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1. Introduction



������� �������About the project

§ ControlInSteel is a dissemination activity focusing advanced automation and control

§ We selected around 46 (+5) former RFCS research projects for a scientific analysis

§ Mission goals

§ 1. Analyze and understand dynamics of the problem-, solution- and impact space
which also includes barriers and issues, as well as physical interaction channels

§ 2. Perform dissemination events, e.g. conference sessions and workshops to
effectively distribute knowledge from and about these former projects

§ 3. Provide a roadmap for future research



������� �������Automation: Key Enabler for Process Industries

§ Scheduling

§ Optimization

§ Complex process
management

§ Process control

§ Throughput increase

§ Product quality
improvement

§ CO2 reduction

§ Energy optimization

§ In general: producing
towards ecological KPIs
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2. Analysis based on semantic tools

We want to know which types of problems are solved
effectively by which types of solutions and generate what
types of impacts by overcoming which type of barriers and 
issues.

If we know this, we can maximize the overall impact. 



������� �������Semantic Approach

§ Synonyms

From: Blooms Taxonomy, Terry Heick, 2018

§ Taxonomies § Ontologies
Relationships

Degree of complexity

From: ESL Forums, eslforums.com, 2019



������� �������Industry 4.0 in the mereologic perspective
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ROLLING MILL
Horizontal Integration
Cross-Process, Through-process utilization of data
One mission objective of Industry 4.0



������� �������Taxonomy for problem space

T1) Aggregate Type Product Interaction 

Casting Continuous casting Slab physics:thermodynamic
Furnace Slab reheating Slab physics:thermodynamic

Walking bean reheating Slab physics:thermodynamic
Billet furnace Billet physics:thermodynamic

Logistics Transport Slab logistics:displacement
Annealing Continuous annealing Strip physics:thermodynamic

Bright annealing physics:thermodynamic
Batch annealing physics:thermodynamic

Rolling Roughing mill Slab pyhsics:forming; 
physics:thermodynamic

Finishing mill Strip pyhsics:forming; 
physics:thermodynamic

Cold rolling Strip pyhsics:forming; 
physics:thermodynamic

Temper rolling Strip pyhsics:forming; 
physics:thermodynamic

Plate mill
Cooling Cooling Slab, Strip physics:thermodynamic

Refinement Hot dip galvanization Strip chemical:galvanisation, 
physics:thermodynamic

Electro galvanisation Strip chemical:galvanisation, 
physics:thermodynamic

Pickling mill Strip chemical:etching;

Coating Strip  chemical: bond; 
physics:adhesion

Foiling Strip  chemical: bond; 
physics:adhesion

Skin pass Strip  physics:cutting;
Scarfing
Levelling Strip  physics:forming;

Thru-process
Topical Descaling Slab, Strip  physics:evaporation

Flatness Strip physics:forming
Quality
Long
Flat
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������� �������Visualizing mission of project
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DISTRIBUTE 
KNOWLEDGE
„Disseminate“



������� �������Impact analysis per project

§ Project website: www.controlinsteel.com

§ Link to interactive result presentation

§ Automatic Python code that runs on top of
our assessment

§ Full compatibility with former dissemination
activities like DissI2M (where DissI2M data is
currently merged in the CIS database

http://www.controlinsteel.com/
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3. Project Results



������� �������Result: Impact Categorization and Impact Scores

§ Each project could score up to 5 
impact points

§ Each point could be allocated to
either one or multiple impact
categories

§ Advantage: the analysis is able to
fully reproduce the distribution of
impact of the considered projects



������� �������Impact Development as Function of Time

2023

Expected Impact of Green 
Deal & CSP, 

Extrapolated from RFCS 
Abstracts

2024 2025



������� �������Impact as Function of Solution Method

§ Internal Model Control § Machine Learning Control § Wavelet Transform



������� �������Radar chart overview of individual projects
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§ Project idea
§ Dissemination and impact maximization of various RFCS projects in 

the field of advanced automation in the downstream process chain

§ Taxonomical approach to structure four distinct vocabularies for
problems, solutions, impact and barriers

§ Systematic analysis of all projects with respect to these
vocabularies

§ Project ends in December 2022)

§ Dissemination
§ Upcoming workshops are published at www.controlinsteel.com



������� �������Transferability Analysis

§ Each project got an transferability
index

§ First rigorous assessment of
transferability in a quantitative way

0 – no transferability can be expected, not transfer has been reported

1 – same aggregate, same plant direct transfer was possible 

2 – same aggregate, different plant transfer

3 – different aggregate, same plant transfer

4 – different aggregate, different plant 

5 – different Industry, similar aggregate

6 – different Industry, diverse aggregates
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������� �������Semantic Approach

§ Taxonomies
§ T1 – problem space

§ T2 – solution space

§ T3 – impact space

Fig. 1. Schematics of the envisioned analysis results: using
the project analysis to connect control methodology
with impact metrics.

Objective 2:: To quantify how much impact was gener-
ated by a specific technique, which is equivalent to estab-
lish a conditional probability distribution

P = P (”Emission Reduction”|”Hot Rolling”, ”MPC”)

on top of our taxonomy sets. This allows to quantify
the de-facto generated impact as a function of the used
control method. Figure 1 shows a schematic view on this
mapping approach. In Sec. 2, we explain further details of
the method.

2. THEORETIC BACKGROUND

2.1 Semantic extraction

Semantic approaches have some history in steel industry,
whereas it is safe to say, that semantics have though
never been fully embraced by this industry yet. Among
the existing works, the paper of Arancon et al. (2008)
is one the most relevant, as it (certainly benath others)
demonstrates the application of knowledge management
to steel production using ontologies. It also marks a clear
difference to classical control theory, opening a virtual
door to digital techniques. In Zhu et al. (2022), which
is a recent analysis work on the evaluation of research,
the authors used a semantic approach that integrated
expert reliability. In contrast, our present work covers a
rather retrospective analysis of already finished (or nearly
finished) projects - thus, taking advantage of the reported
information at the end of a project.

In Fig. 1 we show an abstract schematics about how
projects methodology can be mapped on impact. Similarly
(not shown here) one can map the problem space or
the barrier spaces. What is necessary to extract this
information?

• Preparation: First, you have to define some closed
set of works, in our case a defined set of 46 re-
search projects (which can be found at our web-
page www.controlinsteel.com), that clearly reported
on methodology, problems, impact and transfer.

• Vocabulary synchronisation: One would assume that
control theory usually uses identical terminologies,
but in fact, multiple synonyms exist and there are
sevaral occasions, where the vocabularies of different
works have to be carefully synchronised. One example

Fig. 2. Mindmap of the problem space taxonomy T1,
including channels of interaction.

is the use of the principal component analysis (PCA)
which is often also termed as Karhunen-Loeve trans-
form. This is just one of many examples here.

• Taxonomy development: Starting with such a con-
solidated and synchronised vocabulary, we generated
taxonomies for the different spaces: for the problem
space, the solution space and the impact space. The
previously mentioned PCA is an example from the
solution space. Some taxonomies required also the
derivation of criteria.

• Taxonomical mapping of the projects: In this step, we
went through all projects and allocated them to the
taxonomies.

Based on the taxonomies apply rules of ontologic reason-
ing, to inversely map whether the elements of the tax-
onomies are linked with each other. This requires first,
to get a formal description of our semantic sets. Let
Π = {0, 1, 2, ..., 45} be the set of numbers marking our
N = 46 projects. Tλ is any of our taxonomies, where λ is
defined as in Sec.1. The taxonomy operator Tλ, retrieves
the projects feature vector when mapped onto the taxon-
omy dimensions,

fλ(i) = [(fλ0(i), fλ1(i), ...] = Tλ(i), (1)

where i ∈ Π is a project, and fλj(i) is the associated fea-
ture weight of project i within the taxonomy Tλ regarding
the jth entry in Tλ. For extracting a singular element j of
Tλ for project i we write for convenience,

fλj(i) = Tλ(i, j). (2)

For the problem space and the solution space these values
f are either 0 or 1: formally fλ,i ∈ [0, 1] for i ∈ Tλ, if λ = 1
or λ = 2. For the impact space, where we use a floating
point distribution, f3j ∈ R for each j ∈ T3.
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is the use of the principal component analysis (PCA)
which is often also termed as Karhunen-Loeve trans-
form. This is just one of many examples here.

• Taxonomy development: Starting with such a con-
solidated and synchronised vocabulary, we generated
taxonomies for the different spaces: for the problem
space, the solution space and the impact space. The
previously mentioned PCA is an example from the
solution space. Some taxonomies required also the
derivation of criteria.

• Taxonomical mapping of the projects: In this step, we
went through all projects and allocated them to the
taxonomies.

Based on the taxonomies apply rules of ontologic reason-
ing, to inversely map whether the elements of the tax-
onomies are linked with each other. This requires first,
to get a formal description of our semantic sets. Let
Π = {0, 1, 2, ..., 45} be the set of numbers marking our
N = 46 projects. Tλ is any of our taxonomies, where λ is
defined as in Sec.1. The taxonomy operator Tλ, retrieves
the projects feature vector when mapped onto the taxon-
omy dimensions,

fλ(i) = [(fλ0(i), fλ1(i), ...] = Tλ(i), (1)

where i ∈ Π is a project, and fλj(i) is the associated fea-
ture weight of project i within the taxonomy Tλ regarding
the jth entry in Tλ. For extracting a singular element j of
Tλ for project i we write for convenience,

fλj(i) = Tλ(i, j). (2)

For the problem space and the solution space these values
f are either 0 or 1: formally fλ,i ∈ [0, 1] for i ∈ Tλ, if λ = 1
or λ = 2. For the impact space, where we use a floating
point distribution, f3j ∈ R for each j ∈ T3.

§ Algorithm for retrieving
conditional probabilities out of
taxonomy entry combinations

§ Semantic graphc constructor, 
formal edge definition


