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Abstract— Controllers find wide applications in the field of 

engineering. Ordinary control system is the type of control 

system encountered most commonly in industrial processes 

and particularly in chemical processes. But it not only the 

one used in industries.  There exists a situation where 

ordinary action is insufficient to produce the desired 

response of a given process. The type of control depends 

upon the type of control action used. Proportional, 

Derivative, integral or their combinations are generally used 

as control actions. Each control action has its own 

advantages and disadvantages. In this paper each control 

action has been analyzed mathematically and their merits 

and demerits have been compared. 

Key words: Control Actions, Derivative Control, Integral 

Control, Proportional Control 

I. INTRODUCTION 

The controller plays an essential role in the control system. 

Of the four basic functions of a control system, comparison 

and computation are solely achieved by the controller. [1, 2] 

The correction is materialized by the final control element, 

but this is done according to the controller's calculation. The 

control mechanism in the controller may be considered as 

consisting of two sections, the Comparator and the 

Controller. The purpose of the first is to compare the 

measured and the desired values of the controlled variable 

and then compute the difference between them as the error. 

If there is no error then no action is taken [5]. If an error is 

detected, the second section of the controller operates to 

alter the setting of the final control element in such a way as 

to minimize the error in the least possible time with the 

minimum disturbance to the system. To achieve this 

objective, different actions could be taken by the controller 

and hence different signals are sent to the final control 

element. This paper presents the comparative study of 

various control actions. 

II. DERIVATIVE CONTROL 

The actuating error signal for derivative control action 

consists of proportional error signal added with derivative of 

the error signal. Thus the actuating signal is given as,  
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In Laplace domain,   
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Fig. 1: Derivative Control System [3] 

The overall transfer function of the system becomes, 

2

2 2 2

(1 )
( )

(2 )

d n

n n d n

sT
T s

s T s



  




  

  (3) 

If the damping ratio is  , then, 2 n  =

22 n n dT   

Or 

2

n dT
   

.                                             (4) 

Thus, the effective damping is increased using the 

derivative control, resulting in decreasing overshoot. The 

natural frequency is not changed.  Now, the steady state 

error due to unit ramp input is,  
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Thus the steady state error is not affected by 

derivative control action. It is also seen that a zero has been 

added at 1/ ds T  which will result in a small reduction in 

rise time
rt

. 

III. INTEGRAL CONTROL 

The actuating error signal consists of proportional error 

signal added with integral of control action. The actuating 

signal for integral control action is given by, 

( ) ( ) ( )a ie t e t K e t dt  
                                     (7) 

In Laplace domain, 
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Fig. 2: Integral Control System [3] 

The overall transfer function of the system 

becomes, 
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It is seen that the system becomes a third order 

system due to inclusion of the integral control.  

Here,   
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Now, the steady state error due to unit ramp input 

is,  
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Thus steady state error is zero for unit ramp input.  
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IV. PROPORTIONAL PLUS INTEGRAL PLUS DERIVATIVE 

CONTROL 

The actuating signal for PID control is given by, 

( )
( ) ( ) ( )a d i

de t
e t e t T K e t dt

dt
   

           (12) 

In Laplace domain,  
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The block diagram of a second order system 

incorporating PID control is shown in figure below. 

 
Fig. 3: PID Control System [3] 

It has been estimated that 90% of the industrial 

controllers are of the PI type. PI and the PID controllers will 

remain exist for some time and digital controllers will be 

widely used in future due to their great flexibility. 

V. COMPARISON OF VARIOUS CONTROL SYSTEMS 

Proportional control is illustrated in Figure 4. The controller 

is given by D1E with 
iT    and 0dT  .  

 
Fig. 4: Typical closed loop system with proportional control 

[4] 

 
Fig. 5: Typical closed loop system with proportional and 

integral control. [4] 

 
Fig. 6: Typical closed-loop system with proportional, 

integral and derivative control [4] 

The figure shows that there is always a steady state 

error in proportional control. The error will decrease with 

increasing gain, but the tendency towards oscillation will 

also increase. Figure 5 illustrates the effects of adding 

integral. It follows that the strength of integral action 

increases with decreasing integral time Ti. The figure shows 

that the steady state error disappears when integral action is 

used. The tendency for oscillation also increases with 

decreasing Ti. The properties of derivative action are 

illustrated in Figure 6. This illustrates the effects of adding 

derivative action. The parameters K and Ti are chosen so 

that the closed loop system is oscillatory. Damping increases 

with increasing derivative time, but decreases again when 

derivative time becomes too large. Recall that derivative 

action can be interpreted as providing prediction by linear 

extrapolation over the time Td. Using this interpretation it is 

easy to understand that derivative action does not help if the 

prediction time Td is too large.  

VI. CONCLUSION 

From discussion it has been concluded that proportional 

controllers are relatively simple and easy to design and have 

rapid and dynamically stable response but they suffer from 

high offset and overshoot. On the other hand integral action 

gives an output which is proportional to the time integral of 

the error. It is also called reset control. Integral action is 

generally applied with proportional control, yielding so-

called proportional and integral control. This combination is 

favourable in that some of the advantages of both types of 

control action are available. The main advantage of called 

proportional and integral control is that it can eliminate the 

offset in proportional control but that it gives rise to a higher 

maximum deviation, a longer response time and a longer 

period of oscillation than with proportional action alone. 

Derivative action gives an output which is proportional to 

the derivative or the rate of change of the error. It is also 

known as rate control. This kind of action could not be used 

alone in practice. This is because its output is only related to 

the rate of change of the error. The error could be huge, but 

if it were unchanging, the controller would not give any 

output. Thus although it is theoretically possible, it is 

practically impossible. In applications, sometimes the above 

three action are combined together to set up the proportional 

plus integral plus derivative action. This combined action is 

able to eliminate the offset due to the existence of integral 

action and to reduce the maximum deviation and time of 

oscillation. 
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