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Control Systems  

 

 
January semester, 2019 
 

Study Program  01.03.04 Applied Mathematics 

Study Program 
Coordinator 

Mark Ovinis (Universiti Teknologi PETRONAS, Malaysia) 

Credits 3 ECTS (required course), 52 in-class hours 

Lecturers Mark Ovinis (Universiti Teknologi PETRONAS, Malaysia) 

Level Bachelor of Mechanical Engineering with Honours 

Host institution Universiti Teknologi PETRONAS, Malaysia, Mechanical Engineering 
Department 

Course duration January 7 – April 12, 2019 

Summary 
The course of Control Systems course is an integration of Electronic, Electrical and Control 
Engineering with Mechanical Engineering. It is designed to enable engineers to adopt an 
interdisciplinary and integrated approach to engineering. This course will provide Engineers with 
a strong foundation in Mathematical Modelling and Control System Designs, which is increasingly 
forming a crucial part in the design, manufacture and maintenance of a wide range of engineering 
products and processes. 

Target student audiences 
Third year (Semester 5) BEng students in Study Program 01.03.04 Applied Mathematics 

Prerequisites 
Required courses (or equivalents):  

- Ordinary Differential Equations 
- Electrical Power and Machines. 

Aims and objectives 
Objectives of studying the course of Control Systems are: 

- To enable students to comprehend various aspect of mechanical, electrical and 

- computer engineering, and realize their relation in the application of control system 

- design. 

- To equip students with the ability to analyze, predict and characterize the behavior of 

dynamic systems 

- To train students to become capable of operating and communicating across the 

- range of engineering disciplines necessary in control systems. 
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Desired course outcomes 
By the end of the course, successful students must: 

-  Understand the basic control systems principles, theory and components 
- Model and simulate various real-life-engineering dynamical systems using Laplace 

transform 
- Analyze the performance and stability of the systems using various analysis techniques 

including state space. 
- Design control systems using the root locus method and frequency response methods. 

Overview of sessions and teaching methods 
Lecture (both face-to-face and distance) model of learning, practice-oriented approach, OMSE 
platform (Sakai) to provide: access to e-learning resources, control of studied material (testing), 
communication between students and teachers. 
 

Course workload 
The table below summarizes course workload distribution: 
 

Activities 
 

Learning outcomes Assessment Estimated 
workload 
(hours) 

In-class activities 

Lectures  Understanding theories, concepts, 
methodology and tools 

Class 
participation 

28 

Practice Understanding practical application 
problems that demonstrate 
concepts that are introduced in each 
lecture 

Class 
participation  

24 

In-class assignments / 
Virtual laboratories 

Computer experiments using 
MATLAB Simulink to allow students 
to verify the concepts covered in the 
lectures via simulation. The students 
can also change parameters and 
perform “what if” exploration to 
gain insight into the effect of 
parameter and configuration 
changes. 

Class 
participation 
and 
preparedness 
for 
assignments; 
Virtual 
laboratories 
report 

10 

Individual work  

Implementation of 
practice-oriented 
coursework 

The ability to work effectively on a 
course project individually and in a 
group 

Presentation 
and discussion 
results of the 
coursework; 

18 
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Coursework 
report 

Individual and group 
work on a course 
material in e-learning 
system 

The ability to work effectively with 
e-learning resources, the ability of 
group communication in the study 
of educational materials 

Quantitative 
and qualitative 
statistics of 
student work 
in the e-
learning 
system Sakai 

10 

Individual study of the 
main and additional 
literature on the 
course and preparation 
for lectures and 
practical classes 

The ability of self-organization and 
self-education; 
Familiarity with and ability to 
critically and creatively discuss key 
concepts, tools and methods as 
presented in the literature 

Quality of 
completed 
assignments 
for the course 
 

8 

Group discussion of the 
studied materials and 
assignments in 
classroom 

The ability to correctly present and 
actively participate in the discussion 
of the learning materials studied 

Classroom 
work quality 

6 

Preparation of the 
presentations on 
assignments and 
defense of the 
coursework 

The ability to competently and 
effectively present the material to 
the audience and enter a discussion 

Presentation 
quality; 
Creative and 
active 
contribution to 
discussion 

6 

Preparation for 
intermediate control 
(exam) 

The ability to correctly present the 
material studied in the course of the 
course to the teacher, to show 
possession of theoretical and 
practical skills 

High 
knowledge of 
the course 
materials  

10 

Total   120 

Grading 
The students’ performance is based on the following: 
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- Lectures at the training course (10%); 
- Performance of virtual laboratory work (20%); 
- Implementation of the coursework (project) (20%); 
- Presentation of completed virtual laboratory work and coursework (project) (10%); 
- Work with training resources in the Sakai system (20%); 
- Control testing (10%); 
- Level of readiness to participate in discussions in the classroom and Sakai system (10%) 

Course schedule 

Topic title 
Lesson 
form 

Lesson content Hours 
Day/ Time 

Lecturer 

Module 1. Mathematical models of systems    

1.1. Introduction 
and Review of 
Mathematical 
Foundation 

lecture Introduction to the basic history 
of control theory and practice. 
The purpose of this chapter is to 
describe the general approach to 
designing and building a control 
system.  
Control systems, effects and 
types of feedbacks. 
Review of complex variables, 
differential equations, Laplace 
transform 

4 7.01.19 
Monday 

10:00-11.00 
 

8.01.19 
Tuesday 

11:00-12.00 
 

14.01.19 
Monday 

10:00-11.00 
 

15.01.19 
Tuesday 

11:00-12.00 
 

 

M. Ovinis 

1.2. 
Mathematical 
Models of 
Systems 

lecture Mathmatical mdels of physical 
systems in input-output or 
transfer function form are 
developed in this chapter. A wide 
range of systems (including 
mechanical, electrical, and fluid) 
are considered.  
Transfer function, Block Diagram 
and Signal Flow Graphs Impulse 
response, transfer function, 
blocks diagram, signal flow graph, 
Mason's rule, Gain formula. 

4 21.01.19 
Monday 

10:00-11.00 
 

22.01.19 
Tuesday 

11:00-12.00 
 

28.01.19 
Monday 

10:00-11.00 
 

29.01.19 

M. Ovinis 
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Tuesday 
11:00-12.00 

 

practice Getting started with MATLAB 
Simulink. Development and 
execution of simple continuous 
dynamic models in MATLAB 
Simulink. 

4 22.01.19 
Tuesday 

14:00-16.00 
 

29.01.19 
Tuesday 

14:00-16:00 
 

M. Ovinis 

1.3. Feedback 
Control System 
Characteristics 

lecture The characteristics of feedback 
control systems are described in 
this chapter. The advantages of 
feedback are discussed, and the 
concept of the system error signal 
is introduced. 
 

4 04.02.19 
Monday 

10:00-11.00 
 

05.02.19 
Tuesday 

11:00-12.00 
 

11.02.19 
Monday 

10:00-11.00 
 

12.02.19 
Tuesday 

11:00-12.00 
 

M. Ovinis 

practice Development and execution of 
simple hybrid dynamic models 
(bouncing ball and the like) in 
MATLAB Simulink. 

4 05.02.19 
Tuesday 

14:00-16.00 
 

12.02.19 
Tuesday 

14:00-16:00 
 

M. Ovinis 

Module 2. Performance of control systems    

2.1. Stability of 
Linear Control 
Systems 

lecture The stability of linear feedback 
systems is investigated. The 
relationship of system stability to 
the characteristics equation of 
the system transfer function is 

4 18.02.19 
Monday 

10:00-11.00 
 

19.02.19 
Tuesday 

M. Ovinis 
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studied. The Routh-Hurwitz 
stability criterion is introduced. 
Bounded input bounded output, 
zero input stability, Routh 
Hurwitz and stability of 
continuous -data systems. 

11:00-12.00 
 

25.02.19 
Monday 

10:00-11.00 
 

26.02.19 
Tuesday 

11:00-12.00 

practice Development and execution of 
multicomponent models with 
in/out connectors in MATLAB 
Simulink. 

4 19.02.19 
Tuesday 

14:00-16.00 
 

26.02.19 
Tuesday 

14:00-16:00 

M. Ovinis 

2.2. Root-locus 
Techniques 

lecture Deals with the motion of roots of 
the characteristic equations in 
the s-plane as one or two 
parameters are varied. The locus 
of the roots in the s-plane is 
determined by a graphical 
method. The PID controller and 
Ziegler-Nichols PID tuning 
method is introduced. 
 

4 04.03.19 
Monday 

10:00-11.00 
 

05.03.19 
Tuesday 

11:00-12.00 
 

11.03.19 
Monday 

10:00-11.00 
 

12.03.19 
Tuesday 

11:00-12.00 

M. Ovinis 

practice Plot root locus using MATLAB 
Simulink. Property of root locus, 
construction of root locus, root 
contour and design via root-locus 
techniques 

4 05.03.19 
Tuesday 

14:00-16.00 
 

12.03.19 
Tuesday 

14:00-16:00 

M. Ovinis 

2.3. Frequency-
domain Analysis 
of Control 
Systems 

lecture A steady state sinusoidal input 
signal is utilized to examine the 
steady sate response of the 
systems the frequency is varied. 

4 18.03.19 
Monday 

10:00-11.00 
 

M. Ovinis 
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The development of the 
frequency response plot, called 
the Bode plot, is considered. 

19.03.19 
Tuesday 

11:00-12.00 
 

25.03.19 
Monday 

10:00-11.00 
 

26.03.19 
Tuesday 

11:00-12.00 

practice Development and execution of 
models in MATLAB Simulink for 
Bode plot 
 

4 19.03.19 
Tuesday 

14:00-16.00 
 

26.03.19 
Tuesday 

14:00-16:00 

M. Ovinis 

2.4. Frequency-
domain Design of 
Control Systems 

lecture Several approaches to designing 
and compensating a control 
system are described and 
developed. Various candidates 
for service as compensators are 
presented and it is shown how to 
help to achieve improved 
performance 
 

4 01.04.19 
Monday 

10:00-11.00 
 

02.04.19 
Tuesday 

11:00-12.00 
 

08.04.19 
Monday 

10:00-11.00 
 

09.04.19 
Tuesday 

11:00-12.00 
 

M. Ovinis 

practice Analysis and visualization of 
computer models created in 
MATLAB Simulink for PID 
controller, phase-lead controller, 
phase-lag controller, lead-lag 
controller, pole-zero cancellation, 
forward and feed forward 
compensation 

4 02.04.19 
Tuesday 

14:00-16.00 
 

09.04.19 
Tuesday 

14:00-16:00 
 

M. Ovinis 
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Total 52   

Course assignments  
Course assignments include: 
- performance of virtual laboratory work; 
- performance of the coursework (project).  
 
Some courseworks must be done in a group. 
 
The list of virtual labs includes: 
Virtual Lab № 1. Matlab Simulink Time Response Laboratory Assignment 
Virtual Lab № 2. Matlab Simulink Reduction of Multiple Subsystems Laboratory Assignment 
Virtual Lab № 3. Matlab Simulink Stability 
Virtual Lab № 4. Matlab Simulink Root Locus Techniques 
Virtual Lab № 5. Matlab Simulink Design via Root Locus 
 

The topic for course project is to create a model of a boiler system in the environment MATLAB 
Simulink and analyze it. 
 

Literature 
Basic literature 
Ryzhov V.A., Rozhdestvensky K.V., Fedorova T.A., Safronov K.S., Tryaskin N.V. Computer 
modeling and simulation of complex dynamic system using MATLAB Simulink. Textbook. - St. 
Petersburg: SPbSMTU, 2019. 
 
Ryzhov V.A., Fedorova T.A., Safronov K.S., Tryaskin N.V. Virtual Labs in MATLAB Simulink: 
Guidelines.  - St. Petersburg: SPbSMTU, 2019. 
 
Ryzhov V.A., Fedorova T.A., Safronov K.S., Tryaskin N.V. A practical guide for performing virtual 
labs in MATLAB Simulink: Guidelines. - St. Petersburg: SPbSMTU, 2019. 
 
 
Fridman G.M., Leora S.N. Mathematics & Mathematica. Selected tasks for selected students. - St. 

Petersburg: BHV-Petersburg, 2010. 

 

Additional literature 
Kolesov Yu.B.,  Senichenkov Yu.B.  Mathematical modeling of complex dynamic systems. - St. 
Petersburg:  SPbPU, 2018. 
 
Senichenkov Yu.B., Ampilova N.B., Timofeev E. Collection of tasks for the course "Mathematical 
modeling of complex dynamic systems". - St. Petersburg:   SPbPU, 2017. 
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Senichenkov Yu. B.  Component modeling of complex dynamic systems. Problem Book. - St. 
Petersburg: SPbPU, 2018. 
 
Urquía A.,  Martín‐Villalba C. Modeling and simulation in Engineering using Modelica". – 
Madrid: Editorial UNED, 2018  
 
Urquía A., Martín‐Villalba C., Rubio M.A., Sanz V. Simulation practice with Modelica. – Madrid: 
Editorial UNED, 2018.  
 
  

Internet resources required for studying the course 
1. http://inmotion.utp.edu.my:8080 

http://inmotion.utp.edu.my:8080/

