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COURSE SYLLABUS

	Subject: Control System Design
	Academic field: 

	Lecturer: Nguyễn Công Phương
	

	Phone: 0912905931
	E-mail: phuong.nguyencong@hust.edu.vn

	Academic year: 
	


COURSE DESCRIPTION
	Credit points
	4

	Level
	Undergraduate

	Teaching time

 Location
	University of Science and Technology of Hanoi

	Time Commitment
	Lecture
	30 hrs

	
	Exercises
	 10 hrs

	
	Practicals
	0 hrs

	
	Total
	40 hrs

	Prerequisites
	Mathematics for Engineering

	Recommended background knowledge
	Calculus, complex number and variable, linear algebra.

	Subject description:
	This subject provides knowledges of ways to model a process/system, to study its response to a command, and to control it.

	Objectives & Out-come
	Objectives:

1. To provide students with knowledges on mathematical models of systems.
2. To provide students with concepts of performances of control systems.
3. To provide students with techniques to analyse and to design control systems.
Outcome:
After completing this course, students will be able to:
1. Describe systems with mathematical models.
2. Study and improve the performances of a system, such as steady – state error, transient response, sensitivity, stability, etc.
3. Design control systems using techniques such as root locus, frequency response, etc.

	Assessment/ Evaluation

	Attendance/Attitude
	5%

	
	Exercise(s)
	20%

	
	
	

	
	Mid-term test
	25%

	
	Final exam
	50%

	Prescribed Textbook(s)

	R. C. Dorf, R. H. Bishop. Modern Control Systems. Prentice Hall, 2011.


COURSE CONTENTS & SCHEDULE
	Class 
	Contents
	Hours
	Ref./Resources
	Assignment(s) 

	
	
	Lect.
	Exr.
	Prc.
	
	

	1
	Introduction
1.1 Introduction

1.2 Brief History of Automatic Control

1.3 Examples of Control Systems
	0.5
	0
	
	
	

	2
	Mathematical Models of Systems
2.1 Differential Equations of Physical Systems
2.2 Linear Approximations of Physical Systems
2.3 The Laplace Transform
2.4 The Transfer Function of Linear Systems
2.5 Block Diagram Models
2.6 Signal – Flow Graph Models
2.7 The Simulation of Systems Using Control Design Software
	2
	0.5
	
	
	

	3
	State Variable Models
3.1 The State Variables of a Dynamic System
3.2 The State Differential Equation
3.3 Signal – Flow Graph and Block Diagram Models
3.4 Alternative Signal – Flow Graph and Block Diagram Models
3.5 The Transfer Function from the State Equation
3.6 The Time Response and the State Transition Matrix
3.7 Analysis of State Variable Models Using Control Design Software
	2
	0.5
	
	
	

	4
	Feedback Control System Characteristics
4.1 Error Signal Analysis
4.2 Sensitivity of Control System to Parameter Variations
4.3 Disturbance Signals in a Feedback Control System
4.4 Control of the Transient Response
4.5 Steady – State Errorvv
4.6 The Cost of Feedback
4.7 Control System Characteristics Using Control Design Software
	2
	0.5
	
	
	

	5
	The Performance of Feedback Control Systems
5.1 Test Input Signals
5.2 Performance of Second – Order Systems
5.3 Effects of a Third Pole and a Zero on the Second – Order System Response
5.4 The s – Plane Root Location and the Transient Response
5.5 The Steady – State Error of Feedback Control Systems
5.6 Performance Indices
5.7 The Simplification of Linear Systems
5.8 System Performance Using Control Design Software
	2.5
	1
	
	
	

	6
	The Stability of Linear Feedback Systems
6.1 The Concept of Stability
6.2 The Routh – Hurwitz Stability Criterion
6.3 The Stability of State Variable Systems
6.4 System Stability Using Control Design Software
	2.5
	0.5
	
	
	

	7
	The Root Locus Method
7.1 The Root Locus Concept
7.2 The Root Locus Procedure
7.3 Parameter Design by the Root Locus Method
7.4 Sensitivity and the Root Locus
7.5 PID Controllers
7.6 Negative Gain Root Locus
7.7 The Root Locus Using Control Design Software
	2.5
	1
	
	
	

	8
	Frequency Response Method
8.1 Frequency Response Plots
8.2 Frequency Response Measurements
8.3 Performance Specifications in the Frequency Domain
8.4 Log Magnitude and Phase Diagrams
8.5 Frequency Response Methods Using Control Design Software
	2.5
	1
	
	
	

	9
	Stability in the Frequency Domain
9.1 Mapping Contours in the s – Plane
9.2 The Nyquist Criterion
9.3 Relative Stability and the Nyquist Criterion
9.4 Time – Domain Performance Criteria in the Frequency Domain
9.5 System Bandwidth
9.6 The Stability of Control Systems with Time Delays
9.7 PID Controllers in the Frequency Domain
9.8 Stability in the Frequency Domain Using Control Design Software
	2.5
	1
	
	
	

	10
	Chapter 10. The Design of Feedback Control Systems
10.1 Approaches to System Design
10.2 Cascade Compensation Networks
10.3 Phase – Lead Design Using the Bode Diagram
10.4 Phase – Lead Design Using the Root Locus
10.5 System Design Using Integration Networks
10.6 Phase – Lag Design Using the Root Locus
10.7 Phase – Lag Design Using the Bode Diagram
10.8 Design on the Bode Diagram Using Analytical Methods
10.9 Systems with a Prefilter
10.10 Design for Deadbeat Response
10.11 System Design Using Control Design Software
	2.5
	1
	
	
	

	11
	The Design of State Variable Feedback
11.1 Controllability and Observability
11.2 Full – State Feedback Control Design
11.3 Observer Design
11.4 Integrated Full – State Feedback and Observer
11.5 Reference Inputs
11.6 Optimal Control Systems
11.7 Internal Model Design
11.8 State Variable Design Using Control Design Software
	2.5
	1
	
	
	

	12
	Robust Control Systems

12.1 Robust Control Systems and System Sensitivity
12.2 Analysis of Robustness
12.3 Systems with Uncertain Parameters
12.4 The Design of Robust Control Systems
12.5 The Design of Robust PID – Controlled Systems
12.6 The Robust Internal Model Control System
12.7 The Pseudo – Quantitative Feedback System
12.8 Robust Control System Using Control Design Software
	2.5
	1
	
	
	

	13
	Digital Control System

13.1 Digital Computer Control System Applications
13.2 Sampled – Data Systems
13.3 The z – Transform
13.4 Closed – Loop Feedback Sampled – Data Systems
13.5 Performance of a Sampled – Data, Second – Order System
13.6 Closed – Loop Systems with Digital Computer Compensation
13.7 The Root Locus of Digital Control Systems
13.8 Implementation of Digital Controllers
13.9 Digital Control Systems Using Control Design Software
	3.5
	1
	
	
	


Notes:

· Abbreviation: Lect. (lecture), Exr. (Exercise), Prc. (Practise).
· Exercises may include assignment, reports, student’s presentation, homework, class exercises ...for each class sessions
· Practicals mostly refer to Lab- work or outside practice such as field trip.
Reference Literature:

	[1] N. S. Nise. Control System Engineering. Wiley, 2011.

	[2] W. S. Levine. Control System Fundamentals. CRC Press, 2010.

	[3] J. J. D’Azzo, C. H. Houpis, S. N. Sheldon. Linear Control System Analysis and Design with Matlab. Marcel Dekker, 2003.

	[4] G. C. Goodwin, S. F. Graebe, M. E. Salgado. Control System Design. Prentice Hall, 2000.
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