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Abstract: Here, we present research results on developing a compact multifunctional mobile robotic platform based on tracks. Nowadays, choosing the optimal control
system for such equipment remains relevant. We have proposed a system that allows measuring thermal indicators of objects or other environmental parameters in hazardous
areas and can be controlled remotely via video channels and a specially developed free-programmable console. We also suggest using a steerable two-axis camera gimbal
on a moving platform to implement enhanced VR/AR/FPV technology for efficient robot control. It provides a new quality of operator immersion in control compared to
common land-based mobile platforms. With this in mind, we have presented the main points related to the set of components and algorithms of the control system, which is
installed directly on the moving platform, and the control system that ensures the operation of the operator panel.
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1 INTRODUCTION

Mobile robotics is a fast-growing industry that allows
us to advance into a future where autonomous systems and
robots are integral to our daily lives [1-3]. Thanks to
advances in artificial intelligence, sensors, mechanics, and
other technologies, mobile robotics is becoming critical in
industry, medicine, science, entertainment, and many other
fields. Advances in mobile robotics are opening up new
horizons for industry and society in general. They help
improve productivity, efficiency, and convenience in
various spheres of activity. However, with new
opportunities come ethical and legal issues that require
careful consideration. Mobile robotics is changing how we
think about autonomy, efficiency, and interaction with
technology. Our ability to use mobile robots is becoming
more realistic every day. We are on the threshold of a new
era in which mobile robots become reliable partners and
employees. The mobile robotic platform for measuring the
thermal indicators of objects is an automated system that
can move and perform temperature and other thermal
parameters measurements on different objects. This
platform can be equipped with various thermal sensors,
cameras, or other devices capable of reading thermal
information from the surface of objects. This platform has
a system of mechanical or robotic moving elements that
allow it to move along the surface or around it. With the
help of these movements, the platform can scan the thermal
profile of the object and collect data for analysis. Using a
mobile robotic platform for measuring thermal indicators
of objects has several advantages. It allows you to measure
a large area faster and more efficiently than stationary
systems. In addition, the mobile platform can perform
measurements at great heights or in hard-to-reach places
where a person might have access problems. The
applications of mobile robotic platforms for measuring
objects' thermal indicators can be vast. For example, they
can be used in the energy industry to measure heat loss in
buildings or industrial facilities, as well as for military
purposes in intelligence operations. Therefore, creating
multi-purpose mobile robotic platforms is an urgent task
today. Over the past ten years, problems of creating mobile
robotic platforms for performing various specialized tasks

have been widely discussed in Ukraine and the world.
Articles [4-6] describe the state and prospects for
developing robotic remote-controlled mobile platforms for
military purposes. In [4, 5], turret positioning systems are
described. These approaches need further investigation in
the case of civilian mobile robotic platforms. A similar
driving and cam-driving system as in [7] can be
implemented for camera mounting and maintaining view
direction. It is also worth considering the possibility of
stabilizing the suspension where the camera is installed.
Aviation inertial sensors, such as those in [8, 9], are
suitable for large mobile platforms. Integral inertial
sensors, such as those in [7] and [10, 11], are suitable for
compact mobile platforms. Articles [12-15] describe the
latest trends and spatial distribution of research activities
in military robotics. Various technologies of military
mobile robots and their applications in various fields,
including surveillance, decontamination of explosive
devices, and combat operations, have been studied. [16]
describes a new mobile robot capable of scaling horizontal
and vertical surfaces and uses micro-suction cups to
provide adhesion for walking on different surfaces. But
here, we are interested in the proposed models and
algorithms that can capture real-time images, video, and
audio to surveil a person or area. The robot is suitable for
military surveillance and reconnaissance applications. In
our research, we will improve such an approach and apply
one to develop a robotic platform that can perform various
measurement operations in hazardous areas. Papers [17,
18] propose a new strategy for human detection in complex
underground (SubT) environments using a thermal
imaging camera mounted on a drone based on an AlexNet
Convolutional Neural Network (CNN). The effectiveness
of the proposed scheme has been experimentally evaluated
using several data sets collected from a FLIR thermal
imaging camera during flights in underground mines,
which fully demonstrates the effectiveness and advantages
of the proposed module. However, the equipment
described is controlled via a complex approach that needs
to be simplified in the field application of a compact
multifunctional mobile robotic platform. The latest
research [19-21] deals with civilian mobile robots and
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concentrates on control systems that allow robots to
maintain optimal trajectories in closed areas such as
warehouses or enterprise areas. Robots with vision sensors
and LiDARs for orientation are described in [19]. Mobile
robots [20, 21] can perform various tasks outdoors. Still,
their restrictions are as follows: robots are equipped with
webcams, act in areas with Internet access, and require
high-accuracy GPS and ideally organized roads. The
emergency operator control of such robots has not been
presented. We must provide reliable operator control
facilities to work with robots in hazardous areas or field
conditions. The most common and cheapest mobile ground
robots for this aim are compact ground mobile robots based
on tracks [22]. They are primarily suggested because they
are highly effective in traversing soft and uneven terrains.
Such ability is due to extensive ground contact surface
[23]. In [22], a review of the newest models of mobile
robots is presented on the market. It is important to note
that all the models, despite their complexity, have not cam
gimbals. Their vision sensors are fixed-mounted.
Therefore, the operator needs to change position by
moving the entire drone construction to change the view
direction. It simplifies the control system but makes the
operator's work extremely difficult, and the robot loses
maneuverability and sensibility. As a result, all the
information presented above indicates specific unresolved
issues regarding the existing universal mobile platforms:

- most platforms need to be reduced in overall
dimensions;

- platforms, where visual sensors are present, have ones
that are rigidly fixed, which limits the operator's ability to
inspect the environment while driving or stopping;

- almost all platforms, except large-sized military
mobile platforms, are controlled via high-speed Internet
data channels, which cannot be provided in the field (out-
of-city) conditions;

- almost all platforms are developed on a closed
software and hardware architecture, and those with an open
hardware architecture demonstrate restrictions on free
change in the software part;

- the presented ground platforms, which have a
particularly important purpose, are primarily controlled not
with the help of light consoles but with the help of rather
complex systems that require computers, which partially
complicates the work of the operator, although it provides
certain additional features;

- among the available mobile platforms for specific
purposes, there are no platforms that would be designed to
simultaneously remotely recognize the visual situation and
spatial distribution of the thermal field and measure the
concentration of harmful gases; that is, there are no
platforms that could be used in environments inaccessible
to humans due to accidents and man-made disasters.

The goal is to develop a multi-purpose universal
mobile robotic platform with the following distinguishing
features:

- relatively lightweight and compact;

- have a camera gimbal that is capable of setting the
direction of view in a wide range of spatial angles
independently of the carrier mobile platform;

- have remote wireless communication channels that
provide sufficient range and reliability of transmission of
control signals from the console to the mobile platform,

and vice versa, measured signals from the mobile platform
to the operator console;

- have an open hardware and software architecture to
make changes in case of clarification of the tasks
performed by the mobile platform and to ensure its
versatility;

- have a lightweight, multifunction console displaying
measured digital and video information that is both
compact and reprogrammable in a broad;

- the ability to measure and transmit analog signals to
the remote control transmits video signals and signals from
a thermal imager.

2 DESIGN AND DEVELOPMENT
2.1 Design of a Mobile Robotic Platform

A prototype of a multi-purpose mobile robotic
platform (Fig. 1) has been developed for measuring the
thermal indicators of environmental objects, for remote
control for conducting reconnaissance operations, and,
optionally, for monitoring the presence of harmful and
explosive gases.

Figure 1 Mobile multi-purpose robotic platform for measuring thermal indicators
of objects and remote control

The mobile robot is built based on a low-noise tracked
chassis, which has increased cross-country ability. The
material of the mobile robotic platform is high-strength
aluminum alloy. An analog camera with infrared
illumination is placed on the chassis, which allows video
recording even at night. A thermal imager is installed next
to the video camera. All optical sensors are placed on a
specialized mobile turret with a rotation angle of 360
degrees. A mobile robot remote control panel is designed
and developed, which includes a display and joysticks to
control the robot's movement and a turret to rotate the
optical sensors, respectively. VR/AR/FPV technologies are
also used to make robot control more convenient. The main
elements of the functional scheme can be conditionally
divided into three groups: sensor, executive, matching,
control elements, power elements, and communication
elements. We present their list in tables (Tab. 1 and
Tab. 2), where we also note the functional purpose of each
element. Functional diagrams of remote control and mobile
platform control systems corresponding to the list are
represented by block diagrams (Fig. 2 and Fig. 3). The
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following control modules are presented on the mobile
platform:

a central control module based on a Raspberry Pi
microprocessor board;

servo motor control module of the camera suspension
based on PCA9685 microprocessor board,;

the control module for the main power engines of the
platform based on the L298 microcircuit;

control module for transmitting/receiving radio signals
to/from the operator control panel based on the RFD900+
microprocessor board;

amodule for converting the AV signal from the camera
to a 5.8 GHz frequency channel signal based on the
TS5823S microprocessor board (or a similar FPV Video
Transmitter);

optionally, a module for measuring environmental
pollution parameters (concentration of gases) based on an
analog-to-digital and digital-to-analog conversion AD
board with ADS1256 converter integrated circuits with a
sensor array.

Table 1 A list of the main elements of the mobile platform

Group of elements Element

Functional purpose

Motors (direct current) of the main

Executive elements movement

Driving right/left tracks of the mobile platform with the ability to adjust the
speed of movement

Camera suspension servomotors

Driving and positioning camera

Larger capacity batteries

Power for the camera gimbal and main motion drives, the cameras themselves,
the matching devices used, and the video signal transmitters

Power supply voltage stabilizer for
consumers of larger capacity batteries

Stabilizing the power supply voltage of the camera suspension drives and main
motion drives, the cameras themselves, the applied matching devices, and video
signal transmitters

Power elements Batteries of smaller capacity

(independent connection)

Power for the main transmitter/receiver for receiving/transmitting control
signals

Power supply voltage stabilizer for
consumers of smaller capacity batteries

Stabilizing the power supply voltage of the main transmitter/receiver of the
transmission of control signals

Battery

Power for the processor board of the mobile platform central control

Central processor board for managing the

Control elements hardware part of the mobile platform

Issuance of control signals for main movement drives, control signals for
camera suspension drives, communication with the control panel of the mobile
platform operator

Low-power servo motor control driver

Controlling of servo drives of the camera suspension by signals from the central
control processor board

El ts of .
ements of agreement DC motor control driver

Controlling of main motion drives by signals from the central control processor
board

AD converter (option)

Receiving the signals from sensors (option) with analog output

Analog video transmitter #1

Transmitting the signal from the night vision video camera to the remote
control display

Communication

elements Analog video transmitter #2

Transmitting the signal from the video camera-thermal imager to the remote
control display

Transmitter/receiver of control signals

Information exchange between the control panel and the mobile platform

Thermal imager video camera

Surveying to assess the distribution of heat in the surrounding space

Sensory elements Day/night vision video camera

Shooting objects of the surrounding space in normal conditions and conditions
of darkness

Chemical concentration sensors (option)

Measurement of the concentration of extraneous chemicals in the air

There are control modules on the operator panel of the
mobile platform:
central control module based on Raspberry Pi;
control module for transmitting/receiving radio signals
to/from the operator control panel based on the RFD900+
microprocessor board;
optionally, a module for measuring environmental
pollution parameters based on an analog-to-digital and
digital-to-analog conversion AD board with ADS1256
converter integrated microcircuits with potentiometer
elements of biaxial XY joysticks KY-023;
optional LED display module for displaying measured
data about the state of the environment at the location of
the mobile platform;
optionally, a 9-DOF (3-DOF, 6-DOF) sensor module to
control the position of the suspension with cameras based
on a board with LSM303DLHC and L3GD20 chips.
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Figure 2 The structure of the system for directly controlling the hardware
part of the mobile robotic platform
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Table 2 A list of the main elements of the mobile platform remote control

Group of elements Element Functional purpose
Battery Power for the processor board of the central control panel of the operator of
Power (power bank) the mobile platform
clements Battery (power bank) Power for the display of the operator panel
Battery Power for the main transmitter/receiver for receiving/transmitting control
(power bank) signals

Board of the central processing unit for
controlling the hardware part of the remote
control of the mobile platform

Control elements

Issuance of control signals for transmitting to main motion drives, camera
suspension drives, and communication with the mobile platform control
board

Elements of agreement AD converter (option)

Receiving signals from sensors (option) with analog output

Analog video receiver #1-2

Receiving signals from a night vision video camera on the remote control
display, receiving a signal from a thermal imager video camera

Display

Display of signals from the night vision video camera and the thermal imager
video camera on the remote control display

Analog video receiver

Communication elements .
(option)

Receiving a signal from a night vision video camera on a remote control
display, receiving a signal from a thermal imager video camera

VR/AR/FPV goggles (option)

Display of signals from the night vision video camera and the thermal imager
video camera on remote control display in the mode of immersion (line-of-
sight) of the operator in the space around the mobile platform

Transmitter/receiver of control signals

Information exchange between the control panel and the mobile platform

Discrete sensor buttons and switches

Fixing the settings and operating modes of the mobile platform

Analog
sensors-joysticks

Controlling the mobile platform camera suspension and controlling the main
motion drives of the mobile platform

Sensory elements

Spatial position sensor (option)

Automatic synchronous controlling of the camera position of the mobile
platform is coordinated with the position of the operator gaze in the
VR/AR/FPV goggles
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Figure 3 The structure of the remote control system of the operator of the
mobile robotic platform

2.2 Mobile Platform Management Algorithm

The main algorithm will be developed for its
implementation in the Raspberry Pi software environment.
All other modules require either initialization during the
execution of the main algorithm or preliminary
configuration using other software tools. In executing the
main algorithm, these same modules will require the
following signal structures to be sent to them: control
discrete signals, control commands, writing commands,
reading commands, and information messages. The control
algorithm must consider the presence of the interfaces: the
interface of discrete output signals, the interface of discrete
input signals, the interface of PWM output signals, the 12C
interface, the SPI interface, and the RS-232 interface. That
is, before setting up the functional modules of the mobile
platform management system, it is necessary to initialize
(set up) the interfaces, with the help of which, in turn, the
setting of external modules (peripheral devices) will take

place. To create a mobile platform control algorithm, we
need the main algorithmic elements: software setting of
12C, SPI, RS-232 interfaces, discrete physical inputs and
outputs, PWM outputs, and program execution by the
central control module. The created main program design
allows to perform the following functions:
- reading data through the specified interfaces,
- transmitting data through the specified interfaces,
- processing the read data,
- checking limit values,
- selecting the operating mode of the mobile platform
devices,
- determining new values of control signals and
normalizing these values,
- forming and transmitting control commands through
the specified interfaces to the mobile platform devices.

The presence of a central control module for the
remote control and the same separate module for the
mobile platform necessitates the development of two
separate control algorithms. When developing a mobile
platform control algorithm, the sequence of launching
platform modules is worth considering. It also considers
the sequence of external power control switches' states and
enables switches on the mobile platform operator console.
The algorithm for controlling the platform and devices of
the mobile platform operator remote control must control
three switches:
- the switch for allowing data transmission to the radio
transmitter (on the remote control),
- the switch for allowing the reading of data received by
the radio receiver (on the platform),
- the switch for controlling the position of the camera
suspension based on the signals of the position sensor on
the VR/AR/FPV goggles.

The algorithm of operation of the mobile platform
operator remote control

Stage 1 (Setup and initialization of remote control
system):
1) Import of libraries and modules. Libraries and modules
are necessary for implementing system functions, time
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counting functions, input-output functions, mathematical
calculations, and configuration of the sensor of the spatial
position of the VR/AR/FPV goggles (for the optional
subsystem - option - 1).
2) Downloading hardware configurations. This operation
is performed for physical inputs/outputs, the external AD
module, and the communication channel with the spatial
position sensor, optionally.
3) Initialization of hardware. This action involves
activating the physical inputs, serial port, software object
of communication with the AD module, and, optionally,
communication channel with the spatial position sensor.
4) Clearing the hardware serial port data buffer to prepare
the physical port to load a new batch of data. It also
prevents the system from reading "garbage" from the data
buffer left over from previous messages.
5) Initialization of the data downloading software array.
The array stores data-control signals from the mobile
platform remote control (operator console). Preparation of
a separate array allows you to keep all the read data in one
consistent set in the future and easily edit the code if you
need to add another control command.
6) Initialization of the data uploading software array. The
array is designed to store data-measured signals from
sensors of the state of the surrounding environment
(option), which will be sent via the radio to the mobile
platform operator console.

Stage 2 (Main cycle of remote control system):
1) Checking the presence of a signal from the switch of
permission to transfer/read data to/from the radio module.
If the switch is turned on, permission is given to start the
main cycle. Otherwise, the primary cycle does not start.
2) One of the primary operations is to read the AD registers
of the module into the software array of data downloading.
In this way, signals for controlling the movement of the
mobile platform and the camera suspension are received.
The signals from the potentiometers are converted into
digital form by the AD module, read by the central control
module of the mobile platform operator remote control,
and sent through the radio module of the remote control to
the mobile platform. The peculiarity of working with the
AD module is that you must wait for a response about the
measured values from this module until it performs the
analog-to-digital conversion.
3) An attempt to read from the serial port the data received
by the radio module from the central control module of the
mobile platform about the measured parameters of the
environment's state at the mobile platform's location (if
such an option is installed). If a read error occurs, the data
will still arrive on one of the subsequent iterations of the
loop. If no error occurs, it is possible to output data to the
LCD of the mobile platform operator's remote control.
4) Checking the signal from the camera suspension control
permission switch on the mobile platform based on the
signals from the spatial position sensor on the VR/AR/FPV
goggles (optionally). If the switch is turned on, the central
control module of the operator panel will receive a signal
from the spatial position sensor of the VR/AR/FPV
goggles. Note that to control the position of the camera
suspension, there is already a signal from the
potentiometers of the mobile platform operator console.
Still, it needs to be "replaced" or adjusted with the

correspondingly obtained value of the angular position of
the VR/AR/FPV goggles from the spatial position sensor.
If so, data correction is performed for the corresponding
element in the loaded array according to the spatial position
sensor data.

5) Regardless of whether the camera position is regulated
by signals from the spatial position sensor of the
VR/AR/FPV goggles or only by signals from the
potentiometers of the mobile platform operator console, it
is necessary to perform at least elementary filtering of the
measurement information. The easiest way to do this is
with an algorithm based on averaging with a previous value
in time. This algorithm is used in various automation
systems for slow and fast signals. Averaging in its simplest
form can be done by simply adding the current value of the
measured parameter to the previously measured value and
dividing the result by two. The final result of the
calculation is taken as the result of the measurement and
stored in the loaded array, and the next iteration of the loop
will be used as the result of the previous measurement.

6) When the measurement data is generated, it is ready to
be transmitted over the radio channel to the central control
module of the moving platform. Thus, data is transferred
from the boot array to the serial hardware port buffer and
from there to the hardware port buffer of the RFD 900+
radio transmitter board.

7) A feature of the transmission of control signals over a
radio channel is the transmission of the entire set of all
available control signals in one packet. The packet enters
the radio communication module buffer on the mobile
platform central control module when the transmission
occurs. It takes time to read them. If you do not withstand
this time, then the data in the buffer of the radio module
will be "erased" by new data received from the radio
module of the operator remote of the mobile platform, even
before the central control module of the mobile platform
reads them. Including an additional timeout timer (a time
interval for reading on the receiving side of data) allows
you to give the receiving side time to read data from the
buffer of its radio module.

After some waiting for the end of the timeout, the
address pointer of the program commands moves to the
beginning of the primary cycle.

Similar operations are provided in the mobile platform
control algorithm, considering some features.

The algorithm of the mobile platform functioning

Stage 1 (Setup and initialization of the mobile platform
system):

1) Import of libraries and modules. Libraries and modules
are necessary for implementing system functions, time-
counting functions, input-output functions, mathematical
calculations, communication with the servo driver of the
camera suspension motors, and sensors of the state of the
surrounding environment (for the optional subsystem).

2) Downloading hardware configurations. This operation
is carried out for the system of physical inputs/outputs,
external AD module, external servo driver of the camera
suspension motors, and communication channel with the
sensors of the surrounding environment (optionally).

3) Initialization of hardware. This action involves bringing
the physical inputs, serial port, the software object of
communication with the AD module, the software object
of communication with the servo driver, and the
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communication channel with the sensors of the
surrounding environment (optionally).
4) Cleaning the data buffer of the hardware serial port
(preparing the physical port to load a new portion of data
into it; this also prevents the system from reading
"garbage" from the data buffer, which is left over from
previous messages).
5) Initialization of the data loading software array (the
array is designed to store data - signals received from
sensors of the state of the surrounding environment
(optionally) located on the mobile platform; preparation of
a separate array is performed in the same way as for a
similar array for the mobile platform operator console).
6) Initialization of the data downloading software array
(the array is designed to store data-control signals from the
mobile platform operator remote control, received via the
radio channel from the mobile platform operator remote
control).

Stage 2 (Main cycle of the mobile platform system):
1) Checking the presence of a signal from the read/transfer
permission switch to/from the radio module. According to
the same scheme as on the mobile platform operator
console, permission is given to start the primary cycle if
the switch is turned on. Otherwise, the main cycle does not
start. This switch is expected to be turned on.
2) Reading the AD registers of the module into the software
data loading array. In this way, signals are received from
sensors of the state of the surrounding environment
(option). Signals from the sensors are converted into digital
form by the AD module, read by the central control module
of the mobile platform, filtered, normalized, and sent
through the radio module of the mobile platform to the
central control module of the operator console.
The following few stages involve working with a serial
port to which a radio module is attached to read a packet of
mobile platform control signals. The peculiarity is that in
case of receiving damaged information (lack of integrity,
incomplete packet, noisy data, etc.), it is necessary to clear
the clipboard to try to receive the next packet sent from the
mobile platform operator's remote control.
3) An attempt to read from the serial port the data received
by the radio module. Note that the command is executed
temporarily while waiting for full data reading. For this
purpose, the data transmission timeout and the number of
retries (in case of a negative attempt) are set on the serial
port. In case of completion of reading the buffer register of
the radio module into the buffer register of the central
module of the mobile platform control, a check for the
presence of a reading error is performed. Count the number
of failed reads and retry reading the data if an error is
detected. When the limit of failed readings is reached, the
rational action will be to clear the data buffer on the radio
module completely. If no error is detected, it is possible to
fill the boot array.
4) Filling the loading array with the data received by the
radio module. It is a packet of mobile platform control
signals. These include the control signals for the mobile
platform drive motors and the position of the camera
gimbal.
5) Using data about the sequence and speed of turning on
the mobile platform motion engines, a signal should be fed
to the engine driver module. The generated signal should
be checked for being within the permitted range and

adjusted. When the preparatory stage is completed, it is
possible to transfer the physical outputs of the controller
discrete and PWM control signals of the main motion
motors' external drivers to the controller discrete's physical
outputs.

Practice shows that, in addition to checking the signal
output for the maximum range, you should also check the
presence of the signal in the range of small values. The
system can recognize random deviations as a helpful
signal, which is undesirable. The following graph of
insensitivity zones for the direction control signals of
motors is proposed.

Stage 2 (side cycle - parallel to the main cycle):

The cycle is intended for separate synchronous control
of the servomotors of the camera suspension. Due to the
asynchrony of the arrival and reading of signals from the
radio module, if there are commands to control the
outboard servomotors after that, there will be a delay in
sending commands to the servomotor driver and, as a
result, instability of the control signals over time.
Therefore, the reading and filling of the data loading array
occur in the primary cycle, and the servo motor control
commands are submitted in the side cycle. The stages of
the side circle:

1) Description of the parallel flow for commands to control
the servomotors of the camera gimbal. A complex object
defines the parallel thread and the function to be called by
the parallel thread.

2) The start of a separate thread execution is performed
using special commands on the object describing the
parallel thread.

3) Reading the current state of the camera position data
from the loaded array. While in a parallel thread,
commands access the main thread variables as if they were
global. It simplifies the work by allowing data to come
through the radio module from the mobile platform
operator console. The read values are then converted into
control signals for the external servo motor driver module
by an appropriate function that considers the appropriate
signal gain, offset, etc.

4) As in previous cases, check the maximum values and
adjust the control signals.

5) When the signals about the camera's new position are
ready to be loaded into the external driver module, it is
possible to transfer them through the corresponding
physical port configured in the main program (main
thread). In practice, data loading to the external module
driver does not happen instantly either, so the download
command expects a confirmation of the download from the
external module addressee.

At the end of the loading operation, there is a transition
to the beginning of the cycle nested in the side parallel
flow.

3 CONCLUSION

When solving the initial tasks, the following steps and
solutions were performed, which can be generally
described below. A new mobile multi-purpose robotic
platform with measurement of thermal indicators of objects
and remote control is considered. The platform is equipped
with a day/night-vision camera, a device capable of reading
thermal information from the surface of objects - a thermal
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imager, and a range of gas sensors that can be installed
optionally. The robotic platform models of control
modules and types of control/measured signals are
determined. A description of the developed mobile robot
remote control is given, which includes a display and
joysticks for controlling the movement of the robot and a
turret for spatial positioning of optical sensors. The
functional schemes of remote control and mobile platform
control systems are presented. Virtual Reality (VR) or
Augmented Reality (AR) technology can also be used to
facilitate robot control and create an immersive
First-Person View (FPV) environment for the operator.
The control algorithm must consider the presence of the
following interfaces: discrete output signal interface,
discrete input signal interface, PWM output signal
interface, 12C interface, SPI interface, and RS-232
interface. The algorithm of the central control module
functioning, installed on the mobile platform, has the
section of outputting control of the physical orientation of
the camera in space into a separate program flow. When
developing the mobile platform control algorithm, the
sequence of launching platform modules is considered,
which also considers the sequence of states of external
power control switches and enable switches on the mobile
platform operator console. The stages of the operation
algorithm of the operator panel of the mobile robotic
platform are defined and described. More specifically, the
research developed a universal, compact, lightweight
mobile measuring system with the possibility of remote
wireless control and data visualization. As a prototype and
based on the developed principles and methods, a remote-
controlled mobile platform was created for remote thermal
and visual environmental monitoring. The prototype can be
described according to the following parameters, which
indicate the possibility of solving the assigned tasks:

- the problem of lightness and compactness is solved
due to the use of high-strength aluminum alloy as the frame
material of the mobile platform frame, the use of
lightweight plastic parts that are printed on a 3D printer
(using Flame-Retardant Filaments for fire resistance), as
well as a control system based on lightweight miniature
integrated modules;

- the problem of creating a movable video camera was
solved by using a light two-axis bearing suspension, which
is driven by two servo motors with metal reducers, based
on servo drives such as EMAX ESOSMA 1I 12G with a
power of 12 V and 2 kgxsm torque;

- the problem of ensuring the wireless transmission of
signals between the platform and the operator console is
solved by choosing two separate specialized long-range
digital transmitters and receivers: the first is a video signal
transmitter based on module TS5823S with a power of 1
W and 5.8 GHz frequency channel that provides standard
FPV signal format; and the second is a transmitter/receiver
that organizes data exchange between the console and the
mobile platform, based on a module RFD900+ with
adaptive transmit power and 0.9 GHz frequency channel;
both provide connection in the range from several hundred
meters to 1 kilometer under the condition of the line of
sight;

- the problem of open hardware structure is solved with
the help of a system of universal components available on
the market, with the help of which the system is assembled

on a modular principle using universal interfaces such as
12C, SPI, UART;
- while the power components can be replaced
according to the power of the mobile platform, we
recommend a Raspberry Pi microcontroller with a system
of universal ports and interfaces as a control board, as well
as an ADS1256 DA converter shield circuit for it with the
ability to measure analog signals; that is done for both
central control modules of a mobile platform and operator
panel
- the Raspberry Pi microcontroller also solves the
problem of openness and flexibility of the software, as it
uses editable scripts based on the Python language, which
run under the control of the Linux operating system, and
editing and configuring the script can be done at any time
by connecting the peripherals to the Raspberry Pi;
- the possibilities of reliable signal measurement with
the help of the created system have been tested on an array
of sensors: a day/night vision camera with 1/3"
CMOS/CCD light-sensor and AGC (Automatic Gain
Control), a thermal imager FLIR TAU 2 with VOx
(Vanadium Oxide) microbolometer light-sensor, an array
of gas concentration sensors such as MQ6, MQ9, MGS811.
Further research may relate to the following areas:
- although the methodology is proposed by the authors,
it still needs further clarification on the topic of the link
between FPV/VR/AR glasses and the camera gimbal for
tracking in real-time the direction of the operator's head
direction by the camera;
- it is promising to introduce technologies for
recognizing dangerous situations (for example, fires or
explosions) based on video signal processing using
artificial intelligence technologies;
- it will also be rational to study the energy efficiency of
the platform, energy saving, and rational distribution of
power supply;
- further research on the stability of signal exchange
between the mobile platform and the operator's console and
increasing the range of distances where reliable
communication operates should be mandatory.

4 REFERENCES

[1] Li, W., Miao, L., & Yang, P. (2021). Simulation Analysis of
Robotic Mobile Fulfilment System Based on Cellular
Automata. International Journal of Simulation Modelling,
20(3), 583-594. https://doi.org/10.2507/IJSIMM20-3-CO13

[2] Banjanovic-Mehmedovic, L., Karabegovic, 1., Jahic, J., &
Omercic, M. (2021). Optimal path planning of a disinfection
mobile robot against COVID-19 in a ROS-based research
platform. Advances in Production Engineering &
Management, 16(4), 405-417.
https://doi.org/10.14743/apem2021.4.409

[3] Yehoshua A., Bechar A., Cohen Y., Shmuel L., & Edan Y.
(2023). Dynamic Sampling Algorithm for Agriculture-
Monitoring Ground Robot. International Journal of
Simulation Modelling, 22(3) 392-403.
https://doi.org/10.2507/1JSIMM22-3-646

[4] Hilmi, K. & Salim, S. (2014). Development of Gun Turret
Drive Stabilization System with a Microcontroller and
Implementation on a Model Tank. Applied Mechanics and
Materials, 555,217-221.
https://doi.org/10.4028/www.scientific.net/ AMM.555.217

[S] Mohamad Nasyir, T., Bambang, P., Hendro, N., & Endra, P.
(2014). Control simulation of an Automatic Turret Gun

2182

Technical Gazette 31, 6(2024), 2176-2183



Oleksandr DOBRZHANSKY! et al.: A Multi-purpose Mobile Robotic Platform with Measurement of Thermal Indicators of Objects and Remote Control

based on force control method. 2014 [EEE International
Conference on Intelligent Autonomous Agents, Networks
and Systems, 13-18.
https://doi.org/10.1109/INAGENTSYS.2014.7005718

[6] Nevliudov, I., Yanushkevych, D., & Ivanov, L. (2021).
Analysis of the state of creation of robotic complexes for
humanitarian demining. Technology Audit and Production
Reserves, 6(2(62)), 47-52.
https://doi.org/10.15587/2706-5448.2021.245803

[7] Bogdanovskyi, M., Tkachuk, A., Dobrzhanskyi, O., &
Humeniuk, A. (2020). Autonomous Navigation System with
a small four-wheel drive platform. E3S Web of Conferences,
166, 1-6. https://doi.org/10.1051/e3sconf/202016605004

[8] Tkachuk, A., Bezvesilna, O., Dobrzhanskyi, O., Ostapchuk,
A., & Horodyskyi, M. (2020). Information and measurement
system of weapon stabilization parameters based on the
precision piezoelectric sensitive element. E3S Web of
Conferences, 166, 1-6.
https://doi.org/10.1051/e3sconf/202016605005

[9] Tkachuk, A., Bezvesilna, O., Dobrzhansky, O., &
Ostapchuk, A. (2021). Single-rotor integrating gyroscopic
gravimeter. Journal of Physics: Conference Series, 1840(1),
1-9. https://doi.org/10.1088/1742-6596/1840/1/012023

[10] Yang, H., Zhang, Y., Jiang, B., Liu, J., Li, J., Hu, X., Dai,
Y., Cao, Z., & Zhang, D. (2024). Image stabilization
technology based on inertial sensors and piezoelectric fast
pendulum mirrors. Journal of Applied Physics 135(4).
https://doi.org/10.1063/5.0187618

[11] Shkel, A. M. & Wang, Y. (2021). Inertial sensors and inertial
measurement units. Pedestrian Inertial Navigation with
Self-Contained Aiding, 17-36.
https://doi.org/10.1002/9781119699910.ch2

[12] Gliebov, V., Zhadan, V., Korolov, V., Mormylo, Ia.,
Strimovskyi, S., Volkovoi, O., Hanzera, Yu., Lypovets, V.,
& Folynin, S. (2022). The development of a heavy-class
combat robotic ground complex based on the BTR-4E
Armored Personnel Carrier. Military Technical Collection,
27, 3-10. https://doi.org/10.33577/2312-4458.27.2022.3-10

[13] Sapaty, P.S. (2015). Military robotics: Latest trends and
spatial grasp solutions. International Journal of Advanced
Research in Artificial Intelligence, 4(4), 9-18.
https://doi.org/10.14569/IJARAI.2015.040402

[14] Su, J., Zhi, X., Lu, S., Zhang, Q., & Dong, J. (2021). Design
of a Lightweight Robotic Mule. Volume 7A4: Dynamics,
Vibration, and Control, 1-5.
https://doi.org/10.1115/IMECE2021-69715

[15] Sapaty, P. S. (2014). The world is a distributed brain with a
spatial grasp paradigm. Intelligent Systems for Science and
Information, 542, 65-85.
https://doi.org/10.1007/978-3-319-04702-7_4

[16] Karthikeyan, R., Karthik, S., Prasanna Vishal TR., &
Vignesh, S. (2015). Snitch: Design and development of a
mobile robot for surveillance and Reconnaissance. 2015
International Conference on Innovations in Information,
Embedded and Communication Systems, 1-4.
https://doi.org/10.1109/ICIIECS.2015.7193127

[17] Villa, T., Gonzalez, F., Miljievic, B., Ristovski, Z., &
Morawska, L. (2016). An overview of small unmanned aerial
vehicles for air quality measurements: Present applications
and future prospectives. Sensors, 16(7), 1-29.
https://doi.org/10.3390/s16071072

[18] Lindqvist, B., Karlsson, S., Koval, A., Tevetzidis, L.,
Haluska, J., Kanellakis, C., Agha-Mohammadi, A., &
Nikolakopoulos, G. (2022). Multimodality robotic systems:
Integrated combined legged-aerial mobility for subterranean
search-and-rescue. Robotics and Autonomous Systems,
154(4), 1-15. https://doi.org/10.1016/j.robot.2022.104134

[19] Neggers, M. M., Belgers, S., Cuijpers, R. H., Ruijten, P. A,,
& Jsselsteijn, W. A. (2024). Comfortable crossing strategies
for robots. International Journal of Social Robotics, 1-20.
https://doi.org/10.1007/s12369-024-01127-z

[20] Purdon, K., Dickens, J., de Ronde, W., Ramruthan, K., &
Crafford, G. (2023). Voyager, is a Ground Mobile Robotic
Platform for Research Development. MATEC Web of
Conferences, 388, 1-12.
https://doi.org/10.1051/matecconf/202338804016

[21] Nkan, 1. E., Ekpo, D. D., & Udoh, D. E. (2024). Design and
development of a package delivery robot. International
Journal of Multidisciplinary Research and Analysis, 07(06).
https://doi.org/10.47191/ijmra/v7-i06-13

[22] Sharma, U., Medasetti, U. S., Deemyad, T., Mashal, M., &
Yadav, V. (2024). Mobile robot for security applications in
remotely operated advanced reactors. Applied Sciences,
14(6), 1-33. https://doi.org/10.3390/app14062552

[23] Bruzzone, L., Nodehi, S. E., & Fanghella, P. (2022). Tracked
locomotion systems for Ground Mobile Robots: A Review.
Machines, 10(8), 648.
https://doi.org/10.3390/machines10080648

Contact information:

Oleksandr DOBRZHANSKY], associate professor
Zhytomyr Polytechnic State University,

103 Chudnivska St., Zhytomyr 10005, Ukraine
E-mail: aikt_doo@ztu.edu.ua

Andrii TKACHUK, associate professor
(Corresponding author)

Zhytomyr Polytechnic State University,

103 Chudnivska St., Zhytomyr 10005, Ukraine
E-mail: aikt_tag@ztu.edu.ua

Anna HUMENIUK; associate professor
Zhytomyr Polytechnic State University,

103 Chudnivska St., Zhytomyr 10005, Ukraine
E-mail: gum_ann@ukr.net

Martin BOHDANOVSKYI, Senior Lecturer
Zhytomyr Polytechnic State University,

103 Chudnivska St., Zhytomyr 10005, Ukraine
E-mail: martin.bogdanovskiy@gmail.com

Vasyl BONDARCHUK, Senior Lecturer
Zhytomyr Polytechnic State University,

103 Chudnivska St., Zhytomyr 10005, Ukraine
E-mail: kvm_bvm@ztu.edu.ua

llona KRYZHANIVSKA, associate professor
Zhytomyr Polytechnic State University,

103 Chudnivska St., Zhytomyr 10005, Ukraine
E-mail: krilonika@gmail.com

Tehnicki viesnik 31, 6(2024), 2176-2183

2183




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


