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Executive Summary
In this deliverable we present the results of task 2.1 “User Need Analysis and Scenario
Definition” which is part of WP2 “System Engineering, Specification and External
Collaboration” within the project “Towards AI powered manufacturing services, processes,
and products in an edge-to-cloud-knowlEdge continuum for humans [in-the-loop].”
Based on the Human-Centred-Design (HCD) approach, the aim in this task was to
understand the user and his work tasks in the related context of the pilot partners to
receive a holistic overview of the scenarios. Crucial concepts within the HCD process are
usability and user experience, which both have to be considered when designing an
interactive system. For doing so, and by conducting interviews about the context of use,
user needs were identified which form the basis for defining scenarios and determining
technical requirements. For defining scenarios, the user needs were structured to allow an
interpretation of the process flow and finally to define an As-Is and To-Be scenario for
each pilot partner. Each scenario describes the contextual environment and user’s
motivation in a narrative way. The As-Is scenario that describes the current state and the
related challenges and problems differs from the subsequently defined To-Be-scenario
that is about the vision and requirements for possible solutions.
The first pilot partner described in this Deliverable is Parmalat with two cases. Parmalat is
an Italian leading company in the milk market in Italy and part of the Lactalis Group. The
first case (Collecchio) expectation is to create a finite capacity scheduling tool, able to
optimize production sequences respecting constraints and limits of the entire production
process, improving efficiency and reducing losses. The objective of the second case
(Rome) is to extract information from different data streams predicting the requested
volume to optimize internal warehouse management, to reduce raw material stock and
waste, to improve production flows and, finally, to have a better coordination of production
and logistics processes. For both cases three scenarios were defined as most steps are
similar. If steps differed, they were marked accordingly. The first scenario describes the
scheduling of production plan and further the organization of warehouse status and
delivery. In the second scenario the monitoring and aligning of the production plan is
described with the challenge to make reliable analyses based on the process data. The
third scenario then is about adjustments in real-time in cases of problems. In all three
scenarios the vision is to give the user the opportunity to have access to the related
process data to identify and correct problems at an early stage and further optimize the
procedure for scheduling production, e.g., based on forecasts.
The second pilot partner Kautex is a leading company in designing and manufacturing
plastic fuel systems for automobiles and light trucks, including blow molded solutions for
conventional plastic fuel tanks and pressurized plastic fuel tanks for hybrid vehicle
applications. Their goal is to understand the dependencies between parameters that have
an effect on product dimensions and attributes and further use a system that supports the
user in setting up procedures by highlighting possible impacts due to the settings or
receiving adjustments or countermeasures that help him immediately in case of detected
deviations within the process. This deliverable provides two scenarios which describe the
sampling and production process within the sampling process the technician tries to define
the right parameters to achieve checking the quality and specifications of the sample.
Everything needs to be documented to rely on learnings in future samplings but mainly in
the production in order to react immediately to detected deviations and issues. The second
scenario then describes the production process, where the specialist sets up the machine
and monitors the production in order to react on errors and deviations immediately. By
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documenting and verifying the measurements he can use the system to prevent future
deviations and issues.
Bonfiglioli, the third pilot partner in this project is a leading company in power transmission
and drives. Their goal in this project is to improve the quality of their assembly procedure
and the products by automation of quality controls that will reduce the rate of possible
failures. Here it is important to consider work safety and a usable workplace for operators
so they can fulfill their tasks without restrictions. Based on two interviews two scenarios
were defined which describe the preparing of an assembly (scenario 1) and the
assembling itself (scenario 2). The main challenge in the first scenario is the checking and
aligning of the incoming documents that describe what needs to be assembled. This could
be improved by supporting the user in identifying deviances and errors in advance to
ensure a feasible assembly. The second scenario describes the assembly process and
addresses the challenge to improve the quality control of the assembly by recording and
providing additional data.
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0

Introduction

0.1

knowlEdge Project Overview

The knowlEdge project is funded by the H2020 Framework Programme of the European
Commission under Grant Agreement 957331 and conducted from January 2021 until
December 2023. The knowlEdge consortium consists of 12 partners from 7 EU countries,
and its solution will be tested and evaluated in 3 manufacturing sectors with a total budget
of circa 6M€. Further information can be found at www.knowlEdge-project.eu
AI is one of the biggest mega-trends towards the 4th industrial revolution. While these
technologies promise business sustainability and product/process quality, it seems that the
ever-changing market demands and the lack of skilled humans, in combination with the
complexity of technologies, raise an urgent need for new suggestions. Suggestions that
will be agile, reusable, distributed, scalable, accountable, secure, standardized and
collaborative.
To break the entry barriers for these technologies and unleash their potential, the
knowlEdge project will develop a new generation of AI methods, systems and data
management infrastructure. This framework will provide means for the secure
management of distributed data and the computational infrastructure to execute the
needed analytic algorithms and redistribute the knowledge towards a knowledge exchange
society. To do so, knowlEdge proposes 6 major innovations in the areas of data
management, data analytics and knowledge management: (i) A set of AI services that
allow the usage of edge deployments as computational and live data infrastructure, an
edge continuous learning execution pipeline; (ii) A digital twin of the shop-floor to test the
AI models; (iii) A data management framework deployed from the edge to the cloud
ensuring data quality, privacy and confidentiality, building a data safe fog continuum; (iv)
Human-AI Collaboration and Domain Knowledge Fusion tools for domain experts to inject
their experience into the system to trigger an automatic discovery of knowledge that allows
the system to adapt automatically to system changes; (v) A set of standardization
mechanisms for the exchange of trained AI-models from one context to another; (vi) A
knowledge marketplace platform to distribute and interchange AI trained models.

0.2

Deliverable Purpose and Scope

The purpose of this knowlEdge deliverable, D2.1, is to provide insights into the pilot
partners’ use cases. Based on interviews with users of the relevant context of each use
case, this deliverable presents the results of the user need analysis and further the defined
As-Is-Scenarios as the current state as well as To-Be-Scenarios about the vision of the
state to be. This deliverable, together with the other work packages from WP2, thus
provides the basis for developing a platform, with WP2.1 taking particularly the users’
perspective into account.

0.3

Target Audience

The deliverable D2.1 “User Need Analysis and Scenario Definition” aims primarily at the
project consortium which will use the results as basis for the implementation of the
platform.
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0.4

Deliverable Context

This manual is based on the project procedures as defined within the knowlEdge
Description of Action and Consortium Agreement and where necessary extends them in
the operational aspects. However, it is subservient to those documents. It is part of work
package 2 (System Engineering, Specification and External Collaboration).
This deliverable is subservient to the following project objective:
•

Objective 1: Develop an AI centric software architecture to support agile
manufacturing scenarios through capture and processing of data from
heterogeneous sources in the manufacturing environments

0.5

Document Status

This document is listed in the Description of Action as “public” since it contains no
confidential information that is intended for project-internal usage only.

0.6

Document Dependencies

This document contains the initial phase of analysis and will be updated after the second
phase (M17). A final version will be made available after the third phase (M29).

0.7

Glossary and Abbreviations

A definition of common terms related to knowlEdge, as well as a list of abbreviations, is
available at www.knowlEdge-project.eu/glossary

0.8
•

External Annexes and Supporting Documents
None

0.9
•

Reading Notes
None

0.10

Document Updates

First update in M17, final update in M29.
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1

Introduction of the pilot partners

1.1

Parmalat

Parmalat is an Italian leading company in the
milk market in Italy and part of the Lactalis
Group. Parmalat has nine production plants,
distributed throughout Italy and the range of
products includes fresh milk, microfiltered milk, UHT sterilized milk, cream, béchamel
sauce, yoghurt, dessert and fruit juices.
The Operation Direction employs more than 1,000 people and production is more than
900,000 tons/year.
The case studies included in the knowlEdge project are related to the Collecchio and
Rome plants.

1.1.1 Collecchio site
Introduction
Collecchio was Parmalat’s first production facility and nowadays it is the Headquarter and
the plant that still produces the largest volumes of goods. Production in Collecchio began
on 15th April 1961 with the first package in Italy of tetrahedral pasteurized milk in
partnership with TetraPak.
In 1966 the production of UHT sterilized milk in tetrahedral package started, in 1968 the
first delactosed milk in metal tin, in '72 the first production of yoghurt, in the 80s fruit juices,
in the 2000s the HDPE (High Density Polyethylene) milk bottles and two years ago the first
milk bottles of PET (Polyethylene Terephtalate).
Nowadays the plant produces more than 400,000 tons of finished product that includes
UHT sterilized milk in TetraPak and bottles, juices, yoghurt and milk derivatives and
employs more than 400 people.
Current State
Collecchio plant has three lines for incoming milk than can unload more than fifty milk
trucks each day and has a global overall stock capacity of 2,5 million liters.
The assets in the facility are the typical
milk processing plants: pasteurizers,
fat titrators, homogenizers, sterilizers,
aseptic packaging lines, carton box
machines and palletizers.
There are also other assets for the
preparation of fruit juices and yoghurt,
yoghurt packaging machines and
plants for the preparation and mixing of
bechamel and special cream (i.e., with
mushrooms, salmon, etc.).
Regarding the Collecchio case this
project wants to focus on the

Figure 1: Company site Parmalat-Collechio
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scheduling process: The problem is to plan the production of finished product on the
packaging lines managing to meet the market needs and the necessary resources in terms
of raw material, packaging and skills of operators.
The process of scheduling packaging lines with a finite capacity has many constraints and
requires a lot of specific knowledge to plan the production in an efficient way, in order to
level the pace (takt time), eliminate bottlenecks and organize resources in the best
possible way.
The site has also the need to reschedule the production in real time when some variations
occur: for example, a change from demand planning or a breakdown on a line or a quality
issue on incoming milk. In these situations, line managers have to react very quickly and,
today, it is all related to the experience and human behavior.
Goals
Company expectation is to create a finite capacity
scheduling tool, able to optimize production sequences
respecting constraints and limits of the entire
production process, improving efficiency and reducing
losses.
The connection with the data from the field and their
analysis will offer a realistic model of the production
plant, allowing to recognize in real time the limits of the
plant's production capacity and therefore to react more
promptly to changes.
By using AI technologies Parmalat would like to be
able to carry out predictive simulations reducing human
input to a minimum.
Another benefit expected, is to improve the prediction
of the quality parameters of the incoming milk
(especially fat and proteins) in order to conduct more
accurate and focused operation of b2b purchase and
sell.

1.1.2 Rome site

Figure 2: Production line Collechio

Introduction
Centrale del Latte di Roma (CLR) is an Italian company, controlled by Parmalat Spa, with
a strong portfolio of local brands.
Founded in 1933, it was a public company until 1998 when it was sold to private investors.
In 1979 CLR moved its headquarter and production plant from its historic headquarters in
Via Giolitti to the East Rome area.
Productions are fresh milk, fresh cream and microfiltered milk (ESL).
The Plant produces about 90,000 tons of annual product and employs about 170
employees.
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Current State
In Rome facility there are
four processing plants: two
milk pasteurizers, one milk
microfiltration plant and one
cream pasteurizer. In
packaging department there
are three filling PET lines
and three gable top carton
lines.
Every day the plant
receives orders from the
market by different sources:
email, direct orders in SAP Figure 3: Company Site Parmalat-Rome
and also by fax messages.
All orders received are transcribed in Excel files to aggregate them, divide them by
packaging machine, create totals of semi-finished product to be produced for the
processing plants and generate a preparation order for the necessary packaging.
Starting from this aggregation of orders, the finished products are scheduled for each
packaging line in a MES (Manufacturing Execution System) where all the information
about production and quality are collected.
After the production, there are no structured data on the truck/vehicle loading that links
production information with transport data or commercial information.
Lack of knowledge of the evolution of orders in the future forces the organizations to plan
the resources (human, raw materials, packaging…) using mainly the “human sensitivity”.
Finally, the use of Excel spreadsheets in some part of the information and data flow, limits
the possibility of added value data analysis and it is critical for data entry errors.

Figure 4: Production line Rome

Goals
The objective of this use case is to extract information from different data streams
(production data, warehouse data, product traceability, shopfloor measurement…),
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predicting the requested volume in order to optimize internal warehouse management, to
reduce raw material stock, to improve production flows, to reduce waste and, finally, to
have a better coordination of production and logistics processes.

1.2

Kautex

Introduction
Kautex Textron is part of Textron, a US
based multi-industry company with a total
revenue in 2020 of $11.7B. Kautex belongs to the industrial segment, which accounts for
26% of the company’s revenue, while Kautex contributed $1.75B in 2020.
Kautex is a leader in designing and manufacturing plastic fuel systems for automobiles
and light trucks, including blow molded solutions for conventional plastic fuel tanks and
pressurized plastic fuel tanks for hybrid vehicle applications.
Kautex also develops and manufactures clear-vision systems for automotive safety and
advanced driver assistance systems (ADAS). Our cleaning systems are comprised of
nozzles, reservoirs, inlets and pumps to support onboard cleaning for windscreens,
headlamps and ADAS cameras and sensors. In addition, Kautex produces plastic tanks for
selective catalytic reduction systems used to reduce emissions from diesel engines and
other fuel system components.
Kautex is rated among the Top 100 Automotive Suppliers worldwide. And has over 50+
years of expertise of producing fuel systems that drive lower emissions. In order to pioneer
solutions for the era of new mobility Kautex is developing battery systems and housings for
housing for plug-in hybrid, full hybrid and full battery-electric vehicles, smarter fuel systems
and cleaning solution for camera and lidar for autonomous vehicles.
Headquartered in Bonn, Germany, Kautex operates over 30 plants in 14 countries in close
proximity to their customers, along with nine engineering/research and development
locations around the world.
Current state
Plastic Fuel Tank Manufacturing Process
The core manufacturing process consists of seven adjacent production steps. The initial
step is the extrusion blow molding, with automatically running machine. Though the first
machine & process set up are executed manually. After blow molding the first polymer
shells, additional plastic (flash) will be separated, and the raw product will be weight and
labeled. In order to ensure a stable geometry, the still warm product will be actively cooled
under water and subsequently given adequate time to further cool down.
After a sufficient temperature is reached the product will be further processed in a finishing
machine, were attached parts will be welded. In the following assembly line, further parts &
components will be assembled through production team members. The last step is a 100%
quality (leakage) control and final inspection.
Main problem(s)
The biggest challenges in the extrusion and molding process are deviations, impacting
mainly shape, weight and wall thickness of the product. The complexity is originating from
a high number of parameters and factors which ultimately have an impact on the process
output. This begins with machine settings, and general indicators as cycle time & molding
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temperature, air pressure, mold settings. Also, material properties, percentage of reused
materials, the material temp have an impact and are supplemented with environmental
temperature and condictions, the actual product design and general settings as speeds
and durations.
Main bottlenecks, limitations, and requirements
The highest difficulty is to understand the interaction between all influencing parameters.
This leads to multiple ways of setting up a process (e.g., increasing air pressure vs.
reducing water temperature). A second challenge is to standardize and store process
know-how and problem solving approaches.

Figure 5: Manufacturing process

Goals
The goal of Kautex is being able to understand input and output of production. Input
means the machine process parameters such as temperature, time, force, pressure and
the output relate to product dimensions, shape, weight, wall thicknesses. Further they want
to understand the interaction between parameters, for instance what happens to product
specifications when I change cooling temperature, cycle time and amount of plastified raw
material at the same time. One expectation is creating a guiding system for technical
personal to know already the impact of possible set-ups and to be able to react
immediately in case of detected deviations within the production process and anticipate
required countermeasure at the first attempt.

1.3

Bonfiglioli

Introduction
Bonfiglioli Slovacchia (BSK) is part of
Bonfiglioli Riduttori s.p.a., a leading company in power transmission and drives.
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Bonfiglioli has overall 14 production plants, 20 branches and 550 distributors all over the
world, spread in 80 countries.
The big variety of catalogues allows the Company to provide full integrated solutions within
a huge range of applications, from small gearmotors to big high-customized gearboxes,
dedicated to all kind of customers and applications.
Bonfiglioli group has almost 4,000 employees all over the world with more than 900M€
revenue.
Current state
BSK is Bonfiglioli’s heavy duty
plant. The focus is on planetary,
parallel and orthogonal heavy
duty gearboxes. Facility’s
capacity is up to 20 ton finished
goods. Focusing on knowlEdge
project’s application field, main
products are planetary
gearboxes with huge variability
in terms of configurations and
overall dimensions (from 15 kg
up to 800 kg).

Figure 6: Company Site Bonfiglioli

The new assembly line
dedicated to these products is able to perform all the required operations for assembly and
quality check in seven minutes TAKT time. This new line has a high automation level, with
AGV material handling and high quality standards.
At the moment there are quality checks that are done only by skilled operators. This is a
weak spot in the process for three main reasons:
•

operator’s time is used for quality controls while Bonfiglioli could improve cycle time;

•

operator can make mistakes or skip controls;

•

if any error is not immediately fixed, at the end of the line the whole product must be
disassembled, fixed and re-assembled.

Considering the field of application, the main requirements are based on human-machine
interactions in all its means. High standard safety is mandatory in all Bonfiglioli facilities,
and all machines must interact properly with the operators. Also, a very important point is
that Bonfiglioli’s background is mainly industrial, operators and technicians can be trained
on many different technologies, but all the technologies must be provided already fully
integrated with the current BSK IT system.
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Figure 7: Workplace in the assembly process

Goals
Main goals for BSK are to improve quality without deteriorating TAKT and reduce re-work
operations as much as possible (the re-work would be in real time).
Having cameras able to check critical components in specified phases of the assembly will
allow the operators to re-work immediately and fix the most important non-conformity that
production is facing right now.
Also, production reports and product trackability would increase storing pictures as proof of
quality checks in case any damages to the products will occur during their lifetime.
Having data on failures in critical spot could guide production in finding weak spot that now
are not known and create new solutions in order to have a stronger process overall
involving also other entities inside the Company (i.e.: R&D, SCM exc..).
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2

Methodology

2.1

Human-Centred Design

The methods and procedures used in the WP 2.1 are part of a well-known design
discipline called Human-Computer-Interaction. The approach used is called humancentred design (HCD). As described in the related norm ISO 9241-210, it is defined as
“approach to systems design and development that aims to make interactive systems
more usable by focusing on the use of the system and applying human factors/ergonomics
and usability knowledge and techniques” (2019, p.2). Crucial concepts within the HCD
process are usability and user experience, which both have to be considered when
designing an interactive system. One of the most important advantages of this approach is
a high user satisfaction due to a good usability and user experience of a system. Another
advantage is that HCD is helping a company to financially succeed as a study by
McKinsey and Company in collaboration with Deloitte examined (Sheppard et al., 2018) or
a reduction of redeveloping costs as Barker (2000) showed in his study.
This HCD process places the human at the heart of a challenge, which means that
besides the user as a main actor, also customers, employees and other relevant
stakeholders should be involved. The process is not linear but as aims at being fluid and
iterative and therefore helps to find innovative solutions based on user needs. These
needs are based on the context of use and frame the problem from the human’s
perspective. This perspective is composed by his/her experiences, prerequisites to
achieve the goals of his or her tasks, what work equipment is necessary, and what
conditions and regulations are given by the organization (corporate culture). In conclusion,
the user and the tasks to be performed are put in the center of designing, whereas
technical requirements and solutions are of secondary importance. Rather, user needs
form the basis for determining these.

D2.1 System Engineering, Specification and External Collaboration - Vs: 1.0 - Public

10 / 86

Towards AI powered manufacturing services, processes, and products in an edge-to-cloudknowlEdge continuum for humans [in-the-loop] – www.knowlEdge-project.eu

The human-centred design activities of ISO 9241-210 for the development of a usable interactive
product postulate the procedure illustrated in

Figure 8: Human-Centred Design activities according to ISO 9241-210 (2019)
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2.2

Process steps

With regard to this project, we invoked on the international usability quality view of DIN EN
ISO 9241-210 and the "Leitfaden Usability" (Eng.: Usability Guideline) of the German
Accreditation Body (DAkkS), which was significantly co-developed by staff of the Usability
& User Experience Design group of the department of the Human-Centred Engineering &
Design Fraunhofer at the Fraunhofer institute FIT. Starting with understanding the context
of use by conducting interviews, we were able to derive the user needs each describing a
condition (a prerequisite) that fulfills a specific purpose. In the second step, we structured
the user needs following the action regulation theory by Hacker (1986) in order to
understand and illustrate the process flow and afterwards defining the scenarios.

2.2.1

Initial plan regarding DOA and reasons for deviations

The initial scenarios presented by the pilot partners describe the overall goals for this
project. Within the human-centred design approach user groups and stakeholders have to
be identified and involved in order to get a holistic overview of the human, technological
and business view. The aim was to organize workshops with users to gain a better
understanding of the work processes and related tasks in the pilot partners work
environment, which help define user needs and as-is-scenarios. Analyzed user needs
would then be the foundation for scenarios describing the to-be-situation at the pilot
partners.
Due to the COVID-19 pandemic and therefore traveling restrictions as well as work
restrictions at the pilot partners factories and plants, the initial methodology had to be
adapted. To ensure detailed information about the work situation of the user groups,
individual user interviews were conducted. The adapted methodology will be explained in
detail in the following chapter (chapter 2.2.2). These circumstances enlarged the process
and required more time.
This change of procedure also extended the initial time schedule as surveys had to be set
up, performed, evaluated and revised with the pilot partners’ users individually.
Adapted / Realized procedure. After planning the human-centred activities, the HCD
process usually starts with the activity of understanding and specifiying the context of use.
Building on this, user needs can be identified in order to being used to specify user
requirements which explain capabilities or prerequisites that the system must fulfill or
possess. With the help of the user requirements, further prototypical design solutions can
be developed and implemented. In the step afterwards, the design solution is evaluated by
the user.
In every step of the HCD process, but especially during evaluation knowledge gaps or
deficiencies will be discovered and have to be referred to and solved by following the
iterative process. By doing so, the process iterates until the systems meets the
requirements and needs.
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Figure 8: Human-Centred Design activities according to ISO 9241-210 (2019)
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2.3

Process steps

With regard to this project, we invoked on the international usability quality view of DIN EN
ISO 9241-210 and the "Leitfaden Usability" (Eng.: Usability Guideline) of the German
Accreditation Body (DAkkS), which was significantly co-developed by staff of the Usability
& User Experience Design group of the department of the Human-Centred Engineering &
Design Fraunhofer at the Fraunhofer institute FIT. Starting with understanding the context
of use by conducting interviews, we were able to derive the user needs each describing a
condition (a prerequisite) that fulfills a specific purpose. In the second step, we structured
the user needs following the action regulation theory by Hacker (1986) in order to
understand and illustrate the process flow and afterwards defining the scenarios.

2.3.1

Initial plan regarding DOA and reasons for deviations

The initial scenarios presented by the pilot partners describe the overall goals for this
project. Within the human-centred design approach user groups and stakeholders have to
be identified and involved in order to get a holistic overview of the human, technological
and business view. The aim was to organize workshops with users to gain a better
understanding of the work processes and related tasks in the pilot partners work
environment, which help define user needs and as-is-scenarios. Analyzed user needs
would then be the foundation for scenarios describing the to-be-situation at the pilot
partners.
Due to the COVID-19 pandemic and therefore traveling restrictions as well as work
restrictions at the pilot partners factories and plants, the initial methodology had to be
adapted. To ensure detailed information about the work situation of the user groups,
individual user interviews were conducted. The adapted methodology will be explained in
detail in the following chapter (chapter 2.2.2). These circumstances enlarged the process
and required more time.
This change of procedure also extended the initial time schedule as surveys had to be set
up, performed, evaluated and revised with the pilot partners’ users individually.

2.3.2

Adapted / Realized procedure

Recruiting of the target group. The first step to follow the HCD approach is to identify
the relevant user groups for each use case as they are the most experienced humanbeings of the considered contexts. That is why we asked the pilot partners to recruit about
three persons per user group in order to get as holistic an insight as possible about the
area and tasks that will be addressed by the project. This way, we were able to recruit five
users for pilot Parmalat (two for Collecchio Case and three for Rome case), another four
for pilot Kautex and finally two for pilot Bonfiglioli.
Table 1: Pilot cases and amount of Interview partners

Pilot cases

Parmalat –
Collecchio

Parmalat –
Rome

Kautex

Bonfiglioli

Interview
partners

2

3

4

2
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Understanding the context of use. In order to understand and specify the use of context,
we used the German Usability Guideline of the German Accreditation Body (DAkkS) to
prepare the interviews (for the English version of the interview see Annex C). Thereby the
questionnaire covers the topic of role description (e.g., Please describe your role in the
company briefly), requirements and conditions (e.g., Which tools are necessary to work on
the tasks?), normal execution (e.g., Describe a typical working.), particularities during the
procedure (e.g., Which interruptions occur and why?) and lastly the organizational
framework (e.g., What are organizational goals?). This was done to understand the
employees, how they deal with the processes and their needs and pain points to localize
opportunities and possible solutions and the necessary requirements. To ensure
anonymity, we asked the interviewees to choose a color, number or animal as
pseudonyms.
Due to the restrictions of the COVID-19 pandemic and barriers of language, we decided to
manage the conduction in two ways: As one way, the interviews with Kautex were done
remotely via a video conference tool in English or German and were transcribed
afterwards. Each interview took about one to one and a half hours. For quality assurance,
we further sent the transcription to the interviewees to validate their input. For Parmalat
and Bonfiglioli the barriers of language were critical. To ensure rich information of the input
by the employees we therefore decided to send the English version of the questionnaire to
our primary contact of the pilots for translation and asked to forward the translated version
to the selected employees. The interviewees then answered the questions in a written
form, which were then translated back to English and send back to us. We then reviewed
the answers and clarified open issues and questions regarding the context of use with the
primary contact of the pilot partners. This work took about several weeks and was
complicated by the aforementioned COVID-19 pandemic.
User need analysis. The transcriptions of the interviews were the starting point of the
user need analysis for each pilot partner and use case. Each transcription was divided into
short logical segments of the interview in a two-column table (“Context scenario”, “User
Needs (UN)”), as can be seen in Figure 9. To identify user needs, each of the context
scenarios were examined for relevant tasks and further discussed and finally defined by
Usability Experts from Fraunhofer FIT. Each user need then describes a condition or
prerequisite that fulfills a specific purpose regarding the task.
In a second step the defined user needs were reviewed and approved by the pilot
partners. In a last step the pilots made a prioritization of the user needs regarding their
goals and expectations from the project. In this step each user need was prioritized by a
number between 1 (very important), 2 (important), 3 (not so important) to 4 (out of scope).
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Figure 9: Illustration of the user need analysis procedure

Structuring the user needs. For an initial structuring of the user needs, we followed the
Action regulation model by Hacker (Hacker, 1986). For this we identified the main tasks
and subtasks and assigned the user needs to them. This process was necessary for the
following steps, especially for the definition of the As-Is-Scenarios. For the definition we
differentiated between the As-Is- and To-Be-Scenario to clearly separate between the
current state and the vision.
Interpreting process flow. The identified main tasks and subtasks were then used to
create an employee journey map in a visualization tool. With journey maps we aim to
understand and visualize the overall process as well as the steps described by the
employee. With an experience-centred journey map we aim at describing the situational
context with related touchpoints based on the employee’s context, work habits and
interactions (Stickdorn et al., 2018).
The main actors of the journey maps for the pilot cases were their employees as they will
be the users of the end-product. The journey map describes all steps the employees go
through while doing their job and highlights challenges as well as opportunities. Additional
to the interviews we at some points also included information about the companies’
processes, that they provided in advance.
We structured the map by describing the different process phases (x-axes) according to
the structured main tasks and subtasks. On the y-axes we described the steps more in
detail regarding involved actors, in- and output, action, challenge and opportunities to
clarify each step of the employee (Stickdorn et al., 2018).
We clustered the content of the journey map first on a high level, e.g., scheduling,
monitoring and real-time adjustments. Those overall process parts were then separated
into more detailed actions describing the actions of the employees step-by-step. Like that,
insights from the employees provided a good overview and summary of the overall
process (Stickdorn et al., 2018).
By clustering the work processes of the pilot partners and the steps of the employee’s
journey we described and highlighted actions with in and outputs as well as challenges,
that are relevant for implementing the platform.
Defining scenarios (As-Is/To-Be). The final step was the definition of scenarios.
Scenarios describe the contextual environment and user’s motivation in a narrative way.

D2.1 System Engineering, Specification and External Collaboration - Vs: 1.0 - Public

16 / 86

Towards AI powered manufacturing services, processes, and products in an edge-to-cloudknowlEdge continuum for humans [in-the-loop] – www.knowlEdge-project.eu

Based on the journey maps, we developed scenarios to describe the process in a more
detailed and coherent way.
We differentiated between the As-Is and To-Be-Scenario to clearly separate between the
current state and the vision. Within the As-Is scenario we pointed at the challenges and
problems. The To-Be-Scenario shows the vision and requirements for possible solutions
(Stickdorn et al., 2012).
Besides the description, we created storyboards to add visual details to the written text
and to have a more understandable and appealing result. The visualization of the
scenarios helps to better understand the employees’ actions and processes. Within the
To-Be-Scenario the proposed changes are highlighted in green to underline the
requirements that need to be aimed at to fulfill the users’ needs.
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3

Results

3.1

Parmalat

For the pilot cases of Parmalat we talked with five employees (see Table 2): One
Production Packaging Manager (Mr. White, Rome site), one Process Department Manager
(Mr. Magenta, Rome Site), one Sales Logistics Manager (Mr. Brown, Rome Site), one
Plant Planning Manager (Mr. Black, Collecchio site) and one Process Area Manager (Mr.
Red, Collecchio Site). All of them are working on the processing of milk products and for
Collecchio site fruit juices as well. All of them are involved in the planning and execution of
the production which will be improved by this project through an optimized production
management and further a more efficient connection and analysis of the related data.
Table 2 Participants from Parmalat

Collecchio Site

Rome Site

Plant Planning Manager (Mr. Black)

Production Packaging Manager (Mr. White)

Process Area Manager (Mr. Red)

Process Department Manager (Mr. Magenta)
Sales Logistics Manager (Mr. Brown)

Further, we focused on two main actors in the following scenarios, Bob (Sales Logistics
Manager) and Martin (Production Planning Manager).

3.1.1

Identified tasks based on structured user needs

After the identification of user needs coming from the interview scripts, we identified the
overall structure of Parmalat’s use cases. As core tasks of the process, we identified
“Production Scheduling”, “Monitoring the production” and “Real-time adjustments of the
production process”. Each of these steps were further divided into sub tasks and steps,
based on the task modelling by Hacker (1986). Matching user needs were then collected
for each task.
Production Scheduling
The first core task is separated into three sub tasks: First, receiving/gathering data, which
describes all information regarding orders, schedules and production volumes is needed to
create a production plan. Second, scheduling of the production plan to set the start of the
production and communicate it with other departments. Third, the execution and
completion, that describes the logistics after having the final product.
Monitoring the production
The monitoring of the production can be described in three steps as well. First, receiving
real-time data from the machines, second, monitoring to check if the production is on time
and aligned to the plan and third, the analysis, for interpreting data trends.
Real-time adjustments of the production process
The last core task relates to the adjustment of the production process in real-time and is
separated into organizational adjustments, like changing the production plan and
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exchange with employees and technical adjustments, like plant failures or technical
interruptions on the machines.

Figure 10: Journey Map of Parmalats’ user (created with Miro Board) – Click on the pdf below for a
bigger view

Parmalat-UJM.pdf
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3.1.2

–

Scenario 1 “Scheduling the production plan“

As-Is-Scenario
The first scenario describes the process of scheduling the production plan. Martin receives most of the data from the Bob, analyses
it and exchange the outcomes within meetings. After the plan is set for the production, Bob can organize the warehouse status and
delivery of the products.
To-Be-Scenario
The To-Be-Scenario of scheduling the production plan focuses on a more coherent and smooth transaction of the data transfer
between Bob and Martin. This scenario shows on the one hand a tool of the implementation of relevant data (statistical data,
average, geographical and temporal quantitative data) for Bob. On the other hand, there is another tool for Martin that helps him
with better forecasts and considers the digital transferred data and additional data from the machines.

Bob, Sales Logistic Manager, receives
the incoming orders, aggregates them
by item code and sends them to the
scheduling office for scheduling the
production plan. For doing so, Bob
needs to forecast the attempted sales
for an order to make sure he delivers the
right amount of his products.
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UN64 The user needs to know if there are
orders incoming in order to aggregate them by
an item code and send them to the factory and
third parts. (1)
UN65 The user needs to know the forecasting
of the attempted sales of incoming orders in
order to plan sales and distribution. (1)
UN55 The user needs to have trends and
forecasts of products in terms of volume on
the market in order to make reliable decisions
regarding production orders and scheduling.
(1)
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Bob, Sales Logistic Manager, receives
incoming orders, that are reliable in
terms of delivery time and quantity. In
addition to that he uses a system that
gives him precise forecasts in sales. To
achieve this, the system uses statistical
data of the distribution and sales of the
finished product enriched by average,
geographical and temporal quantitative
data.
Figure 11: Parmalat Scenario 1 – Step 1: Receiving data | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right

D2.1 System Engineering, Specification and External Collaboration - Vs: 1.0 - Public

21 / 86

–

Towards AI powered manufacturing services, processes, and products in an edge-to-cloud-knowlEdge continuum for humans [in-the-loop]
www.knowlEdge-project.eu

Martin, production planning manager,
receives the aggregated orders, the
production volumes and further, a
pasteurization plan to schedule the
production plan for the following
production period (day/week) (using
MES – Sinapsi).

–

UN38 The user needs to have a program for
the following week about milk arrivals and a
semi-finished production plan in order to
schedule his activities. (1)
UN77 The user needs to know the information
of production volumes on time (the week
before) in order to plan the production of the
following week. (1)
UN91 The user needs to know the standards
regarding packaging in order to meet the
packaging needs during product preparation.
(3)
UN78 The user needs to know the production
volumes in order to generate the sequences
and distribute them in the packaging lines. (1)

Martin, production planning manager,
uses a scheduling system to schedule
the production plan for the following
production period (day/week). This
system maps the production plants as
well as their capacities and also shows
all constraints between machinery and
the processes as well as the priorities of
orders and bottlenecks.

UN39 The user needs to have a daily
pasteurization plan from the scheduling office
in order to schedule his activities for the
following day. (1)
UN36 The user needs to know sanitary and
hygienic regulations in order to manage and
schedule production. (4)
UN1 The user needs to have the production
plan from the scheduling office in order to do
his work. (1)

Figure 12: Parmalat Scenario 1 – Step 2: Scheduling the production | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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Further, he needs to consider delivery times,
quantity of raw materials, the status of the
warehouse and an overview of the overall
production. He also needs to take into
account the standards and regulations of the
processes and scheduled maintenance and
technical interventions according to the
plants and processes

It further allows forecasts of products in terms
of volume on the market and considers
customer expectations to schedule the
production plan. It also takes into account the
current state of the warehouse and the needs
of raw materials in order to plan and optimize
the production. Because of that he is able to
deliver a reliable scheduling plan. When
changes occur, the system gives a
notification to Martin and at the same time
gives suggestions about how to reschedule
the production plan on demand. Further, it
can react to unforeseen technical events
through data collections in the field.

UN37 The user needs to know the delivery
times of his (internal) customers (e.g., the
packaging department) in order to manage
and schedule production. (1)
UN57 The user needs to know the quantity of
raw materials that is needed as accurately as
possible in order to manage them (including a
safety margin) with less variability on
production plan. (3)
UN56 The user needs to know the status of
the warehouse in real time to best serve the
production (of pasteurization and packaging)
in terms of quantity and timing. (1)
UN42 The user needs to have an overview of
the overall production of the following day
(based on the company’s supply chain) in
order to schedule and start his production
activities. (1)
UN25 The user needs to have preventive
maintenance plans to limit the number of
problems to the plants. (4)
UN89 The user needs to know the scheduled
maintenance and technical interventions in
order to adhere to the deadlines. (1)
UN43 The user needs to know the standards
and possibilities of the plants in order to
prepare and start the production on time. (1)
UN79 The user needs to know the production
capacity of the plants in order to avoid
unexpected events and failures. (1)

Figure 13: Parmalat Scenario 1 – Step 2: Scheduling production | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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In regular meetings with the involved
departments all these aspects are
discussed to get a reliable draft and also
the programmed times to start the
production on time. In this step, it always
comes to changes to the production
plan due to the aforementioned
aspects which makes it hard to leave no
constraints behind and to adhere to
deadlines.
It further allows forecasts of products in
terms of volume on the market and
considers customer expectations to
schedule the production plan. It also
takes into account the current state of
the warehouse and the needs of raw
materials in order to plan and optimize
the production. Because of that he is
able to deliver a reliable scheduling
plan. When changes occur, the system
gives a notification to Martin and at the
same time gives suggestions about how
to reschedule the production plan on
demand. Further, it can react to
unforeseen technical events through
data collections in the field.

UN83 The user needs a collaborative space
together with his group in order to schedule
the production and align all involved
departments (e.g., product unit bottles, brik
and yoghurt) with each other. (2)
UN5 The user needs to have the production
plan and programmed times (e.g., by the
scheduling office) in order to meet the needs
of Logistics and Sale (e.g., producing the
exact number of items requested respecting
the delivery time). (1)
UN85 The user needs to know the priority of
orders and bottlenecks that may occur as a
result in order to schedule the production plan.
(1)
UN22 The user needs to know the customer
expectations in order to align his work with
them. (2)
UN84 The user needs to know if the (final)
production program is incorrect and not
realizable because of constraints left aside in
order to take measures to correct them. (1)
UN82 The user needs to have a revised and a
current version of the (initial) production
program in order to generate a reliable draft of
the program for his colleagues who are
involved in the procurement of components
and resource planning. (1)

Figure 14: Parmalat Scenario 1 – Step 2: Scheduling production | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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After production and based on the
(semi-) finished products together with
incoming goods and the current status
of the warehouse stocking, Bob
prepares the truck loads and executes
the delivery to internal/external
customers.

–

UN68 The user needs to know the stock of his
products in order to keep an overview of the
goods on hand. (2)
UN66 The user needs to have the incoming
goods, the withdrawal of finished products
from production and the warehouse stocking
in order to prepare truck loads and the delivery
to internal and external customers. (1)
UN72 The user needs to know the current
status and location of products (or their
pallets) in order to trace and overview them,
e.g., in cases of non-compliance. (1)

The reliable scheduling plan gives Bob
precise information about the (semi)finished products, incoming goods and
the current status of the warehouse
stocking. He can even track products
passing through the warehouse in terms
of real-time inventories, correct
management of FIFO and the location
of the products so that he can prepare
the truck loads and the delivery to
internal/external customers. For tracking
and having an overview of the
processes, Bob can easily ad-here the
deadlines. Since he is frequently in
different locations, he also uses a mobile
device for data logging and having all
D2.1 System Engineering, Specification and External Collaboration - Vs: 1.0 - Public

UN67 The user needs to have the relevant
parts of process for his tasks (e.g. the entire
flow of logistics) location-independently
available (and in a digital format), in order to
be able to access it everywhere. (2)
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–

data and information about his entire
process at hand.
Figure 15: Parmalat Scenario 1 – Step 3: Completion of scheduling plan | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right

3.1.3

Scenario 2 “Monitoring of production“

As-Is-Scenario
The second scenario describes the process of monitoring the production plan. Martin is receiving continuously data updates of the
production lines through different mediums to analyze and check the production processes. Bob also tracks and checks his data,
that he receives from different sources and in different formats. Both create reports and documentations to share it within meetings
and to align with each other.
To-Be-Scenario
The To-Be-Scenario of monitoring the production plan focuses on the automation of the data flow, a clear visualization and a
management tool of the data, that comes from the field sensors. Additionally, wearables and mobile devices are included within the
data transfer to maintain a fast and smooth communication of information. Furthermore, a system is depicted, that uses this data to
enable forecasts, analyses problems and their causes.
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–

UN20 The user needs the data from the lineoperators in order to do the analysis activities.
(2)

To monitor the production plan, Martin receives
production and plant data from the lineoperators of his department (using MES) to see if
everything is in control according to the final
production plan. This data contains information,
e.g., about fat percentage and protein of the
products to calculate the mass balance of milk
and fat. The information helps to trace and
analyze the operations. The received data are
affected by weaknesses regarding punctuality,
precision and correctness. Further different types
of data collection needs to be put together
manually, which makes it hard to get a(n)
(reliable) overview of the production.

UN44 The user needs to know the
transactions of the line operators (events and
data like tank levels or pressures) in order to
trace and analyze their operations. (1)
UN41 The user needs to know the fat
percentage and proteins of semi-finished
products produced during the current day in
order to verify adherence to the standard and
to calculate mass balance of milk and fat. (1)
UN81 The user needs to know the information
on production (from the production managers)
in order to align the production process. (1)
UN49 The user needs to have the entered /
incoming data and operations all in one place
in order to guarantee a better overview and a
more efficient analysis. (1)
UN34 The user needs to have a means to
collect the data automatically in order to
ensure punctuality, precision and correctness.
(1)
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–

To monitor the production plan, Martin receives
production and plant data automatically to see if
everything is in control according to the final
production plan. This data contains information,
e.g., about fat percentage and protein of the
products to calculate the mass balance of milk
and fat. This also helps him to trace and analyze
the operators and their operations. The received
data is collected in real time and directly from the
field by automatic systems and to ensure
reliability. Through both the operators and the
system, he further gets to know when something is
wrong.
Figure 16: Parmalat Scenario 2 – Step 1: Receiving data | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right

Therefore, Martin needs a way to see the data in
an arranged way in order to monitor them. This
includes especially the KPIs regarding production
like pieces, kg, liters, tons, stops and breakdowns
data, scrap & waste. By monitoring them, the
main goals of his task are then to ensure the
quality of goods and the compliance of costs and
time. To keep an eye on the most critical activities
and ensuring transparency within the process
activities is always difficult to reach due to
variances between planning and production in
quantitative and temporal terms.
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UN6 The user needs experiences and
qualifications related to the management of
production processes in order to identify waste
and increase the performance guided by data
analysis.(3)
UN47 The user needs to know the data of
matter (e.g., milk, fat or protein) from the
current and previous day in order to
understand if there have been losses and
probably to analyze the operations for
understanding the causes of the deviations.
(1)
UN14 The user needs to have real-time data
(pieces, kg, litres, ton, stops and breakdowns
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Therefore, Martin can see the data in a clearly
arranged way for him to monitor. This includes
especially the KPIs regarding pro-duction like
pieces, kg, liters, tons, stops and breakdowns
data, scrap & waste. The visual monitoring system
(or communication sys-tem from field systems PLC
and the SQL DB in which the sched-uling
application resides) gives Martin visibility and
overview on process activities. In addition to that,
Martin can use the system to monitor the most
critical activi-ties. He can manage the data that
comes directly from field sensors and ensure
effective planning and production activities.

–

data, scrap & waste) in order to monitor
process and production scheduling. (1)
UN2 The user needs to have the progress of
the line in real time in order to observe them.
(1)
UN92 The user needs to know in how far a
prepared product complies with the packaging
standards, in order to correct for them. (3)
UN27 The user needs to know if the errors are
related to human procedures or behavior in
order to prevent them. (3)
UN86 The user needs to have transparency
within the process activities in order to
improve them. (1)
UN46 The user needs to know if there were
deviations from the production plan (in the
past / previous shift) and how they were
resolved in order to keep an overview of the
production process. (2)
UN87 The user needs to have a monitoring of
the progress of the most critical activities in
order to supervise them and take actions if
necessary. (1)
UN33 The user needs to know the variances
between planning and production in
quantitative and temporal terms in order to
monitor the activities of the transformation
process. (1)
UN45 The user needs to know if the
production is on time in order to take
measures if necessary. (1)

Figure 17: Parmalat Scenario 2 – Step 2: Monitoring | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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To monitor the production plan, Martin receives
production and plant data from the line-operators
of his department (using MES) to see if everything
is in control according to the final production
plan. This data contains information, e.g., about
fat percentage and protein of the products to
calculate the mass balance of milk and fat. The
information helps to trace and analyze the
operations. The received data are affected by
weaknesses regarding punctuality, precision and
correctness. Further different types of data
collection needs to be put together manually,
which makes it hard to get a(n) (reliable) overview
of the production.

UN58 The user needs to know the KPIs
regarding delivery in order to ensure
compliance with the times towards the clients.
(2)

Bob receives for his department of sales and
distribution data about sales trends, inventory,
loading times of the vehicles, health hygiene and
unsold products so that he can keep an overview.
All this data is collected automatically and uses
the sales data system (Cognos-IBM) in order to
make initial analyses to find trends and
correlations with production requests. Bob’s entire
flow of logistics is equipped to be mobile and
wearable in order to have the current status and
location of products.

UN69 The user needs to have a report of the
sales data in order to forward it to the entire
organizational structure of the sales force. (3)

UN62 The user needs to know information and
data about sales trends, inventory, loading
times of the vehicles, health hygiene and
unsold products in order to keep an overview
and see if everything is in control. (3)
UN70 The user needs to know the returns of
the day in order to keep an overview and
create a report. (2)
UN61 The user needs to know the entire sales
chain (storage, sale on the market and return
of unsold goods) in order to manage the sales
documentation and procedures. (2)

Figure 18: Parmalat Scenario 2 – Step 3: Monitoring | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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Martin and Bob both create a report and
documentation of procedures and sales (using
Excel/Access). They refer to the monitoring
activities and discuss them in collaboration with
colleagues in order to keep each other up to
date and to take measures if necessary. By doing
so, they try to make the best decisions throughout
the whole value-creation chain which is hard to
reach, as the processes are seldom generalizable
by analysis due to the variations and problems
occurring.
Based on their monitoring activities, Martin and
Bob both create a report and documentation of
procedures and sales and share them with
colleagues in order to keep each other up to
date and to take measures if necessary. If
measures need to be taken, they can resort to
the system that gives them various suggestions
based on historical data and occurrences or
consider the whole value-creation chain in order
to make the best decision. They also have the
possibility to create forecasts of suggested
decisions based on current variations and
occurring problems or simulations based on
current data enriched by historical data to
support decision making of non-repetitive or
hard-to-generalize problems or occurrences.

UN71 The user needs to have data and
information about his processes in order to
share (and discuss) them with his team. (2)
UN19 The user needs to know when periodic
meetings take place (e.g., to check KPIs) in
order to attend and identify necessary
improvement actions with his colleagues. (4)
UN3 The user needs to have the KPIs related
to the production process (yields, finished
product waste, waste packaging materials
etc.) in order to discuss them with the other
team leaders and to observe problems. (2)
UN26 The user needs to have a means to
communicate errors to the department
managers in order to discuss them. (4)
UN7 The user needs calculation tools in order
to analyze data and to generate reports for
overviewing the KPIs. (1)
UN32 The user needs a holistic overview of
the entire process in order to make optimal
choices throughout the whole value creation
chain. (2)
UN8 The user needs to be up to date on
trends and problems in order to continue with
the production status analysis. (2)
UN35 The user needs to know if processes
are generizable in order to make predictive
analyses (e.g., through a standardized
planning system). (1)

Figure 19: Parmalat Scenario 2 – Step 4: Analysis | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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Besides monitoring both are also responsible for
data analysis, to identify drifts, patterns and
data trends, e.g., to make forecasts of an
ensured (daily/weekly) production schedule. For
this, he continuously compares the planned
production data with the real time data (using
MES). The KPIs regarding production, cost and
delivery further help to analyze problems and
causes of deviations and to receive a
documentation of errors (using MES – Sinapsi).
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UN16 The user needs to have data about a
specific time period (e.g., monthly) in order to
check data trends and to identify drifts and
patterns. (1)
UN9 The user needs to have the planned
production data in order to compare it with the
real production data. (1)
UN60 The user needs to have propositions
for modification plans for ongoing activities
based on past events in order to make better
decisions for the production process. (1)
UN29 The user needs to have resilient
(historical) data of the distribution and sales
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Besides monitoring, Bob and Martin are also
responsible to carry out data analysis, to identify
drifts, patterns and data trends and to optimize
the entire process. For this they can use their
documentation of operations and errors to
make forecasts of an ensured (daily) production
schedule. They can continuously compare the
planned production data with the real-time
data. By looking at the KPIs regarding
production, cost and delivery and by
comparing them with past data and events,
they can further analyze problems and causes
of deviations or simulate use cases to develop
possible problem scenarios.

–

of the product as well as average,
geographical and temporal data that allows
forecasts in order to have an ensured daily
production schedule. (1)
UN52 The user needs to have information
about the packaging function in order to
constantly compare the packaging function
with the packaging plan. (2)
UN80 The user needs to know the forecast
volumes from the supply chain in order to
perform feasibility analyses. (1)
UN31 The user needs the link between the
sales data system and the planning
management system in order to make initial
analyses and find trends and correlations with
production requests. (1)
UN40 The user needs to have up-to-date
information on packaging, maintenance and
further information about events, noncompliance and trends in order to update his
activities and the production plan. (2)
UN17 The user needs to know the KPI’s
regarding production, cost and quality in order
to use them as indicators for his analysis. (1)

Figure 20: Parmalat Scenario 2 – Step 5: Analysis | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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3.1.4

–

Scenario 3 “Real-time adjustments of the production process“

As-Is-Scenario
The third scenario describes the process of real-time adjustments of the production process. The Production Planning needs to
reschedule the production plan and intervene into the production process if problems occur (technical or organizational). This needs
to be communicated with the Logistics Sales Manager, who is responsible for the whole production chain. He needs adjust to the
changes and still ensure a delivery on time.
To-Be Scenario
The To-Be-Scenario of the real-time adjustments of the production process focuses on a real-time feedback of the processes and
their documentation.
UN73 The user needs to know in real time if
Based on scenario 1 and 2 Martin and Bob
there are problems emerging (even outside his
need to take measures when problems are
working hours) in order to take measures to
occurring, both in organizational and technical avoid waste of goods and time (e.g., due to
incorrect loading and picking). (2)
directions.
UN23 The user needs to know if there are
technical interruptions like failures or problems
like machine breakdowns (e.g., failures in the
pasteurization phase) in order to take actions
for solving them. (1)
UN10 The user needs to know if problems or
changes are occurring in the production plans
in order to reschedule activities and production
plans. (1)
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Martin and Bob both are notified in real time
when changes, deviations or problems occur in
the normal process (see scenarios 1 and 2),
whether they are technical or organizational in
nature.

–

UN88 The user needs to know the priority of a
problem in order to take actions according to
urgency. (1)

Figure 21: Parmalat Scenario 3 – Step 1: Notification about issues | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right

For organizational issues, Martin draws on
information from the documented errors and
emerging problems in real time. Further,
changes in the scheduled plans lead to the
need to take actions. The solution of the issues
is made by Martin himself or after consultation
or together with his colleagues (verbally or
using reports). A result of his measures is often
a rescheduled production plan.

UN63 The user needs to know if there are
non-conformities due to the storage (incorrect
FIFO) in order to take measures to solve
them. (2)
UN15 The user needs to know if KPIs are not
in control in order to view and extract them to
get insights or for specific requests (e.g.
managers, audit) (1)
UN4 The user needs to know if a KPI is out of
control in order to analyze the root cause and
to take actions to fix it. (2)
UN18 The user needs to know the type of a
KPI in order to identify the necessary actions
for improvement. (3)
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For organizational issues and to keep a smooth
overall process, Martin draws on information
from the documented errors and emerging
problems in real time. Further, changes in the
scheduled plans can lead to the need to take
actions. To deal with them, Martin can identify
the causes and further consequences or
conflicts for other activities in the entire
process (up- and downstream) to see which
measures will bring the best outcome by
keeping the effects on the other activities as
low as possible. The measures to be taken are
based on suggestions from the analyses and
by Martin himself. or after consultation or
together with his colleagues (verbally or using
reports) so that he is able to consider all
conditions and constraints. As a result of his
measures, he gets a rescheduled production
plan to keep the production process up to
date.

–

UN24 The user needs to know if there are
changes in orders (e.g., based on seasonality,
trends, market data and information from the
sales network, timing and quantities of semifinished products) in order to reach certainty of
the packaging plan. (1)
UN51 The user needs to know if there are
variations in quantity or in sequence of the
packaging plan in order to change the
preparation phase (e.g., producing one semifinished product before another or breaking it
into two productive runs). (1)
UN75 The user needs to know if there were
non-compliances found on the market in order
to trace the product on time and to make a
withdrawal if necessary. (1)
UN28 The user needs to be able to
collaborate with his/her team members in
order to avoid and manage deviations from the
production plan (e.g., quantity, timing). (2)
UN90 The user needs to collaborate with
colleagues from other departments (packaging
lines, milk division) if problems are not
manageable internally in order to deal with the
problems. (1)
UN12 The user needs to know if there are
volume shifts from one line to another which
leads to a loss of productivity, to reschedule
the costs of the production plan. (1)
UN11 The user needs to know if there is an
extension of production time in order to
reschedule overtime and cost in the
production plan. (1)
UN13 The user needs to know if there is a
cancellation of production slots or non-
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compliance with the delivery time in order to
reschedule activities and production plans. (1)
UN30 The user needs to know the identified
status of the buffers in the finished product in
the warehouse to immediately correct any
problems and to be sure to satisfy delivery
requests. (1)
UN59 The user needs to know if or how his
activities impacts other activities in the
process, both up- and downstream, in order to
guarantee a smooth overall process. (2)
UN54 The user needs to know if there are
unexpected variations of downstream
functions in order to change his production
plan (e.g., of pasteurization). (1)

Figure 22: Parmalat Scenario 3 – Step 2: Organizational adjustments | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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To receive a smooth overall process, Martin
and Bob needs to react to volume shifts from
one line to another, cancellation of
production slots and non-conformities with the
delivery times due to the storage and by
doing so to try to avoid delays and higher
costs. Challenging is here in especial, that his
activities have an impact on other impacts
within the whole production process (up- and
downstream).

In case of technical issues like blockings of the
computer systems or disturbances due to
(plant) failures, Martin can look at the
capacities of the plants and further
information about the production process to
remodulate the production plan, e.g., by using
other plants to try to guarantee the product
delivery on time. Depending on the type of
problem or error, he can also contact the
(present) supervisor or line operator to share
the relevant information about the problem,
especially to inform him of the measures to be
taken to rectify the fault on the machine.

UN76 The user needs to know if there are
blockings of the computer systems in order to
take measures or rescheduling the planned
activities. (3)
UN50 The user needs to know if there are
disturbances due to plant failures in order to
remodulate what is still being prepared using
other plants to guarantee the product delivery
on time. (1)
UN74 The user needs to know who the
present supervisor is in order to inform him/her
about errors and ask him/her to correct them.
(4)
UN21 The user needs to know what measures
needs to be done based on his analyses to
take actions or delegate them to the lineoperators. (3)

Figure 23: Parmalat Scenario 3 – Step 3: Technical adjustments | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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Technical issues can occur due to blockings of
the computer systems or disturbances due to
(plant) failures. For solving these interruptions,
Martin needs to remodulate the production
plan, e.g., by using other plants to try to
guarantee the product delivery on time.

–

UN53 The user needs to have a
documentation of errors in order to report
them to his colleagues (e.g., in a meeting). (3)
UN48 The user needs to know if deviations
from the standard are repeatedly occurring in
order to identify activities that affected the
KPIs. (1)

All occurring deviations and errors and
(successful) fixing of them is subsequently
documented and stored to be used for future
similar deviations.

Figure 24: Parmalat Scenario 3 – Step 4: Documentation of solved issues | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right
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3.2

Kautex

For the pilot case of Kautex we talked with four employees (see Table 3): a Senior
Technician (Mr. Nine), a Process Specialist (Mr. Five), a Production Manager (Mr. Six) and
a Senior Tech Manufacturer (Mr. Seven). All of them are working on the manufacturing of
fuel systems in the automotive industry. All of them are either involved in the sampling or
the production process which will be improved by this project through ensuring distributed
knowledge within the teams about the current state. Further being able to react to
upcoming issues by relying on documentations from past issues and settings is important.
Table 3 Participants from Kautex

Kautex
Senior Technician (Mr. Nine)
Process Specialist (Mr. Five)
Production Manager (Mr. Six)
Senior Tech Manufacturer (Mr. Seven)

3.2.1

Identified tasks based on structured user needs

After the identification of user needs coming from the interview scripts, we identified the
overall structure of Kautex’s use case. The use case of Kautex has to be divided into core
tasks regarding the sampling process and the production process. Each of these
processes were further divided into sub tasks and steps, based on the task modelling by
Hacker (1986). Matching user needs were then collected for each task.
Sampling process
The first core task regarding the sampling is separated into four sub tasks: First, "setting
up the sampling procedure”, which describes all information regarding machines, sampling
requirements and guidelines needed to create a sampling plan. Second, “aligning the
sampling procedure” in order to consider the actual situation regarding, e.g., open tasks,
issues and specifications. Third, the “execution and completion”, that involves ensuring
quality and therefore an optimal sampling. Last, “solving unexpected issues” describes
tasks whenever issues arise and how knowledge can be distributed to prevent further
ones.
Production process
The production process itself can be described in four steps as well. First, “preparing and
launching production”, second, “monitoring” to ensure quality within production and identify
deviations and third, “analysis”, that helps analyze deviations by comparing data. The last
step involves “troubleshooting” regarding issues during production by developing solutions
for occurring problems as well as document them for sharing.
While Mike, technician, is working on the sampling process, Sven, specialist, oversees the
subsequent production process.
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Figure 25: Journey Map of Kautex’ user (created with Miro Board) – Click on the pdf below for a
bigger view

Kautex.pdf
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3.2.2

–

Scenario 1 “Sampling process“

As-Is-Scenario
The first Scenario describes the sampling process. Mike sets up the sampling to ensure technical feasibility and gathering
requirements for an optimal sampling. Once the process started, Mike’s typical working day is to align the procedure by looking at
open tasks that need to be done and check to what extent the product specifications are met and match them with the process data.
Afterwards, he checks the current data and tests regarding the quality of the sample to identify improvements and adjustments to
implement them. If there are issues, Mike investigates them and tries to find the right solution as well as document them.
To-Be Scenario
When setting up the sampling the system will help Mike to react to deviations and ensure feasibility. Once a sampling started Mike
keeps up-to-date about the current state and therefore identifies necessary adjustments as well as areas of improvement. Results
will be documented in the sampling documentation. During the sampling procedure Mike is supported by the system notifying him
about adjustments that need to be done and providing information about potential interdependencies within parameters. When
issues arise, the system informs Mike immediately and provides him relevant data, so Mikes team can decide on next steps. The
system also supports the documentation of the whole sampling procedure as well as a documentation of feedback from others to
ensure knowledge transfer for more efficient problem solving in the future.
Mike, Technician, needs to know the
components of the machines to set them
up for the sampling process ensuring
technical feasibility. Moreover, he needs
process guidelines, information about
characteristics, specifications and failure
patterns of the product (regarding quality
and geometry aspects) in order to consider
them when gathering the sampling
requirements for optimal sampling. Further,
Mike needs the first piece sampling to
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UN92 The user needs to know about the
components and the physical limits of a
machine in order to set up the machines. (2)
UN44 The user needs to have knowlEdge in
hydraulic and physical behavior of materials
and extrusions in order to consider them in
setting the machine. (3)
UN91 The user needs to have process
guidelines by the company in order to make
sure products comply with them. (1)
UN116 The user needs to have data and
information from the design department in
advance in order to make suggestions if he
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discuss it with representatives from
respective departments.

identifies issues based on his experiences
which can lead to potential problems in
sampling or production. (4)

To set up the sampling plan, Mike,
Technician, uses the information about the
components of the machines and product
requirements for sampling regarding
technical feasibility. Further, he processes
them together with process guidelines,
information about characteristics,
specifications and failure patterns of the
product for optimal sampling. During this
merging process, the system checks and
informs Mike about potential deviations from
production scenario and product
specifications. As a result, he receives the
sampling requirements and together with a
first piece sample he discusses them with
the representatives from respective
departments finally, so that sampling can
start.

UN120 The user needs to have reliable data
from the design process in order to simulate
settings for sampling. (4)
UN41 The user needs to know the product
characteristics in order to stabilize the values
from which he can achieve an optimal
manufacturing process with the best possible
output. (1)
UN117 The user needs to know about certain
features of the product in order to give advice
on the manufacturability based on his past
experience. (4)
UN40 The user needs to have the raw data of
the item (provided by the project engineer) in
order to assess and verify the
manufacturability of the item. (4)
UN45 The user needs to have access to failure
patterns in the manufacturing process from the
past in order to make better decisions during
his work. (1)
UN39 The user needs to know the product
specifications / requirements in order to meet
them and take measures if necessary, e.g.,
due to deviances. (1)
UN57 The user needs to have a first piece
sampling in order to discuss and plan with a
representative from the respective department.
(1)
UN63 The user needs to know the time frame
for the sampling of an item in order to organize
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his work and to deliver the best possible
production time. (3)

Figure 26: Kautex Scenario 1 – Step 1: Setting up the sampling procedure | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right

In order to schedule and align the sampling
plan, every day Mike needs to have access
to the sampling plan, the quality and
product specifications, the quality report as
well as relevant machine data. He also has
to know about open and finished tasks in
the sampling process as well as issues that
were arising. Further, he has to know which
goals and KPIs have to be fulfilled. Mike tries
to organize an efficient sampling, to prevent
delays or waiting times and to consider
(potential) steps and changes. These steps
and changes in the sampling process are
being documented in the process settings,
so Mike can compare results with the stateto-be and identify deviations.
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UN54 The user needs to know about the
activities of the previous day and what tasks
are still pending by the start of his working day
(e.g., by a meeting with all departments) in
order to receive an update of the current state
and to plan his working day. (1)
UN118 The user needs to have access to the
machines remotely in order to see if everything
is working well by checking the settings. (1)
UN47 The user needs to have an own laptop
in order to view data and make analysis. (3)
UN105 The user needs to have a
documentation about all the process settings
(e.g., which programs are being used to
produce specific products, how the product
looked like) in order to compare the current
state to the state defined. (1)
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Once a sampling process started, every
day, Mike first checks the current sampling
progress, aligned by the system, by looking
at all of the related information (the quality
and product specifications, the quality
reports as well as relevant machine data)
which are displayed in the system to keep
an overview. In addition to that, Mike
receives a report for the current day about
open tasks (Process & Equipment
adjustments to increase maturity of product)
that need to be done to correct deviations
and issues. Based on the previously defined
requirements, Mike is always up to date on
the extent to which the requirements match
the current process data so he can see
which goals and KPIs still need to be fulfilled.
All these (incoming) data are well-organized
and structured and help Mike to keep the
overview about the sampling as well as
ensure an efficient sampling process to
prevent delays and waiting times. For this he
gets feedback by the system about what
extent the product specifications are
achieved (e.g., in %). Every action that was
taken is documented mostly automatically
and checked by Mike in the process
settings and for the next day (changes and
steps).
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UN101 The user needs to know the number
(ID) of the products in order to be able to keep
track of changes in the according quality
report. (1)
UN95 The user needs to know the current
state of the sampling process in order to align
the existing sampling plans with them. (1)
UN100 The user needs to know which tasks
have to be fulfilled for the current day in order
to organize his day. (2)
UN67 The user needs to know his tasks in
order to execute them or optimize the
processes. (2)
UN99 The user needs to have the ability to
adapt his responsibility in order to be aware of
the task and sampling process. (4)
UN49The user needs to know key
characteristic values in order to compare them
to the specified requirements. (1)
UN111 The user needs to know about
deviations of the current state of the product
during a sample in order to prioritize the
deviations within the team. (1)
UN56 The user needs to have the quality
management results on time in order to avoid
delays and waiting times. (1)
UN55 The user needs to have the quality
management results in order to prepare the
plant for the next samples. (1)
UN96 The user needs to know the results of
the current product in order to compare them
to the expected outcome and document them
in reports. (1)
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UN98 The user needs to know about open
tasks that can be solved by the team itself in
order consider them by planning his working
day and to minimize waiting time. (4)
UN110 The user needs to know whether his
team and he reached the set goals for the
product sampling in order to set the next steps.
(1)
UN58 The user needs to know the quality
aspects, errors and optimizations made during
a sampling in order to document and share the
knowlEdge for later optimization
readjustments. (1)

Figure 27: Kautex Scenario 1 – Step 2: Aligning the sampling procedure | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right

Mike has to check the sampling by
accessing the machine data and reports for
documenting the sampling. For this, testing
and comparing the quality of the sample in
coordination with the quality department is
necessary, for which he needs the sample,
the specifications of the drawing and the
data from measurement points. Quality test
results show Mike if everything is working as
expected or not and he can discuss the
results further with others to find steps for
improvement. When adjustments have to
be done in order to achieve maturity of
product during the sampling Mike needs
D2.1 System Engineering, Specification and External Collaboration - Vs: 1.0 - Public

UN64 The user needs to have an overview of
the production line in order to check if
everything works as expected. (1)
UN38 The user needs to know how the
production is running in order to keep them as
lean as possible, e.g., by taking measures. (2)
UN104 The user needs to have the data and
reports with him digitally in order to get access
to them, e.g., when he is on site at the
machine. (1)
UN65 The user needs to have an overview of
the product that is produced in order to check
if everything works as expected. (1)
UN97 The user needs to know if the product
meets the specifications on the drawing,
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different work tools and knowlEdge about
the material properties, behavior of process
and equipment to adjust and ensure
optimal sampling.
During his working day, Mike checks the
sampling by accessing the machine data
and reports for documenting the sampling.
Since Mike works directly on or near to the
machines, he is able to retrieve the data,
reports and specifications and further the
data measurements digitally. After he
received the data, he tests and compares
the quality of the sampling in coordination
with the quality department to check if
everything is working and gets notified by
the system if adjustments have to be done.
Further, the system provides him insights and
proposals how to proceed based on the
compared data to understand the impact of
possible adjustments for a better decisionmaking (within his team). Based on the
decision on how to proceed and his
knowlEdge about the material properties
Mike chooses the optimal work tools and
tasks to ensure optimal sampling.

–

approved by the quality department in order
make changes on the machines if necessary.
(1)
UN51 The user needs to know deviations of
the product in order to compare them against
the ideal by means of a 3D scan. (1)
UN94 The user needs to have measurements
(e.g., by 3-dimensional measuring systems or
mechanical testing devices) in order to test
quality and mechanical aspects of the
sampling. (1)
UN50 The user needs to know the data of
each measurement point in order to know
where to adjust the process. (1)
UN53 The user needs to have an
understanding of the quality testing (slowmotion videos) of the quality sample in order
to analyze it together with the quality
department to determine where the quality of
the product can be improved. (2)
UN102The user needs to know if the testing
was ok or not in order to track changes but
also undo them if necessary. (1)
UN52 The user needs to know if there are
deviations in between the product and ideal
contours in order to initiate required actions to
ensure following the specifications. (1)
UN48 The user needs to know the test
performances based on the quality sample in
order to discuss them with the engineers. (1)
UN103 The user needs to know what changes
after a test were made in order to track but
also undo them if necessary. (1)
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–

UN93 The user needs to have analytical and
experience-based skills in order to predict how
materials will behave and need to be
processed. (2)
UN43 The user needs to have spatial
imagination in order to understand the shape
and material behavior and make proper
machine motion adjustments. (1)
UN42 The user needs to know about the raw
material in order to waste it as little as
possible. (3)
UN46 The user needs to have different work
tools in order to make adjustments on the
machine. (4)

Figure 28: Kautex Scenario 1 – Step 3: Execution and completion | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right

When an issue arises, Mike needs to know
the time, location and possible cause of it
as well as the nature of the issue. With this
information he can investigate and
understand the issue and document it after
being solved in order to prevent them in the
future. For this, it is also important to share
the documentation of the sampling and
issues with the team in order to distribute the
knowlEdge and prevent knowlEdge loss
over time. Here, feedback on proposed
solutions also would help Mike to know if
they worked and learn from them. In the
end these learnings as well as the distributed
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UN61The user needs to know at which point
of the process an error occurs in order to
analyze the cause of the error and to find the
right solution. (1)
UN62The user needs to know under which
parameter an error occurs in order to analyze
the cause of the error and to find the right
solution. (1)
UN119The user needs to have data about
physical issues of a machine, like how the
machine behaves (e.g., if it makes abnormal
sounds) in order to identify and localize the
cause of the problem and make suggestions
to solve it. (1)
UN115The user needs to know who is
responsible for a certain step of the sampling
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knowlEdge help identifying improvements
and therefore improve the sampling
process.
When an issue arises, Mike gets notified
about it and further immediately receives
the time, location and cause of it as well as
context information on the nature of the
issue. These help him to understand the
issue and therefore represent basic
information for the automatically generated
documentation which are used for similar
defects or issues in the later production
process. The documentation also helps him
in the further process of solving an issue as it
ensures a distribution of the data and made
decisions based on automated proposals
and discussions within the team. Feedback
on implemented countermeasures is
documented automatically where
applicable afterwards as well, so that Mike
can see if his proposals worked for a more
efficient problem solving of similar issues and
further use them to improve the sampling
process.

–

in order to contact him immediately for
occurring issues. (3)
UN109The user needs to know if he has to
leave his current workplace due to a problem
at another location in production in order to
find a person to take over at the current
location. (4)
UN59The user needs to have a
documentation of errors in order to share them
with all employees and by that giving them the
opportunity to look up if a certain error has
occurred before on a plant and how it was
solved. (1)
UN106 The user needs to know when specific
issues arise and how they were solved in
order to give feedback to the quality
department to prevent them from occurring
again. (1)
UN66 The user needs to know if there are
ways of improvement within the processes he
works on in order to bring in and discuss
innovative approaches in the meetings. (1)
UN108 The user needs to know if proposed
countermeasures get implemented and how
they worked in order to prevent known
problems the next time when proposing
countermeasures. (1)
UN113 The user needs to have continuity
within his working team for a whole sampling
process in order to prevent knowlEdge getting
lost. (2)
UN107 The user needs to have feedback
about the sampling results as well as feedback
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–

about his actions in order to know what did or
did not work. (1)
UN60 The user needs to have feedback on his
documentation of measures in the
development phase of the process in order to
know if his solution approach was helpful and
good or bad. (1)
UN114 The user needs to have detailed
documentation of each sampling step in order
to make sure workers from following steps can
fall back on it to prevent problems. (1)
UN112 The user needs to have a (final)
documentation about deviations from the
sampling process in order to share it with the
production team. (1)

Figure 29: Kautex Scenario 1 – Step 4: Solving unexpected issues | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right

3.2.3

Scenario 2 “Production process“

As-Is-Scenario
The second scenario describes the production procedure which follows the iterative sampling procedure. In this step, Sven
prepares the production based on the sampling documentation and further requirements before the production can start. This
further has to be checked again, when the machines were shut down. When production runs, he monitors the production by
checking performance reports, deviations and further process data to ensure a stable production process. If alignments need to be
done or there are ways of improvement Sven analyzes current and historical data to check if they are feasible. Further, if issues
arise, they need to be solved immediately to continue with production as soon as possible. Therefore, he tries to find best solutions
and by that to consider impacts on other process steps. After solving the issue, a documentation about this procedure should help
him and his colleagues to prevent similar or recurring issues.
To-Be-Scenario
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–

By preparing production, Sven takes the sampling documentation as well as further requirements into consideration. Sven oversees
the production and is supported by an overview of real-time production data showing him necessary adjustments due to deviations
regarding the initial production procedure. Like this, Sven can also analyze the data and provide insights in a documentation helping
to improve future procedures. Mike gets informed when issues arise and the system helps Mike to understand and analyze the
problem by taking past issue solving into account. With his team Mike decides on how to proceed. In the end the final procedure is
documented and provides the basis for future problem solving.
Sven, Specialist, needs to know requirements for running the production process, which he gets from the sampling
documentation as well as from information about the material properties, the
requirements of plastics technology and
load-bearing capacities. For running of
the production, the difficulty is to reach
reliability by having distributed
knowledge and sufficient training in
order to keep everyone involved up to
date about the current production
progress.
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UN34 The user needs to know if the factories
performed test runs before production starts in
order to follow the schedule and receive the
necessary data. (3)
UN8 The user needs to know the material
properties, load-bearing capacities and
requirements of plastics technology in order to
consider them for decision-making of
scheduling and improving the production
process. (1)
UN88 The user needs to have distributed
knowlEdge and expertise in order to ensure
sufficient training of team members. (2)
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Sven, Specialist, receives the sampling
documentation including the requirements and information about the material properties, requirements of plastic
technology and load-bearing
capacities to set-up the initial
production process. This production
process is distributed by Sven and
accessible within the team, to ensure
everyone is on the current state and gets
informed immediately about occurring
changes in the later production.

–

UN87 The user needs to know the output of the
production in order to set a benchmark where
everyone can learn from. (4)
UN37 The user needs to have all of the data for
the processes shareable with his employees in
order to make them internally available for all to
see (and discuss). (2)
UN73 The user needs to have the daily
performance reports, that record the last 24
hours of production processes in order to check
if the production lines are below or above target
and if they deviate from the standards (1)
UN82 The user needs to know which lines are
running in order to know where work needs to
be done. (2)
UN74 The user needs to have a look on site
into the machine (by checking the dashboard)
in order to check if there were some issues or
alarms listed (from the past). (1)
UN77 The user needs to know which issues
were upcoming during the last 24h in order to
see which already have been solved and which
ones need to be escalated. (1)
UN68 The user needs to have the reports from
the previous day in order to check them and
plan preventive maintenance tasks. (1)
UN1 The user needs to have maintenance
plans, created by himself in order to get an
overview of the process flows by listing the
machines and types of processes. (4)
UN2 The user needs maintenance plans in
order to make sure they have been performed.
(4)
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–

UN3 The user needs to have the relevant and
current data of the machines in order to ensure
the compliance with the maintenance plan and
to update it regularly. (4)

Figure 30: Kautex Scenario 2 – Step 1: Preparing and launching production | As-Is (Top) and To-Be (Bottom) Scenario with user needs on
the right

D2.1 System Engineering, Specification and External Collaboration - Vs: 1.0 - Public

53 / 86

Towards AI powered manufacturing services, processes, and products in an edge-to-cloud-knowlEdge continuum for humans [in-the-loop]
www.knowledge-project.eu

In order to get a holistic overview, Sven
checks which lines are running as well as
the logbooks, performance reports,
graphs and machine data. The
documentation of issues and comments
on issues by inline-workers help Sven to
identify deviances. Currently it is difficult
to get access to all relevant data (at
one place) because of different types of
collection and storage. Sven always
needs to be up-to-date regarding
current data and therefore exchanges
and discusses production results within
the team, so it can be checked. The
initial set-up and the current data show
Sven if the initial production set-up has
to be aligned in order to maintain a
stable production process.
During the monitoring of production
Sven needs to identify and consider
dependencies, e.g., with KPIs regarding
quality specifications and regarding
customer requirements as well as
process relevant data in order to ensure
quality by identifying deviations and if
necessary, align processes.
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UN90 The user needs to have easy access to
all the data with the input, lists and description
and cause of issues (and advisory on decisionmaking) in order to maintain a smooth
workflow. (1)
UN75 The user needs to know if the logbooks
(on site of the machine), reports and graphs
are aligned in order to clarify deviances about
what happened within the previous day. (1)
UN83 The user needs to know the change
points the operator made (within the last 24
hours) in order to check them. (1)
UN89 The user needs to know if the inline
workers on the machines have any comments
on an issue that are not documented by the
machines (e.g. in a logbook) in order to capture
feedback fast and simple and receive an
holistic overview on the issue. (1)
UN16 The user needs to have a documentation
of the measured data and information in order
to keep an overview. (2)
UN9 The user needs to know how factors of
production influence the process (e.g., by
measuring and analyzing) in order to keep
compliance with the plan and find deviations.
(1)
UN78 The user needs to know the specific
KPI’s, that are defined by quality specifications
and customer requirements (like weight,
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In order to keep a holistic overview
about the production, Sven receives
data from the running production lines,
performance reports, graphs and
machine data in one place. He further
gets insights to machine status remotely
and digitally. If an operator wants to
add his own comment to an issue or
deviance, for example for a more
detailed description, Sven gets notified.
The dashboard that shows him data
about the current state at one place and
comments on that keeps him up to date
and shows him if there is the necessity
for alignments. This further allows an
efficient exchange and discussion with
the team regarding the production
parameters and alignments to maintain
a stable production process.
During the monitoring of production
Sven is also able to retrieve information
about dependencies. Dependencies
are determined by the system e.g., with
KPIs regarding quality specifications and
customer requirements as well as
process relevant data. If the system
identifies deviations, it provides
measurements (based on historical data
and the sampling documentation) in
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dimensions, and functionality) in order to follow
and check them. (1)
UN79 The user needs to know if the KPI’s
standards are aligned with the production in
order to check if there is a deviance regarding
the outcome and if necessary, to immediately
stop the production and prevent losses. (1)
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order to help Sven optimize the process
if necessary.
Figure 31: Kautex Scenario 2 – Step 2: Monitoring | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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When Sven starts the analysis to find
areas of improvement, he tries to
obtain actual time data and
compares it with historical data from
sampling if available. He further takes
previous documentations about issues
and realized improvements into
account to compare and visualize the
data and make comparative analyses
Due to the different kind of data
collection and formats it is challenging
to easily connect the data and make
analysis possible. After his comparative
analyses he compares them with the
production set-up regarding deviations
so that current production will again
comply with the production set-up.
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UN10 The user needs to have real time data of
the machines in order to evaluate and analyze
the data more quickly. (1)
UN70The user needs to have access to the
current data from all machines, that he
observes (and are stored in the PLC) in order
to connect them for analyses. (1)
UN72The user needs to have an overview on
his data (from various sources) in order to do
the analysis effectively. (1)
UN18 The user needs to have an overview
about the data from a certain time period (e.g.,
infographics based on the data listed) in order
to visualize the data and identify differences.
(1)
UN17The user needs to know process relevant
data of each factory (types of machines,
customer, processes, etc.) in order to keep an
overview and identify differences. (2)
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Besides monitoring of the process,
Sven also does analysis of the data to
find areas of improvement. For this he
chooses the relevant data from the
data base of the system which
contains real time data, data from
specific time periods and further from
samplings before start of production.
He can further include data from
reports about issues and realized
improvements to start the automated
analysis by the system. Due to the
automated process, Sven can rely on
the data as there is conformity
between the different types of data.
Based on the comparative analysis,
the system brings attention to
deviations from the production process
or product specifications and gives
suggestions for improvements (e.g.,
based on previous documentations
and reports).

–

UN19The user needs to know the parameters
of all factories (of his company and each
factory) in order to make comparative analysis.
(3)
UN4 The user needs to know if all factories are
up to the same standard in order to determine
areas for optimization. (2)
UN69The user needs to know the issues during
the processes in order to do some analysis and
investigations on the machines. (1)
UN7 The user needs to know how to optimize
processes, e.g., based on his work experience
in order to do his job. (1)
UN20The user needs to know if there are
differences between factories to communicate
the differences and possible optimizations to
take. (3)
UN14The user needs to know whether
improvements have taken place at one factory
in order to check if they can also improve the
processes of other factories. (1)
UN15The user needs to have information and
data about raw material consumption, cycle
times and energy consumption in order to
measure and improve the processes of each
factory. (2)
UN71The user needs to have access to the
current and previous data from the machines
(e.g., as reports) in order to analyze past
mistakes and issues and further use them for
future improvements. (1)
UN21 The user needs to know how processes
can and have been optimized in order to
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suggest them to the technicians and order test
runs. (1)
UN22 The user needs to have a documentation
of the ordered tests runs (e.g., by listing what
parameters were changed and its test result) in
order to take actions to improve the process.
(1)

Figure 32: Kautex Scenario 2 – Step 3: Analysis | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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When new or recurring issues arise,
Sven has to be informed in order to
understand it properly. For this, he has
to gather lots of information regarding
time, location and nature of the issue
as well as about the factory, the
production line and the piece of
equipment and the product (version).
As Sven has the goal to resume
production (while ensuring product
specifications are complied) as fast as
possible he needs to quickly analyze
and broadly discuss the issue within the
team or others to set up a solution plan.
Finding a solution and then manage
the problem with staff on-site is
challenging as Sven has to involve the
right team competencies. For Sven a
more sustainable lessons learned
process including global read across
would be great to prevent problems
from arising again. This for example,
requires having a documentation on
the problem solutions as well as further
feedback on them to understand the
impact of his work. By sharing the
documentation with the whole team,
the distributed knowlEdge would help
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UN23 The user needs to know if a technician
contacts him about problems arising at a factory
(by phone or email) in order to discuss the nature
of the error and attempt to locate it by looking at
each process flow. (2)
UN35 The user needs to know when defects
occur, where they occur and what caused them in
order to solve them and being able to resume the
production faster. (1)
UN36 The user needs to know if errors occur
(e.g., directly by notifications from machines) in
order to take actions to start analyzing the cause
of errors (e.g., by stopping the machine or
requesting a programmer/specialist.) (1)
UN5 The user needs to know the location of the
factory, production line and piece of equipment in
order to support activities like helping with
troubleshooting (on site). (2)
UN12 The user needs to have direct access to
the data and reports on the machines in order to
gain insight as well as to react if an error occurs.
(1)
UN6 The user needs to know the detailed
information about the plant that causes problems
in order to help or support with the
troubleshooting remotely or on-site. (2)
UN80 The user needs to know if the inline
workers and their group leader have interruptions,
that could not be solve by themselves in order to
manage the issue. (1)
UN27 The user needs to know if someone in his
teams has problems with or questions about the
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to refer to them in order to react faster
in case of recurring issues.
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machines they are working on (e.g., like blow
molding machine) in order to discuss them
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If a new or recurring issue arises, Sven
gets notified by machines directly or by
the operators, e.g. through a request
button. This notification further informs
Sven about time, locations and nature
of the issue, as well as about the
factory, product line and piece of
equipment and the product (variant),
to understand the issue properly. Based
on this data, the system can analyze
the issue and include historical data if
necessary. By doing so, it can estimate
which solutions from the past worked
and if they can solve the current
problem as well. Sven receives solution
proposals together with possible
consequences for production and
steps to be taken (e.g., involving other
team members, experts or staff on site
and discusses them with his
colleagues). Once he decided, he sets
up the solution plan to manage the
issue. After the solution is implemented,
Sven and his team document the
success and effects of the solution in
the system, on the one hand to avoid
them in the future and on the other
hand to be able to fall back on them if
the error occurs again. If the system
detects anomalies or deviations that
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and share solution proposals for sharing
knowledge within the team. (2)
UN33The user needs to know if there is a
defective component of a machine in order to
order spare parts as quickly as possible to
prevent a delayed customer delivery. (4)
UN81The user needs to know if he can’t manage
an issue by himself in order to contact the other
departments to be involved in figuring out the
problem and still manage to organize the
customer delivery on time. (2)
UN76 The user needs to know if there are
technical issues and actions that need to be set
up in order to discuss them within the team and
schedule the upcoming activities. (4)
UN13 The user needs to have data and reports
on the machines in order to discuss them with the
experts and programmers. (1)
UN24 The user needs to have the reporting data
of a plant in order to discuss them with the
technical staff to identify possible causes, and to
determine the cause of the error. (2)
UN25 The user needs to know what further
actions with the team on site and his supervisor
have to be taken in order to find the cause of the
problem. (1)
UN86 The user needs to have a solution plan
about how to solve unexpected events for
(standardized) work in order to share them with
the operators and inline workers. (1)
UN29 The user needs to have a documentation of
errors in order to report back errors and inform
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may indicate a (re)occurrence of the
issue, it notifies Sven immediately,
suggests possible countermeasures so
he can counteract them in an early
stage.

–

the electrician on site as well as his supervisor.
(1)
UN30 The user needs to have assistance of the
on-site staff in order to restore the machines and
process operations. (4)
UN31 The user needs to know if the respective
team is present on site in order to share the
problem and work together with them to resolve it.
(4)
UN28 The user needs to have confirmation by the
factory e.g., via feedback about a proposed
solution in order to know whether it has worked.
(1)
UN84 The user needs to know if problems were
solved in order to sign them off. (1)
UN32 The user needs to know if the respective
team or employees have understood and learnt
from the problem in order to make sure that it will
not happen again. (1)
UN85 The user needs to know if a (same)
problem is occurring again within the next 24
hours (or the following days depending on
specific conditions) in order to take further actions
to solve it. (1)
UN26 The user needs to have all issues
documented and stored consistently in order to
be able to refer to them. (1)
UN11 The user needs to know if problems are
occurring and how they affect the production
plans in order to (re)schedule long-term plans to
optimize times and or improve quality. (4)

Figure 33: Kautex Scenario 2 – Step 4: Troubleshooting | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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3.3

Bonfiglioli

Bonfiglioli
Technologist for the assembly process (Mr. Dog)
Operator in the assembly (Mr. Elephant)

3.3.1

Identified tasks based on structured user needs

For Bonfiglioli’s use case we also identified the overall structure after the identification of
user needs coming from the interview scripts. The use case of Bonfiglioli describes two
parts of the assembly, the preparing of the assembly and the process during the assembly.
Each of these processes were further divided into sub tasks and steps, based on the task
modelling by Hacker (1986). Matching user needs were then collected for each task.
Preparing assembly
The first task regarding the preparation of the assembly can be divided into three subtasks
and belong to the work tasks of the technologist. First, “receiving data” is necessary in
order to have all documents and information at hand. Then, “checking and aligning data”
ensures that everything is going work and quality aspects are met. Last for this first step
“preparing the operator’s workplace” has to be taken care of in order to start the assembly.
During assembly
The second task evolves around the assembly itself. Therefore, there are four subtasks
starting with “preparing the operator’s workplace” again, this time from the operator’s
perspective. Then, "Assembling” can start. While the assembly is taken place, it has to be
overseen, which is described in the subtask “Monitoring” and relates again to the
technologists’ tasks. Last, “Troubleshooting” will be done when issues arise and involves
both actors.

Figure 34: Journey Map of Bonfiglioli’s user (created with Miro Board) – Click on the pdf
below for a bigger view

Bonfiglioli.pdf
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3.3.2

–

Scenario 1 “Preparing assembly“

As-Is-Scenario
Scenario one describes the tasks of the technologist, Lenny, who prepares the assembly based on the documentation and
information he receives for a new assembly process. In this scenario the main challenge is to check the data and information if they
are correct and there are no mistakes, so that he can prepare a feasible assembly procedure and full-equipped workplace for the
operators.
To-Be Scenario
In the first step, Lenny receives and gathers the data from the departments to set up a new assembly. For this, he has to check and
align the data, which is supported by the system that is making sure that everything is complete and shows if the product that needs
to be assembled is a new one or has well known components. The system further supports him by checking the data for mistakes
errors and potential deviations and gives suggestions how to solve them based on information and learnings from the past. As a
result, Lenny creates a routing and prepares the operators’ workplace to make sure everything is on site and fully equipped and
further to ensure a trouble-free and feasible assembly process.
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In a first step, Lenny, Technologist for the
assembly process of gear boxes, receives and
gathers information for the assembly like the
documentation of the R&D headquarter, the
planned order by the supply chain
department and information on components
and specifications of products.

UN1 The user needs to have the
documentation of the R&D headquarter in
order to create the routing for the assembly of
gear boxes. (3)
UN9 The user needs to know if the assembly
is a new product or a well-known one with
existing components and specifications in
order to plan the assembly process. (2)
UN14 The user needs to have the planned
order by the supply chain management in
order to prepare the assembly order. (3)

When Lenny starts planning and preparing the
assembly process, he first receives the
relevant information and documentation from
the R&D headquarter and supply chain
management. When the system provides the
information that all the collected data is
complete, Lenny can immediately start with
checking and preparing the assembly to
make the process trouble-free and feasible.

Figure 35: Bonfiglioli Scenario 1 – Step 1: Receiving data | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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This collected data Lenny checks for mistakes
as well as errors regarding the feasibility. As
Lenny is responsible for detecting issues
beforehand, those problems, e.g., in the
drawing or in the documentation as well as
adjustments, e.g., missing technologies, have
then to be aligned by the R&D headquarter or
together with other departments. Those
mistakes and issues mostly occur due to the
similar but often only in detail different
documents and parameters (e.g., copy &
paste). And that is why the process of
checking is very resource- and timeconsuming. As a result, Lenny receives an
updated documentation, that he uses to
create the assembly routing including the work
instructions for the operators.
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UN26 The user needs to have the
documentation (incl. drawing) from the R&D
headquarter in order to check it for mistakes
(e.g., due to copy&paste). (1)
UN27 The user needs to have drawing in
order to check them step by step for errors
and feasibility. (1)
UN15 The user needs to have the
documentation about the assembly
(received electronically) in order to check if it
is correct and feasible. (2)
UN24 The user needs to know if there is a
problem with the drawing in order to
communicate it to the R&D headquarter. (4)
UN12 The user needs to know if there are
mistakes within the documentation delivered
by the R&D headquarter in order to inform
R&D headquarter about it, so they can align
the documentation. (4)
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In order to prepare the assembly routing
correctly, Lenny has to check all relevant data
for errors and mistakes. Within this process, he is
supported by the system showing potential
deviations in the documents and suggestions
on how to solve them. For that, the system also
provides information and learnings about
respective errors from the past in order to
support preventing issues arising again. Like
this, Lenny is capable of providing proved data
and therefore a reliable assembly routing
without elaborate consultation with other
departments.

–

UN10 The user needs to know if new
technologies have to be used for assembly
in order to discuss adjustments with the
technology department. (2)
UN18 The user needs to know if know if the
documentation hast to be updated, e.g., due
to missing components in order to take
action. (2)
UN13 The user needs to have the updated
documentation of the R&D headquarter on
how to proceed in order to start creating the
assembly routing. (4)

Figure 36: Bonfiglioli Scenario 1 – Step 2: Checking and aligning data | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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When preparing the workplace for the
operators ready for use, Lenny has to send
the work instructions to the respective
workplaces and check if the work center
is equipped with all necessary materials.
By doing so he tries to ensure that
everything is on site so that the operator
can start on time.

–

UN26 The user needs to have the
documentation (incl. drawing) from the R&D
headquarter in order to check it for mistakes
(e.g., due to copy&paste). (1)
UN27 The user needs to have drawing in order
to check them step by step for errors and
feasibility. (1)
UN15 The user needs to have the
documentation about the assembly (received
electronically) in order to check if it is correct
and feasible. (2)
UN24 The user needs to know if there is a
problem with the drawing in order to
communicate it to the R&D headquarter. (4)

With the final assembly routing, Lenny can
start preparing the workplace for the
operator. For doing so, he can quickly
check by the data and information of
both – workplace and routing – what is on
site and what needs to be organized.

UN12 The user needs to know if there are
mistakes within the documentation delivered by
the R&D headquarter in order to inform R&D
headquarter about it, so they can align the
documentation. (4)
UN10 The user needs to know if new
technologies have to be used for assembly in
order to discuss adjustments with the
technology department. (2)
UN18 The user needs to know if know if the
documentation hast to be updated, e.g., due to
missing components in order to take action. (2)
UN13 The user needs to have the updated
documentation of the R&D headquarter on how
to proceed in order to start creating the
assembly routing. (4)

Figure 37: Bonfiglioli Scenario 1 – Step 3: Preparing operators’ workplace | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right
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3.3.3

–

Scenario 2 “During assembly”

As-Is-Scenario
In the second scenario Ben, operator on the assembly, checks his workplace and location to see if everything is available and
comprehensible as documented in the working instructions (shown digitally). Following the step-by-step-guideline, Ben afterwards
starts the assembly and fulfils the tasks he is working on. In parallel, Lenny monitors the assembly procedure and checks it for
anomalies and deviances. In cases of troubleshooting Ben further needs to react and find solutions to solve them in real-time.
To-Be Scenario
Ben first checks the information and material at his workplace that he needs for assembling so that he can perform his tasks at his
workplace safely. For this, the system gives him support by providing an overview and hints regarding (former) uncertain steps
within the instructions.
Ben follows the instructions as shown on the display and aligns the parameters regarding quality and quantity. As here the data is
sometimes incomplete or missing, the system supports him with providing more profound data about the assembly and product.
During the assembly procedure by Ben, Lenny also monitors the data from the assembling. The system provides him support in
real-time and points out deviances. Based on them and further dependencies between the processes the system provides support
on how to react, so Lenny is able to adapt tasks and parameters at an early stage.
When issues occur, Lenny gets further support by the system that guides him through the troubleshooting by having access to
previous issues that give insights about causes and solutions as well as steps that could be taken for solving the current one and
align the assembly process.
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Ben, operator on the assembly, first has to
prepare his workplace. For this, he needs to
have certain qualifications (e.g., manual
mechanical engineering) and needs to
know the location regarding line and work
place he will be working on. Further, work
safety rules have to be followed, such as
predefined distance regulations within the
workspace or rules like “always having one
hand free”. Sometimes he has to attend
relearnings due to changes in procedure in
order to be up to date. To pursue the
assembly Ben needs the work specific
instructions as well as feedback on his work
performance form superiors. In terms of
equipment Ben has to have the bill of
materials, requirements regarding the
material and jigs for gear boxes as well as
information about the type of output part.
Ben needs to check that everything is on site
to start the assembly and in case something
is missing or there are uncertain steps within
the instructions, he needs to notify the
technician and probably has to wait until he
can start.
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UN41 The user needs to know when he will be
on holidays in order to communicate it with the
team, so that a replacement “jumper” can be
organized. (4)
UN42 The user needs to have qualifications in
manual mechanical engineering and in order to
work on the machines. (2)
UN54 The user needs to have “one hand free”
in order to prevent injuries by following
workplace safety rules. (1)
UN55 The user needs to have enough space at
his workplace in order to move around without
being injured. (1)
UN56 The user needs to know which line he is
working on in order to be prepared for working
conditions (e.g., longer ways, more training for
efficient work) (1)
UN40 The user needs to know to which
workplace he has been assigned to in order to
access the information to fulfill his tasks. (3)
UN36 The user needs to know when a
procedure changes in order to learn what
needs to be performed and how and why to
perform it within an in-person-training with the
shift leader and technician. (2)
UN50 The user needs to know if the
technologist (or assembly manager,
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As soon as Ben reached his workplace, he
quickly checks if the information he needs is
available and necessary equipment is on
site, at the right place and ready to use.
Further he checks in advance if all steps and
tasks are clear and comprehensible to him.
For this, the system helps by providing
specific overviews for every workplace in
order to ensure full work safety and a
smooth workflow for Ben, so he can start the
assembly.

–

coordinator and shift leader) has feedback
about his work in order to learn from it. (1)
UN44 The user needs to have the bill of
materials and the order in order to inspect and
check them regarding the prepared material.
(4)
UN45 The user needs to know the
requirements on the material for assembly and
the type of output part in order to change his
workplace according to the order. (3)
UN35 The user needs to have jigs that are
designed for the particular workplace in order
to know what needs to be done. (2)
UN43 The user needs to have jigs of gear
boxes that have already been or were
additionally manufactured or are modified
according to the type of the output part in order
to know what needs to be done and therefore
be up to date about the current state. (1)
UN46The user needs to know if his changed
workplace and the procedure and drawings
from the local technician on the computer are
aligned in order to start with the assembly. (1)

Figure 38: Bonfiglioli Scenario 2 – Step 1: Preparing operators’ workplace | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right
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In a second step, Ben uses the step-by-stepguideline, his tasks that have to be done and
further specific information in order to start the
assembly by following the instructions.
Also, Ben has to know about deadlines for
each output part and parameters regarding
quantity and quality in order to align the
parameters and therefore prevent issues as
well as meet the deadlines.
Further, data from failed tests will not be
updated automatically, so Ben has to share
them manually to provide full accessibility to
all. Sometimes it also is the case that Lenny
request additional data he then has to upload
as well.
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UN37 The user needs to have access to
the system at his workplace in order to
follow a step-by-step-guideline with
continuous reminders about the tasks to
be done determined by the technician. (1)
UN39 The user needs to know specific
information and instructions in order to
prevent issues, e.g., oil leakages. (1)
UN47 The user needs to know the
deadlines for each output part in order to
align the parameters (such as rotation and
screw torque, tightness testing and
others). (1)
UN57 The user needs to know if the
assembly process meets the quality and
quantity parameters of products in order to
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During the assembly Ben follows the instructions
by a step-by-step-guideline. Within this
procedure he has an overview about his
assembly step and workplace and further
aligns the parameters regarding quality and
quantity of the products in order to prevent
issues and meet deadlines. The system here
supports him with providing more profound
data about the assembly and product. If there
are deviations or tests failed, Ben gets informed
and shares the relevant data with Lenny by
uploading them and if necessary, comments
them. If this leads to changes within the
assembly process, Lenny gives Ben an update
via the working instructions at the workplace.

fulfill his personal goals doing his job and
react if necessary. (1)
UN48 The user needs to know if tests
failed and are therefore not uploaded
automatically, in order to upload them
manually and share it with his colleagues.
(1)
UN49 The user needs to know if his
colleagues need (extra) data from the
assembly and his workplace in order to
upload them to the server and make them
accessible. (1)
UN38 The user needs to know where to
find help or further information about
uncertain steps in the assembly in order to
look for them. (1)

Figure 39: Bonfiglioli Scenario 2 – Step 2: Assembling | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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During the assembly process, Lenny is
analyzing the assembly process by comparing
the schedule of assembly, the quality
parameters as well as specific parameters of
gear boxes (e.g., coat), testing steps and the
results of test runs. Here, Lenny can identify
compliance with tolerance ranges and the
cause of deviances. For this it is always difficult
to understand dependencies between
processes and parameters and further to
clarify uncertainties about technical
specifications. Those deviances as well as
requests from operators and changes from the
R&D headquarter Lenny then has to consider
when aligning the assembly process to ensure
an efficient procedure.
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UN28 The user needs to know how the
processes depend on each other in order to
ensure a good assembly process. (1)
UN3 The user needs to know the quality of
the gear boxes to ensure quality standards
within the assembly.(1)
UN5 The user needs to know the schedule
provided by the supply chain management
department in order to follow it and ensure
the assembly is working the right way. (4)
UN19 The user needs to have data about
specific parameters of the gear boxes, e.g.,
the coat in order to see if everything is
working. (1)
UN29 The user needs to have results of test
runs (e.g., rotation test) in order to check if
tolerance ranges are met. (1)
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While Lenny is overseeing the whole assembly
process, the system provides support in realtime when analyzing the assembly information
by pointing out deviances between the
current state and the state to-be. Also,
potential dependencies between processes
and work tasks are presented by the system
followed by suggestions on how to react.
When parameters within the assembly process
do not meet tolerance ranges, the system
alerts Lenny and also provides support on how
to proceed. Lenny therefore is able to adapt
tasks and parameters in the assembly process
at an early stage and shares the updated
working instructions with Ben in order to
prevent issues.

–

UN25 The user needs to know if there are
uncertainties about technical specifications
and issues regarding the assembly in order
to discuss them with his technical
colleagues. (2)
UN30 The user needs to know if there are
deviances regarding the tolerance ranges in
order to avoid a call-back of the products. (1)
UN31 The user needs to have acquired data
by involving other relevant departments in
order to find the cause of the deviances. (1)
UN32 The user needs to know about testing
steps in order to check if everything is
working well and if the data is collected
correctly. (1)
UN21 The user needs to know changes of
data made by the R&D headquarter in order
to update the operators about them. (4)
UN4 The user needs to know if the operators
need help in order to provide assistance. (4)
UN22 The user needs to know if an operator
(by himself or via the assembly manager)
gives feedback about the routing and
ambiguities within instructions in order to
update them. (2)
UN23 The user needs to know if an operator
has suggestions to improve the assembly
process, in order to consider them. (2)

Figure 40: Bonfiglioli Scenario 2 – Step 3: Monitoring | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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When issues arise, Lenny gets either notified by
Ben, sometimes already with suggestions for
improvements, or by others within the
assembly. Lenny has to understand the issue
and find solutions and fix it within real-time
(sometimes also with Ben).
Having the issues, their cause and the
respective solution with the steps that had to
be made, Lenny documents the procedure
and shares it for collaborative problem solving.
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UN51 The user needs to know if issues
occur during his work in order to tell the
person responsible for running the line
about any problems and nonconformities.
(3) (Ben)
UN33 The user needs to know if there are
technical issues occurring in the test runs
in order to document the cause of the issue
and the solution. (1)
UN11 The user needs to know about
arising problems during the previous night
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When issues arise, Lenny gets informed by the
system or others (e.g., Ben) and uses the
system for guided troubleshooting. The system
can access the documentation of previous
issues and provide insights about cause and
solutions as well as steps that could be taken.
Like this, Lenny gets an overview over potential
problem-solving tasks and can decide
whether to consult other departments, how to
solve the problem as well as align the
assembly process in order to pursuit a troublefree assembly.

–

in order to consider them for the assembly.
(2)
UN6 The user needs to know if problems
arise in order to fix them in real-time and
document them. (1)
UN8 The user needs to know the cause of
the issue in order to understand the issue
and find solutions. (1)
UN52 The user needs to know if he has to
give support (e.g., with suggestions for
solutions) in order to solve the problem. (1)
(Ben)
UN53 The user needs to know if the issue
has been solved in order to notify the
technician about it. (1) (Ben)
UN7 The user needs to know about
occurring problems and the changes made
in order to document them. (1)
UN34 The user needs to have access to a
shared server in order to upload
information on difficult issues for other
departments to solve the issue together
with them. (1)

Figure 41: Bonfiglioli Scenario 2 – Step 4: Troubleshooting | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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4 Further steps
Following the iterative HCD process (see chapter 2.1) this deliverable includes the first
round of human-centred activities describing the method of defining user needs of selected
employees of the pilot partners as well as putting them to context in descriptive as-is and
to-be scenarios for further practical use.
In a next step, other work packages will use and build on those user needs as well as
scenarios within their work package tasks. Like this, a first solution will be developed that
considers the specific user needs for each pilot partner case. While working, we expect
upcoming challenges and requirements regarding the feasibility of implementation of the
user needs to become visible and therefore need to be defined more clearly in order to
build on them within the next work cycle. Depending on the implemented solution we might
further focus on other or more specific tasks within the context
Then, in the first iteration, which is the second work cycle in year two, user needs will be
looked at again and with regards to complementing insights from the evaluation (WP 8)
revised and edited. Depending on the outcome of evaluation we aim to pursuit a deeper
dive into either better understanding the already defined user needs or expanding the
insights of the target group by talking to more employees. Due to the COVID-19 pandemic
it could be worth to follow both approaches as there might be room for clarification
regarding existing user needs as well as new contextual questions coming up working on
other work packages. By selecting methods that support the goal for this first iteration and
take into account the global situation regarding possible restrictions we plan to provide
useful and enriching insights that can be then used by the other work packages in work
cycle two again.
The second iteration within the third year might then focus on confirming insights from the
two work cycles before and further aspects that at first were defined as “out of scope”
regarding the user needs.
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Annex C: Guiding questions for surveying of the context of
use
Dear participant,
Thank you for supporting us in understanding the context of use regarding your current work of monitoring
process data and making decisions based on that data to avoid or correct occurring errors and to optimize
the manufacturing process. Based on this interview, we want to identify user needs that helps us as part of
the project “KnowlEdge” to implement solutions that can support you and your work.
In the following I have prepared several questions that should give a complete overview of your work and
tasks. The questions in the first section “Introduction” are intended to provide an overview about your
work and tasks and may therefore be answered only briefly.
Please try to answer every question to the best of your knowledge and if possible also give an example.
Some questions may perhaps give the impression of being repetitive. Please try to answer them anyway.
Please write down your answers using full sentences (no bullet points!). There are some sub-questions
below the numbered main questions – please include these in your answers as well. You can write your
answers directly here in the document under the questions or in a separate document. Please number your
answers in the same way as the questions.
Before you start and to preserve your anonymity in the further process, I would ask you to write down your
favorite color and your favorite animal below. (Explanation: In the evaluation you will be given an
anonymous user name, e.g., Mrs./Mr. Cat. Two entries are required to avoid duplications).
Animal:

______________________

Color:

______________________

Number:

______________________

Introduction
1. What is your company’s core business?
2. Please describe your role and job in the company briefly in 1 or 2 sentences.
3. On which processes of production do you receive information or data and when?
a. What is the data about?
b. What data is important or necessary?
(Pre-)Conditions
4. Who (or which event) determines what needs to be done?
a. Please describe how this situation typically look like.
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5. Which qualifications and skills are necessary for your work?
a. Is there any skill / knowledge missing?
6. Which tools are necessary to work on the tasks?
a. Which of them are missing?
b. Which are additionally desired?
c. Please describe your working place.
Normal execution
7. Describe a typical working day. Are there different tasks and different steps (preparing, conducting
and follow-up tasks)?
a. Please describe the different steps to be done.
b. How do you proceed when action needs to be taken in the different steps?
8. Please describe how you perceive data about the manufacturing process and when.
a. How are they organized and how do you organize them?
b. What are you doing with the data?
9. Is there a fixed sequence of work steps?
a. If yes, what does it look like?
b. If no, how do you structure your work and tasks?
10. Which results / partial results are produced and what are you doing with them?
a. Are there deadlines or dependencies existing regarding the results?
11. Are you working alone or in a team?
a. Are there differences depending on the tasks?
b. Do several users have to work on the same information or data (e.g., case, file, document,
data record) and / or at the same time?
12. What feedback do you receive regarding the results of the work and the effect of your work?
Particularities during the procedure
13. Which interruptions occur and why?
a. Which disturbances occur? (organizational / social / technical)?
b. How do you deal with it?
14. What keeps going wrong with activities and your work?
15. How are errors reported back?
a. How are they corrected?
16. Which important special cases have to be considered?
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a. What occurs seldom, but is very important?
17. Which stress factors exist?
a. How are they dealt with?
18. What is the worst thing that can happen regarding your work?
19. Do you think that the actual procedures and processes can be improved?
a. How would you improve them?
b. Do you see any bottlenecks?
Organizational framework
20. What are the organizational goals regarding quality and process improvement?
21. What overview do you have regarding the whole process?
22. Which changes are expected or desired regarding the monitoring of the processes and its data?
What suggestions do you have in this regard?
23. Which results / steps directly affect third parties (e.g., customers or suppliers)?
Conclusion
24. Do you have any other suggestions or comments regarding your working process?
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Executive Summary
In this deliverable we present the results of task 2.1 “User Need Analysis and Scenario
Definition” which is part of WP2 “System Engineering, Specification and External
Collaboration” within the project “Towards AI powered manufacturing services, processes,
and products in an edge-to-cloud-knowlEdge continuum for humans [in-the-loop].”
Based on the Human-Centred-Design (HCD) approach, the aim in this task was to
understand the user and his work tasks in the related context of the pilot partners to
receive a holistic overview of the scenarios. Crucial concepts within the HCD process are
usability and user experience, which both have to be considered when designing an
interactive system. For doing so, and by conducting interviews about the context of use,
user needs were identified which form the basis for defining scenarios and determining
technical requirements. For defining scenarios, the user needs were structured to allow an
interpretation of the process flow and finally to define an As-Is and To-Be scenario for
each pilot partner. Each scenario describes the contextual environment and user’s
motivation in a narrative way. The As-Is scenario that describes the current state and the
related challenges and problems differs from the subsequently defined To-Be-scenario
that is about the vision and requirements for possible solutions.
The first pilot partner described in this Deliverable is Parmalat with two cases. Parmalat is
an Italian leading company in the milk market in Italy and part of the Lactalis Group. The
first case (Collecchio) expectation is to create a finite capacity scheduling tool, able to
optimize production sequences respecting constraints and limits of the entire production
process, improving efficiency and reducing losses. The objective of the second case
(Rome) is to extract information from different data streams predicting the requested
volume to optimize internal warehouse management, to reduce raw material stock and
waste, to improve production flows and, finally, to have a better coordination of production
and logistics processes. For both cases three scenarios were defined as most steps are
similar. If steps differed, they were marked accordingly. The first scenario describes the
scheduling of production plan and further the organization of warehouse status and
delivery. In the second scenario the monitoring and aligning of the production plan is
described with the challenge to make reliable analyses based on the process data. The
third scenario then is about adjustments in real-time in cases of problems. In all three
scenarios the vision is to give the user the opportunity to have access to the related
process data to identify and correct problems at an early stage and further optimize the
procedure for scheduling production, e.g., based on forecasts.
The second pilot partner Kautex is a leading company in designing and manufacturing
plastic fuel systems for automobiles and light trucks, including blow molded solutions for
conventional plastic fuel tanks and pressurized plastic fuel tanks for hybrid vehicle
applications. Their goal is to understand the dependencies between parameters that have
an effect on product dimensions and attributes and further use a system that supports the
user in setting up procedures by highlighting possible impacts due to the settings or
receiving adjustments or countermeasures that help him immediately in case of detected
deviations within the process. This deliverable provides two scenarios which describe the
sampling and production process within the sampling process the technician tries to define
the right parameters to achieve checking the quality and specifications of the sample.
Everything needs to be documented to rely on learnings in future samplings but mainly in
the production in order to react immediately to detected deviations and issues. The second
scenario then describes the production process, where the specialist sets up the machine
and monitors the production in order to react on errors and deviations immediately. By
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documenting and verifying the measurements he can use the system to prevent future
deviations and issues.
Bonfiglioli, the third pilot partner in this project is a leading company in power transmission
and drives. Their goal in this project is to improve the quality of their assembly procedure
and the products by automation of quality controls that will reduce the rate of possible
failures. Here it is important to consider work safety and a usable workplace for operators
so they can fulfill their tasks without restrictions. Based on two interviews two scenarios
were defined which describe the preparing of an assembly (scenario 1) and the
assembling itself (scenario 2). The main challenge in the first scenario is the checking and
aligning of the incoming documents that describe what needs to be assembled. This could
be improved by supporting the user in identifying deviances and errors in advance to
ensure a feasible assembly. The second scenario describes the assembly process and
addresses the challenge to improve the quality control of the assembly by recording and
providing additional data.
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0 Introduction
0.1 knowlEdge Project Overview
The knowlEdge project is funded by the H2020 Framework Programme of the European
Commission under Grant Agreement 957331 and conducted from January 2021 until
December 2023. The knowlEdge consortium consists of 12 partners from 7 EU countries,
and its solution will be tested and evaluated in 3 manufacturing sectors with a total budget
of circa 6M€. Further information can be found at www.knowlEdge-project.eu
AI is one of the biggest mega-trends towards the 4th industrial revolution. While these
technologies promise business sustainability and product/process quality, it seems that the
ever-changing market demands and the lack of skilled humans, in combination with the
complexity of technologies, raise an urgent need for new suggestions. Suggestions that
will be agile, reusable, distributed, scalable, accountable, secure, standardized and
collaborative.
To break the entry barriers for these technologies and unleash their potential, the
knowlEdge project will develop a new generation of AI methods, systems and data
management infrastructure. This framework will provide means for the secure
management of distributed data and the computational infrastructure to execute the
needed analytic algorithms and redistribute the knowledge towards a knowledge exchange
society. To do so, knowlEdge proposes 6 major innovations in the areas of data
management, data analytics and knowledge management: (i) A set of AI services that
allow the usage of edge deployments as computational and live data infrastructure, an
edge continuous learning execution pipeline; (ii) A digital twin of the shop-floor to test the
AI models; (iii) A data management framework deployed from the edge to the cloud
ensuring data quality, privacy and confidentiality, building a data safe fog continuum; (iv)
Human-AI Collaboration and Domain Knowledge Fusion tools for domain experts to inject
their experience into the system to trigger an automatic discovery of knowledge that allows
the system to adapt automatically to system changes; (v) A set of standardization
mechanisms for the exchange of trained AI-models from one context to another; (vi) A
knowledge marketplace platform to distribute and interchange AI trained models.

0.2 Deliverable Purpose and Scope
The purpose of this knowlEdge deliverable, D2.1, is to provide insights into the pilot
partners’ use cases. Based on interviews with users of the relevant context of each use
case, this deliverable presents the results of the user need analysis and further the defined
As-Is-Scenarios as the current state as well as To-Be-Scenarios about the vision of the
state to be. This deliverable, together with the other work packages from WP2, thus
provides the basis for developing a platform, with WP2.1 taking particularly the users’
perspective into account.

0.3 Target Audience
The deliverable D2.1 “User Need Analysis and Scenario Definition” aims primarily at the
project consortium which will use the results as basis for the implementation of the
platform.

D2.1 System Engineering, Specification and External Collaboration - Vs: 2.0 - Public

1 / 91

Towards AI powered manufacturing services, processes, and products in an edge-to-cloudknowlEdge continuum for humans [in-the-loop] – www.knowlEdge-project.eu

0.4 Deliverable Context
This manual is based on the project procedures as defined within the knowlEdge
Description of Action and Consortium Agreement and where necessary extends them in
the operational aspects. However, it is subservient to those documents. It is part of work
package 2 (System Engineering, Specification and External Collaboration).
This deliverable is subservient to the following project objective:
•

Objective 1: Develop an AI centric software architecture to support agile
manufacturing scenarios through capture and processing of data from
heterogeneous sources in the manufacturing environments

0.5 Document Status
This document is listed in the Description of Action as “public” since it contains no
confidential information that is intended for project-internal usage only.

0.6 Document Dependencies
This document contains the initial phase of analysis and will be updated after the second
phase (M17). A final version will be made available after the third phase (M29).

0.7 Glossary and Abbreviations
A definition of common terms related to knowlEdge, as well as a list of abbreviations, is
available at www.knowlEdge-project.eu/glossary

0.8 External Annexes and Supporting Documents
•

None

0.9 Reading Notes
•

None

0.10 Document Updates
Version 1.0 contains the results of the initial phase: User Needs, As-Is- and To-Bescenarios of the three pilot partnes
Version 2.0 contains the results of the updated phase and includes in addition to version
1.0 the updated To-Be-Scenarios based on recent work from the project. The
updated / added sections are: 2.2.3; 3.1.5; 3.2.4; 3.3.4 and 4.
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1 Introduction of the pilot partners
1.1 Parmalat
Parmalat is an Italian leading company in the
milk market in Italy and part of the Lactalis
Group. Parmalat has nine production plants,
distributed throughout Italy and the range of
products includes fresh milk, microfiltered milk, UHT sterilized milk, cream, béchamel
sauce, yoghurt, dessert and fruit juices.
The Operation Direction employs more than 1,000 people and production is more than
900,000 tons/year.
The case studies included in the knowlEdge project are related to the Collecchio and
Rome plants.

1.1.1 Collecchio site
Introduction
Collecchio was Parmalat’s first production facility and nowadays it is the Headquarter and
the plant that still produces the largest volumes of goods. Production in Collecchio began
on 15th April 1961 with the first package in Italy of tetrahedral pasteurized milk in
partnership with TetraPak.
In 1966 the production of UHT sterilized milk in tetrahedral package started, in 1968 the
first delactosed milk in metal tin, in '72 the first production of yoghurt, in the 80s fruit juices,
in the 2000s the HDPE (High Density Polyethylene) milk bottles and two years ago the first
milk bottles of PET (Polyethylene Terephtalate).
Nowadays the plant produces more than 400,000 tons of finished product that includes
UHT sterilized milk in TetraPak and bottles, juices, yoghurt and milk derivatives and
employs more than 400 people.
Current State
Collecchio plant has three lines for incoming milk than can unload more than fifty milk
trucks each day and has a global overall stock capacity of 2,5 million liters.
The assets in the facility are the typical
milk processing plants: pasteurizers,
fat titrators, homogenizers, sterilizers,
aseptic packaging lines, carton box
machines and palletizers.
There are also other assets for the
preparation of fruit juices and yoghurt,
yoghurt packaging machines and
plants for the preparation and mixing of
bechamel and special cream (i.e., with
mushrooms, salmon, etc.).
Regarding the Collecchio case this
project wants to focus on the

Figure 1: Company site Parmalat-Collechio
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scheduling process: The problem is to plan the production of finished product on the
packaging lines managing to meet the market needs and the necessary resources in terms
of raw material, packaging and skills of operators.
The process of scheduling packaging lines with a finite capacity has many constraints and
requires a lot of specific knowledge to plan the production in an efficient way, in order to
level the pace (takt time), eliminate bottlenecks and organize resources in the best
possible way.
The site has also the need to reschedule the production in real time when some variations
occur: for example, a change from demand planning or a breakdown on a line or a quality
issue on incoming milk. In these situations, line managers have to react very quickly and,
today, it is all related to the experience and human behavior.
Goals
Company expectation is to create a finite capacity
scheduling tool, able to optimize production sequences
respecting constraints and limits of the entire
production process, improving efficiency and reducing
losses.
The connection with the data from the field and their
analysis will offer a realistic model of the production
plant, allowing to recognize in real time the limits of the
plant's production capacity and therefore to react more
promptly to changes.
By using AI technologies Parmalat would like to be
able to carry out predictive simulations reducing human
input to a minimum.
Another benefit expected, is to improve the prediction
of the quality parameters of the incoming milk
(especially fat and proteins) in order to conduct more
accurate and focused operation of b2b purchase and
sell.

1.1.2 Rome site

Figure 2: Production line Collechio

Introduction
Centrale del Latte di Roma (CLR) is an Italian company, controlled by Parmalat Spa, with
a strong portfolio of local brands.
Founded in 1933, it was a public company until 1998 when it was sold to private investors.
In 1979 CLR moved its headquarter and production plant from its historic headquarters in
Via Giolitti to the East Rome area.
Productions are fresh milk, fresh cream and microfiltered milk (ESL).
The Plant produces about 90,000 tons of annual product and employs about 170
employees.
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Current State
In Rome facility there are
four processing plants: two
milk pasteurizers, one milk
microfiltration plant and one
cream pasteurizer. In
packaging department there
are three filling PET lines
and three gable top carton
lines.
Every day the plant
receives orders from the
market by different sources:
email, direct orders in SAP Figure 3: Company Site Parmalat-Rome
and also by fax messages.
All orders received are transcribed in Excel files to aggregate them, divide them by
packaging machine, create totals of semi-finished product to be produced for the
processing plants and generate a preparation order for the necessary packaging.
Starting from this aggregation of orders, the finished products are scheduled for each
packaging line in a MES (Manufacturing Execution System) where all the information
about production and quality are collected.
After the production, there are no structured data on the truck/vehicle loading that links
production information with transport data or commercial information.
Lack of knowledge of the evolution of orders in the future forces the organizations to plan
the resources (human, raw materials, packaging…) using mainly the “human sensitivity”.
Finally, the use of Excel spreadsheets in some part of the information and data flow, limits
the possibility of added value data analysis and it is critical for data entry errors.

Figure 4: Production line Rome

Goals
The objective of this use case is to extract information from different data streams
(production data, warehouse data, product traceability, shopfloor measurement…),
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predicting the requested volume in order to optimize internal warehouse management, to
reduce raw material stock, to improve production flows, to reduce waste and, finally, to
have a better coordination of production and logistics processes.

1.2 Kautex
Introduction
Kautex Textron is part of Textron, a US
based multi-industry company with a total
revenue in 2020 of $11.7B. Kautex belongs to the industrial segment, which accounts for
26% of the company’s revenue, while Kautex contributed $1.75B in 2020.
Kautex is a leader in designing and manufacturing plastic fuel systems for automobiles
and light trucks, including blow molded solutions for conventional plastic fuel tanks and
pressurized plastic fuel tanks for hybrid vehicle applications.
Kautex also develops and manufactures clear-vision systems for automotive safety and
advanced driver assistance systems (ADAS). Our cleaning systems are comprised of
nozzles, reservoirs, inlets and pumps to support onboard cleaning for windscreens,
headlamps and ADAS cameras and sensors. In addition, Kautex produces plastic tanks for
selective catalytic reduction systems used to reduce emissions from diesel engines and
other fuel system components.
Kautex is rated among the Top 100 Automotive Suppliers worldwide. And has over 50+
years of expertise of producing fuel systems that drive lower emissions. In order to pioneer
solutions for the era of new mobility Kautex is developing battery systems and housings for
housing for plug-in hybrid, full hybrid and full battery-electric vehicles, smarter fuel systems
and cleaning solution for camera and lidar for autonomous vehicles.
Headquartered in Bonn, Germany, Kautex operates over 30 plants in 14 countries in close
proximity to their customers, along with nine engineering/research and development
locations around the world.
Current state
Plastic Fuel Tank Manufacturing Process
The core manufacturing process consists of seven adjacent production steps. The initial
step is the extrusion blow molding, with automatically running machine. Though the first
machine & process set up are executed manually. After blow molding the first polymer
shells, additional plastic (flash) will be separated, and the raw product will be weight and
labeled. In order to ensure a stable geometry, the still warm product will be actively cooled
under water and subsequently given adequate time to further cool down.
After a sufficient temperature is reached the product will be further processed in a finishing
machine, were attached parts will be welded. In the following assembly line, further parts &
components will be assembled through production team members. The last step is a 100%
quality (leakage) control and final inspection.
Main problem(s)
The biggest challenges in the extrusion and molding process are deviations, impacting
mainly shape, weight and wall thickness of the product. The complexity is originating from
a high number of parameters and factors which ultimately have an impact on the process
output. This begins with machine settings, and general indicators as cycle time & molding
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temperature, air pressure, mold settings. Also, material properties, percentage of reused
materials, the material temp have an impact and are supplemented with environmental
temperature and condictions, the actual product design and general settings as speeds
and durations.
Main bottlenecks, limitations, and requirements
The highest difficulty is to understand the interaction between all influencing parameters.
This leads to multiple ways of setting up a process (e.g., increasing air pressure vs.
reducing water temperature). A second challenge is to standardize and store process
know-how and problem solving approaches.

Figure 5: Manufacturing process

Goals
The goal of Kautex is being able to understand input and output of production. Input
means the machine process parameters such as temperature, time, force, pressure and
the output relate to product dimensions, shape, weight, wall thicknesses. Further they want
to understand the interaction between parameters, for instance what happens to product
specifications when I change cooling temperature, cycle time and amount of plastified raw
material at the same time. One expectation is creating a guiding system for technical
personal to know already the impact of possible set-ups and to be able to react
immediately in case of detected deviations within the production process and anticipate
required countermeasure at the first attempt.

1.3 Bonfiglioli
Introduction
Bonfiglioli Slovacchia (BSK) is part of
Bonfiglioli Riduttori s.p.a., a leading company in power transmission and drives.

D2.1 System Engineering, Specification and External Collaboration - Vs: 2.0 - Public

7 / 91

Towards AI powered manufacturing services, processes, and products in an edge-to-cloudknowlEdge continuum for humans [in-the-loop] – www.knowlEdge-project.eu

Bonfiglioli has overall 14 production plants, 20 branches and 550 distributors all over the
world, spread in 80 countries.
The big variety of catalogues allows the Company to provide full integrated solutions within
a huge range of applications, from small gearmotors to big high-customized gearboxes,
dedicated to all kind of customers and applications.
Bonfiglioli group has almost 4,000 employees all over the world with more than 900M€
revenue.
Current state
BSK is Bonfiglioli’s heavy duty
plant. The focus is on planetary,
parallel and orthogonal heavy
duty gearboxes. Facility’s
capacity is up to 20 ton finished
goods. Focusing on knowlEdge
project’s application field, main
products are planetary
gearboxes with huge variability
in terms of configurations and
overall dimensions (from 15 kg
up to 800 kg).

Figure 6: Company Site Bonfiglioli

The new assembly line
dedicated to these products is able to perform all the required operations for assembly and
quality check in seven minutes TAKT time. This new line has a high automation level, with
AGV material handling and high quality standards.
At the moment there are quality checks that are done only by skilled operators. This is a
weak spot in the process for three main reasons:
•

operator’s time is used for quality controls while Bonfiglioli could improve cycle time;

•

operator can make mistakes or skip controls;

•

if any error is not immediately fixed, at the end of the line the whole product must be
disassembled, fixed and re-assembled.

Considering the field of application, the main requirements are based on human-machine
interactions in all its means. High standard safety is mandatory in all Bonfiglioli facilities,
and all machines must interact properly with the operators. Also, a very important point is
that Bonfiglioli’s background is mainly industrial, operators and technicians can be trained
on many different technologies, but all the technologies must be provided already fully
integrated with the current BSK IT system.
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Figure 7: Workplace in the assembly process

Goals
Main goals for BSK are to improve quality without deteriorating TAKT and reduce re-work
operations as much as possible (the re-work would be in real time).
Having cameras able to check critical components in specified phases of the assembly will
allow the operators to re-work immediately and fix the most important non-conformity that
production is facing right now.
Also, production reports and product trackability would increase storing pictures as proof of
quality checks in case any damages to the products will occur during their lifetime.
Having data on failures in critical spot could guide production in finding weak spot that now
are not known and create new solutions in order to have a stronger process overall
involving also other entities inside the Company (i.e.: R&D, SCM exc..).
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2 Methodology
2.1 Human-Centred Design
The methods and procedures used in the WP 2.1 are part of a well-known design
discipline called Human-Computer-Interaction. The approach used is called humancentred design (HCD). As described in the related norm ISO 9241-210, it is defined as
“approach to systems design and development that aims to make interactive systems
more usable by focusing on the use of the system and applying human factors/ergonomics
and usability knowledge and techniques” (2019, p.2). Crucial concepts within the HCD
process are usability and user experience, which both have to be considered when
designing an interactive system. One of the most important advantages of this approach is
a high user satisfaction due to a good usability and user experience of a system. Another
advantage is that HCD is helping a company to financially succeed as a study by
McKinsey and Company in collaboration with Deloitte examined (Sheppard et al., 2018) or
a reduction of redeveloping costs as Barker (2000) showed in his study.
This HCD process places the human at the heart of a challenge, which means that
besides the user as a main actor, also customers, employees and other relevant
stakeholders should be involved. The process is not linear but as aims at being fluid and
iterative and therefore helps to find innovative solutions based on user needs. These
needs are based on the context of use and frame the problem from the human’s
perspective. This perspective is composed by his/her experiences, prerequisites to
achieve the goals of his or her tasks, what work equipment is necessary, and what
conditions and regulations are given by the organization (corporate culture). In conclusion,
the user and the tasks to be performed are put in the center of designing, whereas
technical requirements and solutions are of secondary importance. Rather, user needs
form the basis for determining these.
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The human-centred design activities of ISO 9241-210 for the development of a usable interactive
product postulate the procedure illustrated in

Figure 8: Human-Centred Design activities according to ISO 9241-210 (2019)
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Adapted / Realized procedure. After planning the human-centred activities, the HCD
process usually starts with the activity of understanding and specifiying the context of use.
Building on this, user needs can be identified in order to being used to specify user
requirements which explain capabilities or prerequisites that the system must fulfill or
possess. With the help of the user requirements, further prototypical design solutions can
be developed and implemented. In the step afterwards, the design solution is evaluated by
the user.
In every step of the HCD process, but especially during evaluation knowledge gaps or
deficiencies will be discovered and have to be referred to and solved by following the
iterative process. By doing so, the process iterates until the systems meets the
requirements and needs.

Figure 8: Human-Centred Design activities according to ISO 9241-210 (2019)

D2.1 System Engineering, Specification and External Collaboration - Vs: 2.0 - Public

12 / 91

Towards AI powered manufacturing services, processes, and products in an edge-to-cloudknowlEdge continuum for humans [in-the-loop] – www.knowlEdge-project.eu

2.1.1 Adapted / Realized procedure in initial phase (M1-M5)
Recruiting of the target group. The first step to follow the HCD approach is to identify
the relevant user groups for each use case as they are the most experienced humanbeings of the considered contexts. That is why we asked the pilot partners to recruit about
three persons per user group in order to get as holistic an insight as possible about the
area and tasks that will be addressed by the project. This way, we were able to recruit five
users for pilot Parmalat (two for Collecchio Case and three for Rome case), another four
for pilot Kautex and finally two for pilot Bonfiglioli.
Table 1: Pilot cases and amount of Interview partners

Pilot cases

Parmalat –
Collecchio

Parmalat –
Rome

Kautex

Bonfiglioli

Interview
partners

2

3

4

2

Understanding the context of use. In order to understand and specify the use of context,
we used the German Usability Guideline of the German Accreditation Body (DAkkS) to
prepare the interviews (for the English version of the interview see Annex C). Thereby the
questionnaire covers the topic of role description (e.g., Please describe your role in the
company briefly), requirements and conditions (e.g., Which tools are necessary to work on
the tasks?), normal execution (e.g., Describe a typical working.), particularities during the
procedure (e.g., Which interruptions occur and why?) and lastly the organizational
framework (e.g., What are organizational goals?). This was done to understand the
employees, how they deal with the processes and their needs and pain points to localize
opportunities and possible solutions and the necessary requirements. To ensure
anonymity, we asked the interviewees to choose a color, number or animal as
pseudonyms.
Due to the restrictions of the COVID-19 pandemic and barriers of language, we decided to
manage the conduction in two ways: As one way, the interviews with Kautex were done
remotely via a video conference tool in English or German and were transcribed
afterwards. Each interview took about one to one and a half hours. For quality assurance,
we further sent the transcription to the interviewees to validate their input. For Parmalat
and Bonfiglioli the barriers of language were critical. To ensure rich information of the input
by the employees we therefore decided to send the English version of the questionnaire to
our primary contact of the pilots for translation and asked to forward the translated version
to the selected employees. The interviewees then answered the questions in a written
form, which were then translated back to English and send back to us. We then reviewed
the answers and clarified open issues and questions regarding the context of use with the
primary contact of the pilot partners. This work took about several weeks and was
complicated by the aforementioned COVID-19 pandemic.
User need analysis. The transcriptions of the interviews were the starting point of the
user need analysis for each pilot partner and use case. Each transcription was divided into
short logical segments of the interview in a two-column table (“Context scenario”, “User
Needs (UN)”), as can be seen in Figure 9. To identify user needs, each of the context
scenarios were examined for relevant tasks and further discussed and finally defined by
Usability Experts from Fraunhofer FIT. Each user need then describes a condition or
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prerequisite that fulfills a specific purpose regarding the task.
In a second step the defined user needs were reviewed and approved by the pilot
partners. In a last step the pilots made a prioritization of the user needs regarding their
goals and expectations from the project. In this step each user need was prioritized by a
number between 1 (very important), 2 (important), 3 (not so important) to 4 (out of scope).

Figure 9: Illustration of the user need analysis procedure

Structuring the user needs. For an initial structuring of the user needs, we followed the
Action regulation model by Hacker (Hacker, 1986). For this we identified the main tasks
and subtasks and assigned the user needs to them. This process was necessary for the
following steps, especially for the definition of the As-Is-Scenarios. For the definition we
differentiated between the As-Is- and To-Be-Scenario to clearly separate between the
current state and the vision.
Interpreting process flow. The identified main tasks and subtasks were then used to
create an employee journey map in a visualization tool. With journey maps we aim to
understand and visualize the overall process as well as the steps described by the
employee. With an experience-centred journey map we aim at describing the situational
context with related touchpoints based on the employee’s context, work habits and
interactions (Stickdorn et al., 2018).
The main actors of the journey maps for the pilot cases were their employees as they will
be the users of the end-product. The journey map describes all steps the employees go
through while doing their job and highlights challenges as well as opportunities. Additional
to the interviews we at some points also included information about the companies’
processes, that they provided in advance.
We structured the map by describing the different process phases (x-axes) according to
the structured main tasks and subtasks. On the y-axes we described the steps more in
detail regarding involved actors, in- and output, action, challenge and opportunities to
clarify each step of the employee (Stickdorn et al., 2018).
We clustered the content of the journey map first on a high level, e.g., scheduling,
monitoring and real-time adjustments. Those overall process parts were then separated
into more detailed actions describing the actions of the employees step-by-step. Like that,
insights from the employees provided a good overview and summary of the overall
process (Stickdorn et al., 2018).
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By clustering the work processes of the pilot partners and the steps of the employee’s
journey we described and highlighted actions with in and outputs as well as challenges,
that are relevant for implementing the platform.
Defining scenarios (As-Is/To-Be). The final step was the definition of scenarios.
Scenarios describe the contextual environment and user’s motivation in a narrative way.
Based on the journey maps, we developed scenarios to describe the process in a more
detailed and coherent way.
We differentiated between the As-Is and To-Be-Scenario to clearly separate between the
current state and the vision. Within the As-Is scenario we pointed at the challenges and
problems. The To-Be-Scenario shows the vision and requirements for possible solutions
(Stickdorn et al., 2012).
Besides the description, we created storyboards to add visual details to the written text
and to have a more understandable and appealing result. The visualization of the
scenarios helps to better understand the employees’ actions and processes. Within the
To-Be-Scenario the proposed changes are highlighted in green to underline the
requirements that need to be aimed at to fulfill the users’ needs.

2.1.2 Procedure in updated phase (M13-18)
The updated phase started in January 2022 (M13). In the beginning of this phase we
observed and collected the results and progress made so far from the other work
packages in order to check for consistency with the goals from this Task. While the first
phase focused in particular on the vision of the pilot partners involved, this phase focused
specifically on the feasibility within the project, taking into account the project objectives.
Collecting and viewing of previous results of the project. In the second phase, we
gathered the previous/preliminary results and the To-Be scenarios to compare and map
both visually with the components to find out where the components are already
addressed and where there are still open issues. For doing so, we created a journey map
the visualization tool Miro1. The primary purpose of this user-journey map is to structure
the To-Be scenarios so that user needs, actions, in-, and outcomes are associated with a
process step. Additionally, we aligned the components with the scenario steps to give the
first draft of possible technology implementation.2
Updating To-Be scenarios. As a final step, and to align the To-Be scenarios, we focused
on the individual components from the work packages (WP3-7) to be used within the
project, as well as the system descriptions of the demonstrators created in WP 8. In an
iterative process we discussed with technical and industrial partners (pilots) relevance,
accuracy and completeness of the To-Be scenarios and made necessary adjustments.

1

www.miro.com
For further information: https://www.knowledge-project.eu/knowledge-internal-workshop-on-scenariodefinition-and-user-journey-map-conducted/
2
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3 Results
3.1 Parmalat
For the pilot cases of Parmalat we talked with five employees (see Table 2): One
Production Packaging Manager (Mr. White, Rome site), one Process Department Manager
(Mr. Magenta, Rome Site), one Sales Logistics Manager (Mr. Brown, Rome Site), one
Plant Planning Manager (Mr. Black, Collecchio site) and one Process Area Manager (Mr.
Red, Collecchio Site). All of them are working on the processing of milk products and for
Collecchio site fruit juices as well. All of them are involved in the planning and execution of
the production which will be improved by this project through an optimized production
management and further a more efficient connection and analysis of the related data.
Table 2 Participants from Parmalat

Collecchio Site

Rome Site

Plant Planning Manager (Mr. Black)

Production Packaging Manager (Mr. White)

Process Area Manager (Mr. Red)

Process Department Manager (Mr. Magenta)
Sales Logistics Manager (Mr. Brown)

Further, we focused on two main actors in the following scenarios, Bob (Sales Logistics
Manager) and Martin (Production Planning Manager).

3.1.1 Identified tasks based on structured user needs
After the identification of user needs coming from the interview scripts, we identified the
overall structure of Parmalat’s use cases. As core tasks of the process, we identified
“Production Scheduling”, “Monitoring the production” and “Real-time adjustments of the
production process”. Each of these steps were further divided into sub tasks and steps,
based on the task modelling by Hacker (1986). Matching user needs were then collected
for each task.
Production Scheduling
The first core task is separated into three sub tasks: First, receiving/gathering data, which
describes all information regarding orders, schedules and production volumes is needed to
create a production plan. Second, scheduling of the production plan to set the start of the
production and communicate it with other departments. Third, the execution and
completion, that describes the logistics after having the final product.
Monitoring the production
The monitoring of the production can be described in three steps as well. First, receiving
real-time data from the machines, second, monitoring to check if the production is on time
and aligned to the plan and third, the analysis, for interpreting data trends.
Real-time adjustments of the production process
The last core task relates to the adjustment of the production process in real-time and is
separated into organizational adjustments, like changing the production plan and
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exchange with employees and technical adjustments, like plant failures or technical
interruptions on the machines.

Figure 10: Journey Map of Parmalats’ user (created with Miro Board) – Click on the pdf below for a
bigger view

Parmalat-UJM.pdf
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3.1.2 Scenario 1 “Scheduling the production plan“
As-Is-Scenario
The first scenario describes the process of scheduling the production plan. Martin receives most of the data from the Bob, analyses
it and exchange the outcomes within meetings. After the plan is set for the production, Bob can organize the warehouse status and
delivery of the products.
To-Be-Scenario
The To-Be-Scenario of scheduling the production plan focuses on a more coherent and smooth transaction of the data transfer
between Bob and Martin. This scenario shows on the one hand a tool of the implementation of relevant data (statistical data,
average, geographical and temporal quantitative data) for Bob. On the other hand, there is another tool for Martin that helps him
with better forecasts and considers the digital transferred data and additional data from the machines.

Bob, Sales Logistic Manager, receives
the incoming orders, aggregates them
by item code and sends them to the
scheduling office for scheduling the
production plan. For doing so, Bob
needs to forecast the attempted sales
for an order to make sure he delivers the
right amount of his products.
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UN64 The user needs to know if there are
orders incoming in order to aggregate them by
an item code and send them to the factory and
third parts. (1)
UN65 The user needs to know the forecasting
of the attempted sales of incoming orders in
order to plan sales and distribution. (1)
UN55 The user needs to have trends and
forecasts of products in terms of volume on
the market in order to make reliable decisions
regarding production orders and scheduling.
(1)
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Bob, Sales Logistic Manager, receives
incoming orders, that are reliable in
terms of delivery time and quantity. In
addition to that he uses a system that
gives him precise forecasts in sales. To
achieve this, the system uses statistical
data of the distribution and sales of the
finished product enriched by average,
geographical and temporal quantitative
data.
Figure 11: Parmalat Scenario 1 – Step 1: Receiving data | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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Martin, production planning manager,
receives the aggregated orders, the
production volumes and further, a
pasteurization plan to schedule the
production plan for the following
production period (day/week) (using
MES – Sinapsi).

–

UN38 The user needs to have a program for
the following week about milk arrivals and a
semi-finished production plan in order to
schedule his activities. (1)
UN77 The user needs to know the information
of production volumes on time (the week
before) in order to plan the production of the
following week. (1)
UN91 The user needs to know the standards
regarding packaging in order to meet the
packaging needs during product preparation.
(3)
UN78 The user needs to know the production
volumes in order to generate the sequences
and distribute them in the packaging lines. (1)

Martin, production planning manager,
uses a scheduling system to schedule
the production plan for the following
production period (day/week). This
system maps the production plants as
well as their capacities and also shows
all constraints between machinery and
the processes as well as the priorities of
orders and bottlenecks.

UN39 The user needs to have a daily
pasteurization plan from the scheduling office
in order to schedule his activities for the
following day. (1)
UN36 The user needs to know sanitary and
hygienic regulations in order to manage and
schedule production. (4)
UN1 The user needs to have the production
plan from the scheduling office in order to do
his work. (1)

Figure 12: Parmalat Scenario 1 – Step 2: Scheduling the production | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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Further, he needs to consider delivery times,
quantity of raw materials, the status of the
warehouse and an overview of the overall
production. He also needs to take into
account the standards and regulations of the
processes and scheduled maintenance and
technical interventions according to the
plants and processes

It further allows forecasts of products in terms
of volume on the market and considers
customer expectations to schedule the
production plan. It also takes into account the
current state of the warehouse and the needs
of raw materials in order to plan and optimize
the production. Because of that he is able to
deliver a reliable scheduling plan. When
changes occur, the system gives a
notification to Martin and at the same time
gives suggestions about how to reschedule
the production plan on demand. Further, it
can react to unforeseen technical events
through data collections in the field.

UN37 The user needs to know the delivery
times of his (internal) customers (e.g., the
packaging department) in order to manage
and schedule production. (1)
UN57 The user needs to know the quantity of
raw materials that is needed as accurately as
possible in order to manage them (including a
safety margin) with less variability on
production plan. (3)
UN56 The user needs to know the status of
the warehouse in real time to best serve the
production (of pasteurization and packaging)
in terms of quantity and timing. (1)
UN42 The user needs to have an overview of
the overall production of the following day
(based on the company’s supply chain) in
order to schedule and start his production
activities. (1)
UN25 The user needs to have preventive
maintenance plans to limit the number of
problems to the plants. (4)
UN89 The user needs to know the scheduled
maintenance and technical interventions in
order to adhere to the deadlines. (1)
UN43 The user needs to know the standards
and possibilities of the plants in order to
prepare and start the production on time. (1)
UN79 The user needs to know the production
capacity of the plants in order to avoid
unexpected events and failures. (1)

Figure 13: Parmalat Scenario 1 – Step 2: Scheduling production | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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In regular meetings with the involved
departments all these aspects are
discussed to get a reliable draft and also
the programmed times to start the
production on time. In this step, it always
comes to changes to the production
plan due to the aforementioned
aspects which makes it hard to leave no
constraints behind and to adhere to
deadlines.
It further allows forecasts of products in
terms of volume on the market and
considers customer expectations to
schedule the production plan. It also
takes into account the current state of
the warehouse and the needs of raw
materials in order to plan and optimize
the production. Because of that he is
able to deliver a reliable scheduling
plan. When changes occur, the system
gives a notification to Martin and at the
same time gives suggestions about how
to reschedule the production plan on
demand. Further, it can react to
unforeseen technical events through
data collections in the field.

UN83 The user needs a collaborative space
together with his group in order to schedule
the production and align all involved
departments (e.g., product unit bottles, brik
and yoghurt) with each other. (2)
UN5 The user needs to have the production
plan and programmed times (e.g., by the
scheduling office) in order to meet the needs
of Logistics and Sale (e.g., producing the
exact number of items requested respecting
the delivery time). (1)
UN85 The user needs to know the priority of
orders and bottlenecks that may occur as a
result in order to schedule the production plan.
(1)
UN22 The user needs to know the customer
expectations in order to align his work with
them. (2)
UN84 The user needs to know if the (final)
production program is incorrect and not
realizable because of constraints left aside in
order to take measures to correct them. (1)
UN82 The user needs to have a revised and a
current version of the (initial) production
program in order to generate a reliable draft of
the program for his colleagues who are
involved in the procurement of components
and resource planning. (1)

Figure 14: Parmalat Scenario 1 – Step 2: Scheduling production | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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After production and based on the
(semi-) finished products together with
incoming goods and the current status
of the warehouse stocking, Bob
prepares the truck loads and executes
the delivery to internal/external
customers.

–

UN68 The user needs to know the stock of his
products in order to keep an overview of the
goods on hand. (2)
UN66 The user needs to have the incoming
goods, the withdrawal of finished products
from production and the warehouse stocking
in order to prepare truck loads and the delivery
to internal and external customers. (1)
UN72 The user needs to know the current
status and location of products (or their
pallets) in order to trace and overview them,
e.g., in cases of non-compliance. (1)

The reliable scheduling plan gives Bob
precise information about the (semi)finished products, incoming goods and
the current status of the warehouse
stocking. He can even track products
passing through the warehouse in terms
of real-time inventories, correct
management of FIFO and the location
of the products so that he can prepare
the truck loads and the delivery to
internal/external customers. For tracking
and having an overview of the
processes, Bob can easily ad-here the
deadlines. Since he is frequently in
different locations, he also uses a mobile
device for data logging and having all
D2.1 System Engineering, Specification and External Collaboration - Vs: 2.0 - Public

23 / 91

UN67 The user needs to have the relevant
parts of process for his tasks (e.g. the entire
flow of logistics) location-independently
available (and in a digital format), in order to
be able to access it everywhere. (2)
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–

data and information about his entire
process at hand.
Figure 15: Parmalat Scenario 1 – Step 3: Completion of scheduling plan | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right

3.1.3 Scenario 2 “Monitoring of production“
As-Is-Scenario
The second scenario describes the process of monitoring the production plan. Martin is receiving continuously data updates of the
production lines through different mediums to analyze and check the production processes. Bob also tracks and checks his data,
that he receives from different sources and in different formats. Both create reports and documentations to share it within meetings
and to align with each other.
To-Be-Scenario
The To-Be-Scenario of monitoring the production plan focuses on the automation of the data flow, a clear visualization and a
management tool of the data, that comes from the field sensors. Additionally, wearables and mobile devices are included within the
data transfer to maintain a fast and smooth communication of information. Furthermore, a system is depicted, that uses this data to
enable forecasts, analyses problems and their causes.
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UN20 The user needs the data from the lineoperators in order to do the analysis activities.
(2)

To monitor the production plan, Martin receives
production and plant data from the lineoperators of his department (using MES) to see if
everything is in control according to the final
production plan. This data contains information,
e.g., about fat percentage and protein of the
products to calculate the mass balance of milk
and fat. The information helps to trace and
analyze the operations. The received data are
affected by weaknesses regarding punctuality,
precision and correctness. Further different types
of data collection needs to be put together
manually, which makes it hard to get a(n)
(reliable) overview of the production.

UN44 The user needs to know the
transactions of the line operators (events and
data like tank levels or pressures) in order to
trace and analyze their operations. (1)
UN41 The user needs to know the fat
percentage and proteins of semi-finished
products produced during the current day in
order to verify adherence to the standard and
to calculate mass balance of milk and fat. (1)
UN81 The user needs to know the information
on production (from the production managers)
in order to align the production process. (1)
UN49 The user needs to have the entered /
incoming data and operations all in one place
in order to guarantee a better overview and a
more efficient analysis. (1)
UN34 The user needs to have a means to
collect the data automatically in order to
ensure punctuality, precision and correctness.
(1)
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To monitor the production plan, Martin receives
production and plant data automatically to see if
everything is in control according to the final
production plan. This data contains information,
e.g., about fat percentage and protein of the
products to calculate the mass balance of milk
and fat. This also helps him to trace and analyze
the operators and their operations. The received
data is collected in real time and directly from the
field by automatic systems and to ensure
reliability. Through both the operators and the
system, he further gets to know when something is
wrong.
Figure 16: Parmalat Scenario 2 – Step 1: Receiving data | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right

Therefore, Martin needs a way to see the data in
an arranged way in order to monitor them. This
includes especially the KPIs regarding production
like pieces, kg, liters, tons, stops and breakdowns
data, scrap & waste. By monitoring them, the
main goals of his task are then to ensure the
quality of goods and the compliance of costs and
time. To keep an eye on the most critical activities
and ensuring transparency within the process
activities is always difficult to reach due to
variances between planning and production in
quantitative and temporal terms.
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UN6 The user needs experiences and
qualifications related to the management of
production processes in order to identify waste
and increase the performance guided by data
analysis.(3)
UN47 The user needs to know the data of
matter (e.g., milk, fat or protein) from the
current and previous day in order to
understand if there have been losses and
probably to analyze the operations for
understanding the causes of the deviations.
(1)
UN14 The user needs to have real-time data
(pieces, kg, litres, ton, stops and breakdowns
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Therefore, Martin can see the data in a clearly
arranged way for him to monitor. This includes
especially the KPIs regarding pro-duction like
pieces, kg, liters, tons, stops and breakdowns
data, scrap & waste. The visual monitoring system
(or communication sys-tem from field systems PLC
and the SQL DB in which the sched-uling
application resides) gives Martin visibility and
overview on process activities. In addition to that,
Martin can use the system to monitor the most
critical activi-ties. He can manage the data that
comes directly from field sensors and ensure
effective planning and production activities.

–

data, scrap & waste) in order to monitor
process and production scheduling. (1)
UN2 The user needs to have the progress of
the line in real time in order to observe them.
(1)
UN92 The user needs to know in how far a
prepared product complies with the packaging
standards, in order to correct for them. (3)
UN27 The user needs to know if the errors are
related to human procedures or behavior in
order to prevent them. (3)
UN86 The user needs to have transparency
within the process activities in order to
improve them. (1)
UN46 The user needs to know if there were
deviations from the production plan (in the
past / previous shift) and how they were
resolved in order to keep an overview of the
production process. (2)
UN87 The user needs to have a monitoring of
the progress of the most critical activities in
order to supervise them and take actions if
necessary. (1)
UN33 The user needs to know the variances
between planning and production in
quantitative and temporal terms in order to
monitor the activities of the transformation
process. (1)
UN45 The user needs to know if the
production is on time in order to take
measures if necessary. (1)

Figure 17: Parmalat Scenario 2 – Step 2: Monitoring | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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To monitor the production plan, Martin receives
production and plant data from the line-operators
of his department (using MES) to see if everything
is in control according to the final production
plan. This data contains information, e.g., about
fat percentage and protein of the products to
calculate the mass balance of milk and fat. The
information helps to trace and analyze the
operations. The received data are affected by
weaknesses regarding punctuality, precision and
correctness. Further different types of data
collection needs to be put together manually,
which makes it hard to get a(n) (reliable) overview
of the production.

UN58 The user needs to know the KPIs
regarding delivery in order to ensure
compliance with the times towards the clients.
(2)

Bob receives for his department of sales and
distribution data about sales trends, inventory,
loading times of the vehicles, health hygiene and
unsold products so that he can keep an overview.
All this data is collected automatically and uses
the sales data system (Cognos-IBM) in order to
make initial analyses to find trends and
correlations with production requests. Bob’s entire
flow of logistics is equipped to be mobile and
wearable in order to have the current status and
location of products.

UN69 The user needs to have a report of the
sales data in order to forward it to the entire
organizational structure of the sales force. (3)

UN62 The user needs to know information and
data about sales trends, inventory, loading
times of the vehicles, health hygiene and
unsold products in order to keep an overview
and see if everything is in control. (3)
UN70 The user needs to know the returns of
the day in order to keep an overview and
create a report. (2)
UN61 The user needs to know the entire sales
chain (storage, sale on the market and return
of unsold goods) in order to manage the sales
documentation and procedures. (2)

Figure 18: Parmalat Scenario 2 – Step 3: Monitoring | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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Martin and Bob both create a report and
documentation of procedures and sales (using
Excel/Access). They refer to the monitoring
activities and discuss them in collaboration with
colleagues in order to keep each other up to
date and to take measures if necessary. By doing
so, they try to make the best decisions throughout
the whole value-creation chain which is hard to
reach, as the processes are seldom generalizable
by analysis due to the variations and problems
occurring.
Based on their monitoring activities, Martin and
Bob both create a report and documentation of
procedures and sales and share them with
colleagues in order to keep each other up to
date and to take measures if necessary. If
measures need to be taken, they can resort to
the system that gives them various suggestions
based on historical data and occurrences or
consider the whole value-creation chain in order
to make the best decision. They also have the
possibility to create forecasts of suggested
decisions based on current variations and
occurring problems or simulations based on
current data enriched by historical data to
support decision making of non-repetitive or
hard-to-generalize problems or occurrences.

UN71 The user needs to have data and
information about his processes in order to
share (and discuss) them with his team. (2)
UN19 The user needs to know when periodic
meetings take place (e.g., to check KPIs) in
order to attend and identify necessary
improvement actions with his colleagues. (4)
UN3 The user needs to have the KPIs related
to the production process (yields, finished
product waste, waste packaging materials
etc.) in order to discuss them with the other
team leaders and to observe problems. (2)
UN26 The user needs to have a means to
communicate errors to the department
managers in order to discuss them. (4)
UN7 The user needs calculation tools in order
to analyze data and to generate reports for
overviewing the KPIs. (1)
UN32 The user needs a holistic overview of
the entire process in order to make optimal
choices throughout the whole value creation
chain. (2)
UN8 The user needs to be up to date on
trends and problems in order to continue with
the production status analysis. (2)
UN35 The user needs to know if processes
are generizable in order to make predictive
analyses (e.g., through a standardized
planning system). (1)

Figure 19: Parmalat Scenario 2 – Step 4: Analysis | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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Besides monitoring both are also responsible for
data analysis, to identify drifts, patterns and
data trends, e.g., to make forecasts of an
ensured (daily/weekly) production schedule. For
this, he continuously compares the planned
production data with the real time data (using
MES). The KPIs regarding production, cost and
delivery further help to analyze problems and
causes of deviations and to receive a
documentation of errors (using MES – Sinapsi).
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UN16 The user needs to have data about a
specific time period (e.g., monthly) in order to
check data trends and to identify drifts and
patterns. (1)
UN9 The user needs to have the planned
production data in order to compare it with the
real production data. (1)
UN60 The user needs to have propositions
for modification plans for ongoing activities
based on past events in order to make better
decisions for the production process. (1)
UN29 The user needs to have resilient
(historical) data of the distribution and sales
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Besides monitoring, Bob and Martin are also
responsible to carry out data analysis, to identify
drifts, patterns and data trends and to optimize
the entire process. For this they can use their
documentation of operations and errors to
make forecasts of an ensured (daily) production
schedule. They can continuously compare the
planned production data with the real-time
data. By looking at the KPIs regarding
production, cost and delivery and by
comparing them with past data and events,
they can further analyze problems and causes
of deviations or simulate use cases to develop
possible problem scenarios.

–

of the product as well as average,
geographical and temporal data that allows
forecasts in order to have an ensured daily
production schedule. (1)
UN52 The user needs to have information
about the packaging function in order to
constantly compare the packaging function
with the packaging plan. (2)
UN80 The user needs to know the forecast
volumes from the supply chain in order to
perform feasibility analyses. (1)
UN31 The user needs the link between the
sales data system and the planning
management system in order to make initial
analyses and find trends and correlations with
production requests. (1)
UN40 The user needs to have up-to-date
information on packaging, maintenance and
further information about events, noncompliance and trends in order to update his
activities and the production plan. (2)
UN17 The user needs to know the KPI’s
regarding production, cost and quality in order
to use them as indicators for his analysis. (1)

Figure 20: Parmalat Scenario 2 – Step 5: Analysis | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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3.1.4 Scenario 3 “Real-time adjustments of the production process“
As-Is-Scenario
The third scenario describes the process of real-time adjustments of the production process. The Production Planning needs to
reschedule the production plan and intervene into the production process if problems occur (technical or organizational). This needs
to be communicated with the Logistics Sales Manager, who is responsible for the whole production chain. He needs adjust to the
changes and still ensure a delivery on time.
To-Be Scenario
The To-Be-Scenario of the real-time adjustments of the production process focuses on a real-time feedback of the processes and
their documentation.
UN73 The user needs to know in real time if
Based on scenario 1 and 2 Martin and Bob
there are problems emerging (even outside his
need to take measures when problems are
working hours) in order to take measures to
occurring, both in organizational and technical avoid waste of goods and time (e.g., due to
incorrect loading and picking). (2)
directions.
UN23 The user needs to know if there are
technical interruptions like failures or problems
like machine breakdowns (e.g., failures in the
pasteurization phase) in order to take actions
for solving them. (1)
UN10 The user needs to know if problems or
changes are occurring in the production plans
in order to reschedule activities and production
plans. (1)
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Martin and Bob both are notified in real time
when changes, deviations or problems occur in
the normal process (see scenarios 1 and 2),
whether they are technical or organizational in
nature.

–

UN88 The user needs to know the priority of a
problem in order to take actions according to
urgency. (1)

Figure 21: Parmalat Scenario 3 – Step 1: Notification about issues | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right

For organizational issues, Martin draws on
information from the documented errors and
emerging problems in real time. Further,
changes in the scheduled plans lead to the
need to take actions. The solution of the issues
is made by Martin himself or after consultation
or together with his colleagues (verbally or
using reports). A result of his measures is often
a rescheduled production plan.

UN63 The user needs to know if there are
non-conformities due to the storage (incorrect
FIFO) in order to take measures to solve
them. (2)
UN15 The user needs to know if KPIs are not
in control in order to view and extract them to
get insights or for specific requests (e.g.
managers, audit) (1)
UN4 The user needs to know if a KPI is out of
control in order to analyze the root cause and
to take actions to fix it. (2)
UN18 The user needs to know the type of a
KPI in order to identify the necessary actions
for improvement. (3)
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For organizational issues and to keep a smooth
overall process, Martin draws on information
from the documented errors and emerging
problems in real time. Further, changes in the
scheduled plans can lead to the need to take
actions. To deal with them, Martin can identify
the causes and further consequences or
conflicts for other activities in the entire
process (up- and downstream) to see which
measures will bring the best outcome by
keeping the effects on the other activities as
low as possible. The measures to be taken are
based on suggestions from the analyses and
by Martin himself. or after consultation or
together with his colleagues (verbally or using
reports) so that he is able to consider all
conditions and constraints. As a result of his
measures, he gets a rescheduled production
plan to keep the production process up to
date.

–

UN24 The user needs to know if there are
changes in orders (e.g., based on seasonality,
trends, market data and information from the
sales network, timing and quantities of semifinished products) in order to reach certainty of
the packaging plan. (1)
UN51 The user needs to know if there are
variations in quantity or in sequence of the
packaging plan in order to change the
preparation phase (e.g., producing one semifinished product before another or breaking it
into two productive runs). (1)
UN75 The user needs to know if there were
non-compliances found on the market in order
to trace the product on time and to make a
withdrawal if necessary. (1)
UN28 The user needs to be able to
collaborate with his/her team members in
order to avoid and manage deviations from the
production plan (e.g., quantity, timing). (2)
UN90 The user needs to collaborate with
colleagues from other departments (packaging
lines, milk division) if problems are not
manageable internally in order to deal with the
problems. (1)
UN12 The user needs to know if there are
volume shifts from one line to another which
leads to a loss of productivity, to reschedule
the costs of the production plan. (1)
UN11 The user needs to know if there is an
extension of production time in order to
reschedule overtime and cost in the
production plan. (1)
UN13 The user needs to know if there is a
cancellation of production slots or non-
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compliance with the delivery time in order to
reschedule activities and production plans. (1)
UN30 The user needs to know the identified
status of the buffers in the finished product in
the warehouse to immediately correct any
problems and to be sure to satisfy delivery
requests. (1)
UN59 The user needs to know if or how his
activities impacts other activities in the
process, both up- and downstream, in order to
guarantee a smooth overall process. (2)
UN54 The user needs to know if there are
unexpected variations of downstream
functions in order to change his production
plan (e.g., of pasteurization). (1)

Figure 22: Parmalat Scenario 3 – Step 2: Organizational adjustments | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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To receive a smooth overall process, Martin
and Bob needs to react to volume shifts from
one line to another, cancellation of
production slots and non-conformities with the
delivery times due to the storage and by
doing so to try to avoid delays and higher
costs. Challenging is here in especial, that his
activities have an impact on other impacts
within the whole production process (up- and
downstream).

In case of technical issues like blockings of the
computer systems or disturbances due to
(plant) failures, Martin can look at the
capacities of the plants and further
information about the production process to
remodulate the production plan, e.g., by using
other plants to try to guarantee the product
delivery on time. Depending on the type of
problem or error, he can also contact the
(present) supervisor or line operator to share
the relevant information about the problem,
especially to inform him of the measures to be
taken to rectify the fault on the machine.

UN76 The user needs to know if there are
blockings of the computer systems in order to
take measures or rescheduling the planned
activities. (3)
UN50 The user needs to know if there are
disturbances due to plant failures in order to
remodulate what is still being prepared using
other plants to guarantee the product delivery
on time. (1)
UN74 The user needs to know who the
present supervisor is in order to inform him/her
about errors and ask him/her to correct them.
(4)
UN21 The user needs to know what measures
needs to be done based on his analyses to
take actions or delegate them to the lineoperators. (3)

Figure 23: Parmalat Scenario 3 – Step 3: Technical adjustments | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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Technical issues can occur due to blockings of
the computer systems or disturbances due to
(plant) failures. For solving these interruptions,
Martin needs to remodulate the production
plan, e.g., by using other plants to try to
guarantee the product delivery on time.

–

UN53 The user needs to have a
documentation of errors in order to report
them to his colleagues (e.g., in a meeting). (3)
UN48 The user needs to know if deviations
from the standard are repeatedly occurring in
order to identify activities that affected the
KPIs. (1)

All occurring deviations and errors and
(successful) fixing of them is subsequently
documented and stored to be used for future
similar deviations.

Figure 24: Parmalat Scenario 3 – Step 4: Documentation of solved issues | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right
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3.1.5 Updated To-Be Scenarios
Based on the developments and discussions within the project, the three scenarios were linked to demonstrator 1 and 2. In this
way, the original 3 scenarios were merged with respect to the two demonstrators. The updated scenarios are presented below. For
reasons of clarity, we only show the scenarios and do not list the related user needs. Those can be taken from the previous
subsections. The following link will give a further visualization of mapping the scenarios with the demonstrators:
https://miro.com/app/board/uXjVO8tvmPQ=/
Scheduling the production plan | Demonstrator 1 (Collecchio)
1. Martin, production planning manager, uses a scheduling system to schedule the production plan for the following production
period week. This system maps the production plants as well as their capacities and also shows all constraints between
machinery and the processes as well as the priorities of orders and bottlenecks.
2. It further allows forecasts of products in terms of volume on the market and considers customer expectations to schedule the
production plan. It also takes into account the current state of the warehouse and the needs of raw materials in order to plan
and optimize the production. Because of that he is able to deliver a reliable scheduling plan. When changes occur or due to
unforeseen technical events, the system gives a notification to Martin and based on real-data collection via PLC+MQTT
medium, the algorithm can be re-runned to generate suggestions for a new outcome. Martin then has the responsibility to
accept or modify such outcome relying upon his sound knolwedge on cost function and production system.
3. Martin gets notified in real time when changes, deviations or problems on the shopfloor occur, whether they are technical or
organizational nature.
4. For organizational issues and to keep a smooth overall process, Martin draws on information from the documented errors and
emerging problems in real time. Further, changes in the scheduled plans can lead to the need to take actions. To deal with
them, Martin can identify the causes and further consequences or conflicts for other activities in the entire process (up- and
downstream) to see which measures will bring the best outcome by keeping the effects on the other activities as low as
possible. The measures to be taken are based on suggestions from the analyses and by Martin himself or by his colleagues
after consultation so that he is able to consider all conditions and constraints. As a result of his measures, he gets a
rescheduled production plan to keep the production process up to date.
5. In case of technical issues like blockings of the computer systems or disturbances due to (plant) failures, Martin can look at
the capacities of the plants and further information about the production process to remodulate the production plan, e.g., by
using other plants to try to guarantee the product delivery on time. Depending on the type of problem or error, he can also
contact the (present) supervisor or line operator to share the relevant information about the problem, especially to inform him
of the measures to be taken to rectify the fault on the machine.
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6. All occurring deviations and errors and (successful) fixing of them is subsequently documented and stored to be used for
future similar deviations.
Scheduling distributions and forecasting sales | Demonstrator 2 (Rome)
1. Bob, Sales Logistic Manager, receives incoming orders, that are reliable in terms of delivery time and quantity. He receives
the orders from Supply chain and demand planners who share/upload CSV file on SINAPSI front-end system. Even though
Bob has neither influence on this file nor is responsible for the correctness he can use the new implemented DWH system
that gives him best possible precise forecasts in sales. To achieve this, the system uses statistical data of the distribution and
sales of the finished product enriched by average, geographical and temporal quantitative data.
2. Bob receives for his department of sales and distribution data about sales trends, inventory, loading times of the vehicles,
health hygiene and unsold products so that he can keep an overview. All this data is collected automatically and uses the
sales data system (Cognos-IBM) in order to make initial analyses to find trends and correlations with production
requests. Bob’s entire flow of logistics is equipped to be mobile and wearable in order to have the current status and location
of products.
3. If measures need to be taken, Bob can resort to the MES (Manufacturing Execution system) that gives him various
suggestions based on historical data and occurrences or consider the whole value-creation chain in order to make the best
decision. He also have the possibility to create forecasts of suggested decisions based on current variations and occurring
problems or simulations based on current data enriched by historical data to support decision making of non-repetitive or
hard-to-generalize problems or occurrences.
4. Besides monitoring, Bob is also responsible to carry out data analysis, to identify drifts, patterns and data trends and to
optimize the entire process. For this he can use the documentation of operations and errors to make forecasts of an ensured
(daily) production schedule. He can continuously compare the planned production data with the real-time data. By looking at
the KPIs regarding production, cost and delivery and by comparing them with past data and events, he can further analyze
problems and causes of deviations or simulate use cases to develop possible problem scenarios. Additional to that he
optimizes the internal warehouse management, to reduce raw material stock, to improve production flows, to reduce waste
and, finally, to have a better coordination of production and logistics processes
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3.2 Kautex
For the pilot case of Kautex we talked with four employees (see Table 3): a Senior
Technician (Mr. Nine), a Process Specialist (Mr. Five), a Production Manager (Mr. Six) and
a Senior Tech Manufacturer (Mr. Seven). All of them are working on the manufacturing of
fuel systems in the automotive industry. All of them are either involved in the sampling or
the production process which will be improved by this project through ensuring distributed
knowledge within the teams about the current state. Further being able to react to
upcoming issues by relying on documentations from past issues and settings is important.
Table 3 Participants from Kautex

Kautex
Senior Technician (Mr. Nine)
Process Specialist (Mr. Five)
Production Manager (Mr. Six)
Senior Tech Manufacturer (Mr. Seven)

3.2.1 Identified tasks based on structured user needs
After the identification of user needs coming from the interview scripts, we identified the
overall structure of Kautex’s use case. The use case of Kautex has to be divided into core
tasks regarding the sampling process and the production process. Each of these
processes were further divided into sub tasks and steps, based on the task modelling by
Hacker (1986). Matching user needs were then collected for each task.
Sampling process
The first core task regarding the sampling is separated into four sub tasks: First, "setting
up the sampling procedure”, which describes all information regarding machines, sampling
requirements and guidelines needed to create a sampling plan. Second, “aligning the
sampling procedure” in order to consider the actual situation regarding, e.g., open tasks,
issues and specifications. Third, the “execution and completion”, that involves ensuring
quality and therefore an optimal sampling. Last, “solving unexpected issues” describes
tasks whenever issues arise and how knowledge can be distributed to prevent further
ones.
Production process
The production process itself can be described in four steps as well. First, “preparing and
launching production”, second, “monitoring” to ensure quality within production and identify
deviations and third, “analysis”, that helps analyze deviations by comparing data. The last
step involves “troubleshooting” regarding issues during production by developing solutions
for occurring problems as well as document them for sharing.
While Mike, technician, is working on the sampling process, Sven, specialist, oversees the
subsequent production process.
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Figure 25: Journey Map of Kautex’ user (created with Miro Board) – Click on the pdf below for a
bigger view

Kautex.pdf
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3.2.2 Scenario 1 “Sampling process“
As-Is-Scenario
The first Scenario describes the sampling process. Mike sets up the sampling to ensure technical feasibility and gathering
requirements for an optimal sampling. Once the process started, Mike’s typical working day is to align the procedure by looking at
open tasks that need to be done and check to what extent the product specifications are met and match them with the process data.
Afterwards, he checks the current data and tests regarding the quality of the sample to identify improvements and adjustments to
implement them. If there are issues, Mike investigates them and tries to find the right solution as well as document them.
To-Be Scenario
When setting up the sampling the system will help Mike to react to deviations and ensure feasibility. Once a sampling started Mike
keeps up-to-date about the current state and therefore identifies necessary adjustments as well as areas of improvement. Results
will be documented in the sampling documentation. During the sampling procedure Mike is supported by the system notifying him
about adjustments that need to be done and providing information about potential interdependencies within parameters. When
issues arise, the system informs Mike immediately and provides him relevant data, so Mikes team can decide on next steps. The
system also supports the documentation of the whole sampling procedure as well as a documentation of feedback from others to
ensure knowledge transfer for more efficient problem solving in the future.
Mike, Technician, needs to know the
components of the machines to set them
up for the sampling process ensuring
technical feasibility. Moreover, he needs
process guidelines, information about
characteristics, specifications and failure
patterns of the product (regarding quality
and geometry aspects) in order to consider
them when gathering the sampling
requirements for optimal sampling. Further,
Mike needs the first piece sampling to
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UN92 The user needs to know about the
components and the physical limits of a
machine in order to set up the machines. (2)
UN44 The user needs to have knowlEdge in
hydraulic and physical behavior of materials
and extrusions in order to consider them in
setting the machine. (3)
UN91 The user needs to have process
guidelines by the company in order to make
sure products comply with them. (1)
UN116 The user needs to have data and
information from the design department in
advance in order to make suggestions if he
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discuss it with representatives from
respective departments.

identifies issues based on his experiences
which can lead to potential problems in
sampling or production. (4)

To set up the sampling plan, Mike,
Technician, uses the information about the
components of the machines and product
requirements for sampling regarding
technical feasibility. Further, he processes
them together with process guidelines,
information about characteristics,
specifications and failure patterns of the
product for optimal sampling. During this
merging process, the system checks and
informs Mike about potential deviations from
production scenario and product
specifications. As a result, he receives the
sampling requirements and together with a
first piece sample he discusses them with
the representatives from respective
departments finally, so that sampling can
start.

UN120 The user needs to have reliable data
from the design process in order to simulate
settings for sampling. (4)
UN41 The user needs to know the product
characteristics in order to stabilize the values
from which he can achieve an optimal
manufacturing process with the best possible
output. (1)
UN117 The user needs to know about certain
features of the product in order to give advice
on the manufacturability based on his past
experience. (4)
UN40 The user needs to have the raw data of
the item (provided by the project engineer) in
order to assess and verify the
manufacturability of the item. (4)
UN45 The user needs to have access to failure
patterns in the manufacturing process from the
past in order to make better decisions during
his work. (1)
UN39 The user needs to know the product
specifications / requirements in order to meet
them and take measures if necessary, e.g.,
due to deviances. (1)
UN57 The user needs to have a first piece
sampling in order to discuss and plan with a
representative from the respective department.
(1)
UN63 The user needs to know the time frame
for the sampling of an item in order to organize
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his work and to deliver the best possible
production time. (3)

Figure 26: Kautex Scenario 1 – Step 1: Setting up the sampling procedure | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right

In order to schedule and align the sampling
plan, every day Mike needs to have access
to the sampling plan, the quality and
product specifications, the quality report as
well as relevant machine data. He also has
to know about open and finished tasks in
the sampling process as well as issues that
were arising. Further, he has to know which
goals and KPIs have to be fulfilled. Mike tries
to organize an efficient sampling, to prevent
delays or waiting times and to consider
(potential) steps and changes. These steps
and changes in the sampling process are
being documented in the process settings,
so Mike can compare results with the stateto-be and identify deviations.
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UN54 The user needs to know about the
activities of the previous day and what tasks
are still pending by the start of his working day
(e.g., by a meeting with all departments) in
order to receive an update of the current state
and to plan his working day. (1)
UN118 The user needs to have access to the
machines remotely in order to see if everything
is working well by checking the settings. (1)
UN47 The user needs to have an own laptop
in order to view data and make analysis. (3)
UN105 The user needs to have a
documentation about all the process settings
(e.g., which programs are being used to
produce specific products, how the product
looked like) in order to compare the current
state to the state defined. (1)
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Once a sampling process started, every
day, Mike first checks the current sampling
progress, aligned by the system, by looking
at all of the related information (the quality
and product specifications, the quality
reports as well as relevant machine data)
which are displayed in the system to keep
an overview. In addition to that, Mike
receives a report for the current day about
open tasks (Process & Equipment
adjustments to increase maturity of product)
that need to be done to correct deviations
and issues. Based on the previously defined
requirements, Mike is always up to date on
the extent to which the requirements match
the current process data so he can see
which goals and KPIs still need to be fulfilled.
All these (incoming) data are well-organized
and structured and help Mike to keep the
overview about the sampling as well as
ensure an efficient sampling process to
prevent delays and waiting times. For this he
gets feedback by the system about what
extent the product specifications are
achieved (e.g., in %). Every action that was
taken is documented mostly automatically
and checked by Mike in the process
settings and for the next day (changes and
steps).
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UN101 The user needs to know the number
(ID) of the products in order to be able to keep
track of changes in the according quality
report. (1)
UN95 The user needs to know the current
state of the sampling process in order to align
the existing sampling plans with them. (1)
UN100 The user needs to know which tasks
have to be fulfilled for the current day in order
to organize his day. (2)
UN67 The user needs to know his tasks in
order to execute them or optimize the
processes. (2)
UN99 The user needs to have the ability to
adapt his responsibility in order to be aware of
the task and sampling process. (4)
UN49The user needs to know key
characteristic values in order to compare them
to the specified requirements. (1)
UN111 The user needs to know about
deviations of the current state of the product
during a sample in order to prioritize the
deviations within the team. (1)
UN56 The user needs to have the quality
management results on time in order to avoid
delays and waiting times. (1)
UN55 The user needs to have the quality
management results in order to prepare the
plant for the next samples. (1)
UN96 The user needs to know the results of
the current product in order to compare them
to the expected outcome and document them
in reports. (1)
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UN98 The user needs to know about open
tasks that can be solved by the team itself in
order consider them by planning his working
day and to minimize waiting time. (4)
UN110 The user needs to know whether his
team and he reached the set goals for the
product sampling in order to set the next steps.
(1)
UN58 The user needs to know the quality
aspects, errors and optimizations made during
a sampling in order to document and share the
knowlEdge for later optimization
readjustments. (1)

Figure 27: Kautex Scenario 1 – Step 2: Aligning the sampling procedure | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right

Mike has to check the sampling by
accessing the machine data and reports for
documenting the sampling. For this, testing
and comparing the quality of the sample in
coordination with the quality department is
necessary, for which he needs the sample,
the specifications of the drawing and the
data from measurement points. Quality test
results show Mike if everything is working as
expected or not and he can discuss the
results further with others to find steps for
improvement. When adjustments have to
be done in order to achieve maturity of
product during the sampling Mike needs
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UN64 The user needs to have an overview of
the production line in order to check if
everything works as expected. (1)
UN38 The user needs to know how the
production is running in order to keep them as
lean as possible, e.g., by taking measures. (2)
UN104 The user needs to have the data and
reports with him digitally in order to get access
to them, e.g., when he is on site at the
machine. (1)
UN65 The user needs to have an overview of
the product that is produced in order to check
if everything works as expected. (1)
UN97 The user needs to know if the product
meets the specifications on the drawing,
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different work tools and knowlEdge about
the material properties, behavior of process
and equipment to adjust and ensure
optimal sampling.
During his working day, Mike checks the
sampling by accessing the machine data
and reports for documenting the sampling.
Since Mike works directly on or near to the
machines, he is able to retrieve the data,
reports and specifications and further the
data measurements digitally. After he
received the data, he tests and compares
the quality of the sampling in coordination
with the quality department to check if
everything is working and gets notified by
the system if adjustments have to be done.
Further, the system provides him insights and
proposals how to proceed based on the
compared data to understand the impact of
possible adjustments for a better decisionmaking (within his team). Based on the
decision on how to proceed and his
knowlEdge about the material properties
Mike chooses the optimal work tools and
tasks to ensure optimal sampling.

–

approved by the quality department in order
make changes on the machines if necessary.
(1)
UN51 The user needs to know deviations of
the product in order to compare them against
the ideal by means of a 3D scan. (1)
UN94 The user needs to have measurements
(e.g., by 3-dimensional measuring systems or
mechanical testing devices) in order to test
quality and mechanical aspects of the
sampling. (1)
UN50 The user needs to know the data of
each measurement point in order to know
where to adjust the process. (1)
UN53 The user needs to have an
understanding of the quality testing (slowmotion videos) of the quality sample in order
to analyze it together with the quality
department to determine where the quality of
the product can be improved. (2)
UN102The user needs to know if the testing
was ok or not in order to track changes but
also undo them if necessary. (1)
UN52 The user needs to know if there are
deviations in between the product and ideal
contours in order to initiate required actions to
ensure following the specifications. (1)
UN48 The user needs to know the test
performances based on the quality sample in
order to discuss them with the engineers. (1)
UN103 The user needs to know what changes
after a test were made in order to track but
also undo them if necessary. (1)
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–

UN93 The user needs to have analytical and
experience-based skills in order to predict how
materials will behave and need to be
processed. (2)
UN43 The user needs to have spatial
imagination in order to understand the shape
and material behavior and make proper
machine motion adjustments. (1)
UN42 The user needs to know about the raw
material in order to waste it as little as
possible. (3)
UN46 The user needs to have different work
tools in order to make adjustments on the
machine. (4)

Figure 28: Kautex Scenario 1 – Step 3: Execution and completion | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right

When an issue arises, Mike needs to know
the time, location and possible cause of it
as well as the nature of the issue. With this
information he can investigate and
understand the issue and document it after
being solved in order to prevent them in the
future. For this, it is also important to share
the documentation of the sampling and
issues with the team in order to distribute the
knowlEdge and prevent knowlEdge loss
over time. Here, feedback on proposed
solutions also would help Mike to know if
they worked and learn from them. In the
end these learnings as well as the distributed
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UN61The user needs to know at which point
of the process an error occurs in order to
analyze the cause of the error and to find the
right solution. (1)
UN62The user needs to know under which
parameter an error occurs in order to analyze
the cause of the error and to find the right
solution. (1)
UN119The user needs to have data about
physical issues of a machine, like how the
machine behaves (e.g., if it makes abnormal
sounds) in order to identify and localize the
cause of the problem and make suggestions
to solve it. (1)
UN115The user needs to know who is
responsible for a certain step of the sampling
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knowlEdge help identifying improvements
and therefore improve the sampling
process.
When an issue arises, Mike gets notified
about it and further immediately receives
the time, location and cause of it as well as
context information on the nature of the
issue. These help him to understand the
issue and therefore represent basic
information for the automatically generated
documentation which are used for similar
defects or issues in the later production
process. The documentation also helps him
in the further process of solving an issue as it
ensures a distribution of the data and made
decisions based on automated proposals
and discussions within the team. Feedback
on implemented countermeasures is
documented automatically where
applicable afterwards as well, so that Mike
can see if his proposals worked for a more
efficient problem solving of similar issues and
further use them to improve the sampling
process.

–

in order to contact him immediately for
occurring issues. (3)
UN109The user needs to know if he has to
leave his current workplace due to a problem
at another location in production in order to
find a person to take over at the current
location. (4)
UN59The user needs to have a
documentation of errors in order to share them
with all employees and by that giving them the
opportunity to look up if a certain error has
occurred before on a plant and how it was
solved. (1)
UN106 The user needs to know when specific
issues arise and how they were solved in
order to give feedback to the quality
department to prevent them from occurring
again. (1)
UN66 The user needs to know if there are
ways of improvement within the processes he
works on in order to bring in and discuss
innovative approaches in the meetings. (1)
UN108 The user needs to know if proposed
countermeasures get implemented and how
they worked in order to prevent known
problems the next time when proposing
countermeasures. (1)
UN113 The user needs to have continuity
within his working team for a whole sampling
process in order to prevent knowlEdge getting
lost. (2)
UN107 The user needs to have feedback
about the sampling results as well as feedback
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–

about his actions in order to know what did or
did not work. (1)
UN60 The user needs to have feedback on his
documentation of measures in the
development phase of the process in order to
know if his solution approach was helpful and
good or bad. (1)
UN114 The user needs to have detailed
documentation of each sampling step in order
to make sure workers from following steps can
fall back on it to prevent problems. (1)
UN112 The user needs to have a (final)
documentation about deviations from the
sampling process in order to share it with the
production team. (1)

Figure 29: Kautex Scenario 1 – Step 4: Solving unexpected issues | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right

3.2.3 Scenario 2 “Production process“
As-Is-Scenario
The second scenario describes the production procedure which follows the iterative sampling procedure. In this step, Sven
prepares the production based on the sampling documentation and further requirements before the production can start. This
further has to be checked again, when the machines were shut down. When production runs, he monitors the production by
checking performance reports, deviations and further process data to ensure a stable production process. If alignments need to be
done or there are ways of improvement Sven analyzes current and historical data to check if they are feasible. Further, if issues
arise, they need to be solved immediately to continue with production as soon as possible. Therefore, he tries to find best solutions
and by that to consider impacts on other process steps. After solving the issue, a documentation about this procedure should help
him and his colleagues to prevent similar or recurring issues.
To-Be-Scenario
D2.1 System Engineering, Specification and External Collaboration - Vs: 2.0 - Public

50 / 91

Towards AI powered manufacturing services, processes, and products in an edge-to-cloud-knowlEdge continuum for humans [in-the-loop]
www.knowledge-project.eu

–

By preparing production, Sven takes the sampling documentation as well as further requirements into consideration. Sven oversees
the production and is supported by an overview of real-time production data showing him necessary adjustments due to deviations
regarding the initial production procedure. Like this, Sven can also analyze the data and provide insights in a documentation helping
to improve future procedures. Mike gets informed when issues arise and the system helps Mike to understand and analyze the
problem by taking past issue solving into account. With his team Mike decides on how to proceed. In the end the final procedure is
documented and provides the basis for future problem solving.
Sven, Specialist, needs to know requirements for running the production process, which he gets from the sampling
documentation as well as from information about the material properties, the
requirements of plastics technology and
load-bearing capacities. For running of
the production, the difficulty is to reach
reliability by having distributed
knowledge and sufficient training in
order to keep everyone involved up to
date about the current production
progress.
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UN34 The user needs to know if the factories
performed test runs before production starts in
order to follow the schedule and receive the
necessary data. (3)
UN8 The user needs to know the material
properties, load-bearing capacities and
requirements of plastics technology in order to
consider them for decision-making of
scheduling and improving the production
process. (1)
UN88 The user needs to have distributed
knowlEdge and expertise in order to ensure
sufficient training of team members. (2)
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Sven, Specialist, receives the sampling
documentation including the requirements and information about the material properties, requirements of plastic
technology and load-bearing
capacities to set-up the initial
production process. This production
process is distributed by Sven and
accessible within the team, to ensure
everyone is on the current state and gets
informed immediately about occurring
changes in the later production.

–

UN87 The user needs to know the output of the
production in order to set a benchmark where
everyone can learn from. (4)
UN37 The user needs to have all of the data for
the processes shareable with his employees in
order to make them internally available for all to
see (and discuss). (2)
UN73 The user needs to have the daily
performance reports, that record the last 24
hours of production processes in order to check
if the production lines are below or above target
and if they deviate from the standards (1)
UN82 The user needs to know which lines are
running in order to know where work needs to
be done. (2)
UN74 The user needs to have a look on site
into the machine (by checking the dashboard)
in order to check if there were some issues or
alarms listed (from the past). (1)
UN77 The user needs to know which issues
were upcoming during the last 24h in order to
see which already have been solved and which
ones need to be escalated. (1)
UN68 The user needs to have the reports from
the previous day in order to check them and
plan preventive maintenance tasks. (1)
UN1 The user needs to have maintenance
plans, created by himself in order to get an
overview of the process flows by listing the
machines and types of processes. (4)
UN2 The user needs maintenance plans in
order to make sure they have been performed.
(4)
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–

UN3 The user needs to have the relevant and
current data of the machines in order to ensure
the compliance with the maintenance plan and
to update it regularly. (4)

Figure 30: Kautex Scenario 2 – Step 1: Preparing and launching production | As-Is (Top) and To-Be (Bottom) Scenario with user needs on
the right
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In order to get a holistic overview, Sven
checks which lines are running as well as
the logbooks, performance reports,
graphs and machine data. The
documentation of issues and comments
on issues by inline-workers help Sven to
identify deviances. Currently it is difficult
to get access to all relevant data (at
one place) because of different types of
collection and storage. Sven always
needs to be up-to-date regarding
current data and therefore exchanges
and discusses production results within
the team, so it can be checked. The
initial set-up and the current data show
Sven if the initial production set-up has
to be aligned in order to maintain a
stable production process.
During the monitoring of production
Sven needs to identify and consider
dependencies, e.g., with KPIs regarding
quality specifications and regarding
customer requirements as well as
process relevant data in order to ensure
quality by identifying deviations and if
necessary, align processes.
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UN90 The user needs to have easy access to
all the data with the input, lists and description
and cause of issues (and advisory on decisionmaking) in order to maintain a smooth
workflow. (1)
UN75 The user needs to know if the logbooks
(on site of the machine), reports and graphs
are aligned in order to clarify deviances about
what happened within the previous day. (1)
UN83 The user needs to know the change
points the operator made (within the last 24
hours) in order to check them. (1)
UN89 The user needs to know if the inline
workers on the machines have any comments
on an issue that are not documented by the
machines (e.g. in a logbook) in order to capture
feedback fast and simple and receive an
holistic overview on the issue. (1)
UN16 The user needs to have a documentation
of the measured data and information in order
to keep an overview. (2)
UN9 The user needs to know how factors of
production influence the process (e.g., by
measuring and analyzing) in order to keep
compliance with the plan and find deviations.
(1)
UN78 The user needs to know the specific
KPI’s, that are defined by quality specifications
and customer requirements (like weight,
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In order to keep a holistic overview
about the production, Sven receives
data from the running production lines,
performance reports, graphs and
machine data in one place. He further
gets insights to machine status remotely
and digitally. If an operator wants to
add his own comment to an issue or
deviance, for example for a more
detailed description, Sven gets notified.
The dashboard that shows him data
about the current state at one place and
comments on that keeps him up to date
and shows him if there is the necessity
for alignments. This further allows an
efficient exchange and discussion with
the team regarding the production
parameters and alignments to maintain
a stable production process.
During the monitoring of production
Sven is also able to retrieve information
about dependencies. Dependencies
are determined by the system e.g., with
KPIs regarding quality specifications and
customer requirements as well as
process relevant data. If the system
identifies deviations, it provides
measurements (based on historical data
and the sampling documentation) in
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dimensions, and functionality) in order to follow
and check them. (1)
UN79 The user needs to know if the KPI’s
standards are aligned with the production in
order to check if there is a deviance regarding
the outcome and if necessary, to immediately
stop the production and prevent losses. (1)
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order to help Sven optimize the process
if necessary.
Figure 31: Kautex Scenario 2 – Step 2: Monitoring | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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When Sven starts the analysis to find
areas of improvement, he tries to
obtain actual time data and
compares it with historical data from
sampling if available. He further takes
previous documentations about issues
and realized improvements into
account to compare and visualize the
data and make comparative analyses
Due to the different kind of data
collection and formats it is challenging
to easily connect the data and make
analysis possible. After his comparative
analyses he compares them with the
production set-up regarding deviations
so that current production will again
comply with the production set-up.
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UN10 The user needs to have real time data of
the machines in order to evaluate and analyze
the data more quickly. (1)
UN70The user needs to have access to the
current data from all machines, that he
observes (and are stored in the PLC) in order
to connect them for analyses. (1)
UN72The user needs to have an overview on
his data (from various sources) in order to do
the analysis effectively. (1)
UN18 The user needs to have an overview
about the data from a certain time period (e.g.,
infographics based on the data listed) in order
to visualize the data and identify differences.
(1)
UN17The user needs to know process relevant
data of each factory (types of machines,
customer, processes, etc.) in order to keep an
overview and identify differences. (2)
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Besides monitoring of the process,
Sven also does analysis of the data to
find areas of improvement. For this he
chooses the relevant data from the
data base of the system which
contains real time data, data from
specific time periods and further from
samplings before start of production.
He can further include data from
reports about issues and realized
improvements to start the automated
analysis by the system. Due to the
automated process, Sven can rely on
the data as there is conformity
between the different types of data.
Based on the comparative analysis,
the system brings attention to
deviations from the production process
or product specifications and gives
suggestions for improvements (e.g.,
based on previous documentations
and reports).

–

UN19The user needs to know the parameters
of all factories (of his company and each
factory) in order to make comparative analysis.
(3)
UN4 The user needs to know if all factories are
up to the same standard in order to determine
areas for optimization. (2)
UN69The user needs to know the issues during
the processes in order to do some analysis and
investigations on the machines. (1)
UN7 The user needs to know how to optimize
processes, e.g., based on his work experience
in order to do his job. (1)
UN20The user needs to know if there are
differences between factories to communicate
the differences and possible optimizations to
take. (3)
UN14The user needs to know whether
improvements have taken place at one factory
in order to check if they can also improve the
processes of other factories. (1)
UN15The user needs to have information and
data about raw material consumption, cycle
times and energy consumption in order to
measure and improve the processes of each
factory. (2)
UN71The user needs to have access to the
current and previous data from the machines
(e.g., as reports) in order to analyze past
mistakes and issues and further use them for
future improvements. (1)
UN21 The user needs to know how processes
can and have been optimized in order to
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suggest them to the technicians and order test
runs. (1)
UN22 The user needs to have a documentation
of the ordered tests runs (e.g., by listing what
parameters were changed and its test result) in
order to take actions to improve the process.
(1)

Figure 32: Kautex Scenario 2 – Step 3: Analysis | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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When new or recurring issues arise,
Sven has to be informed in order to
understand it properly. For this, he has
to gather lots of information regarding
time, location and nature of the issue
as well as about the factory, the
production line and the piece of
equipment and the product (version).
As Sven has the goal to resume
production (while ensuring product
specifications are complied) as fast as
possible he needs to quickly analyze
and broadly discuss the issue within the
team or others to set up a solution plan.
Finding a solution and then manage
the problem with staff on-site is
challenging as Sven has to involve the
right team competencies. For Sven a
more sustainable lessons learned
process including global read across
would be great to prevent problems
from arising again. This for example,
requires having a documentation on
the problem solutions as well as further
feedback on them to understand the
impact of his work. By sharing the
documentation with the whole team,
the distributed knowlEdge would help
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UN23 The user needs to know if a technician
contacts him about problems arising at a factory
(by phone or email) in order to discuss the nature
of the error and attempt to locate it by looking at
each process flow. (2)
UN35 The user needs to know when defects
occur, where they occur and what caused them in
order to solve them and being able to resume the
production faster. (1)
UN36 The user needs to know if errors occur
(e.g., directly by notifications from machines) in
order to take actions to start analyzing the cause
of errors (e.g., by stopping the machine or
requesting a programmer/specialist.) (1)
UN5 The user needs to know the location of the
factory, production line and piece of equipment in
order to support activities like helping with
troubleshooting (on site). (2)
UN12 The user needs to have direct access to
the data and reports on the machines in order to
gain insight as well as to react if an error occurs.
(1)
UN6 The user needs to know the detailed
information about the plant that causes problems
in order to help or support with the
troubleshooting remotely or on-site. (2)
UN80 The user needs to know if the inline
workers and their group leader have interruptions,
that could not be solve by themselves in order to
manage the issue. (1)
UN27 The user needs to know if someone in his
teams has problems with or questions about the
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to refer to them in order to react faster
in case of recurring issues.
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machines they are working on (e.g., like blow
molding machine) in order to discuss them
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If a new or recurring issue arises, Sven
gets notified by machines directly or by
the operators, e.g. through a request
button. This notification further informs
Sven about time, locations and nature
of the issue, as well as about the
factory, product line and piece of
equipment and the product (variant),
to understand the issue properly. Based
on this data, the system can analyze
the issue and include historical data if
necessary. By doing so, it can estimate
which solutions from the past worked
and if they can solve the current
problem as well. Sven receives solution
proposals together with possible
consequences for production and
steps to be taken (e.g., involving other
team members, experts or staff on site
and discusses them with his
colleagues). Once he decided, he sets
up the solution plan to manage the
issue. After the solution is implemented,
Sven and his team document the
success and effects of the solution in
the system, on the one hand to avoid
them in the future and on the other
hand to be able to fall back on them if
the error occurs again. If the system
detects anomalies or deviations that
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and share solution proposals for sharing
knowledge within the team. (2)
UN33The user needs to know if there is a
defective component of a machine in order to
order spare parts as quickly as possible to
prevent a delayed customer delivery. (4)
UN81The user needs to know if he can’t manage
an issue by himself in order to contact the other
departments to be involved in figuring out the
problem and still manage to organize the
customer delivery on time. (2)
UN76 The user needs to know if there are
technical issues and actions that need to be set
up in order to discuss them within the team and
schedule the upcoming activities. (4)
UN13 The user needs to have data and reports
on the machines in order to discuss them with the
experts and programmers. (1)
UN24 The user needs to have the reporting data
of a plant in order to discuss them with the
technical staff to identify possible causes, and to
determine the cause of the error. (2)
UN25 The user needs to know what further
actions with the team on site and his supervisor
have to be taken in order to find the cause of the
problem. (1)
UN86 The user needs to have a solution plan
about how to solve unexpected events for
(standardized) work in order to share them with
the operators and inline workers. (1)
UN29 The user needs to have a documentation of
errors in order to report back errors and inform
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may indicate a (re)occurrence of the
issue, it notifies Sven immediately,
suggests possible countermeasures so
he can counteract them in an early
stage.

–

the electrician on site as well as his supervisor.
(1)
UN30 The user needs to have assistance of the
on-site staff in order to restore the machines and
process operations. (4)
UN31 The user needs to know if the respective
team is present on site in order to share the
problem and work together with them to resolve it.
(4)
UN28 The user needs to have confirmation by the
factory e.g., via feedback about a proposed
solution in order to know whether it has worked.
(1)
UN84 The user needs to know if problems were
solved in order to sign them off. (1)
UN32 The user needs to know if the respective
team or employees have understood and learnt
from the problem in order to make sure that it will
not happen again. (1)
UN85 The user needs to know if a (same)
problem is occurring again within the next 24
hours (or the following days depending on
specific conditions) in order to take further actions
to solve it. (1)
UN26 The user needs to have all issues
documented and stored consistently in order to
be able to refer to them. (1)
UN11 The user needs to know if problems are
occurring and how they affect the production
plans in order to (re)schedule long-term plans to
optimize times and or improve quality. (4)

Figure 33: Kautex Scenario 2 – Step 4: Troubleshooting | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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3.2.4 Updated To-Be Scenarios
Based on the developments and discussions within the project, the two scenarios were linked to demonstrator 3. In particular, we
framed the scenarios more closely to the system description to illustrate the importance of the components with the scenario and
the users’ tasks. For reasons of clarity, we only show the scenarios and do not list the related user needs. Those can be taken from
the previous subsections. The updated scenarios are presented below. The following link will give a further visualization of mapping
the scenarios with demonstrator 3: https://miro.com/app/board/uXjVOAxha18=/
Sampling process
1. To set up the sampling plan, Mike, Technician, uses the information about the components of the machines and product
requirements for sampling regarding technical feasibility (Material cards). Further, he processes them together with process
guidelines, information about characteristics, specifications and failure patterns of the product for optimal sampling (simulation
setup values). During this merging process, the system checks and informs Mike about potential deviations from production
scenario and product specifications. For doing so, the system uses data from the aggregated database that includes the
documentation of simulaion results and previous samplings. Based on this, an optimal machine set-up prediction together
with blowsim simulation is generated in order to ensure a shorter sampling procedure. As a result, Mike receives the sampling
requirements and together with a first piece sample (CAD file) he discusses them with the representatives from respective
departments finally, so that sampling can start.
2. Once a sampling process started, every day, Mike first checks the current sampling progress, aligned by the system. Here, he
is looking at all of the related information (the quality and product specifications, the quality reports as well as relevant
machine data) which are displayed in the system to keep an overview. In addition to that, Mike receives a report for the
current day about open tasks (Process & Equipment adjustments to increase maturity of product) that need to be done to
correct deviations and issues. Based on the previously defined requirements, Mike is always up to date on the extent to which
the requirements match the current process data so he can see which goals and KPIs still need to be fulfilled. All these
(incoming) data are well-organized and structured and help Mike to keep the overview about the sampling as well as ensure
an efficient sampling process to prevent delays and waiting times. For this he gets feedback by the system about what extent
the product specifications are achieved (e.g., in %). Every action that was taken is documented mostly automatically and
checked by Mike in the process settings and for the next day (changes and steps).
3. During his working day, Mike checks the sampling by accessing the machine data and reports for documenting the sampling.
Since Mike works directly on or near to the machines, he is able to retrieve the data, reports and specifications and further the
data measurements digitally. After he received the data, he tests and compares the quality of the sampling in coordination
with the quality department to check if everything is working and gets notified by the system if adjustments have to be done.
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Further, the system provides him insights and proposals how to proceed based on the compared data to understand the
impact of possible adjustments for a better decision-making (within his team). Further it shows the corellation of input
parameters and possible effects when adapting. Based on the decision on how to proceed and his knowledge about the
material properties Mike chooses the optimal work tools and machine set-up to ensure optimal sampling and speeding up the
process.
4. When an issue arises, Mike gets notified about it and further immediately receives the time, location and cause of it as well as
context information on the nature of the issue. These help him to understand the issue and therefore represent basic
information for the automatically generated documentation which are used for similar defects or issues in the later production
process. The documentation also helps him in the further process of solving an issue as it ensures a distribution of the data
and made decisions based on automated proposals and discussions within the team. Feedback on implemented
countermeasures is documented automatically where applicable afterwards as well, so that Mike can see if his proposals
worked for a more efficient problem solving of similar issues and further use them to improve the sampling process.
Manufacturing process
1. Sven, Specialist, receives the sampling documentation including the require-ments and information about the ma-terial
properties, requirements of plastic technology and load-bearing capacities (Mfg setup values) to set-up the initial production
process. Thisproduction process is distributed by Sven and accessible within the team, to ensure everyone is on the current
state and gets informed immediately about occurring changes in the later production.
2. In order to keep a holistic overview about the production, Sven receives data from the running production lines, performance
reports, graphs and machine data in one place. He further gets insights to machine status remotely and digitally. If an
operator wants to add his own comment to an issue or deviance, for example for a more detailed description, Sven gets
notified. The dashboard that shows him data about the current state at one place and comments on that keeps him up to date
and shows him if there is the necessity for alignments. This further allows an efficient exchange and discussion with the team
regarding the production parameters and alignments to maintain a stable production process.During the monitoring of
productionSven is also able to retrieve information about dependencies. Dependencies are determined by the system e.g.,
with KPIs regarding quality specifications and customer requirements as well as process relevant data. If the system identifies
deviations, it provides measurements (based on historical data and the sampling documentation) in order to help Sven
optimize the process if necessary.
3. Besides monitoring of the process, Sven also does analysis of the data to find areas of improvement. For this he chooses the
relevant data from the data base of the system which contains real time data, data from specific time periods and further from
samplings before start of production. He can further include data from reports about issues and realized improvements to start
D2.1 System Engineering, Specification and External Collaboration - Vs: 2.0 - Public

65 / 91

Towards AI powered manufacturing services, processes, and products in an edge-to-cloud-knowlEdge continuum for humans [in-the-loop]
www.knowledge-project.eu

–

the automated analysis by the system. Due to the automated process, Sven can rely on the data as there is conformity
between the different types of data. Based on the comparative analysis, the system brings attention to deviations from the
production process or product specifications and gives suggestions for improvements (e.g., based on previous
documentations and reports).
4. If a new or recurring issue arises, Sven gets notified by machines directly or by the operators, e.g. through a request button.
This notification further informs Sven about time, locations and nature of the issue, as well as about the factory, product line
and piece of equipment and the product (variant), to understand the issue properly. Based on this data, the system can
analyze the issue and include historical data if necessary. By doing so, it can estimate which solutions from the past worked
and if they can solve the current problem as well. Sven receives solution proposals together with possible consequences for
production and steps to be taken (e.g., involving other team members, experts or staff on site and discusses them with his
colleagues). Once he decided, he sets up the solution plan to manage the issue. After the solution is implemented, Sven and
his team document the success and effects of the solution in the system, on the one hand to avoid them in the future and on
the other hand to be able to fall back on them if the error occurs again. If the system detects anomalies or deviations that may
indicate a (re)occurrence of the issue, it notifies Sven immediately, suggests possible countermeasures so he can counteract
them in an early stage.
5.
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3.3 Bonfiglioli
Bonfiglioli
Technologist for the assembly process (Mr. Dog)
Operator in the assembly (Mr. Elephant)

3.3.1 Identified tasks based on structured user needs
For Bonfiglioli’s use case we also identified the overall structure after the identification of
user needs coming from the interview scripts. The use case of Bonfiglioli describes two
parts of the assembly, the preparing of the assembly and the process during the assembly.
Each of these processes were further divided into sub tasks and steps, based on the task
modelling by Hacker (1986). Matching user needs were then collected for each task.
Preparing assembly
The first task regarding the preparation of the assembly can be divided into three subtasks
and belong to the work tasks of the technologist. First, “receiving data” is necessary in
order to have all documents and information at hand. Then, “checking and aligning data”
ensures that everything is going work and quality aspects are met. Last for this first step
“preparing the operator’s workplace” has to be taken care of in order to start the assembly.
During assembly
The second task evolves around the assembly itself. Therefore, there are four subtasks
starting with “preparing the operator’s workplace” again, this time from the operator’s
perspective. Then, "Assembling” can start. While the assembly is taken place, it has to be
overseen, which is described in the subtask “Monitoring” and relates again to the
technologists’ tasks. Last, “Troubleshooting” will be done when issues arise and involves
both actors.

Figure 34: Journey Map of Bonfiglioli’s user (created with Miro Board) – Click on the pdf
below for a bigger view

Bonfiglioli.pdf
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3.3.2 Scenario 1 “Preparing assembly“
As-Is-Scenario
Scenario one describes the tasks of the technologist, Lenny, who prepares the assembly based on the documentation and
information he receives for a new assembly process. In this scenario the main challenge is to check the data and information if they
are correct and there are no mistakes, so that he can prepare a feasible assembly procedure and full-equipped workplace for the
operators.
To-Be Scenario
In the first step, Lenny receives and gathers the data from the departments to set up a new assembly. For this, he has to check and
align the data, which is supported by the system that is making sure that everything is complete and shows if the product that needs
to be assembled is a new one or has well known components. The system further supports him by checking the data for mistakes
errors and potential deviations and gives suggestions how to solve them based on information and learnings from the past. As a
result, Lenny creates a routing and prepares the operators’ workplace to make sure everything is on site and fully equipped and
further to ensure a trouble-free and feasible assembly process.
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In a first step, Lenny, Technologist for the
assembly process of gear boxes, receives and
gathers information for the assembly like the
documentation of the R&D headquarter, the
planned order by the supply chain
department and information on components
and specifications of products.

UN1 The user needs to have the
documentation of the R&D headquarter in
order to create the routing for the assembly of
gear boxes. (3)
UN9 The user needs to know if the assembly
is a new product or a well-known one with
existing components and specifications in
order to plan the assembly process. (2)
UN14 The user needs to have the planned
order by the supply chain management in
order to prepare the assembly order. (3)

When Lenny starts planning and preparing the
assembly process, he first receives the
relevant information and documentation from
the R&D headquarter and supply chain
management. When the system provides the
information that all the collected data is
complete, Lenny can immediately start with
checking and preparing the assembly to
make the process trouble-free and feasible.

Figure 35: Bonfiglioli Scenario 1 – Step 1: Receiving data | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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This collected data Lenny checks for mistakes
as well as errors regarding the feasibility. As
Lenny is responsible for detecting issues
beforehand, those problems, e.g., in the
drawing or in the documentation as well as
adjustments, e.g., missing technologies, have
then to be aligned by the R&D headquarter or
together with other departments. Those
mistakes and issues mostly occur due to the
similar but often only in detail different
documents and parameters (e.g., copy &
paste). And that is why the process of
checking is very resource- and timeconsuming. As a result, Lenny receives an
updated documentation, that he uses to
create the assembly routing including the work
instructions for the operators.
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UN26 The user needs to have the
documentation (incl. drawing) from the R&D
headquarter in order to check it for mistakes
(e.g., due to copy&paste). (1)
UN27 The user needs to have drawing in
order to check them step by step for errors
and feasibility. (1)
UN15 The user needs to have the
documentation about the assembly
(received electronically) in order to check if it
is correct and feasible. (2)
UN24 The user needs to know if there is a
problem with the drawing in order to
communicate it to the R&D headquarter. (4)
UN12 The user needs to know if there are
mistakes within the documentation delivered
by the R&D headquarter in order to inform
R&D headquarter about it, so they can align
the documentation. (4)
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In order to prepare the assembly routing
correctly, Lenny has to check all relevant data
for errors and mistakes. Within this process, he is
supported by the system showing potential
deviations in the documents and suggestions
on how to solve them. For that, the system also
provides information and learnings about
respective errors from the past in order to
support preventing issues arising again. Like
this, Lenny is capable of providing proved data
and therefore a reliable assembly routing
without elaborate consultation with other
departments.

–

UN10 The user needs to know if new
technologies have to be used for assembly
in order to discuss adjustments with the
technology department. (2)
UN18 The user needs to know if know if the
documentation hast to be updated, e.g., due
to missing components in order to take
action. (2)
UN13 The user needs to have the updated
documentation of the R&D headquarter on
how to proceed in order to start creating the
assembly routing. (4)

Figure 36: Bonfiglioli Scenario 1 – Step 2: Checking and aligning data | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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When preparing the workplace for the
operators ready for use, Lenny has to send
the work instructions to the respective
workplaces and check if the work center
is equipped with all necessary materials.
By doing so he tries to ensure that
everything is on site so that the operator
can start on time.

–

UN26 The user needs to have the
documentation (incl. drawing) from the R&D
headquarter in order to check it for mistakes
(e.g., due to copy&paste). (1)
UN27 The user needs to have drawing in order
to check them step by step for errors and
feasibility. (1)
UN15 The user needs to have the
documentation about the assembly (received
electronically) in order to check if it is correct
and feasible. (2)
UN24 The user needs to know if there is a
problem with the drawing in order to
communicate it to the R&D headquarter. (4)

With the final assembly routing, Lenny can
start preparing the workplace for the
operator. For doing so, he can quickly
check by the data and information of
both – workplace and routing – what is on
site and what needs to be organized.

UN12 The user needs to know if there are
mistakes within the documentation delivered by
the R&D headquarter in order to inform R&D
headquarter about it, so they can align the
documentation. (4)
UN10 The user needs to know if new
technologies have to be used for assembly in
order to discuss adjustments with the
technology department. (2)
UN18 The user needs to know if know if the
documentation hast to be updated, e.g., due to
missing components in order to take action. (2)
UN13 The user needs to have the updated
documentation of the R&D headquarter on how
to proceed in order to start creating the
assembly routing. (4)

Figure 37: Bonfiglioli Scenario 1 – Step 3: Preparing operators’ workplace | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right
D2.1 System Engineering, Specification and External Collaboration - Vs: 2.0 - Public

72 / 91

Towards AI powered manufacturing services, processes, and products in an edge-to-cloud-knowlEdge continuum for humans [in-the-loop]
www.knowledge-project.eu

–

3.3.3 Scenario 2 “During assembly”
As-Is-Scenario
In the second scenario Ben, operator on the assembly, checks his workplace and location to see if everything is available and
comprehensible as documented in the working instructions (shown digitally). Following the step-by-step-guideline, Ben afterwards
starts the assembly and fulfils the tasks he is working on. In parallel, Lenny monitors the assembly procedure and checks it for
anomalies and deviances. In cases of troubleshooting Ben further needs to react and find solutions to solve them in real-time.
To-Be Scenario
Ben first checks the information and material at his workplace that he needs for assembling so that he can perform his tasks at his
workplace safely. For this, the system gives him support by providing an overview and hints regarding (former) uncertain steps
within the instructions.
Ben follows the instructions as shown on the display and aligns the parameters regarding quality and quantity. As here the data is
sometimes incomplete or missing, the system supports him with providing more profound data about the assembly and product.
During the assembly procedure by Ben, Lenny also monitors the data from the assembling. The system provides him support in
real-time and points out deviances. Based on them and further dependencies between the processes the system provides support
on how to react, so Lenny is able to adapt tasks and parameters at an early stage.
When issues occur, Lenny gets further support by the system that guides him through the troubleshooting by having access to
previous issues that give insights about causes and solutions as well as steps that could be taken for solving the current one and
align the assembly process.
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Ben, operator on the assembly, first has to
prepare his workplace. For this, he needs to
have certain qualifications (e.g., manual
mechanical engineering) and needs to
know the location regarding line and work
place he will be working on. Further, work
safety rules have to be followed, such as
predefined distance regulations within the
workspace or rules like “always having one
hand free”. Sometimes he has to attend
relearnings due to changes in procedure in
order to be up to date. To pursue the
assembly Ben needs the work specific
instructions as well as feedback on his work
performance form superiors. In terms of
equipment Ben has to have the bill of
materials, requirements regarding the
material and jigs for gear boxes as well as
information about the type of output part.
Ben needs to check that everything is on site
to start the assembly and in case something
is missing or there are uncertain steps within
the instructions, he needs to notify the
technician and probably has to wait until he
can start.
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UN41 The user needs to know when he will be
on holidays in order to communicate it with the
team, so that a replacement “jumper” can be
organized. (4)
UN42 The user needs to have qualifications in
manual mechanical engineering and in order to
work on the machines. (2)
UN54 The user needs to have “one hand free”
in order to prevent injuries by following
workplace safety rules. (1)
UN55 The user needs to have enough space at
his workplace in order to move around without
being injured. (1)
UN56 The user needs to know which line he is
working on in order to be prepared for working
conditions (e.g., longer ways, more training for
efficient work) (1)
UN40 The user needs to know to which
workplace he has been assigned to in order to
access the information to fulfill his tasks. (3)
UN36 The user needs to know when a
procedure changes in order to learn what
needs to be performed and how and why to
perform it within an in-person-training with the
shift leader and technician. (2)
UN50 The user needs to know if the
technologist (or assembly manager,
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As soon as Ben reached his workplace, he
quickly checks if the information he needs is
available and necessary equipment is on
site, at the right place and ready to use.
Further he checks in advance if all steps and
tasks are clear and comprehensible to him.
For this, the system helps by providing
specific overviews for every workplace in
order to ensure full work safety and a
smooth workflow for Ben, so he can start the
assembly.

–

coordinator and shift leader) has feedback
about his work in order to learn from it. (1)
UN44 The user needs to have the bill of
materials and the order in order to inspect and
check them regarding the prepared material.
(4)
UN45 The user needs to know the
requirements on the material for assembly and
the type of output part in order to change his
workplace according to the order. (3)
UN35 The user needs to have jigs that are
designed for the particular workplace in order
to know what needs to be done. (2)
UN43 The user needs to have jigs of gear
boxes that have already been or were
additionally manufactured or are modified
according to the type of the output part in order
to know what needs to be done and therefore
be up to date about the current state. (1)
UN46The user needs to know if his changed
workplace and the procedure and drawings
from the local technician on the computer are
aligned in order to start with the assembly. (1)

Figure 38: Bonfiglioli Scenario 2 – Step 1: Preparing operators’ workplace | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the
right

D2.1 System Engineering, Specification and External Collaboration - Vs: 2.0 - Public

75 / 91

Towards AI powered manufacturing services, processes, and products in an edge-to-cloud-knowlEdge continuum for humans [in-the-loop]
www.knowledge-project.eu

In a second step, Ben uses the step-by-stepguideline, his tasks that have to be done and
further specific information in order to start the
assembly by following the instructions.
Also, Ben has to know about deadlines for
each output part and parameters regarding
quantity and quality in order to align the
parameters and therefore prevent issues as
well as meet the deadlines.
Further, data from failed tests will not be
updated automatically, so Ben has to share
them manually to provide full accessibility to
all. Sometimes it also is the case that Lenny
request additional data he then has to upload
as well.
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UN37 The user needs to have access to
the system at his workplace in order to
follow a step-by-step-guideline with
continuous reminders about the tasks to
be done determined by the technician. (1)
UN39 The user needs to know specific
information and instructions in order to
prevent issues, e.g., oil leakages. (1)
UN47 The user needs to know the
deadlines for each output part in order to
align the parameters (such as rotation and
screw torque, tightness testing and
others). (1)
UN57 The user needs to know if the
assembly process meets the quality and
quantity parameters of products in order to
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During the assembly Ben follows the instructions
by a step-by-step-guideline. Within this
procedure he has an overview about his
assembly step and workplace and further
aligns the parameters regarding quality and
quantity of the products in order to prevent
issues and meet deadlines. The system here
supports him with providing more profound
data about the assembly and product. If there
are deviations or tests failed, Ben gets informed
and shares the relevant data with Lenny by
uploading them and if necessary, comments
them. If this leads to changes within the
assembly process, Lenny gives Ben an update
via the working instructions at the workplace.

fulfill his personal goals doing his job and
react if necessary. (1)
UN48 The user needs to know if tests
failed and are therefore not uploaded
automatically, in order to upload them
manually and share it with his colleagues.
(1)
UN49 The user needs to know if his
colleagues need (extra) data from the
assembly and his workplace in order to
upload them to the server and make them
accessible. (1)
UN38 The user needs to know where to
find help or further information about
uncertain steps in the assembly in order to
look for them. (1)

Figure 39: Bonfiglioli Scenario 2 – Step 2: Assembling | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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During the assembly process, Lenny is
analyzing the assembly process by comparing
the schedule of assembly, the quality
parameters as well as specific parameters of
gear boxes (e.g., coat), testing steps and the
results of test runs. Here, Lenny can identify
compliance with tolerance ranges and the
cause of deviances. For this it is always difficult
to understand dependencies between
processes and parameters and further to
clarify uncertainties about technical
specifications. Those deviances as well as
requests from operators and changes from the
R&D headquarter Lenny then has to consider
when aligning the assembly process to ensure
an efficient procedure.
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UN28 The user needs to know how the
processes depend on each other in order to
ensure a good assembly process. (1)
UN3 The user needs to know the quality of
the gear boxes to ensure quality standards
within the assembly.(1)
UN5 The user needs to know the schedule
provided by the supply chain management
department in order to follow it and ensure
the assembly is working the right way. (4)
UN19 The user needs to have data about
specific parameters of the gear boxes, e.g.,
the coat in order to see if everything is
working. (1)
UN29 The user needs to have results of test
runs (e.g., rotation test) in order to check if
tolerance ranges are met. (1)
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While Lenny is overseeing the whole assembly
process, the system provides support in realtime when analyzing the assembly information
by pointing out deviances between the
current state and the state to-be. Also,
potential dependencies between processes
and work tasks are presented by the system
followed by suggestions on how to react.
When parameters within the assembly process
do not meet tolerance ranges, the system
alerts Lenny and also provides support on how
to proceed. Lenny therefore is able to adapt
tasks and parameters in the assembly process
at an early stage and shares the updated
working instructions with Ben in order to
prevent issues.

–

UN25 The user needs to know if there are
uncertainties about technical specifications
and issues regarding the assembly in order
to discuss them with his technical
colleagues. (2)
UN30 The user needs to know if there are
deviances regarding the tolerance ranges in
order to avoid a call-back of the products. (1)
UN31 The user needs to have acquired data
by involving other relevant departments in
order to find the cause of the deviances. (1)
UN32 The user needs to know about testing
steps in order to check if everything is
working well and if the data is collected
correctly. (1)
UN21 The user needs to know changes of
data made by the R&D headquarter in order
to update the operators about them. (4)
UN4 The user needs to know if the operators
need help in order to provide assistance. (4)
UN22 The user needs to know if an operator
(by himself or via the assembly manager)
gives feedback about the routing and
ambiguities within instructions in order to
update them. (2)
UN23 The user needs to know if an operator
has suggestions to improve the assembly
process, in order to consider them. (2)

Figure 40: Bonfiglioli Scenario 2 – Step 3: Monitoring | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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When issues arise, Lenny gets either notified by
Ben, sometimes already with suggestions for
improvements, or by others within the
assembly. Lenny has to understand the issue
and find solutions and fix it within real-time
(sometimes also with Ben).
Having the issues, their cause and the
respective solution with the steps that had to
be made, Lenny documents the procedure
and shares it for collaborative problem solving.
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–

UN51 The user needs to know if issues
occur during his work in order to tell the
person responsible for running the line
about any problems and nonconformities.
(3) (Ben)
UN33 The user needs to know if there are
technical issues occurring in the test runs
in order to document the cause of the issue
and the solution. (1)
UN11 The user needs to know about
arising problems during the previous night
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When issues arise, Lenny gets informed by the
system or others (e.g., Ben) and uses the
system for guided troubleshooting. The system
can access the documentation of previous
issues and provide insights about cause and
solutions as well as steps that could be taken.
Like this, Lenny gets an overview over potential
problem-solving tasks and can decide
whether to consult other departments, how to
solve the problem as well as align the
assembly process in order to pursuit a troublefree assembly.

–

in order to consider them for the assembly.
(2)
UN6 The user needs to know if problems
arise in order to fix them in real-time and
document them. (1)
UN8 The user needs to know the cause of
the issue in order to understand the issue
and find solutions. (1)
UN52 The user needs to know if he has to
give support (e.g., with suggestions for
solutions) in order to solve the problem. (1)
(Ben)
UN53 The user needs to know if the issue
has been solved in order to notify the
technician about it. (1) (Ben)
UN7 The user needs to know about
occurring problems and the changes made
in order to document them. (1)
UN34 The user needs to have access to a
shared server in order to upload
information on difficult issues for other
departments to solve the issue together
with them. (1)

Figure 41: Bonfiglioli Scenario 2 – Step 4: Troubleshooting | As-Is (Top) and To-Be (Bottom) Scenario with user needs on the right
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–

3.3.4 Updated To-Be Scenarios
Within the process of reiterating the to-be scenarios, we discovered that the first scenario of Bonfiglioli regarding the preparation of
the assembly process was not within the scope of Knowledge. The only updated to-be scenario is the former second scenario, that
describes the assembly process and addresses demonstrator 4. Based on the information of the service description of the
Bonfiglioli case the updated to-be scenario shows a loop of the assembly process and that all the information, that is needed is
taken from previous assembly processes. The updated scenario is presented below. For reasons of clarity, we only show the
scenario and do not list the related user needs. Those can be taken from the previous subsections. The following link will give a
further visualization of mapping the scenario: https://miro.com/app/board/uXjVO-Kocag=/
Assembling process
1. As soon as Ben, operator on the assembly, reached his workplace, he quickly checks if the information he needs is available
and necessary equipment is on site, at the right place and ready to use. Further he checks in advance if all steps and tasks
are clear and comprehensible to him. For this, the system helps by providing specific overviews for every workplace in order
to ensure full work safetyand a smooth workflow for Ben, so he can start the assembly.
2. During the assembly Ben follows the instructions by a step-by-step-guideline. Within this procedure he has an overview about
his assembly step and workplace and further aligns the parameters regarding quality and quantity of the products in order to
prevent issues and meet deadlines. The system here supports him with providing more profound data about the assembly
and product. If there are deviations or tests failed, Ben gets informed and shares the relevant data with Lenny by uploading
them and if necessary, comments them. If this leads to changes within the assembly process, Lenny gives Ben an update via
the working instructions at the workplace.
3. While Lenny is overseeing the whole assembly process, the system provides support in real-time when analyzing the
assembly information by pointing out deviancesbetween the current state and the state to-be. Also, potential dependencies
between processes and work tasks are presented by the system followed by suggestions on how to react. When parameters
within the assembly process do not meet tolerance ranges, the system alerts Lenny and also provides support on how to
proceed. Lenny therefore is able to adapt tasks and parameters in the assembly process at an early stage and shares the
updated working instructions with Ben in order to prevent issues. When the work at Ben's assembly station is succesfully
done, he sends the product to the next assembly station.
4. When issues arise, Lenny gets informed by the system or others (e.g., Ben) and uses the system for guided troubleshooting.
The system can access the documentation of previous issues and provide insights about cause and solutions as well as steps
that could be taken. Like this, Lenny gets an overview over potential problem-solving tasks and can decide whether to consult
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other departments, how to solve the problem as well as align the assembly process in order to pursuit a trouble-free
assembly.
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4 Further steps
4.1 Planned steps for final phase (M25-30)
We assume that after the update phase no or only minor changes will have to be done. In
the final phase we will check again the most recent work and results of the project with the
updated To-Be-scenarios to ensure that the scenarios and their related user needs are
met. If necessary we will take measures to align the objectives with the scenarios
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Annex C: Guiding questions for surveying of the context of
use
Dear participant,
Thank you for supporting us in understanding the context of use regarding your current work of monitoring
process data and making decisions based on that data to avoid or correct occurring errors and to optimize
the manufacturing process. Based on this interview, we want to identify user needs that helps us as part of
the project “KnowlEdge” to implement solutions that can support you and your work.
In the following I have prepared several questions that should give a complete overview of your work and
tasks. The questions in the first section “Introduction” are intended to provide an overview about your
work and tasks and may therefore be answered only briefly.
Please try to answer every question to the best of your knowledge and if possible also give an example.
Some questions may perhaps give the impression of being repetitive. Please try to answer them anyway.
Please write down your answers using full sentences (no bullet points!). There are some sub-questions
below the numbered main questions – please include these in your answers as well. You can write your
answers directly here in the document under the questions or in a separate document. Please number your
answers in the same way as the questions.
Before you start and to preserve your anonymity in the further process, I would ask you to write down your
favorite color and your favorite animal below. (Explanation: In the evaluation you will be given an
anonymous user name, e.g., Mrs./Mr. Cat. Two entries are required to avoid duplications).
Animal:

______________________

Color:

______________________

Number:

______________________

Introduction
1. What is your company’s core business?
2. Please describe your role and job in the company briefly in 1 or 2 sentences.
3. On which processes of production do you receive information or data and when?
a. What is the data about?
b. What data is important or necessary?
(Pre-)Conditions
4. Who (or which event) determines what needs to be done?
a. Please describe how this situation typically look like.
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5. Which qualifications and skills are necessary for your work?
a. Is there any skill / knowledge missing?
6. Which tools are necessary to work on the tasks?
a. Which of them are missing?
b. Which are additionally desired?
c. Please describe your working place.
Normal execution
7. Describe a typical working day. Are there different tasks and different steps (preparing, conducting
and follow-up tasks)?
a. Please describe the different steps to be done.
b. How do you proceed when action needs to be taken in the different steps?
8. Please describe how you perceive data about the manufacturing process and when.
a. How are they organized and how do you organize them?
b. What are you doing with the data?
9. Is there a fixed sequence of work steps?
a. If yes, what does it look like?
b. If no, how do you structure your work and tasks?
10. Which results / partial results are produced and what are you doing with them?
a. Are there deadlines or dependencies existing regarding the results?
11. Are you working alone or in a team?
a. Are there differences depending on the tasks?
b. Do several users have to work on the same information or data (e.g., case, file, document,
data record) and / or at the same time?
12. What feedback do you receive regarding the results of the work and the effect of your work?
Particularities during the procedure
13. Which interruptions occur and why?
a. Which disturbances occur? (organizational / social / technical)?
b. How do you deal with it?
14. What keeps going wrong with activities and your work?
15. How are errors reported back?
a. How are they corrected?
16. Which important special cases have to be considered?
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a. What occurs seldom, but is very important?
17. Which stress factors exist?
a. How are they dealt with?
18. What is the worst thing that can happen regarding your work?
19. Do you think that the actual procedures and processes can be improved?
a. How would you improve them?
b. Do you see any bottlenecks?
Organizational framework
20. What are the organizational goals regarding quality and process improvement?
21. What overview do you have regarding the whole process?
22. Which changes are expected or desired regarding the monitoring of the processes and its data?
What suggestions do you have in this regard?
23. Which results / steps directly affect third parties (e.g., customers or suppliers)?
Conclusion
24. Do you have any other suggestions or comments regarding your working process?
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