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ExecutiveSummary

The current deliverable (i.e. O082.Modular and Functional Architecture of the A4BLUE platform for
adaptive assembly systenfrinalVersion) aims to report on the initial results of tasks T2.1 (Reference
model for evolving assembly systems) and T2.2 (A4BLUE functional and modular archit€bisre).
represens the updated and final version of D2.1, providing the grounding informatoralf the
other technical worlpackages (i.e. WP3, WP4, and WPbasks T2.1 and T2.2 follow the
incrementaliterative approach (alphdeta loop) identified for the overall projectherefore this
version of the deliverable provides a comprehensive viewtlee design of the A4BLUE Reference
Architecture, incorporating the main feedbacks received during the development of the alpha
prototypes deliverd by M18

The purpose of both tasks T2.1 and T2.2 is to idek#fy challenges to baddressed 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@828n (2 (KS & DNJ
Agreement number7238281 Adaptive Automation in Assembly For BLUE collar workers
al GAaTlOlA2y Ay 9g@2t @l ofS O2yGSEG o6!'n. [ ! 90¢

1 D14 - Requirements book and human factors best practice guidanEaal Version:an
SELX 2N} G2NE Ay @SadGAaal G2y fotie AMBYUEEsalutidR And Bsy & A 2 v |
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
prescriptive sources)

1 D15 - Scenarios definitin - FinalVersion: DB includes the description of the AS/TOBE
scenario of the four business cases driving the project (i.e. the two industrial scenario in
AIRBUS and CESA, and the two laboratory scenario in TEKNIKER and RWTH).

The methodology folload to complete deliverable D2included:

i 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 with examples
was circulated to guide thgection 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 initiatives dealing with the definition ot@mmon 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 FBB specification:
starting from the requirerants books and from the use case descriptions, the A4ABLUE
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 up web meetings (every three weekegdliring representatives from
all the partners; (2) WP2 specific conference meetings; (3) General project F2F meeting.

Furthermore, several revision iterations of B2vere put in place along the duration of trepha
phase(M4-M18) involving representative 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 scope of the other technicapaakkges

(i.e. WP3WP4, and WP5).
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Glossary of terms

Cyberphysical systems

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

FITMAN

FITMAN (Future Internet Technologiss MANufacturing) was a largg
scale use case project, successfully completed by September 201
mission was to assess the FIWARE platform in the context of ten indy
trials of various sizes and belonging to several manufacturing se
FITMANalso developed its own specialized Open Source compore
Specific Enablers (SE) filling some of the gaps existing betwe
CL¢a!bQa dzaS OFasS NBIdZANBYSyia

FIWARE

FIWAREs an open initiative in the scope of the Fuuinternet PPP (R
PPP) program, aiming at the creation of a sustainable ecosystem of-(
ready generic componentsaka Generic Enablers (GE).

Generic Enablers

Generic Enablers (GE) are claeddy generic components that may |
used as the foundationabuilding blocks of Future Internet solutions
any area, effectively 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 loT Reference
Architecture

The Industrial 10T Reference Platform (loT for ManufacturinigT4
Platform) is the synthesis of the three Smart / Digital / Virtual dom
into one unified Reference Architecture that brings together FIWARE
FITMAN SEs ameksons learned during the development of FITMAN's
Trial Platforms. Its broader scope addresses complexwedt 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 astonishing rise in data volur
computational power, and connectivity, especially new 4ogwer wide
area networks; the emergence of analytics and busetelligence
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 3D printing. It includesyberphysical systemghe Internet
of thingsandcloud computing

Internet of Things

The term Internet of Things (loT) represents a paradigm that covg
wide range of topics in the informatidbased era. The goal of 10T is
enable any bject to be connected anytime and anywhere with anyth
and anyone.
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RAMI 4.0 RAMI 4.0 is the Reference Architectural Model for Industrie 4.0, it i
ServiceOriented Architecture that combines all elements and
components of Industrie 4.0 in a thremensional 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 domainsspecific, for example manufacturin

media, eHealth, energy and agrifood.
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1 INTRODUCTION
1.1 CONTEXT AND SCOPE OF THIS DELIVERABLE

The current deliverable (i.e. B2.Modular and Functional Architecture of the A4BLUE platform for
adaptive assembly systerg Final Version) aims to report on the initial results of tasks T2.1
(Reference model for evolving assembly systems) and T2.2 (A4BLUE functional and modular
architecture).

This represert the updated and final version of D2.1, providing the grounding irdtiom for all the

other technical workpackages (i.e. WP3, WP4, and WP5). Tasks T2.1 and T2.2 follow the
incrementaliterative approach (alphdeta loop) identified for the overall projectherefore this
version of the deliverable provides a comprehensii@wv on the design of the A4BLUE Reference
Architecture, incorporating the main feedbacks received during the development of the alpha
prototypes deliverd by M18

T2.1 Reference Model for evolving assembly systems;

T2.2 A4BLUE Functional and Modular Architecture

| 1 ]
| | |
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 idetkéfy challenges to be overcome by the A4ABLUE
project as well as common and application specific requireragatrefine 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 A4ABLUE
modules and component]

Analysis of security
requirements Verification nad
Validation (W) process

Structuring principles Define the reference

SecurityBy-Design

driving the integration of Virtual Asset Model for approach

these components A4BLUE Platform

- - 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 tagk$\IP2
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1.2 RELATIONSHIP WITH OTHER TASKS

D26 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 ofre¢haionship of the
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 D@.

I EU ContextAn Analysis of other EU initiativesevant to the A4ABLUE architecture design,
complemented by a description on how A4BLUE can be aligned or sagpgrthem.

9 Specifications This is the core part of the document including relevant information from
each module composing the A4BLUE ovesalution. This description includes (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 #W4BLUE in terms of Functional 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 interfaes; (5) the overall Functional 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 viewof the document structure can be seen in thigure3 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

(<]
o
=
et
o
=
o
-
(%]
—
=
Ll
=
=
o
o
(=]

——> SHOPFLOOR LAYER I

%)
=
)
=
<T
()
=
(&)
Ll
o
)

ENTERPRISE LAYER I

> BUSINESS LAYER |

CONCLUSIONS

Figure3 Diagram Document Structure
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2 METHODOLOGY
2.1 REFERENCE IMPLEMENOAN

The AABLUEAdaptive Frameworkvill be designedasedupon the following pillarsvirtualisation,
integration, adaptation management, worker assistance support and monitoring as shdviguire

4,

In general termsmodularity and adaptability will be supported by exploiting the Ser@cented

Architecture (SOA) and the Event Driven Architecture (EDA) patterns and scalability will be

implemented by a cloud approach.

SENSORS
Human tracking: Vision,
wearable, ...
Context information:
environmental, ..

AUTOMATION
MECHANISMS

Smort tools
Machines

INTERACTION
DEVICES

Smartphones & tablets
Head-mounted displays
Lights
Speakers
Monitors

PHYSICAL

MULTIMODAL INTERACTION

FACTORY LEGACY

SYSTEMS
ERP, MES, CMMS ...

MEDIATION
SERVICES
Integration connectors

Plug and produce

Worker Assistance tools

VR/AR BASED TRAINING

On the job training: AR based
assembly, quality control and,
maintenance guidance tasks.

SEMANTIC VIRTUAL ASSET
REPRESENTATION (models)

including tangible and intangible

Processes, workers, context, etc.)

Business Assistance tools

DECISION SUPPORT
SYSTEM (DSS)

COLLABORATIVE
KNOWLEDGE PLATFORM
Enterprise social networks
Information modeling and
retrieval

AND GUIDANCE

Offthe job training: VR
simulation

MONITORING

KPl acquisition (Quality
of service, etc.)

Information aggregation
Recommendations systems
Visual analytics

AUTOMATION
CONFIGURATION
EVALUATION

Socio-economic
sustainability

‘ EVENT MANAGERS

Publish/subscribe
Complex Event Processing
Production & Human
variability
Adaptation and assistance
actions

DATA REPOSITORY
Virtual asset representation
instances
Dynamic and static data

Virtual asset representation

assets (factory ossets

QUANTITATIVE

Gestures, voice, sounds, lights, etc.

MEASUREMENT OF
SATISFACTION

Integration

Computer based
tool

A4BLUE ADAPTIVE
FRAMEWORK

COLLABORATIVE
ASSET MANAGER

Configuration of
individual virtual asset
models

Adaptation Management

EEEEH
3[2[z[3|=

LOGICAL

Figure4 AABLUE Reference Implementation (from DoA)

The main components of such a vision are further detailed in the folloWértdel.

Pillars

Virtualization

Reference

Modules

Collaborative
Asset Manager

Description

The CAM will be in charge of providingrtualisation
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 adaptabil
business relationsps, technological solutionsfc.).

Integration and
interoperability

Mediation
Services

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

Description

Pillars

Device Manager:

The Device Managers will represent the logical part of

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

Multi-modd
Interaction

Multimodal interaction involvd 6 Miiltichadnel Human
ldzi2YF GA2ykNRO20G AYyGaSNIY 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
automation mechanisms €.g. robots) through gesture,
voice,lights, soundsAR devices (if applicableXc.

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

Adaptation
management

Event Manager

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

Personalised
g2NJ SN a
assistance tools

VR/AR base
training and
guidane

A4BLUE will sustaimoth off the job training (i.e. at a sit
away from the actual work place) and on the jgbidance
(i.e. taking place in at the workplace in the real work
situation) by using appropriate VR/AR hardware an
software components.

Collaborative
Knowledge
Management

Facilitating the transfer of knowledge, especially implicit
informal ones, from skilledworkers to young or less
experienced workers to help themake the right decision
at the right time

Decision Suppor
System (BS)

TheDecisionrSupport Systemis aimed tosupportworkers on
relevant decisions for the assembly, maintenan
inspection operations. liaggregates relevant informatio
produced in the domain of the A4BLUE systamd provide
visual analytics capabiliseto support workers in the
decisionmaking process.

Business
assistance tools

Monitoring

The monitoring module is aimed to suppdhe evaluation
process to be performed by supporting the collection &
visualisation of key performance indicators (KPIs) to as
the impact, from an eonomic and social perspectivi.is
aimed only to support thecollecion of the relevant
performane metrics produced in the domain of the A4BL
solution other kind oKPIs will be out of the scope for th
component

Page?4 of (175
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Pillars Reference Description
Modules
Automation An evaluation toolable to assess the levels of automatig
Configuration (assembly system configurations/assegnipirocess) from ¢
Evaluation sociatechnical as well as from an economical perspect

The socioeconomic evaluatioasultswill be used as a bas
for further improvements of the assembly system structt
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 characteristicdt will include &
computer-based toolthat enables shop floor operators t
easilycompleterecurrentworker satisfaction questionnaire
and evaluate the results.

Tablel AABLUE Reference Modules (from DoA)

The abovementioned components will be further discussed later irsttieliverable, since they have
paved the way for defining thREFERENCE MODé&dcribedn Sectiong.

2.2 THE METHODOLOGICAPROACH

This document presents the architecture of A4BlbdEed systems, based on the use of multiple,
concurrent views. Multiple views allow to address separately the concerns of the various
stakeholders bthe A4BLUE project, mainly technical partners and business partners, and to handle
separately the functional and nefanctional requirementsseparately The A4BLUE Reference
Architecture (RA) will be designed using an architectaemtered, scenario driven, iterative
development process.

The A4BLUE RA deals with the design and implementation of théeliglhstructure of new adaptive
systems based on project outcomes. It is the result of assembling a certain number of architectural
components in some wechosen forms to satisfy the major functionality and Fonctional
requirements of the system.

C2ft26Ay3a GKS danbm GASg Y2RS(TI[L) thisldhdhRhioOds 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 project outcomes.

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 ¢ (REFERENCE MODELT 2 NJ T dzNJi K ¢
details.

1 TheProcessview, which captures the concurrency and synchronization aspects ofdabigrml
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’/ ¢
BUSINESS PROCESSEB 2 NJ FdzNII KSNJ RSO Af aod

i The Physical viewwhich describes the mapping(s) of teemponents onto the concrete
instances and reflects its distributed aspect, presenting the ioteamections between these
components. See Secti@t GFBBSPECIFICATION F2 NJ FdzNII KSNJ RSGFAf a @
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1 The Developmentview, which describes the static organization of tkelutions to be
implementedin its development environmentee outcomes from WP3, WP4, and WP5.

I 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 Topology
Scalability Communications

Figure5¢ KS anbmé @GASH Y2RSH
Apart from adherence to the 4+1 view approach, the present deliverable has taken acdqriur
WPL developments (notably the requirementiescribed irD1.4andthe use casesescribed irD1.5
in order to develop theA4BLUEarchitecture. In particularthe architecture of the project satisfies
several of the functional and neflinctional equirements of the projectSome 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 CONTEXT implementation ofadaptive
automation taking into account process/product/worker variabilithote however that theA4BLUE
architecture has considered hidével requirements oD1.4 rather than the lowlevel technical ones
that will be further analysed in the scope of WP3, WP4 Wielh This is because the presented
A4BLUEarchitecture focuses on higlevel decisions with system wide impact &#BLUE based
systems, rather than on lovevel technical details that will be elaborated as part of detailed design
and implementation.

In addtion, the objectives of the A4BLUE RA cardbeompaed as in the following:

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

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

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

In order to achieve the abowmentioned objectivesit is worth noting howdifferent levels ofan
architecture description could include bottlesign 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

The Reference Model will ideally connect the domain of the problem (as described in WP1 agjtcome
namelyD1.4and D1.5 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 to be formalireBunctional Building Blocks (FBB)

and their mutual interdependencies.

To further structure theenvisionedprocess 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 foundationalglossary common concepts anprinciples(mainly in Sectio®

C GSPECIFICATIGNS ¢Aft aSi (GKS &a0SyS G2 adGFNI RSAONROG
coneeptual level (i.e. theREFERENCE MOIOEs$cribed in Sectiof); then a mee functional analysis

will conduct to the identification of the main building blesokeeded for the implementation stage

(namely in Sectio® ¢ GFBBSPECIFICATION @ | S NJo thé Somaidt ofi the solutiorHere we

start with the definition of a set of services that would be required by one or more application
scenario idenfied in WP1 then these functions will be deatiled terms of background assets and
technologies to be useduring development; this technogical view will be enriched also with a
decomposition in stitomponentspresentingthe business processes among théim Section? ¢

0BUSINESS PROCESSE®
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3 THE CONTEXT

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 solutionsfeoing a significant innovation potential for entire
industries. In such a context, one of the main proldem the technologically focused discussion.
Proposals exist for several technical applications within the 10T (e.g. Smart Grid, Smart Home, Smart
Fectory); however, the core of the stalled 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 contextof digitization, the term Internet of Things (loT) represents a paradigm that covers a
wide range of topics in the informatidbased era. Several terms correspond to 0T in different
applications or industries (e.g., Smart Grid, Smart Home, or Smart ¥actar all of these
applications, physical objects and digital information are converging into smart systems, based
generally on cybephysical systems (CPS). The technical basis of these cyber physical systems
consists of many different and fadevelopirg 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 machinesthwere previously disconnected (sEyureB).

Smart Mobility Smart f
& Tramsport - Healih
. kY . . - - ’ . - .

Q!I_IJI]

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:

9 Interconnected physical systems
T Mobile Information
 Minimized reaction times

Firstly, nearly every piece of hardware contains a system that can communicate to other systems.
Therefore, as physical systems become cyberittesy, areable to communicate with other physical
systems or, via an interface, with human beings. Within darmation network, physical systems

will 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 meralgndelized or cloud
based. Information 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 makeosiblled decision within a
globally distributed information system. Because information is now ubiquitous, the dynamics of
these processes are spestiup [1].

These are among thmain reasonsvhy it is time to pass to a new architectural approach.

Smart Home
IIC smartBuding __ Plattform 14.0

0 Smart Meter @ : Econy
€ 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 ibafRkeference
Architectural Model Industrie 4.qabbreviated RAMI 4.qQ}1], since it combines the crucial elements

of Industrie 4.0 in a thredimensional layer moddbr the first time.As its name clearly states,is

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 SOKYAOlFf X | RYAYA
commercial da created in the ambit of a means of production or of the workgiecd ONR &a G KS S
value stream and their accessibility at all times.

(0p)

Even if theRAMIis essentially focused on the manufacturing process and production facilities, it tries
to focus allessential 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 this framework, Industrie 4&chnologies can be classified and further
developed. The RAMI consists of a thdBmensional coordinate system that describes all crucial
aspects of Industrie 4.0. In this way, complex interrelations can be broken down into smaller and
simpler clusters = Figurel0).

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)

Source: Plattform Industrie 4.0

Figurel0 RAMI 4.0 Reference Architecture
¢KS a1 ASNI NOKe [ SoStaé | EAA AYRA @rels BoR IEEB2264K S NA =
the international standards series for enterprise IT and control systems. These hierarchy levels
represent the different functionalities within factories or facilities.

¢KS G[AFS /@0tS 3 £t dzS { G rBilities &and pradiicts, baABALINIE@ Sy (0 &
62890 for lifeO&@ Ot S YI Yyl 3SYSyiG® CdzNIKSN¥Y2NB>X | RAAGAYC
GAyailryoSas¢o ! aqGeliSe 06S02YSa Iy aAyadalyOSéeé oKSy

the actual product is being maradtured.In order to represent the Industrie 4.0 environment, these
FdzyOiAz2ylftAGASE KI 8S 06SSy SELIYRSR (2 AyOfdRS 4+
0KS LYyGSNySid 2F ¢KAy3Ia yR {SNWAOSas fFroSttSR af
The six layers on theextical 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, where properties of complsters\s

are commonly broken down into layers (deigurell).

Organisation and Business Processes -9
Ee
>
/_-— Functions of the Asset C\
[CN p |
_d _/‘
!
—/
Communication Access to Information 7
=1=})
Transition from Real to Digital World =0
ot |
)
Asset y Physical Things in the Real World /@_@T_\
(&)
-

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, all crucial aspectdrafustrie 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 allows fdvysségp
migration from the present into the world of Industrie 4[6].

One of the main objectiveof RAMIis to provide an endo-end (i.e., since the inception of the
productQa  fo RsSdismantling or recycling) framewotkat is able to connect and consistently
correlate all technical, administrative and commercial data to create value streams providing added
value to the manufacturer9 f SYSy (i a ol O(RA®ISaers @ callddyidusti« 8.0
component(l4.0 componen}. In summary, am4.0 componentan be characterized as having the
following features

an 4.0 componenprovides data and functions within information systenabout an, even
complex, object;

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

14.0 componentiave to follow a common semantic model.

Therefore, theRAMIframework aimgo define how 14.0 componentgan communicate and can be
coordinatedto achieve the manufacturing objectives.distinguishing element ¢#..0 componentss

the Administration ShelY A ®S® (KS aaYl NI St SYSy (40 canfdnént G NI y &
Figure12 shows thelogical relationship between ari4.0 componentand the physcalobject(s)it

represents

14.0 Component

~ Administration Shell

(Virtual Representation
+

Technical Functionalities)

| Resource | [~ ..
Manifest

Manager |

Things ™
| Thing
I
‘ Thing ‘

Figure1214.0 Component

The Administration Shelk the element in charge of exposing the0 canponentend-point(s) and,
GKSNBF2NBx o6fS (G2 AyGSNIOG 6AGK 2G6KSNI SEGSNYI ¢
represented object(s) The Manifest contains the metanformation of the 14.0 componentand,

therefore, constitutes the basis for theirtual representation within aRAMI4.0context of the

object(s) Among the other data, th&lanifestcontains mandatory4.0 componentiata hecessary to

identify it or tocommunicate with it

Currently RAMI does not provide detailed, strict indications fatandards related to the
communication or information models, even if some references are provided in the current
architecture document. In particular for:
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the Communication Layesin element to be taken into account is t@PC UABasis IEC
62541) specifiations;

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 Information Layehe Field Device Integratidn(FDI) specification as
integration technology.

The RAMIspecification currently indicates, for extid-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 amugate the standardization
bodies to fill the gaps.

With respect to the latter point, BC UA is central to the RAKIG NI 6§ S3ed LGQa GKS &
much popular (in Microsofbased shopfloors) OPC machiimemachine communication protocol for

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

very complex informatiomrmodels. 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 Internet Reference Architecture (IIRAjas been dveloped 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, Boeing, Siemens, Bosch and
General Electric) committetb 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 and methodolodgr the design of Industrialnternet

Systems (lIS). Being a RA, it provides an ontology of 1IS and some architectural paitarasaging

the re-use of commonbuilding blocks and promoting interoperability. It is worth noting that a
collaboration between the IIC and Platform Indisst.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@tewpoints defined by identifying the relevant stakeholders
of 1l0T usecases and determining the proper framing of concerns. These viewpoints are: business,
usage, functional and implementation.

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

2 http://www.eddl.org

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

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

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 Theusage viewpoiniaddresses the concerns of expected system usage. It is typically
represented as sequences of activities involving human or logsskuhat deliver its
intended functionality in ultimately achieving its fundamental system capabilities.

1 The functional viewpointfocuses on the functional components in a system, their
interrelation and structure, the interfaces and interactions betwegiem, and the
relation and interactions of the system with external elements in the environment.

1 The implementation viewpointdeals 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 very different mfumctional requirements, so that implementation
choices may also differ substantiall®n the other hand, he inplementation viewpoint describes
some weHestablished architectural patterns for IIS: the Thtieg, the Gatewaymediated Edge
Connectivity and Management and the Layered Databus. Timeetier architectural pattern
distributes concerns to separate babnnected tiers: Edge, Platform and Enterprise. Each of them
play a specific role with respect to control and data flows, as depicted in the follgiinhge Figure
13Figurel3.

Edge Tier Platform Tier Enterprise Tier
» § Monetization
other information domains
data flows
— .
Data Services & Platforms Analytic Services & Platforms _
data fl Ingastion & transformation Straaming & batch
ata flows infermation flows
- -
~l B = B —H B - . [ *|Biz Analytics CRM  EMR
Pearsistence & distribution Persistence & distribution
Control Domain ! ) 085 B55
. k4 h A
y G schrons  Application Domain
=1 "__I Conifroller | Logic & rules e
. - . orchestration flows . u
‘oo ¢ _ AP &|Portal
| Sensors Applicgtion
& Gateway | asset mgmt service flows
¥ iz Apps
; \ biz app flows Biz Apps
Asset mgmifows " OpsmmomDoman BE 0
Provisioning & Deployment Prognostics & Optimization Biz users
. . OT Apps
- ~
i Asset & Meta data AP & Portal [l B e
. . ops app flows OT users
Management Monitor & Diagnostics
Proximity Access
Service Network
Network Network

Figurel3IIRAThreeTier Architecture Pattern (implementation + functional viewpoint)

The implementation viewpoint indeed provides some very relevant buildiagkbl for the A4BLUE
platform. Another relevant contribution given by IIRA RA is in the definition of the following
architectural pattern: theLayered DatabusAccording to this design, a IIS can be partitioned into
multiple horizontal layers that togethedefine a hierarchy of scopes: machine, system, system of
systems and internet. Within each layer, components communicate with each othepéerdo-

peer (P2P) fashion, supported by a laysgrecific databusA databus is a logical connected space that
implements a common data model, allowing interoperable communications between endpoints at
that layer.For instance, a databus can be deployed within a smart machine to connect its internal
sensors, actuators, controls and analytics.tié¢ system levelanother databus can be used for
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communications betweenlifferent machines. Athe system of systems levedfill anotherdatabus
can connect together a series of systems for coordinated control, monitoring and analysis.

Industrial Internet
Inter-Site Databus

\ /
System of Systems Site Databus
Y y L
Systems Unit Databus
- \— -/
Think HMI
Smart [
. o 4 = Machine Databus "/ -
Machines N\ = N S
Sense Act

Figurel4lIRA Layered Databus Architecture Pattern (implementation viewpoint)

3.3 FIWARE FOR INDUSTRY

FIWAREs an open initiative in the scope of the Future Internet PPP (FI PPP) program, aiming at the
creation of a sustainable ecosystem of Claaddy generic compomgs ¢ aka Generic Enablers (GE)

¢ that may be used as the foundational building blocks of Future Internet solutions in any area,
effectively supporting the new wave of digitalization of EU industry and society. The FIWARE
Community members are committed 86 G SNA It A4S (GKS CL2! w9 YAAAAZ2YS
sustainable ecosystem around public, roydige 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 now, FIWARE

goes a step further in the creation of a community to gather web entrepreneurs, mentors, investors,
students, academia, industry and public sector innovators &epk progressing. In FIWARE
technologies, developers can gather context information at large scale from many different sources.
FIWARE also helps to easily process, analyse and visualize managed context information, easing the
implementation of the smart beaviour and the enhanced user experience required by next
generation Smart Applications. Using FIWARE, organizations can capture the opportunities that are
emerging with the new wave of digitalisation brought by combining the Internet of Things with
Contex 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 ecosystdmaking it sustainable

over time.

In the same FI PPP scope presented for FIWARBEJAN (Future Internet Technologies for
MANufacturing) was a larggcale use case project, successfully completed by September 2015. Its
mission was to assess the FIWARIEqgia in the context of ten industrial trials of various sizes and
belonging to several manufacturing sectors. FITMAN also developed its own specialized Open Source
componentsc Specific Enablers (SEF Af f Ay3 &a2YS 2F GKS 3| klgaseSEA &G A
NBIljdzZA NSYSyida FyR CL2! w9 LIEFOGF2NY¥Qa OFLIOAfTAGASE
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designed by assembling the available building blocks (GEs + SESs) into baseline platforms, each one
targeted at a specific EFFRA domaine., Smart Factgry Digital Factory and Virtual Factory. Each
baseline platform was aimed at fulfilling a series of common requirements that are intrinsic to its
domain of reference.

TheFIWARE for Industry (F4bitiative is the main exploitation vehicle for the resubiisthe FITMAN

project. FW4l was created by the FITMAN consortium but also involves a larger community of end
users and software developerEIWARE for INDUSTRY is, therefore, an open initiative aiming at
collecting and coordinating ENationatRegional priects interested in the evolution of Generic and
Specific Enablers developed in several research programmes. The F4l ecosystem is in constant
evolution as many new projects (e.g. those belonging to the Connected Factories cluster) are joining
and expressig their interest to develop new FIWAREsed components or to evolve existing GEs or

SEs implementations.

FIWARE for INDUSTRY in H2020: 17 ENABLERS s se+, 3cE+, 2\, 4GE

=% \)GTI’T‘IAH " 'OF

D —d FIWARKNOWAGE FIWARE COSMO:! F4l ANLZER F41 CBPM
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Evolution of FITMAN Specific Enablers in H2020 Program www.fiwareforindustry.eu
4

Figurel5FIWARE for Industry H2020 ecosystem

F4l is proposing, alongside the three original FITMAN architectures f@ntiaet, Digital and Virtual
Factory, a fourth one namelshdustrial 10T Reference Architecture (II&RA) This design follows the

same approach of the previous ones: wiring together FIWARE Generic Enablers and FITMAN Specific
Enablers into an integrated pfarm which aims at solving some key problems of the industry. The
rationale behind the choice of introducing a new platform was to make good use of lessons learned

FTNRY (GKS FASER 2F CL¢a! bQa @GSy Ay Rdza (i Ndoldt 0 NR |
5O08YFNR2& AyO2fOAy3 Ydf GALES €S0Sta 2F GKS 9yGs

portfolio with the introduction of new KETSs like Big Data and Machine Learning for Complex Event
Processing. Overall, IIRA is a good synthesis of &IT b Q& { YI NI X S5A3IAGHE FyR
with a major focus on the Smart domain (basically, a Smart core with Digital and Virtual facets). It is
the blueprint of a multiayered, Clougbnabled IT infrastructure with a strong support for advanced
Shfloor processes that involve 10T devices and Smart Systemeel6 below, borrowed from the

public F4l website, illustrates I@T! Q& O2 Y LJ2 y Sy ( FelatioffsRipsii K S A NJ Y dzii dzI f

© A4BLUE consortium Page35of (175



Deliverable D2.6 A4BLUEGA N° 723828

DIGITAL BRYYLVVAR

ﬁna

SMART

Applications

loT Broker < loT Discovery

Secure loT Data Handling
Gateway loT Protoco Adapter(s)

=== § Publish/Subscribe
: il ContextBroker B
I

| \7
Information Systems loT Device
Management

*

Shopfloor

‘_
=

Figurel6 FIWARE for Industry IIOT Reference Architecture

The bottom layer of IIORAg i.e., the Smart core is characterized by a-directional, twalane flow
of events between the Shopfloor and the Cloud. Te 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 a lightweight middlewatbat adapts common IoT protocols like OASIS
MQTT and OMA LWM2M to the FIWARE Open API for IoT cloud enabteneenOMA NGSI with a
RESDver-HTTP binding. The FIWARE Generic Enabler Catalogue offers an Open Source
implementation of 10T DM which is b&d on the concept of 10T Agents: small protespécific
modules (typically developed using the C++ language to maximize runtime performance) that do a
straightforward protocol adaptation job without interfering with the data payload in any way. This
verymodular 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 constraints (neeattime) but na low-level 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. This appliantiee Secare 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 deflate data streams rungifrom 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 territory, a FIdMARBker
GEexposes the same standard FIWARE Open API for I0T 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.

8 https://catalogue.fiware.org/enablers/backendevicemanagemenidas
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Due to their commomorthbound API, both Lanes plug into the saPwblish / Subscribe Context

Broker (PSCB) moduieThis component, as its name implies, is a FIWARE GE which implements the
publish / subscribe pattern for asynchronous message exchange, and is the centrébrhalb

connected systemg i.e., the upper layers of the platform as well as those external applications and
AaSNIBAOSE G(KFIG €tS@OSNI3IS GKS LA FGF2N¥Qa {YFINIG O2N
FIWARE Open API for loT (i.e., OMA NGSitesepo 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 stated@ssmake them available

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

¢CKFEG alFARXZ GKS aYFNI OKFNIOGSNRTIIGAZ2Y 2F GKS LIX
Big Data (BD) G&nhd the FITMANDynamic CEP (DyCEP) Bidis works in close cooperation to realize

an online Complex Event Processing service that can-addapt dynamically to changes in the
working environment and in the incoming data. Online adaptation happens 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 persistentct@age
legacy factory systems as well as the PSCB itself) in batch andd#iscovering epost 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 micrearchitecture suppaing highly scalable distributed CEP pipelines. Overall, such
dynambmrepresents a groundbreaking technology innovation, as the system can incrementally and
autonomously improve its own capabilities. Finally, it is worth noting that DyCEP 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 came from.

On top of the Srart Core, the Digital Facet of IR is where human users connect to the platform.
Two different components provide a wédased interface for users to interact with the Shopfloor. On
one side, the FITMARYyVisual Sk for dynamic rendering of 3D contedé¢scribed using the XML3D
language. Models can be rotated, zoomed and virtually navigated by means ofapointick mouse
commands. In the IIGRA context, complex shopfloor situations (as represented by the DyCEP
component) can be displayed in 3D to keathem easier to understand. On the other side, the
FIWARE Application Mashup GE allows-specific cockpits to be built by assembling widgets on a
web canvas. Widgets are modular Ul components, selected from a library or developedHhoc ad
purposesthat 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 is a welbased, integratedplatform for the management of virtual assetsi.e., digital
representations of tangible things (e.g., devices, equipment, machinery, vehicles, infrastructure,
products, people) and intangible concepts (e.g., bills of materials, SLA agreements, reteats)e

GKIFIG NS 2F AyGdSNBad Ay GKS ao2LIS 2F GKS Tl OdG2N
terms of a custom ontology (i.e., classes and properties) and stored in CAM's online repository.
Virtualization is done by human operators thrdug simple web interface, and does not require any

specific technical expertise. Once virtualized, assets becomeliist 84 OAGAT Sya 2F (K
perspective: applications can interact over the network with them as things, using the FIWARE Open

API service exposed by the PSCB hub.

® https://catalogue.fiware.org/enablers/publishsubscrifm®ntextbrokerorion-contextbroker
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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 places conditions
Acknowledging the benefits @fdaptive capabilitiesn the Industrie4.0 era, several other initiatives
are exploring similar direction§tandards Development Organizations (SDSuh as thePlatform
Industrie 4.00r the Industrial Internet Consortium(lIC) 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 RAKID

RAM 4.0is an interesting architecture proposd.visual rendering of howeal world entitiescan be
YILWWSR (G2 G4KS - |yR , FTES& 2F w!alLQ&8 o5 Y2RSt A
Hierarchy Levels have a clear and unique mapping, whideQyi€le & Value Stream phases have a

more blurred correspondence.

YCle &y,
Layers C 625 90 alue g : 4
t'!am - 2

-~ ~.
.........

% . Contas N Cloud Level

P v D'V-ce 4

’ s _ i e ; =" Factory Level
//* e Y TR “Field Level

Virtual World _.--~~ ==  emmgm = Tt
Digital World _.--""

Real World

Figurel7 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 4.0solutions 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 A4ABLUE RAiicade 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 compatible witdustrie 4.0 systemsg as farasthis is possible in the

absence of a final specification documeRtAMI also has the notion 4.0 @mponents which can

0S YILIWISR (G2 RAFFSNBYyUG ({AYyRa 2F !'n.[! 9 e&@RdzZ 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 [IRAy
targetinga more generacompliance withthe layered architecture and the extensive use of databus
(even if AABLUE will prefer an Ev@nriven 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 WITHWARE for INDUSTRY

TheF4IRA fitswell with A4BLUE sinaeis concerned with the integration of the reanhd the digital
worlds, which happensvith the mediation ofloT, dealing with both Datén-Motion and Dataat-

Rest These domains roughly correspond t&A4BLUEShopfloor and Enterprise layers (further
describedin Sectiond6 ¢ REFERENCE MO{£)EThat said, lhe F4IRA notion of a context broker as

the central hub for all information exchanges can be considered as an enabling technology for the
Adaptation Frameworkhat is proposed byAABLUEFor these reasond;4l RA was the primary
inspiration for the desigonf A4BLUEnodular architecture, that is describedmext sction.

4.4 AABLUE RA

A Reference #hitecture (RA) is often a synthesis of best practices having their roots in past
SELISNASYOSo {2YSiAYSacikia cyhceptuaNiarmaMa@iatiSayaims 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&rAi NA G 2 dzi 02YS 2F (KS LINR2SOi
effort, paving the way to more technical efforts in WP3, WP4 and.\IViR&ur research, we are going

to consider some weknown and acceptedyeneric 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 thA4BLURA to become an asset not only in the scope of the project (as
the basis for theA4dBLUBRlatform specifications), but also in the much wider one adapting
workplaces where it may guide the desigof adhoc solutions havingvorker satisfactioras their

main driver.

The prime role of the AABLUE RA, as already stated, is to guide the engineering of the A4BLUE
tfFdF2NYET a2 GKIG GKS FANRG adl {SK2f RSmeknali2 oS
technical team (and in some extent also part of the business t®ane 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 effpend 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 thdJBR4&ilution
considering the initial results of T1.1 and T1.2 reporte®in4 (Requirements book) anB1.5(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 .5 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 1,2,3,4

Auxiliary Operations Operatqg 2

Workshop Supervisdtech.) | 2

Quiality Supervisor 1,3,4

MaintenanceTechnician 3

HumanResourceResponsible| 3

ProductionSupervisor 4
AssemblyPlanner 4
SystemAdministrator 2,34

Table2 Main actors identified in A4BLUE application scenarios
This table did not explicitly consider the system administrators that willlseo 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 shed below
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Asscmbh' Planner System Administrator
pew isor
Shop floor O pcrator

Assembly Oparator

Auxiliary DDcmiIDHS Operator M:umen:mce Technician

Production Supervisor Quallt',' Supervisor kasnap Supervisor Human Rcsourec Respon sible

Figurel8Involved actors

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 as essential requirementi .4

Identified as desirablequirementin D1.4

Identified in at least a use case applicatio1.5

Table3 Use case legend

5.2.1 FTR.0O4ldentity management

FTR.0Z Identity management

Objective

Manage users' access tA4BLUEapplications,to ensure secure and private
authentication, authorization & trust management, user profile managem
privacypreserving disposition of personal dateic.. Through the use of th¢
provided API, every module of an A4Bti#Bed system will be able to assess
user actually using thé4BLUEsystem, in order to start the adaptation proce
suitable for the specific logic provided by the requesting module.

Involved actors| ALL
Involved MOB.EN.IM
reference

components

External N/A
interfaces

Addressed use
level
requirements

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

Related

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

© A4BLUE consortium
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FTR.0Z Identity management

Application
scenarios
Related CH1.1CH2.2, CH3.1, CH3.3, CH4.1, CH4.2
challenges
Involved Use
<<component>> E]
cases MOD.EN.IM- Identity Management (IM)
dMAdmin. | e S <<Extend>> :-------
Management
TR <<Extend>> .
---------- <<Include>>
_________ <<Include>> N
............ <<Extend>> ------""7
UCO01.3- User
End User Management &Z---- <Extend> > SesEEEEEeeEEE
UCO01.3.2- Manage
Profile
!, <<Include>>
UCO01.3.3- Get
User Profile
_______ <<Include>> ~ T
UCO;:;&::?;;:Z:‘EO" ..... <<Extend>> ----------
Application

UC.A.1Application Management

Objective

Register and manage applicaticaisle to share the Identities

Initiation

On demand

Flow of Events

IdM Administratorregistersand configures a new application

IdM Administration manages existing applications
IdM Administration manages existing access/role granting at application le
IdM Administration manages existing access/role granting at user level
The systenprovidesfeedbacls on the result of the process

UC.@.2 Access/Role Management

Objective Managegranting configuration at application and user level

=A =4 =4 =4 =4

Initiation On demand

Flow of Events| 1 IdM Administration manages existing access/role granting at applicheiah
1 1dM Administration manages existing access/role granting at user level
1 The systenprovides feedbackon the result of the process
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UC.@.3 User Management

Objective

Manage useidentity and user profile

Initiation

On demand

Flow of Events

1 IdM Administratiormanages existinglentity
1 End User manages existing profile
1 The systenprovides feedbackon the result of the process

UC.01.4 Authentication & Authorization

Objective Manageapplication authenticatiorand authorization, providingnformation about
the currentuser profile
Initiation On event

Flow of Events

9 Application asks to verify authentication and authorization
1 Application retrieves information about the current user profile
1 The system providegranting and current usesrofile

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 theautomation/robots in an easy an
intuitive way.

Involved actors

Shop floor Operators

components

Involved reference | MOD.SH.MHMI

External interfaces | Interaction devices, sensors and actuators

Addressed user

level requirements | R2.3.17, R2.3.18, R2.3.19, R2.3.22,R2.4.14

R2.2.20, R2.3.1,R2.3R2.3.3, R2.3.4, R2.3.5, R2.3.6, R2.3.8, R2.3.9, R2.3

scenarios

Related Application| SC3.1, SC4.2

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

<ccomponents> g

Involved Use cases - e on

C02.1.1. 2] based on natural
speaking
1/C02.1.2.1-NVI based on GUI
/002.1.1.1-V1 based on defined™ ccEythnds>
' v
voice commands ceExtands> <<Eftend=>
.

T
<<fExtend>> iC02.1.2.-Non-verbal Interaction
———————— UC02.1.1.Verbal interaction (V1) NIy
|
|

<<Extend>>

|
| i
=<Bxand>> <<Extenti>> 1C02.1.2.3-NVI based on.
! extemal devices
|
—
mﬂm Human to Machine interaction

(1N} MOD.SH.AM. Automation a
UC02.1.1. -Feback request — mechnisms
Shop floor aperator [ olnchude>> N
‘ i
<l - '

UC02.2.1.1.V1SI based on <<Extend>> Uc0222.1.- AUDI based on
=11 <<Extpnd>> voice messages
lend>> B
<<Exenti>>
jC02.2.1.Visual Interaction L7
visly C02.2.2.- Auditory Interaction
P — (AUDI)
tehd

<<Eyteh> ,

f

< >

UC022.13.VIS| based on ceBxtbng>> Bxtpnat
push notifications 1
UC02.2.1.2.VIS! based on /C02.2.2..2- AUDI based on
projected images <<Extend>> ‘sounds
UC022.2. 3-VIS| based on
extemal displays or device

UC.02.1 Perform Human to Machineteraction

Objective Support the interaction of the shop floor operator with the automation/roQ
using verbal (e.g. voice commands, natural speaking) and/or nonverbal chg
(e.g. gestures, GUI, external devices) and receive feedback regarding theandr
interpretation.

Initiation On demand

Flow of Events| § The shop floor operator provides verbal and/or nonverbal input
9 The systeninterprets and fuses, if necessary, the user input channels.

1 The systemprovides feedback on instruction interpretation énrequest
confirmation, if required.

1 The shop floor operator provides confirmation, if required.

UC.02.2 Perform Machine to Human interaction

Objective Support the interaction of the automation/robot with the shop floor operat
using visual (e.g. Gldhd/or auditory (e.g. sounds, voice messages) mechanisr

Initiation On event

Flow of Events| § The systenprovides a visual and/or auditory output.
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5.2.3 FTR.03Safe Human Automation/Robot coexistence

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 floorOperators
Involved reference | MOD.SH.AS, MOD.SH.AM
components

External interfaces | Automation mechanism/robot, safety related sensors

Addressed user level R2.1.23R2.2.1, R2.2,2, R2.2,4, R2.2,8, R2.2,9, R2.2,10, R2.2,14, R2.2,1
requirements R2.2,19

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

Related challenges | CH2.2, 63.2, CH4.8,CH4.9

Involved Use cases <<component=> gl

Active Safety Management (MOD.SH.ASM)

h <<companant=>
UC-03.1. Share safely MOD.SH.AM. Automation
mechnisms
|
|
i
|
i
|
i

|
|
<Extend>> <<Extend>>
’
|
'

IC.03.1.1 Speed and separation :
meonitoring '
UC.03.1.2 : Safety-Rated Stop

Shop floor operator

UC.03.1 Share workspace safely

Objective Provide active safety mechanisms to adapt the behaviour of

automation/robot, considering operators context, to enhance the safety
environments where human andautomation/robots ceexst in fenceless
environments.The behaviour adaptation depends on the safety mode in p
and the regulations to be applied.

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

1 Speed & Separation monitoring mode:eparation distances ar
monitored (e.g. by using scanners, vision systems, proximity sensors
the robot speed reduces when an obstruction is detected and a
condition given if diect contact proximity is attained (Safetsted
monitored stop). It can include operator motion intention prediction
anticipate adaptation.

Initiation On event (safety related issue detected)
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UC.03.1 Share workspace safely

Flow of Events | 1 The system identifies a potential safety ussdue to the detection of ai
obstacle in the automation/robot working zone.

1 The system adapts the automation/robot behaviour to the detected situa
depending on the safety mode in place ang the configuration settings b
2y 2LISNI (2 NDldleO2yGSEGET AF | O

5.2.4 FTR.O4Integration with enterprise legacy systems

FTR.04.Integration with enterprise legacy systems

Objective Enable seamless integration of the enterprise level legacy systems to sU
adaptation to variability.

Involved N/A
actors

Involved MOD.SH.MS, MOD.EN.EM
reference
components

External Enterprise legacy systems (e.g. MES)
interfaces

Addressed R2.1.15R2.1.16
user level
requirements

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

Related CH1.1, CH1.ZH3.1, CH3.3, CH3.4
challenges

Involved Use <<gomponent>> ﬂ
cases MOD.SH,MS: Mediation Services

Shop floor operator UCO4.1. Update process info

<<00M ponent=:> El m <<component>> g
Legacy system wj/ MOD.EM.EM. Event manager
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UC.04.1 Update process info

Objective Allow the shop floor operator to interact with the legacy system to, for exan
start/end job order; start/end, operation operator login/logout, enter qual
information, etc.

Initiation On demand

Flow of Events | § The shop florr operator interacts with the legacy system during the proces

UC.04.2 Share information

Objective Share the updated information during the process.

Initiation On event

Flow ofEvents | The legacy systems shares the updated information (e.g. job order start
operation start/end, operator login/logout, quality information, etc.) with t
A4BLUE system when relevant

5.2.5 FTR.05Plug and produce adaptive automation mechanisms

FTR.05.Adaptive automation mechanisms

Objective Enable seamless integration of the automation mechanisms (e.g. robot, {

tools) and adaption to human, process or context variability.
Involved actors SystemAdministrator
Involved reference | MOD.SH.DM, MOD.SH.AM
components

External interfaces | N/A

Addressed user R2.1.7R2.1.8, R2.1.12, R2.1.15, R2.1.16, R2.1.23,R2.2.6, R2.2.10, R2.2
level requirements | R2.2.13, R2.2.14, R2.2.18, R2.2.22, R2.4.14

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

Related challenges | CH1.2, CH1.3, CH2.1, CH2.2, CH3.1,CH3.5, CH3.6, CH4.8, CH4.9
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FTR.05.Adaptive automation mechanisms

Involved Use cases <<component>> g

MOD.SH.DM: Device Manager

LICO5.1. Plug/Un Plug
automation mechanism

<<component> E
UC05.2. Share i il MOD.EM.EM. Event manager
<<gomponent>> E
MOD.SH.AM. Automation UC05.3. Adapt behaviour
mechnisms
i
: <<Include=>>

t7C05.3.1. Execute automatio
mechanism method

System administratom

UC.05.1. Plug/ Uiplug automation mechanism

Objective Allow the system administrator to plug/gplug the automation mechanisr
F2tf26Ay3 | AL dA g LINRPRdAzOS¢ | LILINE
Initiation On demand

Flow of Events | 1 The system administrator plugs/eplugs the automation mechanism

1 The system discovers the exposed variables and methods and registe
registers them. If relevant a registerédegister event is published.

1 The system subscribes to the exposed variables.

UC.05.2. Share Information

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

Initiation Onevent

Flow of Events | The automation mechanisms share the required information with the system.

UC.05.3. Adapt behaviour

Objective Adapt automation/robot behaviour based on the context.

Initiation On event

Flow of Events | The system executes thappropriate method to adapt the behaviour of th
automation mechanism to the context situation (i.e. considering human
process variability).
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5.2.6 FTR.06Adaptive assistance: on/off the job training

FTR.06.Adaptive assistance: on/off the job training

Objective Provide adaptive assistance through VR/AR
Involved actors ALL

Involved reference | MOD.EN.ARG

components

External interfaces | N/A

Addressed user leve| Organisational Level: R1.1, R1.2, R1.3

requirements Communication and Interaction Mechanisn®3.1, R3.5, R3.7, R3.8, R3.9,
R3.10

System Feedback and Assistance: R4.4, R4.10, R4.13
System Information and Instructions: R5.6, R5.7, R5.8, R5.9, R5.10

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

Related challenges | CH1.1, CH2.44H3.3, CH4.2, CH4.3, CH4.9, CH4.10, CH4.11
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FTR.06.Adaptive assistance: on/off the job training

Involved Use cases < <compenents= 2

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

- UCD6.1.1 - AR Guidance
_<<Ex‘h§|;d>>

X UCO6.1- AR Content N ___. £ e UC06.1.2 - AR Informations
Assembly  Maintenance Visualization == == Visualization
Qperator  Technician

T UC06.1.3 - AR Remote
Assistance

i
i

==Depends on>>
i

¢I=Depe nds on=

: - UCD6.2.1 - AR Voice
D P <<Extend==" Command Interaction
UC06.2- AR fﬂteracﬁo)
< Tm---zzEuytend==
AR T UC06.2.2 - AR Gesture

User e

Interaction

<=Depends on==

N UC06.3.1 - AR Visual
=<Extends>" Feedbacks and Notifications

UC06.3 - AR Feedbacks )
and Notifications

UC06.3.2 - AR Audio
Feedbacks and Notifications

h
E I
f
‘

Admin \

UCO06.5 - AR Adaption
To Workspaces

f UC06.4 - AR Data Collection

UC.06.1 Augmented Reality Content Visualization

Objective Provide digital content (information, instructions, multimedia, etc.) in
Augmented Reality environment in order.

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

Initiation On demand

Flow of Events | § The operator wears his AR device

91 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

1 The operator interacts with the digital ctemt in an immersive way
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UC.06.2 Augmented Reality Interaction

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

Flow of Events

1 The operator starts an ARsualization 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 operatofeedbacks and notifications through digital visual sigr
(projected messages, highlights, visual indicators) and auditory effects
Initiation On event

Flow of Events

9 The operator starts an AR visualization session (see UC.06.1)
1 An event that needs to beotified to the operator occurs
0 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 collect data for analysis of system performance @timisation
needs.
Initiation Automatic and continuous

Flow of Events

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

1 The AR device continuously collects data about the usage and elemg
events occurred on the device, without asking teerator for confirmation

1 The log of collected events can be extracted and exanimated later in
moment

UC.06.5 Augmented Reality Adaption to Workspaces

Objective Provide to the system administrator the possibility to easily setup the virtual s
in order to adapt it to the real world. On introduction of new automated systen
robotics the AR application receives the new configuration automatically.

Initiation On demand

Flow of Events

1 The system administrator reconfigures the workspace setuphen A4BLUE
backend platform
1 The operator finds the new configuration on his AR device

UC.06.6 Virtual Reality Training

© A4BLUE consortium
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UC.06.6 Virtual Reality Training

Objective Provide an ofthe-job tool able to train the operators on working procedures. 1
tool will exploit 3D and Virtual Realitgchnologies in order to realistically recred
the workspace in a virtual world and to provide a full immersion experience.

Initiation On demand

Flow of Events

1 The operator gets to the workstation where the Virtual Reality applicatig
installed andprepare himself for the simulation by wearing a VR headset
by grabbing the appropriate VR controllers

The operator selects the training procedures he wants to train in

The operator follows the instructions and learn how to perform the preser
tasks

= =4

5.2.7 FTR.07Adaptive assistance: collaborative knowledge management

FTR.07.Adaptive assistance: collaborative knowledge management

Objective

Connect human implicit knowledge with factory and production knowleg
making use of robust ICT solutions tooyide an onlineCollaborative Working
Environment (CWENhere users can discuss on uncertain environments, ¢
from experience of the other members of the platform, elicit tacit knowlefigen
the workers,and evaluate problems usin@llaborative Decison Making (CDM)
processes to find quick solutions.

Involved actors

Assembly Operator, Workshop Supervisor

Involved MOD.BU.KM
reference

components

External N/A
interfaces

Addressed use
level
requirements

System Feedback and AssistariRé:9 R4.16
System Information and InstructionR5.5

Related SC2.2
Application

scenarios

Related CH2.5
challenges
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FTR.07%.Adaptive assistance: collaborative knowledge management

Involved Use
< <COMPONENts > a
cases MOD.BU.KM- Collaborative Knowledge Platform

UCO7.1- Create [
Manage UGC
_____ < <Extend: >
UCO7.2- Search [
Retrieve UCC

End User -=:‘-=:Extend>g-

Uco7.2.2- Find
Experiences

UCO7.3- 5tart
Collaborative Process

UC.07.1 Create/Manage UGC

Objective Create and rmanageUser Generated Content (UGC)

Initiation On demand

Flow of Events| 1 End Usecreates,managesand enrichesis/her own UGCs
1 End User enriches UGCs created by other members of the MOD.BU.KM
1 The system provides feedbacks on the result of the process

UC.07.3 Search/Retrieve UGC

Objective Retrieve and browse User Genera@&dntent (UGC).

Initiation Ondemand

Flow of Events| 1 End User browses and retrieves UGCs
o End User browses and retrieves skills
o End User browses and retrieves experiences
1 The system provides feedbacks on the result of the process

UC.07.3 Star€ollaborative Process

Objective Start collaborative process with the community

Initiation Ondemand
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UC.07.3 Star€ollaborative Process

Flow of Events| |

End Useselecs the collaborative process to start (e.g. a collaborative deci
makingthrougha SWOT analysis)

1 End User engages othasers from the community
1 The system provides feedbacks on the result of the process

5.2.8 FTR.08Adaptive assistance: decision support

FTR.08.Adaptive assistance: decision support

Objective Support decision making related to process, maintenanceiasiection activities
by enabling the involved workers (e.g. shop floor and maintenance operators
supervisors) to access the relevant information collected during the operg
process when required (e.g. related to process parameters, defects, doasjim

Involved Shop floor Operator, Supervisor, Maintenance technician

actors

Involved MOD.BU.DSS

reference

components

External N/A

interfaces

Addressed R2.1.1.,, R2.1.2, R2.1.6, R2.1.7, R2.1.16, R2.1.22, R2.2.3, R2.2.RR2.27,

user level R2.2.13, R2.2.17, R2.3.11, R2.3.15, R2.3.22, R2.4.6,R.2.4.20, R2.5.1, R2.5, R

requirements

R2.5.10

Related
Application
scenarios

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

Related
challenges

CH1.3 CH3.5, CH4.5, CH4.6

Involved Use
cases

<<gomponents= E
MOD.BU.DSS: Decision support system

A

Shop floor operator

A

Maintenance operator

A

Supervisor

UC08.1. Access decision
suppaort information

<<components=
MOD.EN.EM. Event manager

UC08.2. Notify intervention
\Ey
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UC.08.1. Access decisisapport information

Objective Enable the collection and visualisation of relevant information to support
involved workers decision making process though visual analytics capabilities
Initiation On demand

Flow of Events

The users (e.g. shop flooperators, maintenance operator, supervisors) acc
visual information collected and processed by the system

UC.08.2. Notify intervention request

Objective Notify the users though appropriate channels when their intervention
requested.
Initiation On event

Flow of Events

The users (e.g. shop floor operators, maintenance operator, SUpervisors
notified of intervention requests (e.g. collaboration, maintenance, inspecti
guality) using appropriate notification channels (e.g. push notificatiemail,
graphical user interface, light indicator, etc.).

5.2.9 FTR.9Performance monitoring

FTR.09.Performance monitoring

Objective

Enabling the evaluation process to be performed by supporting the collectior]
visualisation of key performance indicatqit§Pls) to assess the impact, from
economic and social perspective.

Note: It involves only the information generated in theA4BLUE domain.

Involved actors

Supervisors

Involved MOD.BU.MOM, (MOD.EN.DSS, MOD.BU.CQMS)
reference

components

External N/A

interfaces

Addressed user
level
requirements

R2.1.1,R2.2.2,R2.1.21,R2.5.1,R2.5.2,R2.5.10,R2.5.11

Related SC1, SC2, SC3, SC4
Application

scenarios

Related CH4.6

challenges

© A4BLUE consortium
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Involved Use
<coomponents > g'

cases MOD.BU.MON: Monitoring

<<oomponent>>
MOD.BU.DSS: Decision support system

UC08.1 Select relevant KPls

UCOe.2. Set critical KP| limit

UCO®.3. Access KP| based on
process Information

Supervisor

Wil

<<00M ponent== E
MOD.BU.COMS: Tool Me asurement of
Satisfaction

UC09.4. Access KP| based

On SUrveys

UC.09.1. Select relevant KPIs

Objective Enablesupervisors to select the relevant performance KPIs that will be meas
to support decision making and to avoid manual measurement of KPIs.

Initiation On demand

Flow of Events |  Supervisors open a list of predefined KPIs
1 Supervisors select the relevariPls

UC.09.2. Set critical KPI limit

Objective Set the range within the KPI value is acceptable

Initiation On demand

Flow of Events | 1 Supervisors define the range within the KPI value is acceptable wi
further action

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

UC.09.3. Access KPI based on process information

Objective Enable supervisors or Assembly Planners to access relevant performance KPI
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UC.09.3. Access KPI based on process information
in informationcollected during the process.

Initiation On demand

Flow of Events sypervisors access provided performance KPIs collected and processed
system

UC.09.4. Access KPI based on survey information

Objective Enable supervisors to access relevpatformance KPIs based surveys.

Initiation On demand

Flow of Events| sypervisors access provided performance based on surveys.

5.2.10 FTR.10Automation level definition support

FTR.106.Automation level definition support

Objective Provide a tool to identifythe optimal automation configuration throug
varying criteria and process parameters from a séeghnical as well a
from an 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

Related challenges | CH4.7, CH4.12

Involved Use cases

«COmponents E
MOD.BU.ACE: Automation Configuration Evaluation

UC10.1.1 Vary
parameter

UC10.1 Parameter
input

A

=
) ==Include==>
Supervisor -

UC10.1.2 Receive
optimal solution
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UC.10.1 Parameter input

Objective

Provision of system parameters

Initiation

On demand

Flow of Events

1 AssemblyPlanner 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 forquantitative measurement of satisfaction enabli
the involved users to complete the worker satisfaction questionnaires in an
way and evaluate the results.

Involved actors

Shop floor Operators, Supervisors

Involved MOD.BU.CQMS
reference

components

External N/A

interfaces

Addressed use
level
requirements

R2.1.13R2.1.14R2.4.12

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

scenarios

Related CH4.10

challenges
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FTR.1%.Worker satisfaction assessment

Involved Use
cases

<<gomponent==

MOD.BU.CQMS: Tool fMeasurement of Satisfaction

UC.11.1. CRUD users =
<<Include>>
UC.11.2. CRUD worker satisfaction ™S -
questionnaire(s) \
I
i

I
I
i
I
i i
<<Include>> H .
UC.11.1.1. Receive feedback

gl

<<Include>>

Q

A

System administratorr

UC.11.3. Complete worker satisfaction
qguestionnaire(s)

UC.11.4. Access individual worker
satisfaction questionnaire(s) results

UC.11.5. Access aggregated worker
satisfaction questionnaire(s) results

Shoap floor operator

%L

Maintenance operator

A

Supervisor

Other
specifications

Support online (on evdrbased) and offline (stand alone, on schedule) operat

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 othe result of the process (UC.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 deletpgestionnaire.
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 @thedule (offline) or on event bas
(online).

Flow of Events

1 The systermdisplays the list questionnaire.
1 Shop floor operator selects the questionnaire.

© A4BLUE consortium
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UC.11.3Browse worker satisfaction questionnaire

1 The systendisplays selected questionnaire (UC.11.1.1)

UC.11.4 Complete worker satisfaction questiueire

Objective Provide the answers to the questionnaire and save it.

Initiation On demand

Flow of Events | 1 Shop floor Operator completes the satisfaction questionnaire.
1 Shop floor Operator saves the questionnaire results.
1 The systenthecks if all theequired questions have been completed.
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 viest worker satisfaction questionnaires results

Objective Access individual results of worker satisfaction questionnaire(s)

Initiation On demand

Flow of Events | 1 Users ask for individual worker questionnaire results.

1 The systemdisplays the collectedesults (UC.11.1.1). All the collect
information is represented in an easy way prioritising graph
representation whenever possible.

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

Objective Access aggregated resuttbworker satisfaction questionnaire(s)

Initiation On demand

Flow of Events | 1 Supervisor asks for aggregated worker questionnaire results.

1 The systemdisplays the collected results (UC.11.1.1). All the colle
information is represented in an easy wayrioritising graphica
representation whenever possible.
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5.3 VERIFICATION

The following traceability matrixed are intended to comply with th¥ Wrocess describes in D26 ¢ Sa i LX | y &

5.3.1 Requirements Feature traceability matrix

Findfollowing the relation between the user level requirements identified in D1.4 and the defined features.

Features
FTRO4 FTRO5 FTRO6

Iy R

aLSyaAGh AC A S SINASAC

211

2.1.2
2.1.3

2.14

2.1.5

2.1.6

2.1.7

2.1.8
2.1.9

2.1.10
2.111
2.1.12

2.1.13

2.1.14
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Features
FTRO1 \ FTRO2 \ FTRO3  FTRO4  FTRO5  FTRO6  FTRO7 \ FTROS \ FTRO9  FTRIO \ FTR11

Requirement

2.1.15

2.1.16

2.1.17
2.1.18
2.1.19
2.1.20

2.1.21

2.1.22

2.1.23

2.1.24

221

2.2.2

2.2.3

224

2.2.5

2.2.6

2.2.7

2.2.8

2.2.9
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Features
FTROL | FTRO2 ~ FTRO3 ~ FTRO4  FTRO5  FTRO6  FTRO7  FTRO8 = FTRO9  FTRIO  FTRIL

Requirement

2.2.10

2211

2.2.12

2.2.13

2.2.14
2.2.15

2.2.16

2.2.17

2.2.18

2.2.19

2.2.20

2221

2.2.22

231

2.3.2

2.3.3

234

2.3.5

2.3.6
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Features
FTRO1 \ FTRO2 \ FTRO3  FTRO4  FTRO5  FTRO6  FTRO7 \ FTROS \ FTRO9  FTRIO \ FTR11

Requirement

2.3.7

2.3.8

2.3.9

2.3.10

2.3.11
2.3.12
2.3.13

2.3.14

2.3.15

2.3.16

2.3.17

2.3.18

2.3.19

2.3.20

2.3.21

2.3.22

24.1

2.4.3
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Features
FTRO1 \ FTRO2 \ FTRO3  FTRO4  FTRO5  FTRO6  FTRO7 \ FTROS \ FTRO9  FTRIO \ FTR11

Requirement

24.4

245

2.4.6
2.4.7
2.4.8
2.4.9

2.4.10
2411

2.4.12

2.4.13

2.4.14

2.4.15

2.4.16

2.4.17

2.4.18
2.4.19

2.4.20
2.4.21
2.4.22
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Features
FTRO4 FTRO5 FTRO6 FTRO7 FTR10

Requirement

FTR11

251

25.2

253
254
255
2.5.6
2.5.7
2538

2.5.10

2511

2512
2513
2514
2.5.15
2.5.16

Table4 VERIFICATIORequirements Featuretraceability matrix
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5.3.2 Challenge Feature traceability matrix
Find following the relation between the challenges identified at use case application level and reported in D1.5 and¢laefelatiires.

Features
FTRO1 \ FTRO2 \ FTRO3 \ FTRO4 \ FTRO5  FTRO6  FTRO7 \ FTRO8 \ FTRO9  FTRIO  FTRI1

Challenge

CH1.1
CH1.2
CH1.3
CH2.1
CH2.2
CH2.3
CH2.4
CH2.5
CH3.1
CH3.2
CH3.3
CH3.4
CH3.5
CH3.6
CH4.1
CH4.2
CH4.3
CH4.4
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Challenge

Features

FTRO1

CH4.5

FTRO3 FTRO4 FTROS5 FTRO6 FTRO7 FTRO8 FTRO9 FTR10 FTR11

CH4.6

CH4.7

CH4.8

CH4.9

CH4.10

CH4.11

CH4.12

Table5 VERIFICATIORhallenge Feature traceability matrix
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6 REFERENCE MODEL

The A4BLUE Reference Model (RM) primarily supports the functional requiramehst the
system should provide in terms of services to its users. The system is decomposed into keset of
abstractions, taken (mostly) from the problem doma#s stated in previous Sectiob. This
decomposition is not only for the sake of functional analysis, &ds® 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, by providing a description of thei®lgimen
the A4BLUE solution at a conceptual level (starting from the Reference Implementation described in
the DoA, and then updated following the specifications).

A dedicated naming convention has been used to define the unique codes used all over the
document (and in further project deliverables linked to the current D2.6). Here the main rationale
behind this conventiofis:
f dah5¢é LINBFAE A& dz&AaSR (2 ARSydGAaATe SIOK O2RS NI
T a{1 k9bk. !¢ O2RS A& dza SR thé the RA\lhasfing the speificgdi A F&
moduleas further specified in the rest of this sectifire. SH for shopfloor, EN for enterprise,
and BU for business);
T a-,%e A& | AK2NI YSY2yAO O2RS O2YAy3a FNRBY (K¢

The rest of the section wiffresent the mentioned components, by grouping them into thfell
breakdown structured 8 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 8bop IT
systems (e.g. PLC, CPS and existing legacy 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 managinthe core components needed for adaption management using an Event
Driven Architecturein order to provide the assistance serviceghis layer will be also
enhanced by tools supporting the tactical decisioaking processes by producing and
consuming digiteinformation coming from the other layers.

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

The reference components are listedrk below:

1 SHOPFLOOR
0o MOD.SH.M8Mlediation Services
o MOD.SH.AMAutomation Mechanisms
o MOD.SH.DMDevice Manager
o MOD.SH.MMIMultimodal Interactions
1 ENTERPRISE
0 MOD.EN.CM- Collaborative Asset Manager
o0 MOD.EN.EMEvent Manager
0 MOD.EN.ARG/R/AR based trainingral guidance
T BUSINESS
o0 MOD.BU.KMCdlaborative Knowledge Platform
0 MOD.BU.DS®ecision Support System (DSS)
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o MOD.BU.MONMONITORING
0 MOD.BU.AGRutomationConfiguratiorEvalation
o MOD.BU.CQMEomputer based tool for the meaement of worker satisfaction

6.1 SHOPFLOORAYER

6.1.1 MOD.SH.MSMEDIATION SERVICES

Gah50{-a®RAF A2y aSNBAOSa¢ O2YLRYSY(l adzLlR2NIa (KS
level legacy systems (e.g. Manufacturing Execution Systetaes). Figurel9 shows the component

diagram representing the decomposition of the MOD.SH.MS component into Functional Building
Blocks (FBBs) and the relations and data flows between them.

<<component=> g <<component>> $:| <<component>> g
Legacy system MOD.SH.MS: Mediation Services MOD.EN.EM : Event Manager

<
<<flows> <eflows> Produced epent

Process dala Process Dala (Legacy2ontrolData) (PracessEvpnt))

<<component>>
secomponentz> ] <<flow=> “<component>> &]| Provess Data Scomponens> g <l EM.01.- Publlish/S ubscribe
LS.01. Legacy mediation ws.o1. MS.02.MS Event Consumed rent

agent Process Data (Control2-egacyIDatlmanagement services Adaptor (ResponsePpockssEvent | Gontext Broker (CB)

Figure19MOD.SH.MS. High Level module decomposititegacy systems integration

¢[{®nm [ STl 08 YSRAILGAZ2Yy | 3Sydé Aa €S3F0e aeads
supports the bidirectional data exchange process between an already in place legtry ayd the
da{dnm® aSRAFGAZ2Y YIylI3aSYSyd aSNBAOSa¢ O2YLRYSY
LJdzo f AAK YR &dz0AONAOGS OFLIoOoAfAGASAE YR | RILNaA
aSRAFGAZ2Y YIFyYylF3SYSyld &SNIWAOS d»y theiBventiMaagerSENyY G T 2
component. It also transforms events coming from EM Event Manager (EM) component into process

data to update the legacy system (e.g. information collected during the execution of the operations
performed by the automation mechams).

Table6 summarises the Functional Building Blocks (FBB) involved in MOD.SH.MS identifying the type
and scope.

Software Scope

Graphical
User
Interface

Business Data Offline = Online
logic repository  mode mode

LS.01. Legacy mediation agehtS.01.
Mediation management services

MS.02. MS event adapter

Table6 MOD.SH.MS Functional building blocks summary

6.1.2 MOD.SH.AMAUTOMATION MECHANISMS

Automaton mechanisms in the scope of A4BLUE involve both robots and smart Riplse 20
shows the component diagram representingetdecomposition of the MOD.SH.AM component into
Functional Building Blocks (FBBs) and the relations and data flows betweenRigene21, included

in the following section, provides further details about the integration of the automation
mechanisms with the A4BLUE system.
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<<gomponent>> E <<COmMponents> E
MOD.SH.AM. Automation mechanism MOD.SH.MS: Device Manager
<<gomponent=> E DISCOVERY
AM.02. Automation GUI
) (_(tb‘ > ot <<component>> g]
a
PR . DM.01.Semantic
<= figu> representation registrator
commgand inlfo El
<<flows>
gl < E <ok b <<Components>
AM.01. Automation AM.03. Local automation . . DM.02.0PC UA Discovery
hardware control sarver
<<gomponent=>
AM.05. OPC-UA Server
=<flow==> OPERATION
automation data values <<flofy>
_____________ to ion data
| c<component> | o> <<fiows> ok DM.03. Device manager
AM.04. Automation autemation data
: oation: : method to be executed/iparameters monitored valiabie falues OPC-UA Client
<efibwi>
T method to be ters

Figure20 MOD.SH.AM. High Level module decomposition

¢CKS dal!adnod [20Ff |dzi2VYl GA2yzi@ay (iNRIyT KNENRGZ yWENE
smart tool) that could involve auxiliary devices (e.g. camera, force sensor, etc.) to improve the
accuracy of the process in ond® get a better final resultgollects updated automation data values

and allow remte exeattion of exposed methodsFurthermore, the automation mechanism can

involve a graphical user interface to support user interaction (AM.02. Automation GUI).

The automation mechanism should include QRCtechnology to support standard based plug and
produceintegration with the A4BLUE solution. This involves AM.05.-@®Gerver aiming to: (1)
register automation semantic information (i.e involving available automation data and methods); (2)
register communication information (IP, port) into the DM.02 OPdidéovery server; (3) provide
updates of the monitored automation data and execute automation methods. Optionaly it could
include a repository to persist relevant data (i.e. A¥ Automation repository).

Table7 summarises the Functional Building Blocks (FBB) involved in MOD.SH.AM identifying the type
FYR a02LIS® ! dzi2 Y (A 2y-!YWHEKTYiMERWa  YoSaCeKh: Sydi{al Y@l va O2 Y
either offline (i.e. independeatly of the AABUE frameworkdr online (i.e. integrated in the A4BLUE
framework).

Type (SW) Scope

Type (Hw) Craphical Business Data Offline  Online

User

Interface logic  repository mode mode

AM.01. Automation
hardware

AM.02. Automation GUI

AM.03. Local automation
controller

AM.04. Automation data
repository (opt)

AM.05. OP@A Server

Table7 MOD.SH.AM Functional building blocks summary
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6.1.3 MOD.SH.DMDEVICE MANAGER

Gah5d{-5&®Wa OS YampdnehSshigports plug and produce capabilities by enabling the
integration of external automation mechanisms & standardised mode (i.e. OR{A based). It
involves both the discovery and operation processes supporting the plug and produce approach.

Figure21 shows the component diagram representing the decomposition of the MOD.SH.DM into
Functional Building Blocks (FBBs) and the relations and data flows betweeriah#ma integration

of automation mechanisms. Furthermore, it includes the interaction with the Event Manager
(MOD.EN.EM), through the EM.01 Publish/Subscribe Context Broker (CB).

<<gomponent>> E
MOD.SH.DM: Mediation Services
e g | o7 [ o
DISCOVERY po
MOD.SH.AM. Automation mechanism MOD.EN.CAM Collaborative asset manager
E flow compenent $:| sefows> T penent:
cdfiows> << > ) << >
atormatoh shmante iformation DM.01.Semantic autemation semantic infermation /data values-methofis CAMLOY.. CAM SERVICE
idald values-methods reprasentation registrator |
<<flow>> <=fHw=>
communication information
<<gomponent>> pr—— <<oomponent>> gl
AM.05. OPC-UA Server CAM.03.- Virtual Asset
5 cefiows> DM.02.0PC UA Discovery repository
5 endpoint channel server

{fhow==

atipr| data to

OPERATION

<<flow>>

Tlows>
method to be executed! Pyrameters

c<flow=> automation data values

subscription to automatign diata <<component>> E <<component>> E
p— DM.03. Device manager el DM.04 DM event adapter

automation data valuels OPC UA Client methed to be executed!/ Parameters

<<flows>
mathod to be executedi/ Pafametars.

<
<<lifwe>
Produced) event Consumgd event(

<<gomponent>>
EM.01.- PubllishiSubscribe
Context Broker (CB)

<<component>>
MOD.EN.EM : Event Manager

Figure21 MOD.SH.DM. High Level module decompgmsi ¢ automation mechanisms integration

Discovery process

The discovery process is initiated when a automation mechanism is plugged or unplugged. The
business logi@ ¥ (G KS RA&ZO02OSNE LINRPOS&aa Ayg2t@Sa GKS da5a
that registers (i.e. whe the automation mechanisms is plugged) or-régisters (i.e when the

automation mechanisms is unplugged) the semantic representation provided by the automation
mechanisms (i.e including information on the provided automation values rmethods and
FaaAayldAazy 27 0KS +Fdzi2Yl GA2y YSOKFIyAay G2 (KS
NBLR2aAG2NERé (GKNRdIzZAK (GKS 4G/ !'adnmd/ la {9wxL/ 9%
alyl3SNE®D® ¢KS a5adnu ht/ |1 sRif ORC2UASSHIBers 3h& NIB S NE Y
NEIA&ZGSNBR YR LINPPARSE YSOKFIyAavya F2N Ot ASyida o

Operation process

The operation process is running while the mechanism is plugged@hi.business logiof the

operation processii a4 dzLJL2 NI SR o0& GKS ad5adnod 5SPA0OS Yyl 3¢
the automation values monitored by the automation mechanism and executes the appropriate
YSGK2R&AXYX ¢KSY NBIdZANBRI GKNRdAK (GKS NRA@BKAIPCL dzii 2 YI
'l ASNBSNDL @ ¢ KS a5 asdppantsbpulflish anfl guSs¢ribe clapabilitida &dlddapts
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0KS S@Syia LBPRRAAZOSGR5 S8GA0KSYlayl HENIKS/ SRSy Of F3WNiré
by the Event Manager (EM) c@anent. It also transformsvents coming from Event Manager (EM)
component into commands to be executed by means of the appropiated methods exposed by the
automation mechanism.

Table8 summarises the Functional Building Blocks (FBB) involved in MOD.SH.DM identifying the type
and scope.

Type (SW) Scope

Graphical

Business Data Offline Online

User logic repository | mode mode

Interface

DM.01. Semantic representation
registrator

DM.02 OPC UA discovery server
DM.03. Device manager OPC UA client
DM.04. DM event adapter

Table8 MOD.SH.MS and MOD.SH.DM Functional building blatkamary

6.1.4 MOD.SH.MHMIMULTICHANNEL HUMANUTOMATION/ROBOT INTERACTION

dahb5 ®{ | -daltichahnel Humad dzi 2 YF A2y Kk NRo20 AYUGSNIOGA2YyE A
multichannel input/output mechanisms enabling the shop floor operator to interact with the
automation mechanism (e.g robots) through gestures, voice, lights, soettsDepending on the

situation a unique interaction/data sourcenay not be enough as it can only provide partial
informationwhich may beunreliable (i.e. due to environmental conditions such as poor light or high

noise.). Furthermore, the shop floor ogors can have different profiles that make an interaction

channel more suitable than another.

¢CKS dadzZ GAOKI¥YRST GAEzYkXNRPO020 AYUSNIOGAZ2YE 02 Y LR
Machine (H2M) and Machine to Human (M2H) interaction through multiple oblaneuch as

gestures, voice, lights, 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) ftoteract 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 can interact with the
automation mechaisms through different interaction channels and even though several at the same

time. Depending on the channel different data sources devices/sensors (e.g. MS KINECT for gestures
capture, etc) or graphical user interfaces (GUI) can be involved.

Figure22 shows the components diagram representing the decomposition of the MOD.SH.MHMI
component into Functional Building Blocks (FBBs) and the relations and data flows ha¢hges
Furthermore, it includes the interaction with the Event Manager (MOD.EN.EM), through the EM.01
Publish/Subscribe Context Broker (CB).
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MOD.SH.AM. Automation multichanne! inte pretaticn + IP MLO3. MHMI Execution
mechanism <efiows{> Sarvices
[H2M actign to bp executed
<<fiows>
<<compenent>> €| <tfiow=| multichannel interpretation
AM.02. Automation reedback pn mult-channel
Gul k <<flows>
unichannel interpratation (gesture, voice, etc)
<<components> @ g
a ML02. Uni-channel 5 g
k] interpreter 18 3
: 8 ]
&g H & ze
g 2 iy -
<<fiofy>: 2 N % ¥ 2
teractipn da % S g
<<<<<<<<< ¥ = <<component>> =
<fiop> g]| ¥= por =
<=device=> MLO1. Mul m-cn nnel < ML05. Multi-channel g 2
Interaction device foedback on ulti-cannal [ 0 Kl
intemtation| raction manager 5 fusion engine
<<gomponent>> @
MOD.EN.EM : Event Manager
<<figwe>,
<<component>> g] Prodcefl Evint <<component>>
<<component>>
por g] N - MLOG. MHM! event (ProcedsEvefnt) EM.01.- PubllishiSubscribe
MLO4. MHMI data a 5 Context Broker (CB)
) 2 adapter
repository 3 W B
Y
S
T
i
3
<<flows>
context information <<componant>: g] <=flows> component gl
CAM.01.- CAM CAM.03.- Virtual Asset
SERVICE repository
<<component>>
MOD.EN.CAM C asset manager

Figure22 MOD.SHMHMI. High Level module decomposition

¢KS dal ©mamelmezacki 2y YI yFASNE A& GKS adz O02YLRYySyl
the components to perform the Human to Machine (H2M) and Machine to Human (M2H)
interaction. It performs multchannel interpretation, manages feedback, considers context
information from the@A NXidz- £ | aa4SG NBLRaAAG2NE o0da/ ! adnod®
ai2NBa YR NBUGUNARSOSE AYyF2NNIGAZ2Y T Bpports @daS d a
persistence for incremental learning interpretation readiness.

Specificdi a L @n4O® | Yy 8§t AYISNIINBGISNE Ay i SNLIMBMG Bulti KS Ay L
OKI yySt AYGSNI OGA2Y YI Yyl 3SNE 0laSR 2y GKS asSyl
NEBLI2ZAAG2NE 64/ ! adnod =+ ANIdz f I—dVMIEEchanneNB—IUd%aﬁAuENb
AR YI GA2YKNRO20 AYUSNIOlGA2yEéE O2YLRYySyl Ay Of dzR S
channels are involved in the interaction.

AN
L&

<<components> E <<component>>
MIL02.1. Gesture MI.02.2 Voice interpreter
Interpreter
<<gomponent=> <<component> {l <<gomponent>>
ML.02.3 GUl interpreter >  MLO2. Uni-channel <}———— ML02.4 External device
interpratar interpreter

Figure23MOD.SH.MHMI. H2M interaction channels

¢ KS &al daOKptay yaSdzt (FAdza A 2 y-ch&nhyfeRHihtefpbetatioFsdzd. Partial) congidering

the semantic informationas well as relevant context informatiorstored inthed/ ' a®no ® + A NJi «
I 44aS3G NXahd2piokide® tHé& €éomplete multichaeh interpretation. This interpretation is

OGN} yaF2NX¥SR o0& GKS GaLdnod® alal SESOdziAzy &SNID
action (e.g. EXECUTE, RESUME, STOP) and the operation to be performed (e.g. Assembly, etc)

CAYylLtftes (KSOSWEEL PNRICPLIGS MA & dzLJLJ2 NIia Lldzof A &K yﬁ 3
O2YYl YR ARSYUGATASR o0& G(GKS daLdnod alal SESOdziaAz2y

Event Manager (EM) component.
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Table9 summarises the Functional Building Blocks (FBB) involved in MOD.SHMHMI identifying the
GeLIS I yR &02 LIS ®ulticharind @ymadbdzli a ¥ GA2ykNRBOo20G AYyGdSNIF O
can work either in online (i.e. inteated in the A4BLUE framework) or offline (i.e. as a module
independent of the A4ABLUE framework) mode.

Type (SW) Scope

Graphical

Business Data Offline  Online

USer logic  repository mode mode

Interface

MI.01. Multichannel interaction manager

MI.02. Unichannel interpreter

MI.03. MHMI execution services

MI1.04. MHMI data repository (opt)

MI.05. Multichannel fusion engine
MI.06. MHMI event adapter

Table9 MOD.SH.MHMI Functional buildinglocks summary

6.1.5 MOD.SH.ASACTIVE SAFETY

MOD.SH.A8ctive 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 monitoring modednd KS 2 LISNJ G2 NR& LINRFAE SO

CKS a! OGAGS alFSheé¢ O2YLRYySyld Syl ot Sa sOppihg Aarz2y
motion, reducing speed)f the automation/robot based on human and environment perception (e.g.
distance to an object, operator motioanticipation, intrusion in safety zones, etc.) as well as on
2LISNI G2NRa O2yGSEGO®

Figure 24 shows the components diagram representing the decompmsitof the MOD.SH.AS
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
Publish/Subscribe Context Broker (CB) to ssafdty related events, if relevant.

<<components> E
MOD.SH,MI: Multimedal interaction
<<components> $:|
MOD.SH,AS Active safety
- <flo>
<<device>> a E
AS.01. Tracking
<<component>>
MOD.SH.AM. Automation mechanism
<< flows>
posiion < flowle >
(adlapt ropot
- " a =<gomponent>> El
AS.02. Safety controller AM.03. Local
controller
<<components > a
AS.03. Safety
configuration repository
<<flow=>
configuration
<<Component>= $:|
AS.04. Safety
configurator

Figure24 MOD.SH.AS. High Level module decomposition
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Ge O2yiNRffSNE GHKAOK I
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The key sub componentistiiea! { dnud { | F
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O2yGNBffSNE AYGdSNI}Ola RANBOGEE gAGK GKS NRo2d f2
a! { dnm P  ¢tde @atakrofitbénsodgdLh as scanners, vision systems or proximity sensors to
identify and track the position of target elementTracking can involve human and safety zone

GNI O1Ay3 o66a! {danmdm | dzYlFy ¢NIO1lAy3IE YR a! { danmdHd

BE

<<component>= <<component>> <<COMm ponent=>

AS.01.1 Human tracking AS.01. Tracking 1 AS.01.2. Zone tracking

Figure25MOD.SH.AS. Tracking
G'{onnd { FSGe O2yFAIdzNI 62NE Syl ofSa GKS aeaidsSy

Table10 summarises the Functional Building Blocks (FBB) involved in MOD.SH.MI.AS identifying the
type and scope.

Type Scope

Graphical

Business Data Offline  Online

EEl logic repository | mode  mode
Interface 9 P y

AS.01. Tracking
AS.02. Safety controller

AS.03. Safety configuration repository

AS.04. Safety configurator

Table10 MOD.SH.AS Functional building blocks summary
6.2 ENTERPRISEYER

6.2.1 MOD.EN.CAMCOLLABORATIVE ASSET MANAGER

In the context of the Manufacturing Industryiangible Assets (TAdre physical objects with
economic value like machinery, tools, materials, workplace equipment, hardware, software, factory
buildings, transportation vehicles, etc. In reabrld scenarios, TAs are usually complemented by
Intangible Assets (IA)which arekey business drivers whose essence is an idea or knowledge, and
whose nature can be defined and recorded in some wayg., technical or scientific knowledge,
worker skills and their level of adaptability, technological solutibasiness relationshipgtc.

Asset virtualizationis the process by means of which Tangible and Intangible ASBéfg (n a
Manufacturing Enterprise or Ecosystem are represented in digital formgiraglized Assets (VA)
The individual steps of a typical asset virtualizagiwocess are the following:

1 Analysisc The overall aim of T/IA virtualization is defined and documented. Individual real
world T/IA items are identified and analysed.

1 Formalizationg For each T/IA item identified in the previous step, a progeet modeis
chosen from a domaispecificreference ontologyAttributes and relationships defined by
the model are populated with itemspecific values, resulting in a formal description of the
individual T/IA item.

1 Deploymentc Each formalized T/IA item is starén a sharedknowledge basas a VA entity.
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1 Maintenancec¢ VAs in the knowledge base are continuously updated to reflectwedd
changes.

The A4BLUECollaborative Asset Managewill be the implementation of a virtualized assets
representation model(VARM) knowledge basein charge of supporting thevirtualisation and
representation of Tangible Assets (TA) and Intangible Assets pfidjucing the Virtual Asset
RepresentationVAR that contains the result of thadoption of the VARM model o the A4BLE
case

The AABLURIOD.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 Figure26 here below shows the main components of thNEOD.ENCAM, describing both main
Building Blocks and information flows.

< <COMpPOneEnts s gl < <COMpPONEnts > gl
CAM.O2- CAM.O1-
CAM-UI CAM-SERVICE
< <flows> < <flow: >
manage HZM interactions manage MZM interactions
< <COmponents gl

MOD.EN.CAM- Collaborative
Asset Manager

Figure26 MOD.EN.CAMHigh Levemodule decomposition

Table1ll summarises the Functional Building Blocks (FBB) involved inBWQIAM identifying the
type and scope.

Type (SW) Scope

Graphical

Business Data Offline Online

Jser logic repository  mode mode

Interface

CAMO1.CAMSERVICE

CAM.02CAMUI

Table1l1 MOD.ENCAMFunctional building blocks summary

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 A4ABLUE componemisist be managed in order to trigger the required
adaptation or assistance actions. The Event Managerponent integrated in the A4BLUE Platform

will implement a Complex Event Processing in its core in ordde#&b with production and human
variability events based on publish/subscribe servicesréfbee, theEvent Manager will be linked to

the other assistance modulesiich asAR/VR training, collaborative knowledgkatform, DSS) that

will be launched deperidg 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/epesducers (e.g.
sensoror IT systempand theconsumer applications (e.gsaartphone appcationor AR tool3.
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In the A4BLUE context (and not onlgyentsrefer to something that has happened, or is
contemplated as having happened. Changes in context informaagonbeconsidered as eventas

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 othecomponentsmay play the role of Producer§onsumers or bothEvents
typically lead to creation of some data or context element describing or representing the events, thus
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 is common to refer to these data/context elements
simply as "events".

The events generated all around the systand conveyed through thlOD.ENEM can also feed
Complex Event Processing (CEP) engine, intended to support the development, deployment, and
maintenance of application€CEP analyses event data in riiade, generates immediate insight and
enables insdnt response to changing conditions.

A fundamental principle supported by th&4BLUE Event Managés that of achieving a total
decoupling betweerevents Producers and Consumers. On one hand, this means that Producers
publish data without knowing which, vehe and when Consumers will 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: thg are just interested 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 frarfield resources (sensors)
that might be distributed or involving access through multiple-lewel communication protocols.

Event Managemernis the process through whidathata/information/event aredistributed and shared
between components of a complesystem. For efficient managemenseveral communication
schemesgan be selectedyith respect to the decoupling they provideich 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 consumersio not usually hold
references to each other and neither do they know how maoysumersproviders 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 Decouplin@fublishers are not blocked while producing information, and
subscribers can get asynchronously notified (through-lwadks) 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 A4BLUBMOD.ENEM componentwill expose (standard) interfaces for retrieval of the events and
other data from the Producers to the Consumers. The consumer dateseed to know where the
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
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subscription basis. ThRIOD.ENEM will provide the dat back to the consumer when queried, in
case of "oArequest”, or when available, in case of “sabscription” communication mode.

Furthermore&e Mi10. StatusMl Yy ISNE A& Ay OKI NHS dhdkeazhidcal A y3 (K
recordsofall theeventsh y G KS a/!a nod ! 84St NBLRAAG2NEE

The Figure27 here below shows the main components of tMOD.ENEM, describing both main
Building Blocks and information flows.

< <COMPonentss {l
EM.02 Context
Producer (CP)
< <flows =
updateContext
< <flows >
< <flows > < <COMpPONEnts3 {l processEvent
< <Componentss E subscribeContext EM.01 <<Components:> @
EM.OG Publis h/Subscribe EM.O7 _Cnmpla_x Event
Application Context Broker (CB) Processing Engine (CEF)
< <flows=>
derive dEvent
< <flow:=>= <<flow>>
queryConte xt notifyContext
< <COmMponents> gl

EM.04 Context
Consumer (CC)

Figure27 MOD.EN.EM. High Level module decompisit

Table12 summarises thenain Functional Building Blocks (FBB) involved in NEDIBM identifying
the type and scope.

Type (SW) Scope

Graphical
User
Interface

Business Data Offline  Online
logic repository  mode mode

EM.01.Publish/Subscribe Context Broke
(CB)

EM.02 Context Producer (CP)
EM.04 Context Consumer (CC)
EM.06 Applications

EM.07 Complex Event Processing Ent
(CEP)

Table12 MOD.ENEM Functional building blocks summary
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6.2.3 MOD.EN.ARGV/R/AR BASED TRAINING AND GUIDANCE

The trainingand guidancesystem will be composed by two separate modules: a {esxk server
application and a fronend AugmentedReality player.

VR Star AR Platform {]

-
= [d
= &5

<<application>>
Hololens Front-end
A4BLUE <<application>> g
Back-end

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

Figure28 MOD.EN.ARGI'he VRStar AR Platform and its modules

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 maiaciegeid
access A4BLUE framework resources and. ddtis link will enable the possibility to:

Dynamically download 3D models and assets depending on a particular context;

Retrieve daily tasks, assembly sheets and any other instruction for the operators;

Save statistics about training results;

Communicate with legacy systertisough the A4BLUE framewqrk

Update the subscribed workers about the job operations status through mobile
notifications.

=A =4 -8 8 9

PageB80of (175 © A4BLUE consortium



Deliverable D2.6 A4BLUEGA N° 723828

=<|ayer== E

Enterprise Layer

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

==gpplication== {l
Front-end AR Application
-~

==application== {l

Back-end Application

h 4

=<model component== E
Event Manager

[y

<<COmponent== E
EventConnector

¥

==component== E
ConfigureManager

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

=<Component==
MediaBridge E

Figure29 MOD.EN.AR@ackend Apgication Components Diagram

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
alsobe able to capture events such as gesture and voice commands and send them 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 spatifidesigned for the management of a
reaktime holographic scene:

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 recognizesin AR marker in the scene, triggers an event when the marker
is on 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 differentdrms for different interaction states.

i GazeManagerThis component 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 gesturggas
events.

1 VoiceCommandManagerThis is an adapter that interpret and translate a subset of voice
commands in input events

1 InputManager. It collects all input events (gaze, gesture, voice commands) and raise
events/callbacks.
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1 ConfigManager It storesand retrieves (locally or remote) the whole client configuration. It
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 objectdranslate input events in possible commands & actions.

1 SceneManagerlt manages theonsistency cheghoading and unloading of all 3D objects in
the scene.

1 FileManager It implements an abstraction layer for file system access. The virtual file system
mug support folders with different layer dept. It implements a cache system based on md5
hash comparison

==gpplication== $:|
Front-end AR Application
amodules $:| amodules E
Scene » Spatial Mapping
==component== ==component==
CursorManager E AnchorManager E
==component== ==component==
SceneManager E MarkerManager E
h 4
modul $:| >
£ ules
«modules E
Utils
==component== E »
InputManager
P a =<component== E
ConfigManager
==component== E
GazeManager
a =<component== E
FileManager
==component== E
GestureManager -
¢ ==component== {I
NetworkManager
==component== E
VoiceCommandManager
==component== E
InteractionManager

Figure30 MOD.EN.ARG-ront-end AR Application Components Diagram

Type Scope

Graphical

User Sl Dl Offline mode | Online mode

Interface logic storage

ARGO1 - Backend
ARGO2 - Frontend

Table13MOD.EN.ARGunctionalBuilding Blocks summary
6.3 BUSINESSAYER

6.3.1 MOD.BU.KMCOLLABORATIVE KNOWLEDGE PLATFORM

The MOD.BWKM module will supportthe definition of paradigms and methodologies aimed at
fostering the cooperation and the humariented management of information and knowledge,
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making use of specifionline tools for collective intelligence and cooperative open inrtava The
cornerstone of such an approach will be the development of @odlaborative Knowledge Platform
for Manufacturing taking advantages from using a cloddsed management of knowledge, and
controlling the huge amount of data originating from thectiary 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 develapezssthe project.

The MOD.BU.KMllaborative Platform will be built upon OPENNESS (OPEN Networked 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 such as Open Innovation, Collective Intelligence,
Enterprise Social Software. OPENNESS integrates techniques and technologies for the concurrent
extraction, derivation and determination of new knowledge, ussegrch, clustering, data mining,
automatic reasoning, and, witiclude recommendation systenasd 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 reactirg
to sharing experiences 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 toweanguestions, workers can

complete in minutes work that had previously taken more than one w€elaboration technologies

can also provide guidance about how particular processes can be optimally performed to improve
quality and increase productivity.edm members can then use the platform to haader work,
O2yRdzOG RAAaAOdzaaA2yas aKINB dzaJRIGSaz NBOASg OKSO
searching and messaging features make it easier to ask for help, locate documents that can be re

used and share best practices

The Figure31 here below shows the main components of tMODBUKM, describing both main
Building Blocks and information flows.

10 http://openness.eng.it/
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<<component>> gl <<component>> g
KM.15.- In Box Notification KM.16.- Assets Catalogue
<<flow>>
<<flow>>
<<component>> gl
<<component>> gl KM.04.- Universal Search
KM.17.- Industrial Trials <<cpmponent>>
KM.21.- Weigh up Decision
<<flow>>
<<component>:> a
KM.05.- Blogs
<<component>>
KM.20.- Survey <<compgnent>> gl
KM.14.- Portpl Directory
<<component>> €| <<component>:>
KM.10.- <<flow>> KM.08.- Discussions
Bookmarks <l <<flow>>
et <<flow>>
<<flow>>
<<flow>>
<<component>> <<flow>>
KM.18.- Lessons Learned £l 3 / Lxcomponent> El
<<flow>> <<compol > @ KM.13.- NoSQL DB
MOD.BU.KM- Collaborative <<flow>>
<<component>> gl Sflowss Knowledge Platform
KM.03.- Group Management <<flow>> <<component>> E]
S KM.06.- Shared Calendars
<<flow>> <<flow>>
<<component>>
KM.11.- Usage Analytics 1 <<flow>> <<component>> g]
<<flow>> <<component>{> @ KM.02.- User Profile
KM.09.- Wikis
<<component>>
KM.19.- SWOT Analysis g <<flow>>
<<flow>> <<flow>>
<<component>> @
KM.12.- Relational DB " <<component>>
S <<flow>> KM.24.- Moodle Bridge
<<component>> gl
KM.01.- Works paces List <<component>> €|
KM.23.- Moodle
<<component}> gl
KM.07.- Documents

<<component>>
KM.22.- Feedback Management

Figure31 MODBUKM. High Level modulelecomposition
Table 14 summarises the Functional Building Blocks(FBB) involvédGB.BU.KMdentifying the

type and scope.

Type Scope

Graphical : Offline mode Online mode
User Business Data

Interface

logic  storage

MOD.BU.KM Collaborative
Knowledge 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
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Type Scope

Graphical . Offline mode Online mode
User Business Data

Interface

logic  storage

KM.09: Wikis

KM.10- Bookmarks
KM.11: Usage Analytics
KM.12- Relational DB
KM.13:- NoSQL DB
KM.14- Portal Directory
KM.15- In Box Notification
KM.16- Assets Catalogue
KM.17- Industrial Trials

KM.18- Lessons Learned
KM.19: SWOT Analysis

KM.20- Survey

KM.21: Weigh up Decision

KM.22- Feedback
Management

KM.23:- Moodle
KM.24: Moodle Bridge

Table14 MOD.BU.KMFunctionalBuilding Blocks summary

6.3.2 MOD.BU.DSPECISION SUPPORT SYSTEM (DSS)

¢KS Gah5&.S0xmALyYy {dzZlLR2 NI {&adSyé O2YLRySyld |
decisions for the assembly, maintenanagspection operations. laggregates relevant information
produced in the domain of the A4BLUE system and provides visual analytics capabibtgeport
workers in the decisioimaking process. Furthermore, it supports the management of multichannel
notifications to notify intervention requests (e.g. maintenance, assembly collaboration, inspection,
etc.).

Figure32 aK2ga (GKS 02 YLEySaenting the dedorhpdditibnYof the MOD.BU.DSS
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
Publish/Subscri® Context Broker (CB).
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=<gomponent=> gl
MOD.EN.CAM Collaborative assel manager
<<component>> gl <= flow= > <<0omponent==>
CAM.01.- CAM Info CAM.03.- Virtual Asset
SERVICE repository

Motification receivers info @

Historyinfo <<gomponent==

’—T MOD.EM.EM : Event Manager

<<component>> <<gcomponent=> <<flow>> <<component=>
DS55.02.. DSS processing DSS.04. DSS event MatificgtionEven| EM.01.- PubllishiSubscribe
services adapter Context Broker (CB)
z<flofy=> ceflofy=>
Procesged info Motification info
ceflows>
<<component>> <<component>> Notification <<davicas>
DSS.01.. DSS Dashboard DS5.03.. Notification infofmation Interaction device
manage ment services

<<component>>
MOD.BU.DSS: Decision support system

Figure32MOD.BU.DSS. High Level module decomposkion

Decision support

The business logic decision support featuses A Y LX S Y Sy (i SIBS.GR®OSSiipko&essiag
a S NI dod@eat which retrieves angrocesses the required historical information (e.g. stoired
the /! adno® =+ ANIDdz f FaaStd NBLRaAG2NEE 2N I O
LINE OS a DSF2HL{ aLINPOSaaAy3d aSNIIA OS a £DSS.66.DESIdatAS
rS LJ2 & A(8bk NEpfovide also a builh cache mechanism to improve performances)d it is
displayed through thedDSS.02.5{ { 5F aKo2F NRé I graéphicalkiser Lid®aceA RSa
allowing users to access to relevant information to support decisiaking.

oS
R

Notifications management

The Event Manager (EM) component produces notification events related to operational activity to
request specific interventions (e.g. collaboration request, maintenance or inspection intervention

NBIlj dzSa s DS8.4 OoSteventkadapten Aa Ay OKFNBS 2F FRFLWGAY3
produced by the Event Manager (EM) and identifying the notification receivers (if required) as well

as the appropriate notification channels based on the contebormation representd in the

G/ 1'adnod +ANIdAB{[ ®A60P BE{RFRIZRBODIAZY YI Yyl ISY
business logic to notify the target user by using the appropiate notification channel (e.g. graphical

user interface, push notification, email, soyntight indicator, etc.).In the case of pop up
notifications a specific Notifier App (B8% Notifier App) should be required.

<<device>>
Interaction device

<<COmponent->
DSS.035. Notifier App

Figure33MOD.BU.3S. Pop up notification channel

Table15 summarises the Functional Building Blocks (FBB) involved in MOD.SH.DSS identifying the
type and scope.
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Type (SW) Scope

Graphical
User
Interface

Business Data Offline  Online
logic  repository mode mode

DSS.01. DSS Dashboard

DSS.02. DSS processing services

DSS.03. DSS natification management
services

DSS.04. DSS event adapter
DSS.05. DSS Notifier App

Table15MOD.BU.DSS Functional Building Blocks summary

6.3.3 MOD.BU.MONMONITORING

Gah5®. !-@ayhdi2NAYy3Ia A& FAYSR (2 &adzZlJl2NI GKS O2f f ¢
produced in the domain of the A4ABLUE solution (i.e. other KPIs are out of the scoj rabtiule)

to support the assessment of the impact of the introduction of the A4BLUE solution during the
experimentation and evaluation phases.

The monitoring module (MOD.BU.MON) shdvigh levelinformation using abstraction such a&y

Performancelndicaors (KPIs). These indicators are defined in the deliverable @&E4¢onomic and
technical assessment frameworknitial Versios. The A4BLUE framework vgtbvidea userriendly

graphicalinterface to allow such analysis and suppaevhit-collar operabrs in both strategical
monitoring and decision making process.

From the analysis of the information provided in the framework of D2.4, there are two kind of
indicators that are be collected in the domain of A4BLUE: (1) indicators based on process history
information and (2) indicators based on surveys (i.e. assessment questionnaires):

1) Indicators based on process history information: the indicators are calculated and displayed
by taking advantage of the MOD.BU.DSS component descril&edtion6.3.2

2) Indicators based on surveys: the indicators are calculated and displayed by taking advantage
of the MOD.BU.CQMS component describeeiction6.3.5

6.3.4 MOD.BU.ACEAUTOMATION CONFIGURATION EVALUATION

The automation configuration evaluation module (MOD.BU.ACE) is aimed to help the production
planner in defining the optimal level ofieomation for the production processeBigure34 displays

the components diagram that shows the decomposition of the component katwtional Building
Blocks (FBBs) and also the relations and flamengthem.
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zComponents E

MOD.BU.ACE: Automation Configuration Evaluation

==flow== ==flow==
zComponents operational zComponents operational zComponents
E data E data E
ACE.01. ACE -« > ACE.02. ACE < > ACE.03. ACE
User Interface rnanagement Service Data Repository

Figure34 MOD.BU.ACE. High level module decomposition

¢KS daahs5®. ! ®!/9Y I dzii 2 Yl (i AcBrygponéngis/bhded udtihréeistly 9 @I  d
components. The user wilhteract with the tool by using graphical, web based, user interface
a!'/9onmd /9 aSNI LYGSNFIOS¢d ¢KS RFdGlolFasS a!/ 9
inputed by the user, through the user interfa@nd persisted for future use

¢CKS au®moO®/ 9 alylr3aSYSyid {SNBAOS: O2yaraida 27 GdKS
GAGK GKS a!/9dnod '/ 9 5F4F wSLIRaAld2NEReé o6& a02NRAY

Type Scope

Graphical
User : ' Offline Mode Online Mode

Business Data

Interface  -°9IC  Repository

ACE.O1. ACE User
Interface

ACE.02. ACE
Management Service

ACE.03. ACE Data
Repository

Table16 MON.BU.ACE Functional Building Blocks specification

6.3.5 MOD.BU.CQMSCOMPUTER BASED TOOL FORVBASUREMENT OF WORKER
SATISFACTION

dahs5®. ! daCompaté¢rdo  aSR G22f F2NJ vdzr yiAlGF GABS aSt adaNB
enables workers to complete questionnaires which assess levels of worker satisfaction in relation to
humanautomation systems and ider work environment characteristics. Futhermore, to allow (i.e.

as described irgection 6.3.3 the assessment addditional key performance indicators (e.g. tiys

usability, etc.)and alternative measures of satisfaction (to prevent repetitive questioning which will

reduce data reliability)it should be genericenough to support theintroduction of new
guestionnairesand individual questionsMOD.BU.CQM& expected to involve both online and

offline working modesin the offline working mode it is used as a standalone tool and episodic
assessment of worker satisfaction is supported by enabling the questionnaites gohedule on

demand or ona periodic bags. In the online mode: itan interact with the #ent Manager (EM) to
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support orevent assessment of worker satisfaction and automatic management of the users and
roles.

Figure 35 shows the components 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 tHevent Manager (MOD.EN.EM), through the EM.01
Publish/Subscribe Context Broker (CB).

<<gomponent=> gl
MOD.BU.COMS: Tool Measurement of Satisfaction
<<Com ponents> <<fiow=>
CQMS.01.- User admin Userinfo
Gul J
<<gcomponents> E ccfows
cflows> CQMS.03.- User Management
Authentication/Authorisation Services
: E
3 g 2
Z @ = 2 a
25 2| L8| t53
e :c | 8| z22
E 5 | T9| v22
= =] Vg 55
@ <
=] S
<<components> E <<component>> gl
CQMS.02.- User login GUI CQMSs.09. CQMS Data
repository
3 2
g 3
ceflows>> 2 E @
<< oOM ponent>=> El Qusticnnaire modelpenodicity g | 3 % @
CQMS.04.- Quastionnaire % 2 e <<compenent=>
admin GUI g v .§ MOD.EN.EM : Event Manager
E| 3
a 5
<<flow=> o
) <<flow>> <<components>
‘Questonnaire model <figwz >
<<component>> g “<component>> 8]| questionnaire <<component>> g] Consulied event | EM-01.- PubllishiSubscribe
poi . CQMS.08. Questionnaire schedule CQaMS.10. CQMS event Context Broker (CB)
CaMS.05. Questionnaire " management servcies adapter
Gul Questonnaire results
<<COM ponent> ‘_“ﬂm‘_"”
CQMS.06. Individual Questionnaire results
Dashboard
<<component>> g <<flows>
CQMSs.07. Aggregated Q i ire esults
Dashboard

Figure35 MOD.SH.CQMS. High Level module decomposition

In the online module users and access rights are createah@vent basis while in the fiihe mode

system administrators could access management features to manage both users and access rights
OADPS D &) & & NIPh R ®Kysfem Rdministiatdrs couldpt to define new questionnaires

0 KNR dzZa3 K av/ deSaa{ ddin2nydy | A NB | R Rofessihg thet MOD.BU.EQMBoKMIE  dza

0S IdzZiKSYydAOFiSR FyR -[ @zﬁK&'NJ\Da,S_I% 0 @A CBQCINJl SNﬁa{GwMH |
FaaSaayYSyid ljdzSadAaz2yylrANBa FyR O2YLX SGS GKSY 0 KN
access the history of the qugsh 2 Yy ANB&a (GKSe& KI @S O2YLX SGSR 0 K NJ
6/ va{dncuvd {dzLJSNﬁAéENﬁKI-YI-tééGé ol y I 00Saa 3
I 3ANB I GSR RIFI&aKo2INRéEOD |yR SELRNI NBad# Ga Ay Oa&ad
The business logisupporting user and questionnaire management features is implemented in

G/ vaf{-dmadMNI YI ylI3IASYSyi SNEMS%&@ZVYRAMBVMESDLW& YS
NBaLISOGAGSEt @d CdzNI KSNJ{Z NB>X (KSasS O2yLRySyda Ay
CQMS.0) by storing and retrieving the required information.

To supportthe 2 Yy f AYS ¢2NJ Ay3d Y2RS GKS &eénadespdblisnand/ va{ &
ddzo aONAROGS OFLIOATtAGASA | yR Aa Ay OKIFNBS- 2F IR
vdzSaldA2yylFANB YIylF3SySyi NIDAOS&a¢ G2 GKS S@Syi
component.

Table17 summarises the Functional Building Blocks (FBB) involved in MOD.SH.CQMS identifying the
type and scope.

(/))
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Type (SW) Scope

Graphical

Business Data Offline  Online

USer logic repository mode mode

Interface

CQMS.0%.User admin GUI

CQMS.02 Login GUI

CQMS.04.User management services

CQMS.04.Questionnaire admin GUI

CQMS.05.Questionnaire GUI

CQMS.06.Individual dashboard GUI

CQMS.07Aggregateddlashboard GUI

CQMS.08.Questionnaire management
services

CQMS 09. CQMS data repository

CQMS 10. CQMS event adapter

Table17 MOD.SH.CQMS Functional building blocks summary

Page90of (179

© A4BLUE consortium



Deliverable D2.6 A4BLUEGA N° 723828

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.MSMEDIATION SERGES

The following sequence diagrams provide details of the interactions amongasnponents to
&ddzLILR2 NI-LyGSHENIm A2y 6AGK (GKS SYGSNILINRaS tS3alF oe 3
section. A sequence diagram is provided for each involvedas® scenario.

Update piocess information

The shopfloor operator updates presence and process information through the legacy system
graphical user interface.

Legacy System GUI

Shop floor operator :
|
I

1: Update presence and process info |

B

Figure36 MOD.SH.MSUpdate process information

Share information

¢CKS AYT2NNIGAZ2Y O2
aSRAFGA2Y YIyF3sSys$s
Oy
|

A 2 /4 A x

fft SOOSR (UK2dzAK GKS fS3rO0e aea

yi aSNBAOSae O2YLRYSylud ¢2 4&oc
S0$Sa B CBRI®GEGAZ2Y | ISy Gevo

da{dnud® a{ SOSY(d FRFLIISNE &dzLILI2NI & Lzt AaK FyR

O2ftt SOGSR UKNRdJzZAK GKS da{danm® aSRAFGAZ2Y YIyl3aSY

the Event Manager (EM) component. It also transforms eventsrapiinomthe EM Event Manager

(EM) component into process data to update the legacy system (e.g. information collected during the

execution of the operations performed by the automation mechanisms). Furthermore, it transforms

events coming fronthe EM EvenManager (EM) component into process data to update the legacy

system (e.g. information collected during the execution of the operations performed by the

automation mechanisms).

O2YLRYySyid OFly 68
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MOD.SH.DM: Mediation Services LS 01 MOD.SH DM: Mediatior MOD SH.DM: Mediation Services.MS 02 Event manager (EM)EM.01 -

Legacy mediation agent : LS.01. Legacy Mediation managemeni MS Event Adapler : MS.02. MS Event Publish/Subscribe Context
mediation agent WMediation mana; Adapter Broker (CB)
mediation age dapter .

I

I

1: Updated presence info |
1.1: setldentificationData()

|
|
|
|
|
|
|
|
o

I I
| I
| |
| I
I
; 'LJ 1.1.1: setidentificationData() !
I | =D 1.1.1.1: setldentificationData()
I I I
i i | 1.1.1.1.1: AdaprtEvenl()
| | I :—‘
| | I
I I } 1.1.1.1.2: PublishEvent{ldentificationEvent)
2: Updated process info L
2.1: setlProcessData() [ ! [
hJ-I 2.1.1: setlProcessData() | :
| '|I_I 2.1.1.1: setlPracessDatal) 1
I I
| | | 2.1.4.1.1: AdapriEvent()
| | |
| | | .
2.1.1.1.2: PublishEventlProcessEvent)
| | I
| | [ LI >0
I I I i
| | | |
| | I |
I I I I
I I | I
| | | |,  3ConsumeEventProcessEvent) °
! ! | 3.1: updateProcessData() r“‘
| 3.1.1: updateProcessData() <
3.1.1.1.1: Updated process info 3.1.1.1: updateProcessData() Gg D
l T T
e T I I
| I |
I I I
I | I

Figure37 MOD.SH.MSShare information Legacy Syst&d A ABLUE

7.1.2MOD.SH.AMAUTOMATION MECHANISMS

The following sequence diagrams prosdgetails of the interactions among swdmmponents to
& dzLJLJ2 NI - tafcdeavdh g R t NP RdzOS T RIFLIIAGS Fdzi2YFGA2Y Y
specifications section. A sequendiagram is provided for each involved use case scenario.

Discovery process: Plug/Uplug automation mechanism

When the automation mechanism iplugged/unLJt dz33&®Rnpd ht/ ! { SNIISNE
O2YYdzy AOF A2y AYF2NNIFGAZ2Y hooLt | I yYRAEQMNADNEL ya SINGE
automation system semantic representation (i.e. automation variables and methods) using the
da{dnm® {SYIYGAO NBLINBASY(GlFGA2y NBIAAGNI 02NE O

MOD.SH.AM. Automation MOD.5H.OM : Device Manager.DM .01.3emantic MOD.SH.MS : Device Manager..DM.02.0PC
mechanism AM.05. OPC-UA Server representation registrator UA Discowery server
T T
, | I
1: event | |
(automation plug) | |
. 1.1 RegisterSemanticRepresentation() !

|
1.2: Reg isterCorIr municationinfo()

' ' "

Figure38 MOD.SH.AMPIlug/Un-plug automation mechanism

Share information (operation process)

CKS 4! adnlp ®{ $INDS NE OKSOl1a a!adnwm
ddz0 aONAOSR Fdzi2YFOGA2Y @FNARFOf Sa |
subscribed to it.
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MOD.SH.AM. Automation mechanism AM.03. MOD.SH.AM . Automation mechanism AM.0E. MOD.SH.OM : Device Manager.DM .01,
Local automation controller Automation OPC-UA Server Device manager OPC-UA Client
I

1: CheckUpd atesM onitored' anables()

1.1: Update in monitored data

2: SendUpdated Monitored Datal)

|

|

| |

| |

| |

| |
Figure39 MOD.SH.AMShare information with AABLUE

7.1.3MOD.SH.DMDEVICE MANAGER

The following sequence diagrams provide details of the interactions amongasuponents to
& dzLJLJ2 NI - tafcdeavdh g Rt NB RdzOS | Rl LJi A @ Sdesdrilwiil tnYthel A 2 Y Y
specifications section. A sequence diagram is provided for each involved use case scenario.

Discovery process: Plug/Uplug automation mechanism

When theautomation mechanism iglugged/unplugged:

T ¢ adnp® ht/ |1 { ScodrBuNiBatioNBf@dmadidin $IRFANd Bdt)Sin the
Gadnu ht/ 1 RAAO2OSNER &SNIISNWE
f @dadnp® ht/ '! {SNPSNE NBIA&ZGSNE GKS Fdzi2Yl i

automation variables and methods) described in a RDF file into the virtual asset repository
6/!'adnov GKNRBdAAK GKS da/!'adnm /!a {SNBAOSAEE
Y2YAG2NBR YR dzaSR o0& (GKS a5adnmd 5S@PGA0OS YI
representationNB I A &.@8Nd diedN®& 5SPAOS YIyFr3aASNI ht/ fI ! Of A
the available variables from the tual asset repository (CAM.0@8hd subscribs to the data

to be monitored.
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OD.SH.AM. Automation
mechanism. AM.05. OPC-UA Server

DM.01.Semantic
representation registrator

DM.02.0PC UA Discovery
semar

CAM.01.- CAM
SERVICE

UA Client

DM.03. Device manager OPC

T
1: automation plugged I

°
e

<!

1.1: getiP()

1.2: notify(IP, Equipment] D - workunit)

loap
2: getEngPoint()
[Pedodic]
|
alt] | |
[Mew OPC UA Server registered]
loop 3 updateRDFWithl P{)
[Till Variables avaiabie] 4. getVariables(|P)
[T~
[an
[Varable/Methed available]
5: subscribeToVariable $()
1 © selRDF( 6.1: agaROF()
.1:a )
gl
I
6.2: setRelatedWork Center() |
|
| |
i i

Figure40 MOD.SH.DMPIlug/Un-plug automation mechanism

Share information (operation process)

Once a monitorecpiece of R I { |

Aa

d5adnod® 5SGAOS YIFyYyF3aASNI ht/ !

RIEGF @

a5adnned

5a

SoSyid |

RI LJG0 S NE

dzLIRI G SR! 6 KSNDENBAp®YRE/

Ot ASyi¢

Manager and publishs it into the Publish/Subscribe Context Broker (CB).

1: Updated variable

1.1: setVariableU pdate(variablevalue
.1.1: setVariableU pdate {variablevalue

OD.SH.AM. Automation
mechanism AM.05. OPC-UA Server

DM.03. Device manager OPC
UA Client

DM.04 DM event
adapter

EM.01 .- Pubflish/Subscribe
Context Broker (CB)

1.1.1.1: PublishEvent()

1.1.1.1.1: Event

Figure41 MOD.SH.DMShare information with automation mechanism

Adapt behaviour (operation process)

hyO0S G(KS a5adnud 5a
automatonT NRY (GKS da9adnmod
YySSi GKS S@Syid F2NXI

S caBaytation | rdqjliestlitcS HeEexeduBAOHy Ah8 S &
t dzof A AaKk{ dzo aONR O S
4 dzLJLJ2 NI SR

0é

| Fed hyittd Evini

iKS

i0KS
A&
g2

aKIF QG A
Y.

| 2y GSEI
a5adnod

identifies the method preided by the automation that is linked to the action to be executed from
0 KS @ANI dzt f

raasSi

NBE L2 &aAd2NE

6/ ! adnov

i KNP dz3 K
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GKS 6d! adnap® SNBIISNE® ¢KSYy d5adnod® 5SS @Ardhddtybey | IS NI
SESOdzi SR UNRdIAAK! 0 KSNOSaAD®Ppd ht /
OD.5H.AM. Automation ‘ DIM.03. Device manager OPC ‘ ‘ DM.04 DM event ‘ ‘ CAM.01.- CAM ‘ ‘ EM.01.- Pubflish/Subscribe ‘
mechanism. AM.05. OPC-UA Server UA Client adapter SERVICE Context Broker (CB)
I I
| |
I I 1: CommandEvent
I I 1.1: regeiveEvent ' .
| |
i I 1.1.2: sendExecutionData(Method, .1: getExecutionData ) .
|

TR

parameters, IP)
.1.2.1: executeMe thod( parameters) LJ‘
|

Figure42 MOD.SH.DMAdapt automation mechanism behaviour

7.1.4 MOD.SH.Mi MULTIMODAL HUMARUTOMATION/ROBOT INTERACTIONS

The following sequence diagrams provide details of itteractions among subomponents to
support FTR.02Multimodal human automation/robot Interaction and FTR.03Bafe Human-
Automation/Robot ceexistence as described in the specifications section. A sequence diagram is
provided for each involved use casgenario.

Perform Human to Machine (H2M) interaction

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

2 KSYy (GKS &aK2L) Ff22N) 2LISNF (2N Ay-gharkel infrctioti KS Ay
YIEYlF3ISNE OF LI dzNB& GKS Ay Llzia LINShSm R Bdappiopriaté KS A y
Ay G SNLINE (G SNDKAIGaylS®En HAPY G!SYINIINBGSNE O 6 KAOK Ay (dSNLINE
representation of the instruction and the context informatiofe.g. operator identification,
environment status information, etcQIN2 A RSR o6& GKS G+ANIidzr fugh 3aSa w
iKS da/!'adnmd /!'a {SNBAOS&a4a |yR aSyRa ok O]l GKS O
etc,) to thedMI.O1 MultitOK I Yy St Ay (i SNI O A @01 Multichaans! Nkerdction K Sy { K
YFEyF3ISNE ad2NBa 0 KME.04A MHMRNIINSG (INKShdd Beadd @yNaibdatel &
AYOSNIINBGFGA2y > 2F SINGS MBOBDYY St ORUFYSY ZSYAAWYE
engine fuses partial interpretations and sends the multichannel interpretation back taNhé1
Multi-channel in§ NI Ol A 2 Yy whichrgflieaSiéeBback.

When a positive feedback is available thdl.01 MultitOK I yy St Ay GSNI OldA2y YLy
multichannel interpretation along with the P2 (G KS dalLdnod® 9ESOdziAzy &SN
identifiying thevalid command (i.e. related to a process segment) to be executed. This command is
aSyid G2 GKS dGaLdncd alalL S@Syd FRFELISNE NBaLRya
SOSYy (i &dzZLIRNISR o6& GKS 9@Syid al yl 3ubshidbd GomextlLldzo f A &
.NB{1SNI 6/ .0¢d

The feedback request is a Machine to Human (H2M) interaction and it is described in the Perform
Machine to Human (M2H) interaction section.
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Interaciion mechansm
{devices/GUI, fic )
T

1,01, Musi-channel interagion
manager

‘ ‘ TI.02. Uni-channel interprator H TAM.01,CAM SERVICES H

W04 MFMI data
repository
T

WMI.05. Musi-channel | [M1,03, MHAMI Exeeation
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T

Event manager (EM)} EM.01-

W08, MFMI evant
PublshiSubscribe Context Broker (CB)

adapter
T

0 T T T T
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1 L L L 1 | | 1
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1 '
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Figure43MOD.SH.MHMI. Perform H2M interaction

Perform Machine to Human (M2H) interaction

The figure below represents a simplified view of the feedback request loop. It can be an iterative

process where theiMI1.01 MultrtOK | Yy y S €
confirm that the obtained mul®@ K | y' y S f
further details though different interaction mechanisms such as a GUI, a voice message, etc. Then the

AYGSNI OGA2Y YIFylF3aSNE
AYOGSNIINBGFGAZ2Y TFAda

shop floor operator can provide his/her feedback trough the different available intierac
mechanisms. The iterative process ends when a positive feedback is obtained.

Interaction mechanisms
[devices/GUI, rc.)

manager

MI.01. Multi-channel interaction ‘

Shop floor operator

1.1: Proviide M2H | nteracti

Request feedback

1: SendInteractionData() H

Ll
-

[2| Provide feedback (H2M interaction

2.1: SendinteractionDataf)

Lt
I
|
|
|
|
|
|

»
Lat [

o)

|
|
[Till possitive feedback]
1

(

Perform H2M Interaction

Figure44 MOD.SH.MHMI. Perform M2H interactieiRequest feedback

7.1.5 SAFE HUMANAUTOMATION/ROBOT €EXISTENCE

The following sequence diagrams providetails of the interactions among stdomponents to
support FTR.03Safe Human Automation/Robot ceexistence as described in the specifications
section. A sequence diagram is provided for each involved use case scenario.
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Share workspace safely

¢CKS p®{ehFSie O2yFTAIdzNI G2NE [fft2a aeaidsSYy FRYAY
{FFTSGe& RSOAOSa aSyR RI twhichiU82 @3 § a%a oA G dayy ¥ & Sl Ba
{FFSie O2yGNRffSNE GKS LIaAAGAZ2ZRSGRT ORKSI NEBNI CGNER |
automation behaviour adaptation based on this information and the configuration information (e.g.

safety working mode, safety zones, context info, el€d G 2 NBR Ay (GKS a! {donnd {|
NBLIZ&AG2NEEPRILIBAI HG ARYK I B 2B RSR GKS a! { dnod { I F
GKNRdzZAK GKS al!adnod [20Ff | dziz2YlFGA2y O2yGNRff SNE

MOD.SH MI : AS Active safety AS.04. MOD.SH M : AS Active safety AS.04.
Safety configurator Safety configuration repository

System administrator

1: Configure safety settings

1.1: StoreSafety Configuration()

1.2: SendFEedback()
1.3: Dispaly feedback — — -
<_ ____________

Figure45MOD.SH.AS. Share workspace safety configuration

Safety
device

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

1: SendData() |

H 1.1: ProcessDatal)
1.2: SendPositioninfo()

|

Safety configuration repository automation controller

MODLSH MI: AS Active
safety.A5.01. Tracking

‘MOD.SH‘MI | AS Active safety AS.04. ‘ ‘ MOD.SH.AM. Automation mechanism AM.03. Local

.2.1: Retrieve SafetyConfiguratiolnfo(}

1.2.2: SendSafetyConfiguratiolnfo(}

1.2.3: DecideBehaviourfdaptation()
1.2.4: ExecuteBehayiourAdapiation()
|
T rLi]

Figure46 MOD.SH.AS.Hare workspace safely operation
7.2 ENTERPRISE LAYER

7.2.1 MOD.EN.CAMCOLLABORATIVE ASSET MANAGER

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

Both M2M andH2M interactions will be enableay such a componenthtough the use of open APls
anduser friendly GUIs in charge of enabling the maintenance operations on the repository itself.

The followingFigure47 shows the main business processes impacting e@nAMBLUBOD.EN.CI¥
component while Figure48 shows main interactions with the end users

© A4BLUE consortium Paged7of (175
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<<flow>>

<<flow>> i
use GUIs <<component> > E publlser:’/ec:t:sume <<component>> @
< MOD.EN.CAM- Collaborative < MOD.EN.EM- Event
Asset Manager Manager
End User
<<flow>>
use APls
Application

Figure47 MOD.ENCAM. Crosscomponents businesprocesses

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 T

1: Access WEB GUI } % :
I ]

I |

I

1.1: getAssets()
> 1.1.1: queryRegistry()

1.3: Display Assets List

I

I

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

2.3: Display Asset Details

Figure48 MOD.ENCAM. Basic interactions and related entities

7.2.2 MOD.EN.EMEVENT MANAGER

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

Every ABLUE component will be able to interact with tN€OD.ENEM, publishing new events or
consuming events generated somewhere else in the systemfterg.the shopfloor and the legacy
systems through the Mediain Services and Device Managinm the other asistance modules

such as AR/VR training, collaborative knowledge, DSS).

The followingFigure49 shows the main business processempacting on the A4ABLUAOD.ENEM
component.
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<<component>> <<component>> <<component>> <<component>> g

MOD.SH.DM- Device Manager MOD.SH.MS- Mediation Services MOD.SH.AM- Automation Mechanisms MOD.SH.MMI- Multimodal Interactions
<<flow>>
<<flows> publish/consume events <<flow>> <<flow>>
publish/consume events publish/consume events publish events
<<component>> @ <<flow>> <<component>> E
<<component>> i
MOD.EN.CAM- Collaborative < <<flow>> S MOD_EN_EM_pEvent B]| _ publish/consume events MOD.EN.ARG- VR/AR based
Asset Manager publish/consume training and guidance
events
(o:siloewei: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

Figure49 MOD.EN.EMCrosscomponents lusinessprocesses

The following Figure 50 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
T

T

Figure50 MOD.EN.EM. Basic interactions and related entities

u 2 queryContext()
|
|
I
I

Some Context Consumers can be subscribed to reception of data/context elements which comply
with certain conditions, using theubscribeContexiperation aCBexports as shown ifrigureb1.

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 orahay n
be the Context Consumer itself
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: Application : Publish/Subscribe : Context
Context Broker (CB) Consumer
T T 1CC)

I 1: subscribeContext{) |

1.1: notifyContext()

|
|
&
|
i

Figure51 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 D start an event process (network) and then derive new event/information that feed again
the CP itself.

- CEP : Complex Event : Event : Publish fSubscribe
Management Processing Processing Context Broker (CE)
Engine (CEP) Agent (EPA)

I
i |
| 1: configurel) I
1

2: deployDefinition()

3: notifyContext()

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

3.1: process()

Figure52 MOD.EN.EM. Interactions among CB and CEP

S W eRtisMIaWr ASNE A a Ay OKI NB&us andl kedpldRioridah y 3 G K
Ra 2F tf (GKS S@gSyia Ay GKS a/'!'a nod ! aaSsi

CAM.01 CAM
SERVICE

N

c

EM.01.- Publlish'Subscribe Context
Broker (CB)
T

‘ EM.10 Statlus manager

1: Event
.7 1.1: Event
» 1.1.1: UpdateStatus()

|
|
|
|
i 1.1.2: setHistoryDala()
|
| |
| |
| l

Figure53MOD.EN.EM. Status update

Ly vy

7.2.3 MOD.EN.ARGVR/AR BASED TRAINING AND GUIDANCE

The MOD.EN.ARGomponent will be composed by a freahd appication, viewable from a mobile
AR device, and a baekd application that will act as a bridge between the AR device and the
A4BLUE framework.
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The operator using the AR device will be able, at any moment, to retrieve documents, 3D models,
procedures andany other kind of asset available for that particular operative context. This kind of
request will be forwarded from the Frosind application to the Badknd application, through the
ResourceManager component. This object will have the capability teevetrihe requested asset
from the Collaborative Asset Managesreate a local copy of it and send it back to the FHemt app.

The copyallowsthe creation of a caching systeand saves bandwidth, as a web server does not
need to send a full response ifdftontent has not changed

Front-End AR Back-End MOD.EN.CAM - Collaborative
Application Application Asset Manager
L o v
1. getResource() N
1.1 getResource() .
PP 12retumresource |

1.4 return resource

2. getResource()

h 4

2.1 isResourceUpdated|)

L J

2.2 [Positive case] return yes

2 3 return cached copy

Figure54 MOD.ENARG Basiasset retrieving

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

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 providéaetyiIOD.EN.CAM component

Both M2M and M interactionswill be enabledy 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 repaository itself.

The followingFigure55 shows the main business processes impacting on the A4BIQIEBUKM
component.
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<<flow>>
H2M communications

<<component>> El
MOD.BU.KM-
Collaborative
Knowledge Platform

<<flow>>
update/subscribe Context

<<component>>
EM.01

Publish/Subscribe
Context Broker (CB)

g]

End User

<<flow>>
M2M communications

<<componhent>>
EM.06 El
Application

Figure55 MODBU.KM. Crosscomponents business processes

Figure56 and Figure57 show exampleinteractions with the end usersn order to add and retrieve
blog entities (but similar interactions can occur for any knowledge entity managed by the platform.

: MOD.BU.KM- :KM.01.- :KM.05.- tKM.12.- tKM.13.-
Collaborative Knowledge Workspaces List Blogs Relational NoSQL DB
Platform DB
End User T T
1: login() | . | [ | |
L.1: showWorkspaceList) | 111 showBloaLi I ! | :
. .1.1: showBloglList() ! 1.1.1.1: storeEntity() n 1.1.1.1.1: updatelndex() |
1.1.1.1.2: /l:J
_____________ |
< 1.1.2 | !
1.2:
e
1.3:
[ mmmmmmm e i
Figure56 MOD.BU.KMCreate a new blog entry
: MOD.BU.KM- : KM.O1.- 1 KM.04.- :KM.13.- s KM.12.- : KM.05.-
Collaberative Knowledge Workspaces List Universal NoSQL DB Relational Blogs
Platform Search DB
End User T T T
1: login() | ) ! | ! | !
1.1: showWorkspacelList() : | : | :
1.1.1: search() : ' ﬁ |
1.1.1.1: retrievelndex() :
f——————p 1.1.1.1.1: retrieveBlog()
1.1.1.1.1.1: showBlog()
1.1.1.1.1.2:
|
|
|
|
I I
112 ! | '
S | I :
T | ! I
! I ! I
1.2 I | I |
E—————m ! I | I
1.3 H | : [ I
Ke——————————— | | | | |
™ I ! | ! |
U ! I ! I ! I
Figure57 MOD.BU.KM. Retrieve blog entry
7.3.2 MOD.BU.DSDECISIONSPORT SYSTEM (DSS)

The following sequence diagrams provide details of the interactions amongasnponents to
AdzLILI2 NI-! RECIW DS | aaradl yOSY RSOA&AZY

Access decision support information

The users can access the operational info through the graphical user interface{({ ®n m ®
5 | & K 0 Pahd\ie Systendisplays the results in the appropriate format. To this end the historical
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AYTF2NXYEGA2Y AG2NBR Ay (KS OSaeuBRO (#RNFHd: fi K53 363
ASNDAOSEE | B{YNBPODPIBSR aWNROSaaiyd aSNDAOSAE o
% MOD.BU.DSS: Decision MOD.BU.DSS: Decision support MOD.EN.CAM Collaborative
support system.DSS.01.. DSS system.DSS.02.. DSS processing asset manager.CAM.01.- CAM
User Dashboard sarvices SERVICE

1: Acess DSS info

) 1.1: getiProcessednfo()

1.1.3: DisplayProcessedinfo()

1.1.1: getHistoryData()

1.1.2: PpocesslHistoryDataf)

g

——_

Figure58 MOD.BU.DSS. Access decision support information

Notify intervention request

as5{{ennd 5{{ SGSyid I RleveiisSraldted WBn2&endE dequesid eigF¥ A O {
collaboration request, maintenance or inspection intervention request, etc.) and it is in charge of
adapting them if required, identifying the notification receivers if requjisiwell as the appropriate
niAFAOIGAZ2Y OKIyySta oFlaSR 2y GKS 02y GSEG AyT2N
NBL2ZaAG2NEREé D a5{{dnod 5{{ y20AFAOFGA2Y YIylI3aSYSy
the target user by using the appropiate notification chanfelg. graphical user interface, push
notification, email, sound, light indicator, etc.).

MOD.EN.CAM Collaborative asset
manager.CAM.01.- CAM SERVICE

Interaction

MOD.BU.DSS: Decision support ‘ ‘ MOD.BU.DSS: Decision support system .DSS.03.. ‘
device

system.DS5.04. DSS event adapter Naotification management services

1: MaotificationEvent
Ll

1.1.1: getNotificationinfol)

h 4

.

gl

1.1.2: mnangeNaotification()

g
Ij 2: Display notifocation

Figure59MOD.BU.DSS. Notify intervention request

7.3.3 MOD.BU.MONMONITORING

As stated before indicators based on process history informatierdesplayed by taking advantage
of the MOD.BU.DSS component and the survey based indicators use the MOD.BU.CQMS component.
So refer tor.3.2and 7.3.5or details.

7.3.4 MOD.BU.ACEAUTOMATION CONFIGURATION EVALUATION

The automation configuratiomvaluation consists of two main interactions, the insertion and the
access of information, both triggered by the user. The ¥alhg sequence diagrams descrithese
interactions, by providing details among somponents and also its connection to the ugealled

G! OU2NEV O
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Insertion of automation data by the user

MOD.BU ACE: Automation configuration MOD.BU.ACE: Automation configuration MOD.BU.ACE: Automation configuration
evaluation. ACE.01. ACE user interface evaluation. ACE.02. ACE management service evaluation. ACE.03. ACE data repository
Actor
1: Insert automation data .
> 1.1: SendAutomationData()
> 1.1.1: StorefutomationDatal)

1.1.2: SendFeedback()

1.1.3: SendFeedback()

1.1.3.1: Display feedback

Figure60 MON.BU.ACE. Insertion of automation data by the user

hyOS GKS dz&aSN) KIFa AyaSNIcSR 9OA WRDBNY AYNBSWNFAOEZ 20 R S
Q! / 9aAHI® YI YyIISYSyd ASNBAOSeéod LG A& NBauzyaAo fS
GKS AYyTF2NXYIFGA2Y! AYOIRIF GKSNBLRZADGAPNBEE D ¢KS aeaidsSy

about the status of the operation.

Access of automatiomlata

MOD.BU.ACE: Automation configuration MOD.BU.ACE: Automation configuration MOD.BU.ACE: Automation configuration
evaluation. ACE.01. ACE userinterface evaluation. ACE.02. ACE management sernvice evaluation. ACE.03. ACE data repository
Actor
1: Access automation info .
> 1.1: GetAutomationinfo() r-

¥

1.1.1: RetrieveAutomationinfo()

v

1.1.2: SendAutomationinfol)

1.1.3: SendAutomationinfol)

e 1.1.3.1: Display automation info

Figure61 MON.BU.ACE. Access of automation data

2 KSy GKS dzaSNJ I 00SaasSa Fdzi2YlF GA2g¢! /AY TARNINIGA VR YS NI
g Aff 3SO AYTF2NXNIGA2Y ¢cFNRY RO KB RXEB (R Kemardeiment § @ NB &
ASNIDAOS ¢V PIMIwyd ISYSY(d &SNIBAOSEéd ¢KS AYyGSNFIOS
information to the user.

7.3.5 MOD.BU.COQMSCOMPUTER BASED TOOL FOR THE MEASUREMENT OF WORKER
SATISFACTION

The following sequence diagrams provide detailsttef interactions among subomponents to
& dzLJLJ2 NI -2 QN vedm i GA AT OQlA2y aaSaaySyidé a RSAaONJ
A sequence diagram is provided for each use case scenario involved in FTR.11. Notice that the return

messages have beexxplicitly identified as providing feedback on the results of the processmas
been identfied as a requirement.
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CRUD users

In the offline mode the system administrator is able to create/ update or delete user data through
the user administration grapbal user interface and the systeprovides feedback on the result of
the process by displaying the appropriate message.

CQMS.01.- User admin GUI CQMS.03.- User Management CQMS.10. QMS Data repositary
Services
System administrator } : :
. | | |
1: Complete user data . . —
1.1: sSaveUserData() 1.1.1: storeUserData() l
»
1.1.2: sendFeddback()
1.2: sebdFeddback() ¥ -
1.3: Display feddback e —
TS ——— |
T |
| |
| |
T | |
2: Select user i L
2.1: setUserData()
2.1.1: retrrieveUserData()
2.2:sendUserData() 2.1.2: sendUserData() !
2.3: Display user data < ,,,,,,,,,,,,,,,,, T < ***************** :
T T I I
| | |
L 1 |
3: Update user data
3.1: updateUserData()
3.1.1: ppdateUserData()
3.1.2: sendFeddback()
3.2: sendFeddback() Sty |
3.3: Display feddback €] o |
e — I I
L | |
| 1 |
| |
M |
|
. |
4: Delete user data R
4-1: deletelser() 4.1.1: deleteUserDataf) !
4.1.1.1: dendFeddback()
4.1.1.1.1.1: Display feddback 4.1.1.1.1: dendFeddback() <
—————————————————— ST T T T T T T T T T T T T T T
| | |

Figure62 MOD.BU.MON. CRUD usey®ffline mode
In the online mode the system automatically creates/ updatesieletes user data based on the
t SNER2Y dzLJRIFIGS S@OSyild LINPOARSR o6& GKS @ANIdzZ f
{ SNIBAOSé¢ O2YLRYSyYyGo

Event manager (EM).EM.01 .- MOD.BU.COMS Computer-based tool for Quantitative MOD.BU.CQMS Computer-based tool for Quantitative MOD.BU.CQMS Computer-based tool for
Publish/Subscribe Context Measurement of Satisfaction CQMS.10. COMS event Measurement of Salisfaction CQMS.03.- User Quantitative Measurement of Satisfaction
Broker (CB} adapter Management Services CQMS.10. QMS Data repository

T

1

1: event. |

1.1: SendEventToEventSink() |

] o |

| i !

|

|

o

1.1.1: AdaptEvent()

1.1.2: setUserData()

1.1.2.1: storeUserData()

1.1.2.2: send Feddback() 'J

Figure63MOD.BU.MON. CRUD user®nline mode

CRUD questionnaire

As a first apppach system administrators can load questionnaires into the system using file including
the questionnaire definition.
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MOD.BU.CQMS Computer-based tool for Quantitative MOD.BU.CQMS Computer-based tool for Quantitative
M ent of Satisfact COMS 0%, Questi i Measurement of Satisfaction CQMS.10. QMS Data
management sercies repository
T T

1: storeQuestionaireModel)
. 2 saveQuestionaireModeFromFilel() J >|t|

'l' 1.1: sendFeedback()
|
|
|
|
i

Figure64 MOD.BU.CQM. Upload questionnaire from file

Optionally, the system administrator could create/ update delete questionnaire model through
the questionnaire administration graphical user interface and the sygiemaides feedback on the
result of the process by displaying the appropriate message.

MOD.BU.CQMS Compuler-based tool for MOD.BU.CQMS Computer-based tool for Quantitative MOD.BU.CQOMS Computer-based tool for
Quantitative Measurement of Satisfaction CQMS .04 - Measurement of Satisfaction COMS . 08. Questionnaire Quantitative Measurement of Satisfaction
System admin Q i ire admin GUI rr'anagcrr'clm sencies COMS.10. QMS Data repository
. . | |
1: Complete questionnaire model M 1.1: saveQuestionaireModel( ) |
-

1.1.1: sloreQuestionaireModel( )

} 1.1.2: sendFeedback()
1.2: sendFeedback()

1.3: Display feedbach

2 Select questiennaire | 2.1: getQuestionaire(} |

2.1.1: metrieveQuestionnaire()

2.3: Display questionnaire ()

2.2: sendQuestionnaireModel |} 2.1.2: sendQuestionnaireModel() J

3: Update questionnaire model | T

3.1; updateQuestionnaire Model() |
| 3.1.1: updateQuestionnareModel()

3.1.2. sendFeedback()
3.2: sendFeedback()

3.3: Display feedbach

4: Delete questionnaire |

4.1 deleteQuestionnaire( )}

4.1.1: deleteQuestionnaire()

4.1.2: sendFeedback()

4.2: sendFeedback()

4.3: Display feedbach

Figure65MOD.BU.CQM. CRUD guiesinaire using GUI

Complete worker satisfaction questionnaire

The shop floor operator is able to complete and save the questionnaire. Before saving it the system
checks if all the required questions have been completeso lthe system saves the resslto the
database and provideslirect feedback on result of the process by displayingn appropriate
message. Ifesponsesare not complete the system displays a message asking tiser toreview

them.
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MOD.BU.CQMS Computer-based tool for MOD.BU.COMS Computer-based tool for MOD BU.COMS Computer-based tool for
Quantitative Measurement of Satisfaction ‘Quantitative Measurement of Satisfaction Quantitative Measurement of Satisfaction
COMS.05. O k aire GUI COMS.08. Questionnaire management servcies COMS.08. QMS Data repository

Shop floor operator

1: Complete questionnaiire

2: Sawve completed que stionnaire

|
|
|
|
|
|
|
|
|
2.1: validateQuestionnaireResults() JI_

3 saveQuestionnaireResults()

F——

[ valid results] 3.1: storeQuestionnaireResults()

3.2: sendFeedback()

4: Dsiplay feedback 3.3: sendFeadback()

R A —— ]

[no valid results]

5.1: Display feedback

_—ﬁ“ L

Figure66 MOD.BU.CQM. Complete worker satisfaction questionnaire

Access individual view of worker satisfaction questionnaires results

Individual results of worker satisfaction questionnaire(s) should be accessible to both shop floor
operators and supervisors. Whamdividual worker resultare requestedthe systemdisplays them
prioritising graphical representation whenever possible

MOD.BU.COMS Computer-based tool for MOD.BU.COMS Computer-based tool for Quantitative MOD.BU.COMS Computer-based tool for
Quantitative Measurement of Satisfaction Measurement of Satisfaction CQMS.08. Questionnaire Quantitative Measurement of Satisfaction
User COMS.06. Individual dashb d GUI management servcies COMS.08. OMS Data repository

1! Access individual dashboard

1.1: getQuestionnaireHistory()

1.1.1: retreiveQuesticnnaireHistory()

1.1.2: sendQuestionnaireHistory()

1.2: sendQuestionnaireHis tory()

1.3: Display guesticnnaire historic data

Figure67 MOD.BU.CQM. Access individual view of worker satisfaction questionnaires results

Access aggretied view of worker satisfaction questionnaires

When Supervisors ask for aggregated worker questionnaire results the sgidphays the collected
results prioritising graphical representation whenever possible.
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S

Supervisor

1

: Access aggregaled dashboard

MOD.BU.COMS Computer-based tool for
Quantitative Measurement of Satisfaction
CQMS.07. Aggregated dashboard GUI
T

MOD.BU.COMS Computer-based tool for Quantitative
Measurement of Satisfaction CQMS.08. Questionnaire
management servcies
T

MOD.BU.COMS Computer-based tool for
Quantitative Measurement of Satisfaction CQMS.08.
QMS Data repository

‘ 1.1: getQuestionnaireHistory()

1.1.3: sendQuestionnaire Histary()

Lj 1.1.1: retreive QuestrionnaireHistory(}

1.1.2: sendQuestionnaireHistary(} tU

Figure68 MOD.BUCQM. Access aggregated view of worker satisfaction questionnaires
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8 FBBSPECIFICATION

8.1 SHOPFLOORYER
8.1.1 MOD.SH.MSMEDIATION SERVICES

8.1.1.1 FBB Specification

The figure below shows the main components of the MOD.SH.MS describing both main Functional
Building Blockand information flows.

<<component>> =] <<component=> =] <<component>> 3]
Legacy system MOD.SH.MS: Mediation Services MOD.EN.EM : Event Manager

<<flows> P Produced ejrent

Process dala Process Data (Legacy2ControlData) (ProcessEvpnt)

<<component>> porm— <<component>> E Process Data <<components> gl < <fidw] “mmm-:nent» ) gl
LS.01. Legacy mediation " MS.01. Mediati MS.02. MS Event Consumsd pven EM.01.- Publlish/Subscribe

agent Process Data (Contral2-egacy|Dat)managoment services Adapter (ResponsePfockssEvent Context Broker (CB)

a
7

Figure69 MOD.SH.MSDecomposition into functional building blocks

8.1.1.1.1 MS.01. Mediation management services

da{dnm® aSRAIGAZ2Y YIylF3aSYSyld &ASNBAOSa¢ &dzLJLJ2 NI 3
information coming from/to the legacy system. If required a specific legacy system dependent
O2YLRYySyild OlFly 06S ySOSaalNE o0A®dSpe [{dam [ STl O& Y

<<component>> @
Legacy system <<component=> E
MOD.SH.MS: Mediation Services
<<component=> g O} <<component>= g @ <<component>=
L5.01. Legacy mediation iDatalegacy MS.01. Mediation IAdapt MS.02. M5 Event
agent @ managemant services C‘\' Adapter
iDataMed ation IUpﬂa/m

Figure70MS.01. Mediation management services interfaces

MS.01 exposeataMedidion interface to capture the presence and process information from the

f S3ardoe ada2aidsSY o0A®S (KNRdAzZAK GKS | LILINE LIAiUpdage [ { 1 m«
interface to send updated process information to the legacy system. MS.01 conshm&sdapt
AYGSNFI OS SELR&SR o6& (GKS daadnuw a{ S@Syd I RFLIGSN]
the updateProcessinfanethod of the iUpdate A y 1 SNF I OS5 SELR & S Rdiatore (G KS
YEYlF3SYSyd aSNBAOS&¢ @

8.1.1.1.2 MS.02. MEvent Adapter

da{dnndlaf REGBENE &adzLILI2 NI & Lldzof A&K | yR &dz a
LINE RdZOSR 68 éa{onmd® aSRAFGA2Y YFyl3sysyd &8
Manager (MOD.EN.EM). Furthermore, it processes the event produced by the MBEM.kNo

process data to update the legacy system (e.g. information collected during the execution of the
operations performed by the automation mechanisms) through MS01.

ONR ©
NIDA O
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<<Component=> g <<gomponent==> g
MOD.SH.MS: Mediation Services MOD.EN.EM : Event Manager
f’ << COM ponent==>
<<components> O T E] - EM.01.- Publlish/Subscribe
MS.01. Medlar.loln iAdapt ms.u:;lms Event () Context Broker (CB)
manage ment services _O; apter e ent
Update

Figure71 SM.02. MEvent Adapter interfaces

MS.02 exposeifdapt interface and consumes thEvent (including Publish and Subscribe methods)

AYGSNFI OS SELRA&ESR o0& G(GKS da9adnm tdzoof A&dK k{dzoaON

appropriate format and theupdateProcessinfonethod of the iUpdate interface exposed by the
Ga{dnmd aSRALFGAZ2Y YFEYylF3ASYSyid aSNBAOS&¢ @

8.1.1.2 Background Assets

No background asset are used.

8.1.1.3 A4ABLUE Enhancements

Completely new component.

8.1.1.4 Interfaces

The following tables describe the interfaces exposed and consumed in the framework of
MOD.SH:N&.

Interface Method Description
iDataLegacy setldentificationInfo Collect presence information from lega
system .
setProcessinfo Collect process information from legacy syste
iUpdate updateProcessinfo Update process information in the lega
system.

Table1l8 MS.01. Mediation management services maimethods

Interface Method Description
iAdapt setldentificationData Collects identification data.
setProcessData Collects process data.

Table19 DM.02. DM event protocol adapter maimethods
8.1.2 MOD.SH.AMAUTOMATION MECHANISMS

8.1.2.1 FBB Specification

The figure below shows the main components of the MOD.SH.AM describing both main Functional
Building Blocks and interfaces.
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<<gomponent>> a <<gomponents> E
MOD.SH.AM. Automation mechanism MOD.SH.MS : Device Manager
<<component>> g] DISCOVERY
AM.02. Automation GUI
?m = @ <<Component>> E
—roden scn“ant\c‘\):?o a) hm; ata DM.01.Semantic
<= figw= vanables-methods reprasentation registrator
command inffo E
<<flows>
<<component== {l command <<components = el <<component>>
AM.01. Automation AM.03. Local automation icati ’ " DM.02.0PC UA Discovery
hardware control communicatiof ifforfation server
<<components=
AM.05. OPC-UA Sarver
c<flow>> OPERATION
automation data values <=flojy>
I,,,c:m;,&r;::,,,? subscription to gutqmaion data <<component>>
| AM.04 :ftcmat\cn a | <<flow=> <<flow=> c<fidwel DM.03. Deviee manager
M automation data i
| repository | ul method to be executed//parameters monitored vafiabie alues OPC-UA Client
| |
<<l >
T mathod to be iparameters

Figure72 MOD.SH.AMDecomposition into functional building blocks

8.1.2.1.1 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
KFENRgIFNB A& O2yGNRffSR o0& (GKS al!adnod [ 20t | dzi?2
8.1.2.1.2 AM.02. Automation GUI

¢ K AM.02.Automaton GW | f f 26a& dzaSNJ (2 AYydSNIOG 6AGK GKS |
it or give specific commands.

The FBB consumes thexecuteCommandnethod of the iCommand interface exposed by the

GAM.03. Local automation controlierd

8.1.2.1.3 AM.03. Local autoration controller

¢tKS aladnod [ 20+t Fdzi2YFGA2y O2yGNREftSNE O2y (NPt

<<component=:> E
MOD.SH.AM. Automation mechanism

O
) <<component=>
AM.03. Local automation iCommand AM.06. Automation
controller @ OPC-UA Server
iMonitor

Figure73MOD.SH.AM.03. Local automation controller interfaces

~

The FBB exposé&Sommandinterface and consumes thiglonitor A y i SNF I OS SAM0B.ASR o0&
Automation OP€ ! { Stdlfllishkhe updates of the monitored data.

8.1.2.1.4 AM.04. Automation data repository

¢tKS -ame ! d
information. ItA & |

2YlFGA2Yy RIFEGEFE NBLIRaAG2NReé SylofSa (GKS

zii
O00S4aaSR (KNR@EIK kB2 Yol (rAd2nyo @02 vy (i N2 f f S NE
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8.1.2.1.5 AM.05. OPC UA Server

0AM.05. OPC UA ser¢éeregisters (1) semanticepresentation of the automatiorthrough the
G5adamM® {SYIYyGAO NBEIAAGNI G2NET O6HO KBS 66AaAWYdzy hOl
'l RAAO020SNE aAaSNUSNE YR 06 ohk® BISOA O82 YO FI T8 )
Furthermore it provides updates of the monitored automation data to the subscribed components

and executes automation methods.

==componant=> E <=gcompanant== E
MOD.5H.AM. Automation mechanism MOD.SH.DM: Device Manager

iDiscove yRegister <<gompanents= ]
@— MS5.01.5emantic

representation
it r

<<gompanants> E

MS.02.0PC UA

O iDiscoveryYerver Discovery server
\ \‘i/ =Zpomponant=>
AN, Local 1 i O ==componant=> 8] DM.01. Device manager
prtion con {Command AM.05. Automati ‘OPC-UA Client
automation controller {O 05 on O\
OPC-UA Server

=
iManitor iﬁﬁémation
| iClignt
h=

Figure74 AM.05. OPGJA Server interfaces

AM.05 expose$Automation interface to support the subscription to the monitored variables and
execute the appropriate methods aritMonitor interface to support the exchange of the updated
values of the moniored variables. AM.05 consumes thegisterSemanticRepresentatiomethod of

the iDiscoveryRegisteh y i SNJF | OS S ENLIL &S8rRantio Eepredeiit8tiondrégistrator. i K S
registerServemethod of theiDiscoveryServeinterface exposed by théa { ®nH ht / b R
& S NJABdNilEe setSubscriptiormethod of the iClient interface exposed by thét 5 a dno® 5S @
YEYyF3aSNI ht/ 1 &od

8.1.2.2 Background Assets

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

8.1.2.3 A4BLUE Enhancements

Where automation mechanisms are already available A4BLUE includes features to support
integration of the automation and adaptation of the overall system. Furthermore, it includes a
generic OP@IA server to support plug dmproduce capabilities where it is not available.

8.1.2.4 Interfaces

The following tables describe the interfaces exposed and consumed in rdmework of
MOD.SHAMS

Interface Method Description

iCommand executeCommand Executes the command supported by t
automation mechanism.

Table20 MOD.SHAM.03. Local automation controller maimethods
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Interface Method ‘ Description
iMonitor setMonitoredData Collect updates in the monitored data.
iAutomation subscribeToData Subscribes to variables provided by t
automation.
executeMethod Executes method exposed by the automati
mechanism.

Table21 MOD.SH.AM.06. Automation OPJA Server maimethods
8.1.3MOD.SH.DMDEVICE MANAGER

8.1.3.1 FBB Specification

The figure below shows the main components of the MOD.SH.DM, describing both main Functional
Building Blocks and information flows.

<<component>> ]
MOD.SH.DM: Mediation Services
<<gomponents> E <<gomponents>
MOD.SH.AM. Automation mechanism DISCOVERY MOD.EN.CAM Collaborative asset manager
l P — <<component>> g tomat . Tr""”t’_’ 1data val " <<component>>
ook P emation DMLO1 Semantic automation semantic information /data values-methofis CAMD1. CAM SERVICE
e thod: ragistrator |
<<flows> <<fipw>>
‘communication information
<<component>> . <<gomponent>> E
<<component>> 2 CAM.03.- Virtual Asset
AM.05. OPC-UA Servar s P DM.02.0PC UA Discovery é repository
E endpaint channel server B
E
&
"o =
iz ¥
] & §
3
2
OPERATION 2
<<flows> 3
e e— automation data values ‘-é
subscription lo automatign diata <<components> <<components>
T DM.03. Device manager <<llows> DM.04 DM event adapter
automation data valugs OPC UA Client method to be executed’ Parameters
<<flows> |
method to be executed// Pafameters
<<flow>> c<liwe>
Producedjevent Consumid event|
<<components>

EM.01.- Publlish/S ubscribe
Context Broker (CB)

<ccompanent>>

MOD.EN.EM : Event Manager

Figure75MOD.SH.DM. Decomposition into functional building blocks

8.1.3.1.1 DM.01. Semantic representation registrator

¢tKS da5adnm® {SYFYyGiAO NB LN dehghiicrapresenfatiodpraviied byNI G 2 NE
the automation mechanisms @. available variables to be monitored and methods) in the

G/ ' adnmdtANIdzZ £ !aaS3G wSLIRaAd2NEé GKNRJZAK GKS

/| 2ttt 02N GAGS 1 aasSitd alylF3aSNEDP CAdNIKSNY¥Y2NB>X AG |
workcentre based orts IP.

<<oomponent>> <<component>> g' << COM ponent=>
MOD.SH.AM. Automation mechanism MOD.SH,DM: Device Manager MOD.EN.CAM Collaberative asset
manager
=<component>> iDischveryRefister <<component>> E iAsseiManage|
AM.05. OPC-UA Client (_ MS.01.Semantic << Component=>
O representation registrator O CAM.01.- CAM SERVICE

Figure76 DM.01. Semantic representation repository interfaces
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DM.01 exposesiDiscoveryRegisterinterface to support the resgistration of the semantic
representationand consumes the methods expdde 6 & ( KS a-BNBOHOHHD/ | a

8.1.3.1.2 DM.02 OPC UA discovery server
G5a®nu ht/ 1 RA&AO2OSNE aSNBSNE VYIAyidlFAya GKS
provides mechanisms for clients (DM.01. Device manager OPC UA) to find them. To support a

standardised approach this comportemust follow the specification of the Local Discovery Service
(LDS) provided by the OPC Founddfion

<<gomponent=> <<gomponent>> gl
MOD.SH.AM. Automation mechanism MOD.SH,DM: Device Manager
<<Component>> iDisgoveryServer <<component>>
AM.05. OPC-UA Server I/‘ MS.02.0PC UA Discovery
@ sarver

Figure77DM.02. OP@JA discovery server interfaces

DM.02 exposeiicoveryServeinterface.

8.1.3.1.3 DM.03. Device manager OPC difent

G5adnod® 5SHAOS YIFylF3IASNI ht/ || rabieve e dndpoird ozthikJ2 NI
appropriateOPG ! { SNIBSNJ FNRY (GKS G5adnu ht/ the data®A &4 02
be monitored through the appropriat©PCUA Server(3) publish variable update events through
iKSa®nnd 5a SdBd (@) etedie tI& SpNdpriate methods when required (i.e as
result of a triggered command event).

a
2S

<<component=> <<Com ponent== {'
MOD.5H.AM. Automation mechanism MOD.5H.OM: Device Manager

@ <<gcomponent=>
<ccomponent=> gl Ih

<<OOMponent=> apt DM.04. DM event
AM.05. OPC-UA Server O HE S R adapter

OPC-UA Client
IAutomation O_)

iClient

Figure78 DM.03. Device Manager ORJA interfaces

DM.03 exposesiClient interface to support the reception of the updated data values from the
automation mechanisms and to get the information of the method to be executed. Moreover, it
consumes thesubscribeToDatand executeMethodnethods of theiAutomation interface exposed
08 (AK.G5. GPAWA Server | Y RublishE®nmethod of theiAdapt interface exposed by the
0DM.04. DM event adaptér ®

8.1.3.1.4 DM.04. DM event adapter

d5adnn® 5a SGHSyld LINRG202f | RIFILWGSNE IRIFILIG& GKS
mant 3SNJ ht/ |1 ¢ G2 GKS S@Syd F2NXIFG &dzZJIR2NISR o6&
it processes the events produced by the MOD.EN.EM considering the semantic information stored in

1 OPC foundation: https:// opcfoundation.org/developetools/specificationsunified-
architecture/partl2-discovery
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GKS &/ !'adnod ANIdzZf F&aSid NB Ligethadipodided by the y R SE
Fdzi2YF A2y YSOKIYAaY (GKNRdAZAK d5adnod 5SGA0S YI Yyl
<< COMmponent== = t

MOD.SH.MS: Device Manager E MOD.EN.::Nm:BE}:::l Manager g'
I?gam
= te= = - < -
T e € Rl | e v
OPC-UA Client O adapter IEvent Context Broker (CB)
iClient
) g]
Insseianager
L= t>>
CAM.D??—H;D::\G;ER\JICE E
<<component>>
MOD.EN.CAM Collaborative asset manager

Figure79DM.04. DM event adapter interfaces

DM.04 exposesAdapt interface to support the exchange of the updated data values and the
methods to be executed and consumes tiitevent (including Publish and Subscribe methods)
AYGSNFI OS SELRA&ASR o6& (KS da9adnm tdzofA&dK k{ dzoaON
appropriate format, thesetMethodToExecutenethod of the iClient interface exposed by the
G5ad®no® 5SPHAOS YIyYyl3IASNI ht/ ! OirdsENanabeinteyfage G KS | L
G/ !'adam® { SNBAOSa¢ (2 3ASG GKS NBIAANBR AYyF2NXNI (A

8.1.3.2 Background Assets

To support a standardiseapproach to the discovg processhed a { dnuH ht/ ! BAa023S
a componentthat must follow the specification of the Local Discovery Service) (hD®ided by the
OPC Foundatig?

8.1.3.3 A4ABLUE Enhancements

The rests of the involved components will ébeveloped in the framework of A4BLUE.

8.1.3.4 Interfaces

The following tables describe the interfaces exposed and consumed in the framework of
MOD.SH:DM.

Interface Method ‘ Description

iDiscoveryRepresentation| registerSemanticRepresentatior] Registers the semanti
representation including variable
and methods and assigns th
automation mechansms to the righ
workcentre.

Table22 DM.01. Semantic representation registrator mamethods

Interface Method ‘ Description

12 OPC foundation: https://opcfoundation.org/developeitools/specificationsunified-
architecture/partl2-discovery

© A4BLUE consortium Pagell5of (175


https://opcfoundation.org/developer-tools/specifications-unified-architecture/part-12-discovery
https://opcfoundation.org/developer-tools/specifications-unified-architecture/part-12-discovery

Deliverable D2.6 A4BLUEGA N° 723828

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

OPC UA Server

Table23 DM.02. OPAJA discovery server main methods

Interface Method Description
iClient setmethodToExecute Collect the information of the method to b
executed
getDataSink Provides an endpoint to receive th
information of the monitored data.

Table24 DM.03. Device manager ORZA methods

Interface Description
iAdapt setVariableValue Collects the updated data of a subscrib
variable.

Table25 DM.04. DM event protocol maimethods
8.1.4 MOD.SH.MHMIMULTICHANNEL HUMAMNUTOMATION/ROBOT INTERACTION

8.1.4.1 FBB Specification

The figure below shows the maioomponents of the MOD.SH.MHMI, describing both main
Functional Building Blocks and information flows.

<component>> g]
MOD.SH,MI: Multimodal interaction
<<component>> E
MOD.SH.MHMI- H A
<<component>> =] <<fiow>> <<component>> g]
MOD.SH.AM. Automation multichannel interpretation + IP MLO3. MHMI Execution
mechanism Tlows{> Services
H2M actiqn to b executed
<<flow>>
<<component>> E <fflow>| multichannel inte rpretation
AM.02. Automation feedback pn muli-channel
Gul intgmretation I
unichannel interpretation (gesture, voice, elc)
<<componant>> g] g
a ML02. Uni-channel H H
3 interpreter I -
i8 . FE| 13
L] s 75 52
g 2 Yy T2
<cfiop> £ 2 g ¥ 2
teractipn d = a 8
interactipn da H £ 3
- <<gomponent>> = <<gemponent> =
<<device>> fﬁdbm“o:"‘ - | MLO1. Multi-channel & H MLOS. Multi-channel g g
R ot interaction manager S fusion angine
<<gemponents>
MOD.EN.EM : Event Manager
<< figw>>|
<<component>>
pE— a <<component>> g]|  Prodeen Evant o =]
A c MLOG. MHMI event 1! ! o
ML04. MHMI data 4 5 adapter Context Broker (CB)
repository H 5
T i E
¥ ta
g
<<flow=>
context gl cctows> <<component>>
CAM.01.- CAM CAM.03.- Virtual Asset
SERVICE repository
<ccomponent>>
MOD.EN.CAM asset manager

FigureB0 MOD.SH.MHMI. Decomposition into functional building blocks
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8.1.4.1.1 MI.O1. Multi-channel interaction manager

dal Multirchay y St AYGSNI OGA2Yy Y yI tAeolipongnlibip&farin b G Sa G |
Human to Machine (H2M) and Machine to Human (M2H) interaction. It supports functionalities to:

(1) get the inputs provided by the interaction sources (i.e. interactigwices, GUI); (2) send

collected data to the appropriate interpreter (MI.02. khbfiannel interpreter); (3) send partial
AYOGSNLIINBGF GA2ya-O&2y VRS @diayg oSYaATSET on0 LIz ¢
info, actions) events throughthéa L ®nc @ al al S@Syd nadheBditde@2dback RI LIG S
on multichannel interpretation and (6) support data persistertoesupportincremental learning
interpretation readiness

<<component>> El
MOD.SH.MHMI- Multichannel Human-Automationirobot Interaction

<<component>>
MIL03. MHMI execution
servioces

iCommand

<<component>> linteraction

MILO3. MHMI execution = <<components> El
services O ML.02Z. Uni-channel
interpreter

<<gomponents> a
MI.05. Multi-channel
fusion engine

ilnte rpretation

O

iChannelData

Figure81 MI.01. Multi-channel interaction nanager interfaces

MI.01 exposesDataandilnteraction interfaces and consumes tteetChannelinterpretatiomethod

of the ilnterpretation A y i SNF I OS S E MR0& SMulticiiadnel fusidh engires (G KS
setChannelDatamethod of the iChannelDatainterface SE LJ2 & SR MI.B2. UnkHannes

interpreterd |y BetConkhfinanethod of the interfacéCommandS E LJ2 & S RMI®2 MHMK S &
execution serl0Sa é¢ ® CdzNI KSNNY2NBZL ®fin & yalSal ORKBG 1o A NEB LA XSG
retrieve the requirednformation.

8.1.4.1.2 MI.02. Unichannel interpreter

GaLonO®FyySt AyGiSNLINBGSNE Ay SNLIML Multichashel A v Lidzd

AYGSNI OGAZ2Y YIyF3ISNE 08 daAAYy3I (GKS AyatNHOGAZY Q&

repositoryl KNR dz3K GKS da/!'adanmed /!la {SNBAOSaAe |yR &Syt
the MI.OL MUtFOK F vy §f Ay G SNI OGAZ2Yy Yyl 3SNE

<<component>> gl <<component>>
MOD.SH.MHMI- Multichannel Human-Automationirobot interaction MOD.EN.CAM: Collaborative asset manager
ilnte raction
==component>=> g ) <<gomponent>>
MLO1. Multi-channel Q} MT;;"EF’T’”T]“” | {@_ CAmOT GD:M Services
Iinteraction manager ./— e \_
intarpreter
iChannelData

Figure82. MI1.02 Uni channel interpreter interfaces

MI1.02 exposesChannelDatanterface and consmes thesaveChannellnterpretatiomethod of the
iinteraction interface exposed by théMI.01 MulttOK I yy St A y (i S NFu@heringrg, it YI y I 3 S
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interacts with thevistual asset repositorjo retrieve the required information. The following table
shows the main methods exposed by i#annelDatadnterface. The following table shows the main
methods exposed by thi€hannelDatdnterface.

8.1.4.1.3 MI.03. MHMI Execution Services

N An

GaLdno® al alL@SESAdzIGRYY &N A GKS Ay idSNLINBGNI (A3
OKIyySt AYyGSNIOlGA2Y YIYylFI3ISNE AyidG2 I+ @It AR O2YYl
SOSYy il LINRPG202f I RILIISNE ®

<<component>> g
MOD.SH.MHMI- Multichannel Human-Automation/robot interaction

<<component>> g <<component=> <<components>
ML.01. Multi-channel @ MLO3. MHMI execution O MLOG. MHMI event
interaction manager sarvioces protocol adapter
iCommand iAdapt

Figure83. MI.03 .MHMI Execution servicemterfaces

MI.03 exposesCommandinterface and consumes thpublishEvenimethod exposed bya a L ®nc @
alalL S@Syi I RF LI SNE

8.1.4.1.4 MI.04. MHMI data repository

dalduvinad RFGF  SNBpbde datk pedsié@nce for interpretation incremental learning
readiness.

8.1.4.1.5 MI.05. Multi-channel fusion engine

dal dulp-@KI yy St TFdzaiAz2y SKhashkl yh@rpretdiozs Gei paiis) Songidgrihg

0KS AyadNdzOGA2yQa aSYFIYyGAO NBLINBaSydalraGA2y LINR JAF
G/ 'adnmOADSaE{ ENE LINPOARSAE GKS O2YLX SGS Ydz GAOKI
G2 GKS LI NILAFE AydSNLINBGI MR03. wWealt-OKK Iyly SO 2 defdi A@Y  BIy:
obtain the multichannel interpretation is context information (e.g. operat@entification,

environment status information, etc.).

<<gomponent=> gl <<component=>
MOD.SH.MHMI- Multichannel Human-Autematienirobot interaction MOD.EN.CAM: Collaborative asset manager
iinteraction
<<pomponent= > E @ <<component>> iAdsetManager <<component=>
MLO1. Multi-channel 7 ML05. Multi-channel I CAM.01.. CAM Services
interaction manager fusion engine \_( }
lnte rpretati on

Figure84 MI.05. Multi-channel fusion engine interfaces

MI.05 exposesinterpretation interface and consumes theaveMultichannelnterpretatiomethod of

the ilnteraction interface exposed by théMI1.01 MultiOK | Yy St A y (0 S NEudGhérin@&e/ Y I y I 3
it consumes the methods exposed by thd ! adnmd /! a ASNBAOSa¢ G2 &id2NX
information fromthed / ! a®no ® @A NI dz € FaaStd NBLRAAG2NEE O
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8.1.4.1.6 MI.06. MHMI event a@pter

GaLodncd alal S@PSyG FRIFILIGSNE OKSOla GKS ¥FSIaao
alaL 9ESOdziazy aSNBAOSaé¢ I yR I R théJEvant Maitagetl 2
(MOD.EN.EM).
<< Gomponent== @ <<components >
MOD.SH.MHMI- Multichannel Human-Autemation/robot interaction MOD.EN.EM : Event Manager

<<component>> <<gomponent=> @ <<gomponents>
MLO3. MHMI execution g —@— MLOG. MHMI evant —’©-—— EM.01.- PubilishiSubscribe
sarvices protocol adapter IEve Context Broker (CB)
IAdapt

Figure85MI.06. MHMI eent adapter interfaces

MI.06 exposesAdaptinterface and consumes th&vent (including Publish and Subscribe methods)
interface exposed by the EM.01 Publish /Subscribe Context Broker (CB) to publish events in the
appropriate format and executes the apgmiate method exposed by th€ommandinterface of the
GaLdnod alalL 9ESOdziaAz2y &ASNWAOSaé o

8.1.4.2 Background Assets

The 4X3 Multimodal humanrobot natural communicationcomponentdeveloped in the scope of
FourByThree projettis aimed to enhance collaboratigeenarios where human and robots interact

in a natural way. The current implementation supports voice and/or gestures. Using semantics, it is
able to handle voice and gestubased natural requests from a person, and combine both inputs to
generate an undestandable and reliable command for industrial robots, facilitating a safe
collaboration.

For such a semantic interpretation, the component relies on four main modules, as shown in the
figure below: aKnowledgeManager module that describes and manages the environment and the
actions that are affordable for robots, using semantic representation technologie¥.oiae
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 Interpretatiomodule to resolve pointing gestures and some simple orders like stopping an
activity (out of the scope of the work presented in this paper); arfeusion Enginéor combining

both mechanisms and constructing a complete and reliable rabotmanding mechanism.

13 FourByThreehttp://fourbythree.eu/
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Multichannel
Interaction Manager

c
o
U +
“ @©
°e = |2 @
wn =
_- 8 e_[:‘} °
© Y g 1= Instruction
® g —_ = %D (parameters)
° S8 W )
2 t El e
S © = e
[ o o —
= 2 £ 3
o & = T
O g
w =) = EI::}
> ©
[}
i<
£

3

Knowledge
Manager

=

Figure86 4X3 Multimodal humanrrobot natural communication component

The Multichannel Interaction Manager is theneponent responsible for managing the orchestration

of the modules from the collection of signals (voice and gestures) to sending the interpretation of the
interaction to the opportune component. The solution is configurable in the sense that the solution
can operate with a single input channel (voice or gestures) or both.

In the current implementation, the four main modules work as services while the Multichannel
Interaction Manager is a R8®%ased node.
8.1.4.3 A4ABLUE Enhancements

The MOD.SH.MHM{ill rely on theabovementioned background asset, especially since it provides
the capability to fuse multichannel sources but it will be enhanced to increase reliability, consider
contex information (e.g.process anoperator related info) as well as manage the feedbpacess

and support event exchange.

8.1.4 .4 Interfaces

The following tables describe the interfaces exposed and consumed in the framework of
MOD.SH:MHMI.

Interface Method ‘ Description
iData setinteractionData Collect the raw data from the interactio
datasources.
iinteraction saveChannelinterpretation Save the unchannel interpretation.

saveMultiChannelinterpretatiorl Save the multichannel interpretation

saveContextinfo Save context information.

Table26 MI.01. Multi-channelinteraction manager mairmethods

14 http://wiki.ros.org/Nodes
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Interface Description

iChannelData setChannelData Collect interaction data related to th
specific interaction channel.

Table27. MI1.02. Unichannel interpretermain methods

Interface Description

iCommand setCommand Receive the identified interaction

Table28. MI1.02. Unichannel interpretermain methods

Interface Method Description

ilnterpretation setChannellntrepretation| Receive partial (unichannefjterpretation.

Table29 MI1.05. Multi-channel fusion engine maimethods

Interface Method Description

iAdapt setCommandinfo Collects command info.

Table30MI.06. MHMI event protocol adapter maimethods
8.1.5 MOD.SH.AR\CTIVE SAFETY

8.1.5.1 FBB Specification

The figure below shows the main components of the MOD.SH.MIL.AS, describing both main
Functional Building Blocks and information flows.

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

<<gomponent>> El
MOD.SH,AS Active safoty

<<device>>

AS.01. Tracking

=<flows>
position <flowf>=

gl (adtapt ropot El
AS.02. Safety controller havipur)

I

<<components> gl
AS.03. Safety
configuration repository

==<flow=>
configuration
<<gomponent>> El

AS.04. Safety
configurator

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

<<component>> El
AM.03. Local
controller

Figure87 MOD.SH.AS. Decomposition into functional building blocks

8.1.5.1.1 AS.01. Tracking

a! {donmd ¢NF Ol Ay3Ié dza
ARSY(ATe GKS LRaAirdAz
human and safety zone tracking.

4

KS RFEGF FNBY &Sy&2NBE &dL
20401 Of STacking/ddn itvdvw R A
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<<component=> E
MOD.SH,AS Active safety

O <<gomponent>> <<Component>>

AS.01. Tracking —@— AS.02. Safety controller
iData

iTrack

Figure88 AS.01. Tracking interfaces

AS.01 exposefData interface and consumes theaveTrackingmethod of the iTrack interface
exposed by theAS.03. Safety controlierd

8.1.5.1.2 AS.02. Safety controller

G! {onud {FFShe O2yGNRffSNE LINRPOS&dasSa GKS GNI O Ay
behaviour considering the safety configuration.

<<gomponent==> E
MOD.SH,AS Active s afety

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

O <<component=> E <<component==> E e
AS.01. Tracking O— AS.02. Safety Il @ <<gomponent==

IData iTrack AM.03. Local automation

controller

iCommangd

<<COmponent=>
AS.03. Safety
configuration repository

Figure89 MI.06. MHMI event protocol adapter interface

AS.02 exposedrackinterface exposed by théAS.03. Safety controllér | Yy R O2y adzySa GKS
of theiCommandinterface exposed by théAM.03. Local automation controlierd

8.1.5.1.3 AS.03. Safety configuration repository

G! {dnod {IIFSie QNRyTAAAMNR WEAY (KBLIAaR2&NR2 IS 2F G(KS
modes, safety related actions, operator preferred modes, etc.).

8.1.5.1.4 AS.04. Safety configurator
¢KS ! {dand {FFSGe O2yFAIdzNF G2NE SyloftSa (2 RSTA

<<gomponents> E
MOD.SH,AS Active safety

<<com ponents> g'
AS.03. Safety
configuration repository

<<component=> - {l <<component=>
AS.04. Safety AS.05. AS event
configurator [ 3 protocol adapter

IConfigure

Figure90 AS.04. Safety configurator interfaces

AS.04 exposa€onfigureinterface to manage the configuration settings.
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8.1.5.2 Background Assets

Trajectory prediction modules, developed by TEK in the scope of internal R&D and the EuroC
project'®. Trajectoriescan ke very useful to take measures to avoid collisions between the elements

in the scene or even to be ready to takavoidanceactions in advance. The trajectory prediction

software uses long shoterm memory (LSTMrecurrent neural networks to predicivorkers

trajectories based on 2D range laser data. LSTMs are a category of recurrent neural networks (RNNSs)
GKAOK 0Sf2y3a (2 GKS 3INRgAYy3I USEtR 2F RSSLI £ SI Ny
which connections between units form a directeycle. 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 sequences of inputs and exhibit a dynamic temporal
behaviour n response to those sequences. Training RNNs to learntdwmy dependencies by
gradientRSa 0SSy YSGK2RA& KFI&a LINRPGSYy G2 06S RAFUOdzZ G |
that control how much of the past and the current state has to get througlnéortext time step.

8.1.5.3 AABLUE Enhancements

MOD.SH.A%ill take advantage on the abovaentioned background asset to adapt robot behario
to the predicted trajectornconsidering context information.

8.1.5.4 Interfaces

The following tables describe the interfaces exgmband consumed in the framework of MOD.SH.AS.

Interface Method Description

iData setTrackingData Collect the raw data from the safety senso

Table31 AS.01Main component interfaces

Interface Method Description

iData saveTracking Save tracking information.

Table32 AS.02Main component interfaces

Interface Method Description
iConfigure setUser Stores the configuration settings in the dg
repository.
updateUser Updates the configuratiorsettings in the
data repository.

Table33AS.04Main component interfaces

8.2 ENTERPRISAYER

8.2.1 MOD.EN.CAMCOLLABORATIVE ASSET MANAGER

The A4ABLUE CQathorative AsseManager componentepresents the asset repository in any A4BLUE
based system, encompassing both GUIs and APIs, explaigitgrounded existing background
assets, coming from FIWARE (and then widely used in FITMMANFIWARE for INDUST&Y

1SEUROC: http://www.eureproject.eu/
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described in SectioB.3 - FIWARE for INDUSTRYamely the FITMAN CABES® and its evolution
developedandfederatedto the BEinCPPS Future Internet Platfannthe BEinCPPS proj&ct

8.2.1.1 FBBSpecification

The Figure91 here below shows the main components of thEOD.EN.C¥, describing both main
Building Blocks and information flows.

< COMPONENTS> gl < <COMPONENts> {l
CAM.0Z2- CAM.O1-
CAM-UI CAM-SERVICE
< <flows> <<flows >
manage HZM interactions manage M2M interactions
< <flow= >
< <Componentss gl publishfconsume events < <Ccomponentss {l
MOD.EN.CAM- Collaborative MOD.EM.EM- Event
Asset Manager Manager
< <flows =

manage asset persistance

< <COMPOnEnts s gl
CAM.0O3 Asset
Repository

Figure91 MOD.ENCAM. Decomposition into Functioal 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 providingser interface. It provides a REST
based abstraction oriop 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. CA¢érviceprovidesthe integration with theMOD.ENG.EM, thanks to

the integration with theFIWARE Orion Context Broker.

During the development othe alphaprototypes new interfaceshave been addedto the ones
already identified in D2.1) in order to suppdtinctional and technical needsmergingfrom the
pilots: iReasonerManager, iUploadRDFManager, iSpargiManager. Tihes#éaces enhancethe
background component by adding powerful reasoning capability to the repository, as well as
supporting new interactionwith the RDF Repository directly tugh Query SPARQL

16 http://catalogue.fitman.atosresearch.eu/enablers/cdilarative-assetmanagement
17 https://github.com/BEInCPPS/fitmaram
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O

iSpargiManager

O

iReasonerManager iUploadRDFManager

<<component>> El
( ) CAM.01- CAM-SERVICE

iClassManager iAssetManager

O

iModelManager iOwnerManager

Figure92 MOD.ENCAV CAM Servicénterfaces

8.2.1.1.2 CAM.02. CAM UI

CAMUI is a web application which provides a user interface for exploiting the -SéiVice API
interactively. CAM allows user to create, read, updatd 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 physical storage of the virtualized assitg) the defined VARM
ontology, as a basis fais knowledge. Once the ontology is installed, the user cantiseggraphical
interface provided byCAM Ul tomanage andextend it, for example by adding custom domain
concepts, and to create the VARStancescontaining Tangible and Intangible Assets of theous
Use Cases

8.2.1.2 Background Assets

FITMAN CAM is the implementation of a virtualized assets (VA) knowledgeusasgOWL2based
formal descriptions of any item of interest in tleal worldthat needs to be digitally represented
within an AABLUBbased gstem.Within the A4BLUE project, the FITM&KXMcanalsobe linked to

the desigrtime of the platform: its API can be used by engineering tools to access a common online
repository of specifications of devices and systet i $TMAN CAM exposes a web ARittban 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 r@audly contexts.

FITMANCAM is based on the Eclipse RDF4J ontology repository, which leverages open standards like
Resource Description Framework (RDF), RDF Query Language (SPARQL)Gmio déghl anguage
(OWL2). On top of thes&ITMANCAM adds a web service layer exposing a REST API andzdJiveb
layer providing an interactive, uséiiendly frontend.

FITMANCAM allows applications and web us&v define and manage Asset 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 FIWARMBased applications

This CAM release contains two modules, C3dvivice and CAM

o CAMsServiceis a web application with no user interface. It provides a RiaSé&d abstraction
on top of the reference ontology that is stored in the RDF4J iggrgs By means of API calls,
applications can query the reference ontology: CRUD operations are allowed on Classes,
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Models, Assets, Attributes, Relationships and Owners. -SAMice also implements the
integration with the FIWARE Orion Context Broker aitd 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 virgbrface.

8.2.1.3 A4BLUE Enhancements

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 @eusable ontology to model the assets, but a new one should be
selected and adapted to A4BL#Rd following the outcomes of the project Task T2.3 (i.e. the Virtual
Asset Model).To this end T2.3 has been developing the VARM in ordemptovide a standat
definition of thethe virtual representation of tangible or intangibdssets (TAA).

Further enhancements will target the enrichments of assets representation, also taking into account
other information such as worker skills and preferences, as well as the impaxiftobr socie
economic factors, such as worker satisfaction, into djfi@ble or monetary indicators

To this end new APIs will be introduced in tAMService, as well as new functionalities would be
needed in the Ul providing the web access to end users.
8.2.1.4 Interfaces

The following table presents an overview of the main inteeexposed or used by ti@AMService
sub-system, by providing the main methods and their description. Further details on the foreseen
interfaces will provided in the outcomes of \B/fnainly in D3.4)

Interface Method Description

iClas$fanager getClasses Get all classes
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 Asset by assetName.
getAssets(className) Get assets of Class named

className.

getAttributes(assetName) Get all attributes of assetName.
getAttribute(assetName, Get Attribute of assetName named
attributeName) attributeName.
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Interface

Method

getRelationships(assetName)

Description

Get all relationships of assetName

getRelationship(assetName,
relationshipName)

Get Relationship of assetName
named relationshipName.

createAsset

Create Asset.

createAttribute(assetName)

Create Attribute of Asset named
assetName.

createRelationship(assetName)

Create Relationship of Asset hame
assetName.

updateAsset(assetName)

Update Asset named assetName.

updateAttribute(assetName,
attributeName)

Update Attribute of assetName
named attributeName.

updateRelationship(assetName,
relationshipName)

Update Relationship of assetName
named relationshipName.

deleteAsset(assetName)

Delete Asset named assetName.

deleteAttribute(assetName,
attributeName)

Delete Attribute of assetName
named attributeName.

deleteRelationship(assetName,
relationshipName)

Delete Relationship of assetName
named relationshipName.

iModelManager

getModels

Get all models.

getModel(modelName)

Get Model by modelName.

getModel(classnName)

Get models of Class named
className.

getAttributes(modelName)

Get all attributes of modelName.

getAttribute(modelName,
attributeName)

Get Attribute of modelName name
attributeName.

getRelationshigmodelName)

Get all relationships of modelName

getRelationshigmodelName,
relationshipName)

Get Relationship of modelName
named relationshipName

© A4BLUE consortium
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Interface

Method

createModel

Description

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 modelName
named attributeName

updateRelationshigmodelName,
relationshipjName)

Update Relationship of modelNamé
named relationshipName

deleteModel(modelName)

Delete Model.

deleteAttribute(modelName,
attributeName)

Delete Attribute of modelName
named attributeName

deleteRelationshigmodelName,
relationshipjName)

Delete Relationship of modelName
namedrelationshipName

iOwnerManager getOwners Get all owners.
getOwnerpwnerName Get Owner by ownerName.
createOwner Create Owner.
updateOwneréwnerName Update Owner named ownerName
deleteOwnerpwnerName Delete Owner named ownerName,

iReasonerManager | ceateOntologyModel(DL_LANG) | Create a Ontology Model
createlnfModel(reasoned, model) | Create Inference Model
executelnferenceQuefgparglQuery) Execute an Inference Query on

Inference Model
iUploadRDFManage| addRrdfFileToRegifFile) Add an RDF File to RDF4J REPO

iSparglManager

sparglQuery(sparglQuery)

Execute a SPARQL Query on RER

Table34 MOD.EN.CAMMain CAM Servicecomponent interfaces

Pagel28of (175

© A4BLUE consortium



Deliverable D2.6 A4BLUEGA N° 723828

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 Sc8tidRlIWARE for
INDUSTRYFIWARE Orion Context BroKeand FIWARE Proactive &E

8.2.2.1 FBBSpecification

The Figure93 here below sbws the main components of thMIOD.ENEM, describing both main
Building Blocks and information flows.

< <component>> E
Storage

<<flow>>
storeData
< <flows> < <COMPONEnts> {l
notifyContextAvailability EM.02 Context Producer (CP)
~
<<flow>z < <flows =
registe rContext updateContext
- <componentes <<component>: gl <<COMponents:
EMOE A " EMO1 EM.03 Context
: L Dbkl Publis h/Subscribe <<flow>> Provider (CPr)
discoverContext Context Broker (CB) updateContext
< <flows >
< <flows> processEvent
. <<flows >
subscribeContext derivedEvent
< <COMpPOnent>: < <components=> {'
EM.O7 Complex Event EM.0O Event
Processing Engine (CEP) < <flows> Processing Agent
<<flow> < <flows> process
queryConte xt notifyContext
< <flows=>
deployDefinition |
configure

EM.04 Context EM.08 CEP Management

<<component>> E ‘ <<component>> ‘
Consumer (CC)

Figure93 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@i2ENEM component. It works

as a handler and aggregator of context data and as an interface between architecture actors.
Primarily the CB has to control context flow among all attacheéarscin order to do that, the CB has

to know every Context Provider (CP) in the architecture; this feature is done through an
announcement process. Typically, the CB provides a Context Provider Lookup Service and a Context
Persistence Service.

18 https://catalogue.fiware.org/enablers/publishsubscrifm®ntextbroker-orion-contextbroker

19 https://catalogue.fiware.org/enablers/complegventprocessingcep-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)

Figure94 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 context. The basic Context Producer is the one
that spontaneously updates context information, about one or enoontext attributes according to

its internal logic. This communication is between CS and CB is in push mode, from the CP to the CB.
Context Producers can work also in pull base way, in which case they are referred as Context
Providers.

8.2.2.1.3 EM.03. Context Prader (CPr)

A Context Provider (CPr) is a specialized kind of Context Producer actor, which provides context
information on demand, in synchronous mode; that means that the Publish/Subscribe Context
Broker or even the Context Consumer can invoke the @Pder to acquire context information. A

CP provides context data only further to a specific invocation. Moreover, a CP can produce new
context information inferred from the computation of input parameters; hence it is many times
responsible for reasoningnohighlevel context information and for sensor data fusion. Every CP
registers its availability and capabilities by sending appropriate announcements to the 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 retrieve context informati@end a request to the CB or directly ineak 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 certain set of entities). The CC
registers a calback operation with the sutzription for the purpose, so the CB notifies the CC about
relevant updates on the context by invoking this &tk function. Finally, some kindf Context
Consumer may expose updadteontext operations 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 Context Broker (from a Context Source or as a
result of a request to a Coaxxt 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 database. Publish/Subscribe Context Broker persistence is onlyefourtent
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 a Context Consumer in
charge of such persistence in any desired pegaist 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 register new contexts, discover existing
contexts, and subscribe to conteupdates (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 conditionsddfoantal 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)

Figure95 MOD.EN.EMComplex Event Processing interfaces

8.2.2.1.8 EM.08 CEP Management

The CEP Management provides capabiliitemanage 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 definition from the repository, updating a repository definition file detihg 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, updating CEP engine instance
definitions and reading the state of the EEngine 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 computing nodes as the entire event processing application can be
executedas 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 eventc@ssing 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 where most of the functions of CEP are implemented.
The behaviar of an EPA is specified using a roléented approach that is inspired by the ECA
(EventConditiorAction) concept and may better be described as PattéomditionAction. Rules

will consist of three parts:
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1 A pattern detection that makes a rule of relevance.péttern 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 satisfied

It is worthnoting that every pattern is associated with d&wvent processing context. Event processing
contexts group event instances so that they can be processed in a related Mmy.assign each
event instance to one or more processing context partitiohis.evzent processing context can be a
temporal processingontext,a segmentation processing context, or a composite context that is to
say one made up of other processing context specifications

8.2.2.1.1 EM.10. StatusManager

The Status Manageés in charg of update the process statund leep historicalrecordsof all the
SopSyia Ay (GKS a/'!'.a nod ! 3aSi NBLRAAG2NERE

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/aplications which will provide updates to context information, as well as context consumer
devices/applications which will be notified of updates and query produdePd/ARE Orion Context

Broker plays the role of a central hub for information exchangeiwigBLU#based systems, and as

such itis integrated with several other components of the A4BLUE platisrahown previously in

Figure49.

The Orion Context Brokertases context information updated from applications, so queries are
resolved based on that informatiof.o make persistent context status changes in OCB, it can be
connected to other FIWARE components such as C3fyrDggnus implements a connector for
context data coming from Orion Context Broker and aimed to be stored in a specific persistent
storage, such as HDFS, CKAN or MySQL.

Orion Context Broker

Orion Context Broker Context
Consumers
Context l\ ‘ "‘*Lw .
Producers S et — \ 1026 )
—_— —
dm\h‘ : - @
update )
——— ‘ : :
1026 | ‘ - notif
update - e .
-

Figure96 MOD.EN.EM. FIWARE Orion Context Broker

On the other handthe Event Manager can b@mplenented by a Complex Event Processing (CEP)
engine, able toanalyse event data in reiime, generate immediate insight and enable instant
response to changing conditions. While standard reactive applications are based on reactions to
single events, the CEP reacts to situations rather than to single events. #osiiisaa condition that

20 https://github.com/telefonicaid/fiwarecygnus
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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 rather than tcsingle events. The CEP, in 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, single events aasignéicant A

CEP engine can detect combinations of events which are meaningful, through use and detection of
patterns over incoming events, aray letting other tools respond to single events witharticular

conditiors.
Authoring
Tool

Event Processing
Rules / Patterns

| O% Definitions y
: oo
Build Time
wwwwwwwwwwwwww w.{wgmwwwwwwwmmwwwmm
| Run Time
|
¥ Detected
m Situations
e =u A CEP WENe AGA

»| Engine

. J Detected Situations
Event
Sources

Figure97 MOD.EN.EMCEP execution model

D2.1 presented the FIWARE Proactive GE as the background component to be exploited in order to
provide the engine processing logic. Unfortunatelly the GE owner is no longer supporting this
module, there the A4BLUE Consam has analysed several potential alternatives from the FIWARE
ecosystem. This study has been closed when a new background has been seledfeaisdweCEP,

taking incareful consideratiomll the features supportedn order toeaseits integrationwith the rest

of the AABLUE RA.

Perseo CEP is composed of two fundamental compongaiseo fe(front-end) andperseecore
(backend). the dfront-endé CEP processes incoming events and rubesngresponsible for their
momentum, and for the implementation of the actioriBhedbackendé CEP representistead the

rules processingengine able to deck inbound events against rules in Event Processing Language
(EPL and invokes persefe if an actionhas to be performed. The persistence of the rules is in
memory, so it has no constant memyp the whole set of rules comes updated periodically by
dperseoT S €

So farPerseo CEP is completely integrated with FIWARE Context Biakethe source of
information to be processedThe CEP uses the mechanism of Orion inscriptions to examine entity
flows; the Rules which satisfies the EPL queries, analyzing the shangtatus that occun the
Context Broker by triggering theorrespondingactions. Perseo povides different channels of
triggere action via a notification mechanisas shown ifrigure98.

21 https://github.com/telefonicaid/perseefe
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Orion DB
ntity
perseo
action " action {action /event laction N rules \rules trust token \access token
SMS Gateway SMTP Server Orion HTTP Server Portal Auth server

Figure98 MOD.EN.EMPerseo CEPExternal Data Flow

8.2.2.3 AABLUE 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 deploy and cogfiration of such complex systems (e.g. through the adoption of
supporting tools to manage adaptation rules definition).

A4BLUBbased systems will considerably rely on the mentioned background assets, especially since
they have a proved reliability and adei adoption in the FIWARE ecosystem being part of the core
FIWARE architecture for Data/Context Management. Furthermore, even ifjmelhded assets have

been selected, A4BLUE will alsontinuously explore newemergent solutions into the FIWARE
ecosystenproviding the same capabilitiesnerging from the FIWARE for Industry initiatijes. the

loT Data Edge Consolidation GE, a recent implementation designed to provide a common access in
real time to all data, for any kind of sensors and "Things", araily persiseént exchangeof
information using a lightweight storage systgm

8.2.2 .4 Interfaces

The following table presents an overview of the main interfaces exposed or used by the Context
Broker subksystem, by providing the main methods and their descriptibarther details on the
foreseen interfaces will provided in the outcomes of WR&inly in D5.1)

Interface Method Description

iContextManager registerContext Register a new context in the broker.
(using NGSI APIv1)

discoverContextAvailabilit] Discovemwherever a specific context exists
in the broker.

updateContext Update a specific context in the broker.
gueryContext Retrieve context information from the
broker.
iEntityManager listEntities Retrieve the list of entities from thieroker.
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Interface Method Description
(using NGSI APIv2) createEntity 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.
iUpdate updateStatus Update process status

setHistoryData

Savedistoricaldata

The following table presents an overview of the main interfaces exposed or used by the Complex

Table35 MOD.EN.EMMain CB component interfaces

Event Processing stdystem, by providing the main methods and the@sdription. Further details
on the foreseen interfaces will provided in the outcomes of {fR&inly in D5.1)

Interface

ilnstanceManager

Method

retrievelnstanceStatus

Description

Retrieve the status of an instance, the
definition URI it is configured withnd its
state (stopped or started).

startinstance

Start the instance.

stoplnstance

Stop the instance.

configurelnstance

Configure the instance with a definition file

iDefinitionManager

listDefinitions

Retrieve all the existing definitions in the
repository.
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Interface Method Description
addDefinition Add a new definition in the repository.
retrieveDefinition Retrieve the complete definition in JSON
format.
updateDefinition Replace content of an existing definition

with new content.

deleteDefinition Remove thalefinition 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.

Table36 MOD.EN.EMMain 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 a {esckapplication (ARG2) 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.0IReswmrce Manager

The Backend application has the constant need to be synchronized with the assets, events and
resources of the underlying AABLUE framework layers. For this reason, it is necessary to have the
possibility to:

1 Retrieve any asset that may be ugleih the AR context by a unique name;

1 Retrieve information about the assets organization (i.e. directory structure, assets existence
etc.);

1 WSUGNRSOS AYyF2NXYIGAZ2Y | 02dzi aaSGaQ 1 ad dzIRF
without downloadingthe actual asset.

For these reasons, the Resource Manager component will be highly coupled with the Collaborative
Asset Manager Service. The communication between the two components will happen through REST
synchronous calls.

It is worth noting that the AB.01 component will use the iAssetManager interface exposed by the
CAM.01 C&service component; the Resource Manager will use it to perform operations on other
A4BLUE assets
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<<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

Figure99 MOD.ENARG VR/AR Training System Baekd module interactions

8.2.3.2 ARG.02 Event Connector

The Event Connector is an ARG02 module that will directly communicate with the MGHM.EN.
componentin order to manage every event that could be produced or consumed during the training
session. In other words, thicomponent will act both as a Context Producer and Context Consumer.

As a Context 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 had, as a Context Consumer, the Event Connector will be able to subscribe to specific
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 A4BLUE 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 characteristicof the main securitgomponent, even if such a component was not
introduced in the Reference Implementation described in the DoA (as defined in S2djion

Identity Management covers a number of aspects involving users' access to networks, services and
applications, including secure and private authentication from users to devices, networks and
services, authorization & trust management, user profile managememya@ypreserving
disposition of personal data, Single S@n (SSO) to service domains and Identity Federation towards
applications.

The A4BLUHdentity Managementcomponent will be welbrounded upon existing background
assets, coming from FIWARE (andrttwidely used in FITMAN as described in Se@i8n FIWARE
for INDUSTRYFIWAREentity Management KeyRocK?.

8.2.4.1 FBBSpecification

The Figure93 here below shows the main components of tMOD.ENM, describing both main
Building Blockand information flows.

22 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

Figure100MOD.ENIM. Decomposition into Functional Building blocks

8.2.4.1.1 IM.01. Application Developer Portal

The Application DevelopdPortalis 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 patrticipate in an authetitineand authorization
processto get access to a protectedervice. The deeloper 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 usénterface. End users may also review and modify their personal account
data and maintain their privacy settings 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 retrieve extra information about their users.

8.2.4.1.4 IM.04. Application Management
REST API for managing applications (registering the applicatioeyiegriand 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 perrioss and assigning the roles to the users. The
role permissions make up an authorization policy that may be pushed to the Authorization FDP GE

Z https://catalogue.fiware.org/enablers/authorizatiocpdp-authzforce
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8.2.4.1.6 IM.06. Authentication and Authorization

This is the core component of the IdBLpporingthe two most common ecurity standardin web-
based applications: SAMLZ:and OAuthZ.

SAML 2.(provides federated identity, more specifically federated Single Signand user attribute
exchange between IdM systenfBIWARE IdM GE and other Identity Providers)

The OAuthstardard is an authentication and authorization framework that addresses cibre
scenario where you have to allow a website or application (Consumer) to access protected resources
of an End User from a web service (Service Provider) via an API, withoutngdiis End User to
disclose their Service Proeidcredentials to the Consumer.

8.2.4.2 Background Assets

Identity Management is key on any architectu®4BLEL Ra gAf f NBf &ldesitity (G KS C
Managemenig KeyRock D9 (2 LINEP@PARS ( KubctighaitiehJ2 NIi | yR SEGSYR

Identity Manager (IdM) GE API specifications comply with existing standards for authentication and
userand provide access informatiotdM offers tools for administrators to support the handling of
user lifecycle functions. It reduces ¢heffort for account creation and management, as it supports
the enforcement of policies and procedures 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 giteem a means to rase attributes like address,

email or others, thus allowing an easy and convenient management 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 is a single
signton (SSO) to all these applications. The IdM offers hosted user profile storage with specific user
profile attributes. Applications do not have tar and manage their own persistent user data
storages, but instead, can use the |dM user profile storage as a Software as a Service (SaaS) offering.

The 1dM is composed of two independent components, a RESTfukhdcknd web froniend. If you
want to seethe code for each of the components of the IdM and more specific documentation
please head to each component's repository:

1 Horizon based fronénd ging/horizon
1 Keyrock aKeystone based baand ging/keystone

8.2.4.3 AABLUE 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 consumiogrits
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®.

24 https://www.oasisopen.ag/committees/tc_home.php?wg_abbrev=security#samlv20
5 https://oauth.net/

26 https://forge.fiware.org/plugins/mediawiki/wiki/fiware/index.php/Security _Architecture

© A4BLUE consortium Pagel39of (175)


https://github.com/ging/horizon
https://github.com/ging/keystone

Deliverable D2.6

A4BLUEGA N° 723828

8.2.4 .4 Interfaces

The following &ble presents an overview of the main interfaces exposed or used bf4B&UE IM
componeni by providing the main methods and their description. Further details on the foreseen
interfaces will provided in D2. Seéaiure Middleware definition for EBSOA ritegration - Final

Versiorg .0

Interface

iRoleManager

Method

List Roles

Description

Getall entries

Read Role details

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 new permission.

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.

Table37 MOD ENIM. Main platform interfaces

Pagel40of (1795

© A4BLUE consortium




Deliverable D2.6 A4BLUEGA N° 723828

8.3 BUSINESSAYER

8.3.1 MOD.BU.KMCOLLABORATIVE KNOWLEDGE PLATFORM

8.3.1.1 FBBSpecification

TheFigure101 here below shows the main components of tN©OD.BU.KI, describing both main
Building Blocks and information flows.

<<component>>
KM.14.- Portal Directory

<<component>> g' <<component>> g]
KM.03.- Group Management KM.02.- User Profile
<<component>> a <<component>> g'
KM.22.- Feedback Management KM.10.- Bookmarks

|Group |User
iBookmarkEntry
<<component>>
t t
P i O O) MoD UK Callboraive S O e &
iAssetEntry Knowledge Platform iWikiPageEntry

<<component>> g]
<<component>> gl ( KM.23.- Moodle
KM.05.- Blogs

iDiscussionEntry KM<2;((-)r:4’:>ir:iel:t;r>idge {I

iFileEntry

<<component>:
KM.07.- Documents

iNotification <<component>>
KM.08.- Discussions
<<component>> EI 6( ))
KM.15.- In Box Notification iDecisionMaking
<<component>> a
<<component>> E iStructuredContentManager KM.16.- Assets Catalogue
KM.19.- SWOT Analysis
<<component>> <<component>> g]
KM.20.- Survey KM.17.- Industrial Trials
<<component>> <<component>> g'
KM.21.- Weigh up Decision KM.18.- Lessons Learned

Figurel01MODBU.KM. Decomposition intoFunctional Building blocks

8.3.1.1.1 KM.01l-Workspaces List

Workspaced.ist is a application providing thdist of workspaceswhich are working areas where
users share the knowledge, participate to discussions and decisions, annotate resources and
contents to fird 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 about a user with respect to aesvjierformed,
reputation, skills, following and followers, latest contents, subscriptions, similar people and
suggested contents

8.3.1.1.3 KM.03.- Group Management

TheGroup Managemenapplication aims to provide the full list of workspace participants. For each
member, it is possible to start actions like getting the viewindlividual profiles and starting to
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follow. This application shows all the teams of which they are a membership and enables them to
create new teams and circles

8.3.1.1.4 KM. 04.- Universal Search

The MOD.BU.KMncludes several search features to heluserquickly find whatthey arelooking
for, or just to browse through content, people, and teams.

Universal Search manages interactive search by inserting filters on the searchhbamnsers can
search for specific wordsand smply enter the search terms to see content containing all the
specified words in any ordefheycan findresourceshy person, title and contenalso benefit from
the suggestions shown in retine in the search box when typinge query ifthey decide to search
for a resource from a ternfzurthermore, t 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 of a group 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 issuesCurrently, corporate blog are usedfor internal communications fzout general

issues 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 thatl@avs you to define shared calendars at community 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 and reminders. The application allows you to viets byesay,
week, month and year.

8.3.1.1.7 KM.O07.- Documents

Documents supports document management among members of the group that can upload files,
view and download those @3 of the others membergOffline access can 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 qualified answers 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 thep#wey face. The usage
of the wiki will allow 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 uséocs store and share Internet bookmark3hey can b
organizd and categoriztusingthe same collaboration process as for the other applications.
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8.3.1.1.11 KM. 11.- Usage Analytics

The Usage Analytics dpgation lets you visualize statistics on how users are working iwithe
platform, who is most active, 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 thgriegsro
over time.

8.3.1.1.12KM. 12: Relational DB

Structured knowledge, containing mainly User Generated Content, is made persistent by using a
classical relational database, in order to ease the management along the overall platform taking
advantages of weknowndata storage solutions.

8.3.1.1.13KM. 13.-NoSQL DB

Indexing and fast search are implemented using NoSQL engines in order to fit the requirements of
performance and semantic reasoning needed to organize existing knowledge and support the
Universal Search service.

8.3.1.1.14 KM.14.- Portal Directory

The Portal Directory application allows users to search for other users and organizations, looking
them up from the registered entities of the portal, and retrieving the full descriptions and details.
The most importantcharacterists of users are their skills, while organizations are organized by
competencies.

8.3.1.1.1 KM.15.- In Box Notification

This servce is part of the core functionalities of the KM Platform, aiming at managing web
notifications and showinghe main activities realized ihin the platform using auser centric
approach It is possible to set up what things you would like to be notified about and where those
notifications are senfe.g. using web or email)

8.3.1.1.2 KM.16.- Assets Catalogue

It simplifiesthe access taa catalogue of the maitechnologiesadopted by themain Organization
targeted for different attributes. Attributes includé LINE R dzO (chaiaStédEligsOssrémanual,
related documentationavailability conditions of thesses, best practicessoftware licenseused
and contact information

8.3.1.1.3 KM.17.- Industrial Trials

A database containing aollection of interesting exparents developed both interanally but also
externally to the main Organization, detailing business goals, obtained results, usewltagibs,
actors involvedand implementations characteristics

8.3.1.1.4 KM.18.- Lessos Learned

Lessons learned system is a key component of knowledge management, and a primary driver for
continuous performance improvementhis application provies eollectionof lessons learned from
contributors across thenain Organizatiomnd otherpartners.

8.3.1.1.5 KM.19- SWOT Analysis

A service to encourage each member of the group to consider other points of view for-a well
balanced decision. This application provides a setofstto collaborative build a SWOT analysis,
using both resources from the KM Platform as well as other user generated items.
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8.3.1.1.6 KM.20- Survey

This application supports a group of people to evaluate an opportunity, gir@ya converging rating
systemand acomparison engine intended to provide the best choice among the evaluated items.

8.3.1.1.7 KM.21- Weigh upDecision

This easyto-use application prvide a quick collaborative decision making tool, intended to highlight
PROs (strengths ) and CONs (weaknesses) betdiffenent alternatives, trying to build a quick
converging path toward a shared choice.

8.3.1.1.8 KM.22- Feedback Management

This application allowt collect and centrally manage feedbacknd data from their employees
especially related to work order or shiffhe component transforms feedback into actionable
information and enables the distribution of that information throughout timain Qganization. Data
can easily be filtered by multiple criteiaS ®3 @ ¢ 2 NJ . DRd\RS Ndficdtidn In&chaxisms
could be used to send the right information to the right operator in a timely and coftexsre
manner (e.g. using the AR device developed in MOD.EN.ARG component).

8.3.1.1.9 KM.23- Moodle

Moodle Learning Management System is a flexible, open source, and freewtolodal learning
management solutiomble to provide online learningersonalized environments his system will be
integrated with the main KM Platform in order to provide a complete environment intended to
provide a complete support to formal upnd re skilling training courses.

8.3.1.1.10KM.24-Moodle Bridge

This application realizes a bridge between the KM core Platform and Moodle, offering three main
functionalities:

1 Courses: a catalogue organized by categories and shared in two sections, one containing the
courses you are CURRENTLY enrolled, a second containing the suggested courses based on
skills profiling and matching;

1 Badges: a digital badge is essentially an online recognition of your achievements and skills.

2 A0K OGKS oAt AGe Gunitied obning interactial, @ MaddleSogdgeddll O2 Y'Y
show the work completed, and the outcomes learned to achieve said badge;

T Activities: a chronological ordered view upon configurable Moodle activities streams
availableintended to provide the highlights ahe activities completed within the LMS
system.

8.3.1.2 Background Assets

OPENNES®PEN Networked Enterprise Social Software) is a-hdebd platform (enriched with a
suite of mobile applications) supporting the development and management of collective knowledge
and intelligence and collaborative working relying on social networking and senfasao
management of content resources and information.

The platform and its services support and stimulate the usage and creation of knowledge (often
implicitly) which eists within social networks (both internal and external), with the aim of promoting

open innovatiordriven processesindimproving problem solving and decision making in groups and
yStig2NyLad ¢KS GaogAadaR2Y 2F GKS ONERg g dfromthéR (KS
collaboration of multiple actors become the tools to perform activities ranging from routine
processes to strategic decisions, innovation, and change management.
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During the development of OPENNESS suite, ENGINEERING has designed to atedriritegsuite

a Learning Management System leveragingvwodle, i.e.a learning platform designed to provide
educators, administrators and learners with a single robust, secure and integrated system to create
personalised learning environmentdderging formal (in Moodle) and informal (in OPENNESS)
approaches has been validated by tlelively of a powerful set of learnecentric tools and
collaborative learning environments that empower both teaching and learning.

8.3.1.3 A4BLUE Enhancements

OPENNESS platfornillivibe extended in the scope of the AABLUE project in order to better assist blue
and white collar workers i€ollaborative Decision Makif@DM) processes, adding new services to
handle conflict resolutions and to support knowledge take up from the watkier order to feed a
lesson learned database built upon structured and unstructured knowlefigaecial focus will be
given to the feedback management (collection and provisioning) and to informal/formal learning).

8.3.1.4 Interfaces

The following table presentsn overview of the main interfaces exposed or used byKMeService
sub-system, by providing the main methods and their description. Further details on the foreseen
interfaces will provided in the outcomes of Wgnainly in [3.4).

Interface Method Description

IAssetEntry getEntries Getall entries
getentry Getaspecific entry
updatebntry Updatea specific entry
iGroup addGroup Addanew group.
deleteGroup Deletea specifigroup.
getGroup Getaspecific group.
getGroups Get allgroups.
updateGroup Updatea specific group.
iUser addUser Addanew user.
deleteUser Deletea specific user.
Getaspecific user by email
getUser(emailAddress) address.
getUser(id) Getaspecific user by email id.
Getaspecific user by email scree
getUser(screenname) name.
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Interface Description

updateUser Updatea specific user.

iBlogEntry addEntry Add a new Blog entry.
deletebntry Delete a specific Blog entry.

Get all Blog entries for a specific

getentries group.

getEntry Get a specific Blog entry.

subscribe Subscribe to Blog entries updates

updateEntry Updatea specific Blog entry.
iBookmarkEntry addEntry Add a new Bookmark entry.

deletebntry Delete a specific Bookmark entry

Get all Bookmark entries for a
getentries specific group.

getEntry Get a specific Bookmark entry.

Subscribe to Bookmark entries

subscribe updates.

updateEntry Updatea specific Bookmark entry
iDiscussionEntry addMessage Add a new Discussion entry.

deleteMessage Delete a specific Discussion entry

Get all Discussion entries for a
getCategoryMessages specific category.

getMessage Get a specifiDiscussiorentry.

Get all Discussion entries for a
getThreadMessages specific thread.

Subscribe to Discussion entries

subscribe updates.
updateMessage Updatea specific Discussion entry
iFileEntry addFileEntry Add a new File entry.

Pagel460f (175 © A4BLUE consortium



Deliverable D2.6

A4BLUEGA N° 723828

Interface

copyFileEntry

Description

Copy a specific File entry.

deleteFileEntry

Delete a specific File entry.

getFileEntries

Get all File entries for a specific
folder.

getFileEntry

Geta specific File entry.

revertFileEntry

Revert a specific File entry to a
previous version.

subscribe Subscribe to File entries updates
updateFile Updatea specific File entry.
iWikiPage addRage Add a new Wiki page
Change parent to specific Wiki
changélarent page.
deletePage Delete a specific Wiki page.
Get children pages of a specific
getChildren Wiki page.
getOrphans Get orphan pages in a Wiki.
getPage Get a specific Wiki page.
Move a specific Wiki page to
movePage another position.
subscribe Subscribe to Wiki updates.
updatePage Update a specific Wiki page.
iNotification Send a notification on a portal
sendNotification event to a registered user.

updateNotificationPreferences

Update the User preferences upo
notification configuration.

iDecisionMaking

createDecision

Create a new collaborative
decision making process.

© A4BLUE consortium
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Interface Description

Update existing decision making
updateDecision process.

Delete existing decision making

deleteDecision process.
from the existing catalogue
manageAsset (allowing CRUD operations).

Manage a specific Lesson Learne
entity from the existing catalogue
managelLessonLearned (allowing CRUD operations).

Manage a specific IndustrialTrial
entity from the existing catalogue
manageTrial (allowing CRUD operations).

Table38 MOD.BU.KM. Mairplatform interfaces
8.3.2 MOD.BU.DSDECISION SUPPORT SYSTEM (DSS)

8.3.2.1 FBB Specification

The Event Manager (EM) component produces events relateghéoational activity (e.g. start/ end
operations, start/ end work orders, defects, downtimes, etc.) that are relevant for decision making.

¢ K $SS04DSS event protocol adapter Ada Ay OKFNHS 2F |RIFLWGAYy3 GKS
Manager (EM) andi G 2 NB 2 LISNJ G A 2 P8S03.R{ {i I RIAH/II 2 NRILKZSA Adl 2 NB €
as5{{PdnHd 5{{ YIylFIaSYSyid &aSNDAOSa¢d

Users interact with the MOD.BU.DSS though web based graphical user intebi&®26%DSS GUI

The business logic supporting they decision gupli TSI (1 dzZNS & A a DISYORHESSY Sy (i SR
YIyF3aSYSy (i02ava8BAA/SiE ¢6 KA OK DEY.GBS NI ORE (i b AYBdriy& £ ( & NB
and retrieving the required information.

<<gom ponents> gl
MOD.EN.CAM Collaborative asset manager

<<gomponant>> < flows> <ccomponent>> El
CAM.01.- CAM Info CAM.03.- Virtual Asset

SERVICE repositary

Historyinfo Motification receivers info E <<gomponent>>

’——l MOD.EN.EM : Event Manager

<<component>> <<component>> w<fiow=> <<gomponent>>
DSS.02.. DSS processing DSS.04. DSS event MotificgtionEven| EM.01.- PubflishiSubscribe
services adapter Context Broker (CB)
=cfiop=> <=flope==
Procesged info Notificatjon info
<<flow=>
<<gomponent>> <<pomponent>> Notification <<device>>
DSS.01.. DSS Dashboard DSS.03.. Notification infofmation Inte raction device
manage ment services

<<component>>
MOD.BU.DSS: Decision support system
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Figure102MOD.BU.DSHecomposition intofunctional building blocks

8.3.2.1.1 DSS.01.DSS GUI

¢ KPSH01.DSS GYl fft2ga (GKS dzaSNm (2 F0O00Saa +y 33N
operational results to support decision makirigSS.0konsumes thegetProcessedinfmethod of
the iDSInterface expo§ R 6 @DSH.BRBSSprocessing serviée®

8.3.2.1.2 DSS.02.DSS processing services

¢ K $SS02.DSS processing serviees 12 IS0G GKS KA&G2NEB RFEGF FNRBY
process it to provide the right information supporting decision making mece

<<component=> El << component=>
MOD.BU.DSS: Decision support system MOD.EN.CAM: Collaborative asset manager
<<gomponents> E <<component>> iAssetMdnager <<COM ponant=>
DSS.03.. DSS Dashboard —@— DSS.03.. Notification d CAM.01.. CAM Services
iDSS management services @

Figurel03DSS.02. DSS processing servineerfaces
DSS.02xposesDSA Y 1 SNF I 0Sa FyR dzaSa GKS AydiSNFIFOSa LINEC
access informatin from the virtual asset repository.
8.3.2.1.3 DSS.03.Notification management services
CKS Ga5pROAGFROIGAZ2Y YIFIYlF3ISYSyld aSNBAOSaé¢ LINRJAR
V2UATFAOLI GA2Y AYT2NYI §DSSEvedd profocol atlapet2 ¥ G KS a5{ { ®onn

<<components= E
MOD.BU.DSS: Decislon support system

<<oDMponents >
DS55.04. DSS event
adapter

<< pOMponents=
DS5.03.. Notification
management services INotification

Figure104 DSS.03. Notificatiomanagementservicesnterfaces

DSS.03 exposddotification interface to manage the notifications.

8.3.2.1.4 DSS.04DSS event adapter

DSS.04 processes the notification event produced by the MOD.EN.EM and executes the
setOperationalDatanethod exposed by thidSSA vy (i S NF | DSS.02Nbtificatios management
4 § NI do@ieat.

© A4BLUE consortium Pagel49of (175



Deliverable D2.6 A4BLUEGA N° 723828

<<gomponent>> E
MOD.EU.DSS: Decision support system

<<components >
MOD.EN.EM : Event Manager

<<component>> <<pomponent>> <<component>=
DS5.04. DSS event EM.01.- Publish'S ubscribe
DSS.03.. Notification 7
management services iNotification adapter @ Context Broker [CB)
IEvent

iAssetManager

fQ)‘I

<< 0OIM ponents >
CAM.01.. CAM Services

<<component>>
MOD.EN.CAM: Collaborative asset manager

Figurel05DSS.04. DSS event protocol adapigerfaces

DSS.04 consumes tlievent (including Publish and Subscribe methodsierface exposed by the
EM.01 Publish /Subscribe Context Broker (CB) to publish events irapipeopriate format and
executethe appropriate method of théNotification interface.

8.3.2.2 Background Assets

As an initial approach, several potential background asset candidates were identified.1 to
support some of the identified functionalities. Initial background asaetre evaluated in the scope
of Task 5.3 (Assistance: Decision Support Systednjuatiher ones were identified.

The selected tools involve: R (to suppditSS.02.DSS pragssing servicéy KNOWAGE (to support
0DSS.01. DSS dashboagdvand Firebase Cloud Messaging (to support push notifications
management fron®DSS.03 Notification management servicési

R27
R is a language and environment for statistical compupingviding a wide variety of statistical

(inear and nonlinear modelling, classical statistical tests, -Bemes analysis, classification,
Of dza G SNRA y 3> X0 quesyaRd ishighlylekienglef §§ SOKyY A

R is available as Free Software under the tershe Free Software Foundatiéha Db | DSy SN
Public License in source code form. It compiles and runs on a wide variety of UNIX platforms and
similar systems (including FreeBSD and Linux), Windows and MacOS.

R is able tgperform SPARQL queriea capability useful for seamless integratation with the CAM (i.e.
using its semantic reasoning capabilities, exposing a SPARQL ehdpoint

27 R: https://www.r-project.org/
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KNOWAGE

KNOWAGHs an open source business analytics suite developed by ENGINEERINGntliaexo

traditional data and big data sources into valuable and meaningful information. The suite is
composed of several modules, each one conceived for a specific analytical domain. They can be used
individually asa complete solution for a certain tasky @ombined with one another to ensure full

coverage of usa) NXBIj dzZA NBYSy Gaz I ff 26 RBKNORAGEalds Rre | G| A f
developed on the same architecture, sharing more than technology: they use the same metadata

and analytical layer, sha security, life cycle and general capabilities.

KNOWAGEcan aggregate data in custom and highw performance dashboasd properly
composing and orchestrating business intelligence and data mining/analytics primitives. Data need a
pre-processing stepdfore they are submitted for the visualization, so a big data analysis approach is
supported by integratin@g processing engine (e.g. R and Python scripts can be used {urqmess
dataset before starting visualization and reporting tasks)

KNOWAGIE availablen two versions: Community and Enterprise editions. Coenmunity Editions
available, including the whole set of analytical capabilities, entirely free andruad@pen source
license

Firebase Cloud Mssaging®

Firebase Cloud Messagif§CM) provides a reliable and battegfficient connection allowing to
deliver and receive messages and notifications on Android, iOS, and the web at no cost.

8.3.2.3 A4ABLUE Enhancements

The toolsidentified in the previous sectiowill be used by a newly developed DSS module able to
provide the required funtionality and interact with the A4BLUE plataform

8.3.2.4 Interfaces

The following tables describe the interfaces exposed and consumed infrémework of
MOD.BU.DSS

Interface Method Description

IDSS getProcessedInfo Provides access to processed info.

Table39DSS.02. DSS management services component interfaces

Interface Method Description

iNotification setNotificationData Provides notification data.

Table40DSS.03. Notification management serviaasin component interfaces

8.3.3 MOD.BU.MONMONITORING

MOD.BU.MON functionality is covered by taking advantage of the MOD.BU.DSS comjoonent
indicators based on process history information and by MOD.BU.CQMS comgonéndicators
based on surveys.

28 https://www.knowagesuite.com

2 https://firebase.google.com/docs/clouthessaging/

© A4BLUE consortium Pagel51of (175


https://www.knowage-suite.com/site/licensing/community-edition/

Deliverable D2.6 A4BLUEGA N° 723828

8.3.4 MOD.BU.ACERAUTOMATION CONFIGURATION EVALUATION

8.3.4.1 FBB Specification

Figure 106 shows the main components of the MOD.BU.ACE, describing both Fueictional
Building Blocks and information flowsnong them

zComponents E

MOD.BU.ACE: Automation Configuration Evaluation

«Component»E IACEU xCGmponenth ‘KCG”’]DUHE”E}E
ACE.01. ACE @ ACE.02. ACE ACE.03. ACE
User Interface rnanagement Service Data Repository

Figure106 MOD.BU.ACHnterfaces

8.3.4.1.1 ACE.O1. ACE User Interface

The 6ACE.O1¢ ACE User Interfaée I f tlieZodduction planner to insert and view information
related to the automation configuration evaluatioh.will also display a graphicedpresentationof
the data to theenduser.

The FBB consumes and expose the methods ofithe! / 9! ¢ Ay GSNFI OSd ¢KS ySE(
approach to the main methods exposed and consumed by the interface.

Interface Method Description

IACEU getAutomationResults Retrieve automation data an
calculation to the user

sendAutomationData Sendsautomation data
setAutomationData Save automation data set b
the user

Table41 ACE.01. ACE User Interface main methods

8.3.4.1.2 ACE.02. ACE Management Service

It provides functionalities to:
T t N2OSaa RIGE O2YAy3 ! GENR dzFK SINES OB M9 damd !/ 9
I Calculate automation results;
T alb1S FTOGFHAtlI6tS G4KS NIg% FyR LINRPOSa&aSR Fdzi2Yl {7
LYGSNFIFOSET
T {i2N8 YR NBGNASGS RIGF AYKFNRY GKS 4!/ 9dnod

The FBB exposes and consumes iAdistribedn the previous section.
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8.3.4.1.3 ACE.03. ACE Data Repository

¢KS 4!/ 9dnod 514G wSLRaAd2NEé SylofSa &ad2Ny 3§ 2
P ASNI LYUGSNFFOSe¢s AdG A& FOOSaaSR GKNRdAK GKS a! /9

8.3.4.2 Background Assets

The MOD.BU @Es a newly designed tool, specifically targeting the A4BLUE @edds described in

the methodlogical approach contained in D3.BMethodology for socieeconomically sustainable
design of optimal automation Initial versiol. For this reason no &ting backgrounds are available

to support the development of this module, resulting in a brand new exploitable asset of the A4BLUE
project.

8.3.4.3 A4BLUE Enhancements

The methodology described iD3.1- dMethodology for socie economically sustainable design of
optimal automation- Initial versiod  LINRH@ baRiS far the Automation Configuration Evaluation
module of the AABLUE Adaptive Framework.

This methodlogy has been specifically designed to support the objectives of the A4BLUE project,
therefore abrand new tool is needed to foster the use of this methodology. To this end two different
tools have been foreseen.

A first attempt to build a testing tool (to refine and improve the teorethical approach used while
designing the methodlogy) has been reatizusing a Microsoft Excel Tool, taking advantages of its
lower complexity and the possibility of using the programming langlégeal Basic for Applications
(VBA. With the help ofthistool, the methodology for determining the optimal degree of autoroati
can be applied and validateslith concreteexamples. In this way, occurring problems could already
be detected and solved in the development phas¢he underlying methodology.

A more complete and user friendly tool will be, instead, developed dutiegbieta phase of the
project, by delivering a web based tool to ease the workflow associated to the evaluation
methodology, as well as the integration with the rest of the A4BLUE Framework. This web tool will be
olFlaAaSR 2y GKS aiSYLX ool SrE ordedNdRsgekdRup Be dedelopin&nSprotess!
itself. In addition, this tool will be further connected to the monitoring module that consists in the
main KPlIs of the specific industry. These indicators will support the industry planner in deciding if
upgrade or downgrade in the automation level is needed, and who will be able to simulate new
developments in this matter

With the help of the developed tosgl the methodology for determining the optimal degree of
automationwill be applied andurther validatedin the pilot scenario in WR6

8.3.5 MOD.BU.COQMSCOMPUTER BASED TOOL FOR THE MEASUREMENT OF WORKER
SATISFACTION

8.3.5.1 FBB Specification

The figure below shows the main components of the MOD.BU.CQMS, describing both main
Functional Building Blocks and infortiaa flows.
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<<component>> E
MOD.EN.EM : Event Manager

event

<<component== El
MOD.BU.CQMS: Tool fMeasurement of Satisfaction
<<component>> <<flows>
CQMS.01.- User admin Userinfo
cul J
<<gomponent>> ccTlows>
<<flows> CQMS.03.- User Manage ment e
= Authentication/Authorisation Services
. 2 N
LA g =
Ed ie | 43| 259
T | 25| 328
v - & = 2
8 5 | Tw| ¥32
= v 2 vy v E 35
<
] <
<<component>> <<component>>
CQMS.02.- User login GUI CQMS.09. CQMS Data
repository
3 2
B =
i i
<eflows> 2 £ L8
i
<<component>> Qustionnaire modelperodicity g 5 & %
COMS.04.- Questionnaire % = % 2
admin GUI V2 b
E 8
a ]
ceflows> [=]
. ceflow>
Questonnaire mode| <ccompenent>> {l questionnaire <<component>> c
~“componem> cams.08. Q hedule | CQMS.10.CQMS event
ceflow>>
CQMS.05. Questionnaire ﬂU\_'f management servcies adapter
Gul Questennaire results
<<component=> wflow>
CQMS.06. Individual Questionnaire results
Dashboard
<<component>> <<flow=>
CQMS.07. Aggregated o results
Dashboard

<<pom ponent>
EM.01.- Pubilish/Subscribe
Context Broker (CB)

Figurel07MOD.BU.CQM3ecomposition into functional building blocks

8.3.5.1.1 CQMS.01. User Admin GUI

The CQMS.0&nables the system administrator to create/ read/update user and manage user access
by using the CQMS.0&QMS.0lconsumes thesetUser updateUser deleteUserand getUserList
methods of thelUserAdmininterface exposed by the CQMS.08.

8.3.5.1.2 CQMS.02. Login GUI

¢t KS

[ va{ ®nH

Fff2¢a

G2

AYdNBRdzOS

iKS

dza SN &

and authorisation process through the CQMS.@& MS.02 consumes thgetAuthorisationmethod
of theiUserinterface exposed by the CQMS.03.

8.3.5.1.3 CQMS.03. User Management Services

The CQMS.0%rovides functionalities to: (1) create (i.e. including access credentiaks)l, update
and delete questionnaires; (2) generate user/token; (3) check user access authorisation.

<< oom ponent= >

MOD.EU.COMS: Computer-based tool for Quantitative Measurement of Satisfaction

<<COMmponent>>
CQMS.01.- User admin
GUI

O

|Us:?Adm|n

<<Com ponent=>>
CQMS.03.- Usar
Management Services

&]

g]

O

iUser

<<gomponent=>
CQAMS.02.- User login
Gul

Figurel08CQMS.03. Main interfaces
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8.3.5.1.4 CQMS.03 exposes iUserAdmin and iUser interfaces. CQMS.04. Questionnaire Admin GUI

CQMS.04nables the system administrator to model the appropriate questionnaires by using the
CQMS.08CQMS.04 consumes thleetQuestionnaireupdateQuestionnair@and deleteQuestionnaire
methods of theiQuestionnaireAdmininterface exposed by the CQMS.08.

8.3.5.1.5 CQMS.05Questionnaire GUI

CQMS.05 displays the selected questionnaire which is built online based on the retrieved model and
allows to save the collected results through the CQMS.@IMS.05 consumes the
getQuestionnaireLisgetQuestionnaireand saveQuestionna@Resultsnethods of theiQuestionnaire
interface exposed by the CQMS.08.

8.3.5.1.6 CQMS.06. Individual questionnaire dashboard GUI

CQMS.O@llows both the shop floor operators and supervisors to access an individual view of the
results of the worker satisfaction qagonnaire prioritising, whenever possible, graphical
representation by using the CQMS.G®MS.0&onsumes theggetindividualResultsnethod of the
iQuestionnaireinterface exposed by the CQMS.08.

8.3.5.1.7 CQMS.07. Aggregated questionnaire dashboard Ul

CQMS.07 allowghe supervisors to access an aggregated view of the results of the worker
satisfaction questionnaire prioritising, whenever possible, graphical representation by using the
CQMS.08CQMS.07 consumes thgetAggredatedResultsethod of the iQuestionnaire interface
exposed by the CQMS.08.

8.3.5.1.8 CQMS.08. Questionnaire Management Services

CQMS.0%rovides functionalities to(1) create (i.e. including periodicity), read, update and delete
questionnaires; (2) collect the results from the questionnaires and stoemthinto the data
repository; (3) calculate the score of the questionnaire based on the scores assigned to the potential
answers related to each question involved in the gquestionnaire; (4) schedule questionnaire on
periodicity basis; (5) publish and subberto events to enable online operation.

<<component>= E
MOD.BU.COMS: Computer-based tool for Quantitative Measurement of Satisfaction

<<component>= E
CQMSs.05.
Questionnaire list GUI

<<component>> <<component>> E
COMS.04.- E' iQuestionnaireAdmin t E IQuestionnaire CaMs.05.
.04, a ; "
Questionnaire admin _©7CQMS.D~B. O Questionnaire GUI
management servcies
GUI
<<component>= E
lAdapt CQMS.06. Individual
dashboard GUI
<<component>=>

CQMS.10. CQMS event
protocol adapter

<<component>=>
CQMS.07. Aggregated
dashboard GUI

Figurel09CQMS.08. Questionnaire management services interfaces

CQMS.0&xposesiQuestionnaireAdminand iQuestionnaire interfaces and consumes thédapt
interface exposed by the CQMS.1® adapt the questionnaire event to the appropriate event
protocol.
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8.3.5.1.9 CQMS.09. CQMS data repository

G/ va{oendpd /va{ RFEGF NBLRaAlG2NEB¢ SylofSa GKS adaz
I 00S&aaSR GKNRdzAKa SINSY lay vy YaSyoidr/ & § NBDuddt®endire | Y R
YIEylF3aSYSyid aSNBAOS&t®

8.3.5.1.10CQMS.10. CQMS event adapter

COMS.10 Rl LJia GKS AYT2NXI (A 2yv dz\RRAOSR WONS iKSy T Sva§
to the event formatsupported by the Event Manager (MOD.EN.EM). Furthermore, it prosdlse
event produced by the MOD.EN.EM to update the users

<<component>> EI
MOD.EU.CQMS: Computer-based tool for Quantitative Measurement of Satisfaction

<<component>>
iAdaprt MOD.EN.EM : Event Manager l
<<component>> ./O t
CQMS.08. Questionnaire s CQMS.10. CQMS event —=componann a]
management servcles protocol adapter
'/O EM.01.-
\_ Pub/lish/Subscribe
IEvent Context EBroker (CB)

<<component>> iUserAdmin

CQMS.03.- User O\'
=z

Management Services

Figure110CQMS.10. CQMS evepttotocol adapter interfaces

CQMS.10 exposdasdaptSubscriptioninterface and consumes thiévent (including Publish and
Subscribe methods)nterface exposed by the EM.01 Publish /Subscribe Context Broker (CB) to
publish events in the appropriate format and the appropriate method ofitfeerAdmininterface to
update the authorised users.

8.3.5.2 Background Assets

FISTAR Health Questionnaire (F&EY is a specific enabler (SE) developed in the scope of the
FISTAR projett The H@SEprovides a RESTFUL API that alleneation of asimple assessment (en
demand) and monitoring (periodicity basedj questionnaires fromcsv files (no graphical user
interface is provided);questionnaire monitoring and results capture (optionally) stoage of
questionnaire models and results in thepositorybased on configuration optiongkeep audit trail

(i.e. log of actions as read, accomplish, identifying the user dbaesses the information and the
accessed user information); (optional) to publish new questionnaire context event into the FIWARE
Publish/Subscribe Context Broker.GE

8.3.5.3 AABLUE Enhancements

The main goal of the AABLUE Compitased tool for Quantitative Elasurement of Satisfaction is
to develop a robust welbased tool enabling the involved users to complete the worker satisfaction
questionnaires in an easy way and evaluate the results.

The MOD.BU.CQMAII rely on the above mentioned background asset, esgly since it provides
the capability to define and manage questionnaires-$Ewill be integrated in the in the new web
based tool, that will include new history data visualisation and export capabilfigthermore, new
publish/subscribe capabiliteewill be enhanagto support online working mode

%0 Health Questionnaire Specific Enabléttp:/fistarcatalogue.fiware.eng.it/enablers/healtiguestionnaire
service/documentation

S1FISTAR Projechttps://www.fi -star.eu/fi-star.html
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8.3.5.4 Interfaces

The following tables describe the interfaces exposed and consumed in the framework of
MOD.BU.CQMS.

Interface Method ‘ Description
iUserAdmin setUser Stores the user and access data in the defzository.
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 users from the data repository.
iUser getAuthorisation | Checks if theselected user is authorised to access the
MOD.BU.CQMS.

Table42 CQMS.03. Maimethods

Interface Method ‘ Description
iQuestionnaireAdmin| setQuestionnaire Stores the questionnaire model in the da
repository.
updateQuestionnaire Updates the model of a specif

guestionnaire in the data repository.

deleteQuestionnaire Deletes a specific questionnaire from t
data repository.

iQuestionnaire getQuestionnaireList Retrieves the list of questionnaires from th
data repository.

Retrieves the model of a specific

etQuestionnaire : . .
9etQ guestionnaire from the data repository.

saveQuestionnaireResulty Updates the model of a specific
guestionnaire in the data repository.

getindividualResults Retrieves individual history data

getAggreatedResults Retrieves aggregated history data

setQuestionnaireScheduld Schedules a selected set of questionnair
per user and time interval, and stores the
in the data repository.

getQuestionnaireSchedul¢ Retrieves  the list of schedule
guestionnaires, per user and time interv
from the data repository.

Table43 CQMS.08. Questionnaire management services main component interfaces

Interface Method Description

iAdapt setQuestinnairelnfo Collects questionnairifo
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Table44 CQMS.10. CQMS event protocol adapteain component interfaces
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8.4 SUMMARY FUNCTIONAL DESIGN TRACEABILITY MATRIX
The following table maps the identified Functional Building Blocks (FBB) with$he (i dzZNBS & A RSB ISPEQIBGATIEN® 4 SOGA2Y a

Functional Building blocks FTR.O# FTR.02 FTR.O% FTR.04 FTR.05 FTR.O% FTR.07 FTR.08 FTR.O% FTR.10 FTR.11

AM.01. Automation hardware

AM.02. Automation GUI

AM.03. Local automation controller

AM.04. Automatiordata repository
(opt)Automation semantic registrator

AM.05. OP@A Server

LS.01. Legacy mediation agent

MS.01. Mediation management services

MS.02. MS event adapter

DM.01. Semanticepresentation registrator

DM.02 OPC UA discovery server

DM.03. Device manager OPC UA client

DM.04. DM event adapter

MI.01. Multichannel interaction manager
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Functional Building blocks FTR.O# FTR.02 FTR.O# FTR.04 FTR.05 FTR.O# FTR.07 FTR.08 FTR.O% FTR.10 FTR.11

MI.02. Unichannel interpreter

MI.03. MHMI execution servick8.03. Interaction
semantic repository

MI.04. MHMI data repository (opt)

MI.05. Multi-channel fusion engine

MI.06. MHMleventprotocolevent adapter

AS.01. Tracking

AS.02. Safety controller

AS.03. Safety configuration repository

AS.04. Safety configurator

AS.05. AS event protocol adapter

CAM.01. CAM Service

CAM.02. CAM UI

CAM.03. AssdRepository

EM.01. Publish/Subscribe Context Broker (CB)

EM.02. Context Producer (CP)
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Functional Building blocks

EM.03. Context Provider (CPr)

FTR.O# FTR.02 FTR.O# FTR.04 FTR.05 FTR.O# FTR.07 FTR.08 FTR.O% FTR.10 FTR.11

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. End User 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.O# FTR.02 FTR.O# FTR.04 FTR.05 FTR.O# FTR.07 FTR.08 FTR.O% 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

KM.14. Portal Directory

KM.15. In Box Notification

KM.16. Assets Catalogue

KM.17. Industrial Trials
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Functional Building blocks

KM.18. Lessons Learned

FTR.O# FTR.02 FTR.O# FTR.04 FTR.05 FTR.O# FTR.07 FTR.08 FTR.O% FTR.10 FTR.11

KM.19. SWOT Analysis

KM.20. Survey

KM.21. Weigh up Decision

KM.22. Feedback Management

KM.23. Moodle

KM.24. Moodle Bridge

DSS.01. DSS Dashboard

DSS.02. DSS processing services

DSS.03. DSS notification management services

DSS.04DSS event adapter

DSS.09DSSata repositoryNotifier App

CQMS.01User admin GUI

CQMS.02Login GUI

CQMS.04Questionnaire admin GUI

CQMS.05Questionnaire list GUI

© A4BLUE consortium
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Functional Building blocks FTR.O# FTR.02 FTR.O# FTR.04 FTR.05 FTR.O# FTR.07 FTR.08 FTR.O% FTR.10 FTR.11

CQMS.05Questionnaire GUI

CQMS.06Individual dashboard GUI

CQMS.07Aggregated dashboard GUI

CQMS.08Questionnaire management services

CQMS 09. CQMS data repository

CQMS 10. CQMS event protocol adapter

Table45 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 structure, the 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 diffiet angle) in the following activities within
WP3, WP4 and WP5 scope 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 tofurther describe how this RA will be derived and adapted to deploy the 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 hid-level 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 BusnessDomairs. Examples

of elements inShopfloorScope are machinerfigld 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), whil® the Business Domain
belong applications and services dedicated to decision making and business value creation.

Figurel11A4BLUE 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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