
University of Waterloo
Department of Electrical & Computer Engineering

ECE 481: Digital Control Systems

Term and year of offering: Spring 2013.

Course number and title: ECE 481, Digital Control Systems.

Lecture times, building and room number: M,F 4:00 pm to 5:20 am; QNC 1502 (TENTATIVE).
Tutorial times, building and room number: Thursday 9:00 pm to 9:50 pm; QNC 1502 (TENTA-
TIVE).
Laboratory location: CPH-3682.

Instructor: Chris Nielsen.
Office: CEIT 4106.
Office hours: By appointment.
Contact: cnielsen@uwaterloo.ca; ext 32241.
Website: http://uwace.uwaterloo.ca/
Lab website: http://ece.uwaterloo.ca/˜lab481/

Lab instructor:
Carmen Caradima, E2 3337, ext 33003 (cmcaradi@uwaterloo.ca).

Course description

This course is about digital control systems. The controllers are implemented on digital computers.
We will be dealing with both continuous-time and discrete-time systems and their interconnections.
We begin by modelling electrical, mechanical, and electromechanical systems for the purpose of
control and we introduce methods for working with nonlinear control systems. We then focus on
the two main approaches to digital control design (1) approximating continuous-time control laws
using a digital controller (2) discretizing the system we want to control and designing controllers di-
rectly for the resulting discrete-time system. You will learn to simulate digital control systems using
computer software. The design and analysis will be done using Laplace transforms, z-transforms,
linear algebra and calculus. The course also has a laboratory where students will apply the modelling
and control design techniques learned in class to control a metallic ball rolling along a balance beam.

Course objectives:

At the end of the course you should be able to:
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• Classify system models, apply basic modelling methods to physical systems including nonlinear
models. Apply basic system identification techniques including least squares methods for
parametric identification.

• Discretize a plant in order to do controller design directly in the discrete-time domain and
discretize a continuous control law to implement it in a computer.

• Test stability of discrete-time systems and quantify dynamic performance of these systems.

• Design digital control laws by emulation, in the z-domain, frequency domain including dead-
beat control and pole placement.

• Apply the modelling, design and implementation techniques of the course to the ball and
beam lab experiment.

Course prerequisites (a) ECE 380; Level at least 4A Computer Engineering or Electrical Engineer-
ing or Software Engineering) or (b) MTE 360; Level at least 4A Mechatronics Engineering or (c)
ME 360; Mechanical Engineering/Mechatronics Option or (d) SYDE 352; Systems Design Engineer-
ing/Mechatronics Option.

Required text: There is no required text for this course. Course notes will be posted on the course
website. The optional textbook is
Digital control engineering : Analysis and design, 2nd edition. M. Sami Fadali, Antonio Visioli.

Additional references

• Digital Control System Analysis and Design, 3rd edition, C.L. Phillips and H.T. Nagle.

• Digital Control of Dynamic Systems, 3rd edition, G.F. Franklin, J.D. Powell, M. Workman.

• Digital Control, K.M. Moudgalya.

• Digital Control Systems, 2nd edition, B. Kuo.

Evaluation: If you fail the final exam (< 50%) then your course mark is 100% final. Else

35% Laboratory ({A,B,C,D} = {6%, 9%, 12%, 8%}).

65% Exams.

The exams mark is calculated as

Exams = max {15% midterm+ 50% final, 65% final}.

If you miss the midterm for any reason, your midterm mark is zero.

Tentative Topics List:

1. Introduction
Motivating examples, intro to discrete-time control systems and sampled-data control systems.

2. Review
Briefly review some basic concepts from continuous-time control, BIBO stability, feedback
stability, time-domain specifications, frequency domain analysis.
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3. Modelling
Classes of models, general modelling techniques, discretization, state models, nonlinear sys-
tems, linearization.

4. System identification
Least squares for static and dynamic systems.

5. Pole placement
Pole placement design for continuous-time systems, tracking.

6. Discretization of continuous-time controllers
A continuous-time controller is already in place that satisfies given performance specifications.
Then we find a discrete approximation of the continuous-time controller, expecting that this
should lead to a good digital controller.

7. Control design in discrete-time
Discretize the plant and design the controller in the discrete-time domain, stability tests,
design in the frequency domain.
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