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Executive Summary 

This document represents Deliverable 3.1 (“Report on data, information and tech-
nology needs”) of the H2020 project “FACTS4WORKERS - Worker-Centric Work-
places in Smart Factories” (FoF 2014/636778).  

This deliverable (D 3.1) reports on a preliminary definition of each context-of-use 
needs in terms of output data to be provided to the workers to support their em-
powerment, technical concept needed to produce such data and the input data 
that will be needed to apply the selected technical concept – together with the 
procure-ment status of these information. The deliverable starts with a short de-
scription of the technology that FACTS4WORKERS is going to develop, in order 
to have a clear picture about the feasible analysis, data processing and social 
interaction that it is possible to implement in each context-of-use. The second 
part is dedicated to a de-scription of the eight contexts-of-use that will be used as 
test field for the application of FACTS4WORKERS approach. For each context-
of-use, it is highlighter the request for empowerment by the workers. This is 
linked to the in-formation that the workers must have in order to reach this goal. 
Here a streamline that connect the request for information is described to arrive 
at the definition of the technical concepts (e.g. data analysis strategy, collabora-
tive learning tool, etc.) and the input data needed to activate such concepts. For 
the input data, is provided a perspective about their pro-curement status, and 
eventually the sensors and inter-faces still needed to acquire them. Since the 
acquisition of the context-of-use requirements is an on-going process that will 
have many iterations during the project, some contexts-of-use show a better un-
derstanding of the available information to support the implementation of 
FACTS4WORKERS approach, while others have a coarser picture about the 
industrial and IT environment that our solution must cope with. In these cases, 
the analysis will be refined later with a new release of this document. 
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1 Introduction 

The mission of the HORIZON 20201 project FACTS4WORKERS is to develop and 

demonstrate solutions that support the workers, including an increasing number of 

knowledge work elements into the work done on the factory floor. We see a great 

potential in the use of information and communication technology (ICT) to provide 

production employees with the information they need to perform their daily work at 

the right time and in an appropriate manner. These smart ICT solutions should, inter 

alia, improve decision-making, support the search of problem solutions, and ulti-

mately strengthen employees’ position on the factory floor. 

With FACTS4WORKERS, we want to contribute to the vision of a "smart factory" in 

which smart workers play a central role in the production process, supported in the 

best possible way by ICT solutions. As the most flexible element, smart workers are 

the focus of attention, and their role is extended far beyond factory work’s conven-

tional automated storage routine activities. An autonomous work environment will 

help them continuously, improving knowledge sharing and effective knowledge ac-

quisition in the workplace. 

FACTS4WORKERS thus raises the questions of how people work and learn, how 

they interact with new technologies and how we can create attractive and 

challenging work environments, which will increase their satisfaction and 

motivation. The answers to these questions are the key to successful sociotechnical 

solutions for production processes.  

As the result of an iterative process, we will design and refine an infrastructure that 

enables (better decision-making ability, increased participation, increased autono-

my) and protects (reduced stress levels, reduced cognitive overload, reduced mo-

notonous, error-prone work) production workers. Although our guideline is to in-

crease workers’ job satisfaction sustainably, our infrastructure will also increase 

production quality and time efficiency. 

This deliverable (D 3.1) is complementary to the deliverable already issued by WP! 

(Deliverable D1.1) and the one that is due in November 2015 (deliverable D1.2). In 

the first are reported a high-level picture of the requirements of the eight context of 

use (CoU), obtained thanks to interviews, focus groups and general-purpose meeting 

at the production plants. D1.1 constitute the basis to understand the basic technolo-

gies needed for each context, reporting the major possible applications. The CoU will 

be better described in D1.2, where all the personas and artefacts will be reported. 

                                                             
1 Please cf. http://ec.europa.eu/programmes/horizon2020/ 
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Since both D1.1 and D1.2 are public documents, some information reported lacks a 

deep detail level. The analysis of the information needs, the roles of the workers 

involved in each CoU have been extracted from these two documents (D1.2 in draft 

version) and a continuous exchange of information with WP1 leader (UZH) and the 

IPs. In particular, D3.1 reports on: 

 A preliminary definition of each CoU needs in terms of output data to be provided 

to the workers to support their empowerment; 

 Technical concept needed to produce such data; 

 Input data that will be needed to apply the selected technical concepts – together 

with the procurement status of these information. 

The deliverable has the aim to create a first set of specifications for the development 

of service building blocks. Within this document, the eight contexts-of-uses have 

been analyzed in order to fix the requirements defined by WP1 and add further de-

tails needed for the programming of the APIs, in charge of WP3. The additional in-

formation is related to the available data on the IT infrastructure of the industrial 

partner, a detailed definition of the output expected from the building block and the 

technical concept to be used for each building block. 

Not all the eight cases have been analyzed with the same detail level due to the still 

ongoing activities on the definition of requirements. For some contexts-of-use, the 

mock-ups have been already provided and approved by the industrial partners. In 

these cases, a scheme of the workflow of the building block has been provided, in 

order to define the activation logic of the possible APIs that constitute the building 

block itself. For the contexts-of-use where the requirements definition is still to be 

consolidated, a first guess of needed services is reported. A new release of this deliv-

erable will be provided as soon as WP1 activity will be over also on the less ad-

vanced case studies. 
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2 Industrial challenges and 

FACTS4WORKERS available technologies 

FACTS4WORKERS project aims at addressing four different industrial challenges 

(ICs) that will require the use of a different mix of data processing and analytics 

technologies. The four industrial challenges are presented in Fig. 1. 

 

Fig. 1 - The four industrial challenges 

The project proposal describes the objectives of each IC, the extracted text is report-

ed below to briefly explain them:  

 IC1: Personalized augmented operator are workers using augmented reality 

(AR) tools through which they get an immediate, specific, visualized, and per-

sonalized provision of information at the shop-floor-level, which can be config-

ured according to their needs, roles and preferences.  

 IC2: Worked-centric rich-media knowledge sharing/management: ICT 

adopted in factories is neither successful in capturing knowledge, nor do they 

support social interaction and learning. Such KMS are usually developed for of-

fice environments, but shop-floor workers have different needs. 

4 industrial 

challenges 

Industrial 

Challenge  

No. 1 

Industrial 

Challenge  

No. 2 
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 IC3: Self-learning manufacturing workplaces are established through linking 

heterogeneous information sources from the worker’s environment and beyond, 

and extracting patterns of successful production, transferring the result as deci-

sion-relevant knowledge to the worker.  

 IC4: In-situ mobile learning in the production, will develop and demonstrate 

an on the job learning environment for shop floor workers using rich media 

through the KMS, which is especially valuable for SME. 

To tackle with the ICs, FACTS4WORKERS has presented an architecture divided in 

front-end and back-end services, a smart infrastructure, and the connection to facto-

ry data. Fig. 2 shows the organization of the services and the available technologies 

within the project architecture. A detailed description of the adopted project archi-

tecture is reported in the report of Milestone 3 (MS3). 

 

Fig. 2 - Services and technologies organization2 

This deliverable has the aim to identify, at least at high level, the technologies need-

ed by each CoU in order to provide a streamline between i) output data-ii) technolo-

gies iii) input data that will be used to define the development and deployment ac-

tivities needed for each UC.  

                                                             
2 Please refer to MS3 for a more detailed architecture description 
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The available technologies are the following. 

Social, rich-media Knowledge Management Systems (KMS). Current KMSs use 

mainly textual data, revolving around explicit knowledge. Contributors describe 

their knowledge, which is either tagged by the contributors themselves or indexed 

by keyword-based search. Now, already some industrial applications of such ap-

proach exist to facilitate the exchange of information among different Departments, 

such as wikis and weblogs, used especially for the office activities. The challenge is 

to bring these technologies also at the shop-floor levels, providing IT tools, devices 

and approaches that will be compatible with the production activities.   

Semantic technologies and Linked Data. In order to provide a faster and more 

intuitive access to the information available on the IT infrastructure of the UCs, the 

semantic search technology will be used on structured and unstructured data. 

These will be both user and process generated, and could have different structure 

and acquisition frequency. Another objective of this approach is to extract 

knowledge from the data, evaluating possible connection among different type of 

information and creating a first base for the KMS (Knowledge Management System). 

‘Datafication’ and Predictive data analytics. An important step for the creating of 

knowledge content form the available information is the use of tool to create data 

generated models of the process. The data analytics techniques that will be used 

must be chosen accordingly to the data structure and the final objective of the anal-

ysis. Special care will be used for the analysis of time history data to evaluate trends 

and predict unwanted behaviour of the production line (e.g., arising defects). These 

tools will fed information to the KMS.  

In-situ mobile learning. A fundamental tool will be the definition of an efficient 

and user-friendly access point to KMS, presenting the information in the way they 

need and in the format that best fits the environment (device, place,…). This solu-

tion could use both traditional devices (e.g., tablet) than more advanced HMI (e.g., 

AR devices). 

  

Social, rich-
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Semantic tech-
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Linked Data 
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3 Output data, technical concept and 

sensor choice 

The scope of this chapter is to present how the empowerment of the workers, in-

volved in each CoU, will be carried out. In particular, each CoU will be described re-

porting the following information: 

 the specific CoU challenges,  

 the roles involved,  

 the data needed to empower each role,  

 the data analysis or processing needed to provide the required information (ser-

vice building block), 

 the additional input information needed for the application, and the sensors 

needed to acquire them, 

 the architecture map of the building blocks. 

The service building blocks are the basic analysis and processing service for the im-

plementation of the FACTS4WORKERS solution These represent a group of services3 

(see MS3 for architecture description) that could be used to obtain a certain results 

(e.g. analysis of data trend). Depending on the complexity of the task, it is expected 

that each building block would be composed by a number of services, until now we 

have developed building blocks with about ten services. The concept of service 

building block has been used to define a basic analysis tool that could be used for 

different contexts-of-use, in order to have an efficient development of the F4W soft-

ware. Comparing the contexts-of-use in order to find similarities, the concept of ser-

vice building block will be used instead than the single service. 

The architecture map that is reported at the end of each CoU should be used only for 

comparison with the would-be BPMN and to assess the correct functionality of the 

REASONER. The services that constitute the developed service building block will be 

uploaded on the Industrial Partners server without a traditional workflow agent. 

The calls to each service would be managed by the REASONER that will create a 

workflow step by step, thanks to the REST description (RESTdesc4) of each service. 

                                                             
3 Within FACTS4WORKER project, we decided to call services the APIs. This definition is more 

consistent with the “modularity” concept that we want to introduce in the management of 

industrial data and tasks. Each service described within the project will be mainly associated to 

one API. 

4 www.restdesc,org 
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This solution has the great advantage of creating a dynamic environment where new 

services could be developed and uploaded on the system, increasing its capability 

and resources without the need of re-programming a workflow. Moreover, this 

could foster the exchange of services among different companies to attain the maxi-

mum efficiency and export good practices. As soon as a consistent number of them 

would populate this living environment of services, the REASONER could define if 

there is a solution to a general request for which no specific service has been com-

piled, looking for a possible solution to the request, combining different services in a 

dynamic workflow. 
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3.1 Thermolympic context-of-use (THO) 

Thermolympic (THO) is a Spanish organization that works in the thermal plastic 

injection field, producing both everyday tools (e.g., shopping trolley) and automo-

tive components (e.g., car bodies). Within the plant layout, several injection ma-

chines sometimes have to be stopped due to preventive or corrective maintenance, 

provided by a figure called Team Leader. The Team Leader is the person with the 

deeper technology knowledge and he is able to provide all of the requested correc-

tive actions. However, such kind of workers is not very numerous and the mainte-

nance requests are very time-consuming in the day-by-day work. The identified field 

of possible intervention of THO is to empower the other workers enabling them to 

provide possible solutions to problems that could arise during their activity and to 

dynamically control the production data that are acquired by a number of different 

sensors. In this way, time will be freed for the Team Leader to dedicate to other 

quality issues. In addition, the maintenance is close to being exclusively corrective. 

THO aims at reducing the number of discarded products with preventive mainte-

nance to save resources: this will be possible by forecasting the production trends. 

The roles involved in the process, which will be described with deeper details in 

D1.2, are: 

Operators: that are responsible for the day-by-day production at the injection ma-

chines. 

Team Leaders: more experience Operators that are able to solve major production 

issues, providing maintenance operations both on the machine (e.g. cleaning) 

and process (e.g. process parameters setting). 

Quality Leader: is the responsible for the definition of standard solution to prob-

lems; he is in charge of defining the gravity of the defect and of approving cor-

rective solutions. 

Quality Plant: is in charge of monitoring the arising quality issues and take decision 

to steer production. 

The empowerment of all these roles will be different:  

For the Operators, it means the acquisition of a better knowledge of the process, also 

thanks to the collaboration and interaction with their colleagues and the IT 

system. This will enable them to take autonomous decision and actions for 

specific events that, in the past, would require the presence of the Team Lead-

er.  

For the Team Leader, it means the acquisition a new insight that enables him to ac-

cess historical information of machines and process recovery and find optimal 

Thermolympic 

Roles involved 

in the process 
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solutions. Semantic search within the reports of similar problems will be a 

strategic tool for the F4W system.  

For the Quality Leader, it means the increasing consciousness about the complexity 

of the solutions to be adopted and the possibility to profile user experience 

and defect solutions. Operators and machine profiling will be used to match 

possible solution with possible person able to provide them. 

For the Quality Plant, it means the improved capability to control the plant quality 

status and recognize in timely manner the arising of quality issues, thanks to 

an advanced data trend analysis tool.  

Please note that the precise description of the roles involved in each of CoU will be 

provided in Deliverable D1.2. The descriptions in this chapter are only a resume to 

make the document easily understandable.  

Given the required empowerment, the needed information of each role has been 

defined (Tab. 1)  

Role Information needs 

Operators  Suggested solution for a known defect 

 Piece by piece assessment of production quality 

 Technical information to support production (product blue-

print, assembly information, production organization, fre-

quent defects, packaging organization)  

Team Leader  Suggested solution for an unknown defect 

 Real-time monitoring of machine status of the whole plant 

 Access to historical production data 

Quality Leader  Real-time monitoring of machine status of the whole plant 

 Real-time monitoring of production trend (process data and 

product measurement) 

 Profile of the solution and the operator experience 

Quality Plant  Real-time monitoring of production 

 Long-term aggregated production data  

Tab. 1 Information needed for THO context of use 

In order to obtain such information, different service building blocks must be creat-

ed (Tab. 2): 
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Information Needed by Service Building Block description 

Suggested solution 

for a known defect 

Operator DSS (Decision Support System) that will 

analyze the previous deployed solution 

for the same problem and, thanks to an 

assessment of their effectiveness, would 

suggest a list of solution order by effec-

tiveness. The user could choose which 

one adopt or propose a new one.  

Suggested solution 

for unknown de-

fect 

Team Leader Semantic Search for DSS that will provide 

a guess for a solution considering the 

ones adopted by “similar” problems. The 

semantic search will be programmed in 

order to find the similar cases based on 

keywords and problem descriptors. 

Piece by piece 

assessment of 

production quality 

Operators Automatic detection based on weighting 

stations and camera control. In the sec-

ond case, a camera will acquire a picture 

of each product in order to evaluate the 

presence of quality issue. A defect data-

base must be created to have a func-

tional system. This activity is not part of 

the building blocks design process. The 

industrial partners will give this data-

base. 

Technical infor-

mation to support 

production (prod-

uct blueprint, as-

sembly infor-

mation, produc-

tion organization, 

frequent defects, 

packaging organi-

zation) 

Operators Automatic composition of production 

documents. This building block will ac-

quire the needed data from multiple 

source (including multimedia data) in 

order to compile a living document that 

could support the operators’ activity. 

Suggested solution 

for unknown de-

fect 

Team Leader When a new defect arises, the F4W sys-

tem will automatically detect similar is-

sues within the already known ones and 

will suggest their solutions. The Team 

Leader will be empowered in decision 



 

  Output data, technical concept and sensor choice 

 

 

Information Needed by Service Building Block description 

making thanks to the software support. 

This building block will use semantic 

search and big data analysis to look in-

side known defects ‘descriptions. 

Real time monitor-

ing of machine 

status of the 

whole plant 

Team Leader A dedicated dashboard will keep always 

update the Team Leader on machines 

status within the pant. The Team Leader 

will have a tool to support the interven-

tion scheduling within the plant. This 

building block will query the database for 

the machine status variable.  

Access to historical 

production data 

Team leader The production knowledge of the organi-

zation will be available to the Team 

Leader that will have a tool to analyze 

data and search for trends in his produc-

tion line. Trends and developed inter-

vention results will be a tough tool to 

support decisions. The building block will 

visualize data about similar issues oc-

curred in the past, the proposed solu-

tions and the efficiency of the solutions 

themselves by using semantic search of 

the descriptions. Statistics will be used to 

develop aggregated results (easiness of 

visualization). 

Real time monitor-

ing of machine 

status of the 

whole plant 

Quality Leader A dedicated dashboard will keep always 

update the Quality Leader on machines 

status within the pant. The Team Leader 

will have a tool to support the interven-

tion scheduling within the plant. This 

building block will query the database in 

relation to the machine status variable. 

Real time monitor-

ing of production 

trends (process 

data and product 

measurement) 

Quality Leader A dedicated dashboard will keep always 

update the Quality Leader about the 

process variables trends and Output 

measurements. The sensors that will be 

implemented will measure in real-time 

the process and the environmental vari-

ables that could affect the production. In 
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Information Needed by Service Building Block description 

addition, automatic and semi-automatic 

measurement devices will be imple-

mented to monitor variable values. Sta-

tistical tools will be implemented in or-

der to not only visualize but also analyze 

the data trends (e.g., control charts, 

cusum control charts). This building 

block will interface with the plant ERP 

and sensors in order to acquire data; 

control chart will be integrated within 

the building block.  

Profile of the solu-

tion and the Oper-

ators experiences 

Quality Leader The effectiveness of the solution will be 

quantitatively defined within this build-

ing block: effectiveness index, such as 

MTBF (Mean Time Between Failures), 

will be calculated in order to score the 

solutions. In addition, also the experi-

ence of the operators will be formalized 

in order to understand who is able to 

provide a certain maintenance action on 

a certain machine. This skills profiling will 

be firstly developed with a matrix in 

which the Quality Leader will assign 

scores directly. In a future implementa-

tion step, plant logics to automatically 

detect the skill level of person will be 

added to the F4W software. This building 

block will interact with solution and per-

son registry and will send information at 

operator side depending on their login 

privileges.  

Real time monitor-

ing of the produc-

tion 

Quality Plant A dedicated dashboard will keep always 

update the Quality Plant about the pro-

cess variables trends and output meas-

urements. The sensors that will be im-

plemented will real-time measure the 

process and environmental variables 

that could affect the production. In addi-

tion, automatic and semi-automatic 
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Information Needed by Service Building Block description 

measurement devices will be imple-

mented to monitor variable values. Sta-

tistical tools will be implemented in or-

der to not only visualize but also to ana-

lyze the data trends (such as control 

charts, cusum control charts …). This 

building block will interface with the 

plant ERP and sensors in order to acquire 

data; control chart will be integrated 

within the building block. 

Long term aggre-

gated production 

data 

Quality Plant The Quality Plant will be interested in 

examine the production trends in long-

term period in order to understand sea-

sonal trends or other special variability 

causes. This building block will feed the 

Quality Plant dashboard with statistical 

analysis of long-term data and indexes, 

by interacting with plant ERP and making 

analysis.  

Tab. 2 Service building blocks to be developed 

It is important to add that THO is very interested in “Training on the job BB”. It will a 

be Building Block that will manage not only the skill level of workers, but will also 

provide an intelligent automatic skill improvement by proposing courses, advices, 

papers to the Operator in order to increase his knowledge level. Up to now, the deci-

sion to develop such BB is still pending because it will require a huge effort by the 

Industrial Partner to create didactic materials to be submitted to the Operator. Deci-

sion about the BB will be taken after the implementation of the BBs reported in the 

above table.  

The information needed to obtain all the roles requests are mainly: 

 Data from the company ERP (production planning information and bill of materi-

als). 

 Data from production machine (real-time acquisition thanks to EUROMAP-63 

interface). 

 Data collected regarding the machines stops (acquired by Business Management 

System - BMS). 

 Weight of each product. 
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 Picture of each product. 

 Solutions adopted by the operator/team leader. 

 Production support information. 

 Measures of the environmental variables that could affect the production (such as 

humidity, temperature …) – CoU dependent.  

Most of the information are already available on the internal server of the company 

and must be connected to our system thanks to specific connectors that will be cre-

ated by the company IT department. Anyway, there are two kind of information now 

not fully available: product pictures and adopted solutions. For these two, a specific 

sensor system must be implemented. In particular: 

 Picture of defect: Now, only one camera is installed at the end of one production 

line, the company must equip also the other lines in order to have a fully func-

tional system within the whole shop floor. 

 Solution adopted: the operator and team leader must start to provide the infor-

mation about the adopted solution for quality issue in the shop floor, this infor-

mation could be collected using the F4W HMI, and so extra sensors would be 

needed.  

3.1.1 Building Block representation 

Within this CoU, the project will develop the “Defect Detection and Solution Work 

flow” to define how the IT system can empower the operator in finding and applying 

solutions. It has been experienced by the factory, in fact, that “out of tolerance” is-

sues arising during the productive process can strongly limit the productivity: the 

possibility to empower the operator with auto-maintenance skills will allow a higher 

overall equipment effectiveness. A sub part of this step will be the development of 

an operator profiling system that will be used to match the solutions to be imple-

mented, with the operator s able to provide them. A second workflow will be im-

plemented within this CoU, the “Data trend work flow”: a dashboard for the man-

agement/quality floor will be developed and statistical tools will be implemented in 

order to always monitor productive process and to give automatic alarms in case of 

possible measures overflow. 

3.1.2 Thermolympic: Defect detection and solution work flow and 

operator skill profiling workflow 

The first CoU of Thermolympic is the “Defect detection and solution”. The building 

block architecture is represented in Fig. 3: 
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Fig. 3 - Defect and solution workflow architecture 

This first branch of the algorithm represents the scenario where the operator meets 

a production issue detectable by a visual inspection of the operator himself. First, 

the HMI allows marking the machine status as “failed”, and allows starting the pro-

cedure to find a possible solution. There are, then, two services that could be used to 

search within historical data about already tested solutions, one more specific if the 

problem is already known and one more generic if the defect is not already known. 

Another service checks if the operator that is calling the defect is enough skilled to 

provide also the necessary maintenance. It is important to highlight that the service 

for an unknown defect gives the possibility to take a picture of the defected product, 

this would be essential to properly update the defects database. 

Once chosen the best solution, HMI, calls the Team Leader to confirm both the solu-

tion and the person to provide the necessary maintenance (the operator or himself).  

Once performed the solution, the Team Leader closes the intervention by using the 

HMI and a service records the uptime of the machine in order to provide an OEE 

index (Overall Equipment Efficiency) related to that solution. This index will be used 

to draw up a ranking for further applications.  

3.1.3 Thermolympic: Data trend analysis workflow 

The analysis of trends and causes of variance in the productive process provided by 

F4W software will be tested within the Thermolympic CoU. To understand deeply 

the production system behaviour, it is mandatory to recognize both trends or influ-

ence of environmental variables on the process output and to real time control the 

process behaviour. For this reason, a set of services for the statistical process control 

will be developed. Theoretical basis for this application are data trends analysis and 

control charts.  
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For what concern the operator s, the information needed is twofold: the piece-by-

piece automated quality assessment (Fig. 4) and the availability of production tech-

nical sheets (Fig. 5).  

 

Fig. 4 - Data trend analysis 

During normal working, the HMI will show the production parameters, automatical-

ly recorded, such as pieces weight and dimensions. It will be possible to query data-

base for average, standard deviations, etc. of product parameters, to understand if 

and/or how they could affect the process output. To achieve such goal, a Defect Da-

tabase will be created to allow data regression analysis.  

 

Fig. 5 - Piece blueprints and technical sheets 

During normal working, it is common that people has to check the in-work piece 

dimensions, tolerances and assembly instruction. The fastest and easiest way to 
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provide such kind of information is by using the electronic HMI that will be provided 

to each working station. Simply by query the ERP database, information from tech-

nical sheets and bill of materials will be directly sent to the operator HMI. By using 

this strategy, each operator will have an easiest access to the needed information 

and the job floor will be more orderly by avoiding the use of static paper-made 

sheets. In addition, any note added by the operator will be recorded and not lost 

when the paper-made picture trashed. 

Same strategy will be useful also for Team Leader, Quality Leader and Quality Plant. 

The only difference will be in how the information will be provided:  

Team Leader: the Team leader dashboard will show the status of the machines, in 

order to give a very rapid glance to the production potentials. The machine 

status will also be useful to make a ranking about the intervention priority, 

such as FIFO or EDD logic. In addition, also historical data will be shown about 

the efficiency of implemented solutions and the variable trends, in order to 

forecast a possible future drift of the production.  

Quality Plant and Quality Leader: are more interested in production variables 

trends. Trend analysis, in fact, is very useful to forecast possible out of control 

output status and so take decision about preventive maintenance or machine 

set-up before any error occurs. In addition, high-level management is not 

completely interested in piece-by-piece measurements, but more in aggregat-

ed data monitoring, possibly if somehow automatized. In fact, this building 

block composes of a set of services that are able to query the ERP database, 

making statistical analysis and warning only in case of failure or possible ma-

chines’ out of control (Fig. 6). The automated data collection will be analyzed 

with control charts to send an alert if some sensibility parameter thresholds 

(trend, oscillation, mixture and clustering) will be reached. In addition, high-

level management will be able to real time check the machine sta-

tus/availability of the entire plant.  
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Fig. 6 - Quality Leader and Quality Plant aggregated analysis 

 Quality Plant: will be provided with a dedicated dashboard, reporting the same 

data analysis of Fig. 6, but referred to a longer period: the seasonal variance and 

other special variance causes could be recognized only if related to a longer time 

span. This information is mandatory to provide analysis for what concern high-

level decision, such as investment in new technology/machinery and/or change 

of production process. 
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3.2 Hidria Rotomatika context-of-use (HIR) 

Hidria Rotomatika (HIR) is a Slovenian production company that works in the au-

tomotive field, producing electrical motors and alternators with different sizes and 

characteristics. HIR production process is focused on the manufacturing of the rotor 

and stator of the motor and their final assembly and testing. The process that will be 

empowered by F4W is the production of the rotor that consists of: i) the fine blank-

ing of the diamagnetic part of the rotor, ii) its assembly on a shaft and iii) the ma-

chining of the whole product. This last process is the most critical one, because it is 

the production step where all the strict geometrical tolerances are realized and 

checked. As for most of the machining process, the critical step is the machine setup. 

To precisely control the product quality, a continuous tuning of the machine operat-

ed thanks to in-process manual measurements is required. The machine used for the 

machining operation is a general purpose turning station that is operated thanks to 

a numerical control system, which use an ISO language for programming. To carry 

out his job, the operator must acquire a detailed knowledge about the programming 

strategy of this machine, which usually requires a good practice to geometrical rea-

soning. For this purpose, a long-lasting training activity is dedicated to the operators 

involved in this process. As soon as a geometrical dimension of a product falls out-

side the defined specifications, the operator must change the process setting in or-

der to tune the process and bring again the production to the required quality level. 

This process requires three different steps: 

 the measurement of the product dimensions; 

 the definition of the correct set of process parameters; 

 the validation of the defined change. 

This operation is surely needed when the production start with a new product code. 

The first product machined with the initial process setup is usually out of specifica-

tion and the process parameters must be defined in order to obtain a high quality 

product. As soon as the adjustment has been applied for the first product, the pro-

duction process is kept under monitoring and the process parameters are adjusted 

again when an issue start to arise. Apart the geometrical tolerances of the machined 

product, the workers have to comply with a variety of process stops due to different 

causes, which led to time-consuming trial-and-error solution to fix it and start again 

the production process. A single operator usually manages the turning machine and 

only in case of major issues, the support of the shift leader could be required. A more 

detailed description of the role of the workers within this CoU is provided in the 

already submitted deliverable D1.1. 

The objective of the application of F4W approach to this CoU is to empower the op-

erator in order to increase his consciousness of the process, to allow him a faster 

and less time and stress consuming solution to geometrical dimension deviations, 

Hidria  

Rotomatika 

d.o.o. 
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supporting him also in the general approach to production problem solving. In gen-

eral, the empowerment could be summarized in three actions: 

 Providing to the operator the possibility to evaluate trend in data measurements 

in order to have a proactive approach to arising production issue. 

 Increasing operator’s consciousness about the machining process and its setting 

parameters thanks to a decision support system based on historical data analy-

sis and parameter suggestion. 

 Developing a tool for knowledge sharing and collaborative learning for the solu-

tion to general production problems that could arise during the production of 

the rotor. 

A detailed study of the production organization has been carried out within the 

framework of WP1 of F4W project and a would-be process has been created to de-

scribe the future development of HIR rotor production line (Fig. 7). 

 

Fig. 7 - F4W solution for HIR case 

In this case the empowerment of the machine operators would be: 

 Increased capability to interact with the production process and a faster on-the-

job training about how to fix the geometrical dimension deviation for the rotor 

production process. 

 Increased capability to highlight and forecast the arising problem in the produc-

tion process thanks to a smart data analysis and visualization that will enable 

them to look for trends, forecast breakdown and arising production issues. 

 Collaborative environment to obtain a faster and more reliable solution to arising 

production issues thanks to the support of a shared knowledge database.  
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To obtain such goal the system must be fed with production data that the services 

must process, store and analyze. The data needed for the HIR CoU are reported in 

the following table (Tab. 3). 

Action Information need 

Process parame-

ter setup 

 Suggested correction for machine process parame-

ters 

Data analysis  Report on historical analysis of production data in 

order to provide a defect prediction 

Collaborative 

database for pro-

duction issue 

solving 

 Suggestion to solve an arising production issue with 

detailed instruction to operate the required action, 

the solution suggestion algorithm will be different 

in case of known and unknown issues.  

Tab. 3 - Information needs for HIR context of use 

In order to obtain such results, it is necessary to develop a set of service building 

block, as reported in Tab. 4. 

Information Needed by Service Building Block description 

Suggested cor-

rections for ma-

chine process 

parameters 

Machine opera-

tor 

Automatic calculation of the opti-

mal process parameters based on 

the historical model of the process 

and iterative optimization of the 

geometrical dimensions 

Production data 

trend 

Machine opera-

tor 

A dedicated dashboard will update 

the machine operator about the 

process variables trends and geo-

metrical dimensions measure-

ments. The system will collect data 

from the sensors installed in the 

job shop and it will use automatic 

and semi-automatic analysis to 

monitor variable values. Statistical 

tools will be implemented in order 

to not only visualize but also to 

analyze the data trends (such as 

control charts, cusum control 

charts …). 
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Information Needed by Service Building Block description 

Suggested solu-

tion for a known 

production issue 

Machine opera-

tor 

DSS (Decision Support System) that 

will analyze the previous deployed 

solution for the same problem and, 

thanks to an assessment of their 

effectiveness, would suggest a list 

of solution order by effectiveness. 

The user could choose which one 

adopt or propose a new one.  

Suggested solu-

tion for unknown 

production issue 

Machine opera-

tor 

Semantic Search for DSS that will 

provide a guess for a solution con-

sidering the ones adopted by “simi-

lar” problems. The semantic search 

will be programmed in order to 

find the similar cases based on 

keywords and problem descriptors. 

Tab. 4 - Information needs for HIR context-of-use 

The processing services could provide such results but they need to be fed with in-

put information from both the operators and the production infrastructure of the 

company. This information, together with their procurement strategy and status, are 

reported in Tab. 5. 

Input information for F4W solution Procurements strategy and status 

Geometrical dimensions These measures are currently taken 

both manually and using an auto-

matic acquisition device. The overall 

strategy of the company is to deploy 

the automatic acquisition devices to 

the studied workstation in order to 

increase the automation rate of the 

process and safe time and stress for 

the operator – that have to acquire a 

large number of data. The system 

will measure the components and 

send the geometrical dimension 

data to a central server. F4W must 

develop a connector for this data in 

order to copy them on the F4W 
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Input information for F4W solution Procurements strategy and status 

server for further processing. 

Tolerances of the product geomet-

rical dimensions 

Tolerances are stored in the CAD file 

and available in XLS format in the 

internal data repository of HIR. The 

file must the accessible from F4W 

system and the connector to be 

developed must be able to translate 

them in a usable format for further 

processing. 

Actual process parameters The process parameters used by the 

machine are, in general, stored on 

the numerical control of the ma-

chine itself. These data are hardly 

accessible using an Ethernet connec-

tion. The data acquisition from an 

automatic service would require the 

use of numerical control proprietary 

software to acquire the setup data. 

This would be machine tool specific 

solution, since the machines could 

have different numerical controls. A 

smarter and faster solution would 

be to acquire the needed data start-

ing from the screen displayed on the 

machine, acquired thanks to a cam-

era installed on the HMI. 

Product ID The reference to the product ID will 

be used for the historical analysis of 

the process to create a model-based 

suggestion of the optimal process 

parameters. This value could be 

acquired both manually (inserted by 

the operator) or thanks to the de-

velopment of a connector to the 

company ERP. 

Critical geometrical dimension and The critical dimensions of the prod-
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Input information for F4W solution Procurements strategy and status 

offset ID uct are highlighted manually on the 

CAD files printed for the operators. 

The operator is aware that he must 

measure each of these dimensions 

and verify the status of the tolerance 

(out or in the specified tolerances). 

This information is coupled with the 

offset ID that must be modified in 

order to fix a problem of each di-

mension. The production depart-

ment that produce the numerical 

control instruction for the operation 

indicates the offset. This value is 

reported manually on the blueprint 

that are shipped to the operators. 

Although the manual entry of this 

value within F4W database is possi-

ble, a structured approach to collect 

this data and feed it to the system 

must be agreed with HIR in order to 

have a higher degree of automatic of 

the F4W system.  

Tested solutions by operators When a defect arises, the operator 

has to find a solution to solve the 

issue. The description of the adopt-

ed solution – with additional com-

ments – it is necessary data to cre-

ate a smart collaborative knowledge 

based infrastructure. The acquisition 

of the data – picture, description, 

comment – on the adopted solution 

will be supported by a smart HMI. 
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Tab. 5 - Input information needed for F4W solution 

3.2.1 Building Block representation 

The workflows that will be activated by the REASONER for the HIR CoU will be the 

following: 

 Smart suggestion of process parameter (HIR specific) 

 Historical data analysis and trends (common with other UCs) 

 Decision Support System for production issue (common with other UCs) 

In particular, the last two workflows will be adopted also by other contexts-of-use 

and have been already described for THO CoU in 2.1.1. In this paragraph, only the 

functionality of the first workflow will be described. Fig. 8 reports the building block 

representation of smart suggestion of process parameters. 
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Fig. 8 - BB representation of process parameters suggestion in HIR 

 

Fig. 9 - First step of HIR parameter suggestion workflow 

The process starts with the workers that select a product code on the HMI. This step 

is needed to start the process and to feed to the software the tolerances and the sug-

gested process parameters (stored in the system by previous launch of the soft-

ware). The retrieval of the geometrical tolerances is in charge of a connector.  

Following step is the visualization of such data on the HMI. The operator could de-

cide to use the suggested parameters to carry out the activity (maybe clicking on a 

specific button) or change it to better values by his experience (used process param-

eters must be inserted on the HMI by the worker). As soon as the process parame-

ters are confirmed (the operator decides to use the suggested ones) or changed 

(worker-selected used process parameters are introduced), the production starts 

and another connector provide the measures acquired by the automated measuring 

system.  
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Fig. 10 - Second step of HIR parameter suggestion workflow 

This data is fed to the building block that analyze the results to evaluate the compli-

ance with the tolerances. If the product is OK, the system send to the HMI the used 

parameters and the geometrical dimensions measured. The data are then stored in a 

database to create a dataset for the pattern analysis. In this case, the production 

goes on and starts a cycle that includes production of the product, measurement, 

analysis of the obtained geometrical dimensions, visualization of the data.  

In case the product is outside the tolerances this cycle stop (maybe with an alarm) 

and the system suggests a correction of the process parameters based on its “expe-

rience”. The workers visualize the geometrical data and the suggested parameters 

and could decide to apply them without any further corrections or use a different set 

of process parameters. The scheme is the same as the second call of the HMI.  

With this approach, the workers could monitor automatically the quality of the pro-

duction and decide for corrective actions when the dimensions of the production 

become out of tolerances. The system only suggests a correction based on the ac-

quired experience but the worker is still in charge of the final decision and could 

support the learning of the system.  
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3.3 EMO Orodjarna d.o.o. context-of-use (EMO) 

EMO Orodjarna d.o.o. is a Slovenian organization that works in the metal stamping 

tools field. Their flow includes all the stages of production, from the metal tool de-

sign, to production, assembly, testing and delivering to the final customer. EMO 

Orodjarna works mainly for the automotive industry as first level supplier and for 

this reason internal quality and quality development is strictly strategic. 

In addition, the tools produced are usually unique pieces in order to meet the cus-

tomer requests and personalization. This involves that the “agility” of the workers 

has to be very strong because a good job floor management and the workers harmo-

nization is not so easy to achieve. In fact, in order to align design-production-

assembly sectors, it is mandatory that all workers manage parallels jobs and the 

coordination is left to the workers themselves that speak with other plant sector and 

autonomously search for ready pieces. Despite the high parallelization of the work, 

there is not a centralized coordination tool.  

If the worker is not able to solve the problem autonomously by interacting with oth-

er workers, the request is sent to the Project Leader that has to coordinate with the 

entire production/assembly floor in order to solve the problem. It is easy to imagine 

that these operations are highly time-consuming for the Project Leader that could 

not dedicate to other tasks, maybe more profitable for the plant.  

In such kind of job floor organization, lost pieces are quite common. They could be 

both produced but stocked in the wrong place and neither produced yet. The need to 

produce again a piece is a high cost voice of the plant, that could even increase if the 

pieces are externally bought. In fact, extra costs for the extra deliver will be ad-

dressed to the plant.  

Definitely, this job floor organization is responsible for a lot of working interruption 

and time wasting that could be reduced simply with an ICT tool that improves the 

communications between figures.  

Time wasting could also arise from the difficult access of blueprints, technical draw-

ings and so on. Assembly instructions are in fact directly deduced by the operator 

from a paper-made drawing of the piece to be assembled. The F4W tool will also 

provide an interface to dynamically access the blueprint and technical drawings 

database. This will further empower communication within the job floor. All these 

topics will be part of EMO CoU number one. 

The second CoU to be tested in the EMO Orodjarna plant is the upskilling of opera-

tors for preventive maintenance: this task is actually provided by a maintenance 

team that, at a fixed time pace, provides the necessary works. At the actual state, 

machine operators know very well how to set up their asset, but are able to develop 

only very elementary maintenance jobs such as filling oil or cleaning the working 
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parts. F4W software will upskill the machine operators in order to make them able 

to provide also preventive maintenance: the goal of this application is to free time 

for the maintenance team that will be used for repairs and for drastic interventions.  

Definitely, people empowerments that F4W wants to reach with this CoU are: 

 Developing a tool that could support workers in work planning and makes easi-

est the communications between production floor and assembly floor.  

 Developing a system that easily provides the needed technical information di-

rectly to the worker location. 

 Generating and managing an “improvement culture” within the plant.  

A detailed study of the as is and of the to-be scenario have been defined in within the 

Deliverable 1.1. 

The data needed for the EMO CoU is reported in Tab. 6:  

 

Action Information need 

Access part list 

and CAD draw-

ings 

 Access to bill of materials and technical design of 

tools  

 Access to assembly instruction (Detail level TBD) 

Time recording  Access historical database to put/read data about  

Verify current 

status of the part 

 Indicates if the part is defective or in reworking 

phase or in some other not available status.  

Insert infor-

mation regarding 

quality check 

 Suggest when a piece has passed a quality check  

Access produc-

tion plan, project 

plan and time 

schedule 

 Suggest where a piece is 

 Suggest which are the required pieces  

 Suggest how long will last the delivery/production 

time 

 Include a chat system to keep people in touch (TBD 

in other CoUs) 

Visual office to 

share problem 

solving and ideas 

 Provide a database with possible improvement ac-

tions 
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Action Information need 

Suggest solution 

for corrective 

maintenance 

 Defect and solution identification 

Suggest steps for 

preventive 

maintenance 

 Access database to have maintenance workflow 

Tab. 6 - Information needed for EMO context-of-use 

The building blocks that have to be developed to reach these results are reported in 

Tab. 7: 

 

Information Needed by Service Building Block descrip-

tion 

Access to bill of ma-

terials and technical 

sheets of tools 

Worker The worker will be in need to 

examine the technical sheets and 

the bill of materials in order to 

organize the day work. This build-

ing block will have a set of ser-

vices to query the database for 

the piece actually working and to 

send them to the operator’s de-

vice. Project Leader could also 

access this database in case he 

has to check quality of a certain 

piece.  

Access to assembly 

instructions 

Worker This building block will have a set 

of services to query the database 

and send back to the operator 

the exploded view drawing or 

the assembly instruction. For a 

second step implementation, 

audio/video instruction could be 

available, and so this building 

block will have audio/video re-

cording and playing services. 
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Information Needed by Service Building Block descrip-

tion 

Access historical 

database to put pro-

duction/assembly 

time 

Project Leader Automatic system to record pro-

duction/assembly time. This data 

will be used as an historical data-

base to monitor trends within the 

plant. The building block will con-

sist in a calculation service that 

will take this data from the ERP 

database (finish time – initial 

time = operation duration) or a 

dedicated service that will meas-

ure the time. The final decision 

about read from the ERP vs. di-

rectly measure will be taken 

when a clearer view on the plant 

asset will be available. 

Suggest if the part is 

defective or in re-

working phase or in 

some other non-

available status.  

Worker This building block will have a set 

of services to define the status of 

the piece. Any worker, if any 

piece will suffer for any issue in 

the previous stages, will be in-

formed that the piece will have a 

delay. 

Suggest when a 

piece has passed a 

quality check in or-

der not to replicate 

and to have quality 

assessment 

Project Leader In this building block, the services 

will check the ERP database or 

directly report the quality as-

sessment result depending on 

the plant available assets. Quality 

check data will be available in 

reading to make analysis on 

trends. 

Suggest where a 

piece is. 

Suggest which the 

required pieces are. 

Suggest how long 

will last the deliv-

Worker This building block will have a set 

of services to query the ERP da-

tabase about the production plan 

to understand where each piece 

needed to develop a tool is in the 

production flow. This building 
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Information Needed by Service Building Block descrip-

tion 

ery/production time. block will help the operator to 

organize the parallel work and to 

save time because he will no 

more searching for pieces across 

the plant. 

Suggest where a 

piece is. 

Suggest which the 

required pieces are. 

Suggest how long 

will last the 

delivery/production 

time. 

Project Leader This building block is the same of 

the previous one, but the utiliza-

tion will be completely different. 

The Project Leader will use this 

data to understand the progress 

of the order.  

Provide a database 

with possible 

improvement actions 

Project Leader This building block will have a set 

of services that will be able to 

collect and indexes the worker 

suggestions about quality and/or 

process optimization. The Quali-

ty Leader will query this data-

base in order to collect ide-

as/suggestions in case of a quali-

ty improvement need. 

Defect and solution 

identification 

Worker This building block will suggest to 

the worker the most suitable 

solution when a maintenance 

issue will arise. This building 

block is easily shareable from the 

THO CoU. 

Access database to 

have maintenance 

workflow 

Worker This building block is very similar 

to the one “Access to assembly 

information” of this CoU. In fact, 

the services will query the data-

base to obtain the maintenance 

steps. In a further implementa-

tion, audio/video instruction will 

be available to the worker and 

he will be able to record new 

ones in case of new maintenance 
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Information Needed by Service Building Block descrip-

tion 

issues. 

Chat system for 

direct and fast 

communication 

All The chat system will be imple-

mented directly using an HMI 

service instead than creating a 

service building block in order to 

have a faster response system 

that will not overload the rea-

soned and could work with a 

minimal delay. 

Tab. 7 - Service building blocks to be developed 

The needed information that will be used to make the services working are de-

scribed in Tab. 8. 

Input information for F4W solu-

tion 

Procurements strategy and status 

Part.ID Part.ID will be the primary key to 

connect the F4W software and data-

base with the organization’s ERP da-

tabase. Each of the part will have a 

code that will be unique. 

_Blueprint: it will be a drawing or 

another multimedia technical sheet 

that will describe the assem-

bly/production information needed 

by the worker. 

_InitialSignal and _FinalSignal: a vari-

able that will record respectively the 

time stamp when the job starts and 

the time stamp when the job ends.  

_Duration: will be the difference be-

tween final and initial job time stamp. 

It will report how long the job will be. 

_Status: this variable will report the 
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Input information for F4W solu-

tion 

Procurements strategy and status 

availability/unavailability of the piece. 

In a second F4W implementation 

step, it will also report why it is not 

available (defect, broken, to be re-

worked …). 

_QualityChek: will report the result of 

the quality check test. It will be in the 

first F4W implementation an OK/KO 

index. 

_Position: it will report the position in 

the process flow where the part actu-

ally is. 

Operation.ID It will be the primary key to define 

each of the operation to be devel-

oped on pieces.  

Suggestion,ID It will be the primary key to define 

each of the suggestions uploaded by 

operators.  

.Keywords: it will be a repository of 

keywords that could be used to filter 

the database. 

Tab. 8 - Input information needed for F4W solution 

3.3.1 Building Block representation 

Follows the workflows activated by the REASONER for the EMO CoU. Building blocks 

are several, but they could be categorized in macro areas: 

 Assembly instruction (partially in common with other UCs)  

 Position in the process flow recognition (EMO specific) 

 Maintenance workflow (use the DSS service service, already presented within 

THO CoU). 
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Assembly instruction 

 

Fig. 11 - Access to bill of material and technical sheets database 

A query to the organization’s technical sheets database (Fig. 11) will enable the 

worker (both assembly and production) to directly access to the needed blueprints. 

In addition, the electronic device will give the possibility to analyze drawings dy-

namically, so it will be possible to use 3D visualization with PC based features such 

as rotation, hide some parts, etc. 

 

 

Fig. 12 - Access to assembly instructions 

The diagram in (Fig. 12) has the same logic of the before one, but the output will be 

an assembly instruction instead of a technical blueprint. 

 

 

Fig. 13 - Duration of production/assembly operations 

Fig. 13 represents the building block to connect the ERP database with the F4W de-

vice. When an operator starts and stops a job, the time stamp is recorded. The build-

ing block evaluates the duration and put the information in the organization data-

base. Future calls for this information will only be a database query. 
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If the time stamp is not available in the organization database, a service that counts 

the time could be developed, but the most general structure is the one proposed and, 

for this reason preferred. 

Position in the process 

 

Fig. 14 - Suggest if the part is defective or unavailable 

With this building block, the operator is to send the message that a certain piece is 

not in an available status. Then the connector searches in the production database, 

which is the operation that is starving for that piece. The next building block is used 

to push the message that the piece is not available. Project Leader will also be able to 

read the complete list of unavailable pieces. 

 

Fig. 15 - Result of quality check 

In Fig. 15 it is resumed how the worker can send the results of the quality check, 

which is an OK/KO result. The Project Leader could check the entire list of quality 

results of the production floor.  
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Fig. 16 - Where the piece is in the production workflow 

This building block (Fig. 16) will have a set of services that will be used to under-

stand where a piece is within the production flow. The logic behind this process is to 

query the ERP database and send back the information to the Worker. The Project 

Leader will be also able to have a dashboard with the status of all open projects in 

order to have a clearer idea of the plant status.  

Maintenance workflow 

 

Fig. 17 - Provide a database with possible improvement actions 

This service building block (Fig. 17) provides a space where the workers will be able 

to share ideas about possible improvement. The Quality Leader could search the 

database of possible improvement both via keywords and via Semantic Search. 

The defect and solution identification will be the same of the THO CoU. Instead, the 

“Access database to have maintenance workflow” will be the same of the one de-

scribed for the assembly information.  
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3.4 Hidria Technology Center context-of-use (HID) 

Hidria Technology center is a Slovenian organization that develops and manufac-

tures assembly lines, partially of fully automated and quite always tailor made to the 

customer needs. Since the product has a very high technology level, once installed to 

the customer the efficiency of the productive line falls to 65% due to very high time 

consuming set ups and maintenance activities. To have a complete view on how 

these machine operates within a real production process, set ups and maintenance 

activities have been assessed in the Hidria Dieseltek plant, a division of Hidria that 

produces glow plugs for diesel engines, always located in Slovenia.  

It has been possible to notice with an on-field investigation that when a problem 

arises Line Operators and Line Owner (that are respectively worker that operates on 

a certain line and the team leader that supervises the job of several different lines) 

collaborates to identify the failure cause and fix the problem as quick as they can. 

The issues the team could fix are the easiest ones; the internal maintenance team 

manages situations that are more complex. In addition, the process to set up and 

“warm up” a machine is extremely time consuming, too. Such kind of situation is not 

suitable in a very agility-demanding market like the automotive one, where the just 

in time strategy is the more used by manufacturer.  

The goal of F4W project will be the development of a system that supports the oper-

ator in fast fixing problems and fast set up the machine with mainly two features:  

 Documentation of new problems and how they have been solved. 

 Prediction of fault status of the machine by using trend and data analysis.  

The widespread of knowledge within the plant will increase the production flexibil-

ity in order to reduce stocks and to be more reactive to the final customer demands.  

To reach the goal, the data needed are reported in Tab. 9. It is interesting to high-

light that all the maintenance team (Line Operator and Line Owner) are always in 

the loop of the service building block because of their thought connection in ma-

chines’ problem solving. 

Action Information need 

Give the Operator 

the possibility to 

add documenta-

tion of a new 

problem. 

 Access to problem/solution database 

Support the Op-

erator with a 

 Find the most suitable solution for a maintenance 

Hidria Tech-

nology Center 
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Action Information need 

shared knowledge 

database of 

maintenance ac-

tivities 

issue 

 DSS used to track adopted/best maintenance activ-

ities 

Fault detection 

process 

 Access ERP database to check piece specification 

 Fault detection from production sensors (system 

automatically measures  variables correlated with 

faults) 

 Data trend analysis to predict possible future fault 

conditions 

Tab. 9 - Information needed for HID context-of-use 

The building blocks that have to be developed to reach these results are reported in 

Tab. 10. 

 

Information Needed by Service Building Block descrip-

tion 

Access to prob-

lem/solution data-

base 

Line Opera-

tors/Line Owner 

This building block will allow 

both Line Operators and Own-

ers to access the database of 

problem and solution to upload 

the procedure adopted to fix a 

certain problem. Possible up-

loadable files will be both a text 

and a multimedia file. 

Find the most suit-

able solution for a 

maintenance issue 

Line Opera-

tors/Line Owner 

This set of services is the same 

of THO CoU. In the HID CoU, 

however, the defects do not 

start from a defective piece, 

but from a data trend that goes 

outside boundaries. The F4W 

goal will be the full adoption of 

THO set of services to a similar 

but not equal logical stream. 

Access ERP 

database to check 

Line Opera- This set of connectors will read 
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Information Needed by Service Building Block descrip-

tion 

piece specification 

 

tors/Line Owner the piece specifications from 

BOM in order to have the pro-

ductive process under control.  

Fault detection 

from production 

sensors 

 

Line Opera-

tors/Line Owner 

This set of connectors will read 

the measures of in situ sensors 

to provide a real-time visualiza-

tion of process control varia-

bles.  

Data trend analysis 

to predict possible 

future fault condi-

tions 

Line Opera-

tors/Line Owner 

This set of services will build up 

the report (graphs, indicators, 

text -> To Be Discussed) about 

the production trends and will 

send a push message to Line 

Operator or Owner in case of 

“out of boundaries” production 

or in case of a data trend sensi-

bility analysis alert.  

Tab. 10 - Information needs for HID context-of-use 

The needed information that will be used to make the services working are de-

scribed in Tab. 11.  

Input information for F4W solution Procurements strategy and status 

Procedure.Description This variable reports the description 

of a new maintenance procedure. It 

will be a text or multimedia file, To 

Be Discussed. 

Part.ID _Status: this variable will report the 

availability/unavailability of the 

piece. In a second F4W implementa-

tion step, it will also report why it is 

not available (defect, broken, to be 

reworked …). 

PartSpecification.ID will be the primary key to define 
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Input information for F4W solution Procurements strategy and status 

each of the nominal values and tol-

erances for each of the Part.ID. 

.ProductionValue: it will be the 

measured values from in situ sen-

sors. 

Boundaries.Value  

Production.Control  

Message  

Tab. 11 - Input information needed for F4W solution 

3.4.1 Building Block representation 

The workflows activated by the REASONER can be resumed in: 

 Query on the ERP database 

 Possible fault detection. 

Query on the ERP database 

 

Fig. 18 - Access problem/solution database 

This set of services will allow both Line Operators and Owner to record a new 

maintenance procedure on a certain machine and send it to the problem/solution 

database. In this way, the knowledge will be shared with other operators within the 

organization. 

To query the database to find the most suitable solution a set of services that will be 

developed. This set is the same of “Defect detection and solution” described for the 
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THO case study: please refer to it for in depth description (section 3.1.2). The only 

difference with the THO CoU will be that also a Semantic Search algorithm will be 

developed. Semantic Search will be used also for other contexts-of-use. 

Possible fault detection 

Building blocks need to 

have technical 

specification in order to 

build up chart 

bounduaries.

Read ERP database to have piece 

technical specification.

Input var:

1. Part.ID_Status

2. PartSpecification.ID

Output var:

1. PartSpecification.ProductionValue

CON

 

Fig. 19 - Access ERP database to check pieces specifications 

This connector will be necessary for next set of services. It only reads the nominal 

values of piece’s technical specification and tolerances values. 

 

In situ sensors data collection

Input var:

1. Part.ID_Specification

Output var:

1. Part.ID_Specification_MeasuredValue

CON

Sends values to Data analysis Service 

Building Block   

Input var:

1. Part.ID_Specification_MeasuredValue

Output var:

1. Part.ID_Specification_MeasuredValue

BB

 

Fig. 20 - Fault detection from production sensors 

This logic will read measures from the production sensors and the BB will sent them 

to the data analysis Building Block. 
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Fig. 21 - Data trend analysis to predict possible future fault conditions 

This Service Building Block is used to analyze and report data trend analysis by us-

ing in situ sensors measurements. If the data analysis forecasts a possible “out of 

control” in production, the Building Block will stop the machine and send alarms to 

the persons in charge of maintenance. It is important to notice that data comes from 

the Building Block in Fig. 21. 

  



 

        Output data, technical concept and sensor choice 

 50 

 

3.5 ThyssenKrupp context-of-use (TKSE) 

TKSE is one of the two large companies that are represented within F4W project. It 

has globally about 19.500 workers. The plant where F4W technologies will be ap-

plied has a surface of about 9.5 square kilometers. Within such huge area, the 

maintenance of air conditioning, ventilation, heating and electricity is a challenging 

problem. Due to the complexity of the plant and installed systems, an operator needs 

at least a couple of years of training to be completely autonomous in the mainte-

nance process. In addition, the instruction to carry out the activities are, in most of 

the cases, unstructured and the information needed to solve the problems is usually 

gathered via phone or via the “trial and error” approach.  

An informative system is not still implemented for maintenance task and the job is 

paper based.  

F4W team identified some field of possible intervention: 

 Information and job organization (including operators yellow pages)) 

 Guidance suggestions management (kind of dedicated navigation system). 

The general objective is to provide to the operator a friendly environment that could 

support him with technical and logistic information to deploy the maintenance ac-

tivity. This information will include: 

 The information needed to arrive to the system to be repaired/maintained. 

 The technical data needed to carry out the system maintenance. 

 The reference for the most appropriate colleague to contact to have a feedback on 

operations or support.  

 The direct contact with peers. 

In general, the maintenance team will be able to find job-related information within 

the software or find who has the required know-how. In this way, colleagues could 

share knowledge and information. The shared knowledge will be both technical and 

“site navigation”. It is important to notice that the TKSE building blocks definition is 

still on going and some of the proposed solution must be approved by the Industrial 

Partner and further detailed. This activity will be probably closed before the end of 

2015. A new release of D3.1 will be issued as soon as all the requirements will be 

fixed. Below, a preliminary idea of the implementation plan for TKSE CoU is report-

ed.  

ThyssenKrupp 
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3.5.1 Information and job organization.  

The idea is to provide a service where mobile maintenance worker can share infor-

mation and communicate. Possible implementation areas could be: 

 Wikipedia like knowledge sharing. All the mobile maintenance worker s will be 

able to develop descriptions (video, text, audio -> To Be discussed) about how to 

solve an issue and all the others will be able to read, comment and improve it, as 

it happens with wiki-like documents. This Database will also be connected to 

SAP. Therefore, it is a structured wiki database on top of SAP. 

 Yellow pages knowhow database. If the needed information are not easy to find 

or are not present in the wiki like database, a system will provide to the mobile 

maintenance worker the list of person that are “expert in the issue field”.  

 Video chat. The mobile maintenance worker HMI, once defined who does have a 

certain information, will push a “video chat incoming” message to the mobile 

maintenance worker that has the knowledge in order to share it with the person 

in need. 

In addition, it will be possible to have also additional features such as: 

Maintenance actions plan: a plan of the on-going and planned maintenance actions 

will be developed in order to have a look on the operations to do or on going. This 

information will be very useful to save time because it is actually quite frequent that 

two teams are providing the same job because of the lack of communication. 

Check spare parts availability and forecast needed spare parts: this connector will 

interact with the SAP database in order to ask if a certain spare part is in stock, out 

of stock or incoming from suppliers. This information will be very useful because 

teams will not start a job until all of the spare parts will be in stock. In addition, a 

building block will analyze the past intervention in order to forecast which are the 

most commonly used spare parts for a certain failure. It is frequent, in fact, that 

maintenance teams have to find the place where the fault is, then come back the 

warehouse to catch the spare part and then come again to the fault place. Forecast-

ing the most probable needed spare parts will make the system save for some jour-

neys (a huge number of kilometers according to the TKSE plant dimensions).  

3.5.2 Guidance suggestion management  

The plant surface is so huge that also find the correct way to reach a failure is a diffi-

cult operation and the GPS navigation system is not suitable to solve this problem. 

There are in fact two problems related to the use of GPS: 
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 The amount of heavy metal structure: the GPS signal is strongly influenced by the 

presence of metal barriers and of high buildings that cover the “visible sky” 

(canyoning effect). The TKSE plant has both of these two characteristics.  

 3D navigation needed: in normal street navigation systems, the map is thought 

for a 2D navigation system. In TKSE, instead, also the Z-axis has to be taken into 

account: conditioning and electrical devices could also be meters above and be-

low the street level.  

For this reason, first implementation of the navigation system for the TKSE CoU has 

been thought as a guidance suggestion. Workers will record (video, audio, text -> To 

Be Discussed) suggestions to reach a certain part of the plant and the system will 

automatically open this information for all the people that will be in need of the in-

formation. The workers that will use routing suggestions will be able to interact 

with the file, in order to make it more precise, to suggest a possible improvement or 

to give a rank on how good is the route to reach a certain place within the factory. 
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3.6 Schaeffler context-of-use (SCA) 

Schaeffler is a large German company that works for the automotive sector provid-

ing several engine parts. Like the case of TKSE, also for SCA the requirements of the 

companies must pass the final approval and refinement steps. This activity will be 

probably concluded by the end of 2015. Here is reported a preliminary analysis of 

the possible solutions, to be updated with a new release of D3.1 as soon as the final 

data will be available.  

The SCA plant that will test the application of F4W technology has recently experi-

enced structural changes in its organization from “workshop series production” to 

“value stream production”. This has implied that the Quality Assurance (QA) is now 

responsible not only for a set of similar machines, but also for an entire production 

line. Maintenance activities for the QA are now more complex because they have to 

work on a set of machines with different possible issues. The same problem arise 

when the setup of a machine must be carried out. The objective of F4W is to em-

power the machine operators in providing maintenance, at least the normal preven-

tive one, and set up information in order to save as much time as possible to the QA 

operators. Given the complexity of data and operations, a step-by-step logic will be 

preferred.  

In addition, communication between shifts is not operated in a structured way and 

so some of the problems could be caused by the communication breakdown. F4W 

will provide also a software solution to manage the shifts handover.  

Best solution for the first step implementation is a computerized To Do list that al-

lows the workers to give also feedback and comments on special issues occurred 

during their working shift.  

A detailed scheme of the BBs to be develop for the SCA CoU is not provided, since a 

technical feedback about the feasibility of the approaches and the IT infrastructure it 

would be required earlier. However, a set of frame-based scenarios are provided in 

order to provide a first guess of the functionalities needed. As soon as possible, also 

the BB architecture will be provided. A detailed description n of the activity scenario 

will be included in D1.2, due at the end of November 2015. 

F4W intervention within the SCA plant is divided in two main CoU, the first is relat-

ed to information management within the plant, while the second is related to job 

floor information stream organization. Each CoU is divided in frames, to better de-

pict the needed support for the operators, as it will be reported on the collaboration 

pattern within D1.2. 
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SCA-1 Context-of Use frames: 

Frame 1: Access the central digital information (know-how/know-who) 

The staff working at SCA plant often experiences a tough difficulty in finding tech-

nical information. In fact, all the documentation is provided paper-based and/or 

hand-written and searching a needed information implies to browse many paper 

documents. This is responsible for time wasting and lack of any assurance about 

information’s correctness. F4W could implement a structured approach to filter the 

central digital information and provide information to personas directly on the HMI 

device that will be adopted. From a BB point of view, this solution could be provided 

with a set of services that filter the database and send the results to the HMI device.  

All the information provided in the inspection services will be reported on server to 

increase the plant knowledge.  

In addition, if the know-how is not available, it is possible to introduce a know-who 

approach to suggest the operator who has the best experience on the specific topic.  

Frame 2: Connecting with the best peer to provide support (live chat) 

The peer identified in the know-who phase could be directly connected to the re-

questing operator. Live chat or other strategies to address information requests will 

be studied in order to provide a tool that will be easily usable within SCA CoU. This 

BB is very similar to the TKSE one and could be reused for this CoU. 

Frame 3: Firefighting jobs 

Actually, a QA operator has to physically reach each place where the issues arise in 

order to assess the complexity of the needed maintenance operation. This because 

the operator does not have the sensibility to understand if he could provide the 

maintenance. Once the database with know-how information and the live chat appli-

cation will be implemented, a possible application could be the direct connection of 

the QA with line operator. The QA employee could understand remotely the arising 

issue, evaluate the quality of documentation available to solve the issue and, based 

on this, decide to empower the operator of the maintenance activity or take charge 

of the action personally. The BB for this CoU could be a carry-over from another CoU 

Frame 4: Intervention scheduler 

If the Frame 3 solution will be implemented, the QA employee will have more free 

time and he will be able to schedule his intervention to the machines and inform 

preventively the operators that will be able to make preparation jobs. From a BB 

point of view, the idea is to create an HMI that will enable the QA to schedule his 

activities and share it with the operators.   
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SCA-2 Context-of Use frames: 

Frame 1: Maintenance work 

Actually, the information are provided to the Team Leader and to the Operator using 

paper format. F4W want to enhance the quality, readability and availability of these 

documents using a digital format. The Team Leader will receive on his tablet the list 

of maintenance operations to be carried out during the day, probably in the form of 

a To-Do list correlated to complimentary information. The same strategy will be 

used for the Operator that will receive a similar list with his operations on his tablet. 

During operations, it will be possible to add information about special issues. The 

request of SCA is to integrate this process within the framework of the existing SAP 

system. Therefore, probably, the database of actions must be internal to SAP and the 

F4W system must query or send data to this database. Technical feasibility and inte-

gration with SAP is still to be discussed with the company.  

Frame 2: Shift log 

During a working shift, the operators must report QA activities and failures. The 

actual shift log tool is paper based and it does not allow adding multimedia infor-

mation (such as picture, links …). This issue will be overcome with a simple “work-

ing shift sketchbook” implemented on the tablet. It will record values of some varia-

bles (TBD) and special information the operator/tool settler/team leader wants to 

give. This BB will interact with the F4W database (no connectors for ERP database) 

and will let the people to add/read information about the working shift.  

Frame 3: Machine retooling 

A time consuming activity of the Operators is the machine retooling. For these activi-

ties, also special activities must be carried out often in order to assure high quality 

level to the production. These process adjustments are not usually recorded in a 

structured database and constitute the personal expertise of the operators. F4W 

solution will allow the Operator to search the optimal setting and additional infor-

mation (best practices) thanks to the development of a special database that could 

be filtered for machine and product type. The possible implementation is to create a 

database (developed on purpose for the SCA CoU) with a filtering GUI to help the 

tool setter to find the information as agile as possible. 

Frame 4: Workforce management 

Actually, the team leader manually provides the machine/operator matching. To 

give this information to the workers, a table in his office reports all the assignments. 

However, all the operators has to visit the office to understand the machine they will 
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work on. To make this situation easier, team leader will put this information on his 

laptop/tablet and it will be visualized on a monitor near to the operators’ entrance. 

It has been decided not to print this information to personal tablet of the operators 

because it could also be fixed to the machine and so not available before reaching a 

machine (this is still an open issue, it is important to decide when/where the opera-

tor will catch their mobile devices). From the BB point of view, it will developed an 

HMI that has to read the database with the matching information and send it back to 

the production monitor.  





 Summary 

 

 

 

4 Summary 

Deliverable D3.1 has the aim to create a first set of specifications for the develop-

ment of service building blocks. Within this document, the eight contexts-of-use 

have been analyzed in order to fix the requirements defined by WP1 and add further 

details needed for the programming of the services, in charge of WP3. The additional 

information is related to the available data on the IT infrastructure of the industrial 

partner, a detailed definition of the output expected from the building block and the 

technical concept to be used for each building block. 

Not all the eight cases have been analyzed with the same detail level due to the still 

ongoing activities on the definition of requirements. For some contexts-of-use, the 

mock-ups have been already provided and approved by the industrial partners. In 

these cases, a scheme of the workflow of the building block has been provided, in 

order to define the activation logic of the possible services that constitute the build-

ing block itself. For the contexts-of-use where the requirements definition is still to 

be consolidated, a first guess of needed services is reported. A new release of this 

deliverable will be provided as soon as WP1 activity will be over also on the less 

advanced CoU.  

The deliverable include a first introductory part about the possible technologies that 

will be used in F4W project and then a detailed analysis of each CoU (§3). 

The scope of this deliverable is also to find possible carry over among the service 

and building blocks that will be developed for the eight contexts-of-use. A synthetic 

table reporting the general picture of the carry over of building blocks and services 

respectively is reported in MS3 document.  
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The high ambition of the project FACTS4WORKERS is to create Factories of the 

Future with a pervasive, networked information and communication technology 

that collects processes and presents large amounts of data. These smart factories 

will autonomously keep track of inventory, machine parameters, product quality 

and workforce activities. But at the same time, the worker will play the central 

role within the future form of production. The ambition of the project is to create 

»FACTories for WORKERS« (FACTS-4WORKERS), to strengthen human work-

force on all levels from shop floor to management since it is the most skilled, flex-

ible, sophisticated and productive asset of any production system and this way 

ensure a long-term competitiveness of manufacturing industry. Therefore a seri-

ous effort will be put into integrating already available IT enablers into a seam-

less and flexible Smart Factory infrastructure based on work-centric and data-

driven technology building blocks.  

These solutions will be developed according to the following four industrial chal-

lenges which are generalizable to manufacturing in general: 

• Personalized augmented operator, 

• Worked-centric rich-media knowledge sharing management, 

• Self-learning manufacturing workplaces, 

• In-situ mobile learning in the production. 

ABOUT THE PROJECT  

 



   

 

 

 

 



 

 LXIV 

 

This deliverable (D 3.1) reports on a preliminary 

definition of each context-of-use needs in terms 

of out-put data to be provided to the workers to 

support their empowerment, technical concept 

needed to produce such data and the input data 

that will be needed to apply the selected tech-

nical concept – together with the procurement 

status of these in-formation. The deliverable 

starts with a short description of the technology 

that FACTS4WORKERS is going to develop, in or-

der to have a clear picture about the feasible 

analysis, data processing and social interaction 

that it is possible to implement in each context-

of-use. The second part is dedicated to a descrip-

tion of the eight contexts-of-use that will be used 

as test field for the application of 

FACTS4WORKERS approach. For each context-of-

use, it is highlighter the request for empower-

ment by the workers. This is linked to the infor-

mation that the workers must have in order to 

reach this goal. Here a streamline that connect 

the request for information is described to arrive 

at the definition of the technologies (e.g. data 

analysis strategy, collaborative learning tool, etc.) 

and the input data needed to activate such tech-

nical concept. For the input data, is provided a 

perspective about their procurement status, and 

eventually the sensors and inter-faces still need-

ed to acquire them. Since the acquisition of the 

context-of-use requirements is an on-going pro-

cess that will have many iterations during the 

project, some contexts-of-use show a better un-

derstanding of the available information to sup-

port the implementation of FACTS4WORKERS 

approach, while others have a coarser picture 

about the industrial and IT environment that our 

solution must cope with. In these cases, the anal-

ysis will be refined later with a new release of this 

document.  
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