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3 Krasimir Markov

INTRO

A common form of formalization in the field of artificial intelligence is the system,
which includes a set of interacting components that function together to achieve a
certain goal. An information system is a construct that encompasses all forms of
gathering, storing, retrieving, processing and disseminating information. A distributed
system is a complex of connected computers and devices that work together as a single
information system, but are located in different physical locations. This type of system
is used to solve complex tasks and process large volumes of information, with
different components sharing work and resources.

With the development of modern technologies, wider prospects for innovation
in the field of distributed systems for wireless collection, transmission and
management of information flows are opening up. The current dissertation work is
aimed at the design and development of technical (hardware and software) tools that
play a key role in the implementation of such systems.

Distributed systems for wireless collection, transmission, and management of
information flows are essential to modern society, where fast and reliable data
exchange is essential for various sectors such as industry, transportation, healthcare,
and others. Despite the technical challenges, these systems provide the ability to
collect and analyze information in real time, leading to improved efficiency,
optimization of resources and the ability to innovate.

The presented dissertation explores key aspects of the technical design and
development of components and devices involved in the realization of these systems.
The focus is on architectural solutions, communication protocols, sensors and software
platforms that are essential to the functionality and reliability of the systems.

In the research and development process, existing approaches and technologies
will be analyzed. In addition new and innovative methods for improving the technical
aspects of distributed systems will be presented. Through detailed documented
experiments and practical tests, a reliable basis for the realization and optimization of
these systems in real conditions will be built.

The topic of design and development of technical means for distributed systems
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INTELLIGENT METHODS FOR RESEARCH AND IMPLEMENTATION OF HARDWARE SOLUTIONS 4

for wireless collection, transmission and management of information flows is highly
topical, due to the growing dependence on technologies that facilitate communication
and data management in diverse fields. These advances have the potential to change
the way businesses operate, infrastructure and even people's behavior.

Several key aspets highlight the relevance of this topic:

1. Internet of things (IoT) and Industry 4.0: The ever-widening
implementation of IoT and Industry 4.0 is changing the way devices and systems
communicate and exchange information. Distributed wireless data collection systems
are at the heart of these advances, allowing devices to connect and exchange data in

real time.

2. Smart cities and infratructure: The development of smart cities and
infrastructure requires the integration of multiple systems and devices for monitoring,
management and optimization. Wireless data collection systems are a key technology

that enables cities to be more efficient and sustainable.

3. Healthcare and handheld devices: Distributed data collection systems
also have great potential in healthcare. Wearable devices and sensors can collect data

on people's health and provide valuable information for healthcare.

4. Wireless communication and connectivity: The development of new
wireless technologies such as 5G and LoRa enables faster data exchange and greater
range. This opens up new possibilities for collecting and managing information from

various remote points.

5. Information safety and security: As network infrastructure and
communications grow, questions arise about data security and protection against
malicious attacks. Research into technical means and methods to protect information

becomes critical.

Distributed systems for wireless collection and management of information flows are
based on a combination of different technologies, including radio frequency
identification (RFID) and artificial intelligence (AI).

Combining neural networks and radio frequency identification can be used to process

Abstracts of Dissertations 2024(2) 3-37



5 Krasimir Markov

and analyze data that is collected by RFID technologies. For example, neural networks
can be used to analyze data from RFID tags to predict trends in customer behavior, to
optimize logistics processes, or to identify data anomalies.

The combination of these technologies can be implemented through the use of
distributed systems and cloud resources. Data processing from RFID tags and sensors
can be done locally at the point of data collection or on cloud servers where neural
networks can analyze and predict events. This approach can lead to more efficient
solutions and optimized processes in various areas.

The current dissertation aims to research and implement hardware solutions using
modern methods from the field of intelligent systems.

To achieve this goal, the following tasks have been formulated:

1. To conduct a critical analysis of the possibility of applying intelligent

methods for research and implementation of hardware solutions.
2. To analyze the possible connections and interactions between two key

technologies - radio frequency identification and neural networks.

3. To explore ways to integrate these technologies to achieve intelligent and

efficient solutions for collecting, processing and managing information flows.

4. To conduct an analysis of the opportunities and challenges that arise with
the implementation of radio frequency identification and neural networks in distributed

systems.

5. To conduct an analysis of the opportunities and challenges that arise with
the implementation of radio frequency identification and neural networks in distributed

systems.

6. To analyze how the incorporation of wireless technologies can enhance the
intelligence and functionality of a distributed system by adding additional capabilities

for communication and data analysis.

7. To present original hardware solutions for collecting, processing and

managing information flows.

Abstracts of Dissertations 2024(2) 3-37



INTELLIGENT METHODS FOR RESEARCH AND IMPLEMENTATION OF HARDWARE SOLUTIONS 6

The dissertation is structured in an introduction, three chapters, a conclusion,
accompanied by a declaration of originality of the obtained results and a bibliography.
In the Introduction, the object and subject of the dissertation work are

defined. The relevance of the topic and the motivation for conducting the dissertation
research are briefly described. The goal of the research work and the tasks to achieve it
are set.

Chapter 1 presents the fundamental theoretical concepts related to distributed
systems for wireless collection, transmission and management of information flows. It
focuses on a specific technology for radio frequency identification (RFID) and the
means of its implementation, as a distributed system for wireless collection, transfer
and management of information flows. Signal analysis is performed, a hardware
solution in the CADSTAR environment and simulations in the MATLAB environment
are provided for wireless communication in noisy environments.

Chapter 2 presents theoretical concepts and methods of artificial intelligence.
It focuses on the implementation of a distributed system for wireless collection,
transmission and management of information flows with neural networks (NN). An
analysis of a communication network with one-way data transmission, from the input
layer to the output layer, without feedback loops, as well as simulations in the
MATLAB programming environment for wireless transmission of messages in a noisy
environment, was carried out.

Chapter 3 describes the specific research tasks that have been carried out in order to
analyze and evaluate the proposed Radio Frequency Identification (RFID) and Neural
Network (NN) technologies for their inclusion in distributed systems operation
algorithms. The results of the simulation studies that were performed to investigate

various aspects of the system are presented. In addition to the conducted research,
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7 Krasimir Markov

original hardware solutions of devices for collecting, processing and managing
information flows are also presented.
The dissertation ends with a Conclusion summarizing the results obtained from the

conducted research.

The achieved results of the analysis of the research carried out in the current
dissertation work are presented in the scientific publications - "Problems of
Engineering Cybernetics and Robotics" and "Engineering Sciences", as well as in the
collection of works of the international conference 10-th International Conference on

Intelligent Systems - IS '20.

The dissertation was developed within the National science programme

»lntelligent crop production®, Ne D01-65/19.03.2021r.
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CHAPTER ONE

OVERVIEW AND ANALYSIS OF RADIO FREQUENCY
IDENTIFICATION METHODS

1.1. Radiofrequency identification — a brief history.

Radio-Frequency IDentification (RFID) is one of the methods of automatic
identification and data collection for automatic remote identification of objects through
radio frequency communication.

The Near Field Communication (NFC) technology was created in 2002. It is the
result of a joint effort by the Sony and Philips companies, which created NFC as a
standard for near-field wireless communication between devices. NFC technology uses
radio frequency communication and is based on RFID, but with a shorter range and

greater ability for two-way communication between devices

1.2. Main approaches of the radiofrequency identification.

RFID technology is based on radio frequency communication between a
specially made identifier (label, tag, card, key fob, sticker, etc.) and a reading device.
Each identifier contains a chip with a recorded unique number and an antenna..

1.3. Principles of the working of the hardware components of an RFID

system.

An identifier, also called a tag, transponder or label, containing an antenna and
an integrated circuit with memory, is placed on the object intended for control. The
reader (Reader), also called the controller, periodically emits in short time intervals
(usually 50 ms) electromagnetic waves with a fixed frequency, which reach the
antenna of the identifier. They trigger it for a set time (usually 20ms), during which it
sends back a modulated signal with the necessary object data, which in turn can be

transmitted to a nearby or remote computer, (Fig. 1).
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Fig. 1. RFID system principle

According to international standards, there are four ranges for radio frequency

identification. (Fig. 2).

Radio Frequency Spectrum

100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz

120140 kHz 13 MHz ISM bands 24 GHz
Low Frequency High Frequency Sub 1GHz 2.4 GHz
SO 1178445 150 15683 BLOWPARN ZigBee
IS0 18000-2 1S0 1443 Proprietary Bluetaoth/BLE

150 18000-3 Dash? ANT

NFC 150 18000-6 WiFi

Simplici T SimpliciT!
Proprietary

Fig. 2. RFID frequency fields

1.4. Hardware components of an RFID system.

- RFID identifiers

Identifiers are also called transponders, and tags. RFID identifiers can be
classified according to their power supply as passive (Fig. 3) without their own power

supply and active (Fig. 4) with their own power supply (battery).
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Fig. 3. Passive RFID identificator
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Fig. 4. Active RFID identificator

Passive identifiers do not have their own power supply. The required current is
induced in the antenna by receiving a radio frequency signal providing the required
voltage for the integrated circuits. The distance at which the data can be read is from a
few millimeters to a meter.

-  RFID Reader

A reading device contains an antenna, a controller for encoding/decoding the

channel and memory, (Fig. 5).
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Fig. 5. RFID reader
- Antenn for RFID

A radio frequency identification (RFID) antenna is a specially designed antenna
that serves to transmit and receive radio signals in the RFID system. This antenna is an
important part of the RFID technology and allows the communication between the
RFID reader and the RFID tags.

The methods for channel encoding can be found on Fig. 6:
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Fig. 6. Channel encoding methods

Abstracts of Dissertations 2024(2) 3-37



INTELLIGENT METHODS FOR RESEARCH AND IMPLEMENTATION OF HARDWARE SOLUTIONS 12

1.5. Data modulation.

Transmitting data over the air, or across the space separating two components
that exchange information, requires that it be represented as a changing field or wave.
This transformation is called modulation.

1.6. Data demodulation.

Demodulation of the amplituded modulated signal is performed to recover the
original information signal. In the case of envelope separation, the goal is to extract the
low-frequency information signal from the modulated signal.

1.7. Hardware implementation of an NFC reader.

Near Field Communication (NFC) is a set of communication protocols and
interface based on RFID technology. NFC is the hottest technology trend taking hold
worldwide. NFC is monitored by the “NFC Forum”, which is an organization of 150
companies that work together to develop the technology.

1.8. NFC reader.

A preselected microcontroller executing a user program performs digital
processing of the data in the reader.

In the dissertation, the object of consideration is the construction of a filter for
filtering high-frequency harmonics, as well as a filter for filtering white Gaussian
noise. An approach for finding the values of the passive and active elements in the
circuit from the point of view of the automatic control theory (ATC) is presented for a

specific study of an oscillating unit.

The mathematical model is implemented in the MATLAB program environment for
the transmission characteristic of a Chebyshev filter, and the optimal values for the
components of the circuit diagram are determined.

1.9. Calculating an RFID antenna.

Two antennas with different parameters are the object of research in this
dissertation. They are implemented as flexible printed circuit boards. The copper layer

is placed between two layers of polyamide insulation so that it remains in the neutral

bend line of the board
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Fig. 15 a. Antenna 1
The matching block together with the EMC filter transform the impedance of
the antenna. The results of the calculations are visualized using a Smith chart. In Smith
chart terms, one can move the load impedance to the center of the Smith chart where
the reflection coefficient is zero. The circles denote the active (real) part of the antenna

impedance, and the arcs the reactive (imaginary) part.
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Fig. 15 6. Antenna 2
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CHAPTER TWO

REVIEW AND ANALYSIS OF INTELLIGENT METHODS FOR
RADIO FREQUENCY IDENTIFICATION

In the late 1980s and early 1990s, the popularity of applications of classical
artificial intelligence methods in industry reached its peak. As the number of
implementations increases, it moves from the stage of pioneering enthusiasm,
characterized by showing the workability of the basic ideas and methods, to the stage
of analysis of the main three aspects of the application of artificial intelligence -
methodological, infrastructural and related to people . A number of difficulties and
shortcomings of classical artificial intelligence are manifested. These methodological,
infrastructural, and human-related difficulties have limited the wide application of Al
in a number of areas over the past 15 years.

Despite the high scientific level of theoretical works on Al, which increasingly
move to rigorous mathematical proofs and rely on reliable experimental data rather
than intuition, classical artificial intelligence, especially in its applied field, faces
serious competition in the face of what has emerged in recent years a new direction. It
has adopted the name "Computational Intelligence". It attempts to overcome some of
the shortcomings of classical artificial intelligence.

2.3. Main aspects of computer intelligence.
Machine Learning, ML

(Artificial Intelligence, Al
Natural Language Processing, NLP
(Computer Vision, CV
Robotics
Self-learning and Autonomy

Neural networks are one of the main training methods in computational intelligence.
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The obtained knowledge in neural networks is represented by the numerical values of

the weights in the structural connections.
Neural networks are one of the main training methods in computational

intelligence. The obtained knowledge in neural networks is represented by the

numerical values of the weights in the structural connections.

Timestep

Output
neurons

Input neurons

Fig. 29. Recurrent neural network

2.8. Synthesis of an RFID technology and neural networks as a distributed

system for wireless collection and manipulation of information streams.
2.8.1. Methodology and plan synthesis:
Generating a modulating signal.
Adding noise.
Creating a neural networtk.
Training the network.

Decode network output.
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Calculation of root mean square error.

Preview the resullts.

2.8.2. Firmware implementation.

Selection of input and target data for the neural network.
Choosing an Architecture for a Neural Network.
Selection of Neural Network Training.

Decoding the predicted outputs.

2.8.3. Hardware implementation.

This dissertation uses HDL Coder, a tool provided by MathWorks that
automatically converts MATLAB and Simulink models into VHDL or Verilog code.

Decoding the RFID data: A neural network code is used to filter and decode
the data from the amplituded modulated signal. It is programmed in XC3S550A with
Xilinx Vivado.

Processing of data: After the data is decoded, the necessary operations are
performed to process the data to be visualized on a display or printer. This may include

data formatting, error handling, and other manipulations

Output to a display or printer: Software or hardware-built modules in the
FPGA are used to manage communication with the visual or printing devices. This can

be via standard interfaces such as HDMI, VGA or USB serial port SPI.

Abstracts of Dissertations 2024(2) 3-37
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CHAPTER THREE

EXPERIMENTAL RESULTS OF THE APPLICATION OF
INTELLIGENT METHODS FOR RESEARCH AND
IMPLEMENTATION OF HARDWARE SOLUTIONS

3.1. Filtering of an amplituded modulated signal

In publication [3*], various stages of the performed frequency analysis, time
analysis, signal modulation and signal filtering are described. The object of the
research are methods of noise suppression by filtering.

A periodic sinusoidal signal in the time domain is presented in Fig. 30. A

periodic sinusoidal signal in the frequency domain is presented in Fig. 31.
5

amplitude[V]
i=]

o 02 04 06 08 1 12

SINOSIDAL SIGNAL 13.56MHz Time[sec] .10%

Fig. 30. Sinusoidal signal in time

X:1.357e+07
¥:7.655

1
4 45 5
freauencvlHzl  «107

05 1 15 2 25 3 35
SINOSIDAL SIGNAL FREQUENCY SPECTRUM 13.56MHz

Fig. 31. Sinusoidal signal in frequency
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Fig. 33. Rectangular signal in frequency

A periodic rectangular signal in the time domain is shown in Fig. 32. A periodic
rectangular signal in the frequency domain is shown in Fig. 33. An amplitude

modulated signal in the time domain is shown in Fig. 34.

10 T T T T T

[T - ]
1

amplitude[V]

BB
L

& & b
I

| | 1 1 ]
o 02 04 06 0.8
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Fig. 34. Amplituded modulated signal
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The frequency spectrum of an amplituded modulated signal is shown in Fig. 35.

10 T T =) T T T T T T

u?
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o 05 1 15 2 25 3 35 4 45 5
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Fig. 35. Frequency spectrum of an amplituded modulated signal
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Fig. 36. Amplituded modulated signal
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Fig. 37. Frequency spectrum of an amplituded modulated signal
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An amplituded modulated periodic sinusoidal signal is presented in Fig. 36.

A frequency spectrum of an amplituded modulated periodic sinusoidal signal is
presented in Fig. 37.

The transfer function is calculated after using Kirchhoft's voltage law and
summing the values of the circuit parameters, which are presented in Table 1. In Fig.

39 shows the result of filtering the signal in the frequency domain.

n fs T & Pol k R L C
- MHz S - - - Q nH pF
2 | 14.520 1.0961e-08| 0.1602 Complex 0.3162 | 4 150 | 800

conjugate

-1.4613 +

9.0051i

Table 1. Results for the metrics of the passive elements of the circuit of the filter

80 1 i i I I 1 i I I i
a

05 1 4 a5 -]

15 i 5 3 15
FREQUENCY SPECTRUM OF FILTERED SIGNAL frequencylHz] 10’
Fig. 39. Frequency spectrum of the filtered signal

From the obtained experimental results, it is clearly seen that the power of the
useless signal to us is 40 MHz and has decreased by approximately 30 dB, which
means that the used passive filter is effective in removing high frequency signals from

the spectrum of the useful signal.

3.2. Tecniques for wireless collection, transmission and manipulation of

information streams

Articles [2%*, 4*] present the results of the analysis of problems in the
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processing of wireless information. A hardware implementation of distributed systems
for wireless collection, transfer and manipulation of information flows is described.
The main stages of this process (encoding, modulation and filtering of the signal) have
been studied thoroughly, according to EMC standards. In addition, this paper shows
the calculation results of the RFID antenna parameters.

Digital manipulation of the data in the reader is performed by a pre-selected
microcontroller (selected due to the functional specifications of the system) that runs
the user application. The microcontroller communicates with a dedicated integrated

circuit CLRC66302HN, through a serial peripheral interface (SPI).

Imn levop [7voo

E 25 18
AvDD | _ o [RXN Crond
d 11
470nF L e
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T a | VM0 o
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ot W pF ai- L
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MICRO- | spay CLRCEE3 j
PROCESSOR . ; .
F.
RQ|,
DvoD |
4700F = T
fas XTAL1
IT A2 NHz

Il i
Fig. 40. NFC reader

The NFC reader circuit shown in Fig. 40, includes a microcontroller, a
CLRC66302HN integrated circuit, an analog low-pass filter, and an analog impedance
matching circuit between it and the rest of the system.

The parameters of an NFC antenna are shown on table two below:

Abstracts of Dissertations 2024(2) 3-37



23 Krasimir Markov

a b h r 0 N L C R fo
cm cm cm cm - | num | pH pF Q MHz
14.14 0,5 0,5 50 25 2 1,2 117 4 13.56

Table 2. Results of the metric parameters of an NFC antenna

The quality factor Q describes the energy stored in the antenna. When the Q-
factor is high, the antenna needs more time to respond to the modulation, but radiates
more power. Q=25 is the standard value for NFC antennas. In case of symmetrical
alignment, optimal signal shape and read and write distance defined in the

requirements according to the EMV Co standard are achieved (Fig. 41).

Title Goes Here

-0,1i

Paint Mo = 40
Freq = 13580,0 KHZ
Resistance = 85,86 ohms
Reactance=-2,1 ahms

Fig. 41. Smith diagram for the symmetric alignment of the impedance of the antenna

3.3. Intelligent methods in the techniques for wireless collection,

transmission and manipulation of information streams.

Hardware Description Language Coder (HDL) is a tool provided by
MathWorks that enables the automatic generation of hardware description language

code from MATLAB or Simulink models. The obtained results of the analysis are
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presented in an article [5*]. An example structure of a multilayer perceptron is shown

in Fig. 43.

input layer | hidden layers | output layer

A e SR
2T KA 2T KN
S j;ﬁf“ﬂﬁﬁi

Fig. 43. Multilayer perceptron structure

The hypothesis in the paper is that neural networks, such as MLP, can be used
to filter out noise in amplituded modulated signals. Noise filtering is a common task in
signal processing, and neural networks can be a powerful tool to accomplish this task.

One possible neural network architecture for noise filtering is shown in Fig. 44.

O———{h O

InpuProcess Input 1 Layer 1 a{1}
Layer 2

a{1} Process OutpuOutput

Layer 1:
p{1} Delays 1
netsum logsig | a{1}
b{1}

Layer 2:
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a{1}

netsum tansig af2}

b{2}

Fig. 44. Neural network architecture

The HDL code generated by HDL Coder can be used in a synthesis and
deployment environment such as Xilinx Vivado or Intel Quartus. This process involves
compiling VHDL code, creating networks of logic elements, specifying timing
constraints, and generating physical configuration files (bit streams) for programming

a digital device, such as the FPGA shown in Fig. 45.

Fig. 45. FPGA device
HDL encoder and FPGA modules such as AMD Artix™ 7 50T-21, TE0714-04-

521-7-B provide the means to transform MLP and other digital systems into real
hardware solutions. This enables fast execution and efficient use of FPGA resources.
The combination of multilayer perceptron, HDL encoder and FPGA modules offers a
wide range of tools and capabilities for developing complex digital systems and
solving various tasks in the field of machine learning and data processing.

3.4. Amplitude modulation and demodulation of wireless transfer of data

with a neural network.

In article [5*] the results obtained in the application of amplitude modulation
and demodulation with the use of a neural network are presented. The article presents a

complete process of amplitude modulation and demodulation using a neural network
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in the MATLAB programming environment. The presented results and decoded

network output demonstrate the effectiveness of the proposed implementation.

CARRYING WAVE
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20 z T T T z 1
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Fig. 46. Amplitude modulation
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Fig. 47. Noisy modulation of the signal

In Fig. 46 shows the results of the modulation process, showing the carrier
signal, the modulating signal and the modulated signal. In Fig. 47 presents the results
of the noise process of the modulated signal. The obtained results for real modulated

signal, noise modulated signal and neural network output signal are shown in Fig. 48.
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Fig. 48. Output signal of the neural network

This paper presents the basic idea and implementation of wireless data
transmission and decoding using neural networks. When developing applications in
practice, further optimizations and improvements can be made based on specific
requirements and conditions. It is possible to convert the MATLAB code presented in
the article to VHDL or Verilog for implementation on programmable logic integrated
circuits (FPGA).

3.5. A new generation of wireless networks

The article [1*] describes the method of signal transmission - Handoff (HO) in
different generations of networks. Horizontal Handoft (HHO) and Vertical Handoft
(VHO) are considered. The article examines the challenge - Sixth Generation Global
Networks.

On Fig. 49 the mobile communication evolution is described..
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Fig. 49. Mobile communication evolution

The 6G mobile system for global coverage will integrate 5G wireless mobile
system and satellite network. Telecommunications satellite is used to broadcast voice,
data, internet and video; earth imaging satellite networks are for gathering weather and
environmental information; and the navigation satellite network is for Global

Positioning System (GPS), (Fig. 50).

Surban

s (-1 /::css Urban
L §a dico cell
R

Micro cell

Macro cell

Satellite cell

Fig. 50. 6G mobile system

Mobility management is a priority issue in modern mobile networks. The
challenge for all networks is to transmit data without loss. The process of handing over

a signal when changing a cell or reducing the signal during an active user connection
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is known in the literature as Handoff (HO), (Fig. 51).
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ﬁ ] Cell
T Tx Time

Time to Target

Fig. 51. Handoff (HO)

The development of future wireless networks will lead to an ultra-density of the
type and number of base stations, as well as the number of users and the applications
they use. The dense, dynamic and multi-layered network architecture requires the
development of new mobility management mechanisms adapting to the characteristics
of the new generation of networks.

3.6. Implementing hardware solutions.
. POS terminal

A POS terminal is a device that is used to process payments with bank cards or
other electronic payment methods. These devices are common in stores, restaurants,
gas stations and other commercial establishments where customers can make
purchases and pay with credit or debit cards, smartphones, contactless payment chips
and other electronic payment methods.

The following Figures present the individual modules of the developed circuit

shown in Fig. 52.
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Fig. 53. Power block
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. Wireless smart card reader
A circuit diagram has been developed, which includes the following modules

(Fig. 59):

- power block;
- data processing microcontroller;

- block for connection with an audio smart device;

- Wireless card reader block.

Bt
o el
u

FITEL]

Fig. 59. Electric circuit of a wireless smart card reader
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SUMMARY

The dissertation is dedicated to the application of innovative, intelligent
methods for research and implementation of hardware solutions in the context of
distributed systems for wireless collection, transfer and management of information
flows. The possible connections and interactions between two technologies - radio
frequency identification (RFID) and neural networks (NN) are analyzed, as well as the
potential advantages of their inclusion in communication systems. A rationale is
presented on how these two technologies complement each other, providing intelligent
solutions and opportunities for process optimization.The challenges that arise with the
implementation of radio frequency identification and neural networks in distributed
systems are described in order to achieve intelligent and efficient solutions for the
collection, processing and management of information flows. The present dissertation
also examines how the incorporation of Wi-Fi technologies can enhance the
intelligence and functionality of a distributed system by adding additional capabilities
for communication and data analysis.

The research methodology in the dissertation includes the use of a numerical
and experimental approach. The numerical approach was used in the implementation
of the algorithms by means of computer calculation. The experimental approach was
used in the creation of the hardware applications.

The aim of this dissertation is to research and implement hardware solutions
using modern methods from the field of intelligent systems. To achieve the set goal,
six scientific tasks have been formulated. In the process of solving them, original
results were obtained related to the research of modern intelligent methods for the
implementation of hardware solutions of distributed systems for wireless collection,

transmission and management of information flows.
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As a result of the conducted research, presented in this dissertation work, the

following scientific-applied and applied results were achieved:
1. A critical analysis of the possibility of applying intelligent methods for

the analysis and implementation of hardware solutions was carried out.

2. The possible connections and interactions between two key
technologies - radio frequency identification and neural networks - are
analyzed.

3. The ways to integrate these technologies have been investigated to
achieve intelligent and effective solutions to collect, process and
manage information flows.

4. An analysis of the opportunities and challenges that arise with the
implementation of radio frequency identification and neural networks
in distributed systems is carried out.

5. It is analyzed how the incorporation of wireless technologies can
enhance the intelligence and functionality of a distributed system by

adding additional capabilities for communication and data analysis.

o

Original hardware solutions for collecting, processing and managing

information flows are presented.

The achieved results of the analysis of the research carried out in the current
dissertation work are presented in the scientific publications - "Problems of
Engineering Cybernetics and Robotics" and "Engineering Sciences", as well as in the
collection of works of the international conference 10-th International Conference

on Intelligent Systems - IS '20.

The dissertation is structured in an introduction, three chapters and a conclusion,

accompanied by a declaration of originality of the obtained results and a bibliography.
The dissertation was developed within the National science programme

wintelligent crop production, Ne D01-65/19.03.2021r.
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39 Kpacumup Mapros

YBOJI

Pasnmpoctpanena ¢opma Ha Qopmanusanus B 001acTTa Ha HM3KYCTBEHHS
UHTEJICKT € CHUCTeMara, KOSITO BKIIOYBA MHOKECTBO OT B3aMMOJICHCTBAIM CH
KOMITOHCHTH, KOUTO (PyHKIIMOHUPAT CHbBMECTHO C OIJIC]| IIOCTUTAHETO HA OMpEe/e/ieHa
nen. Mudopmanmonna cucrema € CpeACTBO, KOETO oOOxBalla BCHYKHA (opMu Ha
chOMpaHe, ChbXpaHsIBaHe, U3BJIMYaHEe, 00padoTKa U pa3npoCTpaHeHHE Ha WH(OPMAIIHSL.
Pasnpenenenara cucrtemMa € KOMIUIEKC OT CBbP3aHM KOMITIOTPH M YCTPOWCTBA, KOMTO
paboTAT CHBMECTHO Karo €IMHHA MH(OPMAIMOHHA CUCTEMa, HO Cca Pa3MojOKEeHU Ha
paznnyHu pusruecku Mecta. To3W TUM cHCTEMa ce M3MOJI3Ba 3a PelIaBaHe Ha CIIOKHH
3aJ1laul ¥ 00paboTKa Ha rojieMu o0eMU HH(POpPMAIUS, KaTo Pa3InIYHUTE KOMIIOHCHTH

CH CIIOZIETISIT paboTaTa v pecypcHre.

C pa3BUTHETO HAa CHBPEMCHHUTE TEXHOJOTHMH CE OTKPUBAT BCE IMO-IIUPOKH
NIEPCIICKTUBHA 32 MHOBAIMM B 00JacTTa HA PA3MPEICIICHUTE CUCTEMH 3a OC3KUYHO
chOMpaHe, MpeHacsHEe W yIpaBlieHHE Ha WHQGOPMAIMOHHU MOTOIM. Hacrosiwmsr
JMICEPTAIMOHEH TPy € HAcO4YeH KbM TMPOCKTHPAHETO H pa3padOTBaHETO Ha
TEXHUYECKU (XapayepHU U CO(TyepHHU) CpEICTBA, KOUTO HUIPAAT KIOYOBA POJIS B

pcain3anuiaTa Ha TaKMBa CUCTCMU.

Pasnpenenenute cucreMu 3a 0€3KUUHO ChHOUpPaHe, MPEHACSHE U YIIPaBICHUE HA
UH(POPMAIMOHHM TIOTOIM Ca OT CHIIECTBEHO 3HAYCHHE 33 MOJEPHOTO OOIIECTBO,
KBJCTO OBP3UAT M HAJNEKJCH OOMEH Ha JaHHU € OT CBhIICCTBCHO 3HAYCHUE 3a
pa3IMYHA CEKTOPH Karo MPOMHUIIICHOCTTA, TPAHCIIOPTA, 3IPABEONa3BAaHETO U JPYTH.
Bbrpeku TeXHUYECKHUTE MPEIU3BUKATEIICTBA, TE3M CUCTEMH MPEIOCTABAT Bb3MOKHOCT
3a ChOMpaHe W aHalM3 Ha WH(OpMaIUs B peasiHO BpeMe, KOETO BOJHU J0 MOJI00pEeHUE
Ha C(EKTHBHOCTTA, ONTHUMH3AIMS HAa PECYpPCUTE M BB3MOXKHOCT 3a Ch3JaBaHE Ha

HHOBaAIlNN.

HpCI[CTaBeHI/IHT AUCCPTAIIMOHCH Tpyd HU3CJIACABA KIKOYOBHU AaCIICKTU Ha
TCXHUYCCKOTO MPOCKTHUPAHE U pa3pa60TBaHe Ha KOMITIOHCHTHU H YCTpOﬁCTBa, KOUTO

ydacTBaT B pcajiu3daliudara Ha TE3U CUCTCMHU. (DOKYCT;T € BbBPXY AaApXUTCKTYPHU
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HUHTE/IMTEHTHHU METO/TH 3A U3CJIEJIBAHE H PEAJTU3AIIUA HA XAP/IVEPHH PEIIIEHUA 40

pelleHu s, KOMyHUKAIIMOHHH TIPOTOKOJIH, CEH30pH U copryepHU muaropmu, KOUTO ca

OT ChbIIECCTBCHO 3HAYCHUC 3a (I)}’HKHI/IOHaJ'IHOCTTa N HAAC)KAHOCTTA HA CUCTCEMUTE.

B mpomeca Ha wm3cienBaHe W pa3paboTka Ime ObJAT  aHAIM3HPAHH
CBIICCTBYBAIM TMOIXOAM U TEXHOJIOTHMH, KAKTO W Ie ObJAT MPEACTaBEHU HOBU U
WHOBAaTHBHU METOMHU 3a MOM0OpsSIBaHE HA TCXHHUYECKUTE ACIEKTH Ha PaslpeleICHUTE
cuctemu. Ypes neTailyiHO TOKyMEHTUPAHH €KCIICPHUMEHTU W MPAKTUYCCKHU M3IMHUTAHUS
e Ce HW3rpaad HAJCKJAHA OCHOBA 3a peaju3alyiarTa ¥ ONTUMHU3AIUATA HA TE3H

CUCTEMHU B PCAJIHHU YCJIOBHUA.

Temara 3a mpoekTHpaHe U pa3pabOTBaHE HA TEXHMYECKH CpEACTBA 3a
pasmnpeneNieHd CHUCTEMH 3a O€3KHYHO ChOMpaHe, IMpEeHacsiHe W YIpaBlIeHHE Ha
WH(OPMAIIMOHHU TOTOIIM € BHUCOKO aKTyallHa, TOpaJH pacTsIlaTa 3aBHCHMOCT OT
TEXHOJIOTUUTE, KOUTO OONeKYaBaT KOMYHHUKAIMSATA W YIOPABICHUETO Ha JaHHU B
pa3HooOpa3Hu obnactu. To3u HampenbK MMa MOTEHIMalda Ja MPOMEHH HAuWHA, IO

KOWTO (pyHKUMOHMpAT OU3HEcUTe, MHPPACTPyKTypaTa U JOPH MOBEJCHUETO HA XOpaTa.
Hsxonko ki1040BY acnekTa noayepraBar akTyalHOCTTa Ha Ta3u TeMa:

1. HNurtepuer Ha nHemara (IoT) m Huaycrpus 4.0: Bce mo-mmpokoTo
npwiaraie Ha [oT u Munyctpus 4.0 mpomeHss HauuHa, 1O KOMTO YCTPOMCTBA U
CUCTEMHM KOMYHHMKUpPAT U oOOMeHAT uHbpopmanus. Pasnpenenenure cucremu 3a
0e3KUYHO ChOMpaHe Ha JJaHHU ca ChPLEBUHA HAa TO3U HAIpeIbK, KaTo MO3BOJIABAT Ha

yCTpOMCTBarTa J1a c€ CBbP3BaT U OOMEHSAT JaHHU B PEaJHO BpEME.

2. YvmHuu rpaaoBe U uHppacTpykTypa: PazpaboTBaHeTo Ha yMHH TpajioBe
U UHQPACTPYKTypa M3UCKBA MHTErpaIlMsi Ha MHOXKECTBO CHUCTEMH M YCTPOWCTBA 3a
MOHHMTOPHUHT, yIpaBICHWE W ONTUMU3aIMsA. be3kuuHuTe cucTeMH 3a chOupaHe Ha
JaHHU ca KII0YOBAa TEXHOJIOTHS, KOSITO IO3BOJISIBA Ha TIpajoBeTe Ja Obaar Io-

e(eKTUBHU U YCTOMYUBH.

3. 3apaBeona3sBaHe M NPEHOCHMMM ycTpoiicTBa: PasnpeneneHure
CUCTEeMM 3a CbOMpaH€ Ha JaHHU ChHILO HMMAT TOJIIM NOTEHUManl B objacTra Ha

3ApaBCOITIa3BaHCTO. HpCHOCI/IMI/ITC YCTpOﬁCTBa H CCH30pU MOT'aT na C’L6I/IpaT JaHHH 3a
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3[IPaBOCIOBHOTO CBHCTOSIHUE Ha Xopara M Ja MPeNoCTaBAT IeHHa HH(opManus 3a

3/IpaBHUTE TPUXKU.

4. Be3:XkMYHH KOMYHMKAIIMM W CBbp3aHoOCT: Pa3BuTHETO HAa HOBHU
O0exxuuHn TexHonoruu karo 5SG m LoRa mo3BonsBa mo-0bp3 0OMEH Ha JaHHH U T10-
rojisiMa 00XBaTHOCT. ToBa OTBapsi HOBM BB3MOKHOCTH 3a ChOMpaHE M yIpaBICHUE Ha

I/IH(l)OpMaLII/ISI OT pa3JIMuYHA OTAAJICUCHU TOYKHU.

5. Nudopmanmonna curypHocr um 3ammra: C paspacTBaHeTo Ha
MpeKoBaTa MH(GPACTPYKTypa U KOMYHUKALIMUTE CE 3a7aBaT BBIPOCU 32 CUTYpHOCTTA
Ha JAaHHUTE M 3alIMTara OT 3JI0HAMEPEHM aTakd. M3cienBaHETO HAa TEXHUYECKU

Cp€acTBa U METOAM 3a 3alllMTa Ha I/IH(i)OpMaI_[I/IﬂTa CTaBa OT KPUTUYHO 3HAYCHUC.

Pasnpenenenute cucremMu 3a O€3KMYHO CHOMpaHe M yOpaBlIeHUE Ha
MH(OPMAIIMOHHHN TIOTOI CE OCHOBAaBAaT Ha KOMOWHANIMS OT pa3iMyHH TEXHOJIOTHH,

BKJIFOUMTETHO paauodectoTHa uaeHtudukaius (RFID) n n3kycTBen uatenext (Al).

KomOuHMpaHe Ha HEBPOHHU MPEXH W PAJAAOYCCTOTHA MJICHTU(PHKAIIUAS MOTaT
na ObJaT M3MOJI3BaHU 3a 00paboTKa M aHAIM3 Ha JaHHH, KOUTO ca chOpanu ot RFID
TeXHoJiorunuTe. Hanprmep, HEBpOHHUTE MPEXU MOTar Ja C€ M3MO0JI3BAT 33 aHAJIU3 Ha
nanHu ot RFID rtarose, 3a na ce npeaBuaAT TEHICHUMH B IIOBEICHUETO HA KIIMEHTHUTE,
3a Jla c€ ONTHUMU3UPAT JOTUCTUYHH MPOILIECH UITU 32 Jla € UASHTU(DUIIUPAT aHOMATUH

B JaHHUTC.

KomOunanusita Ha Te3W TEXHOJIOTMM MOXE Ja Oble OCBIIECTBEHa dYpe3
M3II0JI3BAHETO Ha paslpeiesIeHH CUCTEeMH U 001auHu pecypcn. O6paboTkara Ha JTaHHH
ot RFID Ttarose u ceH30opu MoOXKe Ja C€ U3BBPIIBA JIOKAJIHO HA MSCTOTO Ha ChOUpaHe
Ha JaHHUTE WM Ha 001akoBH CbPBbPH, KBACTO HCEBPOHHUTC MPCKHU MOrar J1aa
aHAJM3HUPaT U MPEeCcKa3BaT ChOUTHA. TO3M TOIXO MOXKE Ja TIOBEC 10 MO-C(PEKTHBHH

PCUICHUA U OITUMU3UPAHU ITPOLICCHU B pa3JIMIHU obacTu.

Hacrosmusr JAUCCPTAIMOHCH TPyd CHU IIOCTaBsA 3a LEJI CbC CpeacTrBara Ha
CbBPEMECHHUTE METOAU OT 00J1acTTa Ha MHTEJIUTeHTHHUTE CuCTreMu, Ja ce

U3CJeBaT U peaju3upaT XaplyepHH pelieHus.

3a MOCTUraHEeTO Ha Taka MOCTaBeHara acia, ca @OpMYHI/IpaHI/I CIICAHUTC 3a4a4u:
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1. a ce mpoBele KpUTHYECH aHAIW3 Ha BB3MOXKHOCTTA 3a TpUJIaraHe Ha

HHTCJIMI'CHTHU MCTOH 3a N3CJICABAHC U PCAIN3alHid Ha XapAyCPHU PCIICHHA.

2. Jla ce aHanu3upar BB3MOXXHUTE BPB3KH U B3aUMOJCUCTBUSI MEXIY JIBE

KIIFOYOBH TCXHOJIOTHMH - PAANOYCCTOTHA I/I,ZleHTI/I(i)I/IKaI_[I/ISI N HCBPOHHU MPCIKU.

3. /[a ce u3cneaBar HAUMHUTE 3a UHTETPUPAHE HA TE3H TEXHOJOTUH, 3a Ja Ce
MOCTUTHAT WHTEIMTCHTHH H e(eKTUBHM peIIeHus 3a chOmpaHe, oOpaboTka u

ylpapieHre Ha UH(POPMAIIMOHHHU TTOTOLIH.

4, I[a CC MPOBCAC aHAJIM3 HAa BB3MOXHOCTUTC U MPCANU3ZBHUKATCIICTBATA, KOUTO
Bb3HUKBAT C BHCAPABAHCTO HA PAAMOYCCTOTHA I/I,Z[CHTI/I(i)I/IKaLII/ISI 1 HCBPOHHU MPCIKHU B

PAa3NpCACIICHUTC CUCTCMU.

5. Z[a CC aHallm3Mpa KaK BKJIIOYBAHCTO Ha 0OE3)KMYHU TEXHOJOTHU MOXKE Ja
MNOACHUJIM HMHTCIIMI'CHTHOCTTA H (1)yHKLII/IOHaJ'IHOCTTa Ha pasnpcaciicHa CUCTEMaA, KaTo

I[O63B$I JOIIBbJIHUTCIHN Bb3MOXHOCTH 3a KOMYHHKAIMA U aHAJIU3 HA JaHHU.

6. Jla ce mpencraBiT OpUTMHAIHM XapAyepHH pelIeHUs 3a CbOupaHe,

06pa60TI<a " YIIPaBJICHUC Ha I/IH(l)OpMaI_II/IOHHI/I IIOTOLIH.

JlucepTalluoOHHUAT TPYA € CTPYKTYpHpaH B YBOJ, TpPH IJIaBH, 3aKJIIOYEHUE,
OpUIpyXkaBa ce OT JeKiapalus 3a OPUIMHAIHOCT Ha MOJIY4YEHHUTE pe3yiaTatu Hu

ouommorpadus.

B VBo,ua Ca IIOCOYCHHU TEMATA, 00EKTBT U npeAMETHT HA JUCCPTALIMOHHUA TPYI.
Omnucana e HAKpPAaTKO aKTyaJIHOCTTa Ha TEMaTa WM MOTHBaLUATA 3a HU3BBPIIBAHC Ha
JAUCCPTAIMOHHOTO H3CJICABAHC. ITocTaBena e 1enra Ha n3Ccjaca0BarciICKaTa pa60Ta n

3aJaYUTC, YpC3 KOUTO TA Ja 6’[:)16 nocTuraarta.

B I'maBa | ca npencraBeHd 0CHOBONOJIAralliuTe TEOPETUYHHU MOHATHUSA, CBbP3aHU
C pasmpeneseHUTe CHCTeMHU 3a Oe3KMYHO ChOMpaHe, NMpEeHacsiHe W YIpaBlieHHE Ha
UH(POpPMAIIMOHHM TOTOIM. AKIEHTHpAa C€ BBbPXY KOHKpPETHAa TEXHOJOTHS 3a
paauodectorHa uacHTHukamus (RFID) u cpencrara 3a HEHHOTO peanu3upaHe, Karo
pasmpeneneHa cucreMa 3a OeKMYHO ChOMpaHe, IMpeHAcsHe W yIpaBleHHE Ha

uH(pOpMAIIMOHHU TOTONM. HampaBeH € aHanu3 Ha CUTHAJIUTE, TPEIOCTaBeHU Cca
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xapayepHo pemienue B cpenara CADSTAR u cumynanuu B cpenara Ha MATLAB 3a

0e3:KMIHO MTPEHACSHE Ha ChOOIICHUS IIPe3 3allyMeHa cpeia.

B I'maBa 2 ca mpencTtaBeHM TEOPETHUYHM IMOHATHUS U METOAM HA HU3KYCTBEHUS
MHTEJICKT. AKIIEHTUPA C€ BbPXY peaM3upaHe Ha pa3mpesesieHa cucTemMa 3a 0e3:KUuIHO
crOupaHe, peHacsiHe U yIpaBlieHue Ha HH()OPMAIIMOHHH TIOTOLX C HEBPOHHU MPEXHU
(NN). IIpoBeneH e aHanu3 Ha KOMyHUKallUOHHA MpeXa C MOAAaBaHE HA JaHHU B €HA
MIOCOKA, OT BXOJHHMSI CJIOM KBbM U3XOMHUs, 03 00paTHU BPBH3KH, KAKTO U CUMYJIAINH B
nporpamHara cpega MATLAB 3a 0e3KH4YHO TMpeHAacsHe Ha CBhOOMICHUS IIpe3

3alIyMeHa cpefa.

B I'maBa 3 ca ommcaHu KOHKPETHUTE M3CJIEJOBATEIICKU 33/1a4l, KOMTO ca Onim
IPOBEJICHH C 1€ aHAJIN3 U OICHKA Ha MPEJIOKEHUTE TEXHOJIOTHH 33 PAaJH04eCcTOTHA
uaentudukanus (RFID) u neBponuu mpexu (NN) 3a BKIIOUBaHETO UM B aITOPUTMUTE
3a pabora Ha pasmpeneneHure cucreMu. IlpeacraBeHu ca pe3ylaTatuTe OT
CUMYJIALIMOHHUTE U3CJIEABaHMS, KOUTO Ca M3BBPIICHHU, 3a Ja CE€ U3CJIEABAT pa3IudyHU
aCIeKTH Ha cucTemara. B pombiiHeHue Ha MPOBEACHUTE U3CIEIBaHUS Ca MPEACTABEHU
U OpUTMHAJIHU XapAyepHU peELIeHUs Ha YCTpoWcTBa 3a chOHMpaHe, o0paldoTka u

ylpapieHre Ha HH(POPMAIIMOHHHU TOTOLIH.

JlycepTalmoOHHUAT TPY/A 3aBbPIIBA ChC 3aKIIOYEHHE, B KOETO ce 00o0ImaBar

MOJIYUYCHUTC PE3YIITATH OT IPOBCACHUTC U3CJICIBAHUSI.

[TocTurnarture pe3ynraTd OT aHajdK3a Ha MPOBEJICHUTE W3CIICABAHUS B
HACTOSIIHS TUCCPTAIIMOHEH TPY/ ca MPEJCTaBEHU B HAYYHHUTE U3AaHus — ,,Problems of
Engineering Cybernetics and Robotics“ w ,Engineering Sciences, KakTo U B
cOopHUKa C TpyaoBe Ha MexayHaponHata koHdbepeHuus [0-th International

Conference on Intelligent Systems - IS°20).

JucepramoHHUAT TPyA € pa3padoreH B pamkure Ha Hanumonaanara Hayuna

IIporpama ,MHTeUreHTHO pacTeHUBBACTBO*, Ne J]101-65/19.03.2021r.
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ITbPBA IJIABA

OB30P U AHAJIN3 HA METOIUTE 3A PAAMOYECTOTHA
NAEHTUOUKALIIUA

1.1. PaguoyecToTHA HAEHTH(PUKALUSA - HCTOPUYECKH 0030p.

Pagnouectornara uaentugukanus (Radio-Frequency IDentification, RFID) e
eIMH OT METOAMTE 3a aBTOMaTH4YHAa HJAEHTH(UKanus W CbhOMpaHe Ha [aHHM 3a
aBTOMATHYHO JUCTAHIMOHHO WJCHTU(UIMpaHe HAa OOEKTH Ype3 paguod4ecTOTHA

KOMYHUKalWA.

Texnonorusita Near Field Communication (NFC) e cp3ganena nipe3 2002 . Ts
€ pe3yiTar OT ChbBMECTHH yCWIHS Ha Komranuute Sony u Philips, kouto ch3mamgoxa
NFC karo cranmapr 3a Oe3KMYHAa KOMYHUKAIMs Ha ONH3KO PA3CTOSHHUE MEXKIY
yctpoiictBa. Texnonoruara NFC wu3non3Ba paguodyecTOTHA KOMYHUKAIUs U €
6asupana Ha RFID, HO ¢ mo-kpaTbk 00XBaT U MO-rojisiMa CIIOCOOHOCT 3a JBYIOCOYHA

KOMYHHUKAaILMS MEXIY yCTPONCTBaTA.
1.2. OcHOBHM NOAX0AY B PAAN0YECTOTHATA HACHTH(PUKALMS.

RFID texHonorusita e Oa3upaHa Ha paJUMO4YE€CTOTHA KOMYHHUKALUS MEXIY
CHenuanHo u3paboTeH uaeHTuPUKaTop (€TUKET, Tar, KapTa, KIIFOYOAbPIKATEN, CTUKEP
T.H.) U YeTAN0 yCTPOMCTBO. Bcekn uaeHTHPUKATOp CHABPKA YHII ChC 3alHCaH

YHHUKAJIEH HOMEp U aHTEHa.
1.3. lIpuHuun Ha geiicrBue U xapayepuu komnoHeHTH Ha RFID cucrema.

Bopxy mpenBuaeHus 3a KOHTPOJ OOEKT ce MOCTaBs MICHTHU(PHUKATOP, HAPUIAH
CBII[O Tar, TPAHCTIOHJIEP WU €TUKET, ChAbPIKAI aHTEHA M MHTETPAIHA CXeMa C TTaMeT.
UYereusT (Reader), Hapudan u KOHTpoOJIEp, MEPHOANIHO MU3THUBA B KPATKA MHTEPBAJIH
oT Bpeme (00uKHOBeHO 50 mS) eeKTPOMarHUTHH BBJIHH C (PHKCUpaHA YECTOTA, KOUTO
JTOCTHUTAT J0 aHTeHaTa Ha UJeHTU(UKATOPHT. Te ro 3aJeicTBaT 3a ONMPEACICHO BpeMe

(o6uxHOBeHO 3a 20 ms), mpe3 KOMTO TOW BpbIla OOpAaTHO MOAYJIHMpaH CUTHAJ C
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HEOOXOIMMHTE JTaHHM 332 00EKTa, a T€ OT CBOSI CTpaHa Morar J1a ObJar MmpeaajcHu KbM

OJTM3BK WIIM OT/IAJICYCH KOMITIOTHD, (ur. 1).

[ TEANCEIVEE FIELD

RFID
FFID RELLDER. TRANSPONDER.
I I 9 g
e
RECEIVED DATA TRANSCEIVER pe | —L_ | PASSIVE TAG
3] =
)
<> - '\\
Ta0 MODULATES

EF FIELD WITH DATS
LMODULATED EF FIELD

®ur. 1. [Ipunnun Ha aeiicteue Ha RFID cucrema

B choTBeTCTBHE C MCKAYHAPOAHUTC CTAHAAPTH CHIICCTBYBAT YCTUPU oOxBara

3a paguodecToTHa uaeHTuukanus, (pur. 2).

Radio Frequency Spectrum

100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz

| |

13 MHz ISM bands 24 GHz
Low Frequency High Frequency Sub 1GHz 2.4 GHz

SO 1178445 150 15683 BLOWPARN ZigBee

]
IS0 18000-2 1S0 1443 Proprietary Bluetaoth/BLE
150 18000-3 Dash? ANT
NFC

IS0 18000-6 WiFi
Simplici T SimpliciT!
Proprietary

Passive RF Active RF

®ur. 2. Yectoruu odxsaru 3a RFID

120-140 kHz

1.4. Xapayepun komnoHenTu Ha RFID cucrema.
- RFID upentuduxaropu

Wnetuduxaropute ca Hapu4yaHu OIlle TaroBe, TpaHCHoHAepu U eTukeTu. RFID
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UACHTU(UKATOPUTE MOTAT Ja ObJaT KIacHU(UIMPaHU CIIOpE] 3aXpaHBAHETO CH KaTo

nacuBHH (ur. 3) 6e3 coOCTBEHO 3axpaHBaHE M aKTUBHHU ((uT. 4) cbC COOCTBEHO

3axpaHBaHe (barepus).

Coil antenna

ol

Ri
AW

Cr

-chip

Reader

T fo
:

@ur. 3. Ilacusen RFID uaenTudukarop

anfenna

DC power

NiEET @i

| (=N
il;-f“' LD

logic  memaory

LAY

=L

radic

Our. 4. AktuseHn RFID naentudukarop

IlacuBHuTE I/I[[eHTI/I(l)I/IKaTopI/I HSIMAaT COOCTBEHO 3axpaHBaHC. HCO6XOI[I/IMI/I$IT

TOK C€ HWHAYLUpPAa B aHTCHATA, 4YpC3 IMOJYyUYaBAaHC Ha PaJAUOYCCTOTCH CHUIHAJI,

OCHUTypSIBaIll HEOOXOIMMOTO HAIIPEIKEHUE 32 MHTETPAIHUTE CXeMH. Pa3cTosHueTo, Ha

KOCTO MOXKE Jia CC€ MPOYCTAT JAHHUTC € OT HAKOJKO MHUIIUMETpa 10 METHP.

- RFID 4ersmo ycrpoiictBo (Reader)
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UYeTsmio ycTpoOMCTBO ChIbpKa aHTEHA, KOHTPOJIEP 3a KOJAUpaHe/IeKonupaHe Ha

KaHasa u namert, (¢ur. 5).

Power

Transceiver

Microprocessor

Transmitter

Memory

l&p| | Encoder Decoder

¥

Receiver

Logic

Communication Interface

Serial Connection Network Connection

®ur. 5. RFID yetsio ycTpoicTBO
- Anrena 3a RFID

Pagnouecrotnarta maentudukanmonna (RFID) anTtena e cmemuamHO MpOEKTHpaHa
aHTEHa, KOSATO CIYKM 3a MpegaBaHe U npuemane Ha paauocurHanu B RFID cuctemara. Tasu
aHTeHa € BakHa yacT oT RFID Texnonmorusara u mo3BoisiBa KomyHHKanusaTta Mexay RFID

uyeternia ¥ RFID TaroBere (eTukeTn).

MeromuTte 3a KOAUPAHC Ha KaHaJla Ca IPCACTABCHU HA (1)1/11“. 6 u ca:

CrHan B bNHOB & hophia Ha ClHana

— |

-
(LTI T
el
man
-

-

-

(X
-
(L TRN L]

- .
ASHHLE o o ta i | En M ta
-

TaKTOE
CcCrHMHan

rNRZ
AVPEKTHO
KOAampad

|

.

KoampaH

H
CHMHSN B Lt :
KOon, ! -
rManchester - -

KO AMpaH
CrrHan e
kop Biphase

sremesimfasan
ey CEIR TN TN LR

®dur. 6. Meronu 3a KolMpaHe Ha KaHalla
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1.5. Moays1aniusi HA JaHHU.

[IpenaBaneTo Ha maHHU B edupa WiIM B MPOCTPAHCTBOTO, PA3CINSIIO JBa
KOMITOHGHTa, KOUTO OOMEHAT MH(pOpMAaIvs, U3UCKBA TS Ja ObJe MpeAcTaBeHa Karo

IIPOMEHSIIIO CE TI0JIe WUIM BhIHA. Ta3u TpaHcopMalius ce Hapuda MOy IaIusl.
1.6. lemoxy1anus Ha JaAHHU.

JeMonynanusara Ha aMIUIUTYJHO MOIYJIHPAHUSI CUTHAJI CE€ U3BBPIIBA, 32 /a CE
BH3CTAHOBH OPUTHMHAIHUSA WH(GOpPMAIIMOHEH CHUTHAJI. B cilydas Ha OTAENSHETO Ha
OoOBHMBKAaTa, IIeJiTa € Ja C€ M3BJIeYe HUCKOYECTOTHHS HH(POPMAIMOHEH CUTHAI OT

MOJlyJIMPaHMs CUTHAJL
1.7. XapayepHna peanusanus Ha NFC yersimo ycrpoiicTso.

Near Field Communication (NFC) ¢ Habop OT KOMYHUKAIIMOHHH MTPOTOKOJIH U
untepdeiic Ha 6a3zatra Ha RFID Ttexnonorus. NFC e Hali-ropemiara TeXHOJOTMYHA
tengenus, Hamarama ce B 1emusa cBar. NFC ce caeam or “NFC Forum”, xoiito e
opranuzanuss ot 150 kommaHuM, KOWUTO pAOOTAT 3aeqHO 3a PA3BUTHETO Ha

TEXHOJIOTHUSATA.
1.8. NFC 4eTs1110 ycTpOiicTBO.

]_II/I(l)pOBaTa o6pa60TKa Ha JAHHUTEC B 4CTClLa CC UBIIBJIHABA OT NPCABAPUTCIIHO

I/I36paH MUKPOKOHTPOJICPD U3II'bJIHABAILL HOTpe6I/ITeJ'ICKa Imporpama.

B nucerpranmonHus Tpyn 00EKT Ha pasriiekIaHe ca U3rpakaaHe Ha QUITHD 3a
bunTprpaHe Ha BUCOKOYSCTOTHH XapMOHHUIIM, KaKTO M Ha QUITHP 3a QUITPUpPAHE HA
osut [aycoB mym. IIpeacTaBeH € moaxon 3a HaMHpaHE CTOMHOCTHTE HAa MACHBHUTE H
AKTUBHUTE €JICMCHTH B BepUrara OT IJIJJHA TOYKA HAa TEOpUsTa 3a ABTOMATUYHO

ynpasieHue (TAY) 3a KOHKpETHO u3cie/IBaHe Ha KoyieOaTeaIHo 3BEHO.

MarematndeckusaT MOJEN € peanusupaH B mporpamnara cpena MATLAB 3a
mpenaBareHa XapakTepucTuka 3a ¢GuiaTbp Ha YeOumeB u ca ompeneicHH

OINTUMAJIHHUTE CTOMHOCTH 32 KOMIIOHEHTUTE Ha CIICKTPUYCCKAaTa CxeMa.

1.9. M3uucaaBane Ha RFID anrTena.
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OOexT Ha W3Cle[BaHE B HACTOSIIUS TMCEPTANMOHEH TPYH Ca JIBE aHTCHH C
pas3iuyHu napaMmeTpu. Te ca pealu3upaHy ca KaTo I'bBKaBU MEYATHU IMJIATKU. MeaHus
CJIOM € MOCTaBeH MEXIy JBa CJIOS MOJMAaMUJIHA HM30Jalus, Taka 4e€ Ja OCTaHE B

HCyTpaJiHAaTa JIMHUA Ha OI'bBAHC Ha IIATKAaTa.

L';,' LKH ’J
e — — ——————————————————————
Tag antenna design
Custom Auto |
. . . Tag
Lx(Length X) . 60.0 mm [i ] LS]
Ly(Length Y} . 60.0 mm b #
Cr
w (Width) . 0.80 mm
giGap) . 0.40 mm
t(Thickness) . 60 um
N(Turns) = 2 turn - a _.hl
_ —HH=

@ur. 15 a. AnTena 1
CrornacyBammsT 6ok 3eaHo ¢ EMC duntbpa Tpancpopmupar ummneaanca Ha
aHTeHaTa. Pe3ynTarute OT M34YMCIIEHUATA C€ OHArleAIBaT upe3 nuarpama Ha Cmut. B
TEPMUHUTE Ha nuarpamara Ha CMHUT MOXe Jja c€ MPEMECTH UMIIEJaHCa Ha TOBapa KbM
HeHTbpa Ha nuarpamara Ha CMHT, KbIETO KOC(PHIIMEHTHT HA OTPAXKCHHE € HyJa.
OkpBXKHOCTUTE 0003HAYABAT aKTHBHATA (peajHara) 4acT OT MMIIeJJaHCa Ha aHTeHaTa,

a IbIUTE peakTUBHATA (MMarMHepHaTa) 4acr.

T LxR T T T . T F‘.
i
[ .ll
Tag antenna design 3
Custom Auto
3 Tag
Lx(Length X) © 60.0 mm [i ] LS
Ly({Length ¥ : 50.0 mm =
L Cr
w (Width) ©1.10 mm
giGap) o 0.40 mm 3
tiThickness) 60 Um L |
L AN
N(Turns) 2 3 turn g 1
; i

®ur. 15 0. A"rena 2
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Matching condition

VDD Ztr = Rtr +j)(tr
PVDD
PSS R L =R 1N
s DONE NEXT STEP DONE
NRSTPD Contactless
RQ Reader IC k JIL
1 [ b \
LD CI
el T B T ey Tl ] -
DVDD o— c J_
Dvss ° T % ? T
Z e TGHD bl Z
] i J_ tr tr J_
AVDD G C,
AES TX2 VL T ,,,,,,,,,,,,,,,,,,,,,,,,,, __” T
1 (&, Ra
0sCIN oscouT
@ur. 17. Cernacyamr 6;ok Ha CLRC663
- I 1
1 —
Lo l c Ro
D Rimaten/2 Co = Co—
/ '\
/
3 ’ \ L Ztr|: / * Lant
| \\\ i;’ Il a I
= [:| Rmatch[z Co=0—= C=—
Ci
Lo | Ra
[ e
EMC Filter Matching Circuit Antenna
®ur. 18. Ceriacysai 6ok ¢ EMC ¢unrsp
0.5+1 1.0
0+j0~ (Short
Circuit)

@ur. 19. Inarpama na Cmur @ur. 20. KoeduiineHT Ha oTpaskeHue
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BTOPA IJIABA

OB30P U AHAJIN3 HA UHTEJIMT'EHTHU METO/IX 3A
PAIMOYECTOTHA NIEHTUPUKALIUA

B kpas na 80-te 1 Hauanoto Ha 90-Te TONMHU Ha MUHAJIUS BEK, MOMYISIPHOCTTA
Ha TMPWIOKEHUSTA HAa KIACHYCCKUTE METOAM Ha W3KYCTBCHHS] WHTEJICKT B
NPOMUIIIEHOCTTA AO0CTUTa cBOsl BphX. C HapacTBaHETO Ha Oposi Ha BHEApsIBaHE, CE
NpEeMHHaBa OT eTara Ha MUOHEPHUS EHTYCHa3bM, XapaKTepHU3Wpall ce C TOBa Ja ce
MoKaxe paboToCOCOOHOCTTAa HA OCHOBHHUTE MU U METO/AM, KbM €Tara Ha aHaliu3 Ha
OCHOBHHUTE TPH acCMeKTa Ha MPUJIOKEHHUETO Ha U3KYCTBEHUS! MHTEIEKT — METOJUYECKH,
UH(GPACTPYKTYpHH W CBBbp3aHM C xopara. [IposBsBar ce peawna TPYIHOCTH H
HEIOCTaThIM Ha KJIACHUECKHS U3KyCTBEH MHTEJCKT. €3 TPYIHOCTH OT METONUYECKU
XapakTep, OT MH(QPACTPYKTYpPEH XapaKTepH W TaKMMa CBbP3aHU CHhC CaMHUS YOBEK
orpaHuYaBaT MUPOKOTO mpunoxeHue Ha MU B penuna obmactu mpe3 nociennure 15

TOAWHH.

BhIipekn BUCOKOTO HAy4HO HHUBO Ha TeopeTuuHute padoru mo MU, kouto Bce
MOBEYEC TNPEMHHABAaT KbM CTPOTM MAaTEMAaTHUYECKH JO0Ka3aTejCcTBa M CE ONUpar Ha
CUTYpHH CKCIIEPUMCHTAJIHU JaHHU, a HE Ha HHTYHUIMS, KJIACUYCCKUAT H3KYCTBECH
UHTEJICKT, 0COOCHO B MPHUJIOKHATA CH 00JIACT, Cpella Cepro3Ha KOHKYPCHIIUS B JIMIIETO
Ha MOSIBUJIOTO C€ B MOCIICJHUTE TOIUHA HOBO HamparieHue. To e mpuesno Ha3BaHHETO
,koMmmioThpHa uHTEMreHTHoCcT (Computational Intelligence). B Hero ce mpaBu onut

Jla Ce MPEOOJICST HAKOM OT HEJJOCTATHIIMTE HA KJIACHYCCKHS H3KYCTBCH UHTEIICKT.
2.3. OCHOBHM acNEeKTH HA KOMIIOTHPHATA HHTEJIUT€HTHOCT.
Mawunno obyuenue (Machine Learning, ML)
Hszxycmeen unmenexm (Artificial Intelligence, Al)
Obpabomka na ecmecmeen e3ux (Natural Language Processing, NLP)

Komniomwpno 3penue (Computer Vision, CV)
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Pobomuxa (Robotics)
Camoobyuenue u agmonomuocm (Self-learning and Autonomy)

HeBpoHHHuTe MpeXH ca €IMHUAT OT OCHOBHHTE METOIU 3a OOydeHHe B
KOMITIOThPHATa HMHTEIUTeHTHOCT. [loJydyeHOTO 3HAaHWE B HEBPOHHHTE MPEXKH Ce

MIPEICTaBs C YUNCICHUTE CTOMHOCTH Ha TEryara B CTPYKTYPHUTE BPB3KH.

OOekT Ha PAa3MICKAAaHC B HACTOAIIUA AUCCPTAIMOHCH Tpyd € allapara Ha
HN3KYCTBCHUTC HCBPOHHU MPCIKH, HU3rpaKjalid CC IO aHAJIOrud Ha OMOJIOTHYHHUTE

HEBPOHHU MpeXkH, 0a3upaHu Ha HEBPOHHU MuKpornpouecopu FPGA.

BpeMesak b HEHHE

)

HegpoHK oT
CKPMTHA CNoA

HeepoHH o1
MEX0AHKA Cnof

O

HespoHK oT
B0 AHMA CROA

®dwur. 29. PekypeHTHa HEBPOHHA MpEKa

2.8. Cunte3 Ha RFID TexHo/10rusi U HEBPOHHHM MPEKHU, KAaTO pa3npeaesieHa

cHCcTeMa 32 0e3;KHYHO ChOMpaHe U ynpaBjeHHe HA HHPOPMAIMOHHH TOTOLH.
2.8.1. MeTomosi0orus M mJaH 3a CHHTE3.
T'enepuparne na mooynupaw cueHan.

Jobasane na wym.
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Cv30ae6ane Ha HEBPOHHA Mpedica.

Obyuenue Ha mpedicama.

Jlexooupane na uzxooa Ha mpedcama.
H3yucnasane Ha cpeOHOKBAOPAMUYHA ePeUlKda.
Busyanuzayusi na pesynmamume.

2.8.2. ®bpmyepHa peajau3anms.

H360p Ha 6x00Hu u yenesu OaHHU 34 HEBPOHHAMA MPediCd.
H360p na apxumexmypa 3a He8POHHA MPeNCd.
H3060p nHa obyuenue 3a HedponHa mpedica.
exooupane na npedckazanume usxoou.

2.8.3. XapayepHa peanu3anusi.

B nacrosimus qucepranuonen Tpyn ce usnonsBa HDL Coder - uHCTpyMEHT,
npenocraBeH oT MathWorks, koifto aBromarnyno npepbiia MATLAB u Simulink

monenu BB VHDL unu Verilog xog.

Jdexonupane Ha RFID nannmre: IM3mos3Ba ce KOA ¢ HEBpPOHHA MpEXa 3a
buntpupaHe M JEKOAMpPAHE HA JAHHUTE OT AaMIUIUTYIAHO MOIYJIMPAHUS CHUTHAJ.

[Tporpamupa ce B8 XC3S550A ¢ Xilinx Vivado.

Oo0paboTka Ha nanHuTte: Clien KaTo JaHHUTE Ca JEKOJUPAHM, CE€ U3BbPIIBAT
HEOOXoMUMHTE omepanuu 3a o0paboTka Ha J[JaHHWTE, KOUTO TpsOBa na ce
BHU3YyaJIM3UpaT Ha JUCIUICH Wi mpuHTep. ToBa MOXKe Ja BKIIOYBA (opMaTHpaHe Ha

JaHHUTE, 00pabO0TKa Ha TPEIIKH B IPYTH MaHUITYJIAIUH.

N3xon kbM aucniieil uin npuntep: M3mnomnssar ce codhTyepHO WM XapAyepHO
ch3naaeHu monyau B FPGA, 3a na ynpapineHue Ha KOMYHHKalUATa C BU3YaJHUTE WU
revaranure yerpoiictea. ToBa Moke Ja ObJe MOCPEACTBOM CTaHIAPTHH HHTEpdeiicH

karo HDMI, VGA unu USB cepuen nopt SPI.
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TPETA IJTABA

EKCIIEPUMEHTAJIHM PE3YJIITATHU OT ITPUJIATAHETO HA
UHTEJIUT'EHTHU METOIMU 3A NU3CJIEABAHE N
PEA/IN3AIIUA HA XAPAYEPHU PELHIEHUSA

3.1. ®uiarpanusi Ha AMIVIMTYIHO MOXYJIMPAH CUTHAJL.

B nyGnukanus [3*], ca onMcaHW pa3IUYHM €Talld OT MPOBEJCHUS YECTOTEH
aHaJIM3, BpPEMEBU aHaJM3, MOJIYyJalMs Ha CUTHAIU U QuiTpupaHe Ha curHaiud. OOekt

Ha U3CJIEIBAHETO Ca METOMH 3a MOTHCKaHe Ha LTyMa 4pe3 GpuiaTpupaHe.

[leproanuen cuHycoWIaleH CHTHaJ BbB BpeMeBaTa OONacT € NpeICTaBeH Ha

¢ur. 30. IleppoauyueH cMHYCOMIAJICH CUTHAJ B YECTOTHATA OOJACT € MpEICTaBeH Ha
¢ur. 31.

dn

amplitude[V]
o i=J [5)]
1

02 04 06 08 1 12

SINOSIDAL SIGNAL 13.56MHz Time[sec] .10

@wr. 30. CuHycouajieH CUrHaI BbB BpeMeBara o0act

J
1 1 1 1 1

0 0.5 1 15 2 25 3 35 4 4.5 5
SINOSIDAL SIGNAL FREQUENCY SPECTRUM 13.56MHz frequencvlHzl 107

T

X:1.357e+07
¥:7.655

T T T T
R I e T T T -
[
alll
g
i
i
0 M
I Al
| |
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@wr. 31. CuHycouaieH CUTHAI B Y€CTOTHATA 00JIacT

l_ T T T T T
1IN TIT I I VN LA TN I it il nnminnr .
2k ' -
3 :
B ]
ak -
p.o] i P8 N I Y I O I O .J S [ B O BN [y N BN (S G N BN _I L N

o | | | 1 i |
0 02 04 06 [oT 1 12
RECTANGULAR SIGMAL 2ZMHz Timelsaegl -w?®

@ur. 32. [IpaBobI'blieH CHTHAJ BB BpeMeBara o0mact

powerDb]

1 15 2 25 3 15 4 45 5
FREQUENCY SPECTRUM OF RECTANGULAR SIGNAL 2MHZ (o0 oneviHz] 107

@ur. 33. [leprnoanueH NpaBObI'bJIECH CUTHAN B YECTOTHATA 00JIaCT

[TepyoanueH MpaBObI'bJIeH CUTHAA BbB BpeMeBaTa 00/1acT e TokasaH Ha (ur.
32. TlepropvueH TpaBOBI'bJIEH CUTHAal B 4YecTOTHara oOiacT e TmokasaH Ha ¢wur. 33.

AMITTUTYTHO MOIYJIMpaH CUTHAJ BB BpeMeBara 00JacT e mokas3aH Ha ¢ur. 34.

10

8 -

amplitude[V]

| 1 1 ]
02 04 06 0.8

1 % 12
AMPLITUDED MODULATED SIGNAL Time[sec] o5

[=]
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@ur. 34. AMIITUTYAHO MOJLyJIUPaH CUTHAI

UecTOTHHS CIIEKThP HAa aMIUIMTYAHO MOJIYJIMpAH CUTHAJI € MoKa3aH Ha ¢ur. 35.

e —

5

a

|
[i] 05 1 15 . 25 3 35 4 45 5
FREQUENCY SPECTRUM OF AMPLITUDED MODULATED SIGNAL frequency[Hz] 107

@ur. 35. YecToTEH CHEKTHP HA AMIUIUTYJHO MOAYJIMPAH CUTHAI

-
(-] o =

R

amplitudey]

-
' -
" _

A L L L L 1

a 0z o4 L] (1] 1 12
AMPLITUDED MODULATED SIGNAL+ 40MHz Time(sec] . 10*
@ur. 36. AMIITUTYAHO MOJLyJIUPaH CUTHAI
¥ T T =T T T T T T T

oS 1 15 2 25 3 1.3 & a5 -]
FREQUENCY SPECTRUM OF AMPLITUDED MODULATED SIGNAL +40MHz frequency[Hz] -1’

@ur. 37. YeCTOTEH CIIEKTHP HA aMIUIUTYAHO MOAYJIUPAH CUTHAJI
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AMIUIUTYIHO MOJYJIMpaH NEPUOANYEH CUHYCOMJAJIEH CUTHAJ € MPEACTaBeH Ha

¢wur. 36.

YecTOTeH CHEKTHpP HA aMIUIMTYJHO MOAYJIUpPAH IMEPUOJUMYEH CUHYCOUJAJIEH

CUTHAI € IpeacTaBeH Ha ¢ur. 37.

Tpancdepnarta ¢yHKIHMS Cc€ H3UMCIsIBA CJEI M3MOJ3BaHE Ha 3aKoHA 3a
HampexxeHnero Ha Kupxod u ce onrenensiT CTOMHOCTHUTE Ha MapaMeTpuTe Ha
eJIeKTpUYecKaTa Bepura, KOUTo ca mpeacraBeHu B Tabnuua 1. Ha pur. 39 e npencrasen

pe3ynrara oT QUITpUpaHETO Ha CUTHAIA B YeCTOTHATa O0JIacT.

n Is T & Pol k R L C
- MHz S - - - Q nH pF
2 | 14.520 |1.0961e-08 0.1602 Complex 03162 | 4 150 | 800

conjugate

-1.4613 +

9.00511

Ta6muua 1. Pe3ynraru 3a cTOWHOCTUTE Ha TACHBHUTE €JIEMEHTH, BKIIFOUCHH B

eJIEKTpHYECKaTa BepUra Ha QuiITbpa

15 2 25 3 a5 4 45 -1
FREQUENCY SPECTRUM OF FILTERED SIGNAL frequency[Hz] 107

@ur. 39. YecToTeH crieKThp Ha GUITPUPAHUS CUTHAIT

OT moy4eHUTe eKCIIepUMEHTATHU PE3YATaTH SICHO C€ BHXK/A, Y€ MOIIHOCTTA
Ha Oesmosie3nust 3a Hac curHan € 40 MHz u e nmamansna ¢ npubmusurenso 30 dB,
KOETO O3HauaBa, ye M3II0JI3BAHHAT NMAacCHBEH QWITHP € ePeKTHBEH IPH IPeMaxBaHe Ha

BUCOKOYECTOTHH CUTHAJIN OT CIICKTHpPA Ha IMOJIE3HUA CUTHAL.
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3.2. Texuuku 3a 0e3KMYHO CbOMpaHe, NMpeJaBaHe M MAHHUIIYJIMpPaHe Ha

HH(OPMALMOHHH MOTOLH.

B crarum [2*, 4*] ca mpencTaBeHd peylITaTHTE OT aHAM3a Ha MPOOJIIeMH TpH
oOpaboTkara Ha OexkuuHa wHPopmammsa. ONMHUCAaHO € XapayepHO H3IBIHCHUE Ha
pasmpenesieHn CHCTEMHU 3a O€3KMYHO CHhOMpaHe, MPEXBBbPJSIHE W MaHUITYJIHpaHe Ha
uH}opmaronnu notror. OCHOBHUTE €Taly Ha TO3M Ipolec (KoAupaHe, MOIYIHpaHe
U (uITpUpaHe Ha CHTHAA) ca MPOyYeHH 3aIbJIO0YEHO, criopes ctannaptute 3a EMC.
OcBeH TOBa B Ta3u CTaTHA ca MOKa3aHU PE3yJITaTH OT U3UMCIISIBAaHE HA MTapaMeTPUTE Ha

RFID anTenara.

[uppoBoTo MaHUMyIUpaHe Ha JaHHUTE B 4YeTella CE€ M3BHPIINBA 4Ype3
MpeIBapUTETHO HM30paH MHKPOKOHTpojep (u30paH mopaau (QYHKIIMOHAIHHUTE
cneru@uKanyl Ha CHCTEMara), KOWTO H3IBJIHSIBA IMOTPEOUTEIICKOTO MPHIIOKEHHE.
MUKpPOKOHTPOJIEPPT ~KOMYHHKHPA ChC CICHUAJIM3UpaHa UWHTErpaJiHA  CcXeMma

CLRC66302HN, upe3 cepuen nepudepen uarepdeiic (SPI).

Imn levop [7voo

) 25 18
Avop | o [RXN Crom
d 113
a7onF L ok
T VMID v
FDOWN | _
21
nost 7 |2
interface
MICRO- = 53y CLRCE63
PROCESSOR ’
RQ |,
DvVDD |,
470 nF T o, i
fas XTALT
I7 12 MHz

" M

®ur. 40. NFC ueren

Aemopegepamu na oucepmauuu 2024(2) 38-73



59 Kpacumup Mapros

Bepurara sa NFC 4yetena, nmoka3ana Ha ¢ur. 40, BKIIOYBA MHKPOKOHTPOJIEP,
uaTerpamHa cxema CLRC66302HN, aHamoroB HUCKOYECTOTSH (UITHP WM aHAJIOroBa

CXCMa 34 CHHXPOHHU3UPAHC Ha UMIICAaHCA MCIKAY HETO U JIpyrara 4aCT Ha CUCTEMaAra.

[Tapamerpute Ha NFC anTeHa ca npejcTaBeHu B Tabiuia 2.

a b h r 0 N L C R fo
cm cm cm cm - | num | pH pF Q MHz
14.14 0,5 0,5 50 25 2 1,2 117 4 13.56

Tabmuma 2. Pe3ynraru 3a croitHocTuTe Ha mapaMmetrpute Ha NFC aHTeHa

@dakTOopbhT Ha KadecTBOTO () OMHCBA €HEPrHsTa, ChXpaHsIBaHA B AaHTEHATa.
Koraro Q-¢hakTopbT € BUCOK, aHTEHATa Ce HYX/1ae OT IIOBEYE BpeMe, 3a Jia pearupa Ha
MOAyJIaIusATa, HO U3TbuBa MoBeue eHeprus. =25 e cranaaprHara crorHoct 3a NFC
anTeHd. [Ipu cuMeTpUYHO ChIVIaCyBaHE c€ MOCTHUTa ONTUMalHa (opMa Ha CHUTHAJA H
pa3cTosiHMEe Ha YeTeHE U 3amuc AeUHUPaHU B U3UCKBaHUATA criopen ctranaapta EMV

Co, (dwur. 41).

Title Goes Here

0,8i

Paint Mo = 40
Freq = 13580,0 KHZ
Resistance = 85,86 ohms
Reactance=-2,1 ahms

®ur. 41. lnarpama Ha CMHUT 32 CHMETPUYHO ChITIaCyBaHE UMIIEaHCA HA aHTEHATa
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3.3. UHTeqMreHTHM MeTOAM B TeXHUKHUTe 3a 0e3kHYHO cHOMpaHe,

npeaaBane 1 MaAHUIIYJIUPaAHE HA I/IH(l)OpMaIH/IOHHI/I moTonu.

Hardware Description Language Coder (HDL) e mHCTpyMEHT, IpeI0CTaBeH OT
MathWorks, koiTO 1103BOJISIBA aBTOMAaTHYHOTO FEHEPUPAHE HA €3MKOB KOJI 32 OIMMCAHKE
Ha xapayep or Mmomenu MATLAB wmwm Simulink. Ilomydenute pe3yiarard OT
NpOBEJCHUS aHaau3 ca mnpeactaBeHu B cratus [5*]. [lpumepHa cTpykTypa Ha

MHOTOCJIOCH IIEPIIECTITPOH € IMOKa3aH Ha ¢ur. 43.

input layer | hidden layers [ output layer

lower layer upper layer

@ur. 43. CtpyKTypa Ha MHOTOCJIOCH MEPIEHTPOH

Xumnore3ara B CcTaTuATa €, 4€ HEBPOHHUTE Mpexu, katro MLP, morar nma ce
U3MOJI3BaT 3a (UITpUpaHE HA IMyM B aMIUIATYOHO MOAYJIMPAHA CHUTHAJIH.
OuaTpupaHeTo Ha LIyM € YEeCTO CpelllaHa 3ajada mpu oOpaboTkaTa HA CHUTHAIU U
HEBPOHHUTE MPEXKU Morar Ja ObJaT MOIIEH MHCTPYMEHT 3a M3MBJIHEHHE Ha Ta3u
3amadya. EqHa BB3MOXKHA apXUTEKTypa Ha HEBPOHHA Mpexka 3a GuiITpupaHe Ha IIyM €

nokaszaHa Ha ur. 44.

O———{ O

InpuProcess Input 1 Layer 1 a{1}
Layer 2

a{1} Process QutputDutput
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Layer 1:
p{1} Delays 1 IW{1,1}
netsum logsig | a{1}
b{1}
Layer 2:
Delays 1 Lwi{2,1}
netsum tansig af2}

b{2}

@ur. 44. ApxutekTypa Ha HEBpOHHATA Mpexa

HDL konsT, renepupan ot HDL Coder, Mmoxxe i1a ce n3nonssa B cpefia 3a CHHTE3
u BHenpsiBaHe, karo Xilinx Vivado wmmm Intel Quartus. To3m mporec BKITIOUBa
komnmimpadse Ha VHDL xoxm, cb3gaBaHe Ha MpEXH OT JIOTUYECKH €IIEMEHTH,
OmpesieNisiHE Ha  BpPEMEBM OTpPaHMYEHUS M TIeHepupaHe Ha  (DU3HYECKH
KOHpUTryparmoHHu (¢ainoBe (OUTOBM TOTOIM) 3a MporpamupaHe Ha IUEGPOBO

ycTpoiicTBO, Kato FPGA, moka3zano Ha ¢ur. 45.

@ur. 45. FPGA ycTpoiictBo
HDL xonep u FPGA moxynu karo AMD Artix™ 7 50T-21, TE0714-04-521-7-B

NPEeIOCTaBAT cpeAcTBa 3a TpaHchopmupane Ha MLP u npyru nmdpoBu cucremu B
peasHu XapAyepHH pemieHus. ToBa MO3BOJsIBA ObP30 H3MBJIHEHHE U €(PEKTHBHO

usnoimsBane Ha pecypcure Ha FPGA. KoMmOuHammsTa OT MHOTOCIIOEH MEPIENTPOH,
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HDL xonep u FPGA monynu npessara mupoka ramMma OT HHCTPYMEHTH U Bb3MOXKHOCTH
3a pa3paboTBaHE HA CIIOKHU NU(POBU CUCTEMH W pEIIaBaHE HA PA3IWYHH 33]1a4d B

o0nacTTa Ha MallIMHHOTO 00y4YeHHe 1 00paboTKaTa Ha TaHHU.

3.4. AMILIMUTYTHA MOAYJIALMA M IeMOAYJIAIUA NPH 0e3:KUYHO NpeJaBaHe Ha

JAHHU ¢ HCBPOHHU MPEKH.

B crarus [5*] ca mpencraBeHu pe3ynTaTHTE MOJYYCHH MPH MPUIATaHETO Ha
aMIUIUTYIHA MOJYJauus U JEeMOAYlalus C U3MO0JA3BAHETO HAa HEBPOHHA Mpexa.
CrarusiTa npeacTaBs ISAJI0CTEH MPOLEC HA AMIUIMTYAHA MOJAYJAUMS U AEMOJYJIaLHus C
MOMOIITa Ha HEBPOHHA Mpexka B mporpamHara cpena MATLAB. IlpeacraBenute
pe3yaTatd W JCKOAMPAHHAT HM3XOJ Ha Mpexara TeMOHCTpUpAT e(EeKTHBHOCTTA Ha

MIpPEJIOKEHATa PeaTH3aIHsl.

5 CARRYING WAVE
I
5
0 0.5 1 1.5 2 2.5 3 35 4 4.5 5
TIME <107

MODULATING SIGNAL

AMPLITUDE  AMPLITUDE AMPLITUDE

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
TIME w107
MODULATED SIGNAL

20 -- .- . . -.- - . . -. -
10 1
0 y ; ; X ]
0 0.5 1 1.5 2 25 3 35 4 4.5 5
TIME «10™

@ur. 46. AMILITUTYITHA MOy IalKst

MODULATED SIGNAL

AMPLITUDE
=MW
ocoo0o

0 1 2 3 4 5
TIME «10™

L NOISY MODULATED SIGNAL

% 40 T ;

= 20

g 0 .

= -20 ) :

< 0 1 2 3 4 5
TIME «10™

®dur. 47. 3amrymMsiBaHe Ha CUTHAJIA
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Ha ¢ur. 46 ca npencraBeHn pesyiaTatuTe OT Mpolieca Ha MOMYJIAlMs, Karo ca
MOKa3aHU HOCEINWs CUTHAJ, MOMYJIMPAIIUsS CUTHAT U MOIyIupaHusi curaan. Ha dur.
47 ca mpeACTaBeHU PE3YJITATUTE OT MPOLEeca Ha 3alllyMsIBaHE HA MOAYJIUPAHUS CUTHAIL
[Tonydyenute pe3yaTaTu 3a peajeH MOILYJIUMpPAH CUTHAJ, MOAYJIMpPAH C LIyM CUTHAN U

M3XOJICH CUTHAJI OT HEBPOHHA MpeXka ca Mmoka3aHu Ha ¢ur. 48.

MODULATED SIGNAL
20} ’ ' ' ; ; ' |
10 |
D {
0 0.5 1 1.5 2 25 3 3.5 -4 4.5 3
TIME 107

i _ NOISY MODULATED SIGNAL

1
]
=

0.5 1 1.5 2 25 3 3.5 4 4, 5
TIME x 107

OUTPUT SIGNAL FROM THE NEURAL NETWORK

L¥
Xy

AMPLITUDE AMPLITUDE  AMPLITUDE
(3]
=]

0 0.5 1 1.5 2 2.5 3 3.5 4 45 5
TIME w107

@®wur. 48. CurHan oT U3Xo/la Ha HEBPOHHATA MpeXka

Ta3u cratus mOpeAcTaBs OCHOBHATa HJes M H3MBIHEHUE Ha O0€3KUYHO
IpeJaBaHe Ha JIaHHU M JIEKOJUpPAaHE C IIOMOLITa Ha HEBPOHHU Mpexu. Ilpu
pa3paboTBaHETO Ha NPUIOKEHHs B MpakTHKaTa, MoOrar Ja ce€ HW3BbpIIBAT
JOMBJIHUTETHU ONTUMHU3ALMU U OA00PEHUs Bb3 OCHOBA Ha ClieUU(UYHHN U3UCKBAHUS
U ycioBus. Bp3MOXKHO € 1a ce KOHBEPTHpA NPEACTABEHUS B CTATHUATA IPOrpaMeH KOJ
Ha MATLAB BsB VHDL wumu Verilog 3a BHenpsiBaHe BbpXy MNpOrpamMHpyeMu

norudecku uaTerpaiaau cxemu (FPGA).
3.5. HoBu nokosieHust 0€3:KUIHN MPEKH.

B crarus [1*] ce onmcBa Merona 3a mpeHoc Ha curHain - Handoff (HO) B
pa3IuyYHU MOKOJeHUs Mpexu. Pasrnenanu ca xopuzoHtanHo npexsbpisHe (Horizontal
Handoff - HHO) u Beprukanno npexsbpisHe (Vertical Handoft - VHO). Crarusita

pasricikKaa NpcaAn3BUKaATCIICTBOTO — ['moGanau MPCIKHU OT HICCTO IMOKOJICHUC.

Ha ¢wur. 49 e npencraBeHa eBOMONIMATa HA MOOMITHUTE KOMYHHUKAITHH.
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TRANSMISSION
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®wur. 49. EBonrorust Ha MOOMITHUTE KOMYHHUKAITHH

6G MoOwIHaTa cucTeMa 3a IJ100aaHO MOKpUTHE Iie uHTerpupa 5SG Oe3xnyHa
MOOMIIHA CHCTEMA M CaTeIMTHA Mpeka. TeJIeKOMYHUKAIMOHHUSAT CaTeIIUT Ce M3MOI3Ba
3a W3JbYBAHE HA IJlac, JaHHW, WHTEPHET M BHJCO; CATCIMTHUTE MPEXKH 3a
M300paKEeHUS Ha 3eMsATa ca 3a chOMpaHe Ha WH(OpMAIHMsA 3a BPEMETO M OKOJIHATA
cpeda; a HaBUTAIlMOHHATa CaTelMTHA MpeXa € 3a II00ajHa MO3MIIMOHHA CHCTeMa

(GPS), (ur. 50).

"“‘ J Surban Global
Pico cell

@r Micro cell

(inf)

_L Macro cell

Satellite cell

®ur. 50. 6G moOuIHaTa cucreMa
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VYrpaBieHueTo Ha MOOMITHOCTTa € TNPUOPUTETEH BBIPOC B CHBPEMEHHUTE
MOOMITHE MpexH. [Ipenn3BUKaTEeNICTBOTO 32 BCHUKH MPEXH € MPEIaBaHeTO Ha JaHHU
Ia ce u3BbpiIBa 0e3 3aryOa. IIporechT Ha MpexBbpJSHE HAa CUTHAN MPU CMsIHA Ha
KJIeTKA WJIM HaMmaJlsiBaHE Ha CUTHaJla MO0 BpEeMEe Ha aKTHUBHA MOTPEOUTENICKa BPbH3Ka €

u3BecTeH B aureparypara karo Handoft (HO), (¢ur. 51).

Sigmal Target
Level of ) Sery ing Cell
-

max HO _~

S mia HO »")-_-/
.\\ !/__/

¥ -

bl

‘ Serving m
n Cell /‘ Target VE2 u
- 7 - Cell

I / I Time
Time to Target

®wur. 51. Handoff (HO)

Pa3Butrero Ha ObAcIIMTE OCBKUUHA MPEKH III€ JOBEJE JI0 YATPA-IUIBTHOCT HA
BUJIa U Oposi HAa 0a30BUTE CTAHIIUU, KAKTO U OpOs HA MOTPEOUTENUTE U IPUIOKEHUSITA,
KOUTO M3mon3Bar. [lrpTHAaTa, TUHAMUYHA W MHOTOILIACTOBA MPEXKOBA apXUTEKTypa
W3HMCKBa pa3padOTBAaHETO HAa HOBH MEXaHWU3MH 3a YIPABICHWE HAa MOOWIHOCTTA,

aJlanTUpaIly ce KbM XapaKTepUCTUKUTE Ha HOBOTO ITOKOJIEHUE MPEKHU.
3.6. Peannu3anus Ha XapyepHH pelIeHH.
° IInarexeH TepMuHaI

[InarexxHUAT TEpMUHAT € YCTPOWCTBO, KOETO Ce HM3IMOoy3Ba 3a o0paboTka Ha
Iiamanus ¢ OaHKOBUM KapTU WIM APYTH €JNEeKTPOHHM METOAM Ha IuiamaHe. Te3u
YCTPOICTBa ca YECTO CPELaHd B MarasuH, peCTOpPAHTH, OEH3MHOCTAHIMH U JIPYTH
TBPrOBCKH OOEKTH, KbJETO KJIMEHTUTE MOraT J1a U3BBPILBAT MOKYIKU U Ja IJaIaT C
KPEIUTHU WM JeOMTHU KapTH, CMapT(OHH, YUIIOBE 3a KOHTAKTHO IUIALIAHE U JPYyTU

CJICKTPOHHU HAYMHU Ha IJIalllaHC.
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Ha cnenBammre ¢urypu ca mpeacTaBeHd OTACTHUTE MOAYJIM Ha pa3zpaboTeHara

eJIEKTpUYECKa cXema, IoKazaHa Ha Qur. 52.
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@®ur. 52. Enexrpruuecka cxema Ha IIaTeXeH TepMHUHAI
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@ur. 53. 3axpanBany 6710k
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®ur. 54. MUKpOKOHTpoOJIEep 32 00paboTKa Ha TAHHHUTE
Sl | i
R - e
..... P i_:i
&
e
on
=2 s
[ ]

i Wil

@ur. 55. bnok 3a Bpb3ka no BLUETOOTH ¢ APPLE ycTpoiictBo
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@ur. 56. brok 3a KOHTAKTHO YeTeHe Ha OAaHKOBU KapTH

ZiNp NEY IR
o

Ly

@ur. 57. bnok 3a koHTakTHO 4YeTeHe Ha OankoBu kKaptu (RFID, NFC)
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@ur. 58. bnok 3a Buzyanuzauus (LCD) u 6510k 32 ppYHO BbBEXJaHE HA JaHHU 32

TpaH3aKIUU

Asemopegepamu na oucepmauuu 2024(2) 38-73



HUHTEJ/IMTEHTHHU METO/TH 3A U3CJIEJIBAHE H PEAJTU3AIIUA HA XAP/IVEPHH PEIIIEHUA 70

° YeTpoiicTBO 32 OE3KOHTAKTHO YETEHE Ha CMapT KapTu

Pa3paborena e enekTpuyecka cxema, KOSTO BKIIOYBA CICIHUTE MOAYIH, ((ur

59):
- 3aXpaHBail 0JIOK;
- MUKPOKOHTpOJIEp 3a 00paboTKa Ha JJTaHHUTE;

- OJ10K 3a BpB3Ka 10 ayiuo HHTepPEic Chc CMapT YCTPOMCTRO;

- O110K 32 OE3KOHTAKTHO YeTEeHE Ha CMapT KapTH.

Bt
)

pansy

@ur. 59. EnexTpuuecka cxema Ha yCTPOMCTBO 32 O€3KOHTAKTHO YETEHE Ha CMapT

KapTu
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SAKVIIOYEHUE

JucepTalimOHHUAT TPyJd € TIOCBETEH Ha TMpPWIAraHeT0O Ha WHOBATHBHU,
WHTEJIIMTEHTHU METOIM 3a M3CJEJBaHE M peaju3allvds Ha XapIyepHH penieHus B
KOHTEKCTa Ha pas3lpelesieHuTe CHUCTeMH 3a OEe3KMYHO ChOMpaHe, MpeHacsHEe WU
yopaBieHre Ha WH()OPMAIIMOHHHM MOTOIM. AHAIU3UPAaHU Ca BB3MOKHUTE BPB3KU U
B3aMMOJICHCTBHS MEXKIY JBE TEXHOJIOTHH - pajuodecTorHa uaeHtudukanus (RFID) u
HeBpoHHH MpexH (NN), KakTO ¥ MOTEHIIUAIIHUTE MPEAUMCTBA OT BKJIIOYBAHETO UM B
CUCTEMHUTe 3a KoMyHHKarus. IlpeacraBeHa € OOOCHOBKAa 3a TOBa KaK TE3H JIBE
TEXHOJIOTUHU C€ JOMBJIBAT, MPEAOCTABSINKA UHTEIUTEHTHUA PEIICHUS U BH3MOXXHOCTH 32
onTuMH3alKsA Ha mpoiecute. ONMUcaHu ca MpPeIu3BUKATEICTBATa, KOUTO Bh3HUKBAT C
BHEJIPSABAHETO Ha PAJMOYECTOTHA HWJICHTU(UKAIMS W HEBPOHHH MPEKH B
pasIpeeICHUTe CHCTEMH, 3a Jla C€ MMOCTUTHAT WHTEJUTCHTHH U €(DEKTHUBHU PEIICHUS
3a crOMpaHe, 00paboTKa W yHpaBJIeHHEe HAa WH()OPMAIIMOHHH IOTOIH. B HacTosmus
JTUCEPTAIIMOHCH TPYJ Ce pasmiiekaa M Kak BKIFouBaHeTo Ha Wi-Fi TexHomorum moxe
Jla TIOJICUJIM MHTEIMTEHTHOCTTA U (DYHKIIMOHATHOCTTA Ha pa3lpe/iesieHa CHCTeMa, KaTo

I[O68.B$I JOIIBJIHUTCIIHU Bb3MOKHOCTH 3d KOMYHHUKAIIWA U dHAJIU3 HAa JaHHU.

MeroponorusitTa Ha U3CIEABAHUATA B AUCEPTALUAITA BKIIOUBAT HU3MOJI3BAHETO
Ha YUCJIEH W EKCIEPUMEHTAJIEH MOoAXoA. YMCIEHUSAT MOAXON € H3MOJ3BaH MpHU
peaiu3anusaTa  HAa  QITOPUTMUTE  MOCPEICTBOM  KOMIIOTBPHO  IPECMSTAHE.
ExcriepyMeHTamHuAT MOAXOJ € MW3MO0JI3BaH IPU  Ch3/IaBAHETO HA XapAyepHUTE

IMPHUIIOKCHU .

HacrosiimusaT nucepTalMoHeH TPyl HUMa 3a IeJd ChC CpeAcTBaTa Ha
CbBPEeMEHHUTE MeETOAM OT 00JacTTa Ha WHTEJUTeHTHUTE CHCTEMH, /1a ce
M3CJIeIBAT W peajiu3upaTr XapAyepHH pelleHusi. 32 MOCTUTAHETO Ha MOCTaBeHATa
nen ca QGopMmyiuMpaHM MIECT HAy4YHH 3ajadd. B mpolieca Ha peliaBaHETO UM ca
MOJTyYECHU OPHUTHUHAIHHU PE3YJTaTH, CBbpP3aHM C H3CJICABAHUS HA ChBPEMCHHUTE
WHTCIIMTCHTHA METOIU 3a pealiu3allds Ha XapIyepHH PEIICHUS Ha paslpeleicHU
CHUCTEMH 3a OEeKMYHO ChOMpaHe, MpPEHACSHE W YIpaBicHHE Ha WH()OpPMAIMOHHH

IIOTOLIH.
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B pesyarar oT mnpoBeneHUTE W3CIEIBAHUS, TMPEICTABEHU B HACTOSIIUA
JTUCEePTAIIMOHEH TPYyJ, Ca TMOCTUTHATH CIEIHUTE HAYYHO-TIPWIOKHU W TPHIOKHU

pesyaTaru:

1. TlpoBeneH € KpUTHMYEH aHAIM3 Ha BB3MOXHOCTTA 3a I[IpWJIaraHe Ha

HHTCJIMTCHTHU MCTOM 3a aHAJIN3 U pCain3alusa Ha XapAyCpHU PCIICHU .

2. AHanu3upaHd ca BB3MOXXHHUTE BPB3KM M B3aUMOJICUCTBUS MEXKIY JIBE

KIIFOYOBH TCXHOJIOTUHU - PAAUNOYCCTOTHA I/I,Z[eHTI/I(l)I/IKaI_[I/ISI U HCBPOHHU MPCIKU.

3. HSCJ’IGI{B&HI/I Ca HAYMHUTC 3a UHTCIpHUPAHC HA TC3W TCXHOJIOI'MHU, 3a Oa CC
NOCTUIrHAaT MHTCIIMI'CHTHU U e(i)eKTI/IBHI/I peuIcHuA 3a C’B6I/IpaHe, 06pa60TKa n

yhpaBieHre Ha UH(POPMAIIMOHHHU TOTOLIH.

4, HpOBGI[CH ¢ aHaJIM3 Ha BB3MOXHOCTHUTC M IMPCAU3BUKATCICTBATA, KOUTO
BBb3HUKBAT C BHCAPABAHCTO HA PAAMOUYCCTOTHA I/I,Z[CHTI/I(i)I/IKaLII/ISI 1 HCBPOHHU MPCIKHU B

pas3npeeieHnTe CHCTEMH.

5. AHaHI/ISI/IpaHO € KaK BKJIIOYBAHETO Ha O€3KUYHU TCXHOJIOTHH MOXKE Ja
NOACHUJIM HMHTCIIMI'CHTHOCTTA H (1)yHKLII/IOHaJ'IHOCTTa Ha pasnpcacicHa CUCTEMa, Karo

I[O68.B$I JOIIBJIHUTCIIHU Bb3MOKHOCTH 3d KOMYHHUKAIUA U dHAJIN3 HA JJaHHU.

6. [IpencraBeHn ca OpUTHHAIIHU XapAyepHH PEIICHHS 3a chOMpaHe, o0padoTka

U yIpaBJieHue Ha HHPOPMAIIMOHHH ITOTOIH.

[locturnature pes3yaTaTd OT aHalu3a Ha TMPOBEACHUTE W3CJIEIBAaHUSA B
HACTOSIIIMS TUCEPTANMOHEH TPY/ Ca MPECTaBEHN B HAYYHUTE U3HaHus — ,,Problems of
Engineering Cybernetics and Robotics“ w ,,Engineering Sciences, KakTo W B
cOopHUKa C TpyaoBe Ha MexAyHaponHata koHdbepeHuus [0-th International

Conference on Intelligent Systems - IS°20).

JucepTalluOHHUAT TPYA € CTPYKTYpPHUpPaH B YBOJ, TPU INIaBU U 3aKJIIOUYECHHE,
Npuapy’kaBa c€ OT JEKJapauus 3a OPUTMHAIHOCT Ha TMOJYYEHUTE PE3yATatd M

ouommorpadus.

JucepranoHHUAT TPyA € pa3padoreH B pamkure Ha Hanumonaanara Hayuna

IIporpama ,MuTeMrenTHO pacreHnBbACTBOY, No J101-65/19.03.2021r.
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