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 
ABSTRACT 
 
The popularity of Drones, also known as unmanned aerial 
vehicles (UAVs), are highly increasing in various fields 
because of its multi-skilled performance and operational 
flexibility. Landing of the drone is the most difficult part of a 
flight. Literature review reveals, there are many kinds of 
landing controllers are available for drones but those 
controllers take more time for landing a drone. In this paper, 
we developed a fast as well as a soft landing control system for 
quadcopter drone using fuzzy logic technology. More 
specifically, we designed a fuzzy logic based controller in 
MATLAB/Simulink and implemented it to Raspberry pi. The 
Raspberry pi is connected with an ultrasonic sensor for 
altitude calculation. Here we used Pixhawk as the main flight 
controller, and the Pixhawk receives the real-time landing 
control commands from the Raspberry pi. Several landing 
tests were conducted using the designed fuzzy landing control 
system, and the flight test data shows that the quadcopter 
landed softly with minimum time than the other existing 
landing control technologies. 
 
Key words: Fuzzy logic controller, Pixhawk, Quadcopter 
landing, Raspberry pi. 
 
1. INTRODUCTION 
 
Nowadays, a lot of researches going on for drone exploration 
[1]-[18]. There are different types of drones are available on 
the market, mainly fixed-wing [6], single-rotor [7] and 
multi-rotor [8]. The multi-rotor drones are the most widely 
used type due to its applicability. There are also many types of 
multi-rotor drones, including quadcopter [9], hexacopter 
[10], octocopter [11]. According to mechanical simplicity and 
performance, the quadcopter is the most demanded drone 
[1]-[3]. The flight controller is the main part of any drones, 
including quadcopter. Currently, the Pixhawk controller has 
been hugely used as a flight controller for drones due to its 
cheap cost and best performance [12]. Pixhawk is an 
open-source autopilot hardware and its supports PX4 and 
ArduPilot flight stacks. 
 

 

 
Different types of landing control systems are available for 
quadcopter because the landing of the quadcopter is a tricky 
task. Usually, PID control techniques are mostly used for the 
automatic quadcopter landing. Literature review shows that 
the existing landing control systems take more amount of 
time for the quadcopter landing [13]-[17]. Recently, the 
quadcopter is widely used for military purposes, like enemy 
attack, surveillance, transportation, search and rescue, etc. 
These kinds of military applications need a very fast response, 
so the fast, as well as the safe landing, is required for military 
applications. And, if the landing time is less, we can also save 
the battery charges. Muhammad Talha et al. [18] proposed a 
time-efficient auto-landing controller for quadcopter using a 
fuzzy logic-based technique. Their landing controller takes 
about 20 s for landing from 500 to 0 cm altitude. 
 
This paper proposed a fast and soft landing control system for 
quadcopter using fuzzy logic technology [18], [19]. The fuzzy 
controller is designed using MATLAB/Simulink. Altitude 
and landing velocity are inputs and throttle command is the 
output of the fuzzy controller. Herein we implemented the 
designed fuzzy controller in Raspberry pi and connected with 
the Pixhawk controller. An ultrasonic sensor is attached to the 
Raspberry pi for altitude measuring. In this work, Pixhawk is 
the main flight controller, so the raspberry pi sends the 
real-time landing control commands to the Pixhawk for the 
throttle adjustment. Our designed fuzzy landing controller is 
verified through several quadcopter landing tests and also we 
tested the quadcopter landing using PD control technology 
and Pixhawk automatic land option. Here we compared the 
flight test data of our proposed fuzzy landing controller with 
the flight test data of the PD controller and Pixhawk 
automatic land. The comparison results show that the 
designed fuzzy landing controller takes very less amount of 
time for the safe landing than the other landing control 
techniques. 
 
2. QUADCOPTER DYNAMICS 
 
The quadcopter motion has been described by translational 
motion (x, y, and z) and rotational motion ( , ,  and  ). 
The geometry of the quadcopter is shown in Figure 1. 
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Figure 1: Geometry of quadcopter 

 
The equation of motion of the quadcopter can be expressed as 
[20] [21]: 

 

 
 

 
 

 
(1) 

 
 

 
 

where g is the gravity value, m is the total mass of quadcopter, 

4321  r , xxI , yyI and zzI  are the moments 

of inertia and rI  is the inertia of the motor. 

3. FUZZY LOGIC CONTROLLER DESIGN FOR 
QUADCOPTER LANDING 
 
The fuzzy logic control contains five main processes which 
are, input defining, fuzzification, fuzzy rule base, 
defuzzification, and output defining. Considering the time 
consuming, the fuzzy logic controller is better than the PID 
controller for automatic landing [18]. In this section, we 
described the design procedure of the fuzzy controller for the 
fast and soft landing of the quadcopter. Herein the fuzzy 
controller has two inputs and one output. Altitude and 
landing velocity are inputs and throttle command is the output 
of the fuzzy controller (see Figure 2). 

 
Figure 2: Outline of the fuzzy landing controller. 

 

Table 1: Four stages of the fuzzy landing controller. 
 Altitude of quadcopter 

Stage - 5 1.6 to 1.2 m 

Stage - 4 1.6 to 0.8 m 

Stage -3 1.2 to 0.4 m 

Stage - 2 0.8 to 0.0 m 

Stage - 1 0.4 to 0.0 m 

Table 2: Fuzzy control rule base for the fast and soft landing. 

  Landing Velocity    

Altitude DVB DVS NV UVS UVB 

Stage - 5 UVB UVS DVB DVB DVB 

Stage - 4 UVS UVS DVB DVB DVB 

Stage - 3 UVS UVS DVS DVS DVB 

Stage - 2 UVB UVS NV DVS DVS 

Stage - 1 UVB UVB NV DVS DVS 

 
In this paper, the fuzzy controller has five stages and it starts 
from 1.6 m to 0 m altitude (see Table 1). The fuzzy control 
rule base for the fast and soft landing is shown in Table 2. 
DVB and DVS represent downward velocity big and 
downward velocity small, respectively. UVB and UVS 
denoted upward velocity big and upward velocity small, 
respectively and NV implies the normal velocity for the soft 
landing. 

 
Figure 3: Fuzzy logic designer in MATLAB/Simulink. 
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Figure 4: Output membership function (throttle command) of the 

fuzzy controller. 
 

 
Figure 5: Fuzzy control rules for the quadcopter landing. 

 
This paper used MATLAB/Simulink for designing the fuzzy 
controller. We designed the input and output membership 
function, and the rule base using Fuzzy toolbox in the 
MATLAB/Simulink (see figure 3). Triangular membership 
functions are used here. The output membership function 
(throttle command) of the fuzzy controller is shown in Figure 
4. Herein the fuzzy controller is designed with 25 rules for the 
quadcopter landing. Figure 5 illustrates the 25 fuzzy control 
rules. The fully designed fuzzy control system is shown in 
figure 6. 

 
Figure 6: Designed fuzzy landing controller in MATLAB/Simulink. 

 
4. PD CONTROLLER DESIGN FOR QUADCOPTER 
LANDING 
 
The proportional and derivative (PD) control is a 
conventional control technique. Here we designed a 
quadcopter landing controller using PD technology. The 
general equation for PD can be expressed as; 

)2()()()(
dt

tdeKteKtU dp   

where Kp is the proportional gain, Kd is the derivative gain 
and ‘e’ implies the error. The designed PD landing control 
system is shown in Figure 7.  

 
Figure 7: Designed PD landing controller in MATLAB/Simulink 

 
5. SIMULATION SETUP AND RESULTS 
 
For simulation, we developed a quadcopter 
MATLAB/Simulink model with the parameters of the F450 
Spider quadcopter. The parameters of the F450 Spider 
quadcopter are mentioned in Table 3. The developed 
quadcopter model contains an attitude controller using PD 
technology, and it consists of three controllers which are, roll, 
pitch and yaw controller. The designed simulation model of 
the quadcopter (F450 Spider) is shown in figure 8. Here we 
implemented the designed fuzzy logic landing controller and 
PD landing controller to the quadcopter simulation model 
separately and conducted several quadcopter landing 
simulation tests. 

Table 3: Parameters of F450 Spider Quadcopter. 

Quadcopter parameters Values 
Gross weight + battery 2 kg 

Propellers dimension & pitch 10 inch  3.8  
No of blade 2 

Frame diagonal length 450 mm 

Moments of Inertia(Ixx, Iyy, 
Izz) 

0.0035, 0.0035, 0.005 kg.m2 

Thrust coefficient  9.8 10-6 N/m2 
Drag coefficient 1.6 10-7  

 

 
Figure 8: Simulation model of F450 Spider Quadcopter in 

MATLAB/Simulink. 
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The following Figures 9 and 10 illustrate that the landing 
simulation test results of the quadcopter using the designed 
fuzzy and PD controller. The landing position of the 
quadcopter shown in Figure 9, and Figure 10 show that the 
landing velocity of the quadcopter. From the results we can 
see, the PD controller takes more than 10 seconds than the 
fuzzy controller for the quadcopter safe landing (from 4 to 0 
m). Therefore in the simulation results, the fuzzy controller is 
more time-saving than the PD controller. 

 
Figure 9: Simulation results of quadcopter landing position using 

the fuzzy and PD controller. 
 

 
Figure 10: Simulation results of quadcopter landing velocity using 

the fuzzy and PD controller. 
 

6. EXPERIMENTAL SETUP AND RESULTS 
 
In this section, we presented the real experimental landing 
test of the quadcopter using the designed fuzzy controller and 
the PD controller. To do so, we implemented the designed 
controllers in the Raspberry pi. Here we used a Raspberry pi 3 
with a PmodMAXSONAR sensor. The PmodMAXSONAR is 
an ultrasonic range finder sensor, here the sensor is used for 
measuring the altitude of the quadcopter. In this work, we 
used F450 Spider Quadcopter. The principal flight controller 
of the quadcopter is Pixhawk. So we connected the Raspberry 
pi to Pixhawk by serial connection. During the quadcopter 
landing, the Raspberry pi sends the throttle commands to 
Pixhawk for the landing. The Spider F450 Spider Quadcopter 
with the landing experimental setup is shown in Figure 11. 
 

 
Figure 11: F450 Spider Quadcopter with landing experimental 

setup. 
 

In this paper, we conducted three cases of quadcopter landing 
tests, which are, landing by, the fuzzy controller, the PD 
controller, and the Pixhawk automatic land option. For the 
Pixhawk automatic land, we connected a GPS module and 
installed the Arducopter program to the quadcopter. The 
Arducopter is an open-source autopilot platform written in 
C++. Herein, the landing by the fuzzy and PD controller is 
worked without the GPS and the Pixhawk automatic land is 
worked with the GPS. The experimental results of the 
quadcopter landing by, the fuzzy controller, the PD 
controller, and the Pixhawk automatic land are shown in 
Figure 12. From the result we can see, the quadcopter landed 
softly in three cases and the fuzzy controller takes only 10.5 
seconds for the safe landing from 4 to 0 m altitude and, the PD 
controller and Pixhawk automatic land takes 19.5 and 16 
seconds, respectively. There are more than 5 seconds of time 
differences between the fuzzy and the other two landing cases. 
Figures 13 and 14 illustrate that the roll and pitch angle of the 
quadcopter during the landing in the case of the fuzzy 
controller. The picture of the quadcopter landing test (fuzzy 
controller) is shown in Figure 15. The experimental result 
shows that the designed fuzzy logic controller is more 
time-efficient than the PD controller and Pixhawk automatic 
land. 

 
Figure 12: Experimental results of quadcopter landing by, the fuzzy 

controller, the PD controller, and the Pixhawk automatic land. 
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Figure 13: Roll angle of quadcopter during the landing (fuzzy 

controller). 
 

 
Figure 14: Pitch angle of quadcopter during the landing (fuzzy 

controller). 
 

 
Figure 15: F450 Spider Quadcopter landing test (fuzzy controller). 
 
7. CONCLUSION 
 
This paper proposed a fuzzy logic control technology for the 
fast and soft landing of a quadcopter. Herein we designed a 
fuzzy controller in MATLAB/Simulink and implemented it to 
Raspberry pi. In the designed fuzzy controller, altitude and 
velocity are inputs and throttle command is the output. By 
using an ultrasonic sensor with Raspberry pi, we calculated 
the real-time altitude of the quadcopter. The Raspberry pi is 
directly connected to the principal flight controller Pixhawk 
by serial connection. For landing, the Raspberry pi sends the 
real-time throttle commands to the Pixhawk. We conducted 
several quadcopter landing flight tests with our designed 
fuzzy control system. The experimental results show that the 
fast and soft landing achieved through the proposed fuzzy 
landing system. For comparison, here we also carried out the 
quadcopter landing test using the PD control technology and 
Pixhawk automatic land option. From the all flight test 
results, and the literature review studies, we proposed that the 
designed fuzzy logic based controller can land the quadcopter 
securely with the less amount of time than the other existing 
landing control technologies.  
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