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Introduction 
4

Synopsis

This course introduces the basic concepts of

control system. It includes modeling of control
systems in frequency and time domain,
introduction of transfer function and state-space
representation, study of time response, stability
and steady-state errors, application of root locus
techniques, design via Bode Plots and root locus.
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Introduction to Control System
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Automatic control is

essential in any field of
engineering and
considered as integral part
of robotic systems, space
vehicle systems, modern
manufacturing systems
etc.
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Open Loop and Closed Loop Systems
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Open-Loop Control Systems. 
Those systems in which the output has no
effect on the control action are called open-
loop control systems
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Open Loop and Closed Loop Systems
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Closed-Loop Control Systems. Feedback control
systems are often referred to as closed-loop control
systems. In a closed-loop control system the
actuating error signal, which is the difference
between the input signal and the feedback signal
(which may be the output signal itself or a function of
the output signal and its derivatives and/or
integrals), is fed to the controller so as to reduce the
error and bring the output of the system to a desired
value.
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Open Loop and Closed Loop Systems
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Block diagram of room temperature control system
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Open Loop and Closed Loop Systems
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• Simple construction and
ease of maintenance.

• Less expensive than a
corresponding closed-loop
system.

• There is no stability
problem.

• Convenient when output
is hard to measure or
measuring the output
precisely is economically
not feasible.

Advantages of 
Open Loop

• Disturbances and changes
in calibration cause errors,
and the output may be
different from what is
desired.

• To maintain the required
quality in the output,
recalibration is necessary
from time to time.

• They are less accurate.
• If external disturbances

are present, output differs
significantly from the
desired value.

Disadvantages
of Open Loop
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Open Loop and Closed Loop Systems
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• They are more accurate.
• The effect of external

disturbance signals can be
made very small.

• The variations in
parameters of the system
do not affect the output of
the system i.e. the output
may be made less sensitive
to variation is parameters.
Hence forward path
components can be of less
precision. This reduces the
cost of the system.

Advantages of 
Closed Loop

• They are more complex
and expensive

• They require higher 
forward path gains.

• The systems are prone to 
instability. Oscillations in 
the output many occur.

• Cost of maintenance is 
high.

Disadvantages
of Closed
Loop
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Classification of Control Systems
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Continuous Time Feedback Control Systems

If the signals in all parts of a control system are continuous
functions of time

 Discrete Data Feedback Control Systems

Discrete data control systems are those systems in which at one
or more pans of the feedback control system, the signal is in the
form of pulses. In most sampled data control systems, the signal
is reconstructed as a continuous signal, using a device called
'hold device'.
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Classification of Control Systems
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Discreet data control systems, in which a digital
computer is used as one of the elements, are known
as digital control systems. The input and output to
the digital computer must be binary numbers and
hence these systems require the use of digital to
analog and analog to digital converters.
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Classification of Control Systems
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 Linear control systems
If a system obeys superposition principle, the system is said to 
be a linear system. Let 

and        be two inputs to a system and        and

Implies 

 Non-Linear Control Systems
Any system which does not obey superposition principle is said
to be a non-linear system. Physical systems are in general non-
linear and analysis of such systems is very complicated. Hence
these systems are usually linearlised and well known linear
techniques are used to analyse them.

)(1 tx )(2 tx )(1 ty )(2 ty
)(1 tx )(1 ty
)(2 tx )(2 ty
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Definitions and terminologies
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 Controlled Variable and Manipulated Variable.
The controlled variable is

the quantity or condition that is measured and
controlled. The manipulated variable is the quantity or
condition that is varied by the controller so as to affect
the value of the controlled variable. Normally, the
controlled variable is the output of the system. Control
means measuring the value of the controlled variable of
the system and applying the manipulated variable to the
system to correct or limit deviation of the measured
value from a desired value.
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Definitions and terminologies
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 A plant may be a piece of equipment, perhaps just a
set of machine parts functioning together, the
purpose of which is to perform a particular
operation. In this

 A system is a combination of components that act
together and perform a certain objective.
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Definitions and terminologies
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 A disturbance is a signal that tends to adversely
affect the value of the output of a system. If a
disturbance is generated within the system, it is
called internal, while an external disturbance is
generated outside the system and is an input

 Feedback control refers to an operation that, in
the presence of disturbances, tends to reduce the
difference between the output of a system and some
reference input and does so on the basis of this
difference
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End of Introduction to Control System

18 of 495



LEARNING UNIT 2

MODELING IN THE FREQUENCY 
DOMAIN 

Control System Engineering
19

19 of 495



Outlines

 Introduction

 Laplace transform

 Transfer function – Electrical network 

 Transfer function – Mechanical systems
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Introduction 

 Mathematical models of physical systems are key
elements in the design and analysis of control
systems

 Desired outcomes :

- Mathematical models of physical systems are key 
elements in the design and analysis of control 
systems

- Understand the application of Laplace transforms 
and their role in obtaining transfer functions.

21
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Laplace Transform – A review
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Let f(t) be a function of time t such that f(t) = 0 for t < 0 
and s is a complex variable. We use L as a symbolic 
operator to stand for Laplace integral on the quantity that 
is prefixed by it.

The Laplace transform of f(t) is defined as 

L [f(t)]=F(s)=0
∞
𝑓(𝑡)𝑒−𝑠𝑡𝑑𝑡

F(s) denotes the Laplace transform of f(t).

The function f(t) in time domain can be found from the 
Laplace transform F(s) by the reverse process known as the 
inverse Laplace transformation
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Laplace Transform – A review
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Laplace transform of a common function. 
i) Exponential function 𝑓 𝑡 = 𝑎𝑒−𝛼𝑡 for 𝑡 ≥ 0, 0

otherwise. 

F(s)=L [𝑎𝑒−𝛼𝑡]=0
∞
𝑎𝑒−𝛼𝑡𝑒−𝑠𝑡𝑑𝑡

F(s)=L [𝑎𝑒−𝛼𝑡]=0
∞
𝑎𝑒−(𝛼+𝑠)𝑡 𝑑𝑡

F(s)=L [𝑎𝑒−𝛼𝑡]=𝑎 
0

∞
𝑒−(𝛼+𝑠)𝑡 𝑑𝑡

F(s)=L [𝑎𝑒−𝛼𝑡]=
𝑎

𝑠+𝛼

The exponential function in time is found to produce a pole 
for the complex function
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Laplace Transform – A review
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ii) Step function 

𝑓 𝑡 = 𝐴𝑢 𝑡 for 𝑡 ≥ 0

𝑓 𝑡 = 0 for 𝑡 < 0

-where R is a constant and us(t) is an unit step function.

-The unit-step function has a height of unity

F(s)=L [𝑅𝑢 𝑡 ]=A0
∞
1. 𝑒−𝑠𝑡𝑑𝑡

F(s)=L [𝑅𝑢 𝑡 ]=A
𝑒−𝑠𝑡

−𝑠 0

∞

F(s)=L [𝑅𝑢 𝑡 ]=
𝐴

𝑠
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Laplace Transform – A review
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iii) Ramp function 

𝑓 𝑡 = 𝑅𝑡𝑢 𝑡 for 𝑡 ≥ 0

𝑓 𝑡 = 0 for 𝑡 < 0

-where R is the slope of a linear function and us(t) is an unit 
step function.

-The unit-step function has a height of unity

F(s)=L [𝑅𝑡𝑢 𝑡 ]=R0
∞
𝑡. 𝑒−𝑠𝑡𝑑𝑡

F(s)=L [𝑅𝑢 𝑡 ]=𝑅 𝑡
𝑒−𝑠𝑡

−𝑠 0

∞

− R0
∞ 𝑒−𝑠𝑡

−𝑠
𝑑𝑡

F(s)=L [𝑅𝑢 𝑡 ]=
𝑅

𝑠2
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Laplace Transform – A review
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iv) Sinusoidal function 

𝑓 𝑡 = 𝐴𝑠𝑖𝑛(𝜔𝑡) for 𝑡 ≥ 0

𝑓 𝑡 = 0 for 𝑡 < 0

Where

sin 𝜔𝑡 =
1

2𝑗
𝑒𝑗𝜔𝑡 − 𝑒−𝑗𝜔𝑡

F(s)=L [𝐴 sin 𝜔𝑡 ]=
𝐴

2𝑗
0
∞
𝑒𝑗𝜔𝑡 − 𝑒−𝑗𝜔𝑡 . 𝑒−𝑠𝑡𝑑𝑡

F(s)=L [𝐴 sin 𝜔𝑡 ]=
𝐴

2𝑗
0]

∞
𝑒𝑗𝜔𝑡−𝑠𝑡𝑑𝑡 + 0

∞
𝑒−𝑗𝜔𝑡−𝑠𝑡𝑑𝑡]
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