


System

System is a collection of components to produce desired objective

System produces an output (also called response) for an input (called excitation).

Motor

Input- Electrical Energy (Voltage)

Output – Mechanical Energy (Rotation / Torque)

Car

Input- Acceleration

Output- Vehicle Displacement

SYSTEM

OutputInput



Control System- A system in which any quantity of interest in

a machine, mechanism or other equipment is maintained or

altered in accordance with a desired manner

Driving System in a Car

Control  System



Open Loop and Closed Loop Control Systems

Open Loop Control System : A control System in which the

controlling process is totally independent on output of a system

and depends only on input

Closed Loop Control System : A control System in which the

controlling process is Depends on both input and output.



Examples of Open Loop and 

Closed Loop Control Systems



Driving System in a Car

No Feedback from Output (Open Loop System) 

Feedback from Output (Closed Loop System)



Temperature Control System

No Feedback from Output (Open Loop System) 



Temperature Control System

Feedback from Output (Closed Loop System) 



Examples of Open Loop Control Systems

1. Bread Toaster

(Irrespective of bread is completely toast or not it will heat upto setup time) 

2. Electric Hand Drier                                                                                           

(Hand drier produce hot air upto some time, irrespective of hand is dried or 

not)

3. Cloth Drier                                                                                         

(Machine stops working automatically after some time  (20 mins), 

irrespective of the nature of the clothes, whether they are dry or not

4. Automatic Cofee Maker

5. Traffi Light Controller                                                                     

(Irrespective of Traffic , the lights Switch on and off  for predefined time)



Examples of Closed Loop Control Systems

1. Automatic Traffic light Control                                                                     

(Traffic lights are automatically control based on the density of traffic ) 

2. Air Conditioner  (Temperature Control System)                                                                                

(The temperature set by user is maintained irrespective of tempeature in room 

and number of people in the room )

3. Voltage Regulator                                                                                

(Irrespective of voltage fluctuation in home the output of regulator is 

maintained constant voltage) 

4. Automatic Water Tank Level Control System                                                        

( Desired liquid level is maintained even though the output  flow rate is varied)

5. Rocket Autopilot System & Automatic Fligt Landing System

6. Missile Launching System                                                                     

(Irrespective of Traffic , the lights Switch on and off  for predefined time)

7. Human Body Temperature  &  Human Respiratory System



Water Level Control System



Position Control System



Missile Launching Control System



Classification of Control Systems



1. Open loop and Closed loop Control System

2. Linear and Non Linear Control System

3. Time Variant and Tme Invariant Control Systems

4. Discrete and Continuous Control Systems

5. Single input single output (SISO) and Multiple input and Multiple 

output (MIMO) control systems

6. Manual and Automatic Control Systems

7. Other types like position control systems,  velocity control systems, 

Type -0, Type-1, Type-2 systems, Undamped systems, under damped 

systems, critically damped systems, Overdamped systems, First order 

control system, second order control system.

Classification of Control Systems



Open loop and Closed loop Control System

A system in which the controlling process depends on input only is called 

open loop control system 

A system in which the controlling process depends on input and output  is 

called Closed loop control system   

Linear and Non Linear Control System

A system which satisfies superposition theorem (Additivity and Homogenity) 

is called Linear system

A system which does not satisfies superposition theorem (Additivity and 

Homogenity) is called Non- Linear system



Time Variant and Tme Invariant Control Systems

When the parameters of control system are stationary with respect to time          

it is called time-invariant system

When the parameters of system vary with respect to time is called time 

variant system

Discrete and Continuous Control Systems

If the controlling action is discrete in manner then it is called discrete 

control systems

If the controlling action is continuous in manner then it is called continuous 

control systems



Single input single output (SISO) and Multiple input and Multiple

output (MIMO) control systems

If the control system has single input and single output, then it is called 

Single input and single output system

If the control system has more than one input and output, then it is called 

Multiple input and Multiple output system

Manual and Automatic Control Systems   

If the system is controlled manually it is caled manual control system

If the system is controlled automatically with out any human intervention is 

automatic control system



General Representation of Open 

Loop and Closed Loop Control 

Systems



Driving System in a Car

No Feedback from Output (Open Loop System) 

Feedback from Output (Closed Loop System)



General Block Diagram of Open Loop Control System 

No Feedback from Output (Open Loop System) 



General Diagrams for Closed Loop Control Systems 

Feedback from Output (Closed Loop System)



Effects of Negative Feedback 

Control Systems



Closed Loop System

Open Loop System  

G
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Transfer Function / Gain of Negative Feed Back 

System 



Effects of  negative feedback on a system

1. Gain Decreases  [by  factor (1+GH)]

2. Bandwidth Increases [by  factor (1+GH)]

(Gain Bandwidth Produt is Constant)

3. Stability  ( Generally Stable system. In case of  GH=-1 then 

unstable but it can be solved by cosidering a unity feedback)

4. Sensitivity  (Less sensitive to parameter variations and 

disturbances)



Effect of  Feedback on Gain 

Open Loop System Gain is G

Closed Loop System Gain is G/(1+GH)

Overall Gain of system  Decreases by a factor of (1+GH)

















Difference Between Open Loop 

and Closed Loop Control Systems

Advantages and Disadvantages of 

Open Loop and Closed Loop 

Control Systems



Open loop System Versus Closed Loop System

Open loop System Closed Loop System

1. Controlling Process depends on only input 

and independent on output

1. Controlling Process depends on both input 

and output

2.Small Bandwidth 2.Large Bandwidth

3.Effect of parameter variations and noise is 

high

3.Effect of parameter variations and noise is 

Less

4..No Feedback 4. Feedback is present

5. Manual Controlling 5. Automatic Controlling

6. Error Detetor is Not Present 6. Error Detector is Present

7. It is Stable 7. Positive feedback not stable (Oscillatory)

Negative feedback Stable (If require 

additional  feedback is used)

8. Cheap and Economical 8. Costlier

9.Easy to Construct 9. Difficult to Construct

10. Less Maintenance 10. More Maintenance

11. Not Accurate and Not Reliable 11. Accurate and Reliable





Block Diagram Reduction Algebra 

for obtaining the Transfer 

Function



Rules for Block Diagram Reduction 









Problem 1  (Method 1)





Problem 1  (Method 2)





Problem 2  (Method 1)









Problem 2  (Method 2)





Problem 3  (Method 1)









Problem 3  (Method 2)







Signal Flow 

Graph





Reduction of Signal Flow Graph using 

MASONS GAIN Formula



Problem 1 









Problem 2





Problem 3







Problem 4

Assume Node Numbers and Start Doing 

Problem (If not given in Problem)



1. No of Forward Paths- K=6

2. Forward Path Gains



3. Individual loops and Gains

4.  Gain Product of two non-touching loops






