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Abstract- Controllers are subjected to the plant to control its desired performance parameters. They are used in forward path 
of the system. The conventional controllers include proportional (P), integral (I), derivative (D), proportional-plus-integral 
(PI), proportional-plus-derivative (PD) and proportional-plus-integral-plus-derivative (PID) controllers. A good controller is 
the one which has fast response with reduced overshoot and steady state error. The output response must trace the input 
trajectory. In this paper, comparative study is based on proportional (P), proportional-plus-integral (PI), proportional-plus-
derivative (PD) and proportional-integral-derivative (PID) controller. The comparison is done by considering the example of 
an armature controlled separately excited DC motor. The modeling of motor and implementation of controllers and their 
comparison is performed on software package MATLAB/ SIMULINK. 
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I. INTRODUCTION 
 
The control system is that means by which any 
quantity of interest in a machine, mechanism, or other 
equipment is maintained or altered in accordance 
with a desired manner. The control systems basically 
are of two types - open loop system and closed loop 
system. Open loop system is a physical system which 
does not automatically correct for variation in its 
output. In these systems for a constant input signal 
and unaltered external conditions, the output signal 
remains constant. The block diagram of the open loop 
system is given in fig 1.  
 

 
Fig. 1 Block diagram of open loop system 

 
The output signal can be changed to the desired value 
by changing the value of input signal appropriately, 
but then the variations in external and internal 
conditions may lead to variation of the output from 
the desired output. If such fluctuations can be 
tolerated or the system components are designed in 
such a way to limit the parameter variations and 
environmental conditions are well controlled, then 
open-loop control performs satisfactory. Closed loop 
system is the system in which the information about 
the instantaneous state of the output is feedback to the 
input and is used to modify it in such a manner as to 
achieve the desired output. The block diagram of the 
closed loop system is shown in fig 2. 
 

 
Fig. 2 Block diagram of closed loop system 

An error detector compares a signal obtained through 
feedback elements with the reference input. The 
feedback signal is the function of the output response. 
Any difference between these two signals constitutes 
an error or actuating signal which is then sent to 
controller. The controller alters the conditions in the 
plant to reduce the original error. 
 
In view of the industrial and household applications, 
the development of high performance motor drives is 
required which should possess good speed control 
and load regulating response. DC motors fulfill these 
characteristics and are simple in design, reliable and 
cheaper, which make them suitable for applications 
like defense, industries, robotics, etc. DC motors are 
generally used in those applications where wide range 
of speed control is required [3]. The motor speed 
should be controlled in such a way that it gives the 
desired output response. 
 
Most industrial controllers include Proportional,    
Proportional-Integral, Proportional-Derivative and 
Proportional-Integral-Derivative controllers. In this 
paper, the objective is to compare speed responses of 
the separately excited DC motor using these 
controllers to control its speed. 
 
II. STRUCTURE AND FORMULATION OF 

S.E.DC MOTOR 
 
The separately excited DC motor (S.E.D.C) with 
armature control is one in which the speed is 
controlled by the armature voltage Va and field 
current If is kept constant. Effect of armature reaction 
is being neglected, as the motor used has either 
interpoles or compensating windings. 

 
Fig. 3 Circuit diagram of S.E.DC motor 
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In the above figure, Ra is armature resistance (in Ω), 
La  is armature inductance (in H), Ia  is  armature 
current (in Amperes), If  is field current (in Amperes), 
Va is input voltage(in V), eb  is back EMF (in V), ω is 
angular velocity of rotor (in rad/sec), J is rotating 
inertial measurement of motor bearing, B is friction 
constant, Tm is  motor torque, Kb is EMF constant, KT 
is torque constant and TL is load torque [1].   
 
Since the back EMF (eb) is proportional to speed ω 
directly [4], then 
eb(t) = Kb. 

θ = Kb ω(t)                           ………(1)                                                                           
Using Kirchhoff’s current law,  
Va(t) = Ra Ia (t) + La 

( ) + eb(t)               ………(2)                                                                     
From Newton’s law, the motor torque is given as 
Tm(t) = J ²

²
 + B  = KT Ia(t) – TL (t)          …...…(3) 

 

 
Fig. 4 Block diagram of S.E.DC motor 

 

 
Fig. 5 Simulink model of S.E.DC motor 

 
III. ANALYSIS OF CONVENTIONAL 

CONTROLLERS 
 
1) Proportional Controllers 
For a controller with proportional control action, 
there is a continuous linear relation between the 
output of the controller m and actuating error signal e. 
In terms of Laplace transform, 

M(s) = KP E(s), 
where KP is known as proportional gain or 
proportional sensitivity. The block diagram of 
proportional controller is shown in fig 6. 

 

 
Fig 6   Simulink model of Proportional controller 

The disadvantage of this controller is that it exhibits a 
permanent residual error known as offset. A high 
value of KP reduces offset error but makes the 
controller exhibit ON-OFF characteristics. 
2) Proportional-plus-Integral controllers 
The control action of a proportional-plus-integral 
controller is defined by  

M (t) = Kp  e (t) + ∫ e (t)dt , 
the transfer  function of the controller is  

( )
( )

 = KP (1+ 
.
  ) 

where Ti is called the integral time. The block 
diagram of PI controller is shown in given fig 7 [1]. 

 

 
Fig 7  Simulink model of PI controller 

 
Proportional-Integral (PI) controllers are one of the 
most applicable controllers in different industries. 
The important need in application of these controllers 
is their parameters tuning in order to gain desired 
result.  
 
Proportional-plus-Derivative controllers 
The control action of a proportional-plus-derivative 
controller is defined by 

m (t) = KP  e (t) + KP Td  
 ( ) , 

the transfer function is  
 ( )
 ( )

 = KP (1+ Td  s) 
where Td is called the derivative time. The block 
diagram of PD controller is shown in the fig 8. 

 

 
Fig 8. Simulink model of  PD controller 

 
3) Proportional-plus-Integral-plus-Derivative 
control action 
The combination of proportional control action, 
integral control action and derivative control action is 
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termed as proportional-plus-integral-plus-derivative 
control action and is given by equation 

m (t) = KP e (t) + ∫ e (t)dt + KP Td 
 ( ) 

the transfer function is 
 ( )
( )

 = KP (1 + 
 
 + Td  s) 

where KP , Ti and Td  are the proportional gain, 
integral time and derivative time. The block diagram 
of PID is as shown in fig 9 [2]. 

 

 
Fig 9 Simulink model of PID controller 

 
Proportional-Integral-Derivative (PID) controllers are 
widely used in industrial control systems because of 
the reduced number of parameters to be tuned. In the 
PID controller, an appropriate Kp, Ki and Kd are 
adjusted to achieve the optimal control performance.  
 
IV. IMPLEMENTATION OF 

CONTROLLERS TO CONTROL THE 
SPEED OF S.E.DC MOTOR 

 
The controllers are implemented in the forward path 
of the closed loop system. In MATLAB, the specific 
controller can be selected and the result can be 
observed accordingly. The simulink model of S.E.DC 
motor with PID controller can be shown in fig 10. 
The other controllers can be selected by clicking on 
the PID controller box and selecting the required 
controller. The parameters are then tuned as given in 
the parameter box. 
 

 
Fig 10. Simulink model of S.E.DC motor with PID controller 

 
V. RESULTS AND DISCUSSION 
 
The output responses of the S.E.DC motor with these 
controllers under no-load and loaded conditions are 
given in figures below. 

a) Speed control of SEDC motor with P 
controller under loaded and no-load condition. 
 

 
Fig.11 . Response with P controller under loaded  condition 

 

 
Fig 12. Response with P controller under no- load condition 

 
b) Speed control of SEDC motor with PI 
controller under loaded and no-load condition. 
 

 
Fig 13. Response with PI controller under loaded  condition 

 

 
Fig 14. Response with PI controller under no- load condition 
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c) Speed control of SEDC motor with PD 
controller under loaded and no-load condition. 
 

 
Fig 15 Response with PD controller under loaded condition 

 
Fig 16. Response with PD controller under no- load condition 

 
d) Speed control of SEDC motor with PID 
controller under loaded and no-load condition. 
 

 
Fig. 17. Response with PID controller under loaded condition 

 

 
Fig. 18. Response with PID controller under no-loaded 

condition 
The results show that the response with Proportional 
controller consists of offset error which is eliminated 
in case of Proportional-Integral controller due to the 
presence of Integral controller. The steady state 
response improves in case of PI controller. The 
transients in the responses are due to the load 
variations. The response with PD controller is fast 
and reduced transients but consists of offset error. 
The response with PID controller is fast with 
minimum number of transients and reaches the steady 
state in very less time in comparison to PI controller.   
 
CONCLUSION 
 
It is evident from the experimental results that the 
PID controller consists of features which are 
advantages of PI and PD controllers. Since PI 
controller improves steady state response while PD 
controller improves transients state response, thus in 
case of PID controller both transient and steady state 
responses are improved characteristics. It is similar to 
lead-lag compensator. It reduces rise time and steady 
state error. It increases stability. It increases 
bandwidth.   
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