Course descriptions

	sc4010
	Introduction project SC

	Lecturer
	ir.P.C. Teerhuis, dr.ir.A.J.J. van der Weiden, dr.ir. A.J.J. van den Boom 

	Course material
	Lecture notes

	Description
	To achieve good controller designs it is necessary to connect theory with problems of practical interest. In this project the concepts and theory of the basic program concerning Control Systems and Signal Analysis will be reviewed. Implementation issues of e.g. PID controllers via continuous-time techniques on real experimental servo-systems are treated. The laboratory sessions use a digital signal processing controller manufactured by dSPACE. These controllers are programmed via the Simulink block diagram language which is part of the Matlab control system design software. 

	
	

	Education
	Project x/0/0/0
	
	Credits
	TU
	2

	Assesment
	
	
	
	ECTS
	3


	sc4020
	Control theory (formerly wb2420)

	Lecturer
	prof.ir. O.H. Bosgra

	Course material
	Friedland,B. Control System Design: An Introduction to State-Space Methods, 1986

	Description
	Control engineering: basic theory. State space description of linear dynamic systems. Stability theory, frequency domain analysis. Controllability, observability. Loop shaping for dynamic response. Pole assignment, state feedback. Linear observers, Kalman filter. Design and separation principle. LQ regulator and LQG theory. LQ control system design, dynamic compensation. Tracking control, servomechanism design.



	
	

	Education
	Lecture 4/0/0/0
	
	Credits
	TU
	4

	Assesment
	
	
	
	ECTS
	6


	sc4030
	Modeling and system analysis 

	Lecturer
	dr.ir. J.M.A. Scherpen

	Course material
	Lecture notes, slide handouts

	Description
	Brief introduction into modeling of dynamical systems with help of differential and algebraic equations. Different time-scales. Linear versus nonlinear, global, local, limit cycles, etc.

Realization theory for linear systems.  Model reduction based on balancing. Stability analysis for nonlinear systems. Passivity of physical systems. Minimality, accessibility and observability for nonlinear systems. (Zero-dynamics of nonlinear systems.) Examples, mainly from electro-mechanical systems.

.



	
	

	Education
	Lecture 0/3/0/0
	
	Credits
	TU
	2

	Assesment
	
	
	
	ECTS
	3


	sc4040
	Filtering and identification (formerly et4094)

	Lecturer
	Prof. dr. ir. M. H. G . Verhaegen, dr.ir. V. Verdult

	Cours material
	Lecture notes: Filtering and System Identification:

An Introduction, by Michel Verhaegen and Vincent Verdult

	Description
	The objective of this course is to show the use of linear algebra and its geometric interpretation in deriving computationally simple and easy to understand solutions to various system theoretical problems. Review of of some topics from linear algebra, dynamical system theory and statistics, that are relevant for filtering and system identification. Kalman filtering as a weighted least squares problem. Prediction error and output error system identification as nonlinear least squares problems. Subspace identification based on basic linear algebra tools such as the QR factorization and the SVD. Discussion of some practical aspects in the system identification cycle.

Old code: ET 4094

	
	

	Education
	Lecture 0/4/0/0
	
	Credits
	TU
	4

	Assesment
	*
	
	
	ECTS
	6


	sc4050
	Integration project 

	Lecturer
	prof.dr. R. Babuska, ir. A.E.M. Huesman

	Course material
	

	Description
	The goal of this integration project is to apply the theoretical knowledge 

gained in the previous courses to real-world problems. Laboratory setups are used, 

including electro-mechanical systems (such as the inverted pendulum, acrobot) as well as

processes (distillation column, heat transfer). The essential steps of modeling and

control design will be exercised: physical modeling, parameter estimation, system

analysis, control design, simulation, real-time implementation and 

validation of a control system. MATLAB and SIMULINK are used as the main software platform.



	
	

	Education
	Project 0/0/0/x
	
	Credits
	TU
	4

	Assesment
	
	
	
	ECTS
	5


	sc4060
	Model predictive control (formerly et4096)

	
	dr.ir. A.J.J. van den Boom, prof.dr.ir. A.C.P.M.  Backx

	Cours material
	Lecture notes ‘Model Predictive Control’ by Ton van den Boom (TU Delft) and Ton Backx (TU Eindhoven), 2003.

	Description
	A general introduction is given in model predictive control. Prediction of signals, model structures, uncertainty equivalence principle, receding horizon principle, signal constraints. Stability and robustness of controlled systems using Lyapunov functions.

	
	

	Education
	Lecture 3/0/0/0
	
	Credits
	TU
	2.5

	Assesment
	Homework assignment
	
	
	ECTS
	4


	sc4070
	Practical control systems (formerly et4092)

	
	prof.dr. R. Babuska, dr.ir. B.De Schutter 

	Cours material
	Åström K.J. and Wittenmark B. Computer Controlled Systems – Theory and Design. 3rd ed. Prentice Hall, 1997.  Download material.

	Description
	In this course, students have the opportunity to design and implement their own controllers for various laboratory systems (helicopter model, inverted pendulum, inverted wedge, rotational pendulum).  In this way, they gain more insight in the use of control theory and gain experience with the practical implementation of computer-controlled systems. MATLAB and SIMULINK are used as the basic platform for the design, analysis, simulation and real-time implementation. The control design methods to be used include standard techniques (digital state feedback, output feedback, PID control) as well as more advanced methods (adaptive control, linear quadratic control, systems identification). In the beginning of the course, a refresher is given in which the essential topics from theoretical control courses are reviewed.

	
	

	Education
	Lecture 0/0/3/0
	
	Credits
	TU
	2.5

	Assesment
	Laboratory assignment
	
	
	ECTS
	4


	sc4080
	Knowledge based control systems (formerly et4099)

	
	prof.dr. R. Babuska, prof.dr.ir. J. Hellendoorn

	Cours material
	Lecture notes and download material

	Description
	Theory and applications of knowledge-based and intelligent control systems, including fuzzy logic control and artificial neural networks: - Introduction to intelligent control - Fuzzy sets and systems - Intelligent data analysis and system identification - Knowledge based fuzzy control (direct and supervisory) - Artificial neural networks, learning algorithms - Control based on fuzzy and neural models - Examples of real-world applications.



	
	

	Education
	Lecture 0/2/0/0
	
	Credits
	TU
	2

	Assesment
	Written
	
	
	ECTS
	3


	sc4090
	Optimization in systems and control (formerly et4101)

	
	dr.ir. B. De Schutter, dr.ir. A.J.J. van den Boom

	Cours material
	Lecture notes

	Description
	In this course we study several examples of the use of numerical optimization methods in systems and control. The basic characteristics and properties of various optimization methods will be discussed. Next these methods are used in a multi-criterion controller design application. We also focus on the translation of the design constraints into mathematical constraints. Other important topics are the determination of the most appropriate optimization method for a given problem, determination of good initial conditions, and computation of gradients.



	
	

	Education
	Lecture 0/0/3/0
	
	Credits
	TU
	2

	Assesment
	Written + Homework assignement
	
	
	ECTS
	3


	sc4100
	Mechatronic design (formerly et4102)

	
	dr.ir. J.B. Klaassens., dr.ir. P.J.Bax, ir. H.Wierda, dr.ir. E.Holweg

	Cours material
	Handouts and download material

	Description
	Mechatronics: An introduction. Elementary principles of mechanics. Physical Modelling. Actuators: DC motor, permanent magnet motor, stepper motor. Piezo actuator. Force control. Sensors for mechatronic applications. Hydraulic amplifier. X-by-wire.

	
	

	Education
	Lecture 0/0/2/0
	
	Credits
	TU
	2

	Assesment
	Written
	
	
	ECTS
	3


sc4110

	
	System Identification (formerly tn3111)

	
	dr.ir. X.J.A. Bombois, prof.dr.ir. P.M.J. Van den Hof

	Cours material
	Lecture Notes System Identification

	Description
	Experimental modeling of dynamic systems; methodology. Discrete-time signal- and system-analysis. Identification of transfer-functions. Representations of linear models; black-box models. Identification of prediction-error-methods; least squares-method. Approximation modeling; algorithms. Experiment design and data-analysis; closed-loop identification; model validation; Matlab toolbox

	
	

	Education
	Lecture 0/0/4/4
	
	Credits
	TU
	3

	Assesment
	Oral and project
	
	
	ECTS
	5


	sc4120
	Special topics in signals, systems and control

	Lecturer
	prof.dr. C.W. Scherer, prof.dr.ir. Van den Hof

	Cours material
	Lecture notes or book to be announced. 

	Description
	Lectures on specifically chosen subjects related to recent developments in the fields of signal analysis, system identification and control theory. The format can vary from full courses taught by guest lecturers to a sequence of student lectures in seminar form revolving around coherent

special topics.

	
	

	                     Education
	Lecture 0/0/0/2
	
	Credits
	TU
	2

	Assesment
	Student assignment
	
	
	ECTS
	3


	sc4130
	Modern robotics (formerly et4148)

	
	dr.ir. J.B. Klaassens, dr.ir. A.J.J. van den Boom

	Cours material
	John J. Craig, Introduction to Robotics, Mechanics and Control.
Second Edition, Addison-Wesley Publishing Company, 1989.

	Description
	Introduction in Robotics. Description of 3D movements. Direct and inverse kinematics. Dynamics of physical elements. Lagrange equations. Control of robots. Position and force control. Interactive control. Mobile robots.

	
	

	Education
	Lecture 0/4/0/0
	
	Credits
	TU
	2.5

	Assesment
	Written
	
	
	ECTS
	4


	sc4140
	Fuzzy logic and engineering applications (formerly et4137)

	Lecturer
	prof.dr.ir. J. Hellendoorn, dr. R. Babuska

	Cours material
	Lecture notes

	Description
	Fuzzy logic techniques can be applied in various engineering domains, mainly in fields where reasoning under uncertainty plays an important role. This course provides background in fuzzy set theory, fuzzy logic and related soft-computing techniques with applications in control, information and data processing, artificial intelligence and decision making. 



	
	

	Education
	Lecture 0/0/3/0
	
	Credits
	TU
	2

	Assesment
	Written
	
	
	ECTS
	3


	wb2303
	Measurement theory and praxis

	Lecturer
	ir. P.C Teerhuis, prof.dr.ir. C.A. Grimbergen

	Course material
	

	Description
	Statical and dynamical performance of mechanical measurement systems. Motion and dimensional measurement devices. Force, torque, pressure and temperature measurement devices. Conditioning, transmission and manipulation of measurement data. 



	
	

	Education
	Lecture 0/0/2/2
	
	Credits
	TU
	2

	Assesment
	Oral
	
	
	ECTS
	3


	wb2305
	Digital control

	Lecturer
	dr. S. Dijkstra

	Course material
	K.J. Åström, B.Wittenmark 'Computer-controlled Systems, Prentice Hall ,1990, 2nd  edition 

	Description
	Computer control. Sampling of continuous-time signals. The sampling theorem. Aliasing. Discrete-time systems. State-space systems in discrete-time. The z-transform. Selection of sampling-rate. Analysis of discrete-time systems. Stability. Controllability, reachability and observability. Disturbance models. Reduction of effects of disturbances. Stochastic models.Design methods. Approximations of continuous design. Digital PID-controller. Stata-space design methods. Obvservers. Pole-placement.Optimal design methods. Linear Quadratic control. Prediction.Minimum-variance control. LQG-control.Implementational aspects of digital controllers.

	
	

	Education
	Lecture 0/4/0/0
	
	Credits
	TU
	2

	Assesment
	Written
	
	
	ECTS
	3


	wb2400
	Process Control

	Lecturer
	dr. S. Dijkstra

	Course material
	-Copies of the powerpoint slides are available. 
-The examples for the simulations with explanation are available as hard copy and on Blackboard

	Description
	Dynamic control, Real process characteristics,
Common control loops, Linear controllers, nonlinear control elements,multiple-loop systems, cascade control, feedforward control, interaction and decoupling, applications.


	
	

	Education
	Lecture 0/0/2/2
	
	Credits
	TU
	2

	Assesment
	
	
	
	ECTS
	3


	wb2402
	Hydraulic servo systems 

	Lecturer
	ir. P.C. Teerhuis

	Course material
	T.J.Viersma. Analysis synthesis and design of hydraulic servo systems and pipeline 

Blackburn, Reethof and Shearer, Fluid power control, Wiley and Sons

	Description
	Dynamic behaviour of hydraulic servo systems 

Design of (low function) servo systems 

Hydraustatic bearings, hydraulic line dynamics 



	
	

	Education
	Lecture 0/0/2/2
	
	Credits
	TU
	2

	Assesment
	
	
	
	ECTS
	3


	wb2413
	Instrumentation in the process industry 

	Lecturer
	dr.ir. A.J.J. van der Weiden 

	Course material
	

	Description
	The course is divided in several blocks. First a industrial example will be given to show the different procedures necessarily to start a design cycle and disciplines which might be involved. Planning will be a subject to be focussed on. The main topics in the second block of lectures are Process Control and Instrumentation. Special attention will be given to e.g. split range and selective control and the principles of measuring, valves types and their application. In the third block further details for instrument engineering shall be provided such as the level of automatisation and the systems which might be used. Other subjects in this block are e.g. instrumentation and supply systems, fire and gas detection and explosion danger.
In the fourth block different distributed process control and information management systems are treated.



	
	

	Education
	Lecture 0/0/2/2
	
	Credits
	TU
	2

	Assesment
	
	
	
	ECTS
	3


	wb2415
	Robust control

	Lecturer
	prof.dr. C.W. Scherer

	Course material
	Lecture notes

	Description
	Recap on background in linear systems theory. Stabilizing controllers and the concept of the generalized plant. Uncertainty descriptions. The general framework of robust control. The structured singular value: Definition, properties, computation. Robust stability analysis, nominal and robust performance analysis, excursion: The algebraic Riccati equation, the H( control problem and its solution in terms of Riccati equations. Design of robust controllers


	
	

	Education
	Lecture 0/0/0/4
	
	Credits
	TU
	4

	Assesment
	Written exercises and oral exams
	
	ECTS
	6


	wb2416
	Linear matrix inequalities in control 

	Lecturer
	prof.dr. C.W.Scherer

	Course material
	Lecture notes

	Description
	Brief introduction to optimization theory (convexity, interior point methods). Robust stability tests for time-varying parametric and non-linear uncertainties. Integral quadratic constraints as a general paradigm for robustness analysis. Nominal performance analysis for various criteria. Extensions to robust performance analysis. From analysis in terms of linear matrix inequalities to controller synthesis: a general procedure. Design of robust controllers: state-feedback and output-feedback control. Design of multi-objective controllers. Linear-parametrically-varying systems and the design of linear parametrically-varying controllers.



	
	

	Education
	Lecture 4/0/0/0
	
	Credits
	TU
	4

	Assesment
	Paper and computer exercises
	
	ECTS
	6


	wb2421
	Multivariable control systems

	Lecturer
	dr.ir. A.J.J. van der Weiden

	Course material
	Multivariable Feedback Control Analysis and Design. S.Skogestad, I.Postlethwaite. John Wiley & Sons, ISBN 0-471-94330-4 , and Lecture notes

	Description
	Review of single loop feedback design using frequency domain methods. Poles, zeros and stability of multivariable feedback systems. Decoupling by state-feedback for linear as well as nonlinear systems. The robust servomechanism problem for multivariable systems:

asymptotic tracking of reference signals in the presence of disturbances. Nyquist-like multivariable design techniques: the characteristic-locus method and Nyquist-array methods. Performance and robustness of multivariable systems. The use of singular values for assessing performance; generalization of the classical control theory. Representations of model uncertainties. The use of the H-infinity norm and the structured singular value to analyse robust stability and robust performance. The choice of suitable weighting functions to specify performance for obtaining an H-infinity controller.

	
	

	Education
	Lecture 0/0/4/0
	
	Credits
	TU
	4

	Assesment
	Oral and exercises
	
	
	ECTS
	6


	wb2422
	Modeling 2

	Lecturer
	prof.ir. O.H. Bosgra

	Course material
	Lecture Notes.

	Description
	Modeling in differential algebraic equations. Coupling of systems, object oriented models. Index problems, Rosenbrock’s system matrix. Model reduction based on balancing. Distributed systems, simulation tools, model reduction. Non-linear properties, global and local behaviour. Modeling of uncertainties, sensitivity analysis. Examples, like chemical reactors, steel roller mechanisms, machine driving systems. 

	
	

	Education
	Lectures 0/4/0/0
	
	Credits
	TU
	4

	Assesment
	Assignment
	
	
	ECTS
	6


	wb2424
	Mathematics in system and control

	Lecturer
	prof.dr. C.W. Scherer

	Course material
	Slide handouts

	Description
	Recap of basic mathematical concepts (logic, sets, mappings). Linear structures and their relevance in modeling, steering and control problems. Handling non-linear control and design problems with techniques from mathematical analysis. Basic concepts of optimization theory: Linear programming, non-linear programming, optimality conditions, convexity, duality, algorithms. Various applications to concrete engineering and control problems



	
	

	Education
	Lectures 2/2/2/2
	
	Credits
	TU
	4

	Assesment
	
	
	
	ECTS
	6


	wb2426
	Chemistry and chemical plant

	Lecturer
	ir. A.E.M. Huesman 

	Course material
	

	Description
	Chemie: Wat is chemie? Periodiek systeem, anorganische en organische chemie, het mol-begrip, reactiekinetiek, chemische thermodynamica, katalyse, stofoverdracht. Chemische fabriek: de fabriek als chemisch proces, reactorkunde, scheidingsprocessen, procesontwerp.

	
	

	Education
	Lectures 0/0/2/2
	
	Credits
	TU
	2

	Assesment
	
	
	
	ECTS
	3


