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Abstract

In this study, a mobile application (app) for Android
devices (ADs) is designed to gather robot data and supply
the reference values needed for the autonomous operation
of mobile robots intended for various uses. Robot control
settings can be supplied with any AD using this application;
no further hardware or computer is needed for robot
control. Beyond providing manual control, the application
also has an interface for autonomous control. It allows the
robot to be directed to certain locations by sending it three
coordinate points and the approach distance. Furthermore,
as the robot moves, real-time data can be received by
Bluetooth (BT) on the AD, and the robot's current position
is shown on the device's screen. To demonstrate the
efficacy of the study, control of the robot with Proportional-
Integral-Derivative (PID) and Fuzzy logic controller
(FLC), whose prototype are carried out, was performed per
the references received from the AD. Meanwhile, real-time
data about the robot was gathered on the same AD with the
Excel file extension, mailed to the PC, and data graphs were
created. The study has demonstrated that ADs may be used
for both manual and autonomous control of robots.

Keywords: Android application, MIT App Inventor, Robot
control

1 Introduction

Robotics technology has advanced significantly in recent
years, along with every other technology. They provide the
necessary workforce in sectors where human labor is
insufficient or poses harm to human health [1]. While
building robots, it's crucial to consider usability and
functionality. Because of this, using a smartphone for robot
control would be more practical in terms of both cost savings
and usability. These days, smartphones are practically an
extension of the human body. As a result of this, new
smartphones are manufactured daily that are stronger, faster,
better at performing, and more durable. Additionally, they
greatly simplify human life by including capabilities like
Wireless Fidelity, Bluetooth (BT), Global Positioning
System, cameras, and different detectors [2]. Applications
(app) created using these features provide various functions
by interacting with things and taking care of users' individual
needs. These devices, made by various firms, run on a variety

Oz

Bu ¢alismada, farkli alanlarda kullanilmak {izere tasarlanan
mobil robotlarin otonom kontrolii i¢in gerekli referans
degerleri saglamak ve robot bilgilerini toplamak amaciyla
Android tabanli bir uygulama tasarlanmigtir. Bu uygulama
ile robot kontrolii i¢in herhangi bir ek donanima veya
bilgisayara ihtiya¢ duymadan herhangi bir Android cihaz
ile robot kontrol parametreleri saglanabilmektedir.
Uygulama, manuel kontroliin yani1 sira otonom kontrol i¢in
bir arayiiz sunmakta ve robotun istenilen hedeflere
gidebilmesi icin robota {i¢ koordinat noktas: ve yaklagim
mesafesini gonderebilmektedir. Ayrica robot hareket
etmeye bagsladiginda Bluetooth iizerinden Android cihaza
anlik veri almabilmekte ve robotun anlik konumu cihaz
ckraninda koordinat diizleminde goriintiilenmektedir.
Caligmanin etkinligini ortaya koymak amaciyla, prototipi
gerceklestirilen robotun PID ve FL kontrolor ile otonom
kontrolii, = Android cihazdan alman  referanslar
dogrultusunda gergeklestirilmistir. Ayni zamanda robot
hakkinda anlik bilgiler Excel dosya uzantisinda Android
cihaz Tiizerinde toplanmig, mail yoluyla bilgisayara
aktarilmig ve verilerin grafikleri ¢izdirilmistir. Calisma,
robotlarin yalnizca manuel olarak degil, ayn1 zamanda
otonom kontroliinlin de Android cihazlar yardimi ile
yapilabilecegini gostermistir.

Anahtar kelimeler: Android uygulama, MIT App
Inventor, Robot kontrol

of operating systems, including Android, iPhone Operating
System and Windows Operating System. Among them, the
most widely used operating system is Android. Apps built
for Android, therefore, appeal to an expanded audience.
These days, one of the places where Android apps are
made is managed by the Massachusetts Institute of
Technology (MIT), and it is called MIT App Inventor, which
was originally made available via Google Business [3]. A
web-based, open-source development tool, MIT App
Inventor allows users to design and develop fully working
Android apps while giving them a graphical user experience
[4, 5]. Google Blockly was the foundation [6] and employs a
block-based programming language derived from languages
like StarLogo TNG [7] and Scratch [8, 9]. In the last decade,
as well as to develop apps such as solutions for automation
[10-13], air quality monitoring devices [14], apps for
smartphones [15], training [16, 17], wellness [18, 19],
monitoring and management of machinery [20-22],
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navigation [23] communication [24], agriculture [25], etc.,
Android apps have been used also for robotic systems [26-
42].

A three-degrees-of-freedom reconfigurable articulated
robot has been developed by Rajpar et al. They used Arduino
for controlling the robot's motions, and their own Android
platform to send manual control commands [26]. Utilizing
BT and a mobile Android app that enables control of an
interactive robot using image or voice, to manually control
the mobile robot (MR), Nadvornk and Smutny did so.
Through the app, they were able to observe the robot's
proximity to obstacles using the data they collected from the
sensors positioned in front of the robot [27]. Aldhalemi et al.
used a smartphone and a gyroscope connected via BT to
execute control of a two-wheeled self-balancing robot in
real-time [28]. By sending voice commands via the Android
app to the Arduino through BT, Harhipriya et al. were able
to drive a robot vehicle [29]. Ersahin and Sedef used wireless
technologies to control a robot remotely. On a tablet, they
put the Android app they created. Through Wi-Fi, they
transmitted the images to the tablet they were taking with the
robot's camera, as well as the values they were setting for the
robot's direction and speed to the robot [30]. For
environmental safety and security, A robot with a camera,
PIR, and gas sensor was remotely controlled via the Internet
by Ramya and Palaniappan. In the Microsoft Visual Basic
interface they created, they can take camera pictures and
manually operate the robot to detect gas leaks and unlawful
live entry [31]. An Android smartphone app was used by
Meteab et al. to drive a robot vehicle [32]. To gauge
temperature, humidity, and carbon monoxide levels in mines
with hazardous and challenging working circumstances,
Quadri et al. utilized a 3D printer to make a robot. To control
this robot, an Android app has been created. When the
measurement results were seen on a smartphone, they
showed 100% accuracy up to a distance of 10 m [33]. Papcun
et al. used BT and a Wi-Fi interface to connect the mobile
robot Khepera Ill to a mobile smartphone. They performed
face recognition by transferring the photo they captured with
the robot's camera to the mobile device [34]. A powerful,
affordable Robotic vacuum that can be operated by mobile
devices was designed and produced by Eren and Dogan.
They created an Android app so that the robot could be
controlled remotely. With the app, the brush motor and
vacuum may be operated while the robot is moving [35].
Using the Robot operating system (ROS), Kirl1 et al. created
mobile robot operations and ADs after mapping the
environment with a six-wheeled mobile robot. The camera
image and the computed map data are sent back to the device
by the guided robot using the AD [36]. In a study conducted
by Molnar et al., a mobile robot that stands on two wheels to
give balance was designed and controlled. They used the
ESP8266 microcontroller to carry out PID control. They
gave users control over the mobile device and the PC via the
web interface by creating a mobile app with MIT App
Inventor [37]. For the Robosoccer game, Varga et al. created
a mobile app that uses an accelerometer to control movement
and direction by pairing players 1 and 2 via BT [38]. In the
study in [39], the robot was operated by BT by projecting the

Android phone's screen onto the computer using the
Mobizen program.

When the studies in the literature are analyzed, it is clear
that simple apps have only been created for manual control
or that ready-made apps are utilized to operate robots. Any
app such as sending reference values to the robot for
autonomous control, collecting real-time data, and
displaying a graph of the robot's position on an AD, has not
yet been created. Due to this, a mobile robot with four wheels
whose prototype has been realized has been both
autonomously and manually controlled in this study using an
Android app that transfers data between the Android phone
and the robot. MIT App Inventor's creator and blocking
editor are used to create the interface and code of the app.
Three separate reference points and approach distances can
be given for the robot to travel to more than one target point.
Additionally, information regarding how close to these
locations the robot should get can be given over the same
screen. Following the transmission of these references to the
robot, data on the robot's linear speed, angular speed, and
instantaneous wheel speed are transferred to the AD, where
an instant graph is drawn and the data is gathered in an Excel
file for transfer to another environment. To demonstrate the
effectiveness of the app, the requested data was sent via the
app to the mobile robot, whose position and speed control
were carried out with PID (proportional-integral-derivative)
and fuzzy logic controllers (FLC). The data received from
the robot was collected as stated and stored on the device. It
was discovered that the data transmission was carried out in
both directions without any issues and that the robot control
was available for the desired references after these data were
sent to the MATLAB software, performance graphs of the
robot were generated, and results were reviewed.

2 Material and method
2.1 MIT App Inventor

MIT App Inventor was originally made available by the
Google firm and is now managed by MIT [43]. The design
interface and the block editor are its two components. The
area where screens and content are developed is the design
interface seen in Figure 1.

Below are the sections of the design interface and their
respective tasks [43]:

e InPalette: This is where the viewer area's components
are inserted using the drag-and-drop approach.

o  Designer: It's utilized to access the design space.

e  Properties: This section allows you to change the
component properties.

e Viewer: This section demonstrates how the
components will be shown.

The block editor, depicted in Figure 2, is a workspace
where programmers may graphically change their app's logic
using blocks to describe the software [44].
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Figure 1. MIT App Inventor design interface
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Figure 2. MIT App Inventor block editor

The following are the sections and their functions in the
block editor interface:

e  Component-Specific Drawers: This is the section that
contains the code blocks that can be applied to the
components on the design screen.

e  Block-In Drawers: This is the section where the general
code blocks are located.

e  BlocksButton: It is the button to open the block editor.

e  Blocks Viewer: It is the area where the code blocks can
be dragged and dropped.

e  Block: Code blocks used for software [45].

MIT App Inventor has been applied to numerous apps in
recent years, including systems for automation [46],
intelligent toggles [47], games and tests [48], smart home
management [49-52], and teaching [53].

2.2 Mobile robot

The mobile robot, which will be controlled with the
Android app, has a 4-wheel construction with a differential
driving mechanism, each wheel powered by a 12V DC
motor. Figure 3 shows the prototype of this mobile robot as
well as its 3D designs.

Two Sparkfun Monster Moto Shields with PWM control
are used to control the motors' speed. The Arduino Due
microcontroller is sending these PWM values. Reference and
approach distance values sent from the designed Android
app are sent to Arduino via BT 4.0 HM-10 module.
According to these transferred values, the autonomous

control of the robot is performed. In addition, while the robot
is in motion, the robot’s data is transferred to the AD via the
same BT module, and the instant motion graph of the robot
is drawn on the AD screen and the data is collected in the
Excel file at the same time. Figure 4 shows the design of the
architecture of these procedures.

@ (b)

Figure 3. Mobile robot (a) 3D drawing view and (b)
Realized view

2.3 Control software

While manual control of the robot is carried out
according to PWM values without the need for any
algorithm, PID and fuzzy logic algorithms are used for
autonomous control.

PID controllers, sometimes referred to as proportional,
integral, and derivative (PID) controllers, are widely used to
control DC motor speed. In nonlinear control systems, the
PID controller is thought to be the technique that is used the
most [54]. It provides the most straightforward and effective
solution for a variety of control issues, addressing both
steady-state and transient reactions. Equation (1) "gain
notation" is typically used to write the transfer function.

1
T(S) = Kp + Klg + KdS (1)

Where Ki is the integral gain, Kd is the derivative gain,
and Kp is the proportional gain. In this study, it is used to
control the reference speed values given to the motors.

As shown in Figure 5, the fuzzy logic controller (FLC) is
a control algorithm that generates outputs that can be utilized
in the physical world after processing input data that is
extracted from the physical world and whose value is known.

450



NOHU Miih. Bilim. Derg. / NOHU J. Eng. Sci. 2024; 13(2), 448-459
A.Top, M.Gékbulut

HM-10

Arduino Due 4  Right motor encoders |

Left motor encoders

Left motors

Right motors

Figure 4. Robot control architecture

u(e)

5| Rule Processing | pu) u(k)

» .
u(Ae) Unut

i ......... C—
: I
| Rule Base |Data Base |
i .
. |

Information Base

precise inputs
Defuzzification
Unit
precise outputs

Fuzzification Unit

Figure 5. The general structure of the FLC

This control scheme consists of four key parts. these: the
rule basis, the inference, the defuzzification units, and the
fuzzification unit. Mamdani-type fuzzy logic was employed
in this study to execute position control and path planning
following the destination coordinates given to the robot by
the Android app. The controller has two input variables and
two output variables. As input variables, the distance error
and angle error to the coordinate point where the robot
should move are given. The output variable is the linear
velocity and angular velocity values that the robot must
achieve instantaneously.

When the general workflow diagram in Figure 6 (a) is
examined, the position and angle error values found by first
taking the difference between the reference position
information coming from the AD and the current position
information are applied as input to FLC. Reference motor
speeds are calculated by substituting the reference linear and
angular velocities of the robot obtained from the output of
this controller into the inverse kinematic equations given in
Equations (2-3). In line with these speeds, instantaneous
robot speeds are calculated again with the forward kinematic
equations in Equations (4-5) by utilizing the instantaneous
speed information of the PID-controlled DC motors and
these are converted into position information.

WL=%.(V—W;) (2)

WR =%.(v+wg) ©))
V= I2_{ (wgr +wp) (4)

3 Android application

The MR is designed to be controlled in two different
ways: manually and autonomously, so the Android app
interface is divided into three sections to reduce complexity
and provide visuality. The initial screen, the autonomous
control screen, and the control screen for manual operations
are these components. Figure 6 (b) shows a general
workflow diagram for the app.

When the app is first launched, the Home Screen appears
shown in Figure 7 (a). The AD and the robot's BT connection
are shown on this screen. In addition, there are buttons for
the selection of manual or autonomous control screen and
choice of reset and shutdown

3.1 Manual control screen

The screen where manual control of the MR is offered is
known as the “Manual Control Screen”. There are buttons
for direction, speed change and indicators, return, fan, and
lights on the manual control screen shown in Figure 7 (b).
One can control the robot's movement and alter its pace, and
its fan and headlamps can be turned on and off using these
buttons.

It is based on sending the string data type information
sent from the AD to Arduino when the relevant button is
pressed. This information was read in Arduino and a
command was written for the desired task. Motor speed
values are sent in PWM and these values are sent to the motor
driver to control the robot.

It can be used when the user wants to use the robot
manually, or it can be used to bring the robot to its starting
position with autonomous control.
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3.1 Autonomous control screen

Neural Networks, Fuzzy Logic, and so forth. Algorithms
can be used to control the robot's location and speed. Sending
the desired position and approach distance information for
the robot to the robot as a reference value is necessary once
the control algorithms have been loaded into the robot
processor. This procedure is likewise carried out on the
Android application's autonomous control panel. Three
input, deletion, and confirmation buttons for reference
coordinate points and a back button are present on this
screen, as shown in Figure 8 (a). Unlike manual control, no
direction or speed information is given to the robot, only the
desired coordinate point and lookahead are given. Control
algorithms determine the speed and direction of the robot.

The user can enter the reference x and y axes and the
robot's desired approach distance to the aim point in meters.
In addition, he/she can enter three reference points X1, y1, X2,
y2, X3, and ys, as well as specify two targets by giving the zero
value to the first reference point or a single target by giving
zero values to the two reference point. The approach distance
also defines the robot's distance from the goal in meters. If at
least one of the values to be entered on the screen is missing,
the missing parts are marked with red as in Figure 9 and the
parts where the value is entered are green ticks. Then, an
error message is displayed stating that the values must be
completed and the send button must be pressed. When the
send button is pressed after all the values are entered, this
data is transmitted to the Arduino, which processes these
values as a reference. In addition, the coordinate axis in
Figure 8 (b) is displayed, and the instant position of the robot
and whether it reaches the given targets can be seen from
here.

For example, by entering x1:2, y1:2, X2:4, y2:2, X3:6, y3:0
m reference values and 0.05 m approach distance in Figure
10 (a), these reference values are sent to the robot when the

Enter the target robot positions and
lookahead distance. Then click send

X1: 5 m,Y: 2 m
XE| 0 mBwE m/

sl 3 e 1 m/
ERROR

Please! Enter the axises that lack

or lookahead distance and then
again click ‘'send

send button is pressed. While the robot is performing its
autonomous movement, the data collected on the AD via BT
and the graphic in Figure 10 (b) are drawn on the screen.

The share files button at the bottom of Figure 11 (a) turns
on when the robot has finished its motion. In addition to the
instant position of the robot, information such as the robot's
linear speed, angular speed, angle, angle error, reference, and
actual speeds of the motors are collected in Excel format, and
with this share button, it can be shared on platforms such as
mail, WhatsApp, drive, etc., as seen in Figure 11 (b). In
addition, as in Figure 11 (c), this information is saved to the
AD. xls extension and the instant graphic as .jpg extension.

When sharing via mail, the Excel file containing the data
and the explanation is automatically added to the mail as seen
in Figure 12. The workflow diagram of the above processes
is given in Figure 13.

@ A $ 7 i

Enter the target robot positions and x axis:
lookahead distance. Then click send .

y axis:
x: | om, vy L x and y position (m)
X2: m, Y2 m/ ‘;f'

Hi
X3: m, ¥3: my :
Lookahead: m /

(@) (b)
Figure 8. Application’s (a) Autonomous control screen
and (b) Instant location drawing screen

Enter the target robot positions and
lookahead distance. Then click send

X1: 5 m,vyi: 2 m/
X2: © m,Y2: -6 m/
X3: 2 m,v3s: 1 m/

mma:-m/

Clear Send

Figure 9. Error messages received in case of missing reference values (a) Only approach distance is missing, (b) Missing two

coordinates and approach distance (c) All values are missing
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Figure 10. (a) Reference values sent to the robot and (b) Instant motion graph of the robot
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4 Results and discussion

The coordinate points (1,0), (1,2), (3.2) m, and the
approach distance of 0.05 m were sent as references from the
AD to the robot, respectively. During the autonomous
movement of the robot, the data transferred to the AD were
collected in Excel and transmitted to the computer by mail at
the end of the movement. By transferring these collected data

to the MATLAB program, robot performances in Figure 14
and motor speed and errors in Figure 15 were obtained. Since
the first target point is on the x-axis, the robot moved straight
as in Figure 14 (a) without any rotational movement. It is
also understood from the angle graph in Figure 14 (b) and
the angular speed graph in Figure 14 (c) that there is no
angular motion. Looking at the motor speeds in Figure 14
and the linear speed graphs in Figure 14 (d), the robot first
started to move at 25 rpm and 0.275 m/s.

The robot changed direction twice during the whole
motion, once to the right and once to the left, and during this
movement, which in the experimental investigation lasted
22.61 seconds, the motors and the robot made the speed
errors indicated in Table 1.

Looking at the target points, both right and left turns are
expected to be 90°. However, since the given approach
distance is 0.05 m when the first target is reached, it does not
go exactly perpendicularly to the second target, as the turn
was taken from behind the point. Therefore, the first angle to
rotate was 1.54 radians, while the second angle was 1.63
radians. Likewise, it turned very close to the second target
and when it completed its movement, the robot stopped at an
angle of 0.093 radians. The instant location information
drawn on the AD screen during the movement of the robot
to these reference points is shown in Figure 16.

) Start ¢

)

Return t Send all values
e 0 to processor
home screen l
Set visible and Open drawing

invisible buttons screen and get
instant values

Delete values

Is there still a
bot moveme

N
+

| Send reset info |

N
Pelete bution
pressed?

Delete all values

Send button change
text color

Bluetooth
connected?

| Activate the share button |

N End NM

L)

Figure 13. The autonomous control screen's workflow diagram
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Table 1. Speed errors of motors and robot for xi:1, y1:0, x2:1, y2:2, x3:3, y3:2 m reference values and 0.05 m approach distance

Motorl Motor2 Motor3 Motor4 Robot
Mean absolute speed
P 0.311 0.262 0.269 0.305
error (rpm)
Max. speed error
| P 12.648 12.467 12.393 12.691
(rpm)|
Mean absolute angular
0.0083
speed error (rad/s)
|[Max. angular speed
0.355
error (rad/s)|
Mean absolute linear 0.0025
speed error (m/s) ’
|[Max. linear speed
-- 0.073
error (m/s))|
3 Robot Position (a) 5 Angle of the robot and angle error (b)
*|[—nstantlocation| T = = Robot angle
by r - Y
2 Ref. Point2 — 1 ! \ 1
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- E
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Figure 14. Experimental results for xi:1, yi:0, X2:1, y2:2, x3:3, y3:2 m reference and 0.05 m approach distance. Robot:

(a) Location, (b) Angle and angle error, (c) Angular speed and error, (d)

Linear speed and error

Motor speed and errors
T T T T T T

30 - 4
E 200 S TN |
3 e A B R 4 g
; 10 - g 0 ] ‘ DR e
151 1 |
Q "I RF R — !
o0 2| st .
i ) W —Right ref. Motor2
-10 — —Motorl
1 1 1 1 1 I I I
5220 ! ! ! ! ‘ ‘—Motorl érror ——Motor2 error}—
E £ C . -
~ i i i i i i i i i
0 2 4 6 8 10 12 14 16 18 20 22
()
[
30 - !
= 1\ N i \ 4
S 20 S~
< 10 .
5]
& 0 ! , i
oo —Left ref. Motor4
-10 - —Motor3
1 | 1 | 1 1 T
—_ T T T T T -
5 = 20 t ‘—Mot0r3 error —— Motor4 error}»
5E0 f :
= I i I I I I I I I I
0 2 4 6 8 10 12 14 16 18 20 22
Time (s)
(b)
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Figure 16. For the reference values xi:1, y1:0, x2:1, y2:2,
X3:3, y3:2 m, an instant position graph

5 Conclusion

In this study, a new interface has been developed on the
AD to send the reference and approach distance values
required for autonomous control of the mobile robot that can
be controlled manually with the AD. Thanks to this Android
app, three different reference points where the robot is
desired to go are sent to the robot processor via BT and
autonomous control of mobile robots can be realized thanks
to the algorithms written in the robot processor. After
sending the reference values, the values such as linear speed,
angular speed, angle of the robot, and the speed of the motors
are collected by the processor and sent to the AD via BT
when the robot starts to move. This data transferred to the
AD is collected in Excel file format, as well as the instant
location information of the robot is drawn on the screen.
After the robot movement is completed, the Excel file where
the data is collected can be shared on a desired platform. In
the example carried out for this study, three different
reference points are sent to the robot, and its control is
ensured. The data collected during the movement were
transferred to the computer by mail and the graphics were
drawn in the MATLAB program. When these graphs are
compared with the instantaneous position graphs drawn on
the AD screen, it is seen that the robot data is transferred
without error. Thanks to this app, both manual and
autonomous control of robots can be realized. In manual

control, the robot can be moved to the desired position by the
user at the desired speed, while in autonomous control, a PID
controller and FLC are used for this work. In addition, since
communication is provided via BT, With the module used,
strong communication can be established up to a distance of
approximately 60 meters. If a location farther than this
distance is used as a reference, connection interruption may
occur. Furthermore, if the speed limits of the robot are
increased, the sampling time must also be increased to
receive information more synchronously.
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