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Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.




ASML lithography machine
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What is control?
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What is control?
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What is control?

_command + feedback
Input g controller

ldisturbance

output

-




What is control?

Through feedback control, systems can be given a performance,
beyond the accuracy specs of their physical components!!]

and become robust against disturbances

And this applies to systems in any domain of science and engineering:

[1] R.M. Murray et al., 2003.



Models

How does the system respond to inputs?

Conservation of.
energy

Model Conservation of

Maxwell
equations

Laws of

Laws of physics
mechanics

Conservation




Models

How does the system respond to inputs?

Model

System identification

Mathematical m




Models

How does the system respond to inputs?

Model

SYSTEM
IDENTIFICATION

Parameter and State Estimation

Pieter Eykhoff

v

Pieter Eykhoff
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Machine learning
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FOR I HE
USER

Mathematical moc

Lennart Ljung 1987
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Orthogonal basis functions

SYSTEM IDENTIFICATION

WITH SYSTEM BASED
ORTHONORMAL FUNCTIONS

Finding an attractive model structure, to represent systems with
only a small number of unknowns (parameters)
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ON APPROXIMATE
SYSTEM IDENTIFICATION
WITH SYSTEM BASED
ORTHONORMAL FUNCTIONS

Orthogonal basis functions

Finding an attractive model structure, to represent systems with
only a small number of unknowns (parameters)

0.3
0.25
0.2

0.15 ‘
0.1

Modelling and
-0.0 y y y Identification with
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Identification for control (1990 - ...)

risturbance
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Model—>Controller
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Identification for control

 Question:

How to identify models that are best suited for model-

based control ?

* Prime result:

«»T—»C—»G
ro_ u ¥

Under closed-loop control of the to-be-designed controller




Identification for control

'

Experiment

Y

Identification

Y

Control Design

Y

Implementation

Least costly
experiment
design

Data

Model +
Uncertainty
bound

Robust
Controller

Evaluation

Solution through iterative
procedure

Modelling for control is learning

Modern version of adaptive
control



Identification for control N Autoprofit 7
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Challenge:

Bring industrial process controllers to a higher level of autonomy,
through effective use of online data and model / controller updating

COOPERATION

Technische Universiteit
I U e Eindhoven
University of Technology
b
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A DD
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Identification for control [ Autoprofit 7
7N =

COOPERATION

Degradation detected

economic criterion based decisions

y

Autonomous maintenance loop for
linear model-based operation




Identification for control [ Autoprofit
7|\ .

COOPERATION

AutoProfitGUI
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Identification for control Autoprofit 7
NN

COOPERATION

No continuation after 2014




Reservoir Engineering (2002-2018)

Joint effort:

e TUD Systems & Control
 TUD Applied Earth Sciences
* Shell

THE VALUE OF SMARTNESS
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Oil Production

* Porous rock with oil in pores

e 1-10km underground

B c:p rock

1 water bearing reservoir rock
1 rnon- reservoir rock

B o bearing reservoir rock
£ gas bearing reservoir rock




Oil Production

 Waterflooding (WF) popular secondary
recovery process

\ oil-water front

water infector oil prochucer

e Smart wells have sensors and control valves

e Life time of reservoir in the order of decades

* Lack of smart operational strategy

by-passed oil water breakthrough




Reservoir characteristics

* heterogenity of reservoir

 flow dynamics determined by
geological structure (permeability)

(Gijs van Essen et al., CAA 2006)
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ldentification in
dynamic networks




Decentralized process control

Process control Model

e (Large-scale)
interconnected dynamic

g
| - systems
B s e
st 2 e [ ]|
ST * Datais “everywhere”,

Al/machine learning tools
Complex machines

* Learning models from
data

A




Identification in dynamic networks

Open-loop Closed-loop

Networks




Identification in dynamic networks

SYSTEMID
ENTIFICATI
ONINDYNA
MIC NETW
ORKS o

* Introducing
structure/topology

* Developing the
fundamental theory




Identification in dynamic networks

Many open problems

European Research Council




Identification in dynamic networks

Kivits, 2024



Node (w)
Excitation signal (u)

Identification in dynamic networks
‘W? aiszlurlba(né;a signal (v)

v Pseudotree roots
Selected pseudotree roots
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X.Cheng et al. 2022




Diagnostics in lithography systems

—® llluminator
s \

Level sensor
& alignment

Figure from Hans Butler (2011).

Many interconnected
subsystems

Need for very fast
recovery from faults

Tools for automated
diagnostics



SYSDYNET MATLAB App and Toolbox
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http://www.sysdynet.net/

Researcher,
supervisor,

teacher and
manager




A fantastic
job in an
international
setting




International setting

INTERNATIONAL FEDERATION
OF AUTOMATIC CONTROL
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The PhD students
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A GUIDE TO LEARNING MODULES IN A DYNAMIC NETWORK ' Karthik R. Ramaswamy
.

T . 3 .
opological Aspects of Linear Dynamic Networks: Identifiability and Identification

Tuan Trong Nguyen

Value of information in closed-loop reservoir management Eduardo Barros 2018
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S. Haesaert

e R L I \_ l ALINA DOBAN

IDENTIFICATION OF FLOW-RELEVANT STR URAL FEATURES IN HISTORY MATCHING | Siavash Kahrobaei

Experiment Design for Ident tion of Str red Linear Systems M.G. Potters

A Modified Formulation for Robust Ensemble Optimization Rahul-Mark Fonseca 2015
. i F
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- R

w m.—.mz IDENTIFICATION IN DYNAMIC NETWORKS ARNE DANKERS

Batch-to-batch learning for model-based control of process systems Marco Forgione
with application to cooling crystallization

of Solid Waste Cc Plants by Model Based Combustion Control M. Leskens

Mechatronics and Control Solutions for Increasing the Imagi E E E ﬁ Stefan Kuiper

Modeling and Control Perspectives of Two-Phase Fluid Systems

Snezana Djordjevic

d Process Monitoring and Control of Micro-miilling using Active Magnetic Bearings Rogier S, Blom |~

OPTIMAL OPERATION of _Zvcqu~>F BATCH CRYSTALLIZERS Ali Mesbah

Model Structure Analysis for Model-based Operation of Petroleum Reservoirs Jorn Van Doren

Modeling and Identification of Linear Parameter-Varying Systems
an Orthonormal Basis Function approach Roland Téth

duction Settings in F Reservoirs  M.J. Zandvliet

Model-based Lifecycle Optimization of Well L ions and F

Monitoring of Industrial Processes using
Large Scale First Principles Models Robert Bos

From data to performance
System identification uncertainty and robust control design
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AUTOMATIC INFERENCE from FINITE TIME OBSERVATIONS of STATIONARY STOCHASTIC SIGNALS

Rational orthonormal bases and related transforms in linear system modeling Thomas de Hoog

control of i i E.T. van Donkelaar

of effici in system i ification and model p!

Hans Dotsch  Identification for Control Design with Application to a Compact Disk Mechanism 5

Closed-Loop Identification Issues in the Process Industry

A.C. van der Klauw
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\dentification of Model Uncertainty for Control Design Douwe de Vries
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R.G. Hakvoort

Approximate |dentification and Control Design Schrama ’.




Building a team




Research domains — Control Systems Group

High Tech E
Systems nergy
B and smart
7

Fundamentals

ve i) '
Process a

infrastructures

Automotive
and mobility




Research domains — Control Systems Group

High Tech

Systems Energy

and smart
infrastructures

Automotive
and mobility




Research domains — Control Systems Group
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Enriching lives through innovation




National setting

dis

dutch institute
of systems
and control




National setting

IFAC2029
dis

gg;cg'e“r;t;wte amsterdam

and control ﬁﬁﬁﬂﬂﬁ




Education

Highly rewarding



Education

CTHE -

G A M E Why the cyber world is so much more
' ‘ attractive than the physical world...

|

i

2019




Education — Challenge-based learning

* How to develop analytical skills?

* Which skills are required for engineers in the next decades?




Some university initiatives

]
 Delft Center for Systems and Control (2003) TU Delft




Some university initiatives

* Delft Center for Systems and Control (2003)

* MSc Systems and Control (2004- )
National recognitions, 2010, 2019




Some university initiatives

* Delft Center for Systems and Control (2003)

* MSc Systems and Control (2004- )
National recognitions, 2010, 2019

* TU/e High-Tech Systems Center (2013)

"/ Pushing

o the limits
| | of high-tech

|/ equipment




Some university initiatives

: : EAISI
Eindhoven Al Systems Institute

Al SYSTEMS
INSTITUTE

Artificial Intelligence and Engineering Systems (2022 - )

Cyber world

Data &
Algorithms

Engineering _
Systems

~ Humans &
Ethics

Real world



Prospects of the field

* In Eindhoven: > 100 PhD students in control

* Smart production systems, energy transition, robotics, mobility




Prospects of the field

* In Eindhoven: > 100 PhD students in control

* Smart production systems, energy transition, robotics, mobility

Model-based or data-driven ?

Complex dynamics and large-scale interconnections




Everything under control
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TU/e



Okko Bosgra




|
{'] U

e
Il |
|

| ii.i;f". i||5':
ittt .
Okko Bosgra Jan Willems










» |k heb gezegd

Prof. Paul M.J. Van den Hof
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