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DEVELOPMENT OF A MOBILE ROBOT PROTOTYPE
WITH AN INTERACTIVE CONTROL SYSTEM

Abstract. One of the most urgent tasks of robotics is to perform work in conditions where a person cannot work, in
extreme conditions. At the same time, the goal is to find a person at a distance, often a considerable distance, in safe
conditions. From this follows the need to create robots that will be able to work by themselves either in autonomous mode
or in remote control mode. At the same time, the task of detecting sources of combustion, which can be solved by a mobile
robot equipped with specific sensors, is extremely urgent. Therefore, the task of developing an interactive control system
for such a robot becomes urgent. The subject of this study is a mobile robot control program. The purpose of this article is
to improve the efficiency of the fire safety system through the development of a mobile robot with appropriate sensors, as
well as an interactive control system. To achieve the goal, it is necessary to solve the following tasks: analyze the methods
of creating prototypes of mobile robots, develop a structural diagram of a mobile robot, choose components, choose the
necessary sensors based on the goals of ensuring fire safety, develop an automated control system based on a modern
single-board computer and intuitively develop clear operator interface. Conclusions: as a result of research, a structural
diagram of a mobile robot was developed, its components were selected, it was assembled, equipped with sensors, and
software was created that allows you to control it interactively. The developed prototype of a mobile robot will reduce the
risk of fires and the need for human intervention, ensuring an operational response to danger. In addition, a mobile robot
with the ability to independently navigate and recognize danger will ensure the optimization of work processes at various
enterprises, or to check dangerous areas, improve the safety of workers or people around and reduce material costs. The

result of the work is a functioning robot prototype with an implemented interactive control system
Keywords: mobile robot, ignition source, control system, fire sensor.

Introduction

In modern production, considerable attention is
paid to ensuring human safety and reducing the risks of
emergencies, including reducing the risk of fire due to
various causes. In order to prevent the spread of fire,
explosions in general, as well as explosions of
equipment, damage to workers, and minimize costs, it is
necessary to extinguish a fire as quickly as possible, or
even better, to prevent it. For this purpose, it is
advisable to wuse mobile robots equipped with
temperature and fire detection sensors. Such robots
should constantly monitor industrial premises and
transmit information to the operator in real time.

The aim of this work is to improve the efficiency
of the fire safety system by developing a mobile robot
with appropriate sensors and an interactive control
system.

A prototype of such a mobile robot will be
developed, as well as an interactive control system for
the mobile robot based on the Arduino board and the
use of sensors that will enable the mobile robot to
perform its tasks. The idea is to create a robot that can
move independently and recognize dangerous situations,
such as the onset of a fire and rising temperatures.

The developed prototype of a mobile robot will
reduce the risk of fires and the need for human
intervention by providing a rapid response to danger. In
addition, a mobile robot with the ability to
independently navigate and recognize hazards will
optimize workflows at various enterprises or to inspect
hazardous areas, improve the safety of employees or
people around them, and reduce material costs.

The result of the work will be a prototype of a
mobile robot with interactive control. It is a functional

device capable of moving in the environment and
interacting with the user. The mobile robot will be able
to receive commands from the user, as well as respond
to them, perform tasks and provide useful information.
An important aspect is a user-friendly interface that will
allow easy and intuitive interaction with the robot. In
addition, the prototype will have additional functions
related to monitoring the temperature in an industrial
room and detecting open flames in it.

Analysis of recent studies and publications.
There is a growing trend of emergencies in Ukraine and
the world [1].

The main areas of fire safety are the elimination of
fire conditions and minimization of its consequences.
Facilities must have fire safety systems aimed at
preventing exposure of people and material assets to fire
hazards, including their secondary manifestations [2].

Based on the requirement to ensure the safety of
people as much as possible, a progressive idea was the
use of mobile robots to detect abnormally high
temperatures and sources of fire in production. Many
authors offer their own experience in developing both
such robots and remote, preferably interactive, control
systems for them [3-7].

A whole galaxy of researchers [8-11] suggest
using the Arduino board to create firefighting robots, as
well as those that detect fires. That is why we chose the
Arduino Mega 2560 board in our work.

Purpose of the work. Improving the efficiency of
the fire safety system by developing a mabile robot with
appropriate sensors and an interactive control system.

The result of the work will be a prototype of a
mobile robot with interactive control. It is a functional
device capable of moving in the environment and
interacting with the user. The mobile robot will be able
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to receive commands from the user, as well as respond
to them, perform tasks and provide useful information.
An important aspect is a user-friendly interface that will
allow easy and intuitive interaction with the robot. In
addition, the prototype will have additional functions
related to monitoring the temperature in an industrial
room and detecting open flames in it.

1. Selection of mobile robot components

This article proposes the development of a mobile
robot with interactive control that can be used in
industrial, warehouse, or residential premises to monitor
and obtain information about temperature or fire.

The central component of the system is the
Arduino Mega 2560 R3, which provides sufficient
computing power and the ability to control various
aspects of the robot. It serves as the basis and "brain™ of
the project, allowing you to program the logic of the
robot and process data from sensors or sensors.

An example of the board is shown in Fig. 1.

Fig. 1. Arduino Mega 2560 board

The Arduino Mega 2560 board is one of the key
components selected for the development of a mobile
robot with interactive control. An important advantage of
the board is its functionality. It is equipped with a
powerful Atmega2560 microcontroller, which provides
enough computing resources to implement complex
algorithms and control various devices. The board also
has a large number of digital and analog 1/0s, which
allows you to connect various sensors, actuators, and
other peripherals.

The Arduino Mega 2560 supports a variety of
software libraries and the Arduino IDE, which simplifies
the programming and development process. It is also
compatible with a large number of extensions and
modules, which allows you to expand the functionality
and capabilities of the system. It also has a fairly low
cost. This board is widely available on the market.

The next important component for a mobile robot
is the platform on which all the elements are located.
We chose a mobile 3-wheeled transparent robot
platform for robotics. Its appearance is shown in Fig. 2.

The platform is equipped with two motors with a
deceleration ratio of 48:1. These motors provide enough
power and torque to move the robot. They operate at 3-
6V and have low current consumption, which is an
energy-efficient solution. Three wheels, of which two
are drive and sliding motors, provide stability and
maneuverability of the robot. This allows for efficient
movement in different directions and turns.

S

Fig. 2. Single deck robotic platform

This platform also has a battery compartment,
which simplifies the integration of the power supply
system into the robot structure itself. This ensures
convenient and compact battery placement, which is
especially important for mobile robots.

The next element will be the MB-102 solderless
breadboard with 400 points. One of the key advantages
of the MB-102 breadboard is its convenient design. The
breadboard is shown in Fig. 3.

Fig. 3. MB-102 solderless circuit board

The board has 400 contact points, which provides
enough space to connect various components, wires,
and connections. This allows you to conveniently
arrange circuit elements and make the necessary
connections for testing and design. The breadboard also
has high contact reliability and stability. Each contact
point on the board provides a reliable electrical
connection, which helps to avoid malfunction problems
and ensures stable operation of the circuit.

The bridge driver plays an important role in the
management and control of motors. The L293D bridged
motor driver was selected to control two bridged motors.
An example of a bridge driver is shown in Fig. 4.

Fig. 4. L293D bridge motor driver for collector motors
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The bridge driver ensures smooth and precise
movement of the robot. The L293D provides stable and
reliable motor control. It has built-in overload and back
EMF protection to help prevent damage to components
when changing direction or braking the motors. The
bridge driver also allows you to control the direction of
rotation of the motors and adjust their speed.

To connect all the components to the board, you
also need a set of mother-to-mother and father-to-
mother jumpers. An example of a set is shown in Fig. 5.

Fig. 5. Jumpers set

Next, we selected the necessary sensors. First, let's
look at the ultrasonic sensor. This is a component that
allows you to measure the distance to objects based on
the principle of ultrasonic wave reflection. The HC-
SR04 we have chosen is one of the most popular
distance sensors and is widely used in various robotics
projects. Its appearance is shown in Fig. 6.

Fig. 6. HC-SR04 sensor

The sensor consists of a transmitter and a receiver
module. The transmitting module generates ultrasonic
pulses that travel to the object and then are reflected
back. The receiving module registers the reflected
pulses and determines the time of sound wave travel.
Based on the sound travel time and knowing the speed
of air, the distance to the object can be calculated. The
HC-SR04 can measure the distance to objects in the
range of a few centimeters to several meters. This
makes it versatile and applicable in a variety of
scenarios. The sensor also has a simple connection and
communication interface with a microcontroller. It
works on the basis of the echolocation protocol, which
simplifies programming and integration into projects.
The selected instance is available at a low price and is
readily available on the market. This makes it an
attractive option for developing projects with a limited
budget.

For communication and connection to wireless
networks in the mobile robot project, the ESP8266 Wi-
Fi module of the ESP-01 version was chosen (Fig. 7).
This module provides a wireless Internet connection,
which opens up a wide range of possibilities for remote
control and data exchange.

Fig. 7. Wi-Fi module ESP8266 version ESP-01

The ESP8266 ESP-01 is a compact and cost-
effective  Wi-Fi  module that offers sufficient
performance and functionality to implement Wi-Fi
communications. It is equipped with a microcontroller
and a built-in antenna, which ensures its autonomous
operation. The module allows remote control of the
mobile robot using a smartphone, tablet, or computer. It
can also be used to collect data from various sensors on
the robot, such as distance, temperature, humidity, and
other sensors. The collected data can be transferred to a
remote server or cloud storage for further analysis and
processing.

The KY-033 line sensor (Fig. 8) is a device
specially designed to detect and follow lines on a
surface. It is equipped with infrared sensors that respond
to reflected light from the surface and allow you to
determine the position of the line.

Fig. 8. KY-033 line sensor

The line sensor allows the robot to detect and
follow a line on the floor or other surface. This can be
useful, for example, for creating a linear route or an
automatic navigation solution. It can be used to detect
obstacles in the robot's path. If the line is interrupted or
changed, the robot can react by changing its direction or
taking appropriate action. If the robot is moving on a
platform with edges or cliffs, the KY-033 line sensor
can help it avoid falling or colliding. The robot can react
to changes in surface color and adjust its movement to
stay in the safe zone of the platform
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The next sensor we chose was the KY-026 flame
sensor (Fig. 9). It is a module designed to detect the
presence of a flame, based on a photo-sensitive element
that responds to changes in the intensity of light created
by the flame.

Fig. 9. Fire sensor

A sensor can be mounted on the robot for early
detection of fire or other sources of flame in the
environment. If flames are detected, the robot can
activate appropriate safety systems or take action to
prevent the spread of the fire. If the robot is used in
areas where fires or dangerous situations are possible,
the flame sensor can be integrated into a warning
system.

When flames are detected, the robot can activate
sirens, flash lights, or send an alarm to alert others to the
presence of danger.

The last module to be installed on our mobile robot
is an infrared thermometer (Fig. 10).

An infrared thermometer is designed to measure
the temperature of objects using infrared radiation
emitted by them.

It can work together with the KY-026 flame sensor
to more accurately detect and measure heat or flame
sources. In our case, the use of these two sensors allows
us to measure the exact temperature of the flame source,

complementing the information received from the flame
sensor. This can be useful for determining flame
intensity or monitoring temperature changes in the
environment. The thermal module can also help detect
hot spots or objects with elevated temperatures in the
environment. This can be useful for detecting obstacles
that could cause damage to the robot or other objects, as
well as for determining temperature changes within
certain areas.

Fig. 10. Infrared thermal module

2. Assembling a mobile robot

The structure of mobile robots depends on the
tasks that the robot solves, but regardless of the tasks
being solved, the main components of the mobile robot
structure can be identified.

A block diagram is shown in Fig. 11.

Development of a circuit diagram. This circuit was
created using the online tool Tinkercad, which allows
you to design electronic circuits in a virtual
environment. The main components of the circuit are
two motors that are responsible for driving the robot's
wheels.

The circuit also includes two ultrasonic sensors
that are connected to a breadboard and then to an
Arduino Mega 2560 R3 board.

The circuit is shown in Fig. 12.

Mobile robot

Means of robot movement

‘Mobile robot control means

Means of ensuring the
execution of technological
functions

Wireless
© communication means

Means of autonomous
' power supply

Fig. 11. Block diagram of a mobile robot
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Fig. 12. Schematic diagram of the circuit

The connection to the prototype board is shown in
Fig. 13 and 14.

Fig. 14. Connection with sensors

Thanks to the Wi-Fi module ESP8266, we can
theoretically realize the control of a mobile robot

through a browser. The user, being in a local Wi-Fi
network, opens a browser on his device. The mobile
robot equipped with the ESP8266 module creates a web
server on the module that listens for incoming HTTP
requests. A web page with the robot's control interface
is displayed in the user's browser. The user clicks
buttons on the web page to control the robot. The
browser sends a corresponding HTTP request to the
robot's IP address and port. The ESP8266 module
receives the request and interprets it as a command to
control the robot's motors. The module transmits signals
to the L293D bridge driver, which controls the robot's
motors. The robot moves according to the commands
received from the user via the browser. Thus, the user
can control the mobile robot in real time (interactively)
by clicking buttons on a web page in the browser, and
the ESP8266 module transmits commands to the robot's
motors through the bridge driver. The developed
interface is shown in Figure 15.

FORWARD BACKWARD
STOP
RIGHT PEERT

Fig. 15. Example of a robot control interface

Conclusions

As a result of the above research, a prototype of a
mobile robot has been developed that will reduce the
risk of fires and the need for human intervention by
providing a rapid response to danger.
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In addition, this mobile robot has the ability to  inspect hazardous areas. Such a robot will improve the
independently navigate and recognize hazards, which  safety of employees or people around them and reduce
will optimize workflows at various enterprises or to  material costs.
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Po3podka mporoTuny Mo6iJibHOTo po6oTa 3 iHTEPAKTHBHOI CHCTEMOI0 KePYBaHHS
1. III. Hesmronos, C.C. MakcumoBa, O. M. Kinumenko, M. 0. Binoycos

AnoTaunisi. OHi€IO 3 HAafaKTya bHIMINX 3aBJaHb POOOTOTEXHIKM € BUKOHAHHS pOOIT B yMOBaxX, e HE MOXKEe TPAIfOBaTH
JIOZIMHA, B €KCTpeMalbHUX yMoBaX. IIpH 1IbOMY Ma€ThCs Ha METi 3HAXOKEHHS JIIOJMHHM HAa BiJICTaHi, 4acTO Ha 3HA4YHiH, B
Oe3reyHnX yMOBaX. 3 IBOTO BHIUIMBAE HEOOXiJHICTH CTBOpPEHHA pOOOTIB, siki OymyTh 3maTHi cami mpamoBatH abo B
aBTOHOMHOMY peXuMi abo B pe)KHMi BiJJJaJIeHOro KepyBaHHs. B Toli e yac HaJ3BUYAHO rOCTPO CTOITh 3aBIAHHS BHSBICHHS
MicIlb 3aiiMaHHsI, K€ MOXE BUPIIIHUTH MOOUTbHUI poOOT, ocHamieHnil crenudivHuMu narunkamu. OTKe, aKTyaJbHOIO CTae
3agavya po3poOKH IHTEPAaKTHBHOI CHCTEMH KepyBaHHS Uil Takoro pobora. Ilpeagmerom paHOro IOCHi/UKEHHS € Mporpama
KepyBaHHS MOOLTEHUM poOoTOM. MeToI0 1aHOT CTaTTi € MiABUIICHHs e()eKTUBHOCTI CHCTeMHU 3a0e3MeUeHHs MOXKEKHOT Oe3rneKkn
3a paxyHOK pO3pOOKH MOOUTHHOTO poOOTa i3 BIAMOBITHMMH JAaTYMKAMH, a TaKOXX IHTEPaKTHBHOI CHCTEMH KepyBaHHS. J{is
JOCSATHEHHSI ITIOCTaBJI€HOI MeTH HeOoOXiTHO BHUPIIINTH Taki 3aBJAHHS. ITPOAHAII3yBaTH CIOCOOM CTBOPEHHS HPOTOTHIIIB
MOOULTEHUX POOOTIB, PO3POOHTH CTPYKTYPHY CXeMy MOOLIEHOTO poOOTa, 00paTH KOMIUICKTYIOUi, 0OpaTH HEOOXiIHI JaTYHKH,
BUXOJASYM 13 IIiNiel 3a0e3nedeHHs] MOXKeKHOI Oe3NeKd, po3pOoONTH aBTOMATH30BaHY CHCTEMY KepyBaHHs Ha 0a3i CydacHOTO
OJTHOIIJIATHOTO KOMIT'IOTEepa i pO3poOUTH IHTYITHBHO 3p0o3yMinuii iHTepdeiic oneparopa. BHCHOBKH: B pe3yibTaTi JOCIiIKEHb
0yI10 POo3pOBIICHO CTPYKTYPHY CXeMy MOOIIBHOTO poboTa, 00paHO HOro KOMIUIEKTYoUi, 3i0paHo iforo, 06JagHaHO AaTYUKAMH Ta
CTBOPEHO IMporpaMHe 3abe3edeHHs, sKe J03BOJIsIE IHTEPAaKTUBHO KepyBaTH HUM. Po3poOneHuit mpototun MobinsHOro podora
JIO3BOJIUTH 3HU3UTH PU3MK BUHHKHEHHS MOXEX Ta HEOOXITHICTh JIIOJICEKOTO BTPpYUYaHHsI, 3a0e3MeUnBIIH ONIEPATUBHY PEaKIIilo Ha
HeOesneky. KpiMm Toro, MoOumbHHN poOOT 31 3MATHICTIO CAMOCTIHHO HaBIryBaTH Ta PO3Ii3HABATH HeOE3NeKy 3a0e3leduTh
ONTUMI3alil0 POOOYUX TPOIECIB Ha PI3HHUX MIAMPUEMCTBAX, ad0 Ul MEPEBIpKU HEOE3NMEUHUX NUITHOK, MOKPAIIUTh Oe3MeKy
MPAaIiBHUKIB 200 JIF0JIel HABKOJIO Ta 3MEHIINTh MaTepialibHi TpaTu. Pe3ynpTatoM poboTH € QyHKIIOHYIOUHI IPOTOTHIT POOOTa 3
peanizoBaHOIO IHTEPAKTHBHOIO CUCTEMOIO KepYBaHHSI.

Kaw4oBi caoBa: MoGinbpHHN po6OT, MicIie 3aiMaHHs, CHCTEMa KepyBaHHS, JaTIUK BOTHIO.
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