been identified as an essential capability and represented in the specifisatibos.

CRUD users

The system administrator is able to ctea update or delete user data through the user
administration graphical user interface and the systgmovides feedback on the result of the
process by displaying the appropriate message.
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COMS.01.- Useradmin GUI COMS.03 .- User Management COMS.10. OMS Data repository
Services
System administrator I I I
1: Complete user data i . ; 1 |
p 1.1: SaveUserData() » 111 StoreUserData() }
1.1.2: SendFeddback()
1.2: SebdFeddback() e
1.3: Display feddback “{ _________________
__________________ |
< T |
| |
r I I
2 Select user e i
.. 2.1 GetlserDatal)
b 2.1.1: RetrieveUserDatal)
. 2.2: SendUserData() L 2.1.2: SendUserDataf) |
2.3 Display user data = I{:— ———————————————— I
I ——— T | |
| | |
- L |
3. Update user data
P 3.1: UpdatelUserData()
311 UpdateUserData()
3.1.2: SendFeddback()
3.2: SendFeddback() e——————————————= |
3.3: Display feddback E——— - ——— T |
e——— | |
L | |
| 1 |
| |
|
I
4: Delete user data .
4.1 Deletel
p eleteUser() > 411 DeleteUserDatal) !
) . 4.1.1.1: BendFeddback()
4.1.1.1.1.1: Display feddback _ 41111 SendFeddback() et
—————————————————— o [
L ! ! !

Figure57 MOD.BU.MONCRUD users

CRUDworker satisfaction questionnaire

The system administrator can create/ update or delete questionnaire model through the
guestionnaire administration graphical user interface and the sygtemwides feedback on the result
of the process by displaying the@ppriate message.
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CQMS.04.- Questionnaire admin GUI CQMS.08. Questionnaire management CQMS.10. QMS Data repository
semncies
System administrator : i i
. . | | |
1: Complete questionnaire model . . . :
1.1: SaveQuestionaireModel(} l 1.1.1: StoreCQuestionaireModel(} l
1.1.2; SendFeedback()
1.2: SendFeedback()  |pft—e—r—eee—e——
1.3: Display feedback |~~~ ~~"~~—~~— T~ 7777777 I
S [ |
| |
: : :
2 Select questionnaire | ) o | |
ot 2.1: GetQuestionaire() | 2.1.1: Retrieve Questionnaire() |
o
2.1.2: SendQuestionnaireMaodel ()
2.3: Display questicnnaire () 2.2: SendQuestionnaine Model () R e ————
R ] |
L |
| T |
: : |
3: Update questionnaire model X ) .
atu teOu esti Maodel
LB paateQuestionnaireModell) b 3.1.1: UpdateQuestionnareModel()
3.1.2; SendFeedback()
3.2: SendFeedback() ke
3.3 Display feedback e ]
<
T |
4: Delete questionnaire I T I
>
4.1 DeleteQuestionnaire() I I
P 4.1.1; DeleteQuestionn aire( ) |
) ) 4.1.2 SendFeedback()
4.3 Display feedback e _ A2SondFecdback] | =
] i
| | |
| | |
| | |
| | |
| | |
| | |
L | | |

Figure58 MOD.BU.CQMCRUD worker satisfaction questionnaire

Complete worker satisfaction questionnaire

The shop floor operator is able to complete and save the satisfaction questionnaire. Before saving it
the system checks if all the required questions have been completed. If the input values are valid the
system saves the results into the database and it provides feedback on the result of the process by
displaying the appropriate message. If they are notdvitie system displays a message asking to
review them.

In the online mode once the questionnaire is saved an event (i.e. saveQuestionnaire) is published.
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COQMS.05. Questionnaire GUI COMS.08. Questionnaire management servcies COMS.08. QMS Data repository

Shop floor operator

1: Complete questicnnaiire

I
|
|
-l

2: Save completed que sticnnaire

T I
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
M |

|

|

i

2 1: ValidateQuesticnnaireResults()

It
a 2.2 SaveQuestionnaireResults()
[ walid results] P 2.2.1: StoreQuestionnaireResults()
2.4: Dsiplay feedback 2.3: SendFeedback() 222 SendFeedback()
S S &~
Interaction with Event
Manager

2.4 SaveQuestionnaire

[no walid results]

Figure59 MOD.BU.CQMComplete worker satisfaction questionnaire

Accessndividual view of worker satisfaction questionnaires results

Individual results of worker satisfaction questionnaire(s) should be accessible to both shop floor
operators and supervisors. When any of them asks for individual worker questionnaire results th
systemdisplays them prioritising graphical representation whenever possible

% CQMS.08. Individual dashboard GUI CQMS.08. Questionnaire management COMS.09. QMS Data re pository
sencies

User

1: Access individual dashboard

I I

| |

| |

| |

1.1: GetQuestionnaireHistory() | |
|

1.1.1; RetreiveQuestricnnaireHistony()

1.1.2: SendQuestionnaireHistory|)
1.2: SendQuestionnaireHistory(} |k __ _

Figure60 MOD.BU.CQMAccess individual view of worker satisfaction questionnaires results

Access aggregated view of worker satisfaction guestionnaire

When Supervisors ask for aggregated worker questionnaire results the sgsdphays the collected
results prioritising graphical representation whenever possible.
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CQOMS.07. Aggregated dashboard CQMS.08. Questionnaire management COME.0%. OMS Data repository
GuUl sencies

"
]

Supervisor
M 1: Access aggregated dashboard

I I
| |
| |
| |
| |
2: GetQuestionnaireHistory() | I

2.1: RetreiveQuestricnnaine History ()

2.2 SendQuestionnaire History()
2.3 SendQuestionnaireHistory() | et — - — — — — —

Figure61 MOD.BU.CQMAccess aggregated view of worker satisfian questionnaires

7.3.4.2 Interaction with other AABLUE components

Figure 62 shows the online operation sequence diagram. In this case the event raised once a
questionnaireis properly completed is adapted to meet the event protocol supported by the Event
Manager and published into thé& 9 81®PublisiSubscribe Context Broker (€B Furthermore,
events raised by the Event Manager (MOD.EN.EM) and consumed Iothputerbased tool for
Quantitative Measurement of Satisfaction system are processed to be able to execute the
appropriate method provided by the questionnaire.

Computer-based tool for Quantitative Measurement of Satisfaction Computer-based tool for Quantitative Measurement of Satisfaction Event manager (EM). EM.01.-
(COMS ).COMS.09. Que stionnaire management servcies (COMS).COMS.10. COMS event protocol adapter Publish/Subscribe Context Broker

(CB)
I

1: SaveQuestionnaire()
1.1: SendEvent (complete dquestionnaire)

T
I
: I
>J_
]

i 1.1.1: AdaptEvent{completedquestionnaire)

1.1.2: PublishEvent(completedque sticnnaire)

| 2Zievent
2.1: SendEventToEventSink()

2.1.2: ExecuteQuestionnaireMethod (action) | 21.1: IdentityAction ()

) T

Figure62 MOD.BU.CQMinteraction with other A4BLUE componeitonline operation
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8 FBBSPECIFICATION

8.1 SHOPFLOORYER
8.1.1 MOD.SH.AMAUTOMATION MECHANISMS

8.1.1.1 FBB Specification

Thefigure below shows the main components of théOD.SH.AMlescribing both main Futional
Building Blocks and information flows.

<<oomponent>> El
MOD.SH,MS: Mediation Services
=<component=> gl
MOD.SH.AM. Automation mechanism iDiscoveryRepresentation
pe <<gomponents=> E
<<component>> @ MS.01.Semantic
<<component>> AM.04. Automation representation repository
AM.02. Automation GUI semantic registry
iDiscoveryServer
<<component>>
MS.02.0PC UA Discovery
<<component=> El © server
AM.05. Automation
QOPC-UA Client
iGéGmmand
<<gomponent=> {l
<<oom ponent>> E MOD.SH.MS: Device Manager
AM.03. Local I @ <<component>>
controller S AM.06. Automation @ <<component>> gl
IMonitor OPC-UA Server A ‘ DM.01. Device manager
tomati
utemation OPC-UA Client
IClignt
%

Figure63MOD.SH.AM overall interaction

8.1.1.1.1 AM.01. Automation hardware

¢ K $\M.@1. Automation hardwarerepresents the hardware part of the automation mechanism
and it is capable of performing the assigned task (e.g. assembly operation, etc.). The automation
KFNRgl NB Aa Oa0s Nded dutBriatiod éontrol&rS &

8.1.1.1.2 AM.02. Automation GUI

¢ K &M.02.Automation GU | fubeR tg dteract with the automation mechanisms to configure
it or give specific commands.

The FBB consumes thexecuteCommandnethod of the iCommand interface exposed by the

0GAM.03. Local automation controlierd

8.1.1.1.3 AM.03. Local autoration controller

¢tKS aladnod [ 20+t Fdzi2YFGA2Yy O2y (NP t(€.@Gmbot). 02y i NP
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<<component=:> E
MOD.SH.AM. Automation mechanism

=
_/. <<CoMmponent=>

AM.03. Local automation iCommand AM.06. Automation
controller @ OPC-UA Server

iMonitor

Figure64 MOD.SHAM.03. Local automation controller interfaces

The FBB exposéSommandinterfaceand consumes thévlonitor A y i SNF | 0S SAM08.aSR o
Automation OPE | { Stdlfillishihe updates of the monitored data

The following table shows an initial approach to the main methods exposed by each interface.

(04

Interface Description

iCommand executeCommand Executes the command supported by t
automation mechanism

Table12 MOD.SHAM.03. Local automation controllemain methods

8.1.1.1.4 AM.04. Automation semanticegistrator

¢ K SAM.64. Automation semanticregistrato€ registers: (1) the legacy system semantic

NB LINB & Sy (I GMS0Y. Sémantic (répesentation repositbrf 6 HO (GKS 02 YYdzy
AYVF2NXYIGA2Y 0 LMS.020PR UA distaliery sekvgr YRS 600 GKS RIEGE (2
i K BM.@1. Device marmger OPC UA ®

The FBB consumes thregisterSemanticRepresentatianethod of the iDiscoveryRepresentation
AYGOGSNFI OS SM3I02.Bénantio répredekt&iondepositdrihe registerServemethod of
the iDiscoveryServerinterface exposed by thedMS.02 OPC UA discovery sergeand the
setSubscriptiomethod of theiClientinterface exposed by thdDM.01. Device manager OPCeUd

8.1.1.1.5 AM.05. Automation OP@A Client

¢ K AM.65. Automation OROA Client registers communication information (IP, port) into the
0MS.02 OPC UA discovery seévap

The FBB consumes thregisterServemethod of the iDiscoveryServeiinterface exposed by the
0MS.02 OPC UA discovery seévep
8.1.1.1.6 AM.06. Automation OP@A Server

ThedAM.06. Automation OROA Server provides updates of thenonitored automation data to the
subscribed components and executes automation methods.

<<component> E <<component> E

MOD.SH.AM. Automation mechanism MOD.SH.MS: Device Manager

= <<component>>

<<component=> O
AM.03. Local automation ICcménd Ia SRELIEIIIS ORLO1. Devios manager
controller AM.06. Automation O\, OPC-UA Client
”‘k,-mm OPC-UA Server -/
IAutomation
IClignt
C

Figure65 MOD.SHAM.06. Automation OP@A Server interfaces
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The FBB expos@&utomation and iMonitor interfacesand consumes thé&Clientinterface exposed
08 br®nwmd 5STA0OS t¥pulish2 NS irnthe/apptopridte format.

The following table shows an initial approach to the main methods exposed by each interface.

Interface Method ‘ Description
iMonitor setMonitoredData Collectupdates in the monitored data.
iAutomation subscribeToData Subscribes to data provided by th
automation.
executeMethod Executes the method exposed by t
automation mechanism

Table13MOD.SHAM.06. Automation OPGAJA Servemain methods
8.1.1.1.7 AM.07. Automation data repository
¢ KS -@7! Automation data repositoly Sy 6t Sa (at@natianirdebldarts@elad
information.L G A& I OOS & a SG-[ (RKONEf dzF Kdz(i(i2KYS .(ckl2ay O2 y I NR f f S NE

8.1.1.2 Background Assets

In some use case scenarios automation mechanisms are already available:(i.e. AIRBUS: Smart tools;
TEK: Dual arm and mobile robot; RWTH: mdbikey) and in CESA a new automation (i.e. robot for
deburring process) will be introduced.

8.1.1.3 A4BLUE Enhancements

Where automation mechanisms are already available A4BLUE will include features to support
integration of the automation and adaptation of the overall system. Furthermore, if not available
OPCGUA client/server will be developed.

8.1.2 MOD.SH.MSMEDIATION SERVECE

8.1.2.1 FBB Specification

Thefigure below shows the main components of thOD.SH.M$lescribing both main Futional
Building Blocks and information flows.
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(,

IRegister

<<Component>=
MOD.SH.MS: Device Manager

<<gomponent>= E

DM.01. Device manager
OPC-UA Client

<<component>>
MOD.SH,MS: Mediation Servicesata
<<component>> values-meyhods
MOD.SH.AM. Automation mechanism
" E MS.01.Semantic g'
<<component>>
representation registrator
AM.04. Automation i i
semantic registrator
iDiscoveryRegis thr
<<component E
AM.05. Automation =
OPC-UA Client
<<component>> E
Legacy system O
iData
<<component>= E
LS.01. Legacy system
semantic registry
<<component>> E <<component>>
L8.02. Legacy system MS.02.0PC UA Discovery
OPC-UA client server
iDiscoverySe

Figure66 MOD.SH.MS overall interactions

8.1.2.1.1 MS.01. Semantic representation registor

The 6MS.01. Semantic representatidds 3 A a 8tdids (ih2 BEnantic representation provided by
the automation mechanisms and legacy systems as well as the data to be managed into the
G/ 10B.dAsseNB L2 aA (2 NE &/ U KMR dzZ®K! a K § BI@DAN/CAM ColaBorativi S

1 aasSi

al yI 3SNE @

<<component==
MOD.5H MS: Mediation Servicesata
values-meayhods

<<gomponent>>
MOD.SH.AM. Automation mechanism

<<gomponent>> El
AM.04. Automation
semantic registrator

<<component>> g
MS.01.Semantic
representation registrator

Regists
egister @

<<gomponent=>
Legacy system

<<component>> gl
LS.01. Legacy system
semantic registry

iDiscoveryRegister %

=<oOmponent=>

MOD.SH.MS: Device Manager

<<gcomponent=>
DM.01. Device manager

iData3

OPC-UA Client

Figure67MS.01. Semantic representation repository interfaces

The FBB exposédiscoveryRegistek Y 1 SNF I OS

YR O2yadzy$a

0KS YSiK2I

CAM{ 9 w+ L/ 9 £ DM.OL.RevideKr@nager OPC @ A.S§he diolowing table shows an initial
approach to the main methods exposedthis interface.
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Interface Description

iDiscoveryRepresentatiorn registerSemanticRepresentatio| Registers the semanti
representation

Tablel4 MS.01. Semantic representatioregistrator main methods

8.1.2.1.2 MS.02 OPC UA discovery server

TheMS.02 OPC UA discovery sermaintains the list of OPC UA Servers that @gistered and
provides mechanisms fotients (DM.01.Device manager OPC Jié find them.

To support a standardised approach this component must follow the specification of the Local
Discovery Service (LDS) provided by the OPC Foundation

<<components > {l
MOD.SH,MS: Mediation Services
<<COMm ponent=> <<Component>>
MOD.SH.AM. Automation mechanism MOD.SH.MS: Device Manager
<<CoMmponents> a f.--.\ iDiscoverySeryer
AM.05. Autemation <<COomponents=>
OPC-UA Client DM.01. Device manager
OPC-UA Client
<<components> E
Legacy system |~
/ << com ponent=> {l
<<component>> 2] MS.02.0PC UA Discovery
LS.02. Legacy system sarver
OPC-UA cliant

Figure68 MS.02 OPCUA discovery serventerfaces

The FBB exposé3icoveryServeinterface The following table shows an initial approach to the main
methods exposed bthis interface.

Interface Description
iDicoveryServer | registerServer Registers the OPC UA Server
findServer Retrieves therequired information from the

OPC UA Server

Table1l5 MS.01. Semantic representation repositorgain methods

8.1.2.2 Background Assets

The MOD.SH.M&mponent supports the discovery proce3® support a standardised approach
i K §1S.@2 OPC UA discovery seéamponent must follow the specification of the Local Discovery
Service (LDS) provided by the OPC Foundation

8.1.2.3 A4BLUE Enhancements

N/A

1 OPC foundation: https://opcfoundation.org/developeitools/specificationsunified-
architecture/part12-discovery
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8.1.3 MOD.SH.DMDEVICE MANAGER

8.1.3

.1 FBB Specification

Thefigure below shows the main components of tihOD.SH.DMdescribing both main Futional

Build

ing Blocks and informat flows.

<<component>> E
MOD.SH,MS: Mediation Services
<<component>> E <<gomponents>
MS.01.Semantic MS.02.0PC UA Discovery
representation repository server
Jl;lmoveryﬂepresnmaﬂan (g
iDiscoveryServer
<<component>> E <<componant>> E
MOD.SH.AM. Automation mechanism MOD.SH.MS : Device Manager
<<gomponent=> g] v 5
Ag.gg. ::‘;m‘“"’" A DM.01. Davice manager iAdaptStscription DM.2. DM avent
~UA Server OPC-UA Client protocol adaptar
<<gomponent>> E iClignt
AM.04. Automation
samantic registry
<<component>> E
<=companant>> =] MOD.EN.EM : Event Manager
Legacy system
<<gomponents=
LS.01. Legacy system
semantic registry

@_ <<component>> g
<<compornent>> & EM.01.- Publlish/Subscribe
L5.03. Legacy system I vent Context Broker (CB)

OPC-UA server

iLegacy

Figure69 MOD.SH.DMOverall interactions

8.1.3.1.1 DM.01. Device manager OPC difent
¢ K ®M.01. Device manager OPCOA A Sy (1€ & dzLIL2 NIia Fdzy OldA2ylf AGASA

1

= =

retrieve the endpoint of theappropriate OPGUA Serves S @3 @ Autoraatiom ORIZUA

Serveé 1.S.@8. Legacy system QB&Servér IN2 Y GKS da{ ®dnH htdT ! ! RAZ
subscribeto the data to be monitored through the appropria®PGUA Servep S®3d G ! a dnc
AutomationOPGUA Servar 1.S.@8. Legacy system GBP&Serveé 0 T

publish a register/ ddNBS 3 A 4 G SNJ S @ Syailid nHKONIS dz3 (S GiBK/SI; AINR (12 O2 f
execute the appropriate methods when required.

<<gomponent=> <<component>> g'
MOD.5H.AM. Automation mechanism MOD.SH.MS: Device Manager
-
<<component>> O
AM.06. Automation iAo fon <<compenent>> <<components> E
OPC-UA Server DM.01. Device manager F DM.2. DM event
OPC-UA Client @ p adapter
IAdaptSubseription

-
IClignt
<<component=> E
AM.04. Automation
semantic registry /\_/

<<gomponent=> E
Legacy system

<<gomponent== E
LS.01. Legacy system
semantic reglstry

<<component=> E
LS.03. Legacy system @
OPC-UA server ILegacy

Figure70DM.01. DeviceManager OP@A interfaces
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The FBB exposéSlient and iDatanterfaces ancconsumes thesubscribeToDatand executeMethod
methods of the iAutomation A y' G SNJF I OS S AMR6E Aifematod OROA Server the
subscribeToDatanethod of theiLegacyA y i SNF I OS S E&BBaefdey spsterOBAIS &

Serveé | Yy RublistBvBntmethod of the iAdaptSubscriptionA y § SNF I OS SBuMRa SR oé
DM event protocol adaptér

The following table shows an initial approach to the main methods exposéuehiZlientand iData
interfaces.

Interface Method ‘ Description
iClient methodToExecute Execute method.
getDataSink Provides an endpoint to receive th

information of themonitored data

iData setSubscription Subscribes to monitored data.

Table16 DM.01. Device manager ORTA methods

8.1.3.1.2 DM.02. DM event protocol adapter

¢ KOME2.DMS Sy i LINRPG202f | RFLIWGSNE &dzZlJLJ2NIia LJzof A &K
0KS S@gSyilia LIDRBREZOSEIHOGS (XKISEFISNI ht/ 1 ¢ (2 GKS
the Event Manager (MOD.EN.EM)rtRarmore, it processes the event produced by the MOD.EN.EM

and executes the appropriate method provided by the automation mechanism

<<gomponent = g <<component== @
MOD.SH.MS: Device Manager MOD.EN.EM : Event Manager
<<component=>> <<component>= <<component=>
DM.01. Device manager IAdaptSubscription DM.2. DM event E' @ EM.01.- PubllishiSubscribe
OPC-UA Client @ 3 e iEvent Context Broker (CB)

Figure71DM.02. DM event protocol adapter interfaces

The FBB exposéédaptSubscriptioninterface andconsumes theiEvent (including Publish and
Subscribe methods)nterface exposed by théEM.01 Pulish /Subscribe ContexBrokero / .ta) €
publish evens in the appropriate format and the and the methodToExecute method of titdient
interfaceexposed by th&DM.01. Device manager OPCOA A.Sy (i €

The following table shows an initial approach to the main methods expostteligterface.

Interface Description

iAdaptSubscription | publistEvent Publishevent that should be transformedo
comply with the event protocol supported L
the Event Manager.

Table17 DM.02. DM event protocol adapter maimethods

8.1.3.2 Background Assets

MOD.SH.DNis in charge of the operation process. A potential background asset candidate has been
identified to support some of the identified functionalities however it should be evaluated in the
scope of Task 4.1 (CPS enabling connectivity and management) cimgsitierdetail design outputs

to check if it can fit the expected functionalities. Other potential backgd asset or approaches will

be investigated if required.
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loT HUB

loT Hub is a framework built based mainly on FIWARE Generic Enablers capable to collect
information from 10T devices and distribute them through a NGSI broker.

loT Hub
==scalables>
zzideployments:
; - <<scalables>
<emgttbrokerss <<nodejs>» MRS
loT Broker Protocol ] Device Management DCF - DCF
C :J :l Adaptation
o Do [Mosguitto] | - [___}_@;
ot Uevices listen sockat on iotagent-matt wejavase
port 1883 flotagentmattl L 1 poea Handling Pub/Sub APY

Figure7210T HUB

8.1.3.3 A4BLUE Enhancements

Potential enhancements shouttbpend on the final background asset selected.

8.1.4 MOD.SHVIHMI- MULTICHANNEL HUMANUTOMATION/ROBOT INTERACTION

8.1.4.1 FBB Specification

The figure below shows the main components of thklOD.SHVIHMI, describing both main
Furctional Building Blocks and information\is.

<<components>
MOD.SH,MI: Multimodal interaction

<<component>> E

MOD.SH.MHMI- Hi obot i

<<component>> a]
ML02. Uni-channel <<component>> $:|
interpreter MLO3.

semantic repository

<<component=>

MOD.EN.EM : Event Managar
iChanielData
ilnteraction
<<component>> 9] <<compenent>> 8]
MLOG. MHMI event :—\ EM.01.- Publlish/Subscribe

<<component>> protocol adapter Context Broker (CB)

O MLO1. Multi-channel
<<component> g]
( ) MLO5. Multi-channal

interaction manager
fusion engine

iinterpretation

|Adap:s§?ur\m\cn

<<component=>
MI.04. MHMI data
repository

Figure73MOD.SHVIHMI. Overall interactions

8.1.4.1.1 MI.01. Multi-channel interaction manager

¢ KS & Multdehamn®l interaction managér 2 NJ K #iéirésNdf dorSpgbnents to perform the
Human to Machine (H2Mgnd Machine toHuman (M2H)nteraction. It supports functionalities to:

91 get the inputs provided by the interaction sources (i.e. interaction devices, GUI);

9 send collected data to the appropriate interpreter (MI.02. \dhannel interpreter);
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f sends partial interpretationd 2 (0 K S

q KD rypydS fa detd@M 2y Sy IAYSET

f LdzofAaK FYyR adzoaONAOS o6Soaasd O MyE BN evenyf T 2 X
protocol adapteg;
1 manage the feedback on mutthannel interpretation

1 support data persistence for interpretatiancremental learning readiness by interacts with
y GaLodnnd alalL RFEGF NBLRAAG2NEE

dKS

iData2

<<gompenent>> El
MOD.SH.ML.MHM - M 1 Hi A interaction00
<<component>>
MIL02. Uni-channel
interpreter
Ichz:\rﬁe\ﬂam ‘ iinteraction
<<component>> gl
MILOE. MHMI event
protocol adapter

<<component>> gl
ML01. Multi-channel
interaction manager

<<components> E
C : MI.05. Multi-channel
fusion engine
iinte rpretation
@,
IAdapt{i\ﬁbscrlpllcn

<<component>>
MI.04. MHMI data

repository

Figure74 MI1.01. Multi-channel interaction manager interfaces

The FBB expose®ata and ilnteraction interfaces andconsumesthe setChannelinterpretation

method of theilnterpretation A y i SNJF I OS S ML0Z. M8likchadne! fudido 8ngide> G K S
setChannelDatamethod of the iChannelDataA y i SNF I OS S E MDA QURichadrel { K

interpreter & | y R publishiEventmethod of the iAdaptSubscriptioninterface exposed by the
0MI.06. MHMI event protocol adaptér ®

CdzNIi KSNXY 2 NB X A (a LAGninSINIaQ (adl  oRib(sikre angRStieas theiréghiid

information.

The following table shows an initial approach to the mainthnds exposed by each interface.

Interface

iData

Method

setinteractionData

Description

Collect the raw data from the interactio
data sources.

ilnteraction

saveChannelinterpretation

Save the unchannel interpretation.

saveMultiChannelinterpretation Save the multichannel interpretation

saveContextinfo

Save context information.

Table18 MI.01. Multi-channel interaction managemain methods
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8.1.4.1.2 MI.02. Unichannel interpreter

¢ K $11.0&. Unichannel interpretet interprets the input data provided by théMI.01 Multichannel

AYUSNI OdA2y Yyl 3SNKdendd Addza A NFLINEKSSS yAlyF & 0 NHFO GLANRYD A
LYGSNF OQlGAz2y & Sand sgndsiti@ obeedzainél thidrétation to thdl.01 Mult-
OKIFyySt AYyGSNIOGA2Y YI yl 3SNE

<< oM ponents= g
MOD.SH.MLMHMI- Multichannel Human-Autemation/robot interaction00

iinte raction

< COMPONent=»
. E @ << 00Mm ponents> g <<gomponent>> g
ML01. Multi-channel A MLDZ. Uniech | ML.03. Interaction
L « U=Camme: : *
interaction manager I7a interpreter samantic repository
iChannelData

Figure75. MI1.02 Uni channel interpretelinterfaces

The FBB expos@ShannelDatdnterfaceand consumeghe saveChannellnterpretatiomethod of the

iinteraction interface exposed by théMI.01 Multi-OK I yy St A y (i S NFu@heringrg, it YI y I 3 S
interacts with thed a L dwyoidSE NI Ol A 2y a Siolsifré ar@d rehid/éeJthé fequReN? ¢
information.

The following table shows an initial approach to the main methods exposdatiebifChannelData
interface.

Interface Method Description

iChannelData setChannelData Collect interaction data related t
the specific interaction channel.

Table19. MI1.02. Unichannel interpretermain methods

8.1.4.1.3 MI.03. Interaction semantic repository

The éMI.03. Interaction semantic repositaty & dzLJLI2 NGa GKS &dG2NF3S | yR
interaction semantic repository

8.1.4.1.4 MI.04. MHMI data repository

¢ KS & MHMD datadepository support data persistence for interpretation incremental learning
readiness.

8.1.4.1.5 MI.05. Multi-channel fusion engine

¢KS &qavulbO Koy y St T dz&usex ythe 8nfingl Sriterpretations(i.e. partial)

considering theanstructiomQ &emani A O NBLINBaA Sy (| (A 2 yinteikiwdemadtik o0& 0 K
NB LJ2 & and @dviBles the complete multichannel interpretation. An additional input to the partial
AVGSNLINBGF GA2y A (K G MOR diltitharin€ fusioh grigideS R 26 & ok & y &
multichannel interpretation is context information (e.g. operator rtiication, environment status

information, etc.).
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<< COMm ponent>>

MOD.SH.MLMHMI- Multichannel Human-Automation/robot interaction00

g]

iinteraction
<<component=> g @ <<COMponent>> <<component=> @
MLO1. Multi-channel 7 ML05. Multi-channel ML.03. Interaction
inte raction manager O fusion engine semantic repository
iinte rpretation

Figure76 MI.05. Multi-channel fusion engine interfaces

The FBB exposd@siterpretation interfaceand consumeghe saveMultichannelnterpretatiomethod

of the ilnteraction interface exposed by thedMI.01 MulttOK | yy St AYGSNI OlAazy
Furthermore, it interacts with thét a L @ydi® NI OG A 2y & Sorstoye (ad Cetrit® tha2 & A G 2 N.
required information.

The following table shows an initial approach to the main methog®sad by each interface.

Interface Method

Description

ilnterpretation setChannelintrepretation | Receive partial (unichannel) interpretation.

Table20 MI.05. Multi -channel fusion enginenain methods

8.1.4.1.6 MI.06. MHMI event protocoldapter

¢tKS daLdncd alal S@GSyd LINBG202f I RFLJISNE adzLJLi2 NI
0KS S@Syia LINPRIZOS®KbEY SIfKSE Y (a3 NInidh 2a/dzf YalAy | 3 S NE
supported by the Evenlanager (MOD.EN.EM). Furthermoiteprocesses the event produced by

the MOD.EN.EM and executes the appropriate method exposed bijrtteeaction interface of the

dal donm@Klayizf SITA AYGSNF OQlGA2y YIyl3ISNE®

g

<<component=>
MOD.SH.MHMI- Multich IH A

len/robot interaction00

<<gomponent=>
MOD.EN.EM : Event Manager

iinteraction
O
C—

iAdaptSubscription

<<component>>
ML.O4. MHMI data
rapository

<<component=>
MLOG. MHMI event
protocol adapter

g]

<<component>>
MLO1. Multi-channel
i i

g]

<<gomponents>
EM.01.- PubllishiS ubscribe
Context Broker (CB)

@_,CQ__

IEvel

Figure77 MI.06. MHMI event protocol adapter interfaces

The FBB exposéédaptSubscriptioninterface andconsumes theiEvent (including Publish and

Subscribe methods)nterface exposed by the EM.01 High /Subscribe ContextBroker (CB)to

publish evens in the appropriate format and the andexecutes the appropriate method exposed by
theilnteractionA y 4t SNF I OS 2 F-OKK Y y®BdL dymdE Na iRy YI yI ISNE @

The following table shows an initial approach to the main methods expostttlyterface.

Interface Method

Description

iAdaptSubscription publistEvent Publishevents that should be transformec
to comply with the event protoco

supported by the Event Manager.
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Table21 MI.06. MHMI event protocol adaptemain methods

8.1.4.2 Background Assets

4X3 Multimodal humanrobot natural communicationcomponent developed in the scope of
FourByThree projett is aimed to enhance collaborative scenarios where human and robots interact
in a natural way. The current implementation supports voice and/or gestudsing semantics, it is
able to handle voice and gestubased natural requests from a person, and combine both inputs to
generate an understandable and reliable command for industrial robots, facilitating a safe
collaboration.

For such a semantic interetation, the component relies ofour main modules, as it is showntime

figure below a KnowledgeManagermodule that describes and manages the environment and the
actions that are affordable for robots, using semantic representation technologie¥.oee
Interpretermodule that, given a voice request, extracts the key elements on the text and translates
them into a robotunderstandable representation, combining NLP and semantic technologies; a
Gesture Interpretatiommodule to resolve pointing gesturesd some simple orders like stopping an
activity (out of the scope of the work presented in this paper); arfelusion Enginéor combining

both mechanisms and constructing a complete and reliable rabotmanding mechanism.

Multichannel
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=
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-
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=

Figure78 4X3Multimodal humanrobot natural communicationcomponent

The Multichannel Intera@on Manager is the component responsible for managing the orchestration
of the modules from the collection of signals (voice and gestures) to sending the interpnetétioe
interaction to the opportune component. The solution is configurable in the sense that the solution
can operate with a single input chael (voice or gestures) or bath

In the current implementation, the four main modules work as services wihgeMultichannel
Interacion Managelis a RO8based node.

12 FourByThre€): http://fourbythree.eu/
13 http://wiki.ros.org/Nodes
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8.1.4.3 A4BLUE Enhancements

The MOD.SIMMHIwill considerably rely on theabovementionedbackground asset, especially since

it provides the capability téuse multichannel sources butwill be enhancedo increase reliabili,
consider context information (e.g. operator related info) as well as manage the feedback process and

support event exchange.
8.1.5 MOD.SH.MI.AA\CTIVE SAFETY

8.1.5.1 FBB Specification

The figure below shows the main components of thelOD.SH.MIL.8§
Furctional Building Blocks and information flows.

<<gomponent=> E
MOD.SH,MI: Multimodal interaction

<<component>> gl

describing both main

MOD.SH,AS Active safety

<<gomponents>
MOD.SH.AM. Automation mechanism

iData
iTrack iCommanyd

O <<gomponents> E <<gomponent>> E' <<component=>
AS.01. Tracking O— AS.02. Safety controller —@ AM.03. Local automation

controller

<<Component=>

AS.03. Safety
configuration repository

<< COmponent=>
MOD.EN.EM : Event Manager

<<Component>>

IF <<Com PQnQnt>>
q:?ﬁ?ﬁ::"g gl G (Gl \Q EM.01.- PubllishiSubscribe
configurator —Q_ s [Event Context Broker (CB)

iConfigure

Figure79 MOD.SHVIHMI. Overall interactions

8.1.5.1.1 AS.01. Tracking
a! { dracking ¢dza Sa GKS RFEGEFE FNRY &

human and safety zone tracking.

Sy & 2 pEximiydEhgored A
ARSYUATE (GKS LRaAAGAZ2Y (2 o2 & FISO® STaakijygidRPiivd@ve RE A G

<< Components=:
MOD.SH,MI: Multimedal interaction

g]

<<0Omponent>>
MOD.5H,MI:AS Active safety

<<component>=>

O << COIM pOnent>> g {'
AS.01. Tracking —@— AS.02. Safety controller

iData iTrack

Figure80 AS.01. Tackinginterfaces

The FBB exposéPata interface and consumesthe saveTrackingnethod
exposed by the/AS.03. Safety controliér

of theiTrack interface

Pagel02of (149

© A4BLUE consortium

401y



Deliverable D2.1 A4BLUEGA N° 723828

The following table shows an initial approach to the main methods exposéobltginterface.

Interface Description

iData setTrackingData Collect the rawdata from the safety sensorg

Table22 AS.01. Tackingmain methods

8.1.5.1.2 AS.02. Safety controller

=<gomponent=> gl
MOD.SH,MI: Multimodal interaction
<<gomponents= gl
MOD.SH,MI:AS Active safety
<<gomponent>>
MOD.SH.AM. Automation mechanism
gl <<component>> El
O A5.01. Tracking O— AS.02. Safety It @ <<pomponent>>
iData Track AM.03. Local automation
iCommangd contreller
<<compoenents> El

AS.03. Safety
configuration repository

Figure81 MI.06. MHMI event protocol adapter interfaces

The FBB expose3rack interface exposed by théAS.03.Safety controlle and consumesthe
methods of the iCommandinterface exposed by théAM.03. Local automation controllér

The following table shows an initial approach to the main methods exposéitdkinterface.

Interface Method Description

iData saveTracking Save tracking information

Table23 AS.02 Safetycontroller main methods

8.1.5.1.3 AS.03. Safety configuration repository

! {apnfol FSGe O2y T Aspadds ihe stosage NBHeifely XaifiguNidos (e.g. safety
modes, safety related actions, operator preferred modes, etc.).

8.1.5.1.4 AS.04. Safety configurator

¢CKS a!{dnnd {FFSGe O2yFAIdzNI G62NE Syl ofSa G2

<<COMponent=> E
MOD.SH MI: Multimedal interaction

<< OMponent>> @
MOD.SH,MI:AS Active safety

<<COm ponent>>
AS.03. Safety
configuration repository

“<components> @ <<component=>
AS.04. Safety

AS5.05. AS event
configurator O protocol adapter

ICanfigure

Figure82 AS.04. Safety configurator interfaces
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The FBB expose€onfigureinterface. The following table shows an initial approach to the main
methods exposed bthe interface.

Interface Method Description
iConfigure setUser Stores theconfiguration settingsn the data
repository.
updateUser Updates the configuration settingsin the
data repository.

Table24 AS.04. Safety configuratanain methods

8.1.5.1.5 AS.05. AS event protocol adapter

¢CKS a!{dnpd !'{ SOSyld LINRG202t | RI LJi SNE &dzLJLJ2 NI
SopSyia LINPRAzZOSR o6& (KS¢ !'{odnud {IFSGe O2y(iNERft
Manager (MOD.EN.EM). Furthermore, it processes the event produced by the MOD.EN.EM and
SESOdziSa GKS FLIINBLINAFGS YSGK2Ré®PELIZASR o6& GKS

<<gomponent=> E
MOD.SH,MI: Multimedal interaction
<<gomponent>> E
MOD.SH,AS Active safety
<<components>
MOD.EM.EM : Event Manager
<<component>> EI <<component>> E <<gcomponent=>
AS.04. Safety AS.05. AS event P~ EM.01.- PubllishiSubscribe
configurator —CO protocol adapter Context Broker (CB)
I nt
iConfigure “

FigureB3 AS05. AS event protocol adapter interfaces

The FBB exposdsdaptSubscriptioninterface andconsumes theiEvent (including Publish and
Subscribe methodsjnterface exposed by the EM.01 High /Subscribe ContextBroker (CB)to
publish evens in the appropriate format and the andexecutes the appropriate method exposed by
the IConfigureinterface of thed ! { ®nn® {F FSiGe& O2y FAIdzNI (2 NE @

The following table shows an initial approach to the main methods exposed byrgadace.

Interface Method Description

iAdaptSubscription | publistEvent Publishevents that should be transformeq
to comply with the event protocol supporte
by the Event Manager.

Table25AS05. AS event protocol adapter maimethods

8.1.5.2 Background Assets

Proximity detection and Trajectory prediction modules developed by TEK in the scope of internal
R&D and thézuroC project.

EUROC* http://www.euroc-project.eu/
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Proximity detection module

The proximity detection method is based on monitoring a volume around a dewber control, by
calculating a distance between the device under control and an obstacle. Preferably, the minimum
distance between the two elements is calculated. The risk of collision between the device under
control and an obstacle within that monitoraglume can thus be determined.

The proximity detection method is implemented by a software module that can be configured and
integrated in any application in which there is an interest in controlling a volume around a device
under control, either a mioile device or a static device.

Trajectory predictionmodule

Trajectories can be very usefud take measures to avoid collisions between the elements in the
sceneevento be ready to take actions in advanc€he trajectory prediction softwarases long
shortterm memory (LSTM) recurrent neural networks to predict workers trajectdréesed on 2D
range laser data.

[{¢ad FINBE I OFrGS3I2NE 2F NBOMNNBY(d ySdNIt ySig2N
RSSLI £t SINYyAy3 LI N¥ RA3IYa dorksvib tviich ¢omNiBctiohsNaBtweBnOukits v S d.
form a directed cycle. Due to this architecture, recurrent neural networks possess an internal state

that stores information about past inputs. This endows the recurrent networks with the ability of
processing sequeres of inputs and exhibit a dynamic temporal behaviour in response to those
sequencesTrainingRNN4go learnlongterm dependenciedy gradientdescentmethodshas proven

to beR A T U O dzf addiesshi$ ptohlémintroducinggatesthat control how much d the past and

the current state has to get through to the next time step

8.1.5.3 A4BLUE Enhancements

The MOD.SIASwill considerably rely on thabovementioned background asset especially since
the support the target safety modes it theyill be enhancedo increase reliability, consider context
information (e.g. operator related info) and support event exchange.

8.2 ENTERPRISAYER

8.2.1 MOD.EN.CAMCOLLABORATIVE ASSET MANAGER

The A4dBLUEollaborative Assdilanager componentepresents the asset repository in any A4H
based system, encompassing both GUIs and APIs, explaihgrounded existing background
assets, coming from FIWARE (and then widely used in FITMAN as described in3ScEOFMAN,
namely the FITMAN CABIE® and its evolution developednd federatedto the BEinCPPS Future
Internet Platformin the BEinCPPS proj&ct

8.2.1.1 FBBSpecification

The Figure84 here below shows the main components of thEOD.EN.C¥, describing both main
Building Blocks and information flows.

15 http://catalogue.fitman.atosresearch.eu/enablers/collaboratiassetmanagement
16 https://github.com/BEINCPPS/fitmaram
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CAM.02-
CAmM-UI

< CCOMPONENts> g

CAM.01-
CAM-SERVICE

< CCOMPONENt> E

< <flow= >

< <flows =

manage HZM interactions manage M2M interactions

< <f low >
publishfconsume events

< <COMPORENTS > gl
MOD.EN.CAM- Collaborative
Asset Manager

< <COMPORNENTs>> gl
MOD.EN.EM- Event
Manager

< <flows >
manage asset persistance

< <COMpoNnents s gl
CAM.03 Asset
Repository

Figure84 MOD.ENCAM. Decomposition into Functional Building blocks

8.2.1.1.1 CAV.01.CAM Service

The CAMServicesub-componentis at the core of the MOD.EN.CAM, providing the business logic
needed to interact with the asset registry and without piding auser interface. It provides a REST
based abstraction on top of the repository. By means of API calls, applications can query the
reference ontology: CRUD operations are allowed on Classes, Models, Assets, Attributes,
Relationships and Owners. CAHdrvice providesthe integration with theMOD.ENG.EM, thanks to

the integration with theFIWARE Orion Context Broker.

<<component>> gl
( ) CAM.01- CAM-SERVICE ( )

iClassManager iAssetManager

O O

iModelManager  iOwnerManager

Figure85 MOD.ENCAV CAM Servicénterfaces

8.2.1.1.2 CAM.02. CAM UI

CAMUI is a web application which provides a useterface for exploiting the CAMervice API
interactively. CAM allows user to create, read, update and delete Classes, Models, Assets, Attributes,
Relationships and Owners through a web interface.

8.2.1.1.3 CAM.03. Asset Repository

The Asset Repository is the ploadistorage of the virtualized assets, by usingntologyloadedin a
RDF4J repository. Once thatologyis installedthe usercanuse CAMJIto extend it i.e., adding
customdomain concepts.
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8.2.1.2 Background Assets

FITMAN CAM is the implementation of awalized assets (VA) knowledge bassingOWL2based
formal descriptions of any item of interest in tlieal worldthat needs to be digitally represented
within an AABLUBbased systemWithin the A4BLUE project, the FITM&XMcanalsobe linked to

the designtime of the platform: its API can be used by engineering tools to access a common online
repository of specifications of devices and systetRdTMAN CAM exposes a web API that can be
used to search and retrieve VA definitions from the knowledge bHsis worth to notice that
FITMAN CAM is integrated with FIWARE Orion Context Bfhkéner described in next chapter
88.2.2 exposing VAs as NGSI reardly contexts.

FITMANCAM is based on the Eclipse RDF4J ontology repository, which leverages open standards like
Resource Description Framework (RDF), RDF Quegyadga (SPARQL) and Web Ontology Language
(OWL2). On top of thes&I TMANCAM adds a web service layer exposing a REST APl andzdiveb
layer providing an interactive, usériendly frontend.

FITMANCAM allows applications and web user to define and manasset Classes, Asset Models

and individual Assets starting from a common domain ontology that can be imported and customized
in place. Once created, individual Assets can be optionally exposed as a NGSI context, in order to be
integrated into FIWARBasal applications

This CAM release contains two modules, C3drwice and CAM

o CAMsServiceis a web application with no user interface. It provides a RaS&d abstraction
on top of the reference ontology that is stored in the RDF4J repository. By meaR$ cdlls,
applications can query the reference ontology: CRUD operations are allowed on Classes,
Models, Assets, Attributes, Relationships and Owners. -SAMice also implements the
integration with the FIWARE Orion Context Broker and with FIWARE security

o CAMis a web application which provides a user interface for exploiting the-Séivice API
interactively. CAM allows user to create, read, update and delete Classes, Models, Assets,
Attributes, Relationships and Owners through a web interface.

8.2.1.3 A4BLUE Hrancements

The background asset to be exploited to realize the A4BLUE d@aANbe considered an ontology
editor with a shared repository of instances of the model used to represent the agdetsactual
implementation does not provide a reusable ontolagymodel the assets, but a new one should be
selected and adapted to A4BLUE (for instance we carthes eCl@ss from AUTOMATIONML), and
following the outcomes of the project Task T2.3 (i.e. the Virtual Asset Model).

Further enhancements will target thenrichments of assets representation, taking into account also
other information such as worker skillBnd preferences as well as the impact afoft or socie
economic factors, such as worker satisfaction, into difiable or monetary indicators

To this end new APIs will be introduced in BAMService, as well as new functionalities would be
needed in the Ul providing the web access to end users.
8.2.1.3.1 Interfaces

The following table presents an overview of the main interfaces exposed or used BhService
sub-system, by providing the main methods and their description. Further details on the foreseen
interfaces will provided in D2.6 or in the outcomes of3VP

Interface Method Description

iClasslanager getClasses Get all classes
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Interface Method Description

getClass(className) Get Class by className

createClass Create Class

updateClass(className) Update Class named className

deleteClass(className) Delete Class named className.
iAsseManager getAssets Get all assets.

getAsset(assetName) Get Asseby assetName.

getAssets(className) Get assets of Class hamed classNam

getAttributes(assetName) Get all attributes of assetName.

getAttribute(assetName, Get Attribute of assetName named

attributeName) attributeName.

getRelationships(assetName) | Getall relationships of assetName.

getRelationship(assetName, Get Relationship of assetName name
relationshipName) relationshipName.

createAsset Create Asset.

createAttribute(assetName) Create Attribute of Asset named
assetName.

createRelationship(assetName) Create Relationship of Asset named

assetName.
updateAsset(assetName) Update Asset named assetName.
updateAttribute(assetName, Update Attribute of assetName nameq
attributeName) attributeName.

updateRelationship(assetName| Update Relationship of assetName

relationshipName) named relationshipName.
deleteAsset(assetName) Delete Asset named assetName.
deleteAttribute(assetName, Delete Attribute of assetName named
attributeName) attributeName.

deleteRelationship(assetName,| Delete Relationship of assetName
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Interface Method

relationshipName)

Description
named relationshipName.

iModelManager

getModels

Get all models.

getModel(modelName)

Get Model by modelName.

getModel(classnName)

Get models of Class named classNan

getAttributes(modelName)

Get all attributes of modelName.

getAttribute(modelName,
attributeName)

Get Attribute of modelName named
attributeName.

getRelationshigmodelName)

Get all relationships of modelName.

getRelationshigimodelName,
relationshifNane)

Get Relationship of modelName name
relationshipName

createModel

Create Model

createAttribute(modelName)

Create Attribute of Model named
modelName

createRelationshigmodelName)

Create Relationship of Model named
modelName

updateModel(modelName)

Update Model.

updateAttribute(modelName,
attributeName)

Update Attribute of modeINamaamed
attributeName

updateRelationshifmodelName,
relationshipName)

Update Relationship of modelName
named relationshipName

deleteModel(modelName)

Delete Model.

deleteAttribute(modelName,
attributeName)

Delete Attribute of modelNamaamed
attributeName

deleteRelationshifmodelName,
relationshipjName)

Delete Relationship of modelName
namedrelationshipName

iOwnerManager

getOwners Get all owners.
getOwnerpwnerName Get Owner by ownerName.
createOwner Create Owner.
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Interface Method Description

updateOwneréwnerName Update Owner named ownerName.

deleteOwnerpwnerName Delete Owner named ownerName.

Table26 MOD.EN.CAMMain CAM Servicecomponent interfaces

8.2.2 MOD.EN.EMEVENT MANAGER

The AABLUE Event Manager component will be \gedunded upon existing background assets,
coming from FIWARE (and then widely used in FITMAN as described in Scg8tioRITMAN:
FIWARE Orion Context BroKeand FIWARE Proactive 8E

8.2.2.1 FBBSpecification

The Figure86 here below shows the main components of tMOD.ENEM, describing both main
Building Blocks and information flows.

<<component=> E
Storage

<<flow>>
storeData
< <flow=> < <COMPONEnts> gl
notifyContextAvai lability EM.02 Context Producer (CP)
-
<<flow>z < <flows =
registe rContext updateContext
<<components> <<COmponents>
:;;:Tm}?;;:" | EMO1 g EM.03 Context
y PP i Publis h/Subscribe <<flow> > Provider (CPr)
discoverContext Context Broker (CB) updateContext
<<flow>>
< <flows> processEvent
. <<flows >
subscribeContext derivedEvent
<<component>> El < <COMpoOnent=:= E
EM.07 Complex Event EM.09 Event
Processing Engine (CEF) <<flow>> Processing Agent
<<flow>> < <flow=> process
queryConte xt notifyContext
<<flow==
deployDefinition |
configure

< <components:
EM.04 Context
Consumer (CC)

< <Components
EM.08 CEP Management

Figure86 MOD.EN.EM. Decomposition into Functional Building blocks

8.2.2.1.1 EM.01. Publish/Subscribe Context Broker (CB)

The Publish/Subscribe Context Broker (CB) is the main actor M@i2 ENEM component. It works

as a handler and aggregator of context data and asinderface between architecture actors.
Primarily the CB has to control context flow among all attached actors; in order to do that, the CB has
to know every Context Provider (CP) in the architecture; this feature is done through an
announcement process. pigally, the CB provides a Context Provider Lookup Service and a Context
Persistence Service.

17 https://catalogue.fiware.org/enablers/publishsubscrifm®ntextbroker-orion-contextbroker

18 https:// catalogue.fiware.org/enablers/compleaventprocessingcep-proactivetechnologyonline
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< <COMmMponents>
. O . . O EM.0B g
iContextManager iEntityManager Application
< <COMmMponentss
EM.01 Publish/Subscribe gl —@
Context Broker (CB) iSubscribe
< <COMPONEnt: i lf'"\]
EM.02 Context E . O O
Producer (CP) iPublish iStorage
< <COMPONENTS> > {l < <COMPONENTS> > {l
EM.OS Storage EM.04 Context
Consumer (CC)

Figure87 MOD.EN.EMContext Broker interfaces

8.2.2.1.2 EM.02. Context Producer (CP)

A Context Producer (CP) is an actor able to generate corithg basic Context Producer is the one

that spontaneously updates context information, about one or more context attributes according to

its internal logic. This communication is between CS and CB is in push mode, from the CP to the CB.
Context Producergan work also in pull base way, in which case they are referred as Context
Providers.

8.2.2.1.3 EM.03. Context Provider (CPr)

A Context Provider (CPr) is a specialized kind of Context Producer actor, which provides context
information on demand, in synchronous maqdthat means that the Publish/Subscribe Context
Broker or even the Context Consumer can invoke the CP in order to acquire context information. A
CP provides context data only further to a specific invocation. Moreover, a CP can produce new
context informaton inferred from the computation of input parameters; hence it is many times
responsible for reasoning on higével context information and for sensor data fusion. Every CP
registers its availability and capabilities by sending appropriate announcententse CB and
exposes interfaces to provide context information to the CB and to Context Consumers.

8.2.2.1.4 EM.04. Context Consumer (CC)

A Context Consumer (CC) is an entity (e.g. a context based application) that exploits context
information. A CC can retrievemext information sending a request to the CB or invoking directly a
CP over a specific interface. Another way for the CC to obtain information is by subscribing to context
information updates that match certain conditions (e.g., are related to certainfsentities). The CC
registers a calback operation with the subscription for the purpose, so the CB notifies the CC about
relevant updates on the context by invoking this taltk function. Finally, some kind of Context
Consumer may expose update coxtte@perations to be invoked by CB. This is mainly related with
actuation capabilities, i.e. the update at Context Consumer produces a given actuation, e.g. turn
on/off a lamp.

8.2.2.1.5 EM.05. Storage

Context information received by the Publish/Subscribe Contextddr@irom a Context Source or as a
result of a request to a Context Provider) can be stored in a context database. If another Context
Consumer requests the same context information to the Publish/Subscribe Context Broker, it can be
retrieved from the databse. Publish/Subscribe Context Broker persistence is only for the current
context snapshot (i.e. only the current status) of the system. In other words, Context Broker doesn't
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implement context history persistence. However, it can be achieved using axt@desumer in
charge of such persistence in any desired persistence backend.

8.2.2.1.6 EM.06. Application

Applications or even other components in the AABLUE platform may play the role of Context
Producers, Context Consumers or both. Every application can regétecontexts, discover existing
contexts, and subscribe to context updates (and then receive context change information).

8.2.2.1.7 EM.07. Complex Event Processing (CEP)

The Complex Event Processing (CEP) engine analyses event datainesegénerates immediate
insight and enables instant response to changing conditions. Fundamental capabilities of every CEP
include eventbased routing, observation, monitoring and event correlation.

ilnstanceManager
< <COMponents: < <COMPonents:> = < <Components:
EM.01 gl @ EM.07 Complex Event gl Oj EM.08 CEP g

Publish/Subscribe iSubscribe Processing Engine (CEP) iDefinitionManager Management

iEventManager

< <COMPONents gl
EM.09 Event Processing
Agent (EPA)

Figure88 MOD.EN.EMComplex Event Processing inters

8.2.2.1.8 EM.08 CEP Management

The CEP Management provides capabilities to manage the CEP definition repository available to the
CEP engine instances at run time. These services allow putting a new definition file to the repository,
getting a specific definitiofirom the repository, updating a repository definition file or deleting a
definition from the repository. In addition, there are services that allow controlling the CEP engine
instances at run time (e.g. starting and stopping a CEP engine instance, ugtiaRngngine instance
definitions and reading the state of the CEP engine instance).

8.2.2.1.9 EM.09. Event Processing Agent (EPA)

The Event Processing Agent (EPA) is an abstraction useful to allow for a flexible allocation of
processing power in physical computingdes as the entire event processing application can be
executed as a single runtime artifact, or as multiple runtime artifacts according to the individual
agents that make up a processing network. Therefore, the information flow is described as events
originating at event producers and flowing through various event processing agents to eventually
reach event consumers. Thus scalability, performance and optimization requirements may be
addressed by design.

The EPAs and their assembly into a network is whesst of the functions of CEP are implemented.
The behaviar of an EPA is specified using a +ofeented approach that is inspired by the ECA
(EventConditiorAction) concept and may better be described as PattéomditionAction. Rules
will consist of thee parts:
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1 A pattern detection that makes a rule of relevance. A pattern is associated with event
processing context

1 A set of conditions (logical tests) formulated on events

1 A set of actions to be carried out when all the established conditions are edtisfi

It is worth to notice that Every pattern is associated with an Event processing context. Event

processing context groups event instances so that they can be processed in a related way. It assigns

each event instance to one or more processing conpextitions. Event processing context can be a

temporal processing context, a segmentation processing context, or a composite context that is to

say one made up of other processing context specifications.

8.2.2.2 Background Assets

FIWARE Orion Context BroKFCBR & (1 KS NBFSNBY OS AYLX SYSyidlFdAzy ;
Context Broker Generic Enabler Open Specification. You can register context producer
devices/applications which will provide updates to context information, as well as context consumer
devices/gplications which will be notified of updates and query producét8VARE Orion Context

Broker plays the role of a central hub for information exchange within A4BhEEd systems, and as

adzOK AGQa AyGSaANFXr ISR 6AdK as a@afnias shavi pré&inusyoig Y L2 y S
Figured7.

The Orion Context Broker stores context information updated from applications, so queries are
resolved based on that informath. To make persistent context status changes in OCB, it can be
connected to other FIWARE components such as C¥grmdggnus implements a connector for
context data coming from Orion Context Broker and aimed to be stored in a specific persistent
storage, sich as HDFS, CKAN or MySQL.

Orion Context Broker

Orion Context Broker Context
— Consumers
Context \\ ‘ "‘*—de .
Producers ®® - > | 1026
— -
\K | gtif
| e
| | .
/ 1026 | e oif :
update = "v—n:—“-y—f—b .

-
DB
FigureB9 MOD.EN.EM. FIWARE Orion Context Broker

On the other handFIWARE Proactive GE is the reference implementation of FIWARE's Complex
Event Processing Generic Enabler Open Specification. ThEEEBRalyses event data in réiahe,
generates immediate insight and enables instant response to changing conditions. While standard
reactive applications are based on reactions to single events, the CEP GE reacts to situations rather
than to single eventsA situation is a condition that is based on a series of events that have occurred
within a dynamic time window called processing context.

While standard reactive applications are based on reactions to single events, the CEP GE reacts to
situations ratherthan to single eventsThe CEPin fact,allows to detect patterns above contexts
(triggering some action or raising some alarm), receives contexts information as input events and
generates observations as output events. In certain scenarios, singlesevantbe insignificang

19 https://github.com/telefonicaid/fiwarecygnus
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CEP engine can detect combinations of events which are meaningful, through use and detection of
patterns over incoming events, and let other tools to respond to single eventswiitie condition

Authoring
Tool

I O Definitions

Event Processing
Rules / Patterns

Build Time

Run Time

Detected
Situations

EENG AGA

* Detected Situations
Event
Sources

Figure90 MOD.EN.EM FIWARE Proactive CE

8.2.2.3 A4BLUE Enhancements

The main goabf the AABLUE Event Manager compon&ntto establish a robust eveiased
adaptation manager, based on cutting edge technologies coming from the FIWARE ecoaystem,
trying to ease the degloy and configuration of such complex systems (e.g. through the adoption of
supporting tools to manage adaptation rules definition).

A4BLUBbased systems wittonsiderably rely on the mentioned background assegspecially since
they have a proved relidlity and a wide adoption in the FIWARE ecosysheimg part of the core
FIWARErchitecturefor Data/ContextManagement Furthermore, even if welljrounded assets have
been selected, A4BLUE veilplore also new coming solutions into the FIWARE ecosystem providing
the same capabilities (e.the 10T Data Edge Consolidation @Eecent implementation designed to
provide a common access in real time to all data, for any kind of sensors and "Thingdsillowing

to persist exchanged information using a lightweight storage system

8.2.2.3.1 Interfaces

The following table presents an overview of the main interfaces exposed or used by the Context
Broker subsystem, by providing the main methods and their dgsarn. Further details on the
foreseen interfaces will provided in D2.6 or in the outcomes of WP5.

Interface Method Description

iContextManager registerContext Register a new context in the broker.
(using NGSI APIv1)

discoverContextAvailabilit] Discover wherever a specific context exists
in the broker.

updateContext Update a specific context in the broker.
queryContext Retrieve context information from the
broker.
iEntityManager listEntities Retrieve the list of entitieom the broker.
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Interface
(using NGSI APIv2)

Method

createEntity

Description

Create a new entity in the broker.

retrieveEntity

Update the attributes of a specific entity in
the broker.

retrieveEntityAttributes Retrieve the model of a specific
guestionnaire from the data repository.
updateEntityAttributes Update the attributes of a specific entity in
the broker.
removeEntity Delete a specific entity from the broker.
iPublish updateContext Provide an endpoint to receive the
information of a newly created event.
iSubscribe notifyContext Provide an endpoint to receive the
information of the subscribed events.
iStorage storeData Store the context status change informatio

in the persistent repository.

The following table presents an overview of the main interfaces exposed or used by the Complex
Event Processing stdystem, by providing the main methods and their description. Further details

Table27 MOD.EN.EM Main CB component interfaces

on the foreseen interfaces will provided in D2.6 or in the outes of WP5.

Interface

ilnstanceManager

Method

retrievelnstanceStatus

Description

Retrieve the status of an instance, the
definition URI it is configured with and its
state (stopped or started).

startinstance

Start the instance.

stoplnstance

Stop theinstance.

configurelnstance

Configure the instance with a definition file

iDefinitionManager

listDefinitions Retrieve all the existing definitions in the
repository.

addDefinition Add a new definition in the repository.

retrieveDefinition Retrieve the complete definition in JSON

© A4BLUE consortm
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Interface Method Description
format.

updateDefinition Replace content of an existing definition
with new content.

deleteDefinition Remove the definition from the repository.
iEventManager pushEvents Push new events into the engine.

pullEvents Pull new events to feed the engine.

sendEvent Send a derived event to a consumer.
iSubscribe notifyContext Provide an endpoint to receive the

information of the subscribed events.

Table28 MOD.EN.EM Main CEP component interfaces

8.2.3 MOD.EN.ARGVR/AR BASED TRAINING AND GUIDANCE

The VR/AR training system will be composed by two main components: aefidnapp (ARG1)
that will run on an Augmented Reality HMD device and adeackapplication ARG02) that will act
as a bridge between the AR app and the underlying A4BLUE framework layers.

In this section, more details about the ARGREBLUE link will be provided.

8.2.3.1 ARG.0IResource Manager

The Backend application has the constant need to be syonoimed with the assets, events and
resources of the underlying A4BLUE framework layers. For this reason, it is necessary to have the
possibility to:

1 Retrieve any asset that may be useful in the AR context by a unique name;

1 Retrieve information about the asts organization (i.e. directory structure, assets existence
etc.);

1 WSUGNRSOS AYyF2NXYIGAZ2Y | 062dzi adaSGaQ f1ad dzZJRF
without downloading the actual asset.

For these reasons, the Resource Manager componenbwihighly coupled with the Collaborative
Asset Manager Service. The communication between the two components will happen through REST
synchronous calls.

It is worth to notice, the ARG.01 component will use the iAssetManager interface exposed by the
CAM.01CAService component; the Resource Manager will use it to perform operations on other
A4BLUE assets.

Pagell60f (149 © A4BLUE consortium



Deliverable D2.1 A4BLUEGA N° 723828

<<component=> £ tend
EM.02 Context Producer E S ]
<<component=> $:]
ARG.02 EventConnector
<<component== Extends |
EM.04 Context cOnesumerE =
<<component=> S <<component=>
CAM.01 CAM-Service E Q) ARG.01 Resource Manager$:]
iAssetManager

Figure91 MOD.ENARG VR/AR Training System Baekd moduleinteractions

8.2.3.2 ARG.02 Event Connector

The Event Connector is an ARG@&2dule that will directly communicate with the MOD.EM
componentin order to manage every event that could be produced or consumed during the training
session. In other words, this component will act both as a Context Producer and Context Consumer.

As aContext Producer, the Event Connector will register a new context and update it with new
information as soon as it will be created in the operator training/guidance.

On the other hand, as a Context Consumer, the Event Connector will be able to sulsjileeific
contexts in order to be notified about new events. The Event Connector will also be able to directly
j dzSNE GKS 9a /2yGSEG . NRBTSNI G2 NBOSAQGS GKS 02y iS

8.2.4 MOD.EN.IMIDENTITY MANAGEMENT

Going towards the implementation of the A4BE solution, and following the parallel work

dzy RS NI I | Sy Sécwfrity fisk as(esstenttand sécure middleware defigitbn G KA & & SO0 A 2
introduce thekey characteristics of the main securitpmponent, even if such a component was not
introducead in the Reference Implementation described in the DoA (as defined in S&ctjon

Identity Management covers a number of aspects involving users' access torketwservices and
applications, including secure and private authentication from users to devices, networks and
services, authorization & trust management, user profile management, prwaserving
disposition of personal data, Single S@n (SSO) to sdce domains and Identity Federation towards
applications.

The A4BLUHdentity Managementcomponent will be welbrounded upon existing background
assets, coming from FIWARE (and then widely used in FITMAN as described in3ScE6FMAN:
FIWARHEdentity Management KeyRocK®.

8.24.1 FBBSpecification

The Figure 86 here below shows the main components of tMOD.ENM, describing both main
Building Blocks and information flows.

20 https://catalogue.fiware.org/enablers/identigmanagementkeyrock
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<<component>> <<component>>
EM.01. App Developer Portal EM.02. End User Portal
IdM Admin End User
<<component>> El
MOD.EN.IM- Identity Management (IM)
iPermissionManager iUserManager iApplicationManager iRoleManager
<<component>> < <component>> @ <<component>> El <<component>> @
EM.06. Authentication EM.03. User EM.04. Application EM.05. Access /Role
& Authorization Management Management Management

Application

Figure92 MOD.ENIM. Decomposition into FunctionlaBuilding blocks

8.2.4.1.1 IM.01. Application Developer Portal

The Application Developed Portial where developers can register and manage their applications,
especially the client applications, including the application credentials. With such credentials, the
application is able to authenticate to the IdM and participate in an authetitceand authorization
processto get access to a protectedervice. The developer can also manage access for his
application, and in particular, define applicatispecific roles.

8.2.4.1.2 IM.02. End User portal

This is where end users sedfgister in the |[dM with email address, password, etc. This is typically
implemented as a Web user interface. End users may also review and modify their personal account
data and maintain their privacgettings using this portal.

8.2.4.1.3 IM.03. User Management

Provides a REST API to create user accounts, retrieve and modify tudeites, delete user
accounts The user management API is typically used by web applications (or any kind of service
provider), to etrieve extra information about their users.

8.2.4.1.4 IM.04. Application Management
REST API for managing applications (registering the application, retrieving and modifying application
data such as credentials, deleting the application).

8.2.4.1.5 IM.05. Access Management

REST API to manage roles globally or for a specific application. There are two aspects of role
management involved here: defining the role permissions and assigning the roles to the users. The
role permissions make up an authorization policy that may bé@ds$o the Authorization PDP &E

21 https://catalogue.fiware.org/enablers/authorizatiopdp-authzforce

Pagel18of (149 © A4BLUE consortium



Deliverable D2.1 A4BLUEGA N° 723828

8.2.4.1.6 IM.06. Authentication and Authorization

This is the core component of the IdBLYpporingthe two most common security standasth web
based applications: SAMLZ@and OAuth:,

SAML 2.(provides federated identity, more pgecifically federated Single Sigm and user attribute
exchange between IdM systenfBIWARE IdM GE and other Identity Providers)

The OAuthstandard is an authentication and authorization framework that addressesctie
scenario where you have to alloawvebsite or application (Consumer) to access protected resources

of an End User from a web service (Service Provider) via an API, without requiring this End User to
disclose their Service Proeidcredentials to the Consumer.

8.2.4.2 Background Assets

Identity Management is key on any architectuten . [ ! 2 LRa ¢Aff N&ftigg 2y
Managemenig KeyRock D9 (2 LINPOPARS G(GKS &dzZlJ2 NI FyR SEGSY

Identity Manager (IdM) GE API specifications comply with existing standards fen#attion and
userand provide access informatiotdM offers tools for administrators to support the handling of
user lifecycle functions. It reduces the effort for account creation and management, as it supports
the enforcement of policies and proceds for user registration, user profile management and the
modification of user accounts. Administrators can quickly configure customized pages for the
inclusion of different authentication providers, registration of tenant applications with access to user
profile data and the handling of error notifications. For end users, the 1dM provides a convenient
solution for registering with applications since it gives them a means-tseeattributes like address,
email or others, thus allowing an easy and convehieanagement of profile information. Users and
administrators can rely ostandardizedsolutions to allow user seffervice features. As it is possible

to configure several applications that shall be linked to his IdM, the main benefit for users i¢ea sing
signton (SSO) to all these applications. The IdM offers hosted user profile storage with specific user
profile attributes. Applications do not have to run and manage their own persistent user data
storages, but instead, can use the |dM user profileageras a Software as a Service (SaaS) offering.

The 1dM is composed of two independent components, a RESTfukhdcknd web froniend. If you
want to see the code for each of the components of the IdM and more specific documentation
please head to eactomponent's repository:

1 Horizon based fronénd ging/horizon
1 Keyrock aKeystone based baand ging/keystone

8.2.4.3 A4BLUE Enhancements

The main goal of the A4BLU&entity Manager component is to establish a robusmtd secure
environment where distributed application can trust both users and applications consuming its own
services.

The A4BLUBolution will bebased on cutting edge technologies coming from the FIWARE ecosystem,
and trying to ease the deploy and configuration of such complex systeas in systems not fully

based on FIWARER4BLUBased systems will considerably rely on the mentioned background
assets, especially since they have a proved reliability and a wide adoption in the FIWARE ecosystem
being part of the core FIWARE architectureSecurity”.

22 https://www.oasisopen.org/committees/tc_home.php?wg_abbrev=security#samlv20
Z https://oauth.net/

2 https://forge.fiware.org/plugins/mediawiki/wiki/fiware/index.php/Security _Architecture
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8.2.4.3.1 Interfaces

The following table presents an overview of the main interfaces exposed or used B4BI&JE IM
componeni by providing the main methods and their description. Further details on the foreseen

interfaces will provided in D2.6 or in the outcomes of3VP

Interface

iRoleManager

Method

List Roles

Description

Getall entries

Read Rol@letails

Get a specific entry

Update a Role

Updatea specific entry

Create a Role

Add a new role.

Delete a Role

Delete a specific role.

iApplicationManager

ListApplications

Get allapplications

Create & Application

Add a newapplication

ReadApplicationdetails

Get a specifiapplication

Update an Application

Update a specifiapplication

Delete an Application

Delete a specifiapplication

iPermissionManager

List Permissions

Get all permissions.

Create a Permission

Add a newpermission.

Read Permission details

Get details of a specific permission.

Update a Permission

Update a specific permission.

Delete a Permission

Delete a specific permission.

iUserManager

List Users

Get all users.

Create a User

Add a new user.

User

Get a specific user.

Update a User

Update a specific user.

Delete a User

Delete a specific user.

Table29 MOD ENIM. Main platform interfaces
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8.3 BUSINESAYER
8.3.1 MOD.BU.KMCOLLABORATIVE KNOWLEDGE PLATFORM

8.3.1.1 FBBSpecification

The Figure93 here below shows the main components of tMOD.BU.KI, describing both main
Building Blocks and information flows.

<<component>> <<component>>
KM.03.- Group Management KM.02.- User Profile
iGroup iUs‘er
<<component>>
<<component> > N . EI ) <<component>>
KM.12.- Relational DB l @) MOE'“”"I":' cg:"?"’“"’e ) KM.10.- Bookmarks gl
iAssetEntry nowledge Platform iBookmarkEntry
<<component> >
KM.05.- Blogs E (O/ \O} \O/ ] <<componer|t.>> @
iBlogEntry iFileEntry iDiscussionEntry iwWikiPageEntry KM.09.- Wikis
<<component>> gl <<component>>

KM.07.- Documents KM.08.- Discussions

Figure93 MODBU.KM. Decompoaosition into Functional Building blocks

8.3.1.1.1 KM.01l-Workspaces List

Workspacedist is an application providing thdist of workspacesthat are working areas where
users share the knowledge, participate to discussions and decisions, annesderces and
contents to find better and follow the live evolution of the knowledge.

8.3.1.1.2 KM.O02.- User Profile

User Profile is a service by which a user of a platform can know colleagues, find experts and
collaborators. User profile shows information aboutuser with respect to activities performed,
reputation, skills, following and followers, latest contents, subscriptions, similar people and
suggested contents

8.3.1.1.3 KM.03.- Group Management

The Group Managemenapplication aims to provide the full list of wopesce participants. For each
member,it is possible to start actions like getting the view of his/her profile and starting to follow.
This application shows all the teams for which she has membership and enables her to create new
teams and circles.

8.3.1.1.4 KM. 04.- Universal Search

TheMOD.BU.KMncludes several search features to help she quickly find whatsdbeking for, or
just to browse through content, people, and teams.

Universal Search manages interactive search by inserting filters on the searchhbarsers can
search for specific wordsmply enterthe search terms to see content containing all the specified
words in any orderTheycan find resourcesby person, title and contentlso benefit from the
suggestions shown in retime in the search box ken typing the query ithey decide to search for a
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resource from a termFurthermore, 1 also shows a set of tips to enrich the query that take into
account the user's activities in the community.

8.3.1.1.5 KM.O05.-Blogs

Blog is a service that allows members afraup to share thoughts and ideas through articles. They
are also an excellent way to bring out the widespread tacit knowledge in the organization on
strategic issues. Still, very used are the corporate blog for internal communications of a general
nature, events, new product launches. Interesting then are the possible uses of blogs for training, for
example in support of learnirgnd selfempowerment paths

8.3.1.1.6 KM.06.- Shared Calendar

SharedCalendar is a service that allows you to define shared calendaceramunity level, in
addition to staff, allowing the management of events through the incorporation, the association of a
date of beginning and end, the assignment of a lifetime, an indication of a location, the tag
association and sending invitations arahinders. The application allows you to view etgeloy day,
week, month and year.

8.3.1.1.7 KM.07.- Documents

Documents supports document management among members of the group that can upload files,
view and download those ones of the others membedéfline accessan be ease using WebDav
clients or using a Dropbdike local folder synchronization mechanism.

8.3.1.1.8 KM. 08.- Discussions

Discussion is a service to manage online discussions on topics of community interest. Discussion
allows to put questions to get qualifiemhswers from colleagues and internal experts, develop new
ideas, discuss the pros and cons of new products and services.

8.3.1.1.9 KM.09.- Wikis

Wiki service allows users to enter and edit in real time the content of the pages they face. The usage
of the wiki willallow the members of the platform to consolidate emerging knowledge from users in
order to share a common point of view on media and convergence information

8.3.1.1.10KM. 10.- Bookmarks
Bookmarks is a service that allow users to store and share Internet bookniehky. can b
organizd and categorizusingthe same collaboration process as for the other applications.

8.3.1.1.11KM. 11.- Usage Analytics

The Usage Analytics dpgation lets you visualize statistics on how users are working iwithe
platform, who is most actie, the workspace producing more knowledge and so on. Intuitive and
customizable charts can be used by the administrator to select the KPI to monitor and their progress
over time.

8.3.1.1.12KM. 12- Relational DB

Structured knowledge, containing mainly User GeneraBahtent, is made persistent by using a
classical relational database, in order to ease the management along the overall platform taking
advantages of wekknown data storage solutions.
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8.3.1.1.13KM. 13.-NoSQL DB

Indexing and fast search are implemented using No&fines in order to fit the requirements of
performance and semantic reasoning needed to organize existing knowledge and support the
Universal Search service.

8.3.1.2 Background Assets

OPENNESS (OPEN Networked Enterprise Social Software) isbasékiplatform énriched with a

suite of mobile applications) supporting the development and management of collective knowledge
and intelligence and collaborative working relying on social networking and senriestic
management of content resources and information.

The platform and its services support and stimulate the usage and creation of knowledge (often
implicitly) which exists within social networks (both internal and external), with the aim of promoting

open innovationdriven processes, improving problem solvingdadecision making in groups and
yStig2NyLad ¢KS aoAaR2Y 2F GKS ONBoREAE FYyR (KS
collaboration of multiple actors become the tools to perform activities ranging from routine
processes to strategic decisions, innovafiand change management.

8.3.1.3 A4BLUE Enhancements

OPENNESS platform will be extended in the scope of the A4BLUE project in order to better assist blue
and white collar workers i€ollaborative Decision Makifi@DM) processes, adding new services to
handle conflict resolutions and to support knowledge take up from the workers, in order to feed a
lesson learned database built upon structured and unstructured knowledge.

8.3.1.3.1 Interfaces

The following table presents an overview of the main interfaces exposed oryst CAMService
sub-system, by providing the main methods and their description. Further details on the foreseen
interfaces will provided in D2.6 or in the outcomes of 3VP

Interface ‘ Method ‘ Description

IAssetEntry getEntries Getall entries
getbntry Geta specific entry
updateentry Updatea specific entry

iGroup addGroup Adda new group.
deleteGroup Deletea specifigroup.
getGroup Geta specific group.
getGoups Get all groups.
updateGroup Updatea specific group.

iUser addUser Addanew user.
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Interface Method Description

deleteUser Deletea specific user.
getUser(emailAddress) Getaspecific user by email address.
getUser(id) Getaspecific user by email id.

Getaspecific user by email screen

getUser(screenname) name.
updateUser Updatea specificuser.
iBlogEntry addEntry Add a new Blog entry.
deletekntry Delete a specific Blog entry.
getbntries Get all Blog entries for a specific grou
getEntry Get a specific Blog entry.
subscribe Subscribe to Blog entries updates.
updateEntry Updatea specific Blog entry.
iBookmarkentry addEntry Add a new Bookmark entry.
deletekntry Delete a specific Bookmark entry.

Get all Bookmark entries for a specifig

getbntries group.

getEntry Get a specific Bookmark entry.

subscribe Subscribe t@ookmark entries updateg

updateEntry Updatea specific Bookmark entry.
iDiscussionEntry | addMessage Add a new Discussion entry.

deleteMessage Delete a specific Discussion entry.

Get all Discussion entries for a specifi
getCategoryMessages category.

getMessage Get a specifiDiscussiorntry.

Get all Discussion entries for a specifi
getThreadMessages thread.
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Interface Method Description

subscribe Subscribe to Discussion entries updat

updateMessage Updatea specific Discussion entry.
iFileEntry addFileEntry Add a newFile entry.

copyFileEntry Copy a specific File entry.

deleteFileEntry Delete a specific File entry.

getFileEntries Get all File entries for a specific folder

getFileEntry Get a specific File entry.

Revert a specific File entty a previous

revertFileEntry version.
subscribe Subscribe to File entries updates.
updateFile Updatea specific File entry.

iWikiPage addrage Add a new Wiki page
changédarent Change parent to a specific Wiki page
deletePage Delete a specific Wiki page.

Get children pages of a specific Wiki

getChildren page.
getOrphans Get orphan pages in a Wiki.
getPage Get a specific Wiki page.

Move a specific Wiki page to another

movePage position.
subscribe Subscribe to Wiki updates.
updatePage Update a specifigViki page.

Table30 MOD.BU.KMMain platform interfaces
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8.3.2 MOD.BU.DSPDECISION SUPPORT SYSTEM (DSS)

8.3.2.1 FBB Specification

The Event Manager (EM) component produces events related to operational activity (e.g. start/ end
operations, start/ end work orders, defects, downtimes, etc.) that are relevant for decision making.
ThedDSS.04. DSS event protocol adapterA & A yadaptiag thelEgent@rdtduced bythe Event
alyFr3aSN) 69a0 | yR ai2 NS DSSIOEDES (dat? rgpoditoty R 1 IKINE Az € 2 (0 €
a 5 { { BiIs/ mamagement serviee®

Users interact with thé/1OD.BU.DStBoughweb based graphical user interfac&3S.0:1DSS GUI

The business logic supportinidpey decision supporteatures is implemented ithe. 60SS.02.DSS
management servicecomponent whichinteracts with the 60SS.03DSS data repositafypy storing
and retrieving the required information.

<<component=> E
MOD.BU.DSS: Decision support system
<<component=> g'
DSS.03.. DSS data
repository
| <<components>
R E MOD.EN.EM : Event Manager
D§5.02.. DSS
management services <<component=>
<<component>> g] SEE EM.01.- Publlish/Subscribe
DSS.01.. DSS GUI DSS.04. DSS event Context Broker (CB)
protocol adapter IEv et
/ |
p4

Figue 94 MOD.BU.DS8verall interactions

8.3.2.1.1 DSS.01.DSS GUI
¢ KPSSH0EDSSGY | ff 264 (GKS adzLISNIIA agrablical vigv ofelevans 3 a | y
operationalresultsto support decision making.

The FBB consumes tigetAggredatedResultmethod of theiDSSA y § SNF | OS  SESSD
DSS management serviée®

R oé

B
w»

8.3.2.1.2 DSS.02.DSS management services

¢ K $SS02DSS management serviégsovides functionalities to:
collectthe2 LISNJ G A2yl £ NI a dzf DBS.04D8Syeskeyft Brotocé! AdRpdeH K (1 KS &
aggregate and process the operational results

YE1S FTOFrAtFotS (2 GKS | 33aANBAF G§SRDISPIRDSEINE OS 4 ¢
GUE T

9 store and retrieve data in/from th®SS.03DSS data repository
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<<component>> E
MOD.BU.DSS: Decision support system

<<component>> E
DS5.03.. DSS data
repository

<<component=> E
DS5.02. DSS

nt services
<<gcomponent=> <<component=>

DSS5.01.. DSS GUI DS5.04. DSS event
protocol adapter

| ,f |

f4

Figure95DSS.02. DSS management servicésrfaces

The FBB exposé3SSnterfaces.The following table shows an initial approach to the main methods
exposed byhe interface.

Interface Method Description
IDSS setOperationalData Saveoperational data
getOperationalData Retrievesoperationaldata

Table31DSS.02. DSS management servitesn methods

8.3.2.1.3 DSS.03.DSS data repository

¢ K SKN03DSS data repositoty Sy | 0t Sa dpkrétional @a\sbningronetiie A4BLUE
system and supporting decision makiNgS f I G SR AY T2 NXI (G A2y oDSS.G2D3Sa | OOS
management servicés

8.3.2.1.4 DSS.04. DSS event protocol atir

The DSS.0dupports publish and subscribe capabilities and can adapSt@eSy 1 & LINE RdzOSR 6
COMS.08 v dzSaGA2YYFANB YI yI 38YS pratocossfppadtadce she Evéne  § K S
Manager (MOD.EN.EM). Furthermoiie processes the event produced by the MOD.EN.EM and
executes thesetOperationalDatamethod exposed by théDSSA y (i S NF I OBSS.@MSSi KS  a
management servicésomponent.

<<gomponent>> E
MOD.BU.DSS: Decislon support system

<<COom ponent>>
MOD.EN.EM : Event Manager

<<component>> g <<CoMmponent=> @ <<component>> E
DSS.02.. DSS _@7 DSS.04. DSS avent 7 EM.01.- PubllishiSubscribe
management services IDSS protocol adapter O Context Broker (CB)
IEvent

Figure96 DSS.04DSS event protocol adaptenterfaces

The FBRonsumes thé@Event (including Publish and Subscribe methodserface exposed by the
EM.01 Pulish /Subscribe ContextBroker (CB)to publish evens in the appropriate format and
executes the appropriate method of thBS3nterface.
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8.3.2.2 Background Assets

As an initial approach, several potential background asset candidates have been identified td suppo

some of the identified functionalities however it should be evaluated in the scope of Task 5.3

(Assistance: Decision Support System) considering the detail design outputs. Other potential
background asset could be investigated if required.

KNOWAGE

KNOWASEis an open source business analytissiite developed by Engineerinthat combines

traditional data and big data sources into valuable and meaningful informafidve suite is

composed of several modules, each one conceived for a specific analgiicaln. They can be used
individually as complete solution for a certain task, or combined with one another to ensure full
O2@SNI IS 2F dzASND NBIldZANBYSyidazr ft2gAy3 G2 0dzf

AllKNOWAGBodulesare developed on the same architecture, shg more than technology: they
use the same metadata and analytical layer, share security, life cycle and general capabilities.

BIG DATA SMART INTELLIGENGE ENTERPRISE REPORTING LOCATIOM INTELLIGENCE ~ PERFORMANCE MANAGEMENT PREDICTIVE ANALYSIS

eof st feeuiferfen

Figure97 KNOWAGE

KNOWAGEan aggregate data in custom and higbw performance dashboard, propgrtomposing

and orchestrating business intelligence and data mining/analytics primitives. Data need- a pre
processing step before they are submitted for the visualization, so a big data analysis approach is
supported by integrating several processing engife.g. R and Python scripts can be used te pre
process dataset before starting visualization and reporting tasks)

KNOWAGIs available on two version€ommunity and Enterprise editioniBhe Community Edition
is available, includinthe whole set of analytical capabilities, entirely freied under an open source
license

Grafana

Grafana is an open source project for visualizing time series metrics through graphs and dashboards
on a web portal. It supports several time series databases as the backend datastore.

As of @ right now, there are B 3 available.

Graphite

Sy ®

Cloudwatch < InfluxDB

Figure98 Grafana
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Gooqgle Data Studio

Google Data Studio 360 is a web analytics dashboard report service which turns your analytics data
into informative reports which are easy to read, share and customizable. The Data Studio is part of

the Google Analytics 360 Suite released by Google 2015.

8.3.2.3 A4BLUE Enhancements

Potential enhancements should depend on the final background asset selected

8.3.3 MOD.BU.MONMONITORING

MOD.BU.MONs expected to follow an analogous approach to the one identified in the previous

section 8.3.2¢ MOD.BU.DS®ECISION SUPPORT SYSTEM)(DSS)

Potential updates could come from the preliminamgsults of TaskR.5¢ A C2 NI f A&l GA2Y
economic and technical assessment framewédnd should beeported inthe main outcome of the
related task (i.e. D2.4 due at M13) but also in the final release of this deliverable (i.e. D2.6 due at

M19).

8.3.4 MOD.BUCQMS COMPUTER BASED TOOL FOR THE MEASUREMENT OF WORKER

SATISFACTION

8.3.4.1 FBB Specification

The figure below shows the main components of the MOD.BU.CQMS, describing both main

Furctional Building Blocks and information flows.

8.3.4.1.1 CQMS.01. User Admin GUI

TheCQMS.0Enables the system administrator to create/ read/update user and manage user access

<<componants=>
CQMS.01.- User admin
GuUI

<<gomponent=>

MOD.EU.COMS: Computer-based tool for Quantitative Measurement of Satisfaction

iUserAdmin

<<component>>

<<componant>>
CaMS.04.-
Questionnaire admin
GUI

gl

iUser

<<gomponents>

@ CQMS.03.- User @ CQMS.02.- User login
Management Services Gul
<<Component>> El
CQMS.09. CQMS Data
repository
<<oomponant=>
IQues tionnaireAdmin <<gomponent>> {l IQuestionnaire CaMS.05. $:|
'/O (=l (] - Questionnaire GUI
N management servcies
<<component=>
iAdapt CQMS.06. Individual
dashboard GUI
<<component=> gl
CQaMS.10. CQMS event
protocol adapter
<<component>> E

CQMS.07. Aggregated
dashboard GUI

g

by using theOQMS.08

Figure99 MOD.BU.CQM8verall interactions
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The FBB consumes tletUser updateUserdeleteUsetand getUserLismethods d the iUserAdmin
interface exposed by thEQMS.08
8.3.4.1.2 CQMS.02. Login GUI

TheCQMS.02 f f 26a (2 AYOUNRRdzOS (KS dzaASNRAE ARSYGATFASN
and authorisation process through ti&QMS.08

The FBB consumes tigetAuthorisatiormethod of theiUserinterface exposed by thEQMS.03

8.3.4.1.3 CQMS.03. User Management Services

TheCQMS.0%rovides functionalities to:
9 create (i.e. including access credentials), read, update and delete questionnaires;
1 generate user/token;

I check user accesaithorisation

<<components> E
MOD.EU.COMS: Computer-based tool for Quantitative Measurement of Satisfaction

<<component=>> <<Com ponent=> << COMponent==
CQMS.01.- User admin @ CAMS.03.- User O_) CAMS.02.- User login
Gul iUserAdmin Management Services iUser Gul

Figurel00CQMS.03. Maiinterfaces

The FBB exposddserAdminand iUserinterfaces.The following table shows an initial approach to
the main methods exposed by each interface.

Interface Method ‘ Description
iUserAdmin setUser Stores the user and access data in the data reposito
updateUser Updates the model of a specific user in the d
repository.
deleteUser Deletes a specific user from the data repository.
getUserList Retrieves the list of usefsom the data repository.
iUser getAuthorisation Checks if the selected user is authorised to access t
MOD.BU.CQMS.

Table32 CQMS.03. Min methods

8.3.4.1.4 CQMS.04. Questionnaire Admin GUI

The CQMS.04nables the system administrator to model the appropriate questionnaires by using
the CQMS.08

The FBB consumes tisetQuestionnaireupdateQuestionnair@and deleteQuestionnairenethods of
the iQuestionnaireAdmininterface exposed by thEQMS.08
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8.3.4.1.5 CQMS.05Questionnaire GUI

The CQMS.0&lisplays the selected questionnaire which is built online based on the retrieved model
and allows to save the collected resultsdugh theCQMS.08

The FBB consumes thgetQuestionnaireList getQuestionnaire and saveQuestionnaireResults
methods of theiQuestionnaireinterface exposed by th€QMS.08
8.3.4.1.6 CQMS.06Individual questionnaire dashboard GUI

The CQMS.0O@llows both the shop floor operators and supervisors to access an individual view of
the results of the wdter satisfaction questionnaire prioritising, whenever possible, graphical
representation by using thEQMS.08

The FBB consumes tlgetindividualResultmethod of theiQuestionnaireinterface exposed by the
CQMsS.08
8.3.4.1.7 CQMS.07Aggregated questionnaire dashbod Ul

The CQMS.07allows the supervisors to access an aggregated view of the results of the worker
satisfaction questionnaire prioritising, whenever possible, graphical representation by using the
CQMS.08

The FBB consumes tgetAggredatedResultsiethod d the iQuestionnaireinterface exposed by the
CQMS.08
8.3.4.1.8 CQMS.08Questionnaire Management Services
TheCQMS.0®rovides functionalities to:
9 create (i.e. including periodicity), read, update and delete questionnaires;
T collect the results from thguestionnaires and store them into the data repository;

1 calculate the score of the questionnaire based on the scores assigned to the potential
answers related to each question involved in the questionnaire;

schedule questionnaire on periodicity basis;
publish and subscribe tevents to enable online operation.

The FBB exposdQuestionnaireAdminand iQuestionnaire interfaces and consumes thiddapt
interface exposed by th&€€QMS.10to adapt the questionnaire event to the appropriaevent
protocol.
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<< OO POnEnt> > El
MOD.BU.COMS: Computer-based tool for Quantitative Measurement of Satisfaction

<< oM ponent==> @

CQOMS.05.
Questionnaire list GUI

<<COMponents> =< Component=> @

CaMS.04.- E' IQues tionnaireAdmin <<component== IQuestionnaire CQMS.05.
o CQMS.08. Questionnaire
Questionnaire admin { = a Questionnaire GUI
GUI management servcies

<ccomponent>>
IAdapt CQMS.06. Individual
dashboard GUI
<<Component=>
CQMS.10. CQMS event
protocol adapter

<<gomponent=>
CQMS.07. Aggregated
dashboard GUI

Figure1l01CQMS.08Questionnaire management services interfaces

The following table shows an initial approach to the main methods exposed by each interface.

Method ‘

setQuestionnaire

Interface Description

Stores thequestionnaire model in the dat
repository.

iQuestionnaireAdmin

updateQuestionnaire Updates the model of a specif

guestionnaire in the data repository.

deleteQuestionnaire Deletes a specific questionnaire from t

data repository.

iQuestionnaire Retrieves the list of questionnaires from th

data repository.

getQuestionnaireList

Retrieves the model of a specific

etQuestionnaire . . .
getQ guestionnaire from the data repository.

saveQuestionnaireResulty Updates the model of a specific

guestionnaire in the data repository.

getindividualResults Retrieves individual history data

getAggredatedResults Retrieves aggregated history data

setQuestionnaireScheduld Schedules a selected set of questionnair
per user and time interval, and stores the
in the data repository.

Retrieves  the list of schedule
guestionnaires, per user and time interv
from the data repository.

getQuestionnaireSchedulg

Table33 CQMS.08Questionnaire management services maimethods
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8.3.4.1.9 CQMID9. CQMS data repository

Thea/ v @&9pd / va{ RIGF NBLRAAG2NEE Syl ofSa GKS ad2NI
I 0O0SaaSR (KNP dza Kser imKB I 309 WSay[iid n & ©NII A O Quéstionnafilk ¢/ v a
YIylF3aSYSyid aSNIAOS&a: o

8.3.4.1.10CQMS.10CQMS event protocol adapter

The CQMS.1Gupports publish and subscribe capabilities and can adapettents produced by the
COMS.08v dzSa A2y Yyl ANB YI yI 3SY SpfdaiocolsGpdacd by the Evenz (1 K S
Manager (MOD.EN.EM). Furthermotie processes the event produced by the MOD.EN . &M

executes the appropriate method exposed by ti@uestionnaire interface of the CQMS.08
component.

<<components > {'
MOD.EU.CGMS: Computer-based tool for Q M of Satisfact]

iQuestionnaireAdmin <<component>> E IQuestionnaire
CQMms.08. Q i i

manage ment servcies

iAdaprtSubscription KCJ:‘_)\

<<Ccomponent>>
CAMS.10. COMS event
protocol adapter

iNotify @

) g]

iSubscribe

<<opmponent=>
EM.01.- E
Pub/lish/Subscribe
Context Broker (CB

<<component==>
MOD.EN.EM : Event Manager

Figure1l02CQMS10. CQMS event protocol adapter interfaces

The FBB exposdsdaptSubscriptioninterface andconsumes theiEvent (including Publish and
Subscribe methodsjnterface exposed by the EM.01 High /Subscribe ContextBroker (CB)to

publish evens in the appropriate format and the appropriate method of théQuestionnaire

interface.

The following table shows anfi@il approach to the main methods exposed by each interface.

Interface Method Description

iAdaptSubscription | publisrEvent Publish questionnaire eventto be transformed to
comply with the event protocol supported by the Eve
Manager.

Table34 CQMS10. CQMS event protocol adaptenain methods

8.3.4.2 Background Assets

FISTAR Health Questionnaire (F8B° is a specific enabler (SE) developed in the scope of the
FISTAR projet The H@SEprovides a RESTFUL API that allows:

25 Health Questionnaire Specific Enabléittp:/fistarcatalogue.fiware.eng.it/enablers/healtiyuestionnaire
service/documentation
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1 tocreate simple assessment (olemand)and monitoring (periodicity basl) questionnaires
from csv files (no graphical user interface is provided),

9 to schedule monitoring questionnaires,
9 to collect the results from the questionnaires,

1 (optionally) to store questionnaire models and results into the repositorgased on
configuration options

1 to keep audit trail (i.e. log of actiores read, accomplish, identifying the user that accesses
the information and the accessed user information)

1 (optional) to publishnew questionnaire contexevent into the FIWARBPublish/Subscribe
Context Broker GE arfebSTAREvent Service SE be used by other components, based on
configuration options.

8.3.4.3 A4BLUE Enhancements

The main goal of the A4ABLUE Compttased tool for Quantative Measurement of Satisfaction is
to provide a robust welbbased tool enabling the involved users to complete the worker satisfaction
gquestionnaires in an easy way and evaluate the results.

The MOD.BU.CQMSII considerably rely on the above mentioneddixground asset, especially since
it provides the capability to define, manage and schedule questionnaires. FurthertherélQSE
will be enhanced by including graphical user interfaces to simplifgl¢fi@ition of the questionnaire
models and enhance plish/subscribe capabilities to support online working madedescribed in
the section about CQMS.10.

26 FISTAR Projechttps://www.fi -star.eu/fi-star.html
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8.4 SUMMARY FUNCTIONAL DESIGN TRACEABILITY MATRIX
The following table maps the identifigelinctionaBuilding. f 201 & 6C. . 0 A (K (KS5FSPEQIFENBA@NSA RSYiATASR Ay

Functional Building blocks FTR.01 FTR.02 FTR.8 FTR.04 FTR.05 FTR.06 FTR.07 FTR.08 FTR.09 FTR.10 FTR.11

LS.01Legacy systersemantic registrator

LS.02Legacy syste®@PCUA Client

LS.03Legacy syste@PGUA Server

AM.01. Automation hardware

AM.02.Automation GUI

AM.03. Local automation controller

AM.04. Automation semantic registrator

AM.05. Automation OROA Client

AM.06. Automation OROA Server

AM.07. Automationdata repository

MS.01. Semantic representatioegistrator

MS.02 OPC UA discovery server

DM.01. Device manager OPC UA

DM.02. DM event protocol adapter
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Functional Building blocks

FTR.01 FTR.02 FTR.6 FTR.04 FTR.05 FTR.06 FTR.07 FTR.08 FTR.09 FTR.10 FTR.11

MI.01. Multichannel interaction manager

MI1.02.Unichannel interpreter

MI.03. Interaction semantic repository

MI1.04. MHMI data repository

MI.05. Multichannel fusion engine

MI1.06. MHMI event protocol adapter

AS.01. flacking

AS.02Safety controller

AS.03 Safety configuration repository

AS.04. Safety configurator

AS.®. AS event protocol adapter

CAM.01. CAM Service

CAM.02. CAM UI

CAM.03. Asset Repository

EM.01. Publish/Subscribe Context Broker (CB)

EM.02. Context Producer (CP)
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Functional Building blocks FTR.01 FTR.02 FTR.6 FTR.04 FTR.05 FTR.06 FTR.07 FTR.08 FTR.09 FTR.10 FTR.11

EM.03. Context Provider (CPr)

EM.04. Context Consumer (CC)

EM.05. Storage

EM.06. Application

EM.07.Complex Event Processing (CEP)

EM.08 CEP Management

EM.09. Event Processing Agent (EPA)

ARG.01 Resource Manager

ARG.02 Event Connector

IM.01. Application Developer Portal

IM.02. EndJser portal

IM.03. User Management

IM.04. Application Management

IM.05.Access Management

IM.06. Authentication and Authorization

KM.01.Workspaces List
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Functional Building blocks

FTR.01 FTR.02 FTR.6 FTR.04 FTR.05 FTR.06 FTR.07 FTR.08 FTR.09 FTR.10 FTR.11

KM.02.User Profile

KM.03.Group Management

KM.04.Universal Search

KM.05.Blogs

KM.06. Shared Calendar

KM.07. Documents

KM.08. Discussions

KM.09. Wikis

KM.10. Bookmarks

KM.11.Usage Analytics

KM.12. Relational DB

KM.13. NoSQL DB

DSS.01IDSS GUI

DSS.02DSS management services

DSS.03DSS data repository

DSS.04DSS event protocol adapter
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Functional Building blocks FTR.01 FTR.02 FTR.6 FTR.04 FTR.05 FTR.06 FTR.07 FTR.08 FTR.09 FTR.10 FTR.11

MONO1.MONGUI

MONO02. MONmanagement services

MONO03.MONdata repository

MONO04.MONevent protocol adapter

CQMS.0%.User admin GUI

CQMS.02.Login GUI

CQMS.04.Questionnaire admin GUI

CQMS.05.Questionnaire list GUI

CQMS.05 Questionnaire GUI

CQMS.06 Individual dashboard GUI

CQMS.07 Aggregated dashboard GUI

CQMS.08 Questionnaire management services

CQMI9. CQMS data repository

CQMS 10CQMS event protocol adapter

Table35 Specifications (Features)Functional Design (FBBs) traceability matrix
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9 FUNCTIONAL AND MODULAR ARCHITECTURE

This section aims at providing an overall and integrated viewpoint on the A4BLUE RA, as a
combination of the modules describedpnevioussections.The functional viewpoint focuse fact,

on the functional componentstheir interrelation and structurethe interfaces and interactions
between them, and the relation and interactions of the system with external elements in the
environment

This viewpoint will be further extended (using a different angle) in the following activities within
WP3, WP4 and WPcope in order to better detail the implementation viewpoint of an A4BLUE
based system; in the end, a further refinement will be overcome in WP6 to define the deployment
viewpointin order to further describe how this RA will be derived and adapted toogetple real use
cases under piloting activities in the four demonstration cases.

According to theA4BLUE RA, the functionalities of an adaptive assembly systere decomposed
into three highlevel Functional Domains Shopfloor Enterpriseand Business Domainsare very
simple and straightforward: they define a coarse mapping of system elements to either the factory
Shopfloor Domainor the broader world of corporate [TEnterpriseor Busines®omairs. Examples

of elements inShopfloorScope are machery, field devices, workstations, SCADA and MES systems,
and any software running in the factory data centre. To the Enterim@mainbelong systems and
applicatiors shared acrosshe factory (e.g. shopfloor and topfloor), white the Business Domain
belong applications and services dedicated to decision making and business value creation.

Figurel03A4BLUE F&M Architecture

9.1 SHOPFLOOR DOMAIN

The A4BLUE Shopfloor Domain is the bottom layer of A4BLUE RA and is populated by any kind of
device that is connected to thdigital world on one side and to theeal worldto the other. As a
consequence, e Shopfloor Domain includes functionalities sugijpg automated controland

automated adaptation of physicalproduction processes 2 KAf S GKS YSIyAy3 27
O2y G SEG Aa&a &A0GNIAIKIF2NBEINRI Gl RFELIGFGAZ2YE A& 62N
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