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Abbreviation Definition 

AR Augmented Reality 

BSC Business Scenario 

CIDEM Common Information Data Exchange Model 

DM Device Manager 

EC European Commission 

EFFRA European Factories of the Future Research Association 

EU European Union 

HMI Human Machine Interface 

LM Localization Manager 

OM Ontology Manager 

PDEC Plant Data Exchange Component 

RFID Radio Frequency Identification 

UC Use Case 

UI User Interface 

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 by the European 
/ƻƳƳƛǎǎƛƻƴΩǎ 5ƛǊŜŎǘƻǊŀǘŜ-General for Research and Innovation (DG RTD), under its Horizon 2020 
Research and innovation programme (H2020), reporting the results of the activities carried out by 
WP5.  SatisFactory aims to develop an ecosystem of innovative 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 operations. A 
user centred approach through an iterative development process with participation of the relevant 
stakeholders is applied to continuously guide and also validate project developments at the shop 
floors.  

5ŜƭƛǾŜǊŀōƭŜ 5рΦо άIndustrial lab use case Set-up and Demonstrationέ ŘƻŎǳƳŜƴǘǎ ǘƘŜ ƻǾŜǊŀƭƭ ŎƻƴǘŜȄǘ 
for the deployment of SatisFactory tools and components at CERTH/CPERI shop-floor to exemplify 
their usage at a pre-industrial level. The activities described in this deliverable are the results of task 
¢рΦо άDeployment of Industry lab use caseέΦ 5ŜƭƛǾŜǊŀōƭŜ 5рΦо ƛǎ ŘŜǾŜƭƻǇŜŘ ƛƴ ŀƴ ƛǘŜǊŀǘƛǾŜ ŀǇǇǊƻŀŎƘΣ 
and the present document is the second version (M24) of it whereas the first version was delivered 
on M16 of the project. This version of the deliverable includes besides the planning related activities, 
the deployment and the operational phase of the developments at the shop floor of CERTH/CPERI. 
The first version was focused on the planning for the implementation of the developments utilizing 
the results ƻŦ 5мΦн άUse Case Analysis and Application Scenarios Descriptionέ ǿƘŜǊŜ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ 
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 corrects some of 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 of this 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 are άversion 1έ or άversion 2έ (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 selected Business 
Scenarios dealing with Chemical Processes according to the needs of the involved end user 
(CERTH/CPERI). More specifically the two versions of D5.3 cover: 

¶ 1st version (M16): Planning of Scenario realization focusing on deployment/preparation of 
SatisFactory platform (components, tools, services, interfaces) and installation of 
infrastructures to the CERTH/CPERI shop-floor. 

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

1.1 PURPOSE, CONTEXT AND SCOPE OF THIS DELIVERABLE 

The purpose of this deliverable is to give a systematic methodology and a time schedule of the 
implementation of the Business Scenarios as performed by the selected groups of workers in 
conjunction with the usage of the appropriate SatisFactory platform components that are necessary 
in order for the operations to be successfully executed at CERTH/CPERI. The overall activities are 
guided by the high-level procedures and the use cases as analysed at D1.н άUse Case Analysis and 
Application Scenarios Descriptionέ ƛƴ order 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. 

The roadmap for the implementation activities in this deliverable reflects the work performed in Task 
T5.3 ς ά5ŜǇƭƻȅƳŜƴǘ ƻŦ LƴŘǳǎǘǊȅ ƭŀō ǳǎŜ ŎŀǎŜέ, with a close collaboration with the activities of Tasks 
T1.2 ς άModels for actors and procedures interconnectionέ ŀƴŘ T1.3 ς ά¦ǎŜ /ŀǎŜǎ ŀƴŘ {ŎŜƴŀǊƛƻǎέ 
where the analysis and definition of the business scenarios, the use cases and the identification of 
the involved actor groups took place. Also, there is a strong synergy with the activities of Task T5.1 - 
άSatisFactory Components Integration and FrameworkέΦ 

The main objectives of the activities that were performed at Task T5.3 άDeployment of Industry lab 
use caseέ for the 1st version of D5.3 are:  

¶ Definition of the methodology for preparation for implementation of the Business Scenarios 

and a time schedule for the implementation 

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

¶ Set-up and installation of the SatisFactory components and the available tools from the 

technology partners (until M15) at the CERTH/CPERI industrial shop-floor. 

¶ Setup of the infrastructure for the software related components 

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

¶ Engaging actors to use the available tools at the shop-floor. 

¶ Develop the appropriate environment to implement parts/sections of the Business Scenarios 
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¶ Capture, analyse and communicate end-user needs for the proposed tools in an effective 

manner. 

The developments of Deliverable D5.3 were be continuously updated and refined through an 
iterative process that lead to the production of a total of two releases of this document, respectively 
in Project Months M16 and M24. The development of this deliverable was coordinated by CERTH 
with contribution of ABE, FIT, ISMB, REGOLA, EPFL and GLASSUP. 

 

1.2 BACKGROUND 

The background of the work performed and described in this deliverable is related to the 3rd phase of 
ǘƘŜ ǇǊƻƧŜŎǘ άtǊƻǘƻǘȅǇƛƴƎΣ LƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ {ȅǎǘŜƳ LƴǘŜƎǊŀǘƛƻƴέ ŀƴŘ ŀƛƳǎ ŀǘ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ 
of the Business Scenarios at CERTH/CPERI shop floor using the tools delivered by the technology 
providing partners of the project and the engaging of the workers within the activities of the 
scenarios. Figure 1 shows the relationship between Task T5.3 and the other tasks/WPs in the project. 

 
Figure 1: Activities and Connection of D5.3 with other tasks and WPs 

As CERTH/CPERI is the pre-industrial environment most of the SatisFactory components and tools are 

be initially tested at a small scale using the prototypes which are be built during the project. More 

specifically, deliverable D5.3 results from activities of WP5 ς άIntegration, Deployment, Industrial 

Trials Demonstration and Evaluationέ, which is responsible for the integration and actual 

implementation of the tools and application environment for a safer and more attractive shop floor 

to address the need and requirements of the end users at the shop floor. Within WP 5, task T5.3 

focuses on the planning and deployment of the SatisFactory developments at CERTH/CPERI shop-
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floor utilizing the components and tools from SatisFactory platform. There exists a strong synergy 

among deliverable D5.3, derived by the activities of task T5.3, and other tasks in WP5 and other work 

packages within the project (WP1, WP2, WP3 and WP4). Furthermore, inputs from other tasks that 

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

ŀŘŘǊŜǎǎ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ ŜƴŘ ǳǎŜǊǎ ŀǘ /9w¢Iκ/t9wLΣ ŀǎ ŘƻŎǳƳŜƴǘŜŘ ŀǘ ŘŜƭƛǾŜǊŀōƭŜ 5мΦм άUser group 

definitions, end-user needs, requirement analysis and deployment guidelinesέ. The output from this 

deliverable ǿƛƭƭ ōŜ ŜǾŀƭǳŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǘŜǎǘ ŘŜǎŎǊƛōŜŘ ŀǘ 5рΦн άEvaluation Planέ ŀƴŘ ǿƛƭƭ ōŜ 

ŘƻŎǳƳŜƴǘŜŘ ŀǘ 5рΦр άFinal System Evaluation ReportέΦ  

Initially the deployment activities which deals mostly with the planning for the deployment and the 

testing of the components and tools that are available to be used is described. Subsequently, the 

testing and final deployment of the components are documented.  

 

1.3 DOCUMENT STRUCTURE  

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

- Chapter 2 provides a general overview of the approach and methodology for planning of 

implementation and the context of the CERTH/CPERI shop floor where the tools are 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 pre-requisites.  

- Chapter 4 includes the planning, the deployment and the initial results from scenario άBSC-

5.1 - Repair or restore an electromechanical malfunctionέ ǘƘŀǘ ŘŜŀƭǎ ǿƛǘƘ corrective actions 

that need immediate attention at the various pilot plants at the shop-floor and perform 

works to repair or replace a faulty or degraded equipment. 

- Chapter 5 includes the planning, ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ ǘƘŜ ƛƴƛǘƛŀƭ ǊŜǎǳƭǘǎ ŦǊƻƳ ǎŎŜƴŀǊƛƻ ά.{/-

5.2 - {ǘŀǊǘǳǇ ǇǊƻŎŜŘǳǊŜǎ ŦƻǊ Ǉƛƭƻǘ Ǉƭŀƴǘǎέ ǘƘŀǘ ŘŜŀƭǎ ǿƛǘƘ the critical start-up procedures of 

operating hydroprocessing pilot plants using proper Standard Operating Procedures (SOP). 

- Chapter 6 includes the planning, ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ ǘƘŜ ƛƴƛǘƛŀƭ ǊŜǎǳƭǘǎ ŦǊƻƳ ǎŎŜƴŀǊƛƻ άBSC-

5.3 - Reconfiguration of process flow and actions for flexible redesign of production 

proceduresέ ǘƘŀǘ ŘŜŀƭǎ ǿƛǘƘ the Improvement of the process workflow for the 

reconfiguration of a multipurpose unit.  

- Chapter 7 includes the planning, ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ ǘƘŜ ƛƴƛǘƛŀƭ ǊŜǎǳƭǘǎ ŦǊƻƳ ǎŎŜƴŀǊƛƻ ά.{/-

6.1 Recognition of incidents and path optimization for workers movement on the shop floorέ 

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 targeting the increase of the safety and comfort of the involved actors.  

- Finally, Chapter 8 provides general conclusions and guidelines on how the results included in 

this deliverable will be further elaborated in forthcoming stages of the project activities 

within the scope of WP5.  
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This document is supported by one annex that contains the detailed steps of the Standard Operating 
Procedures with respective photos and connections for two of the scenarios related to CERTH/CPERI 
(BSC-5.1, BSC-5.3).  
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The goal of Chapter 2 is to describe the planning methodology towards the deployment of 
SatisFactory tools at CERTH/CPERI shop-floor in order to realize the scenarios that were derived by 
the use needs and requirements. The main objective is to enhance and enrich CERTH/CPERI shop-
floor environment integrating key enabling technologies such as intelligent decision support systems 
(iDSS), augmented reality, wearable and ubiquitous computing as well as and customised social 
communication platforms coupled with experience design and gamification-based techniques for the 
efficient transfer of knowledge and collaboration among the workers. 

The deployed solutions are categorized using hardware and software, simple and/or complex 
solutions. The use of the respective set of components will be used to realize and optimize the 
interactive selected procedures that are performed by the group of workers. Overall the activities for 
the planning and implementation of SatisFactory developments are organized according to the 
Business Scenarios that are described in detail at 5мΦн ά¦ǎŜ /ŀǎŜ !ƴŀƭȅǎƛǎ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴ {ŎŜƴŀǊƛƻǎ 
5ŜǎŎǊƛǇǘƛƻƴέ. Table 1 summarizes the list of the SatisFactory high level Business Scenarios that are 
developed for CERTH/CPERI shop-floor. 

 
Table 1 List of CERTH/CPERI Business Scenarios and Application Scenarios 

Business 

Scenario 

Application 

Scenario 

Name  

BSC-5 Online supervision of the operation and workforce resources of pilot plants for chemical 

processes (CERTH) 

 BSC-5.1 Repair or restore an electromechanical malfunction 

 BSC-5.2 Startup procedures for pilot plants 

 BSC-5.3 Reconfiguration of process flow and actions for flexible redesign of 

production procedures 

BSC-6 Recognition of ƛƴŎƛŘŜƴǘǎ ŀƴŘ ǇŀǘƘ ƻǇǘƛƳƛȊŀǘƛƻƴ ŦƻǊ ǿƻǊƪŜǊǎΩ ƳƻǾŜƳŜƴǘ ό/9w¢Iύ 

 BSC-6.1 Recognition of incidents and path optimization for workers movement on 

the shop floor 

 

In brief the needs and requirements at CERTH/CPERI shop-floor and their connection to the scenarios 
are summarized to: 

Á Active collaboration between the various groups of actors (BSC-5.1, BSC-5.2, BSC-5.3) 

Á Sharing of knowledge from 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 
(BSC-5.1, BSC-5.2) 

Á Improvement of the planned maintenance actions by acquiring flow diagrams and electrical 
schematics depending on the unit, involved subsystem or device (BSC-5.1, BSC-5.3) 
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Á Re-adaptation ƻŦ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ǎŜǘǳǇ ƻŦ ŀ Ŏƻƴǘƛƴǳƻǳǎ ǇǊƻŎŜǎǎ ǳƴƛǘ ōŀǎŜŘ ƻƴ ŎƭƛŜƴǘΩǎ ƴŜŜŘǎ ŀƴŘ 
previously used configurations (BSC-5.3) 

Á Efficient and fast response at unplanned events based on an augmented interface that would 
derive online in near real-time information depending the specific problem (BSC-5.1) 

Á Minimize the safety-related incidents which are caused by erroneous human actions (BSC-6.1) 

According to the needs and requirements of BSC-5 and BSC-6, the available SatisFactory platform 
components are initially installed and afterwards used by the involved workers. Therefore, the 
activities described in the next chapters are related to the analysis of the tools to be used from the 
SatisFactory platform (by technology providing partners ς CERTH/ITI, ABE, ISMB, REGOLA, EPFL, FIT, 
GLASSUP) that focus on deployment/testing of the tools. Also in the first stages of T5.3 there was a 
preliminary engagement of selected actors (both operators and technicians) to test the available 
functionalities provided by the tools. In the later stages of T5.3 more actors were involved, to test 
the effectiveness and the responsiveness of the tools.  

2.1 SHOP FLOOR AREA FOR THE DEPLOYMENT OF THE SCENARIOS 

CERTH/CPERI shop-floor 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, 
PLC based). CERTH//t9wLΩǎ ǎŜƭŜŎǘŜŘ ǎƘƻǇ-floor processes are used as a test bed for SatisFactory 
products and solutions. Figure 2 shows the highlighted areas where the scenarios are be deployed 
focusing in different perspectives and by engaging all the group of workers of CERTH/CPERI shop 
floor. 

 
Figure 2 Overview of CERTH/CPERI shop floor and designated areas where the business scenarios are performed  
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Figure 3: Partial overview of CERTH/CPERIs shop floor and plants 

Within SatisFactory project, CERTH/CPERI utilizes its industrial automation infrastructure for the 
deployment of the integrated Reference Architecture Platform to CERTH//t9wLΩǎ ǇǊƻŎŜǎǎ Ǉƭŀƴǘǎ 
where the Industrial Lab cases are deployed. CERTH//t9wLΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ Ŏƻƴǎƛǎǘǎ ƻŦ ƴǳƳŜǊƻǳǎ 
experimental 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 distributed in a wide 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.  

 

 
  

  
Figure 4 /9w¢Iκ/t9wLΩǎ aƻƴƛǘƻǊƛƴƎ ŀƴŘ ŎƻƴǘǊƻƭ IaLǎ 

CERTH/CPERI has developed and supports a wide multi-sensorial network of heterogeneous 
distributed systems (indicative industrial protocols: CANBus, Profibus, EtherCat, RS485). The 
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 way of communication at the 
application layer between the various sources and sinks of data, OPC-based interfaces are developed 
and deployed at each individual process unit. 

 

2.2 PLANNING OF IMPLEMENTATION  

In order to deploy SatisFactory solutions to CERTH/CPERI shop-floor there are a list of activities that 
had to take place in order to be complaint with the industrial-grade specifications for using new tools 
at the shop-floor. The following is a summary of the implementation process, which was followed by 
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CERTH/CPERI personnel in collaboration with the technology providing partners of SatisFactory 
consortium. The scope of the whole process was that CERTH/CPERI team: 

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

¶ performs a focused review of design specifications of the tools to be used. 

¶ CERTH/CPERI personnel develop an Implementation Plan.  

¶ conducts various scoping meetings where the implementation process is reviewed with the 

technology providing partners and schedules additional meetings, as necessary, throughout set-

up, to plan, coordinate, and schedule future activities and resolve deployment problems. 

¶ works with the technology providing partners in developing start-up plans and start-up 

documentation formats. The technological partners provide the pre functional checklists to be 

completed during the startup process. 

The technology providing partners executed and documented the pre-functional checklists and 
perform startup and local or remote configuration. CERTH/CPERI team documented that the 
checklists and startup were completed according to the approved plans. This may include the 
engaging of actors from the shop-floor besides the development CERTH/CPERI team. In general, 
performance verification proceeded from simple to complex, from component level to tools and 
integrated bundled tools, with pre-functional checklists being completed before functional testing. 
Tools and software documentation were submitted to the CERTH/CPERI team during normal 
submittals, including detailed set-up procedures. 

 

2.2.1 Methodology for Planning and 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/CPERI shop-floor. This section 
describes the elements that are considered towards commencement of the tools and components 
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 shop-floor. The key stages towards 
implementation are identified along with the order in which these shall be addressed. The key stages 
are defined below as: 

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

¶ Stage 2 Set-up at the shop floor (Site Acceptance Testing) 

¶ Stage 3 Deployment and Commissioning 

¶ Stage 4 Operation and Maintenance  

Each stage of the implementation process includes a list of actions that need to be in place before 

the next stage of the process is commenced. At the next sections a specific timeframe for the 

realization of the aforementioned stages is delivered. As 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 2nd 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 necessary. 
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2.2.2 Activities and aspects addressed for the Implementation 

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

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

¶ Ensure that the design objectives and intent are clearly documented and carried out in the 
design and set-up stages. 

¶ Develop clear deployment specifications and the functional 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. 

¶ Coordinate, witness, and approve functional performance tests performed by installing 
contractors.  

¶ Coordinate re-testing as necessary until satisfactory performance is achieved. 

¶ Oversee and approve the training of the operating workers. 

¶ Provide a final implementation report, which includes:  
a. An executive summary, list of participants and roles, brief shop-floor area description, 

overview of implementation and testing scope, and a general description of testing and 
verification methods.   

b. For each components or bundles of components, the report contains documentation and 
training meetings in the following areas:   
1) SatisFactory components shop-floor specific specifications,   
2) SatisFactory components installation,  
3) Functional performance and efficiency,  
4) SatisFactory components documentation context of use, and  
5) Operator training.  
All outstanding non-compliance items shall be specifically listed.   

c. Recommendations for improvement, future actions, process changes, etc. will also be listed. 
Each non-compliance 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 of the verification method used including observations and conclusions 
from the feedback obtained by the involved actors.   

 

During the setup and deployment stages the CERTH/CPERI team assisted with problem-solving or 
resolving non-conformance or deficiencies, but ultimately that responsibility resided with the 
technology providing partner. After notice to proceed from the CERTH/CPERI team, the up-to-date 
schedule is at the responsibility of the technology providing partners. The primary role of the 
planning is to develop and coordinate the execution of a testing plan and observe and document 
performance, that is, determined whether SatisFactory components/tools are in accordance with 
their functionalities described at deliverable D2.1 to fulfill the needs documents at deliverable D1.1 
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and implement the scenarios of deliverable D1.2. 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 Business Scenarios at the shop-floor is depicted at Figure 
5. Since there are many components and tools involved at each scenario the phases are based on the 
latest delivered tool. So, each stage starts when at least one of the components is available for 
design, setup, deployment or operation. Therefore, the actual operation of each scenario is 
performed gradually. The engaging of the actors is also performed gradually, initially targeting at a 
small group and afterwards the selected involved actors will participate, as the tools will be 
integrated at their daily activities. At the 1st version of D5.3 the activities related to the 
implementation and initial testing are included, whereas the entire integrated scenario operation is 
documented at the 2nd version of D5.3 due 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 progressed. The tools that have 
entered the operation phase will continue to be evaluated since the installation at the pre-pilot shop 
floor is their first working version. The final version of the components will be setup at the industrial 
partners at COMAU and SUNLIGHT premises. 
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Figure 5 Gantt diagram of the implementation phases of the Business scenarios at CERTH/CPERI 
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SatisFactory components are documented at deliverable D2.1.2 άSatisFactory System ArchitectureέΦ 
To visualize which components are used for the realization of each scenario the architecture is used 
as a reference (Figure 6). 

 

 
Figure 6: Components diagram of the overall SatisFactory architecture  

Besides the technical details that covered at deliverable D5.1 άSatisFactory Components Integration 
and frameworkέ ǘƘŜǊŜ ŀǊŜ ǾŀǊƛƻǳǎ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ǇǊŜ-requisites which is necessary to be covered 
in order for them to work as designed at the actual working environment 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 shop-floor is summarized at Table 2. 

 
Table 2 Dedicated infrastructure at CERTH/CPERI shop floor for SatisFactory platform 

Type Components installed 

Server with windows OS (Win 7 pro 64 bits) ¶ iDSS 

¶ LinkSmart 

Server with Linux OS (Ubuntu 14.04 64 bits) ¶ Ontology manager 

Server with windows OS (Win 7 pro 32 bits) ¶ Plant Data Exchange Component (PDEC) 

Server with windows OS (NUC pc Win 8) ¶ Gesture and Content Recognition Manager (GCRM)  

Raspberry PI mini pc with Linux OS ¶ Localization Devices & Manager 

Raspberry PI mini pc with Linux OS ¶ Temperature sensor (Thermal sensor network) 
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2.3 BUSINESS SCENARIOS AND ARCHITECTURE COMPONENTS  

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 component to be used at the specific 
Business Scenario. The 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 effort/complexity categorization. The provided information 
considered the context of implementation as described at the specific scenario.  
A snapshot of the information that was collected for each component can be seen at Table 3 :  
 

Table 3 Assessment of Business Scenarios and Components 

 A B C D E F 

 Component name Direct / 

Indirect 

Effort required  Restrictions Prerequisites Feasibility 

(YES/NO) 

Main Component X           

Subcomponent X.Y            

 
At the first column (A) there are the categories of 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 the Business Scenario uses this component 

ii. Indirect: When the Business Scenario uses this component through another component 

iii. No Usage: When the Business Scenario does not use this component at all 

The third column (C) shows how effort required; from scale of 1-3 how difficult is it to incorporate 
the component to the Business Scenario. The complexity and effort which is documented for each 
component is not 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 the restrictions about each components subcategory: 

i. Potential Restrictions, e.g. need to have a specific data format? 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 the prerequisites of each components subcategory.  

Finally the last column refers to the feasibility (YES/NO) of each subcategory. Based on this analysis, 
the Business Scenarios of the pre-pilot site, CERTH/CPERI, where analysed and the technology 
providing partners evaluated the feasibility of their components to be implemented with respect to 
the Business Scenarios deployment. The 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 
άIndustrial Pilots Set-up and DemonstrationέΦ 

2.3.1 Business Scenarios and Component Usage 

In order to analyse and describe the effect that the components 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 that each Business Scenario of CERTH/CPERI shop floor is using. Each component 
performs a specific action and can work either as a stand alone or with an interaction with another 
component.  

 

Figure 7 Number of components for the SatisFactory Business Scenarios at CERTH/CPERI shop floor 

  

2.3.2 Business Scenarios and /ƻƳǇƻƴŜƴǘǎΩ Implementation 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.  

 

Figure 8 Component implementation effort per Business Scenario at CERTH/CPERI shop floor 

A very important issue that can be mentioned here is that most of the components require effort 
level 2 in order to be developed.  
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Figure 9Υ {ǳƳƳŀǊȅ ƻŦ ά9ŦŦƻǊǘ ƭŜǾŜƭέ ƴŜŜŘŜŘ ŦƻǊ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ installed at CERTH/CPERI premises 

 

A summary of ά9ŦŦƻǊǘ ƭŜǾŜƭέ ƴŜŜŘŜŘ ŦƻǊ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ {ŀǘƛǎCŀŎǘƻǊȅ can be seen at  

Figure 9. 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 number. From Figure 9 it is evident that most of the 
components have normal implementation needs and requirements as defined by the technology 
providing partner, which is a first indication that the business scenarios will be successfully 
implemented. 

 

2.3.3 Remarks for Implementation and Set-up procedures at CERTH/CPERI 

Overall the technology providing partners verified the feasibility for delivering their components and 
tools at the CERTH/CPERI shop-floor in order to be used to implement the operations and functions 
described at the scenarios. The status and usage the involved components are analyzed at a scenario 
basis in the following chapters. The information within D5.3 is according to the technical input 
provided by the partner responsible for the development and delivery of the components/tools. The 
set-up is performed in close collaboration among the provider and the CERTH/CPERI team, whereas 
the base infrastructure and the 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 shop-floors with chemical pilot plants. More specifically the set-up 
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. 

 

 

8,33% 

79,76% 

11,90% 

Effort level = 1

Effort level = 2

Effort level = 3



 

 

 

 

 

 

 

D5.3- Industrial lab use case Set-up and Demonstration Â December 2016 Â CERTH 

SatisFactory project Â GA #636302 

Page 29 of 116 

 

3 t[!bbLbD !b5 59t[h¸a9b¢ hC /hathb9b¢{ ¦{95 .¸ a¦[¢Lt[9 {/9b!wLh{ 

The demonstration 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 goal of Chapter 3 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 information which is similar to all cases.  

As previously mentioned the SatisFactory platform that is 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 Business Scenarios. Therefore, 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. 

Table 4 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 floor. According to the scenario they 
provide different functionalities for the end-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 parametrically configured 
to delivered the requested function upon demand. Besides the name and the technology partner 
responsible for the components, the restrictions and the necessary prerequisites for the proper 
installation/operation are described.  

 
Table 4: Identified Components to be utilized in all BSCs at CERTH/CPERI shop floor 

Responsible partner  

CERTH Component: Repository ς Asset Machinery, Production Models 

 Restrictions: All data coming to the Repository from other components must be in xml format, 

compliant with the B2MML standard 

Prerequisites: Intranet connection between Repository and the other components 

EPFL Component: Semantic Context Manager - Ontology Manager 

Restrictions: Data coming from CIDEM should filter and then loaded within the OM. A mirror copy 

of the SF repository is not needed. Every dataset have to be Extracted, Transformed, Loaded (ETL) 

according to a specific allowed format, for instance: 

ωRDF+XML, RDF+N3, structJSON, structXML, ironJSON, commON 

OM ǊŜǇƻǎƛǘƻǊȅ ǎƛȊŜ ǎƘƻǳƭŘƴΩǘ ōŜ ǘƻƻ ōƛƎ ƛƴ ƻǊŘŜǊ ƴƻǘ ǘƻ ƛƴǘǊƻŘǳŎŜ ǳƴƘŜƭǇŦǳƭ ǘƛƳŜ ŘŜƭŀȅΦ 

Prerequisites: CIDEM Data have to be available in a format that can be transformed into triplets. 

FIT Component: Suggestions for Improvement platform ς άaȅ CŀŎǘƻǊȅέ ς Gamification-based tools 

Restrictions: ¢ƘŜ άaȅ CŀŎǘƻǊȅέ ŎƻƳǇƻƴŜƴǘ ƛǎ ǘƻ ōŜ ǳǎŜŘ Ǿƛŀ ŀ ǘŀōƭŜǘ ŀǘ ŀ ŦƛȄŜŘ ǎǘŀǘƛƻƴΦ Lǘ Ŏŀƴƴƻǘ ōŜ 
accessed outside the factory site. 

Prerequisites: Categories for suggestions are predefined. 
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FIT Component: Suggestions for Improvement platform ς άaȅ CŀŎǘƻǊȅ aŀƴŀƎŜƳŜƴǘέ ς Gamification-

based tools 

Restrictions: ¢ƘŜ άaȅ CŀŎǘƻǊȅ aŀƴŀƎŜƳŜƴǘέ ŎƻƳǇƻƴŜƴǘ Ŏŀƴ ƻƴƭȅ ōŜ ŀŎŎŜǎǎŜŘ ōȅ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ 
using their office PCs or laptops. It cannot be accessed outside the factory site. 

Prerequisites: Categories for suggestions and at least one responsible person for each category is 

predefined. 

FIT Component: Gamification Framework ς Gamification-based tools 

Restrictions: In order to utilize the gamification framework, each external framework is required to 
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 game 

are identified beforehand. Rewards, avatars, points and badges are specified beforehand. 

FIT Component: Gamification Framework ς ά²ƘŀǘΩǎ aȅ {ŎƻǊŜέ !ǇǇ ς Gamification-based tools 

Restrictions: The worker can only view his own points. If he desires to view the cumulative team 
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 has to 

be at least one external system linked to the gamification framework. 

ISMB Component: Middleware ς Device Manager 

 Restrictions: Device manager is involved in the case of usage of some environmental data 

acquisition device. It should be technically possible to integrate involved devices through the device 

manager 

Prerequisites: Involved devices API and usage manual availability 

FIT 

 

FIT 

 

 

 

Component: Middleware - Core Services 

Restrictions: Device Managers and Services are registered into LinkSmart eco-system 

Component: Middleware - Event Manager 

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

Prerequisites: Services needs to learn the designated topics LinkSmart catalogue services, those 

being configured in a Registration Document by Device Managers   

FIT Component: Middleware - Event Aggregator 

Restrictions: Store received subscription notifications into CIDEM repository with CIDEM compliant 
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 REPOSITORY ς ASSET MACHINERY, PRODUCTION MODELS 

The repository constitutes the basis of the SatisFactory platform. In the Repository, there is a need to 
store information about the static and the dynamic information that is related to the shop-floor 
operation, such as physical assets required for the operation of the specific part of the pilot plant, 
the topology of the overall shop floor, restricted/dangerous areas in it, measurements, events, etc.  
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Figure 10: Information of CERTH/CPERI actors that are stored at repository 

¢Ƙƛǎ ŎƻƳǇƻƴŜƴǘ ŘƻŜǎƴΩǘ ƘŀǾŜ ŀ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜ ōŜŎŀǳǎŜ ƛǘ is running at the background supporting the 
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 the agreed 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 such models (i.e. equipment, assets, actors, procedures, 
measurements, etc.) has been grouped following the hierarchy of the machinery components, 
subcomponents and topology, as well as the associations with the production activities.  

 
Table 5: Information of the Status and the required input of the CIDEM  

Status 

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

The final version of the Repository is available and supports all of the discussed protocols and 
standards. Necessary modifications that were needed are needed towards expanding these models 
into a common framework in order to fully support the SatisFactory framework. A small set of the 
Models is needed by M17, so that this sub-ŎƻƳǇƻƴŜƴǘΩǎ ǎŜŎƻƴŘ ǾŜǊǎƛƻƴ is available by M19 to be 
tested at the Industry Lab from M20 and on. 

 

3.2 ONTOLOGY MANAGER 

The Ontology Manager was designed as a Multi -Layered Ontology Network. Three so-called shop 
floor oriented ontologies, i.e. COMAU_Ontology, SUNLIGHT_Ontology and CERTH_Ontology, can be 
considered as the Top Level. The latter aims to model and then represent the knowledge concerning 
each specific shop floor and their Business 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 the optimization of the human resources, which is the 
aim of the T2.2. Then, the Middle Level contains the so-called SatisFactory Upper Ontology. This 
mostly focuses on the three main shop floor concepts, such as Assets, Procedures and Workers and 
aims to provide a shared vocabulary by bridging the domain-specific ontologies at the top level to the 
so-called data-oriented ontologies at the lowest level. The Low Level, in fact, contains these data-
oriented ontologies that have been derived from the CIDEM XML schemas. For this reason, this layer 
mostly adheres to the information data structure and was labelled as CIDEM_Ontology.   

The following figure presents an instance of the Ontology Manager editor, in particular, here it is 
possible to see the three OM layers together with the first level of sub-concepts (ontology classes). 
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Figure 11: The Ontology Manager Editor 

 

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 a whole. Moreover, BSC-5.1, BSC-5.2 and 
BSC-5.3 share most of the concepts and knowledge sources. Thus, the actual BSC5 semantic model 
conceives of concepts that are described in the following table. 

 
Table 6: Semantic Model of BSC-5 

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  LƴŦƻǊƳŀǘƛƻƴ ŘŀǘŀΣ Ŏŀƴ ōŜ ŜƛǘƘŜǊ ǎǘŀǘƛŎ ƻǊ ŘȅƴŀƳƛŎ όƻŦǘŜƴ ŎŀƭƭŜŘ άŦǳƴŎǘƛƻƴǎέύ  

Component  Simple component of the pilot plant  

Physical Asset  Equipment, inventory or machines  

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

 
























































































































































