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A Quadrotor helicopter is an unmanned aerial vehicle (UAV). This vehicle has attracted lots of researchers’
attention because of its unique abilities such as being an under-actuated system, vertical take-off and landing,
spot movement, more degree of freedom (DOF) and military and non- military functions. Because of
nonlinear and complex dynamic, modeling and controlling this vehicle is one of the most challenging areas
in control engineering. In this paper modeling of a Quadrotor will be described using Newton-Euler
equations. Stabilizing and controlling of altitude and its attitude are done by three controller including classic
PID, Fuzzy- PID and Neural- Fuzzy based on PID. Performances of these controllers are analyzed in the
presence of disturbances and mass uncertainties. The main aim of this paper is designing an intelligent PID
algorithm which is made by combining fuzzy logic and neural system and it will introduce a Neural- Fuzzy
controller which is based on PID. Simulation results are presented by MATLAB software.

Index Terms: Fuzzy controller, modeling, neural- fuzzy controller, PID controller, quadrotor.
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Fig. (1): A quadrotor configuration with its frame [20]
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Table (1): Fuzzy rules for kp
Kp sl 658 oals () Jga
NB | NM NS 70 PS | PM PB

ec

NB PB PB | PM | PM PS 70 70
NM PB PB | PM PS PS Z0 NS
NS | PM PM | PM PS Z0 NS NS
70 | PM PM PS Z0 NS [ NM | NM
PS PS PS Z0 NS NS [ NM | NM
PM PS Z0 NS [ NM | NM | NM NB
PB | ZO ZO | NM | NM | NM NB NB

Table (2): Fuzzy rules for k;
Ki 1y 638 omslsd (V) Jgur
NB | NM | NS| ZO | PS | PM | PB

ec

NB | NB NB | NM [ NM | NS | ZO | ZO
NM | NB NB | NM NS | NS | ZO0 | 20
NS | NB | NM NS NS | ZO PS PS
Z0 | NM | NM NS 70 PS | PM | PM
PS | NM NS 70 PS PS | PM | PB
PM | ZO 70 PS PS | PM PB | PB
PB 70 70 PS | PM | PM PB | PB

Table (3): Fuzzy rules for kp,
Kp sl 558 ousled (1) Jgur
NB|NM | NS| ZzO| PS| PM | PB

ec

NB PS NS | NB| NB| NB [ NM | PS
NM | PS NS | NB | NM | NM NS | ZzO
NS | ZO NS | NM | NM NS NS | ZzO
70 | 70 NS NS NS NS NS | ZzO
PS | Z0 70 70 70 70 70 | 70
PM | PB NS PS PS PS PS | PB
PB | PB| PM | PM | PM PS PS | PB
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Fig. (4): The block diagram of a Fuzzy- Neural Network- PID
Controller
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Fig. (2): The block diagram of a Fuzzy- PID Controller
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Fig. (7): The response of the altitude control of the quadrotor

using classical PID (solid line), fuzzy PID (dotted line) and
neural fuzzy PID (dashed line) controllers
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Fig. (8): The response of the roll angle control of the quadrotor

using classical PID (solid line), fuzzy PID (dotted line) and
neural fuzzy PID (dashed line) controllers
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Fig. (9): The response of the pitch angle control of the quadrotor

using classical PID (solid line), fuzzy PID (dotted line) and
neural fuzzy PID (dashed line) controllers
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Fig. (6): The trajectory of the quadrotor
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Fig. (14): The yaw angle control signal of the quadrotor using
classical PID (solid line), fuzzy PID (dotted line) and neural
fuzzy PID (dashed line) controllers
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Table (5): Settling time, overshoot and steady state error values
of the altitude responses
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Fig. (10): The response of the yaw angle control of the
quadrotor using classical PID (solid line), fuzzy PID (dotted
line) and neural fuzzy PID (dashed line) controllers
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Fig. (11): The attitude control signal of the quadrotor using

classical PID (solid line), fuzzy PID (dotted line) and neural
fuzzy PID (dashed line) controllers

Table (6): Settling time and steady state error values of the roll
angle responses
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Table (7): Settling time and steady state error values of the pitch
angle responses
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Table (8): Settling time and steady state error values of the yaw
angle responses

Sz Al Glagwl olls e sl g caniid Loy polae ((A) Jgax

ol el lias Gl 5l
(obsly) (ait) o ly J S
1.9127%10° 33 S PID 00355 J i’
0.0137 4.6 PID - 56 ouiis J,u8
0.0018 1.03 PID - uas - 556 ous Jyus

(ox
Fig. (12): The roll angle control signal of the quadrotor using
classical PID (solid line), fuzzy PID (dotted line) and neural
fuzzy PID (dashed line) controllers
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Fig. (13): The pitch angle control signal of the quadrotor using

classical PID (solid line), fuzzy PID (dotted line) and neural
fuzzy PID (dashed line) controllers
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Fig. (15): The response of the altitude control of the quadrotor
using classical PID (solid line), fuzzy PID (dotted line) and
neural fuzzy PID (dashed line) controllers with disturbance
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Fig. (16): The response of the roll angle control of the quadrotor

using classical PID (solid line), fuzzy PID (dotted line) and
neural fuzzy PID (dashed line) controllers with disturbance
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Fig. (17): The response of the pitch angle control of the quadrotor

using classical PID (solid line), fuzzy PID (dotted line) and
neural fuzzy PID (dashed line) controllers with disturbance
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Fig. (18): The response of the yaw angle control of the quadrotor

using classical PID (solid line), fuzzy PID (dotted line) and
neural fuzzy PID (dashed line) controllers with disturbance
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Fig. (22): The yaw angle control signal of the quadrotor using
classical PID (solid line), fuzzy PID (dotted line) and neural
fuzzy PID (dashed line) controllers with disturbance
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Table (9): Settling time, overshoot and steady state error values
of the altitude responses with disturbance
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Table (10): Settling time and steady state error values of the roll
angle responses with disturbance
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Table (11): Settling time and steady state error values of the
pitch angle responses with disturbance
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Fig. (19): The attitude control signal of the quadrotor using

classical PID (solid line), fuzzy PID (dotted line) and neural
fuzzy PID (dashed line) controllers with disturbance
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Fig. (20): The roll angle control signal of the quadrotor using

classical PID (solid line), fuzzy PID (dotted line) and neural
fuzzy PID (dashed line) controllers with disturbance
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Fig. (21): The pitch angle control signal of the quadrotor using

classical PID (solid line), fuzzy PID (dotted line) and neural
fuzzy PID (dashed line) controllers with disturbance
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Fig. (24): The attitude control signal of the quadrotor using
classical PID (solid line), fuzzy PID (dotted line) and neural
fuzzy PID (dashed line) controllers with mass uncertainty

Table (13): Settling time, overshoot and steady state error
values of the altitude responses with mass uncertainty
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Table (12): Settling time and steady state error values of the
yaw angle responses with disturbance
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Fig. (23): The response of the altitude control of the quadrotor
using classical PID (solid line), fuzzy PID (dotted line) and
neural fuzzy PID (dashed line) controllers with mass uncertainty
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