Telecommunications, Computers, and Electricals Engineering Journal (TELECTRICAL)
Vol. 1, No. 3, February 2024, pp. 279~291
ISSN: 3026-0744, DOI: 10.26418/telectrical.v1i3.73681 279

Design And Development of Flight Controller For
Quadcopter Drone Control

Aidil Muhamad'*, Seno Darmawan Panjaitan?, Redi Ratiandi Yacoub3
!Electrical Engineering Study Program, Faculty of Engineering, Universitas of Tanjungpura, Pontianak, Indonesia
23Departement of Electrical Engineering, Faculty of Engineering, Universitas of Tanjugpura, Pontianak, Indonesia

Article Info ABSTRACT

. UAV (Unmanned Aerial Vehicle), also commonly called drone, is a flying
Recglved Dec 11, 2023 robot technology that can be controlled remotely and can also fly
Revised Dec 21, 2023 autonomously based on the mission given by the operator. Drones are usually
Accepted Jan 25, 2024 used for various purposes such as package delivery, watering plants, land
mapping, natural disaster monitoring, photography, videography and others.
Drones have many types, one of which is a drone with four motors as the

Keywords: main drive, commonly called a quadcopter drone. Quadcopter drones have

evolved a lot based on current needs. Although quadcopter drones have many
UAV uses, the development of quadcopter drone research in Indonesia is quite
Drone slow, one of the quadcopter drone components whose development is quite
Flying robot slow is the flight controller. Flight controller (FC) is a main controller brain
Multirotor in drones that has complex functions in quadcopter drone control. The
Quadcopter function of the FC is to regulate motor speed, stabilize and maintain altitude.

In this research, FC is designed to control the stability of quadcopter drones
while flying. This FC was developed by applying LoRa technology as an
internal receiver. LoRa technology is used to receive control data from the
remote control (RC) and simultaneously send sensor data. The purpose of this
research is to design FC to improve local products in the field of technology
and participate in the development of flying robot technology, especially on
quadcopter drones and to determine the performance of LoRa technology
after being integrated as an internal transceiver in FC for remote control of
quadcopter drones.

*) Corresponding Author: This article under the CC BY-SA license.

Aidil Muhamad
Email: aidilmuhamad151201@gmail.com

1. INTRODUCTION

Unmanned Aerial Vehicle (UAV) is one type of drone that is growing rapidly until now so that it has a
lot of potential that can be explored, both for personal purposes such as hobby toys to professional purposes
such as tools for the military. One popular type of UAV is the quadcopter [1].

Quadcopter is a type of multirotor drone that uses four motors to fly. Two motors rotate clockwise and
two other motors rotate counterclockwise equipped with a propeller to generate lift [2]. With four rotors, the
quadcopter has the ability to maneuver in all directions flexibly. The ability of the quadcopter is utilized by
humans to facilitate work in a fairly dangerous environment, such as observation of forest fires [3]. Quadcopters
were originally developed in the military field, and can now be studied and developed into various fields such
as agriculture, security, disaster areas, weather, and aerial photography [4].

In Indonesia, quadcopter drones are widely developed in agriculture. Drones used in agriculture are
called drone sprayers. Sprayer drones are used to water plants or give fertilizer to plants and can also be used
to monitor plant growth. With the development of quadcopter applications in various fields, students are
expected to develop further with their creativity. One of the important aspects to be developed on the quadrotor
is the position stability and balance control system during the hovering condition (hovering while maintaining
the initial position point). The required control system must have a reliable and fast response to keep the
quadrotor in a hovering condition at the same position point, even though it gets disturbed either naturally or
with a physical push [5].

Quadcopter requires a component that can be used to control the movement and position of the
quadcopter while flying in the air [6]. The component used to control movement, stability and balance while
flying is called a flight controller (FC). Flight Controller is one of the important things in designing a
quadcopter so that it can move according to the user's wishes. This component is a small circuit board that
manages the functions of the quadcopter and is integrated by various types of sensors and actuators [6]. Until
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now, FC is only produced by foreign countries and has a price that is quite expensive for various groups, one
of which is for students.

So this final project was made to design and develop a local flight controller that is cheap but feasible
enough to be used to control drones specifically quadcopter drones which are later expected to become local
products to meet the needs of the Indonesian people and can be utilized by other researchers to innovate in the
development or research on drones both within Tanjungpura University and West Kalimantan and throughout
Indonesia. Developed in this research is the control of hover position stability based on roll and pitch angles
on quadcopter and remote control based on LoRa technology.

2. RELATED WORK

Based on research entitled " Analisa Rancangan Keseimbangan Menggunakan Sensor IMU Type
MPUG6050 Pada Quadcopter . By Fadhli Palaha and friends in 2020. This research aims to achieve the balance
value and reliability of the quadcopter during flight. The designed quadcopter is rotated by a BLDC motor
controlled by Arduino. The output of the Arduino in the form of PWM becomes input for the motor drive,
where the output speed of the motor will be detected by the MPU-6050 sensor. After that, the process will
repeat, until the speed meets the set point value [4].

Based on research entitled "Perancangan Kendali Quadcopter Berbasis PID Menggunakan Arduino
Uno". Zhuhriadi Abi Manyu and Mirza Zoni in 2021. In this research, it discusses how to control the speed of
brushless motors on a quadcopter to achieve stability when flying in the air. The method used to solve this
problem is the PID (Proportional Integral Derivative) control method using the Arduino Uno microcontroller
as the main controller and using the MPUG050 as the sensor [7].

Based on research entitled "Evaluation of Unmanned Aerial Vehicle (UAV) Control Range System
Using Lora-Based Communication System Using Path Loss". By Mokhammad Amin Hariyadi and Juniardi
Nur Fadila in 2022. In this research, this research aims to evaluate the communication system between the
ground control system and the Unmanned Aerial Vehicle (UAV) using the Lora communication system based
on its Path Loss data. Lora itself is a 433 MHz-based communication system used for very long-distance
communication [8].

Based on the research results from several journals above, researchers will make it a reference in this
study. In this study, a flight controller with an internal transceiver using LoRa technology was designed for
remote control of quadcopter drones and for monitoring sensor data on quadcopter drones. This research uses
a close loop control system with the PID (Proportional Integral Derivative) method to maintain the stability of
the quadcopter drone. The difference between this research and previous research is that the microcontroller
used in this research uses an ESP32 microcontroller and the remote control system used in this research uses
LoRa technology.

2.1. Quadcopter

Quadcopter is a type of multirotor drone that uses four motors to fly using the thrust generated from the
rotation of its four rotors. The quadcopter is controlled by adjusting the angular velocity generated by the
rotating rotors. To reduce movement due to the inertial effect on the quadcopter, adjacent motors must have
different motor rotation directions, while opposite motors must have the same rotation direction. Two motors
rotate clockwise and the other two motors rotate counterclockwise equipped with propellers to generate lift.
Quadcopter is a type of multirotor drone that uses four motors to fly. Two motors rotate clockwise and two
other motors rotate counterclockwise equipped with propellers to generate lift. generate lift. In a quadcopter
there are two possible configurations used, namely the "+" configuration and the "x" configuration [2], [9].

(a)

Figure 1 (a) "x" configuration and (b) "+" configuration
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2.2. Quadcopter Basic Motion

Movements that can occur in a quadcopter are hovering, roll rotation, pitch rotation, and yaw rotation.

rotation. These four movements are influenced by several parameters including: lift force on the motor and its
direction, the rotational speed of the motor, and moment on the quadcopter wing. The following is an
explanation of the movements that can occur in a quadcopter [2]:

1.

Hovering or Throttle Control

The throttle is the quadcopter's movement for up and down. This is done by increasing or speed on
all drive motors at the same the same target, resulting in a vertical force on the quadcopter [10].
Roll Control

Roll is the movement of the quadcopter to turn right and left. Turning to the right is done by slightly
reducing the speed of the right motor and slightly adding the speed of the left motor. Turning to the left is
done in the opposite way from the right, which is slightly adding the speed of the right motor and reducing
the speed of the left motor slightly. The front and rear motors do not speed so that the Quadcopter position
position remains hovering even though it is right and left[10].
Pitch Control

Pitch is the movement of the quadcopter to move forward and backward. Forward is done by
slightly reducing the speed of the front motor and slightly adding the rear motor. Backing up is done by
slightly adding the speed of the front motor and slightly reducing the speed of the rear motor. The right
and left motors do not add speed so that the position of the Quadcopter position remains hovering even in
a state of forward forward and backward [10].
Yaw Control

Yaw is the movement of the quadcopter to rotate to the right and left. Rotation to the left is done
by slightly adding the speed of the front-rear motor and slightly reducing the speed of the right-left motor.
A right turn is performed by slightly reducing the speed of the front-rear motor and slightly adding the
speed of the right-left motor. left motor speed [10].

Throttle control Pitch control
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Figure 2 Maneuvering movement on a quadcopter drone

2.3. Quadcopter components

The following are the components contained in the quadcopter drone which consists of a flight

controller, electronic speed controller, BLDC motor reciever and propeller.

1.

Flight Controller

The brain of the quadcopter is an important component of the quadcopter and determines what the
features of the quadcopter are. The Flight Controller is the nerve center of the drone. The flight control
systems of these unmanned aircraft are many and varied. From GPS enabled autopilot systems and flown
by means of telemetry links to basic stabilization systems using radio control class hardware, and there is
an opensource program. The flight controller is also connected to, radio module, GPS, gyroscope, plus
accelerometer, radio receiver module, battery, electronic speed controller and gimbal. speed controller and
gimbal [11]. The flight controller system consists of several components such as accelerometer, gyroscope,
barometer, compass and others. Flight controller is useful for controlling the stability and balance of the
drone to be controlled by controlling the speed of the motor.
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2. Electronic Speed Control
ESC stands for Electronic Speed Controller which functions as a controller of the rotation and
direction of rotation of the motor. In general, for the motor to rotate, the remote control (RC) gives a signal
pulse of 1000uS min and at full speed of 2000uS [12].
To determine the ESC to be used it is very important to know the power (peak current) of the motor.
The power of the ESC used should exceed the power of the of the motor. For example, from the data
obtained the power of the motor is 12A (according to the motor datasheet) when the throttle is fully open.
The ESC to be used should be an ESC with a power of 18A or 20A. If forced using a 10A ESC, it is likely
that when the throttle is throttle is fully opened, the ESC will heat up and even catch fire [12].
3. Motor BLDC
Brushless direct current (BLDC) is a three-phase brushless synchronous electric motor. As the
name implies, BLDC motors do not use brushes or brushes for magnetic commutation contact
(communication) but are electronically commutated. The use of BLDC motors has many advantages over
DC motors and other induction motors. Brushless motors or brushless motors have high-speed operation
that uses coils as a stator as a 3-phase voltage input while magnets as a rotor with an electrical diagram
[12], [13].
4. Propeller
The propeller is the counterpart to the motor. For Hexacopter, there are two types of propellers
used, namely Clock Wise (CW) / Clockwise and Counter Clock Wise (CCW) / Counterclockwise. Figure
3 shows an example of a 1 pair CW and 1 pair CCW propeller [12].
5. LiPo Battery
LiPo battery use dry polymer electrolytes which have a film-like shape with a layered arrangement
between the anode and cathode which can result in ion exchange. Li-Po batteries also have the main
advantage of the power to weight ratio [14].

2.4. Inertial Measurement Unit
IMU (Inertial Measurement Unit) is a unit in an electronic module that collects angular velocity and
linear acceleration data which is then sent to the Central Processing Unit (CPU) to obtain data on the presence
and movement of an object [4]. The IMU incorporates an accelerometer, gyroscope and magnetometer. The
Attitude and Heading Reference System (AHRS), also called IMU, adds a central processing unit (CPU) that
embeds an Extended Kalman Filter to calculate the attitude with direction relative to magnetic north.
1. Accelerometer
Accelerometers are sensors used to measure acceleration or changes in velocity over time. This
sensor is installed with the object to be measured for acceleration, such as measuring changes in the speed
of a rocket launching or used for vibration analysis on machines, as well as used to detect motion and tilt
on smart phones. Acceleration is a state of change in velocity over time. The increase in speed over a
period of time is called acceleration. But if the speed is getting less than the previous speed, it is called
deceleration [4].
2. Gyroscope
Gyroscope sensors are devices used to measure or maintain orientation, which is based on the
principles of angular momentum mechanically. Basically a mechanical gyroscope is shaped like a rotating
wheel or disk where the shaft is free to take any orientation such as [4].
3. Magnetometer
The magnetometer sensor functions as a measure of the strength and direction of the magnetic field
around the device. Magnetometers are divided into two types, namely scalar and vector types. The vector
magnetometer is the type used in this research and serves to measure the direction of the magnetic field in
all three axes (X, Y, Z) with units of micro tesla (uT) [15].
4. Kalman Filter
Kalman filter is a minimum variance estimation algorithm for dynamic systems to obtain the
optimal state. The Kalman filter is grouped into two parts, namely, the time update equation as the
prediction equation and the measurement update equation as the correction equation. The work cycle of
the discrete Kalman filter is the time update makes a prediction of the state value. Measurement update
adjusts the predicted value to the actual measured value [16].

2.5. LoRa Technology

LoRa stands for long range which means long distance. LoRa devices communicate wirelessly by
utilizing frequency as an intermediary medium to transmit data. LoRa devices are one of the transceiver devices
that excel in wide coverage distance, low power consumption, and resistance to intervention. Currently, LoRa
technology technology has been used in 10T networks around the world. device LoRa devices have been widely
used in smart cities, agriculture, smart home, smart metering, and so on [17].
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2.5.1. RSSI

RSSI is a measurement of the power received by a wireless device. Measurements are made based on
the Signal Strength received. This aims to determine the level of accuracy of measurements and calculations
using Wireless [18].

Table 1 Signal Strength Standard according to TIPHON

2.5.2. SNR

Category Signal Strength (dBm)
Qutstanding >-70
Excellent -70 s/d -85
Fair -86 s/d -100
Bad <-100

Signal To Noise Ratio (SNR) is a comparison between signal strength and noise level, the greater the
SNR value, the higher the network quality and the unit of measure of SNR is decibel (dB). SNR is a parameter
that must be considered and used to show how much noise interferes with the transmitted signal [18].

Table 2 Signal to Noise Ratio standard according to TIPHON

Category SNR (dB)
Outstanding > 29
Excellent 20.0 s/d 28.9
Good 11.0s/d 19.9
Fair 7.0s/d 10.9
Bad <6.9

2.6. PID Control

PID (Proportional, Integral, Derivative) control is a controller system that is used to determine the
precision of a system with feedback from the system. precision of a system with feedback on the system
system. PID components include proportional, integral, and derivative. The elements P, I, and D, aim to speed
up the response of a system, eliminate latency, and produce large initial changes. The characteristics of PID
control are strongly influenced by the three elements P, I, and D elements [6].

The PID control equation in the time domain (t) is:

u(t) = Kp x e(t) + Ki x [, e(t)dt + Kd x dZ—(tt) ...................................................................................... 1)
» P
Setpoints Output
| > » Actuators >
D
+ FeedBack

Figure 3 Close Loop PID Controller

The PID controller compares the set point value with the error reading value of the plant/process, then
by using the right PID value, the controller will provide action on the system to produce an output whose value
is not far or even in accordance with the given set point value. in accordance with the given set point value.
The PID control process will continue as long as the system is still running, because PID is a closed-loop
control system. control system. The process of finding the PID value is called the tuning process, the way to
do PID tuning manually is by looking at the look at the PID parameter table and then analyze the response
resulting from the value entered into the PID parameter [19].

3. METHOD
3.1. Research Methods

Literature study is a method of collecting information and studying supporting theories from various
sources of information both obtained offline and online. Data can be found from various sources, namely
articles, journals, datasheets, web pages (verified), and books.

The experimental method is one of the quantitative studies where researchers manipulate one or more
independent variables, control other relevant variables, and observe the effect of manipulation on the dependent
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variable. Important requirements for experimental research are control, manipulation of independent variables,
observation, control measurement, careful observation and measurement [15].

Literature studies and experiments related to this writing, which can later be used in the guidelines for
making research reports. The following is an image of the flow chart below.

¢

. Drone Control
Literature Study System Design
Quadcopter
FC Schematic System Tidak
Design Performance
Testing
7 Ya
FC PCB Design est Results
Drafting Match?
FC Hardware Tidak Data Collection
Assembly
Sensor Testing on Analysis of
FC Results

Conclusion

est Results
Match?

Quadcopter
Schematic Design

®

Figure 4 Research flow chart

End

Based on Figure 4 Research Flowchart, there are stages carried out in this study. In the first stage,
information collection will be carried out using the literature study method. Furthermore, FC schematic design
and FC PCB. In the next stage, FC device assembly and sensor performance testing. The next stage is
quadcopter schematic design and quadcopter control system design. Furthermore, testing the entire quadcopter
system. If the test is successful, data collection and analysis of the data obtained will be carried out. Finally
make conclusions from the results of research that has been done based on the data obtained.

3.2. PCB Design Flight Controller

Figure 5 shows the PCB design of the flight controller which was designed using EasyEDA software.
In Figure 5, we can see the components contained in the FC, namely the ESP32 microcontroller, LoRa Ra-02,
MPU6050, QMC5883L, BMP280, LDO regulator AP2112 and several other supporting components. The
sensors contained in this FC consist of a 3-axis accelerometer, 3-axis gyroscope, 3-axis magnetometer and
barometer. This FC also has outputs in the form of LEDs for power indicators and a connector for GPS,
although in this study GPS will not be discussed. This FC is designed with PCB size (P x L x T): 52 x 57 x 0.8
mm.

Tombol Reset
& BOOt ESP32

LDO Regulator

egulatol »
AP2112K-3.3 Connector
UARTO

Connector
Power (12V, 5V . 1 Indikator
a3av) L 3 o LED
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(Accel & Gyro)
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(Magnetometer)

Connector
UART2 & 12C

Connector

Input Sensor LDO Regulator

AP2112K-3.3

Connector
Output Motor Connec

nnector
Indikator Buzzer

nnnnnnnnn

LoRa Ra-02 BMP280
(Transceiver)  (Barometer)

Figure 5 3D Design PCB flight controller
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3.3. System Model of LoRa Protocol

The following is a depiction of the LoRa protocol system used in this research. In this research, the
LoRa communication protocol used consists of three, namely header, payload and sum. The header functions
as an upper barrier to filter out inappropriate messages. Payload contains data in the form of messages to be
sent. While the sum is a lower limiter that is useful for filtering out corrupted message data. The LoRa
communication protocol format used can be seen in Figure 6.

Figure 6 Protocol LoRa

Keterangan:
e Header 1 is the sender address.
Header 2 is the recipient address
Header 3 is the payload address
Payload is the data sent
Sum is the amount of data sent after summing up

3.4. Quadcopter System Design

The quadcopter drone will be illustrated in the form of 2D images, these 2D images have nothing to do
with the original design of the quadcopter drone in this study. Figure 7 illustrates the component positioning
and illustrates the quadcopter drone remote communication system. The first is the flight controller section
which functions to control and calculate the stability of the quadcopter. Second is the electronic speed controller
(ESC) which functions to regulate the speed of the BLDC motor based on commands from the flight controller.
Third is the engine part in the form of BLDC motors consisting of 4 motors on each quadcopter arm. Fourth is
the wing part in the form of a propeller.

Quadcopter

Remote Control

Figure 7 Illustrated drone quadcopter system

3.5. Quadcopter PID Control System

The quadcopter has six states that grouped into two parts, including position (X, y, z) and attitude (roll,
pitch, yaw). At this Final Project research uses a PID control system to stabilize the quadcopter during hovering.
when flying hovering. System block diagram PID control system on the quadcopter can be seen in Figure 7
[20].

Figure 8 shows the close loop control system of both PID drone quadcopter there are three angle
controls namely roll, pitch and yaw. PID roll control serves to stabilize the left and right parts of the quadcopter.
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Pitch PID control serves to stabilize the front and rear of the quadcopter. As for the yaw PID control to stabilize
the position on the left and right rotation. The PID roll, pitch and yaw output values will be converted in the
form of PWM signals in the range of 1000-2000 ms. This PWM signal will be input into the ESC to be able to
control the motor speed so that the quadcopter reaches stability

Sepount (\ PID Roll
\‘ j ESC1 Motor 1
ESC2 Motor 2
Setpoint m PID Pitch COnVe rt Position
Pitch uadcopter
-/ Angle to PWM Quadcop
ESC3 Motor 3
K m ESC 4 Motor 4
Setpoint + PID Yaw
Yaw -
IMU Sensor
(Accelerometer & Gyroscope)

Figure 8 Quadcopter PID System

4. RESULTS AND DISCUSSION
4.1. Roll Angle Testing Steady State

After testing the roll angle measurement by doing 10 trials, the roll angle measurement data can be seen
in Table 3 below. Based on the calculation data contained in Table 3, the average value of the roll angle is 0.4°
with the lowest error rate of 0° and the highest error of 2°. From the calculation of the percentage error in roll
angle measurement, the average percentage error is 0.53% with the lowest error of 0% and the highest error of
3.33%.

Table 3 Roll angle test results

\ Roll Angle (°) Error Percentage
0. Errors (°)
Measurement Tools FC Created (%)
1 0 0 0 0
2 -30 -29 1 3.33
3 -60 -60 0 0
4 -90 -90 0 0
5 -179 -177 2 1.12
6 30 30 0 0
7 45 45 0 0
8 60 60 0 0
9 90 90 0 0
10 115 116 1 0.87
Average 0.4 0.53

4.2. Pitch Angle Testing Steady State
After testing the pitch angle measurement by doing 10 trials, the pitch angle measurement data can be
seen in Table 4 below. Based on the data in Table 4, the average error value of the pitch angle is 1° with the
lowest error rate of 0° and the highest error rate of 2°. From the calculation analysis of the accuracy of the pitch
angle measurement, an average percentage error of 1.28% is obtained with the lowest error of 0% and the
highest error of 3.33%.
Table 4 Pitch angle test result

No. Pitch Angle (°) Errors (°) Error Percentage

Measurement Tools FC Created (%)

1 0 0 0 0

2 30 30 0 0
3 45 44 1 2.22
4 90 88 2 2.22
5 177 179 2 1.13
6 -30 -31 1 3.33

7 -45 -45 0 0
8 -86 -88 2 2.33
9 -126 -127 1 0.79
10 -137 -138 1 0.73
Average 1 1.28
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4.3. Yaw Angle Testing Steady State

After testing the yaw angle measurement by doing 10 trials, the yaw angle measurement data can be
seen in Table 5 below. Based on the data in Table 5, the average error value of the yaw angle is 4.8° with the
lowest error level of 0° and the highest error of 12°. From the analysis of the calculation of the percentage of
error in the measurement of the yaw angle, an average percentage error of 10.96% is obtained with the lowest
error of 0% and the highest error of 60%.

Table 5 Yaw angle test result

Yaw Angle (° Error Percentage

No. Measurement Tools ge ) FC Created Errors (°) (%) )

1 0 0 0 0

2 45 37 8 17.78

3 60 58 2 3.33

4 90 85 5 5.56

5 135 125 10 741

6 179 177 2 1.12

7 -135 -132 3 2.22

8 -90 -89 1 111

9 -45 -40 5 11.11

10 -20 -8 12 60
Average 4.8 10.96

4.4. Quadcopter Flight Condition Testing

The quadcopter drone flight testing process was carried out in the Tanjungpura University ball field.
This test was conducted to determine the level of stability control of the quadcopter drone while flying. In this
study using the basic PID method as a quadcopter drone stability control. In this test, the initial PID setting
values have been determined, namely KP, Kl, and KD from the roll and pitch angles. The roll and pitch PID
setting values are KP = 2.3, KI = 0.0, and KD = 0.25. The roll and pitch angle data collection process will be
carried out simultaneously.

4.4.1. Roll Kontrol

Roll angle control measurement testing is done to determine the error rate in roll angle control on the
quadcopter by taking 16 data in some time. The roll angle measurement data can be seen in Table 6 below. It
can be seen from the measurement and calculation data in Table 6 that the average value of roll angle
measurement is 1.49° with the lowest error rate of 0.03° and the highest error of 3.83°. From the analysis of the
calculation of the percentage error in roll angle measurements, an average error of 0.83% is obtained with the
lowest error percentage of 0.02% and the highest error of 2.13%.

Table 6 Roll Control Measurement

No. Setpoint (%) Roll (°) Errors (%) Error Percentage (%)
1 0 2.88 2.88 1.60
2 0 2.87 2.87 1.59
3 0 2.5 25 1.39
4 0 1.39 1.39 0.77
5 0 -0.03 0.03 0.02
6 0 -0.03 0.03 0.02
7 0 1.99 1.99 1.11
8 0 -0.19 0.19 0.11
9 0 0.23 0.23 0.13
10 0 0.07 0.07 0.04
11 0 0.29 0.29 0.16
12 0 0.69 0.69 0.38
13 0 0.33 0.33 0.18
14 0 3.83 3.83 2.13
15 0 -3.11 3.11 1.73
16 0 -3.36 3.36 1.87

Average 0.65 1.49 0.83

4.4.2. Pitch Kontrol

Pitch angle control measurement testing is done to determine the error rate in roll angle control on the
quadcopter by taking 16 data in some time. The pitch angle measurement data can be seen in Table 7 below. It
can be seen that the measurement and calculation pitch angle data in Table 7 obtained the average value of the
pitch angle error measurement is 2.12° with the lowest error rate of 0.14° and the highest error of 4.46°. From
the calculation analysis, the average percentage of pitch angle error data is 1.18% with the lowest error
percentage of 0.08% and the highest error of 2.48%.
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Table 7 Pitch Control Measurement

No. Setpoint (°) Pitch (°) Errors () Error Percentage (%)
1 0 0.35 0.35 0.19
2 0 -4.09 4.09 2.27
3 0 -1.49 1.49 0.83
4 0 -4.17 4.17 2.32
5 0 0.46 0.46 0.26
6 0 0.46 0.46 0.26
7 0 -0.14 0.14 0.08
8 0 -3.35 3.35 1.86
9 0 -4.46 4.46 2.48
10 0 -2.08 2.08 1.16
11 0 -0.85 0.85 0.47
12 0 -4.39 4.39 2.44
13 0 -3.12 3.12 1.73
14 0 -0.51 0.51 0.28
15 0 1.38 1.38 0.77
16 0 2.56 2.56 1.42

Average -1.47 2.12 1.18

4.5. LoRa Performance Testing for Quadcopter Remote Control

This distance test is conducted to determine the performance of LoRa when implemented with a
quadcopter drone. The research location was carried out at the Tanjungpura University soccer field. Testing
was carried out with LOS (line of sight) field conditions with a testing distance of 0-140 meters and a height
of 0-10 meters.

Data collection was carried out as much as 16 test data by measuring RSSI and SNR values at a distance
and height position or based on a reference position where LoRa was placed at a certain distance and height.
In measuring the RSSI signal, the signal will be categorized as good if the value is getting closer to the value
of 0, while for the SNR signal it will be categorized as good if the value is getting bigger, the explanation of
the strength of the SNR and RSSI signals is based on references Table 1 and Table 2. In testing, the initial
setting of LoRa parameters will be carried out, which in this research the LoRa parameters that have been
determined are Fq = 425 MHz, BW = 250 KHz, SF = 8, CR = 4/8, and TX Power = 20 dB.

Table 8 shows the results of LoRa signal measurements at a height of 0 meters resulting in the highest
RSSI signal strength of -44 dBm at a distance of 0 meters and the lowest RSSI signal of -106 dBm at a distance
of 120 meters. While the highest SNR signal strength is 12.63 dB at a distance of 0 meters and the lowest is
3.15 dB at a distance of 100 meters. Based on the data analysis in Table 8 in this measurement from a distance
range of 80-140 meters the RSSI and SNR signal quality is "Bad".

Table 8 Measurement Results at a Height of 0 meters

No Distance Measurement at a height of 0 meters
) RSSI (dBm) RSSI Status SNR (dB) SNR Status

1 0 -44 Outstanding 12.63 Good
2 10 -95 Fair 11.53 Good
3 20 -94 Fair 10.73 Fair
4 30 -93 Fair 10.13 Fair
5 40 -94 Fair 9.25 Fair
6 50 -100 Fair 8.43 Fair
7 60 -95 Fair 10.80 Fair
8 70 -97 Fair 7.18 Fair
9 80 -100 Bad 6.00 Bad
10 90 -103 Bad 5.70 Bad
11 100 -104 Bad 3.15 Bad
12 110 -105 Bad 4.00 Bad
13 120 -106 Bad 3.78 Bad
14 130 -104 Bad 5.18 Bad
15 140 -105 Bad 3.33 Bad
Average -96 Fair 7.45 Fair

Table 9 shows the results of LoRa signal measurements at a height of 5 meters resulting in the highest
RSSI signal strength of -77 dBm at a distance of 0, 50 and 70 meters and the lowest RSSI signal of -95 dBm
at a distance of 120 meters. While the highest SNR signal strength is 12.63 dB at a distance of 70 meters and
the lowest is 11.05 dB at a distance of 120 meters. Based on data analysis in Table 9 at a height of 5 meters the
RSSI signal quality generated by LoRa is "Excellent”, then the SNR signal quality generated by LoRa is
"Good".
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Table 9 Measurement Results at a Height of 5 meters

No Distance Measurement at a height of 5 meters
) RSSI (dBm) RSSI Status SNR (dB) SNR Status

1 0 -77 Excellent 12.58 Good
2 10 -89 Fair 12.45 Good
3 20 -81 Excellent 12.45 Good
4 30 -83 Excellent 12.38 Good
5 40 -78 Excellent 12.40 Good
6 50 -77 Excellent 12.58 Good
7 60 -80 Excellent 12.43 Good
8 70 -77 Excellent 12.63 Good
9 80 -80 Excellent 12.28 Good
10 90 -89 Fair 12.18 Good
11 100 -90 Fair 12.25 Good
12 110 -88 Fair 12.33 Good
13 120 -95 Fair 11.05 Good
14 130 -88 Fair 12.38 Good
15 140 -91 Fair 11.65 Good
Average -84 Excellent 12.27 Good

Table 10 shows the results of LoRa signal measurements at a height of 10 meters resulting in the highest
RSSI signal strength of -66 dBm at a distance of 20 meters and the lowest RSSI signal of -90 dBm at a distance
of 120 meters. While the highest SNR signal strength is 12.63 dB at a distance of 0 meters and the lowest is
12.18 dB at a distance of 110 meters. Based on data analysis in Table 10 at a height of 10 meters the RSSI
signal quality generated by LoRa is "Excellent", then the SNR signal quality generated by LoRa is "Good".

Table 10 Measurement Results at a Height of 10 meters

No Distance Measurement at a height of 10 meters
) RSSI (dBm) RSSI Status SNR (dB) SNR Status

1 0 -86 Fair 12.63 Good
2 10 -67 Outstanding 12.58 Good
3 20 -66 Outstanding 12.60 Good
4 30 -74 Excellent 12.23 Good
5 40 -84 Excellent 12.35 Good
6 50 -84 Excellent 12.35 Good
7 60 -84 Excellent 12.35 Good
8 70 -76 Excellent 12.43 Good
9 80 -77 Excellent 12.53 Good
10 90 -85 Excellent 12.40 Good
11 100 -84 Excellent 12.35 Good
12 110 -81 Excellent 12.18 Good
13 120 -90 Fair 12.23 Good
14 130 -80 Excellent 12.23 Good
15 140 -83 Excellent 12.53 Good
Average -80 Excellent 12.40 Good

5. CONCLUSION

Based on the measurement of the quadcopter in a stationary condition, the average percentage of roll,
pitch and yaw angle measurements is obtained. The roll angle has an average percentage error of 0.53%. The
pitch angle has an average percentage error of 1.28%. While the yaw angle has a percentage error of 10.96%.
On quadcopter stability measurements managed to fly stable with an average percentage error roll of 0.83%,
while the average percentage error pitch of 1.18%. From the measurement results, it is known that the average
RSSI LoRa signal quality generated at a height of 0 meters is "Fair" and for heights of 5 and 10 meters is
"Excellent”. While the average SNR LoRa signal quality generated at a height of 0 meters is "Fair" and a height
of 5 and 10 meters is "Good".
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