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38 Petko Stoev

Relevance of the dissertation topic

Robotics and, in particular, service robots are an important part of strategic policies and
documents for the development of the technological sector: "Society 5.0", "Industry 4.0", "Industry 5.0",
PROGRAM 2030 of the United Nations, Strategic Program of the European Commission for the period
2019-2024 , "2030 Digital Compass: Europe's Path to the Digital Decade", "European Digital Strategy",
"Europe Fit for the Digital Age", Horizon Europe Programme, European Green Deal, EU Circular
Economy Action Plan. Their development and implementation is a major factor in advancing technology,
improving safety, increasing efficiency, and addressing important societal, economic, and environmental
challenges. As a rapidly developing field, multi-purpose tele-operated service robots will have an
increasing presence and play an increasingly important role in the modern world.

Purpose and tasks of the dissertation

The aim of the dissertation is the development of a multi-purpose tele-operated service robot, designed
to assist people in their work related to patrolling, monitoring, guarding and signaling objects, cleaning
and sanitizing premises, lifting and carrying loads, distribution of medicines, transportation and storage
of products, performing manipulation operations with elements.

The development addresses the following problem areas of multipurpose service robots:
mechanical design, sensor system, industrial design and ergonomics, actuators and actuators,
communication and telecontrol, human-robot interaction.

The achievement of the set goal is related to the implementation of the following specific tasks:

1. Getting to know the main characteristics and specific features of tele-operated service robots
2. Designing the main components of the mechanical design of the robot:

* Universal mobile platform

* Module with lifting platform

* Rotary table module

* Cleaning module

* Scissor lift module

* Niryo anthropomorphic robot module

Choice of drive, actuators and sensor system of the robot

Development of industrial design of the robot

Development of remote control of the tele-controlled multifunctional mobile robotic platform
Creating robot operating modes

Development of control algorithms

Compilation and implementation of computer simulations and verification of control algorithms
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INTRODUCTION

The multi-purpose tele-controlled service robot is a versatile robotic system designed to perform
a wide range of tasks and services in different fields and areas through human-to-operator remote control.

This dissertation discusses fundamental problems related to mechanics, industrial design,
ergonomics, mechanical compatibility and telecontrol of multipurpose tele-controlled mobile robots. The
development of a multi-purpose tele-controlled service robot is presented, through which can be carried
out, monitoring, security and signaling of objects, cleaning and sanitation of premises, lifting and carrying
cargo, distribution of medicines, transportation and storage of products, performing manipulation
operations.

The present dissertation work is structured as follows:

CHAPTER 1: The main aspects of the mechanics and design of multi-purpose tele-controlled
service robots are discussed, including the specific features and systems of service robots, mechanical
compatibility and mechanical systems for their movement, the design and ergonomics of robots,
communication in service tele-controlled robots. The specificity of human-robot interaction in the context
of multi-purpose tele-guided service robots is indicated.

CHAPTER 2: In Chapter Two, the design of the developed multi-purpose tele-controlled service
robot is presented. The mechanical system of the robot, its actuator and actuators, its sensor system and
the realized design are described in detail.

CHAPTER 3: Chapter Three presents the control of the multi-purpose robot, and for each mode
and selected module are developed by the doctoral student algorithm of operation, software and hardware
control. The remote control of the teleoperated multifunctional mobile robot-platform is considered.
Simulations were conducted in a computer environment, on the basis of which the control algorithms
were verified.

CHAPTER I: THEORETICAL OVERVIEW

1.3 Main features of multipurpose robots

A key feature of multi-purpose robots is their modular design, which enables users to easily add
or remove components. This modularity allows the robot to be customized for specific tasks and makes
the implementation of improvements or adaptations easier. Multi-purpose robots are equipped with a
variety of handling elements, such as robotic arms with multiple degrees of freedom and adaptive
grippers. Through this flexibility, they can handle different objects and perform a variety of tasks.
Depending on the applications envisaged, multi-purpose robots may have different mobility systems. The
choice of mobility depends on the terrain and the tasks that the robot will face. Multi-purpose robots
include a variety of sensors for perception, navigation and interaction with the environment. Safety is
paramount, especially when robots work alongside humans. Advanced algorithms for navigation,
obstacle avoidance and decision making contribute to their autonomy. Energy-efficient components,
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5 Petko Stoev

power management systems and battery technologies are integrated into mobile robots to optimize the
robot's energy consumption. Multi-purpose teleoperated robots have advanced communication
capabilities, including Wi-Fi, cellular and satellite connectivity, to achieve remote monitoring, control
and data transmission. A new aspect related to the design of robots and in particular multi-purpose
teleoperated robots is the integration of Al in order to improve their adaptability and decision-making
capabilities. Al allows robots to learn from experience and improve their performance over time.
1.5 Mechanical compatibility

Mechanical compatibility is an essential aspect in the design of modular robots. It refers to the
compatibility between the mechanical parts of the robot and the modules that attach or remove.
Mechanical compatibility includes dimensional compatibility, strength and load-bearing capacity,
standardized interfaces, service.
1.7 Design, ergonomics and regulatory requirements

As a mediator, design plays an essential role in building successful human-robot communication.
It represents that specific link without which the perception, and hence the approach of man to the robot,
would be different. Robot design is a responsible task, with numerous parameters to be tailored taking
into account the environment in which the robot will be placed in order for human-robot communication
to be carried out correctly. To unify and lay the foundations of standardization in the design of robots,
ergonomic requirements, psychological aspects of shapes and colors, their psychophysiological impact
and the emotions and actions of the user generated on this basis are considered.
1.9 Tele-control of service robots

Through telecontrol, service robots are expanding their implementation environments and the
functionalities they can have. In the context of service robots, tele-control refers to the remote control of
robot movements and actions by operator-human using a control interface. There is a wide range of
remote control and guidance methods for robots, each method having its own specific advantages and
challenges, contributing to the diverse range of telecontrol options.
1.10 Human-Robot Interaction in the Context of Multi-Purpose Tele-Operated Service Robots

Human-robot interaction is a multidisciplinary field whose goal is to achieve safe, productive and
seamless collaboration between humans and robots. In the context of multi-purpose tele-operated service
robots, the main directions for achieving effective human-robot interaction are related to the design of
intuitive control interfaces that are convenient for the operator and require minimal effort; reducing the
operator's cognitive load by introducing shared control modes where the robot autonomously assists in
navigation and obstacle avoidance; providing real-time feedback to operators, including live video
images from the robot's cameras, sensor data and status updates, hyptic feedbacks; implementing safety
mechanisms, including emergency stop buttons and obstacle detection systems, to ensure the safety of
both the operator and the robot; implementation of encryption and access control, especially in cases
where the robot captures sensitive data or works in a special environment; responsible use of robots in
the context of ethical aspects of human-robot interaction, such as robot behavior, decision-making, and
accountability.

CHAPTER II: DESIGN OF A MULTIPURPOSE TELE-OPERATED SERVICE ROBOT

2.1 Mechanical design
2.1.1 Universal mobile platform of the multi-purpose robot

The developed platform (Fig. 12) aims to enable the easy installation of additional modules that
placed on the robot to allow the execution of specific tasks in different environments and to expand its
functional capabilities. Depending on the module that connects to the platform, it can be with two, three
or four plates. They are made of high density polyethylene (HDPE). The thickness of each of the plates
1s 9.5 mm and the end points for each plate describe a circle of 450 mm diameter. Each of the plates is
fixed to the next plate by means of a group of four rods, 12.5 mm in diameter on each of the rods.

Abstracts of Dissertations 2024 (8) 3-42



MULTIPURPOSE TELE-OPERATED SERVICE ROBOT 6

Fig.12 3D image of the designed mobile robotic platform

The distance the bars provide between the plates is as follows: 152 mm between the first and second and
127.5 mm between the second and third, the plates being numbered in order starting from the surface on
which the robot is placed. Below the first plate is an additional plate measuring 336.6 mm x 177.8 mm
with a thickness of 9.5 mm. The distance between the additional plate and the first plate is 78 mm
measured from the bottom surface.

The height measured from the surface on which the robot is placed to the top of the first plate is 106 mm.
In the first and second plate, an incision measuring 165 mm x 38 mm is made externally, tangentially to
each of the plates. The cut in the first plate is used to place the drive wheels in an additional smaller plate
attached under the first plate, on which the electric motors of the driving wheels are mounted, as well as
the drive battery.

The platform is equipped with four wheels for moving the robot: two differentially driven wheels with a
diameter of 155 mm and two auxiliary wheels located at the front and rear ends, with a diameter of 76
mm. The wheels are attached to an axle with a diameter of 12.75 mm. The constructed platform has a
differential drive, which makes it possible to control the movements of the robot by adjusting the
rotational speed of both wheels. The two driving wheels, as well as the battery that powers them, and
the auxiliary wheels are attached under the first plate. The drive wheels are driven by two brush motors
of 96 W each, with worm gear, operating at a voltage of 12V, equipped with 36-position encoders. The
motor assembly generates approximately 85 inches/Lbs of torque. A chamber and a LIDAR are mounted
on the upper plate, through which the telecontrol is carried out. Additional obstacle detection sensors are
placed on the bottom plate.

2.1.2 Multi-Purpose Robot Modules

2.1.2.1 Lifting platform module

Through this module, the robot can deliver and store goods in shops and warehouses. For the
purpose of lifting packed supplies, a 4th plate is added to the top plate of the mobile robotic platform.
The fourth plate is mounted on four linear motors through 8 L-shaped profiles - 2 for each linear motor.
The linear actuators are connected to the 3rd platform of the robot using specially designed slots, which
are fixed on the 3rd platform by means of bolts. The dimensions of the slot designed for the linear actuator
are 80mm x 46mm x 45mm (length/width/height). An additional build was made from the slot to the 3rd
plate, cocentric to the plate, for further stability of the slot. A channel of 18.4 mm width and 18 mm
height was designed in which the lower part of the actuator was inserted, as well as a hole at the bottom
of the 12.5 mm diameter slot used for attachment to the 3rd plate by means of a bolted connection. On
both sides of the slot, holes measuring 6 mm are designed and are used to fix the linear actuator in place.
In addition, an incision measuring 40mm x 12mm is made at the rear of the slot, through which the power
cord of the actuators passes.
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7 Petko Stoev

Fig.13 The designed slots for Fig. 14 Actuator
the linear actuators of the lifting platform

The linear actuator used in the development is 12 volts with 90 kg maximum load capacity. The
actuator uses a potentiometer for feedback. The dimensions of the actuator [81] in the retracted condition
are 75 x 40 x 258. The stroke of the actuator is 100 mm. At the bottom and top are designed 6 mm holes
through which it is fastened. L-shaped profiles for attaching the actuator to the 4th plate are 20mm x
20mm x 25mm with a wall thickness of 2 mm.
2.1.2.2 Rotary table module

The rotary table consists of two common parts - a main body in which the control and drive
components are placed and a rotary disc with slits for storing and transporting products. The designed
module is fastened to the robot by a frame which is mounted to the top plate. The frame design consists
of two pairs of components for easier installation to the main body of the rotating table. The main body
has dimensions 177mm x 177mm x 65mm / width x length x height /. The thickness of the sheet metal
used is 2 mm. Attached to its bottom, located 6 mm from each of 4 rubber feet with a diameter of 20 mm
and a height of 11 mm for additional stability.

Fig.15 The rotary table and the way Fig.16 The frame for fixing the
of mounting to the robot plate the rotary table- details A and B

Between the main body and the rotating disc the gear for rotational movement is located
externally, with large and small gears having respective diameters of 85 mm and 13 mm. The distance
between the bottom of the rotating disc and the top of the main body is 35 mm. The diameter of the
rotating disc is 450 mm. In the center of the rotating disc is placed a regular octagon with a side of 50
mm. Each of the 8 slots, located 45 degrees apart, has an external arch length of 225 mm and a length
measured from the center of the arch to the corresponding side of the octagon of 164.6 mm. The slots are
also made of sheet metal with a sheet thickness of 1.5 mm. The height of each slot is 90 mm.

The frame for mounting the rotary table to the top plate of the robot was built using a 3D printer.
It consists of two pairs of identical elements: part A and part B, which slide into each other. Part A has a
U-shaped profile. The frame fixing the rotary table is attached to the top plate of the mobile robot by
means of the two U-shaped profiles, the inner sides of which are tangential to the holes into which they
enter. Part B enters the specially designed channels of part A, thus tightening the opposite parts and
assembling the frame. Detail A is a combination of a T-shaped profile that is placed in the main body of
the rotary table and a U-shaped profile for attachment to the upper plate. The T-shaped part has the
following dimensions: 213mm x 20mm x 35mm. The thickness of the profile is 5 mm. The U-shaped
part has a radius of 17.5 mm in the part, tangent to the hole and a total width of 28.5 mm. The frame
assembly channels are 15mm x 6.5mm.
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MULTIPURPOSE TELE-OPERATED SERVICE ROBOT §

Fig. 17 Detail A Fig.18 Detail B

Detail B has the following dimensions, described by its end points: 187 x 16,5 x 30 mm /length
x width x height/. Three additional ribs are designed on the inside of the workpiece to further support the
horizontal fixation of the rotary table. The thickness of the part profile is 3 mm, and for the ribbed parts
with additional support it is 6 mm.

By designing such a 3D printed frame, in both cases of its operation and robot movement, the
desired stability and fixing of the rotary table is achieved.
2.1.2.3 Cleaning module

The cleaning module consists of several separate systems that can operate simultaneously or
independently. The first system is a combination of two identical rotating brushes [84] connected by a
mechanism which allows them to be lowered or raised depending on whether the robot is only moving
or in the sweep mode. A second auxiliary system is a combination of a portable tank with a tank pump
which, if necessary, discharges detergent or water through nozzles [85][86] located in front of the rotating
brushes. The other subsystem that contributes to the sanitation process is an adjustable rubber brush that,
like rotating brushes, moves vertically using a linear actuator, and a second UV lamp is mounted to the
tank, at the rear of the robot.

The mechanical system with rotating brushes (Fig. 19) is designed to provide contact with the
surface, which is cleaned at any time when it is active and the robot performs the sanitation process. At
the lowest position, when the brushes are active, the design provides sufficient pressure to carry out the
technological procedure.

Fig.19 I- brush cover, 2- cleaning disc, 3- nozzle for detergent, 4- Structure of lifting arms, 5- electric
motor, 6- linear actuator

The activation of the detergent discharge system is carried out by an operator and is determined
by the type of room being sanitized. Feedback in this case is based on the telecontrol of the robot and the
mounted camera. On the top plate, the robot is equipped with an antibacterial UV lamp to remove various
pathogens in the environment, which is not in contact with the brushes of the developed module. An
adjustable rubber brush, which, like the rotating brushes, moves vertically using a linear actuator, and a
second UV lamp are mounted to the tank, at the back of the robot. The rubber brush is used to push the
used detergent from the surface cleaned with rotating brushes. The additional second UV lamp is directed
directly to the surface of the floor, which the robot cleans, using as the last technological operation in the
cleaning process.

The rotary brush system consists of the following few components. The first component is the
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9 Petko Stoev

cleaning disc with a diameter of 250 mm. On it is placed the brush cover with a diameter of 270 mm.
From the brush cover, a semicircle with a height of 55 mm is extruded, which is facing the mobile robot
to protect the robot from contamination during operation of the rotary brush. A nozzle is designed at the
front end of the lid, through which, if necessary, the detergent is discharged from the tank. In the center
of the bonnet are the electric motor and the plates for attaching the brushes to the lifting arms. A 12V
with a speed reducer with a power of 150 rpm was chosen for the electric motor. The lifting and lowering
of the brush is carried out by means of two lifting arms connected by a lever forming a rocker, fastened
to a linear actuator. The actuator is fixed with a holder and placed between the sensors and the battery of
the first platform.

When cleaning with brushes, their direction of rotation is determined by which side of the robot
is closer to a wall of the room. Cleaning is carried out from the near to the far wall , that is, the brushes
push the waste to the side, after which the robot moves in the opposite direction and the rotation of the
brushes changes. This continues until it reaches the other end of the room. The principle is illustrated in
Figure 20.

GC CC

1

Fig.20 Principle of rotation of the cleaning brushes and the robot movement in the room subjected to a
cleaning procedure

During the design of the module, the brushes are designed for use on hard surfaces. The movement of

the robot in the premises of the complex and the implementation of the technological operations of the

hygiene module are carried out both on the basis of internal navigation and telecontrol.

The second system of the hygiene module consists of a detergent tank and a tank pump, which are
activated if necessary . The tank pump selected is 12V with a maximum flow rate of 5 I/min, which is
mounted on the third plate. The detergent tank is placed on the bottom plate. Attaches to the mobile robot
through 4 plates with holes that enter the rods between the first and second plate.

The rotary brush system consists of the following few components. The first component is the
disc with the cleaning feathers. The disc has a diameter of 250mm and Smm thickness of the plate, the
total height is 105mm. In the center of the disc is an extruded bushing with a diameter of 9 mm and a
height of 15, which is mounted to the flange transmitting the rotational movement from the electric motor
by means of two bolts M3 passing transversely through the assembly (Fig. 22).

Fig.21 Rotary brush assembly Fig.22 Rotary brush section cut

The flange connecting the brush with the electric lifter has a length of 55 mm. The small diameter
is 15mm, and the large one, which rests on a bearing and covers it as a cover with a diameter of 21mm.
The part that is on the bearing is 4 mm thick. For bearing, a needle bearing with an internal diameter of
15 mm, an outer diameter of 21 mm and a thickness of 22 mm is selected, which is placed in a socket
designed for this purpose contained in the structure of the cover. The brush cover has a diameter of 270
mm and a thickness of 5 mm. The semicircle of the lid with a length of 55 mm, which faces the mobile
robot, has been extruded in order to protect the robot from contamination when working with the rotary
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MULTIPURPOSE TELE-OPERATED SERVICE ROBOT 10

brush. In the center of the lid there is a cylindrical body with an outer and inner diameter of 60 and 21
mm respectively, and a height of 26 mm. To the upper surface of the cylindrical body are constructed 4
sockets measuring 8mm x 8mm x 9mm. In the sockets are placed holes with a length of 30 mm for bolts
M3, through which the electric motor is installed. A 12V with a 150 rpm reducer was chosen for electric
motor [87]. The attachment of the rotary brushes to the lifting arm is carried out by plates measuring 60
mm X 65 mm x 7,5 mm, 115 mm apart, which contain holes with a diameter of 10 mm. Depending on
whether the rotary brush is clamped on the left or right side, the corresponding fastening plate is used.

Fig.23 Side view of the robot Fig.24 Assembly of a module with rotary brushes
with the rotary brush lowered, mounted to the lifting mechanism

The lifting and lowering of the brush is carried out by means of two lifting arms (Fig. 23.), connected by
a lever forming a rocker, clamped to a linear actuator. The actuator[88] was fixed by means of a specially
designed plate holder (Fig.25), being placed between the sensors and the battery on the first platform.
The arms are made of 30mm x 10mm x 1.5mm profiles. The arms are fastened to linear plugging bearings,
which are mounted to the front two rods ( Fig. 24). In order for the brush to make contact with the cleaning
surface, it is necessary that the piston of the linear actuator reaches the extreme lower position. In this
position, the actuator is 113.5 mm from the plate from the hole in the piston. When lifting in the extreme
upper position of the piston, a 30 mm stroke is set. This provides enough space for the robot to move
without attaching the brush blades when the cleaning mode is not active.

An auxiliary system was added to the cleaning rotary brush by means of a pump [89] and a tank
to be switched on if necessary (Fig.26a and Fig.26b). 12V was chosen as the pump with a maximum flow
rate of 51/min. The pump is mounted on the third plate by means of 4 M3 bolts. The water tank has an
inner side cocentric and equal to the plates of the mobile robot, with the end points describing a circle
with a diameter of 600 mm.

Fig.25 Holder for Fig.26a. Water tank, Fig.26b. Water tank
linear actuator mounted to the robot platform

The height of the tank is 170 mm and 30 mm from the base are welded 4 plates with holes that enter the
bars between the first and second plates and thus attach it to the entire mobile platform. At the rear, the
tank has an element through which the lid of the tank is attached.
2.1.2.4 Scissors lift module

The hoist is made of two frame structures - frame A and B, with identical external dimensions
and profiles that make them up, and the other components of the overall assembly are fixed to them. The
profiles used for the outer frames are 20mm x30mm x2mm. The frames measure 400mm x 240mm and
their corners are beveled in order for the frame to be as close as possible along the contour of the robot
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11 Petko Stoev

plate. In the folded position, the loader is 60 mm high from the robot platform to which it is mounted,
and in the maximum raised almost 172 mm. Frame A is attached to the upper plate of the mobile robot
by means of 4 L-shaped profiles measuring 25x 35 x 3, each of the 4 profiles being clamped with 3 bolts
Mé6.

Fig.27 Assembly of the scissors lift Fig.28 Front view of the mechanism with
components of the scissors lift

Identical for both frames at one end of each of them in the profiles are milled grooves, which
accommodate the bearing bodies and axles for which the corresponding two sliding arms are clamped
for lifting frame B, and at the other end holes with a diameter of 15 mm are drilled. The length of the
milled channel is 70mm, in which a needle bearing with an outer and inner diameter of 21mm and 15mm
respectively is impaled. At the other end of frame A, internal to the structure, the linear actuator [90] is
clamped. The actuator piston has a diameter of 12 mm and a stroke of 100 mm. The linear actuator is
attached to two profiles - 20mm x 30mm with a length of 50mm, the center of grip being 13mm from the
robot plate i.e. under the central axis of the profiles to ensure a larger bevel when the scissors are retracted.
An additional profile is welded to frame B transversely in the middle to increase the strength and strength
of the structure when lifting loads. In the upper part on frame B is welded sheet material with the same
shape and thickness of the sheet 3 mm, on which to be laid the different products. The lifting arms
measure 235mm x 30mm x 4mm with R8 edge rounding. In each of the arms are drilled 3 holes with a
diameter of 15 mm - one central and two at each of the ends at a distance of 214.80 mm from each other.
To two of the arms 1s welded profile 20mm x 20mm, to which the piston of the linear actuator is attached.
Weight sensors [74] are placed on the upper surface in contact with the products raised by the robot to
protect the mobile robot from overloading
2.1.2.5 Module with anthropomorphic robot Niryo

For the purpose of the developed service robot the anthropomorphic robot Niryo One [92] was chosen
with the following specification: 6-axis robot with six degrees of freedom. The dimensions of the lengths
of the components constituting the structure are as follows: base - 103 mm, arm - 80 mm, first joint - 210
mm, second joint - 180 mm.

Fig.29 Anthropomorphic robot Niryo One Fig.30 Robot Postures

The back panel of the Niryo One contains many different physical interfaces:
* Top button;  Switch output 12 V;
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* LED; * Dynamixel XL-320 connector;

* 4 USB ports; * Dynamixel XL-430 connector;

* GPIO panel (Total 6 digital pins); * Power switch;

» Power adapter connector. * CAN busbar connection for Niryo Steppers;

* Ethernet port on Raspberry Pi 3B;

The robot weighs 3.3 kg. The possible maximum reach with a mounted gripper is up to 440 mm. At
the bottom of the Niryo One are placed 4 suction cups and rubber feet, through which it is connected to
a specific work surface. The maximum rotation angle for each of the joints is as follows: J1: -175° to
175°, J2: -90° to 36.7°, J3: -80° to 90°, J4: -175° to 175°, J5: -100° to 110°, J6: -147.5° to 147.5. The
location of the joints is shown in Fig. 30.

Fig.31 The fastening principle used Fig.32 Niryo One fixing holder

to fix Niryo One to the top platform
The holder for attaching and providing the extra stability required for the Niryo One is a

combination of a U-shaped profile that enters a hole in the upper plate, and an L-shaped profile, the upper
part of which is corradial and in contact with the base at joint J1, thus fixing the robot in a stable position.
The holder is mounted to the plate through its U-shaped part, which is clamped with M5 using the vise
principle. The dimensions of the U-shaped part are 23.5 mm x 25 mm / width x length / and thickness 7
mm. The L-shaped profile has the following dimensions: 7Imm x 32mm x 22.5mm / height x length x
width / and 7mm thickness. The designed holder in combination with the suction cups and rubber feet of
the anthropomorphic robot ensures the necessary stability during operation.
2.2 Movement and power-driven mechanisms

The mobile robotic platform chosen is of the differential control type [49]. This type of platform has
two motors located on the left and right sides, which drive independently of each other the two side wheels.
To achieve stability of the platform we use two auxiliary wheels at the front and rear. This wheel
arrangement allows rotation in place, but on uneven surfaces contact between a wheel and the ground may
be lost.

unpowered wheel

e ==

powered wheel powered wheel

unpowered wheel

Fig.33 Movement of the mobile robo-platform

» Forward movement of both driven wheels - achieves forward movement of the robot.

* Movement of the two driven wheels back - achieves movement of the robot backwards.

* Movement of one wheel forward and the other backward - achieves rotation of the robot in a small
circle, the center of which is located between the two driven wheels.

» Movement of one wheel slower than the other - achieves rotations of the robot in the direction of the
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slower wheel. How fast it rotates depends on how big the difference between the two speeds is.
The control of a differential mobile platform is complex because coordination and cooperation between
two separately driven wheels is required [50].
2.3 Sensor system

Sensor systems are a critically important part of any mobile robot project. They help to perform all the
functions of interaction with the environment — monitoring the spatial position and orientation of the
robot, maintaining a trajectory, detecting obstacles, safety of the robot and the people working with it.
Depending on their main function, the sensors that are used in mobile robots can be divided into several
categories: tactile sensors, proximity sensors, acceleration and orientation sensors, laser scanner
(LIDAR), visually based systems, wheel encoders, ultrasonic sensors.
2.4 Industrial design of the robot
2.4.1 Fundamental aspects

With a multi-purpose mobile robot, the goal should be the cleanest and neutral design that fits
into the working environment of different types of equipment. The structure building the robot's
appearance is segmented into separate panels. Compared to the specific segment that makes up the plastic
of the design, there are specific accents that correspond to the motor units, sensors and modules of the
multi-purpose robot. The graphic lines depicted around the openings of the ultrasonic sensors serve as an
accent for their utilitarian placement in the design. At the rear of the structure is positioned a hole with a
lid that provides access to the jack for charging the robot as well as for a view of the display showing the
percentage of battery charge. In the realization of the vision and construction of the multi-purpose robot,
the molds of the plastic are realized in a way that ensures maximum possible protection of the components
housed inside from solid and dust particles, which will ensure its proper functioning.

CHAPTER III: CONTROL OF THE MULTI-PURPOSE SERVICE ROBOT

3.1 Tele-operation of the multi-purpose mobile robot platform through a web-based graphical
interface, via MQTT and web sockets
3.1.4 Implementation of MQTT over WebSocket in JavaScript

In this development, an interface for controlling a two-wheeled mobile robot with a DC motor using
MQTT.js and WebSockets is presented. [45] [70] The interface includes a text box for theme selection,
a speed control slider, and four directional control buttons. The theme chosen by the user is the channel
through which the interface publishes speed and motion values.

Select topic

Speed

* 1 2 1 2
b=t A 4= -
Fig.36 The overall process of Fig.37 The developed Fig.38 Movement of
communication between the elements user interface wheels

The movement speed is set through the JavaScript "Change" event, which takes the value from the
slider field and triggers a POST query directed to the "publisher" route. A JSON object is sent that
contains the subject name and a message that is an integer value determining the speed. Similarly, the
direction of movement is determined by one of four buttons, each of which is indicated by a different
arrow indicating the desired direction. Each button contains a command with a template for the required
movement of the engine in the given direction. When one of the buttons is pressed, a POST request is
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sent to the selected topic during the "MouseDown" event. After the button is released, the "MouseUp"
event is triggered, which sends a command to stop the motors, and in response, the device stops moving.
Figure 37 illustrates the created user interface for the program. The interface allows users to manage the
speed and direction of the robot. The topic chosen by the user is used to publish the speed and movement
values. The robot subscribes to the a topic and receives the values sent by the interface. As a message
protocol MQTT is used, and WebSockets provides a two-way communication channel between the
interface and the robot. Figure 38 illustrates how the engine wheels move depending on the button
pressed. Pressing the "up" button causes both wheels to rotate forward, resulting in the robot moving
forward. Pressing the "down" button causes both wheels to rotate in the opposite direction, resulting in
the robot moving backwards. Pressing the "left" button causes the right wheel to rotate forward, while
the left wheel rotates backwards, as a result of which the robot turns left. Conversely, pressing the "right"
button causes the left wheel to rotate forward while the right wheel rotates backwards, resulting in the
robot turning right [44].

The flow chart (Fig.39) illustrates the main steps related to the control of a mobile robot through the
provided interface, including setting a theme, speed regulation, driving direction control, posting values
and acting on these values to control the robot wheels. As shown in Figure 40, after starting the robot the
controller automatically establishes a connection with the MQTT broker. Once connected, when a
subscribed topic message is received from the broker, the specified Callback function is performed.

As aresult of the input data received, a command is sent to execute the movement of the engine as needed.

Fig.39 Workflow of the process Fig.40 Firmware diagram

Actions such as contacting a broker, subscribing to a topic, and posting messages are saved and
displayed in a console. Figure 41 shows the logs for subscribing to a particular topic, pressing the
"Forward" button and running it after a few seconds. The time of the action is also displayed.

Console:

14:34:24: Connected with MQTT Broker: "ws://192.168.41.129:9001/mqtt"
14:34:41: Subscribed to MQTT Topic: "home/carl"

14:35:07: Published "FORWARD, 50" to MQTT Topic: "home/car1"
14:35:07: MQTT Message Received. M : "FORWARD, 50" MQTT Topic:
"home/carl" QoS Value: "0"

14:35:21: Published "STOP, 0" to MQTT Topic: "home/car1"

14:35:21: MQTTM ge Received. Message: "STOP, 0" MQTT Topic:
"home/carl" QoS Value: "0"

Abstracts of Dissertations 2024 (8) 3-42



15 Petko Stoev

Fig. 41. Console Register

3.2 Control of the multi-purpose robot in drug delivery mode

The rotary table is a module that can be mounted to the mobile robot-platform with tele-control (Fig.
42) and is an important component for the distribution of items such as medicines for different patients
relative to the given hospital room.

Fig.42 View of the rotation module attached to the mobile robot-platform
3.2.1 Algorithm of robot operation
The robot operating algorithm in drug delivery mode is presented in Figure 43 and includes the following
steps:

Fig.43 Flowchart of the operation Fig.44 Scheme of the main components
of the module of distribution module

e Installation and startup of the module:
After the successful installation of the rotary table to the mobile robot-platform and the power supply,
the module control program is started.

e Loading items:
The operator places the drugs or other items to be carried and distributed in the individual slots of the
rotary table.

e Select Mode:
The program interface provides a choice of different modes of operation, depending on the objectives of
the operation. For example, the operator can choose an automatic mode for the distribution of objects
based on preset parameters or a manual mode, where the operator has control over the process.

e Start the work cycle:
After the operator selects the desired mode, he starts the duty cycle by pressing the corresponding button
in the program.
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e Rotation and distribution:
The way the rotary table works is to rotate until the selected objects in the given slot reach in front of the
robot. On the basis of an encoder it is known about the position of the given slot. Through the interface,
it is saved in which slot objects for which room and which patient are intended.

e Submission of the items:
The robot moves towards the patient or the place where the objects are to be provided. The rotary table
feeds the objects. After the patient takes their pills using the tele-controlled robot's camera, the operator
validates that the pills have been taken..

e Repetition of the process:
If there are more slots for the patient after handing over the item, the rotary table continues to rotate and
feed the next item until all items assigned to the given room and patient are allocated.

e Completion of the work cycle:
After all subjects have been successfully allocated, the program outputs a message to complete the
operation. The operator sets the robot to move to the next location on the basis of semi-autonomous tele-
control or directly navigates it via direct tele-control

e Turn off the module:
The operator can disconnect the module after the successful completion of the duty cycle.
3.2.2. Simulations and results of verification of the module and algorithm of operation

The simulation setup aims to verify the management and behavior of the module. The simulation
was carried out on the basis of several softwares, through their paralytic and synchronized
implementation. In the simulation, the following softwares are bound:

- SolidWorks-CAD: Software used to construct the robot platform and module

- Proteus 8.16: Software for electronic design and automation (EDA/ ECAD). Proteus allows creating
circuits, designing printed circuit boards, etc. It is used in this simulation by providing powerful
functionality when simulating microcontrollers by applying hex files to already built circuits.

- Arduino IDE: Environment used to write the code illustrating the algorithm

- HHD Software’s Virtual Serial Port Tools: It is a comprehensive set of software tools designed to
manage and emulate virtual serial ports. Virtual serial port tools can create virtual serial devices and
connections that fully emulate the functionality of hardware physical devices.

- Blender 3D: 3D modeling software that allows writing scripts using the Python API. Provides the ability
to communicate with Proteus.

The first step is to create the code in the Arduino IDE. In order to be able to realize the simulation
in the code, the BlendixSerial.h library is introduced, which allows the communication between the
simulation of the hardware in Proteus with the 3D environment of Blender 3D, in which the constructed
robot is placed.
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Fig.45 The BlendixSerial.h library implemented in the IDE created in Arduino

For manual mode, 0 is entered in the Proteus virtual terminal, and for autonomous distribution mode, 1
is entered. Each of the slots that are loaded by the operator in drug distribution corresponds to a specific
angle based on the number of slots that are on the rotation disk. Figure 46 illustrates the value of the
angle corresponding to the specific slot.

Fig.46 Slot angle values

A second step after setting up the program in the Arduino IDE environment is the construction of the
hardware system and its wiring in the Proteus environment. For this purpose, Proteus libraries are used,
in which there are ready-made components - motors, sensors, controllers, etc. Figure 47 shows the created
hardware scheme connecting the components that make up the module as well as a virtual terminal for
entering and visualizing the data.

Abstracts of Dissertations 2024 (8) 3-42



MULTIPURPOSE TELE-OPERATED SERVICE ROBOT 18

Fig.47 Hardware scheme of the drug distribution module

Once all the components are connected properly and the hardware system building the module is ready,
the next step is to load the program written in the Arduino IDE in the Proteus environment, where we
perform the simulation. Loading the program is done by pressing the right click on the microcontroller
in the environment of Proteus. As a result, the Edit Component menu comes out, through which we load
the arduino file.

Fig. 48: Uploading the program written in the Arduino IDE in the Proteus environment

The next step is to open the 3D model of the robot in the 3D environment of Blender. In order for the
model to move in the way we want, the constructed parts in Solidworks must be exported separately and
assembled into a new one in the Blender 3D environment where the necessary constraints to the 3D
objects are set and the objects that will be managed by the program and will move in the specified way
are specified. The rigging steps for the model to move along a certain trajectory based on the control
program that is implemented in the Proteus simulation are the following:

In object mode, an "armature" is created (a skeletal structure that manages a 3D object).
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Fig. 49 Menu for generating Fig.50 The generated armature Fig.51 Positioning of the

an armature structurena for controlling the 3D object armature in the 3D object
Once the fittings are created, it is moved to the place where we want the movement to take place and
placed towards the overall construction of the model we wish to be rigged (Figure 50 and Figure 51). In
object mode, once the desired model is selected, the armature is switched to the pose mode (Figure 52).
A choice of bone to be erupted, i.e. attached to the model (Figure 53), is then selected. Finally, ctrl+p is
pressed and a "bone" is selected(Figure 54)

Fig.52 Choosing Pose menu Fig.53 Choosing a bone Fig.54 Menu for choosing

which is to be rigged a “bone”
After the model is rigged, we add the application to Blender BlendixSerial. The BlendixSerial library is
designed to work together with the blendixserial add-on in Blender. It allows controlling objects in
Blender through serial communication with Arduino or other microcontrollers. By emulating the COM
ports from HHD Software's Virtual Serial Port Tools, together with BlendixSerial begins the connection
between the simulation in Proteus and the 3D constructed robot with attached module in Blender

Fig.55 The emulation of the COM ports Fig.56 Start the simulation
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The simulation in Proteus is started. (Figure 56). Using the virtual terminal, the running program is
visualized, which is written in Arduino and implemented in Proteus through the generated hex file. The
terminal waits for 0 or 1 to be entered for manual or autonomous distribution mode. In order to visualize
the changes in the 3D model of the constructed robot in the BlendixSerial drop-down menu, we must
have pressed Connect Serial and Start Movement, as well as indicate the emulated port, which is
illustrated in Figures 57, 58 and 59.

Fig.57 Selection of COM port in Blender

Fig.58 BlendixSerial before startup Fig.59 BlendixSerial after startup
After entering 1 and starting the autonomous allocation the program waits for the introduction of the
sequence of slots with drugs loaded into them, which are for the patient to which the operator sends the
robot. (illustrated in Figure 60).

Fig.60 The synchronized environments of Proteus and Blender
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Figure 61 shows the autonomous distribution mode for 3 slots. Once we have entered the numbers of the
slots in which we have put the drugs, the program executes them consistently. The virtual terminal shows
the sequential execution of the 3rd, 6th and 1st slots, and after each spin to the respective slot terminal it
indicates that the movement is successful / completed. 45 degrees corresponds to the first slot and can be
seen both on the terminal on the left side of the screenshots and on the right side in the 3D environment
of the blender in the z unlocked rotation of the object.

Fig.61 Autonomous distribution mode Figure 62: Manual distribution mode

In manual mode (which is activated when entering 0 in the terminal) the slot is entered , which we want
to rotate in the front of the robot so that the patient can access it. In the image Fig. a slot 7 has been
introduced, which corresponds to 315 degrees , which are visualized in the virtual terminal and in the
menu responsible for rotation of the distributor table in the 3D blender environment. Once the movement
is successfully completed the terminal awaits the next input for mode and then for slot number.

3.3 Control of the multi-purpose robot in surveillance, security and signalling mode

The surveillance and security module is an important component of the tele-controlled mobile
robot platform, which provides the operator with the ability to choose between surveillance mode, video
or photo recording mode, and active security mode..

Fig. 63 Mobile robot-platform with mounted module for surveillance and security

The developed algorithm of robot operation in bypass, surveillance, security and signaling mode is
presented in Figure 64, and Figure 65 presents the main components that make up the module.
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Fig.64 Flowchart of the operation Fig.65 Scheme of the main components
of the module of surveillance module

Algorithm of robot operation:

. Installation and startup of the module:

The surveillance and security module contains a built-in camera that is mounted on the top plate of the
mobile robot platform. After the successful installation of the module and the power supply, the module
control program is started.

. Select mode:

The interface of the program provides a choice of different modes of operation. The operator can choose
between surveillance mode, video or photo recording mode, and active guard mode.

. Start the work cycle:

After the operator selects the desired mode, he starts the duty cycle by pressing the corresponding button
in the program.

. Surveillance and recording:

The camera of the surveillance and security module begins to broadcast a video signal that can be
monitored in real time by the operator. In recording mode, the program can start recording video or photos
that are saved for future use.

. Remote control:

The operator can control the tilt and rotation of the camera through the program interface. This allows
the operator to point the camera at specific objects or areas.

. Active security:

In active guard mode, the robot can use additional sensors or algorithms to detect movement or illegal
activities in the surveillance area. In case of detection of illegal activities, the module can provide a
warning to the operator and start recording the incident.

. Completion of the work cycle:

After the operator has finished monitoring or recording, a message is displayed to complete the operation.
. Turn off the module:

The operator can turn off the module after the successful completion of the operating cycle. This module
provides capabilities for monitoring and security at different locations and situations, providing real time
to the operator or recording important data for future use.

3.4 Control of the multi-purpose robot in mode for transporting and lifting loads by a means of
scissor lift
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The general appearance of the robot in the mode for transport and lifting by means of a notch
hoist is shown in Figure 66.

Fig.66 General appearance of the robot with a plate hoist module mounted to it

3.4.1 Algorithm of robot operation

The developed algorithm of operation is presented in Figure 67 and includes the following steps:

. It starts with the installation and startup of the module. After the operator brings the platform into
operation and turns on the power, the program is started and the controller sends a signal to the driver of
the linear motor (actuator).

. If the lifting platform is not in its starting position, the linear engine begins to lower the arms on
which the lifting platform is attached. After performing this procedure, the platform is in "anticipation"
mode, until a command is given by the operator. This procedure must also be carried out in case the
platform has stopped its work in an emergency and the lifting platform has remained in the working
position.

. When the robot receives a command "lift the load", the controller sends a signal to the linear
motor driver. The motor begins to raise the arms on which the lifting platform is mounted until the weight
sensor touches the load. It takes into account the weight of the load, and if it exceeds the norm, the
program reports an error "Attention, excess weight!" Then the mechanism returns the lifting platform to
"standby" mode.

. When the program receives a command "lift the load" and the weight sensor detects a weight in
the norm, the mechanism raises the load to the blinded height and the robot can proceed to transport the
load.
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Fig.67 Flowchart of the operation Fig.68 Scheme of the main components
of the module of lifting module

Figure 68 presents the hardware system of the lifting robot. The lifting module is powered by a Li-ion
battery block consisting of 3 series connected cells with a voltage of 3.7V and a maximum current of SA.
3.4.2. Simulation and results of the verification of the module and algorithm of operation

Through the simulation setup, the control and behavior of the module is verified. The simulation
is performed on the basis of several softwares through their parallel and synchronized implementation.
The following software are bound in the simulation: SolidWorks-CAD, Proteus 8.16, Arduino IDE, HHD
Software's Virtual Serial Port Tools, Blender 3D.
The first step is to create the code in the Arduino IDE. In order to be able to realize the simulation in the
code, the BlendixSerial.h library is introduced, which allows the communication between the simulation
of the hardware in Proteus with the 3D environment of Blender 3D, in which the constructed robot is
placed.

Fig.69 Creation of the code in the Arduino IDE
The code provides 2 user options, one for lifting and one for lowering.
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Fig.70 Hardware scheme in Proteus Fig.71 Uploading the program written,
in the Arduino IDE in Proteus environment

A second step after setting up the program in the Arduino IDE environment is the construction of
the hardware system and its wiring in the Proteus environment. For this purpose, Proteus libraries are
used, in which there are ready-made components - motors, sensors, controllers, etc. Figure 70 shows the
created hardware scheme connecting the components that make up the module as well as a virtual
terminal for entering and visualizing the data. Once all components are connected correctly and the
hardware system building the module is ready the next step is to load the program written in the Arduino
IDE in the Proteus environment, where we perform the simulation. (figure71). Loading the program is
done by pressing the right click on the microcontroller in the environment of Proteus. As a result, the Edit
Component menu comes out, through which we load the Arduino file. The next step is to open the 3D
model of the robot in the 3D environment of Blender. In order for the model to move in the way we want,
the constructed parts in Solidworks must be exported separately and assembled into a new one in the
Blender 3D environment where the necessary constraints to the 3D objects are set and the objects that
will be managed by the program and will move in the specified way are specified. The rigging steps for
the model to move along a certain trajectory based on the control program that is implemented in the
Proteus simulation are the following:

In object mode, an "armature" is created (a skeletal structure that manages a 3D object). Once the
armature is created, it is moved to the place where we want the movement to take place and placed to the
overall construction of the model we want to be rigged. (Figure 72, Figure73 and Figure74).

Fig. 72 Menu for generating Fig.73 The generated armature Fig.74 Positioning of the
an armature structurena for controlling the 3D object armature in the 3D object

In object mode, after selecting the desired model, the armature is switched to pose mode ( figure
75 ). This is followed by a choice of bone to be erupted, i.e. attached to the model (Figure 76). Finally,
ctrl+p is pressed and "bone" is selected(Figure 77 )
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Fig.75 Choosing Pose menu Fig.76 Choosing a bone Fig.77 Menu for choosing
which is to be rigged a “bone”

Fig.78 The emulation of the COM ports

After the model is rigged, we add the application to Blender BlendixSerial. The BlendixSerial
library is designed to work alongside the blendixserial add-on in Blender. It allows controlling objects in
Blender through serial communication with Arduino or other microcontrollers. By emulating the COM
ports from HHD Software's Virtual Serial Port Tools, together with BlendixSerial begins the connection
between the simulation in Proteus and the 3D-engineered robot with attached module in Blender.

We run the simulation in Proteus (figure79). Using the virtual terminal, the running program is
visualized, which is written in Arduino and implemented in Proteus through the generated hex file. The
terminal is waiting for us to enter 1 or 2 to remove or lift the platform.

Fig.79 Running the simulation in Proteus and selecting a COM port in Blender
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In order to visualize the changes in the 3D model of the constructed robot in the drop-down menu
of BlendixSerial we must have pressed Connect Serial and Start Movement, as well as specify the
emulated port.

Fig.82 Starting position waiting for the introduction into the terminal

Fig.83 The robot with the lifted module

Figures 82 and Figure 83 depict the two possible robot positions, namely downthrown and raised
platform. When the permissible weight is exceeded, the user receives a warning that the load placed on
the platform is too much and the program temporarily stops its function until the excess load is removed
— Figure 84.

Fig.84 Terminated robot function until excess load is removed
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Once the movement is successfully completed the terminal awaits the next command input by the user.

3.5 Control of the multi-purpose robot in storage and delivery mode via a lifting platform
The general appearance of the robot in the mode for storage and/or delivery of finished products
is shown in Figure 86.

Fig.86 Robot with mounted module with lifting platform
for the supply of finished products
3.5.1 Algorithm of robot operation
The developed algorithm of robot operation in production delivery mode by means of a lifting
platform module is presented in Figure 87. Similar to the plate hoist, the module with lifting platform for
storage and delivery goes through the same functional steps.

Fig.87Flowchart for controlling the module Fig.88 Diagram with the basic components
building the module

Figure 88 presents the hardware system of the module. The service robot in storage and/or
delivery mode includes a differential mobile platform, an industrial computer and controllers, an
electromechanical drive system (DC motors with reducers and encoders), a 12V LiPo rechargeable
battery and a sensor system. The linear actuator used was 12 volts with a maximum load capacity of 90
kg.
3.5.2Simulation and results of the verification of the module and algorithm of operation
The verification of the module and the algorithm of work was realized through the implementation of a
computer simulation, for which the synchronized application of the following software was performed
in parallel: SolidWorks-CAD, Proteus 8.16, Arduino IDE, HHD Software's Virtual Serial Port Tools and
Blender 3D.
The first step is to create the code in the Arduino IDE. In order to be able to implement the simulation in
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the code, the BlendixSerial.h library is introduced, which allows the communication between the
simulation of the hardware in Proteus with the 3D environment of the Blender 3D in which the
constructed robot is placed.

When starting the simulation part in Proteus in the virtual terminal of the simulation, the operator chooses
the type of operation / movement of the platform /: 1- for downloading 2- for lifting.

In the program, when the weight limit that can be taken by the platform, the terminal returns the message
"Too heavy!" and does not allow the operation to be performed until the weight reduction in the
permissible values.

Fig.89 The written program in Arduino IDE

A second step after the creation of the program in the environment of the Arduino IDE is the construction
of the hardware system and its wiring in the Proteus environment. For this purpose , the Proteus libraries
are used, in which there are ready-made components - motors, sensors, controllers, etc. - Figure 90 shows
the created hardware scheme connecting the components building the module as well as a virtual terminal
for entering and visualizing the data.

Fig.90 Hardware scheme

Once all the components are connected properly and the hardware system building the module is ready,
the next step is to load the program written in the Arduino IDE in the Proteus environment, where we
perform the simulation. Loading the program is done by pressing the right click on the microcontroller
in the environment of Proteus. As a result, the Edit Component menu comes out, through which we load
the Arduino file.
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Fig. 91 Uploading the Arduino program in Proteus environment

The next step is to open the 3D model of the robot in the 3D environment of Blender. In order for the
model to move in the way we want, the constructed parts in Solidworks must be exported separately and
assembled in a new way in the Blender 3D environment where the necessary constraints to the 3D objects
are set and the objects that will be managed by the program and will move in the specified way are set.
The rigging steps for the model to move along a certain trajectory based on the control program that is
implemented in the Proteus simulation are the following:

Fig.92 Menu for generating Fig. 93 The generated armature Fig. 94 Positioning of the
a bone structure for controlling the 3D object armature in the 3D object

In object mode, "armature" are created. ( Fig. 92). Once the fittings are created, it is moved to the
place where we want the movement to take place and placed to the overall construction of the model we
want to be rigged. (Fig. 93 and Fig. 94).

In object mode, after selecting the desired model, the armature is switched to pose mode ( figure
95 ). This is followed by a choice of bone to be rigged, i.e. attached to the model (Figure 96). Finally,
ctrl+p is pressed and "bone" is selected(Figure 97 )

After the model is rigged, we add the application to Blender BlendixSerial. The BlendixSerial
library is designed to work alongside the blendixserial add-on in Blender. It allows controlling objects in
Blender through serial communication with Arduino or other microcontrollers.
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Fig.95 Choosing Pose menu Fig.96 Choosing a bone Fig.97 Menu for choosing

which is to be rigged a “bone”
By emulating the COM ports from HHD Software's Virtual Serial Port Tools, together with BlendixSerial
begins the connection between the simulation in Proteus and the 3D-engineered robot with attached
module in Blender

Fig. 98 Emulating the COM ports Fig. 99 Start the simulation from Proteus
We run the simulation in Proteus. Using the virtual terminal, the running program is visualized,
which is written in Arduino and implemented in Proteus through the generated hex file. The terminal
waits for us to enter 1 or 2 to remove or erect a lifting platform.
In order to visualize the changes in the 3D model of the constructed robot in the drop-down menu of
BlendixSerial we must have pressed Connect Serial and Start Movement, as well as specified the
emulated port. By introducing "2" in a virtual terminal, the position of the lifting platform rises up the Z
axis (in the case where the reported weight is less than 70% of the prepostima). Once the movement is
successfully completed, the terminal awaits the next entry. Figure 103 and Figure 104 show by visualizing
in the virtual terminal a situation where the weight is above the allowable and the operation is not allowed
and the next situation in which the weight is in the set limit values and the movement is carried out.

Fig. 103 A situation in which the load is above Fig. 104 The movement is carried out- the load
allowed values and the operation is not permitted is in the allowed values

By introducing a "1" in the virtual terminal the position of the lifting platform returns to its original
position. Once the movement has been successfully completed the terminal awaits the next input (Fig.
105)
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Fig. 105 The terminal awaiting the next introduction

3.6 Control of the multi-purpose robot in cleaning mode
The general appearance of the robot with a cleaning module connected to the universal mobile
platform is shown in Figure 107.

Fig. 107: 1- detergent tank with cover, 2- tank pump, 3- antibacterial UV lamp for sanitation of the
surroundings, 4- antibacterial UV lamp for floor sanitation, 5- rear adjustable brush, 6- linear
actuator for moving rear brush, 7- teleoperation camera

3.6.1 Algorithm of robot operation

The developed algorithm of operation in cleaning mode, presented in Figure 108, includes the
following steps:
. It starts with the installation and startup of the module. After the operator has installed the
cleaning module and put the platform into operation (power on), the program is started and the controller
sends a signal to the actuator. The motor begins to lift the structure on which the rotating brushes are
attached until the angle set by the program is reached. After performing this procedure, the platform is in
"standby" mode until a command is issued by the operator. This procedure must also be carried out in
case the platform has interrupted its operation in an emergency situation and the structure carrying the
rotating brushes has remained in the working position.
* When the program receives the command "start cleaning", the controller sends a signal to the driver
[93] of the motor. The actuator begins to lower the arm on which the rotary motors are mounted until the
brushes touch the working surface. After the structure is lowered, the controller sends a signal to the
drivers of the motors driving the rotating brushes. They are driven, reaching their maximum speed in 5
seconds. This prevents the load that would result from the sudden start of the engines.
* When the program receives the command "start cleaning with water", if the platform was in "standby"
mode, the procedure in step 2 is repeated, and after the motors driving the rotating brushes reach their
maximum speed, the controller sends a signal to the pump motor driver of the tank.
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Fig. 108 Flowchart of the operation Fig. 109 Scheme of the main components
of the module of cleaning module

 If the platform was in "start cleaning" mode when the command "start water cleaning" was given, the
controller directly sends a signal only to the motor driver controlling the water pump.
* When the program receives the command "start cleaning the floor with a UV lamp", the controller
sends a signal to the linear motor driver. The motor starts lowering the arm, to which a floor cleaning
brush and a UV lamp are mounted. After the arm is lowered to the floor, a signal is sent to the relay
supplying the UV lamp.
* When issuing the command "Start cleaning the environment with a UV lamp", the controller sends a
signal to the relay power supply controlling the UV lamp cleaning the environment.
* Atthe "end of cleaning" command the controller delivers successively the following signals:
- a signal to the engine driver driving the pump of the stop-up tank,
- signal to the motors drivers driving the rotating brushes to stop operation,
- signal to the linear motor driver to lift the structure to the specified position set by the program,
- signal to the linear motor driver to lift the rear brush and command to turn off the UV lamp for floor
hygiene and the central UV lamp cleaning the surroundings in the room.
After this command, the platform will again be in standby mode and the power can be interrupted.
In Figure 109 the hardware system of the cleaning module is represented. The cleaning module is
powered by a lithium-ion battery consisting of 3 series-connected cells with a voltage of 3.7V and a
maximum current of SA.
3.6.2 Tele-operation of the developed cleaning module

The control of the cleaning module is added to the web-based graphical interface for teleoperation
of the robot. The connection between the robot and the user is via Wi-Fi. The user can use a mobile
device or laptop- the only condition is to connect to the robot's network and have a web browser.
Teleoperation is obtained using the technology of the web socket. They transmit data from the robot to
the operator and vice versa.
Buttons and tools have been added to the interface to manage the various modules and the operations
they perform. Based on the teleoperation, the operator sets the creation of a map and the preservation of
the map of the current room, and according to the situation he observes in the room, sets which systems
to turn on when the robot cleans it. In addition, at any time the operator has access to the robot and the
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remote control option.
The cleaning functions built into the graphical interface are the following:
* Create a map: the operator manually walks the robot around the room until a complete map is created.
Each procedure then uses the map made [16]. A sequential map scanning algorithm is used to ensure that
cleaning procedures are carried out everywhere
» Start cleaning only with brushes
* Start cleaning with brushes and spraying with detergent
» Switching on and activating the disinfecting subsystem with UV lamps. Since there is a danger to
humans and animals during this procedure, an algorithm of radiation protection is activated before
starting the lamps. In this mode, the robot detects the presence of humans or animals. If detected, the UV
lamps shall be switched off and signalled at the operator's graphical interface. For better perception, the
robot is able to recognize markers and other objects [17].
* Cleaning including all systems / brushes, washing, UV lamps / of the sanitary module: In this mode, all
systems of the cleaning module are activated, as well as all algorithms.
The feedback from the robot to the operator is realized by visualization of data from the sensors and
devices of the robot. The operator can monitor the video stream from the robot's camera, track the location
of the robot according to the navigation map, see if there is a set operation and to what extent it is
completed. When a problem occurs while performing an operation or a malfunction occurs, it is also
reported to the operator.
In addition to automated operations, buttons have been added to the graphical interface to control the
individual functions of the modules. In this way, the operator can use the robot in manual teleoperation
mode, to diagnose systems, etc.
3.6.3. Simulation and results of verification of the module and algorithm of operation
To verify the module and the algorithm of work, a computer simulation is compiled and
implemented through the synchronized application of the following softwares: SolidWorks-CAD,
Proteus 8.16, Arduino IDE, HHD Software's Virtual Serial Port Tools and Blender 3D.
The first step is to create the code in the Arduino IDE. In order to be able to implement the simulation in
the code, the BlendixSerial.h library is introduced, which allows the communication between the
simulation of the hardware in Proteus with the 3D environment of the Blender 3D in which the
constructed robot is placed.
When starting the simulation part in Proteus in the virtual terminal of the simulation, the operator selects
which modes of operation of the cleaning module to activate. The program has 4 modes, which are
entered with a digit in the terminal:
1-start of cleaning (starts cleaning with brushes after the shoulder structure is removed);
2-UV cleaning (cleaning with the brush positioned at the back of the robot together with the UV lamp
attached to it);
3-cleaning with water (starts the electric pump for cleaning with water through the nozzles positioned at
the front of the rotary brushes);
4- UV lamp mode (cleaning the surrounding environment using the UV lamp mounted on the top plate
of the mobile robot)
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Fig.110 The written program in Arduino IDE

A second step after the creation of the program in the environment of the Arduino IDE is the construction
of the hardware system and its wiring in the Proteus environment. For this purpose, Proteus libraries are
used, in which there are ready-made components - motors, sensors, controllers, etc. Figure 111 shows the
created hardware scheme connecting the components that make up the module as well as a virtual
terminal for entering and visualizing the data.

Fig. 111 Hardware scheme of the cleaning module

Once all the components are connected properly and the hardware system building the module is
ready, the next step is to load the program written in the Arduino IDE in the Proteus environment, where
we perform the simulation. Loading the program is done by pressing the right click on the microcontroller
in the environment of Proteus. As a result, the Edit Component menu comes out, through which we load
the Arduino file.

The next step is to open the 3D model of the robot in the 3D environment of Blender. In order for
the model to move in the way we want, the constructed parts in Solidworks must be exported separately
and assembled into a new one in the Blender 3D environment where the necessary constraints to the 3D
objects are set and the objects that will be managed by the program and will move in the specified way
are set.
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Fig.112 The loading of the Arduino file in the environment of Proteus

The rigging steps for the model to move along a certain trajectory based on the control program that is
implemented in the Proteus simulation are as follows:

Fig. 114 The generated armature  Fig.115 Positioning of the  Fig.117 Choosing a bone
For controlling the 3D object armature in the 3d object which is to be rigged

In object mode, an "armature" (a skeletal structure that controls a 3D object) is created. Once the
armature is created, it is moved to the place where we want the movement to take place and placed to the
overall design of the model we wish to be rigged (Fig. 114 and Fig. 115). In object mode, once the desired
pattern is selected, the armature is switched to pose mode. This is followed by a choice of bone to be
erupted, i.e. attached to the model (Figure 117). Finally, ctrl + p is pressed and "bone" is selected. After
the model is rigged, we add the application to Blender BlendixSerial. The BlendixSerial library is
designed to work together with the blendixserial add-on in Blender. It allows controlling objects in
Blender through serial communication with Arduino or other microcontrollers. By emulating the COM
ports from HHD Software's Virtual Serial Port Tools, together with BlendixSerial begins the connection
between the simulation in Proteus and the 3D-engineered robot with attached module in Blender

Fig. 119 Emulation of the COM ports Fig. 120 Start the simulation in Proteus

We run the simulation in Proteus. Using the virtual terminal, the running program is visualized, which is
written in Arduino and implemented in Proteus through the generated hex file. The terminal writes that
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the procedure has started and is waiting for us to introduce the cleaning mode we want to start. Possible
modes of operation are:

start of cleaning, 2- UV cleaning, 3- cleaning with water, 4- mode UV lamp

Before starting the program, in accordance with the cleaning algorithm, the arms on which the cleaning
brushes are mounted are automatically raised. After entering a cleaning command in the terminal, they
are lowered to the extreme lower position, in which it is intended to start the rotation of the brushes and
cleaning on the basis of a geometric analysis carried out in the process of designing the product. In order
to visualize the changes in the 3D model of the constructed robot in the drop-down menu of BlendixSerial

we must have pressed Connect Serial and Start Movement, as well as specified the emulated port. —
(Fig.123)

Figure 123 Selection of COM port in the environment of Blender

After entering 1 and starting the cleaning through the front brushes, the shoulder structure is lowered and
the rotation of the brushes begins. The terminal visualizes the moving of the arms and indicates that the
action has been successfully performed. The move is also displayed in the menu in Blender, showing the
move in height. After that, the next execution command is expected. (Fig 126) The image in figure 127
corresponds to the introduction of the cleaning mode with the brush positioned at the rear of the robot
and the activated UV lamp.

Fig. 126 The executed mode in the simulation Fig. 127 Start cleaning with brush
environment and anticipation of next command and UV lamp in the simulation environment

Fig.128 The activated mode for cleaning the ambient environment in the simulation
In the simulation part of Proteus, the lamp corresponding to the UV lamp in the 3D model is included
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based on the code, and the visualization of the change is done with a change of color.

The introduction into the Proteus virtual terminal the mode for cleaning the environment by UV lamp
is visualized as a corresponding lamp in the simulation, mounted on the top plate in Blender 3D changing
color. In the case of water cleaning, the engine responsible for viewing the pump in the environment of
the Proteus is activated. (Fig.128)

3.7 Control of the multi-purpose robot with attached module with antropomorphic robot
For operations requiring a certain level of precision, an anthropomorphic robot module is attached to
the mobile robot platform.

Fig. 129 The module with the attached Niryo One to the mobile robot

3.7.1 Controlling software

For the functioning of the anthropomorphic robot, the Niryo One Studio control software [94]
running under different operating systems (Windows, MacOS, Linux) is used. The software shown in
Figure 130 is used for setting up the robot, moving the robot, programming a sequence of commands,
etc.
a) The left menu of the software window has the following robot control panels:
* Nirio blocks;
* Reserved positions;
* Saved sequences (with the possibility of automatic starting);
* Settings (Wi-Fi, Raspberry Pi, software versions);
*Calibration;
» Hardware status; Troubleshoot errors and logs.

Fig.130 Niryo One control software window

b)Robot control

When proceeding to the control of the robot, a calibration must be carried out in advance, after which
an indicative LED (green or blue) indicates that the robot has been successfully started. The control
software of the anthropomorphic robot Niryo One Studio, has a section providing information about
the robot and contains the training mode shown in Figure 131.
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Fig.131 Permanent right section in the software window
. The software provides a 3D view of the robot. The 3D view helps to detect whether the
manual/automatic calibration has been done correctly. If the physical positions of the robot differ and
what is visible on the screen, the automatic calibration must be done again.
e When activating the "learning mode" button, the torque of all engines is deactivated. When the robot
is in "learning mode", it can be moved freely. When the training mode is turned off, all motors are
activated and the robot cannot move freely. When the training mode is turned off, all motors are activated
and the robot cannot move freely
e Atany time, when the "stop" button is activated, the current program of the robot is stopped.
e  Current state of joints (J1-J6).
e  Current position and orientation of TCP (Tool Center Point — the center of the specialized gripper -
dispenser).
. A "keep current position" button allows to keep the current position, after which it can be reused
later.
e  Current maximum joint speed can be changed at any time (0-100%).
e  Currently selected tool. C. Robot drive There are 3 tabs in the command panel of the robot control
software. On the "Arm command" tab [94], an action can be selected from the "joints" tab or the "posture"
tab. The "joints" tab allows to move each joint independently. The "pose" tab allows to move the position
of the
TCP relative to the initial x, y, z coordinates of the robot base.

Fig. 132 Arm command section in the control software
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YBOJ

MHoTrOoLeneBusIT TeNe-ynpaBisieM CEepBU3EH poOOT € yHUBEpCaHa POOOTH3MpaHa CHUCTEMA,
MpeAHa3HaueHa Ja W3MBIHSABA MIUPOK CIIEKTHP OT 3aJa4d M YCIYTH B PAa3IMYHH 00JlacTé U cdepw,
MOCPEAICTBOM JIMCTAHIIMOHHO YITPaBJIE€HUE OT YOBEK - OTepaTop.

B macrosmus nmucepTalMoHEH TPYH c€ pasriexiar (GyHIaMeHTaTHU MPoOJeMU CBBP3aHU C
MEXaHUKaTa, MHIYCTPUATHUS AU3aiiH, eprOHOMHUSTA, MEXaHUYHATAa ChBMECTUMOCT M TEJICYIPABICHUETO
Ha MHOTOIIEJICBUTE TeJe-ynpaBisieMu MoOUITHU poOoTu. [IpencraBena e pa3paboTka Ha MHOTOIICIICBH
TeJe-yrnpaBiisieM CEepPBU3CH POoOOT, upe3 KOWTO MoraT Ja ObJIaT OCBIIECTBEHHW 00XOJ, HaOIIOJCHHE,
OXpaHa W CHTHAIW3alMs Ha OOCKTH, MOYMCTBAHE U XWTHCHH3UPAHE HA TOMEIICHUS, TIOBJWTaHE M
MpeHacsiHe Ha TOBAapHW, JAUCTPUOYIMSA HA JICKApCTBA, TPAHCIOPTHPAHE W CKJIAJMpaHe Ha MPOIYKTH,
M3BBHPIIBAHE HA MAHUTTYJIAIIMOHHU OTICPAITHH.

Hacrosmara quceprannonHa paboTa € CTpyKTypUpaHa KakTo Clie/Ba:

TJIABA 1: Pa3srnenanu ca OCHOBHUTE acIICKTH Ha MEXaHHUKAaTa W Iu3aiiHa Ha MHOTOLICJIEBUTE
TeJe-yNnpaBisieMH CEPBU3HU POOOTH, B TOBA YHCIO CIHCHHU(PUIHUTE OCOOCHOCTH M CHCTEMUTE Ha
CEPBU3HUTE POOOTH, MEXaHUYHA CHBMECTHMOCT M MEXaHWYHUTE CHCTEMHM 3a TAXHOTO MPHUIBMIKBAHE,
JTU3aiHBT U €PrOHOMHUSTA Ha POOOTHUTE, KOMYHHKAIUS TPH CEPBU3HHUTE TEJe-YIpaBiIsieMHd POOOTH.
[Tocouena e cnenudukara Ha B3aUMOJICHCTBUETO YOBEK-POOOT B KOHTEKCTa Ha MHOTOIIEIICBUTE TeJe-
yIpaBJsieMH CEpPBU3HU POOOTH.

I'/TABA 2: B I'maBa BTOpa € mpeiacTaBeH AW3alHBT Ha pa3pabOTEHHs MHOTOILICJIEBU TeJje-
ynpasisieM cepBu3eH po6oT. [logpoOHO ca ommcaHu MexaHMYHATa cHcCTeMa Ha poOoTa, HErOBOTO
3aJIB’KBAaHE U U3I'BJIHUTEIIHU MEXaHU3MH, CEH30pHATa My CUCTEMA U pealu3upaHusi Ju3aifH.

I'JIABA 3: B I'maBa Tperta e mpeicTaBeHO yIpaBJICHUETO Ha MHOTOIIeNIEBUs pOOOT, KaTo 3a BCEKU
PEXHUM M U30paH MOIYI ca pa3paboTeHu OT JOKTOpaHTa alropuThM Ha paboTa, codTyep U xapayep Ha
ynpasjeHue. Pasriiejano € IMCTaHIIMOHHOTO yIpaBleHUE Ha TeJeymnpaBiisieMaTa MHOTO(GYHKIIMOHATHA
MobOunHa podort-mnardopma. [IpoBeneHu ca cuMmynanuu B KOMIIOTHPHA Cpefia, Ha 0a3aTa Ha KOWTO ca
BepUUIIUPAHU ATTOPUTMUTE 32 YIIPaBIECHUE.

I'JIABA I: TEOPETUYEH OB30P
1.3 OcHOBHH XapaKTepHCTHKH HA MHOTOLIeJICBHTE POOOTH
OcHOBHa XapaKkTepHCTHUKAa Ha MHOTOLIEJIeBUTE pOOOTH € MOJIYTHHUAT UM JU3aiiH, KONTO NIaBa

BB3MOXKHOCT Ha HOTpe6I/ITCJ'II/ITC JICCHO Ja II063.B}IT WM NIpeMaxBaT KOMIIOHCHTH. Tazu MOAYIHOCT
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MO3BOJIsSIBA HA Po0OTa Ja ObJie IEPCOHAM3UPAH 32 KOHKPETHU 3a7a4dl U MMPaBU UMIUIEMEHTANUATA Ha
MoIOOpEHUsST WIIM aJanTaluuTe MO-JIECHU. MHOTOIeNIeBUTE POOOTH ca 00OpyIBaHU C Pa3HOOOpa3HH
€JIEMEHTH 3a MaHUIYJAIHs, KaTo poOOTH3UPAHU PHIIE C MHOXKECTBO CTEIIEHU HA CBOOOA M aIalTUBHU
xBamaud. [locpencTBoM Ta3u r'bBKABOCT T€ MOTAT Jla OOpPaBAT ¢ pa3MYHH OOCKTH W J1a U3ITBJIHSBAT
pPa3HOPOAHU 3a7a49¥. B 3aBHCHMOCT OT NMPEIBUICHUTE MPHIIOKEHIS, MHOTOIIETICBUTE pOOOTH Morar Jaa
MMaT Pa3IUIHA CUCTEMH 32 MOOWIHOCT. MI300phT Ha MOOMITHOCT 3aBHCH OT TePEHA U 33JIaUUTE, C KOUTO
poOOTHT mie ce cOmbcka. MHOTOIECNIEBUTE pOOOTH BKITIOYBAT PAa3HOOOpA3HU CEH30PH 3a BB3MPUATHE,
HAaBUTAIMS W B3aMMOJICHCTBHE C OKOJIHATa cpera. be3omacHOCTTa € OT IBbPBOCTEIICHHO 3HAYCHHE,
0COOCHO KOTaTo poOOTHUTE PabOTAT 3a€qHO C XOpara. YCHhBBPIICHCTBAHUTE AITOPUTMH 32 HaBUTAIHS,
n30sTBaHE HA MPENSATCTBUS M B3EMAaHE Ha PEIICHUS TOTPUHACAT 3a TAXHATA aBTOHOMHOCT. EHepruiino
e(heKTUBHUTE KOMIIOHCHTH, CUCTEMHTE 32 yIIPABJIICHUE HA 3aXpaHBAHETO U TEXHOJOTHUUTE 3a OaTepuu ce
WHTETpUpAT TPH MOOWIHUTE POOOTH, 32 Ja ONTHMH3UPAT KOHCyMAIUsATa Ha CHEprusi Ha polora.
MHoroImeneBuTe TeleynpaBiseMd poOOTH pasmoJiarat ¢ pa3iupPeHH KOMYHUKAITHOHHH Bb3MOXKHOCTH,
BirounTenHo  Wi-Fi, kieThuyHa ® caTelMTHAa CBBP3AHOCT, TOCPEACTBOM KOUTO C€ TIOCTHTA
JTMCTAHIIMOHHO HAOIONEHNE, KOHTPOJI U TIpeaBaHe Ha JaHHU. HOB acmekT, CBbp3aH ¢ MPOCKTHPAHETO
Ha poOOTH U B YAaCTHOCT Ha MHOTOIIEJICBUTE TEJEYyIpaBisieMu poOOTH € MHTerpupaneTo Ha Al c men
nojoOpsiBaHe Ha TAXHATA AANTUBHOCT M CIIOCOOHOCTH 3a B3eMaHe Ha pemieHus. Al mo3BossiBa Ha
poboTUTE Ja ce yJar OT ONMUTA U Ja IoJ00psBaT e(HEeKTUBHOCTTA CH C TEYCHHUE Ha BPEMETO.
1.5 MexaHn4Ha CbBMeCTUMOCT

MexaHUYHaTa CBBMECTHMOCT € ChIECTBEH acIeKT MPHU MPOSKTUPAHETO HA MOIYITHU PoOOTH. TS
Ce OTHACH JI0O ChBMECTUMOCTTA MEX/Ty MEXaHUIHHUTE YacTH Ha poOOTa U MOIYIUTE, KOUTO CE€ MPUKPETIAT
WIK CBajJIAT. MexaHWYHaTa ChBMECTHMOCT BKJIFOYBA CHBMECTHMOCT Ha pa3MepuTe, 3JpaBUHA U
HOCHUMOCT, CTaHIapTU3UpaHu UHTEpPeEiicu, o0cTyKBaHe.
1.7 In3aiiH, eproHOMuUsi ¥ HOPMATHUBHU M3MCKBAHUS

Karo mMeauarop Au3aiiHbT Urpae ChIIECTBEHA POJISl B U3TPAKIAHETO HA yCIIEIHA KOMYHHUKAIIUS
MEXy YoBeKa U poboTa. Toil nmpeacTarisiBa OHOBA CrieU(PUIHO 3BEHO, O€3 KOETO BB3MPUEMAHETO, a OT
TaM ¥ TIOJIXOIBT Ha YOBEKA CIIpsiMO poOoTa Ou Omit paznuyeH. J[nu3aitHbT Ha poOOTH € OTTOBOpHA 3a7a4a,
C MHOXXECTBO MapaMeTpu, KOUTO TpsiOBa Ja Ob1aT choOpa3eHu, KaTo ce B3eMe MPeIBU]l CpeaTa, B KOATO
poboTa 111e ObJ1e TOCTaBEH, 3a J]a MOYKE KOMYHUKAITUATA YOBEK - POOOT J1a ObJC OCHIIECTBEHA MPABHIIHO.
3a yHuduIupaHe U MoJIaraHe Ha OCHOBHUTE Ha CTaHAapTH3alus B Ou3aiiHa Ha poOOTH, c€ BU3UpPAT
€prOHOMUYHHM M3UCKBaHHUS, TIICHUXOJIOTMYHM acleKTh Ha (opMuTe U IBETOBETE, TIXHOTO
MCUX0(U3HOJIOTHYHO Bb3CHCTBUE U MOPOJACHUTE HA Ta3H 0a3a €eMOLIUU U IEHCTBUS HA OTPeOUTENs.
1.9 Tene-ynpaBJ/jieHue HA CePBU3HUTE POOOTH

[TocpencTBoM  TeneympaBIEHHUETO CEPBU3HUM pOOOTH pa3UIMpsSBAT CBOUTE CpEeOd Ha
UMIUIEMEHTalus U (PyHKIIMOHATHOCTUTE, KOUTO MOTraT Ja UMaT. B KOHTEKCTa Ha CEpBU3HUTE POOOTH
TeJe-ynpaBlIeHUETO Ce OTHACS 1O AMCTAHIMOHHOTO YIpaBlieHHWE Ha JBUIKEHHSITA M JEHCTBUATA Ha
poboTa OT omepaTop-40BEK ¢ MOMOILITa Ha UHTepdeiic 3a yrnpasnenue. Ma MMPOK COEKTHP OT METOAU
3a TUCTAHIIMOHHO YIpaBlIEHHWE UM HAacOYBaHE Ha POOOTH, KATO BCEKHM METOJ MMa CBOUTE crieuu(DUIHU
MPEeIMMCTBAa U MPEIU3BUKATENCTBA, JONPHUHACAUKHA 32 pa3HOOOpa3HUSl CHEKThP OT BB3MOXKHOCTU 32
TeJeynpaBleHUE.
1.10 B3anmopeiicTBHe 40BEeK-POOOT B KOHTEKCTAa HA MHOIOLEJIEBH TeJie-ylpaBJisieMH CepPBU3HH
podoTu

BiaumoneiicTBuETO 4OBEK-pOOOT € MYyITUANCIMILIMHAPHA pa3BUBaIla ce 00JacT, YUATO LeET €
MOCTUTaHETO Ha 0e30TMacHO, MPOAYKTHBHO U O€3MpOOIEeMHO CHTPYAHHUYECTBOTO MEXKIY XOpara H
poboTHuTe. B KOHTEKCTa Ha MHOTOLIEJICBU TeJe-yNpaBiIsieMH CEPBU3HU POOOTH TIIABHUTE HACOKH 3a
MOCTUTaHe Ha e()eKTUBHO B3aUMOJEHCTBHE YOBEK-POOOT ca CBBbP3aHU C MPOCKTHUPAaHE HA UHTYUTHUBHU
uHTepdeiicu 3a yrnpaBieHHE, KOUTO ca YAOOHHM 3a omeparopa M HM3UCKBAT MUHHUMAIIHO YCHIIUE;
HaMaJsiBaHE HA KOTHUTHBHOTO HAaTOBapBaHE Ha orepaTopa upe3 BhBEXKJaHE Ha CIOAENECHU PEKUMU Ha
ylpaBJeHHe, IpU KOUTO poOOTa aBTOHOMHO IMOJATOMAara HaBUTaluaTa U U30sIrBaHEeTO Ha MPETIsIICTBUS;
MpeIocTaBsiHe Ha 0OpaTHA Bph3Ka B PEallHO BpeMe Ha OTIEpaTOpUTe, BKITFOUUTEITHO BUIEO N300paKEeHHUS
Ha )XKMBO OT KamepuTe Ha poOoTa, JaHHU OT CEH30pH U aKTyalM3allMi Ha ChCTOSIHHUETO, XUITHYHU
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oOpaTHH BpPB3KH; IpHIaraHe Ha MEXaHM3MHU 3a O€30MacHOCT, BKIIOYHTEIHO OYTOHM 3a aBapHIHO
CIIMpaHe M CHCTEMHU 3a OTKPHBAaHE Ha MPEMSATCTBHS, 32 Ja CE rapaHTHpa Oe30MacHOCTTa KaKTo Ha
oreparopa, Taka ¥ Ha po0O0Ta; BHEApsSBaHE Ha KPUIITHPAHE U KOHTPOJI Ha IOCTHIIA, 0COOCHO B CIy4auTe,
IIPU KOUTO pOOOTHT yJIaBs YyBCTBUTEIIHU JAHHU WK pabOTH B CIIeAIHA CPEia; OTTOBOPHO M3MOI3BaHE
Ha pO6OTI/ITe B KOHTCKCTa Ha €TUYHHUTEC ACIICKTH Ha B3aHMOIIeﬁCTBPIeTO '—IOBCK-pO6OT, KaTo IIOB€ACHUC
Ha po0oTa, B3eMaHe Ha PeIICHHs U OTYETHOCT.

IJIABA II: TU3AMH HA MHOT'OIIEJIEBH TEJIE-YIIPABJISIEM CEPBU3EH POEOT

2.1 MexaHu4eH Au3aiiH
2.1.1 YHuBepca/JiHa MOOWJIHA NJIAT(OPMA HA MHOTOLIeJIeBUS POOOT

Pazpaborenara mnardopma (pur. 12) uma 3a 1en ga gaae Bb3MOKHOCT 3a JIECHO MOHTHpPAaHE Ha
JOIIBIHUTEITHH MOJTYJTH, KOMTO TIOCTaBEHU HAa PoOOTa Jia TIO3BOJISBAT HM3IMBIHEHUETO Ha crenu(puyan
3aJla4ud B Pa3IMYHU CPEIH W JIa Pa3IIUPST HETOBUTE (YHKIIMOHATHU BH3MOXKHOCTH. B 3aBHCHMOCT OT
MO/Tyj1a, KOUTO ce CBBp3Ba KbM IuIaTdopmara Ts MOxe Aa ObAe ¢ ABe, TpU WM YeTUpH moun. Te ca
n3paboTeHu OT ToJmeTusieH ¢ Bucoka mrsTHOCT (HDPE). /le6enunara Ha Besika oT miouute € 9,5 MM, a
KpalfHUTE TOYKH 3a BCSAKA TUIOYA ONMHUCBAT KPBT ¢ quameTbp 450 MM. Besika oT mumounte ce pukcupa KbM
Clie/IBaIlaTa IJIo4a ¢ MOMOINTA Ha Ipyna OT YETUPH NPBTa, C AUaMeThp 12,5 MM Ha BCEKH OT MPBTUTE.

Que. 12 3D uzobpadxcenue Ha NPOEKMUPAHAmMa MOOUIHA pobomuzupana niamgopma

Pa3crostHueTo, K0€To MPBHTUTE OCUTYPABAT MEXKIY TUIOUUTE, € KaKTOo cieaBa: 152 MM Mexay mbpBaTa u
BTOpara u 127,5 MM Mexay BTOpaTa M TpeTara, KaTo IJIOYUTE C€ HOMEpUpAT IO pel, 3alo4YBaiKu OT
MOBBPXHOCTTA, BHPXY KOSITO € mocTaBeH poOoTsT. [log mbpBarta miuoya e pasnosiokeHa JOMbIHUTETHA
miova ¢ pasmepu 336,6 mm x 177,8 MM ¢ aebenuna 9,5 mMm. Pa3cTtossHueTo MEXAy JOMBIHHUTEIHATA
IJI04a U IbpBaTa maoya € 78 MM, U3MEpPEeHO OT JI0JHATa MOBBPXHOCT.

Bucounnara, u3mepeHa OoT MOBBPXHOCTTA, BbPXY KOSITO € MOCTaBeH POOOTHT, 0 BbpXa Ha IbpBara
mwioya € 106 mMm. B mbpBata u BTOpara mioya ce mpaBu pazpes ¢ pazmepu 165 MM X 38 MM BBHIIHO,
JOTIMPATENIHO KbM BCSKa OT IouyuTe. Pa3pe3bT B mbpBara Ijoya ce M3MOJ3Ba 3a IOCTaBsHE Ha
3aJIBIKBAIIIUTE KOJela B JOMBIHUTENHA MMO-Mallka IUIoYa, MpUKpEeneHa IoJ MbpBaTa IJoYa, BEPXY
KOSATO Ca MOHTHUPAHU €JICKTPUUYECKUTE JBUTATEIHM Ha 3a/IBIKBAIIUTE KOJIENa, KAKTO W 3a/IBUKBaIaTa
Oarepus.

[TnardpopmaTta e oOopynBaHa ¢ yeTHpU KoJieda 3a MPUABMKBaHE Ha poOoTa: 1Be IuepeHIIHaTHO
3aJIB’KBAHU KOJieNa ¢ AuaMeThp 155 mm u ABe MOMOIIHU KOJIeNa, Pa3NoI0KEeHH B MIPEIHUS U 3aHUS
Kpaii, ¢ quamersp 76 mm. Konenara ca npukpeneHu KbM oc ¢ guamersp 12,75 mm. KoncTpyupanata
mwiardopma e ¢ qudepeHnarHo 3aBUKBaHe, KOETO J1aBa Bb3MOXKHOCT 3a YIPaBIIEHHE Ha JBUKCHHATA
Ha poOoTa Ype3 peryimpaHe Ha CKOPOCTTa Ha BbPTEHE Ha JBETe Kojena. J[BeTe 3aABMKBaIlly KoJjena,
KaKTO U OaTepusTa, KOsITO TU 3aXpaHBa, M MOMOIIHUTE KOJelaTa ca MPUKPENeH! Mo MbpBaTa Mmioya.
3aBMKBAIIUTE KOJIETa C€ 3aJBMKBAT OT JIBA YETKOBUM MOTOpa ¢ MOIIHOCT 96 W BcekH, ¢ yepBsiyHa
npenaBka, pabortemu npu HampexkeHue 12V, obopyaBanu ¢ 36-MO3UIMOHHU €HKOAEPU. MOTOPHHUST
BB3ell TeHepupa npudnmusutenHo 85 uHva/Lbs BBpTAIl MOMEHT. BbpXy ropHara miaoya ca MOHTHUpPaHH
kamepa u LIDAR, 4ype3 KOUTO ce€ OCBHUIECTBABA TEJEYNPABICHUETO. JIOMBIHUTEIHH CEH30pU 3a
OTKpPUBAHE Ha MPENSATCTBUS ca MOCTaBEHU HA JI0JIHATA IJI0Ya.
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2.1.2 Moaysn Ha MHOTOLe/IeBUsSI POOOT
2.1.2.1 Moaya ¢ nosaurama miaargopma

Upe3 To3u MOAy!l poOOTHT MOXKE M3BBPIIBA JIOCTABKA U CKJIaJUpaHE HAa CTOKM B MarasuHH U
CKJIaJIOBE. 3a IIeTUTE Ha MOBAUTAaHETO Ha ONIAKOBAHU JJOCTABKH ce 00aBs 4-Ta Iuio4a KbM ropHaTa IoJa
Ha MoOWiHara poboTu3upana rarpopma. YeTBbpTara mioda € MOHTHPAaHA BBbPXY YETHUPU JIMHEHHU
MoTopa 4pe3 8 L-o0pa3Hu mpoduiia - mo 2 3a BCEKH JUHECH JABUTareil. JIMHEWHUTE 3aJBHKBAIIH
MEXaHU3MHU Ca CBBP3aHU KbM 3-Ta IuiaTdopma Ha poOOTa C MOMOIITA Ha CIEIHATHO MPOCKTHPAHU
CJIIOTOBE, KOUTO ca (pUKCUPaHHU BBbpPXY 3-Ta 1uiardopma mocpeactBoM OoisitoBe. Pasmepute Ha ciora,
NpeJHa3HAuYeH 3a JIMHEWHUS 3aJBM)KBAI] MEXaHU3bM, ca 80mm x 46mm x 45mm (aboKuHa / mupuHa /
BHcounHa). HampaBeHa € JOMBIHUTEIHO MOCTPOSHHE OT CJIO0Ta J0 3-Ta IUI0Ya, KOICHTPHUYHO KbM
I109ara, 3a Mo-HaTaThIIHA CTa0MIHOCT Ha cioTa. [IpoekTtupan e kaHai ¢ mupuHa 18,4 MM 1 BUCOYHMHA
18 MM, B KOHTO € IOCTaBeHa J0JIHATA YacT Ha 3aABIDKBAIIHMS MEXaHU3bM, KAKTO U OTBOP B JIOJIHATA YaCT
Ha cJI0Ta ¢ tuameTsp 12,5 MM, N3M013BaH 3a 3aKkpenBaHe KbM 3-Ta Iu104a upe3 0oiToBa Bpb3Ka. OT 1Bere
CTpaHH Ha CJOTa ca MPOEKTUPAHU OTBOPH C pasMepd 6 MM, KOWTO C€ HM3MOJ3BAT 3a (UKCHpaHEe Ha
JTMHEWHUS 33/IBIDKBAII MEXaHU3bM Ha MsicTo. OCBEH TOBa B 33/IHATa YacT Ha CJIOTa € HAlpaBeH pa3pes ¢
pasmepu 40mm X 12mm, mpe3 KOUTO MpeMHHaBa 3aXpaHBaIIHUAT KaOes Ha 3aBUKBALIIUTE MEXaHU3MHU.

Que. 13 Ilpoexkmupanume cromose 3a Que. 14 3aosudiceawny mexaHuzom
JIUHEUHUmMe 3a08UNCBALYU MEXAHUSMU Ha nogouzawama niamepopma

JIuHeHHUAT 3aIBIKBAIIl MEXaHU3BM, U3TI0JI3BaH B pa3zpaboTkara, € 12 Bonra ¢ 90 Kr MmakcuMaiHa
TOBAPOHOCHMOCT. 3aJIBMIKBAIIAAT MEXaHU3HM HU3II0JI3Ba MOTEHIIMOMETH 32 00paTHa Bpb3Ka. Pasmepure
Ha 3aJBIKBaIus MexaHu3bM [81] B mpubpano cecTosinue ca 75 x 40 x 258. XoabT Ha 3aBHKBAIIUS
Mexann3bM € 100 MM. B nosiHaTa v ropHaTa 4yact ca npoeKTUpaHu 6 MM OTBOPH, ITPE3 KOUTO CE 3aKpemnBa.
L-o6pa3auTte npoduiu 3a 3akpenBaHe Ha 3aBMKBAINSI MEXaHU3bM KbM 4-Ta mo4a ca 20mm x 20mm
X 25mm ¢ nebenvHa Ha cTeHara 2 mm.
2.1.2.2 MoayJ ¢ poTauoOHHA Maca

Boprsamara ce maca ce ¢chCTOM OT ABE OOIM YacTH - OCHOBHO TSJIO, B KOETO Ca IOCTABEHH
KOMIIOHCHTHUTE 3a YIpPaBJICHHUE M 3aJIBIDKBAHE W POTAIMOHEH JUCK C TMPOPE3H 3a ChXPaHCHHE U
TpaHCIIOPTHPAHE HAa MPOAYKTH. [IpoeKTHpaHUAT MOy C€ 3aKpenBa KbM poOOTa Uype3 paMKa, KOsTO Ce
MOHTHpPa KbM ropHara 1ioda. KoOHCTpyKIusiTa Ha paMKaTa c€ ChCTOM OT JIB€ JTBOWKH KOMIIOHEHTH 3a
M0-JIECHO MOHTHUPAHE KbM OCHOBHOTO TSJIO Ha BbpTsIIaTa ce Mmaca. OCHOBHOTO TsJ10 € ¢ pazmepu 177Mm
x 177vMM x 65MM /lMprHA X IBJDKMHA X BUCOYMHA/. [leOenrHara Ha M3IM0I3BaHaTa JJaMapuHa € 2 MM.
[Ipukpenenu KbM IHHOTO MY, Pa3MOJIOKEHU Ha 6 MM OT BCEKH 0T4 ryMeHHU KpadeTa ¢ nuameTsp 20 Mm
¥ BHCOYMHA 11 MM 3a TONBJIHUTEIHA CTAOMIIHOCT.

Que. 15 Pomayuonnama maca u Ha4uHvm Que. 16 Pamxama 3a ¢huxcupane Ha
Ha 3axeaujare KvM niodama Ha poboma pomayuonnama maca- oemauau A u b
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MexXay OCHOBHOTO TSUIO M BBPTALIMS CE€ JUCK IpeJaBKaTa 3a BBPTEIMBO JBIKEHHE €
pa3noJokKeHa BHHIIHO, KaTO TOJIEMUTE U MAJIKUTE 360HU KOJIeNla ca ChC ChOTBETHH JUAMETPHU OT 85 MM
u 13 mm. Pa3cTossHHETO MEXy JBHOTO Ha BBPTALIMS CE AUCK U TOPHATA YacT HA OCHOBHOTO TsUIO € 35
MM. J[namMeThpbT Ha BBPTAMIUS ce AUcK € 450 MM. B meHThpa Ha BBPTAIIUS Ce IUCK € TOCTABEH MTPaBUIICH
OCMOBI'bIHUK Cbe cTpaHa 50 mm. Beeku ot 8-Te cinoTa, pa3nosiokeHu Ha 45 rpajayca eauH oT ApYr, UMa
BBHIIIHA JBJDKAHA Ha CBOJA 225 MM | TBJDKHHA, U3MEPEHa OT IIEHThpa Ha apKaTta JJ0 ChOTBETHATA CTpaHa
Ha OCMOBI'BIIHHKA OT 164,6 MM. CJI0TOBETE CBINO ca M3padOTEHU OT JamMapuHa ¢ nebenuHa Ha jaucra 1,5
MM. Bucounnara Ha Bceku ciot € 90 mm.

PamkaTa 3a MOHTHpaHe Ha BHpPTAIIATAa CE Maca KbM TOpHaTa IJloya Ha podoTa € M3rpajeHa ¢
nomotra Ha 3D npunTep. ChCTOM Ce OT ABE IBOWKM MJCHTUYHU €JIEMEHTH: YyacT A U 4acT b, kouto ce
mrbp3rat eauH B apyr. Yact A uma U-ob6paszen npoduin. Pamkara, ¢pukcupaiia BppTAIaTa ce Maca, €
MIPUKpENeHa KbM TOpHaTa Iio4ya Ha MOOMIIHMS poOOT ¢ moMolTa Ha aBara U-o0pa3Hu npoduia, YMUTO
BBTPEIIHNA CTPaHH ca JONMUpPATEIHU KbM OTBOpHTE, B KOMTO Bim3ar. Yact b Bimm3a B cmenumamHo
MPOEKTUPAHUTE KaHAJIHM Ha YacT A, KaTo Mo TO3W HAYMH 3aTAra MPOTHBOTIONOKHNUTE YaCTH U CTII00sBa
pamkara. [letaitn A e komOuHanust ot T-o0pazeH mpodui, KOWTO ce MOCTaBs B OCHOBHOTO TsUIO Ha
BBpTANIaTa ce Maca u U-oOpa3eH mpoduir 3a 3akpernBaHe KbM rOpHATa miodya. T-o0pa3HaTa 4acT uma
cnennute pazmepu: 213mm x 20mMMm x 35mm. [lebenunara Ha npoduna € 5 mm. U-oOpa3Hara yactT uma
paauyc 17,5 MM B yacTTa, fonupaTeIHa KbM 0TBopa 1 o61ma mupuHa 28,5 mM. Kananure 3a crio0siBane
Ha paMmkara ca 15mMm x 6,5MM.

@ue. 17 Jlemaiin A Due. 18 [emaiin b

Jeraiin b uma cinenHuTe pasmMepH, ONMCaHK OT KparHUTE My ToukH: 187 x 16,5 x 30 MM /nbJDKHHA
X IIMPUHA X BUCOUMHA/. TpH JONBIHUTEIHH pedpa ca MPOEKTUPaHHU OT BbTPEIIHATA CTpaHa Ha JieTailna,
3a Jla HOJIbPIKAT JOIBJIHUTEIHO XOPU30HTATHOTO (MKCHpaHe Ha BbpTsLaTa ce Maca. JlebenuHara Ha
npo¢uia Ha yacTTa € 3 MM, a 32 OpeOpPEHUTE YacTH C JIOIBIHUTENIHA OIopa € 6 MM.

Upes npoexktupaHeTo Ha TakaBa 3D oTrneuarana paMka, U B JiBaTa cilydyas Ha HeliHaTa paboTa u
JBM)KEHUE Ha po00Ta, ce MOCTUTra )KeaHaTa CTAOMIHOCT U (PMKCHpaHe Ha BbPTsILATa ce Maca.
2.1.2.3 llouncTBa MOIY.JI

MoynbT 3a HOYMCTBAHE C€ ChCTOU OT HAKOJKO OTAETHH CUCTEMH, KOUTO MOTaT Ja paboTAT
€IHOBPEMEHHO WM He3aBucuMo. [IbpBara cucrema € KOMOMHAIMS OT JBE €IHAKBU BBPTALIN CE€ YETKH
[84], cBBp3aHU ¢ MEXaHU3bM, KOITO MM I103BOJISBA /1 C€ CITyCKaT WJIM MOBAUIAT B 3aBUCUMOCT OT TOBa
Jam poOOTHT caMO c€ JABWXKHM WIM € B peXHM Ha IoyucTBaHe. Bropa crnomararenHa cucrema e
KOMOMHAIMS OT NPEHOCHM pe3epBoap C pe3epBOapHa IMOMIIA, KOATO IMpPH HEOOXOJUMMOCT H3IyCKa
IIOYMCTBAL] [penapar Win Boja npe3 1131 [85][86], pasnosioxkenu npes BbPTAIIATE ce YeTKU. Jpyrara
MIOJCUCTEMA, KOSITO JOINpHHACS 3a IPOLEca Ha XUTMEHU3MpAHE NPEACTaBIIsABA pPEryjJupyeMa I'yMeHa
YeTKa, KOSATO MOJ0OHO Ha BBPTSIIUTE CE YETKH CE IBUKM BEPTUKAIHO C IOMOIITA HA JTMHEEH 3a/IBMKBAILL
MexaHu3bM, 1 BTopa UV 51amna ca MOHTHpaHM KbM pe3epBoapa, B 3a/{HaTa 4acT Ha poboTa

MexaHnuyHaTa cucteMa ¢ BbpTAIM ce yeTkH (¢pur. 19) e nmpoekrtupana Taka, ye J1a OCUTypsiBa
KOHTAKT C MMOBBPXHOCTTA, KOSTO CE MMOYUCTBA 110 BCSIKO BpEME, KOrato € akTUBHA U poOOTHT U3BBPIIBA
Ipoleca Ha XUTMEHU3UpaHe . B Hall-HUCKO TOJIOKEHUE, KOraTo 4eTKUTE Ca aKTUBHU, KOHCTPYKLIMATA
OCHUTYpsIBa JOCTAaThUHO HAJATAHE 34 U3BBPIIBAHE HA TEXHOJIOIMYHATA IPOLEaypa.
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Que. 19 1- kanax na yvemkama, 2- nouucmeauy OuUck, 3- 0r3a 3a npenapam, 4- cmpyKmypa Ha
nosoueawu pamena, 5- eleKmpuiecku Momop, 6- TuHeeH 3a08UHCEaAL] MEXAHUZbM

AXTHUBHMpaAHETO Ha CHCTEMarTa 3a W3IyCKaHE Ha Ipenapara ce M3BBbpIIBA OT OIEpaTop U ce
ompeessi OT BUJIa Ha TIOMEIIEHUETO, KOeTo ce Xuruenusupa. O0parHara Bpb3Ka B TO3H CiIydail ce 6azupa
Ha TeJeyIpaBJIeHUEeTO Ha poOoTa U MOHTHpaHaTa kamepa. Ha ropnata minouya poOoThT € 000pyABaH C
anTuOaktepuasina UV JlaMna 3a OTCTpaHsBaHE Ha pa3jIMUHU [TATOTEHU B OKOJIHATA Cpesia, KOSATO HE € B
KOHTAKT C YeTKUTE Ha pa3paboTeHust Moays. Perynupyema ryMmena uetka, KOSTo moJJo0OHO Ha BEPTSIIUTE
C€ YETKU CE JABWKHU BEPTUKAIHO C MOMOIITA Ha JIMHECH 3a/IBIKBAI MEXaHU3bM, U BTopa UV namma ca
MOHTHpaHU KbM pe3epBOapa, B 33iHaTa 4acT Ha poboTta. ['ymMeHara yeTka ce u3IoJi3Ba 3a u30yTBaHe Ha
M3TO0JI3BAHUS TIPerapar OT MOYMCTBAHATA C BBPTAIIU C€ YETKU MOBBPXHOCT. JlombaHUTEMHAaTa BTopa UV
JamIa € HacoyeHa JUPEKTHO KbM MOBBPXHOCTTA HA MOJa, KOUTO pOOOTHT MOYUCTBA, KATO CE€ M3MOJ3Ba
KaTo MOCJIe/HA TEXHOJIOTHYHA Ollepalys B Ipolieca Ha CaHUpaHe.

Cucremara ¢ pOTallMOHHU YETKA CE€ CHCTOM OT CIICHUTE HSIKOJKO KOMMOHEHTa. [IbpBHST
KOMIIOHEHT € MOYHUCTBAIIMAT AUCK ¢ auameTsp 250 MM. BbpXy Hero ce nocrasst KanakbT Ha YETKATa C
muameTsp 270 mm. OT Kamaka Ha 9YeTKaTa ce eKCTPYAUpa MOJIYKPBI C BACOUYMHA 55 MM, KOMTO € 0ObpHAT
KbM MOOWJIHHS POOOT, 3a Ja Ipeana3u podoTa OT 3aMbpCsBaHe 1O BpeMe Ha padoTa Ha POTAIIMOHHATA
yeTka. B mpenHus kpail Ha Kamaka € MpoeKTHpaHa J103a, Mpe3 KOATO MpPU HEOOXOAUMOCT Ce U3IyCKa
npernapaTa oT pe3epBoapa. B 1eHThpa Ha Kamaka ca pa3nojIoKeHU eIEKTPOABUTATENAT U IUIAHKUTE 32
3aKpernBaHe Ha YETKUTE KbM MOBJIUTAIIUTE paMeHa. 3a eJIeKTpoaBUrarel € u3opan 12V ¢ pexykrop Ha
ckopoctTta ¢ MomHoCT 150 06./mMuH. [ToBauraneTo u CmyckaHeTo Ha YeTKaTa Ce OCHIECTBSIBA C TIOMOIITA
Ha JIB€ MMOBIUrally paMeHa, CBbP3aHu ¢ JIOCT, 00pa3yBaill KoOWHIla, 3aKkpereHa KbM JMHEEeH 3a/IBUKBAIll
MEXaHU3bM. AKTyaTOPBT ce PUKCHpa C AbPKay U ce MOCTaBsl MKy CEH30pHUTE U OaTepusiTa Ha IIbpBaTa
maTdopma.

[Ipu mouncTBaHe ¢ YETKU OCOKATa UM Ha BbPTEHE ce OMpeelisi OT TOBa KOs CTpaHa Ha po0oTa €
1mo-01130 10 cTeHa Ha moMenieHnero. [louncTBanero ce U3BBPILBA OT OIU3KAaTa KbM JlalieyHaTa CTEHa ,
T.€. 4eTKUTe M30yTBAT OTMAIBIIUTE HACTPAHH, CIIEJ KOETO POOOTHT ce JBMXKH B OOpaTHa MOCOKa U
BBPTEHETO HA YETKUTE ce MpoMeHs. ToBa MpoIbiikaBa, IOKATO CTUTHE A0 APYrus Kpail Ha cTasra.
[TpuHIMIBT € witocTpupan Ha ¢urypa 20.

ggl
GG G 135

@ue.20 Ilpunyun na 6vpmene Ha nouucmeauwjume YemKu U 08UNCEHUemo Ha poboma 6 cmasama,
NOO0NI0JCeHA HA NOYUCBawa npoyedypa
IIo BpeMe Ha IPOEKTUPAHETO HA MOAYJIA YETKUTE Ca IPEIHAa3HAYCHW 3a W3IOJI3BAHE 3a TBBPAU
NOBbPXHOCTU. JIBMKEHMETO Ha pPoO0Ta B IOMEIICHHSATA Ha KOMIUIEKCAa M M3IBIHEHHETO Ha
TEXHOJIOTUYHUTE ONepalliy Ha XUTMEHHHs MOJYJl C€ OCBIIECTBSIBAT KAaKTO Ha 0a3aTra Ha BBTpEIIHA
HaBUTralys, Taka 1 Ha TeJle TeICyIIpaBIcCHUE.
Bropara cuctema Ha XUTHEHHHS MOJyJI CE CbCTOU OT PE3€pBOAp 3a Iperapar v IoMIIa 3a pe3epBoap,
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KOUTO C€ aKTHBHpAT MpH HeoOxoauMocT . M30panaTa mommna 3a pesepBoap € 12V ¢ makcumaneH n1edut
oT 5 I/min, K0ATO € MOHTHpaHa Ha TpeTaTa IuIoyYa. Pe3epBoapbT 3a mpenapaT ce NOCTaBsl HA JOJIHATA
1o4a. 3aKpenBa ce KbM MOOWIHUS poOOT upe3 4 MIACTUHU C OTBOPH, KOUTO BIIM3AT B IPBTUTE MEXITY
'bpBaTa M BTOpATa IUIACTHHA.

Cucremara ¢ pOTalMOHHATA YETKa CE ChCTOM OT CIIEJAHUTE HAKOJIKO KOMIOHEHTa. IIbpBusT
KOMITOHCHT € TUCKBT ¢ IOYUCTBAIuTe repa. JJucksT e ¢ quamersp 250MM 1 SMM fe0enrHa Ha iodarta,
Kato oOmara BucounHa ¢ 105MM. B meHTbpa Ha AMCKa € eKCTpyaupaHa BTYJIKA C JUAMEThp IMM U
BucounMHa 15, KosTO ce MoHTHpa KbM (IaHena, mpegaBam] BBPTEIMBOTO JABIKCHHE OT
€JIEKTPOABUraTelsl, MOCPEACTBOM JBa Oosita M3 MuHaBall HarpeuHo npe3 criiodkara (¢ur. 22).

Que.21 Cenobka Ha pomayuoHHa YemKka Que.22 Paspes na pomayuonnama yemka

CBBp3BalUAT YETKATa C €JIEKTPOBAUTATENs (Pr1aHell € ¢ IbJDKMHA SSMM. Mankuar auameTsp €
15MM, a ronemMusT, KOUTO JiAra BEPXY JIarep M ro MOKpHBa KaTo Kamak ¢ auameTrsp 2 1mm. YacTta kosTo
€ BBpXY Jiarepa e ¢ Aebenuna 4mM. 3a siarep € n30paH UrjieH jarep ¢ BbTpelieH JMaMeThp 1 5Mm, BbHIIIEH
21MM u ebennaa 22MM, KOMTO CE TIOCTaBs B MPOSKTUPAHO 3a [1eITa THE3/I0 IOMECTEHO B KOHCTPYKITUATA
Ha Kamaka. Kamakbr Ha uyetkata e ¢ guamersp 270MM u gebGenuHa Smm. Exctpynupana e
MOJIyOKPBKHOCTTA OT Kallaka ¢ JIbJDKUHA 55MM, KOATO € C JUIE KbM MOOWIHHUAT poOOT, ¢ Iel
npennasBaHe Ha poOOTa OT 3aMbpcsABaHE MPHU padboTa HAa pOTAllMOHHATa YeTKa. B 1eHThpa Ha Kamaka
ITIOMECTEHO IWIMHJIPUYHO TSJIO C BBHIIEH M BBTPELICH JAUaMeThp cbOTBETHO 60 M 21MM, M BUCOUYMHA
26mM. KbM ropHara mnoBbpXHOCT Ha HUJIUHIPUYHOTO TSUIO Ca KOHCTPpyUpaHU 4 rHe3/1a ¢ pa3Mepu MM X
8MM x 9mMm. B raesznara ca momecteHn oTBOpH ¢ AbkuHA 30MM 3a 601TOBE M3, MOCPEACTBOM KOHMTO CE
MOHTHpa eJeKTpoABUTaTeNs. 3a enekrpoasuraten [87] e muzbpan 12V ¢ pemykrop ¢ 150 06./mMuH.
3axBalllaHETO HA POTALIMOHUTE YETKN KbM MTOBJIUTAIIOTO PAMO CE OCBIIECTBSBA UPE3 IUIAHKU C pa3MepH
60mMm x 65MM X 7,5MM, Ha oTcToi 115MM eaHa oT apyra, B KOUTO ca MOMECTEHU OTBOPHU C JUAMETHP
10mm. CopsMo TOBa Jainy poTallMOHHATAa YeTKa C€ 3axXBallla OT JIsIBaTa WJM JsCHA CTpaHa ce I0JI3Ba
ChOTBETHATAa CKPENUTEIHA [JIaHKa.

Que.23 Cmpanuuen usened Ha poboma Que.24 Cenobka Ha MO0y ¢ pOMAYUOHHU YemKU
CbC CNYCHAMAa pomayuoHHa 4emxa MOHMUPAHU KbM NOBOUSAUUSL MEXAHUZ LM

Bauranero u cmyckaHeTo Ha 4eTKaTa e OChLIECTBABA IOCPEICTBOM JIBE MOBAMTaIlU pameHa (¢ur. 23.),
CBBbpP3aHM TIOCPEJCTBOM JIOCT 0Opa3yBallku KOOMJIMIIA, 3axXBaHAaTH KbM JIMHEEH aKTyaTop.
AxtyaTopbT[88] € (hukcupaH MocpeCTBOM CIIELUATHO NMPOEKTUPaHa IUIaHKa-Ibpkad (pur.25), kato e
MIOMECTEH MEX/y CEeH30pHuTe U OaTepusiTa Ha mbpBarta miardgopma. Pamenara ca usrpaaenu ot 30MMm x
10mMm x 1,5MM npodunm. PamenaTa ca ckpeneHn KbM JMHEHHH MIbCTAIH JIarepy, KOUTO ca MOHTHPAaHU
KBbM NpeaHuTe /1Ba npbTa ( pur.24). 3a 1a oChIIECTBU YeTKATa KOHTAKT C TOBBPXHOCTTA 3a MOYUCTBAHE
€ HeoOXoquMOo OyTaloTO Ha JIMHEWHHUAT aKTyaTop Ja JOCTHUTHE KpalHO JOJHO IMoJokeHue. B Ta3m
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MO3UIMA aKTyaTopsT € Ha 113,5 MM OT miovara cuutaHo oT orBopa B Oyranoro. IIpu moBaurane B
KpaifHO TOpHO TMoJIokeHHe Ha Oyranoro ce 3amaBa 30mMMm xon. Taka ce ocurypsiBa JOCTaThYHO
MIPOCTPAHCTBO, 32 Ja MOXE pOoOOTHT Ja ce NMPUABIDKBA 0€3 Ja 3akayaT repara Ha 4yeTKaTa Koraro
PEKUMBT 32 IOYHCTBAHE HE € AKTHBEH.

K®M mouncTBamara poTanroHHa 4eTka e jo0aBeHa crioMaraTejHa CucTeMa ocpeICTBOM ToMIIa
[89] u pezepBoap, KOATO MpH HEOOXOUMOCT Ja ce BKiItouBa ( ¢ur.26a u ¢ur.266). 3a moma e n3dpaHa
12V ¢ makcumasier nedut ot 5i/muH. [lommnaTa ce MOHTHpA Ha TpeTara ryioda nmocpeactsom 4 M3 Gourra.
PesepBoapbT 3a BoJa € ¢ BhTpEIIHA CTpaHa KOIEHTPUYHA U paBHA HA IUIOYUTE HAa MOOWIIHUAT poOOT,
KaTo KpallHUTE TOUKU OMKMCBAT OKPBKHOCT ¢ AUaMeTbp 600MM.

Que.25 /[vporcau 3a Que.26a. Pezepsoap 3a 600a, Due.266. Pezepsoap 3a 600a
JIUHEeH akmyamop  MOHMUPAH KbM pobom niamgopmama

Bucouunnara Ha pezepBoapa € 170Mm kaTo Ha 30MM OT OCHOBATA ca 3aBapeHU 4 MJIAHKU C OTBOPH, KOUTO
BIIM3aT B MPBTOBETE MEXKY ITbPBATa U BTOPA IJIOYM M TaKa IO CKPETIAT KBbM IsTaTa MOOWITHA TIaTdhopMma.
B 3anHata cu yacT pesepBoapa MMa eJieMeHT, TOCPEACTBOM KONTO ce 3aKkaua Karaka Ha pe3epBoapa.
2.1.2.4 MoayJi ¢ HOKUYeCT MOAEeMHUK

HoxudecTusT mogeMHHK € U3TpajJicH OT JIBE€ PaMKOBH KOHCTpYKIMHU/ frame structures/ - pama A
u b, ¢ uACHTUYHYN BBHHILIHU pa3Mepy U MPO(UIN U3TPaKIaIIH U, KaTO KbM TAX ca GUKCUPAHU JPYTUTE
KOMIIOHEHTH Ha IsJIoCTHATa criio0ka. [IpodunuTe mon3Banu 3a BBHITHUTE paMKH ca 20MM X30MM X2MM.
Pamxkure ca ¢ pasmepu 400mMMm X 240MM KaTO BITIMTE UM Ca CKOCEHH C IIeJT pamaTta Ja 0bJe Bb3MOXKHO
Hal-0JIM3KO 10 KOHTYpa Ha TjIo4arta Ha poOoTa. B creHaTo mosiokeHne HoXKMUIeCTHs IOBAUTad € Ha 60MM
BHCOYMHA OT Iu1atopmara Ha poOOTa, KbM KOSITO € MOHTHPAH, @ B MAaKCUMAJIHO MOBIUTHATO MOYTU
172mM. Pama A ce 3axBaria KbM TOpHaTa IjI04a Ha MOOMITHHS poOOT IocpencTBoM 4 r-oopasHu mpoduia
¢ pazmepu 25x 35 x 3, kaTo Bceku OT 4-Te nmpoduiia ce 3axsaina ¢ mo 3 6osnra M6.

Due.27 Cenobka Ha HodHcuyecm nOOEMHUK Due. 28 HUszeneo na mexanuzma c
KOMNOHEHmuUme Ha HOMNCUYecmusi NOOeMHUK

WNnentuyHo u 3a 1BeTe paMu B €IUHHS Kpail Ha BcAKa OT TAX B MpoduiuTe ca Gpe3oBaHU KaHAIH, B
KOMTO Ce MOMECTBA JIATEPHUTE TeJIa U OCUTE, 32 KOMTO Ca 3aXBaHATH ChOTBETHUTE JBE ILIB3ralll paMeHa
3a moBauraHe Ha pama b, a B 1pyrus kpaii ca pa3npobutu oTBopu ¢ AuameTsp 15mm. [IbpmkuHaTa Ha
¢dpe3oBanus kaHai € 70MM, B KOMTO € HAOUT WIJIEH Jlarep ¢ BHHILEH U BHTPELIeH AUAMEThP ChOTBETHO
21mm u 15mMM. B pyrus kpait Ha pama A, BBTPELIHO Ha KOHCTPYKLHUATA, € 3aXBaHAT JTMHEWHUS aKTyaTop
[90]. ByranoTo Ha akryaropa € ¢ nuameTsp 12mm n xox 100MM. JInHeHNS akTyaTop € 3aKpelneH KbM
nBa npoduna- 20mm x 30MM ¢ apmkuHA S0MM, KaTo IIEHTHpa Ha 3axBailaHe € Ha 13MM OT rioJara Ha
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poOoTa T.e. O IIeHTpajiHaTa OC Ha MPOHUIINTE, 32 1a CE TAPAHTUPA MO-TOJIIMO CKOCEHUE IIPU MPUOpaHO
noJiokeHune Ha Hoxkurure. KM pama b HanpeuHo 1o cpenata € 3aBapeH AOIBIHUTEICH MPOQHII, KOWTO
Jla IOBHIIH 3/IpaBUHATA U SIKOCTTAa HAa KOHCTPYKLUSATA IIPH MTOBJIMTaHEe HAa TOBapU. B ropHara yact BbpXy
pama b e 3aBapeH n1ucTOB MaTepual chC chinara popma u edenrnHa Ha JIMCTa 3MM, Ha KOHTO Ja ObaaT
MoJIaraHu paziuyHuTe nponyktu. [loaurammre pamena ca ¢ pasmepu 235mMm X 30MM X 4MM CbC
3aKkpbIyieHne Ha pbOa R8. BbB BCsiko OoT pameHaTa ca pasnpodutu 3 oTBopa ¢ quamerbp 15MMm- enuH
LIEHTPAJIHO U J]Ba BbB BCEKU OT Kpauiara Ha pa3crosinue 214.80 mm equs ot apyr. KeMm aBe oT pamenata
e 3aBapeH npoduia 20mMm x 20MM, KbM KOHTO ce 3akpersi OyTaloTO Ha JIMHEWHUs akTyaTtop. Bupxy
ropHaTa MOBBbPXHOCT, KOHTAKTYBAIlla C IOBAUTAaHUTE OT POoOOTa U3/EINs, Ca IOCTAaBEHU CeH30pH [74] 3a
TEXECT, KOUTO Ja MpeArna3BaT MOOWIHUS pOoOOT OT peToBapBaHe
2.1.2.5 Moay. ¢ anTponomopdgen pooor Hupuo

3a nenuTe Ha pa3paboTeHus cepBU3ECH POOOT Oetie n30pan anTpornoMophHUAT poooT Niryo One [92]
ChC clieHaTa crenuduraius: 6-oceH poOOT ¢ IeCT cTeneHu Ha cBoOoaa. PazmMepuTe Ha ABIKUHUTE HA
KOMITIOHEHTUTE, ChCTaBJIsIBAIlM KOHCTPYKLIMATA, ca KAKTO cie/iBa: ocHoBa - 103 MM, pamo - 80 MM, mbpBa
¢yra - 210 mm, BTOpa craBa - 180 MMm.

Que.29 Anmponomopgen pooom Niryo One @ue.30 Cmasume na poboma

B 3agnus manen Ha Niryo One ca moMecTeHH MHOKECTBO pa3IMuHU (pu3udecku nHTepdencu:
* T'open OyToH; * M3xox 3a npekimouBaren 12 V;

* LED; * Konextop Dynamixel XL-320;

* 4 6post USB nopr; * Konekrop Dynamixel XL-430;

* GPIO manen (O6mo 6 mudposu mudTa); * [IpeBkiroyBaTes Ha 3aXpaHBAHETO;

* CpenMHMUTEN Ha 3aXpaHBallUs aJlanTep. * CAN munHHa Bpb3Ka 3a Niryo Steppers;

* Ethernet mopt Ha Raspberry Pi 3B;

PoGoTbT TEXM 3,3 KT. BE3MOXKHMAT MakcumaieH obcer ¢ MOHTHpaH xBaiad € 10 440 mm. B nonmnara
gacT Ha Niryo One ca moctaBeHH 4 BEHy3H U TYMEHH KpadeTa, IIpe3 KOUTO € CBhP3aH KbM creruduiHa
paboTHa MOBBPXHOCT. MaKCUMaTHUSAT BI'bJ HA BHPTECHE 3a BCAKA OT CTaBUTE € KakTo cieasa: J1: -175 °©
mo 175°,J2:-90° no 36.7 ©,J3: -80 ° 10 90 °, J4: -175 ° mo 175 °, J5: or -100 ° mo 110 °, J6: o1 -147.5
° o 147.5. MecToIoJI0’)KeHHETO Ha CTaBUTE € Toka3zaHo Ha ¢ur.30.

Que.31 lpunyunvm na 3akpensamne, u3noa36aH @ue.32 [lvparcau 3a puxcupane Niryo One

3a gpuxcupane na Niryo One Kvm 2opnama niamegopma
JIbpKaubT 3a 3aKpenBaHE M OCUTypsiBaHE Ha JIOMBJIHUTENHATa CTAaOMIHOCT, HeoOXoauMa 3a
Niryo One e komOunarmst ot U-o0pa3eH mpo¢ui, KOMTo BiIM3a B OTBOP B TOpHATa Iuioya, U L-o6paszen
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npouII, YUATO TOpHA YacT € KOpaJuaiHa U B KOHTAKT C OCHOBATa MpHU cheauHeHue J1, kaTto mo To3u
Ha4uH poOOTHT ce pukcupa B cTaOMITHO MOJIOKEHHE. [bpkauybT ce MOHTHpA KbM IJIOYaTa upe3 HelHHaTa
U-o0pa3Ha gacT, KOsITO ce 3arsara ¢ M5, kaTo ce U3MoJi3Ba MPUHIUIIBT HA MeHTreMeTo. Pazmepure Ha U-
oOpa3nara yact ca 23,5 MM X 25 MM /mMpHUHa X IbJDKUHA/ U Ae0ennna 7 MM. [-00pa3HusT npodui e cbe
cregHuTe pazmepu: 71mm x 32mMm X 22,5MM /BHCOUMHA X TBJDKMHA X IHUPHHA/ 1 7MM aebenuHa. Upes
MPOEKTUPAHUS AbpKa4 B KOMOWHAIMA CBhC CMYKaTeHUTE BEHIY3HM M TYMEHHTE KpaueTa Ha
aHTporoMopdHUs poOOT ce rapaHTHpa HEOOXOMMaTa CTaOMIIHOCT IO BpeMe Ha padoTa.
2.2 3apBuiKBaHe U M3MbJIHUTETHU MeXaHU3MH

N3bpanara moOmiiHa poboTH3UpaHa miaThopMa € OT Thra ¢ qudepeHpanto yipasieaue [49]. Tos3u
TN TUIATGOPMH MMAT JIBA MOTOpA, PA3IOJIOKEHH OT JsiBaTa M JACHATAa CTpaHA, KOWTO 3aJBHKBAT
HE3aBUCHMO €IHMH OT JIPYT JBETE CTPAaHWUYHU KOJena. 3a Jla ce MOCTUTHE CTAa0MIIHOCT Ha muiardopmara
M3II0JI3BaMe JIBE TIOMOIIIHY KOJIeNa OTIIpe T M 0T3a]1. ToBa pa3noJoKeHne Ha KoJIesiaTa I03B0JIsiBa BbPTEHE
Ha MSCTO, HO TIPH HEPABHU MOBBPXHOCTH MOXKE JIa C€ M3TYOM KOHTAKT MEXY HSIKOE KOJIENO U 3eMsTa.

unpowered wheel

e ==

powered wheel powered wheel

unpowered wheel

Que. 33 Jlsudicenue na moounrnama pobo-niamegpopma

» JIBr>keHE Ha IBETE 3a/IBUKBAHU KOJIENIa HaIpe]] - OCTUTa IBMKEHUE Ha poOOTa HAIIPEI.
* JIBr>keHME Ha IBETE 3aBMKBAHU KOJiea Ha3aj - MOCTUTa IBM)KCHHE Ha poOOTa Ha3a/l.
* J[B>kKeHHE € Ha €HOTO KOJIENIO Hampel, a APYroTo Hasaj - MOCTUTa 3aBbpTaHe Ha po0OTa B MaTbK
KpBI, YAATO IIEHTHP C€ HAMHUPA MEXIY ABETE 3aIBI)KBAHU KOJIETA.
* JIBr>keHHME Ha €THO KOJIEJO TT0-0aBHO OT APYrOTO - MOCTUTA 3aBbPTaHUs HAa poOOTa B IIOCOKATa Ha IM0-
6aBHOTO KoJIeN0. Koko Obp30 ce 3aBbpTa 3aBUCH OT TOBA KOJKO TOJIIMa € pa3jnuKara MEXIy JBETE
CKOPOCTH
VYrpanenuero Ha nudepeHnnanTna MoOUIHa TIaThopma € CI0KHO, MMOHEXKE C€ M3MCKBA KOOPAMHALIHS
U ChTPYIHUYECTBO MEXKIY JBE OTICITHO 3aJBMKBaHU KoJjena [50].
2.3 Cen3opHa cucrema

CeH30pHHUTE CUCTEMH Ca KPUTUYHO Ba)KHA YacT OT BCEKH IMPOEKT 3a MoOusieH pobot. Te comarar 3a
OCBINIECTBSIBAHE HA BCHUYKM (YHKIIMM Ha B3aWMOJCHCTBHE C OKOJHATa cpeaa — CJCJACHE Ha
MIPOCTPAHCTBEHOTO TIOJIOKEHUE U OPUEHTAIMsI Ha po0OTa, MOJIbp)KaHE Ha TPACKTOPHsI, OTKPUBAHE Ha
MPENSATCTBHSA, OE30IacHOCT Ha poOOTa M XopaTa, paboTely ¢ Hero. B 3aBUCUMOCT OT OCHOBHaTa CH
(GYHKIHS CEH30pUTE, KOUTO Ca M3MOJ3BaHU B MOOMJIHHTE pOOOTH, MOTAT Ja ce Pa3AeisaT Ha HSIKOJKO
KaTeropuu: TaKTUJIHU CEH30pHU, CEH30pH 3a OJHM30CT, CEH30PH 32 YCKOPEHHE M OpPHEHTAallUs, JIa3epeH
ckenep (LIDAR), Bu3yanHo 6a3upanu cuCTEMH, €HKOJIEPH Ha KOJenaTa, yATPa3BYKOBU CEH30PH.
2.4 IlpoMunieH Ju3ailH HA podoTa
2.4.1 OCHOBHM NOJIOKEHUA

[Ipun mHOTOIENEBH MOOWIEH poOOT menTa OM cienBano jna ObJAe MaKCHUMAalHO W3YUCTEH U
HeyTpaJleH Iu3aiiH, KOHTO Ja ce BHUCBa B pabOTHAaTa cpela Ha Pa3lWYHHU IO BUJ CHOPBKECHHUS.
KoHncTpykiusita, u3rpakaaiia BbHITHUS BUJ Ha poOOTa, € CEerMeHTHpaHa Ha OTAeNHU naHenu. Crpsamo
KOHKPETHHUSI CETMEHT, U3rpakJall IJIacTUKaTa Ha JiM3aiiHa, ca MOMECTEHU KOHKPETHU aKLEHTH, KOUTO
KOPECTIOHJUPAT C IBUTaTEITHUTE 3BEHA, CEH30PUTE U MOJYJIUTE Ha MHOTOIeneBus poboT. ['paduunute
JTUHUH, U300pa3eHu OKOJIO OTBOPHUTE HA YITPa3BYKOBUTE CEH30pPU CIYKaT KaTO aKIEHT 3a TIXHOTO
YTUJIUTAPHO MOMECTBaHE B IU3aiiHa. B 3aiHaTa yacT Ha KOHCTPYKIUSATA € MO3UIIMOHUPAH OTBOP C Kamak,
KOWTO MpeIoCTaBsl JOCThIIA 0 Oykcara 3a 3apekaaHe Ha poOoTa KaKTO M 3a U3MNIE] KbM JUCILIES,
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MOKa3Balll TMpoleHTa 3apsin Ha Oarepusta. [lpu peanusanusara Ha BHU3HMATa M KOHCTPYKIMATA Ha
MHOTOLIENEeBU poOOT (OpMHUTE Ha IUIACTHKATAa Ca pPEANM3MpaHH [0 HAYMH, KOHTO Ja rapaHTupa
MaKCHMajiHa Bb3MOKHA 3alUTEHOCT HA KOMIIOHEHTUTE, IOMECTEHH BbB BBTPEIIHOCTTA, OT TBBPIAU U
MPAaxOBU YACTHUIM, KOETO Ja MOJACUTYPH MPABUIIHOTO MY (DYHKIIOHUpaHE.

I'JIABA III: YIIPABJIEHUE HA MHOI'OLEJIEBUSA CEPBU3EH POBOT

3.1 Tese-ynpaBjieHre Ha MHOroQYHKIIMOHATHA MOOMJIHA podoTu3npaHa miargopma ype3 yed
0azupaH rpapuyen unrepdeiic, nocpeactsom MQTT u yeb cokern
3.1.4 Peanmzamms Ha MQTT npe3 WebSocket B JavaScript

B Ta3u paszpabotka e mpeactaBeH uHTEep(eiic 3a ynpaBiieHHe Ha MOOWJIEH poOOT C JIBE KoJjiena ¢
MOCTOSTHHOTOKOB jBuraten ¢ nmomomira Ha MQTT.js u WebSockets. [45][70] UaTepdeiichT BKIIOUBA
TEKCTOBO IT0JIe 32 M300p Ha TeMa, IJTH3rad 3a yIpaBJieHUe Ha CKOPOCTTa ¥ YeTUpU OyTOHA 3a yIIpaBlieHUE
Ha nocokara. Temara, u3bpaHa OT MoTpedOUTENs, € KaHAIBT, Ype3 KOWTO MHTeppelchT MyONInKyBa
CTOMHOCTHTE 32 CKOPOCTTA U JABHKEHHUETO.

Select topic

Speed

1 2 1 2
i = - i a»
== < i ] =
- — -
- -
Que.36 [anocmuusm npoyec Ha Que.37 Pazpabomenusm Due.38 Jlsudicernue na
KOMYHUKAYUSL MeHCOY elleMeHmume nompeobumencku unmepgetic Koaenama

Ckopoctra Ha JBWXKEHHWE ce 3amaBa upe3 cwpoutmero "[IpomsHa" Ha JavaScript, koeTo B3ema
CTOMHOCTTA OT MOJIETO Ha mIb3rava u 3aaeiictBa POST 3asBka, HacoueHa KbM MapiipyTa "uznmaren’.
Mznpama ce JSON o0ekt, KOMTO ChIbpka UMETO HAa TeMaTra M ChOOIICHHE, KOETO € IICJIOYKCIICHA
CTOMHOCT, ompeaeisma ckopoctta. [1o chinysg HauYUMH MMocoKaTa Ha ABMKEHHE Ce ONpeAeNs OT eaUH OT
yeTupuTe OyTOHA, BCEKU OT KOMTO € 0003HAUEH C pa3jnyiHa CTpeliKa, yKa3Ballla keJaHata nocoka. Beeku
OyTOH ChbIbpKa KOMaHJa ¢ 1abJjaoH 3a HEOOXOAMMOTO ABM)KEHHE Ha JIBUraTells B JaJieHaTa MOCOKa.
Koraro ce natucue equn ot Oyronure, npu croutreTo "MouseDown" ce usznpama POST 3asBka kbM
n3bpanara tema. Cien kato OyTOHBT Oblie 0CBOOOJEH ce 3azaeiicTBa choutuero "MouseUp", koero
u3Mparia KOMaHja 3a CliupaHe Ha JBUTATEINTE U B OTTOBOP YCTPOMCTBOTO CIMpa Jia CE€ IBUXKHU.

Qurypa 37 wiocTpupa Cch3aJeHUs MoTpeOuTencku uHTepdeiic 3a mporpamara. HMaTepdeiicht
MO3BOJISIBA HA MOTPEOUTENUTE /1a yIpaBisiBaT CKOPOCTTA U MOcokara Ha poboTta. Temara, uzdbpaHa ot
MOTpeOUTENs, ce U3MOJ3Ba 3a MyOINKyBaHEe HA CTOMHOCTUTE 32 CKOPOCTTA U ABMKEHHUETO. POOOTHT ce
aboHupa 3a a TemMara M IOJIy4aBa CTOWHOCTHTE, M3MpaTeHu oT HuHTepdeiica. Kato mpoTokon 3a
usnpaniane Ha cboOmenus ce usnomBa MQTT, a WebSockets ocurypsiBa ABymocoueH KaHall 3a
KOMYHHKaIus Mexay uHtepdeiica u podora. durypa 38 umoctpupa Kak KojenaTa Ha JABUTaTeNs ce
JBUKAT B 3aBUCHMOCT OT HaTHCHaTus OyToH. HaTuckaneto Ha OyroHa "Harope" kapa JBeTe KoJiena jaa
ce BBPTAT HAIpe/, B pe3yaATaT Ha KOETO poOOTHT ce ABMKU Hampen. HaTuckaneto Ha Oyrona "Hagomy"
Kapa JBeTe KoJiela /ia ce BbPTAT B oOpaTHa MOCOKa, B Pe3yNTaT Ha KOETO poOOTHT ce ABUXKH Hazajl.
Hatuckaneto Ha 6yroHa "HansiBO" Kapa JCHOTO KOJIENO J1a C€ BbPTH HaIpel, I0KATO JSBOTO KOJIEJO ce
BBPTH Ha3aj, B pe3yiTaT Ha KOETO poOOTHT 3aBMBa HalsABO. M 0OpaTHOTO, HaTHCKAaHETO Ha OyTOHa
"nscHO" Kapa JIIBOTO KOJIEJIO /1a C€ BbPTHU HAMpel, T0OKATO AICHOTO C€ BbPTH Ha3al, B PE3yJTaT Ha KOETO
poOOTHT 3aBHBa HAISCHO [44].

brok-cxemara (¢ur.39) umoctpupa OCHOBHUTE CTHIIKH, CBHP3aHU C YIIPABICHUETO Ha MOOUIIEH POOOT
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Yype3 MpeloCTaBeHUs UHTepdeiic, BKIIOYUTETHO 3aJaBaHEe Ha TeMa, pPEryjlupaHe Ha CKOPOCTTa,
yIipaBJieHHE Ha ITOCOKAaTa Ha JIBM)KEHUE, MyOJIMKyBaHe Ha CTOWHOCTH U JIeHCTBHE BbPXY T€3M CTOWHOCTH
3a ympaBleHHE Ha KoJsenara Ha poboTa. KakTto e moka3aHo Ha ¢urypa 40, ciex ctapTupaHeTo Ha podoTta
KOHTPOJIEPBT aBTOMAaTH4YHO ycTaHoBsiBa Bpb3ka ¢ MQTT Opokepa. Cnen kato ce cBbp)ke, KOTaTo ce
MOJIy4d ChOOIICHHE 32 a0OHUpaHa TeMa OT OpoKepa, ce U3MbIIHABA onpeeneHaTa pynaknus Callback.

B pe3yarar Ha mojydeHUTE BXOJHU JaHHU CE€ HM3IMpalla KOMaHJa, 3a Ja C€ M3IBIHH JBH)KCHHUETO Ha
JIBUTATEIIS, KAKTO € HEO0XO0IUMO.

Que.39 Pabomen nomok Ha npoyeca Que.40 quacpama Ha pvpmyepa

JleiicTBUsI KaTO CBBpP3BaHE C OpoKep, abOHUpPaHE 3a TeMa U IyOJIMKyBaHe Ha ChOOIIEHUS CE 3aliCBaT
W moka3BaT B KoH3oJsia. Ha ¢urypa 41 ca nmokazanu JHEBHUIIUTE 3a aOOHHMpAHE 3a OINpe/eieHa TeMa,
HatuckaHe Ha OyroHa "Forward" (Ilpemait Hanpen) u myckaHETO MY clie]T HIKOJKO ceKyHau. [Toka3Ba ce
Y BPEMETO Ha JEHCTBHUETO.

Console:

14:34:24: Connected with MQTT Broker: "ws://192.168.41.129:9001/mqtt"
14:34:41: Subscribed to MQTT Topic: "home/carl"

14:35:07: Published "FORWARD, 50" to MQTT Topic: "home/car1"
14:35:07: MQTT M ge Received. M : "FORWARD, 50" MQTT Topic:
"home/car1" QoS Value: "0"

14:35:21: Published "STOP, 0" to MQTT Topic: "home/car1"

14:35:21: MQTT M ge Received. M : "STOP, 0" MQTT Topic:
"home/car1" QoS Value: "0"

Que. 41. Pecucmvp Ha konzonama

3.2 VYnpasjieHHe HA MHOTOIleJIEBUSI POOOT B PesKMM 32 JI0CTABsIHE HA JIEKAPCTBA

Portamonnarta maca € MOAyN, KOMTO MOXE /1a c€ MOHTHpA KbM MOOMIHATa poOoT-miardgopma c
tene-ynpasieHue (¢ur. 42) u npeacTaBisBa BaKEH KOMIIOHEHT 3a AUCTPUOYLMS Ha MPEIMETH KaTo
JIEKapCTBa 3a pa3IMYHU MAMEHTH ChOTHECEHU KbM JlaJieHaTa OOJHUYHA CTasl.

Que.42 Uzeneo Ha pomayuorHus Mooy, CKpener KoM MoouiHama pobom-niamegpopma
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3.2.1 AaropursM Ha padoTa Ha podoTa
PazpoOoTeHusT anropuTbM Ha pabora Ha poOOTa B PEXHM JIOCTaBSHE Ha JIGKAPCTBA € MPEACTaBEH
HarJieHo Ha ¢urypa 43 W BKIIIOYBA CJIEHATA CTHIIKH:

Q@ue.43 brok cxema 3a ynpasnenuemo Que.44 Cxema na ocHogHUmMeE KOMNOHEHMU,
Ha MOOyIa usepaxcoawiu OUCmpuOYmopHus Mooyt

e HHcranauus u cTapTUpaHe Ha MOJIyJa:
Cnen ycmemHarta WHCTaJalMs Ha pOTallMOHHaTa Maca KbM MoOuiaHata poOoT-TutatrdopmMa u
BKJIFOUBAHETO HA 3aXPaHBAHETO, IpOrpaMara 3a yrpaBJieHHE Ha MOJyJIa ce CTapTHupa.

e 3apexJaHe Ha MPEIMETH:
OneparopbT MOCTaBsl JieKapcTBaTa WM APYTrUTE NMPEAMETH, KOUTO TpsiOBa ga ObJaT NpPEHECEHU U
pasmpeneneHy, B OTAEIHUTE CJIOTOBE Ha POTAlMOHHATA Maca.

e 11300p Ha pexuMm:
WuTepdeiichT HAa mporpamara npeaocTaBs Bb3MOXKHOCT 32 U300p Ha pa3iiMyHU PEKUMU Ha paboTa, B
3aBUCHMOCT OT IIEJIUTE Ha onepauusta. Hampumep, onepatopbT Moke J1a u30epe aBTOMaTHUUEH PEXUM
3a pasnpezeseHre Ha MpeIMeTH Ha 0a3aTa Ha MpeIBapUTENIHO 3a4aIeHU MapaMeTpU UIH PhUYCH PEXKUM,
KBJIETO OTIEPaTOPBT UMa KOHTPOJI BHPXY Ipolieca.

e Craptupane Ha paOOTHUS LUKBI:
Crnen xato omepatopbT uzbepe >KelaHusl PeKUM, TOW cTapTHpa pabOTHUS IIUKBI Ype3 HATUCKAaHE Ha
CbOTBETHHUS OYTOH B IpOrpamMara.

e Poranus u pasnpeneneHue:
Haunnbt Ha paboTa Ha poTallMOHHATA Maca € Jia ce BbPTH, I0KATO U30paHUTE MPEAMETH B IAJACHUS CIOT
nocturHar npen po6ora. Ha 6aza Ha eHkozep ce 3Hae 3a Mo3ulMATa Ha AaaeHusT cioT. [locpeacTBom
uHTEpPENCHT ce 3ama3Ba B KOil CIIOT 00EKTHUTE 3a KOs CTasi M KOW MAI[MeHT ca peJHa3HAYCHH.

e [longaBane Ha mpeaMeTHTE:
PoGoThT ce mpuaBMKBa KbM MAllMEHTa WIM MSACTOTO, KBIAETO TpsiOBa 1na OBAAT MperIoCTaBeHH
npenMerute. Porammonnara maca moaaBa mpeamerute. Cien Karo MalMeHTHT B3eMe Xamderara CH,
MOCPEJICTBOM KaMepaTa Ha TeJe-yrnpaBisieMusi poOoT, ornepaTopbT BaMANUPA, Y€ Xamyerara ca B3eTH.

e [loBTOpeHue Ha mmpoueca:
Axo mMa ToBeye CIIOTOBE 3a JaJIeHUs TMAlMEeHT cjel MpelaBaHe Ha MpeaMeTa, PoTallOHHATa maca
MPOJIBJKABA Ja C€ BBPTH U TOJaBa CIEIBAIIUS MPEIMET, JIOKATO He ObJaT pa3mpelesieHH BCHUYKU
MpeIMETH 3a4UCIICHU KbM JaJieHaTa CTasi U MalHueHT.

e 3aBbpiBaHe Ha paOOTHUS ITUKBII:
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Crnen xaTo BCHYKHM TpeAMETH OBbAAT YCIEIIHO paslpelesieHH, MporpaMaTa HM3BeXIa ChOOIIEHHE 3a
3aBbplIBaHe Ha onepauusaTa. OneparopsT 3a1aBa NPEBUKBAHETO HA pOOOTA KbM CJIEIBAILIOTO MSACTO HA
6a3a Ha MMOJIy-aBTOHOMHO TCJIC-YIIPABJICHUC WM JUPCKTHO I'0 HABUTHPA NOCPECACTBOM JUPCKTHO TCJIC-
yIIpaBJICHHUE
e 3ximouBaHe Ha MOAYJA:
OmneparopbT MOXKE J1a U3KIIFOYX MOJTyJIa CIIe/] YCIICITHOTO MPUKITFOYBAHE Ha PAOOTHUS IUKBIL.
3.2.2. Cumyaauus v pe3yJTaTv 0T Bepu(pUIUPAHETO HA MOAYJIA M AJITOPUTHMA Ha padoTa
CuMynanimoHHaTa TIOCTAaHOBKA MMa 3a IeJT J1a Bepu(UIIMpa yIpaBICHUETO W MOBEICHUETO HA
Moxyna. CumysanusTa € U3BbpIieHa Ha 0a3ara Ha HIKOJIKO coTyepa, MOCPEICTBOM TIXHOTO MapajieHO
Y CHHXPOHM3HMPAHO M3MBIHEHHE. B cuMynamnusta ca 00Bbp3aHu cieaHuTe cohryepu:
- SolidWorks-CAD: Codryep, nsnon3Ban 3a KOHCTpyHpaHe Ha poOoT-uiaTopMaTta ¥ MOy
- Proteus 8.16: Codtyep 3a enexrpoHHO npoektupane u aBtomaruzauus (EDA/ ECAD). Proteus
IMO3BOJIIBA Ch3JaBaHC HAa CXCMHU, IMPOCKTUPAHEC HA NNCYATHU IIATKU W Ap. M3nomsBan € B HacTodIIara
CUMYJIallisl, Thii KaTO MPEJOCTaBsi MOITHA (PYHKIIMOHATHOCT MPU CUMYJIUpaHE Ha MHUKPOKOHTPOJIEpH
MOCPEICTBOM Mpuiarane Ha hex aitioBe KbM BeUye U3rPaIeHU CXEMHU.
- Arduino IDE: Cpena, u3mnos3Bana 3a HalmMCBaHETO HA KOJIa, OHArJIe s Ball] alrTOpUTbMa
- HHD Software’s Virtual Serial Port Tools: IlpeacraBnsiBa nsmocteH Habop oT codryepHH
WHCTPYMEHTH, IPEIHA3HAYEHU 3a YIpaBICHUE M eMyJaluus Ha BHUPTYyaJIHHW CEpPUWHM IOPTOBE.
[TocpencTBOM MHCTPYMEHTHTE 3a BUPTYaJCH CEpUEH MOPT MOXKE JIa Ce Ch3/IaBaT BUPTYAIHU CEPHIHH
yCTpOICTBa U BPB3KU, KOUTO HAITBIHO MOpa)kaBaT Ha (PYHKIIMOHAIHOCTTA Ha XapAyepHUTe (PU3NUECKH
YCTpOMCTBA.
- Blender 3D: Codrtyep 3a 3D Moaenupane, KOWTO MO3BOJISIBA MUCAaHE HAa CKPUITOBE MOCPEACTBOM
Python API. Ilpenocrast Bb3MOXKHOCTTa 32 KOMYHUKHpaHe ¢ Proteus.
[IspBa cThiKa € ch3aaBane Ha koAa B Arduino IDE. 3a na Mose 11a ce OChIecTBU CUMYJIalUsITa
B koma ce BbBexAa BlendixSerial.h Oubmmorekara, KOATO TMO3BOJIsSIBA KOMYHHMKAITUATA MEXKIY
cuMyIanusTa Ha xapayepa B Proteus ¢ 3D cpenata Ha Blender 3D, B k05TO € mocTaBeH KOHCTPYHPAHHS
poOoT.

@ue. 45 Bveeoenama BlendixSerial.h 6ubniuomexa 6 cv3oaoenus ¢ Arduino IDE ko0

3a PBUYCH PCKUM BBB BUPTYAJIIHUS TCPMHUHAJI HA Proteus ce BBBEXKIA 0, a 3a aBTOHOMCH PCKUM IIpU
,[[I/ICTpI/I6y1_[I/IH CC€ BBBCIKIA 1. Bceku ot CJIOTOBEC, KOUTO CC 3apeiKAaT OT oIieparopa npu ,Z[I/ICTpI/I6YL[I/I$[ Ha
JICKApCTBAa OTIroBapsl Ha KOHKPCTCH bI'bJI HA 0a3a Ha 6p0}1 Ha CJIOTOBCTC, KOUTO Ca HA POTANUOHHUA JUCK.
(DI/Ipra 46 OHarjeasiBa CTOMHOCTTA Ha bI 'bJIa, KOPCCTIOHAUPaAIl C KOHKPCTHUA CJIIOT.
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Due.46 Cmouinocmu Ha vevlla HA clomogeme

Bropa crThnka cien cb3maBaHeTo Ha mporpamara B cpenata Ha Arduino IDE e usrpaxmanero Ha
XapAyepHaTa CHCTeMa M HEHHOTO okabensBaHe B cpemara Ha Proteus. 3a Ta3m men ce HM3MOI3BaT
oubnmmorekute Ha Proteus, B KONTO MMa TOTOBH KOMIIOHEHTH - MOTOPH, CEH30pH, KOHTpoJiepu U T.H. Ha
¢urypa 47 e mokazaHa ch3/1aieHaTa XapayepHa cxeMa, CBbp3Ballla KOMIOHEHTHTE, H3TPaXKIaIly MOIyiIa
KaKTO ¥ BUPTYaJieH TEPMUHAJI 32 BBBE)K/IAHE U BU3yaJH3HpaHEe Ha JaHHUTE.

Que.47 Xapoeypna cxema Ha MOOya 3a OUCMpUudYYUs Ha 1eKapcmed

Cnen xkato BCUYKM KOMIIOHEHTH Ca CBbP3aHU MPABUWJIHO U XapAyepHaTa CUCTEMA, U3rpaxkalla Mojayna €
roToBa cieBalliaTa CThIIKa € Jja ce 3apenu nporpamara Hanucana B Arduino IDE B cpenara Ha Proteus,
KBJIETO U3BbpIIBAME CUMYJIALUATA. 3apeKIaHETO Ha Iporpamara cTaBa Kato B cpefara Ha Proteus Bbpxy
MUKPOKOHTpOJIEpA C€ HaTUCHE C JieceH OyToH. B pesynrar nznusza mentoto Edit Component, npe3 koeTo
3apexxaaMe apAayrHo ¢aiina.
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Queypa 48: 3apexcoane na npoepamama nanucana 8 Arduino IDE 6 cpeoama na Proteus
Crnenpama cTbika € orBapsineto Ha 3D monena Ha po6ora B 3D cpenara Ha Blender. 3a ga moxe na ce
JBDKUA MOJIeNa 10 OTpeeNIeHuUs KeJlaH OT HAaC HaYMH KOHCTpyupaHute dyactu B Solidworks TpsOBa na
ObaaT eKCIOPTUPAHU OTAEIHO M aceMONupaHu Ha HOBO B cpenarta Ha Blender 3D kpaero ce 3amaBar
HeoOXouMuUTe orpaHndeHns KbM 3D 00ekTuTe 1 ce purBaT 00EKTUTE, KOUTO I11€ ObJaT yIpaBIsSBaHU OT
mporpamara | Ie ce JBIKaT 1o ornpesnesneHus HaunH. CTBIIKUTE Ha pUTBaHe, 3a J]a MOKE MOJIeNa Jia ce
JIBYDKH TIO OTIpe/iesieHa TPaeKTOpHs Ha 0a3a Ha ynpasisiBalaTra mporpaMa , KOsiTo € UIMIUIEMEHTHPaHa B
cuMynanusaTa Proteus ca cnennure:

B oGekrten pexum ce ch3aaBa ,,apmaTtypa‘‘( cCKeireTHa CTPYKTypa, KOsITo yrpasisiBa AajaeH 3D o0ekr).

Que. 49 Menio 3a cvzoasane Due.50 'enepupanama apmamypa Due.51 Ilozuyuonupawne na

Ha cKelemHa cmpykmypa 3a ynpaenenue na 3D obexma apmamypama 6 3D obexma
Crnen kaTto ce cb3aaje apmarypara, T c€ IIpeMecTBa Ha MSCTOTO, HAa KOETO MCKaMe Ja Ce OCHILIECTBU
JBUKEHHUETO M C€ MOCTaBsi KbM ISUIOCTHATA KOHCTPYKIIMS Ha MOJela, KOWTO kelaeM Aa ObJie purHar
(¢purypa 50 u ¢urypa 51). B obexten pexum, ciea kaTo ce uzbdepe >kemaHusl MOJIEN, apMarypara ce
MPEeBKJIIOYBA B pekuM Ha mo3a (durypa 52). Cnensa u30op Ha KOCT, KOATO Ja ObJe purHarta, T.e.
ckpernena kbM Mozena (purypas3). U nakpas ce Hatucka ctrl + p u ce uzdupa "koct"(urypa 54)

Que.52 U360p Ha meHIo no3za Que.53 Uz60p na xocm, Que.54 Mento 3a uzbop Ha
K0simo 0a 6v0e pucHama ., kocm “
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Cnen purBanero Ha Mojena noOasme mpmioxkennero kbM Blender BlendixSerial. bubnmorekara
BlendixSerial e nmpoekrupana na pabotu 3aenHo ¢ gobaBkara blendixserial B Blender. To mo3BossiBa
KOHTponMpane Ha o0Oektu B Blender upe3 cepuiiHa komyHuKauuss ¢ Arduino wim apyru
MukpokoHTposiepu. Upes emynupanero Ha COM mnoprosere or HHD Software’s Virtual Serial Port
Tools 3aeqno ¢ BlendixSerial 3amouBa ochlecTBIBaHETO Ha Bph3KaTa MEXIy CUMYyanusiTa B Proteus u
3D koHcTpyupanus poOoT ¢ mpukadeH moaya B Blender

Que.55 Emynupanemo na COM nopmoseme Que.56 Cmapmupane na cumynayuama

Craptupa ce cumynauusara B Proteus. (¢purypa 56). IlocpeacTBoM BUPTyalnHMST TEpPMHHAT Ce
BHU3yaJlM3Mpa cTapTHpaHara mporpama, Kosito € Hanucana B Arduino u uMmrmiieMeHTHpaHa B Proteus upes
reHepupanus hex ¢aiin. TepmunanbT M3uakBa 1a ce BbBezAe 0 win 1 3a ppUeH WM aBTOHOMEH PEXXKHUM Ha
TUCTUOYIHMS. 3a J1a ce BU3yalau3upar npoMmeHute B 3D Mozena Ha KOHCTpyHpaHUs poOOT B MAJaIIoTo
MeHro Ha BlendixSerial 3agpmkurentno TpsOBa qa cMme HarncHanu Connect Serial u Start Movement,
KaKTO U J]a CMe TIOCOYMJIM EMYJIUPaHUs MOPT, KOETO € oHarneneHo Ha ¢urypu 57, 58 u 59.

Que.57 U360p na COM nopm 6 Blender

@ue.58 BlendixSerial npeou cmapmupane @ue.59 BlendixSerial cneo cmapmupane
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Cnen kato BeBeieM | M cTapTHpaMe aBTOHOMHOTO pasmpeiesisHe Mporpamara n3uakBa BbBEKIaHETO Ha
MOCJIEIOBATEIHOCTA OT CJIOTOBE ChC 3apElCHH B TAX JICKAPCTBA, KOUTO Ca 3a MAIMEHTa, KbM KOHTO
ormeparopa usmnparia podora. (oHarieneHo Ha ¢urypara 60).

Que.60 Cunxponuzupanume cpeou na Proteus u Blender

Ha ¢urypara 61 e nokazaH aBTOHOMHHST peXUM Ha TUCTpuUOyHus 3a 3 ciora. Cien KaTro cMe BbBEIU
HOMEPA Ha CIOTOBETE, B KOUTO CME CJIOXKMIIM JIEKAPCTBATA, IPOrPAMATa I'M U3ITBIHABA MO CIIEI0BATENHO.
Ha BupryanHus TepMuHan € MOKa3aHO MOCIEI0BATEIHOTO W3NBJIIHEHHE HA 3TH , OTH U 1BU CIIOT Karo
CJIeJl BCSKO 3aBbPTAaHE 10 CbOTBETHUS CJIOT TEPMHUHAIA U3MHMCBA, Y€ IBUKEHUETO € YCIELIHO/ 3aBbPILIECHO.
45 rpamyca oTroBaps Ha IIbPBM CJIOT U MOXeE Ja ObJe BUJSH KAKTO HA TEpPMHHANA OT JsBaTa 4acT Ha
CKpUIHINIOTA TaKa W OTJscHaTa crpaHa B 3D cpemara Ha OJIeHABP B OTKIIOYEHATA IO Z POTAlMs Ha
o0eKTa.

Que.61 Asmonomen pesicum Ha OUCMpuOYyusL Queypa 62: Pvuen pesxcum oucmpubyyusl

B ppueH pexxum ( KOITO ce akTUBHpa ITPH BbBEK1aHe Ha 0 B TepMUHAIIA) € BBBEICH CJIOTa , KOWTO HCKaMe
Jla 3aBBPTUM B IpeIHATa CTpaHa Ha poOoTa , 3a Ja MOXKeE MalueHTa Ja uMa JOCThI 10 Hero . Ha
n300paxeHneTo GUr. € BbBEJCH CJIOT 7, KOUTO oTroBaps Ha 315 rpaayca , KOUTO ca BU3yalU3UpPaHU BbB
BUPTYaJIHUs TEPMUHAT U B MEHIOTO, OTTOBApPSIIO 32 poTalus Ha AucTpuOyropHara Maca B 3D cpenara
Ha Onenabp. Crex Karto JBHIKEHHUETO € YCIEIIHO 3aBbPLICHO TEPMHUHATBT OYaKBA CIJIEABAIIOTO
BBBEXK/IAHE 33 PEKUM U CJIEeZ] TOBA 32 HOMEP Ha CJIOTA.

3.3 VYnpaBieHue Ha MHOroumejJeBHss podoT B pekuM Ha 00xod, Ha0aogeHHe, OXpaHa H
CUTHAJIN3ALHS

MoaynbsT 3a HaOMIOJIEHHE M OXpaHa € Ba)KEH KOMIIOHEHT Ha MoOWJHaTa poOoT-ruiardopma ¢
TeJle-ynpaBieHne, KOWTO MpeNoCTaBsi BB3MOXKHOCTH Ha OMNEPAaTOpPhT JAa H30Mpa MEXAy PEeKuM Ha
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HaGHIO):[eHI/Ie, PCKUM Ha 3alliC Ha BUACO UJIM CHUMKU, U PCIKUM HA dKTHBHA OXpaHa.

Que. 63 Mobunna pobom-niamegopma ¢ MOHmMUpar Mooy 3a HabOeHue U OXPaHa

PazpaGorenusar anropuThM Ha paboTa Ha poOOTa B pexuM Ha 00x0j, HAOIMIOAEHUE, OXpaHa M
CUTHAJIM3aIlMs € TPeICTaBeH HarjieqHo Ha durypa 64, a Ha ¢urypa 65 ca mpeicTaBeHH OCHOBHUTE
KOMITOHCHTH, KOUTO U3IPAXKIAT MOIYJIA.

Que.64 bnok cxema 3a ynpasnenuemo Que.65 Cxema Ha OCHOBHUME KOMNOHEHMU
Ha MoOoy1a usepasxcoawju Mooyna 3a Habaroenue
ANroputbMbT Ha paboTa BKIIIOYBA CII€HATA CTHIKU:
. Wucrananus u cTapTupane Ha MOJTyja:

MoayneT 3a HaONIOEHHE U OXpaHa ChIbP)Ka BrpajicHa Kamepa, KOSATO € MOHTHUpaHa Ha Hal-ropHara
ioya Ha MoOuiHaTa pobot miatdopma. Cres ycremrHaTa HHCTaNIAMs Ha MOYyJa U BKJIIOYBAHETO Ha
3axpaHBaHETO, Iporpamara 3a ynpasJjeHHUE Ha MOJIyJIa Ce CTapTHpa.

. N360p Ha pexum:

HutepdeiichT Ha mporpamara ImpeaocTaBs Bb3MOXKHOCT 3a M300p Ha pa3jMuyHd PEKHMH Ha paboTa.
OmneparopbT MOke J1a U30epe MEeXIy pexkuM Ha HaOIIOACHHE, PEeXKUM Ha 3alliC HA BUJICO WU CHUMKH,
U PeKUM Ha aKTHBHA OXpaHa.

. Craptupane Ha paOOTHUS UKD

Crnen xato omepatopbT uzbepe jKemaHusl PeKUM, TOW cTapTHpa pabOTHHUS IIUKBI Ype3 HATUCKaHE Ha
CHhOTBETHHUS OYTOH B MporpamMara.

. HaOmronenue u 3amnmc:

Kamepata Ha Mo/yna 3a HaOMIOACHNE M OXpaHa 3aroyBa Jia U31bUBa BUIE0 CUTHAII, KOUTO MOXKe J1a Ob/ie
HaOII0/IaBaH B PEAIHO BpeMe OT orepaTopa. B pexum Ha 3amuc, mporpamaTa MOKe J1a 3all0YHe 3aIuc
Ha BUJIEO WJIM CHUMKH, KOUTO Ce 3ama3Bar 3a ObJeria ynorpeoa.
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. JlucraHuupaHo yrpaBieHUE:
OmnepatopbT MOXE Ja yIpaBisBa HAKJIOHA W 3aBbPTAHETO Ha KaMmepara upe3 uHTepdelica Ha
nporpamara. ToBa 1o3BoJIsiBa Ha OIepaTopa Jia HacO4M KamepaTa KbM KOHKPETHH 0OEKTH MU 00J1acTu.
. AKTHBHA OXpaHa:
B pexxuM Ha akTUBHA OXpaHa, poOOTHT MOXKE J1a U3I0JI3BA JIOMBIHUTEIHN CEH30PU WIN alTOPUTMHU 32
JETEeKIHs Ha JABM)KCHUE WIM HENpPaBOMEPHU JEWHOCTH B 30HaTa Ha HaOmoneHue. Ilpu 3acuuane Ha
HENPaBOMEPHU JEHHOCTH, MOAYIIBT MOXKE J1a IPEA0CTaBU NMPEAYNPEKACHNUE Ha ONIEpaTopa U J1a 3all0YHe
3aMnyc Ha MHIU/ICHTA.
. 3aBbplIBaHE HA paOOTHUS LIUKBIL:
Cnen kaTo omepaTopbT MPUKITIOYH C HAOIIOIEHUETO HIIH 3aIica Ce M3BEX/Ia ChOOIIEHHUE 32 3aBbPILIBaHE
Ha oIeparnusTa.
. N3kirouBane Ha Mofyna:
OmneparopbT MOXeE J1a M3KIOYM MOJAYJA Clle]] YCHEIIHOTO MPUKIIOYBaHE Ha pabOTHUSA LUKBI. To3u
MOJYJI MPENOCTaBsl Bb3MOKHOCTH 3a HaOJIIOJIEHUE M OXpaHa Ha pa3M4YHU MECTa M CUTYyalluu, KaTo
MIPeIOCTaBs peaHO BpeMe Ha ollepaTopa WM 3allMcBa BayKHU JIaHHU 3a ObJela ynoTpeoa.
3.4 YnpasJieHre HA MHOTOLleJIeBUSI POOOT B PesKUM 32 TPAHCIIOPTHPAaHe W U3IUIaHe Ha TOBapH
Yype3 HOKMYeCT MOJAeMHHK

OOuuAT B Ha po0OTa B PEKUM 3a TPAHCIIOPTUPAHE U U3UTaHE MOCPEICTBOM HOKUYECT
MOJIEMHUK € T0Ka3aH Ha ¢urypa 66.

Due.66 Oow 6u0 Ha pobOmMa ¢ MOHMUPAH KbM He20 MOOYJL C HOHCUUeCH NOOEMHUK

3.4.1 Anropursm Ha paboTa Ha podoTa

Pa3paboTtenusr anroputbM Ha padoTa e npeacTaBeH Ha (urypa 67 U BKIIIOYBA CIETHUTE CTHIIKU:

. 3amoyBa ce ¢ MHCTajalus W craprdpaHe Ha moayna. Ciex KaTo omnepaTopbT IpUBEE
wiargopmaTta B pabOTEeH peXUM W BKJIIOYM 3aXpaHBAHETO, Iporpamara ce CTapTHpa U KOHTPOJIEPHT
M0/IaBa CUTHAJI KbM JpaiiBepa Ha JIMHEWHUS MOTOD (aKTyaTopa).

. Axo moBauramiara rnjaatgopma He € Ha CTapToBaTa CH MO3UIUS JIMHEWHHUS JBUTATEN 3aloyBa Jia
CBaJIsl paMeHarTa, BbpXY KOWTO € IMpUKperneHa moBauramata miardgopma. Cien mM3BbpIIBaHE HA Ta3u
npoueaypa miathopmara ce HaMHpa B pexKHM ,,04aKBaHe™, 10 oJaBaHe Ha KoMaHa oT oreparopa. Tazu
MpoLeypa ce Hajlara Jia ce U3BBPIIH U B CIy4ail, ye riardopmara e mpekbcHalia paboTaTta cu aBapuitHO
Y TOBJMraiara rmiatdopma e ocraHana B paboTHO MOJIOKEHUE.

. Korato po6oThT moiyun KoOMaHia ,,JIOBIWTHU TOBapa“, KOHTpoJiepa MOJaBa CHUTHAI KbM
NpaiiBepa Ha JUHEWHUS MOTOp. MOTOpPBT 3amouBa Jia MOBAWra paMeHara, BbPXY KOUTO € MOHTHpaHa
noBAuramiara miatdopma, JO0KaTo JaTUMKa 3a TEXKECT He JOKOCHEe ToBapa. Tol oTdMTa TeXecTTa Ha
TOBapa M ako TOW HaJBUIIaBa HOpMAaTa, MporpaMara OTYMTA rpelika ,,BHuMaHnue, NpuBUIIEHO Terjo!*
ToraBa MexaHu3MBbT BpbIlla MOBAUTAIIATA MIIapPopMa B PEXKHUM ,,04aKBaHE .

. Koraro mporpamara nonxyun komMaHja ,,JIOBAUTHU TOBAapa™ U JATYMKA 33 TEKECT OTUETE TEKECT
B HOpMaTa, MEXaHU3MBT MOBJIUTA TOBapa J0 3a/JjaHeHaTa BUCOYMHA U poOOTHT MOXKE J1a MPUCTHIIN KbM
TpPaHCIIOPTHPAHE HA TOBapa.
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Q@ue.67 bnok cxema 3a ynpasnenuemo Que.68 Cxema Ha ocHOBHUME KOMNOHEHMU
Ha Mo0yna uzepasicoawu NO8OUaAuUsL MOOYJl

Ha ¢urypa 68 e npeacraBena xapayepHara cucremMa Ha nopauramus po6ot. [lopnurammusat Moayn ce
3axpaHBa OT Li-ion akymyJaTOpeH OJIOK, CBCTOSII C€ OT 3 TMOCIEJOBATEIIHO CBBP3aHH KJIETKU C
HanpexxeHue 3,7V u MakcuMalieH TOK SA.
3.4.2. Cumyaauus v pe3yJTaTi 0T Bepu(pUIUPAHETO HA MOYJIa M AJITOPUTHMA Ha padora

Upes cumynannoHHaTa MOCTAHOBKA ce BepuUIupa YIPaBIECHUETO U MOBEACHUETO HA MOAYIA.
CuMmynanusta € U3BbpIICHAa Ha 0a3zaTa Ha HSIKOJKO co(Tyepa, MOCPEICTBOM TSAXHOTO MapajieHO U
CUHXPOHU3UPAHO M3MIbIHEHHE. B cumynamusra ca o0Bbwp3anu cieqaute codpryepu: SolidWorks-CAD,
Proteus 8.16, Arduino IDE, HHD Software’s Virtual Serial Port Tools, Blender 3D.
[IspBa cThIKa € ch3aaBane Ha koja B Arduino IDE. 3a ga Moske 1a ce OChIIeCTBH CUMYJIalHsTa B KOJIa
ce BbBek1a BlendixSerial.h 6ubnnoTekara, KosTO MO3BOJISIBA KOMYHUKAIMATA MEXKy CUMYJaIUATa Ha
xapayepa B Proteus ¢ 3D cpenara Ha Blender 3D, B kosITO € mocTaBeH KOHCTpYHpaHUsi poOOT.

@uz.69 Cvzoasane Ha kooa 6 Arduino IDE
B xona ca mpenocTaBeHu 2 oMUY HA MOTPEOUTENs, TaKaBa 3a MOBAUTAaHE HA HOKUYIECTUS HOCAY U TaKaBa
3a CBaJISHE.
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Que.70 Xapoyepna cxema 6 Proteus Que.71 3apescoane na npoepamama HANUCAudA,
6 Arduino IDE 6 cpedama na Proteus

Bropa crpnka cien cb3naBaHeTo Ha nmporpamara B cpenara Ha Arduino IDE e usrpaxaanero Ha
XapJlyepHaTa CHCTeMa M HEHWHOTO oKalOensiBaHe B cpermara Ha Proteus. 3a Tasum 1enm ce W3MON3Bar
Ooubnmorexute Ha Proteus, B KOUTO MMa TOTOBH KOMIIOHEHTH - MOTOPH, CEH30pHU, KOHTpoJiepHu U T.H. Ha
¢urypa 70 e mokazaHa ch3fajeHaTa XapAyepHa cxema, CBbp3Ballla KOMIIOHEHTHUTE, H3TPayK Al MOTysIa
KaKTO W BHPTYyaJICH TCPMHUHAJI 3a BBBCKIAHC MW BHU3YyaJIU3UPAHC HA JAHHUTC. CJ'IC}I Karo BCHUYKHU
KOMITOHEHTH Ca CBbP3aHH MPABHITHO U XapyepHara CicTeMa, U3rpaxkania MoIyJia € TOToBa ciieBalara
CTBIIKA € Ja ce 3apenu nporpamara Hanucana B Arduino IDE B cpenarta Ha Proteus,kb7eTO U3BBpIIIBaME
cumynanusra.(purypa7l). 3apexxmaHeTo Ha Mporpamara cTraBa KaTo B cpemara Ha Proteus BBpXy
MUKPOKOHTpOJIEpa ce HaTUCHE C JieceH OyToH. B pesynrar m3nmza mernroro Edit Component, mpe3 koeTo
3apexxaame Arduino gaitna. CnenBamia cThiika € orBapsiHeTo Ha 3D Mozmena Ha po6orta B 3D cpenara Ha
Blender. 3a na Mmo>xe Aa ce ABMKM MOJIelIa 10 ONPEeNICHUs KeJlaH OT HaC HAYUH KOHCTPYHPAHUTE YacTH
B Solidworks TpsiOBa ma ObIaT eKCOPTUPAHKU OTIEITHO U aceMOJIMpaHu Ha HOBO B cpenara Ha Blender
3D xbaeTo ce 3a7aBaT HeoOXOIMMHTE OTpaHnueHUst KbM 3D 00eKTUTE U ce purBaT 00EKTUTE, KOUTO IIe
ObaaT yrnpasisiBAaHH OT Iporpamara u Iiie ce ABM)KaT Mo omnpeneneHust HauuH. CThIIKUTE HAa PUTBaHE, 3a
Jla MO>Ke MOJIefia Jla ce JBMKM TI0 OTIpesieieHa TpaeKTopus Ha 6as3a Ha ynpasisiBallara mporpama , Kosito
€ UMIUIEMEHTUpaHa B cumynanusita Proteus ca ciennure:

B obGexTeH pexxum ce ch3aaBa ,,apMaTypa‘‘( CKeJIeTHa CTPYKTypa, KOsITO ympamisiBa naaeH 3D
o0ekT).Creqy KaTo ce ch3aaze apMmarypara, T ce IpeMecTBa Ha MSCTOTO, Ha KOETO HCKame Jia ce
OCBILECTBU JIB)KEHUETO U CE ITOCTABs KbM I[SUIOCTHATAa KOHCTPYKIUS Ha MO/JIeJIa, KOMTO KesnaeM /1a ObJie
purHat. (purypa 72, purypa73 u durypa74).

Que.72 Mento 3a cvzoasane @ue.73 I'enepupanama apmamypa  Due.74 Ilozuyuonuparne na
Ha ckeremua cmpykmypa — 3a ynpasnenue Ha 3D obekma apmamypama 6 3D obexma

B obOekTen PCKUM, CJICH KaTO CC H36epe JKCJIaHUS MOJCJI, apMaTrypaTa C€ IIPEBKIOYBA B PCIKUM

Ha no3a ( ¢urypa 75 ). Crneasa u300p Ha KOCT, KOATO Ja ObJie pUrHaTa, T.e. CKpeleHa KbM MoJena
(purypa 76). 1 nakpas ce Hatucka ctrl + p u ce uzbupa "koct"(urypa 77 )
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Que.75 U360p Ha menio noza Que.76 Hz00p Ha kocm, Que.77 Mento 3a uzoop
Koamo da 6voe pueHama Ha ,,kocm

Que.78 Emynupanemo na COM nopmoseme

Crnen purBa"eTo Ha Mojena no6assime npuitokeHreto kbM Blender BlendixSerial. bubnuortekara
BlendixSerial e nmpoekrupana ma padotu 3aemHo ¢ gobaBkara blendixserial B8 Blender. To mo3BossiBa
KOHTpoJupaHe Ha oOektTH B Blender upe3 cepuwitHa komyHuKanus ¢ Arduino wumm Apyru
MUKpokoHTpoJepu. Upes emynupanero Ha COM noprosere or HHD Software’s Virtual Serial Port Tools
3aenHo ¢ BlendixSerial 3amouBa ochlnecTBIBaHETO Ha Bpb3KaTa MKy cuMmynanusaTa B Proteus u 3D
KOHCTPYHpaHHs poOOT ¢ pukadeH Moy B Blender.

Craptupame cumynanusara B Proteus (durypa79). IlocpencTBoM BUPTYaTHUAT TEPMHUHAT CE€
BHU3yaJlM3Hpa CTapTUpaHara mporpama, Kosito € Hanucana B Arduino u uMmmiiemeHTHpana B Proteus upes
renepupanusa hex c¢aiin. TepmMuHanbT M3yakBa Aa BbBeleM | win 2 3a cBaJissHE WIM MOBAWraHe Ha
margopmara.

Que.79 Cmapmupane na cumynayuama 6 Proteus u uzoop na COM nopm 6 Blender

Aemopedgepamu na oucepmauuu 2024 (8) 43-82



67 Ilemrxo Cmoes

3a na ce BU3yanu3upar npomeHure B 3D Mojiena Ha KOHCTpyHpaHHs poOOT B MaanioTo MEHIO Ha
BlendixSerial 3axbpmxurento Tpsosa na cme HarucHanu Connect Serial u Start Movement, kakTo u 1a
CMe€ MTOCOYMITH EMYITUPAHUS TTOPT.

Que.82 Cmapmosa no3uyus, U3HaKeauyd 6b68e’COAHEeMo 6 MmepMuUHaLd

Duz.83 Pobomvm ¢ noeouzHam HOMCUYecm nooemMHUK

Ha ¢urypure 82 u ¢urypa 83 ca nzo0pa3eHu 1BeTe Bb3MOXKHH MMO3UIIMHA HA poOOTa, a UMEHHO
CBaJIeHa M noBaurHara miargopma. [Ipu npeBuiiaBane Ha JOMYCTUMOTO TETIIO, MOTPEOUTENAT MOTyyaBa
MpeaynpexaeHrue Ye ToBapa MOCTaBEeH Ha IuaTdopmara € IpeKaJeHO MHOTO U Iporpamara BpeMEHHO
npekparsiBa GyHKIUSTA CU JO OTHEMaHe Ha U3JIUIIHUS ToBap — ¢purypa 84.

@ue.84 Ilpexpamena gpynkyuama Ha poboma 00 OmHeMaHe HA USTUULIHUS MO8AD
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Cnen xato JBUMKEHUETO € YCIEIIHO 3aBbPIICHO TEPMUHAIBT O4YaKBa CIIEBAILIOTO BbBEXKIaHE HA KOMaH 1a
IIPU HY)KJa OT TOTPEeOUTEIS.

3.5 YnpaBJ/ieHue HA MHOTOIleJIeBHSI POOOT B PeKUM 32 CKJIAIMPaHe U JI0CTABKA MOCPEICTBOM
nopaurama mjiargopma

OOmwmsT B Ha poOOTa B pEXKUM B PEKUM 3a CKIIAMPAHE U/WIN TOCTaBKa Ha TOTOBA MTPOIYKITUS
€ TIoKa3aH Ha ¢urypa 86.

Que.86 Pobom ¢ monmupan MO0y ¢ nogoueawa niamgopma
3a 00CMABKA HA 20M0o8a NPOOYKYUs
3.5.1 AnropursM Ha paGora Ha podoTa
PazpaGorenusar amropuThM Ha paboTa Ha poOOTa B PEeKHUM 3a JOCTaBKAa HA MPOIYKIIHS
MOCPECTBOM MOJIYJ C MoBAUTaIIa miaTdopma e mpeacraBeH Ha ¢urypa 87. [logoOHO HA HOKHUYECTHS
MOJIEMHUK MOJAYIBT C TIOBIMTAIa TUIaTGopMa 3a CKIAJAWpaHe W JOCTaBKa IMPEMHHABA TPEe3 CHIIUTE
(YHKIIMOHAJTHU CTHIIKHU.

@ue.87 brnok cxema 3a ynpaeneHuemo Due.88 Cxema Ha oCHOBHUME KOMNOHEHMU,
Ha M0Oya usepasxcoauyu Mmooyna

Ha ¢urypa 88 e npeacraBena xapayepHata cucreMa Ha Mojayia. CepBU3HUAT poOOT B pEXKUM 32
CKJIaJJipaHe W/WJIM JOCTaBKa Ha roTOBa MPOJAYKIMs BKIKOYBA Ju(epeHIaTHa MoOMIHa aTdopma,
UHAYCTpUAJICeH KOMITIOTBD M KOHTPOJIEPH, €JIEKTpOMEXaHHuYHa 3a/BMJKBaIla CUCTeMa (IIOCTOSTHHO
TOKOBHU JIBUTATENN C PEAYKTOPH M eHKoJepH), 12V LiPo akymynaTopHa 6aTepusi 1 CEH30pHA CUCTEMA.
W3noa3BaHuAT TMHEEH 3aIBIKBAIL MEXaHU3BM € 12 BoJITa ¢ MaKCUMaJIHa TOBapOHOCUMOCT 90 K.
3.5.2. Cumynanusi ¥ pe3yJITaTH OT BepuuIUpaHeTO HA MOAYJIa H AJITOPUTHMA Ha padoTra
Bepudunupanero Ha MoAyna M anropuTbMa Ha paboTa ce OCBIIECTBH Ype3 pealn3UpaHeTo Ha
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KOMIIOTbPHA CHUMYJAlLUs, 32 KOSITO CE€ M3BBPIIM NApaleIHO M CHUHXPOHU3UPAHOTO INpWIIaraHe Ha
cieqaute copryepu: SolidWorks-CAD, Proteus 8.16, Arduino IDE, HHD Software’s Virtual Serial Port
Tools u Blender 3D.

[IbpBa cThiKa € ch3gaBane Ha koja B Arduino IDE. 3a na Moxe 1a ce OChIeCTBH CUMYNIalusaTa B KOJa
ce BpBexkAa BlendixSerial.h 6mbnmmoTekara, KOsATO MO3BOJISIBA KOMYHHKAIMATA MEX]Ty CUMYJIallusiTa Ha
xapayepa B Proteus ¢ 3D cpenara Ha Blender 3D, B k0siTO € mocTaBeH KOHCTpyHpaHUs poOOT.

[Ipu craprupane Ha cCUMyJIalMOHHATa 4acT B Proteus BBB BHUPTyaslHUS TEpMUHAJI HA CUMYJIALUATA
oriepaTopa n3bupa BHJIa oreparys/JBuxKeHre Ha mardopmara/: 1- 3a cBansiHe  2- 3a BIUTaHE.

B nporpamara npu npeBuiaBaHe Ha JUMHUTA Ha TEIIO, KOETO MOXKE JIa oeMe Tuiaropmara TepMHHATBT
BpbIIa crobmenue “Too heavy!” u He MO3BOJSIBA U3ITBIHEHUETO HA ONEpALUATA 0 HAMAISIBAHETO HA
KAJIOTPAaMUTE B JOMYCTUMHUTE CTOHHOCTH.

Due. 89 Cvzoaoenama npoepama 6 cpedama Ha Arduino IDE

Bropa crTemnka cien cb3gaBaHeTo Ha mporpamara B cpemata Ha Arduino IDE e umsrpaxkmanero Ha
XapayepHaTa cHcTeMa U HEWHOTO okaOensiBaHe B cpeaara Ha Proteus. 3a Ta3u men ce HM3MOI3BaT
o6ubnuotexute Ha Proteus, B KOUTO MMa rOTOBH KOMIIOHEHTH - MOTOPH, CEH30PH, KOHTpoJiepH U T.H. Ha
¢burypa 90 e nokazaHa ch3ajieHaTa XapJyepHa cxeMa, CBbp3Ballla KOMIIOHEHTUTE, U3TpaKIallld MOIya
KaKTO ¥ BUPTYyaJIeH TEPMHUHAJ 32 BbBEXK/JIaHE M BU3yaJIU3HpaHe Ha TaHHUTE.

@Due.90 Xapoyepua cxema

CJ'IG,Z[ KaTO BCUYKH KOMIIOHCHTHU Ca CBbP3aHU MPABUJIIHO U XapAyCpHATa CUCTCMA, U3rpaKalla MoAylia €
roTOBa CJICABAIlAaTa CThIIKA € JIa CC 3apCau NporpaMara HalluCaHa B Arduino IDE B cpcaara Ha PI‘OtCLIS,
KBJACTO U3BbPIHIBAMC CUMYJIAllUsATA. 3apC)KIlaHCTO Ha IporpamMara CcTaBa KaTo B Cp€aaTa Ha Proteus BBPXY
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MUKpPOKOHTpPOJIEpa Ce HaTUCHE ¢ JeceH OyroH. B pe3ynrar uznu3a mentoro Edit Component, npe3 koeto
3apexxname Arduino daiina.

Due. 91 3apexcoane na Arduino npoepamama 6 cpedama na Proteus

Crnenpama cTeika € orBapsineto Ha 3D monema Ha po6ora B 3D cpenara Ha Blender. 3a ga moxe na ce
JBKUA MOJICITBT TI0 OTIPEICJICHHMS KeJIaH OT HAaC HauWH KOHCTpyupaHute 4acTu B Solidworks TpsioBa na
ObJaT EKCIIOPTUPAHU OTACITHO W aceMONMpaHu Ha HOBO B cpenara Ha Blender 3D kbpaero ce 3amaBar
HEOOXOAMMUTE OrpaHUYCHHS KbM 3D 00EKTHTE U c€ pUrBaT OOCKTUTE, KOUTO Ie ObJaT YIpaBIsIBaHU OT
IporpaMara ¥ IIe ce JBIKAT 10 ompe/esieHus HaduH. CTBIIKUTE Ha PUTBaHE, 32 JIa MOYKE MOJICITBT Ja
Ce JIBMDKH T10 OTIpe/IelieHa TPaeKTOpHs Ha 0a3a Ha yrpasJisBallara nmporpama , Kosito € UMIUICMCHTHPaHa
B cuMynanusaTa Proteus ca ciaemauTe:

Due.92 Menrw 3a cvzoasane Que.93 I'enepupanama apmamypa  Due.94 Ilozuyuonupane na
Ha CKellemHa CmpyKmypa 3a ynpaenenue na 3D obexma apmamypama 6 3D obexma

B obekren pexuM ce cb3iaBa ,,apmarypa’. ( ¢ur. 92). Cnen karo ce cb3aaje apmarypara, Ts ce
IIpEMeCTBa Ha MACTOTO, HAa KOETO MCKaMe J1a Ce OCBIIECTBH JBM)KEHUETO M C€ MOCTaBs KbM IISIIOCTHATA
KOHCTPYKIIUSI HA MOJIeNa, KONTO kenaem aa Obae purHat. (dur. 93 u ¢ur.94).

B obexTeH pexuMm, cieq kato ce u3depe xKeaaHus MOJIel, apMaTypaTa ce IPEBKIIIOUBA B PEXKUM
Ha mo3a ( ¢urypa 95 ). Ciaensa u300p Ha KOCT, KOSITO Ja ObAe pUrHaTa, T.e. CKpeleHa KbM Mojeia
(purypa 96). 1 nakpas ce Hatucka ctrl + p u ce uzdupa "koct"(purypa 97 )

Cnen purBanero Ha Mojienia jo6aBsMe npuiioxkenueto kbM Blender BlendixSerial. Bubnuorexara

Aemopedgepamu na oucepmauuu 2024 (8) 43-82



71 Ilemrxo Cmoes

BlendixSerial e nmpoekrupana na pabotu 3aenHo ¢ gobaBkara blendixserial B Blender. To mo3BossiBa
KOHTponupane Ha o0Oektu B Blender upe3 cepuiiHa komyHuKanus ¢ Arduino wim apyru
MUKPOKOHTPOJICPH.

Que.95 U360p na mento noza Que. 96 Hsz60p Ha kocm, Que. 97 Mento 3a uzoop

K0sImo 0a 6voe pueHama Ha ,,kocm
Upes emynupanero Ha COM mnoproBere or HHD Software’s Virtual Serial Port Tools 3aenno ¢
BlendixSerial 3amouBa ochIecTBABaHETO Ha Bpb3KaTa MEXIy cumynanusta B Proteus u 3D
KOHCTpyHpaHus poOoT ¢ mpukaueH Moaya B Blender

Que. 98 Emynupane na COM nopmoseme Due.99 Cmapmupane na cumynayuama om Proteus

Craprupame cumynanusTta B Proteus. ITocpeacTBoM BUpPTyalHHS TEPMHHAI CE€ BU3YyaIM3HpA
CTapTUpaHaTa mporpama, Kosito € Hanucana B Arduino u uMmriemeHTipana B Proteus upes reHeprpanust
hex ¢aiin. Tepmunana n34aksa 1a BbBeAeM | Wi 2 3a CBaJIsTHE WIIA U3IUTaHE HA MOBAMUTAIA miardopma.
3a na ce Bu3yanusupar npomeHutre B 3D Monena Ha KOHCTpyupaHus poOOT B MAAalIOTO MEHIO Ha
BlendixSerial 3agbpmkurento Tpsosa ga cme HarucHaau Connect Serial m Start Movement, kakTo u n1a
CME MOCOYMJIM eMyIupaHus nopt. Upes BbBeXkAaHe Ha ,,2“ BbB BUPTyaJIeH TEPMHUHAJ MO3HUIUATA HA
MOB/AMraIaTa miatgopma ce u3aura Harope no Z axis (B ciiydaiiTe Koraro OTuYeTeHaTa TeXeCT € IMOJl
70% ot nonoctumara). Ciesn KaTo ABMXKEHUETO € YCIIENTHO 3aBbPIICHO TEPMUHAIBT OUaKBa CIEABAIIOTO
BbBeXkaHe. Ha ¢durypa 103 u purypa 104 e mokazaHo mocpeicTBOM BU3YAIU3UPAHETO BB BUPTYATHUS
TEPMHHAJl HAa CHUTyallds, B KOSTO TEXKECTTa € HaJ JOIMYCTMMOTO U OIepanusTa He € JOIycHara u
cleBallaTa CUTyallMs, B KOATO TEXECTTa € B 3aJaJICHUTE JOMYyCTUMU CTOMHOCTU U ABWKEHUETO €
W3BBPIIEHO.

@ue. 103 Cumyayus, 8 Koamo medxcecmma e Hao Due. 104 [[eudsicenuemo e uzevpuieHo- medxicecmma
00NYyCMUMOmMo U onepayusma He e OONYCHama e 8 3a0adeHume OONYCMuUMU CMOUHOCTNU
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Upes BbBEXKIaHE HA ,,1“ BBB BUPTYAIIHUS TEPMUHAI MO3UIMATA HA MOBIUramiara miargopma ce Bpblua
B IIbpBOHa4ajgHaTa cu no3unus. Ciiea Karto JABWKEHHETO € YCHEIIHO 3aBbPLIEHO TEPMUHAIBT OYaKBa
cienBamoTo BeBexane (¢ur. 105)

Que. 105 Tepmunanvm 6 ouaxkeane cied8aujomo 8beedcoaHe

3.6 YnpasJ/ieHue HA MHOTOLe/IeBHSI POOOT B pesKUM HA MOYUCTBaHe
OO6musT BU HA poOOTa ChC CBHP3aH KbM YHUBEpCcaTHaTa MOOUITHA TIaTdhopMa MOy 32
MMOYUCTBaHE € TIoKa3zaH Ha urypa 107.

Que. 107: 1- pezepsoap 3a npenapam c kanax, 2- nomna 3a pezepgoap, 3- anmubaxmepuanrna UV
JIaMNa 3a XueueHuzupaue Ha okoaHocmume , 4- anmubaxkmepuanua UV namna 3a xueuenusupane Ha
nooa , 5- 3a0ua pez2ynrupyema 4emxa, 6- TuHeeH 3a08UNC8AL MEXAHUZbM 3a NpeMecmane Ha 3a0eH

bpcyx, 7- kamepa 3a meneonepayus

3.6.1 Anropursm Ha padoTa Ha podoTa

Pa3paboTtenusar anropuThbM Ha paboTa B PEeKUM Ha MOYUCTBaHE, MpeacTaBeH Ha ¢urypa 108,
BKJIIOUBA CJIETHUTE CTHIIKU:
. 3amoyBa ce ¢ MHCTajalus U crapThupaHe Ha moxyna. Cien KaTo OoneparopbT € MHCTaIupal
MOYMCTBAIIUS MOIYT U € BbBed IaTdopmaTa B eKciUioartanus (BKIIOYBAHE HA 3aXPaHBAHETO),
mporpaMara ce CTapTHpa W KOHTPOJIEPHT H3Mpalla CUTHAI 10 3aJBKBAIIMS MEXaHU3bM. MOTOPBHT
3aroysa Jia MOBJUra KOHCTYKIUATA, Ha KOSITO Ca MPUKPEIIEHU BbPTSAIIUTE CE YETKH, I0KATO C€ TOCTUTHE
BI'BIBT, 3a/1a7ICH OT nporpamara. Cren U3BBpPILIBAaHE HAa Ta3H MpoLeaypa, miargopmara € B pexum "B
roToBHOCT", TOKaTO He ObJe U3/aZieHa KoMaHa oT oneparopa. Ta3u mporenypa TpssOBa Aa ce U3BHPIIN
U B Ciydaii, ye ruiatdopmMara e mpeKkbcHana paboTaTa cu MpU aBapHilHA CUTYyallus U KOHCTPYKIUSTA,
HOCeIlla BPTAILIUTE Ce YETKH, € OCTaHaa B pabOTHO MOJIOKEHHUE.
+ KoraTto mporpamara mojydu KOMaHjaTa "CTapTHpaHE Ha MOYUCTBAHETO", KOHTPOJIEPHT H3Ipalia
curHan o apaiieepa [93] Ha aBuraresns. 3aJBWKBAILUAT MEXaHU3bM 3all04Ba /1a CIYCKa paMmoTO, Ha
KOETO ca MOHTHUPAHU BBPTSAIINTE CE IBUrATeNH, TOKATO YETKUTE JOKOCHAT paboTHaTa MOBBPXHOCT. Cien
KaTo KOHCTPYKIMSATA € CIlycHaTa, KOHTPOJEpbhT M3Ipalla CUrHaj JI0 JIpailBepuUTe Ha JBUTATEIINTE,
3a/IBMKBAIM BBPTSIIUTE C€ YETKHU. € ce 3aIBKBAT, KaTO JAOCTUraT MakCHMallHaTa CU CKOpOCT 3a 5
cekyHnu. ToBa mpenoTBpaTsiBa HaTOBapBaHe, KOETO OM ce MONYYHJIO OT BHE3AMHOTO CTapTHpaHe Ha
JIBUTATEIIUTE.
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 Korato nporpamaTa noigy4n KoMaHjara "3arnoyHere MoYHCTBAHETO ¢ BOJa", ako ruiargopmara e ouia
B peXHUM '"u3uakBaHe", IpoleaypaTa B CThIKA 2 c€ MOBTaps U Cilej KaTo JBUTATEIUTE, 3a/BUKBaIIU
BBPTALINTE CE€ YETKH, AOCTHTHAT MAaKCHMajHaTa CH CKOPOCT, KOHTPOJIEPHT H3IMpalla CUTHAT IO
JpaiiBepa Ha JBUraTelsd HA NOMIIATa HA pe3epBoapa.

Que. 108 brokosa cxema Ha aneopumovma Que. 109 Xapoyepna cucmema Ha XueueHHus

3a ynpasieHue MO0y
* Axo miatdopmarta e Ousa B pekuM ''cTapTHpaHe Ha IOYUCTBAHETO", KOraTo € Ouja JajieHa KOMaHiaTa
"cTapTHpaHe Ha MOYMCTBAHETO HAa BOJAATA", KOHTPOJIEPHT IUPEKTHO U3Ipala CUTHAI caMo Ha JipaiBepa
Ha JBUTaTes, ypaBisBall BoJHATa IOMIIA.
* Koraro nporpamara nojiyur KoMaHjaara "3anoyHere noyuctsane Ha nojaa ¢ UV jammna", KOHTpOJaEpbT
u3Mpalia CUrHai 10 ApaiiBepa Ha JUHEHHUS MOTOp. MOTOPHT 3amoyBa CIycKa paMOTO, KbM KOETO €
MOHTHpaHa 4eTKa 3a noyucrBane Ha noja u UV mamma. Cren kato pamMoTO ce CIIyCHE Ha Moja, ce
u3Mpalia CurHaj KbM peneTo, 3axpanBamio UV nammnara.
 Ilpu um3pgaBane Ha KomaHjara "3amoyHeTe MOYMCTBAHETO Ha OKojHara cpega ¢ UV mammna',
KOHTPOJIEPHT U3Mpallla CUTHAI KbM PEJIeHHOTO 3axpaHBaHe, KoHTpoiupamnio UV jgamnara, Ho4yucTBaIa
OKOJIHATa cpefa.
» Ilpu komanzgara "kpaif Ha TOYMCTBAHETO" KOHTPOJEPHT MOJaBa MOCIEIOBATEITHO CIETHUTE CUTHAIIU:
- CHUTHAJI KbM BOJIaya Ha JIBUTATEIs, 3a/IBIDKBAIL] TIOMIIaTa Ha pe3epBoapa 3a crupaHe Ha padoTa,
- CUTHAJI KbM JjpaiiBepUTE Ha JBUTATEINTE, 33 IBMKBAIIM BHPTSIIUTE Ce YETKH 3a CIHpaHe Ha paboTara,
- CHUTHaJ KbM JpaiiBepa Ha JIMHEWHHUS MOTOP Ja BIUTHE KOHCTPYKIMATA 10 ONpeaeeHara no3uiusa,
3a/lajieHa OT mporpamara,

- CUTHAJI KbM JjpaiiBepa Ha JIMHEHHUS MOTOP 3a MOBJAUTaHE Ha 33/IHAaTa YeTKa U KOMaH/1a 3a U3KIIF0YBaHe
Ha UV nammnara 3a xurueHa Ha nojia u nenrpaisara UV namna, No4ncTBaila OKOJIHOCTUTE B CTasATA.
Crnen Ta3u komaHzaa riatopmara OTHOBO 1€ Ob/ie B PEKUM Ha TOTOBHOCT U 3aXpaHBAHETO MOXKE Jia
ObJIe MPEKBCHATO.

Ha ¢urypa 109 e npencaBena xapayepHara cucTeMa Ha HOYMCTBAIIMs Moaya. [louncTBamuar Moy ce
3axpaHBa OT JUTHEBO-HOHHA OaTepHs, ChCTOAIIA ce OT 3 CEpUHO CBHP3aHU KIIETKU C HarpexkeHue 3.7V
Y MaKCHUMaJEeH TOK SA.
3.6.2 TeseynpasJieHue Ha pa3padoTeHusi MOAYJI 32 NOYHCTBaHe

YrpaBieHHeTo Ha IOYUCTBAIIHS MOIYN € J0OaBeHO KbM yeO-0azupanus rpaduueH unrepdeiic
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3a Teneonepanus Ha poboTa. Bpb3kata Mexay podora u morpeburens e upe3 Wi-Fi. [lorpedburenst
MOJK€ J1a U3T013Ba MOOMITHO YCTPONUCTBO WIIH JIANITOII- SAMHCTBEHOTO YCIIOBHE € /1a C€ CBBPIKE C MpekKaTa
Ha poOoTa u 1a uma yeb Opay3bp. TeneymnpaBieHueTo ce mojy4yaBa ¢ IOMOIITAa Ha TEXHOJIOTHATA Ha yeO
cokera. Te mpeaaBar JaHHU OT poOOTa KbM OIepaTopa U 00paTHoO.
KeM umHTEpdeiica ca nobaBeHn OyTOHM W WHCTPYMEHTH 3a YIPABJICHHE HA PANIMYHUTE MOIYIU U
oTiepaluuTe, KOUTO M3IMBJIHABAT. Bh3 OCHOBA Ha TeJeornepamusaTa onepaTopbT 3a/laBa Ch3/1aBaHEeTO Ha
KapTa M 3alla3BaHeTo Ha KapTara Ha TEKyIlaTa CTas, a CIIOpPE/ CUTYyallusATa, KOSTO HAOII01aBa B CTasTa,
3aJlaBa KOM CHCTEMHU Jia C€ BKJIIOYAT, KOraTto poOOTHT s mouwmcTtBa. OCBEH TOBA MO BCSKO BpEMe
OTIepaTOPHT UMa JAOCTHIT 10 poOOTA U ONMIIKATA 33 JUCTAHIMOHHO YIIPABJICHUE.
OyHKIMKTE 32 MOYMCTBAHE, BrpaJicH! B TpaduyaHusi HHTEpQEiic, ca CIIeTHUTE:
* (Cpb3aaBaHe Ha KapTa: ONepaTopbT PBUHO pa3xoXkja podOTa U3 CTasTa, JOKATO C€ Ch3ZajJe I'bJIHA
kaprta. Cneq ToBa BCsika Tpolieypa M3IMOJ3Ba HampaBeHata kaprta [16]. M3mon3Ba ce anroputrbm 3a
MOCJIEIOBATETHO CKaHMpPAaHE Ha KapTaTa, 3a Jla ce TapaHTHpa, 4ye IMPOLEIYypUTE 3a MOYHUCTBAHE Ce
W3BBPIIBAT HABCSIKBH/IC
* 3amoyHeTe Jia MOYNUCTBATE CAMO C YETKU
* 3amovYHeTe MOYUCTBAHE C YSTKHU M MPBCKAHE C TIperapar
* BxurouBaHe u akTHBHpaHe Ha Ae3uH(peKknupaaTa nojacucrema ¢ UV namnu. Thil kKaTo HMa 0acHOCT
3a Xopara W KMBOTHHUTE 10 BpeMe Ha Ta3W MpoIeypa, MPear CTapTHpaHe Ha JIAMITHTE C€ aKTHBHUPA
QITOPUTHM 3a 3allUTa OT pajuanus. B To3W pexuM poOOTHT 3acWya MPUCHCTBHETO HA XOpa HIIU
KUBOTHH. AKO TakuBa ObaaT oTkputH, UV JaMiuTe ce W3KIIOYBAT W CUTHAJIU3UPAT B Trpa@UIHUS
uHTepdelic Ha orepaTopa. 3a mo-A00po BB3MPHUATHE POOOTHT € B ChbCTOSIHUE J1a pa3lo3HaBa MapKepu U
npyru obexru [17].
* [louncTBaHe BKIIOYUTETHO BCUUKH CUCTEMH /4eTkH, MueHe, UV mamnu/ Ha caHuTapHus Moayn: B
TO3W PSKUM CE aKTHBUPAT BCUIKU CHCTEMH Ha TIOYMCTBAIIUS MOJTYJ, KAKTO ¥ BCHUKH aJITOPUTMHU.
O6paTHarta Bpb3Ka OT poOOTa KbM OllepaTopa ce pealnu3upa upe3 BU3yaln3alus Ha JaHHU OT CEH30pUTE
U ycTpoicTBaTa Ha poOorta. OmnepaTopbT MOXE Ja ClIeIu BHJIEO0 MOTOKa OT Kamepara Ha po0oTa, na
MpociesBa MECTOIMOJIOKEHUETO Ha po0oTa criope]] HaBUrallMOHHATa KapTa, 1a BUAM JaJId UMa 3aa/ieHa
orepanus 1 10 KakBa CTEIEeH T4 € 3aBbpiieHa. Koraro Bb3HUKHE po0sieM Ipy U3BBPILIBAHE Ha OTepaIis
WM Bb3HUKHE HEM3IIPABHOCT, TOM CHIIO c€ ChOOIaBa Ha oreparopa.
B nomsiHeHME KbM aBTOMAaTH3UPAHUTE OTepalui, KbM rpadudHust natepdeiic ca nodaBeHn OyTOHH 3a
yrOpaBlieHUE Ha OTACIHUTE (PYHKUUU Ha MoaynutTe. [lo To3u HauMH OoneparopbT MOXKE Ja HU3MOJ3Ba
poboTa B peXHM Ha pbyHa TeJeomepalns, 3a JUarHOCTUIIMPAHEe Ha CUCTEMH U Jp.
3.6.3. Cumysanus v pe3yJaTaTu 0T Bepu(pUIUPAHETO HA MOYJIa M AJITOPUTHMA Ha padora
3a Bepu(uLMpaHe HA MOJYJa U aITOPUTHhMa Ha paboTa ce CbCTaBU U pealn3upa KOMIIOTbpPHA
CUMYyJalus MOCPEACTBOM CHHXPOHH3UPAHOTO NpuiiaraHe Ha cieguure codryepu:SolidWorks-CAD,
Proteus 8.16, Arduino IDE, HHD Software’s Virtual Serial Port Tools u Blender 3D.
[IspBata cThiKa € ch3aaBade Ha koja B Arduino IDE. 3a qa Moxke 1a ce 0ChIIECTBY CUMYJIAlMsATA B KOJIa
ce BpBexkaa BlendixSerial.h Oubnuorekara, KosSTO MO3BOJSABA KOMYHHUKAIMATA MEXKIY CUMY/IAIUATA HA
xapayepa B Proteus ¢ 3D cpenata Ha Blender 3D, B k0siTO € mOcTaBeH KOHCTPYHUpPaHUs POOOT.
[Ipu craptupane Ha cuMyJIalMOHHATa 4YacT B Proteus BBB BHUpTyallHUS TEPMHHAl HAa CHUMYJAlMsITa
omnepaTopbT M30Upa KOM PEKUMHU Ha padoTa Ha MOUYMCTBAIIMS MOAYA Aa akTuBHpa. B mporpamara ca
3aI0’KeHU 4 pexuMa, KOUTO C€ BbBEXKIAT C I(pa B TepMUHAA:
1- Havanmo Ha MovMcTBaHETO ( 3aMoyBa Ja MOYKMCTBA C YETKHU CJIE]] KaTO paMEeHHaTa KOHCTPYKLUS
ObJIe CBaJICHA );
2- UV nouunctBaHe (MOYUCTBAHE C YeTKATa, MO3UIIMOHUPAHA B 3a]{HaTa 4acT Ha poboTa 3aeqHo ¢ UV
Jamrmara rnpukadeHa KbM Hesl);
3- mouMcTBaHE ¢ BojJa ( cTapTHpa eleKTpUueckara MOMIIa 3a MOYHMCTBaHE C BOJA MOCPEICTBOM
JFO3UTE, IO3UIIMOHUPAHU B MIPEIHATA YaCT Ha POTAIMOHHUTE YE€TKH);
4- pexxum UV nammna ( mouncTBaHe Ha OKoJIOHaTa cpesia nocpenctsom UV nammnara MOHTUPaHA BEPXY
Hail-ropHara rnjao4a Ha MOOWJIHUS POOOT)
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Que. 110 Cv30asanemo na npoepamama 6 cpedama na Arduino IDE

Bropa crTbnka cien cb3maBaHeTo Ha mporpamara B cpenata Ha Arduino IDE e usrpaxpanero Ha
XapJlyepHaTa CHUCTEMa U HEHHOTO okalOensiBaHe B cpenara Ha Proteus. 3a Ta3u 1en ce W3MOI3Bar
OoubmmorexuTe Ha Proteus, B KOUTO MMa TOTOBH KOMITOHEHTH - MOTOPH, CEH30pH, KOHTpoJepH U T.H. Ha
¢urypa 111 e mokasaHa ch3JajeHaTa XapAyepHa CXema, CBbp3Balla KOMIIOHEHTUTE, M3TpakIallu
MOAylla KaKTO U BUPTYAJICH TCPMHUHAI 34 BBBCKIAHE U BU3YAJIU3HPAHC HA JTAHHUTC.

Que. 111 Xapoyepna cxema Ha nouucmeaujus Mooy

Cren KaTo BCHYKM KOMIIOHEHTH Ca CBBP3aHU NPaBHIHO U XapJyepHaTa CHCTeMa, U3rpakaria
MOJIyJIa € TOTOBa ClieJiBallaTa CThIIKA € J1a ce 3apeay mporpamara Hancana B Arduino IDE B cpenara Ha
Proteus, kbeTO M3BBpIIBAME CUMYJAMATA. 3apeXkJaHETO Ha IporpaMara cTaBa Karo B cpejara Ha
Proteus BBpPXy MHUKpPOKOHTpOJEpa c€ HATUCHE C JeceH OyToH. B pesynrar msnusza menroro Edit
Component, rpe3 koeTo 3apexaame Arduino gaiina.

Cnenpama crbika € orBapstHeTo Ha 3D mozena Ha pobota B 3D cpenara Ha Blender. 3a na moxe
Jla ce IBMXKU MOJIeNa 0 ONPEAEICHNUs JKelaH OT HaC HauYMH KOHCTpyupaHnuTe yactu B Solidworks TpsioBa
na ObJaT eKCIOPTUPaHU OTIEITHO U aceMONIMpaHu Ha HOBO B cpenata Ha Blender 3D kpaero ce 3amaBar
HeoO0X0AMMUTE orpaHndeHust KbM 3D 00eKTUTE U ce pUrBaT 0OeKTUTE, KOUTO 1€ ObJIaT YIPaBIsIBaHU OT
Iporpamara M Iie ce JBUXar M0 ONpeAeTIeHUs] HauMH.
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Que. 112 3apesxcoanemo na Arduino ¢atina 6 cpedama na Proteus

CrbnkuTe Ha pUrBaHe, 3a Jja MOK€ MOJETBT Ja C€ JBWXKU MO OIpelesieHa TpaeKkTopus Ha 0a3a Ha
yhpasisBallara mporpama , Kosito € UMIIJIEMEHTHpaHa B cuMyianusta Proteus ca cineqnure:

Que. 114 I'enepupanama apmamypa  Due. 115 [lozuyuonupane na Que. 117 Hz60p na kocm

3a ynpaenenue na 3D obexma apmamypama 6 3D obexma K0sImo 0a 6voe pueHama
B obekten pexum ce ch3naBa ,,apMarypa‘‘( CKeJeTHa CTPYKTypa, KOSATO yrpasisiBa aaneH 3D
obekt). Cnen karto ce ch3naze apMmaTypara, TS ce IMpeMecTBa Ha MSCTOTO, HA KOETO HCKaMme Ja ce
OCBIIECTBH ABMKCHHUETO U CE€ MOCTABS KbM IISIIOCTHATA KOHCTPYKLKS Ha MOJIeNa, KOMTO xestaeM 1a Oblie
purHat (¢ur.114 u ¢ur.115). B o6exkreH pexxum, ciaen Kato ce nu3depe KelTaHus MOJIe, apMarypara ce
MIPEBKJIIOUBA B peKUM Ha 1o3a. CieniBa n300p Ha KOCT, KOATO Aa ObJie pUrHara, T.e. CKperneHa KbM Mojiena
(burypa 117). 1 makpas ce Hatucka ctrl + p u ce u36upa "koct". Cien purBaHeTo Ha MoJjiena 100aBsimMe
npunoxenueto kpM Blender BlendixSerial. bubnnorekara BlendixSerial e mpoektupana aa padotu
3aenHo ¢ nob6askara blendixserial B Blender. To mo3BonsiBa koHTponupane Ha oOekTu B Blender upes
cepuitHa KoMmyHUKarus ¢ Arduino wim apyru MEKpoKoHTpoJiepu. Upes emynmupanero Ha COM noptoBere
or HHD Software’s Virtual Serial Port Tools 3aeqao ¢ BlendixSerial 3ammouyBa ochlecTBIBAHETO HA

BpB3KaTa Mexay cuMmynanusta B Proteus u 3D xoHcTpyupanus poOoT ¢ mprukadeH moayn B Blender

Que. 119 Emynupane na COM nopmoseme Que. 120 Cmapmupane na cumyrayusma 6 Proteus

CTapTI/IpaMC CUMylanusaTa B Proteus. HOCpe)ICTBOM BUPTYAJIHUAT TCPMHUHAL CC BU3YyAIIU3UPA
CTapTHpaHaTa IIporpama, KosiTo € HaliiCaHa B Arduino u UMIUICMCHTHUPAHA B Proteus qpe3 reHeprupaHus
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hex ¢aiin. TepMUHATBT U3MUCBA, Y€ MpPOIEAypaTa € 3aloyHajla M M34akBa Ja BBBEIEM pEKHMMa Ha
MOYKMCTBaHE, KOWTO UCKaMe Ja cTapTupame. Be3amoxxHUTE pexkuMu Ha padora ca:

1- waudano Ha mouucTBaHeTo, 2- UV nouncTtBaune, 3- mouncrBane ¢ Bojaa, 4- pexum UV namna
[Ipeau 3anoyBaHe Ha MporpaMara, B ChOTBETCTBHE C AITOPUTHMA 3a TIOYUCTBAHE, paMeHaTa, Ha KOUTO ca
MOHTHPAaHH! IMMOYUCTBAIUTEC YCTKH CC BAUT'aT aBTOMATUYHO. CHGI{ BBBCKIAHEC HA KOMaH/Ja 3a IIOYMCTBAHEC
B TEPMHHAJA, T€ CE CITyCKAaT J0 KPAHHO JIOJTHO MOJIOKEHUE, B KOETO € IMPEIBUICHO /2 3aIl0YHe POTAlUATA
Ha YETKUTE M IMOYNCTBAHETO Ha 0a3a Ha M3BBHPIIEH FTEOMETPUYCH aHAIIM3 B IIpoIleca Ha MPOSKTHPaHEe Ha
M3IETNETO. 3a Ja ce BU3yalu3upaT npomMenute B 3D Mozienna Ha KOHCTpyHpaHus poOOT B MaganioTo MEHIO
Ha BlendixSerial 3axbpmxurenso Tpsosa na cme HatucHanu Connect Serial n Start Movement, kakTo u
7la CM€ TI0COYMITH eMYIupanus nopt. — (¢ur.123)

Queypa 123 Uz60p na COM nopm 6 cpedama na Blender

CJ'IC,H KaTroO BBBCIACM 1 n cTapTupaM€ IMOYMUCTBAHCTO IOCPCACTBOM MNPEAHUTE YCTKHU, pPaMCHHAaTa
KOHCTpPYKIOHA CE€ CMBKBA M 3aIll04Ba BBPTCHCTO Ha YCTKUTE. TepMI/IHaJTbT BU3yaJIM3Wpa NpPpEMECTBAHETO
Ha paMeHaTa U U3IKCBa , Y€ JEHCTBUETO € YCHelHO U3BbpiIeHo. [IpemecTBaHeTo € BU3yaau3upaHo U B
MeHioTo B Blender, moka3Bamio npemectBaneTo BbB BucounHa. Ciieq] KOETO ce OYakBa BbBEXKIAHE Ha
cnenBamia komaHaa 3a m3nwiaHeHue. (Pur. 126) Mzobpakenuero Ha ¢urypara 127 chOTBETCTBa Ha
BBBEXK/IAHETO Ha peXUMa 3a MOYMCTBAHE C YeTKara, MO3WIMOHMpaHa B 3a/JHara 4acT Ha poloTa H
aktuBupanara UV namma.

Que. 126 Uznvanenuam pexcum 6 cumynayuonnama Due.127 Cmapmupane na novucmeamne ¢ uemka
cpeda u 04aKeane Ha credsaua Komanoa u UV namna 6 cumyrayuonnama cpeoa

Que. 128 Axmusupanuam pedxcum 3a NOYUCMBAHE HA OKOJIOHAMA CPedd 8 CUMYNAYUAMA

Aemopegepamu na oucepmauuu 2024 (8) 43-82



MHOI'OLIEJIEBHU TEJIE-YIIPABJIAEM CEPBU3EH POBOT 78

B cumynannonnara yact Ha Proteus namnara, cbotBeTcTBama Ha UV namnara B 3D Mozena ce BKIOYBA

Ha 0a3a Ha KoJa, a BU3yaJlu3alusaTa Ha H3MEHEHUETO CE OCBIIECTBSBA C TPOMSHA Ha IIBETA.
BbBexxnaHeTo BB BUPTyalaHHUs TEpMHMHAI Ha Proteus pexuMma 3a mouyncTBaHe Ha OKOJIHATa cpeja

nocpeacreoM UV jaMmna ce BU3yaiau3upa KaTo CbOTBETCTBAIA JaMIla B CUMYJIALMATA, MOHTUPAaHA Ha

Haii-ropHara mo4a B Blender 3D mpomens nBera cu. B ciydasi Ha MOYMCTBAHETO € BOJa CE aKTHBHpPA

JaJieHus ABUTaTes OTroBapslll 3a OHArjae1aBaHeTo Ha ommnara B cpefata Ha Proteus.(¢dur.128)

3.7 YnpasJieHue HA MHOTOLeJIeBUSI pO0AT ¢ MPUKPeneH MOAYJI ¢ AaHTPonoMopgeH podoT

3a onepaluy, U3MCKBAIY ONPEIEICHO HUBO Ha MIPELU3HOCT, KbM IIaTopMaTa Ha MOOUIIHUS pOOOT €

MIPUKPEIIEH MOYJ ¢ aHTporioMopdeH poOoT.

Que. 129 Mooyrvm ¢ npukpenenus Niryo One kbm mobunnus pooom

3.7.1 Codryep 3a ynpaBJieHue

3a GpyHKIIMOHUPAHETO Ha aHTPOTIOMOPGHUS POOOT ce M3MOJI3Ba ynpassiBanus copryep Niryo
One Studio [94], pabotem monx pazmuunu omneparuoHHu cuctemu (Windows, MacOS, Linux).
Codryepst, mokazan Ha ¢urypa 130 ce u3mon3Ba 3a HacTpoiika Ha poOOTa, MpeMecTBaHE Ha poOoTa,
MporpaMHupaHe Ha MOCIIE0BATETHOCT OT KOMaHAM U JIp.
a) JIsBOTO MEHIO Ha Ipo3opela Ha copTyepa pasmnojiara ChbC ClIeIHUTE MaHEeIHN 3a yIpaBiIeHUE Ha
pobora:
* Hupuo 65okoBe;
* 3ama3eHu MO3UIHIH;
* 3ana3zeHu NoCIe0BaTEIHOCTH (C Bh3MOXKHOCT 32 aBTOMAaTUYHO CTapTHpaHe);
* Hactpoiiku (Wi-Fi, Raspberry Pi, Bepcun Ha codryepa);
» Kanubpupane;
» Cpcrosinue Ha xapayepa; OTcTpaHsBaHE Ha FPELIKU U PErUCTPAlMOHHU (hailioBe.

@ue. 130 Ilposopey na copmyepa 3a ynpasnenue na Niryo One

0)Ynpasienue Ha poboTa
[Ipu mpucThIBaHEe KbM YHNpPaBICHHETO Ha po0OTa, MPEABAPUTETHO TpsAOBa Ja ObJe HM3BBPIICHO
kanuOpupane, ciell KoeTo nocpeacTsom nnaukupany LED cBeToauon (3e51eH nin CUH) ce 0TYUTa, 4e
poOOTHT e yernemHo craptupad. CodTyepsT 3a yrpaBieHue Ha aHTponoMophHUAT po6oT Niryo One
Studio, uma cekuusi, npenocraBsania uHpopManus 3a podoTa U ChIbpXKa pekuMa Ha oOydeHHE,
nokaszaHo Ha ¢urypa 131.
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Que. 131 Ilocmosanna 0scHa cekyus 8 npozopeya Ha cogpmyepa
e Codryepa npenocrass 3D usrnen Ha podoTta. 3D u3rieapT momara 3a OTYMTAHETO JIaJTH € HalPaBEHO
MPaBUITHO PHYHOTO/aBTOMATHYHOTO KanuOpupane. [1pu pasnuka BbB (pU3HUECKUTE TTO3UIIMUA HAa poOOTa
¥ TOBa KOETO C€ BIDK/Ia HAa €KpaHa Cce Hajara Jia ce HalpaBu aBTOMaTHYHOTO KaaTuOpHUpaHe OTHOBO.
e [Ipu akTuBHUpaHe Ha OYTOH ,,peKUM Ha O0ydeHHE' ce JEaKTUBHUPA BBHPTSIIUSI MOMEHT Ha BCHUKH
nsuratenu. Korato po6oTHT € B ,,pe’KUM Ha 0OydeHHe, MoKke aa ObJie mpeMecTBad cB0OoHO. Koraro
PEKUMBT Ha 00y4eHHE € U3KIIIOUEH, BCUYKU JIBUTATEIHN C€ aKTUBHPAT U poOOTa HE MOXKE J]a Ce ABMKU
cBo6oaH0. Korato pexxumbT Ha 00ydeHHe € U3KIIIOUEH, BCHUKH JBUTaTeIM C€ aKTHBHpAT U poOOTa He
MOJKE J1a ce€ IBWKU CBOOOIHO
e [lo Bcako Bpeme npu akTUBUPAHE HA ,,CTOM OyTOHA Ce CMpa TEKyIaTa mporpamMa Ha poodora.
e Tekymo cbcrosiHue Ha ctaBute (J1-J6).
e Texyma nmo3umus u opuentarus Ha TCP (Tool Center Point — rieHThpa Ha crienuaaIu3upanys XBammad
- IUCTICHCHP ).
e byroH ,j3anma3BaHe Ha TEKyIIaTa MO3ULKA" MO3BOJISIBA /1a CE 3aIa3u TeKyIlaTa Mo3ulus, clie] KOeTo
MOJK€ JIa C€ U3I0JI3Ba MOBTOPHO MO-KBCHO.
e  Tekyma MakcumaiiHa CKOPOCT Ha CTaBaTa MOXe Jia ce MpoMeHu 1o Besiko Bpeme (0-100%).
J Tekyio nzbpan uncrpyment. C. 3aaBuxkBaHe Ha poOoTa B koMaHHMS TaHeN Ha yIpaBIsBalus
pob6ota codryep uma 3 pasnmena. B pazgena ,,Arm command* [94] moxe na ce u3dupa ACUCTBUE OT
pazzgena ,,cTaBU® WM pasnaena ,Jno3a“. PaznensT ,,cTaBU® MO3BOJISIBA J1a CE IPEMECTBA BCSKO CTaBa
He3aBHCUMO. Pa3nensT ,,[103a* 03BOJIsABA J]a C€ MIPEMECTH MO3UIIUATA Ha
TCP cripsimo HayanmHUTE X, Y, Z KOOpJIMHATH Ha OCHOBaTa Ha po0oTa.

Que. 132 Arm command pa3zoen 6 ynpaesiasawus cogpmyep
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3a Ja ce U3NbJIHU KOMaH/1a, Ce CIIE/IBA CIIeHATa PoLeaypa:
* Haruckane Ha 6yToHa ,,3aaBane Ha Tekyiua no3unusa’‘. Komanaara e HacTpou OcUTe, MO3ULIUITA
Y OpUEHTALIMATA KbM TEKYIIOTO ChCTOSIHHE HAa poOoTa. ToBa JaBa Bb3MOKHOCT 32 MOCIIEABAIIA IPOMSIHA
Ha CTOMHOCTHUTE OT TEKYIIOTO ChCTOSIHME (HAIp. IPH JKEJIaHHUE Jja Ce MPEMECTH caMo OC 5 Wi Ja ce
npemectu TCP 1o octa u f1a ce 3amasu cblLiaTa OpUEHTALUA).
*  Moauduuupane Ha CTOMHOCTUTE HA CTABUTE WM 11032 (TIO3ULIUSI + OPUEHTALINSA).
. Haruckane Bbpxy Oyrona ,,Move Joints* umm ,Move Pose®, 3a ma ce M3mbJIHE KOMaHaaTa 3a
IIpEMECTBAHE.
«  Crnen xaTo KOMaHJaTa ObJie U3IIBJIHEHA, CE 110JIy4aBa U3BECTHE B JIOJIHATA YACT Ha €KpaHa.
*  Ilo Bcsko BpeMe MMa ONIMS A3 CE€ OTMEHU TEKYILIOTO M3I'bJIHEHUE HA KOMaH/1aTa, KaTo Ce KJIUKHE
BbpXy OyroHa ,Cron‘. Jlokaro ce M3MbIHSIBA TEKyIla KOMaHJa 3a NpPEMECTBAHE HE MOXE Ja ce
U3MBIHSABA HOBa KomaHja. [Ipu ’xenaHue na ce crapThpa HOBa KOMaHJa, IbpBO TpsAOBa Jia ce crpe
npenuuiHara. MiMa Bb3MOXKHOCT CBIIO Ja ce n30epe MO3MIMs, KOSTO Mpeau TOBa € Ouja 3aras3eHa
I0JIETO 3a U300p ,,M300p Ha 3amazeHa NO3UIM, KaTO TaKa Ce€ 3aMECTBAT II'bpBaTa U BTOpaTa CTHIIKU

3AK/IFIOYEHUE

B Hacrosmms tucepTraroHeH TPy € IpecTaBeHa pa3padoTka Ha MHOTOIICIICBH TeJIe-yITPaBIIieM
cepBuU3eH poOOT, Upe3 KONTO MoraT Ja ObJIaT OCHIIECTBEHN 00X0/1, HAOIIOACHNE, OXpaHa U CUTHATU3AIIHS
Ha O6eKTI/I, IIOYNCTBAHEC U XI/IFI/IeHI/I3I/IpaHe Ha IIOMCUICHUA, IIOBAWIaHE H HpeHaClee Ha TOBapI/I,
TUCTpUOYLMST Ha JIeKapCTBa, TPAHCIOPTUpPaHE M CKJIAJUpaHe Ha TMPOJIYKTH, HW3BbpIIBAaHE Ha
MaHI/IHYJ'IaIII/IOHHI/I onepam/m C CJICMCHTH.

VYerpolicTBOTO Ha poOoTa BKIIIOYBA yHHMBEpCaJHA MOOWIIHA IiaTdhopMa M IIECT MOy,
MMOCPEJICTBOM KOWTO POOOTAa W3BBHPINBA HAITBIHO PA3JIMYHU IO €CTECTBO M HAUWH HAa H3ITBJIHCHHE
JNCWHOCTH U oreparun. [IpuHIMITBT My Ha paboTa ce 0a3upa Ha TeJICyIpPaBICHHETO.

Pa3paboTeHusAT MHOTOLICIICBH TeJIe-YIPaBIsaM poOOT HaMUpa MPUIIOKEHUE B HAITBIHO Pa3IMIHU
pabOTHU Cpeu — 3IPaBHU 3aBEJICHHS, THPrOBCKH BEPUTH, CKJIaIOBU IIOMEIICHHUS, )XUBOTHOBBIHU (hepMU
KaTo paslIupsBa JUara3oHa Ha MPHIIOKSHUE Ha CEPBU3HHUTE POOOTH U JOMPUHACS 32 TIXHOTO Pa3BUTHE
Y IIIMPOKO pa3npocTpaneHue. Tol € 4acT OT CepBU3HUTE POOOTH, IMTOCPEICTBOM KOMTO BCE ITOBEYE IIIE CE
1oT00PsABaT YCIOBUATA HA pab0Ta M IIe ce 00JIeKYaBa TPyoBaTa JCHHOCT Ha Xopara.

3a B ObJIeIIe HAYYHUTE U3CIICABAHUS BHPXY IPEACTABEHUS B IUCEPTALUATA CEPBU3CH pOOOT IIIe
ObJaT MPOABDKEHU KaTo 32 IeNTa I ce peann3upa GU3HIeCKA MOJIE Ha po0oTa U 111e ce BeprQHIpa
B PCAIHH YCJIOBHS Ha padoTa.
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IMPUHOCH
. [IpoyyeHn U aHaJIM3MpaHU Ca OCHOBHU MEXAYHAPOJIHHU JOKYMEHTH, IIPOrpPaMU U IOJUTHKH,
CBBP3aHH C II00ATHOTO pa3BUTHE, B KOHTEKCTA HA POOOTHKATA U CEPBU3HUTE POOOTH B THX.
. 3a BCEKHM eIMH OT PESKHMMHUTE Ha paboTa Ha poOOTa, B 3aBHCUMOCT OT M3MOJI3BAHHUS MOJIYI, €

pa3paboTeH aNrOPUTHM Ha YIIPABICHHUE U € OTFCAaHA MOCIIEIOBATEIIHOCTTA HA U3ITBIHEHUE Ha BCEKU IMH
OT THX.

. Oo6BBp3anu ca 4 copryepa - Proteus 8.16, Arduino, HHD Software’s Virtual Serial Port Tools u
Blender 3D 3a cuHXpOHHM3UpPAHO MpEAaBaHEe HA JAHHU MEXIY TSX.
. Ha 0a3ara Ha nmapaJjieIHOTO, ChBMECTHO M CHHXPOHHM3HMPAHO MPUIIOKEHHE Ha NeTTe copTyepa

(Proteus 8.16, SolidWorks, Arduino IDE , HHD Software’s Virtual Serial Port Tools u Blender 3D) ca
ChCTAaBCHH W pPCAIM3UPAHU CUMYJIAIUH, MOCPEICTBOM KOUTO ca BEpUPHUIIUPAHN CHCTABEHHUTE OT
JOKTOPaHTAa aITOPUTMH Ha paboTa Ha poOOTa B PA3INYHUTE MY PEKUMH.

. Pazpaborena e mobunmHa poboTusnpana miatopma ¢ BB3MOKHOCT 32 3aKpelBaHe Ha Pa3IMuHU
IO KOHCTPYKIUA U MPEAHASHAYCHHUEC MOYIIH.
. Pa3paborenu ca miecT OTIENHH MOAYyJA, C Pa3jiudHd (QYHKIUH, AW3aHH W TNpeIHa3HAYCHUE,

MTOCPEJICTBOM KOWTO POOOTHT MOKE J]a padOTH B Pa3HOPOIHU CPEIH | JIa U3BHPINBA HAITBIIHO Pa3IUNIHU
II0 €CTECTBO U HAYUH HA U3IIBJIHCHUEC HeﬁHOCTH " OIICpanuu.

. PazpaboTeHno e TeneynpapieHne Ha MHOTO(DYHKIIMOHATHA MOOWMIIHA poOoTH3UpaHa miatdhopma
upe3 yeb O6a3upan rpaduuen narepdetic, mocpenctsoM MQTT u yeb cokeTn

BaaroxapHocru

bracooaps na ceosn mayuen pwvkosooumen npog. 0-p Haiioen I[llusapos, 3a okazanomo

cvoelicmeue npu npoeeafcdcme HA HacmoAauwume U3CNe08aHUA U NOO20MOBKAMA HA ()ucepmauu}zma.
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