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1. Introduction



������� �������About the project

§ ControlInSteel is a dissemination activity focusing advanced automation and control

§ We selected around 45 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



������� �������Scientific approach to controlled vocabulary

§ Synonyms

From: Blooms Taxonomy, Terry Heick, 2018

§ Taxonomies § Ontologies
Relationships

Degree of complexity

From: ESL Forums, eslforums.com, 2019
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������� �������Examples of taxonomies

§ European Cybersecurity Taxonomy, 
from EU webpage, 2019

§ Shows the approach to map different 
terminology axis to find systematic
interdependencies

From: ec.europa.eu
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2. Analysis based on semantic tools

We want to know which types of problems, is 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. 
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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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§ Example: RFCS SOPROD, 
because coordinator was the
same

§ Allows to define project by
one or multiple points (!)

§ Automatic Python code that
runs on top of our assessment
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3. Preliminary results



������� �������Example result: Impact analysis

Quality
Yield
Costs

Root cause
Customer satisfaction

Emerging technologies
Waste reduction
Novel approach

Throughput

Emission
Power

Worker performance
Worker safety

§ Based on ca. 85% analyzed
projects of our selection

§ Shows which impacts were
focused by how many
projects

§ Mathematically, this helps us
to normalize our axis
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0 200 400 600 800 1000 1200

SISO (PID)
MIMO

Open-loop
Setup

Internal model control
Model-predictive control

Iterative learning
Machine learning control

Adaptive control
Koopman

Neural network
Decision trees

Classical statistics
Bayesian statistics

Visioli
Harris

Heuristic
Semi-definite solver
Linear programming

Quadratic programming
Mixed-integer solver

Rule-based
Agent-based

Laplace / Z-Transform
Galerkin
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Autoencoder
§ Low number occurences

§ EITHER Technique is not helping many problems and
was not considered out of good reasons

§ OR Technique was simply not covered by research

§ Example: Laurent expansion never actually mentioned, 
perhaps not of relevance

§ Example: Bayesian statistiscs has not been „embraced“ in 
steel production research yet, despite massive successes in 
other branches!



������� �������Impact flow and quantified barriers

§ Projects conducted at rolling mill

Quality

EmissionCustomer
Satisfaction

Waste

Availability of data Technical delays

§ Quantification pending

Problem: 
Rolling
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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

§ Dissemination
§ Planning and conduction of workshops to foster research in fields

with increased impact

§ Development of a roadmap for future research in advanced
automation for the downstream process chain
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