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Abstract. The rapid development of education-
al technologies requires the active involvement of
new means and effective teaching methods. One of
the innovative tools of learning in the field of ro-
botics is the use of robot simulators in the educa-
tional process, which open up many opportunities
for better assimilation of knowledge and develop-
ment of practical skills among students.

Robot simulators are software complexes that
allow you to visualize and simulate the behavior of
real robots. With these tools, students can:

- program robots in a virtual environment, test
code and debug without the risk of damaging
real equipment;

- to study robotics and the principles of robot
operation, exploring different types of sensors,
actuators and algorithms of robot behavior;

- to solve problems in various fields, such as
production automation, logistics, construction,
etc.;

- practices your skills in a safe and controlled
environment.

Among the benefits of using robotic simulators
are next:

- availability for a large number of students, as
simulators are much cheaper than real jobs;

- safety, as the virtual environment eliminates the
risks associated with working with real robots;

- flexibility that allows students to work at their
own pace, explore different scenarios and exper-
iment with different parameters;

- interactivity with a realistic 3D-environment and
visualization.

This work presents an overview and analysis of
software that allows modeling robot control sys-
tems and simulating their operation for various
algorithms.
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A review and analysis of the proposed software
tools for simulating robotic systems, which are
used to teach bachelor's and master's degree stu-
dents in the specialties of "Computer Science",
"Information Systems", "Industrial Mechanical
Engineering" and "Applied Mechanics" and have
proven their effectiveness and effectiveness in
distance learning at the Kyiv National University
of Construction and Architecture.
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INTRODUCTION

Robotics is a complex science that com-
bines knowledge of mechanics, electronics,
programming, artificial intelligence and other
fields. Robotics aims to create robots that can
perform various tasks, imitate human actions
or explore dangerous and unusual environ-
ments [1-2].

Industrial robotics are using in automate
production processes on factories and ware-
houses. Service robotics are using to perform
tasks in the field of service, such as cleaning,
delivering food, assisting people with disabili-
ties. Medical robotics are useful for surgical
operations, rehabilitation, diagnostics and oth-
er medical procedures. Space robotics are us-
ing for space exploration, repair of satellites
and other space vehicles [2-3].

The main advantages of using robots are [4-
6]:
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- productivity improvement (robots can per-
form tasks faster, more accurately and long-
er than humans);

- reduction of risks to human health (robots
can perform dangerous or harmful tasks);

- improving the quality of human life (robots
can help people with disabilities, as well as
the elderly);

- providing new opportunities for the imple-
mentation of economic and research activi-
ties (robots can explore new environments,
such as space or deep-sea spaces, and per-
form tasks that are impossible for humans).
The main trends in the development of ro-

botics are [7-9]:

- high-precision modeling and simulation of
robots;

- optimization of dynamic robot systems and
movement modes;

- make of synthetic data for artificial intelli-
gence models;

- cloud computing;

- development of realistic and fast models of
the physical world;

- development and standardization of frame-
works and software libraries;

- development of management programs
based on natural language;

- development of technologies for human-
robot interaction;

- acombination of robots of different types;

- development of humanoid robots;

- space exploration with the help of robots.
The robotics science combines such disci-

plines as theoretical mechanics, the theory of

mechanisms and machines, electrical engineer-
ing, microprocessor engineering, computer
science, higher mathematics, theory and sys-
tems of automatic control, computer science,
and theory of algorithms. Such a significant set
of knowledge from various disciplines makes
it much more difficult to train quality person-

nel [9-11].

Also, all this is superimposed with the
problems of practical training, when each ap-
plicant must independently complete tasks and
laboratory work at personal workplaces.
Working in groups on collective projects has
revealed some problems that limit its effec-
tiveness, in particular, it is not an even distri-
bution of responsibilities among applicants
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who perform their practical tasks collectively
on the same laboratory stand or model. The
solution to this problem can be a personal
workplace with a set of tools for developing
and programming robots and simulating their
behavior [10, 11].

A set of software complexes and tools sig-
nificantly simplifies the possibilities of high
quality and fast training of specialists in the
field of robotics.

The Kyiv National University of Construc-
tion and Architecture has developed a number
of training courses in the field of robotic sys-
tems, in particular, such training courses (edu-
cational components) was offer next:

- robots and manipulators;

- design and construction of robotic systems;

- programming of information robotic sys-
tems;

- synthesis of robotic systems in machine
building.

All courses are offer as optional educational
components for higher education applicants at
bachelor and master's level and cover the fol-
lowing areas.

The course "Robots and manipulators” in-
tend for a general introduction to the field of
robotics through the prism of robot mechanics.
The focus of this course is on the study of kin-
ematics and dynamics of robots and manipula-
tors, the study of hydraulic, pneumatic and
electric drive mechanisms and programming
tools, both the components of robot mecha-
nisms and robots as a whole on general tem-
plates.

The course "Design and construction of ro-
botic systems" is designed to master the abili-
ties and skills of the synthesis of robotic sys-
tems, in particular, the course covers the syn-
thesis of kinematic open chains of the manipu-
lator, the construction and calculation of mo-
tion transmission mechanisms, in particular,
the creation of chain, belt, screw and gear
gears, planetary and wave reducers.

The course "Programming of information
robotic systems™ is design to provide skills and
knowledge in the development of software for
managing information robotic systems. The
main attention is pay to methods of communi-
cation with robot devices, collecting and pro-
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cessing information from robot sensors, and
developing robot control programs.

The course "Synthesis of robotic systems in
mechanical engineering” is intend for the
training of masters-pedagogues in the direction
of robotics and includes sections on kinemat-
ics, dynamics, structural synthesis of the con-
stituent elements of robots and programming
of robotic systems.

All considered courses in robotics use soft-
ware complexes for robot simulation, which
significantly automates the acquisition of the
necessary skills and knowledge.

PURPOSE OF THE ARTICLE

Analyze software complexes for modeling,
programming and simulating robotic systems
that can be used for training in distance learn-
ing conditions.

PRESENTING MAIN MATERIAL

It known that any robotic system can be
present architecturally in the form of three
main systems: mechanical, information and
control system. In this context, the definition
of a mechanical system means electromechan-
ical, hydro mechanical, pneumatic, and their
combination. It is clear that these systems have
significant structural differences, but in princi-
ple, they perform similar work. In this way,
the functional scheme of any robot can be pre-
sent in the form of basic structural blocks that
are interconnect (Fig. 1). At the same time, the
information and measurement system and the
control system of the robot can be influence by
the external environment, which forms random

signals, and therefore quite often the external
environment is also introduced into the robot
structure as a separate functional element.

The mechanical system of the robot ensures
the actual processing of the control program
for all degrees of mobility and consists of an
executive system, a drive and a working body.
The executive system with the drive (effectors)
performs all the driving functions of the robot,
with the help of which movements are realize
according to degrees of mobility. The relative
movements of the mechanical robot system
divide into: orientation (local), transport (re-
gional) and coordinate (global). Orientation
movements provide the working body of the
robot with the necessary orientation at a given
point in the working area. Transportation
movements are intend for moving the working
body within the working space. Coordinate
movements ensure the movement of the robot
between individual production positions. Basic
movements include all movements of the me-
chanical system without taking into account
capture, orienting and additional movements.
CAD systems such as SolidWorks, FreeCAD
or similar can be used to model the robot's
mechanical system [10, 13].

SolidWorks and FreeCAD allow you to
create mechanical components of robots with
specified physical and mechanical properties
and contain a significant set of data formats for
saving and transferring electronic models to
other software products. SolidWorks and
FreeCAD contain parametric modeling modes
and allow you to simulate the behavior of de-
veloped information models in the mode of
movement along given trajectories. This usual-
ly requires the use of additional modules, for

Communication
system

Information and
measurement —»
system

¥

Executive
system

Management I
system ||

External
environment

Fig. 1. The robotic functional scheme [12]
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example, for robots it is the RoboDK Plug-in
or RoboWorks. You can also create your own
programs in SolidWorks through the built-in
api [14, 15].

Fig. 2 shows the interface and the main
window of the RoboDK program, which
shows the appearance of the robot control in-
terface and an example of a manipulator simu-
lation model. The disadvantage of such soft-
ware for its use in education is distribution on
a paid basis, as well as the use of an abstract
controller to control the robot, which may not
correspond to a real controller.

SolidWorks is also a paid software
environment, which is not always suitable for
university studies. At the same time, electronic
models created in SolidWorks can be using in
other robot simulators by importing these
models into them. The SolidWorks program
using by the Kawasaki Company to simulate
the behavior of industrial manipulator robots
in its own products with the RoboWorks li-
brary. This application allows engineers to
modeling, debugging and virtually testing ro-
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Fig. 2. The main view of the RoboDK program [15]
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botic systems, including manipulator move-
ments, workflow optimization and analysis of
robot interactions with the environment.

FreeCAD is a free and open source soft-
ware for modeling robot components. With the
Robot FreeCAD library, it is can be model the
behavior of some manipulator robots.
FreeCAD has support for python applications
through its own APIs. FreeCAD includes a
fairly abstract controller for modeling the sim-
ulation of robot behavior. This is its drawback.

To programing and simulate robots, it is
necessary to be able to work with real devices
of the information and measurement system of
the robot - sensors.

"Sensorics” is a system of interconnected
artificial sense organs (sensors or sensors) that
are designed to perceive and transform infor-
mation about the state of the external envi-
ronment and the state of the robot itself. Based
on this statement, it is necessary to take into
account that simulation and modeling systems
allow to take into account similar relationships
and factors that are present in the works.
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Arduino is a project development platform
that allows you to quickly and easily experi-
ment with electronics and, in particular, learn
how to work with robot sensors. One of the
key features of Arduino is the ability to work
with both analog and digital signals, allowing
you to interact with real analog sensors and
control numerically controlled devices. Online
and offline platforms can be used as a simula-
tor of Arduino boards.

Among the online platforms for program-
ming Arduino and simulation of sensors of
robots, the following services have proven
themselves well https://wokwi.com and
https://www.tinker-cad.com (see Fig. 3). These
services are free of charge. The advantage of
such services is that the teacher can develop
basic projects in advance, which will later be
improve individually by each applicant. For
example, on Fig. 3, and an example of work
with a stepper motor, an A4988 driver and a
potentiometer sensor with a mechanical dis-
crete switch in the Wokwi system is show. On
Fig. 3 shows how Tinkercad can work with the
HC-SR04 ultrasonic distance sensor. Each of
the specified simulators has a built-in library
of electronic components, such as a potenti-
ometer, photoresist, resistor, LED, servomotor,
breadboard, etc. Both simulators support work
with the Arduino port monitor and contain
internal APIs for connecting third-party librar-
ies such as Servo, Stepper, etc.

To work with electronic components in the
Wokwi and Tinkercad simulators, you need to
select the desired element from the library of
digital duplicates of electronic devices and
insert it into the working window of the pro-
gram. Next, the select components are con-
necting according to the rules of electrical en-
gineering and physics. The program code rec-
ord in the corresponding work area and use
only for boards with a microcontroller, and
such elements as resistor, potentiometer, di-
ode, electric motor, etc. have their own physics
programmed by the developers [7, 9, 10].

The code built in these emulators is identi-
cal to the real code that will be upload to the
physical Arduino board. When studying con-
trol programs in these simulators, you can use
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the C programming approach or use the spe-
cial Wiring library for the Arduino platform.

The C code fragment have been show be-
low:

#define F_CPU 1000000UL
#include <avr/io.h>
#include <util/delay.h>

int main (void) {

DDRB=0b00100000;

while (1) {

PORTB = 0b00100000;
_delay_ms(1000);
PORTB = 0b00000000;
_delay_ms(1000);
}
}

For example to check the operation of the
HC-SR04 sensor, download the following pro-
gram "Ultrasonic_Ranging", which is built on
the foundations of the wiring library:

#define ECHO 2

#define TRIG 3

int Distance = 0;

int Distance_test() {
digitalWrite(TRIG, LOW);
delayMicroseconds(2);
digitalWrite(TRIG, HIGH);
delayMicroseconds(10);
digitalWrite(TRIG, LOW);
float Fdistance = pulseIn(ECHO, HIGH);
Fdistance= Fdistance/58;
return (int)Fdistance;

}

void setup() {
Serial.begin(115200);
pinMode(ECHO, INPUT);
pinMode(TRIG, OUTPUT);

}
void loop() {
Distance = Distance_test();
if((2 < Distance) && (Distance < 400)) {
Serial.print("Distance = ");
Serial.print(Distance);
Serial.printin("cm");
}
else {
Serial.printIn("!"! Out of range™);
}
delay(250);

¥
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sketch.ino diagram json Library Manager ¥ Simulation
1 s#define dirpin 2
#define stepPin 3
#define BUTTON_PIN 7

#tdefine stepsPerRevolution 200

void setup() {
pinMode(stepPin, OUTPUT);
pintode(dirPin, OUTPUT);
° )

11 void loop() {

12 int sensorvalue = analogRead(A@);

13 int delay = -4.88*sensorvalue + 5000;

14 digitalWrite(dirPin, HIGH);

15 int buttonstate = digitalRead(BUTTON_PIN);

17 if (buttonstate == HIGH) {
18 digitalWrite(dirPin, HIGH);
19 } else {

20 digitalwrite(dirpin, LOW);
21 3}

23 for (int i = @; 1 < stepsPerRevolution; i++){

25 if (digitalRead(BUTTON_PIN) != buttonState) {
26 break;
27 }

ite(stepPin, HIGH);
oseconds(delay);

[T]1]
EE! Glorious Sango-Amur @ P Start Simulation Code
C

Fig. 3. Online service Wokwi (a) and Tinkercad (b)

Among the offline tools for learning Ar-
duino, a free software product is recommend
for use open source UnoArduSim. This soft-
ware environment must be download from the
official website of the developer and run the
corresponding executable file. The interface of
the UnoArduSim program is show on Fig. 4.

In appearance, the program interface is
much simpler than Wokwi or ThinkerCAD,
but it has similar functionality. To configure
the hardware that will be used to work with the
Arduino and configure the 1/O ports, it is
necessary to go to the section configure - 1/0
Devices. There it will need to select the de-
sired devices, their number and the Arduino
contacts to which these devices will be con-
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nect (see Fig. 5). UnoArduSim allows to work
with 20 devices such as button, piezo, LED,
segment LED, switch, servo motor, DC motor,
stepper motor, pulse generator, LCD display.
Devices such as photoresistor, encoder and
potentiometer unlike Wokwi or ThinkerCAD
are missing in UnoArduSim. However, there
are special components such as a switched
resistor and an analog slider that will allow
you to simulate the behavior of digital and
analog sensors [17].

When working with a switched resistor, it is
necessary:
1. to move the "resistor switch” component

from the component panel to the work area;
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int count;
void setup()

count=@;

}

void loop()

{
count=count+1;
delay(100);

}

//the "int main()" below is IMPLICIT in Arduinc
//but is shown here EXPLICITLY by UnoArduSim

int main()

I ~
< >

count= @

Fly-over Hint Ready to Run or Step ......

Fig. 4. UnoArduSim V2.9.2 simulator interface
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7-Segment LED | 2 Function Generator Expansion Port (SPI)
Pin Jumper | 1 ALT Serial Expansion Port (I2C)
Analog Slider | 2 SR Slave Multiplexer LED (SPI)
1-Wire Slave Multiplexer LED (I12C)
Total (max 16) |16 One-Shot Generator ProgIO UNO
pins/settings too
—— Cancel Total (max 8) | 8

Fig. 5. Interface for select 1/0O Devices

2. change the resistor rating depending on the
power of the selected circuit;

3. select the type of switch: SPDT - a single-
pole double-position switch that has two
positions or DPDT - a double-pole two-
position switch that has four positions.

The switched resistor works with discrete
high and low level signals.

The analog slider in UnoArduSim is a vir-
tual component used to simulate the operation
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of a real potentiometer. With the help of the
slider, you can change the value of the analog
signal supplied to other components of the
circuit.

A switched resistor can be using to simulate
the operation of a light switch, where one re-
sistor corresponds to the "on™ state, and the
other to the "off" state.

An analog slider can be used to simulate a
volume control, where the value of the signal
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supplied to the amplifier corresponds to the
volume of the sound.

Along with the Arduino simulator, the de-
velopers of UnoArduSim also provide an Ar-
duino based wheeled robot simulator called
Q2WDBotSim. It is a free and open source
robot simulator designed for educational and
research purposes that allows users to visual-
ize, simulate and test the behavior of robots in
a virtual environment. The general view of the
interface of the Q2WDBotSim program is
show on Fig. 6.

In Q2WDBotSim, for the settings of the
controller contacts that will be connected to
the drive motors and the PWM contacts that
will be used to adjust the speed of the robot,
you need to go to the menu configure — Wire
up Pins (Fig. 7). In the Uno Pin Assignment
settings menu, it will be need to set the pins
that will using for the connection.

For example, the following code can be us-
ing to move the robot forward:
const int leftMotorDirectionPin = 4;
const int rightMotorDirectionPin = 7;
const int leftMotorPWMPin = 5;
const int rightMotorPWMPIn = 6;

= Q2WDBotSim V3.1:

File PlayField Find Execute Options Configure VarRefresh Windows Help
hooor |

@ wl BB LR LEL W@ TN FER
int count;
void setup()

count=@;

¥
void loop()

count=count+1;
delay(108);
¥

//the "int main()" below is IMPLICIT in Arduinc
J/but is shown here EXPLICITLY by UnoArduSim

int main()

{ v
< >

count= @

Fly-over Hint Ready to Run or Step ......

Fig. 6. Q2WDBotSim interface

/8

int count;

int motorSpeed;

void setup(){
count = 0;
motorSpeed = 150;

}

void loop(){
move();
count = count + 1,
delay(100);

stop();
delay(500);

void move(){
digitalWrite(leftMotorDirectionPin, HIGH);
digitalWrite(rightMotorDirectionPin, HIGH);

analogWrite(leftMotorPWMPIn, motor-
Speed);

analogWrite(rightMotorPWMPin, motor-
Speed);
}
void stop(){

digitalWrite(leftMotorDirectionPin, LOW);
digitalWrite(rightMotorDirectionPin, LOW);

}

[simple.ino] - 0
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Tilt Servo* n

Gripper Servo® m

Piezo Speaker D
T 13
Pushbutton D
Infrared RX I:l

Left Bump Switch I:l
Right Bump Switch I:l

Fig. 7. Interface for select 1/0 pins

In the Q2WDBotSim simulator, you can
simulate the imperfection of motors due to the
deviation of their speeds in the Wheel Speed
Mistmatch menu. In this way, it is possible to
simulate algorithms with adjustment of the
speeds of the left and right wheels of the robot
and adjustment of its longitudinal stability. In
addition, encoders, distance sensors and line
detection sensors can be work with in this
simulator.

CoppeliaSim is an offline physics simula-
tion software for robotic systems developed by
Coppelia Robotics. CoppeliaSim includes a
free student version of EDU. CoppeliaSim
allows you to simulate dynamic systems, sen-
sors and environments in which robots work
and can be using for debugging, testing and
visualization of robot control algorithms, as
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To represent Analog Pins you can use either
the full pin number 14-19, or equivalently, AD-AS

Load QK

Save Cancel

well as for research in the field of autonomous
systems and artificial intelligence [18, 19].

CoppeliaSim has a wide range of built-in
robot models of various types and configura-
tions, including manipulators, mobile robots,
drones, robots with soft bodies, etc. (Fig. 8).
You can also create your own models using
the built-in modeling tools [20].

CoppeliaSim can simulate a variety of envi-
ronments, including laboratories, factories,
manufacturing facilities, city streets, and more.
This allows testing robots in realistic condi-
tions and studying their interaction with the
environment [20].

CoppeliaSim supports a wide range of sen-
sors such as cameras, distance sensors, laser
sensors, gyroscopes and accelerometers, as
well as different types of actuators including
motors, servos and pneumatic actuators.
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Fig. 8. CoppeliaSim interface [19]

CoppeliaSim  has  integration  with
MATLAB and Python, which allows you to
develop and test control algorithms and
artificial intelligence directly in the simulation
environment. In CoppeliaSim, you can create
displays of robot movement, graphs of sensors
and actuators, as well as analysis of system
behavior in real time.

Webots is a free offline software for
simulating robotic  systems from the
Cyberbotics company, which is designed for

o @ © w

Fig. 9. Webots interface [21]
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modeling, testing, and visualizing robots in
various environments and conditions (Fig. 9).
Webots [21] allows you to simulate different
environments, including indoor and outdoor
spaces, landscapes, buildings, roads and other
objects. In this simulator, you can adjust the
parameters of the environment, such as
lighting, fog, time of day, and take into
account the physical properties of the
simulation objects, such as mass, shape,
dynamics of movement, forces and pressure.
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Webots supports simulation of various types of
robots, including manipulators, mobile robots,
drones, cars. You can simulate the operation of
such sensors as cameras, lidars, radio detec-
tors, gyroscopes [22].

Webots integrates with Robot Operating
System (ROS) and MATLAB, allowing it to
be used as a tool for testing and developing
robots in projects that use these platforms.
Webots is support on a variety of operating
systems, including Windows, macQOS, and
Linux.

Gazebo is an open source robotic systems
simulator developed and maintained by a
community of developers led by the Open
Source Robotics Foundation (Fig. 10) [23, 24].
Gazebo provides tools for modeling various
environments, including indoor and outdoor
spaces, landscapes, buildings, roads, and other
objects. This allows you to test robots in
realistic conditions and study their behavior in
different scenarios. This simulator supports
simulation of various types of robots,
including manipulators, mobile robots, drones,
cars and others. It is also possible to model
various sensors such as cameras, lidars, radio
detectors, gyroscopes and many others. Gaze-
bo integrates with the Robot Operating System

World Insert Layers
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Scene
Spherical Coordinates
Physics
Atmosphere
wind
w Models
» clawbot
w
Property Value
name squareField
is_static True
self_collide W rase
enable wind
P pose
P link
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Fig. 10. Gazebo interface [25]
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Real Time Factor:

(ROS), which allows you to use it as a tool for
testing and developing robots in ROS projects
[24 - 26].

Gazebo, as well as Webots, require the use
of fairly modern equipment on which they will
be launched, in particular, 64-bit processors
with SSE2 support and a frequency of at least
2 GHz, a minimum of 4 GB of RAM is rec-
ommended, a GPU with OpenGL 3.3 support,
an operating system of at least Windows 7 64-
bit or modern Linux.

Among specialized professional software,
we highlight MotoSim EG-VRC (Enhanced
Graphics - Virtual Robot Controller). This is
software developed by Yaskawa for simulating
and programming Motoman series industrial
robots. This tool is intended to help manufac-
turers and engineers in virtual testing, debug-
ging and optimization of programs for robots
before their physical use in production pro-
cesses (Fig. 11). MotoSim EG-VRC allows
you to simulate robots of the Motoman series
and their working environment, including the
equipment with which they interact, you can
also create virtual models of factory objects,
machines and other equipment of real produc-
tion [27].

Sim Time:
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Fig. 11. MotoSim EG-VRC interface [27]

MotoSim EG-VRC supports integration
with CAD software, which allows you to im-
port object and work environment models
from CAD programs for further use in simula-
tions. MotoSim EG-VRC also has ROS sup-
port.

CONCLUSIONS

Evaluation of robot simulators is important
to determine their effectiveness and suitability
for various robotics tasks [28, 29]. In general,
each of the discussed robot simulators has its
advantages and disadvantages, and the choice
between them depends on the specific needs
and requirements. To study industrial robots
and create their control programs close to real
production conditions, it can be useful to use
MotoSim EG-VRC, while for research or
training purposes, Gazebo, Webots, Coppeli-
aSim or Q2WDBotSim can be suitable due to
their availability and flexibility.

The advantage of MotoSim EG-VRC is its
compatibility with Fanuc industrial robots,
making it an ideal choice for companies that
use these robots. The disadvantages are limited
support for other brands of robots, as well as
high cost and limited functionality compared
to other simulators.
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Gazebo is open source software with a large
user community and active development. The
main disadvantage is the difficulty of use for
the initial level due to the large number of pa-
rameters and settings.

Webots is easy to use and contains a start-
ing range of supported robots and sensors.
Robots can also be created in CAD programs
and uploaded to Webots, there is also a well-
documented API and a friendly interface. The
disadvantage of Webots is the significant re-
quirements of the computer on which it will be
launched, most robots need to be created by
yourself in other programs.

CoppeliaSim has high flexibility in pro-
gramming, supports the use of Python, Lua,
contains a large number of available physical
components, robots and sensors, has an open
API. The disadvantages are the difficulty of
use due to the large number of options and
parameters. It does not support resource-
intensive operating systems.

Q2WDBotSim is easy to use and learn.
Does not require significant resources of the
operating system, has a sufficient number of
sensors to study the basic functions of the ro-
bot's movement. Disadvantages are limitations
in functionality compared to other simulators.

ISSN(online)2709-6149. Mining, constructional,
road and melioration machines, 103, 2024, 71-85



ABTOMATUBALLISA | IHPOPMALIMHI TEXHOAOTTT

REFERENCES

1. Mishchuk D., V. Volyanyuk, E. Gorbatyuk
(2017). Modular principle of the construction of
construction work. Girnichi, budivelni, dorozh-
ni ta meliorativni mashini, Nr.89, 90-97.

2. Mischuk D. (2013). The review and analysis of
designs robots for construction works. Girnichi,
budivelni, dorozhni ta meliorativni mashini,
Nr.82, 28-37.

3. Loveikin V., Mishchuk D. (2022). Analysis of
the refined mathematical model of the manipu-
lator boom system with an elastic base.
Girnychi, budivelni, dorozhni ta melioratyvni
mashyny [Mining, construction, road and meli-
oration machines], Nr.99, 5-14.

4. Mischuk D. Volianiuk V., Gorbatyuk Eu.
(2019). Determination of geometric parameters
of the manipulator according to the character-
istics of the working environment. Girnichi,
budivelni, dorozhni ta meliorativni mashini
[Mining, construction, road and reclamation
machines], Nr.94, 25-34. (in Ukrainian).
https://doi.org/10.32347/gbdmm2019.94.0201

5. Volianiuk V., Mischuk D., Gorbatyuk Eu.
(2022). Determination of dynamic loads in the
crane lifting mechanism. Girnichi, budivelni,
dorozhni ta meliorativni mashini [Mining, con-
struction, road and reclamation machines],
Nr.99, 15-25. (in Ukrainian).

6. Jueyao W., Xiaorui Z., Fude T., Tao Z., Xu
X. (2009). Design of a modular robotic system
for archaeological exploration. In: Robotics and
Automation. ICRA'09. IEEE International Con-
ference on, Kobe, Japan, May 12-17, 2009,
1435-1440.

7. Z. C. M. Davidson, S. Dang and X. Vasilakos
(2024). Blended Laboratory Design Using
Raspberry Pi Pico for Digital Circuits and Sys-
tems. IEEE Transactions on Learning Technol-
ogies, Vol.17, 1170-1183. https://doi.org/
10.1109/TLT.2024.3363230.

8. Z. Ye and C. Hua, (2012). An innovative
method of teaching electronic system design
with PSoC. IEEE Trans. Educ., Vol.55, No.3,
418-424.

9. S. T. Cahill, P. E. B. Mann, A. F. Worrall
and M. I. Stewart. (2020). Remote teaching of
programming in mathematica: Lessons learned,
J. Chem. Educ., Vol.97, Nr.9, 3085-3089.

10. Ruiz J. D., Deierling P. E. (2021). Introducing
mechanical engineering students to online ro-
botics laboratories. Proceedings of asme 2021
international mechanical engineering congress
and exposition (IMECE2021), Vol.9. ASME

ISSN(print)2312-6590. FipHW4i, ByAIBEAbHI, AOPOXHI i

MEAIOPATMBHI maLumHK, 103, 2024, 71-85

11.

12.

13.

14.

15.

16.

17.

18

19

International Mechanical Engineering Congress
and Exposition (IMECE), nov 01-05, 2021,
Electr Network, Amer Soc Mech Engineers,
WOS:000883348000047.

Volianiuk V., Mischuk D., Gorbatyuk Eu.
(2020). Determination of inertial loads of the
rotary boom of a self-propelled crane. Gir-
nichi, budivelni, dorozhni ta meliorativni
mashini [Mining, construction, road and rec-
lamation machines], Nr.96, 13-21. (in Ukraini-
an).
https://doi.org/10.32347/gbdmm2020.96.0201.
Mischuk D., Rashkivskiy V. (2024). Pro-
gramuvannja robototehnichnih informacijnih
sistem: konspekt lekcij. Kyiv, KNUCA, 214.
Y. Pane, M. H. Arbo, E. Aertbelién and W.
Decré, (2020). A System Architecture for
CAD-Based Robotic Assembly With Sensor-
Based Skills. IEEE Transactions on Automa-
tion Science and Engineering, Vol. 17, Nr.3,
1237-1249, doi: 10.1109/TASE.2020.2980628
J. P. Carvalho Henriques et al. (2023). Tra-
jectory Generation Using RoboDK for a Staubli
SCARA TS 60 Robot," 2023 11th International
Conference on Control, Mechatronics and Au-
tomation (ICCMA), Grimstad, Norway, 2023,
121-126, https://doi.org/10.1109/ICCMA59762
.2023.10374649.

Online resource. Simulate Robot Applica-
tions. (2024). https://robodk.com.

Mihajlov E. P., Vudvud O. M., Sivokin S.
V., Shvec B. R. (2023). Doslidzhennja algo-
ritmiv ta obladnannja dlja navigacii mobil'nih
robotiv za dopomogoju komp’juternogo mod-
eljuvannja. Pidjom.-transp. tehnika. Nr.1(68),
71-86. (in Ukrainian).

Montenegro G, Chacon R, Fabregas E, Gar-
cia G, Schroder K, Marroquin A, Dormido-
Canto S, Farias G. (2022). Modeling and Con-
trol of a Spherical Robot in the CoppeliaSim
Simulator. Sensors. 22(16), 6020. https:/
doi.org/10.3390/522166020.

.M. A. Pastrana, J. Bautista, J. Mendoza-

Pefialoza, L. H. Oliveira, D. A. Mendes and
D. M. Muiioz. (2023). Teaching Control Theo-
ry using Mobile Robot Obstacle Follow-
ing/Avoidance with CoppeliaSim and MFO Al-
gorithm. Latin American Robotics Symposium
(LARS), Brazilian Symposium on Robotics
(SBR), and 2023 Workshop on Robotics in Ed-
ucation (WRE), Salvador, Brazil, 2023, 579-
584, https://doi.org/10.1109/LARS/SBR/WRE
59448.2023.10333042.

.M. A. Pastrana, L. H. Oliveira, D. A.

Mendes, Douglas. L. Silva, Jose Mendoza-

83


https://doi.org/10.32347/gbdmm2019.94.0201
https://doi.org/10.32347/gbdmm2020.96.0201
https://doi.org/10.1109/ICCMA59762%20.2023.10374649
https://doi.org/10.1109/ICCMA59762%20.2023.10374649
https://robodk.com/
https://doi.org/10.1109/LARS/SBR/WRE%2059448.2023.10333042
https://doi.org/10.1109/LARS/SBR/WRE%2059448.2023.10333042

AUTOMATION AND INFORMATION TECHNOLOGY

Peiialoza, Daniel M. Muiioz. (2024). Imple-
mentation of a PID Controller using Online
Tuning Applied to a Mobile Robot Obstacle
Following/Avoidance”. Argentine Conference
on Electronics (CAE), 10-15.

20.H. Zhang and T. Yang. (2021). A simulation
system for testing robotic navigation based on
coppeliasim and ROS. 6th International Con-
ference on Control Robotics and Cybernetics
(CRC), 96-100.

21. X. Gu, A. Zhang, Yuan L. and Xia. Y.
(2021). Design and Dynamics Simulation of a
Triphibious Robot in Webots Environment.
2021 IEEE International Conference on Mech-
atronics and Automation (ICMA), Takamatsu,
Japan, 2021, 1268-1273. https://doi.org/10.
1109/ICMA52036.2021.9512574.

22. A.-C. Stan and M. Oprea. (2019). A Case
Study of Multi-Robot Systems Coordination
using PSO simulated in Webots. 2019 11th In-
ternational Conference on Electronics, Com-
puters and Artificial Intelligence (ECAI),
Pitesti, Romania, 2019, 1-5. https://doi.org/
10.1109/ECAI46879.2019.9042144 .

23. Gabdrahmanov R. Tsoy, T. Bai Y. Svinin
M. Magid E. (2022). Automatic Generation of
Random Step Environment Models for Gazebo
Simulator. Robotics for sustainable future.
CLAWAR 2021, Vol.324, 408-420. https://
doi.org:/10.1007/978-3-030-86294-7_36.

24. Farley A., Wang J., Joshua A. Marshall.
(2022). How to pick a mobile robot simulator:
A quantitative comparison of CoppeliaSim,
Gazebo, MORSE and Webots with a focus on
accuracy of motion. Simulation Modelling
Practice and Theory, Vo0l.120, 102629,
https://doi.org/10.1016/j.simpat.2022.102629.

25. Platt, J., Ricks, K. (2022). Comparative
Analysis of ROS-Unity3D and ROS-Gazebo
for Mobile Ground Robot Simulation. J Intell
Robot Syst 106, 80. https://doi.org/10.1007/
510846-022-01766-2.

26. Osorio-Sanchez D and Gonzalez-Hernandez
H. (2022). Sensor fusion for vehicle odometry
and path tracking: a ROS simulation 2022 In-
ternational Symposium on Electromobility
(ISEM). https://doi.org/10.1109/ISEM55847.
2022.9976548. 978-1-6654-5923-5. (1-6).

27. MotoSim EG-VRC. (2024). Offline pro-
gramming system with 3D simulation. Over-
view. https://www.yaskawa.eu.com/products/
software/seriesdetail/serie/robotics-software
1005.

28.Mishchuk D. O. (2017). Study of the dynamics
of the boom manipulator mounted on an elastic

84

sup-port. Girnychi, budivelni, dorozhni ta meli-
oratyv-ni mashyny [Mining, construction, road
and me-lio-ration machines], Nr90, 11-18.
29.Loveykin V. S., Mischuk D. O. (2013). Opti-
mization of the modes of changing the depar-
ture of the manipulator with a hydraulic drive.
Monograph, Kyiv, CP Komprint, 206.
https://doi.org/10.26884/damu.m130pzvmg

Oraspn i anaai3z nporpaMHUX CUMYJISTOPiB
iH(popMaLiiiHUX pOOOTOTEXHIYHNX CHCTEM

Cogis Egppemosa®, [Imumpo Miwgyr?,
€seeniii I'opbamiok 3

L23Kuiscokuti nayionanshuii ynieepcumem
byOisHUYmMEA T apximekmypu

Anotanisi. CTpiMKHH PO3BHTOK OCBITHIX TeX-
HOJIOTiH TOTpe-0ye aKTUBHOTO 3alydeHHS HOBHX
3ac00iB Ta e(eK-TUBHUX METOAIB HaBuaHHs. Oj-
HUM 13 IHHOBAII-HUX 1HCTPYMEHTIB HAaBYaHHS 3a
HampsIMKOM po0OO-TOTEXHIKa € 3acTOCYBaHHS B
HaBYaJIBHOMY TPOILECi CUMYISATOPIB poOOTiB, sIKi
BiJJKPHMBAIOTh 0€3Ji4 MOKIMBOCTEH sl KPaIIoro
3aCBOEHHS 3HAHb Ta PO3BHUTKY NMPAKTHYHUX HABH-
YOK y 3100yBaviB OCBITH.

Cumynsatopu poOOTiB — Lie MPOTrpaMHi KOMILIe-
KCH, SIKi JIO3BOJIAIOTH Bi3yalli3yBaTH Ta MOJEIO-
IOTh TIOBEJIIHKY pealbHUX poOOTiB. 3a JOMOMOTOIO
IUX THCTPYMEHTIB CTYACHTH MOXYTh:

- IporpaMyBaTH poOOTiB y BipTyallkHOMY Cepeo-
BUIL, TECTYBAaTH KOJ Ta BiJIArO/KYBATH ITOMH-
Ky 0e3 pU3UKY TOIIKOJUTH peaibHe o0iaj-
HaHHS;

- HaBYaTHCS POOOTOTEXHIIll Ta MPUHIUIIAM PO0O-
TH poOOTiB, TOCIIKYIOUH Pi3HI THUIH JTaTUYHKIB,
BUKOHABYMX MEXaHi3MiB Ta alTOPUTMIB MOBE/Ii-
HKH POOOTIB;

- BHWpINIYBaTH 33/1a4i 3 Pi3HUX Tally3ei, TaKuX SIK
aBTOMAaTH3allisi BAPOOHUIITBA, JIOTICTHKA, OY/IiB-
HUIITBO TOIIO;

- TPaKTHKYBaTH CBOi HaBUYKH y O€3NEYHOMY Ta
KOHTPOJIbOBAHOMY CEPEIOBHIII.

Cepen mepeBar BUKOPUCTaHHSI CUMYJISITOPIiB po0o-
TIiB LE:

- JIOCTYIHICTh JUJISl BEJIUKOI KIJIBKOCTI CTYNICHTIB,
TaK SK CUMYJISITOPH 3HA4YHO JICIIEBIN, HK pea-
JIBHI poOOTH;

- Oesneka, Tak sIK BipTyalbHE CEpelIOBHIIE yCyBa€e
PH3HKH, TIOB'13aHi 3 POOOTOI0 3 PEATLHUMH PO-
boTamu;

- THYYKICTB, II0 J03BOJISIE CTYJIEHTaM IPALIOBATH
y BJIIACHOMY TEMIIi, JIOCIIJDKYBaTH pi3Hi ClieHa-
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pii Ta eKCIepUMEHTYBaTH 3 PI3HUMH IapameT-
pamu;
- IHTepaKTHBHICTH 13 peamicTnayHuM 3D-cepemo-

BHUIIIEM Ta Bi3yalli3alli€lo.

B naniit po0OoTi mokazaHo OTJIAI Ta aHaJIi3 MPo-
TpaMHOTO 3a0e3TeueHHs, SIKe I03BOJISIE MOJICITIOBA-
TA CHCTEMHU KEpyBaHHsS POOOTIB Ta CHMYIIOBATH
iXHIO pOOOTY AJIS Pi3HUX alTOPUTMIB.

[IpoBeneHo ornisy Ta aHami3 3alpPOINOHOBAHHUX
MPOrpaMHUX 3aC00IB CUMYIISIii poOOOTOTEXHITHIX
CHCTeM, AKi 3aCTOCOBYIOTBCS [T HaBYaHHs 3100Y-
BadiB OCBITH PiBHS OakamaBp Ta MaricTp 3a CIeIli-
anmpHOCTSIME «Komm'totepHi Haykw», «lHpopma-
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wifiHi cucremmu», «l amy3eBe MamIMHOOYAYyBaHHS
Ta «[IpuKiramHa MexaHika» i JOBEIH CBOIO TI€BICTh
Ta epeKTHUBHICTh B yMOBax IUCTAHIIHHOTO HaB-
yaHHs1 B KuiBcbkOoMy HalliOHanbHOMY YHiBEpCHTE-
Ti OyAIBHUIITBA 1 apXITEKTYPH.

KuaiouoBi cjioBa: poOOTH30BaHI CHMYIATOPH,
poboTH30BaHa iH(poOpMaIliiiHa CUCTEMa, CUMYJIATO-
pu  Arduino, Bi3yasbHI CHUMYIATOpPH, WOKWi,
tinkercad, Gazebo, Webots, CoppelisSim.
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