CONTROLNSTEEL

How semantic tools help to understand impact mechanisms
and transfer potential in research projects

Research Fund

M. J. Neuer, F. Marchiori, V. Colla, J. Ordieres-Meré, M. Loos, S. Dettori
for Coal & Steel

2022-06-21, ESTEP Dissemination Event 2022

BN 9
%) Sant’Anna
H Scuola Universitaria Superiore Pisa

Bfi

Excellence in
Applied Research




Outline CONTROLNSTEEL

1. Introduction
2. Analysis based on semantic tools

3. Results



CONTROLNSTEEL

1. Introduction



About the project CONTROLNSTEEL

= 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 CONTROLNSTEEL

= Scheduling = Process control = CO2 reduction
= Optimization = Throughput increase = Energy optimization
= Complex process = Product quality = |n general: producing

management improvement towards ecological KPls
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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 CONTROLNSTEEL

= Synonyms = Taxonomies = Ontologies

Relationships
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From: ESL Forums, eslforums.com, 2019

Identifying
Selecting
Tabulating
Duplicating
Matching
Bookmarking
Bullet-pointing

Grouping
Inferring
Estimating
Extending
Gathering
Exemplifying
Expressing

Interviewing
Painting
Preparing
Playing
Integrating
Presenting
Charting

Moderating
Posting
Predicting
Rating
Reflecting
Reviewing
Editorializing

Role Playing
Solving
Mixing

Facilitating
Managing
Negotiating
Leading

From: Blooms Taxonomy, Terry Heick, 2018
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Industry 4.0 in the mereologic perspective CONTROLNSTEEL

Plant

Horizontal Integration
AUTOMATION Cross-Process, Through-process utilization of data
One mission objective of Industry 4.0
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Taxonomy for problem space CONTROLNSTEEL

T1) Aggregate Type Product Interaction process-abstraction process interaction interaction-abstraction

Casting Continuous casting Slab physics:thermodynamic

Furnace Slab reheating Slab physics:thermodynamic ;
Walking bean reheating |Slab physics:thermodynamic Reheeting 1
Billet furnace Billet physics:thermodynamic
Logistics Transport Slab logistics:displacement Tempering i
Annealing Continuous annealing [Strip physics:thermodynamic
Bright annealing physics:thermodynamic z
Batch annealing physics:thermodynamic m

pyhsics:forming; Roughing

Rolling Roughing mill Slab L .
phys!cs.thermodynamlc thermodynamic
Finishi i Stri pyhsics:forming;
inishing mi P physics:thermodynamic Hot m z interaction: physical

Cold rolling Strip pyhs!csiformlng; ;
physics:thermodynamic m Finishing
pyhsics:forming;

physics:thermodynamic thermodynamic i
Plate mill
Cooling Cooling Slab, Strip physics:thermodynamic thermodynarmic 1
Refinement Hot dip galvanization  [Strip chemical:galvanisation, Aggregate Cold interaction: chemical

physics:thermodynamic

L . chemical:galvanisation, ,
Electro galvanisation Strip physics:thermodynamic ‘

Temper rolling Strip

Pickling mill Strip chemical:etching; Transport to other location
Coatin Stri chemical: bond; Y .
g p physics:adhesion Transport within process
chemical: bond;
ili i ’ Storage
Folling Strip physics:adhesion L
Skin pass Strip physics:cutting; Galvanisation

Scarfing

Levelling Strip physics:forming; thermodynamic
Thru-process

Topical Descaling Slab, Strip physics:evaporation Pickling

Flatness Strip physics:forming
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ldea of ControlInSteel

CONTROLNSTEEL

Problem space
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Visualizing mission of project CONTROLNSTEEL
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Impact analysis per project

CONTROLNSTEEL

RFCS ControlinSteel Interactive Database

Project-Impact Map Method-Impact Map Project List Back to Frontpage

Impact Analysis per Method

Semantic Impact Map
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Agent-base:

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 CONTROLNSTEEL

= Each project could score up to 5

impaCt points Quality improvement

= Each point could be allocated to Defect root cause
either one or multiple impact Cost reduction
categories Yield improvement
Power consumption

= Advantage: the analysis is able to
fully reproduce the distribution of
impact of the considered projects
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Impact Development as Function of Time CONTROLNSTEEL
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Impact as Function of Solution Method

CONTROLNSTEEL
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Radar chart overview of individual projects

CONTROULNSTEEL
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Summary CONTROLNSTEEL

" Projectidea

= 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 Research Fund

for Coal & Steel

= Upcoming workshops are published at www.controlinsteel.com



Transferability Analysis

CONTROLNSTEEL

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

= Each project got an transferability
index

= First rigorous assessment of
transferability in a quantitative way
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Semantic Approach CONTROLNSTEEL

= Taxonomies
= T,—problem space £1(7) = [(fro(7), for(d),...] = Ta(4)

= T, —soluti . .
, — solution space (i) = TG )
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= Algorithm for retrieving
conditional probabilities out of P(j,Talm=1withm e T,) = S: Sj S: I (2)0k;0myr
taxonomy entry combinations ‘€Il k€T €T,

= Semantic graphc constructor, ox + Ex(@) = {(fx, MNfag = Tal(i, )}
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