
CONTROL SYSTEMS
UNIT…1

SYSTEM:-

A system is defined as a number of elements or components are connected
in a sequence to perform a specific function (or) a device.

(or)
It is an arrangement of physical components related in such a manner as
to form an entire unit.

CONTROL SYSTEMS:-



Examples of control systems…..

CLASSIFICATION OF  CONTROL SYSTEMS

Control Systems can be classified as open loop control systems and closed loop
control systems based on the feedback path.

1.Open –loop control system

2.Closed – loop control system



Open loop control systems are also known as manual control systems or 
non feedback systems















S.No. Open Loop system Closed system

1. Any change in output has no effect on
the input.

Changes in output, effects on the input.

2. These are not reliable. These are reliable.

3. It is easier to build. It is difficult to build.

4. Open loop systems are less accurate They are accurate because of feed back.

5. Open loop systems are generally more

stable

These are less stable

6. Optimization is not possible Optimization is possible

7. Highly sensitive to the disturbances &

environmental changes.

Less sensitive to the disturbances &

environmental changes.

8. Open loop systems are known as

manual control systems

Closed loop systems are known as automatic

control systems

COMPARISON BETWEEN OPEN AND CLOSED LOOP SYSTEMS.



FEED BACK AND ITS EFFECTS

In general closed loop control systems are more commonly called feed back control system.  
It is the property of a closed loop system which permits the output to be compared with the input
of the system so that the appropriate control action may be formed.

The comparison between input and output is carried by feedback elements in closed loop systems

Types of Feedback
There are two types of feedback −
1) Positive feedback
2)Negative feedback

Positive feed back:

G(s)

H(s)

B(s)

+

R(s) C(s)

E(s) =R(s)+B(s)

The following figure shows the block diagram of positive feedback control system.



The positive feedback adds the reference input(s) and feedback output

E(s) = R(s) + B(s) ------------ (1)
C(s) = G(s) E(s) ------------ (2)
B(s) = C(s) H(s) ------------ (3)
E(s) = R(s) + C(s) H(s)

Transfer function is defined as, it is the ratio of Laplace transform of the output to the 
Laplace transform of the input.
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Negative Feedback

In the negative feed back control system, the resulting error signal is the difference between 
input (or) reference signal and feed back signal
. The following figure shows the block diagram of the negative feedback control system.

G(s)

H(s)

B(s)

R(s) C(s)

E(s) =R(s) - B(s)

E(s) = R(s) – B(s)
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E(s) = R(s) - C(s) H(s)



B(s) = C(s)x H(s)

C(s) = G(s) E(s)



Transfer function is defined as, it is the ratio of Laplace transform of the output to the 
Laplace transform of the input.

Effects of Feedback

1) Effect of Feedback on Overall Gain
The overall gain of negative feedback closed loop control system is the ratio of 'G' and 

(1+GH). So, the overall gain may increase or decrease depending on the value of (1+GH).
If the value of (1+GH) is less than 1, then the overall gain increases

If the value of (1+GH) is greater than 1, then the overall gain decreases. 
In general, 'G' and 'H' are functions of frequency. So, the feedback will increase
the overall gain of the system in one frequency range and decrease in the other
frequency range.

2)Effect of Feedback on Stability

A system is said to be stable, if its output is under control. Otherwise, it is
said to be unstable.
The overall gain of negative feedback closed loop control 
system is
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if the denominator value is zero (i.e., GH = -1), 
then the output of the control system will be infinite. So, the control system becomes 
unstable.
Therefore, we have to properly choose the feedback in order to make the control
system stable.

3)Effect of Feedback on Noise

To know the effect of feedback on noise, let us compare the transfer function relations with 
and without feedback due to noise signal alone.

Consider an open loop control system with noise signal as shown below.

The open loop transfer function due to noise signal alone is



transfer function due to noise signal alone is
C (s)
----- = Gb (Equation 1)
N (s)

It is obtained by making the other input R(s) equal to zero.

Consider a closed loop control system with noise signal as shown below.

The closed loop transfer function due to noise signal alone is

C (s)        
----- =     -------
N (s)           1+GaGbH

Gb

(Equation 2)



It is obtained by making the other input R(s) equal to zero.

Compare Equation 1 and Equation 2, In the closed loop control system, the gain due to noise 
signal is decreased by a factor of (1+GaGbH) provided that the term (1+GaGbH) is greater than 
one.

4) Effect of Feedback on Sensitivity

The parameters of any control system changes with the change in environment conditions. Also

these parameters cannot be constant through out the life. These parameter variations affects the

performance of the system

for example, the resistance of the winding of a motor changes due to the change in temperature

during its operation.

So, a control system should be insensitive to the parameter variations

Sensitivity of the overall gain of negative feedback closed loop control system
(T) to the variation in open loop gain (G) is defined as



So, we got the sensitivity of the overall gain of closed loop control system as the reciprocal of 
(1+GH). So, Sensitivity may increase or decrease depending on the value of (1+GH).
If the value of (1+GH) is less than 1, then sensitivity increases. 

If the value of (1+GH) is greater than 1, then sensitivity decreases. 



Transfer function

Block diagrams consist of a single block or a combination of blocks. These are used to 

represent the control systems in pictorial form. 

Basic Elements of Block Diagram

The basic elements of a block diagram are a block, the summing point and the take-off point. 

Let us consider the block diagram of a closed loop control system as shown in the following 

figure to identify these elements.

Block diagrams 



The above block diagram consists of two blocks having transfer functions G(s) and H(s). It is also 
having one summing point and one take-off point. Arrows indicate the direction of the flow of 
signals. 

Advantages of Block Diagram Representation
1. Very simple to construct block diagram for a complicated system
2. Function of individual element can be visualized
3. Individual & Overall performance can be studied
4. Over all transfer function can be calculated easily.



Disadvantages of Block Diagram Representation
1. No information about the physical construction
2. Source of energy is not shown

BLCOK DIAGRAM REDUCTION 

When a number of blocks are connected, the over all transfer function can be 
obtained by block diagram reduction technique.  The following rules are associated with the 
block reduction technique.
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PROBLEMS ON BLOCK DIAGRAM REDUCTION

Derive the Transfer Function using block diagram reduction technique
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2)  Determine the ratio for the system shown in figure
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Step 4: Eliminating feed back loop
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3)    Find the ratio )(
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SR
SC of the system shown in fig.
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Step 3: combining the cascade blocks
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Step 4: Eliminating feed back loop
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Step 6: Eliminating feed back loop
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Transfer function of the system is 
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From step …3 t can be done as
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❖Node: A node is a point representing a variable or signal.
❖Branch: A branch is a directed line segment joining two nodes.
❖Transmittance: It is the gain between two nodes.
❖Input node: A node that has only outgoing branche(s). It is also, called as source and 
corresponds to independent variable.
❖Output node: A node that has only incoming branches. This is also called as
sink and corresponds to dependent variable.
❖Path: A path is a traversal of connected branches in the direction of branch
arrow.



❖Loop: A loop is a closed path.
❖Self loop: It is a feedback loop consisting of single branch.
❖Loop gain: The loop gain is the product of branch transmittances of the loop.
❖Non touching loops: Loops that do not posses a common node. 
❖Forward path: A path from source to sink without traversing an node more than once.
❖Feedback path: A path which originates and terminates at the same node.
Forward path gain: Product of branch transmittances of a forward path.
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