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Control System 

 a system which provides the desired response by controlling the output
 system commands, manages, directs or regulates the behaviors of other systems using 

control loops.
 Two types of control system : Open Loop & Closed Loop 
 Open Loop : the control action from the controller is independent of the process variable
 Closed Loop : , the control action from the controller is dependent on the desired and actual 

process variable

Control System 
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DC Motor Position
 The position control of a DC motor is crucial in applications for precision control system. 
 It is required to keep the position of the load constant.
 The output position is sensed and feedback to the potentiometer used as an error detector.
 The purpose of a motor position controller is to take a signal representing the required angle 

and to drive a motor at that position
 A microcontroller-based position control system consists of an electronic component and a 

microcontroller
 Applications are: Air craft control systems, Electromechanical actuators, Process controllers, 

Machine Tools & Robotics

DC Motor Position
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PID Controller

P ( Proportional)
• ensure that the 

system goes to its 
steady state 
condition

I ( Integral)
• mode forces the 

system to follow 
the desired input 
to obtain zero 
steady state error. 

D ( Derivative)
• make the system 

reaches its 
steady-state 
condition faster. 

PID Controller
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PID Controller PID Controller
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Problem statement
• For a DC Motor Position Given By : 

Where 

moment of inertia of the rotor, J = 3.2284E-6

motor viscous friction constant, b = 3.5077E-6

electromotive force constant, K = 0.0274

electric resistance, R = 4

electric inductance, L = 2.75E-6

A PID controller is needed to be design with the following criterias 

 Settling time less than 0.040 seconds

 Overshoot less than 16%

 No steady-state error, even in the presence of a step disturbance input

Problem statement
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PID Controller Design 
• Design A PID controller, so that for a 1 radian step reference, the 

performance will achieve the desired criteria 

Analysis & Comparison MATLAB
• Determine P, PI and PD to create a PID controller and make a comparison 

analysis using MATLAB

Root Locus & Step ResponsePlot
• Plot a root locus and step response using Microsoft Excel for the before and 

after design

ObjectivesObjectives 
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Scopes and limitations

Model 
Reduction 

• Original system needs to undergo model reduction

• This is to ease the PID design process as one pole is too far away from another 
and reflection is at positive side of real number

Settling 

Time 

• With the desired requirement , Settling time needs to be reduced to less than 
0.04 seconds

• Original system helds the settling time of 0.13 seconds.

Overshoot 

• Following the desired requirement, overshoot needs to be less than 16 %

Scopes and limitations
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Approach 
1. Problems were identified by checking the root locus of original system 

on MATLAB

2. Model Reduction was done to reduce the transfer function 

3. P Controller was designed 

4. PI controller was designed 

5. PD controller was designed 

6. From the controllers that were determined , a PID controller was then 
created 

7. The settling time , overshoot and steady state error were observed to 
ensure that system follows desired criteria 

8. Root Locus of before and after the implementation of PID controller 
were plotted and compared. 

9. Step response of before and after the implementation of PID controller 
were plotted and compared

Approach
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After model reduction , there are only 2 poles which are 0 and -59.2. 
The breakaway points is at -29.6.
We calculate a 5 %OS and the value of damping ratio is 0.6903. 
The figure above shows that the gain value which is 0.871.

P Controller P Controller
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P Controller

The value of settling time is slightly changed while the value of overshoot is reduced to 5.05% 
after adding the value of gain to the model reduction transfer function. 

P Controller 
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PI Controller PI Controller 
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PD Controller PD Controller 
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PD Controller PD Controller (-102.56 , j107.49)

(-59.2 , 0) (0,0)(-Z)

(L1)(L2)(L3)
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PID Controller PID Controller 
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 Graph Of Root Locus of Uncompensated system before Model Reduction

Excel Plot Before PID Controller 
Implementation
Excel Plot Before PID Controller 
Implementation

17



18

 Graph Of Root Locus Of Uncompensated System After Model Reduction



 Graph Of Time Response Of Uncompensated System before Model Reduction
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 Graph Of Time Response Of Uncompensated System After Model Reduction



Excel Plot After PID Controller 
Implementation
Excel Plot After PID Controller 
Implementation
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 Graph Of Root Locus Of Compensated System 
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 Graph Of Step Response Of Compensated System
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Ziegler Nicholas PID TuningZiegler Nicholas PID Tuning

8.878𝑒−12 0.0007648 0

1.291𝑒−5 0.0274𝐾𝑝 0

0

0.0274Kp 0
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= 0.6𝐾𝑢
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Excel Plot After Ziegler Nicholas
PID Tuning
Excel Plot After Ziegler Nicholas 
PID Tuning
 Graph Of Step Response After Ziegler Nichols Tuning 



MATLAB 
VERIFICATION 

MATLAB 
VERIFICATION 
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Before Model Reduction 

 Root Locus Of Uncompensated System Before Model 
Reduction 
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 Step Response Of Uncompensated System Before Model Reduction 
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After Model Reduction 
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 Root Locus Of Uncompensated System After Model Reduction 



 Step Response Of Uncompensated System After Model Reduction 
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P Controller 
 Root Locus Of System With P Controller 
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 Step Response Of System With P Controller 
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PI Controller 
 Root Locus Of System With PI Controller 
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 Step Response Of System With PI Controller 
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PD Controller 
 Root Locus Of System With PD Controller 
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 Step Response Of System With PD Controller 
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 Root Locus Of Compensated System

PID Controller 
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 Step Response Of Compensated System
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PID Controller : Ziegler Nicholas 
PID Tuning

 Table Of Ziegler Nicholas PID Tuning



 Step Response After Ziegler Nicholas PID Tuning
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Discussion Discussion
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Model Reduction Reasoning

1. A model reduction was done to the original transfer function. This method

was done to simplify a complex transfer function to ease the designing of

PID controller. The complexation of original transfer function was due to the

large value of inductance that results in a pole being too far away when

simulating the root locus of system. Although a model reduction was done,

important properties such as the stability, is close to the original model.



Comparisons Of P, PI, PD, PID Controllers

1. P controller with the gain value of 0.87 was implemented into the system.

Although it was implemented, no big changes were made in the system. P

controller was only implemented to ensure that the system reaches it’s steady

state.

2. Originally, there was no steady state error as the system is a type one system. A

PI controller is actually not necessary for this system but it is still implemented to

avoid future uncertainties.

3. The derivative part of PID is crucial for this system because the settling time

exceeds the requirement without it. To decrease the settling time, it is important

to know that the derivative gain plays a huge role in it. By increasing Kd , we can

ensure that the system reaches it’s steady state faster. Hence, settling time will

decrease
43
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 Graph Of Comparison Between Uncompensated, P, PI, PD & PID 
Controllers 



 Based on the Graph From Previous Slide :

From the graph , there are 6 data which are uncompensated, P ,PI, PD, PID

controller and PID controller (Ziegler Nichols). However, there are only 4 data that

can be seen which are P, PI, PID controller and PID (Ziegler Nichols) controller. This

is because PD controller and PID controller are overlapping each other while

uncompensated and PI controller are also overlapping each other. The

Uncompensated system is a type 1 system which has no steady state error. PID

controller overlaps with PD controller because PI controller does not give any

significant change to the PID controller thus PID is almost the same as PD

controller. As for PID using Ziegler Nichols tuning method, the graph shows that

the overshoot value is too high and the settling time is too small compared to the

PID controller using manual tuning. This shows that manual tuning is the best for

designing a PID controller.
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Effect Of Disturbances 

1. Disturbance signals represent unwanted inputs which affect the control-

system’s output, and result in an increase of the system error.

2. The system that was assigned to us neglected disturbances or errors from

outside .

3. However , If there is a disturbance added to the system, there will be a

significant effect to the system’s steady state error. To make sure that the

steady state error turn to zero , an Integral control need to be added.
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Conclusion

In this simulation assignment, we successfully created a pid controller based 

on the requirement of the system given. We managed to create a pid controller that 

gives settling time value of 0.0341 seconds, overshoot that is less than 16 % and a 

system without steady state error.

Also, in this assignment, we also managed to successfully compiled and 

simulate all the controllers design one by one. Comparisons of before and after the 

controllers were implemented were also shown above. 

Finally, the team also obtained the readings from MATLAB simulation in 

order to do a graph plots to get a more precise view of the system

Conclusion
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