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Abstract

Trajectory control of quadcopters becomes important
for their operations in hazardous environments as well
as pandemic-hit areas. This becomes intricate due to
the complicated dynamics of the quadcopter in the face
of disturbances and parameter uncertainties. PID con-
trol and Fuzzy control are inherently robust due to their
model-free nature. This paper aims to control the altitude
and rotational angles of a 6-DoF (degree of freedom)
quadcopter using a hybrid Fuzzy-PID (F-PID) controller,
followed by an analysis of the designed controller under
disturbances and parametric uncertainty. The designed
controller improves the quadcopter dynamics by main-
taining its trajectory in uncertain and disturbed environ-
mental conditions. The 6-DoF quadcopter model, along
with the proposed hybrid F-PID controller, has been sim-
ulated in MATLAB®. Furthermore, the proposed F-PID
controller and conventional PID controller performances
have been compared in terms of critical parameters such
as rising time, settling time, peak overshoot, and steady
state error.
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1 Introduction

The quadcopters are being used for mission-critical
transportation, operations in hazardous environments
like Covid-19 hit areas, agriculture farms, cinematogra-
phy, logistics in congested localities, area surveillance
for law and order etc. around the world [Idrissi et al.,
2022; Sharma and Lather, 2024]. The quadcopter tra-
jectory control in such applications becomes a challeng-
ing task due to the presence of disturbances and pa-

rameter fluctuations as well [Kumar and Dewan, 2024].
The quadcopter model is intricate due to high nonlin-
earity and strongly coupled translational and rotational
motions [Amin et al., 2016]. Although quadcopters are
widely deployed across applications such as aerial pho-
tography, surveillance, and logistics, obtaining an accu-
rate dynamic model becomes challenging in tasks in-
volving rapid maneuvers, disturbance-affected outdoor
flight, variable payloads, and precise trajectory tracking.
These conditions introduce strong nonlinearities and pa-
rameter variations, making both model building and con-
trol design difficult [Luchinsky et al., ]. Such situa-
tions make it extremely difficult to control quadcopters
while they are hovering [Kumar and Dewan, 2020; Al-
Younes et al., 2010]. Model-free PID controllers have
been designed to operate quadcopters for stable opera-
tions without overshoot/ sustained oscillations [Sabze-
vari et al., 2016]. To enhance responsiveness, model-
based linear quadratic controller (LQR) and model pre-
dictive controller have been designed for quadcopters
[Ahmad et al., 2020; Ribeiro et al., 2015]. However,
such model-based controllers are extremely sensitive to
parameter variations to an extent to admits unacceptable
behaviour with minor changes in system parameters. In
practice, no system is ideal; there is always some uncer-
tainty present in the nonlinear model. Likewise, quad-
copters are also subjected to disturbances and uncer-
tainty [Bellahcene et al., 2021]. To solve this problem,
the authors in [Kumar and Dewan, 2022a; Modirrousta
and Khodabandeh, 2015] have proposed a nonlinear slid-
ing mode controller (SMC) and a backstepping con-
troller. Further to improve the performance of the quad-
copter, extended SMCs are developed, such as adap-
tive SMC, second-order SMC and integral backstepping
SMC [Luque-Vega et al., 2012; Nguyen et al., 2021].
A fuzzy logic controller is also an alternative, which is
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simple but effective against the disturbances and uncer-
tainty [Zaeri et al., 2019]. Further hybridization of the
fuzzy logic controller with the PID controller is more
effective as compared to conventional PID as well as
the fuzzy logic controller. When there is a wind dis-
turbance, the F-PID controller gives better results com-
pared to a conventional PID controller [Kuantama et al.,
2017]. Different kinds of controllers have been designed,
which focus mainly on different fuzzy logic controllers
like Mamdani and Sugeno fuzzy logic controllers and
concluded that the Mamdani fuzzy controller in the hy-
bridization with the PD controller gives the best results
among these controllers [Leal et al., 2021]. In this pa-
per, different kinds of disturbances such as Aerodynamic
factor, external noise, sensor noise and wind effect (WE)
as well as parametric uncertainty have been considered
with the quadcopter model and solved this quadcopter
model with the help of an F-PID controller to get the
better results. From the rotational angle part, only roll
and pitch have been controlled in this paper, yaw has not
been controlled because, in conventional control, it does
not make any big impact on the trajectory tracking of the
quadcopter, so it can be ignored. The introduction of the
quadcopter and formulation of the problems which are
associated with the quadcopter are covered in Section 1
of this paper. The mathematical dynamics of the quad-
copter and disturbances with their modelling are covered
in Section 2. Section 3 provides the suggested control
strategy used for the quadcopter model. The results and
discussion are illustrated in Section 4, and then there are
the conclusions in Section 5.

2  Quadcopter Model

The quadcopter, as a rigid-body mechanical system,
has six degrees of freedom. The motion within these de-
grees of freedom is actuated by varying the speeds of the
four propellers. Speed combinations of propellers decide
what trajectory the quadcopter will follow. There are
several important parameters in a quadcopter which help
us understand the dynamics of the quadcopter. Also,
these parameters play an important role in directly con-
trolling the trajectory of the quadcopter. These param-
eters are called rotational and translational parameters.
The quadcopter’s position is defined by using the co-
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ordinates x(East), y(North) and z(Up) and also indicate
the distance from the point of origin, which is fixed to
the earth and known as the inertial reference frame. ¢
and 6 angles are used to represent the rotational an-
gles with respect to body frame reference of the quad-
copter [Usman, ]. In this work, it has been assumed
that the quadcopter is a rigid body whose motion is de-
scribed using two coordinate frames: an inertial earth-
fixed frame G = [op,%¢, Y, 2¢].and a body-fixed
frame B = [op,xp,yB, 2p] attached to the centre of
mass of the quadcopter. The relationship between these
two frames is illustrated in Fig. 1 [Aisuwarya et al., ].

In many earlier studies, the dynamics model of the un-
deractuated quadcopter has been presented and used. Let

¢, 0,1 denote the roll, pitch, and yaw angles, respec-
tively.

The rotors’ angular speeds can be combined to regu-
late the quadcopter’s position in space. Four lift forces
F;(i = 1,2,3,4) are generated by the four rotors. The
quadcopter’s translational motion, P = [z,y, z]/G, is
described by the E-frame. Where z is the vertical po-
sition and positions in the horizontal plane is = and y.
Rotational motion, i.e. Euler angles Qg = [¢,0, 1/1]/3
are described by the B-frame. The following rotation
matrix, which makes use of Euler angles, illustrates how
the quadcopter rotates from its body to its earth frame
[Runcharoon and Srichatrapimuk, 2013] concerning the
ground Rp_,c(Q)eR3*3.

ey spshc) — copsyp copsOe) + spsip

Rp-6(Q) = | cBst spsbsy) + coe) coshst) — sew
—sb sopch coch
(D
Angular transformation (7'4) of equation 1 is given by:
1 s¢td cotd
Tao= |0 cp —s¢ 2)

0 spsel copsed
Where, s, ¢, se and t stands for sin, cos, sec and tan, re-
spectively.

Scenario 1 It has been assumed that the quadcopter
model [Le et al., 2018] is free from the disturbances.

i = (COS(bsianosz/J—i-sinqbsinw)%
i = (cos ¢psinfsiny) — singbcosd})%

Z=—g+ (cosqbcos@)%

- --J—Jz l gy - 3)
=y — 09,
o » JU2+JT
. o J, = l J,
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s d— 1
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Scenario 2 The quadcopter’s mathematical model when
there are disturbances
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ds*t — (i = x,y,2,0,0,1), (d*" > 0) and uncertainty
of +20% and -20% is;

. . . . Ul ext
& = (cos¢sinf cosyp + smgbsmw)m +dg
.. . . . Ul ext
i = (cos ¢sinfsiny — smqﬁcosvﬁ)m + dj,
Z=—g+ (cosqbcosG)L + de*t
g m+ Am z
vy =J2) Ir ; ot
b= aw(”T + 7 + ZHTT +dg°
(=) J, - .
0 =pp——>+ —uz — — @7 + dg*
os Jy + Jy us Jy o1 + dg
(T — 1 "
4)
Here, disturbances are defined as;
dfxt — d;ui 4 din + d;un + d:n (5)

Where, d?¢ represents aerodynamic factor which in-
cludes air friction and drag factor and has been con-
cluded in [Kumar and Dewan, 2022b],

d%d = sin(2t) (6)

d¢™ represents external noise, which is different for z and
0,0, is given in [Le et al., 2018];

t
di'(t) =18+4cos <7;3>

27t
AP (t) = dt) =T+ 2cos <§)

d:™ shows sensor noise, which is represented by a ran-
dom number signal from MATLAB® library with mean
value 0, variance 0.0001 and sample time 0.01 and d}"
represents wind noise which is used as a shock wave
from 10 seconds to 12 seconds. The Velocity of wind
noise is considered as 3 m/s. Uncertainty in the model
leads to the variation in the quadcopter’s weight by 20%.
The dynamic mathematical quadcopter model includes
J, (about x-axis), J, (about y-axis) and J, (about z-
axis) which are inertias whereas, .J,. represents the in-
ertia of motor and 7, represents angular velocity of rotor.

T
21, 22, 23, 24, 5, %6,
27, 28, 29, 210, 11, %12

T

¢7 (b7 9) éa wa ,(/.}7 c R12

Z? Z) x? m? y7 y

T
u= }Uh U2, U3, U4|

Definitions of these and other parameters as well as
their values have been taken from [Sharma and Lather,
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2025]. Total thrust about the z-axis acting on the body
isequal to Uy o (Fy + Fo + F3 + Fy), Uy o< (—F» +
Fy) and U3 o« (—F; + F3) are roll and pitch inputs,
respectively; and Uy o (—F; + F» + F5 + Fy) is the
yaw moment [Fang et al., 2010]. Here F;(i = 1,2,3,4)
represents force induced by propellers, b stands for the
lift coefficient, d stands for drag coefficient and s;(i =
1,2, 3,4) represents propeller speeds.

b(st + 53 + 53 + 57)

" b( 2 2)
Sy — S
w= (75 _ 4 2 (8)
uy b(s3 — s?)
Uy

And the total residual angular speed of motors (s,-) can
be written as,

Sp = —51 + 82 — 83+ 54 &)

3 Control Design

A controller is crucial to the correct operation of a
quadcopter. The quadcopter will be unstable without
a controller. There are several algorithms and control
techniques, however, in this project, a feedback control
system using a PID controller and F-PID controller is
used. The main goal of the controller is to keep the quad-
copter system stable and track the reference trajectories.
The mathematical model given by equation 3 [Xiong
and Zheng, 2014a; Bouabdallah et al., ebb4] can be ex-
pressed in state-space form as follows:

Z = f(Z,u) (10)

Where Z and u represent state vector and input vector
respectively,

21 = 22
ZQ = a124%6 + 2247y + brug, y
2:'3 = Z4
Z4 = a3222¢ + a42o7r + bous
25 = 2
Ze = a52224 + bauy
Z. _ Z7 = Z8 (11)

. 1
Zg = —(czczs)u; — g
m

29 = 210
210 = —UgU1
m

211 = %12

212 = —UyUy
m



where,
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(12)
It is noted that the input vector corresponds to the
equivalent collective thrust and body torques acting on
the quadcopter. In practical implementation, these in-
puts are generated indirectly through the rotor angular
speeds, which serve as the actual actuators. The use
of thrust and torque as virtual control inputs is a stan-
dard simplification in control-oriented quadcopter mod-
els, as rotor dynamics are significantly faster than the
rigid-body dynamics, and the mapping from rotor speeds
to these inputs is well established. This abstraction al-
lows clearer control design without affecting the validity
of the comparative analysis. According to [Xiong and
Zheng, 2014b], the quadcopter dynamics are strongly
coupled and nonlinear. There are simply four control
inputs and six output variables in the quadcopter system.
Fig. 2 depicts a controller’s system for systematic con-
trol.

3.1 Proportional-Integral-Derivative (PID) Con-
troller

A PID controller is an example of a feedback con-
trol system, which continually calculates the error as
the difference between a desired set point and the ac-
tual process variable. In order to move the process vari-
able closer to the desired set point, the controller subse-
quently modifies the process control input depending on
the error value [Usman, ]. Three key parts constitute the
PID controller: Proportional Control: This control ac-
tion is exactly proportional to the error between the set
point and the process variable. The controller responds
fast to changes in the process variable since its output is
directly proportional to the error signal. Integral Con-
trol: The action is proportional to the time integral of the
error signal. The integral action continuously modifies
the controller’s output to guarantee that the steady-state
error is reduced over time, assisting in its elimination.
Derivative Control: The rate of change of the error sig-
nal is proportional to this control action. The derivative
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action helps to dampen the response of the controller by
predicting the future behaviour of the process variable
and adjusting the output of the controller accordingly.
The combination of these three components allows the
PID controller to regulate the process variable in a pre-
cise and stable manner. The controller gains and time
constants are tuned to achieve the desired performance of
the control system. There is also a built-in PID block in
MATLAB® Simulink, which also does the tuning by it-
self, by linearizing the model. To adjust the actual values
acquired from the plant model in accordance with the de-
sired input values, a PID-based controller is used. There
are three PIDs altogether, for altitude, roll and pitch.

3.1.1 PID Tuning A common tuning technique in
control systems to establish the parameters of a PID con-
troller is the Ziegler-Nichols approach. The Ziegler-
Nichols method involves performing step tests on the
system and analyzing the response to determine the con-
troller parameters. The following are the steps involved
in the Ziegler-Nichols method: Step 1: Initially, the pro-
portional gain is adjusted while keeping the derivative
and integral gains at zero until the system begins to os-
cillate around the desired setpoint. The specific propor-
tional gain value at which the system exhibits oscilla-
tions is referred to as the ultimate gain, and the corre-
sponding oscillation period is termed the ultimate period.
Step 2: Determine the values of K, and T,, use them to
calculate the proportional, integral, and derivative gains
of the PID controller according to Table 1:

Table 1: Ziegler-Nichols Tuning parameters

Controller Type Kp Ty Tp
P 0.5 K, 0 0
PI 045 K, | T,/1.2 0

PID K, /1.7 T2 | Tu/8

Implement the PID controller with the calculated gains
and perform further tests to evaluate its performance.
Adjust the gains as necessary to achieve the desired re-
sponse. A PID controller is used in this work, so from
this paper’s perspective, only the PID controller’s gain
values are required and forget the P and PI controllers.
The equation for the PID controller looks like:

de(t)
dt

t
U(t) = Kpe(t) + K[/ e(t)dt + Kp (13)
0

Where Kp, K7, Kp represent proportional gain, inte-
gral gain, and derivative gain respectively. Error value
denoted by e(t) and U (t) represents PID control vari-
able. Error e(t) further defines as; e(t) = desired value
- actual value

3.1.2 F-PID Controller The F-PID controller is a
combination of two different controllers, one is a Fuzzy
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Figure 2: Systematic Control Scheme

logic controller (FLC) and the other is a PID controller.
Gains are generated using FLC to reduce start-up volatil-
ity. There are 25 possible rules in FLC because each in-
put uses five linguistic variables, using all possible input
combinations. The set of linguistic values includes neg-
ative big (NB), negative small (NS), zero (ZE), positive
small (PS), and positive big (PB) for two inputs and two
outputs with 25 rules. With two inputs and two outputs,
a Mamdani type with triangle membership functions is
used. Inputs for the same are e and de, whereas outputs
are AKp and AK;. The FLC uses MIN for the opera-
tion of the t-norm and MAX for the operation of the s-
norm. MIN is used for implication, Centroid for defuzzi-
fication and MAX is used for aggregation [Rabah et al.,
2018]. All the 25 If-Then interference rules have been
shown in 2, and the rule surfaces which are the same for
both are shown in Fig. 3.

F-PID control algorithms employ pre-specified good
Fuzzy rules to modify the parameters to the maximum
time to meet the various self-tuning parameter require-
ments; therefore, it is crucial to create appropriate Fuzzy
rules for the UAV’s position control. In this F-PID con-
troller, K p stands for the scale factor. By increasing the
value of K, the desired angular velocity of the four-
rotor aircraft can be brought closer to the actual angular

velocity, improving the accuracy of the system’s adjust-
ment. This improves the accuracy of the system’s adjust-
ment. The UAV’s steady-state inaccuracy will be elimi-
nated by raising the integral coefficient K.

Table 2: If-Then interference rules for K, and K;

Error/ (de/dt) | NB | NS | ZE | PS | PB
NB NB | NB | NB | NS | ZE
NS NB | NB | NS | ZE | PS
ZE NB | NS | ZE | PS | PB
PS NS | ZE | PS | PB | PB
PB ZE | PS | PB | PB | PB

The membership of the inputs and outputs is shown in
Fig. 4.

4 Simulation and Results

Two different kinds of controllers (PID and F-PID)
have been implemented on a quadcopter, and the re-
sults of rotational angles and altitude using both the con-
trollers (PID and F-PID) in the absence and presence
of disturbances and uncertainty. SIMULINK toolbox of
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MATLAB® version 2021a license, NIT Kurukshetra has
been used for simulations. The desired value for altitude
is 1 meter, and for roll and pitch values are 0.2 degrees
for both. Simulation has been carried out for 20 seconds.
Desired values are the same for both controllers to ob-
serve which controller is best suitable to the given con-
ditions. Different performance specifications of the PID
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Controller and F-PID controller have been mentioned in
Table 4 and Table 6, respectively, with the help of results
obtained for a better understanding.

4.1 PID Controller

This controller has been used for two different scenar-

ios which are following.
Scenario 1 This section represents the response and

comparison of quadcopter without any disturbance
d¢** = 0, with the help of PID controller.

4.1.1 Altitude PID Tuning Tune the values of P,
and D as mentioned in section 3.1. Following several al-
terations and fixes, the completely tuned PID produced
the results which are shown in Fig. 5 (a) for the mathe-
matical model which has no disturbance. The outcomes
are very pleasing; in less than 10 seconds, the quadcopter
stabilizes at a height of 1 meter. The PID gain of a tuned
altitude PID controller is displayed in Table 3. The same
objectives can be completed in even less time, but the
quadcopter will act aggressively.

4.1.2 Roll (Phi) and Pitch (Theta) PID Tuning
PIDs for roll and pitch have the same gain levels and
responses since they operate on the same principle. Fig.
5 (b and c) depicts the quadcopter’s roll or pitch reac-
tion when the desired angle is 0.2 degrees, and the quad-
copter is attempting to achieve that angle. The PID gains
of a tuned roll and pitch PID controller are displayed in
Table 3.

Table 3: Gain values for F-PID controller for scenario 1
and scenario 2.

Parameters | Altitude Roll Pitch
Kp 8 0.48 0.030
Ki 7 0.000012 | 0.000012
Kd 5.1 0.055 0.05

Scenario 2 This section represents the response and
comparison of quadcopter in the presence of disturbance
d®°* # 0 and uncertainty of #20% as mentioned in sec-
tion 2 with the help of PID controller. PID tuning is done
for rotational angles and altitude as similar to scenario 1
and gain values are same as the scenario 1. Results have
been shown in Fig. 6 for both rotational angles and al-
titude. The values of all the critical aspects related to
control system has been calculated and tabled in Table
4.
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Table 4: Performance Specifications with PID controller

Parameters z [ [}
Scen.-1 | No WE 0.052 | 0.005 | 0.018
No WE 0.049 | 0.029 | 0.043
WE 0.202 | 0.182 | 0.217
Peak Overshoot Value Scen.2 No WE+20% PU | 0.027 | 0.028 | 0.039
No WE-20% PU | 0.087 | 0.033 | 0.040
WE+20% PU 0.167 | 0.182 | 0.217
WE-20% PU 0.281 | 0.182 | 0.217
Scen.-1 | No WE 3421 | 5.052 | 3.983
No WE 3712 | 3.682 | 4.451
WE 14.113 | 11.551 | 11.821
Peak Overshoot Time Scen.2 No WE+20% PU | 3.512 | 3.621 4.443
No WE-20% PU | 3.851 | 3.752 | 4.482
WE+20% PU 14.163 | 11.550 | 11.810
WE-20% PU 14.182 | 11.552 | 11.812
Scen.-1 | No WE 5.521 | 7.612 | 7910
No WE 5.552 | 6921 | 10.152
WE 16.782 | 17.514 | 17.753
Settling Time Seen2 No WE+20% PU | 5.621 6.851 9.423
No WE-20% PU | 5983 | 6.914 | 9.983
WE+20% PU 16.671 | 17.352 | 17.912
WE-20% PU 16.692 | 17.521 | 17.930
Scen.-1 | No WE 1.534 2.736 1.719
No WE 0.872 1.565 1.622
WE 0.869 1.569 1.601
Rise Time Soen. 2 No WE+20% PU | 1.094 1.597 1.589
No WE-20% PU | 0.682 1.557 1.630
WE+20% PU 1.077 1.596 1.587
WE-20% PU 0.679 1.531 1.621
Scen.-1 | No WE 0.0001 | 0.0001 | 0.0001
No WE 0.0003 | 0.0130 | 0.0268
WE 0.0005 | 0.0140 | 0.0230
Steady State Error Scen.2 No WE+20% PU | 0.0010 | 0.0140 | 0.0270
No WE-20% PU | 0.0005 | 0.0130 | 0.0250
WE+20% PU 0.0022 | 0.0140 | 0.0230
WE-20% PU 0.0001 | 0.0140 | 0.0230

4.2 F-PID Controller

Like the previous controller, F-PID controller is also
used for two different scenarios. Scenario 1 This sec-
tion represents the response of quadcopter without any
disturbance d¢®* = 0 and uncertainty with the help of
F-PID controller. The output values (AK, and AK;) of
fuzzy controller when the inputs are error (difference be-
tween actual value and desired value) and differentiation
of error have been achieved with the help of MATLAB®.
Further, to improve the results, PID gain values have
been added to the fuzzy controller outputs. The values
of the PID gains have been shown in Table 5. With the
help of rotational angles and altitude results, rise time,
overshoot time, settling time and steady state error have
been achieved and shown in Table 6 and the results (Al-
titude, Roll and Pitch) for the same are shown in Fig. 7.
Scenario 2 This section represents the response of quad-
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copter in the presence of disturbance d*°* # 0 and un-

certainty of 20% with the help of F-PID controller. The
rotational angles and altitude results of quadcopter in the

presence of disturbances and uncertainty are achieved as
similar to scenario 1 and shown in Fig. 8. And the rise
time, overshoot time, settling time and steady state error
have been shown in Table 6 to understand the behavior
of quadcopter model with the help of results achieved.

Table 5: Gain values for F-PID controller for scenario 1

and scenario 2.

Parameters | Altitude | Roll | Pitch
Kp 50 42 45
Ki 39 38 44
Kd 34 12 10

Table 6: Performance Specifications with F-PID con-

troller
Parameters [0} 0
Scen.-1 | No WE 0.113 0.027 0.025
No WE 0.067 | 0.032 | 0.029
WE 0.067 | 0.032 | 0.029
Peak Overshoot Value Scen.2 No WE+20% PU | 0.059 | 0.032 | 0.029
No WE-20% PU | 0.081 0.032 | 0.029
WE+20% PU 0.059 | 0.032 | 0.029
WE-20% PU 0.081 0.032 | 0.029
Scen.-1 | No WE 2.350 1.130 | 0.930
No WE 3.253 1.080 | 0.880
WE 3.251 1.080 | 0.880
Peak Overshoot Time Scen.2 No WE+20% PU | 3.520 | 1.085 | 0.890
No WE-20% PU | 3.012 1.085 | 0.890
WE+20% PU 3.522 1.080 | 0.890
WE-20% PU 3.023 1.085 | 0.890
Scen.-1 | No WE 5314 | 5.112 | 4.821
No WE 6.224 | 5.641 5.314
WE 15.426 | 14.211 | 13.721
Settling Time Seen.2 No WE+20% PU | 6.452 | 5.648 | 5.322
No WE-20% PU | 5.963 | 5.612 | 5298
WE+20% PU 15.432 | 14.224 | 13.736
WE-20% PU 15411 | 14.205 | 13.715
Scen.-1 | No WE 0908 | 0414 | 0.327
No WE 1.602 | 0.382 | 0.308
WE 1.602 | 0.380 | 0.314
Rise Time Scen2 No WE+20% PU | 1.577 | 0.381 0.312
No WE-20% PU 1.405 | 0.382 | 0.313
WE+20% PU 1.750 | 0.381 0.312
WE-20% PU 1.405 | 0382 | 0.310
Scen.-1 | No WE 0.0002 | 0.0001 | 0.0001
No WE 0.0001 | 0.0001 | 0.0001
WE 0.0002 | 0.0001 | 0.0001
Steady State Error Seen.2 No WE+20% PU | 0.0001 | 0.0002 | 0.0001
No WE-20% PU | 0.0002 | 0.0001 | 0.0002
WE+20% PU 0.0003 | 0.0001 | 0.0001
WE-20% PU 0.0002 | 0.0001 | 0.0001
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From the outcomes, it has been seen that the PID con-

troller and F-PID controller are almost equally effective
when there are no disturbances and uncertainty present

in the quadcopter model, but after the introduction of dis-
turbances in the system, the PID controller does not work
efficiently, whereas the F-PID controller easily handles
disturbances and gives much better results. Further, af-
ter introducing the uncertainty in the quadcopter model,
it has been seen that uncertainty does not make any no-
ticeable change in roll and pitch trajectories, whereas in
altitude, uncertainty effect has been seen easily.

5 Conclusion

In this paper, a hybrid Fuzzy logic controller with a
Proportional-Integral-Derivative controller is proposed
to eliminate the effect of different kinds of disturbances
and uncertainty in the system. Performance of the pro-
posed controller has been proven by simulation in MAT-
LAB software and compared with the performance of the
Proportional-Integral-Derivative controller. The quad-
copter tracks the reference trajectories (rotational angles
and altitude) with the help of the proposed F-PID con-
troller and ensures that the system does not lose its sta-
bility in different conditions. The proposed methodol-
ogy has successfully tracked the quadcopter’s rotational
angles and altitude movement to the desired/reference
quantity for a finite period, even when there are distur-
bances and uncertainty in the system.
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