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Introduction on system under 
control

A system under control is a system which controls other
systems and also known as a control system.
 Consist of a subsystem and a plant.
 A system which provides the desired response by

controlling the output.
 The input is varied by a controller.
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Aircraft will rotate at its center of gravity. There is a 3-
dimensional coordinate system with each axis of this
coordinate system perpendicular to the other two axes.

Introduction on aircraft pitch 
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 The pitch axis is perpendicular to the center gravity
of the aircraft.

 A pitch motion is up-movement or down-movement
of the nose of the aircraft.

 The pitch motion is caused by the deflection of the
elevator of this aircraft.

 The elevator work in pairs, when the right elevator
goes up, the left elevator also goes up

Introduction on aircraft pitch 
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Introduction on PID controller

A PID controller consists of Proportional (P), Integral (I)
and Derivative (D).

The general transfer function of PID controller :
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 P-controller is added to ensure the system goes to its
steady-state condition.

 I-controller forces the system to follow the desired
input to achieve zero steady-state error.

 D-mode will make the system obtain its steady-state
condition faster which leads to a faster response.

Introduction on PID controller
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Problem statement

To design a PID controller for an aircraft pith with a 0.2

rad step reference that will fulfill the specification

design which are the rise time, overshoot, steady-state

error and settling time.
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Objectives

To achieve a system with,

 Rise time less than 2s

 Overshoot less than 10 %

 Steady state error less than 2%

Settling time less than 10s
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Scopes and limitations

For this assignment, we are using MATLAB software to

simulate our result, Microsoft Excel to plot all the

graphs, Root Locus for the open-loop transfer function,

Step Response for closed-loop transfer function, PID

controller to achieve the given criteria and PowerPoint

to present our project.
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Methodology/Approach

 Trial and error

It is a simple method where we just adjust the value of , and

manually and randomly until we get the desired output response by proving it

in MATLAB coding. No calculation needed for this method.

 PID Tuning 

In MATLAB, we can easily generate the value of , and depend on how

fast the response or how the transient will behave. It is much convenient as

we can get the value directly. This method is used to clarify the PID controller

calculation result later.
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Methodology/Approach

 By using root locus

Before design, the system needs to validate either it was a pure second-order

system without zero or the highest order system that approximately to

second-order where the poles further 5 times into the left of dominant

second-order poles. Then, we started to find the related parameters such as

dominant closed-loop poles, natural damping ratio, zeta, etc, depends on the

type of controller we used to achieve the expected outcome.
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Methodology/Approach

 Time response

A closed-loop transfer function is needed to plot the time response. From the

graph, we can obtain the required spec such as overshoot value, settling time,

rise time and steady-state error. To plot in MATLAB, we use the function

step(sys), where we just replace the ‘sys’ with the closed-loop transfer

function that we calculated. Also, with time response we can make a

comparison of final results with all the controller to see which controller

works the best for the aircraft pitch system.
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 Ziegler-Nichols method

This method is one of the most effective methods to increase the usage of the

PID controller. Before designing, the system is checked whether the desired

proportional gain is positive or negative to ensure the stability of the system.

Initially, the value of and is set to zero in order to calculate . The

critical value of is attained to be the ultimate gain, which is and is

the period where the oscillation occurs. The other control parameters can be

calculated by referring to the standard table of the Ziegler-Nichols method.

Methodology/Approach
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Methodology/Approach
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Ziegler-Nichols standard table:



Solution: P controller
P controller is used to give a steady state response system.

where:

The desired output parameters are as below,
•

•



From the desired output, we can find the value of damping ratio, ζ , real
part, and damping natural frequency,

• ζ

•
| |

,            
.

• ζ ,        

•

Hence, the dominant  closed loop poles, 

Solution: P controller



To calculate the gain, :

In general, 

 

 

Solution: P controller



Steady state error:

→

Solution: P controller



After adding the P controller, transfer function of the system will be, 

• OLTF:

• CLTF:

Solution: P controller



By using the CLTF, we can plot the time response by using MATLAB. The
output outcome are as follow:

•

•

•

•

Solution: P controller



PI controller is used to eliminate the steady state error and reduce the
overshoot simultaneously.

where:

The desired output parameters are as below,
•

•

•

Solution: PI controller



From the desired output, we can find the value of damping ratio, ζ , real
part, and damping natural frequency,

• ζ

•
| |

,            
.

• ζ ,        

•

Hence, the dominant  closed loop poles, 

Solution: PI controller



To get a system with zero steady state error. We need to adjust the system
by adding a pole at the origin and zero.

For PI controller, we assume the value of zeroes is close to zero,

Solution: PI controller



To calculate the gain, :

In general, 

 
 

 

 

 

 

Solution: PI controller



After adding the Pi controller, transfer function of the system will be, 
• OLTF:

• CLTF:

Since the system is type 1,
•

•

Solution: PI controller



By using the CLTF, we can plot the time response by using MATLAB. The
output outcome are as follow:

•

•

•

•

Solution: PI controller



PD controller is used to improve a system’s transient response by reducing
both overshoot value and settling time while maintaining the steady-state
error. The uncompensated open-loop function for the system is,

where:
poles= 0, -0.37+j0.886, -0.37-j0.886
Zeroes= -0.154

The desired output parameters are as below,
•

•

Solution: PD controller
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From the desired output that we choose, we can find the value of damping 
ratio, 

•

•
| | .

•

•

Hence, the dominant closed loop poles,

Solution: PD controller

28



The dominant poles is not located on the root locus. Hence, we need to 
adjust the uncompensated root locus by adding a new pure zero based on the 
general transfer function of PD controller,

To find the new zero, we use the angle criteria:

Hence,

Solution: PD controller
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To calculate the gain, K:

In general,

Solution: PD controller
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After adding the PD controller, transfer function of the system will be,
• OLTF:

• CLTF:

Since the system is type 1, hence,
•

•

Solution: PD controller
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By using the CLTF, we can plot the time response by using MATLAB. The
output outcome is as follow:
•

•

•

•

Solution: PD controller
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Solution: PID controller
PID controller is a combination of PI and PD controllers thus it is used to
improve steady-state error and transient response independently. The open
loop function for the system,

where:
poles= 0, -0.369 + j0.886, -0.369 – j0.886
zeros= -0.154

From tuning method,
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Solution: PID controller
From the desired output, we can find the damping ratio, real part and
damping natural frequency:
•

•

•

•
| |

•

•

Hence, the dominant closed loop poles, s = -0.44+j0.6
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Solution: PID controller
PID controller using Ziegler-Nichols (ZN) Method

Assume value of and = 0,

Characteristic equation:

PP KsKss 1774.0)151.1921.0(739.0 23 
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Solution: PID controller

1

0.739

0

0

Routh-Hurwitz Table:
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Solution: PID controller

First Column Assume Kp = 8
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Excel plot for root locus

• Before design
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Excel plot for time response

• Before design
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Excel plot for root locus

• After design
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Excel plot for root locus

• After design
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Excel plot for root locus

• After design
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Excel plot for root locus

• After design
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Excel plot for time response

• After design



Matlab verifications
Flowchart:

• Insert the coding for open-loop
transfer function and plot the root
locus. Use function feedback to create
closed-loop transfer function. Select
the value of , and desired and
plot the time response curve

• If the results achieved the
requirement specs, proceed into
saving the data

• If the results is not as expected
outcome, repeat the previous step and
use another value of , and
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Matlab verifications
P controller using tuning method:
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Matlab verifications
PI controller using tuning method:
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Matlab verifications
PD controller using tuning method:
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Matlab verifications
PID controller using tuning method:
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Matlab verifications
Coding: Root locus for PID controller based on manual

calculation:
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Matlab verifications
Step response:
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Discussions

 According to the curve, when using the PI controller, the settling time is

still high and cannot be decreased to less than 10s. For the PD controller,

the value for the percentage of overshoot is still high thus it still cannot

achieve the given criteria. When using the PID controller, the problem can

be solved since PID is a combination of PI and PD controller so the steady-

state error and transient response can be improved independently.
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Discussions

 There are a lot of tuning methods that can be used but for this

assignment, we used the Ziegler-Nichols (ZN) Method to design our

aircraft pitch. Next, we used the ZN Method because it is an effective

method by using the ultimate cycle method and the application of the

tuning technique is to ensure a desired performance can be achieved. The

gain of the controller is gradually reduced or increased until the system

response oscillates continuously after a small external disturbance or step

change. This ensures flight safety and improves the characteristics

performance of an aircraft.
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Discussions

 The results shows the ZN method responds rapidly for any change in input

and the response of an aircraft settles down to the steady-state value

quickly. The knowledge about the controller parameter of an aircraft

system is extremely important from the standpoint of improved system

design, protection, and fault-tolerant control to ensure safe flying

conditions.
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Conclusions

In conclusion, the PID controller is the best controller to design the aircraft

pitch as it can fulfill the given criteria. Since the PID controller is a

combination of PI and PD controllers, thus it helps the system to improve the

steady-state error and transient response independently at the same time.

From the tuning method, the value for is 4.867, is 1.9311 and is

3.067 while from our result, is 4.8, is 2.123 and is 2.712. Based on

the results, we also managed to get the desired output which are:
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