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About the project

* ControlInSteel is a dissemination activity focusing advanced automation and control

= \We selected around 45(+5) former RFCS research projects for a scientific analysis

" Mission goals were

" 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
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Part 1. Digitalisation & Digital Data

Part 2. The Relation between Physical Information anad
Reliable Secondary Digitalisation

Part 3. Assorted Application Examples in Steel Production
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Part 1. Digitalisation & Digital Data
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Data was never a new concept

Hebb, Hebbian

Learning Deep Learning
Canada 1971
Numbers Abacus 1940 |1' gg;/l
Congo Babylon _Srpannonf
2 B eory o T
DB Counting A EE Term ,Data’ communication D!gltallsatlon
Sumeria England 1948 Rise of PC Big Data
4,000 BC 1640 1989 2011
Droto- Car Internet, Autonomous
Germany WWW Digital Twins
Language . | )
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200000BC  _'5cn Re rain CD Netfl
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Relevance of data storage
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Innovation arises from the methodology we use to evaluate data.
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Even digital data is not new

Inca Quipu

Simple, digital instructions

Fully functional information

storage and transfer

Quipus even store semantic
context information in
different coloring




Digital Data originates from Digital Sampling

Physically, digitalisation means to sample a signal.

Such signals are often falsely believed to be analogue.

Nature is discrete and digital. The smallest
time is the Planck time Af¢f = 5.391*]0%s

CONTROLNSTEEL

Digital (discrete)
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Digitalisation in Industry (and in Steel Industry)

* Primary digitalisation
 Sampling of time series (length series)

 Sampling of parameters and variables

* Secondary digitalisation

* Factory wide automatic availability of digital information

 Computer models that represent process chains

* Enabling or improving the flow of data across chain
aggregates (horizontal integration, 14.0)

* Application of semantic tools
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Part 2. The Relation between Physical Information and
Reliable Secondary Digitalisation
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How can we formalize digitalisation...

Measurements Z; Consider time series data

Uncertainty €;

/
Reality &()

Measurement x /a.u.

Index i, or time / At
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Data as Signal Matrix

L) 20,0 L1.0 L M-1,0
B L1 B L0,1 L1.1 LM-1.1
L N1 LON-1 LM-1.1 LM-1,N-1

Lt

Var(z) = 0" = ((z - (z))°)

—

Inductive Statistics

Machine Learning




Famous Principal Component Analysis (PCA)

L0,0 £o,1 ---  LO,M-1
X - L1,0 L£1,1 .- L1,M-1
LN-1,0 4N, -+ LN-1,M-1
Var(a:o) COV(CB(), :131)
C = Cov(X) = Cov(x1,xp) Var(x;)

Cov(xn_1,20) Cov(xy-1,21)

A=S'CS

* Principal component

analysis
Ao O
 Unsupervised technique 0 X\
» Eigenspace of covariance 0

matrix

COV(QB(), iBN_l)
Cov(ml, iBN_l)

Var(:cN_l )

[
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How can we use human
rationalism and know-
how to improve this well-

known method?

50,0 so,1 .- S0,L-1
S1,0 S1,1 .- S1,L-1
SM-10 SM-1,1 --- SM-1,L-1
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Data preparation Example Wavelet Transformation
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CWT[z(t)](a,b) =

1

| fOO — (t — b) o Continuous wavelet transformation, as one
alz /-

example for describing oscillatory processes
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Analytical Physics-Infusion on PCA

Var(zo) Cov(zg,x1) ... Cov(xo,xN-1) * Now, we mix both
Cov(x)= | Covi@n o) Var(z1) ... Cov(zi,zn-1) methods, if (and only if)
‘ Ricker wavelets are useful
COV(ZEN_l, fL‘()) COV('/L‘N—ly fL‘l) Var(fL‘N_l) h
ere
1 o0 —(t-0

CWT[z(t)](a,b) = — f_oo x(t)1) — dt SOPROD 2017, T-
al 000. iiglimiiig! Model MDNN

'|| |iig Predictor

C = Cov{CWT]z(1)](a, b)} oo | 'li‘
1000 1 l|l|||
* Now... Eigenspace of the - oT ""!l
Wavelet covariance matrix A=50C5 500 "lll""'
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Digitalisation in Industry (and in Steel Industry)

* Tertiary digitalisation
 Semantic layer which integrates optimized analysis techniques (algorithmic integration)
* Include a digital repository of methodology
* [fthe process requires a wavelet preparation, this can be automatically received from

a semantic database

* |In specific cases, PCA or other procedures perform better if a suited physics-informed

preprocessing is applied
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Part 3. Assorted Application Examples in Steel Production
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Physics-Informed MDNN Temperature Predictor

Outdoor storage

Ricker Wavelet based
temperature prediction
mixture density network,
for estimating also the
uncertainty of the
prediction.

Error bars = ¢

Intermediate

storage Centroid p

O 100 200 300 400 500
t [min]

600 /00 800
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Example 2: Mixture Density Network for Scale Prediction

Suboptimal model answer, but perfect assumption of uncertainty

Different example: Scale &0 J
predictor with MDNN
— 50 o
- Good Approximation
L. 40| J
- 5
Scale is estimated together s 59 \. ?
with the uncertainty of this = 20 J
. . \\}\ \ ,":" 'l/ /,
p e d |Ct |ON $ 10- \ \:I\* I,:'/' / ;
= ::::\ ,,';' . /*
A 0 :
Scale predictor
—10 Camera measurement

0 2 4 6 3 10 12 14
# lest case
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Example 2: Testing for Sensitive Variables

0. Perturbation theory

Test vectors

.,t(N)}

. T = {tWM) ¢t

* t@ = (17,1, t50)

2-

0 -=p II _ I __|. - Stochastic perturbation
||'I e

0 10 20 40 50

E(i, k) — t(¥) + Z JA,ke)‘Atk
A

Tests the influence of specific
variables

Perturbation theory opened new understand about
what variables essentially impacted the scale.
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Summary

Digitalization allows steel industry to get a full grasp of information about their
pDrocesses
* Digital data can be gathered from the processes

Transformations exists that help to project the data to a certain physically
reasonable coordinate system

 Using the example of the well-known PCA, we showed how to apply PCA to a
different covariance space

 Steel industry can use digitalisation to actually understand the inherent
uncertainties

 The digital data then leads to tools for predicting behaviour or detecting
anomalies
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Example 3. Uncertainty Distributions of Processes
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Example 3. Quantifying the process corridor

150

ldentification a specific ,,probability corridor” for time series
11D
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Allows ,easy” identification of defect risk along the process chain
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Physics-Informed Mixture Density Neural Network

Physics-infusion means to enrich the
input or output data of machine
learning techniques with
iInformation that is based on
physical reasoning.
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Formalisation of data sampling

Specific Type of
Differential
Equation

Solution of

Differential Eq.

Fourier Transform Inverse Fourier Transform

Problem in Solution in
Spectral Domain Algebraic Spectral Domain

Equation




