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Preface 

What’s that?
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Cruise Control Systems

� Why? 

� How? 

� http://auto.howstuffworks.com/
cruise-control3.htm
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Ultimate objective
� To enable students to apply basic classical 

control techniques to analyze, design and 
implement a control system

Teachers
Grundlæggende regulering og modellering: 

� Leif Wagner Jørgensen, lwj@bio.aau.dk

� Zhenyu Yang, yang@et.aau.dk

� B.Sc. (1991), M.Sc.(1994), Control 
Theory 

� PhD. EE (1997), BUAA
� Postdoctor (1998), EE, TU Delft
� Joined AAU at 1999
� Associate Prof., ET, AAU
� Coordinator of ED5-6 semesters, and 

Intelligent Reliable Systems (IRS) 
master program
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Textbook (Zhenyu’s part)

6th edition!
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Control Tutorials for Matlab
� http://www.library.cmu.edu/ctms/



5

1/31/2012 Control Theory and Modelling 9

Content (10 lectures)

� MM1: Introduction to control engineering

� MM2: Essentials for feedback control 

� MM3: Responses of dynamic systems 

� MM4: PID control  

� MM8: Performance and stability analysis 

� MM5: frequency response analysis 

� MM6: frequency response design 

� MM7: Root locus method 

� MM9: Essentials to digital control

� MM10: Practical issues and case studies

Questions?
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http://jlwylie.wordpress.com/2011/02/12/brainstorm-

interesting-author-interview-questions/
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MM1 Introduction to Control 
Engineering 

Readings: 

Chapter 1; Section 3.2.1 (block diagram)

After this lecture, you are expected to know

� Some basic concepts in control engineering

� System, inputs and outputs

� Open-loop control vs closed-loop control

� (automatic) feedback control 

� Transfer function description

� Block diagram decription

� How to start system construction in Matlab/simuink
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http://www.thomasandfriends.com/uk/thomas.asp

Do we 
need 
Control? NO!
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Basic Concept (I): System and its Variables

� A system is a collection of components which are coordinated 

together to perform a function

� Systems interact with their environment. The interaction is 
defined in terms of variables
� System inputs

� System outputs

� Environmental disturbances

� Dynamic system is a system 

ehose performance could 

change according to time
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Basic Concept (II): Control 
� Control is a process of 

causing a system (output) 
variable to conform to some 
desired status/value

Reference/
Set-point

1/31/2012 Control Theory and Modelling 16

Basic Concept (III): Manual Control 
� Manual Control is a process where the control is handled 

by human being(s).

� Simple and easy…
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Manual Control: Safety issue (I)

� Manual Control requires the operator to have sufficient 
knowledge and experience in operating the considered system, 
oterhwise, …
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Manual Control: Safety issue (II)
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Manual Control: Slow Response 
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Manual Control: Comfortness
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Basic Concept (IV): Automatic Control 

� Automatic Control is a control process which involves 
machines only 

(Control is a process of causing a system variable to conform to some desired status/value)
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Automatic Control: Cruise Control (Speed control)

http://en.wikipedia.org/wiki/Cruise_control
Boulton & Watt engine of 1788
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Automatic Control: BO9000 Sledge Control
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Automatic Control: OPU Position Control
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Automatic Control: Process Control
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Control Classification
� Control is a process of causing a system variable to conform to some desired 

status/value 

� Open-loop Control: A control process which does not utilize the 
feedback mechanism, i.e., the output(s) has no effect upon the 
control input(s) 

� Closed-loop Control: A control process which utilizes the 
feedback mechanism, i.e., the output(s) does have effect upon the 
control input(s)
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Open-loop Control 
� Open-loop Control: A control process which does not utilize the feedback 

mechanism, i.e., the output(s) has no effect upon the control input(s) 

Reference/
Set-point
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http://www.thomasandfriends.com/uk/thomas.asp

Do we need 
Open-loop
Control?

NO!
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Closed-loop Control 
� Closed-loop Control: A control process which utilizes the feedback 

mechanism, i.e., the output(s) does have effect upon the control input(s) 

Reference/
Set-point

Open-loop vs Closed-loop Control
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Actuator & Sensor

� Actuator is the device that can influence the 
controlled variable (control input) of the process

� Sensor is the device that measure the output variable 
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Forward
compensator actuator Plant

sensor
Feedback

compensator

+

-

Reference 
input

Control system problem:    
• A plant: a physical system needed to be controlled 
• Specifications: desired system performance
• A methodology: to design a controller such that the closed-
loop (feedback control) system satisfies given specifications

�feedback control theory 

disturbance

Feedback Control
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Feedback Control Theory

Classical  control theory
(frequency domain) 

Modern control theory
(state-space domain) 

Specific topics
(introduction to 

advanced control) 

robustness Time delays Nonlinear MIMO
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Do we need 
Feedback 
Control?

Yeh... Automatic
Control could 
be the best
But how to get it?

Ask your 
control 
Engineer!
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Models and modeling: Example
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See FC p.47-49

Modeling: DC-motor (I)
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� Electrical part:

.

mee

eaaa
a

a

KV

VviR
dt

di
L





See FC p.47-49

Modeling: DC-motor (II)

Ke electromotive force (emf) 
constant
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� Mechanic Part:  Kt torque constant ia armature current

atm

femmmm

iKT

TTTbJ




...



See FC p.47-49

Modeling: DC-motor (III)

1/31/2012 Control Theory and Modelling 44

� Complete model:

See FC p.47-49

Modeling: DC-motor (IV)
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Block Diagram (I) 
� Component block diagram represents in block form the 

major components in a control system and shows the major 
directions of information and energy flow from one 
component to another 

1/31/2012 Control Theory and Modelling 45

Block Diagram (II) 
� Functional block diagram illustrated the mathematical 

relationships between the components in a a control system
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Connection – Block Diagrams

Forward
compensator actuator Plant

sensor
Feedback

compensator

+

-

Reference 
input

disturbance

D(s) A(s) P(s)

S(s)F(s)

+

-

r

w
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� Transfer function description

� Num-den form

� Zero-pole form
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System Model: Transfer Function
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� Num-den transfer function form

sys=tf(num,den)

� Zero-pole transfer function form

sys=zpk(Z,P,K)

� Overview of system features

ltiview(sys)

Transfer Function in Matlab/Simulink
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� Series connection of two LTIs

sys = series(sys1,sys2)

sys = series(sys1,sys2,outputs1,inputs2)

Connection in Matlab - I

sys1
sys1
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� Parrallel connection of two LTIs

sys = parallel(sys1,sys2)

sys = parallel(sys1,sys2,inp1,inp2,out1,out2)

Connection in Matlab - II

sys1

sys2

+
+
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� Feedback connection of two LTIs

sys = feedback(sys1,sys2)

sys = feedback(sys1,sys2,sign)

sys = feedback(sys1,sys2,feedin,feedout,sign)

Connection in Matlab - III
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P-Control for the DC Motor
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Download motorP.mdl
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Case study: BO9000 Sledge Control
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After this lecture, you are expected to know

� Some basic concepts in control engineering

� System, inputs and outputs

� Open-loop control vs closed-loop control

� (automatic) feedback control 

� Transfer function description

� Block diagram decription

� How to start system construction in Matlab/simuink
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Execise one
� Start the preliminary analysis of your project system

� Objectives

� Considereds system (plant), control input(s), output(s), disturbance 
input(s)

� Actuator(s) and its driver(s)

� Need feedback control?

� Sensor(s) and its driver(s)

� Potential platform for control implementation

If possible, 

� Derive the component block diagram of your consided system

� sketch the functional block diagram of your consided system

� Start to be familiar with Matlab/Simulink
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