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AR Augmented Reality
BSC Business Scenario
CIDEM Common Information Data Exchange Model
DM DeviceManager
EC European Commission
EFFRA European Factories of the Future Research Association
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HMI Human Machine Interface
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RFID Radio Frequenclgentification
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uwB Ultra Wide Band
VR Virtual Reality
WO Work Order
WP Work Package
WSN Wireless Sensor Network
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The present document is a deliverable of the SatisFactory project, funded byEdhapean

I 2YYA&aA 2y Q@encsah ikBREs@a2cNIand $novation (DG RTD), under its Horizon 2020
Research and innovation programme (H2020), reporting the results of the activities carried out by
WPF5. SatisFactory aims tevelop an ecosystem of inmative technological components that would
assist the daily operations of the people working at industrial environment. More specifically the
developments of SatisFactory will be demonstrated to three diverse shop floors from discrete
manufacturing (COMAU)batch products manufacturing (SUNLIGHT Systems) and continuous
processes (CERTH/CPERI). The main focus of the project is around the workers and how to improve
their daily activities and increase the collaboration and engagement to the shop floor opexaiio

user centred approachthrough aniterative development process with participation of the relevant
stakeholdersis applied to continuously guide and also validate projdetelopments at the shop
floors.

5 St A @S NIidsBial lBbpudeocasBetup and Demonstratioch R2 OdzyYSy ia GKS 2 @SN
for the deployment of SatisFactory tools and components at CERTH/CPERbshop exemplify

their usage at a préndustrial level. The activities described in t&iverableare the results of tak

¢ p dbeplogment of Industry lab use cas@d 5 St A GSNI 6t S 5pdo A& RSOSE 2L
andthe present document is theecondversion (M24) of it whereas thdirst versionwas delivered

on M16 of the project.This version of the deliverabiecludes besides the planning related activities,

the deployment and the operational phase of the developments at the shop floor of CERTH/CPERI.

The first versiorwas focusedn the planning for the implementation dfhe developments utilizing

the results2 ¥  5UsebGasednalysis and Application Scenarios Descéiptoh K SNBE (1 KS y SSRa
workers and their requirements for a shop floor with enhance operations is described.

This second version of the Deliverable D5.3 verifies and in some cases csoreetsf the described
actions of the first iteration of D5.3 on M18. Some of the components that were installed at the shop
floor needed additional actions, upgrades and corrections in order to be compliant with the needs of
the workers. Thus, the role dhis Deliverable is very important not only for the shop floor of
CERTH/CPERI but for all three shop floors, because the functionality of many of the components of
SatisFactory is validated and after that they could be set up at the other two shop floors.
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The purpose of this deliverable is to provide a specific description of the roadmap for
implementation of each Business Scenario that is determined for CERTH/CPERI shop floor, the status
of the tools that aredversion k or dversion Z (M24) deployed at the shop floor and the deployment

plan for each involved component in order to fulfill the user requirements and needs. The
developments of D5.3 cover the activities and procedures that took place at the seRutitess
Scenariosdealing with Chemical Processes according to the needs of the involved end user
(CERTH/CPERWore specifically the two versions of D5.3 cover:

1 1% version (M16) Planning of Scenario realization focusing on deployment/preparation of
SatisFactory platform (comopents, tools, services, interfaces) and installation of
infrastructures to the CERTH/CPERI sitaqr.

2" version (M24):Implementation of the Business Scenarios using the SatisFactory platform
and user engagement using all the provided tools from tleatelogy

1.1 PURPOSECONTEXT ANBCOPE OF THBELIVERABLE

The purpose of this deliverable is to give a systematic methodadmglya time scheduleof the
implementation of the Business Scenarios as performed by the selected groups of wiorkers
conjunction wth the usage of the appropriate Sdfactory platform componentthat are necessary

in order for theoperations to be successfully executed at CERTH/CPERDbverall activities are
guided by thehighlevel procedures and the use cases analysed at Dd. Use Case Analysis and
Application Scenarios Description drdér to address existing issues or barriers related to the
knowledge sharing and the collaboration of actors among the various locations at the CERTH/CPERI
shop floor.

Theroadmap for the impgmentation activitiesn thisdeliverablereflects the work performed in Task

T5.3¢6 SLA 28 YSyd 27F Ly Witizd dadécollbborationdaittSthe Qdtiviti€sédhsks

T12 ¢ éModels for actors and procedures interconnection LB a! aS /1 aSa +FyR { O
where the analysis and definition of the business scenarios, the use cases and the identification of

the involved actor groups took place. Aldbere isa strong synergy with thactivitiesof TaskT5.1-

dSatisFactory Goponents Integration and Framewdrkd

Themain objectivesof the activities that were performedt TaskT5.3dDeployment of Industry lab
use caséfor the ™ version of D5.3 are:

1 Definition of the methodology for preparation for implementation of the Biess Scenarios
and atime scheduldor the implementation

1 Selection of group of actors to be informed and participate in the preparatory activities

I Setup and installation of the SatisFactory components and the available tools from the
technology partnerguntil M15) at the CERTH/CPERI industrial Stomp.

1 Setup of the infrastructure for the software related components

1 Preliminary tests for validation of the provided functionalities by the tools

1 Engaging actors to use the available tools at the dtagy.

1 Develop the appropriate environment to implement parts/sections of the Business Scenarios
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1 Capture, analyse and communicate emser needs for the proposed tools in an effective
manner.

The developments of Deliverable D5sa&re be continuously updated andefined through an
iterative process that lead to the production of a totaltafo releases of this document, respectively
in Project Months M6 and M24 The development of this deliverable was coordinateddgRTH
with contribution of ABE, FIT, ISMB, REG EPFand GLASSUP.

1.2 BACKGROUND

The background of the work performed and described in this deliverable is related t& {hieale of

0KS LINR2SOG atNRG20G@LAY3IS LYLXSYSYydlFraAaz2y |yR {&;
of the Business Scenarios at CERTH/CPERI shop floor using the tools delivered by the technology
providing partners of the project and the engaging tbé workers within the activities of the
scenariosFigurel shows the relationshipetweenTask T5.3and the other task&VPsin the project.

A\ ’ A\ s Ay
r ¥ ‘
| : | T5.2 155 |
; Preparation and N BT Evaluation, Results 1
i i ! i 1 |
} Component Integration to ! | Consolidation and Lessons!
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A

15.1

WP2

Concepts and Techniques fd
the Increase of Attractivenesp

=

Time Planning
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/\ and Education
SatisFactory Design Setup Deployment Operation WP3
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\ 4 l v v v Productivity
L BSC5.1 BSC5.2 BSC5.3 BSC 6.1 ] WP4
Technologies and Interfaceg
D5.3 Tasks: T5.3 for Collaborative Knowledge
Services

A

Domain Analysis and Requirements Engineering

WP1

Figurel: Activities and Connection of D5.3 with other tasks and WPs

As CERTH/CPERI is theipdaistrial environment most of the SatisFactory components and ta@s

be initially tested at a small scale using the prototypes whi@hbe built during he project.More
specifically, deliverable D5.3 results from activities\Wi#5 ¢ dintegration, Deployment, Industrial
Trials Demonstration and Evaluatignwhich is responsible forthe integration and actual
implementationof the tools and application environmerior a safer and more attractive shdlpor

to address the need and requirements of thad usersat the shop floor Within WP § task 5.3
focuseson the planning and deployment of the SatisFactory developments at CERERI/GRop
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floor utilizing the components and tools from SatisFactory platfoftrere exists a strong synergy

among deliverabl®5.3, derived by the activities of task TaRd other tasks in W8”and other work

packages within the project (WP1, WP2, WP3 Wited) Furthermore, inputs from other tasks that

run in parallel are required in order tdeploy and implement the Business Scenarios (BSCs) that

I RRNBaa (GKS ySSRa 2F GKS SyR dzaSNAR I {Usefdgoug | K/ t 91
definitions,end-user needs, requirement analysis and deployment guidedin€se output from this

deliverableg Af € 0SS S@I fdzZ G§SR I 002 NR EyaBatidn Plahii K-S/ Ri SsEAlE t R &
R2 Odzy Sy (i S RinalSiistef Evélpatioh Repord

Initially the deployment activitieswhich deak mostly with the planning for the deployment and the

testing of the components and tools that are available to be usedescribedSubsequently, He

testing and final deployment of the componeratge documented.

1.3 DOCUMENBTIRUCTURE

Following this introductory section, the remaining part of the document is structured as follows:

- Chapter 2provides a general overview of thepproach and methodology for planning of
implementation and the context of the CERTH/CPERI shop fldwre the toolsare be
implemented.

- Chapter 3 describes the tools that are used at every BSCs which is related to the
CERTH/CPERI shop floor including their deployment status along with requirements and
implementation prerequisites.

- Chapter 4 includethe planning the deployment and the initial results from scenadBSE
5.1- Repair or restore an electromechanical malfuncéion (i K I (i  Bo8dctivéiactibd (i K
that need immediate attentionat the various pilot plants at the sheffpor and perform
worksto repair or replace a faulty or degraded equipment

- Chapter5includes the planningi KS RSLJ 28YSyid |yR GKS AyAGALf
52-{ G NI dzLJ LINE OSRdzNE & ¥ 2 Nbe ciridalstartugprotegduiesof G K I
operating hydroprocessing pilot planisingproper Standard Operating Procedures (SOP).

- Chapter6 includes the planningi KS RSLJ 28YSyid |yR GKSBSEYyAGALl f
5.3 - Reconfiguration of process flow and actions for flexible redesigmproduction
procedures 0KF G R®eé fimprovemeni fof the process workflow for the
reconfiguration of a multipurpose unit

- Chapter 7 includes the planning KS RSLJX 28 YSyid |yR (GKS AyAGALf
6.1 Recognition of incidents anéh optimization for workers movement on the shop fléor
that demonstrates the usage of advanced SatisFactory tools to identify incidents at the shop
floor related to workers and undesired conditions identified at areas where workers are
present targetinghe increase of the safety and comfort of the involved actors.

- Finally,Chapter8 provides general conclusions and guidelines on how the results included in
this deliverable will be furtheelaboratedin forthcoming stages of the project activities
within the scope ofVFs.
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This document is supported lmne annexthat contains the detailedteps of theStandard Operating

Procedures with respective photos and connections for two of the scenarios related to CERTH/CPERI
(BS&.1, BSG.3).
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The goal ofChapter2 is to describe the planning methodology towards the deployment of
SatisFactory tools at CERTH/CPERI-#bopin order to realize the scenarios that were derived by
the use need and requirements. The main objective ssenhance and enricRERTH/CPE&iop
floor environmentintegratingkey enabling technologies suchiatelligent decision support systems
(iDSS)augmented reality, wearable and ubiquitous computing as well at @rstomised social
communication platforms coupled with experience design and gamificdtamedtechniques for the
efficient transfer of knowledge antbllaborationamongthe workers.

The deployed solutions are categorized usihgrdware and softwaresimple and/or complex

solutions The use of the respective set of components will be used to realizeoptihize the

interactive selected procedurdhat are performed by the group of worker®verall the activities for

the planning and implementation of #&Factory developments are organized according to the
Business Scenarios that are described in detebl stdn ¢! aS /1 asS !'ylrfteara FyR
5 S & O NATallell 8uyhiarizes the list of the SatisFactory high level Business Scenarios that are
developed for CERTH/CPERI stogqr.

Tablel List of CERTH/CPERI Business Scenartb#pplication Scenarios

BSG5 Online supervision of the operation and workforce resources of pilot plants for chel
processes (CERTH)

BSG5.1 Repair or restore an electromechanical malfunction
BSG5.2 Startup procedures for pilot plants
BSG5.3 Reconfiguration of process flow and actions for flexible redesigr

production procedures
BS@5 Recognitonoh Y OARSY (& |yR LI GK 2LIGAYAT I GAzZY

BS@5.1 Recognition of incidentand path optimization for workers movement c
the shop floor

In brief the needs and requirements at CERTH/CPERflsloo@nd their connection to the scenarios
are summarized to:

A Activecollaborationbetween the various groups of actoB%c5.1, BSG.2, BSG.3)

A Sharing of knowledgfom the shop floor to the process supervisor and the director that would
improve the decision making procedure in terms of time, effort and global view of each unit
(BSG5.1, BSG.2)

A Improvementof the plannedmaintenanceactions by acquiring flow diagrams and electrical
schematics depending on the unit, involved subsystem or dé@8€5.1, BSG.3)

D5.3- Industrial lab use case Seip and DemonstratiorA December2016 A CERTH Pagel8of 116
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previously used configuratits BSE5.3)

A Efficientand fast responseat unplanned eventdased on an augmented interface that would
derive online in near redlme information depending the specific problec5.1)

A Minimizethe safetyrelatedincidentswhich are caused by erroneobhsiman actionsgS@5.1)

According to the needs and requirements of B5S@nd BSE, the available SatisFactory platform
components are initially installed and afterwards used by the involved workers. Theréfhere
activities described in the & chaptes are related to theanalysisof the tools to be used from the
SatisFactory platformby technology providing partners CERTH/ITI, ABE, ISMB, REGOLA, EPFL, FIT,
GLASSURhat focus ondeployment/testing ofthe tools.Also in the first stages of T5.3 thenas a
preliminary engagementof selected actors (both operators and techniciats)est the available
functionalities provided by the tooldn the later stages of T5.3 more actors were involved, to test
the effectiveness and theesponsivenessf the tools.

2.1 SHOP FLOOR AREA FOBIE DEPLOYMENT OF 88ENARIOS

CERTH/CPES$topfloor has a wide range of industrial automation systems and industrial software
platforms. The automated systems are used for process control and remote monitoring (SCADA, DCS,
PLCbased).CERTH/t 9 wL Qa & SldoSpboteSsesardiuked! &9 a test bed for SatisFactory
products and solutiongrigure2 shows the highlighted areas where the scenados be deployed
focusing in different perspectives and by engaging all the group of workers of CERTH/CPERI shop

floor.
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Figure2 Overview of CERTH/CPERI shop floor and designated areas where the business scaregpr$ormed
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Figure3: Partial overview of CERTH/CPERIs shop floor and plants

Within SatisFactonproject, CERTHZPERI utilizeits industrial automation infrastructure for the
deployment of the integrated Reference Architecture PlatformQBRTH/t 9 wL Q& LINR OSa &
where the Industrial Lab casese deployed CERTH/t 9wL Q& A Y F¥NJ &G NUHzOG dzZNB  O?2
expeaimental industrial process systems where information is propagated through a network
backbone that facilitates data exchange from and to the input/output field of respective units. Each

unit has sensors that acquire various signals which are distribntednide area and are connected

using industrial networks. Supervisory Control and Data Acquisition Systems (SCADA) for chemical

and energy production processes are in operation with respective middleware software.

Figured/ 9we |l k/ t 9wL Q&8 a2yAl2NAY3I yR O2yGNRf | alsi

CERTH/CPERI has developed and supports a wide-sengtirial network of heterogeneous
distributed systems (indicative industrial protocols: CANBus, Profibus, EtherCat, RTEH85).
monitoring and control is performed in real time and cover actions and events that take place
throughout the life cycle of the information, starting from the encoding at the physical layer to the
knowledge sharing to the end user. In order to provide a uniform afagommunication at the
application layer between the various sources and sinks of data;b@sel interfaces are developed
and deployed at each individual process unit.

2.2 PLANNINGOFIMPLEMENTATION

In order to deploy SatisFactory solutions to CERTH/GiPBRIloor there are a list of activities that
had to take place in order to be complaint with the industgehde specifications for using new tools
at the shopfloor. The following is a summary of th@plementationprocess, whichvas followed by

D5.3- Industrial lab use case Seip and DemonstratiorA December2016 A CERTH Page200f 116
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CERTKEPERI personnel in collaboration with the technology providing partners of SatisFactory
consortium. The scope of the whole process was that CERTH/CPERI team:

1 ensures that the design objectives and intent are clearly documented.

1 performs a focused revienf design specifications of the tools to be used.

1 CERTH/CPERI persorhetelop an Implementation Plan.

1 conducts various scoping meetings where the implementation process is reviewed with the
technology providing partners argthedules additional meetingas necessary, throughout set
up, to plan, coordinate, and schedule future activities and resolve deployment problems.

1 works with the technology providing partnersn developing starup plans and startip
documentation formats. Théechnological partnergrovide the pre functional checklists to be
completed during the startup process.

The technology providing partners execdtend documengd the prefunctional checklists and
perform startup and local or remote configuration. CERTH/CPERI team doadrmibat the
checklists and startup were completed according to the approved plans. This may include the
engaging of actors from the shdjmor besides the development CERTH/CPERI team. In general,
performance verification proceed from simple to complex, @m component level to tools and
integrated bundled tools, with préunctional checklists being completed before functional testing.
Tools and software documentatiowere submitted to the CERTH/CPERI team during normal
submittals, including detailed setp procedures.

2.2.1 Methodology for Planningand Stages

The purpose of D5.3 is to define the process to be followed in the delivery and handover of
SatisFactory systems and components into operation at CERTH/CPERIo@hophis section
describes the elementshat are considered towards commencementtbé tools and componerst
that are utilized by the workers to implement their daily activities in an improved manner and in
active collaboration with the other actors within the shéipor. The key stages towards
implementation are identified along with the order in which these shall be addre3dezlkey stages
are defined below as

1 Stage Design of components Preparatory actions (Factory Acceptance Tests)

1 Stage Setup at the shop floorite Acceptance Testh

1 Stage Deploymentand Commissioning

i Stage LOperation andviaintenance

Each stage of thenplementation pocess includes a list afctionsthat need tobe in place before

the next stage of the process is commenceit the next sections a specific timafme for the
realization of the aforementioned stages is deliverAd. SatisFactory project is related to innovation
actions a minor deviation from the exact schedule is anticipated and the finally realized stages are
documented in this ® version of the deliverable. Also, since the implementation involves workers
and the modification of their daily activities, a careful approach to manage the resistance to change
iS hecessary.
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2.2.2 Activities and aspects addressed for the Implementation

Towardsthe deployment for operation of the SatisFactory platform the following activities were
performer by the involved technolggproviding partners in collaboration with the CERTH/CPERI
team. This list is not exhaustive and is intended to give examples ofettpgirements on a typical
scheme The following aspects are addressed by the implementation team:

1 Coordinate and direct the implementation activities in a logical, sequential and efficient manner
using consistent protocols and forms, centralized documimta and clear and regular
communications and consultations with all necessary partners.

1 Ensure that the design objectives and intent are clearly documented and carried out in the
design and setip stages.

1 Develop clear deployment specifications and thedtipnal testing requirements included in the

delivered documents.

Before startup, gather and review the current sequences/operations.

Approve pre functional tests by reviewing pre functional checklist reports or by direct site

observation.

1 Coordinate, witness, and approve functional performance tests performed by installing

contractors.

Coordinate retesting as necessary until satisfactory performance is achieved.

Oversee and approve the training of the operating workers.

Provide a final iplementation report, which include

a. An executive summary, list of participants and roles, brief dtmgr area description,
overview of implementation and testing scope, and a general description of testing and
verification methods.

b. For each comonents or bundles of components, the report constocumentation and
training meetings in the following areas:

1) Satigsactory components shofloor specific specifications,

2) Satifactory components installation,

3) Functional performance and &fiency,

4) Satifactory components documentation context of use, and
5) Operator training.

All outstanding norcompliance items shall be specifically listed.

c. Recommendations for improvement, future actions, process changes, etc. will also te liste
Each norcompliance issue shall be referenced to the specific functional test, inspection, etc.
where the deficiency is documented.

d. The functional performance and efficiency section for each piece of equipment, shall include
a brief description ofhe verification method used including observations and conclusions
from the feedback obtained by the involved actors.

= =

E R

During the setup and deployment stagésee CERTH/CPERI team assisted with proiselving or
resolving norconformance or deficiencieshut ultimately that responsibility residedvith the
technology providing partnerAfter notice to proceed from the CERTH/CPERI team, thHe-dpte
scheduleis at the responsibility of the technology providing partnefBhe primary role of the
planning isto develop and coordinate the execution of a testing plan and observe and document
performance, that is, determirdewhether SatisFactory components/tootse in accordance with
their functionalities described ateliverableD2.1 to fulfill the needs docuemts atdeliverableD1.1
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and implement the scenarios afeliverableD1.2.The evaluation scenarios and evaluation tests are
detailed described at deliverable D5.2.

2.2.3 Time scheduling for each Business Scenario of CERTH/CPERI

An overview of the implementation of the Busine&asenariost the shopfloor is depicted aFigure

5. Since there are margomponentsand tools involved at each scenario the phases are based on the
latest delivered toal So,each stage starts wheat leastone of the componentss availablefor
design, setup, deployment or operation. Therefore, the actual operation of each scenario is
performed graduallyThe engaging of the actorsalso performed gradually, initially targeting at a
small group and afterwards the selected involved actori participate, as the tools will be
integrated at their daily activitiesAt the T' version of D5.3 he activities related to the
implementation and initial testing are included, whereas the entire integrated scepnagoationis
documented at the %' version of D5.3ue to M24 The Gantt chart covers the activities performed
until M24. The preliminary schedule is initially prepared with the knowledge that specific dates will
change as deployment and the business scenarios are further progrefShedtods that have
entered the operation phase will continue to be evaluated since the installation at theilateshop

floor is their firstworkingversion. The final version of the components will be setup at the industrial
partnersat COMAU and SUNLIGHTmises
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Figureb Gantt diagram of thémplementation phases of the Business scenarios at CERTH/CPERI
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SatisFactory components are documented at deliverable .R2QatisFactory System Architectareb

To visualize which components are used for the realization of seehario the architecture is used
as a referenceRigure6).
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Device Manager
- > <<component>> g Physical Layer
Smart Sensor Network

Figure6: Components diagram of the overall SatisFact@mchitecture

Beside the technical details that covered at deliverable DésatisFactory Components Integration

and frameworE G KSNB I NB @I NA 2-dzduisitedvhidris Ndsessy to be chwgred LINS
in order for them to work as designed at thetualworking envionment which in the case of D5.3

is CERTH/CPERI shop floor.

The hardware related infrastructure that is developed and is dedicated to SatisFactory platform at
CERTH/CPERI sHtyor is summarized alable2.

Table2 Dedicatedinfrastructure at CERTH/CPE&iop floor forSatisFactory platform

Type Components installed

Server with windows OSWin 7 pro 64 bits) 1 iDSS
 LinkSmart

Server withLinux OS (Ubuntu 14.04 64 bit: 1 Ontology manager
Server with windows OS\{n 7 pro 32 bits) 1 Plant Data Exchange Component (PDEC)
Server with windows OS (NUC\m 8) I Gesture and Content Recognition Manager (GCRM)
Raspberry Pl mini pc with Linux OS 1 Loalization Devices & Manager
Raspberry Pl mini pc with Linux OS 1 Temperature sensor (Thermal sensor network)
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2.3 BUSINESSCENARIOS ANBRCHITECTURBMPONENTS

In order to assess the Business Scenarios and their connection with the SatisFactory platform a
template was circulated to all partners that includes information related to the component usage,
the restrictions/prerequisites and the feasibility of each gmnent to be used at the specific
Business Scenaridlhe purpose of the gathered information is to ensure that the provided
components would be able to be adjusted for the scope for the scenarios and to extract a first
indication about the priorities and fort/complexity categorization. The provided information
considered the context of implementation as described at the specific scenario.

A snapshot of the informatiothat was collected for each componetdn be seen atable3:

Table3 Assessment of Business Scenarios and Components

A B C D E F
Component name Direct /| Effort required Restrictions Prerequisites | Feasibility
Indirect (YES/NO)

Main Component X

Subcomponent X.Y

At the first column (A) there are theategoriesof the components and their subcategories. Next at
second column (B) there are three options that can be selected from each components subcategory.
i.  Direct: When theBusiness Scenarises this component

ii. Indirect: When theBusiness Scenarigses this component through another component
iii.  No Usage: When thBusiness Scenarénes not use this component at all

The third column (C) shows how effort requirechrh scale of 43 how difficult is it to incorporate

the component to theBusiness Scenar The complexity and effortwhich is documented for each
component isnot related to Person Months (PMs) but to the complexity of integration to the
infrastructure of the shop floor The specific value (1-3) is a measure of prioritization for the
technology providing partners and it will assist the evaluation of the implementation aspects of each
scenario.The next column (D) relates to thestrictionsabout each components subcategory:

I.  Potential Restrictions, e.g. need to have a specific datadt®? or size that is read or allowed
to be stored?
ii. Obstacles: language, or feed to specific DB such as Oracle, etc.

The fifth column (E) relates to thprerequisitesof each components subcategory.

Finally the last column refers to tHeasibility (YES/I®D) of each subcategory. Based on this analysis
the Business Scenariosf the prepilot site, CERTHZPERIwhere analysed and the technology
providing partners evaluatkthe feasibility of their components to be implemented with respect to
the Business Soarios deploymentThe same analyses will be performed for the Business Scenarios
of the other two shop floors, Sunlight and COMAU, and will be presented at deliverable D5.4
dndustrial Pilots Setip and Demonstratioch @®

2.3.1 BusinessScenarios and Component Uga

In order to analyse ahdescribe the effect that theomponents will have to each of the Business
Scenarios, a set of diagrams were developed. The following diagram shows the number of
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components thateach Business Scenario @ERTHIPERI shop floor issing. Each component
performs a specific action and can work either as a stand alone or with an interaction with another

component.
20
15
1

BSC-5.1 BSC-5.2 BSC-5.3 BSC-6.1
Business Scenarios ID

o

o O

Num. of Components

Figure7 Number of components for the SatisFactory Business Scenari@ERTHZPERI shop floor

2.3.2 BusinessScenariosind/ 2 Y LJ2 yI@pleinénation Effort

In addition to the above information, there was a need to review the effort that the technological
partners will need in order to create the components that they are responsible for. This information
is being available at the following diagram.

N
o
I

=
ol
1

m Effort level = 1
m Effort level = 2
m Effort level = 3

Number of components
H
(6] o
L L

o

BSC-5.1 BSC-5.2 BSC-5.3 BSC-6.1
Business Scenarios 1D

Figure8 Component implementation effort peBusinessScenaricat CERTHZPERI shop floor

A very important issue that can be mentioned here is that most of the components require effort
level 2 in order to beleveloped
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Figure9. It is clear that the most of the components require effort level 2 and components that
require effort level 1 or 3 are almost the same numid@rom Figure9 it is evident that most of the
components have normal implementation needs and requirements as defined by the technology
providing partner which is a firstindication that the business scenarios Iwlle successfully
implemented

2.3.3 Remarkdor Implementationand Setup procedures at CERTH/CPERI

Overall the technology providing partners verified the feasibility for delivering their components and
tools at the CERTH/CPERI sHopr in order to be usedad implement the operations and functions
described at the scenarios. The status and usage thédvied@omponentsre analyzedat a scenario

basis in the following chapterdhe information within D5.3s according to the technical input
provided by the partner responsible for the development and delivery of the components/tools. The
setup is performed in close collaboration among the provider and the CERTH/CPERI team, whereas
the base infrastructure andhe mounting of the equipment at the final position was done by
CERTH/CPERI personnel according to the regulations for safety and in compliance with the regulation
for commissioning equipment to shdfmors with chemical pilot plantsviore specifically thesetup

was performed either by local presence or remotely through the appropriate tools for accessing the
infrastructures and the servers that are dedicated for SatisFactory project.
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The cemonstration of the capabilities and functionalities of SatisFactory platform is verified through
the implementation of the aforementioned BSCs that cover the identified needs and requirements of
the involved actors at CERTH/CPERI shop floor. The gdameC3 is to describe the planning for
implementation and the status of the SatisFactory components and tools that are used in multiple
scenarios using a common infrastructure. They are described in this chapter in order to avoid
repetition of informatian which is similar to all cases.

As previously mentioneche SatisFactory platform thad installed at the involved shop floor consists
of several components. Some of them are being used at all the Business Scenarios and some of the
only at specific Busess ScenarioFherefore we have two cases about their usage:

a) To all scenarios or
b) By the involved workers at the shop floor for activities that are performed to various
scenarios.

Table4 presents the components that are common to all business scenarios and some components
that have functionalities that are used by all actors of the shop fldocording to the scenario they
provide different functionalities for thend-user at the CERTH/CPERI shop floor and they are utilized
within the context of the procedures performed at each different scenarios. Also as they constitute
the basis for the SatisFactory platform (CIDEM, Middleware, etc.) they are parametricaidyuceahf

to delivered the requested function upon demarBesides the name and the technology partner
responsible for the components, the restrictions and the necessary prerequisites for the proper
installation/operation are described.

Table4: Identified Components to be utilizeéth allBSG at CERTH/CPES&tiop floor

Responsible partne
CERTH Component:Repositoryg Asset Machinery, Production Models

Restrictions: All data coming to the Repository from other components mustirbeml format,
compliant with the B2MML standard

Prerequisitesintranet connection between Repository and the other components

EPFL] Component:Semantic Context Manage©ntology Manager

Restrictions:Data coming from CIDEM should filter and then loaded withinQiM A mirror copy
of the SF repository is not needed. Every dataset have to be Extracted, Transformed, Loadg¢
according to a specific allowed format, for instance:

WRDF+XMIRDF+N3structJSONstructXML ironJSONcommON
OMNB LI aAG2NE aAl § akKz2dzZ RyQid o6S8 (22 oA3 Ay
Prerequisites:CIDEM Data have to be available in a format that can be transformed into triplet

FIT | Component:Suggestions famprovementplatform¢ & a @  C | (Gargifid&@idnbased tools
Restrictions:¢ KS daé ClFOG2NRé¢ O2YLRYySyid Aa G2 oS
accessed outside the factory site.

Prerequisites:Categories for suggestions are predefined.
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FIT

FIT

FIT

ISMB

FIT

FIT

FIT

Component:Suggestions for Improvemeplatform¢d a & Cl O 2 NB cashnyficaHod
based tools

Restrictions:¢ KS daé& CIFOG2NE al yIF3SYSyidé O2YLRySY
using their office PCs or laptops. It cannot be accesséside the factory site.
Prerequisites:Categories for suggestions and at least one responsible person for each cate
predefined.

Component:Gamification Frameworg Gamificatiorbased tools

Restrictions:In order to utilize the gamificationdmework, each external framework is required
create a game and define the points against each task to be performed by the workers.

Prerequisites:The actions related to the external systems that are to be included as tasks in a
are identified befoehand.Rewards, avatars, points and badges are specified beforehand.

Component:Gamification Frameworkd 2 K § Qa a @ ¢ QadifichtiBrbasedd talhl3
Restrictions: The worker can only view his own points. If he desires to view the cumulative
score, he has to view it on the digital screen at the factory site.

Prerequisites:For the app to be useful in conveying the current score of the worker, there h
be at least one external system linked to the gamification framework.

Component:Middlewareg Device Manager

Restrictions: Device manager is involved in the case of usage of some environmental
acquisition device. It should be technically possible to integrate involved devices through the
manager

Prerequisitesinvolveddevices APl and usage manual availability

Component:Middleware- Core Services
Restrictions:Device Managers and Services are registered into LinkSmaslystem

Component:Middleware- Event Manager

Restrictions: MQTT protocol is used fgoublishing and event notification. Message payload
CIDEM compliant

Prerequisites:Services needs to learn the designated topics LinkSmart catalogue services,
being configuredn a Registration Document by Device Managers

Component:Middleware - Event Aggregator

Restrictions:Store received subscription notifications into CIDEM repository with CIDEM com
format

Prerequisites:.CIDEM Repository REST interface is available

At the following sections details about each component and its status, along with required input and

delivery timeframe is described.

3.1 REPOSITORYASSEMACHINERYPRODUCTIONMODELS

The repository constitutes the basis of the SatisFactory platfarrthe Repository, there is a need to

store information about the static and the dynamic information that is related to the dSloaw

operation, such as physical assets required for the operation of the specific part of the pilot plant,
the topology of the ovaall shop floor, restricted/dangerous areas in it, measurements, events, etc.
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é i 160.40.51.98:8080/cidem/resources/cidem/getActerList?shopFloorlD=CPERI

|25 Most Visited My daily checks | 1 CERTH

This XML file does not appear to have any style information associated with it. The document tree is shown below.

— <CIDEM=
— <ShopFloor>
<ShopFloorID=CPERI</ShopFloorID=>
— <SFInformationModel>
— <ActorsList>
— <Actor>
<b2Zmml:ID=1</b2mmlil:ID>
— <b2Zmml:Description>
Overall supervision on the workflow of the shop floor
</b2mml:Description>
—<b2mml:Person>
<b2Zmml:ID=1</b2mml:ID>
<bZmml:Description>Managers and Engineers</b2mml:Description>
</b2Zmml:Person>
— <b2mml:PersonnelClass>
<b2Zmml:ID=1</b2mml:ID>
<bZmml:Description>Stakeholders</b2mmlil:Description>
— <b2mml:PersonnelClassProperty>
<bZmml:ID=1</b2mmlil:ID>
<b2Zmml:Description>Floor Manager</b2mml:Description>
</b2Zmml:PersonnelClassProperty>
</b2Zmml:PersonnelClass>
— <b2Zmml:QualificationTestSpecification>
<b2mml:ID=2</b2mml:ID>
<b2Zmml:Description>Experienced</b2mml:Description>
</b2Zmml:QualificationTestSpecification>
</Actor>
+ <Actor></Actor=
+ <Actor=</Actor>
+ <Actor></Actor=
+ <Actor=></Actor>
+ <Actor></Actor=
+ <Actor=></Actor>

Figurel0: Information of CERTH/CPER®ttors that are stored at repository

CKAd O2YLRYSY(d R28ayQi fetughig at thedaak§rduindhsyppdBtingftie S 6 S ¢
communication a data exchange of the other components. The figure above shows a manual data
retrieval from the repository, presenting information about the actors of CERTH/CPERI.

This information has been set out according to tlyeesed known standards as well as custom fields
for specific technical information (i.e. configuration files) so that it can be recognizable and
retractable. Thus, the information for suamodels (i.e. equipment, assets, actors, procedures,
measurements, &t) has been grouped following the hierarchy of the machinery components,
subcomponents and topology, as well as the associations with the production activities

Table5: Information of the Status and the required input of thEIDEM

Status

The final models have been defined and agreed, as well as specific details on the types to be
and used, in collaboration with other components too. All components that communicate witl
Repository have finalized the implementationaafcessing/retrieving/storing information.
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Required input

The final version of the Repository is available and supports all of the discussed protocc
standards. Necessary modifications that were needed are needed towards expanding these
into a common framework in order to fully support the SatisFactoamework. A small set of th
Models is needed by M17, so that this sO® Y L2 Yy Sy (1 Q& & Svalabjefoy MIS dEde
tested at the Industry Lab from M20 and on.

3.2 ONTOLOGWIANAGER

The Ontology Manager was designed aMldti-Layered Ontology Netark. Three secalled shop

floor oriented ontologies, i.e. COMAU_Ontology, SUNLIGHT_Ontology and CERTH_Ontology, can be
considered as thdop Level The latter aims to model and then represent the knowledge concerning
each specific shop floor and their Busss Scenarios (BSCs). In particular, pieces of knowledge and
shop floor information data vocabularies are collected, modelled, and managed within a knowledge
base by taking into particular consideration thptimization of the human resources, which iseth

aim of the T2.2. Then, thMiddle Levelcontains the secalled SatisFactory Upper Ontology. This
mostly focuses on the three main shop floor concepts, suchsaets Proceduresand Workersand

aims to provide a shared vocabulary by bridging the dorgpétific ontologies at the top level to the
so-called dataoriented ontologies at the lowest level. The®w Levelin fact, contains these data
oriented ontologies that have been derived from the CIDEM XML schemas. For this reason, this layer
mostly adherego the information data structure and was labelled as CIDEM_Ontology.

The following figurgresents an instance of the Ontology Manager editor, in particular, here it is
possible to se¢he three OMlayers together with the first level of sedoncepts(ontology classes).
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Figurell: The tology ManagerEditor

So far, according to the methodology that has been exploited to develop the semantic models for
SatisFactory (described in D2.2), the BSC5 is investigated as aMbever, BSG.1,BSE5.2and

BSG5.3 share most of the concepts and knowledge sources. Thus, the actual BSC5 semantic model
conceives of concepts that are described in the following table.

Table6: Semantic Model of BS&

Concept Description

Worker Supervisors and Managers
Operators and Technicians

Pilot plant Small dedicated industrial system

Procedure Planned activity to perform within the pilot plant

Data LYF2NXIFGA2Y RFEGEFEZT OFy 0SS SAGKSNI

Component Simple component of the pilot plant

Physical Asset Equipment, inventory or machines

Action Action performed by the worker toward the completion of a spec
procedure
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