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Abstract—Quadcopter is an unmanned, remote-controlled
aircraft. This quadcopter has various types, in this study, the
DJI Tello is used. The aim is to create a DJI Tello quadcopter
flying control interface with Processing IDE, where the DJI
Tello quadcopter will be controlled via a keyboard, joystick, and
Graphical User Interface (GUI). Programmed through the
Processing IDE, so the quadcopter can be controlled via the
keyboard. The functions of some keys on the keyboard and
joystick will be used to control the quadcopter's flying. To
control these flying, several libraries available in the Processing
IDE are required, while the GUI will function to read how the
conditions of the quadcopter when the quadcopter and
processing IDE are connected. The testing results show that the
GUI can display the same position as the actual DJI Tello based
on the data communication.
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l. INTRODUCTION

Developments regarding unmanned aerial vehicles
(UAVs) are currently very diverse, various types with various
specifications are developing rapidly. UAVs are vehicles that
can fly and can be controlled over long distances by users or
can automatically. UAVs come in various sizes, types,
configurations, shapes, and characters. UAV technology is
developing in various fields to facilitate and assist human
work, such as assisting in terms of security and monitoring
[1], transportation [2], agriculture [3], mining [4], search and
rescue [5], and military purposes [6].

Quadcopter is a type of UAV, where can be controlled
automatically through programs added and designed by
programmers, and controlled remotely through a controller
by users who are in a stationary place or in other vehicles. A
quadcopter is a multirotor with four motors as its driving
force, a quadcopter can also be called a quadrotor helicopter,
which has four motors for lifting and propulsion [7]. Some of
the components used to design a quadcopter consist of the
flight controller, brushless motors, quadcopter frames,
electronic speed controllers (ESCs), accelerometers, inertial
measurement units (IMU) sensors, and Global Positioning
System (GPS) [8]. The advantage of a quadcopter is its ability
to take off and land which is known as vertical take-off
landing (VTOL) [9]-[10].

There are various types of quadcopters that have been
designed, one of which is the DJI Tello quadcopter which is
included in the multi-copter type and usually has four
propellers. DJI Tello is an unmanned aircraft that has a small

size, only 98 x 92.5 x 41mm, and weighs 80 grams. DJI Tello
is used for beginners in learning to control a quadcopter. DJI
Tello does not have a GPS but is equipped with a camera and
a proximity sensor underneath for stable flight [11].

Teleoperated aerial manipulators are still a relatively new
field of study. Even for seasoned operators, typical manual
control of aerial manipulators is challenging, according to
earlier research [12], and completely new interface designs
are needed for the best human-machine interaction (HMI)
[13]. In situations where there are serious safety concerns or
to address functional issues, operators will always be required
to interface with robotic systems, regardless of the degree of
autonomy of the UAV [14]. Because of this, it is crucial to
comprehend the best interface layouts for aerial manipulation
jobs before implementing them in the open.

This research was conducted to control DJI Tello using
open-source software, namely Processing IDE. It is a
software sketchbook that learns how to program with an
artistic appearance and literacy. The User Interfaces (GUI)
buttons from Processing IDE and keyboard are developed to
control DJI Tello. The goal is to show that DJI Tello can be
controlled with various programming languages.

The rest of the paper is as follows: Section Il discusses
the materials and method which include the overview of DJI
Tello and the proposed method. The results and discussion is
presented in Section Ill. Finally, the conclusion of this
research is resumed in Section IV.

Il. MATERIALS AND METHOD
A. Materials

1. DJI Tello

DJI Tello is a tiny quadcopter intended for beginners
manufactured by Ryze Tech [15], shown in Fig. 1. It has
flight stabilization technology developed by DJI. Meanwhile,
Intel added technology to make it safer and easier to fly
indoors. Another uniqueness of DJI Tello is its acrobatic
capabilities in the air, live streaming, and being able to
program the airframe of this quadcopter.

DJI Tello has various specifications that support DJI
Tello use, with a propeller length of 3 inches. The design of
DJI Tello is to remove the landing gear and extend the base
of the rotor as the foot rotor so that it has a small size that
makes it easier to fly indoors. DJI Tello has an electronic
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image stabilization (EIS) feature so that the results of the
photos and videos are more stable.

DJI Tello can fly in 13 minutes, with an image
transmission distance of 100 meters. It can take pictures or
record with 720 HD quality and is equipped with a 5-
megapixel camera [16]. In addition, this drone can carry out
automatic vertical takeoff and landing (VTOL) movements,
perform precise hovering, and has a battery warning when it
is nearing depletion.

Fig. 1. DJI Tello

2. Processing IDE

Processing IDE is a software concept with visual, motion,
and interaction principles. Processing is made to provide
knowledge on how to process programs that can be made by
a basic computer in a context that can function as a design.
Processing becomes a unit in a programming language, or
programming environment, and provides methods or
information into the system itself to produce an integrated
system [17]. Processing is a Java-based programming
language that can be used in various operating systems,
namely Mac OS, GNU/Linux, and Windows. This Processing
IDE will be very easy to learn and use by users who are used
to using programming syntax that is like C, C++, and Java.
Processing can be an alternative in making graphics-based
applications because it applies various principles of
animation, motion, interaction, and appearance. And
especially console-based applications for beginning
programmers. Because all graphical object commands from
the Processing IDE use text-based commands.

ControlP5 in the Processing IDE offers a variety of
controllers that make it possible to easily change and adjust
values while the sketch is running. ControlP5 places variables
and functions in the sketch and will link the controller to the
appropriate variable or function automatically. Controllers
that have been added to a sketch can be arranged in tabs and
groups to customize their controllers. All controls used in the
drawing or shown in the processing sketch are by default. The
ControlP5 library can be obtained directly by downloading it
via the Processing library or via GitHub.

User Datagram Protocol (UDP) is a communication
protocol or shield in a low latency layer or low tolerance
resulting in unreliable communication between networks and
applications or used without a connection between users in
networks using TCP/IP. The UDP library for Processing is
used for IP DJI Tello communication with Processing to send
command data from the Processing work screen. This UDP
can be downloaded via import library Processing directly.

3. Controller

This study uses a QWERTY type of keyboard, which is
commonly used. This keyboard will function in terms of
controlling DJI Tello on several keys, which is the same as
controlling games based on using a keyboard as a control.

The joystick in Fig. 2 is a Logitech Extreme 3D Pro
joystick, which has an oval shape upwards. This joystick is
used in special games such as airplane games, so this joystick
is suitable for controlling the DJI Tello quadcopter which was
carried out in this study. This joystick has twelve buttons that
can be programmed according to the user, and eight-way
switches that are used to receive input in an accurate flight
simulation.

Fig. 2. Joystick Extreme 3D pro

The buttons of the Extreme 3D Pro joystick are
programmable, where programmed buttons can be
configured to perform simple, single commands, to complex
commands such as movements that combine several actions,
mouse movements, and so on. In addition, the Extreme 3D
Pro joystick is programmed to activate its profile feature
using the Logitech-support software if using Windows and
Linux OS.

The joystick is used as a tool to point or to direct
movement. The lever on the joystick is used to move the
cursor. The buttons on the keyboard can usually be integrated
with the joystick. The advantages of using the joystick itself
are that it can be operated on Windows or Mac, reliable,
responsive, symmetrical, and versatile button positions.

B. Method

The block diagram, Fig. 3, is intended as an initial system
design that will be made. This block diagram explains how
the DJI Tello control process works with the Processing IDE.
The hardware and software components used in this control.

DJi Tello

R

Processing IDE

l Keyboard ]

Joystick Expert

T

Fig. 3. Block diagram of the proposed system
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The system design method is outlined in the block
diagram in Fig. 3 which of the Processing IDE software
connected to DJI Tello via Wi-Fi and the Processing library.
The commands are managed and processed by the Processing
IDE, where the output from managing the process is GUI and
control with the keyboard and joystick, the results of which
will affect the movement of the DJI Tello quadcopter.

In this study, the keyboard becomes a remote control by
using several keys on the keyboard as explained in Fig. 4 and
Table 1. The control on the keyboard uses the mouse
coordinate access function from Processing, namely Key
Pressed which is a function to call the keyboard according to
the variable it uses.

Fig. 4. Keyboard key for controlling

Table 1. Keyboard key description

No  Button Function
Turn left
Landing

Move forward
Move backward
Takeoff
Turn right

Move counterclockwise
Move up

Move down
Move clockwise

1
2
3
4
5
6
7
8
9

ACCIUOXWSND

1

o

The process of connecting DJI Tello through Processing
requires several steps that need to be carried out, whereas, at
this design stage, it concerns the process when connecting DJI
Tello with Processing related to programming in the
Processing IDE. The flow chart in Fig. 5 explains the process
for how Processing can control DJI Tello, this happens where
Processing retrieves DJI Tello's IP address data, namely
192.168.10.1 and DJI Tello's port, namely 8890, using the
User Datagram Protocol (UDP) library that relies on long-
distance connections. UDP is imported when programming,
with the name hypermedia.net, which is then declared in the
data presented so that DJI Tello can be connected to
Processing.

I1l.  RESULTS AND DISCUSSION

This  chapter discusses the Processing IDE
implementation process for DJI Tello quadcopter control
using various libraries. The connection goes through the DJI
Tello Wi-Fi network and sends IP, and DJI Tello ports via the
UDP Processing library.

f Initialization ;

h 4

Import librarty for
Processing

A

IP and Port detected:
Connected

End

Fig. 5. Flow diagram connecting Processing and DJI Tello

A. GUI and Controller

The design of the Processing GUI for DJI Tello is used to
determine the condition of DJI Tello when it is actively
connected to processing, where these conditions are shown in
Fig. 6. The visual form of DJI Tello's conditions can be seen
on the Processing IDE work screen. The GUI shows details
of DJI Tello's condition when the Processing IDE software is
connected to DJI Tello. The DJI Tello GUI can read battery
conditions, temperature, roll, pitch, and yaw. The DJI Tello
object file will perform roll, pitch, and yaw movements that
are adjusted to the conditions of DJI Tello when flying.

YEPARTEMEN TEXNIX ELEKTRO O ORMATIKA Q
mul M INSTRUMEN CENDALI Qr
AST UNIVERSITAS GADIAH MADA

Antarmuka DJI Tello [l o [z

Roll Pntch de

/\ltltude

0

Fig. 6. DJI Tello’s GUI developed in Processing, Antarmuka DJI Tello
(DJI Tello Interface)

To control the flight control of the DJI Tello quadcopter,
in this case, consisting of digital buttons and analog buttons.
The following is the GUI display for the joystick in Fig. 7.
This base will be connected with digital buttons for take-off
and landing while for movement control using analog buttons
related to the axis value of the joystick, either from shifting
or moving from DJI Tello.
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Fig. 7. Joystick control configuration

DJI Tello control with this keyboard will set and control
DJI Tello's flying position. Fig. 8 explains the flow chart for
controlling through the keyboard. The keyboard button will be
active by providing input on the button. Then, the process
continues with decision conditions that may be received by
DJI Tello. If the conditions given receive an order of yes, then
DJI Tello will advance according to the command given, and
the process is completed. On the other hand, if the condition
DJI Tello receives an order no, then the process will send an
"error” and DJI Tello will not process commands.

B. Testing

This DJI Tello clockwise control comparison test is used to
determine IMU sensor data readings on DJI Tello in flight
conditions, with a comparison of each movement clockwise
rotating by 30 cm. The results are listed in Table 2.

Keyboard
detected

eyboard command

match? No

Y

Sent commend to
DJI Tello

Commend Error

<&
<

A 4

End

Fig. 8. Flow diagram of keyboard control

In the results shown in Table 2, where the yaw value
dominates the change in value, the yaw movement value is
generated by the rotational motion of the motor and propeller.

The propellers A, C, and B, D in the order that can be seen in
Fig. 1. The position of this yaw value obtained from the
comparison of motor speeds A, C and B, D. Where, in this
case, the B, D motor has a greater speed compared to A, C so
that it produces the right yaw value because it is controlled
clockwise. And in this reading comparison test, it is known
that there is a positive pitch value of 1. It is known that it is
caused by the movement of motor C which is faster than motor
A, so a positive pitch value of 1, is obtained because there is
little noise in the test.

Table 2. Clockwise control
No  Clockwise IMU’s data
1 0cm Pitch =0, Roll=0, Yaw = 18
2 30cm Pitch =0, Roll =0, Yaw = 30
3 60 cm Pitch =0, Roll =0, Yaw = 55
4 90 cm Pitch=0, Roll =0, Yaw =73
5 120 cm Pitch =0, Roll = 0, Yaw= 48
6 150 cm Pitch =0, Roll =0, Yaw = 65
7 180 cm Pitch =0, Roll=0, Yaw=74
8 210 cm Pitch = 1, Roll =0, Yaw =94
9 240 cm Pitch =0, Roll =0, Yaw=117
10 270 cm Pitch =0, Roll =0, Yaw = 136
11 300 cm Pitch =0, Roll =0, Yaw = 154
12 330 cm Pitch = 0, Roll=0, Yaw = -164

This DJI Tello counterclockwise control comparison test is
used to determine the reading of the IMU sensor data on DJI
Tello in flight condition, with a comparison of each rotating
counterclockwise movement of 30 cm. The results shown in
Table 3, where the yaw value dominates the change in
negative value. The yaw movement value is generated by the
rotational motion of the motor and propeller between
propellers A, C and B, D. Where, in this case, the A, C motor
has a greater speed compared to B, D so that it produces a left
yaw value because it is controlled counterclockwise. In this
reading comparison test, it is known that there is a positive
pitch value of 1, it is caused by the movement of motor C,
which is faster than motor A, so a positive pitch value of 1, is
obtained because there is little noise in the test. The roll value
that has values -1 and -2, this roll value is obtained due to
differences in motors B and D. If motor B has a faster speed
than motor D, then the motor will rotate left indicating a
negative value, and vice versa. This roll is the ratio of positive
and negative angles to the X-axis.

Table 3. Counter-clockwise control

No  Clockwise IMU’s data

1 0cm Pitch =0, Roll=0, Yaw =-15

2 30cm Pitch =0, Roll =0, Yaw = -42
3 60 cm Pitch =1, Roll =0, Yaw = -70
4 90 cm Pitch =0, Roll = -2, Yaw = -101
5 120 cm Pitch = 1, Roll = -1, Yaw=-130
6 150 cm Pitch =0, Roll =0, Yaw = -150
7 180 cm Pitch =0, Roll=0, Yaw=-171

8 210cm Pitch = 0, Roll =0, Yaw =144

9 240 cm Pitch =0, Roll =0, Yaw=116

10 270 cm Pitch = 0, Roll =0, Yaw = 88
11 300 cm Pitch =1, Roll =0, Yaw =59

12 330 cm Pitch = 1, Roll=0, Yaw = 31

This DJI Tello GUI comparison test is used to determine
the reading of the IMU sensor data on DJI Tello when
connected to the Processing IDE which displays the GUI
interface. The results in Table 5 state the IMU data values
from the GUI connected to DJI Tello, where these values
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have a difference in every change in movement. When DJI
Tello is in the number one position the roll and pitch values
are equal to 1 while the yaw value is -14, then the difference
in the data value with position number 3, namely the roll
value will show a negative position value of -51. While the
pitch value is 0 and the yaw value is 72. Meanwhile, for the
fifth position condition where the roll value is -19 which
decreases, shows the difference in position with the third
condition, the pitch value is 86 with the difference in position
with the third condition which is close to 90 and the yaw
value in the fifth condition is 51. Furthermore, the DJI Tello
IMU value in the inverted DJI Tello position has a roll value,
namely -174 where the position shows a rotation that is close
to 180 degrees and the pitch value is 2, while the yaw
condition is negative -97. The comparison of each of these
data is a comparison of the orientation of the DJI Tello
quadcopter with respect to gravity. The data is read by
measuring the rotational speed of the roll, pitch, and yaw
angles and compensating for error/drift from that angle.

The comparison test of DJI Tello's flight time to the
temperature is used to find out the reading of DJI Tello's
temperature data which has a range between 0-90°C. The
results are shown in Table 4.

Table 4. DJI Tello’s position in GUI

No GUI DJI Tello IMU Data Value

1 G

Y

Pitch =1, Roll=1, Yaw =-14

Pitch =5, Roll =7, Yaw = -106

1
R

Pitch = -51, Roll =0, Yaw = 72

Pitch =51, Roll =0, Yaw = 75

Pitch = -19, Roll = 86, Yaw=51

Pitch = -9, Roll =-81, Yaw = 90

Pitch = -174, Roll=2, Yaw= -97

During the initial flight, namely 4 seconds, the temperature
on DJI Tello has a value of 23°C. The second time of 22
seconds DJI Tello has a temperature condition of 24°C, and
the third time of 26 seconds has a temperature of 24°C. With
a long flight time, DJI Tello's temperature conditions will
always increase to the maximum range value of 90°C. In
Table 5 it shows the temperature value of DJI Tello ina flying
state for a period of approximately one minute the
temperature value has a value of 29°C.

Table 5. Temperature vs. time record

No Time(s) Temperature (°C)
1 4 23

2 22 24

3 26 24

4 40 27

5 56 28

6 77 29

IV. CONCLUSION

The purpose of research activities on the DJI Tello
quadcopter flying interface with Processing IDE is for testing
the DJI Tello quadcopter which can be controlled with the
keyboard and joystick. Processing IDE is used to create a
Graphical User Interface (GUI). The control of flying the DJI
Tello quadcopter requires several libraries in the Processing
IDE to support control using a joystick, namely game control
plus, while the process of sending data uses the UDP library.
The testing results show that the GUI can display the same
position as the actual DJI Tello based on the data
communication. This research can be further developed in the
future by paying more attention to the stability of the DJI
Tello network and developing DJI Tello camera access.
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