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Fabrication and application of internet of things device using sigfox network and at
commands
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Abstract: In this study, the Sigfox network and the Internet were employed to develop an Internet of Things device equipped with
temperature, humidity, barometric pressure, and other sensors to measure different physical data. In addition, we attempted to control Sigfox
communication by employing AT commands using the Arduino UNOR4 Sigfox module, and social implementation of the proposed system.

Keywords: SIGFOX, ARDUINO, WIFI, MAC ADDRESS

1. Introduction

Knowledge and information have not yet been exchanged in the
information society (Society 4.0), which has resulted in issues due
to a lack of interdisciplinary cooperation. Society 5.0 is expected to
connect all people and things through the Internet of Things (loT),
which will enable the sharing of various types of knowledge and
information.

Against From this perspective, using the Sigfox network and the
Internet, we have developed an 10T device equipped with
temperature, humidity, barometric pressure, and other sensors to
measure different physical data [1-5].

In the current study, we attempted to control Sigfox
communication using AT commands using the Arduino UNOR4
Sigfox module. In addition, we attempted social implementation
using the proposed system.

2. Experimental
2-1 Sigfox module

A Sigfox breakout board (SBB) was used as the Sigfox module
(Fig. 1).

~

Fig. 1 SBB [BRKLSM100A] [6]

Key Features - Compact module 14 x 15 x 2.8 mm. (Typ.) -
LoRaTM modulation technology. - Sigfox modulation technology. -
Sensitivity down to —136dBm@LoRa (BW = 125 KHz, SF = 12)
—124dBm@Sigfox (0.6 Kbps) - UART interface. - Low-Power
Long Range Transceiver operating in the sub-1 GHz ISM band -
Supply voltage range from 1.8 to 3.6 V. - RF interface optimized to
50 Q. - Output Power Level up to +15 dBm - STM32WLE5CC

A program must be written to run the Sigfox module (Fig. 1) on
a microcontroller, and a library for the microcontroller is generally
required. To reduce the program’s dependence on the

microcontroller, we created the program using AT commands. In
the future, we would like to work on creating a microcontroller and
dedicated CPU that can run AT commands.

2-2 Arduino UNO R4 Wifi

We selected a highly versatile Arduino microcontroller to run
the Sigfox module. In addition, it is necessary to perform Wi-Fi
communication to obtain the router’s MAC address; thus, we
employed an Arduino UNO R4 WiFi device in this study.

Fig. 2 Arduino UNO R4 WiFi device [7]

The Arduino® UNO R4 WiFi is the first UNO board to feature a
32-bit microcontroller and an ESP32-S3 Wi-Fi® module (ESP32-
S3-MINI-1-N8). It features a RA4M1 series microcontroller from
Renesas (R7TFA4M1AB3CFM#AAOD), based on a 48-MHz Arm®
Cortex®-M4 microprocessor. The UNO R4 WiFi memory is larger
than its predecessors, with 256 kB flash memory, 32 kB SRAM,
and 8 kB EEPROM. The RA4M1’s operating voltage is fixed at 5 V,
whereas the ESP32-S3 module is 3.3 V. Communication between
these two MCUs is performed via a logic-level translator
(TXB0108DQSR).

Features

The R7TFA4M1AB3CFM#AAO, often referred to as RA4M1 in
this datasheet, is the main MCU on the UNO R4 WiFi, connected to
all pin headers on the board as well as all communication buses.

Overview

48 MHz Arm® Cortex®-M4 microprocessor with a floating
point unit (FPU)

5 V operating voltage

Real-time Clock
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Memory Protection Unit
Digital-to-analog Converter (DAC)
Memory
256 kB Flash Memory
32 kB SRAM
8 kB Data Memory (EEPROM)
Peripherals
Capacitive Touch Sensing Unit (CTSU)
USB 2.0 Full-Speed Module (USBFS)
14-bit ADC
Up to 12-bit DAC
Operational Amplifier
Power
Operating voltage for RA4AM1 is 5V
Recommended input voltage (VIN) is 6-24 V
Barrel jack connected to VIN pin (6-24 V)
Power via USB-C® at 5 V
Communication
UART (pin DO, D1)
SPI (pin D10-D13, ICSP header)
12C (pin A4, A5, SDA, SCL)

CAN (pin D4, D5, external transceiver is required)

2-3 Assembling Sigfox module and Arduino

The SBB was placed on a custom manufactured printed circuit
board (PCB). Figure 3 shows the IoT device configured by
connecting a PCB to an Arduino UNO R4 WiFi device.

B —

== Z T

2-4 Scketch of Arduino UNO R4 Wifi

Using the 10T device with the Sigfox communication function
(Fig. 3), we created a sketch to obtain the MAC address of the Wi-
Fi antenna and transfer that value using Sigfox (Fig. 4).

&) wifi_bssid | Arduino 1.8.19 (Windows Store 1.8.57.0) — (] X
Jrfll BE ATvF Y-l ALT

_

void setup() {

//Initialize serial and wait for port to open:

Serial.begin{9600);

while (!Serial) {
| ; ff wait for serial port to connect. Needed for native USB port only
-

/f check for the WiFi module:

if (WiFi.status{) == WL NO MODULE) {
Serial.println{"Communication with WiFi module failed!™);
// don't continue
while (true):

}

interval = 18000007
prev = -1790000;

1/ ETEEIERRE
// IEEFTERIE FIEA L

Seriall.bkegin(9600);

Lower Memary, Disabled, None,

Fig.4 Sketch program using Arduino UNO R4 Wifi

2-5 Sigfox Cloud

Hiroshima Institute of Technology is a Sigfox partner of
KYOCERA Communication Systems Co., Ltd., so it can use the
Sigfox Cloud[8].

2-5-1 End product certificate and prototype registration[9]

When registering a device in the Sigfox Cloud, an end product
certificate must be input. Sigfox compatible commercial devices
must obtain device certification, which is referred to as the Sigfox
Ready Certification (formerly P2 certification).

Note that the settings for the end product certificate differ
depending on whether you are registering a device that has obtained
Sigfox Ready Certification or a device that has not been certified.

Device - New

Device information
Identifier (hex!) [AB12CD

Name |Test Device #00AB12CD

PAC |xxxae2ec3c878975c896cat

End product
certificate |P_0006_DAD8_01 o

Where can | find the end product certificate?

Fig. 5 Registering a Sigfox device to the Sigfox Cloud

2-5-2 Callback

The advantage of using Sigfox Cloud is that the data obtained
from 10T devices can be processed and transferred to the cloud.
Here, we show an example where the data obtained from loT
devices are transferred to email via the Sigfox Cloud.
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3. Results and Discussion Base station reception attributes
Communication is performed after setting up the 10T device
(Fig. 3) with the Sigfox communication function. The Station RSSI (dBm)  Freq (MHz)

corresponding results are shown in Fig. 6.

D9FC -127.00 923.2502
Device 30D1222 - Information 6969 -121.00 923.2500

9A63 -126.00 923.2498
Name: brkwlsm100a001 (C)

LQI Callbacks Location

Protocol: V1

Activable state: @ @
Message modulo: 4096 || 9 0
Sequence number: 43 (2024-05-22 09:23:38) .
Trash sequence number: N/A (N/A)

Last seen: 2024-05-22 09:23:38 (d)
PAC: AC673C00E244C220

Product certificate: P_0028_4DAF_01
Latitude: 0.000 (degrees)

Longitude: 0.000 (degrees)

Device type: brkwlsm100a-001

State: OK

Link Quality Indicator: | I o
Communication status: f
Contract: From BUY for 1 devices

Activation date: 2024-02-19 19:27:38 5

Token validity: 2025-02-19

Fig. 6 Information about device 30D1222 Fig. 7 Data message from device 30D1222. (a) The entire message.
(b) Expanded message time, delay, serial number, and data. (c) Base
station number, strength, and frequency when receiving the signal.

Note that the Link Indicator (Fig. 6) was displaying the strength, (d) Link quality indicator, callback, and device location. (e) Device
indicating that it was receiving data from the loT device. The location is highlighted in blue on the map. Its width is

corresponding data message is shown in Fig. 7. approximately 20 km.
Device 3001222 - Messages Figure 8 shows the arrangement of the router and 10T devices.
s st eapion s Figure 10 shows the email that was forwarded using this
T s e el conliioloondl It S arrangement using the MAC address obtained by the 10T device
PN o employing the callback function in the Sigfox Cloud (Figure 9).
(a)
Time Delay (s) SeqNum Data/Decoding
2024-05-22 09:23:38 <1 43 d80d17276aac001132916143

(b)
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Fig. 8 Callback used to process messages

Device type brkwlsm100a-001 - Callback edition

Callbacks

Custom payload config slt:iint:48:big-endian sig:int-48:big-endian 2]
tanakagce. it-hiroshima.ac.in

Multiple emails allowed separated by comma, semicelon or new line

: Subject with device {device}
2x; Message containing time {time}, key1 {var), key2 {var2.
ables: device, time, station, data, rssi, seqNumber, deviceTypeld
Custom variables: customData#slt, customData#slg

Subject kanazawa_test

“devige” : “ldevicel”,

“tine” & itine],

“seqhynber” : {sealunbert,
prer “data” : "{data)”

| ok || cancet |

Fig. 9 Callback function to process messages

"device" : "30D1222",

"time" : 1716970277,

"seqNumber" : 51,

"data" : "d807b6c70e7b0810868199fc™

}
Fig. 10 Email forwarded using Sigfox

Note that the first half of the data
(d807b6¢70e7b2c1a056815¢3), i.e., d807b6c70e7b, is the router’s
MAC address.

4. Application to society

A router with a known MAC address can be placed at an
evacuation center during a disaster, and loT devices with Sigfox
communication functionality can be provided to the evacuees in the
area. Then, who is there and when did they get here? Such
information is accumulated on the network.

Using such a system, it would be possible to determine who has
moved to evacuation centers without human intervention. Thus, it
would be possible to obtain useful information about the damage
situation, which could be used to support disaster response efforts.

5. Conclusion

Knowledge and information have not yet been exchanged in the
information society (Society 4.0), leading to issues due to a lack of
interdisciplinary cooperation. Society 5.0 connects all people and
things with the loT to share various types of knowledge and
information.

Against this background, using the Sigfox network and the
Internet, we developed loT devices equipped with temperature,
humidity, barometric pressure, and other sensors to measure
different physical data [1-5].

In this research, we attempted to control Sigfox communication
using AT commands using the Sigfox module Arduino UNORA4.
We also attempted social implementation using this system.
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Abstract: This work showcases a distributed noise monitoring system used for measuring noise levels both inside and outside of buildings in
urban environments. The system utilises single board computers as main operating units which handle the measurement of parameters and
communication. The noise monitoring stations can measure instantaneous and long-term acoustic noise levels, as well as atmospheric
parameters such as atmospheric pressure, air temperature and humidity. Measurement stations are connected to an external server via the
MQTT protocol. The external server allows for the recording of data into a secure database, as well as for providing end users with
historical and instantaneous data on request. A test run of the measurement system was performed and has shown that the measurement
stations can function in their design capacity. The system shows great promise in use in internal monitoring of industrial plants both as a

precautionary measure for worker health and safety and as an easily modifiable sound monitoring platform in the industry 4.0 standard.
Keywords: ACOUSTIC MONITORING, INTERNET OF THINGS, INDUSTRIAL NOISE, SOUND MEASUREMENT

1. Introduction

Noise in both urban and rural areas has increased in the past
century to the point where its impact on human health and well-
being is measurable on both a societal [1] and personal scale [2].
The problem is exacerbated by the transportation industry and noise
produced in industrial plants, as those activities, which are
necessary to our way of life, are omnipresent in urban spaces.

Monitoring the pollution of environments people live in is both
mandated by law in many European countries [3] and is gaining
popularity as pollution monitoring services make acquiring data
pertaining to air quality both easy and convenient for those who are
concerned about the impact of pollution on their health. An example
of such a system is Airly [4], which provides real-time and
historical data from a network of air quality sensors forming a dense
network across a wide area. The sensors used by the Airly network
are low-cost, easy to install and maintain measurement stations [5],
which allows the system to be as widespread as possible.

Acoustic monitoring can be done in an analogous way, as
solutions exist for long-term monitoring of sound pressure level.
Those solutions, however, are mostly professional class 1 or 2
conforming measurement devices [6], which are costly to deploy en
masse and are non-modifiable in their functionality. Previously such
systems have been implemented, however most of those attempts do
not focus on the integration aspect of such systems [7]. To develop
a distributed monitoring system, a new open, and modular device
ought to be designed. The main goal of this work was to develop a
modular, easily modifiable measurement device capable of
monitoring sound pressure levels and environmental parameters.
The device was to implement distributed measurement system
methodology [8], with all of the signal processing and data
manipulation happening on-device. The design steps of the device
are explained in the next section, with the software architecture,
networking configuration of the system and measurement validation
following.

2. Measurement device hardware

The design principles of the measurement station were mainly
focused on modularity. It was imperative to design a measurement
station that used as many off the shelf parts as possible with
minimal custom part design required. As such, when designing the
station itself, four main modules were decided to be included. The
modules are as follows.

e  Main computational module.
e  Microphone module.
e  Environmental sensing module.

e  Power delivery module.

Within the bounds of the modular system two modules were
decided to be connected within a single sensory assembly. Those
were the microphone and environmental sensing modules.
Otherwise, all of the station’s systems are completely
interchangeable with equivalent types of hardware.

To ensure the modifiability and to allow for sufficient
computational capacity of the base measurement device, a
Raspberry Pi 4B single-board computer was chosen as the base
computing module of the measurement station. This allows the use
of the 1S and 1°C protocols for communication with both the
microphone and the environment probe. The single board computer
also provides power conversion for low-voltage modules and an
operating system for the software to execute within.

Many types of microphones were under consideration when
designing the measurement station. Finally, the microphones used
were consumer-grade MEMS microphones mounted on a
prototyping PCB board. The microphones were SPH0645LM4H
produced by Knowles and integrated by Adafruit into the Adafruit
3421 breakout board. The microphones declare a sensitivity of -26
dBFS and a signal to noise ratio of 65 dB(A). The microphone was
connected to the measurement system via the 12S protocol.

Two main environmental probes were considered when
designing the environmental sensing module. The contenders were
the DHT 22 temperature and humidity sensor, and the BME 280
temperature, humidity, and atmospheric pressure sensor. The DHT
22 module proved to be too large to reliably fit within the enclosure
chosen for the project, as such the BME 280 sensor was chosen. It
interfaces with the main compute unit of the station via the 1°C
protocol.

A final choice was made when it came to the power backup of
the measurement station. A design constraint was established, that
the measurement station is required to withstand a 120-minute
power outage event without stopping the monitoring. It was quickly
established that the most resource efficient way to do this was to
utilise a UPS hat available for the Raspberry Pi 4B and modify it to
use a larger energy cell. The Waveshare Li-lon Battery HAT was
used and modified to accommodate the larger size of 18650 battery
cells. The final battery cells used were Sony US18650VTC4 2100
mAh Li-lon cells, which would provide adequate two-hour battery
backup for an expected maximum load of 1 A.

Many assembly parts needed to be 3D printed, and were
designed for ease of print, with emphasis on the ease of assembly of
the measurement station. An important part of the assembly is the
microphone windshield which is a fully custom-made assembly
consisting of two parts, between which an audio-grade microphone
protective foam is placed before screwing the part into the main
assembly.

The whole hardware of the measurement device can be seen in
Figure 1. Assembly of a single measurement station was measured
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to be around 90 minutes using simple tools. Printing of the 3D
printed parts was not included in the assembly time.

B Toct 2 e 3 s »
Figure 1. All four measurement stations made for the project with modules
shown.

3. Software solutions and networking

The measurement station base operating system is the
Raspberry Pi Bullseye OS with a kernel version of 6.1. This legacy
version of the system was chosen due to compatibility concerns
with drivers for older devices. The operating system was set up in
text-only mode. Within the operating system, an Adafruit-provided
driver was installed to allow for the interfacing of the MEMS 1°C
microphone with ALSA. The driver provides a simplified audio
device software interface, that is nonetheless enough to use the
higher-level API provided by the PortAudio package to interface
with measurement scripts.

The software solution used within the measurement station is as
modular as the hardware it runs on. It is split into multiple modules,
which are independent from each other by design and interface only
via a central overseer thread that launches appropriate module
threads at appropriate points in time. It should be noted that due to
the structure of the software it is easy to implement different
monitoring methods, and even new measurement threads. This
allows the software implementation to act as a base for future
modifiable projects.

The overseer thread launches a measurement thread at the start
of every full minute, which then opens a device handle and
performs acoustic measurements for a full minute, after the
measurement is completed, the results are appended to a file stored
in a configurable location. The threads overlap in their execution in
such a way that continuous monitoring is performed. The overseer
launches the communication and parameter calculation thread every
minute at exactly half a minute after the measurement thread begins
and reads previously saved results from a file on disk. The thread
then calculates the desired parameters and publishes them both to
another file on disk with a configurable location and to a central
server via the MQTT protocol.

All file operations are safeguarded from race conditions and
conflicts in file handling. The system overall is designed in a fail-
safe manner, meaning that even if a thread was to come across an
unhandled exception and stop unexpectedly, the event would be
logged, and another thread will start on the next measurement
period. Many of those features are user-configurable and do not
require a change in code to modify.

To ensure a great compatibility and accessibility to collected
data across many platforms, a REST APl was created. Its main
function is to be a connector for measurement stations, the database
and applications that use the data — mostly done via multiple
endpoints. The APl was created in .NET 6.0 and uses frameworks
like ASP.NET Core, Entity Framework. Due to the selected
approach of a code architecture, it is easy to expand and add new
functionalities.
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The currently selected way of utilizing the API is through a
website made in Blazor, which also uses some open-source
components, mainly for the user interface. The website provides
features to monitor and analyse the data. The main two are a map
and a variety of charts. It allows a user to watch real-time levels of
noise measured by stations.

4. Measurement accuracy validation

The main purpose of the base station is to provide accurate
sound pressure level measurements. To this end, the module was
calibrated using the anechoic chamber at AGH UST Technical
Acoustics Laboratory. Measurements were performed according to
the reference microphone method of measuring the frequency
characteristics of the measurement set-up. The method used was
inspired by the IEC 61094-3:2016 standard [9].

First, a recording was made using the reference microphone
with a known, validated frequency response. The microphone used
was a Gras 46AE measurement microphone and pre-amplifier set.
The microphone was then connected to the Gras 12AX signal
conditioner, and then finally to the USI U24XL audio interface. The
speaker used in the measurement session was a Genelec 8040BPM
studio monitor. The measurement set-up is shown in Figure 2. The
distance between the speaker and the microphone was 2 m.

a)
Anechoic chamber

Genelec
8040BPM

GRAS 46 AE

O

 |GRAS 12AX
Conditioner

PC

v

u24xL
Interface

Anechoic chamber

Genelec Measurement
8040BPM station
@ )
U24XL

Interface

Figure 2. Measurement set up for determining free-field microphone
characteristics, a) Reference microphone b) Test scenario with the
measurement station.

After performing measurements with the reference microphone,
the measurement station was placed in the same spot, as can be seen
in Figure 3 . The measurement station was positioned so that the
microphone of the station was exactly at the same distance from the
speaker as the reference microphone capsule was. Measurements
were performed by both recording the raw audio data and the sound
power levels reported by the measurement station.

Figure 3. Measurement station positioned within the anechoic chamber.
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The resulting frequency response curve of the monitoring
station can be seen in Figure 4. It can be seen that the frequency
response of the measurement set-up is not flat, and shows around 6
dB of gain around 2000 Hz, which then stays consistent up to 20
kHz. This is to be expected of a low-cost microphone and was
accounted for in the sound pressure level processing. When looking
at total A-weighted levels, the absolute error between the reference
microphone and the measurement station sound pressure level was
established to be -2.3 dB. The calculated error value is the
calibration coefficient of this microphone set-up and was put into
the configuration file for the station. The noise floor of the
microphone was also measured by leaving the station within the
anechoic chamber and performing measurements. The measured
noise floor of the microphone is 26.1 dB(A).
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Figure 4. Frequency response curve of the tested device. A sharp rise in the
response can be seen around 2000 Hz.

5. Test rollout

After calibrating measurement stations, a test rollout of the
system was performed. In total, three stations were placed in the
environment around Krakow. One was located at AGH University
D1 building, outside the laboratory window. The other two were
situated outside the windows of private apartments and connected to
the wi-fi networks available at the measurement site. Test locations
of microphones can be seen in Figure 5.

Figure 5. Station mounted outside a private apartment (top). Station
mounted at AGH D1 building (bottom).

The test was carried out through the weekend, with the stations
performing continuous measurements and sending the results to the
MQTT broker, which passed data onto the central server being
tested at the same time. After the weekend-long stress test, a long-
term test was carried out on the station at AGH. The test was
concluded after two months, due to the extreme cold conditions,
which caused the power delivery chip to malfunction. This, despite
the hardware failure is a positive result of the test, as the main goal
of the long-term test was to establish the effective operating
conditions of the station. The temperature at the moment of failure
recorded by the station was around -10°.
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6. Summary and future potential

The goal of this work was to develop an open, easily modifiable
in both hardware and software measurement station that could
monitor sound pressure levels both within rooms and in the
environment. The system was to utilise off the shelf parts with
minimal 3D printing or machining required and was to provide a
codebase that would be modular and easy to expand upon.

Future work with this project may also include a fuller
exploration of the Raspberry Pi’s computing capabilities. The
stations may be used, for example, as a base to develop a deep
learning based distributed early fault detection system for large-
scale industrial plant monitoring, the need for which is evidenced
by the impact such systems make both in industry and science [10].
With the reduced cost per station and relatively high compute
ability there are many possibilities to explore in the future.
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Abstract: The integration of neural networks has revolutionised various technological domains, including the control mechanisms of
underwater drones, especially in the context of Industry 4.0. This review explores the application of neural network architectures to improve
the navigation, stability and overall performance of underwater drones. A systematic analysis of current methods is provided, focusing on
their effectiveness in addressing challenges such as dynamic underwater environments, sensor noise, and real-time decision making. Key
advances in neural network-based control strategies are discussed. Furthermore, the integration of these networks with traditional control
systems to achieve robust and adaptive control frameworks is highlighted. Through the examination of case studies and experimental results,
this review identifies potential areas for future research and development to further the advancement of autonomous underwater vehicles

through intelligent control systems.
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1. Introduction

Over 70% of the Earth's surface is covered by water, including
vast oceans, seas and other aquatic environments. Despite their
immense size, these underwater realms remain far less explored
than the landmasses. The depth and vastness of these aquatic areas
present significant challenges and make them some of the least
understood parts of our planet.

There are many difficulties in exploring underwater
environments. Human divers face many limitations, such as the
dangers associated with high pressure, limited dive times and the
complexities of maintaining life support systems. In addition, the
sheer size and often challenging conditions of underwater areas
make direct human exploration particularly problematic. These
factors contribute to the limited understanding we have of the
underwater environment [1].

Underwater drones, also known as autonomous underwater
vehicles (AUVs) and remotely operated vehicles (ROVs), offer a
promising solution to these challenges. These drones can reach
depths and stay underwater for periods of time that are impossible
for human divers. Equipped with cameras, sensors and navigation
systems, they can collect detailed images and data from the
underwater world. This capability enables continuous monitoring
and exploration of underwater environments without the risks
associated with human diving.

2. Underwater Drone Applications

Unmanned underwater vehicles (UUVs) have a wide range of
applications in the military, scientific and industrial sectors, each of
which benefits from the unique capabilities of these advanced
machines[1], as shown in Fig.1.

In the military domain, UUVs play a key role in
enhancing national security and defence operations. They are used
extensively for surveillance, providing real-time monitoring of vast
ocean areas and detecting potential threats[2]. Anti-submarine
warfare is another critical application where UUVs detect and track
enemy submarines, significantly enhancing naval capabilities. In
addition, UUVs are being used in mine countermeasures, the
identification and neutralisation of underwater mines to ensure safe
passage for military and commercial vessels[3].

On the scientific side, drones have revolutionised marine
research and exploration. In marine biology, they enable the study
of marine ecosystems, allowing researchers to observe and analyse
underwater life in its natural habitat without human intervention.
Geological surveys benefit from UUVs through detailed mapping of
the seafloor, revealing underwater geological formations and
processes[4]. Archaeological surveys also use such vehicles to
locate and inspect underwater wreckage, providing valuable insights
into historic shipwrecks and submerged settlements[4], [5]. In
addition, UUVs are essential in tracking oil spills and gas leaks,
helping to mitigate environmental disasters and monitor their
impact on the marine environment.
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Fig. 1 UUVs applications.
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In the industrial sector, underwater drones are essential tools for
maintaining and inspecting underwater infrastructure[6], [7]. They
are used to inspect, repair and maintain underwater structures such
as pipelines, offshore platforms and cables, ensuring their integrity
and functionality[8]. UUVs and ROVs facilitate the delivery of
payloads to the seabed, supporting various subsea construction and
installation projects. They also play a vital role in search and rescue
operations, helping to quickly locate and recover objects lost at sea.
UUVs are also used to collect underwater video footage, providing
high-quality images for scientific research, environmental
monitoring and media production.
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In addition to the above, unmanned underwater vehicles are
expanding their impact in areas such as tourism, education and
recreation. In the tourism industry, UUVs provide unique
underwater experiences for tourists, such as guided tours of coral
reefs and shipwrecks, adding a new dimension to underwater
exploration without the need for diving. Educational institutions are
using UUVs to engage students in marine science through
interactive learning experiences, virtual field trips, and hands-on
training in oceanography and robotics. On the recreational side,
hobbyists and enthusiasts are using smaller, consumer-grade UUVs
for activities such as underwater photography, videography, and
personal exploration of lakes and coastal waters.

3. Challenges for Underwater Vehicle Control

The control of unmanned underwater vehicles is inherently
complex due to their multi-dimensional manoeuvrability and the
challenging marine environment. The UUV itself is a relatively
complex object to control as it has six degrees of freedom - three
translational (pitch, roll and heave) and three rotational (roll, pitch
and yaw). These degrees of freedom make the dynamics of UUVs
inherently non-linear and coupled, requiring advanced control
algorithms to effectively manage their behaviour. In addition, the
marine environment presents other challenges that complicate
control efforts[1], [9].

First of all, external ocean disturbances represented in Fig.2,
such as waves and currents (F,;), induce nonlinear damping and
perturbations of dynamic parameters. These disturbances are
usually highly unpredictable and can vary significantly in time and
space, making it difficult to maintain stable control of the UUV.

Fp
P‘
— = Fd -«
—_ -

Fig. 2 Sample external disturbances for UUV.

Secondly, structural changes to the vehicle, whether due to
modifications, wear or load variations, can alter its hydrodynamic
parameters. The motion of the UUV itself also affects these
parameters, adding another layer of uncertainty to the dynamic
model. Variations in buoyancy (F,), which can occur due to load
changes or internal ballast adjustments, have a significant impact on
the stability and control of the vehicle. In addition, increasing water
pressures (P) at greater depths affect the structure and buoyancy of
the vehicle, as well as the performance of its sensors and actuators.
These factors require adaptive control strategies that can respond to
such variations in real time, ensuring that the UUV can maintain its
intended trajectory and operational effectiveness.

Thirdly, obtaining accurate sensor signals is problematic due to
several factors. Communication delays and ocean noise can result in
missing or corrupted velocity data, making it difficult for the
controller to make timely and accurate adjustments. In addition,
due to the underwater operating environment, such vehicles are
often unable to acquire GPS data, which is advantageous for
determining precise position and speed in classic autonomous
vehicle navigation. This lack of reliable GPS information forces
reliance on alternative, often less accurate, navigation methods. The
harsh marine environment, characterised by high pressure, low
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temperatures and the possible presence of biofouling, places
additional constraints on sensor performance. Low-cost sensors,
often used to keep the overall cost of UUVs manageable, are
particularly susceptible to these challenges, making it difficult to
filter out ocean noise and obtain reliable measurements.

In the context of Industry 4.0 standards and concepts,
overcoming these challenges is critical to advancing the autonomy
and efficiency of UUVs. The integration of smart sensors and
advanced data analytics, key components of Industry 4.0, can
improve the performance and reliability of UUVs. By using real-
time data processing, machine learning algorithms and robust
communication networks, UUVs can achieve better situational
awareness and adaptive control. These technologies can help
mitigate the effects of sensor inaccuracies and environmental noise,
ensuring more accurate speed and position estimates. The adoption
of digital twin technology, another Industry 4.0 concept, can further
improve the design and operation of UUVs by enabling virtual
simulations and predictive maintenance, ultimately leading to more
resilient and efficient underwater operations.

4. Reinforcement Learning Integration

Given the challenges of traditional control approaches for
complex and uncertain environments, such as those faced by
unmanned underwater vehicles, reinforcement learning (RL)
emerges as a promising solution[10], [11], [12], [13]. RL, a branch
of machine learning, addresses decision problems in dynamic and
uncertain environments by learning policies to determine actions in
a given state to achieve specific goals. In particular, RL offers
several advantages in system control. It enables adaptation to
changing environments, resilience to external disturbances, and
control of systems with uncertain behaviour. RL works through
stages of exploration, learning and active learning, allowing the
agent to continuously improve its policies based on the rewards it
receives.

In a conventional unmanned underwater vehicle control system,
a feedback controller can be used to observe the state of the UUV
and use pre-determined gains to generate a feedback signal that is
then used to adjust the behaviour of the UUV. This controller
receives feedback from the UUV's sensors, measures its response to
the actions that are applied, and refines its behaviour over time in
response.

In a reinforcement learning system, however, the traditional
controller is replaced by an agent. This agent interacts directly with
the UUV, acting as a controller, and receives a reward signal from
the environment. The agent uses this reward signal to learn which
actions yield the maximum reward, effectively controlling the
UUV. A schematic of such a structure is depicted in Fig. 3.

Enviroment

Reward State

Agent g——

Fig. 3 RL control system

The process of control within this RL based control system
unfolds in the following way: Firstly, the agent observes the state of
the UUV. It then takes an action that generates feedback gains.
Next, the UUV, which is the object and therefore part of the
environment, receives a control signal calculated as the difference
between the setpoint and the action taken by the agent. The
environment then provides the agent with a reward signal based on



INDUSTRY 4.0 2024, SUMMER SESSION, vol 1

the UUV's response to the action. The agent then updates its policy
based on this reward signal, and the process repeats. A key
difference between a traditional feedback control system and an
RL-based system is that in the latter operation there is no model of
the UUV applied. Instead, the agent learns to control the UUV
through direct interaction, with the reward signal serving as the
primary source of information for learning and adaptation. This
characteristic makes RL-based control systems particularly well-
suited to dealing with the complexity and uncertainty inherent in
controlling  UUVs in dynamic and unpredictable marine
environments.

RL operates through exploration, learning, and active learning
stages, allowing the agent to continually improve its policies based
on received rewards.

Exploration is the initial phase of neural network training where
the agent interacts with its environment by experimenting with
different actions. Through this process, the agent attempts to gain
insight into the dynamics of the environment and to identify
patterns regarding which actions lead to favourable outcomes or
rewards. Exploration serves as the basis for the agent's
understanding of the complexity of the environment and helps it to
develop effective decision-making strategies.

The exploration phase is followed by the learning phase, the
iterative process by which the agent enhances its understanding of
the environment and refines its decision policies. Using the data
collected during exploration, the agent uses complex algorithms to
identify underlying patterns and correlations between actions and
rewards. Through continuous iteration and adaptation, the agent
incrementally improves its decision-making capabilities and
gradually refines its policies to maximise cumulative rewards over
time.

The final stage of the RL process is active learning, in which the
agent focuses its attention on states and actions that offer the
greatest potential for reward. Based on the knowledge gained during
exploration and learning, the agent strategically allocates its
resources towards actions that yield the most beneficial outcomes.

Reinforcement Learning (RL) offers several notable advantages
in the field of system control. Firstly, RL facilitates adaptation,
enabling agents to adapt seamlessly to a dynamic environment.
With the ability to update policies in response to environmental
changes, RL ensures that satisfactory levels of performance are
consistently maintained. Secondly RL exhibits resilience in the face
of perturbations. Even in the presence of environmental
disturbances, RL-enabled agents can continue to perform optimally,
demonstrating a robustness that increases system reliability. In
addition, RL proves invaluable in dealing with uncertainty,
particularly in systems where complete knowledge of behaviour is
lacking. By learning policies that provide satisfactory levels of
performance despite incomplete understanding of the system, RL
enables effective control in uncertain environments.

5. Artificial Intelligence Applications in UUVs

Alternative approaches to the control of underwater vehicles are
also proposed, focusing on the implementation of a neural network-
based self-tuning PID controller[14], [15], [16]. Unlike traditional
PID controllers, which require manual tuning and can be difficult to
adapt to changing conditions, this method uses neural networks to
automatically adjust PID gains in real time. This is particularly
important for underwater vehicles, where parameters such as
weight, buoyancy and added mass can vary significantly due to
factors such as attached tools or environmental conditions such as
ocean currents. By using neural networks, the controller can
continuously estimate and optimise the PID gains to ensure stability
and accurate position tracking even in dynamic and uncertain
environments.

Neural networks can be found in navigation systems,
demonstrate their versatility by addressing the challenge of
accurately modelling thrust in practical trajectory control
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scenarios[17]. Instead of relying on accurate thrust models, some
innovative approaches directly design the thruster control voltage as
a system input. Using Taylor's polynomial, the trajectory tracking
error system can be transformed into a nonlinear system format with
the control voltage as the input. An innovative method uses an
adaptive sliding mode control approach incorporating a local
recurrent neural network to estimate the unknown components of
the system. In order to overcome the chattering problem associated
with sliding mode control, a switching gain adjustment method
based on an exponential function is proposed. The effectiveness of
this approach is underlined by Lyapunov theory, which confirms
that the trajectory tracking error remains uniformly bounded.

Another application of artificial neural networks in underwater
navigation is the development of an adaptive path planning
system[18], [19]. Based on real-time environmental data and
potential obstacles, such a system uses ANNs to dynamically adjust
the AUV's route. By integrating data from sensors such as sonar,
Doppler velocity logs and inertial measurement units, the ANN can
predict and respond to changes in the underwater environment,
optimising the AUV's trajectory for efficiency and safety. This
adaptive path planning system enhances the AUV's ability to
navigate complex underwater terrain and maintain high
performance in various conditions, such as strong currents or low
visibility. The implementation of this ANN-based system
significantly improves the operational autonomy and reliability of
the AUV, making it an invaluable tool for underwater exploration,
scientific research and environmental monitoring.

Enhancing the self-localisation capabilities of autonomous
underwater vehicles is another notable application of artificial
neural networks in underwater navigation[20], [21], [22]. Given the
limitations of traditional global positioning systems and the
challenging nature of the underwater environment, ANNs can be
used to improve the accuracy and efficiency of localisation based on
on-board sensors. By integrating data from multiple sensors, such as
inertial measurement units, depth sensors and sonar, ANNs can
effectively process and filter noisy and dynamic sensory
information. This approach addresses the shortcomings of
conventional multi-sensor fusion algorithms, which struggle with
non-Gaussian noise and computational inefficiencies. ANNs can
learn complex patterns and relationships within the sensor data,
enabling more robust and real-time localisation. This advancement
not only improves autonomous navigation of underwater robots, but
also reduces computational costs, making it a critical development
for underwater exploration and surveillance missions.

The use of neural networks to identify models for underwater
vehicles represents a significant advance in dealing with uncertainty
in dynamic systems[23], [24]. Instead of using neural networks in
parallel with known models to broadly account for unmodeled
phenomena, approaches are proposed that use domain-specific
knowledge to target the most uncertain parts of the model. For
example, neural networks are used to accurately identify the
damping characteristics of underwater vehicles, which are
notoriously difficult to model due to their complex interactions with
the fluid environment. The effectiveness of this neural network
based identification is validated through simulations where the
neural networks are integrated into a feedforward controller. These
simulations highlight the advantages of neural networks in online
learning and demonstrate their robustness in scenarios with noisy
measurements and varying dynamics, such as those caused by
changes in the vehicle's toolskid. This method enhances the
accuracy and adaptability of the model, which is crucial for the
reliable operation of underwater vehicles in diverse and challenging
environments.

A major step forward in improving the autonomous capabilities
of unmanned underwater vehicles is the integration of neural
networks into their obstacle avoidance planning[25], [26]. There are
proposed approaches that use a recurrent neural network with
convolution to improve obstacle avoidance planning. The method
reduces the number of parameters while improving feature
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extraction capabilities by incorporating convolution instead of full
connection in the standard recurrent neural network. By generating
training and test data sets and integrating multibeam forward-
looking sonar data, the proposed learning system can autonomously
perform obstacle avoidance for UUVs in real time.
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BbpXy HIKOH aCIEKTH HA ,,0TBOPEHHUTE JAHHU
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Pestome: 'onemusm unmepec, koumo npeouseuxa ChatGPT, nocmasu axyenm ne camo vpxy conemume e3uxogu modeau [Large language
models (LLM)/. Bcexu eoun LLM mpsbea da 6w0e 0Oyuen 6bpxy 20iam 0bem OAHHU U HAU-4eCmo Mo8d CA PA3IUYHU MACUSU OM OAHHU C
omeopen 0ocmvn. Yckopenomo eveedcoane 6 npaxmuxama Ha npedgapumentno odyyenu LLM ¢oxycupa snauumenen ummepec u no
memama 3a ,,omeopenume oannu ‘. Hawemo uscieosane onucea CoCMosHUemo U 8b3MONCHOCHUMe 3a 00CMbi 00 HAYUOHATHU ,, OTNEOPEHU
Oannu “ 6 Bwneapus. Hznonzeaxme peduya uscneosanus, kamo mesu Ha Ceemosnama 6anka, PARIS21 u Open Data Watch - Open Data
Inventory (ODIN), 3a da ananuzupame 0okoako ,,neinu‘ ca HAIUMHUME HAYUOHALHU ,, 0meopeHu Oannu‘ 6 Bvicapus u oamu me
0M206apam HA MeNCOYHapOOHume cmanoapmu 3a omxpumocm. Pesyimamume 3a noxpumue ce ocnosasam Ha HAIUYUEMO HA KIIOYOBU
munose u cpynu om OaHHU, 3 KOUMO €A OOCHBIHU U ROOXOOSWU pa3ousKu KaKkmo 6v8 8pemMemo, makda u no OMHOWEHUe HA PA3TUYHU
eeoepagcku noopazoeneHus. AHAIU3LM 34 OMBOPEHOCH Ce OCHO8A6A HA MO08A Odlu U OOKOJIKO OAHHUMmMe ca OOCMBNHU 34 usmensHe,
U3NOA38aHE U NOBMOPHO UNONZ6AHE 6 MAWUHHO YeMUMU U HENAMEHMOBAHU POpMAmu, 0 ca HATUYHY 6 HeOOXOOUMUA 0DeM U KA4ecmeo
C8bP3AHUME ¢ MAX MEMAOAHHU, OANU CHUWECBY8AM ONYUY 34 U3Me2liaHe Kamo epynoso usmeisaue uiu APl u 0okoaxko ca npunosxcumu 3a
MAX OMBOPEHU YCIOBUA 3A USNON36AHE UIU TUYEH3 3a OAHHU. B 3aKmioueHue ca HANpAseHu U HAKOU NpedNodceHus 3a nodobpasaue u
paswupseane Ha OOCMbNA U C8bP3BAHEMO HA ,, OMEOPEHU OaHHU * 3a U3C1e008AMENCKU U OUHEC Yelu.

Knrouosu oymu: omeopenu oannu, omsopenu oannu 8 bvieapus, uskycmeen unmenexm, uHOUKamMopu 3a OMEOPeHu OAHHU, NPO3PAYHOCT

On some aspects of ""open data"*
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Abstract: The great interest caused by ChatGPT put emphasis not only on Large Language Models (LLM). Every single LLM must be
trained on a large amount of data, and most often it is a variety of open access data sets. The accelerated deployment of pre-trained LLMs
has also focused considerable interest on the topic of ‘open data’. Our research describes the state and possibilities of access to national
"open data" in Bulgaria. We used data from The World Bank, PARIS21 and Open Data Watch - Open Data Inventory (ODIN) to analyze
how "complete” is the available national "open data" in Bulgaria and whether it meets international standards for openness. Coverage
results are based on the availability of key types and groups of data for which appropriate breakdowns are available, both over time and
across different geographic divisions. An openness analysis is based on whether and to what extent the data are available for download, use
and reuse in machine-readable and non-proprietary formats, whether the associated metadata is available in the required volume and
quality, whether download options such as bulk downloads exist or APIs, and to what extent open terms of use or data license are applicable
to them. In conclusion, some proposals are also made to improve and expand access to and linking of "open data” for research and business
purposes.

Keywords: open data, Bulgaria open data, artificial intelligence, open data indicators, transparency

1. Bveeoenue
I[HCC MPO3pavYHOCTTa C€ CHUTA 3a KIIFOUOBAa XapaKTCPUCTUKaA Ha

[Iporuyamniyre npe3 MOCAEAHUTE TOAUHU YCKOPEHU TEHIEHIH J0o6poto  ympasneHue. IlouTn 6e3CHOPHO  KOHIEMIMATA €
3a JWTHTANW3aIMsg W JUTHUTaTHAa TpaHchopMalus BHB BCHYKH npujo0uIa BaXXKHOCT KaKTO B aKaJeMHYHHMTE CPely, Taka U B
€JIEMEHTH Ha HWKOHOMHKAaTa M IIOJIMTUYECKOTO YIpaBJIEHUE CpeiuTe Ha MNPAKTULUTE IOPaid CMIHATA CHM IIPUCHINA W/UIH
JIEMOHCTpUpAT IO  BIeYaT/sABall HAuMH MOTEHIHala Ha WHCTpyMEHTanHa croHocT. [Ipe3 mocinenHuTe TOAMHU ce
YIpaBIsBaHUTE OT AaHHH MPWIOKEHHS 32 MAaNIMHHO OOY4YeHHE U HA0III0JaBaT 3aCWIBAIIY CE IO3UTHBHU TEHJEHIMH 110 OTHOIIEHUE
TEXHOJIOTHUTE C €NeMEHTH Ha u3KycTBeH wuHTenekr (UU). Ha rn00anHus, pPErHOHANHUS M HAIUMOHAIHMS KalalUTeT Ha
AXTyanHuTe mnpe3 MocjaeJHUTe TOJUHU TEXHOJIOTHH KaTo aHalu3 U JBPIKAaBUTE J1a Ch3/aBAT, CIOAENAT, MyOIUKyBaT U MPEU3NON3BAT
MOJICJIMpaHe Ha roJIeMM JIaHHH, OTBOPCHM MPABUTCIICTBCHU JaHHU U CTaTUCTMYECKU U ,,0TBOPEHM JAHHM, KAKTO U HApacTBaIlOTO UM

U (Big Data and Open Government Data Analytics and Avrtificial BB3/ICHCTBIE BBPXY NPABUTEICTBEHNTE MOIUTUKH [8].
intelligence - BD&OGDA&AI) u T1axHata HWHTErpanus B
OpPraHUu3allMOHHUTE TMPAKTUKKA W [OpoHeAypU HMAT 3HAYUTCIIHO
B’LSZ[GﬁCTBI/ICTO BbpPXY HKOHOMHKATa, 06IIIeCTB€HI/ISI JKHUBOT,
OpO3pavHOCTTa HAa MOJUTHYCCKOTO YIIPABJICHUE U eq)eKTI/IBHOCTTa
Ha aJIMUHUCTpATUBHUTE 1 OusHec mpoiecu [1-6].

B cBoe akryanHo mciaexsane Krah, R. D. Y., & Mertens, G.
yCTAaHOBSIBAT 3a0CNEKUTEICH PBCT B OpOsS M KadecTBOTO Ha
M3CIE[BAHMATA, I[IOCBETCHH HA TeMmara 3a MPO3PayHOCTTa Ha
MECTHOTO YIpPaBICHHWE, KAaTo TS € HAW-CHIHO 3aCThIICHA II0
OTHOIIEHHE Ha MecTHUTe BiacTH B EBpoma u CeBepHa AMepHKa.

VHTerpupaHeTo Ha OTBOPEHU HMH(PACTPYKTYPH 32 JaHHH I ABTOpHTE Ha TOBa H3CJIEABAaHE YCTAaHOBSBAT, Y€ COLMAIHUTE,
naze BB3MOXKHOCT Ha Al 1a ce M3Ioi3Ba B IMOYTH BCsiKa 00JacT Ha UKOHOMUYECKUTE, MOJITUTUIECKUTE U MHCTUTYIHUOHAJITHUTE CbaKTOpM
UKOHOMUYECKMS ¥ OOLIECTBEH SKMBOT. IlpuimaraHero Ha  0OAcHABAaT Tasu TennaeHuus. Habmonasana e nobpa mpaktuka Ha
METOI0JIOTHH 3a 3a1bJ00ueHo 00y4yenue Ha MU u crionensHeTo Ha MECTHMTE BIACTH C H3MOJI3BAaHETO Ha HMH(MOPMALMOHHHUTE
KOJI M JaHHH BCE OLIE Ca B PaHEH €Tall ¥ U3HCKBAT pa3pabOoTBaHETO TEXHOJIOTHH Jja OBbJie CBBP3BAHO U MOBHIIABAHE HA IIPO3PAYHOCTTA
Ha MOBeYe CTaHAapTH. MHOTO OT MOJIEJIUTE BCE OIIE ce 00ydaBaT OT Ha TOJIMTUYECKOTO yIpaBieHHe. HaTHCKBT MECTHHTE BIIaCTH 1A
HyJaTa ¢ IIOMOIITa HA BETPEIIHN ChPBBPH U IpaMIHU IPOLECOPH, ObAaT MpO3pavyHU JI0 TOJsIMa CTEHEH Ce CBbpP3Ba C IPHEMaHETO Ha
KOETO OTHEMa BpeMe U orpaHuvasa rpoueca [7]. 3aKOHH 32 OTBOpeHU fanuu [9].
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2. Memoouka 3a ananus Ha CoCMOAHUEINO

CopmiecTByBa OOCKTHBHa HEOOXOAMMOCT BCSKAa  OTJENHA
IbpKaBa Ja MO)Ke Oe3NMpPHCTPAcTHO Aa MPOCIeNsiBa HANpeabka CH
10 OTHOUIEHWE Ha BB3MOXKHOCTHTE Ha OW3Heca M JIbp)KaBHUTE
aMUHUCTPATHBHM OPraHH Jla Ch3]aBaT, CIIOACIAT, MyOIUKyBaT M
HPEUsIoi3BaT ,,0TBOPEHH AAHHHU MO yZOOCH M JOCTBIICH HA4yMH.
BaxHO € Ja ce MOCTUTHE KOHCEHCYC M OKOJIO OOIIOBB3NPHETH
pedepeHTHN TOKa3aTeian, ¢ MOMOIITa Ha KOMTO Ja MOraT Ja ce
OLCHSBAT W aHANIW3UpaT oOXBarbT W  OTBOPCHOCTTa Ha
O(HLIHATHATE CTATUCTHYCCKH TAHHH.

Benuku odunmanHu JaHHU 3a ajicHa TbpiKaBa, MyOJIHKYBaHU
MUPEKTHO HAa CHCHUATM3HPAHHUTE JbpKaBHH IwiatrhopMu 32
,»OTBOPEHU JaHHU WM Ha IUIaTGOpPMHTE 3a JOCTHII A0 OpHULHATHA
cTaTHCTHYecKa HH(pOpMAlUs Ha CHOTBETHUTE HAMOHAIHU
CTaTHCTUYECKH MHCTUTYTH U IbPXKABHH aIMUHHCTPATUBHU OpPTaHU
(BKJIFOYMTENHO MECTHHU BJACTH), TpsAOBa na OBJAT OLEHEHH KaTo
4acT OT TO3M IMPOIIEC Ha OICHKA.

Msoro no0Bp mpumep B TOBa OTHOIICHHE € HWHHUIMATHBaTa
PARIS21 (https://paris21.0rg/), kosito cTaptupa npe3 ampui 2019 r.
M ¥WMa 3a [eJ 3a Ja ONUWIle TEHICHIMUTE B TIJI00aNHUA,
perMOHANHMSA W HALMOHAIHHMSA  CTATUCTHYECKH  KalaluTer.
Munnnatueata PARIS21 nabmogasa u myOaukyBa nHGOpManus 3a
okoyo 100 nHANKATOpa, a MHTYUTUBHUAT HHTEPAKTUBEH HHTEpdelic
TpaBu Teorpa)CKOTO W CEKTOPHO CpaBHSIBAHE M aHAIH3 OBp3U U
necHu. Pesynrtature oT MOHMTOpHMHra ce Kiacuduumpar B meT
OCHOBHH T'pYIIH:

e [lnaHupaHe Ha MPOLECHTE MO OCUTYPSIBAHE HA ITBJIHU,
TOYHU U aKTYaJIHU JaHHH;

e IIpou3BoACTBO:  MHPOLECHT Ha KOHCTPYHpPaHE Ha
MAacHUBHTE OT JaHHH,

e  PasmpocTpaHeHHe: HaYMHHMTE 3a JOCTBHI 10 M 32
IIKPOKOTO PA3NpOCTPaHEHNHE Ha HATMYHUTE JaHHH;

e  VYmorpeba: rpaMOTHOCT Ha MOTPEOUTENHNTE HA TaHHH;

e UnBectMiuM: OTHeNsiHE HAa (PUHAHCOBM M JpYrH
pecypcu  3a  MOJIPBXKKA WM pa3BUTHE  HA
CBILECTBYBAIIUTE MIAaTHOPMH.

TomsiMa 49acT OT MOKa3aTeiauTe ca C TOMHIIHA MEPHOTUYHOCT.
[ToTpeburenute MOTaT Aa BU3YAIM3UPAT JAHHHUTE U JIa KPhCTOCBAT
pa3MvHU  BHIOBE HWHAWKATOpu. M3crmemBaHero oOxBama 242
JUbPKABH.

Jlpyr no0bp mpuMep B TOBa OTHOIICHWE € MHHUIIMATHBATa 32
uHBeHTapu3anmATa Ha ortBopeHu naHan (ODIN) ma Open Data
Watch (https://opendatawatch.com/), kosito u3MepBa HTOKOJKO
W3YepnaTeNiHil ca HaIWYHUTE B JajZieHa Ibp)kaBa IUIaTGOpPMH 32
JOCTBI 10 ,,O0TBOPEHH JAAHHU® W Jald T€ OTroBapArT Ha
MEXIyHapoAHUTe cTaHAapTd 3a oTBopeHocT. ODIN ouenssa
00XBaTa ¥ OTBOPCHOCTTa HA O(UIIHATHUTE CTATHCTHUCCKH JAHHH,
3a Ja WACHTUQHIMPA TNPOMYCKH, Na HACHhPYM MOJUTHKH 32
OTBOPEHM JaHHM, Ja MOJOOpH NOCThIA M Ja YJIECHH Iuajora
MEXy HAIMOHAITHATE CTATHCTHYECKH CITY>KOU U MOTpeOUTEINTE Ha
MaHHU. Pesynrathre 3a MOKPHUTHE CE€ OMPENENsT Bb3 OCHOBA Ha
HAIMYMETO Ha KIFOYOBH WHAWKATOPH C MOAXOISIIN pa30WBKU BHB
BpeMeTO H 3a reorpad)CKH ToOApas3zieneHus. Pesynratute 3a
OTBOPEHOCT M3MepBaT JAajd JaHHUTE MOTaT JIECHO Ja ObaaT
HU3TCIJICHW B MAaIIMHHO YETHMHU U HCIATCHTOBAHHU d)OpMaTI/l,
noaabpKaTr JM C€ C METaJaHHU, MMaT MHOXKECTBO OIINUH 3a
M3TEINIIHE KaTo TPYMOBO M3TEIJIssHE M M300p Ha MOTpPeOHTEN WM
API u nputexaBaT OTBOPEHH YCJIOBHSA 3a M3MOJI3BAaHE WM JIMLIEH3H
3a JaHHU. AKTYaITHOTO M3Clie/iBaHe 3a mepuoaa 2022/23 r. o6xBaima
195 nbpkaBu.

CaeroHara 6anka (The World Bank) cpmo cs6upa, anammsupa
¥ myOJIMKyBa akTyallHa HHPOPMAIHS 32 TCHICHIMUTE B TII00ATHUS,
pPErHOHAHMS ¥ HALMOHAJIHUS KamalUTeT Ha [Ibp)KaBUTE Ja
Ch3JaBaT, CIIOJCIIAT, MyOJIUKYBaT U IPEHU3ION3BaT CTATUCTHICCKH 1
,»OTBOPEHU NaHHHU . MeTtoandeckaTa pamka Ha CBeToBHaTa OaHKa
(https://www.worldbank.org/en/programs/statistical-performance-
indicators/Framework) orensiBa 3penocrra u e(pEeKTHBHOCTTA Ha

HALMOHAIHUTE CTaTHCTUYECKH CHCTEMH B MET KIIOYOBH OOJIACTH,
HapeueHu crhibose. [lerre crenba ca: (1) M3non3sane Ha naHHH,
(2) Yenyru 3a pannu, (3) Ilponyktu ¢ nanny, (4) M3tounnnu Ha
nanau u (5) Uudpactpykrypa 3a ganHu. Beeku oT Te3u cThiboBe
ce TOAIbpXKA OT 4YETHPH WIM II€T H3MEPEHHs U H3I0J3Ba
neUHApaHM W HAJIWYHU Karo ,,0TBOPEHH IaHHW® WHIMKATOPH.
AkryanHOTO H3cieaBane 3a 2022 r. obxBamia 217 abpKaBy.

3. Ananusz na cocmosnuemo

PARIS21 Statistical Capacity Monitor, 6asupan Ha WGI, ¢
mrotBeH ot Daniel Kaufmann (Muctutyr 3a ympapieHne Ha
npuponHute pecypcu u  Brookings Institution) u Aart Kraay
(M3cnemoBareiicka rpymna 3a pa3sutie Ha CBeToBHaTa OaHKa).

PARIS21 unHauKaTOphT 3a PErylaTOPHO KadeCcTBO OLCHS;BA
CIIOCOOHOCTTAa Ha OTACNHUTE IpPABUTENCTBA Aa (opMynupar u
MpUIaraT CTaOUIHH TOMUTHKY U pa3nopeadu, KOUTO MO3BOJISBAT U
HachpyaBaT pa3BUTUETO HA dYacTHHA cekrop. B Tabm 1 ca
npencTaBeHu naHHute 3a bobarapus, WM3rouna Espona um EBpoma
KaTo 1110 B iepuona ot 2004 no 2019 r.

Taonuya 1. Hrnoukamop 3a pe2yiamopHo Kauecmeo
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T'opuna Brirapus N3royna EBpomna EBpomna
2004 72.4138 59.0148 76.8966
2005 69.1177 57.1569 74.8565
2006 68.1373 57.6961 75.1674
2007 70.8738 59.0777 76.8056
2008 72.8155 60.1456 77.2792
2009 72.7273 60.6220 77.2319
2010 74.1627 61.0526 77.1735
2011 70.6161 60.0000 76.7657
2012 69.6682 59.1469 76.4883
2013 68.2464 59.3839 76.8928
2014 70.6731 59.5673 76.1609
2015 70.6731 58.3173 76.3602
2016 73.5577 59.5192 76.5830
2017 72.5962 60.9135 77.4508
2018 72.5962 60.6731 77.8494
2019 71.1539 62.5000 78.5413
Qurypa 1 wmocTpupa JUHAMMKaTa Ha HMHJIUKaTOopa 3a

peryiaTtopHo KadecTBo B eprozaa ot 2004 mo 2019 r.

o BLAT3PUA e W10 EBPONE apona
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Duz. 1. Hnouxamop 3a pe2ynamopHo Kaiecmeo

ToBa, KkOeTo MoOXeM naa OTOeNeKHMM MO OTHOLIEHHE Ha
MHMKATOpa 3a peryiaTopHo KadecTBO B bwirapus, e naumcara Ha
SCHO U3pa3eHa TeHAeHLus. [lBeTe My Hail-HUCKH HUBa ca npe3 2006
r. (68.1373) u mpe3 2013 1. (68.2464). HuBaTta Ha TO3U UHIUKATOP
3a crpanute oT M3rouyHa EBpomna ocraBar TpailHO MO-HHMCKH, C SICHO
u3pa3eHa TEHICHLMS 3a IOKayBaHE IMpe3 MOCICAHUTE TOIMHH.
Coara TeHJeHIMs Ha0moxaBaMe U 110 OTHOIICHUE Ha JAaHHUTE 32
EBpona kato usio, KbIETO U CTOMHOCTUTE Ha MHIMKATOpa ca Io-
BHCOKH OT Te3H 3a bwirapus npes enus HaOoaBaH neprol.

ODIN uHAMKAaTOPBT 3a OTBOPEHOCT HAa AaHHUTE ce Oasumpa Ha
Open Data Watch - Open Data Inventory. To3u uHAMKaTOp Ce
6a31/1pa Ha CJICHHUTC IICT IOKa3aTejid 3a OTBOPEHOCT Ha JIAHHUTE:



https://paris21.org/
https://opendatawatch.com/
https://www.worldbank.org/en/programs/statistical-performance-indicators/Framework
https://www.worldbank.org/en/programs/statistical-performance-indicators/Framework
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(1) mammnua yerumoct, (2) HemaTeHToBaH Qopmar; (3) omuuu 3a
usterisue, (4) HamumyHoct Ha MeraganHu W (5) OesmiatHu U
HEOrPaHUYCHH YCIIOBHS 32 MOJI3BAHE.

B T1abn. 2 ca mpencraBenu maHHuTe 3a bbarapus, M3rouna
EBpona u EBpona xato o B nepuoga ot 2015 no 2020 r.

Taonuya 2: ODIN Hnouxamop 3a omeopenocm na oannume

T'opuna Boarapus W3zrouna EBpomna EBpomna
2015 108.9000 121.4571 111.1250
2016 172.8000 161.8636 184.8450
2017 248.4000 176.9727 187.6071
2018 210.9000 192.7200 201.0805
2020 219.6000 217.3200 208.8214

Qdurypa 2 wiocTpupa IWHAMHKAaTa Ha HMHAMKATOpa 3a
OTBOPEHOCT Ha JaHHuTe B nepuona ot 2015 1o 2020 r.

w— BbATAPUA e |13TONHA EBpONA EBpona
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@uz. 2. ODIN Huouxamop 3a omsopenocm na oannume

Ilo oTHOmIEHNE HA WHAWKATOpa 32 OTBOPEHOCT Ha JaHHHTE 3a
Benrapus HaGmomaBaMe aHaNOTMYHA JIMIICA Ha SCHO H3pa3eHa
tenaeHuus. Jlokaro nannure 3a M3rouna EBpona u 3a EBpona xato
IUTO TIOKa3BaT SICHO W3pa3eHa TEeHAEHIMS 3a HapacTBaHE, B
Bbarapust To3u mokaszaten € Ha Hali-HUCKOTO CH HHUBO B HAYaJlOTO
Ha HaOMIOJaBaHWs TIEPUOJ M H30CTaBa KakTo chpsMo M3rouna
EBpomna, Taka u crnpsimo EBpona kato usno. B nepuozna ot 2015 no
2017 r. 3a bearapus ce Habr01aBa M3MPEBapBallaTa TCHACHIUS 3a
HapacTBaHE II0 OTHOIIEHWE HAa TO3M MOKas3aTel M TOW IOCTHra
3HAUUTENIHO TO-BUCOKM OT CpPEJHOEBPOIEHCKUTE CTOMHOCTH
(248.4000). TIpez 2018 r. wumame OBpP30 BpbBIIAHE KbM
CpeIHOeBpONEHCKNTe HUBA M MOCHE[BAIlla TEHACHIHUS 32 OaBHO
MOKayBaHe, KAaTO HUBOTO Ha HHIWKAaTOpa ce [Io0imKkaBa a0
CpEeIHHTE eBPOIEHCKH HUBA.

PARIS2]1 wuHAMKAaTOpbT 3a HKOHOMHYECKA CTATUCTHUKA Ce
Gasupa Ha Open Data Watch - Open Data Inventory. Tosu
HMHJIIKATOp ce 0a3upa Ha CIIEIHHUTE IIECT eJIeMEHTa Ha OTKPUTOCT:
(1) Hartmonamam cmetkwy, (2) Cratuctuka Ha Tpy/a, (3) Manexcn Ha
uenwnre, (4) JbpxaBau ¢unancu, (5) [lapu u GankoBo nemno, (5)
MexayHaponna teproBus, (6) Ilmarexen Oamanc. B Tabm. 3 ca
npejacTaBeHu AaHHuTe 3a bbarapus, M3rouna EBpoma n EBpoma
KaTo 10 B nepuoga ot 2015 no 2020 r.

Taénuya 3. Unouxamop 3a ukonHomuyecka Cmamucmuka

durypa 3 wnoctpupa JMHAMHKaTa Ha HMHIMKaTopa 3a
HMKOHOMHKYECKa cTaTHCTHKa B epuona ot 2015 no 2020 r. Kakro ce
BIKIa Ha Qur. 3, MHOMKaTOPBT 32 MKOHOMMYECKA CTATHCTHUKA
clieiBa ChlllaTa JMHAMHKa, KaKBaTO HaOII0aBaXMe MO OTHOLICHUE
Ha MHIHUKATOpa 32 OTBOPEHOCT Ha JaHHUTE.

e hATAPUA == |13TOYMHa EBpONA EBpona
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@uez. 3. Hnouxamop 3a uKoHoMu1ecka cmamucmuka

WHaukaTopbT 3a oOXBaTra Ha JAaHHUTE OT HMKOHOMHYECKAaTa
craructrka ce 6asupa Ha Open Data Watch - Open Data Inventory.
B tabmn. 4 ca nmpeacraBenn naHaute 3a benrapus, M3rouna Epona
u EBpona kato 1110 B mepuona ot 2015 1o 2020 r.

Taonuya 4: Unouxamop 3a obxeama Ha OAHHUME OM UKOHOMUYECKAMA
CIMamucmuxa

T'opuHa Boirapus N3rouyna EBpomna EBpomna
2015 222.3000 214.3286 183.8000
2016 222.3000 205.0636 211.2000
2017 233.4000 204.5727 201.5571
2018 219.3000 230.1900 222.8049
2020 253.8000 243.9900 230.8000

T'opuna Brnrapus N3zrouna Espomna Espomna
2015 166.8000 166.8857 145.1250
2016 203.1000 183.8182 203.6250
2017 244.5000 196.8273 203.2000
2018 231.0000 216.8700 219.3732
2020 238.5000 236.3700 229.5357
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Odurypa 4 wmocTpupa TMHAMHKATa Ha MHIUKATOpa 3a oOxBara
Ha JAHHUTE OT MKOHOMHMYECKATa CTaTUCTHKA B nepuojaa ot 2015 no
2020 T.

e LbLATAPHA === |{3TOYHA EBpONA Eepona
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Quz. 4. HUnouxamop 3a 00X6ama HA OAHHUME OM UKOHOMUYECKama
cmamucmuxa

Kakto ce Bmkma Ha ¢ur. 4, QMHAMHKATa MO OTHOIICHHE HA
MHAMKaTopa 3a oOxBaTa Ha JaHHUTE OT HKOHOMHYECKara
CTaTHCTHKA € JOoCTa Mo pa3sHooOpasHa. [lo oTHomeHWe Ha TO3M
WHAUKaTop bbarapus TtpaitHo mMMa mo-moOpo mpencTaBsHE OT
cpenaute 3a M3rouna EBpona u 3a EBpona kaTo 111710 HUBa ¢ €IHO
Manko m3KmodeHue mpe3 2018 r., korato ce HaOmoOmaBa M Hai-
HHUCKaTa My cToiHOCT (219.3) 3a menus aHanM3upaH nepuoi. 3a
Wzrouna EBpoma HabmronaBame HaMalsBaIld CTOWHOCTH Ha
uHaukaropa po 2017 r., mocneaBaHu OT Obp3a TEHACHLUS 3a
HapacTBaHE Mpe3 CIIEABAILUTE T'OAUHU U Hali-BUCOKA CTOMHOCT Ipe3
2020 r. CroifHOCTHTE Ha MHIVKATOpa 3a 00XBaTa HA JaHHHUTE OT
MKOHOMMYECKaTa CTAaTHCTHKa 3a EBpoIla kaTto II0 CTapTHpar oT
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MHoro Hucko HuBO (183.8) mpe3 2015 r. u ce HaOmonaBa TpaiiHa

TeHJIEHUUS Ha 0bp30 HapacTBaHe a0 HUBO OT 230.8 mpe3 2020 r. ¢
enHo Manko m3Kkmouenue npe3 2017 r. Karo usano nmo otHouieHue
Ha o0XBaTa Ha AaHHUTE OT MKOHOMHUYECKaTa CTaTHCTHKa M3TouHa
EBpoma u Beirapns B 4acTHOCT moka3BaT 1mo-go0po IpeicTaBsHe
oT cpenHoTO 3a EBpona.

MuankaTopbT 3a OTBOPEHOCT HA MKOHOMHMYECKUTE JAHHU Ce
6asupa Ha Open Data Watch - Open Data Inventory. B Tabx. 5 ca
npeacTaBeHn naHHuTe 3a bearapus, M3rouna Esponma m EBpomna
KaTo 1110 B mepuona ot 2015 no 2020 1.

Taonuya 5. Hnouxamop 3a 0meopeHocm Ha UKOHOMUYECKUme OanHu

T'opuna boarapus W3zrouna Espomna EBpomna
2015 124.2000 130.4143 115.3750
2016 188.7000 167.5909 197.8125
2017 252.9000 190.8818 204.4714
2018 240.0000 206.9700 216.7902
2020 227.1000 230.5500 228.6714

@urypa 5 wmocTpupa AMHAMUKaTa Ha MHOUKaTopa 3a
OTBOPEHOCT Ha MKOHOMHYECKHTE JaHHM B mepuoma ot 2015 mo
2020 T.

e fbArapuA == W3r0uHa EBpona EBpona
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Due. 5. I/IH()uKamop 3a OmeopeHocm Ha UKOHOMUYecKume oanHu

Ilo orTHOmIEHME Ha MHAUKAaTOpa 3a OTBOPEHOCT Ha
MKOHOMHYECKHTE JaHHU 3a Bbreirapus oTHOBO HabmomaBaMe JMIca
Ha SICHO u3pa3eHa TeHaeHuus. Jlokaro nanuure 3a srouna EBpona
n 3a EBpoma karto IpIO MOKa3BaT SCHO HM3pa3eHa TEHACHINS 3a
HapacTBaHe, B brirapus To3n mokasaresn e Ha Hal-HUCKOTO CH HHBO
B HA4YaJOTO HA HAOTIOJABAHMS TEPHUOJ M M30CTaBa MO OTHONICHUE
Ha U3touna EBpona. B mepuona ot 2015 mo 2017 r. 3a bearapus ce
HaOmioaBa M3MpeBapBalliaTa TEHJCHIMS 3a HapacTBaHE II0
OTHOLIEHHWEe Ha TO3UW NokazaTen u mpe3 2017 r. Toit mocrtura
3HAUUTENIHO TI0-BUCOKA CTOMHOCT OT  CPEAHOEBPOIEHCKUTE
(252.9000). Cmex 2018 r. wumMame OBpP30 BpBIIAHE KbM
cpenHOeBporeickuTe HuBa, kKato mpe3 2020 r. croifHOCTTa Ha
uHAnKaTopa (227.1) Beue e mo-HUCKA OT Ta3u 3a EBpomna karo msuio
(228.7) u 3a U3rouna Esporma B gactaoct (230.6).

4, /luckycusn

Texnonoruute ¢ eixemeHTH Ha WM mnpuBnuyar Bce moBede
BHUMAaHKE TIOPAIM TEXHUs MOTECHIMAN J1a TIOA00pAT e(heKTHBHOCTTA
Ha AJMUHHUCTPATUBHUTE M OW3HeCc TpolecH. [IpeBphINaHeTO Ha
TEXHOJIOTHYHHUTE TMEPCIIeKTUBH B oce3aeMa OOIeCTBeHa CTOWHOCT
3a OmW3Heca, 3a Ibp)KaBHATE W MECTHUTE aIMHHUCTPALUN €
M3IPABEHO Tpell ChiecTBeHU npeaunsBukarencrsa [10]. OcnoBHuTe
MPEYKH 3a YCHEIIHOTO HM3IOJI3BAHE HAa TEXHOJIOTMUTE C €JIECMEHTH
Ha VU, He3aBUCUMO OT XapakTepa Ha pa3jIMYHUTE OpraHu3aluy, ca
CBBbpP3aHU HE camo c Jmncara Ha JIOCTaTbUHO
BBTPEUIHOOPIaHU3ALMOHHM TEXHOJOTMYHM YMEHHS, HO U C
IOpUAMYECKM M HOPMATHUBHM OrPAaHUYEHUS, C OrPaHUYEHU

BB3MOKHOCTH 3a PCUHKXCHECPUHT Ha YCTaHOBEHUTE BCUC
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aJIMMHHCTPAaTUBHM M OW3HEC TMPOLECH, C OTpaHUYEHHs IO
OTHOILICHHE HAa OBp3us U edekTrBeH gocThil Ha cuctemute ¢ U 1o
TOJIEMHU JAHHU M OTBOPEHU JaHHHU.

5. H3600u u 3axniouenus

Opranuzanuure TpsOBa Ja ce ChCPENOTOYaT HE CaMO BBPXY
M3rpakJaHe Ha KalalUTeT 3a Ch3JaBaHe, 00ydeHHe W BHEIpsBaHE
Ha CHCTEMH c eneMeHTH Ha MU, HO m BBpXYy M3rpakaaHe Ha TaKbB
3a paboTa ¢ ToJeMH IaHHM W Hal-Bede C OTBOPEHH JaHHU.
Hanuyuero Ha HalMOHATHU OTBOPEHH NAHHM C HIMPOK 0OXBart,
BHCOKO KauecTBO M OTBOPEHOCT B MAIIMHHO 4YeTHM (opmaT e
MpeanocTaBKa 3a Obp30TO U epEKTHBHO BBBEXAAaHE HA TEXHOJIOTHU
¢ UM B mpakTukara. AHaIM3bT Ha CHCTOSHHETO HAa OTBOPEHUTE
JaHHH B Bwirapus, W KOHKPETHO HAa HWKOHOMHYECKUTE IaHHH,
[I0Ka3Ba, 4ye UMaMe I10-BUCOKO HMBO Ha IOKPUTHUE B CPAaBHEHUE ChC
cpenHoTO 3a EBpoma m B MoMeHTa ce HaOI0[aBa IOJIOKHUTETHA
TEHJEHIUS B TOBa OTHOIIEHHE. 3a ChKaJeHHE, 10 OTHOIICHHUE Ha
MOKa3aTells 332 OTBOPEHOCT Ha HKOHOMHUECKUTE JJaHHH 3a bbarapus
ce HabIro1aBa TOYHO 0OpaTHa TeHACHIIMS.

bnazooaprnocmu

[TyGnukanusaTa € BbB Bpb3Ka C pe3yirard OoT paboraTa HH 110
Ipoekt Ne 80-10-154 /17.4.2024 r.
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Preparation and Deployment of Secure Over-The-Air Updates for Embedded Devices:
Challenges and Solutions
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Abstract: This paper provides a comprehensive overview of the preparation and deployment of secure Over-The-Air (OTA) updates for
embedded devices. In the era of intelligent devices, the need for remotely updating software and firmware has become increasingly
prevalent. This paper discusses the principles of OTA updates, focusing on the various types used in the field of embedded devices and the
complications that need to be resolved for a successful process. Furthermore, it delves into the theoretical description of OTA updates,
security mechanisms, and practical implementation. The paper also highlights the main benefits of OTA updates, such as convenience,
security, scalability, reduced maintenance costs, and improved performance. Additionally, it addresses the challenges and issues associated
with OTA updates, including update reliability, security risks, compatibility, network propagation, and integrity and warranty implications.
Overall, this paper serves as a valuable resource for understanding the complexities and importance of OTA updates in the realm of
embedded devices.

Keywords: APPLICATION, ESP32, OTA, SECURITY, UPDATE, WIRELESS

1. Introduction
The main benefits of OTA updates are:

« Convenience and flexibility: Allows manufacturers to update
software features or fix bugs in devices without requiring physical
user intervention,

« Security: OTA updates can fix security flaws and
vulnerabilities, helping to keep devices secure and protected against
attacks,

« Scalability: Manufacturers can easily distribute updates to
a large number of devices simultaneously, which is key for loT
ecosystems,

» Reduced maintenance costs: Allows you to minimize costs
associated with physical maintenance and device updates,

« Improve performance: Updates can include optimization and
performance improvements to devices.

In today's era of intelligent devices, ranging from simple
sensors to complex communication units, it is typical for new
functions not originally included in the device to be enhanced and
added during use. Therefore, suppliers need to address the issue of
remotely updating the software (SW) and/or firmware (FW) of the
device so that it is always a safe operation for the user without the
possibility of damaging or destroying the device. This process is
commonly referred to as Over the Air (OTA) or Remote Update.
The fundamental principle of this approach is that the manufacturer,
when manufacturing and initially installing the device software,
prepares the device to support future software updates via
commonly used communication technologies (typically IEEE
802.11 Wi-Fi or IEEE 802.15.1 Bluetooth). Ideally, this makes the
update process transparent to the end user, who may not even be

aware that their smart devices are receiving new software, including From the list above, it is clear that OTA updates are a key tool
new features, according to the manufacturer's capabilities and in maintaining extensive systems with large numbers of devices.
policy. However, as the intensity of use increases, so does the number of

A key requirement for a successful process is that the security incidents that can lead to security breaches or complete
manufacturer must always provide the correct version of the device device downtime. As a result, the following issues are increasingly
update. At the same time, the entire update process must be being addressed:

managed, from the preparation of the update itself to the delivery of  Update reliability: OTA updates must be reliable to avoid

the update to the device. This is to ensure that at no point during the unwanted outages or errors during the process,

process can the device or the process enter a state that could « Security risks: Security risks associated with OTA updates

irreversibly damage or destroy the device itself. include the possibility of attacks on devices during the update
During the above steps, there is a risk of cyber-attack, typically process or the distribution of compromised updates,

by competitors or persons interested in gaining the manufacturer's » Compatibility: Updates should be designed to be compatible

know-how and access to the manufacturer's system. As a result, with different versions of hardware and software on different

much emphasis is now being placed not only on the update itself, devices,

but also on the entire OTA update process. » Network propagation: Distributing updates over wireless
To clarify the picture, the reader will be introduced to the networks can be challenging, especially in areas with poor

principle of OTA updates, supplemented by a description of the coverage,

most common types used in the field of embedded devices. At the « Integrity and warranty: Updates can affect the integrity of

same time, the complications that need to be resolved during OTA  the device and may have legal implications for warranty terms.

in order to complete the whole process successfully are mentioned.
The second section focuses on the theoretical description of

OTA updates. The third section focuses on the description of the A remote update is a series of interdependent actions that

security mechanisms, followed by the fourth section which  collectively determine whether the process is successful or not. The
discusses the practical implementation. A summary is given in the resylt of each action is evaluated, and if it is deemed to have failed,
fifth section. the entire process is considered a failure, and the previous version
. of the software or firmware is reinstalled on the device.
2. Over The Air updates

Over The Air updates are software or firmware processes in ) ) o
embedded devices that allow remote and wireless updates without In order to implement the update on the end device, it is
the need to physically connect the device to a computer or special ~ Necessary to receive data for the subsequent update. The most
programming tool. This technology is a key feature on the Internet commonly used application communication protocol is HTTP
of Things (IoT) and Industry 4.0, as it allows devices to be remotely ~ (Hypertext Transfer Protocol) in the secure variant of HTTPS in

managed, maintained and enhanced in functionality [1, 2]. cooperation with TLS (Tran_sport Lay_er S_ecurity)._ Through this
secure tunnel, the end devices receive information about the

available update and, if necessary, the update data itself (all depends

2.1 Principles

2.1.1 Reception of updates

20
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on the specific implementation of the device manufacturer). Given
that end devices typically lack oversized operation memory, the
received data is transmitted in smaller packets to ensure the devices
can safely and reliably receive and store the data in their persistent
memory before the actual update application begins. Once the
device has received all the update data packets, a series of
verification steps are performed to ensure the integrity of the data,
to confirm the source of the data, and to subsequently decrypt the
received update data (encrypted data are exclusively transmitted in
production environments).

2.1.2 Application of updates

Once the device has received all the necessary update data and
completed the authentication and decryption sequence, the actual
firmware/software update process can commence. The manner in
which the update application process is conducted is contingent
upon the policy established by the device manufacturer. The two
principal categories are full and differential updates [1, 3].

A less frequently employed approach in the context of small
embedded systems is the differential update, which is predicated on
the assumption that the alterations between FW/SW versions are
comparatively minor in comparison to the entirety of the system.
Consequently, it is deemed more efficient to transmit solely the
differences between the two versions. For these updates, the
manufacturer must calculate and generate a change file for each
new update. This file contains records of what and where the new
FW version differs from the original. In order for devices to be able
to handle this information, the entire calculation is conducted at the
level of the firmware/software binary files of the device. The most
significant advantage of this update approach is the reduction in
bandwidth resources due to the need to send only changes between
versions. This is a highly advantageous feature for communication
networks with limited bandwidth, such as LoRaWAN. Conversely,
a significant drawback of this update system is the necessity to
calculate changes between multiple different versions in order to
ensure that devices with different versions of the current system can
update under the most favorable conditions. An alternative
approach would be to transfer change updates from the current
version of the device to the most recent version. Consequently, this
approach may be less efficient than transferring the entire update in
a single file [3]. In summary, this approach to updates is suitable
under the conditions that updates are always performed across the
board, and it is not possible for any device to be out of date by more
than two updates. This is because of the inefficiency of transfer and
the potential for network overload.

The second most prevalent type of update is the so-called "full*
OTA update. The fundamental principle of this update is to
completely overwrite the firmware/software of the end device with
the new version. The indisputable advantage of this approach is that
the update distributor is not required to address the potential for
collisions between different system versions, and the same file can
be distributed to all endpoints. Conversely, a significant
disadvantage is the higher demand on network transmission
resources through the need to deliver the entire system update file to
each device. Furthermore, in the event of a full update, there are a
number of approaches that can be employed on the endpoint side
with respect to the memory allocation of the device in order to deal
with the update itself. The available options are as follows:

« Updates that are not reversible to the original system version
(only one preceding functional version of the system is always
available), see Figure 1 with limited OTA support,

« Updates with the ability to revert to the default system version
(memory space is partitioned so that space is allocated for the
originally loaded system and then several other updates), see
Figure 1 with extended OTA support.

The primary distinction between the two options is that the first
essentially represents a rotation of system versions in a linear
sequence (assuming the availability of two memory locations for
system images).
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In contrast, the second variant enables the user to revert to the
default system version that was installed on the device at its
manufacturing stage, in addition to the features of the first option.
This approach is highly effective in ensuring that the endpoint
device always has a secure point in case of failed remote updates.
The fundamental differences between the two approaches are also
evident in the memory requirements, as the version without the
original system image has the potential to save the space of a single
system image [1, 3]. This feature is frequently employed in small,
simple embedded systems, where the acquisition of smaller memory
units through mass production results in significant cost savings.

The process of booting a device with the application of different
system images is illustrated in Figure 2. This figure considers the
case of an OTA update with limited capabilities, which is most
often applied through memory resource reduction.
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Fig. 2 Simplified state diagram of embedded system startup with OTA
update [4, 5, 6].

2.2 Associated risks

OTA updates are prone to various interruptions and failures that
can compromise device functionality and user experience,
necessitating effective crisis handling mechanisms to ensure devices
can recuperate seamlessly from such occurrences. One common
issue in OTA updates is the interruption of downloads, often due to
network instability or power loss. To mitigate this risk, devices can
implement resumable download protocols, allowing the update
process to resume from the point of interruption rather than
restarting entirely. This is typically achieved by maintaining a
persistent state of the download progress in non-volatile memory.

Additionally, malfunctions in the OTA update process, such as
corruption or incorrect installation of the downloaded package,
require robust verification mechanisms like cryptographic hash
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checks and digital signatures to validate the integrity and
authenticity of the update package before installation. The
implementation of atomic updates, where the previous software
version is replaced only once the new version has been fully
validated and is ready to run, can prevent the system from being left
in an inconsistent state.

In scenarios where an OTA update introduces critical issues or
fails to complete successfully, the ability to revert to a previous
software version is imperative. This capability, often facilitated by
dual-image systems (see Figure 1), ensures that if the new update
fails, the device can revert to the fallback version, maintaining
continued functionality. This approach requires careful management
of available memory to accommodate both images and ensure the
fallback version remains intact during the update process.

Efficient memory management is crucial for the successful
application of OTA updates. Given the limited memory resources in
devices, the process of updating firmware or software must be
carefully orchestrated to avoid memory overflows and ensure data
integrity. Devices often use dedicated partitions for the update
process, dividing the device's memory into segments such as active,
inactive, and update partitions. The update partition temporarily
stores the new software image during download and verification,
and once the update is confirmed to be intact, the device can switch
from the old active partition to the new one. This structured
approach ensures a seamless and reliable OTA update process.

3. Security of Over The Air updates

OTA update security is a key factor without which no device in
use today can be deployed in a production environment. In the case
of remote update of embedded devices, security is addressed on
several levels. Typically, these include:

« Security of the FW/SW update binary image,

« Secure transfer and storage of the binary image to
a distribution server from the device manufacturer,

+ Secure communication from the distribution server to the end
device,

« Security of the end-device.

The security of the binary image on the manufacturer side is
managed by a number of processes. The complete procedure is
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illustrated in Figure 3. The initial process is the encryption of the
binary image using symmetric cryptography, specifically AES-128
(Advanced Encryption Standard) or AES-256, which is the most
commonly employed variant. This allows for hardware acceleration
on the majority of embedded processors and microcontrollers
currently available. Subsequently, a hash is extracted from the
encrypted image (typically SHA-256, Secure Hash Algorithm),
which serves two purposes. Firstly, it provides a small,
unidirectional value that can be used by the recipient to verify the
integrity of the data against alteration or error during transmission.
Secondly, it is used in a digital signature that is then used by the
recipient to verify the authenticity of the data source. The most
common method for obtaining the digital signature is asymmetric
cryptography using RSA (Rivest, Shamir, Adleman) in the RSA-
1024 variant, given the limited computing resources. In general,
embedded devices are not well-suited for extensive use of
asymmetric cryptography. When circumstances necessitate its use, a
less robust but less demanding variant is often selected as a
compromise between performance and security.

Secure transmission and storage on a distribution server is
typically achieved through a secure connection to a cloud service,
typically Amazon AWS (Amazon Web Services), which offers off-
the-shelf solutions for all common variants.

In the case of the communication of the distribution server with
the end devices, the situation is more complex due to the fact that
there are several commonly used communication protocols for the
Internet of Things (loT). The most prevalent communication
protocol is MQTT (Message Queuing Telemetry Transport), which
offers secure communication via TLS. Other protocols in use
include CoAP (Constrained Application Protocol), LWM2M (Light
Weight Machine To Machine), etc. These typically implement
similar measures to MQTT, which is currently the de facto standard.
For the sake of simplicity, the referenced communication will be
referred to as MQTT in the following. The process of passing
information and transmitting the update itself is based on the
functionality of the device. A continuous listen is maintained for
any messages with information regarding a new update or a periodic
poll is conducted to ascertain whether a more up-to-date image is
available. The choice of communication protocol and possible
update queries is entirely at the discretion of the device
manufacturer. The optimal approach is a combination of the two,
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which resolves the issues of ensuring that the device has the most
up-to-date software as quickly as possible and maintaining an active
connection to the server through cyclic queries, including on
intermediate active network elements.

Upon receipt of information regarding a new image, the end-
device initiates the download and caching process. A
communication protocol may be employed to transfer the data
itself; however, due to the considerable inefficiency, the HTTP
protocol in the HTTPS variant with TLS is most often chosen.

When the device finishes receiving the new update data, it starts
the validation process, which involves several steps. The first step is
to calculate a hash similar to the one after encrypting a binary
image, in order to compare the received hash and the calculated
one. If they match, then it can be declared that the received data has
not been altered or corrupted. If no match is found, the device
should terminate the update process and inform the distribution
server of the failure via a secure channel (encrypted MQTT) with
the mentioned reasons. Then the digital signature verification is
performed, which involves the need to keep in memory the
computed Hash, the public key of the source (distribution server or
manufacturer) and the digital signature itself. This data is then
verified using asymmetric cryptography (RSA-1024) and if the
signature matches, then it can be declared that the source of the
update and data is the real source and is not a spoof. In the last step,
the binary image of the update is decrypted using symmetric
cryptography (AES-128 or AES-256) and a pre-shared key to obtain
a binary image suitable for insertion into the prepared memory
space.

These steps are followed by the actual application and
verification process of the update, which is depicted in simplified
form in Figure 4 [ 4-9].

4. Practical implementation of secure OTA in loT

The Espressif ESP32 platform [10], was selected for the
demonstration. This platform represents the most commonly used
representative of a smart, wirelessly communicating 10T unit in the
current era. The correct setup and application of the secure OTA
update will be performed for the variant of connection via IEEE
802.11 to the public network (Internet), which is the most
commonly used in this case. In order to demonstrate the baseline,
the ESP IDF (Integrated Development Framework) development
tool was employed [11].

The actual process of implementing remote OTA updates in this
system can be divided into several steps in order to provide a higher
level of clarity.

4.1 Preparation of Distribution Server Root Certificate and
Encryption Keys

Prior to commencing the security implementation, it is essential
to provide several security keys and a certificate as described in
section 3, which will subsequently be required in the FW and
without which the secure version of the update would not be
possible.

The first certificate to be considered is the public certificate of
the distribution server, also known as the server root certificate.
This will be employed to authenticate the distribution server when
the HTTP-TLS connection is established. This secure transmission
channel will then be used to facilitate the secure update of data [12].
An alternative approach is to utilise the so-called "ESP X509
Certificate Bundle", which is a pre-packaged set of the most
commonly used root certificates, with the intention of simplifying
the implementation of the solution and relieving the manufacturer
of the responsibility of verifying the certificates' validity.

The second key is a symmetric key used to decrypt the received
binary image of the system in the final phase of the OTA update
[13]. The ESP IDF environment lacks a framework for this aspect,
rendering it wholly within the purview of the manufacturer. The
manufacturer may select one of several options for key preparation
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Fig. 4 Simplified view of the process of applying a remote update to an
embedded device [4, 5, 6].

and sharing, contingent upon the change policy of the key in
question. The first option is to prepare the key at the time of device
creation and insert it into the secure memory of the device. This
option has the advantage of being faster (the key is ready for
immediate use), but it also carries a significant security risk.

An attacker may be able to break the protection of the secure
memory, thereby obtaining a symmetric key and potentially being
able to decrypt the binary image of the system. The indisputable
advantage is that the manufacturer is able to require the key to be
changed over time and insert a new key into the system via a remote
update, thereby overwriting the old, potentially invalid and insecure
key. A more complex alternative is to negotiate a symmetric key
using asymmetric DH cryptography (Diffie-Hellman algorithm).
The ESP IDF environment supports a standard variant of this DH
algorithm as well as modifications in the form of Elliptic Curve
Diffie-Hellman (ECDH).

4.2 Process of update

To perform a remote update, the ESP IDF environment includes
a prebuilt ESP OTA library [14], which offers the option of using it
without security for testing purposes outside the production
environment.  This involves omitting the  source/server
authentication certificate and optionally the unencrypted binary
image. In order to utilize the library in a production environment
with recommended security, it is necessary to specify the server
root certificate in PEM (Privacy-enhanced Electronic Mail) format.

Once the certificate has been prepared, the actual update
procedure can be initiated. This can be accomplished in two distinct
manners, whether the manufacturer is interested in monitoring the
entire process of connection establishment, data download, and
update point-by-point implementation, or alternatively, be satisfied
to simply "perform the update."”

The automated process is designed for the fundamental form of
update, which assumes a Uniform Resource Locator (URL)
containing a binary image and a root certificate. The entire process
of establishing a connection through the HTTPS server, requesting
the binary data and then saving the data is fully automatic, and the
user application is not required to deal with additional handler code.
The sole exception to this is when the binary image is encrypted. In
such a case, the "CONFIG_ESP_HTTPS_OTA_DECRYPT_CB"
menu must be enabled, which serves to enable the code that is
responsible for supporting the decryption of the binary data
received from the server. The decryption may be initiated during the
download process, as one of the packets is downloaded, or at the
end when of the entire binary image is downloaded. The decryption
process is not specified in any way in the case of ESP libraries.
Consequently, the form of encryption implemented by the device
manufacturer is entirely at their discretion. This option allows for
the dynamic switching between a simplified encryption method for
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battery-powered devices and a more robust form of encryption for
plug-in devices.

The second option is to utilize existing functions from the
"esp_https_ota" library, which must then be called and served in the
correct function within the user application, that is to say, the
application code. The sole advantage of this solution is that the user
can monitor the status of the update and potentially react in real
time (e.g. decryption error, inappropriate binary image, etc.).

According to the available documentation, it is generally
recommended to use the automatic form, which contains the main
steps of the update, including automatic saving, changing the boot
priority of the system image, and automatic restart.

5. Conclusion

The theoretical introduction provided a synopsis of the
fundamental principles associated with remote OTA updates,
including an analysis of the key advantages and disadvantages.
Moreover, the text delineates the fundamental tenets that must be
observed during remote updating to guarantee security.

To provide a comprehensive understanding of the subject
matter, the practical component then proceeded to illustrate the
implementation of a secure remote update for an ESP 32
microcontroller, which is the most commonly utilized for the
majority of smart home applications globally.

The demonstration illustrates that each manufacturer may have
a distinct implementation of remote update within their respective
development environments, regardless of the prescribed standards.
Consequently, it is imperative to ascertain the current status prior to
commencing the implementation of remote updates, after which the
actual work may begin.
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1. Introduction

The advent of Industry 4.0 has ushered in an era of smart
manufacturing and intelligent automation [1], driving significant
advancements in control systems for non-linear Multiple-Input,
Multiple-Output (MIMO) objects. This new industrial revolution is
characterized by the integration of advanced digital technologies,
such as the Internet of Things (loT) [2], big data analytics, artificial
intelligence  (Al), and cloud computing, into ftraditional
manufacturing processes. These innovations are fundamentally
transforming how industries operate, leading to more efficient,
flexible, and responsive production systems. Traditional control
methods often struggle with the complexity and interdependencies
inherent in non-linear MIMO systems. These systems, which are
prevalent in various industrial applications [3-8] such as robotics,
manufacturing, and automotive systems, pose significant challenges
due to their multiple interacting inputs and outputs, as well as their
non-linear behaviors. As a result, conventional control strategies
may fail to deliver the required performance, robustness, and
adaptability needed in dynamic and complex industrial
environments [9]. This paper examines how Artificial Neural
Networks (ANNSs), a core component of machine learning, are
being leveraged to address these challenges. ANNs are
computational models capable of learning and adapting through
experience. By utilizing ANNSs, control systems can develop
adaptive and robust solutions that are better suited to handle the
intricate dynamics of non-linear MIMO systems. ANNs can
approximate complex functions and model non-linear relationships
between inputs and outputs, making them ideal for controlling
systems with significant non-linearities and interactions.

2. Non-linearities in crane control

Non-linearities in crane control systems arise from various
sources [10-12] such as friction, gear backlash, load sway, and the
non-linear dynamics of the crane structure. These non-linearities
complicate the control process, making it difficult to achieve precise
positioning and stability. ldentifying and understanding these non-
linearities is crucial for developing effective control strategies.

For instance, friction in the crane's moving parts can introduce
hysteresis effects, where the system's response depends on its
previous states. This hysteresis effect complicates the control of
crane movements, as the frictional forces vary with the direction
and magnitude of the motion, making it difficult to predict and
compensate for them accurately.

Gear backlash, another source of non-linearity, refers to the play
or looseness between mating gears. This backlash can lead to a loss
of motion precision, as the crane's control inputs might not result in
immediate or proportionate movements. The delay and slack caused
by backlash can hinder the crane's ability to perform smooth and
precise operations, especially in tasks requiring high accuracy.

Load sway is a common issue in crane operations, arising from
the pendulum-like motion of the suspended load. This sway can
cause significant instability, making it challenging to accurately
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position loads. The oscillatory nature of load sway requires the
control system to continuously adjust and counteract the motion,
which is particularly difficult given the non-linear and dynamic
characteristics of the swinging load.

The non-linear dynamics of the crane structure itself, including
flexible components, changing sling length and varying load
distributions, further add to the complexity. Cranes often have large,
flexible arms or booms that can bend and twist under different loads
and movements. These deformations introduce additional non-
linearities, as the crane's structural response changes with varying
load positions and weights. Additionally, the distribution of the load
can shift during operations, altering the center of gravity and
affecting the crane's stability and control.

Traditional linear control methods often fall short in addressing
these issues, as they are typically based on simplifying assumptions
that do not hold in the presence of significant non-linearities. These
methods may provide acceptable performance under certain
conditions but can fail when the system operates outside the
assumed linear range. As a result, there is a need for more
sophisticated approaches that can handle the complexities of non-
linear crane dynamics. One such approach is the adoption of
Artificial Neural Networks (ANNs). ANNs are capable of learning
and modeling complex non-linear relationships through training on
data. By leveraging ANNSs, control systems can develop adaptive
strategies that better account for the non-linear behaviors of friction,
backlash, load sway, and structural dynamics. ANNs can
continuously learn and update their control policies based on real-
time data, providing more robust and precise control for crane
operations. This capability makes ANNSs particularly suited for
applications where traditional linear control methods are
insufficient, offering a path towards improved performance and
reliability in crane control systems.

3. Applied regulation solutions using ANNs

Traditional control methods often struggle to address these
complexities effectively. Artificial Neural Networks (ANNSs) offer a
powerful tool for addressing these challenges and improving crane
operation in the era of Industry 4.0. This chapter explores how
ANNSs are being utilized to enhance crane control in several key
areas.

3.1. Sensorless Anti-Swing Control

Traditional anti-swing control relies on sensors to detect the
payload swing angle. However, sensor placement can be
cumbersome and expensive, particularly for cranes with complex
hoisting mechanisms. Additionally, these sensors can be susceptible
to noise and require regular maintenance. Wahyudi and Yusof [13]
propose a sensorless anti-swing control system using ANNs. Their
approach utilizes a multilayer feedforward network trained with a
backpropagation learning algorithm. This network acts as a "soft
sensor," estimating the swing angle based on readily available data
from other crane sensors (e.g., motor positions, accelerometers).
This approach offers a cost-effective and reliable method for
mitigating payload sway.
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Fig. 1 Sensorless anti-swing system. - source [12]

The benefits include:

e Reduced Cost: Eliminates the need for dedicated
swing angle sensors.

e Simplified Installation: No need for complex sensor
placement and wiring.

e Increased Reliability: Less susceptible to sensor
failures and maintenance issues.

3.2. Adaptive Control for Uncertainties

The dynamics of a crane system can be significantly affected by
uncertainties such as external disturbances, where wind, uneven
floors, or building vibrations introduce unpredictable forces;
unmodeled dynamics, where complexities in the crane's mechanical
structure are difficult to capture perfectly in mathematical models;
and varying environmental conditions, where temperature
fluctuations affect friction coefficients and other parameters. The
paper [14] discusses a novel adaptive hierarchical sliding mode
control scheme proposed for 3D overhead cranes. This scheme
utilizes Radial Basis Function Networks (RBFNs) to estimate
uncertain parameters within the control system. The RBFN acts as a
powerful function approximator, dynamically adapting to changing
conditions.

Adaptive Overhead

HSMC law

ai Sliding 5 a4

Crane

Surfaces

System
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Fig. 2 Adaptive control for uncertainties system. - source [13]

The benefits include:

e Robustness to Uncertainties: The control system can
adjust to unforeseen disturbances and model
inaccuracies.

e Improved Performance: The crane maintains optimal
performance even under varying operating conditions.

e Enhanced Safety: Reduced risk of control errors due
to unexpected dynamics.

3.3. Inverse Dynamic Control with ANNs

Crane operation often suffers from vibrations due to the
system's non-linear behaviour. These vibrations can lead to reduced
positioning accuracy, where the load may not reach its intended
destination precisely; increased stress on machinery, as vibrations
can accelerate wear and tear on crane components; and operator
discomfort, since rough crane movements can be uncomfortable and
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potentially unsafe for the operator. This chapter explores a new
strategy based on Inverse Dynamic Control Simulation (IDCS)
using ANNs [15]. This approach utilizes an ANN to learn the
inverse dynamic model of the crane. The inverse model essentially
predicts the required control inputs to achieve a desired crane
motion. The learned model is then used within the IDCS framework
to generate suitable control signals that minimize vibrations and
ensure accurate positioning. This method eliminates the need for
extra vibration sensors and reduces noise within the feedback loop.
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Fig. 3 Inverse Dynamic Control - source [14]

The benefits include:

e  Smoother Operation: Reduced vibrations lead to a
more precise and comfortable crane experience.

e Improved Positioning Accuracy: The load reaches its
target location with greater accuracy.

e Reduced Maintenance Costs: Less wear and tear on
crane components due to minimized vibrations.

The applications mentioned above highlight the potential of
ANNSs to revolutionize crane control in Industry 4.0. By offering
sensorless solutions, adapting to uncertainties, and mitigating
vibrations, ANNs pave the way for more efficient, reliable, and
safer crane operation.

3.4. Reinforcement learning — based control

The authors of this paper propose their own novel crane control
system based on artificial neural networks and the reinforcement
learning (RL) method [16]. The system uses a neural feedback
controller in which the ANN, which is called RL agent, determines
feedback gains in real time. The adaptive nature of the system is
due to the recalculation of the gains at each time sample, which
allows it to account for varying environmental parameters. The
authors are researching the stability of this type of system,
developing a new control quality index dedicated to ANN-based
control systems.

ENVIRONMENT

Fig. 4 RL-based system control.

The proposed control system consists of the following
components:

e  Crane model - It represents the dynamics of the crane
by means of equations of motion.
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e Artificial neural network - Acts as an RL agent and is
responsible for determining optimal control actions
based on observations of the state of the crane and the
environment.

e Reinforcement function - Defines the reward or
punishment for the RL agent for the actions taken.

e Learning mechanism - Controls the process of
updating ANN parameters based on the RL method.

The ANN takes object’s output (e.g., position, speed,
acceleration) and determines the optimal control values based on
this data. The gains are recalculated in each time sample to take into
account the current operating conditions of the crane.

4, Results and Discussion

The application of ANNs in non-linear MIMO control has
yielded promising results. Improved accuracy is one of the most
significant benefits, with ANNs enhancing precision in positioning
and movement control, especially in systems with high degrees of
non-linearity. This improvement is attributed to the ANN's ability to
model complex, non-linear relationships that traditional control
methods cannot. Additionally, ANNs offer adaptive learning
capabilities, allowing them to learn from new data and adapt to
changing conditions in real-time. This adaptability is crucial in
dynamic industrial environments where system parameters can vary
frequently. The robustness of ANNs is another critical advantage.
They are resilient to disturbances and uncertainties, making control
systems more reliable and efficient. This robustness stems from the
ANN's ability to generalize from training data and handle variations
in input conditions. These benefits underscore the potential of
ANN:Ss to revolutionize non-linear MIMO control, aligning with the
goals of Industry 4.0 to create smarter, more efficient
manufacturing processes.

The integration of ANNSs into non-linear MIMO control systems
is not without challenges. One significant challenge is the
computational complexity of training and deploying ANNS, which
can require substantial computational resources and expertise.
Despite these challenges, the benefits of ANNs in non-linear MIMO
control are clear, and ongoing research and development efforts are
focused on overcoming these obstacles. The future of ANNSs in
industrial control looks promising, with continued advancements in
machine learning algorithms, computational power, and data
collection techniques paving the way for more widespread adoption.

4. Conclusions

The application of Artificial Neural Networks (ANNSs) offers
transformative solutions for crane control in the context of Industry
4.0, addressing challenges that traditional methods struggle to
overcome. Through sensorless anti-swing control, adaptive control
for uncertainties, inverse dynamic control, and reinforcement
learning-based control, ANNs enhance efficiency, reliability, and
safety in crane operations. These advanced methods reduce costs,
simplify installations, and improve robustness against disturbances
and model inaccuracies, ultimately leading to smoother operations
and better positioning accuracy. The promising results demonstrated
by ANNSs in non-linear MIMO control systems underscore their
potential to revolutionize industrial control processes. While
challenges such as computational complexity remain, ongoing
research and technological advancements are likely to mitigate
these issues, paving the way for the broader adoption of ANNS in
industrial applications. The integration of ANNs aligns with the
goals of Industry 4.0, promising smarter, more adaptive, and
efficient manufacturing processes in the future. Future research
should focus on further refining these techniques and exploring new
applications to fully realize the potential of ANNs in industrial
automation. As the field continues to evolve, the synergy between
ANNSs and Industry 4.0 technologies promises to drive significant
improvements in industrial efficiency, productivity, and innovation.
The authors of this article plan to develop a new control quality
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indicator for control systems based on artificial neural networks.
Many designers of control systems question those based on artificial
neural networks due to the lack of clear proof of the stability of
such systems. Hence the idea to develop a method for testing the
stability of these systems.
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Application of convolutional networks to detect the operating phases of energy systems
using a biomass boiler as an example
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Abstract: The development of neural algorithms opens new perspectives for the analysis of technological processes. Particularly relevant
are strongly nonlinear and complex objects, such as power plants. One of the modern solutions enabling data analysis are convolutional
neural networks (CNNs). The research presents the application of CNNs to monitor and optimize combustion processes in biomass boilers.
The fuel analyzed was gray straw, which is difficult to control due to the nature of combustion. The proposed technique is based on the
processing of temporal data, which represent different stages of the combustion process. The work examined the effectiveness of the model in
identifying key operating parameters and detecting the stages of firing from ignition initialization to nominal operation. Analysis of images
of parameter curves from the time waveforms makes it possible to capture repeatable relationships that enable faster response to future
changes in the conditions of the combustion process. Determining the phase of the process, based on data and trends of selected parameters,
allows the control system to react faster, without operator intervention. As a result of the study, the efficiency of process stage change
detection by the convolutional network, expressed by means of an error matrix, through the F1-score parameter (harmonic mean between
precision and sensitivity) was achieved at a level close to 96%. The proposed solution can be effectively applied to a number of technological
processes including those that are part of Industry 4.0 effectively influencing technological transformation..

Keywords: RES, COMPUTER MODELING, CONVOLUTIONAL NEURAL NETWORKS, OPTIMIZATION ALGORITHMS, PREDICTION

1. Introduction analyzing operational data from _biomass_ boilers or prediction of the
' occurrence of an event such as air pollution [12].

Modern biomass boilers play a crucial role in renewable energy
production, forming an essential part of strategies to reduce
greenhouse gas emissions (Fig.1). Biomass, as an energy source, is
characterized by low costs and wide availability, making it an
attractive alternative to fossil fuels. However, the biomass
combustion process is complex and requires precise management of
various variables, such as fuel moisture content, chemical
composition, and boiler operating conditions.

This article presents the application of CNNs for analyzing and
predicting combustion processes in biomass boilers. Operational
data from actual boilers and numerical simulations were used to
train and test the CNN model. The objective of the study was to
optimize the combustion process and reduce pollutant emissions.
The results show that the application of CNNs can significantly
improve combustion efficiency and reduce the negative
environmental impact. The approach presented can serve as a basis

One of the main challenges in biomass combustion is ensuring for future research on the application of advanced machine learning
an efficient and stable combustion process that minimizes the technologies in optimizing industrial processes. Additionally, this
emission of pollutants, such as nitrogen oxides (NO,) and carbon solution aligns with Industry 4.0 standards through advanced
monoxide (CO) [1-3]. Traditional methods of controlling the  analysis of measurement data.
combustion process are often not flexible enough to respond to
dynamic changes in combustion conditions. Effective management 2. Prerequisites and means for solving the problem
of this process requires advanced technologies capable of
processing large amounts of data and adjusting operational
parameters in real-time.

The work analyzed the possibility of using neural networks to
detect the combustion stage. The turbulent nature of straw
o . combustion requires a rapid response to a change in a parameter,
ﬁii"’" — which calls for the study of new algorithms for controlling these
o , z processes. In the study, it was decided to analyze the time courses

of boiler parameters using CNNSs.

Convolutional Neural Networks are a special class of deep
neural networks particularly effective in processing grid-like data
structures, such as images. Convolutional networks can also be used
to analyze and interpret time series data, where the dependent
variable, such as the intensity of electrical energy flow, is recorded
at regular intervals. Such data can be treated analogously to images,
where the time axis corresponds to the width of the image, and the
variable values represent pixel intensities. By training on historical
or simulated data, a CNN can learn to recognize recurring patterns
in variable profiles and predict planned changes or anomalies.

The confusion matrix, also known as an error matrix or
confusion table, is a tool used in machine learning, such as CNNs,
Fig. 1 Tested object - biomass boiler fueled by gray straw.. to evaluate the quality of classification. It is a table that allows for
the visualization of the performance of a classification algorithm.
The confusion matrix shows the numbers of true positive, false
positive, true negative, and false negative results (Fig. 2).

Convolutional Neural Networks (CNNs) are one such
technology that is finding increasing application in the energy
industry [4]. This method is increasingly used in Renewable Energy These four terms are key to calculating classifier performance
Sources (RES) to both forecast and support the operation of solar metrics, such as Precision, Recall, Specificity, Accuracy, and F1-
and wind installations [5, 6]. Also, research has been undertaken on Score. The formulas for these indicators are presented in equations
the use of neural networks to reduce emissions from boilers by (r1) to (r5).
predicting components of the combustion process [7, 8]. CNNs, a Precision = —*—
type of deep neural network, are particularly effective in analyzing (r1) PP
spatial data structures, such as images [9-11], making them ideal for
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Precision measures what percentage of positive predictions is
actually positive.

TP
Recall = P

(r2)

Recall measures what percentage of actual positive cases was
correctly identified.
Specificity = v

TN + FP

(r3)

Specificity measures what percentage of actual negative cases
was correctly identified.

TN +TP
Accuracy =

TN +TP + FP +FN

(r4)

Accuracy measures what percentage of all classifications
(positive and negative) is correct.
TP TP
_ TP+FP_TP+FN
Precision + Recall Lid g

Precision - Recall

F1 — Score =

(r5)
TP+FP TP+FN
F1-Score is the harmonic mean of precision and recall,
providing a single measure of classifier accuracy.

In the context of change detection, CNNs can be used to
analyze data from sensors or time records, identifying patterns that
are unusual or indicate potential problems. The confusion matrix in
this context would serve to evaluate the effectiveness of models in
detecting and correctly classifying these changes.

TRUE NEGATIVES FALSE POSITIVES

C> Predicted negative result > Predicted positive result

C> Actual negative result C> Actual negative result

FALSE NEGATIVES TRUE POSITIVES

If} Predicted positive result
C> Actual positive result

IZ> Predicted negative result
C> Actual positive result

Fig. 2. Example representation of a confusion matrix for a case with two
possible states and the assessment of their proper detection based on actual
and predicted values [13].

3. Solution of the examined problem

As part of the work, experimental data from straw combustion
were used as input data for analyzing combustion runs. The process
was carried out under the same conditions, the only difference was
the air feeding point to introduce some variability in the data. In
addition, modeling and simulation work was carried out to increase
the amount of information for the neural network. A full analysis of
the impact of location on the process is available in article [14].
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Fig. 3. Visualization of the experimental stand with measurement
points [15].
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The test stand was equipped with automatic data acquisition
from temperature probes and an industrial exhaust gas analyzer (fig.
3). For a detailed analysis of combustion processes in batch boilers,
four key operational parameters were identified as the basis for
validating the simulation model. The focus was on examining the
dynamics of changes in carbon monoxide (CO) and carbon dioxide
(C0O2) concentrations, as well as oxygen (02) in the flue gases, and
monitoring the temperature in the secondary combustion chamber.
For components with a high response time (such as an air damper),
tripping the system before the information about the need for a
shortage is essential to respond in time.
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Fig. 4. Comparison of experimental data and CFD simulations, dynamics of
concentration changes for selected CO parameter. In red the average
measurement, in blue the CFD results.

The entire startup period of the installation — igniting the boiler
— lasting 10 minutes can be represented in the form of intermediate
states, where the detection of their start and end can serve as a faster
signal than direct parameter measurement. The decision scheme for
such an algorithm may look as follows:

Initialization: Preliminary Heating: The algorithm starts from
an initial state, preparing the system for ignition by monitoring
initial parameters such as temperature and chemical composition in
the combustion chamber.

e Stage 1: Ignition (up to 60 seconds)

Ignition Detection: The algorithm detects an increase in CO
emissions and other chemical products, as well as a temperature
rise, indicating local ignition.

Parameter Adjustment: In response to detected ignition, the
algorithm adjusts the fan and damper settings to ensure an optimal
amount of air for the combustion process.

e Stage 2: Flame Spread (60 — 240 seconds)

Monitoring and Adaptation: During the intensive flame spread
phase, the algorithm monitors and analyzes changes in emissions
and temperature. It adjusts the fan and damper settings to avoid a
rich mixture or suboptimal chemical reaction conditions.

e Stage 3: Stabilization (240 — 360 seconds)

Process Stabilization: When the algorithm detects a decrease in
flame spread dynamics, it transitions to maintaining optimal
parameters for balanced combustion — i.e., nominal operation.

e Stage 4: Nominal Combustion (360 — 600 seconds)

Maintaining Nominal Combustion: The algorithm maintains
stabilized system parameters while being ready to detect and
respond to potential anomalies resulting from fuel load fluctuations.

Intervention - Anomaly Response: In the event of anomaly
detection, the algorithm immediately responds by adjusting the
system parameters to prevent inefficient combustion or potential
hazards.

Process Conclusion - Combustion Finalization: After
completing the nominal combustion process, the algorithm switches
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to a monitoring state, checking whether the residual fuel smoldering
process is proceeding correctly.

Continuous Learning: Data Analysis and Optimization: At
each stage, the collected data is analyzed, and the algorithm learns
and optimizes its actions for the future, increasing efficiency and
reducing emissions.

It is also essential to observe that for such complex processes,
there is partial overlap of stages, illustrating the process's
complexity and the need to provide multiple runs based on models
and experimental work to train the state transition detection
algorithm.

Analysis of the results of the experimental work makes it
possible to observe certain relationships that can serve as flags for
subsequent stages of combustion. It is possible to identify common
trends and characteristic points that can be used to optimize a
control algorithm with a predictive component (Fig. 4). Data from
the initial phase of combustion is crucial for quick and efficient
process startup. Subsequent phases of combustion require the
algorithm to adjust and maintain optimal conditions for full and
even combustion. As in the case above, it is possible to analyze a
whole range of data and their time courses, such as circulating
medium temperature, losses or boiler efficiency. Comprehensive
data analysis indicates the need for a flexible algorithm that adapts
to changing conditions in real time and predicts next steps to
respond more quickly to changing demands, such as air.

4. Results and discussion

The model was trained using a dataset consisting of
experimental results and numerical simulations of boiler ignition.
Each measurement was labeled by an experienced user and
constituted the training dataset. Supervised learning was utilized for
training, with cross-entropy as the loss function and the Adam
optimization algorithm used to update the network weights based on
the calculated loss. To prevent overfitting, cross-validation was
employed, where the data was divided into training and validation
sets. After each iteration, the model's performance was assessed on
the validation set, and the best model was saved and tested on a
separate test set. A classic split was applied, with 80% of the input
data used for training, 10% for validation, and 10% for the test set.

After the initial training, hyperparameter optimization was
conducted, including the number of layers, the size of convolutional
filters, and the number of neurons in fully connected layers, to
achieve the best possible performance. The model was validated
using a previously unseen dataset to evaluate its ability to generalize
to new data.
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Fig. 5. Confusion matrix for convolution network for classification of

combustion stages.
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Based on the obtained confusion matrix (Fig. 5) and according
to the formulas (rl) to (r5) presented in section 4.3, the following
coefficients for the entire system were calculated: Recall: 95.8%,
Accuracy: 95.8%, F1-Score: 95.79%, Precision: 95.80%.
Additionally, the F1-Score for individual combustion stages was
calculated as follows:

e Stage 0 (Ignition): 0.93

e Stage 1 (Flame Spread): 0.97

e Stage 2 (Process Stabilization): 0.95
e Stage 3 (Nominal Combustion): 0.94

Based on the confusion matrix (Fig. 5), it can be concluded that
the neural network performs well in classifying the combustion
stages. For each combustion stage, the majority of the network's
predictions match the actual labels, indicating a high ability to
recognize the characteristic features of each stage. For stages "0"
and "3", small FP values are observed, where the network
incorrectly classified the stage as "3" or "0". Similarly, for stage
"2", a small number of FN values were obtained, where the network
failed to recognize stage "2" and incorrectly classified it as "1".
These low values indicate good specificity and sensitivity of the
model.

5. Conclusion

The high F1-Score values for each stage (close to 1) indicate a
good balance between precision and recall, meaning that the model
performs well in identifying positive cases while avoiding false
positives. The high values along the diagonal of the matrix indicate
that the network has a high capability for correctly classifying each
combustion stage. Based on the conducted training, it can be
concluded that the model is capable of predicting the ignition stages
based on measurement data, which allows for the automation of the
monitoring process and potentially the optimization of the entire
process. The designed algorithm can be implemented in a biomass
boiler controller, enabling automatic regulation of the combustion
process based on continuous analysis of measurement data and
identification of combustion stages.

The research confirmed the significant utility of numerical
models and their simulation results, which serve as the basis for
analyzing the combustion process using neural networks. The
application of convolutional neural networks allowed for the
determination of combustion phases, even in such a complex
process as straw ignition. Identifying the phase of the process based
on data and trends of selected parameters enables faster responses in
the installation without operator intervention. As a result of the
research, the effectiveness of detecting process stage changes by the
convolutional network was achieved, expressed using the confusion
matrix through the F1-score (the harmonic mean between precision
and recall) at a level close to 96%.

6. References

[1] Liu, Hao, et al. "Control of NOx emissions of a domestic/small-
scale biomass pellet boiler by air staging." Fuel 103 (2013): 792-
798.

[2] Bohler, Lukas, et al. "Carbon monoxide emission models for
small-scale biomass combustion of wooden pellets." Applied
energy 254 (2019): 113668.

[3] Szubel, M., A. Dernbecher, and T. Dziok. "Determination of
kinetic parameters of pyrolysis of wheat straw using
thermogravimetry and mathematical models.” I0P Conference
Series: Earth and Environmental Science. Vol. 214. No. 1. IOP
Publishing, 2019.

[4] A. Le Guennec, S. Malinowski, and R. Tavenard, “Data
augmentation for time series classification using convolutional
neural networks,” in ECML/PKDD workshop on advanced
analytics and learning on temporal data, 2016.



INDUSTRY 4.0 2024, SUMMER SESSION, vol 1
|

[5] Chen, Yaoran, et al. "2-D regional short-term wind speed
forecast based on CNN-LSTM deep learning model." Energy
Conversion and Management 244 (2021): 114451.

[6] Lim, Su-Chang, et al. "Solar power forecasting using CNN-
LSTM hybrid model." Energies 15.21 (2022): 8233.

[7] Li, Nan, and Yong Hu. "The deep convolutional neural network
for NOx emission prediction of a coal-fired boiler." leee Access 8
(2020): 85912-85922.

[8] Li, Zhenhua, Guanghong Li, and Bin Shi. "Prediction of Oxygen
Content in Boiler Flue Gas Based on a Convolutional Neural
Network." Processes 11.4 (2023): 990.

[9] P. Balazy, P. Gut, and P. Knap, “Neural classifying system for
predictive maintenance of rotating devices.,” in IOP Conference
Series: Materials Science and Engineering, 2022, p. 12013.

[10] P. Knap, K. Lalik, and P. Batazy, “Boosted Convolutional
Neural Network Algorithm for the Classification of the Bearing
Fault form 1-D Raw Sensor Data,” Sensors, vol. 23, no. 9, p. 4295,
2023.

[11] Knap, Pawel, Krzysztof Lalik, and Patryk Batazy. "Boosted
Convolutional Neural Network Algorithm for the Classification of
the Bearing Fault Form 1-D Raw Sensor Data." Sensors 23.9
(2023): 4295.

[12] K. Lalik, J. Kozak, S. Podlasek, and M. Kozek, “Self-Powered
Wireless Sensor Matrix for Air Pollution Detection with a Neural
Predictor,” Energies (Basel), vol. 15, no. 6, p. 1962, 2022.

[13] Macukow, Bohdan. "Sieci neuronowe, historia badan i
podstawowe modele." (2020).

[14] M. Szubel, K. Papis-Fraczek, and S. Podlasek, “Impact of the
air supply system configuration on the straw combustion in small
scale batch-boiler-experimental and numerical studies,” Renew
Energy, vol. 220, p. 119540, 2024.

[15] K. Sornek, “Prototypical biomass-fired micro-cogeneration
systems—energy and ecological analysis,” Energies (Basel), vol.
13, no. 15, p. 3909, 2020.

31



INDUSTRY 4.0 2024, SUMMER SESSION, vol 1

Review of feature selection methods for Predictive Maintenance Systems
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Abstract: The development of Industry 4.0 and Predictive Maintenance Systems allows for effective utilization of equipment by
incorporating ML methods for identifying tool condition. However, including large number of Condition Indicators for machinery
monitoring increases computational complexity, hence the response of the system elongates. Therefore, it is important to check the utility of
indicators and reduce them. In this paper, we investigate different feature selection methods: AIC (Akaike Information Criterion), BIC
(Bayesian Information Criterion), Random Forest, Lasso Regression (L1 Regularization) for NASA Gearbox Fault Detection Dataset, PHM
2009. We processed the raw data and calculated CI from time domain, frequency domain and envelope. An SVM Classifier model was
trained on full collection of indicator and reduced, then performances were compared. The obtained results highlight the advantage of
feature selection, proving that effective PdM systems can be based on diminished number of Health Indicators.

Keywords: FAULT DETECTION, NASA GEARBOX DATASET, FEATURE SELECTION, AIC, L1 REGULARIZATION, RANDOM FOREST

provided by the Prognostics and Health Management Society for
the 2009 data challenge competition [4]. However, data originally
In industry, monitoring of machinery condition is usually based ~ was unlabeled, therefore a labeled dataset (very similar to this used
on 100+ Condition Indicators (Cl, also called Health Indicators, HI) in the competition, available in [5]) provided in November 2009
calculated from sensors signals. They are usually based on vibration ~ was used to perform supervised learning. The data is representative
signals which carry extensive information about the state of of generic industrial gearbox (fig. 1). Two geometries were used for
machine, identifying degradation patterns that indicate potential measurements: one using a spur gears, the other using spiral cut
failures. CI are usually calculated directly from time domain, as  (helical) gears.
well as from frequency domain or envelope/envelope spectrum. For
PdM systems working in real time, any additional computations
slow down the detection of possible failure. Additionally, numerous
Cl often tend to carry similar information about the state of a
machinery and a large number of irrelevant features can adversely
affect the performance of system, by incorporating unnecessary

1. Introduction

mputsnant | Input Shaft

Bearing

Bearing

Tach: Col 3

Accel
Col 2

idler Shaft or

details and noise in classification process. Therefore, feature : 247 3
selection or feature reduction methods should be considered. j

Feature selection is a search problem in a space of feature e e T R
subsets. 4 families of feature selection methods can be 12| Il 3

distinguished:
o  Filter methods rely solely on properties of the data to
select features, without involving any learning algorithm Fig. 1 Schematic of Gearbox Used in PHM 2009 Challenge Data [4].
[1]. They are fast and computationally intensive (e.g.
Correlation Coefficient, Chi-Square Test).

The measurements consisted of two accelerometers signals
e Wrapper methods evaluate feature subsets by training and along with a tachometer signal with sample rate 200/3 [kHz]. The
testing a specific learning algorithm [1]. They use the gearbox contains several mechanical elements, including three
model's performance as the evaluation criterion, making shafts, 4 gears, and 6 bearings. The data provided consisted of 160
them more accurate but computationally expensive (e.g. data sets, in which the gearbox was tested under 5 different speeds
AIC, BIC which uses Forward Selection or Backward (30 [Hz] and 1800 [RPM], 35 [Hz] and 2100 [RPM], 40 [Hz] and
Elimination). 2400 [RPM], 45 [Hz] and 2700 [RPM], 50 [Hz] and 3000 [RPM]),

. ] 2 different loads (high and low). In this paper, detection of bearing

»  Embedded methods perform feature selection during the  fayits was prioritized. On tab.1 presented are considered bearings

model training process. They integrate the selection with  anq their faults (IS - Input Shaft, 1D - Idler Shaft, OS - Output
the learning algorithm, benefiting from both the filter and  ghaft, :1S - Input Side, :0S - Output Side).

wrapper approaches [2] (e.g. Lasso Regularization, Ridge

Regularization, Elastic Net, Three-based method). Table 1: Gearbox bearings and their defects faults for 8 operating
conditions.
*  Hybrid methods combine aspects of filter, wrapper, and Bearing | IS:1S DS 1 0SS | 15:0S | ID:OS | 0S:0S
embedded methods to leverage their respective strengths
and mitigate their weaknesses. These methods involve a | ©@s€
multi-stage process where filter methods are used for an g1 Good Good Good Good Good | Good
initial broad selection of features, followed by wrapper or
embedded methods [2] (e.g. Random Forest, XGBoost, | SPUr2 Good | Good | Good | Good | Good | Good
LightGBM). Spur 3 Good Good Good Good Good | Good
In this paper, AIC, BIC wrapper methods, Lasso Regression Spur 4 Ball Good Good Good Good | Good
embedded method, Random Forest hybrid method will be tested on
classification of bearings faults in mechanical gearbox. Rolling | SPUrs Inner | Ball Outer | Good | Good | Good
element, such as bearings, are the core and vulnerable components  [“spyrg Inner Ball Outer | Good Good | Good
in the machinery whose health condition directly affects in the
performance, efficiency and lifespan of the machines [3]. Spur7 Inner | Good | Good | Good | Good | Good
Spur 8 Good Ball Outer Good Good | Good
2. Dataset
A methodology for bearing health assessment and fault
classification is developed and evaluated for gearbox vibration data 3. Signal processing and feature extraction
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The health assessment and fault classification algorithms
requires valid input features to accurately evaluate the condition of
gearbox components and level of damage. Great significance has
extraction and selection of the most appropriate features that
correlate with bearings fault signatures and fault severity [6]. The
methods for signal processing and feature extraction used to derive
various condition indicators from vibration signals are discussed
below. Most commonly employed scalar state indicators, calculated
using acceleration signals are described in [7].

Time domain indicators

Features derived from the raw time signal can offer a
comprehensive understanding of the vibration levels exhibited by
the monitored gearbox, as well as the distribution of the vibration
data. The PdM systems typically utilize wideband diagnostic
indicators which are primarily computationally efficient, resulting
in quick responses, and also less sensitive to disturbances and signal
variations. Utilized time domain indicators for bearings faults
detection:

e  Peak-to-peak (PP),

e  Root mean square (RMS),

e  Crest factor (CF),

e  Shape factor (SF),

e  Standard deviation (STD),

e  Kaurtosis,

e  Velocity root mean square (VRMS).
Frequency domain indicators

The advantage of using simple scalar time-domain indicators is
that no knowledge about the characteristic fault frequencies is
required and thus the number and complexity of the components is
not taken into account. This simplifies the analysis procedure
significantly, with the trade-off being that it does not provide any
information about the exact location of component exhibiting the
anomalous behavior, therefore more component-specific frequency-
domain indicators are used [8]. Frequency analysis can detect faults
at an early stage, even before they become apparent in the time
domain. The following general frequency condition indicators were
calculated:

e  Mean frequency (MF),

e  Frequency Cener (FC),

e 3 max amplitude peaks and corresponding frequencies.
Envelope indicators

We also calculated more component-specific frequency-domain
from envelope spectrum. The envelope spectrum is probably the
most used tool to inspect the cyclostationary behavior of signals.
Most mechanical faults of bearings or gears induce some form of
cyclostationary behavior in the observed vibration signals [8]. This
phenomenon causes the envelope spectrum to exhibit discrete peaks
at the corresponding fault frequencies which arise from the
background noise and thus their amplitude is distinguishable from
the spectral noise. A faulty rolling bearing usually emit the
following frequencies [9]:

e FTF (Fundamental Train Frequency) — frequency used for
overall bearing condition

d - cos 0) assessment,

D

2

FTF:f-(u O

P

e BPFO (Ball Pass Frequency of the Outer Race) -
frequency emitted by a rolling element bearing when it
impacts a defect in the outer race,
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BPFO =

n-f (17 (I-(:OSH)
2 Dy 2

e  BPFI (Ball Pass Frequency of the Inner Race) — frequency
emitted by a rolling element bearing when it impacts a
n-f

defect in the inner race,
i 1 d-cosf
> \'T D, ®

e  BSF (Ball Spin Frequency) - frequency at which bearing
balls rotate about their own axes, indicate defects on inner

or outer race.
1 d-cosd\?>
D,

D, — pitch diameter of bearing,
n — number of balls,

f — rotating frequency,

d — rotating elements diameter,
6 — contact angle.

BPFI =

:Dp'f_

BSF
2d

4)

4. Feature selection methods

The purpose of feature selection is to identify and choose the
most relevant and informative subset of features from a larger set of
available features or variables. The majority of efforts in fault
prediction an classification concentrate on identifying the most
effective models neglecting cleaning the training data and selection
of best parameter values from it. Occasionally, the data used for
model training have considerable variability, which can lead to a
reduction in model accuracy. The effectiveness of Predictive
Maintenance systems depends directly from features chosen to
identify the condition of a machinery resulting in it successfulness
or, in contrary, its failure.

AIC and BIC

AIC (Akaike Information Criterion) and BIC (Bayesian
Information Criterion) are both statistical measures used in the field
of model selection and evaluation [10]. They provide a quantitative
way to balance the trade-off between model fit and complexity,
penalizing overly complex models to prevent overfitting. AIC and
BIC can also be used for feature selection by evaluating different
subsets of features [11]. The model can be trained with different
combinations of features and the subset of features that results in
the lowest AIC or BIC value is selected.

AIC=-2-In(L)+2-k
BIC=-2-In(L) +1In(n)-k

L - maximum likelihood of the model,
k - number of parameters in the model,
n - sample size.

®)
(6)

In both criteria, the first term (—=2-In(L)) penalizes models based
on the goodness of fit (likelihood), with lower values indicating a
better fit. The second term penalizes models complexity.

For the criteria to be the most accurate, it is advised to iterate
over all possible combinations of features (exhaustive search), but
this approach can be computationally expensive for datasets with a
large feature space [12]. To make the process less computationally
expensive, a forward or backward selection method can be used.
Forward selection starts with no features and iteratively adds the
features that reduces AIC and BIC until no further improvement is
observed. Backward selection starts with all features and iteratively
removes the features. Those approaches quickly converges to
solution but considers only local optima.
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L1 Regularization

The L1 regularization (also called Lasso regularization), can be
used in Logistic Regression model. Additional penalty is added to a
cost function which forces the learning algorithm to not only fit the
data, but also keep the model weights as small as possible,
preventing overfitting [13]. After training the Lasso logistic
regression model, the coefficients of the features are examined.
Features with non-zero coefficients are considered important and
selected for the final model, while features with coefficients close to
zero are considered less important and may be excluded. The
strength of the regularization penalty (1) can be adjusted.

Random Forest

Using Random forest is a hybrid feature selection method which
works by leveraging the importance scores assigned to each feature
during the training process; it considers interactions between
features and automatically handles feature importance calculation
without the need for explicit assumptions about the data
distribution. Scikit-Learn measures a feature’s importance by
looking at how much the tree nodes that use that feature reduce
impurity on average (across all trees in the forest) [13].

5. Methodology

The measurement data with accelerometers signals was loaded
and split into data frames with 50% overlap to obtain the larger
amount of training points.

For classification of faults of 6 bearings in gearbox a multilabel
classification was necessary — each training instance can be
assigned to multiple classes (e.g. inner race failure for IS:1S and ball
failure for ID:IS tab.1l). However, the bearings 1S:0S, ID:OS,
0S:0S did not encounter any breakage, so they were excluded from
fault detection - there were 3 bearing remaining. The labels were
created according to tab.2.

Labels 4, 7, 8, 10, 12 never occurred so the multilabel
classification was conducted using 7 occurring labels.

Table 2: Bearing faults and corresponding labels (G -Good, B — Ball fault,
| — Inner race fault, O — Outer race fault).

Bearing 1 Bearing 2 Bearing 3
Fault |G [B |l |[O|G|B|I |[O]|]G|B |I 0
Label |1 |2 |3 |4 |5 |6 |78 |9 [10 11 |12

For each data frame BPFO, BPFI, FTF, BSW were calculated,
which depended on bearing operating condition for measurements
with different speed (tab. 3). The details of bearings geometry
required for calculation of those component-specific indicators was
provided by the authors of a dataset.

Table 3: Calculated characteristic bearings frequencies for various
operating frequencies.

30 Hz 35Hz | 40Hz 45 Hz 50 Hz
BPFO [Hz] | 91,57 106,83 | 122,09 | 137,35 | 152,62
BPFI [Hz] 148,43 173,17 | 197,91 222,65 | 247,38
BSF[Hz] | 584 6,81 7,78 8,75 9,73
FTF [Hz] 11,45 13,35 15,26 17,17 19,08

Time domain data was transformed to frequency domain and
envelope spectrum. As presented on fig. 2, characteristic
frequencies were much mor distinguishable for envelope spectrum
than from raw data spectrum, proving its usefulness for fault
detection. Plot was created for spur 5 using input accelerator signal,
which should detect the inner race fault for bearing 1.
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On prepared data, all aforementioned in section 3 Condition
Indicators were calculated. As for BPFO, BPFI, FTF, BSP — when
peak frequencies were present in envelope spectrum a “1” value
was assigned, if not — “0”.

SVM Classifier was initially tested on full collection of
indicators, then the feature selection was conducted using 4
methods. For AIC and BIC a forward selection approach was used
because exhaustive search was computationally expensive for
calculating combinations of 38 features. Feature selection using
Random forest model started with finding satisfactory model
parameters and then the feature importances were directly acquired.
For L1 regularization, Logistic Regression model was trained with
penalty parameter equal to L1. Coefficient results returned by
model allowed to assess the usefulness of individual indicators. For
RF and LR we decided to halve the number of indicators to 20 (the
initial number was 38) by establishing suitable thresholds. SVM
model was tested on 4 reduced indicators set using 10-fold cross
validation (to average results across 10 different subsets of a dataset
and enable utilization of all points for training), after adjusting its
parameters (using grid search). As an evaluation a weighted F1-
score was used, which calculates F1 score for each label as the
harmonic mean of precision and recall. Each label has assigned a
weight based on the number of true instances for that label in the
dataset - it is particularly useful in multi-label classification tasks
where the labels are imbalanced, as it provides a more
comprehensive evaluation of the model's performance across all
labels.

6. Results

After applying aforementioned feature selection methods,
dataset dimension significantly decreased. However, each one of the
algorithms chose different subset of features (in — signal from
accelerometer mounted on input side, out - accelerometer mounted
on output side). Best features according to:

e AIC: pp_in, sf.in,
BPFO_out, freq3_out;

std_in, kurt_in, fc_in, rms_in,

e BIC: pp_in, sf_in, std_in, fc_in, std_in, freq3_out;

e RF: pp_in, rms_in, cf_in, sf_in, mf_in, fc_in, sf_out,
std_out, kurt_out, vrms_out, mf_out, fc_out, peakl_in,
freql_in, peak2_in, freg3_in, peakl out, peak2_out,
peak3_out, freq3_out;

e L1: pp_in, rms_in, sf_in, std_in, vrms_in, mf_in, fc_in,
pp_out, rms_out, cf out, sf out, std_out, kurt_out,
vrms_out, mf_out, fc_out, peakl_in, peak3_in,
peak2_out, peak3_out.

For every chosen subset of features tweaking parameters of
SVM model was required to adapt model to new feature space
(tab.4).
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Table 4: Comparison of SVM model parameters and averaged classification
results for different feature selection methods..

Feature selection SVM model parameters | Averaged F1-
method c score results
Y

No feature selection | 275 0,015 0,792

AIC 1200 0,1 0,683

BIC 50 0,2 0,653

Random Forest 1500 0,01 0,807

L1 regularization 600 0,01 0,821

Also confusion matrices of all 7 possible labels for best
performing SVM model and dataset were generated (fig. 3).
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Fig. 3 Final confusion matrices for each label

7. Conclusions

Results of this paper prove that selection and final choice of
features plays crucial role in performance of PdM systems. Through
thorough data analysis and testing various indicators reduction
methods we were able to improve the performance of SVM model
by 3% while using only half of available CI. The best results were
achieved by L1 Regularization algorithm and the worst by BIC.
Both AIC and BIC are very sensitive and rejected too many
indicators. Additionally, when dealing with a bigger number of
features, method is computationally intractable and not possible to
use in practice. Surprisingly, even though Random Forest is most
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state-of-art among presented algorithms, it did not obtain best
results.

Using each of the proposed methods resulted in different
subsets of features — it leads to a conclusion, that one perfect set of
indicators that would be selected by all algorithms do not exist. It
depends from selection criteria the methods use, which should be
adjusted to requirements of individual PAM system.

Only one from presented component-specific Cl from envelope
spectrum was selected by one of feature selection algorithms. It can
be a result of noisiness of data caused by failures of other gearbox
components.

An SVM Classifier model achieved satisfactory results for
every subset of dataset therefore is sufficient for bearing faults
classification task. It has been observed that the model parameters
vary significantly depending on set of indicators serving as an input.
Model has the biggest problem with differentiability of ball failure
in bearing 1, which would require further adjustments and/or
additional indicators.
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Abstract: This project endeavors to advance underwater mapping technologies through the development of algorithms tailored for mapping,
analyzing, and creating digital models of bathymetry. A key aspect of this research involves the integration of advanced technologies,
specifically High-Definition cameras and a purpose-designed sonar system. By leveraging these tools, high-resolution point cloud data and
precise representations of submerged geographical structures can be obtained. The project also aims to conduct a waterproof device,
operated by a diver, incorporating both HD cameras and sonar sensors. This device will enhance data collection and mapping capabilities
in challenging underwater environments, addressing complexities associated with underwater terrains. Several critical questions are central
to this research. Primarily, the investigation seeks to understand how artificial intelligence algorithms can be optimized to harness the
collective potential of HD cameras and the specially crafted sonar system. Additionally, the research endeavors to evaluate the comparative
efficacy and accuracy of the proposed sonar system and HD cameras in underwater mapping, particularly under adverse environmental
conditions where visibility is compromised by high particle concentrations. Througth these efforts, this project aims to contribute to the
advancement of underwater mapping technologies, offering insights into optimizing sensor integration and algorithm development for
enhanced mapping accuracy in challenging underwater environments.

Keywords: UNDERWATER IMAGING, UNDERWATER 3D POINT CLOUD, UNDERWATER PHOTOGRAMMETRY, FEATURE
MATCHING
techniques are crucial for the effective integration of HD cameras in
1. Introduction underwater mapping systems.

In the realm of marine exploration and resource management, Moreover, a multi-view underwater image enhancement method
the accurate depiction of underwater terrain holds paramount  using an embedded fusion mechanism, which further refined image
importance. Submerged landscapes harbor a wealth of ecological quality and detail retrieval, were introduced in [6]. Their approach
diversity, geological features, and invaluable resources, yet their demonstrated the potential of combining multiple enhancement
detailed mapping has long presented a formidable challenge to algorithms to achieve superior results, particularly in challenging
scientists and researchers. Traditional sonar systems, which utilize ~ underwater conditions.
sound waves to map underwater topography, have been ) )
indispensable tools in oceanographic research for decades. The capture and processing of 3D point cloud data have also
However, these traditional methodologies, while providing ~ Seen significant advancements. Authors in [7] proposed a
invaluable insights into submerged terrain, often suffer from  Methodology for capturing point cloud data in turbid underwater
limitations such as resolution constraints and an inability to capture  e€nvironments, addressing issues such as turbidity and distortion.
fine-scale features. The integration of sonar systems with High- ~ This method proved effective in obtaining accurate 3D
Definition (HD) cameras has emerged as a promising approach to representa_tions of underwater structures, essential for detailed
overcome these limitations and revolutionize our ability to unveil ~ topographic mapping.

the mysteries of the deep.
v P Deep learning techniques have been increasingly employed to

Recent advances in the field have seen the development and ~ €nhance underwater mapping capabilities. Authors in [8] utilized
application of sophisticated models and technologies aimed at ~ deep learning methods for multi-dimensional underwater point
enhancing underwater mapping capabilities. Authors in [1] ~ cloud detection, achieving high accuracy in detecting and
presented a theoretical model explaining the imaging mechanism of ~ classifying underwater objects. Similarly, convolutional neural
underwater topography by radar, highlighting the significance of ~ networks (CNN) with point cloud registration to improve the
current-induced surface effects. This early work laid the foundation ~ Precision of underwater object pose estimation were combined in
for understanding how underwater features could be detected using ~ [9]. These studies highlight the potential of Al-driven approaches in
surface observations. Building on such foundational theories, a  refining underwater mapping and object detection processes.
novel framework incorporating deep learning techniques,
specifically the Gate Recurrent Unit (GRU) model, to improve
water depth inversion in complex marine environments were
introduced in [2]. Their study demonstrated significant
improvements in accuracy and applicability of inversion models,
setting a new standard for underwater topographic mapping.

Lastly, Authors in [10] explored the use of visual SLAM
(Simultaneous  Localization and Mapping) algorithms for
autonomous underwater robot navigation. The integration of
ORBSLAM2 and point cloud processing demonstrated the
feasibility of using minimal instrumentation setups for effective
underwater navigation and mapping.

The integration of mathematical modeling and computational
analysis further enriches the field. Authors in [3] utilized GPS and
echo sounder data to construct underwater topography models,
providing insights into sedimentation changes over time. Such
approaches underscore the importance of combining multiple data
sources to achieve more accurate and dynamic representations of
underwater landscapes.

This project endeavors to advance underwater mapping
technologies through the development of algorithms tailored for
mapping, analyzing, and creating digital models of bathymetry. By
integrating advanced technologies, specifically High-Definition
cameras and a purpose-designed sonar system, this research aims to
obtain high-resolution point cloud data and precise representations
of submerged geographical structures. The development of a

Enhancements in image processing technologies have also ~ Waterproof device operated by a diver, incorporating both HD
played a critical role in advancing underwater mapp|ng In [4] an cameras and sonar sensors, will enhance data C0||ecti0n and
efficient underwater image enhancement method that significantly ~ Mapping capabilities in challenging underwater environments. The
improved visibility and detail in underwater images were proposed. ey questions central to this research involve optimizing artificial
Similarly, [5] developed a Bayesian retinex algorithm for enhancing intelligence algorithms to harness the collective potential of HD

underwater images, addressing common issues such as color casts ~ cameras and sonar systems, and evaluating the comparative efficacy
and low visibility. These advancements in image enhancement  andaccuracy of these tools under adverse environmental conditions.

Through these efforts, this project aims to contribute to the
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advancement of underwater mapping technologies, offering insights
into optimizing sensor integration and algorithm development for
enhanced mapping accuracy in challenging underwater
environments.

2. Design Considerations

In addition to our primary design considerations, we have
meticulously engineered the device to withstand the challenging
conditions of underwater operation up to depths of 30 meters.
Waterproofing is not merely a feature but a fundamental aspect of
the device's design, ensuring its functionality and integrity even in
the most demanding marine environments. By implementing robust
seals and enclosures, we have fortified the device against water
ingress, corrosion, and pressure, guaranteeing reliable performance
throughout underwater missions.

Buoyancy has been a focal point in our design, as we recognize
its pivotal role in facilitating ease of operation and mitigating the
risk of device loss. By carefully calibrating the buoyant properties
of the device, we have achieved a delicate balance that enables
effortless manipulation by divers while preventing the device from
sinking to unreachable depths. This buoyancy management system
not only enhances user experience but also safeguards against
potential accidents or equipment loss, ensuring uninterrupted data
collection and mission success.

Furthermore, we have prioritized user comfort, ergonomics,
and compactness in the design process, recognizing the importance
of seamless integration into the diver's equipment ensemble. Its
streamlined form factor and lightweight construction contribute to
enhanced maneuverability and agility underwater, empowering
divers to navigate complex environments with ease and confidence.

Given the inherent variability of the underwater landscape, we
have meticulously optimized the shape of the device to a cylinder,
to minimize hydrodynamic resistance and facilitate seamless
navigation through confined spaces such as underwater caves and
crevices.

3. Sonar System

For our sonar system we use a set of hydrophones and acoustic
transducers. Similar to how a microphone captures sound in the air,
a hydrophone functions to detect acoustic signals beneath the
water’s surface.

The majority of the hydrophones operate on a distinctive
property of certain ceramics, generating a minute electrical current
in response to fluctuations in underwater pressure. When
submerged in the water, a ceramic-based hydrophone generates
low-voltage signals across a board spectrum of frequencies, reacting
to underwater sounds originating from various directions.

Ceramic

Strain Relief

Polyurethane

Fig. 1. Schematic of an example ceramic hydrophone

Through the amplification and recording of these electrical
signals, hydrophones can accurately measure underwater sounds.
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While a single hydrophone has the capacity to capture sounds from
all directions, employing multiple hydrophones arranged in an
array, yields signals that can be manipulated to enhance sensitivity
beyond that of a singular device.

A point cloud comprises myriad data points suspended in space,
collectively representing an object or a defined area such as a
landscape or specific objects.

Fig. 2. Example of an underwater object

Each of these 3D points possesses a distinct set of X, Y, and Z
geometric coordinates, essentially serving as a digital counterpart to
corresponding points on the actual object.

Fig. 3. Point cloud of underwater object

Point clouds are relatively straightforward to create and can be
generated using freely available software, capable of storing highly
detailed information with ease. Furthermore, their accuracy,
particularly in the case of geo-referenced point clouds, is
exceptional, enabling precise measurements. In most cases,
constructing a point cloud for a landscape involves stitching
together numerous high-resolution images captured by drones to
produce a detailed output.

The level of detail in the resulting point cloud is directly
influenced by the quantity of high-resolution images collected. On
presented pictures we can see one of the pictures taken by one of
our members. We then created a point cloud of the object which
was later used to create a 3D model.

Feature matching is a critical step in many computer vision
applications, including object recognition, image stitching, and 3D
reconstruction. One widely used algorithm for this purpose is the
FLANN (Fast Library for Approximate Nearest Neighbors)
algorithm. Before matching features, it is essential to detect and
describe these features accurately in each image. The Scale-
Invariant Feature Transform (SIFT) algorithm is one of the most
effective techniques for this task.



INDUSTRY 4.0 2024, SUMMER SESSION, vol 1

Fig. 4. 3D model created from the point cloud

SIFT is designed to detect and describe local features in images,
which remain invariant to scale changes, rotation, and partially
invariant to changes in illumination and 3D viewpoint. The first
step in SIFT is constructing a scale-space representation of the
image. This is done by convolving the image I(x,y) with Gaussian
kernels of varying standard deviations (o), creating a series of
progressively blurred images. This process can be described by
Equation (1).

G(x,y,0)=I(xy)G(x,y,0) @

where G(x,y,6) is the Gaussian blur operator with standard
deviation . This operation results in multiple blurred images at
different scales, which help in detecting features that are invariant
to scale changes.

The next step involves creating the Difference of Gaussian
(DoG) images. DoG is computed by subtracting one blurred image
from another, each having a different o:

D(x,y,0)=G(x,y,ko)—G(X,y,0) 2

where k is a constant multiplicative factor. This process results
in a set of images that highlight the edges and important features in
different scales.

SIFT detects keypoints by searching for local extrema in the
DoG images. Each pixel is compared with its 8 neighbors in the
current image and its 9 neighbors in the scale above and the scale
below. If a pixel is a local extremum (either a maximum or
minimum), it is considered a potential keypoint. Not all detected
keypoints are equally useful. To refine the keypoints, SIFT uses the
Taylor series expansion of the scale-space function to interpolate
the location of the extrema accurately. Keypoints with low contrast
(below a certain threshold) or those that are poorly localized along
edges are discarded. Each keypoint is assigned one or more
orientations based on the local image gradient directions. This step
ensures that the keypoints are invariant to rotation. The orientation
of a keypoint is determined by computing the gradient magnitude
and direction around the keypoint and creating an orientation
histogram. The highest peak in the histogram indicates the dominant
orientation. Finally, a descriptor is created for each keypoint. This
descriptor is a vector that describes the local image region around
the keypoint. The image gradients are measured in the region
around the keypoint, and these gradients are weighted by a
Gaussian window. The resulting values are then transformed into a
vector that is normalized to enhance invariance to changes in
illumination.

Once features have been detected and described using SIFT, the
next step is to match these features between images. FLANN (Fast
Library for Approximate Nearest Neighbors) performs fast and
approximate nearest neighbor searches. It is particularly useful
when dealing with large datasets where exact nearest neighbor
search would be computationally expensive.

The basic idea behind FLANN is to use a combination of
randomized kd-trees and hierarchical k-means trees to organize the
data, making the search process much faster.

To match features between two images, FLANN first builds an
index of the feature descriptors from one image. For each feature
descriptor in the second image, FLANN searches the index to find
the closest matching descriptor. This process results in a set of
matched feature pairs. To improve the robustness of the matching
process, FLANN incorporates techniques to reject outliers. One
common method is the ratio test proposed by [11], which compares
the distance of the closest neighbor to that of the second-closest
neighbor. Matches are accepted if the ratio is below a certain
threshold, indicating a good match. By integrating these methods, it
becomes possible to accurately match features between images,
enabling various advanced computer vision tasks such as 3D
modeling, image stitching, and object recognition in underwater
environments.

6. Results

Our project aimed to advance underwater mapping technologies
by integrating high-definition cameras and sonar systems to create
accurate digital models of underwater terrains. The field tests
conducted in both controlled and challenging environments
provided valuable insights into the effectiveness and limitations of
our approach.

Field Testing at Diving Pool

We conducted initial tests at the Diving pool, a controlled
environment known for its excellent visibility. The primary
objective was to generate a detailed point cloud of an actual boat
wreck. The results from this test were highly successful,
demonstrating the capability of our integrated system to produce
high-resolution 3D models of underwater objects.

Table 1: Point Cloud Accuracy in Pool

Metric Value
Average Point Density (points/m?) 500000
Mean Distance Between Points (mm) 15
Standard Deviation of Distance (mm) 0,2
Total Number of Points 500000
Coverage Area (m?) 10
Processing Time (minutes) 45

The results from Pool highlighted the system's ability to capture
fine details and produce a dense and accurate point cloud, with an
average point density of 500,000 points per square meter and a
mean distance between points of 1.5 mm.

Field Testing at Zakrzowek

Subsequent tests were performed at Zakrzowek, an environment
characterized by significantly poorer visibility due to high particle
concentration. The objective was to assess the performance of our
imaging and sonar systems under less ideal conditions.

Table 2: Point Cloud Accuracy in Zakrzéwek

Metric Value
Average Point Density (points/m?) 120000
Mean Distance Between Points (mm) 5,0
Standard Deviation of Distance (mm) 0,8
Total Number of Points 120000
Coverage Area (m?) 10
Processing Time (minutes) 60
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The results from Zakrzéwek indicated a significant reduction in
point cloud density and accuracy, with an average point density of
120,000 points per square meter and a mean distance between
points of 5.0 mm. This decrease in performance underscores the
challenges posed by poor visibility and the limitations of
photographic methods in such conditions.
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The comparative analysis between the two test sites clearly
illustrates the strengths and weaknesses of our system under
different environmental conditions. In the controlled environment of
Diving Pool, the high visibility allowed for precise and detailed
point cloud generation. However, in Zakrzowek, the poor visibility
conditions significantly impacted the quality of the point cloud,
highlighting the need for complementary data from sonar systems to
maintain accuracy.

The data clearly shows that while high-definition cameras can
provide excellent results in clear water conditions, their
effectiveness diminishes significantly in turbid environments. This
finding underscores the importance of integrating sonar data to
complement imaging techniques and ensure reliable and accurate
underwater mapping across varying conditions.

The results of our tests underscore the critical role of integrating
multiple technologies for underwater mapping. The high-definition
cameras provided excellent results in clear water conditions, but
their limitations in turbid environments highlighted the necessity for
supplementary sonar data. Our system's ability to adapt to different
environments by combining these technologies ensures robust and
accurate mapping, paving the way for advancements in underwater
exploration and resource management.

7. Summary

In this project, we successfully advanced underwater mapping
technologies by integrating sophisticated sonar systems and high-
definition cameras, coupled with advanced image processing and
deep learning algorithms. Our efforts focused on developing robust
algorithms for mapping, analyzing, and creating digital models of
underwater terrains.

We conducted a series of tests at the Diving pool, where we
successfully generated a detailed point cloud of an actual boat
wreck. This demonstration confirmed the effectiveness of our
integrated approach in a controlled environment with good
visibility.

Further tests were carried out at Zakrzowek, an area with
significantly poorer visibility. These tests revealed a critical
limitation: imaging based solely on photographs proved insufficient
under these challenging conditions. The reduced visibility
highlighted the dependency of photographic methods on clear water
conditions, underlining the necessity for supplementary techniques
to ensure accurate underwater mapping.

Our findings indicate that the integration of sonar systems with
HD cameras is essential for overcoming the limitations posed by
adverse underwater environments. The sonar system, comprising
hydrophones and acoustic transducers, provided reliable data even
in turbid conditions, where traditional photographic methods failed.
The use of SIFT for feature detection and FLANN for feature
matching between images further enhanced our ability to process
and integrate data from multiple sources.

The development of a waterproof device, designed to operate
effectively up to depths of 30 meters, was a crucial aspect of our
project. This device, incorporating robust seals, buoyancy
management, and ergonomic considerations, facilitated efficient
data collection and maneuverability in underwater environments.
The cylindrical shape minimized hydrodynamic resistance, enabling
smooth navigation through confined spaces.

Our research demonstrates that while high-resolution imaging
plays a vital role in underwater mapping, it must be complemented
by sonar data to address the challenges of visibility and detail
capture. The integration of multiple data sources and the application
of advanced algorithms ensure a more comprehensive and accurate
representation of underwater terrains.

Future work will focus on further enhancing the integration of
sonar and imaging technologies, improving the robustness of our
algorithms, and expanding the application of our methods to more
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diverse and challenging underwater environments. This project has
laid a strong foundation for ongoing advancements in underwater
mapping technologies, offering significant potential for future
research and practical applications in marine exploration and
resource management
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Abstract: This paper proposes a novel architecture for pdm-tools, a dedicated library designed to streamline the development process of
predictive maintenance (PdM) algorithms within the Industry 4.0 paradigm. pdm-tools tackles the time-consuming nature of PdM algorithm
development by encompassing five key components within a unified framework. pdm-tools tackles the time challenge by offering a unified
workflow: generate synthetic vibration data (gearboxes, bearings, shafts) for rapid prototyping, eliminating initial real-world data
collection. Data preparation and feature extraction ensure readiness through scaling, filtering, and extracting diverse condition indicators,
empowering robust algorithms. Finally, user-defined model development and evaluation allow training, optimization, and selection of
optimal PdM algorithms (machine learning/deep learning). By integrating these functionalities within a single architecture, pdm-tools
empowers rapid development and evaluation of PdM algorithms, ultimately leading to a more efficient and effective implementation of

predictive maintenance strategies within the Industry 4.0 landscape.
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1. Introduction

Predictive Maintenance (PdM) is an advanced maintenance strategy
that leverages data analysis techniques and condition-monitoring
technologies to predict when equipment failure might occur [1].
Unlike traditional maintenance approaches, such as reactive
maintenance, which involves repairing equipment after a failure, or
preventive maintenance, which schedules regular maintenance
based on time or usage, PdM aims to minimize downtime and
maintenance costs by performing maintenance activities just in time
before a failure happens [2].

PdM relies on real-time data collected from various sensors and
historical data to identify patterns and anomalies that indicate
potential issues. By applying machine learning algorithms and
statistical models, PdM systems can forecast the remaining useful
life of machinery and recommend optimal maintenance actions [3,
4, 5]. This proactive approach not only enhances the reliability and
efficiency of equipment but also extends its operational lifespan,
thereby contributing to overall operational excellence [6, 7, 8].

Predictive

Maintenance
Tasks

h 4 A4 Y

Anomaly Detection Fault Identification Remaining Useful Life

Fig. 1 Predictive Maintenance tasks diagram.

Predictive Maintenance (PdM) encompasses three core tasks (Fig
1.): anomaly detection, fault identification, and estimation of the
remaining useful life (RUL). Anomaly detection involves
monitoring equipment to identify deviations from normal
operational behavior, signaling potential issues before they escalate.
Fault identification goes a step further by diagnosing the specific
nature and cause of detected anomalies, enabling targeted corrective
actions [9, 10]. Lastly, the estimation of the remaining useful life
predicts the time remaining before an asset is likely to fail, allowing
for optimal scheduling of maintenance activities to prevent
unexpected breakdowns and minimize downtime. Together, these
tasks ensure a comprehensive and proactive approach to
maintaining equipment health and performance.

Currently, most Predictive Maintenance (PdM) solutions are
developed using scripts written in MATLAB or Python. These
scripts often leverage a variety of MATLAB toolboxes and Python
packages to create new algorithms. While MATLAB offers a
comprehensive and well-suited solution for PdM, its high cost can
be prohibitive. Consequently, in the fields of Deep Learning (DL)
and Machine Learning (ML), scientists often prefer open-source
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libraries such as PyTorch, Scikit-learn, and TensorFlow. Although
there are numerous repositories on GitHub related to PdM, none of
them provide a complete framework that is reusable, adjustable, and
scalable, which presents a significant gap in the current landscape
of PdM development tools.

To address these challenges, we propose a unified pdm-tools
framework designed to streamline the development of Predictive
Maintenance (PdM) solutions. This framework facilitates the
generation of synthetic vibration data for critical components such
as gearboxes, bearings, and shafts, thereby mitigating the need for
initial real-world data collection and expediting the prototyping
process. Comprehensive data preparation and feature extraction
methods ensure the data is preprocessed through scaling, filtering,
and the extraction of diverse condition indicators, which are crucial
for developing robust predictive algorithms. Additionally, the
framework supports user-defined model development and
evaluation, enabling the training, optimization, and selection of
optimal PdM algorithms, encompassing both machine learning and
deep learning techniques.

2. Framework overview.

The proposed framework encompasses a comprehensive suite of
components designed to facilitate the development of Predictive
Maintenance (PdM) solutions. This section provides an overview of
the key components comprising the framework architecture (Fig 2.).

The framework includes a robust data generation module capable of
producing synthetic vibration data and simulating faults in critical
machinery components such as bearings, gearboxes, and shafts.
This functionality enables users to generate data representative of
real-world scenarios, facilitating the rapid prototyping of PdM
solutions.

A critical aspect of PdM solution development involves
preprocessing raw data to ensure its suitability for algorithmic
analysis. The framework offers a flexible preprocessing module
where users can perform tasks such as scaling, filtering, and
normalization, particularly crucial when working with real data.
This preprocessing step enhances the quality and reliability of the
data, laying a solid foundation for subsequent analysis.

Feature extraction
Gathering the data ‘

Real Data

[ Synthetic
| Data |

| condition
Indicators

Data = 4
Diagnostic

preprocessing
Images

Model development

L r{ Train ]—) Evaluate { Optimize —|

—

Raw data

Fig. 2 High-level framework overview.
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The feature extraction module provides users with a range of
options tailored to their specific modeling requirements. Whether
utilizing diagnostics images, condition indicators, or raw data, this
module offers diverse feature extraction techniques to capture
relevant information from the data. By extracting meaningful
features, users can enhance the predictive capabilities of their
models and uncover valuable insights into equipment health.

Central to the framework is the model development module, where
users can design, evaluate, and optimize custom PdM models.
Leveraging a combination of machine learning and deep learning
methodologies, users have the flexibility to create models tailored to
their unique application domains. This module also facilitates the
optimization of model hyperparameters, ensuring optimal
performance and generalization.

In the final stage of PdM solution development, users can evaluate
the performance of their custom models and compare them against
pre-existing implementations. This allows for comprehensive
benchmarking and validation, enabling users to assess the efficacy
of their solutions and make informed decisions regarding model
selection and refinement. Additionally, users can leverage pre-
existing models as starting points for their own implementations,
further expediting the development process.

3. Data Generation

The data generation component of the framework employs
sophisticated techniques to simulate various machine malfunctions
and generate synthetic vibration data [11]. Through the application
of specific amplitude and frequency modulation methods, the
framework can accurately replicate fault conditions within
machinery components. Certain faults, such as those occurring in
shafts and gearboxes, are represented as sinusoidal components,
while others, such as bearing faults, are modeled as decaying
pulses. Moreover, the framework allows for the application of
randomly generated frequency response functions corresponding to
the machine under consideration, a technique commonly employed
in modal analysis to identify resonant frequencies. This function is
characterized by non-periodic and non-monotonic amplitude
modulation, reflecting the dynamic nature of vibration signals
produced by machines operating at varying speeds. By combining
these features and parameters, the framework can simulate a range
of faults including:

e shaft imbalance,

e  bearing defects,

e and gearbox faults,
thereby enabling the generation of synthetic data representative of
diverse operational conditions. This parametrization capability
further enhances the versatility of the framework, facilitating the
simulation of different fault scenarios for comprehensive testing and
analysis.

4. Data preprocessing.

Data preprocessing

Scaling

Filtering

Normalization

Fig. 3 Data preprocessing component.
The data preprocessing component of the framework is integral to
ensuring that the data is suitably prepared for subsequent analysis
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and model development. This component is comprised of three key
parts (Fig. 3.):

« Scaler - The scaler module facilitates the scaling of measured
values according to specified measurement parameters, like
amplification and sensitivity.

* Filtering - The filtering module provides tools to design and
apply various types of filters to the data. Users can implement low,
high and band-pass filters (Fig. 4.).

* Normalization - The normalization module applies z-score
normalization to the data, transforming it into a standard normal
distribution. This process ensures that the data has a mean of zero
and a standard deviation of one, facilitating improved performance
and stability in machine learning algorithms.

1.75 4

order = 2
order = 4
order = 8
sqrt(0.5)

1.50 4

1.25 4

Gain

0.00 4

6000 8000 10000 12000 14000

Frequency (Hz)

Fig. 4 Example of a band-pass filter (from 2 to 5000 [Hz]).

0 2000 4000

5. Feature extraction

The feature extraction component of the framework provides a
comprehensive suite of tools to calculate various indicators and
diagnostic images that are essential for developing robust predictive
maintenance models [12]. This component supports the extraction
of features in the time domain, frequency domain, and specific
envelope indicators related to bearing faults, as well as the
generation of diagnostic images.

Time Domain Indicators
The framework allows for the calculation of several time domain
indicators, including:

e  Peak-to-peak (PP): The difference between the maximum
and minimum values in the signal.

e Root mean square (RMS): The square root of the mean of
the squares of the values, reflecting the power content of
the signal.

e  Crest factor (CF): The ratio of the peak value to the RMS
value, indicating the presence of peaks.

e  Shape factor (SF): The ratio of the RMS value to the mean
of the absolute values, providing insight into the
waveform shape.

e Standard deviation (STD): A measure of the amount of
variation or dispersion in the signal.

e  Kaurtosis: A measure of the "tailedness™ of the probability
distribution of the signal.

e Velocity root mean square (VRMS): The RMS value of
the velocity signal.

Frequency Domain Indicators
In the frequency domain, the framework can calculate:
e Mean frequency (MF): The average frequency content of
the signal.
e Frequency Center (FC): The center of mass of the power
spectrum.
e  Three maximal amplitude peaks and their corresponding
frequencies: The highest peaks in the frequency spectrum
and their associated frequencies.
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Envelope Indicators
For bearing fault detection, the framework includes envelope
indicators that are related to specific bearing fault frequencies:

e Fundamental Train Frequency (FTF): Related to the cage
or train of the bearing.

e Ball Pass Frequency of the Outer Race (BPFO): The
frequency at which a ball passes over a defect on the outer
race.

e Ball Pass Frequency of the Inner Race (BPFI): The
frequency at which a ball passes over a defect on the inner
race.

e  Ball Spin Frequency (BSF): The frequency at which a ball
spins within the bearing.

Diagnostic Images
The framework also provides capabilities for generating various
diagnostic images, which are useful for visual analysis and model
input:
e  Fast Fourier Transform (FFT): Converts the time-domain
signal into its frequency components.
e Power Spectral Density (PSD): Estimates the power
distribution of a signal over frequency.
e Short-Time Fourier Transform (STFT): Represents the
signal in both time and frequency domains.
e  Continuous Wavelet Transform (CWT): Provides a time-
frequency representation of the signal.
e  Kurtogram: A visual tool to identify the frequency bands
where kurtosis is maximized, indicating potential faults.

6. Model development

The model development, evaluation, and comparison component of
the framework offers users a robust environment to design,
optimize, and assess their predictive maintenance (PdM) models.
Users can develop their models utilizing popular machine learning
libraries such as TensorFlow and Scikit-learn, depending on the
specific algorithm requirements [13].

Model Development

The framework supports the creation and customization of models
using a wide array of machine learning (ML) and deep learning
(DL) algorithms. By leveraging TensorFlow for DL models and
Scikit-learn for ML algorithms, users can construct models tailored
to their specific PdM applications.

Optimization Algorithms

A key feature of the framework is its integration of advanced
optimization algorithms to enhance model performance. Users can
utilize:

e Grid Search - A systematic approach to hyperparameter
tuning by exhaustively searching through a specified
parameter grid.

e Random Search - An alternative to grid search that
randomly samples hyperparameters, often yielding
comparable performance with reduced computational
cost.

e Bayesian Optimization - A probabilistic model-based
approach that efficiently navigates the hyperparameter
space to find optimal settings.

e Hyperband - A resource-efficient optimization algorithm
that dynamically allocates resources to promising
hyperparameter configurations, particularly suited for DL
models.

Base Solutions and Comparison

The framework provides a set of pre-implemented base solutions
that users can employ for benchmarking purposes. These baseline
models facilitate a straightforward comparison, enabling users to

evaluate the performance of newly developed algorithms against
established standards.

Automated Evaluation

To streamline the evaluation process, the framework automatically
generates confusion matrices (Fig 5.) and computes essential
performance metrics, including precision, accuracy, recall, and the
F1 score, where applicable. These metrics provide a comprehensive
assessment of model performance, aiding users in the selection and
refinement of their PdM algorithms.
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Fig. 5 Example confusion matrix.

7. Conclusions

The proposed architecture allows for the rapid, scalable, and
adjustable development of Predictive Maintenance (PdM) solutions.
By leveraging well-established packages such as NumPy, SciPy,
TensorFlow, Matplotlib, and Scikit-learn, the framework ensures
robustness and flexibility in handling specific tasks associated with
PdM.

One of the key advantages of this framework is its capability to
generate synthetic data, which can be particularly useful in
providing additional information to enhance algorithm performance.
This feature significantly reduces the initial dependency on real-
world data collection, thereby accelerating the prototyping phase.

Furthermore, the framework enables users to benchmark their
solutions against predefined baseline models. This comparative
capability is a significant advantage, as it allows for an objective
evaluation of new algorithms, facilitating the identification of the
most effective approaches.

However, it is important to note that the current framework does not
address the deployment phase of PdM solutions. Deployment is a
critical aspect that involves integrating developed models into real-
world systems, ensuring they operate efficiently under actual
operating conditions. Future work should focus on incorporating
deployment capabilities to provide a comprehensive end-to-end
solution for PdM.

Overall, the architecture presented offers a robust platform for the
development of PdM solutions, with strengths in synthetic data
generation, comprehensive data preprocessing, and advanced model
development and evaluation. By addressing the deployment phase
in future iterations, the framework can become an even more
powerful tool for predictive maintenance applications.
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Abstract: Controlling Multi-Input Multi-Output (MIMO) systems, such as portal conveyors, poses significant challenges due to their inherent
complexity and variability. Traditional control methods often fall short in handling the dynamic and nonlinear nature of these systems. This
paper presents a novel reinforcement learning (RL) approach, leveraging the twin-delayed deep deterministic policy gradient (TD3)
algorithm, to develop a follow-up controller that is robust to changes in system parameters. Our simulation experiments demonstrate the

effectiveness of this method.
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1. Introduction

The increasing complexity and nonlinearity of modern control
systems present significant challenges for achieving effective
control. MIMO systems [1], which involve multiple inputs and
outputs interacting simultaneously, exemplify these challenges.
Traditional methods based on differential equations often fail to
capture the chaotic and unstable behavior of such systems
accurately. Several factors contribute to the complexity of control
systems:

e State Variables: Modern control systems include numerous
state variables that describe the system's current state,
making management difficult.

e Interconnected Subsystems: Many control systems consist
of interconnected subsystems that introduce complex
interactions and feedback loops.

e Parameter Uncertainty: Production variability and
environmental conditions introduce uncertainty in system
parameters.

o Nonlinearity: Nonlinear systems exhibit disproportionate
responses to changes in state variables and control actions,
complicating control design.

Traditional methods struggle with these issues, necessitating
robust and adaptive control strategies. Reinforcement Learning
(RL) offers a promising alternative by enabling systems to adapt to
dynamic environments and maintain optimal performance. RL
approaches, particularly those leveraging deep learning techniques,
can handle the complexities of nonlinear and dynamic systems more
effectively than traditional methods. The RL agent learns optimal
control strategies through a process of trial and error, continuously
improving its performance based on feedback from the
environment. This adaptability makes RL a powerful tool for
controlling complex systems.

2. Object of study

In this chapter, we will focus on presenting a specific object on
which RL control research will be carried out. Portal conveyor has
been chosen as the object, which is an example of a
multidimensional system. The study will be carried out using a
simplified mathematical model that considers the variable dynamics
of the system due to the variable weight of the load and the variable
length of the sling.

Object presentation

The object consists of cart that moves in two axes and a sling
that moves in one axis and swings in two planes. The following is
an overview diagram of the crane (Fig. 1).
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Fig. 1 Final confusion matrices for each label

)

The model can be described by the state variables shown in
Table I.

Table 1: Portal Conveyor Variables

Symbol Description

X X-axis cart position

Vy X-axis cart velocity

o Angle between the lift-line and Z axis
® Angular velocity of the load on XZ plane
L Length of the lifted load

Vi Sling extraction speed

The following equations (1-6) are representations of the object's
state-space, where Fx/FI are forces acting on cart/payload and
mc/ml are weights of the cart/payload.

ZL=X=2z (1)

I =X= m::fm{ mr:iil @)
E3 =G =12 (3)

B == r(m;?mo _i((:::ﬁ;) “
e =1=1z (5)

2o =l=3L ©

Non-linearity of the object

Portal Conveyor are nonlinear systems because they cannot be
described by linear equations. This is due to several factors,
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including the nonlinear dependence of force on speed, torque on
angular velocity, and frictional force on speed and angle of rotation.
The variable length of the sling and the variable weight of the load
also create additional nonlinearity in the crane's behavior. To
simplify the mathematical model, assumptions were made about a
rigid sling and small rocking angles.

3.Methodology

Overview

This study endeavors to develop and assess the efficacy of a
reinforcement learning (RL) algorithm specifically designed for the
control of object described in paper. The system consists of an agent
and the environment with which the agent interacts. The conveyor
is modeled using state space equations, which are recalculated in
each iteration to account for the changing sling length and load
mass. This approach ensures that the simulation accurately reflects
the non-linear behavior of the system, particularly under varying
load conditions. In our proposed system, rewards are determined by
penalizing deviations from desired performance metrics, including
precise load positioning and minimization of sling sway during
operation. The RL agent, functioning as the conveyor controller,
learns optimal actions through a process of trial and error,
iteratively refining its strategy based on the rewards received from
the environment [2]. This iterative learning process is visually
depicted in Fig. 2, illustrating the dynamic interaction between the
RL agent and its environment.

Environment

> —
i
i
Controls: 3 .
KKy K3 K K Ky Ruv:.ml State observations:
' Xs Vi v o, @
|
A 4
Agent €—

Fig. 2 System scheme.
Reward function

Another thing worth mentioning is the reward feature. The
reward function (7) assesses how close the agent's behavior was to
ideal in a given iteration [3]. The higher the value of the reward
function, the more satisfactory the agent's performance has been
achieved. The type of reward function that the authors chose can be
called a penalty function, because the function coefficients are
negative [4]. The closer to the target regulation point, the smaller
the penalty, hence the maximum, but unattainable, reward value
from a single simulation is zero.

()

Reward = —a*e— b *a

Hyperparameters a and b should be selected depending on the
weights of individual parts of the function. Parameter e is the
carriage linear position deviation, a & b are the weights of function
components. Taking into account the value of the position error,
the swinging angle of the sling

4.Network training

Neural Network Architecture

The decision to employ the Reinforcement Learning Deep
Deterministic Policy Gradient (rIDDPG) agent stemmed from its
aptness for environments characterized by continuous action spaces
and observations. Within the rIDDPG framework, both the actor
and critic functions are realized as deep neural networks [5]. This

algorithm, abbreviated as Deep Deterministic Policy Gradient,
represents an actor-critic, model-free methodology rooted in the
deterministic policy gradient method. The actor network is
constructed with fully connected layers, followed by leaky rectified
linear unit (ReLU) activations, culminating in a hyperbolic tangent
(tanh) layer responsible for outputting the action values [6].
Conversely, the critic network features distinct pathways for state
and action inputs, which are then fused and processed through
additional layers to yield the Q-value [7]. For a comprehensive
understanding of the neural network architecture, please refer to
Tables 2-5 for detailed information.

Table 2: Actor
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Layer Model Activations
Input 8 -
Dense 64 LeakyRelLU
Dense 16 LeakyRelLU
Dense 8 Tanh

Table 3: Critic state path

Layer Model Activations
Input 8 -
Dense 64 LeakyRelLU
Dense 32 -

Table 4: Critic action path

Layer Model Activations
Input 4 -
Dense 32 -

Table 5: Critic common path

Layer Model Activations
Dense 2 LeakyRelLU
Output 1 -

Additionally, the interaction between the actor and critic is
depicted in Fig. 3, showcasing their collaborative dynamics in the
training process.

State
input

Y

Critic
State Path

Actor

control
signal

Critic
Action Path

compute

Critic
Common Path

©

output

Fig. 3. Network architecture.
Training

In the training phase of our reinforcement learning (RL)
algorithm, it is imperative to acknowledge the computational
intensity of this process, as each episode within the Simulink
environment involves the RL agent interacting with the
environment, learning optimal actions through trial and error, and
updating its policy based on received rewards. Throughout this
iterative process, the agent strives to maximize its cumulative
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reward, ultimately honing its decision-making capabilities to
achieve the desired control objectives. An important indicator of the
learning progress is the convergence of the average reward towards
zero, signifying that the agent is increasingly proficient in
navigating the environment and accomplishing its goals. Fig. 4
offers a visual representation of this learning progress, depicting the
evolution of the agent's performance over time. Analyzing this
progression provides valuable insights into the dynamics of the
training process, including the rate of learning and potential areas
for improvement. By harnessing the computational power of our
hardware setup and monitoring the training progress through
visualizations such as Fig. 3, we can effectively guide the RL agent
towards achieving optimal performance. This rigorous training
process lays the foundation for robust and reliable control of non-
linear objects, ensuring safety, efficiency, and precision in real-
world operations.

-500

-1000

-1500

-2000 |

Episode reward
Average reward

-2500

JJLLREL BIEEE LE LR LU RS
0.8 1 1.2 14 16 1.8 2
Episode « 105

3000 T

Fig. 4. Training process.

For each episode, the agent takes actions in 1000 iterations, as
the time sample is set to 10 ms, resulting in an overall simulation
time of 10 seconds. The training process stopped after almost
210,000 simulations (Fig. 3). During the learning process, the agent
tuned the policy correctly more often than incorrectly. Finally, after
200,000 simulations, the agent fine-tuned the policy such that each
subsequent simulation was performed properly. The final tuning of
the neural network weights continued for the next 10,000
simulations. The decision to stop the learning process was made due
to the reward level remaining at an appropriate level.

4 Results

In this section, we present the outcomes from simulations that
attained the highest overall reward. We evaluated our system's
performance under two different masses: Mass A, which is 1kg and
Mass B, which is 5kg, utilizing specified control indicators to
ensure effective regulation. The simulations for crane movement
lasted 10 seconds in both cases. The plotted data, including dynamic
variables x, vx, a, ®, 1, vl correspond to the most successful cases.
The Performance Evaluation for Mass A is illustrated in Fig. 5. The
graph above illustrates the response of the system when subjected to
varying conditions associated with Mass A. Through
comprehensive analysis, it was observed that the system adequately
met the predefined control indicators, including settling time,
overshoot, and steady-state error. These results indicate that the
system effectively regulated the dynamics of Mass A,
demonstrating its capability to maintain stability and achieve
desired performance levels.
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Fig.6 Performance of crane with load mass A [1kg].

Similarly, the graph representing the performance evaluation for
Mass B (Fig. 6) showcases the system's response under different
operational parameters. Upon detailed examination, it was evident
that the system consistently satisfied the prescribed control criteria.
Notably, the settling time, overshoot, and steady-state error
remained within acceptable bounds, underscoring the system's
ability to regulate the dynamics of Mass B effectively. To further
analyze the system's behavior, we plotted Gain values against the
weight. These plots provide additional insights into how the
system's performance varies with different masses.
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Fig. 8 Gains for mass B [5kg].

Overall, the results obtained from the evaluation of our system
for both Mass A and Mass B demonstrate its robustness and
reliability in achieving satisfactory regulation. By successfully
meeting the specified control indicators under varying mass
conditions, our system showcases its versatility and applicability
across a diverse range of scenarios and environments. These
findings substantiate effectiveness of our system in providing stable
and controlled operation, thereby fulfilling the intended objectives.
For comparison with the generally used LQR controller, the
feedback gains for the linear-quadratic controller would need to be
recalculated for each time instance [7]. The reinforcements
produced by the agent for the two different masses are very similar
in shape to each other.

5.Conclusions

In summary, our approach has yielded promising results,
demonstrating the efficacy of our system in regulating the dynamics
of masses A and B. The performance evaluation revealed that our
system successfully met the specified control indicators, including
settling time, overshoot, and steady-state error, for both Mass A and
Mass B. These findings underscore the validity and effectiveness of
our approach in addressing the challenges associated with dynamic
mass regulation. The consistent achievement of satisfactory
regulation across varying mass conditions indicates the robustness
and reliability of our system. Encouraged by these results, we are
motivated to continue our research efforts in this domain. Moving
forward, we plan to explore further optimizations and enhancements
to our system, with the aim of extending its applicability to broader
contexts and addressing more complex challenges. One significant
step in this direction involves conducting experiments on a real
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system, rather than relying solely on simulations. By transitioning
from simulations to real-world testing, we aim to validate the
performance of our system in practical scenarios and gain deeper
insights into its behavior under real-world conditions. Leveraging
the insights gained from this study, we are confident in our ability
to refine and advance our system. We envision incorporating
advanced control strategies and algorithms, leveraging the latest
developments in Reinforcement Learning and control theory.
Through ongoing research and experimentation, we remain
committed to realizing the full potential of our approach and
making meaningful contributions to the field of dynamic mass
regulation. Furthermore, our future experiments on real crane
systems will allow us to validate the scalability and adaptability of
our approach across different industrial settings. By collaborating
with industry partners and crane operators, we aim to tailor our
system to specific operational requirements and address any
practical challenges that may arise. Ultimately, our goal is to
develop innovative solutions that not only improve the efficiency
and safety of crane operations but also pave the way for the
adoption of advanced control technologies in various industrial
applications.
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Abstract: The article, been a continuation of previous studies, proposes and analyzes one of the ways to increase the efficiency of multi-
channel communication systems through the simultaneous use of several derivative systems of Walsh functions with different generating
functions, which are necessary for constructing pseudo-random sequences (PSR). These sequences, in turn, are used as spreading codes
when generating noise-like signals in multi-channel data transmission systems with channel separation (SDMA) according to the signal
shape or code. The correlation properties of the PSR are studied and it is shown that, in the contrast of the known ones, the proposed
approach makes it possible to increase the number of channels in the system without increasing the channel bandwidth that improves the
efficiency of a multi-channel communication system.

Keywords: CDMA SYSTEM, NOISE-LIKE SIGNALS, PSEUDO-RANDOM SEQUENCES, WALSH FUNCTION DERIVATIVE,
GENERATING FUNCTION.

1. Introduction the Walsh matrix acts as the original signal, and the spreading code

. . . L acts as the generating signal. A system consisting of derivative
It is known that from the point of view of using time and signals is called a derivative.

frequency resources, the most effective are multi-channel systems A signal is chosen as a generating signal such that the

with channel separation according to signal shape [1-5]. On the  gerjvative system has good correlation properties. As a rule, this is a

other hand, to increase the noise immunity of such systems, it is signal with good AACF, and it is found using a computer or other
desirable to use broadband noise-like signals (NLS), since such  method.

signals are little sensitive to powerful narrow-band interference, to The discrete signals with the best ACF structure include
multipath propagation, and have data transmission secrecy [2, 7, 8]. Barker signals (codes), M-sequences, de Bruijn sequences [1, 2,
Increasing the number of multiplexed channels without 121 only seven Barker codes are known, and there are only two

increasing the number of physical lines is possible by endowing  gyen sequences (two and four characters long). The length of M -
signals with special individual characteristics that would lead to the  ggqyences is L = 2"- 1 = 2%~ 1 = 7 symbols, and the length of de

distinction of multiplexed channels for the purpose of their further  pgpyjjn sequences is L = 2" = 23 = 8 symbols.

separation. In general, such signs can be the parameters of signal But as noted above, the number of functions in the Walsh
carriers: amplitude, frequency, and phase in the case of continuous system, as well as the length of each of its functions, is equal to a
modulation, temporal position, duration or shape of pulses in  power of two, i. e. for n = 3, the length of the Walsh function is
discrete modulation. L ) eight. Therefore, for the generating function, it is better to use de

In systems with channel division by signal form (code),  ppjjn sequences to construct derivative systems of Walsh
each channel is assigned a specific signal form, which is a  gnctions. For n = 3, the following de Bruijn sequences can be

distinctive feature, an identification “address™ of a given channel  ghtained using the appropriate nonlinear feedback shift registers:
(subscriber). At the same time, the information itself can be 00010111, 10111000, 11101000.

introduced into a broadband signal in several ways. For example, a To increase the efficiency of a multichannel

narrowband information signal is multiplied by a pseudo-random  communication system, it is desirable to use as many information
sequence (spreading code) with a period T, consisting of N bits of  oyrces (subscribers) as possible. The number of subscribers is
duration 14 each. In t_his case, the NLS base is numerically equal to determined by the number of different identifying “addresses” of
the number of extension code elements. m channels (subscribers), i. e. the number of functions in the Walsh
Since the correlation characteristics of NPS are  gerjyative system (spreading codes). Consequently, for n = 3 only 8
completely determined by the correlation characteristics of channels can be organized.
spreading codes [2, 4, 6], the decoding of such signals on the It is proposed to take another way: for a given bandwidth,
receiving side is carried out by a correlation receiver, the basis of an increase in the number of channels (subscribers) can be
which is a correlator, which is a multiplier and integrator connected achieved using several systems of derivative Walsh functions
in series, calculating the correlation function (CF) input signal from obtained by different generating functions. For example, for the de

a copy of the extension code stored in memory. Bruijn sequences mentioned above, the following derivatives of the
2 Theoretical background Walsh system can be obtained (Fig. 1).
Discrete signals with the best structure of the cross- Thus, with the presented Walsh function derivative

correlation function (CCF) include Walsh functions, and the number  systems, it is possible to create a multi-channel system with 32
of functions in the Walsh system is equal to N = 2", where misan  channels without increasing the communication channel

integer [8, 9, 11]. bandwidth.
Orthogonal extension codes, such as Walsh sequences,
can be used only if all users of a single CDMA channel are - - AT alalilaliT1iT 1]
synchronized to within a small fraction of an elementary signal. Due L3 0 N 0 S 0 ey o B B R B B
to the fact that the mutual correlation of different shifts of Walsh Lot e - T T (a1 1
sequences is not zero, pseudo-random sequences are required to be : } } } 11 11 11 11 Al 2l 11l al1l-1l
used in the absence of precise synchronization. T :1 '1 B :1 '1 a1l i1l al-alal1
On the other hand, from the point of view of reducing T alal 111111 Al a1
multiple access interference, spreading codes (or NLSs) should have Tl i1l 1l-1]1 A1 aafalf1i]1]1
a cross-correlation function as small as possible (ideally zero). 1l 1l1 1l 1lal1la 111111

In order to improve the properties of aperiodic auto- a) b)
correlation functions (AACF) and cross-correlation functions
(ACCF), Walsh signal systems often build so-called derivative
signal systems [2, 10]. A derivative is a signal obtained as a result
of element-by-element (symbol-by-symbol) multiplication of two
signals — the original and the generating producing. The signal from
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Fig. 1. Systems of derivatives of Walsh functions:
a) Walsh's original system — Wg; b) Derivative system of Walsh
functions with generating function -1-1-11-1111 — D,
¢) Derivative system of Walsh functions with generating function
1-1111-1-1-1 — Dy; d) Derivative system of Walsh functions with
generating function 1-1111-1-1-1 — D3

B. Experimental data

Let us consider the correlation properties of the
derivatives of the Walsh systems presented in Fig. 1, for example,
the 3rd and 5th from the D; system, the 4th and 6th from the D,
system and the 1st and 7th from the D3 system. Moreover, we will
consider auto- correlation functions (ACF) and cross-correlation
functions (CCF) of the selected functions both within the systems
themselves and between systems. The results of calculating the
correlation functions of the selected derivatives of the Walsh
functions are presented below.
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Fig. 5. Cross-correlation characteristic of the 3rd and 5th
derivatives of the Walsh functions from the D, system

Similarly, the correlation characteristics of the original and
derivative Walsh functions, as well as their mutual characteristics
from the D, and D5 systems, were studied. The results are presented
in Fig. 6, 7.

a) b)
Fig. 2. Correlation characteristics of the 3rd derivative of the
Walsh function from the D; system
a) PAKF; b) AAKF
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Fig. 3. Correlation characteristics of the 5th derivative of the
Walsh function from the D; system
a) PAKF; b) AAKF

b)

As a comparison, we present the autocorrelation
characteristics of the 5th original Walsh function (Fig. 4) and the
cross-correlation characteristic of the 3rd and 5th derivatives of the
Walsh functions from the D, system (Fig. 5)
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Let us now consider what form the mutual correlation
characteristics of the derivatives of the Walsh functions, which are
taken from different systems, have. For example, the cross-
correlation characteristic between the 3rd derivative of the Walsh
function from the D, system and the 7th derivative of the D system
(Fig. 8), or the cross-correlation characteristic between the 3rd
derivative of the Walsh function from the D; system and the 6th
derivative from the D, system (Fig. 9).
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Fig. 8. Cross-correlation characteristic between the 3rd derivative
of the Walsh function from the D4 system and the 7th derivative of
the Walsh functions from the D3 system
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Fig. 9. Cross-correlation characteristic between the 3rd derivative
of the Walsh function from the D, system and the 6th derivative of
the Walsh functions from the D, system

C. Results and discussion

As shown by the analysis of the correlation characteristics
of the original and derivative Walsh functions (Fig. 2, Fig. 3), the
autocorrelation characteristics (PACF and AACF) of the derivatives
of the Walsh functions have better indicators than the
autocorrelation characteristics of the original Walsh functions (Fig.
4). The central lobe has an amplitude equal to the number of
symbols (Fig. 8), the suppression coefficient is equal to the ratio of
the amplitude of the central peak of the ACF to the maximum
amplitude of the side lobes and lies in the range from 1.6 to 2.67.
This makes it possible to distinguish such signals well when
exposed to noise and ensure reliable synchronization of decoding
devices.

The analysis of cross-correlation characteristics of the
investigated derivative Walsh functions taken from separate systems
(Fig. 5. Fig. 6, Fig. 7) and from different systems (Fig. 8, Fig. 9)
showed that the considered derivative Walsh functions have
satisfactory characteristics. The CCF between the 3rd and 5th
derivatives of the Walsh function from system D; have emission
amplitudes in the range of +4 and zero CCF value at £t shifts,
similar characteristics have the 1st and 7th derivatives of the Walsh
function from system D3 with a slightly different emission location.
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Similar results were obtained when comparing the mutual
correlation characteristics of other variants of the derivatives of the
Walsh functions taken from the systems D4, D,, Ds.

Conclusion

The analysis of correlation properties of the studied
spreading codes based on derivative Walsh functions allows to draw
the following conclusions:

1. The correlation properties of the derived Walsh functions
have much better correlation characteristics than the original
Walsh functions.

2. The cross-correlation functions of the derived Walsh
functions taken from the derived Walsh system itself or from
different systems have satisfactory characteristics. They can be
used in multichannel communication systems with the application
of solvers, which do not react to CCF outliers within the specified
limits, in order to reduce the level of multiple access interference.
3. The derivatives of the Walsh function (L=8 digits) have a
large amplitude of the central peak of the ACF equal to the
sequence length, but the amplitude of the side lobes increases
slightly. This should be taken into account when designing
multichannel systems to ensure reliable synchronization of
receiving devices under the influence of noise.

4. The large length of the spreading code based on the Walsh
functions derivatives allows distributing the signal energy over
the spectrum, increasing the noise immunity of the system,
providing good protection against unauthorized access, and
improving electromagnetic compatibility with neighboring radio
engineering systems. But it is necessary to provide special
protection measures against side lobe effects on the processing of
input data.

5. The use of several systems of Walsh derivative functions
with different generating functions allows increasing the
number of channels in the communication system without
increasing the bandwidth of the communication system, which
increases the efficiency of such systems.

Search and design of PRS of arbitrary length is a real
practical task. Obtaining all the sequences of the ensemble based on
Walsh function derivatives with an analysis of the influence of
generating function type on their correlation properties is necessary
for the optimal use of considered sequences in the communication
system. This, in turn, determines the quality of the communication
system, the number of system subscribers, protection against
unauthorized access, and, consequently, the economic aspects of
systems.

At the same time, these sequences must have certain
characteristics such as low threshold of cross-correlation and a
pronounced peak of autocorrelation with minimal levels of side
lobes, etc. The results can be used in the development of broadband
communication systems and information transmission systems with
protection from unauthorized access.
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Abstract: OCR technology is widely used in various applications, including document digitization, data extraction, and document
management systems. The OCR technology has seen significant advancements in recent years, especially with the integration of machine
learning and artificial intelligence techniques. These advancements have led to substantial improvements in accuracy, particularly for
standard fonts and clear document images. However, challenges still exist, especially when dealing with low-quality images, noisy images,
handwritten text, or documents with unusual fonts. Some documents like ID cards, driving licenses, etc. use some security features like
deliberate errors, OVI (Optical Variable Ink), Rainbow print, Guilloche pattern, fine line, and microprint to protect the documents from
being counterfeited. These security elements also generate noise on the image to perform the OCR. In this paper, we present a way to
enhance the OCR accuracy for ID-1 documents with security features through machine learning-driven image optimization. Albanian
driving license images on the personalization process are used as a dataset to train the model. During the training process, the model of the
ID-1 card is presented with a dataset containing input features (such as images, texts, or numerical data) along with corresponding labels or
outcomes. After training, the model and the implemented algorithm to optimize the image for the OCR process are implemented in real-life
application.

Keywords: OCR, ID-1 CARD, LASER ENGRAVING, MACHINE LEARNING, IMAGE OPTIMIZATION

Level 1: These are security features that the public can easily
check without special tools, like guilloche, tactile effects, and
The ID-1 cards are common in our daily lives, like our ID cards, CLI/MLI features.
bank cards, driver’s licenses, and membership cards. Most people
have a bunch of these cards for different purposes. Let's break down
the main ways we use them.

1. Introduction

Level 2: These security features can be checked with simple
tools such as magnifiers and UV lamps, like microprinting, UV
color, and thermochromic ink.

Identification: One of the main uses of an ID-1 card is to
confirm who the holder is and make sure all the info is legit.
Usually, these IDs come from official organizations like
government agencies, etc. They are products with security features
to make sure they're hard to counterfeit. Example of those cards, Level 4: These are highly confidential security measures known
national IDs, passports, and driver’s licenses. They usually have only to a small group of experts, often only the manufacturer.
different fields like, name, surname birth date, a photo, and the
signature of the holder, making it easy to match the holder's data
[1,2, 3]. Those types of cards are engraved with laser tech.

Level 3: These security features require sophisticated laboratory
equipment and are meant for qualified forensic laboratories, such as
digital watermarking.

To combat counterfeiting, various security features can be used
in the production and personalization of ID cards [1]. Some key
security features include:

Access: Organizations and companies give ID-1 cards to their
employees to control who can go where, track work hours, and offer
discounts on stuff like vending machines. In smaller companies
where everyone knows each other, a photo might not be necessary
[1,3]. These cards often have machine-readable features, so
employees can swipe them to access restricted areas, access
equipment for different purposes like printers, or get special deals at
a mall for discounts without needing a photo.

Photo: Photos are a basic security feature on ID cards as they
provide a quick way to verify the holder's identity. While they
reduce the likelihood of fraud, they are not foolproof as photos can
be replicated using optical scanners or copiers. Combining photos
with a database that verifies the cardholder's photo can enhance
security, especially when using technologies like barcodes, QR
codes, or RFID with HID prox iclass or Mifare. A simple swipe or
tap of these technologies can instantly bring up the user's record

Payment: Using cash is becoming less common, with credit  with a matching photo for comparison. This security feature can be
and debit cards taking over. These cards have security features like applied to the card through color printing or more securely through
magnetic strips (on older cards), contact chips, or contactless chips. laser engraving, which engraves on the second or third layer of the
They can be used at different stores and for online transactions. card.

They might not have many visual security features because the

security is built into the chip and the banking systems. Barcodes: Barcodes are widely used to read data on simple and

low-cost devices. Information can be encoded onto an ID card
Tracking Services: ID cards can help businesses organize and during personalization or printing. One-dimensional barcodes are
access customer info to improve services. For example, in a medical used for short codes, while two-dimensional barcodes like QR
business, the customer database might have insurance details,  codes store more data and can provide security features through
medications, health history, and current treatments. When a client data encryption.
comes in, their ID can be used to quickly access this info and

answer questions about their history, payments, and treatment plans. Magnetic Stripe: Magstripe cards contain a band of magnetic

material on the back, storing readable and writeable information.

ID cards can have various security features to make it harder to Most magstripe badges today use high coercivity (hico), but some

counterfeit. Some security features are added when personalizing or applications still use low coercivity (lo-co) cards. However, mag

printing the cards, while others are included during the production stripes are less commonly used now due to their susceptibility to
phase. When considering security, it's important to find ways to copying, making them a target for fraud.

streamline processes with barcodes, magnetic strips, contact, and . . .
contactless chips [3]. Smart Card/Proximity: In some cases, simply using a card for

identification or reading barcode information isn't enough. Smart

The security features during production are divided into four cards or proximity cards are used to store more digital data during
levels based on how difficult they are to create and verify. card usage, such as a tachograph card storing a driver's
identification and driving data. This data is transmitted securely

using a card reader/writer via contact or contactless methods. These
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security features are often used for secure door access control and
time and attendance applications. Proximity cards store unique data
on each card and transmit information to the card reader via an
antenna coil. This process can use low-frequency 125Khz
technology like HID prox or Mifare, as well as more secure high-
frequency 13.56Mhz technology relying on smart chips for
encrypted data on HID iclass Seos and Mifare DesFire EV2 cards.

UV Ink: This security feature is added to cards during
production or sometimes during personalization using printing
techniques. It involves using special ink that's only visible under
UV light, which helps to lower the risk of counterfeiting [2]. It's a
cost-effective technology, and the feature isn't visible to the naked
eye unless the card is held under a UV blacklight. You can typically
find this feature on national ID cards, driving licenses, and other
similar cards.

Holograms: This visual security feature is commonly used
today, especially on ID cards that hold value for the cardholder.
Holograms are extremely difficult to copy due to their unique visual
effects [3]. There are only a few companies that produce
personalized holograms, and they can't be replicated using computer
scanning/alteration or standard printing color equipment, making
them highly secure. Personalized holograms, whether as a surface
overlay or embedded into the card, offer the highest level of
security for any application requiring enhanced security.

Microtext: This security feature is one of the toughest to
reproduce. Micro text printing is widely used in passports, 1D cards,
and currencies. It can be combined with intentional errors to
confuse potential fraudsters [2, 3]. To the naked eye, micro text
looks like a regular thin line on an ID card, but when examined with
a microscope or magnifying glass, it reveals repeating text such as
"authentic," "genuine,"” or "valid." This security feature can't be
printed using a regular printer; it requires industrial equipment.
Therefore, it must be implemented during card production, limiting
the option for personalization.

Laser Engraving: Laser engraving is a highly secure method of
card personalization, usually in monochrome, that etches features
into the second or third layer of the card [2, 3]. This provides
tamper-proof and highly durable personalization, making forgery
and manipulation nearly impossible. Any attempt to alter engraved
information will visibly damage the card. Different laser powers can
be used to create a tactile feature during personalization.

In many cases, it is necessary that the data written on the card
should be read with the purpose of using them as digital data. A
simple way to enable data reading is the use of 2-dimensional
barcodes, which offer the possibility to store a lot of data. However,
the barcode may not represent the real data on the card, which may
not have been written in full or may have been modified later.
Another form that is very useful and advanced is the OCR
technology, but this technology does not offer 100% accuracy in
reading the data.

The use of security elements such as deliberate errors, OVI
(Optical Variable Ink), Rainbow print, Guilloche pattern, fine line,
and microprint, thermochromic inks will affect the accuracy of the
result obtained by OCR for reading the data.

In this article, we aim to optimize the accuracy of OCR for
reading cards with a security element using machine-learning.

1.1 1D cards on transportation

Transportation is a huge field where ID-1 cards are super
common. People use these cards for things like driving licenses,
tachograph cards, vehicle registration cards, Driver Certificate of
Professional Competence (CPC), ADR cards, and more. In Europe,
almost every country uses an ID-1 card for driving licenses. If
you're authorized to drive under TachoNet, you got to have a smart
ID-1 card with a chip and special software for those fancy
smartcards [1].

A digital tachograph is a fancy electronic device that's installed
in road vehicles. It automatically (or semi-automatically) shows,
keeps track of, and records the movements of the vehicle and the
working hours of professional drivers. It's all about keeping an
electronic record of what the driver's up to. A tachograph card is
like a little chip card that's used in the digital tachograph. It verifies
the owner of the card and records all the important data. The chip in
these cards is super important and must be secure to make sure
nobody messes with the data. That's why these cards are expensive.

So, a driving license card or a CPC card is basically an official
document that proves you're allowed to drive different kinds of
vehicles like motorcycles, cars, trucks, or buses on public roads. In
Europe, pretty much every country uses these ID-1 cards for driving
licenses. Now, these cards must meet certain security requirements
outlined in EU directives. But you won't find smart cards being used
for driving licenses or CPC cards in most European countries
because they don't really share data digitally. Instead, these cards
have some visual security features like micro text, guilloche, UV
printing, and holograms. You know, stuff that makes it hard to
counterfeit them. As for the cost, it varies depending on how many
security features they have, but they're usually pretty affordable.

Almost all the transportation cards are laser engraved to make
them stand out from the printed ones. The laser engraving is done in
the middle layers of the card, while the printing happens on the first
and last layers, you know, the outside of the card. It's a cool
combination that ensures these cards are unique and easy to
identify.

2. The OCR process and the problems

The OCR technique enables us to read data from different
images by converting them into characters and thus digital
information will be generated. It is a very studied and completed
technology with the aim of increasing the performance and
accuracy of reading data from images. Its foundations begin in the
1970s and it is constantly in decline due to the extensive use of this
technology [4,5]. This technology is used in many different fields
such as banking, finance, airports, transportation, handwriting
reading, etc.

OCR technology has been further expanded to include new
technologies such as:

e Optical Word Recognition, this technology is used to
identify words for different languages when separated by
spaces.

o Intelligent character recognition (ICR), aims to recognize
handwritten cards, including the use of machine learning.

e Intelligent word recognition (IWR), aims to recognize
handwritten words, including the use of machine learning.

The implementation of OCR has several stages to make it

possible to read the data.

Pre-processing, in this phase the images are processed to
increase the accuracy of reading the data [6]. This process includes:

e  De-skewing, since the images generated by the scan are not
always in the right position, it may be necessary to rotate
them by several degrees to make the rows/lines as readable
as possible.

e  Binarization, this is a very important process in OCR
technology because most engines of this technology work
on black and white images. It is very important that the
boundary between a black and white point is well defined.

e  Cleanup from non-glyph elements.

e  Detection of lines and words.

e Normalization of the ratio of the dimensions of the figure
and its size.

e  Segmentation and isolation of crankcases.

Text recognition is the process to identify and convert the
characters.
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To determine the list of possible characters for identification

because they have been verified manually during the quality control

with OCR, there are two main algorithms.

e  Pattern recognition, mainly used for typewritten and
handwritten text that can be easily read.

e  Feature extraction, mainly used for handwritten text.

Software such as Tesseract use a two-pass approach to character
recognition. The second pass is known as adaptive recognition and
uses letter shapes recognized with high confidence in the first pass
to better recognize the remaining letters in the second pass. This is
useful for unusual fonts or low-quality scans where the font is
distorted.

The use of neural networks trained for character recognition
enables reading not only individual characters but the entire line [7].

Post-Processing, the accuracy of OCR can be improved if the
result is limited by a lexicon or a limited number of characters. This
is used in cases where for a certain area we know which characters
or words are allowed to be used.

Knowing the grammar of the language being scanned can also
help determine whether a word is likely to be a verb or a noun, for
example, allowing for greater accuracy.

The combination of security elements such as Guilloche, fine
lines, microtext, OVI, etc. They will affect the accuracy of the OCR
process since these security elements are visual elements.

This was also noticed in the tests done on the personalization of
ID-1 cards with a security element compared to the tests done on
white ID-1 cards.

To increase the accuracy of OCR in cards where we have a
visual security element and personalized laser data, we propose to
build an algorithm using Convolutional Neural Network (CNN).

3. Optimized Algorithm using CNN to increase the
accuracy of OCR

A convolutional neural network, or CNN for short, is a cool
type of artificial neural network that's mainly used for recognizing
and processing images. It's great at spotting patterns in images.
However, to make CNN work its magic, it needs loads of labeled
data points for training. And when it comes to training, CNNs need
some serious processing power, like a GPU or an NPU, to deliver
results fast enough to be useful [7].

Convolutional Neural Networks (CNN) are like the superheroes
of the tech world. They're used in all sorts of cool applications and
can do some seriously impressive stuff [8,9]. One of their early
triumphs was recognizing handwritten digits - you know, like those
old-school math problems we used to solve with pen and paper.
Since then, CNNs have come a long way, with new layers and fancy
computer vision techniques constantly being added to make them
even better. One of the places you'll often find CNNs flexing their
muscles is in the ImageNet Challenge. It's like a big showdown
where they go head-to-head with different datasets of sketches.
They're always trying out different combinations to see which one
comes out on top. So yeah, CNNs are awesome. They're constantly
evolving and finding new ways to blow our minds in the world of
computer vision.

To train the CNN algorithm, which will identify when a
character is engraved with a laser or is part of the security element
of the card, we will use a dataset which was obtained with real data
of over 200,000 images of driving licenses.

The Albanian driving license contains visual security elements,
and their distribution reduces the accuracy of the OCR process for
reading the data on the card. The data in the datasets are grayscale
images on both sides of the map, and we also have data that were
measured by laser. The accuracy of the cards is considered 100%
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process.

The laser engraving process on poly-carbonate cards produces
the tactile effects because the laser does not write on surface layers,
but it writes on other layers. This effect can be detected with hand
easily, but it is hard with 2 dimensional scanners. Anyway, this is
an element that can be detected by training CNN algorithm.

This algorithm is implemented using python language and the
main library we used are as follow:

e  TFLearn — Deep learning library used to create layers
of CNN algorithm.

e Numpy — To process the image matrices.

e  Open-cv — To process the image like converting them
to grayscale etc.

e  Tesseract is an open-source OCR engine maintained
by Google.

Tesseract is famous for being really good at reading text from
images. It can handle all sorts of image types, like scanned
documents and photos, and it's super accurate. Plus, it supports over
100 languages! If you want even better results, you can customize
things like how the pages are broken up and the language models
used. And the cool thing is, Tesseract is all about community
contributions. It's also really easy to use with Python, so developers
can easily add OCR capabilities to their apps.

In the following figure we have an image of an Albanian
driving license personalized with laser engraving technology.

Fig. 1 Personalized driving license

Extracting personalized data with OCR, from this image using
tesseract library do not provide a high accuracy because security
visual elements interfaces with personalized letters.

In Figure 2, we generated using our algorithm an image that is
cleaner for better OCR accuracy. This algorithm is trained to detect
the contours of laser engraved elements.
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Fig. 2 OCR Optimized image of the driving license
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After the implementation and training of the algorithm to real
personalization system there have been personalized more than
250,000 cards and the automatic quality control process that uses
the optimized images has a better accuracy with more than 99.7%.

Usually, the OCR algorithm fails for characters that are not in
Albanian alphabet because the number of driving licenses for those
type is very limited, and it needs more date for training process.

4. Conclusions

The OCR technology is very useful and well developed with
very high accuracy and helps digitalization process in many
different fields.

Sometimes the images quality is very good and can be archived
very good quality on the OCR process but sometimes is necessary
to change and optimize the image quality to ensure a better result.
Usually, some basic images effects like rotating the angle of image
with some few degrees, changing the contrasts, brightness, gamma,
etc. can provide a higher accuracy rate in OCR process.

The images modification is not always the best way to archive
better results because the image source is very good and does not
need to be modified with basic effects.

CNN is a very powerful way to solve and to optimize results in
different IT solutions. It needs to be well trained and can get better
and better with the increase in the number of images used to train
CNN.

In this paper, we present a way to enhance the OCR accuracy
for ID-1 documents with security features through machine
learning-driven image optimization. Albanian driving license
images on the personalization process are used as a dataset to train
the model. During the training process, the model of the ID-1 card
is presented with a dataset containing input features (such as
images, texts, or numerical data) along with corresponding labels or
outcomes. After training, the model and the implemented algorithm
to optimize the image for the OCR process are implemented in real-
life application (Albanian driving license personalization quality
control).

The results archived from the automatic quality control process
are very promising and this solution can also be used on other cases
to get higher results from the OCR even when the different graphics
affect the images for the OCR process.
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Abstract: This paper examines an innovative approach for modeling the influence of climate parameters on transport infrastructure using
artificial neural networks. Through them, detailed climatic data are generated by geographical positions and monthly and annual maps are
created for Bulgaria's territory using the following parameters: surface temperature, diffuse fraction, horizontal solar irradiation, and
average albedo of the terrain. Average ground temperature and monthly solar irradiation are essential for maintenance planning and
developing strategies to adapt to extreme weather conditions, such as heat waves or frost, which can affect the condition and performance of
the road surface. Average monthly temperatures can be used to design effective systems to prevent icing of road surfaces and improve
drainage systems. By demonstrating the capabilities of accurate modeling and analysis, this paper highlights the importance of applying
artificial neural networks in planning and improving the resilience of transport infrastructure against climate change.
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 This is important for the design of road facilities, such as

1. Introduction bridges and tunnels, where shadows can affect safety and

Climate change represents one of the most serious challenges of visibility.
modern times, affecting various aspects of life and the economy.
Transport infrastructure is particularly wvulnerable to extreme
weather conditions such as high temperatures, heat waves, heavy
rainfall, and snowfall. These climatic factors can damage road
surfaces, reducing their durability and increasing maintenance and
repair costs. In this context, adapting transport infrastructure to
climate change is essential to ensure its sustainability and
functionality [1].

The current development aims to demonstrate the possibility of
using artificial neural networks (ANN) to model climate parameters
that are important for transport infrastructure. An essential task is to
investigate how ANNSs can analyze, store, and feed on demand by
finely interpolating various climatic factors essential for road
infrastructure design and maintenance. Using data from multiple
sources, such as PVGIS and NASA POWER, and integrating this
data into ANNSs, aims to create reliable and accurate models to

Albedo (reflectivity) of the terrain:

« It affects the reflection of sunlight from road surfaces, which
can affect the temperature and resistance of materials.

» The parameter is essential in calculating reflected solar
irradiation, and it is a component in calculating global
inclined solar irradiation.

« Albedo reflects success in designing adequate road surfaces to
minimize the heat island effect in urban areas.

Each of these factors can be analyzed and modeled using ANNs
to provide accurate and reliable data to support the design and
maintenance of road infrastructure in different climates.

More broadly, this includes calculating the probability of road
icing, snow accumulation, road conditions under different weather
scenarios, and the potential impact of climate change on road safety
and durability.

support informed decision-making for adapting transport 2.2. Sources of climatic data for the territory of Bulgaria
infrastructure to climate change. Finding climatic data of Bulgarian origin is a significant and
complex challenge. Therefore, data on foreign origin was used.
2. Methodology Three primary data sources were used to train and test the ANN

. . (PVGIS [3], NASA POWER [4], and NEO - NASA Earth
2.1. Description of data used and characteristics Observations [5]). Choosing GIS data with climate data for training

dAIr_tificiaII' Neural Netwarks (’gNNg‘ representr? pO\I/yerfuI t?OI for Artificial Neural Networks (ANNS) instead of traditional data from
modeling climate parameters [2]. Here are the climate factors | .-wooc ctotions has several key advantages:

selected for this stage of development and how each may affect the Broad geographic scope and coverage: PVGIS and NASA
climate assessment of transport infrastructure: POWER data offer global coverage with high spatial resolution.

Ground temperature (at a height of 2 m above the ground): This is particularly important for ANN training as it allows the

* Crucial for determining the thermal load on road surfaces, analysis of climate patterns and parameters in different geographic
which can cause them to expand or contract. regions, including hard-to-reach and little-explored areas.

« It affects the choice of building materials that must withstand Data content and diversity: PVGIS, NASA POWER, and
temperature fluctuations. NEO — NASA Earth Observations provide an extensive set of

« An important factor in planning winter road maintenance, weather and climate data, including solar radiation, temperature
such as de-icing and snow removal. changes, humidity, wind conditions, and more. This variety of
) ) ) o information is essential for developing complex and accurate

D|f'fu§e f_ractlon of solar |rrad_|at|on: models through ANNSs.

* An indirect measure of cloudiness appears. o Constant update and availability: Data from the satellite

+ Its value is related to visibility and road safety, especially in  systems are updated regularly, which ensures continuous access to
areas with high cloud cover. o ) up-to-date information. This is important for maintaining the

* Determines the need for additional lighting on road sections. relevance and accuracy of ANN models that can respond to ongoing

climate change.

Standardization and compatibility: Data from these sources
are standardized and easily compatible with different analytical
tools and software platforms, facilitating their integration and
processing in the context of ANN.

These advantages make PVGIS and NASA POWER highly

Global horizontal solar irradiation:

« Crucial for determining the thermal load from solar radiation
on road surfaces, which can lead to their expansion or
contraction.

« It affects the choice of road surface materials resistant to UV

radiation. suitable for ANNS, providing the rich and diverse data set needed to
Global inclined solar irradiation (on inclined surfaces): create reliable and accurate predictive models.
« It is used to assess the potential for using solar panels in road

infrastructure, such as snow protection equipment. 2.2.1. PVGIS (Photovoltaic Geographical Information

System) [3]
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This system provides detailed data on solar irradiance and
meteorological parameters that are critical for modeling solar
energy and related climate aspects. PVGIS information can be used
to analyze the influence of solar radiation on road conditions.

As stated on the PVGIS website, the JRC-PVGIS database is
built based on satellite measurements between 1998 and 2016. The
data is provided by the Climate Monitoring Satellite Application
Facility (CM-SAF) and has a time step of 1 hour and a spatial
resolution of approximately 2.5 km (1'30"). The PVGIS-CMSAF
database covers the same territory as the Meteosat satellite, which
includes Europe, Africa, and parts of South America.

Later, the CM-SAF team created a new solar database called
PVGIS-SARAH using a different algorithm successfully
implemented in Asia in the previous version of PVGIS. This
database also covers the PVGIS-CMSAF territory. In 2020, an
updated version called PVGIS-SARAH2 was published.

PVGIS's spatial resolution is about 2.5 km. These solar data are
of a new generation and significantly better in terms of spatial and
temporal resolution and accuracy.

Data is available online on request for a specific geographic
location defined by latitude and longitude. To cover the territory of
Bulgaria with high resolution, tens of thousands of requests for
providing data on the monthly values of diffuse and global solar
irradiation must be made manually and processed. The data is
available via a Non-Interactive Service API, which allows data to
be downloaded at the desired resolution with a program (e.g., VBA
in the MS Excel environment) that makes API requests for locations
specified with their geographic coordinates. The denser the network
and the more requests, the more detailed information can be
retrieved.

2.2.2. NASA POWER (Prediction of Worldwide Energy
Resources) [4]

Solar data for the territory of Bulgaria can be found in different
formats and on different NASA websites, being offered with
different angular resolutions and organization. These data cover
solar horizontal irradiation for the period 1981 to 2021, as well as
its diffuse component since 2001. The data can be viewed using the
visualization software POWER Data Access Viewer, available
online.

This database provides extensive information on climate
parameters collected by various NASA satellite missions. Data from
NASA Power includes temperature, humidity, wind conditions, and
other important weather indicators critical to understanding the
climate factors affecting road infrastructure.

Using this data will allow ANN to train and test models that can
predict climate conditions with high accuracy and reliability. This,
in turn, will improve the ability to plan and react to different
weather conditions, thereby increasing the safety and efficiency of
the road infrastructure.

Upon request, NASA Power generates text files (in ASCII,
CSV, and other formats) with the necessary data, which can be
further processed with other software. Data can be organized by day
(in the menu Temporal Average: Daily) or month (in the menu
Temporal Average: Interannual).

According to the information on the site, the solar data is from
MERRA-2 (Modern-Era Retrospective Analysis for Research and
Applications, Version 2), a relatively low-resolution NASA climate
database: 0.5° x 0.625°. On the same site, other valid climate data
with a resolution of 0.5° are available, such as information on winds
(direction and strength at different heights), humidity, temperature
(at ground level and 2 m above it), atmospheric pressure, etc.
Through interpolation, the system can provide this information for a
specific location.

In addition to the data for past years, monthly climate data
summarized (averaged) over a longer period is also available
through the POWER Data Access Viewer (in the Temporal Menu
Average: Climatology). Among them are data on heating and
cooling degrees, terrain albedo, solar irradiation, temperatures, and
others.
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2.2.3. NEO - NASA Earth Observations [5]

Data on the NEO—NASA Earth site Observations are
organized into five main areas: Atmosphere, Energy, Land, Life,
and Ocean. Each of these areas includes between 10 and 20
datasets. Monthly solar values, arranged in maps, are available in
the Energy area under the name “Solar Insolation.” Unfortunately,
this data includes only the global cumulative solar energy and lacks
information on its diffuse component.

Various useful and interesting data with different resolutions
can be downloaded from this site:

* 1.0° (matrix of size 360 x 180 elements);

* 0.5° (matrix size 720 x 360);

* (0.25° (matrix size 1440 x 720);

¢ 0.1° (matrix size 3600 x 1800).

This site offers climate data and information on the altitude of
the earth's surface in meters, with a maximum resolution of 0.1°.
For Bulgaria's latitude, this corresponds approximately to a
resolution of 8.16 km in the east-west direction and 11.12 km in the
north-south direction. These data were used for the relief in
Bulgaria.

2.3. Downloaded data

The neural networks are trained with data downloaded mostly
from PVGIS [3] and the NASA POWER website [4].

Data on diffuse fraction, global horizontal irradiation, and
temperature by month from 2005 to 2020, with a resolution of 0.1°,
were downloaded from the PVGIS site via API requests. For this
task, data was downloaded in CSV format from the SARAH2
database for an area slightly larger than that of Bulgaria, covering a
latitude of 41° to 44.5° and a longitude of 22° to 29° (see Fig. 1) for
the period from 2005 to 2020.

In the east-west direction, the area is divided into 70 parts, and
in the north-south direction—into 35, for a total of 2450 regions
with dimensions of 0.1° x 0.1°,

The downloaded data are averaged and saved in a format
suitable for ANN training. This format includes information on the
month, latitude and longitude, a diffuse fraction (D / G), mean daily
solar irradiation (G), and mean diurnal temperature for the
respective  month. Locations inside the Black Sea or the
Mediterranean Sea, identified by the zero temperature values
provided by PVGIS, were removed from the file. As a result,
26,412 records remain in the database.

POWER Data Access Viewer site allows climate data to be
downloaded from a specified point or region (POWER Regional
Data Access) from 1981 to 2020. Albedo data starts in 1984 and has
a resolution of 0.5°, based on the MERRA?2 database, which has a
resolution of 0.5° x 0.625°. In general, this is a relatively low
resolution that will not provide a high-quality end result.
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Fig. 1. Dimensions of the analyzed territory of Bulgaria and adjacent areas.
Dividing the territory into parts.
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Data has been downloaded in ASCII or CSV format for an area
with latitude 41° to 44.5° and longitude 22° to 29° from 2005 to
2020. The downloaded file has a header of 10 lines and 1568 lines
of albedo data by month (16 years x 98 regions on the territory of
Bulgaria). Some initial analyses were performed on these data.

Elevation data downloaded from NEO NASA Earth
Observations with the same resolution.

When working with ANNs, it is desirable to work with
territories/values with a slightly more extensive range than
necessary to increase accuracy for the desired range.

3. Modeling with artificial neural networks

3.1. Trained neural networks

The artificial ones used neural networks were trained as part of
the developments in the monograph “Artificial Neural Networks for
Energy Efficiency” [2]. Four of them (see Fig. 2) are suitable for the
present development:

= ANN with 5 input neurons, 30 neurons in the hidden layer,
and 1 neuron in the output layer to determine surface
temperatures based on a given month, geographic coordinates,
elevation, and terrain slope. Training terminates after 47,000
epochs, with a correlation coefficient between training and
resulting values R? = 0.997 and the test set — with R?= 0.997.
ANN with 4 input neurons, 40 neurons in the hidden layer,
and 1 neuron in the output layer to determine the diffuse
fraction (ratio between monthly values of diffuse and global
solar irradiation, i.e., a measure of average cloud cover) based
on a given month, geographically location coordinates and
altitude. Training terminates after 108,300 epochs, with a
correlation coefficient between training and output values of
R?=0.964, and with the test set, with R*= 0.962.
ANN with 5 input neurons, 20 neurons in the hidden layer,
and 1 neuron in the output layer to determine the horizontal
solar irradiation based on a given month, geographical
location coordinates, altitude, and diffuse fraction. Training
terminates after 23,000 epochs, with a correlation coefficient
between training and output values of R? = 0.999, and with the
test set, with R?= 0.999.
An ANN with 4 input neurons, 40 neurons in the hidden layer,
and 1 neuron in the output layer to determine monthly albedo
values of the surrounding terrain based on a given month,
geographic coordinates, altitude, and temperature. Training
terminates after 3,788,910 epochs, with a correlation

coefficient between training and output values of R? = 0.979
and the test set, with R? = 0.976.

Fig. 2. Schema of the connections between inputs (in blue) and outputs (in
green) in the project's integrated four artificial neural networks (in yellow).
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Fig. 3. Page content for ANN retrieval of monthly and annual climate data
(temperature, diffuse fraction, horizontal solar irradiation, and albedo) by
geographic location.

3.2. Using trained ANNs in HTML pages with Javascript code

The approach of using trained ANNs in HTML pages with
JavaScript programming code included is developed in the same
monograph [2]. This approach has been further developed for this
project, and the web pages are available in a small website at [6]:

1) Page for climate data by geographical positions. Data on
average monthly temperatures, diffuse fraction, horizontal solar
irradiation (kWh/m*mo), and albedo for all 12 months are
displayed for a given geographical position on a map of Bulgaria.
The displayed points on the map can be settlements, highways, and
roads of different classes. In addition, summary values of these
parameters for the year are also output, as shown in Fig. 3.

2) Page for monthly and annual climate data maps. Monthly
maps (for a specified month) and annual maps with variable
resolution (0.1°, 0.05°, 0.02°, 0.01°) are drawn for selected
parameters: surface temperature, diffuse fraction, horizontal solar
irradiation, and albedo.

The page displays a map of meters' elevation (see Fig. 4) and
terrain slope. The monthly maps are divided into four groups for
relevant climate parameters, 12 for each month. There are four
annual maps, one for each parameter.

Fig. 5 demonstrates an example of page work for compiling
monthly and annual climate maps using ANN (for temperature,
diffuse fraction, horizontal solar irradiation, and albedo). The map
shows the average diffuse fraction for the month of January
(average for the period 2005 — 2020).

i WL AT HE)

Map of altitudes (m)

Fig. 4. Map of altitudes in meters of the considered territory of Bulgaria.
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Fig. 5. An example of the work of the page for compiling monthly and
annual climate maps using ANN (for temperature, diffuse fraction,
horizontal solar irradiation, and albedo). The map shows the average
diffuse fraction for January (average for the period 2005 — 2020).

4. Applications of the developed pages

4.1. Page for climate data by geographic position

Climate data for 2005 — 2020 by geographical positions
provides valuable information that can be used to adapt transport
infrastructure to climate change. Here are some possible
applications of this data:

Road infrastructure design and improvement: Elevation and
average monthly temperature data can help design roads that are
resilient to extreme weather conditions, such as heavy rainfall,
snowfall, or high temperatures.

Maintenance and rehabilitation planning: Analysis of
horizontal solar irradiation and albedo can be used to plan the
maintenance of road surfaces, taking into account potential wear
and degradation from UV radiation and temperature changes.

Optimizing lighting: Global horizontal solar irradiation and
diffuse fraction data can be used to optimize the planning and
placement of street lighting, choosing the most efficient locations
and angles to maximize the use of natural light and reduce energy
costs.

Adaptation to climate change: Average annual temperatures
and solar radiation data can be used to analyze climate change
trends and adapt transport infrastructure to cope with expected
changes, such as increasing the resistance of road surfaces to high
temperatures or improving drainage systems to cope with increased
rainfall.

Developing sustainable transport solutions: Climate
information can support the development of sustainable transport
solutions, such as building green corridors to reduce urban heat and
improve air quality and planning cycling and pedestrian routes
adapted to local climatic conditions.

Prevention of erosion and landslides: Elevation data can help
analyze the risk of erosion and landslides, especially in areas with
significant climate change. This is key to preventing damage to road
infrastructure.

These applications illustrate how detailed information on
climate conditions can be used to improve and adapt transport
infrastructure to current and future climate challenges, thereby
increasing its resilience and efficiency.

4.2. Page for monthly and annual climate data maps

The monthly and yearly maps of climate data for 2005 — 2020
offer a valuable tool for analysis and planning, especially in
adapting transport infrastructure to climate change. Here are some
possible applications of the data provided in this area:

Infrastructure planning and design: Elevation and terrain
slope data can be used to plan new roads, railways, and bridges,
considering the potential risks of flooding, erosion, and landslides.
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This is particularly important in areas where climate change may
increase the frequency and intensity of these phenomena.

Adaptation to extreme temperature conditions: Monthly and
annual temperature maps provide information on changes in climate
conditions, which is critical for adapting transport infrastructure to
extreme temperature conditions. This may include choosing
materials that are more resistant to thermal expansion and
contraction and planning maintenance and repair activities.

Optimizing the use of solar energy: Global horizontal solar
irradiation and albedo data can be used to optimize the placement
and design of solar panels on the roofs of transport facilities, such
as stations, bus stops, and parking lots, to produce clean energy.

Water resources management: Analysis of climate data can
help manage water resources, especially in planning drainage
systems for roads and railways. This is important to prevent
flooding and ensure the safety of passengers and vehicles.

Improving infrastructure resilience: Annual climate data
maps can be used to assess long-term climate trends, which is
essential for designing sustainable transport infrastructure that can
withstand changes in climate conditions.

Education and research: The data provided can be used in
educational programs and research aimed at understanding and
adapting to climate change and developing innovative solutions to
reduce the environmental impact of transport infrastructure.

These applications highlight the importance of access to
accurate and detailed climate data for developing strategies to adapt
transport infrastructure to future climate challenges.

5. Conclusions

The research presents an innovative approach for modeling the
influence of climatic parameters on the transport infrastructure
through artificial neural networks. The main conclusions of the
present study are the following:

o Applicability of ANNs for modeling climate data: ANNs
are proving to be a powerful tool for analyzing and modeling
climate parameters critical to transportation infrastructure.
Using historical climate data and interpolation, ANNs can
generate accurate and reliable forecasts for various climate
conditions.

Improving infrastructure resilience: Using ANNs to model
climate data provides an opportunity to enhance the resilience
of transport infrastructure against climate change. This
includes designing anti-icing systems, optimizing drainage
systems, and selecting appropriate building materials.

¢ Expanding planning and maintenance capabilities: Models
built using ANNSs provide detailed monthly and annual maps
of climate parameters. These maps can be used to plan road
maintenance and rehabilitation and adapt infrastructure to
extreme weather conditions.

Versatility of application: The information generated
through ANN can be used in transport infrastructure and other
fields such as agriculture, water resources management, and
urban planning. This highlights the importance of accurate
climate data for various sectors of the economy.

Future research may focus on expanding the database and
improving the accuracy of the models, as well as investigating other
climate parameters that may affect transportation infrastructure. In
addition, integrating ANNs with different analytical tools can lead
to more effective and sustainable climate change adaptation
solutions.
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Abstract: This paper examines an approach using artificial neural networks for innovative modeling of solar data that is needed to realize
solar applications for transport infrastructure purposes. Through this modeling, detailed solar data are generated by geographical
positions, and monthly and annual maps are created for the territory of Bulgaria for horizontal solar irradiation with its diffuse and direct
components and for inclined and reflected solar irradiation, according to Norio Igawa’s model. Diffuse fraction and horizontal and inclined
solar irradiation can be helpful in designing solar applications in road infrastructure, such as power signaling systems and street lighting.
By demonstrating the capabilities of accurate modeling and analysis of solar data, this paper highlights the importance of applying artificial
neural networks in planning and improving the resilience of transport infrastructure against climate change. Using solar energy in transport
infrastructure reduces carbon emissions and strengthens environmental sustainability.

Keywords: SOLAR DATA MODELING, ARTIFICIAL NEURAL NETWORKS, TRANSPORT INFRASTRUCTURE, CLIMATE CHANGE
ADAPTATION, SOLAR ENERGY APPLICATIONS

Although ANNs offer significant advantages, their successful
application requires careful data preparation, model optimization,
Climate change poses a severe challenge to transport and validation of results. The present study seeks to integrate the
infrastructure, with increased temperatures, intense rainfall, and  best practices and methodologies in artificial neural networks to
extreme weather leading to damage to road surfaces, erosion, and ~ provide reliable and accurate models for solar applications in
flooding [1]. These factors reduce the durability of infrastructure ~ Bulgaria's transport infrastructure.
objects and increase maintenance and repair costs. In this context,
solar energy plays a crucial role in preventing and adapting to the 2. Methodology
harmful effects of climate change. The use of solar technologies in
transport infrastructure, such as solar panels for street lighting and
powering signal systems, not only reduces carbon emissions but Artificial Neural Networks (ANN) are a powerful tool for
also increases transport networks' energy efficiency and reliability. modeling climate parameters. In this development, the following
Solar solutions contribute to the sustainable development and  climatic factors are modeled, which are essential for the assessment
adaptability of the transport network, providing better protection of the impact of climate on transport infrastructure:

and functionality in changing climate conditions. ) « Surface temperature (at a height of 2 m above the ground);
Solar energy offers a sustainable and environmentally friendly o Diffuse fraction of solar irradiation;

source of energy that is essential for modern transport
infrastructure. Implementing solar technologies in transport
infrastructure achieves a significant reduction in carbon emissions
and dependence on fossil fuels. Solar applications improve
transportation networks' energy efficiency and reliability while 2.2. Sources of climatic data for the territory of Bulgaria
contributing to resilience and adaptability to climate change. These
technologies provide better protection against extreme weather
conditions and contribute to the long-term sustainability of transport
infrastructure.

This research aims to demonstrate the application of developed
artificial neural networks (ANN) for modeling solar data for use in
solar applications in transportation infrastructure. The study focuses
on two main web pages that visualize modeling results and provide
valuable data for users.

The scope of the study includes:

e Using already developed neural networks described in the
monograph ~ “Artificial Neural Networks for Energy
Efficiency” [2] for modeling solar data;

o generation of detailed solar data and maps by geographical
positions and generation of monthly and annual maps for the
territory of Bulgaria for various types of solar irradiation;

o development of web pages that provide interactive tools for
visualization and analysis of solar data;

e and there are opportunities to improve the sustainability of the
transport infrastructure through the use of solar energy. 2.3. Data processing and pre-processing

Various methods for modeling solar data vary in complexity
and accuracy. Traditional methods include empirical models and
statistical analyses based on historical data and meteorological
observations. However, these methods may be limited by the
accuracy and range of available data.

With the development of artificial intelligence and machine
learning, artificial neural networks (ANNSs) have established
themselves as powerful tools for modeling solar data [2, 3]. ANNs

1. Introduction

2.1. Description of data

¢ Horizontal global solar irradiation;
e Inclined global solar irradiation (on inclined surfaces);
¢ Albedo (reflectivity) of the terrain.

Finding climate data of Bulgarian origin is a significant and
complex challenge. Therefore, data of foreign origin from three
primary sources were used to train and test the ANN: PVGIS,
NASA POWER, and NEO — NASA Earth Observations.

PVGIS (Photovoltaic Geographical Information System) [4]:
It provides detailed data on solar irradiation and meteorological
parameters critical for modeling solar energy and related climate
aspects. The data covers the period 2005-2020 with a resolution of
0.1°.

NASA POWER (Prediction of Worldwide Energy
Resources) [5]: This site offers extensive information on climate
parameters collected by various NASA missions, including
temperature, humidity, wind conditions, and other important
meteorological indicators. The data covers the period 1981-2020.

NEO - NASA Earth Observations [6]: It organizes data into
five main areas: atmosphere, energy, land, life, and ocean. It
provides valuable information at various resolutions, including data
on the height of the Earth's surface and global solar insolation.

API requests were used to download high-resolution data from
PVGIS and NASA POWER for Bulgaria's territory. The data were
downloaded in ASCII or CSV format and converted to a suitable
format for ANN training.

The data are normalized to improve the accuracy and efficiency
of the ANN. Missing values and anomalies are handled and
removed to ensure quality model training.

can process large volumes of data and discover complex 2.4. Selection of modeling parameters
relationships between various parameters, leading to more accurate . . )
predictions and modeling of solar irradiation. The following modeling parameters are selected:

61



INDUSTRY 4.0 2024, SUMMER SESSION, vol 1

When working with ANNs, it is desirable to work with

e Geographical coordinates: They include latitude and
longitude, which are crucial to accurately predicting climate
parameters.

o Meteorological parameters: They include temperature,
diffuse fraction, horizontal and inclined solar irradiation, and
terrain albedo.

o Physical characteristics of the field: They include altitude
and terrain slope, which affect the distribution of solar
radiation and temperature fluctuations.

The current methodology provides a comprehensive and
structured approach for processing and modeling solar data through
artificial neural networks. These networks are essential for planning
and optimizing solar applications, and this is the first of their kind
for Bulgaria.

2.5. Scope of data

The neural networks are trained with data downloaded mostly
from PVGIS [4] and the NASA POWER website [5].

Data on diffuse fraction, horizontal global irradiation, and
temperature by month from 2005 to 2020, with a resolution of 0.1°,
were downloaded from the PVGIS site via API requests. For this
task, data was downloaded in CSV format from the SARAH2
database for an area slightly larger than that of Bulgaria, covering a
latitude of 41° to 44.5° and a longitude of 22° to 29° (see Fig. 1) for
the period from 2005 to 2020.

In the east-west direction, the area is divided into 70 parts, and
in the north-south direction—into 35, for a total of 2450 regions
with dimensions of 0.1° x 0.1°.

The downloaded data are averaged and saved in a format
suitable for ANN training. This format includes information on the
month, latitude and longitude, a diffuse fraction (D/G), mean daily
solar irradiation (G), and mean diurnal temperature for the
respective month. Locations inside the Black Sea or the
Mediterranean Sea, identified by the zero temperature values
provided by PVGIS, were removed from the file. As a result,
26,412 records remain in the database.

POWER Data Access Viewer site allows climate data to be
downloaded from a specified point or region (POWER Regional
Data Access) from 1981 to 2020. Albedo data starts in 1984 and has
a resolution of 0.5°, based on the MERRA?2 database, which has a
resolution of 0.5° x 0.625°. Generally, this relatively low resolution
will not provide a high-quality final result.
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Fig. 1. Dimensions of the analyzed territory of Bulgaria and adjacent areas.
Dividing the territory into parts.

Data has been downloaded in ASCII or CSV format for an area
with latitude 41° to 44.5° and longitude 22° to 29° from 2005 to
2020. The downloaded file has a header of 10 lines and 1568 lines
of albedo data by month (16 years x 98 regions on the territory of
Bulgaria). Some initial analyses were performed on these data.

Elevation data downloaded from NEO NASA Earth
Observations with the same resolution.
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territories/values with a slightly larger range than necessary to
increase accuracy for the desired range.

3. Modeling with neural networks
3.1. Trained neural networks

Used and artificial neural networks were trained as part of the
developments in the monograph “Artificial Neural Networks for
Energy Efficiency” [2]. Five of them are adequate to the present
development:

= ANN with 5 input neurons, 30 neurons in the hidden layer,
and 1 neuron in the output layer to determine surface
temperatures based on a given month, location, elevation, and
terrain slope. Training terminates after 47,000 epochs, with a
correlation coefficient between training and resulting values
R?=0.997 and the test set — with R*= 0.997.

ANN with 4 input neurons, 40 neurons in the hidden layer,
and 1 neuron in the output layer to determine the diffuse
fraction (ratio between monthly values of diffuse and global
solar irradiation, i.e., a measure of average cloud cover) based
on a given month, geographically location coordinates and
altitude. Training terminates after 108,300 epochs, with a
correlation coefficient between training and output values of
R?=0.964, and with the test set, with R*= 0.962.

ANN with 5 input neurons, 20 neurons in the hidden layer,
and 1 neuron in the output layer to determine the horizontal
solar irradiation based on a given month, geographical
location coordinates, altitude, and diffuse fraction. Training
terminates after 23,000 epochs, with a correlation coefficient
between training and output values of R?=0.999, and with the
test set, with R?= 0.999.

ANN with 4 input neurons, 40 neurons in the hidden layer,
and 1 neuron in the output layer to determine monthly albedo
values of the surrounding terrain based on a given month,
location, altitude, and temperature. Training terminates after
3,788,910 epochs, with a correlation coefficient between
training and output values of R?= 0.979 and the test set, with
R?*=0.976.

ANN with 4 input neurons, 35 neurons in the hidden layer,
and 1 neuron in the output layer to determine cumulative
monthly global irradiation on inclined surfaces by monthly
mean day length, monthly mean sun elevation angle at noon,
diffuse fraction, plane azimuth (exposure) relative to the south
direction, the slope of the plane relative to the horizon. It
calculates G; / G, a ratio between monthly global inclined
irradiation and monthly global horizontal irradiation. Its
training terminates after 334,800 epochs, with a correlation
coefficient between training and output values of R? = 0.9955
and the test set, with R? = 0.9966. The training values are
created by applying the model of Norio Igawa [7] of diffuse
radiance in the SOLARES software [8]. Details of the
approach are given in the author's monograph [2].

3.2. Using trained ANNs in HTML pages with Javascript code

The approach of using trained ANNs in HTML pages with
JavaScript programming code included is developed in the same
monograph [2]. This approach has been further developed for this
project, and the web pages are available in a small website [9]:

1) Page for solar potential by geographic positions [10].
Numerical data for horizontal, inclined, and reflected solar
irradiation (KWh/m?/mo) for all 12 months are displayed at a given
geographical position on a map of Bulgaria. In addition, summary
values of these parameters for the year are also displayed, as shown
in Fig. 2.

2) Page for monthly and annual solar data maps [11].
Monthly maps (for a given month) and annual maps with variable
resolution (0.1°, 0.05°, 0.02°, 0.01°) are drawn for selected
parameters: horizontal solar irradiation, direct and diffuse horizontal
solar irradiation, inclined and reflected solar irradiation (at set slope
and orientation of the receiving surface). The page displays monthly
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maps, divided into 12 groups for corresponding solar parameters.
There are also 6 annual maps, one for each parameter.

Solar potential by months for the period 2005 - 2020 by geographical positions

i,

s o b O o b ot Ry o

Fig. 2. Page content for ANN extraction of monthly and annual solar data
(horizontal, reflected, and inclined solar irradiation) by geographic
positions.

Fig. 3 shows an example of page operation for compiling
monthly and annual solar maps using ANN (horizontal, reflected,
and inclined solar irradiation). The map shows global annual
inclined solar irradiation at azimuth 0° and slope 33° on the
receiving plane. This is the optimal tilt for PV panels inclined in a
southerly direction.

i G T T PN P T CMY P P i P
% Annual map of Global inclined solar irradiation (kWh/m?ly)
o azimuth 0°, slope 33° e

205

Fig. 3. An annual map of global inclined solar irradiation in kWh/m? with
south exposure and a slope 33°, generated within page [11].

Fig. 4 shows an example of a monthly solar map of the global
oblique solar irradiance in June with east exposure and slope 10°.
Often, PV panels are placed in east/west orientation, with a 10-15°
tilt, for a larger amounts of energy generated before or after noon.

R PTG P o FYE

A e N\ [y | 25,

k] Monthly map of Global inclined solar irradiation (kWh/m*/mo)
June, azimuth 270°, slope 10° i
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Fig. 4. A monthly map of global inclined solar irradiation in kWh/m? with
eastern exposure and a slope 10° for June, generated within page [11].

4. Applications

4.1. Page for solar potential by geographic location

The analysis of the solar potential in Bulgaria, based on detailed
data on solar irradiation by month and geographical position, can
significantly impact the adaptation of the transport infrastructure to
climate change. Here are some possible applications of this data in
this area:

Integrating solar energy into transportation infrastructure:
Data on solar potential can help integrate solar panels into the roofs
of bus stops, parking lots, and other elements of transportation
infrastructure. This can reduce dependence on traditional energy
sources and improve energy efficiency.

Route planning for electric vehicles: Solar potential data can
help plan routes and locations for solar-powered electric vehicle
charging stations, providing a more sustainable transportation
alternative.

Adaptation to changing climate conditions: Understanding
solar potential can help adapt transport infrastructure to changing
climate conditions, considering expected temperature increases and
precipitation changes. This could include building more sustainable
road surfaces and drainage systems.

Optimizing street and tunnel lighting: Solar data can be used
to optimize street and tunnel lighting by integrating solar panels to
reduce energy costs and improve the energy efficiency of lighting
systems.

Development of green corridors: Data on solar potential can
support the development of green corridors that include integrated
solar panels for energy production and vegetation planting to
improve air quality and reduce urban temperatures.

Improving the safety and reliability of transportation
infrastructure: Analysis of solar potential can help design
transportation infrastructure more resilient to extreme weather
conditions by providing sufficient lighting and power for signaling
and safety systems even during disruptions to traditional power
supply.

These applications illustrate the potential of using detailed solar
data to improve transport infrastructure's resilience, efficiency, and
safety in response to climate change.

4.2. Page for monthly and annual solar data maps (2005-2020
averages)

The monthly and annual solar resource maps page for the period
2005-2020 provides valuable information that can be used for
various purposes, including adapting transport infrastructure to the
needs of sustainable development and efficient use of solar energy.
Here are some possible applications of this data in this area:

Integration of solar energy into transport infrastructure:
Data on inclined solar irradiation can support the design and
installation of photovoltaic panels on buildings and transport-related
facilities, such as railway stations, bus and tram stops, and parking
lots, to generate clean energy for the facilities themselves or for
charging electric vehicles.

Planning for sustainable urban mobility: Solar maps can help
plan sustainable urban transport systems by identifying optimal
locations for deploying solar-powered electric vehicle charging
infrastructure, promoting clean transport.

Adaptation to climate change: Analysis of solar resources can
support the development of adaptive strategies for transport
infrastructure to account for climate change and the potential
increase in temperatures, using solar energy to cool and ventilate
transport facilities.

Optimizing energy efficiency: Information on solar potential
can be used to optimize the energy efficiency of existing transport
infrastructure by identifying opportunities to reduce energy
consumption using solar energy for lighting, signaling, and other
needs.
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Improving safety and reliability: Solar data can improve
transportation infrastructure's safety and reliability by providing
alternative energy sources for emergency lighting, signaling, and
communication systems in the event of power outages.

Research and Education: The data provided on solar potential
can be used in research and education programs to understand
renewable energy resources and develop innovative solutions for
their efficient use in transportation and other areas.

These applications highlight the importance of access to
accurate and detailed data on solar resources in the planning and
developing sustainable and adaptive transport infrastructure that can
meet the challenges of climate change and the need to reduce
carbon emissions.

5. Expected changes in solar radiation

Climate change is associated with several expected changes in
solar radiation that can significantly impact the efficiency of solar
applications. As global temperatures increase, changes in cloud
cover, atmospheric transparency, and precipitation patterns are
predicted to directly affect the quantity and quality of solar radiation
reaching the Earth's surface. Some regions may experience an
increase in sunny days and a reduction in cloud cover, resulting in
higher direct solar irradiation. In other areas, an increase in the
intensity and frequency of precipitation may increase diffuse
irradiation and decrease direct irradiation. These changes require
adaptation of solar systems and modeling of the new conditions to
optimize the use of solar energy and achieve maximum efficiency.
Understanding and predicting these dynamic changes in solar
radiation is essential for future planning and development of
sustainable solar applications in transportation infrastructure.

In the context of climate change, Bulgaria is also facing
significant changes in solar irradiation that may impact the
efficiency of solar applications. Average annual temperatures are
expected to increase, which may lead to changes in cloud cover and
atmospheric transparency. As a result, several key changes are
foreseen:

Increase in direct solar irradiation: In some regions of
Bulgaria, especially in the southern and eastern parts, a decrease in
cloudiness is expected during the summer months, leading to an
increase in direct solar irradiation. This could increase the
efficiency of solar panels and increase electricity production from
solar energy.

Changes in diffuse solar irradiation: In other regions,
especially in the mountainous and northwestern parts, an increase in
cloudiness and precipitation frequency can be observed. This will
lead to an increase in diffuse solar irradiation, which can also be
effectively used by solar panels, especially those with a higher
sensitivity to diffuse light.

Seasonal variations: Changes in climatic conditions will also
affect seasonal variations in solar radiation. During the winter
months, an increase in cloudiness and precipitation can be expected,
reducing the amount of available solar energy. However, when solar
radiation is strongest in spring and summer, a more extended period
of clear weather and higher radiation levels are predicted.

Effects on long-term sustainability: These changes require
adaptation and optimization of solar systems in Bulgaria. Accurate
modeling and forecasting of solar radiation are becoming
increasingly important to maximize the efficiency and sustainability
of solar applications in the context of changing climate conditions.

These expectations emphasize the need for detailed research and
adaptive strategies for integrating solar technologies into Bulgaria's
transport infrastructure to fully utilize the opportunities solar energy
offers in the face of climate change.

6. Conclusions

The present study demonstrates the effective application of
artificial neural networks for modeling solar data essential for solar
applications in transportation infrastructure. The main findings of
the study include:
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¢ Performance of ANNSs: Artificial neural networks show high
accuracy and reliability in modeling various climate
parameters, including horizontal, inclined, and reflected solar
irradiation, diffuse fraction and terrain albedo. These models
provide detailed and accurate data essential for the planning
and optimizing solar applications in transport infrastructure.
Improving resilience: The use of solar technologies in
transport infrastructure contributes to increasing systems'
resilience and adaptability to climate change. By integrating
solar panels for street lighting and powering signal systems,
carbon emissions are reduced, and energy efficiency is
increased.
Practical applications: The models developed through ANN
provide valuable data for generating monthly and annual solar
irradiation maps for Bulgaria's territory. These maps are
helpful for various applications, such as designing sustainable
road surfaces, optimizing street lighting, and planning
charging stations for electric vehicles.
Improving transport infrastructure: Accurate modeling of
solar data provides reliable predictions that can help improve
transport infrastructure. This includes adapting to extreme
weather conditions, reducing maintenance costs, and
increasing the safety and functionality of transport systems.
The research highlights the importance of applying artificial
neural networks to plan and improve the sustainability of transport
infrastructure. In the future, these methods can be extended and
improved by incorporating additional climate parameters and larger
data volumes, leading to even more accurate and reliable models for
predicting and optimizing solar applications.

Acknowledgments

The development was financed under the “GIS-based analyses
of climate change impacts on road infrastructure to build adaptive
capacity” project at the Research, Consultancy, and Design Center
of UACEG.

7. References

1. Republic of Bulgaria, National Strategy for Adaptation to
Climate Change and Action Plan, 2019.
https://www.moew.government.bg/bg/klimat/mejdunarodni-
pregovori-i-adaptaciya/adaptaciya/

2. St Ivanova. Artificial neural networks for energy efficiency,
UACEG - Sofia, 2022.

3. St Ivanova. Determination of cumulative monthly solar

radiation on building surfaces with different slope and

exposure. Solution by artificial neural networks based on
satellite data. // First departmental scientific conference at the

Department of “Industrial and Agrarian Buildings” at UACEG,

Sofia, February 2022.

Photovoltaic Geographical Information System (PVGIS)

https://joint-research-centre.ec.europa.eu/photovoltaic-

geographical-information-system-pvgis_en

5. NASA POWER (Prediction Of Worldwide Energy Resources)
https://power.larc.nasa.gov/

6. NASA Earth Observations https://neo.gsfc.nasa.gov/

7. N. Igawa. Improving the All Sky Model for the luminance and
radiance distributions of the sky. // Solar Energy 105 (2014),
pp. 354-372.

8. St. lvanova, C. Gueymard. Simulation and applications of
cumulative anisotropic sky radiance patterns. // Solar Energy
178 (2019), pp. 278-294.

9. Home page: https://ait.uacg.bg/Transport/

10. Page for solar potential by geographic positions:
https://ait.uacg.bg/Transport/solar-location.html
11. Page for monthly and annual solar data maps:

https://ait.uacg.bg/Transport/solar-map.htmi



INDUSTRY 4.0 2024, SUMMER SESSION, vol 1

TEXHOJIOTUUTE MEXAY HHAYCTPUSA 4.0 U 5.0

TECHNOLOGIES BETWEEN INDUSTRY 4.0 AND 5.0
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Abstract: In today's uncertain times, one thing is certain — new technological opportunities will change our way of life. The benefits are
wide-ranging — energy consumption, supply chain traceability, healthy lifestyles and good healthcare. Technologies develop very

dynamically and enter every sphere of our daily life.
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1. Yeoo

Texnonoruute ce pa3BUBaT BCe I0-OBP30 M aKko HE ce
U3I03BAT B IbPXKABHUS M YaCTHHS CEKTOP IIE JOBEIE O TAXHOTO
u3onupaHe u u3ocTaBaHe. CBBbPXOOEMBT OT JaHHH, KOUTO ce
mony4yaBa TpsOBa ma ce cpbepe, oOpaboTH W aHANM3Mpa, 3a JAa
MOJXE J1a Ce M3I0JI3Ba U ChXPaHsBa.

Bce ome He Moxe na ce ompenend TOYHO o0OXBata U
CJIO’)KHOCTTa Ha MPOMSIHATA, KOSATO IIe HACTBITH C OBP30TO pa3BUTHE
Ha TEXHOJIOTUUTE, HO € CHUIypHO, Y€ IlIe MNPOMEHH CBeTa H
MHUpOTJIe/a HU.

Internet of Things (IoT): 6poii Ha B

2020 r. (8 Munnapau)

mawab ot 2012 r. go

Cebp3aHy ycTpolicTea B MAPA.

2015*

2012 2013 2014 2016* 2017* 2018* 2019* 2020*

®uz. 1 Bpoii cevpsanu yempoticmea®

2. Hnoycmpusa 4.0

Cren mexanmsanusara (Maxyctpust 1.0), MacoBo Ipon3BOJCTBO
(Uuanyctpus 2.0) u apromarusanusra (Magycrpus 3.0), ce monara
OCHOBaTa Ha ,,AHTEPHETHT Ha NpeaMeTuTe U yciayrure”. HTepHeT
ce TMpeBpblIa B Hepa3JelHAa dYacT OT IPOU3BOACTBOTO. B
UHAYCTPUATIHOTO pa3BUTHE Ha 4.0 ce cb3naBaT HM3KIIOUUTEITHU
BB3MOXKHOCTH 32 PACTEX M KOHKYPEHTOCIIOCOOHOCT.

VHTEeIUTeHTHUTEe MAIIUHKA CHOJCISIT WHPOPMAIUS €IHH C
IpyTH, U JOpU MOraT Ja ce OpraHu3upar, 3a Ja KOOpAWHHpaT
MpoIecH M KpaiHuTe cpokoBe. [IpoW3BOACTBOTO cTaBa BCe IIO-
T'BBKaBO M €()EeKTHBHO.

YosemkuaT (GakTop Mrpae BakHAa pOJIs, KAaTO KOHTPOIHMpa H
mpociensBa MPOU3BOJCTBEHHTe mporecH. HWudopmarmonno-
TEXHOJIOTHYHO Oa3upaHHUTEe CUCTEMH 3a BHACOHAOIIOJCHUE HMaT
BB3MOXKHOCT J1a C€ HACTPOSAT KbM WHIUBHIYaleH MOAXOA U Jia ce
HEePCOHAIN3UPAT CIPIMO pabOTOCIOCOOHOCTTA Ha CIIY)KUTEIHTE.

! https://xn--80aahddubchOawc4bnhip4t.bg/tema/sklad-
badeshteto/etikata-chetvartata-industrialna-revolyutsiya
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Wnnycrpuantoro passutue 4.0 He ce orpaHHYaBa o0 camMo
MPOU3BOJICTBEHH MOIIHOCTH W TOCTIKeHHUs. HeBmknanusat Oym Ha
paspaborBaHe M BHenpsiBaHe Ha u3kyctBeH uHrenekt (Artificial
intelligence), Wurepuer wua wemara (Internet of Things), 3D
npuHTHpane, 6mokueiin (Blockchain), T'onemure nanuu (Big data),
poboTHKaTa, HAaHO U OHOTEXHOJOTHUHUTE, MPOMEHAT W3 OCHOBH
HAauMHA HU Ha JKUBOT, paboTa W JOPH OTHOIIEHHETO E€IUH KbM

ApYT.

MatumHHo

W3kycTeeH
UHTENeKT

[Obnboko

obyyeHue obyyeHue

<

CnocobHocT 3a
yyeHe 6es WU3PpUYHO
nporpammupaxe

T N B

1980-Te 1990-Te 2000-Te 2006 r 2010-re 2012r 2017 r

@Due. 2 Pazsumue na aneopummume Ha M3Kycmeenus unmenexm?

MHOXECTBOTO HWHTEJNUTCHTHH TPOMYKTH CE€ CBBP3BAT C
MHTEpHET M ChOpaHWTE JAHHM CE W3MOJI3BAT 3a ONTHMHU3HMPaHE Ha
MPOJYKTHTE WX JIa C€ U3IOI3BAT 3a TeHePHpaHe HA HOBH YCITYTH.

UeTBbpTaTa NMPOMHUIIICHA PEBOJIIOIMSA € BB3MOXKHOCT Ja ce
BHEAPSAT HOBUTE TEXHOJOTMYHU BB3MOXKHOCTH B OM3Heca,
00IIECTBOTO M MPAaBUTEICTBOTO. VIcTHHCKATa MPOMsIHATA MPOMSIHA
€ B COLHMAJHUTE U HMKOHOMHYECKUTE CHCTEMH, KOWUTO TpaiiT
XKHUBOTA HU.

3. Huoycmpus 5.0

Hauanoro Ha Muayctpus 5.0 3amouBa ¢ pasyMHH CTpaTeruy,
n00po IUIaHWpaHe, OTBOpPEHa M MpHoOIaBalla KOMYHHKAIMs H
cunHara, crabmiHa ocHoBa Ha Wumgyctpus 4.0. Konnemmusta e
npuera npe3 2020 rlor EBpomneiickust cbi03 ¥ 32 OCHOBHA IPUYMHA
€ W3TBKHATO TO0-J00pOTO WHTETpUpaHe Ha COIHWANHHTE U

2 https://medium.com/@mail2princeyadav/machine-learning-vs-
deep-learning-b5c5a4fc5¢

3 EBpomneiicka komucus, ['enepanna nupexuus ,,Hayunu
n3cnenBanus U nHoBamu‘, Industry 5.0 : human-centric,
sustainableandresilient, Publications Office, 2020,
https://data.europa.eu/doi/10.2777/073781
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C€KOJIOTHYECKH
BB3MOXKHOCTH.

l'IOTpeGHOCTI/I B HOBHUTC TEXHOJIOTUYHU

Wupycrpusta TpaOBa ma chueTaBa IHU(POB M EKOJOTHYCH
IpexoJ M TOBa HAcOo4YBa KbM HOBO IIOKOJCHHE NPOMHILICHA
PEBOJIIOLHSL.

Ilerata mo pen IpOMHIIIEHa PEBOJIIONUS € CHHXPOH MEXTY
YOBeKa M TexXHoyormuTe. HOBHAT IIPOM3BOJACTBEH MOJEN ce
(okycupa IMEHHO BBPXY TOBA CHTPYAHHUYECTBO. PaboTHarta cuia e
obequHsIBaIla 32 YOBEIIKUS U LU(POBUS pecypc, 3a pa3paboTBaHe
Ha UHTEJIUTeHTHA (abpuka Ha OBAEIIETO.

B monena va Unnyctpus 5.0 ce mpenBmxaaT M UHBECTUIMU
3a oOpa3oBaHue M oOyueHHE Ha pabOTHUIMTE, 32 Ja MOraT Ja ce
ONITUMH3MPAT YMEHHATA UM M Jla HaMepsT MACTO B ChBPEMEHHUS
6usHec Mogern”.

Veroitunso
MPOH3BOACTBO

Huayerpuanaa
PeBoTIONHs

5.0

YeToitunBa
OKOJTHATa
cpena

Opuentnpasa |
KBM H0BeKa

@uez. 3 Lenu na Unoycmpus 5.0

Wupycrpus 5.0 me cThu Ha MOJOOPEHUS H HOBOBBBEJCHHUS OT
TIPEIUITHATE TPOMHUIIICHH PEBOTIOLUH.

® EXOJOTWYHHU pEIIeHHs — Olla3BaHE HA OKOJHATa Cpena € OT
KIoyoBo 3HayeHue Ha Munyctpus 5.0. llle ce BbBemaTr HOBHU
TEXHOJOTMM W KOPIOpaTHBHA YYBCTBHTEIHOCT, 3a ObIe
MPOU3BOJICTBOTO MO-e(EKTUBHO M YCTOWYMBO. MHUHMMH3UpaHe Ha
KOJINUECTBOTO PECYPCH U OTHAXBIIM 1€ HAllpaBH MPOU3BOACTBEHUS
MpoIiec Mmo-e(heKTHBEH;

®  OntuMu3MpaHe Ha Pa3XOJUTe — CTPEMEKBT € HACOYCH KbM
Ch3/IaBaHE Ha HOBU OM3HEC MOJIENH, KBAETO JIa Ce HMHBECTHPAT I10-
MAJIKO PECYPCH, 32 JIa Ce MOTyJaT MO-TOJIEMHU TTOJI3H;

®  KpeaTHBHOCT W WHIMBUAYATHOCT —HHIWBHUIYaJIHOCTTa HE
MOXe Jla ce TIOCTUTHE C IThJIHaTa aBTOMAaTH3anus Ha mporecure. B
Wanycrpus 5.0 ce nenu paboTHHUIUTE Jla c€ KOHIEHTPUPAT BBPXY
HOBU CTpaTerMy WIM Ja TpHiaraT KpeaTHBHOCT, 3a CMETKa Ha
PYTHHHH U IOBTAPSIIIH CE 3a1auu.

4 https://www.momenta.one/industry5.0

4. Mesxncoy Huoycmpusn 4.0 u 5.0

B Unpyctpust 4.0 ocHOBHa men e Ja ce yBenWdH OposT Ha
HMHOBAIIMOHHUTE T€XHOJIOTUU B IPOMHIIUICHOCTTA, JOPH 10 MOMEHT
Ha CBCTE3aHHE MEXIy 4YOBEeK M poboT 3a paboTHO Mscro. B
Wugyctpus 5.0 akieHTa ce U3MecTBa U C€ ThPCH ChTPYAHHUYECTBO
MEXJIy 4YOBEK M pPOOOT, BMECTO Ja MMa 3aMeHseMocT. Xoparta
TpAOBa 1a CU CHTPYJHHYAT C TEXHOJOTMHUTE, KAaTO MMa H3IOJI3BAT
CHJIHUTE CTPaHU U Ja KOMIIEHCHUpPAT CHOTBETHHUTE MM CIabOCTH.
Jpyrara pasmuka e, ue B Ilerata mpomumuieHa peBoironus ce
TBPCH IIOCTHI'aHE Ha OJarochbCTOSHHE Ha IIUPOK KPBT OT
o61mecTBoTO, a B HAycTpus 4.0 — nBIpKemaTa cuiia € nedanoara.

B m3caegoBarencku cratun® ot 2020 T. ce mosBsBa uaesTa 3a
HacThlBaHeTO Ha IleraTa WHAyCTpHanHa pPEBONIOIMA U TS ce
ompenens KaTo ChbTPYAHNYECTBOTO MEX/Y YOBEK U MaIlliHA.

B ocnoBarta Ha koHumenmwmsATta 3a Mumyctpus 5.0 ca cnennure
TEXHOJIOTHIHHU KaTeTOPHUH:

" ChTpYAHUYCCTBO MEXKIY YOBCKA U MallldHATA

" 3KyCTBCH UHTEJICKT;

B BJIOKYeliH;

" JlurutanHu OMM3HALU U CUMYJIAINN;

¥ TexHOIOTHS 32 aHAIIN3, MUTPHPAHE U ChbXPAHCHUE HA JaHHH;

®  TexHomorum 3a CHEpruiiHa ePEeKTUBHOCT, BH30OHOBsIEMa
€HepIHsi, ChXpPaHEHNHEe U aBTOHOMHOCT;

B TexHOJOTHUH,
MaTepHaIH.

BIBXHOBCHM OT IMpupoaara, W YMHH

Wnnycrpust 5.0 ce ¢okyca BbpXy B3aUMOJICHCTBHETO YOBEK-
MalliHa W Ch37aBa I0-0e30macHM paboTHM MecTa, B KOSTO
paboTHUIM C MOIKperara Ha pPOOOTH/KOOOTH CH TMApTHHpAT M
M3ITBJIHSABAT OMACHU MPOU3BOJCTBEHH MPOLECH.

Ha cBeroBHns uxonomuuecku ¢opym JlaBoc 2019 r. ce
TONYJIAPH3NPA HAEITA:

,»Blockchain+Al+Human=Magic*

C mnomomra Ha W3KYCTBEHMST HHTENIEKT C€ Ch3JaBa HOBa
IIPOH3BOIUTENTHOCT HA YOBEIIKHS TPYH, OIOKIEHHBT' IIe TOMOTHE
Ha OHE3H, KOUTO He ca 00XBaHATH OT OaHKUpaHe, POOOTHKATa IIe
NOMOTHE Ha XopaTa Ja TMOAAbPKAT Bb3BPBUIAEMOCTTa Ha
WHBECTUIIMHTE [IEJICHACOYEHO U MHOTO MEYEJHBIIIO .

Taénuya 1. Pasnuxa meswcdy Hnoycmpus 4.0 u Hnoycmpus 5.0°

Huaycrpus 4.0 HWuaycrpus 5.0

® https://europeansting.com/2019/05/16/what-the-fifth-industrial-
revolution-is-and-why-it-matters/

® https://aryunetworks.com/what-will-the-5th-industrial-revolution-
look-like/

"Jluuesa, T. ,,Monepua curyprocT B ynpasnennero”, Usx. HTC mo
mammHocTpoene ,,uaykrpusn-4.0” Codus , 2023, ctp. 208

8 https://aryunetworks.com/what-will-the-5th-industrial-revolution-
look-like/

® CobeTBeHO MpeacTaBsHe Ha pastukuTe Mexay Muayctpus 4.0 i
Munycrpus 5.0 ¢ nomora Ha:
https://www.sciencedirect.com/science/article/pii/S0022435922000
288?via%3Dihub#bib0016
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®okyc: Maxkcumanu- Tbpcu Twpcu ce CUHXPOH
Xopara 3upaHe MaKCHMaJleH Ha CWJIHUTE CTPaHH
| Opou 1 oOXBat KaKTo Ha
TeXHO- Ha TEXHOJIOTHUTE, TaKa
JIOTHH- TEXHOJIOTHUTEC U ¥ Ha XOpara;
Te TAXHATA JlombiBar ce.
B3aUMOCBBp3a-
HOCT
Konkypenmus ~ Xopa u Xopa u MaluHU CU
/ MaIlIHHH Ce CHTPYIHHYAT
CoTpynaHu- KOHKYpHpaT 3a
YECTBO paboTHHN MecTa
®Dokyce:  AKIEHT o Hsawma; o Twpcu
baaro-  BBpXY o Ilpecnensa 0J1aroChCTOSIHME Ha
CbCTOSI-  OKOJHATa ce neyanda LSJIOTO OOIIECTBO M
HHETO cpena IUIaHETa;
o AK1eHT
BBPXY YCTOWYHMBU U
BBH300HOBAECMH
pecypcw;
o [Ileyanbara na e
C Ied.
M3mectBane HeobOxomumoct ~ XymaHHO
Ha OT JIOBEpHE B M3MO0JI3BaHE HA
TEXHOJIOTHY- TEXHOJIOTHUTE TEXHOJOTHUTE

HUTE rpaHnuIA

3. 3aknrouenue

C BbBEXZAaHE HAa HOBM TEXHOJOTUH, KOJHUYECTBOTO U
KayecTBOTO Ha JaHHUTE Ce NoJ00psABa, KOETO BOAM M JO
moJ00psABaHe Ha TAXHOTO M3Mom3BaHe. To € KIF0YOBO 3a pelraBaHe
Ha TPeIU3BHKATEICTBATA, CBBP3aHU C OOIIECTBOTO, KIMMATHIHUTE
TIPOMEHU U OKOJIHA CpeJia, eHepTUiiHa YCTONYHUBOCT M MPOCTIEPUTET
Ha obmectBoTo. ToBa € M TpeAmocTaBKaTa 3a MPEeMHHABaHE OT
Wnnyctpus 4.0 xeMm Uagyctpust 5.0.

Wnnyctpus 4.0 u Uanyctpus 5.0 ce npemiuTar u cb4eranar, 3a
Jla IPOMEHSAT HOBUTE TEXHOJOIMM 10 HAa4yMH, 3a Ja ce Ch3IajaaT
HOBU BB3MOXHOCTH Jla Ce€ MOJOOpH KMBOTa U HANPEIBKHT B
00IIEeCTBOTO.

Wunyctpust 5.0 ¢ OTIIMYHA BB3MOXKHOCT 32 CHTPYIHHYECTBO
mexny [omemure namnm, MU, OmokueiiH, 10T, obmaunm ycmyr,
poboTH W KOOOTH 3a KpEaTHBHOCT M BBOOpaXEHHE B
MPOMHMILICHOCTTa. Ta3n WMHIYCTpHAlIHA DPEBOJIOLMS INE Ch3aaje
HOBU pabOTHHU MecTa C MO-BHCOKa KBATM(HUKAILUA, HO ChC CBOOOIA
Ha U3pa3siBAHETO ¥ MHOBATHBHOCT B ITPOLIECUTE.

PoGotute m Kk0OOTHUTE MOEMaT YacT OT TMPOM3BOACTBEHHUTE
MPOLECH, HO PEIIEHHATa ca OTTOBOPHOCT Ha XOpaTa U ce B3eMaT OT
TSX.

KiouoBo NPpEeAU3BUKATCICTBO € PCIIaBaHE Ha HpOGJ’IeMI/ITe C
KI/IGCpCI/IprHOCTTa B MHAYCTPHUAJTHUTE JIMHUU U CUCTEMU.

C mHampenpka Ha HOBHTE TEXHOJOTHYHHA BB3MOXKHOCTH CE
MpeIBUK/IA CIEBAIIUTE PEBOIIOLUHN B HHAYCTPUATA Aa CE CIy4YBaT
BCE MMO-0BP30 U B MO-KPATKH CPOKOBE.

HoBata nHaycTpHaiHa peBOIOLMS LIENH Jla HallpaBy CBETa IO-
no0bp, a He Kak ga  momoOpu  eeKTHBHOCTTa U
TIPOHU3BOIUTEITHOCTTA.
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Cybersecurity of the autonomous vehicles as cyber-physical systems

Magdalena Puncheva Marina, Ninoslav Marina

Extended Abstract:

Autonomous vehicles (AV) are expected to have a great impact on the current organization of the transportation systems. Moreover many
autonomous vehicles are also used as support intelligent moving objects that carry various items in industrial environments as a part of the
future smart manufacturing (Industrie 4.0, MIC25, etc.), hospitals, logistics, and delivery. The autonomous vehicles and robots may be also
used in extreme environments.

These types of vehicles are equipped with various sensors, in order to sense the environment and plan their routes and are connected to an
infrastructure for sending and receiving data. Such systems are also part of the broader group known as cyber-physical systems (CPS) for the
interaction with the humans and since they connect the physical (real) the cyber (online) world. Because of their connection to multiple types
of networks, they are vulnerable to various cyberattacks. Compared to conventional cyberattacks, which may cause various damages, both
technical and financial, the attacks on the cyber-physical systems and especially the autonomous vehicles, may have catastrophic and fatal
consequences. Therefore, the cybersecurity of the CPS requires necessary attention and additional security related actions. In this work, we
summarize and discuss the most frequent types of known cyberattacks on the autonomous vehicles. We also identify some existing
applications, including machine learning based methods, that aim at improving the cyber-security into a more trustworthy system.

Autonomous vehicles are expected to profoundly influence the way people perceive and use transportation today. There are several classes of
autonomous vehicles, depending on the level of automation and the need of the human interaction. The class with the highest level of
automation and no human interaction depends mostly on the data collected from the environment via its embedded systems called sensors.
Since there is no infrastructure build along the roads, currently the AV is connected to the Internet through the wireless cellular networks
such as fourth generation (4G) and fifth generation (5G) of mobile cellular network. Besides the first generation (1G) that was offering
mobile voice service in a non-cellular network, all the other generations second (2G), third (3G), and fourth (4G), are considering voice and
messaging (2G, 3G, 4G), emails and internet (3G), broadband and high-speed internet (4G). Besides the evolution in the services there was a
significant evolution of the mobile terminals which modernized a great deal in less than three decades. A fundamental leap forward was
made by the fifth generation (5G). 5G does not only improve the look and the performance of the mobile terminal, but also allows connection
of various mobile devices to the cellular network. Of course this will be possible for all the generations beyond 5G. Hence, for the first time
we have a possibility to connect various embedded sensors (or things) that can be as tiny as few millimeters to as large as different
autonomous machines, including industrial machinery, vehicles, flying objects and underwater objects. The whole concept is known as
Internet-of-Things (10T) and gained prominence in the past decade.

Because of the broadcast nature of the wireless connections such a setting especially with numerous sensors is quite vulnerable to cyber
attacks of various nature. A step further is the lack of solid cyber security protection of the 5G network. Traditionally, the features that are
discuss as important in the 2/3/4/5/5+ generations are rarely taking the security challenges seriously. The reasons are multiple: not a big need
(for 2G and 3G), focus on the data rates, frequencies, quality of service (QoS), roaming, latency, and similar. Probably the biggest reason of
not addressing the security problem seriously is the lack of competence and knowledge that will be implemented on a wireless network with
moving sensors. Traditionally, the cryptographic algorithms are made for point-to-point communication and even that one in a fixed and non-
dynamic setting. With the rise of necessity for involving multiple sensors the whole security challenge changes since the connections are not
anymore point-to-point but maybe multipoint to multipoint. This fact and the broadcast nature of the wireless channel raise the serious
question on how to define the security. One fundamental solution that is not related to how long should be the key until the next technology
improvements is the so-called information-theoretic secrecy or security. This is a concept defined by Claude Shannon in the 1940’s and
researches the reliable communication between one of more parties while the adversaries get no information. The concept applies the
security on the physical layer (first layer) and we do not need to deploy further security algorithms that are applied typically in the higher
layer, including the second (data link layer), the third (network layer), the fourth (transport layer) or the highest application layer. The
problem with the information-theoretic secrecy is that besides the fact that it is well researched, there is a lack of practical secrecy capacity
approaching codes that may be implemented in practice.

Since the autonomous vehicles are constantly connected and moving their vulnerability is quite high. In addition to the connectivity vehicle
to infrastructure (V2I), i.e., to the network access points, such as base stations, hotspots, backbone network or intelligent roadside units, AVs
have also a possibility for the so-called vehicle-to-vehicle (V2V) communications or vehicle-to-everything (V2X). In addition to the
connectivity to the wireless networks AVs of the future will have a necessity to be connected to the power grid for the electric vehicles or to
any device allowing machine-to-machine interaction to provide fuel (e.g., fossil, ethanol, hydrogen) or other services (maintenance,
assistance, tire pressure, cleaning, etc.).

Ignoring the cybersecurity of autonomous vehicles or any autonomous machine can lead to serious damages, injuries or fatalities. The hacker
may take the control of the steering wheel, block the engine or transmission, block the wheels, mislead the camera system, interfere with the
maps or disturb the whole AV system in various ways. Hence, an early detection and prevention is more crucial than in the other networking
systems.
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The most common cyber-attacks on autonomous and non-autonomous vehicles could be summarized below:

- Injection attack — injecting messages to the controller area network (CAN) of the vehicle

- Remote hacking — to take control of the infotainment system

- Remote attack on the engine

- Remote access on the brakes

- Stealing the remote key data (e.g., by replay attack)

- Spoofing

- Jamming

- Meaconing attacks

- Propagating malware to other vehicles (V2V)

- or propagating malware to any other connected “thing”, so-called vehicle-to-anything (V2X).

Artificial Intelligence (Al) has recently become very popular in solving various problems. We propose the use of Al in protection of
autonomous vehicles. Al methods include predictive analysis, intelligent agents, case-based reasoning, natural language processing and
machine learning among others. Deep learning and neural networks are special types of machine learning. According to the objective, there
exist descriptive Al, predictive and generative Al. In this work we conclude that since the cyber-security of the autonomous vehicles has so
many weak points, Al might be a good solution to identify, to protect, to detect, to respond, and finally to recover if needed.

As future work it might be of interest to discuss the advantages and drawbacks of machine learning and artificial intelligence in mitigating all
cyber-security threats.
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HNCCIEJOBAHUE HANIPAXKEHHO-AE®@OPMHUPOBAHHOI'O COCTOAHUA
METAJIJIA TPU PEAJTIM3AIIMA HOBOTI'O UHHOBAIIMOHHOI'O CIIOCOBA
MOJIYYEHUA YIIPOYUHEHHON BUHTOBOM APMATYPBI

INVESTIGATION OF THE STRESS-STRAIN STATE IN THE IMPLEMENTATION OF A NEW
INNOVATIVE METHOD FOR OBTAINING HARDENED SCREW FITTINGS

Cepreit JIexnes', AGnpaxman HaiisaGexos®, Esrennii [Tanun’, Enena Illupsesa®, Aunpeit Tonkymknm’,
Jmutpuit Kync®, Anekcarnp Ap6ys®

! Pynuenckuil unnycTpuanbHblil yHUBepcuTeT, Pynubiil, Kaszaxcran
2 HHOBAIHOHHEI EBpasuiickuii yausepcurert, Ilasnoaap, Kazaxcran
3 KaparanouHckuii nHIycTpUalbHBI yHUBEpCUTET, Temupray, Kazaxcran
4 Marauroropckuii rocyaapcTBeHHbIN TexHnueckuil yauusepeutet um. .. HocoBa, Maruurtoropck, Poccust
5 benopycckuii rocynapcTBEHHBIN TEXHONOIMUECKUI yHUBEpcuTeT, MuHCk, benapychb
® Hasap6aer YuuBepcurer, Acrana, Kasaxcran

Abstract: In recent years, there has been a new trend in the metallurgical industry to develop new innovative processes that combine various
metalworking methods into a single technological process. At the same time, each such new development requires in-depth theoretical and
experimental studies to determine the optimal geometric and technological parameters of the combined process being developed and its
subsequent introduction into production. This work is devoted to computer modeling of a new method for obtaining hardened screw fittings,
combining radial-shear rolling and pressing through a screw matrix and studying the stress-strain state of the metal during its

implementation.

Keywords: RADIAL-SHEAR ROLLING, STRESS-STRAIN STATE, SIMULATION, SCREW ROD.

Beeoenue

Tony4yeHue pa3IUYHBIX YEPHBIX M LBETHBIX METAVIOB U
CIaBoB ¢ yubrpamenkosepuucroii (YM3) u  HaHo-
kpucrawmueckoit (HK) crpykrypamu u, COOTBETCTBEHHO, BHICOKUM
YPOBHEM  MEXaHMYECKHX  CBOMCTB M  JKCIUTyaTal[HOHHBIX
XapaKTepUCTUK SIBISIETCS OJHOW W3 TJIABHBIX 3amad 00paboTKH
METaJUIOB JIaBJICHHEM YK€ He OfHo necstwietne. OmHMM U3
OCHOBHBIX MyTel peLICHUs TaHHOW 3a/a4d SBJSCTCS NPUMEHEHUE
Ui 00pabOTKH METaIOB  JaBIICHHEM pPa3lIMYHBIX CIIOCOOOB,
peanu3ylommx B mpouecce aehOPMHPOBAHHS HHTCHCHUBHYIO
miactuyeckyio  gedopmarmio  (UITJ]) [1] 3a cuer kotopoi
OCYIIECTBIISICTCSl PaBHOMEpHas HMHTEHCHBHAs INpopaboTKa JIMTOU
CTPYKTYpHl BO BceM oObeme nedopmupyemoii 3arotoBku. Ho, k
CO’KaJIEHUIO, WCII0JIb30BaHUE OoJbIIMHCTBA crocobos UITJ] B
peanbHOM TPOW3BOJICTBE METAJUIOM3JACIUH 3aTPYAHHUTEIBHO MO
psiy IPUYUH, B TOM YHCJIE U MO NMPUYHHE TOTO YTO OONBIIMHCTBO
W3 TAaHHBIX CIIOCOOOB HE TO3BOJISIOT 00padaThIBaTh JITMHHOMEPHBIE
3arOTOBKH.

AJTbTepHATHBHBIM BapHaHTOM perIeHus poOIeMbl
ucnonb3oBanust UIIJ] npu oOpaboTke MeTaloB JaBICHUEM B
POMBIIIIEHHBIX YCJIIOBUAX SBJIACTCA pa3pa60T1<a COBMCIICHHBIX
croco0oB 00pabOTKM MeTaIoOB [aBJCeHHEM C peajn3alueii B
nporecce nepopmupoBanust UIIJ. B Hacrosimiee Bpems yxe
pa3paboTaHO IETBIA PsJ] COBMEIICHHBIX MPOIeccoB [2-6], KoTophie
MO3BOJISIIOT ~ 00OpabaTthiBaTh  UIMHHOMEPHBIC  3arOTOBKH  C
JIOCTATOYHOH CTENeHbI0 MPOPAabOTKM JIUTOW CTPYKTYphI MeTaiuia
JUIsL TIOJY4YEeHHSI B HEM YJIBTPAaMENKO3EPHHUCTON CTPYKTYpbl. IIpu
3TOM MHOTHEC n3 JAaHHBbIX COBMCIHICHHBIX CHOCOGOB
nedopMHUpOBaHHs MTO3BOJISIOT MOYYaTh B IIPOLIECCE UX Pean3aliin
HE TOJIbKO Moiay(adpHuKaThl, HO W TrOTOBble M3nenus. OpHOM u3
MOCJICHUX TaKKX pa3paboTOK SIBISIETCS MPOLECC, TIPETIOKEHHBIHN B
pabote [7], KOTOpBI COBMeHIaE€T PEAYKIHMOHHYIO IPOKATKY
CTEp)KHS KpYIJIOTO WIJIM KBaJPAaTHOTO IOTEPEYHOrOo CEYCHHS B
KBaJ[paTHOM KaJuOpe cO CKpy4HBaHHEM B ()OPMOBOYHON MaTpHIE
(ckpyunBaronieM MexaHu3Me). JlaHHBIH COBMEIICHHBIH CIIOCO0
MO3BOJISIET TIOJydaTh YHPOYHEHHBI apMarypHBIl mpoduis c
TPaAMEHTHON yIBTPaMENKO3epHUCTONH cTpykTypoi [8]. Hecmotps
Ha [JOCTaTOYHO MPOCTYI0 KOHCTPYKUHIO H 3P PEKTHBHYIO
HpopabOTKy UCXOJHOM 3aroTOBKH (33 OJMH LMK Je(hOpMUPOBAHHS
NpoHCcXoAuT paszButue Aedopmannu ot 0,8 B IEHTPANBHBIX CIOAX
3arOTOBKH 10 1,4 B MOBEPXHOCTHBIX CIIOSAX), TAHHBIA CIIOCO0 MMeeT
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CYIIECTBEHHBIH HEIOCTAaTOK, CBSI3aHHBIA C €r0 TEXHOJIOTHYHOCTHIO.
Ilpn mepeBose NPOM3BOACTBA HAa COPTAaMEHT JAPYroro pasmepa
MOHAJ00UTCS HE TOJIBKO HOBasi MaTpHIA, HO M HOBas Iapa BAJIKOB C
KauOpOM 3a/IaHHBIX pa3MepOB.

C 1esbl0 TOBBIIICHUS TEXHOJIOTHYHOCTH TIPOLecca MOMyYEeHHs
YIPOYHEHHOTO apMaTypHOrO HpOoQuiIs, HaMu ObUIa MpeIoKeHA
HoBass cxema ero ¢GopmupoBanus (PucyHokx 1), BkIrouaromas
nehopMHUPOBaHHE 3aTOTOBKU KPYIJIOTO IONEPEYHOro CeYEHHs Ha
craHe panuanbHo-caBuroBoir npokatku (PCII) u mocnenyromee
CKpy4YHMBaHHE 3aroTOBKHM B ()OPMOBOYHOH MaTpHIle ClenUaTbHOU
KOHCTPYKIMH (aHAJOTHYHON mpencraBieHHoii B pabore [7]). B
JaHHOM Clly4ae TIpH IepeHallalke IPOM3BOJICTBA HA HOBBIH
THIIOpa3Mep apMaTypHOTo NpoduIIs MOHaT00HTCS YCTAaHOBKA JIMIIb
HOBOH  MaTpHIBI HYXHOTO JHaMeTpa, Tak KaKk s
neOpMUPOBAHUS 3arOTOBKM Jpyroro auamerpa Ha crane PCII
HE0OXOIMMO TIPOCTO CBECTH WJIM PA3BECTH BAJIKH CBOAWTCS JIHILIb K
W3MEHEHUIO BeNMYMHBI 0OaTusi. Kpome 3TOro B JaHHOM ciiydae
Oyner unTH Goniee MHTEHCHBHAs MPOPadOTKa CTPYKTYPHI MeTaia,
Tak Kak u3 pabor [9] M3BECTHO, YTO MPH PaAHATBLHO-CIBUTOBOMN
NpoKaTKe, B ouare JehopMaluy peatn3yeTcsi cXxema HarpsHKeHHOTO
COCTOSIHUSI ONM3Kas K BCECTOPOHHEMY CXKATHIO C OOJBIIMMH

C/IBUTOBBIMH nehopManusamMu, T.C. ONITHMaJIbHAs JUISt
¢opmupoBanust YM3 CTpyKTypEIL.

Llensto  nmaHHOM  pabOTBI  SIBISIETCS ~ KOMITBIOTEPHOE
MOJICTTUPOBAHUE  TIPEVIOKEHHOTO  COBMELIEHHOro  crocoba
IOJTy4YeHUs BHHTOBOM apMmaTypsl M H3y4€HHE HaIpsIKEHHO-

neopMHUPOBAHHOTO COCTOSTHUS METAJLIA MIPU €T peaNnu3aiuy.
7

A~ 2

S ) e

Puc. 1. CoBmenieHHsIi criocob MomydeHns: apMaTypHOro npodms, 1 —
HPOKATHBIE BAJIKK, 2 — 3ar0TOBKA, 3 — MaTpHIa
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Mamepuan u memoowt

IIpn co3panuy KOMITBIOTEPHOM MOJIENIH HOBOTO COBMEIIEHHOTO
mpomecca, B KadecTBE OCHOBHOIO  00OpymOBaHHSA  ObUIH
HCTIONH30BaHBI ITapaMeTphl CTaHa PaJUaIbHO-CIBHTOBOI MPOKATKH
10-30. B KadecTBe WCXOIHOW 3arOTOBKM OBLT B3AT TNPYTOK
muaMeTpoM 22 MM u gmuHOM 120 mMm. PactBop BanmkoB ObLT
YCTAQHOBJIEH Ha IIOIyYeHHe 3aroToBKuM auameTpoM 19 mm. B
KauecTBe MaTepHana 3arotoBku Obuta BeiOpana crams AlSI 1015,
aHajor cranu 15.

B xauectBe pabodero HWHCTPYMEHTa JUI1I KOMITBIOTEPHOTO
MOJICTTPOBAaHMsI OBUT HCIIONB30BaH MPOTPAMMHBIH  KOMILIEKC
Deform. TIpu cosmanum Moxenu B mporpamme Deform 6bum
HPUHATHI CIEAYIOLINE AOMYIIEHHs: MaTephal 3aroTOBKH SBIIAETCS
U30TPOIIHBIM, B HEM OTCYTCTBYIOT HadJajJbHBIE Jedopmaluy,
HECIUIOIIHOCTH, BKJIIOUEHHS U T.J.; TUI 3aTOTOBKU — IIACTUYHBIMH,
THUIl HHCTPYMEHTOB — JKECTKHIA; MaTepuan 3arotoBku — cranb AlSI
1015, cooTBeTcTBYIOIIAs CTANM Mapku 15; HavyanpHas TeMmepaTypa
HarpeBa 3aroToBku — 1100 °C; xosdduimeHTt Teruronepenadn
MEX]Jy 3aroTOBKOM M HHCTPYMEHTOM OBUI IPUHAT pPaBHBIM 5
kB1/(M?-°C), Kak pekoMeHayemoe 3HaueHme mporpammoii Deform
JUIT  TporeccoB  AehOPMHPOBAHUS,  TEIUIONEpenada  MEXIy
3aroTOBKOM M OKpYXaroIel cpenoil OblIa akTHBHPOBaHA; CKOPOCTh
BpaIleHUs BAIKOB OblIa npuHATa paBHOH 100 06/MHH; Ha KOHTaKTe
3arOTOBKH M MHCTPYMEHTa OBbUI YCTaHOBJICH THII TPEHHMS 110 3UOEII0
¢ koadunuentom Tpenus 0,7 Ha Banmkax u 0,1 B MaTpuie.

INocne pacuera Obina mOJNydeHA MOJEIb COBMEIIEHHOTO
nporecca, B KOTOPOM 3aroTOBKa CIiepBa NPOKATHIBAETCS Ha CTaHE
panuanbHO-CABUTOBOM MPOKATKH, NPH 3TOM HA BBIXOAE M3 odara
JedopManMi Ha TOBEPXHOCTH 3arOoTOBKH OOpa3yeTcs BHHTOBAsS
pebopaa. Ilpn momagaHumm B MaTpHIly 3aroTOBKA IIOJBEpracTcs
CKPYYMBaHMIO ~ BOKPYT  HPOJOJIBHOH ocHk  Ha  yrou,
COOTBETCTBYIOIINH KOH(HUTYpauy BUHTOBOTO KaHaIa.

Ipn wu3ydeHun mobGoro mpouecca oOpabOTKU HaBICHHEM
OJHAM W3 BAXHEWIINX OTalmoB  SBISIETCS  MCCIIEIOBaHHE
HarpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUSL. 910 Jaer
BO3MOJKHOCTh OIIGHHTh BO3HHKAIOIINE 3HAa4YeHHs nedopManuii u
HanpsOKEHUH, BBISBUTH MECTa BO3HHKHOBEHHS HX KPHTHUECKUX
3HAUEHUH, YTO, B CBOIO OUYepe[b, MO3BOIAET MPOAHATU3UPOBATH
MIPOYHOCTh WHCTPYMEHTA, BEPOATHOCTh BOSHUKHOBEHHS IE(EKTOB
U T.J.

a)

0)

VuureiBast TOT (akT, 4dYTo paspabarTeiBacMbl  CIOCOO
nehOpMHUPOBaHUS HMMEET IOCTATOYHO CIOXKHYIO CXEMY TEYCHUS
MeTajjla, KOTOpas MEHSETCS 10 Mepe IPOJBM)XCHHS 3arOTOBKH
BJIOJIb NPOJOJIBHOM OCH, HanOoJjee 1enecoodpa3sHo paccMaTpUBATh
HCCIIelyeMble TTapaMeTphl B IIPOJOJILHOM HAaIpaBJIeHHH 3arOTOBKU
B JByX BapHaHTaX — Ha MOBEPXHOCTH M B LEHTPAIbHOH dYacTh

obpasma. OTO MO3BOJIMT HE TOJIBKO YCTAaHOBHTH YHCIICHHBIE
3HayeHuss mnapamerpoB HJIC, HO M OLEHUTh BO3HHKAaeMOE
TpaJeHTHOE  paclpeleNeHHe  aKKyMyJIupyeMblX  (akTopos

(3xBHUBaJNICHTHAS 1e(OPMALIH).

Pezynomamut u o6cyyncoenue

Dkeusanenmuas degpopmayus

Jnst  ompemeneHusi 3HaueHWi gedopMmanuyd  HEOOXOAUMO
HaXOAUTh 3HAYECHHsS KOMIIOHEHTOB COOTBETCTBYIOILETO TEH30pa,
KOTOpBIE JUISI TPEXMEPHOTO TEYEHHs MeTala OYeHb CIOKHO

BU3yalmu3upoBath. 1lo3TOMy OOBIYHO TpH  PAcCMOTPEHHH
rapaMeTpoB HAC HCTIOJIB3YIOT MPOCTON roKa3aTellb
WHTCHCHBHOCTH  jaedopManuu, 501 Tak  Ha3bIBaEMYIO

SKBUBAJICHTHYIO Ie(OPMAITHIO.

[Ipu paccMOTpeHUM HapaMeTpa «3KBHBAICHTHAS Je(hOpMAITUs»
OBUIO  YCT@HOBJIEHO, YTO Ha CTaJdHM PaJAHAIbHO-CIBHUTOBOM
NPOKaTKH  HAKOIUIGHHE  JaHHOTO  MapaMeTpa  MpPOHCXOAUT
NPEUMYIIECTBEHHO B TMOBEPXHOCTHBIX CIIOAX 3arOTOBKH (PHCYHOK
2). Tlocme BBIXOJa W3 BAJIKOB Ha TOBEPXHOCTH YPOBEHb
nedopmaru gocturaet 6,75+8,5, mocreneHHO CHHXAasCh 0 5 B
nepudepuiHoi 30He.

Ilpyu momagaHuM B BHHTOBOW KaHal MAaTPHIIBI 3aroTOBKa
MOJIBEpracT MHTCHCUBHOHN JedopMaluu 3a CUeT CKpydyuBaHUs. B
pe3ynbTaTe MPOUCXOOUT 3HAYUTENBHBIA MPUPOCT AehOpPMAIUH TI0
BCEMY CEUYCHHIO 3arOTOBKH. Tak, B IOBEPXHOCTHBIX CIIOSX
3arOTOBKH, KOTOPBIE MPUOOPETaI0T O0BEMHYIO BHHTOBYIO (hopMmy,
BenuurHa nedopmarn qocturaet 11,0, miaBHO cHIKasch 10 9,0 B
nepudepuitHoii 3oHe. lleHTpanbHas 30Ha Ha JaHHOW CTaJUU
neOpMUPOBAHUS TIPOPAOATHIBACTCS MAKCHMAaIbHO WHTCHCHBHO —
3/lech BeNMUYHHA JedopMaru  KoneOnercs B aMamasoHe 8+9.
[pudem, mociie MPOXOXKICHUS BUHTOBOTO KaHajla MOKHO OTMETHUTh
CYIIECTBEHHOE CHM)KEHHE pa30bpoca 3HaYeHu nedopmariuu.

Strain - Effective (mm/mm)
135
18 I
101
8.44
6.75
5.06
3.38

1.69

0.000

Strain - Effective (mm/mm)
135 I
1.8

101

5.06
338
1.69

0.000

Puc. 2. Pactipenenenue SKBUBAICHTHOH AeopMaluy Ha IOBEPXHOCTH (&) U B IIEHTPE 3aTOTOBKH (0)
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Hanpscennoe cocmosanue

J1s  OUEHKM TPHUPOIbl HANPSDKEHHOTO  COCTOSHUS  ObLI
ucnonb3oBan kodduuuent Jlome [10]. Hdauublii k03 duLIHEHT
MTO3BOJISIET IIPOBECTH OLICHKY MPUPO/IBI BO3HHUKAIONIEH TedopMariin
B 3arOTOBKE, T.€. OIIPE/ICNINTh, KAKO! TUII Ae(OpMaLiH PeaTn3yeTcs
B KOHKPETHOI TOUKEe — pacTsDKeHHe, c)KaTHe WM COBHT. BemmdanHa
kodddumuenta Bappupyercs ot -1 no 1. 3navenwe ot 0 mo 1
COOTBETCTBYET CKaTuio; OT 0 10 -1 COOTBETCTBYET pacTSKEHUIO;
3HaueHne Koddduimenra, crpemsimeecss K 0, COOTBETCTBYeT
CIIBHTY.

Jlns pacyera 1aHHOTO KO3 GHUIMEHTA BIOJIb HAYaIbHOM JAJIHHEI
3aroTOBKH, B IIEHTPAIbHOM CeYeHUH Obutn chenanbl 120 Todek c
maroM 1 Mm. [lpu W3ydeHMM NPOJOJIBHOM TPOKAaTKH OBLIO
YCTaHOBJIEHO, YTO JUISl pacdyeTa AaHHOTO IapaMeTpa JOCTaTOYHO 1
m3mepenns [11]. OmgHako B ciydae H3y4aeMOTO COBMENIEHHOTO
mporecca, 3aroTOBKAa Hapsily C IOCTYNATeNbHBIM, B Ka)KHbIH
MOMEHT BPEMEHH COBEpIIaeT elle W BpallaTesbHoe ABMkeHHe. C
y4eToM Toro, 4To pacmpenenerue mapamerpoB  HJIC,
PAacCMOTPEHHBIX BBILIE, SBIACTCS HEOAHOPOAHBIM, OBUIO PELICHO
mpoBecTH pacyeTsl Kodp¢umuenta Jloge B Tpex MpOTOIBHBIX
30Hax, cooTBeTCTBYROIINX Kiaccudukarmu C.I1. Tankuna [12]:

- IepBOE U3MEPEHHE ObLIO C/IENaHO CTPOTO IO MPOAOIBLHOH OCH
BpALLEHUS 3aTOTOBKH;

- BTOpOE M3MEpeHHMe ObUIO CHIeTaHO B  HPOAOIEHOM
HalpaBJICHWH CO COBHTOM 5 MM OT OCH BpAIeHHS, 4TO
COOTBETCTBYET NepudepuifHoii obacT;

- TpeTbe U3MepeHHe OBUIO CHeNaHO B HPOJOJIBEHOM

HaIIpaBJICHUH cO CABUTOM 10 MM OT OCH BpallleHHs (Ha pacCTOSHUN
1 MM OT MOBEPXHOCTH), YTO COOTBETCTBYET IIOBEPXHOCTHOMH
obnacTu.

Ha pucynke 3 npeacTaBieHbl KAPTHHBI M3MEHEHHS TPACKTOPUH
TEYEHHs METala BO BCEX TpeX OOJACTAX MO Mepe MPOJBIKEHUS
yepe3 ouar AeopMaluM B BaIKax M BUHTOBOH KaHal MaTpHIIBI.
TpaexTopusi TedeHHs B IIEHTPaJbHOH 30HE IO Mepe ABIDKEHHS
yepe3 BaTKM M MaTpUIly TpPaKkTHYeCKH He MeHsercs. B
nepudepuiHON 30HE TOCIe MPOXOXIESHUs odara nedopmanuu B
BAJIKaX, Ha IIPOMEXYTOYHOM YYacTKe MEXAY IaHHBIM OdYaroM
nedopMaruy ¥ epBbIM BUHTOBBIM KaHAJIOM B MaTpHIe 00pa3yeTcs
30Ha NMPOTHBOJAABIICHHS, BBI3bIBAIOIIAs 3aKpy4YHUBaHHE 0OpasLa, 4To
BUIHO Ha pucyHke 30. Ilo Mepe NpOJBWXXEHHS MeTaia I1o
BHHTOBOMY KaHaJly 3aKpy4YMBaHHE MIPOJOJDKACTCS yPOBEHD TCUCHUS
MeTajula 110 BBICOTE OCTAeTCs IPAKTHYEeCKH HEH3MEHHBIM, YTO
OTpa)kaeTcsl Ha YpOBHE TOYEK Ha KOHIIE 3aTOTOBKH.

Puc. 3. TpaekTopru TedeHHs MeTallIa B IEHTPAIBHOU (a), mepudepuiinoii (0) 1 MOBEPXHOCTHOIT (B) 30HAX

B moBepxHOCTHOI 30HE (PHCYHOK 3B) NMPOHCXOOUT Hamboiee
WHTCHCHBHOE H3MEHEHHEe Kak (OpMBI TpPAGKTOPUHM JBHKEHHUS
MeTa/ia, TaK M €ro CKOPOCTH 1O a0CONIOTHOMY 3HA4YEHHIO, 4TO
OTYETIIMBO BHAHO MO M3MEHCHHIO PACCTOSHHUS MEKIY COCEAHHMHU
TOYKAMH B Hadajle M B KOHILe mporecca nedpopmupoBanus. Ha
MPOMEXKXYTOUHOM YYacTKe MEXAY JaHHBIM o4aroM jaedopManiu u
NMEepBEIM  BHHTOBBIM ~ KaHAIOM B  Marpuue  HaGirogaercs
MHTEHCUBHOE 3aKpyunBaHue oOpasua Ha 90 rpamycoB, mocie
MOMNalaHus 3TOM 00JacTH MeTalia B BUHTOBOM KaHaJ ypOBEHb
ckpyunBaHus pacter ¢ 90 no 270 rpamycos. IIpu 3ToM, momMumo
00aTHs B MONEPEYHOM CEYEHMH, 3arOTOBKA IOJIy4aeT HEKOTOpOe
pacTshKeHHE B IPOIOILHOM HaIlpaBIeHUH.

TTockonbky npu AehopMaruy B Bajkax # GOpMOBKE B MaTpHIIE
B Ka&XIbIH MOMEHT BPEMEHH HAaXOIHUTCS CTPOTO OIpeAe/CHHAs
001acTh  3arOTOBKH, HEOOXOMMMO  OMPENCITUTh IPUMEPHYIO
HPOTSKEHHOCTh JaHHBIX 30H. OOJIaCTh KOHTaKTa MeTalia ¢
BaJIKAMH HaXoJuTcs B quama3oHe Touek Ne 72+85 (PucyHok 4a).
O6nacte (OpPMOBKM B TI€PBOM BHHTOBOM KaHajle MAaTPHUIIbI
Haxojautcs B ananasoHe Touek Ne 102+109 (Pucynok 46).

Ha pucynke 5 npencraBieHsl  pe3yibTaTbl — pacueTa
kxoa¢p¢unuenta Jloxe st Bcex Tpex obnacteit. Ilpn ananmse 30HBI
NPOKaTKH B BajKaX BHJIHO, YTO HA JAaHHOM Y4YacTKe MHPHPOJa
nedopmar MeHseTCS B IIOIEPEYHOM HAIPABICHHH OT OCH
BpallleHWs1 K IIOBEPXHOCTH. lleHTpambHas dYacTb 3aroTOBKH
HAXOJMTCS TOA ACHCTBHEM pPACTATMBAIOLIMX HANPSKEHUH (p=-
0,6+-0,7), uto coorBercTByeT AanHbM C.II. 'ankuHa o Xapakrepe

72

TEUEHHUs MeTallula MpH paJualbHO-CIBUTOBOM mpokartke. [To mepe
yAaJeHus OT IeHTpa, B mepuepuilHO YacTH BO3HHKAIOT
cxumarone HanpspkeHust (u=0,6+0,7), 4To ABIAETCS CICICTBUEM
JIEHCTBHS JABJICHUS OT BAJIKOB B o4are Ae(opMaIiim.

P10

e

£112

a) 0)

Puc. 4. IIpoTsDKEHHOCTH 30H IMPOKATKH (a) U HopMOBKH (0)



IloBepxHOCTHAs 30Ha NPENCTABIIET HAWOONBIIMI HHTEpec,
MOCKOJIbKY B JaHHOW oOONacTM MpU MPONOJBHOM IMpOKaTKe
BenmunHa ko3¢ duuuenra Jloge cocrasmsier 0,95+1,0, uro, mo cyru,
SBJISIETCS ACHCTBUEM JIMILIb COKUMAIOLINX HampspkeHud. OgHako, B
JTAHHOM clly4yae BelmunHa kodhduimenta Jlome cocTaBiseT 0KOJI0
0,1. Takas BenuurHAa KOX(PQPUIMCHTA HA  OMPEICICHHON
MPOTSDKEHHOCTH  TOBOPUT O HANWYHMH Je(OpPMAllUH CIIBUTA, YTO
TaKKe TOATBEPXKIACTCS TIOJYYCHHBIMH MPU MOJCIUPOBAHUU
pe3yibTaTaMi  U3ydeHHs IeGOpMHPOBAHHOTO COCTOSHHS, [I[Ie
BU/IHO, 4TO HauOousblnas MpopaboTKa MeTalia OCYLIeCTBISIETCS
MMEHHO B TIOBEPXHOCTHBIX CIIOSIX.

—+—LlleHTp —#—lepudepwua

Puc. 5. Koobduuuent Jlome

+—oBepXHOCTb

JIis manpHEHIero aHajau3a HANPsHKEHHOTO COCTOSHUSI OBUTH
PaccMOTpEHBI CIIe TYIOIIHE MapaMeTpshL: SKBUBAJIEHTHOE
HampspKeHHe (WM WHTEHCHBHOCTh HANpPSHKEHWH) U cpeiHee
runpocratrdeckoe nasieHue. [lpu PCII makcumansHble 3HaYCHHUS
SKBUBAJIECHTHOTO HANPSDKEHUS] BO3HHKAIOT B 30HAX KOHTAKTa
MeTajula ¢ Bainkamu, nocruras BemumuuHbsl 200 MIla (Pucynok 6).
Ha cBOOOAHBIX OT KOHTaKkTa 30HaX 3HA4YEHHE DKBHBAJICHTHOTO
HampsbkeHus: kosebnercss B mpenenax  80+100 MIla. Ilpm
NONaJaHUd B MATPUIy MaKCHMAJbHBI YpPOBEHb HaIpsHKEHUH
Pa3BHUBAETCS JIMIIb Ha MEPBOM BUTKE, rie GopMupyeTcs BHHTOBOI
npodune. 3mech 3HAUYEHHWE ~ AKBHBAJICHTHOTO  HANPSKECHHS
Haxomutcs B amana3oHe 140+150 MIla B moBepXHOCTHBIX CIOSIX,
noBepratommxcs popmoske, u 90+100 MIla B neHTpaabHOI YacTH
3arOTOBKH. B mocieayronyx BHTKAax BeJIWYMHA HAINPSOIKEHHS
cpaBHUTENbHO HeBenuka (okomo 30 MIla), mOCKONBKY B HHX
METaJLI JIBIXKETCS YK€ C TOTOBOH BUHTOBOM (OPMOIi.

Ilpn ananu3e 30HBI (OPMOBKM OBLIO BBIIBICHO, YTO IIPH
MPOXOKACHUHU yJacTKa BUHTOBOTO KaHalla B MaTpHIle, BO BCEX TPEX
30HaX, Kak W IPU PaAUaTbHO-CABHUTOBOH IIPOKATKE, CO3JAIOTCS
gedopmaruu  pasHbIX  TuMOB. [IpuueM  HeHTpambHas |
MOBEPXHOCTHAass ~ 30HBI  MMEIOT  NPUMEPHO  OJMHAKOBBIH,
MUKOOOpa3HBIi XapakTrep nAedopmaruii, HO pa3HBIA IO 3HAKY.
BepimuHbl NHKOB COOTBETCTBYIOT MOMEHTY MpPOXOXKACHHS depes
cepelMHy IIMPUHBI BMHTOBOTO KaHana. LleHTpanbHas 30Ha
nojBepraeTcsi JEeHCTBHIO paCTATUBAIOIINX HaNpsDKEHUH, 37ech
ko3¢ duirent Jloae cocrasisier -0,2 Ha BXoJie B BAHTOBOM KaHal, B

Stress - Mean (MPa)

100
625
250

-125
-50.0
-87.5

-125

-163

a)
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LEHTPe BHHTOBOTO KaHaja JOCTHUracT MaKCHMaJbHOTO 3HAYCHHUS -
0,67, 3aTeM IJIaBHO CHMIKAsICh CHOBA 110 -0,2.

Stress - Effective (MPa)

230

86.3
575
288

a)

0.000
Stress - Effective (MPa)

230
201

173

-

86.3
57.5
288

0) 0.000
Puc. 6. PacnipesiesieHue S5KBUBAIICHTHOTO HAMPSKEHUsI HA TIOBEPXHOCTH ()
1 B IIEHTpE 3ar0TOBKH (0)

IMpu paccMOTpeHHN SKBUBATEHTHOTO HAPSDKEHUSI HEOOXOIMMO
MOHUMATh, YTO, SBISAACH IIOJKOPEHHBIM BBIPAKCHHEM, €0
BeIMUMHA BCErjJa MONOXKHUTEeNbHA. JII OIEHKH BEIHIHHBI
HaNpsDKEHHWsT C YYeTOM 3Haka I[eJecoo0pa3sHo paccMaTpuBaTh
cpenHee TMAPOCTATHYECKOE AABICHHE WM CpelHee HalpshKeHHe
(PucyHok 7).

Jns naubonee >P(EKTHBHOH OLEHKM [JaHHOTO IHapameTpa B
Deform pexoMeHgyeTcsl BBICTABHTH [MANA30H IOKAIBl TaKHM
00pa3zom, 9TOOBI HyJIeBas OTMETKAa MPUMEPHO MOMajana Ha KaKyko-
100 TPaHUIly LBETOBOHM MIKadbl. DTO IO3BOJUT JIETKO BEISBUTH
30HBI PACTATHBAIOMINX M CKIMAIOIIUX HAMPSHKEHUI.

IIpu pagnanbHO-cABHTrOBOIl mpokatke (PucyHok 7a) B 30Hax
KOHTaKTa MeTaJula C BaJKaMH DPa3BUBAIOTCS IPEUMYILIECTBEHHO
CKUMaoIe HampsbkeHus Jocturass BenuuuHbl -200 MIla Ha
MOBEPXHOCTH M CHIXKasICh 10 -12,5 Ommke K HEHTPaJIbHON 4acTu
3aroToBkd. Ha cBOOOJHBIX OT KOHTaKTa 30HaX BEIWYMHA JAHHOTO
nmapamerpa pocturaer -50 MIla. Ilpu QopmoBke B Marpuime
(Pucynox 76) B TmepBOM BHTKE pPAa3BHUBAIOTCA CHKHIMAIOIIHE
HampspkeHHss okoido -80 MIla B  MOBEPXHOCTHBIX — CIIOSIX,
nozasepratomuxcs ¢opmoBke, u -60+-40 MIla B ueHTpambHOU
YJacTH 3arOTOBKH.

Stress - Mean (MPa)
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Stress - Mean (MPa)
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Stress - Mean (MPa)
100 I
62.5
25.0

-125
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-125
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Puc. 7. Cpennee rupocTaTHIECKOe JaBJICHHE Ha TIOBEPXHOCTH M B LICHTPE 3arOTOBKH IIPH paHallbHO-CIBUTOBOI mpokatke (2) u hopMoBke B MaTpuiie (0)

Boieoowr

B pabore Oputa mocTaBieHa 3ajada  MOJCIHMPOBAHHS
COBMEILEHHOI'0 Ipolecca paAualbHO-CIBUTOBOM IPOKATKU
MIPECCOBaHMS UL MOTYYEHUS apMaTypHOTO NMPOGHIS U3 KPYIJIoH
3aroToBkH. [lo pe3ynpTaTaM KOMIBIOTEPHOTO MOJETHPOBAHHS OBLI
BBIIIOJIHEH aHAJM3 IapaMeTpoB HAMPSHKEHHO-AE(OPMHPOBAHHOTO
COCTOSIHUSI B 30HaX paAWalbHO-CABHTOBOM  IPOKATKH U
(hOopMHPOBaHUS BUHTOBOTO IPOQMIISL B MAaTPHILE Ha MOBEPXHOCTU U
0CeBOH 4YacTsx 3aroToBKH. B kauectBe mapamerpoB HJIC Opumn
BBIOpaHBl  JKBUBaJIeHTHas jaedopmanus, Tokasarenb Jloze,
SKBUBAJIECHTHOE HAIPSDKEHUE M CPeHEee HOPMalbHOE HaIpsIKECHUE.
MakcumanbHoe 3HaueHUe SKBUBAJIEHTHON nedopmanin
OCTHTaeTcsl Mph (OPMUPOBAHHUM BHHTOBOTO Mpoduis Ha
3arOTOBKE B MAaTpHIe, YTO CBUACTENHCTBYeT 00 HHTECHCHBHOM
MpopabOTKe HAYAIFHOH CTPYKTYpBI 3aroTOoBKH. Takxke 3a cyeT
COKUMAIOIINX HanpsHKeHUH B MaTpuLe CHIDKAETCs
HEepPaBHOMEPHOCTh PaclpeieiieHNs SKBUBAJICHTHON edopMaruu 1mo
JMaMeTpy 3arOTOBKU B CPAaBHEHUU C 30HOW paguajbHO-CIABUIOBOM

MPOKATKH.
B nepudepuiinoii 30He, 3a CYET CKPYUMBAIOLICTO ACHCTBUS
BUHTOBOIO KaHaja, [0 BCEM MPOTSIKEHHOCTH JEHCTBYIOT

neopManuu CIBUra, 4To OTpakaercs Ha koaddummente Jloxe,
BEJIMYMHA KOTOPOTO HaxoAuTcs 3aeck B mpexemax -0,05+0,1.
TToBepxHOCTHAsi 30HA NMOMHUMO CKPYYMBAHHMS IONy4aeT TAKKe U
HEKOTOpoe O00XaTWe 0 BBICOTE 3a CYET BHEAPCHHS BHHTOBOM
pebopapl. B pesynbrare BenmuuHa kKoddduuuenta Jlomge B 3TOM
00IacTH CyLIECTBEHHO W3MEHSET CBOC YHCICHHOE 3HaueHue. Ha
BXOJI¢ B BHHTOBOH KaHaJl METaUl IMOABEPraeTcs AABICHHIO CO
CTOPOHBI PeOOP/IbI MATPHUIIBI, 32 CYET YEro 10 CEPEeAMHBI IIMPUHBI
KaHalla 3/1eCh BO3HHKAeT C)KaTHe. JTO OTpakaeTcs Ha BEIUYHHE
koaddunmenra, Bozpacratomero o 0,8. Ilocne mpeomoneHUs
CepellHBl  KaHama CKHMarolee JedcTBHE  MpeKparaercs,
MOCKOJIbKY KOHTYP 3arOTOBKH Y)K€ COOTBETCTBYET KOH(Hrypamuu
KaHana. B pesynbprate 3HaueHue Kod()(HUIMEHTa PE3KO CHIKACTCS
no -0,1.

Hannoe uccredosanue uuarcuposanocy Komumemom HayKu
Munucmepemsa  nayku u  evicue2o o0bpazoeanus Pecny6nuxu
Kaszaxcman (I'panm Ne AP14869135).
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MNPOEKTUPOBAHWE NOJABEMHON MAIIWHBI JIJIsI KOHTEMHEPHOI
TEXHOJIOT'MHM HA OTBAJIAX

DESIGN OF A LIFTING MACHINE FOR CONTAINER TECHNOLOGY ON LANDFILLS

Sergey Kuzmin, Andrey Turbit, Rustem Iskakov

Rudny Industrial University, Rudny, Kazakhstan

Abstract: An analysis of open-pit mining technologies and the current state of mining production indicates an urgent need to develop
resource-saving and environmentally friendly technology for creating external dumps. We propose a new container technology for
transporting rock mass in containers without construction. on the surface of the dump of technological and transport communications. For
its implementation, it is proposed to use a rope excavator from the Liebherr company. The most important part of the excavator is the boom,
which must withstand the load from the weight of the loaded container. In addition, inertial and wind loads on the working equipment must
be taken into account when designing the boom. The design of the boom was carried out using computer modeling methods. To identify the
performance of the dragline, a dynamic calculation of the excavator drives was carried out and a static calculation was performed with the
machine checking for stability and balance of the rotary platform. All calculations prove the operability of the proposed option.

Keywords: WALKING EXCAVATOR, BOOM, END LOAD, MINING TECHNOLOGY, COMPUTER MODELING, DUMP, ROCK.

Beeoenue

IIpu pas3paboTke pyAHOH 3aJeKH C IIOMOIIBIO OTKPBITHIX
TOPHBIX PabOT, NPUXOJUTCS BBHIHUMATH OOJBIIOE KOJIMYECTBO
BCKPBIIIM, O0BEM KOTOPOH BO MHOTO pa3 IPEBOCXOIUT OOBEM
BhIHUMaeMol pyabl. JloOwbiTass W3 Kapbepa ToOpHas Macca
CKJIQIUPYETCs] BO BHEIIHHE OTBAJIbI, KOTOPHIE 3aHMMAIOT OOJIbIINE
IVIOIAIM M CHUJIBHO YXYAWIAIOT OKOJOTMI0 peruoHa [1].
T'opHOmOOBIBatOIIAsT TPOMBIIUICHHOCT MOJONLIA K HOBOMY 3TaIly
Pa3BHUTHA M CIIOCOOHA MOCTABIATh HA PHIHOK HE TOJBKO HOOBITOE
MOJIe3HOE HCKOMaeMoe, HO M C(OPMHPOBAHHBIE B IIpoIiecce
BEICHNSI TOPHBIX PabOT TEXHOTEHHBIE T€OPECYpPCHI, 00IamaroIIue
ONpEeJeNeHHON LEeHHOCTbI0. OCHOBHBIMU HANpaBIEHUSMU 110
(hOPMHUPOBAHUIO U UCTIOIB30BAHUIO T€OPECYPCOB SIBISIOTCS:

- LIeJIEHANPABIIEHHOE CEJIEKTUBHOE CKJIAJINPOBAHUE BCKPBIIIHBIX
OpOJ, B BHUJAE TEXHOTEHHBIX MECTOPOXKACHHH C LENbI0 HX
JTaJIbHEHIIIEro OCBOEHMUS;

- I[eJICHANPaBICHHOE ¢hopmupoBaHue KapbepHOTO
MPOCTPAHCTBA M OTBAJTOB BCKPBIMIHBIX TIOPOJ B KadecTBe
CaMOCTOSITENIBHBIX OOBEKTOB PA3IIMYHBIX HAa3HAYEHHH, B TOM UHCIIE
MECTO M OTAbIXa, CTPOWTENbHas IUIOMAAKA, EMKOCTh IIOJ
CKJIaJIMPOBaHKE OMACHBIX OTXOJIOB IIPOU3BOJICTBA.

TexHOJOTUsIM OTBaJIOOOPa30BaHHUS B HACTOSIIMI MOMEHT He
ynernsiercss OONBIIOro BHUMAaHHS, U OHH 3HAYUTENBFHO OTCTAIOT IO
MPOU3BOJUTEIBHOCTH U Ce0ECTOMMOCTH OT TEXHOJIOTHH B Kapbepe.
B HacTosimiee BpeMs  M3BECTHBI  HECKOJBKO  TEXHOJIOTHUH
0TBaJIOOOPA30BaHUsS, 3aBUCAIINE OT CPEACTB TPAHCIIOPTHPOBAHMS
TOPHOHM Macchl U (PU3NKO-MEXaHNIECKHUX CBOICTB TOPHBIX MOPOJ.

OtBasI000pa30BaHNE XOPOIIO JPOOJICHBIX CKaJIbHBIX TOPOJ TIPH
JIOCTaBKe MX Ha OTBAJIbl JKEJIE3HOAOPOKHBIM TPAHCIIOPTOM MOXKET
IPOU3BOUTCSA OTBAJIBHBIMHU IUTyraMu. OTBaIbHBIN Iyr
IpeAcTaBIsieT Cco0oil  caMOXOMHBIM WM NPHULENHON Barod
CIEIMAIIBHOW KOHCTPYKIUH, 000pPYIOBaHHBINH C OIHOW WMJIM C JABYX
CTOPOH OTBAJIBHBIMH JIeMeXaMH. TeXHOJIOTHSI OTBano0Opa30BaHMS
3aKITI0YAeTCsl B IIEPEMEIICHHH BO BpPEMs CBOETO JABIDKCHUS IO
MyTSIM  pasTPyKEHHOW W3 JyMIIKapoB IIOPOABI  OTBATEHBIMHU
JeMexaMH B CTOpPOHYy  OTKoca  oTBaja. Ilpm  3TOoM
0TBalI000pPa30BaHNE OCYLIECTBIAETCS MO BCEH AJIMHE OTBAJbHOTO
Tynuka [2].

Vknanka KpenmkuxX TOPHBIX HOPOJ B OTBaJIbl MpPHU JOCTaBKE
aBTOMOOMJIBHBIM TPaHCIIOPTOM TMPOU3BOAUTCA MOIITHBIMH
Oymbo3epaMr. ABTOCAMOCBAJBl Pa3TPyXKaloTcs Ha HEKOTOPOM
paccTosHMM OT OpoBKM 10 Tepudepun oTBaia. bymbro3eps
IepeMemanT  ee  I0Jl OTKOC, OCTaBisii Ha  OpoBke
NIpeJOXPAHUTEIIbHBIN Ball.

Ilpu pa3paboTke MECTOPOXKAEHUH C KPENKUMH TOPHBIMH
MOpoJaMH M MEPEBO3KE  IKETE3HOAOPOKHBIM  TPAHCIOPTOM
NpUMEHSAETCS OTBaJoOOpa30BaHHE MEXAHHMYECKUMHU JIOTIATaMH.
Texnonoruss oTBamooOpa3oBaHHsA 3aKiIOUaeTCd B IKCKABAIUU
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pasrpy)kaeMoil W3 JyMIKapOB TOPOJAbI M YKJIAIKe €¢ B OTBaj
OJTHOKOBIIIOBBIM HKCKAaBaTOPOM. DKCKAaBaTOP pacHoyiaracTcs HHKe
YPOBHS  JKCJIC3HOJOPOXKHBIX MYyTeH HAa BBICOTY PasTpy3KH
sKckaBaropa. [lopojga W3 OyMIKapoB pasrpykaeTcs B MPUAMOK,
COOpYKaeMblil caMuUM dKCKaBaTOpoM. Ilocie pasrpy3ku MOPOIBI
JKCKaBaTOP MPOU3BOIMT YKJIAAKY €€ CHadala B HIDKHHUHN MOMYCTYIL,
a 3areM B BepxHuUi [3].

Jnst xopomio pa3apoOiIeHHBIX MOPOA M MpU MPUMCHEHHH B

Kapbepe KOHBeﬁepHOFO TpaHCIIOpTa BO3MOXKHA OpraHusalus
OTBaJ'[OOGpa?:OBaHI/IH C MMOMOUIBIO TPAaHCIOPTHO-OTBAJIbHBIX MOCTOB
[4].

I[J'IH BCEX HN3BCCTHBIX TeXHOJ'IOl"I/Iﬁ 0TBaﬂ006pa30BaHI/I5{

HEOOXOIMMO OPraHH30BaTh JBMKCHHE TPAHCHOPTHBIX CPEICTB IO
MOBEPXHOCTH OTBajla, IMO3TOMY HEOOXOJMMO CO3aTh XOpOLIHE
JOpOTH, TaK KaK OTCHIIAaHHAas IOpoJa HMEET  HU3KYIO
YCTOHYUBOCTh, TO 332 aBTOMOOHJIBHBIMH M JKEJIE3HOJOPOKHBIMH
JIOpPOTaMH HaJ(0 OCYIIECTBISITH TOCTOSTHHBINA KOHTPOJIb.

Pabora ropHOTpaHCIOPTHOTO O0OpPYAOBaHMS Ha OTBAJNaX IPH
CYIIECTBYIOIINX TEXHOJOTHUSIX BBI3BIBACT s MPoOIIeM, ITIaBHOH U3
KOTOPBIX SABISICTCS [BHKCHHE TEXHUKH BO3JIE IPH3MbI BO3MOXHOTO
obpymennss  moponsl  [5].  Heobxommmo  pa3pabaTsiBaTh
CrelMalbHbIE MEpONpPHUATHS, CHOCOOCTBYIOIIHE IPEIOTBPATHTD
00OpyIIeHre TOPHBIX TTOPO/I.

Mamepuanst u Mmemoost

Jlns peneHns Bcex 0003HAYEHHBIX BOIIPOCOB TIPEIAraeTcst s
TPaHCIIOPTUPOBKM  YKIAQJKH TOPOA B  OTBal NPUMEHHTH
KOHTEHHEPHYIO TEXHOJIOTHIO. ['JIaBHBIM 3JIEMEHTOM TEXHOJIOTHH
ABJISIETCS MOOMJIbHAS TIOJ{bEMHAs MalllHA, IIPY 3TOM HE BO3HHUKAET
HEOOXOJUMOCTb B CTPOMTENBCTBE ABTOMOOWJIBHBIX JIOPOT WIIH
AKEJIe3HO0POXKHBIX MyTel Ha OOPTY U TTOBEPXHOCTH OTBAjA.

JocraBneHnas U3 Kapbepa pyJa 3arpy’kaercsi B KOHTCHHEDHI,
KOTOpbIE€ MOABEMHBIMU MalIMHAMU JOCTABJIAIOTCS Cpasy K MECTY
pasrpy3Kn. Konrelinepst 060pyI0BaHBbI BO3MOKHOCTBIO
CaMOpa3rpy3Ku, B PE3yNIbTaT€ 4YEro TOpHas Macca BBICHINAETCS
HEMOCPE/ICTBEHHO B MECTO YKNIAJKH Ha oTBane. KoHTeHHepsl ¢
HOpOIOH yCTaHABIMBAIOTCS Iepel] (DPOHTOM OTBAJIBHOM 3aX0IKH, a
NONbEMHASA MalllMHa Pa3sMENIAETCAs Ha CHENHUANbHON IIJIOIAIKE
IpeIoTBaa.

IIpu K¥cnonbp30BaHUK KOHTEHHEPHON TEXHOJIOTMM IMPOMCXOAUT
CHIDKEHHE ce0eCTOMMOCTH TPAHCIIOPTHPOBAHUS U3-32 YMEHbIICHUS
BPEMEHHM Dasrpy3Kd TpPAHCHOPTHBIX CPEJCTB, CJIENOBATENBHO,
pacTeT IPOU3BOAUTEIBHOCTh BCErOo KOMILIEKCa O0OpyHZOBaHUS
noabEMa rOpHON Macchl.

TexHonOrMYeCKas cxeMa KOHTEHHEPHOIo NMoJbEéMa Ha OTBaJax

00JIaaeT JOCTaTOYHOM HAJCKHOCTBIO W TruOKocThio. OHa
MO3BOJSIET  IOCTENEHHO  HApallyMBaTh  BBICOTY  IIOIBEMA,
pacnpenenuth 00opyldoBaHHE MOabEMAa 10 BCEMY OTBaly,
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pacnpenenuTh TOPHYIO MOPOXYy IO pPa3HBIM BHIAM, 4YTO JacT YCIOBHH TOPHBIX pabOT M  BIEYATISET CBOCH  BBICOKOIL

BO3MOJKHOCTb JlaJIbHEHIIero e€ HCIoNb30BaHUs. HPOU3BOUTENBHOCTBIO. I'unpoakkyMynsTop obecrieunBaeT
KoHrelHepHbId NOABEM IO3BOJIACT PEIIUTh HEKOTOPbIC BO3MOXKHOCTb PEKyINepaluy SHEPrul BO BPeMst pabOThl, IIPU 3TOM

po06IeMBl 0TBaI000Pa30BaHUs TOPHBIX ITOPOLI: CHIDKAETCS pacXo TOIUIMBA U U3HOC JeOEMKH cBOOOIHOTO cOpoca.
BO-TIEPBBIX, IIOJBEM TOPHOIl Macchl  BBIOJNHAETCA C

HCTIONIb30BaHUEM MOABEMHBIX MallvH, qTO CHIDKaeT

SHEpro3aTparsl, IO  CPaBHEHHIO C  TPaHCHOPTHPOBAaHUEM

ABTOTPAHCIIOPTOM; Pt
BO-BTOPBIX. B OTJIMYHE OT JKEJIE3HOJOPOKHOTO TPAHCIOPTA MPH 3 :

YKJIaAKe MOpOJbl B OTBAl HE BBIIOJHACTCSA IPOLECC IEPEBAIKU 0

TOPHOI Macchl U3 PUAMKA,; YA

B-TPETbUX, OoNbllasg JUIMHA CTPENbl MOABEMHOM MAaIIUHEI
MO3BOJISET 3HAUUTENBHO YBEIMYHMTH BBICOTY OTBAJIbHOTO sIpyca U
IIMPUHY 3aXOKH.

3a cueT NMpUMEHEHHs HOBOTO KOMIUIEKCA 000PYJOBaHUS MOXKET
OBITH yBENMUYEHA BBICOTA OTBAJA, YTO MPUBEIET K COKPAIICHUIO €T
IUTONIAZH. DTO MO3BOJMT MONYYUTh 3HAYUTEIBHBIN YKOJIOTHISCKHH
U 9KOHOMHYECKHH 3P PeKT.

KonreiliHepHass TEXHONOTHS H3MEHUT TOPSAOK paboTHI, MPH
9TOM CHI)KAeTCSl BBICOTA IMOABEMAa TOPHOH MacChl 3a CUET ee
TIOCJIOMHON TOPU30HTAIBHOM YKJIaAKH. bosbiine pazMepsl cTpensl
HOABEMHOM  MamIMHBI ~ TO3BOJIT ~ YBEIHYUTH  KOJIMYECTBO
YKJIaZIbIBAEMOM TOPHOM Macchl B IIpefieax OTBaIbHON 3aX0KH.

BesomacHOCTE ropHBIX paboT OyAeT AOCTHIHYTa OTCYTCTBHEM
TPAHCIOPTHBIX KOMMYHMKalluii Ha I@OBepxHOocTH oTBana. Ha
3eMHOH TOBEPXHOCTH PSIOM C OTBAIOM OYAET CO3[aH MOOWIBHBIN
Meperpy30uHbIi IyHKT, TAe OyIeT OCYIIECTBISTHCS Iepelenka
KoHTelHepoB. [lopoma Oyager aBTOMATHYECKH BBHITPYXKaThCs B
HEOOXOIMMOM TOUYKE Ha IMOBEPXHOCTH OTBAja, MOCIE YEro ITyCTON

KOHTEeIlHep IOCTaBJsIeTCsl Ha3ajd B 30HY 3arpy3kd HOJbEMHON Puc. 2. Kanarssiit skckaBarop HS-8300 ¢ rpefidepom
MAaIIUHOM.

3anojHeHUe KOHTEHHEpOB ropHON Maccoil Ha oTBajlaX Kaphepa
OyIeT  OCyWIECTBIAThCA  4epe3  HNPOMEKYTOUHBIH  OyHKep Pesynvmamot u oocyscoenue

IUIACTUHYATBIM HJIA  JICHTOYHBIM ITMTATCICM. I[aHHa}I cXema

Jlnst ompeneneHust BBICOTHI OTBajia BOCHOJb3YEMCS CXEMOM,
OTBaI000Opa30BaHUs MPEACTaBICHA Ha PUCYHKE 1.

n300paXeHHON Ha pUCYHKeE 3.

‘ Puc. 3. Cxema K OIpeIeTIeHUIO BEICOTHI MOIbEMA

Panuyc pasrpyskn noabE€MHOH MaimMHbel Rp, M, ompenensercs
o opmy:re:

Rp = L, xcos(y) + d, )

rae L. — anuna crpenst, M;
Y — YTOJI HaKJIOHa CTPEIIBI, Ipa.;
d — paccTosIHEE OT OCH BpAIICHHS NOABEMHON MAIIUHBI JI0
IATHI €10 CTPEJIBL, M.
Bricota HuxHero yeryna H,y, M, onpenensercs mo gpopmyne:

Puc. 1. Cxema oTBas1o00pa3oBaHusl IPU KOHTEHHEPHOM

TEXHOJIOTHH C TTOCIOHHON YKJIAAKON HOPOIbI H,y. = (R,— B — C)xtg(B), 2
ITo oTOl cxeme TOpHYIHO MacCy [OCTaBIAIOT OT 3a00eB rae B — paccrosHue OoT ocH KOHTelHepa 10 HUKHEH OpOBKH
aBTOCaMOCBaJlaMH JTI000H TI'Py30NOABEMHOCTH M BBITPYXKAlOT B HIDKHETO YCTyIa, M;
OyHKEp  IUIACTMHYATOTO  IMTATeNs,  KOTOPHI  3aroiHSeT C — 6Ge30macHoe pacCTOSHUE OT OCH BpALICHHUS Jparjaifna
KOHTEHHEpHI 110 Mepe UX [101a4U KapbePHOH M0IbEMHON MAIIUHOM. 10 BepXHeil OPOBKH HIDKHETO YCTyIa, M;
B kauecTBe mOABEMHON MalIMHBI NPEUIATAETCA NPHUMEHHUTH B — yron otkoca ycTyna, rpan.
KpaH Ha 6a3e KaHATHOrO JKckaBaropa ¢upmsl Liebherr HS-8300 Beicota BepxHero ycryna Hyyy, M, 10 yclOBHIO 6€30I1aCHOCTH

(Pucynox 2). OxckaBarop HS 8300 paspaboranH Iy TSDKENBIX BpAIEHHS MTOABEMHON MAIIMHBI OMPEAEISETCs TIo hopmyJie:
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Hsyl = (Rpf Cl - Rk)xtg(ﬁ)v (3)
rae C; — Ge3omacHOe pacCcTOSHUE MEXIY Ky30BOM MOIBEMHON
MAaIIMHB ¥ OTKOCOM BEPXHETO yCTyIa, M;
Ry — pamunyc BpaiieHus Ky30Ba HOABEMHON MAIIMHBL, M.

Bricora Bepxuero ycryma Hgy,, M, mo yciosuio moabéMa

KOHTeHHepa onpeernsiercs o Gopmyie:
HByZ = LCXSin(B) +h- hK’ (4)

rae h — BeicoTa OCH TISATHI CTPEIIBI Hal YPOBHEM 3EMITH, M;

h, — BBICOTa mepenoabéMa KOHTEHHEpa MPH YCTAHOBKE HA
BEPXHUH YCTYI, M.

Bricota BepxHero ycryma (IO YCIOBHIO MHHHMYMA)
ompeienseTcss B pesyibrare cpaBHeHus Hgy ¢ Hgyp. 3a 3Havenue
ycTyna MpUHUMAeTCs MEHbllee 3HaueHue. Beicora mnoxbéma
ompexensiercst o Gopmyie:

Hn: HHy + HByv (5)

Pacuersl ObUIM TpOBenEHBI IS UIMHBI CTPENBI MOXBEMHOU
mamuHbl 50 mMeTpoB. Ha OCHOBaHHMHU BBHINTOJHEHHBIX BBIYHCICHUI
HOCTPOEH IpadMK 3aBUCHMOCTH BBICOTHI TOJBEMA OT yrila HAaKJIOHA
CTpeJibl MOABbEMHOM MAIIUHBI (B COOTBETCTBUU C PUCYHKOM 4).

Bricora mogpéma, M
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Puc. 4. 3aBHCUMOCTH BBICOTHI MOABEMA OT YTIIa HAKIIOHA CTPEIIBI
NOXbEMHON MAIIUHBI

VYuuteiBas HE0OXOIMMOCTh NMOJABEMA HA HIKHEM M BEPXHEM
sapycax oTBajga Ha 40 M, IPUHMMAETCS YroJl YCTAHOBKU CTpENbI
MOIBEMHOM MAIIHHBI 56°. Ilpu stom oOmmas BeICOTa MOABEMA
jpocturaet 80 M 3a OJIMH MOIBEM

IIpenmymiecTBOM KOHTEHHEpHOH TEXHOJIIOTMM Ha OTBale
SBISICTCS. BO3MOXKHOCTb CHIDKEHMS CpEJHEH BBICOTHI HOAbEMaA
nopofsl. Jlisg 3TOro mopony YKIagblBalOT TOPH30HTAIBHBIMHU
CJIOSIMHM B TIpeJienax 1iara rnepemMernieHus nobeMHoil MamuHsbl. [lo
MEpe OTCBIIKM TIOPOJbl MEXIY NEPEeABHKKAMU TOIBEMHOMU
MalluHbl BbICOTA MOABEMA IMOPOAbl MOCTENECHHO IMOBBIIACTCA 0
MaKCHMallbHOM, pPaBHOH BBICOTE OTBAIBHOTO spyca. Takum
0o0pa3oM, CpeqHeB3BENIEHHAs BHICOTA MOABEMa IOPOABI paBHA
MIOJIOBUHE BBICOTBHI OTBAIBHOrO spyca. Ilocne 3amoiHeHHs 4yacTd
OTBAIBHOM 3aXOAKM C OJHOM TOYKM YCTAHOBKM IOABEMHOM
MallliHBl €€ MEepeMelaloT MO0 IpefoTBally U IOBTOPAIOT
3aloJHEHUE OTBAJbHOW 3aXOJIKM B Ipefefax I[ara NepeaBHKKU
TOPU30HTAJIbHBIMU CJIOSIMU CHU3Y BBEPX.

VBenuueHne BBICOTHI 0TBana OT 40 METPOB MPH TPAAULMOHHOM
TeXHOJIOTHH 710 80 METPOB NP HOBOM CITOCOOE OTCHIITKH YMEHBIIUT
IUIOLIA/b 3aHATYIO OTBaJIaMH Ha 175 ThICSY M2 B TOLL.
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Boieoowr

[Ipumenenue KOHTEHHEpHOH TEXHOJIOTMH Ipu
0TBaJIO0OPA30BaHNH MIATAIONIMMH YKCKaBaTOpaMH ITOKa3bIBaeT, 4TO
IOpU BBITPY3KE MOPOABI M3 KOHTEHHEPOB B OTBAJI CHUXKAETCS
SHEProeMKOCTh OTBAJI000PAa30BaHMS U MOBBIMIAETCS SKOHOMUYECKH
BBITOJHAsl BBICOTA OTBala. DTO IO3BOJUT COKPATUTh IUIOLIAMM,
3aHATBIE OTBaJaMU M CMATYHTH BPEJHOE BO3JCHCTBHE TOPHBIX
paboT Ha OKPYXKAIOLIYIO CPery.

Jannoe uccredosanue gunancuposanoce Komumemom nayxu
Munucmepcmea Hayku u @vicuieco obpazoganus Pecnybnuku
Kazaxcman (Tpanm Ne AP19675410).
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IBOJIIOIUA MUKPOCTPYKTYPHBI ITPU ITPOKATKE B PEJIBE®HBIX BAJIKAX C
GOAKTOPOM ACUMMETPHUH IO PA3JIMYHBIM TEXHOJIOI'MYECKUM CXEMAM

MICROSTRUCTURE EVOLUTION DURING ROLLING IN RELIEF ROLLS WITH AN ASYMMETRY
FACTOR ACCORDING TO VARIOUS TECHNOLOGICAL SCHEMES
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Abstract: In this work, finite element modeling of the microstructure evolution of a copper billet during asymmetric rolling in relief rolls
according to various technological schemes was performed. The following technological schemes of deformation were proposed: 1) the
workpiece after the first pass of deformation is re-fed into relief rolls with 180° edging along the axis; 2) the workpiece after the first pass of
deformation is re-fed into relief rolls without any changes; 3) the workpiece after the first pass of deformation is re-fed into relief rolls with a
transverse shift for the relief period. A comparison of the simulation results showed that deformation with a 180° rotation of the workpiece
between passes significantly reduces the influence of the asymmetry factor. This is reflected in the level of grain grinding and its more
uniform distribution. Deformation without changing the position of the workpiece between the passes has the opposite effect, such a scheme
significantly increases the influence of the asymmetry factor. Deformation with transverse displacement of the workpiece during the

unloading period between passes has the effect of a "golden mean".

Keywords: ROLLING, RELIEF ROLLS, ASYMMETRY, SIMULATION, MICROSTRUCTURE.

PaspabaTbiBaeMBIii  MpOIlECC MHTCHCHBHOW  IUIACTUYECKOW
nedopMaruu, MpeACTaBIAIONINNA cO00i KOMOMHAIMIO TMPOKATKU B
penbedHBIX BaJKax ¢ HAIOXKEHHEM (hakTopa aCHMMETPHH, XOPOILIO
3apeKOMEHJIOBaN ceds Ha TEOPETHUECKOM JTale HCCIECJOBAHUH.
Tak, B paborax [1-2] ObUIM HU3ydeHBI pas3iIWYHbIE [APAMETPHI
mporecca MpH UCTIONb30BAHMH KHHMATHYECKOH M T€OMETPHIECKOM
acumMmerpun. Takke B pabore [3] Obumm  paccMOTpPEHBI
9HEProCHIIOBBIE MTapaMeTPhI JAHHON CXEMBI 1e()OPMUPOBAHUSL.

ITpoBenennslit ananu3 napamerpos HJ/IC nokaszai, uyto ogHOro
UKIa JAeGopMHUpOBaHUs (TMPOKATKa 3aroTOBKM B  pelbe(HBIX
BaJIKaX M BHIPABHHBaHHE B TINIaJKHX BaJIKax 10 NEpBOHAYaIbHON
(hopMBI) HEIOCTATOYHO ISl Ka4eCTBEHHOH MpPOpabOTKH MeTallia.
IIpn MHOTOMpOXOTHOM AEehOPMHUPOBAHUE OOBIYHO HCCIIELYETCS
BIMSHHE YHCIIA MIPOXOAOB HAa YyPOBEHb MPOPAOOTKH W M3MEHEHHE
HavaJIbHOTO pa3Mepa 3epHa. OJJHAaKO JaHHBII MOAXOM IPH MPOKATKe
000CHOBaH B ClTly4ae CHMMETPUYHON HAarpy3Kd OT 00OHX BalkoB. B
paccMaTpuBaeMol CXxeMe MPOKaTKU Leliecoo0pa3HO pacCcMOTPETh
pa3IMYHBIE TEXHOJOTHYECKHE CXEMBbI Je(OpMHPOBAaHUS, KOTOPbIE
OynyT yunTHIBaTh BIHMSHHE (haKkTOpa acMMMeTpuH. B cooTBeTCcTBHI
C 9TUM OBUIM NPEIJIOKEHBI CIEAYIOINe TEXHOJIOTHIECKHE CXEMbI
nepOopMUPOBAHUS:

1) 3aroToBKa IOCIIe TIEPBOTO MPOX0/1a AehOPMHUPOBAHHS 3aHOBO
Tmos1aeTcs B penbeHbIe BaJKU ¢ KaHTOBKOH Ha 180 rpamycoB BIOIHL
ocy;

2) 3aroToBKa MOCIe MepBOro mpoxoa aehopMHUPOBaHHUS 3aHOBO
MoJaeTcst B pebeHbIe Balku 0€3 KaKUX-TH00 U3MEHEHHIA;

3) 3aroToBKa Mocie MepBoro mpoxoaa aehopMHUPOBaHHUS 3aHOBO
nmoaacTcsa B penbe(,’prle BaJIKU C NOIMNCPCUYHBIM CABUI'OM Ha NEPUO
pemseda.

Jdnst  omeHkn A(P(HEKTUBHOCTH  TEXHOJOTHYECKHX  CXEM
nedopmupoBaHus OBUIO PAcCCMOTPEHO W3MEHEHHE HAJaILHOTO
pa3mepa 3epHa, 3aaaHHOTO paBHBIM 100 MM. B cucreme Deform

TPaANIIMOHHBIM METOJIOM MOJIETTUPOBAHUS 3BOJIIOLIUU
MHUKPOCTPYKTYpbl SIBIS€TCS Kilaccmueckuid wmeron JIxoHcoHa-
Meiina-ABpamu-Konmoroposa (Johnson — Mehl — Avrami -

Kolmogorov wmmun JMAK). B wmerone JMAK okoHYaTenbHbIH
CpemHMIl pa3Mep 3epHa OIpeeNseTcss Ha OCHOBE HAYaIbHOTO
CpemHero pasMepa 3€pHa, KOHCTaHT MaTepuajla | IoJei
NIepEeMEHHBIX JAaHHBIX, TaKWX KakK TeMIeparypa, aedopmars,
CKOPOCTbH Zie(hopManuy ¥ BpeMs.

Ha pucynkax 1-3  moka3zaHbl  KapTHHBI ~ HW3MEHEHHS
MHKPOCTPYKTYpBI ~ TIOCI€  JBYX  MHpPOXOAOB O  Tpex
paccMaTpUBaeMBIX TEXHOJOTHUECKUX cXxeM AedopmupoBanus. [Ipu
KaHTOBKE  3aroToBkd Ha 180  rpaxycoB  NIpOUCXOIUT
MIOCJICIOBATENNBHBI KOHTaKT O0EMX TOPHU3OHTANBHBIX TIpaHed ¢
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KOXIbIM BaJKOM. B pesynbrare BiamsHHE (akTopa acHMMETPHUU
SIBIIETCS. MUHUMAIBHBIM, IOCKOJBKY KaXkKHas I'paHb MOOYEPEIHO
UMeeT KOHTAaKT C BaJKOM Ooubllero auamerpa. PaccmarpuBas
SBOJIONHI0 MHKPOCTPYKTYPHI IOCHE ABYX NPOXOJOB C KaHTOBKOM
Ha 180 rpamycoB Bmonb ocu (PucyHok 1), OBUIO BBIIBIEHO, YTO
pacrpeseleHIe pa3Mepa 3epHa MMEeT XapaKTepHbBIH IMOJIOCYATHIH
BUJI, YECPEAYIOIIUICS B MOMEPEYHOM CEUeHHHU 3aroToBku. CpenHuit
pa3Mmep 3epeH B Hanbosee NpopaboTaHHBIX 00JIACTAX COCTABIAET 35
MKM, a B HaMeHee IPOpabOoTaHHBIX 00JIACTIX MPUMEPHO 65 MKM.

Avrami Grain model - Average grain size (um)
100
87.5 I
75.0
62.5 o
50.0

37.5

25.0

125

0.000
Puc. 1. Deontoyua MuKpocmpykmypul nociie 08yx npoxo008 ¢ KaHmMo8Koll
3azomogku Ha 180 epadycos medicdy npoxodamu

Ilpu nedopmupoBaHuK 0e3 H3MEHEHHUsS ITO3MIMOHUPOBAHUS
3arOTOBKH TIPOMCXOJAUT JBOHHON HACHTHYHBIH KOHTAKT 3arOTOBKH
U BankoB. B pesynbTaTe BiHsHHE (aKTOpa aCHMMETPHH SIBISETCS
MaKCHMaJIbHBIM, TIOCKOJIBKY Ka)Kasi IPaHb MIMEeT KOHTAaKT TOJIBKO C
ONHHM BAJKOM H TOJBKO C OIpEACICHHON 30HOH pembeda.
PaccmaTprBasi 9BOJIIOLNIO MUKPOCTPYKTYPBI TIOCTIE JBYX IIPOXOI0B
6e3 U3MEHeHHs MO3UIMOHUPOBaHus 3arotoBku (PucyHok 2), 6bu10
BBUIBIICHO, YTO Takoe Je(opMupoBaHue MPUBOAUT K CYIIECTBEHHOI
pa3HuIle pa3Mepa 3epHa 110 npopadaTbiBaeMbIM 001acTsM. CpeqHuit
pa3mep 3epeH B Hanbosiee MpopaboTaHHBIX 00JIACTAX COCTABISIET 25
MKM, a B HaMeHee NPOpabOTaHHBIX 00JIACTAX MPUMEPHO 85 MKM.
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Avrami Grain model - Average grain size (um)

100 l
75.0 [[

62.5 I
50.0

37.5

87.5

25.0

12.5

0.000
Puc. 2. Deonroyus MUKpocmpykmypuvl nociie 08yx npoxo008 Oe3 usmMeHeHuUs.
NO3UYUOHUPOBAHUSL 3A20MOBKU

IIpn medopMupoBaHHUHM €O CIOBHTOM 3aroTOBKM Ha IIEPHOJ
pembeda IPOUCXOMUT JIBOHHOM KOHTaKT 3arOTOBKH M BAaJKOB,
OJIHAKO 37IeCh KaxJas I'paHb MMEeT KOHTaKT C Pa3HBIMU 30HAMH
penbeda. PaccMaTpuBast 9BONIOLUI0 MUKPOCTPYKTYPBI TIOCHE JBYX
MIPOXOMOB C MONEPEUHBIM CABHIOM 3arOTOBKM Ha IEPHOA penbeda
(PucyHok 3), ObUIO BBISBICHO, YTO TaKas cxema Oe(opMUpOBaHUS
MIPUBOAXT K OoJiee OZHOPOMHOMY DPAacCIpefeNeHUuIO pa3Mepa 3epHa
mo mupuHe 3aroToBku. CpemHuil pasmep 3epeH B Hambomee
npopaboTaHHbIX oOyacTax coctaBisier 30 MKM, a B HauMeHee
npopabOTaHHEIX 00JIACTSIX MPUMEPHO 50 MKM.

Avrami Grain model - Average grain size (um)

100 l

75.0 ™

87.5

62.5

50.0

37.5

25.0
12.5

0.000
Puc. 3. Donoyus MUKPOCIPYKIMYPbL NOCIE O8YX NPOXOO08 C NONEPEUHBIM
COBU20M 3A20MOBKU HA Nepuood perveda

Boieoow

B nanHOW paboTe OBUIO BBHIOJHEHO KOHEYHO-DIIEMEHTHOE
MOJICTUPOBAHUE SBOJIIOIUM MHKPOCTPYKTYPBI MEIHOH 3aroTOBKH
NpH  AaCUMMETPMYHO TpoKaTke B penbeHBIX BajJKax [0
pa3IMYHBIM ~ TEXHOJOTHMYECKUM CXeMaM. bBUIM  Ipe/sIoKeHEBI
CIENyIOIIe TEXHOJIOTHYECKHe cXeMbl jaedopMupoBaHus: 1)
3aroTOBKa IOCI€ MepBOro mnpoxojaa AeOpPMHPOBAHUS 3aHOBO
nojaeTcs B pesbe(Hble BaJIKH ¢ KaHTOBKOW Ha 180 rpamycoB Bob
ocH; 2) 3aroTtoBka IMOCIE IIEPBOrO Mpoxoaa nehOopMHUPOBAHUSL
3aHOBO TIOJAETCS B peNbe(HbIEe BAIKN 0€3 KaKUX-THO0 N3MEHEHUH;
3) 3aroToBka Iocieé MEpPBOTO MPOXojaa AehOPMHUPOBAHUS 3aHOBO
ToJaeTcsl B pelbeHbIE BAIKU C MOMEPEYHBIM CIABUTOM Ha MEPHOJ
penbeda. CpaBHEHHE PE3yJIbTATOB MOJIEIMPOBAHUS MOKA3aJI0, YTO
nedopmaryst mpu NOBOPOTe 3aroToBKU Ha 180° Mexay mpoxomamu
3HAYMUTENBHO CHIDKAeT BIMSHUE (AaKTOpa acCUMMETpUH. OTO
OTpaXKaeTcs Ha YPOBHE W3MEJIbYCHHMS 3epHa M ero Oosee
paBHOMepHOM pacnpeneneHnn. Jledopmarms 6e3 wn3MeHeHUS
TIOJIOKEHUST 3aTOTOBKM MEXIYy IIPOXOJaMH HMeeT OOpaTHBIH
a¢dekT, Takas cxeMa 3HAUUTENIFHO YBEIMUNBACT BIMSHHE (aKTopa
acumMeTpuu. JledopManust ¢ IMOIEepedHbIM CMEIIEHHEM 3aTOTOBKH
B MEPUOA Pa3rpy3Ku Mexay npoxoaamu umeer 3ddexr "3o0m0Toi
cepenuHbI".
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Prototype and characteristic measurement of led-lit pet bottle handmade lantern with baby
milk dropped into water
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Abstract: In recent years, natural disasters have frequently occurred in Japan, almost yearly, causing enormous damage. In Hiroshima
Prefecture, heavy rains in August 2014 and July 2018 caused large-scale landslides. Power outages continued in the affected areas, and
some survivors had been lighting campfires outdoors and using candles indoors. In times of disaster in which bad weather persists, it is
difficult to safely secure lighting, which can adversely affect health. Lanterns can be created by putting a few drops of milk into a PET bottle
filled with water and shining light from the bottle’s bottom. In this study, we used a light emitting diode (LED) as a light source to evaluate
the luminance of handmade lanterns. Results suggested that when using tap water with one LED lamp and a 500 ml PET bottle, 1-2 drops of
milk are suitable to achieve the optimal light scattering effect.

Keywords: LIGHT EMITTING DIODE, LANTERN, PET BOTTLE, MILK

1. Introduction

In recent years, natural disasters have frequently occurred in = —
various parts of Japan, almost yearly, causing enormous damage. In { ) \
Hiroshima Prefecture, heavy rains in August 2014 and July 2018
caused large-scale landslides. Power remained out in the affected
areas, and some survivors were lighting campfires outdoors and
using candles indoors. During disasters where bad weather persists,
it is extremely difficult to ensure safe lighting, which can have a
negative impact on health. The shelter also has PET bottles of water
for adults and children and milk for infants.

In milk, casein exists as colloidal particles with a diameter of
30-600 nm, which are called casein micelles[1]. Scattering by
particles with a size similar to the wavelength of light does not
depend on the wavelength; all wavelengths of light are scattered, Fig. 1 Bottles used
and this scattering is called Mie scattering[2]. Approximately 15
trillion casein micelles (macroaggregates of casein, phosphorus, and
calcium) and 2-6 billion fat globules are suspended in 1 mL milk.
Milk appears white because each of these particles reflects light[3].

Sample 1 Sample 2

2-2 Infant liquid milk used in the experiment

Generally, liquid milk for infants and infant formula are

A lantern can be fabricated by putting a few draps of milk into a available at evacuation shelters during disasters, as shown in Fig. 2.

PET bottle filled with water and shining a flashlight from the
bottom of the bottle[4].

In this study, we used a light emitting diode (LED) as the light )
source and made handmade lanterns using milk and PET bottles. - v
We also considered the shape of the PET bottles used for the
lanterns and the water inside them.

wefi

(FEFxH
XSS

2. Experimental

2-1 PET bottles used in the experiment ). ';'fs _J
mia MaoE s pERIANE

Figure 1 shows a PET bottle used in the experiment.

Focusing on commercially available PET drinking bottles that may

be readily available at evacuation centers, we used carbonated water Fig. 2 Example of infant liquid milk for infants at a disaster
(soft water, carbon dioxide concentration 3.6 GV) and soft water evacuation center[5]

PET bottles as Samples 1 and 2, respectively (Fig. 1).

We dropped the linfant liquid milk shown in Fig. 2 into a PET
bottle filled with soft or carbonated water. The mass of one drop of
milk was 0.05 g, and the deposit was 40 pL. The amount of casein
micelles in 1 mL milk is approximately 15 trillion; thus, one drop of
milk (40 mL, 0.05 g) is approximately 60 million.

To understand the overall picture of casein micelles, a stereo
pair of scanning electron micrographs[6] and a transmission
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electron micrograph[6] of casein micelles are shown in Figs. 3 and
4, respectively.

Fig. 3 Stereo pair of scanning electron micrographs of casein
micelle adsorbed on a ceramic membrane. The sample was coated
with a 2 nm layer of iridium before imaging at a magnification of
70,000%. Bar = 100 nm[6]

Fig. 4 Transmission electron micrograph of casein micelles in raw
milk.

Sample preparation involved solidifying milk by mixing with
molten agar, cutting the milk and agar mass into 1 mm?® cubes and
fixing in 2.5% glutaraldehyde in phosphate buffer, pH 7.0,
postfixing in 1% OsO,, dehydrating in ethanol series, infiltrating
with Spurr’s epoxy resin (Electron Microscopy Sciences, Fort
Washington, PA), hardening the resin, cutting 70 nm thick sections,
and then imaging at 85,000% magnification[6]

The size of casein micelles is estimated to be several hundred
nm from Figs. 3 and 4, which is comparable to the wavelength of
visible light. From the above, the scattering by casein micelles is
considered to be Mie scattering, which is the scattering by particles
with a size comparable to the wavelength of light. This scattering is
wavelength-independent and appears white because all wavelengths
of light are similarly scattered. Therefore, in creating lanterns, it
may be useful to put milk in water and use the LED light scattering
phenomenon.

2-3LED

In previous studies using flashlights[4], it seems difficult to
obtain and analyze illuminance and luminance data due to various
light sources. For this reason, in lantern production, we used an
LED as the light source, for which data were provided by the
manufacturer.

The LED used is Tricon’s TUWT6D-5A10-A[7], which has a

diameter of 5 mm and a white illumination angle of 10°. Data
regarding the device are shown in Table 1 and Figs. 5 and 6.

Table 1 LED characteristics[7]

1. & 4/Name TUWTED-5A10-A

2. #3t4 /lluminated Color B /White
3. #if5f /Resin Color : #EfEBR/Clear

4. A ER/Absolute Maximum Rating (Ta=25°C)
H_H R Bhhs B

[TEM SYMBOL | MAXIMUM RATING UNIT
P b
Forward Current F 30 mA
INILANERE GG *
Pulse Forward Current IFp 100 mA

i RS VR 7 v

Rev::rse Voltage
—ngﬂ%ésjgtion PD 105 mw
;i —— .
Ogeratinﬁ T:rlnxgerature Topr 30~85 (o3
mpe Tste -40~100 °c

Storage Temperature
;i-F HEE Tsol 260°C 5% LA (within 5sec.)

Lead Soldering Temperature (B4 BE 8 A5 2mm/2mm from resin)
* G4 /Condition: N )LABE/Pulse width = 1msec., T1—7(—tt/Duty=1/10

5. BRA - AP E¥FME/Electrical-Optical Characteristics(Ta=25°C)
" H B | ARk THIE 18, CHARACTERISTIC B
[TEM SYMBOL | CONDITION|  MIN. TYP. MAX. UNIT
MIREE o
Forward Voltage VF IF=20mA 31 35 v
B R IR VR=1V 5 HA
Reverse Current
Luminous Intensity Iv IF=20mA 20000 35000 med
x 0.32
ch Fiﬁ%ﬁ dinat [F=20mA
romaticity Coordinates y 032
REAE BEE B
Directive Angle 26172 Reference 10

Fig. 5 LED external dimensions (unit:mm)[7]

50

40

F %0

(mA) 20

0 20 40 60 80 100
Ta (°C)

Fig. 6 IF-Ta derating curve[7]
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2-4 Luminance measurement of PET bottle lantern

Fig. 7 provides an overview of how to place a PET bottle with
milk dropped into water and the angle at which the luminance was

measured.
ﬂ
90
: f 30
155
160 [ f [ J zgn
d =
58
0 deg
3 !
- 78 ™ o

Fig. 7 Placement of plastic bottles and measuring angles

Figure 8 shows a rear view of the device used to measure the
luminance of a PET bottle lantern. A protractor for measuring
angles (the scale is in units of 1 degree) was placed on top of the
LED, and a luminance meter alignment guide was attached to the
protractor.

Luminance
o e iEtET GUIdE
’m
| ‘Protractor  °

N2

Black cloth

Fig. 8 Rear view of the measurement device (LED). A protractor
was placed on top of the LED, and a luminance meter alignment
guide was attached to the protractor

An LED tester CA-300V (fangzi) was used as a constant current
power supply. The power supply is 100 V for household use; the
manufacturer’s information states that the output current is 28 mA
and the output voltage is automatically adjusted. A BM-9M
(TOPCON) was used as a luminance meter. The camera was a
LUMIX GHS (Panasonic), and the lens was a Voigtldnder 28 mm F
0.95. The settings used were F = 8, ISO = 640, and shutter speed =
1/10 seconds. As a measurement environment, we installed an LED
facing upward on a desk and used a three-dimensional (3D) printer
to create a case to place a PET bottle on top of it.

Luminance was measured at 5° increments from a distance of 30
cm along the vertical plane around the LED. However, we avoided
the range where there is a case between the LED and luminance
meter and set the range to 20°-160°. To maintain a constant
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distance from the LED to the luminance meter, a 3D printer was
used to create a guide for determining the lens position of the
luminance meter on a large semicircular protractor with a 30 cm
radius. To reduce the reflected light from the desk and protractor, a
black flocked cloth that absorbs 99.9% of visible light was pasted
on and the luminance meter guide was coated with matte black
paint.

To measure the luminance, the measurer used a guide
attached to the protractor to position the lens of the luminance meter
so that it was equidistant from the LED and then measured the
luminance (Fig. 9).

Fig. 9 Measurement. Using a guide attached to a protractor, the
measurer positions the lens of the luminance meter so that it is
equidistant from the LED and measures the luminance

3.

Figure 10 shows the luminance distribution at maximum
luminance when adjusted milk was added and mixed immediately
after opening the PET bottle.

Results and Discussion

Luminance
(cd/m?)

Sample 2
Natural
water bottle

(A ’
50 y 2 NN
19}

Sample 1
Soda bottle

5 dr'ops

Fig. 10 Luminance distribution at the highest luminance when milk
is mixed with the contents immediately after opening

In Sample 1, when there are zero drops, the light is bright only
in the upward direction, reflecting the LED directivity. Reflecting
the bottle shape, the graph is almost symmetrical around 90°.
Because the light scattering effect can be seen with up to two drops,
the data for one drop are shown on the left side of Fig. 10.

In Sample 2, the scattered light increased up to five drops of
milk. The data for five drops of milk are shown on the right side of
Fig. 10.

The above results suggest that adding carbonic acid to soft water
increases the scattering effect when milk is added.

To investigate the shape effect of the bottles of Samples 1 and 2,
both bottles were filled with water. Further, to investigate the
scattering intensity depending on the amount of milk dropped into a
PET bottle, Fig. 11 shows photographs of each bottle with respect
to the amount of milk dropped.

The top of Fig. 11 shows the bottle of Sample 1, and the bottom
shows the bottle of Sample 2. In the horizontal direction of Fig. 11,
photographs of zero, one, two, three, and four drops of milk are
shown.
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Fig. 11 Luminance distribution for the amount of milk added to
bottles of Samples 1 and 2 filled with tap water

The results in Fig. 11 show that for both bottles, although there
are some shape differences, the light scattering effect tends to be
brighter when there are 1-2 drops of milk.

The above results suggest that adding carbonic acid to soft water
increases the scattering effect when milk is added. Further, when
bottles were reused as lanterns, the PET bottle shape did not
significantly influence the light scattering effect. It has also been
suggested that the optimal light scattering effect is 1-2 drops of
milk per 500 ml PET bottle or approximately 0.01%-0.02% by
volume/weight ratio to water.

4.

In recent years, natural disasters have frequently occurred in
Japan, almost yearly, causing enormous damage. In Hiroshima
Prefecture, heavy rains in August 2014 and July 2018 caused large-
scale landslides. Power outages continued in the affected areas, and
some survivors had been lighting campfires outdoors and using
candles indoors. In times of disaster in which bad weather persists,
it is really difficult to safely secure lighting, which can deteriorate
health. Lanterns can be created by putting a few drops of milk into
PET bottles filled with water and shining light from the bottle’s
bottom. In this study, we used an LED as a light source to study the
luminance of the handmade lanterns. Results suggest that adding
carbonic acid to soft water increases the scattering effect when milk
is dropped. Further, when bottles were reused as lanterns, the PET
bottle shape did not significantly influence the light scattering
effect. The optimal light scattering effect is suggested to be 1-2
drops of milk per 500 ml PET bottle or approximately 0.01%-—
0.02% by volume/weight ratio to water.

Conclusion
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Extracted Handal seed oil ( Cittrullus Seeds) used as biodiesel fuel in internal combustion
engines
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Abstract: Most important of fuel economy research and vehicle industry today is to find a unique fuel with high calorific value and low tail
pipe emissions . in this research a good effort was spent to find a solution for automotive industry by presenting a new fuel which was
extracted from Citrullus and presented as handle seeds oil to be used as bio fuel in internal combustion engine, which is very important issue
for automotive industry . The importance of extracting Handel oil has led to investigate the characteristics of chemical and physical
properties of new fuel, such as density, specific gravity, kinematic viscosity, flash point, pour point, cloud point, which will help of
controlling the composition of biofuel and improve the fuel quality which can be used in internal combustion engines . The two important
processes were used for biodiesel production are Esterification and Transesterification.

KEYWORDS: , HANDAL SEED OIL , BIOFUEL

1. Introduction

Biodiesel as promising fuel in the future and replacing diesel fuel as
diesel is described as fatty acid methyl or ethyl esters (FAME) from
vegetable oils or animal fats. One of the most important properties
to characterize fuel is its energy content (1) . Biodiesel is fuel made
of plant or animal oils. There are several non-edible oils, animal fat
and vegetable oil sources for biodiesel production. Jatropha
plant/oil seed containing 27-40% oil while the residue (press cake)
can also be processed and used as biomass feedstock to power
electricity plants or used as fertilizer as it contains nitrogen,
phosphorus, and potassium (2) .

Biofuel can be blend with diesel and be used in compression
engines leading to lower exhaust emissions with similar power (3) ;
biodiesel has a technical advantage such as less exhaust emission
and toxicity, biodegradability, a derivation from a renewable and
domestic feedstock, negligible sulfur content, superior flash point,
higher combustion efficiency and they would not require a
significant modification of existing engine hardware (4) .

Therefore, nonedible plant oils become very promising alternative
feedstocks for biodiesel production because of the large demand for
edible oils as food, the higher prices of edible oils than that of fossil
fuels, and the lower cost of non-edible oil plant cultivation .
Biodiesel production has derived from forestry, agriculture, and
agro-industrial wastes that exhibit good properties as feedstocks (5)

The transesterification process depends upon a number of process
parameters that are required to be optimized in order to maximize
the biodiesel yield, such as molar ratio, catalyst concentration,
reaction time, and reaction temperature (6) . But before converted
the oil to biodiesel the main problem faced vegetables crude oil is
particles, impurities, moisture, and high content of free fatty acids,
so they must be removed from the crude Hndal oil before converted
to biodiesel. Gums should be separated from the oils to make the
oils suitable for use as fuel. The use of crude oil without
pretreatment can cause problems such as emulsification in the
transesterification process (7) , it becomes imperative to analyzed
the sunflower methyl ester (SFME) and its blends as an alternate
source of fuel for diesel engines. Biodiesel was prepared from
sunflower oil by base transesterification. Four- cylinder Deutz
F4L912 diesel engine was used to perform the tests on various
blends of sunflower biodiesel. The emissions of CO, HC were lower
than diesel fuel for all blendstested. The NOx emissions were
higher due to the high volatility and high viscosity of biodiesel.

Others blended biodiesel from Citrullus lanatus with petro-diesel,
thereby forming blends of different percentages, 5%, 10%, 15%,
20%, and 25%. The calorific values of the biodiesel and blends
were all within the ASTM standard with B20 value slightly below
that of pure diesel; similarly, the flash point of the pure biodiesel
and its blends were above the pure diesel value but falls within the
ASTM range. The fuel was safe to handle during storage because it
cannot easily spark when exposed to flame and hence they were
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recommended for use in the Cl engines. The pour points of all the
fuel samples conform to the ASTM standards. The cetane numbers
are all greater than that of pure diesel and conform to ASTM
standards. The biodiesel will be having the shortest possible ignition
delay when they burn in the CI engines. (8).

2. Work process

2.1. Collection

The samples were collected from different area in Jordan such as
Wadi Ram, Al Baydah and Al Deseh of Maan city south of Jordan
as well as Azraq east of Jordan .

2.2. Preparation

Plenty of handal were collected and reserve 20 kg to be used, Hndal
Samples were smashed with taking the seeds out and cleaned. Then
seeds were dried for three days at room temperature, and then were
ground using an electric blender .

2.3. Extraction of oil

First sample was 2 kg of grind seed to be used for extraction
purposes. Hundred gram each of grinned seed was packed into the
thimble of the soxhlet extractor that incorporates a condensation
system . Hexane (extraction agent) is heated to reflux in the
distillation flask, the vapors are condensed in the reflux condenser
and drop into the chamber containing the thimble with the material
to be extracted. The chamber slowly fills with the warm solvent and
some of the material is dissolved in the solvent. When the Soxhlet
chamber is almost full it is automatically emptied by a siphon
sidearm, with the solvent running back down to the distillation
flask. This cycle is repeated several times to enrich the solvent in
the distillation flask with the extracted material. The mantle heater
was set at 600C close to the evaporation temperature of hexane
(640C).

2.4. Samples Production

The amount of NaOH required for the transesterification of the oil.
ca 1 ml oil was dissolved in 10 ml isopropanol and titrated with
0.1M NaOH solution (standardized against KHP). A suitable mass
of the catalyst-based on above titration is dissolved in methanol
(NaOH: Methanol: Qil; 0.0016 g:0.2ml:1ml) with 20 min vigorous
stirring until dissolve all NaOH to prepare methoxide (CH30-).
Then, this mixture is transferred to the reactor (R-flask) containing
treated moisture-free oil.

2.5. Esterification Process

In this work, the procedure of known researcher for the
esterification process was followed (9) . Titration solution was
prepared by adding 1 gram of potassium hydroxide to 1 liter of
distilled water. In a small beaker, 1 ml of oil was added to 10 ml of
ethanol and was stirred well to get a mixture. 2 drops of
phenolphthalein were added as an indicator to the mixture. KOH
solution was poured drop by drop by a burette to the mixture until it
turns into a pink solution.

It is the most commonly used and important method to reduce the
viscosity of vegetable oils. In this process, triglyceride react with
three molecules of alcohol in the presence of a catalyst producing a
mixture of fatty acids, alkyl ester, and glycerol. The process of
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removal of all the glycerol and the fatty acid from vegetable oil in
the presence of a catalyst is called esterification (10) . glycerol
from the bottom of the funnel and pour the top layer (crude
biodiesel) back into the beaker .

2.7. Washing process

In this process, water is used for purification, thus, warm distilled
water was added to the separator funnel that contains crude
biodiesel. Then the separator funnel was shacked gently to mix
water with crude biodiesel. Allow the water to settle down of the
biodiesel for one day. The water was drained out and the washing
process was repeated for 3 to 4 more times until the water has
completely become transparent. To remove undesired components
such as the excess methanol or existing water, the washed biodiesel
samples were dried at 110 ° C for 2 hrs

3. Results and Discussion

The results for the comparison of the properties of the biodiesel
produced from used vegetable oils and those from diesel fuel are
discussed as follows:

3.1. Density

The density of Handal oil is 899 kg/m3, whereas in biodiesel was
measured is 888kg/m3. It is higher than that of standard diesel (820-
870 kg/m3).

The limit value proposed in pre-standard Fuels for vegetable oil
compatible combustion engines - Fuel from rapeseed oil ranged
between 900 to 960 kg/m3, so as not to exclude vegetable oils such
as castor, jatropha, mahua, neem, or babassu oil , it was mentioned
that, indicating density of Handal agrees with pre-standard Fuels for
vegetable oil compatible combustion engines- Fuel. (11)

3.2. Specific gravity

The specific gravity of Hndal oil is 0.898 at 20°C, while in biodiesel
was observed is 0.886. The Specific gravity of Thumba oil slightly
variable between 0.880 and 0.905.

3.3. Kinematic viscosity

The significant physical properties of Hndal oils indicate that the
kinematic viscosity of Hndal oils is 16.49 cSt at 40° C, which is an
order of magnitude almost 4 times higher than that of diesel.
Viscosity is a rapid indicator of fuel quality before use, especially if
the nature of the feedstock is not well known, or if the oil could
have been deteriorated or polymerized during storage . The
kinematic viscosity of Handal oil is higher than that of conventional
diesel fuel but lower than that of heavy fuel oil. (12)

34 Flash point

The flash point of Handal oil is very high (above 180 °C) and the
heating values are in the range of 39.603 MJ/kg, while biodiesel
was measured is 39.5, as compared to diesel fuels which is about 66
MJ/kg. The used Handal biodiesel oil had a flash point (OC) of 49.5
and was lower than that, Petroleum diesel, Diesel fuel, and fossil
diesel, which had values of, 68.3, 68, and 47 C°, respectively.

3.5. Pour point

The pour point of Handal oil value is -9 OC, whereas biodiesel value
is +3. The results observed that the vegetable oil shows the least
values of pour point ranging from -9 °C to 40°C, while the Pour
point of the used Thumba oil was -8, and lowers than that of
Thumba biodiesel which is -12. The corn oil had the pour points is -
40°C while the Jatropha oil and Karanja oil have to pour point
values 8°C and 6 C°, respectively (Table 3). Vegetable oils can be
mixed with conventional diesel in any proportion and blends can be
used successfully in engines (13). It can be concluded that all the
chemically modified oil products have the pour points below 0°C
which is a desirable property for lubricating oil. The pour point
obtained (12°C) is still much higher than that is required for any
lubricant application (-6°C for two- stroke engine lubricant as per
1S14234) (14).

4. Conclusion

4.1.A lower viscosity and density was observed by dilution of
handal oils with diesel oil., flash points of handal oils blends were
higher than that of diesel oil.
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4.2. The Handal oils exhibit relatively different flash point, cloud
point, pour point, and sulfur content.

4.3. Handal oil showed have high energy content and obviously
good fuel properties,

4.4, The treated handal oils, could be converted into
biodiesel, which has properties suitable for application in diesel
engines

4.5. The transesterification process has been the most suitable and
acceptable method for biodiesel production

4.6. The density of Handl seed oil agrees with pre-standard Fuels
for vegetable oil compatible combustion engines- Fuel.

4.7. The kinematic viscosity of Handal oil is higher than that of
conventional diesel fuel but lower than that of heavy fuel oil
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From 3D scanning, reverse engineering to real part production of personalized car parts
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Abstract: In personalized mechanical parts production, an important issue is the functionality of the part itself in the chain of multi
assembled parts. There are cases when same custom parts need to be produced by fulfilling the solution of connecting two or more elements
together and creating a functional mechanical system. Personalized components that are going to feet in between two existing and functional
element or systems are difficult to be produced. These difficulty in terms of mechanical solutions means, dimensional accuracy tolerances of
the new part and real existing features parts. By creating these personalized middle nodes which will connect two existing elements the
precision accuracy feature, like tolerances, is very important. The challenges are bigger when dealing with maximum lifespan performance
while withstanding mechanical shock and minimizing fatigue destruction problems. Reducing such a challenging task the 3D scanners and
reverse engineering workflow fill the gap by increasing precision and accuracy tolerances digitalization’s of existing parts, creating the
reverse counterpart, and reducing time to market. In our work we show a full workflow from non-contact 3D scans, reverse engineering
process, for CNC aluminium milling of the digitized part in a real application sector such as modified car application. This attempt will
show the benefits of active 3D scanner by surpassing some challenges such as metallic surface reflection problem that arises during scan. In
the end the entire process gives to the user all the detailed technical documentation including drawings, materials, and manufacturing
instructions.

Keywords: 3D SCANN, REVERSE ENGINEERING, CNC

1. Introduction 2. Experiment

In today's globally competitive and rapidly changing production
landscape, the need for agile and adaptable manufacturing processes
is paramount. Reverse engineering (RE) emerges as a critical Every 3D scanning technology procedure start with the
solution, offering advantages in design time reduction, rapid calibration of the internal and external extrinsic parameters of the
prototyping, and commercial efficiency. This technique is vital for  scanner and the desired area wanted for digitalization. In our case
reconstructing existing parts, repairing damaged ones, or innovating  the procedure is conducted using the marker calibration plate and
based on existing designs across diverse sectors such as, machinery following the software ScanCenter NG © software calibration
components [1], [2], cultural heritage [3], healthcare [4], etc. By  procedure offered by the scanner package. The other steps of the
detailing the process from 3D scanning to prototype development, workflow are showed in the Fig. 1 below.
this research aims to illustrate the broad applicability and benefits of . 4
reverse engineering (RE), by illustrating a full workflow of the RE - - -
process particularly in producing personalized car components.

Sometimes the need of personalized part by modifying existing

production is difficult and time consuming by classical metrology. B el (g N Exporting OBJ, PLY,
By addressing common challenges associated with traditional
measurement and 3D data capture methods, 3D active scanners Fig. 1 Workflow principle of 3D scanner

provide a more efficient, accurate, and user-friendly solution. There

are many application when different scanning technology are used . .
and it’s an extended list continuing to be enlarged nowadays [5] and ~In our case the need to cover the outer surface was obligatory (Fig.
in Industry 4.0 related to quality assurance topics [6]. There are  2) to achieve high quality scans with precise dimension accuracy.

some important consideration attributes when choosing the 3D s showed earlier by the author the thickness of the coating spray is
scanning system as: also related to the user experience and in our case, it was measured

as an average layer thickness of max 18 pum [8].

3D scanning

Speed and Efficiency,
Accuracy and Precision,
Ease of Use,

Flexibility and Portability,
Automation and Integration,
Versatility,

Cost.

In this work we have used the commercial active 3D structured light
scanner RangeVision Spectrum © [7]. The scanner itself can be
used in wide range of applications and is a high-resolution 3D
scanner Table 1.

Table 1. Technical specification of the 3d scanner.

RangeVision Spectrum 3d scanner
Scanning technology structured light
Resolution 1280 x 800
FOV size, [mm] 520x400x400 | 320x250x220 135x100x100 Fig. 2 Single 3D scan of the car part.
Accuracy, up to [mm] 120 60 40
3P resc}m?]n’ H 0.25 0.15 0.06 Car part digitalization

The main objective of the study was to produce a personalized
aluminum part that will connect the two existing car parts (Part A
and Part B) for modifying and updated solution for a real racing car
by the final user.
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Fig. 3 New part connector functional solution for connecting part A and
part B with reverse engineering process.

In fact, as it can be understanded the new proposed solution will be
one counterpart of the respective outer surfaces of part A and part B
carried out by the reverse engineering process workflow. After
capturing all the single scans of each part and fused the scans in a
single 3D mesh (Fig. 4 (b)) the user can export in OBJ or STL
format the files and can start the reverse engineering process.

Fig. 4 Final 3D mesh (on the right (b)) file of real part A and Part B (on the
left (a)).

Reverse engineering process

The RE process, also known as Reverse Engineering process,
carried out by the operator before proceeding with feature object
recognition shapes typically involves several key steps. The process
generally starts after the physical object has been digitized into a 3D
model, which is essential for further analysis and modification in
various engineering applications. These steps consist in part of
alignment and mesh optimization. Once the mesh is optimized
(reducing polygon numbers, cleaning and refining mesh quality,
smoothing process, etc.,) then the process of RE may continuing in
both manual and automated directions. Taking in consideration the
importance of the dimensional precision we used the manual
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procedure offered by the Geomagic Design X © [9] by creating
simple sketch from mesh data. As it can be seen in Fig. 5 the main
features as holes, surface planes and couture shape have been
maximized within a range of +/-0.1 mm.

Fig. 5 RE process for feature recognitions.

Fig. 6 Final outputs of the RE process for outside surfaces of Part A and
Part B.

This process is critical because the final product that is the
“counterpart” must interact with an existing product of both outer
surfaces of part A and part B. The final step of the RE is to
document with detailed drawings, specifications, and manufacturing
documentation for part production. The file can be exported also in
different formats as STEP or IGES for CNC machining.

CNC production of the new counterpart

The new counterpart will be a new functional solution for
racing car by updating the transmission ang increasing performance
of the modified system. These counterparts will be produced by
AL7075-T6 alloy by CNC machining. This is a high-strength alloy
often referred to as "aircraft grade” aluminum due to its use in the
aerospace industry and other high-performance applications. The
material is mainly used in aviation, in the manufacturing of racing
cars etc. It is not the scope of these research work to show all the
steps of the CNC production workflow, but we are showing only
some of the stages of produced counterpart by CNC machining in
Fig. 7.

3. Results

When original designs are not available, or when a new product
must be produced and must also interact with an existing
component in the assembly the process of RE in part design plays a
crucial role. One important role in these workflows play the 3D
scanning process itself. In this work we have shown a real workflow
application requested for a missing market solution for the racing
cars to increase the car performance. The work showed the entire
process from 3D scanning to RE process and part manufactured by
CNC machining. The advanced technologies as 3D scanning are an
important tool for designers and engineers to facilitate daily task
faster with very accurate results. In this case the total time needed
for 3d scan process and the RE procedure was about 1.5 hours and
the results were very accurate depending on the complexity and size
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of the part being scanned and the detail required for the reverse
engineering. The produced part was assembled and very functional
by completing the challenges required by the clients.

1]

2]

3]

4]

5]

6]

7

8]

9

Fig. 7 CNC machining of the counterpart (up), Final counterpart produced
by AL 7075-T6 (down)
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Abstract: This paper presents an exergy analysis of a two-cylinder low power steam turbine from combined cycle power plant at three
operating regimes. The highest mechanical power produced in the whole turbine is 6807.24 kW in Operating regime 1. Cylinders of the
observed turbine did not have the same operation dynamics in relation to produced mechanical power in all operating regimes. In each
operating regime High Pressure Cylinder (HPC) has lower exergy destruction and higher exergy efficiency in comparison to Low Pressure
Cylinder (LPC) due to the influence of wet steam which expands through the last LPC stages (water droplets in wet steam increases LPC
exergy destruction and decreases LPC exergy efficiency). Whole turbine exergy efficiency is between 51.62% (in Operating regime 2) and
64.98% (in Operating regime 1). This range of exergy efficiencies can be expected for a low power steam turbine. An increase in the ambient
temperature decreases exergy efficiency of the whole turbine and both turbine cylinders, regardless of the observed operating regime. The
exergy efficiency of the LPC is low in all operating regimes, so any improvements should be based on this cylinder first.

KEYWORDS: EXERGY ANALYSIS, TWO-CYLINDER STEAM TURBINE, COMBINED CYCLE POWER PLANT, VARIOUS OPERATING
REGIMES

1. Introduction

Steam turbines are nowadays constituent components of many
power plants worldwide: conventional [1], nuclear [2, 3],
cogeneration [4], marine [5, 6] and various others. In addition,
steam turbines can also be found in the combined cycle power
plants where steam is produced by using combustion gases from gas
turbine or more of them [7, 8]. Utilizing heat from gas turbine(s)
combustion gases in combined cycle power plants results in very
high plant overall efficiency [9].

Medium and high power steam turbines are composed of several
cylinders [10, 11], while low power steam turbines can also be
composed of one cylinder only [12, 13]. Each turbine cylinder is
usually composed of several turbine stages [14]. Steam turbine
cylinders can be single flow and dual flow cylinders, while dual m————dm

I' condenser |

flow cylinders can be symmetrical and dissymmetrical [15-17]. L1_“ Deacrater 1 b I

In this paper is analyzed, from the exergy viewpoint, a two-
cylinder low power steam turbine which operates in a combined Fig. 1. General scheme of the analyzed steam turbine along with
cycle power plant. Whole turbine and both of her cylinders are operating points necessary for the exergy analysis

analyzed in three operating regimes. It should be highlighted that
for the observed low power steam turbine and her cylinders can be
expected much lower exergy efficiencies in comparison to medium
and high power steam turbines [18]. According to the obtained
exergy analysis results, it will be presented guidelines for possible
improvement of the observed turbine and her cylinders.

Unlike isentropic analysis [21], exergy analysis of any steam
turbine and her cylinders is based on the real (polytropic) steam
expansion process only (along with fluid exergy flows at each
cylinder inlet, outlet and in steam extractions if the extractions
exist). Real (polytropic) steam expansion process through both
cylinders of the analyzed turbine is presented in Fig. 2. General

2. Description and operating characteristics of the steam expansion process presented in Fig. 2 is valid for all three

. . observed steam turbine operating regimes.
analyzed steam turbine and her cylinders Fig. 2 shows that HPC operates by using superheated steam only,

The analyzed steam turbine is a constituent component of a  While the LPC partially operates by using superheated steam and
combined cycle power plant [19]. General scheme of the observed ~ partially by using wet steam (wet steam operation is evident at the
steam turbine, along with operating points required for the exergy last few LPC stages, under the saturation line). The operating points
analysis at all loads are presented in Fig. 1. of real (polytropic) steam expansion process presented in Fig. 2 are

The observed steam turbine is composed of two cylinders: High ~ marked in accordance to operating points from Fig. 1.

Pressure Cylinder (HPC) and Low Pressure Cylinder (LPC)
connected to the same shaft which drives an Electric Generator
(EG). HPC get steam from Heat Recovery Steam Generator
(HRSG). The whole steam mass flow rate from HRSG expands
through HPC (which means that HPC did not possess any steam
extraction). A certain steam mass flow rate is taken between turbine
cylinders and delivered to Deaerator (operating point 3, Fig, 1). As
can be seen from Fig. 1, analyzed steam turbine did not possess
steam re-heater between cylinders [20]. Whole steam mass flow rate
which enters in the LPC (operating point 4, Fig. 1) expands through
it, which means that also LPC did not possess any steam
extraction). After LPC, the remaining steam mass flow rate is
delivered to the Main condenser for condensation. Both cylinders of

the analyzed steam turbine are single flow cylinders which means Fig. 2. Specific enthalpy/specific entropy (h/s) diagram of real
that steam expands in one direction from the cylinder inlet until the (polytropic) steam expansion process throughout the analyzed
cylinder outlet. turbine
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3. Equations for the exergy analysis

Unlike isentropic or energy analyses, exergy analysis takes into
consideration the parameters of the ambient (ambient pressure and
temperature) in which observed component and component parts
operate [22]. Exergy analysis enables change in the ambient
parameters (especially the change in the ambient temperature) to
observe the influence of such change on component and component
parts exergy destructions and efficiencies [23]. Therefore, in any
exergy analysis the base ambient state must be defined.

3.1. Overall exergy equations and balances

The overall exergy balance equation for any component (or
component part) at steady state is [24]:

X—P=ZEX0M—ZEX1H+EXD. (1)

In the above overall exergy balance equation, P is real
(polytropic) mechanical power, index in denotes input (inlet), index
out denotes output (outlet) and index D denotes destruction. Ex is a
fluid total exergy flow which can be defined by the equation [25]:

@

while the exergy transfer by heat at the temperature T (X) is
defined by the equation [25]:

X=21-D-0. ©)

In the above two equations (Eq. 2 and Eq. 3), T is a temperature,
Q is the energy transfer by heat, i is fluid mass flow rate, index 0
denotes the base ambient state, while ¢ is fluid specific exergy
which is defined, according to the literature [26], by an equation:

S=(h_h0)_T0'(S_So), (4)

where h is fluid specific enthalpy and s is fluid specific entropy.
Always valid mass flow rate balance for any component (or
component part) is:

Ex=m"¢,

®)

3.2. Equations for the exergy analysis of whole observed
steam turbine and her cylinders

Zmin =2 Moyt -

Equations for the exergy analysis of each cylinder (HPC and
LPC) and whole observed steam turbine are defined according to
the recommendations from the literature [27, 28]. Exergy analysis
equations presented in this Subsection remain always the same,
regardless of the observed operating regime. The indexes used in
the equations are related to operating points from Fig. 1 and Fig. 2.
Index WT denotes the Whole Turbine.

Real (polytropic) mechanical power

Pypc =1y * (hy — h2), (6)
Prpc =1y - (hy — hs), (7
Pyt = Pypc + Prpc . ©))
Exergy inlet

Exin,HPC =1y - €, ©)
Exin,LPC =1y " &y, (10)
Exin,WT =My " &. (11)
Exergy outlet

EXout spc = Tz " & + Pipe, (12)
EXout Lpc = 15 * €5 + Pipc, (13)
EXouwr = Th3 " €3 + 15 * &5 + Py (14)
Exergy destruction

EXD,HPC = Exin,HPC - Exout,HPCv (15)
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Exppc = EXinLpc — EXout,LPC (16)
Expwr = EXinwr — EXout,wr = Expupc + Exp Lpc - (7)
Exergy efficiency
_ Phpc _ Pypc 18
"lex HPC Exin 1ipc —EXout 1pc +Prpc Exp upc +Pupc (18)
_ Prpc Pipc 19
Tex Lpc Exin Lec —EXout Lpc +PLpc Exp Lpc +PLpc’ (19)
_ Pwr _ Pwr
nex,WT - (20)

Exin wr —EXout wr +Pwr Expwr +Pwr

4. Steam operating parameters required for the exergy
analysis at three operating regimes

Steam operating parameters of the analyzed steam turbine and
her cylinders, at each operating regime, are found in the literature
[19]. In the mentioned literature are found steam temperature,
pressure and mass flow rate in each operating point and in each
operating regime, other steam operating parameters are calculated
by using NIST-Refprop 9.0 software [29].

The base ambient state is defined by the ambient temperature of
298.15 K and by the ambient pressure of 1 bar.

Steam operating parameters required for the whole observed
turbine and her cylinders exergy analysis in Operating regime 1 are
presented in Table 1, in Operating regime 2 steam operating
parameters are presented in Table 2, while in Operating regime 3
steam operating parameters are presented in Table 3. From Table 1,
Table 2 and Table 3 can be clearly seen that in different observed
operating regimes the dominant change in each operating point is
related to the change of steam temperature and steam mass flow
rate.

Table 1. Steam operating parameters in Operating regime 1

Operating regime 1

Mass | Specific | Specific | Specific

O.P* T?'T)p' Pr(gs;sre flow ratelenthalpy| entropy | exergy
(kals) | (kI/kg) (kd/kg-K)|(kI/kg)**

1 [673.15| 95.0 13.94 | 3108.2 | 6.2504 | 1249.30

2 |453.03| 10.0 13.94 | 2777.1 | 6.5850 | 818.35

3 1453.03] 10.0 1.04 2777.1 | 6.5850 | 818.35

4 1453.03| 10.0 1290 | 2777.1 | 6.5850 | 818.35

5 |372.76| 1.0 12.90 | 2607.2 | 7.1772 | 471.91

* 0. P. = Operating Point (according to Fig. 1)
** Specific exergy at the base ambient state

Table 2. Steam operating parameters in Operating regime 2

Operating regime 2

Mass | Specific | Specific | Specific

O.P* T(elT)p. Pli%s;s?)re flow ratelenthalpy| entropy | exergy
(kgls) | (kI/kg) (kI/kg-K)|(kI/kg)**

1 1628.15| 95.0 6.33 | 2959.7 | 6.0218 | 1168.90

2 |453.03] 10.0 6.33 | 2777.1 | 6.5850 | 818.35

3 |453.03] 10.0 0.40 | 2777.1 | 6.5850 | 818.35

4 1453.03] 10.0 593 | 2777.1 | 6.5850 | 818.35

5 |395.08] 0.6 5.93 | 2561.1 | 7.2757 | 396.45

* 0. P. = Operating Point (according to Fig. 1)
** Specific exergy at the base ambient state

Table 3. Steam operating parameters in Operating regime 3

Operating regime 3

Mass | Specific | Specific | Specific

O.P* T?E)p' Pr(f;;])re flow ratelenthalpy| entropy | exergy
(kafs) | (kI/kg) (kI/kgK)|(kI/kg)**

1 |653.15| 95.0 9.71 | 3045.8 | 6.1562 | 1214.90

2 [453.03] 10.0 9.71 | 2777.1 | 6.5850 | 818.35

3 [453.03] 10.0 059 | 2777.1 | 6.5850 | 818.35

4 |453.03] 10.0 9.12 | 2777.1 | 6.5850 | 818.35

5 |[318.96] 0.1 9.12 | 2488.2 | 7.8488 | 152.61

* Q. P. = Operating Point (according to Fig. 1)
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** Specific exergy at the base ambient state
5. Exergy analysis results and discussion

Real (polytropic) produced mechanical power in each cylinder
and whole turbine for three observed operating regimes is presented
in Fig. 3. Fig. 3 confirms that the observed steam turbine is a low
power turbine, because the highest mechanical power produced in
the whole turbine is 6807.24 kW in Operating regime 1. In
Operating regime 2 whole turbine produces the lowest mechanical
power equal to 2436.74 kW only.

It is also evident that cylinders of the observed turbine did not
have the same operation dynamics in relation to produced
mechanical power in all operating regimes. HPC produces the
highest mechanical power in Operating regime 1 (equal to 4615.53
kW), while the LPC produces the highest mechanical power in
Operating regime 3 (equal to 2634.77 kW). The only similarity
between HPC and the LPC is that both cylinders produce the lowest
mechanical power in Operating regime 2.

8000
z 6807.24
= 7000 @ Operating regime 1 .W
§ 6000 B Operating regime 2 ////‘
2 e // 524385
= 5000 — perating regime ///4 it
2 4000 /////
2 3000 1 2609.08 - 2634.77 %/ 243674 |
B 2191.71 /// I
2 2000 7 U
; 1155.86 1280.88 ///
£ 1000 / %,
0 Z
HPC LPC WwWT

Fig. 3. Produced mechanical power in each cylinder and whole
turbine for three observed operating regimes

Exergy destruction of the whole turbine and each of her cylinders
at all three observed operating regimes is presented in Fig. 4.

The lowest exergy destruction in each cylinder and whole turbine
is obtained in the Operating regime 2 in which whole turbine and
each cylinder produce the lowest mechanical power, Fig. 3 and Fig.
4. Observation of the cylinders leads to conclusion that in each
operating regime HPC has lower exergy destruction in comparison
to LPC what can be explained by the influence of wet steam which
expands through the last LPC stages (wet steam increases LPC
exergy destruction).

Whole turbine has the highest exergy destruction in Operating
regime 3 (equal to 4678.20 kW) and the lowest exergy destruction
in Operating regime 2 (equal to 2284.11 kW).
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T 2500
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Fig. 4. Exergy destruction in each cylinder and whole turbine for
three observed operating regimes

Exergy efficiency of the whole observed turbine and her
cylinders at all three operating regimes is presented in Fig. 5.

Observing both cylinders, it can be concluded that HPC has
higher exergy efficiency in comparison to the LPC in all operating
regimes. This result related to the cylinders is expected due to much
lower HPC exergy destruction in comparison to LPC, Fig. 4 and
Fig. 5. The highest HPC exergy efficiency is obtained in Operating
regime 1 (equal to 76.83%), while LPC has the highest exergy
efficiency in Operating regime 2 (equal to 51.20%).

Whole observed turbine exergy efficiency is between 51.62% (in
Operating regime 2) and 64.98% (in Operating regime 1).
According to the literature, this range of exergy efficiencies can be
expected for low power steam turbines [30, 31]. However, it should
be highlighted that obtained exergy efficiencies (for the whole
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turbine and each cylinder) are notably lower in comparison to
medium and high power steam turbines from various power plants
[32].

Finally, it can be concluded that exergy efficiency of LPC in all
operating regimes is low and it surely can be improved.
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Fig. 5. Exergy efficiency in each cylinder and whole turbine for
three observed operating regimes

As stated before, exergy analysis is dependable on the ambient
parameters. In this paper is performed an analysis related to the
ambient temperature change and its influence on the steam turbine
exergy efficiency. In Fig. 6 is presented exergy efficiency of the
whole turbine during the ambient temperature change for all three
observed operating regimes. However, it should be highlighted that
the same conclusions related to the ambient temperature change of
the whole turbine are also valid for each cylinder (HPC and LPC).

From Fig. 6 is clear that an increase in the ambient temperature
decreases exergy efficiency of the whole turbine, regardless of the
observed operating regime (what is also valid for both turbine
cylinders).
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Fig. 6. Exergy efficiency of the whole turbine during the ambient
temperature change for three observed operating regimes

Further analyses of the observed steam turbine and her cylinders
can and will be based on the usage of many conventional [33] and
artificial intelligence [34, 35] methods and processes. Results
obtained in this analysis at all operating regimes will be used as a
baseline in further analyses.

6. Conclusions

In this paper is performed exergy analysis of a two-cylinder low
power steam turbine from combined cycle power plant at three
operating regimes. The most important conclusions are:

- The highest mechanical power produced in the whole turbine is
6807.24 kW in Operating regime 1.

- Cylinders of the observed turbine did not have the same operation
dynamics in relation to produced mechanical power in all operating
regimes.

- In each operating regime HPC has lower exergy destruction and
higher exergy efficiency in comparison to LPC what can be
explained by the influence of wet steam which expands through the
last LPC stages (water droplets increases LPC exergy destruction
and decreases LPC exergy efficiency).

- Whole observed turbine exergy efficiency is between 51.62% (in
Operating regime 2) and 64.98% (in Operating regime 1). This
range of exergy efficiencies, according to the literature, can be
expected for a low power steam turbine.

- Analysis shows that exergy efficiency of LPC is low in all
operating regimes, so any improvements should be based on this
cylinder first.
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- An increase in the ambient temperature decreases exergy
efficiency of the whole turbine and both turbine cylinders,
regardless of the observed operating regime.
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Pilot Project for an Integrated Complex for clean soil-based production, harvest and
delivery (logistic operations) of Iceberg lettuce

Ivan Gramatikov?, Teodor Georgiev?, Krasimir Kumchev®, Kostadin Kostadinov*, Marin Midilev®
Freelancer and Association Agrorobotika founder!, Robco Smart?, Chairman at the Association of Agrorobotika®, Association Agrorobotika
member, VSI Plovdiv*, Representative of the Cluster for Electric Mobility®

Abstract: In order to address multiple UN Sustainable Development Goals, we aim to revolutionize iceberg lettuce harvesting with intelligent
robots. Our team, comprised of agricultural producers and engineers, has utilized TRIZ methodology, brainstorming, and other techniques to
develop an agricultural technology solution: an Integrated Complex that automates harvesting and loading of produce onto transportation
vehicles. Our design leverages state-of-the-art deep computer vision — a form of Al that analyzes camera images — to precisely locate mature
lettuce heads. The robot identifies optimal grasping points for harvesting and carefully places the heads in a designated transport area. With
deep learning at its core, our robots will optimize yield, reduce waste and costs, ushering in a new era of intelligent agriculture.
KEYWORDS: LETTUCE, HARVEST, ROBOT, COMPUTER VISION, LOGISTICS, INTEGRATED COMPLEX

1. Introduction

The amount of food waste, the issues of lacking workforce in the
field of agriculture (especially in countries like Bulgaria and in
periods such as the COVID-19 pandemic), the number of starving
people, etc. are among the food-related issues which the United
Nations and the European Union and individual States are trying to
resolve.

There are specific goals and strategies such as the Sustainable
Development Goal 12.3, which aims to (halve per capita food waste
at the retail and consumer level by 2030, and reduce food losses
along the food production and supply chains) [1,2].

According to the Food and Agriculture Organization of the United
Nations, (roughly one-third of food produced for human
consumption is lost or wasted globally, which amounts to about 1.3
billion tons per year. This inevitably also means that huge amounts
of the resources used in food production are used in vain, and that
the greenhouse gas emissions caused by production of food that gets
lost or wasted are also emissions in vain. Food is lost or wasted
throughout the supply chain, from initial agricultural production
down to final household consumption) [3].

The European Commission itself (has already carried out important
steps to prevent food losses and waste, in line with the actions put
forward under the first Circular Economy Action Plan, adopted in
2015) [4].

To these aims, the European Commission has suggested certain
actions such as reforms aimed at increasing the awareness and
usage of the food labels, the date of expiry, easing of the process of
donating of foods to food banks and charity organizations, support
of the initiatives for the increased usage of foods which have not
been sold and other products which can be used as a resource in the
production of animal feed [5].

During the COVID pandemic, a lot of the agricultural produce was
left on the field, spoiled, due to the restrictions on the working
conditions and the lack of workforce. The team, issuing this report,
has witnessed first-hand the sheer number of rows of iceberg lettuce
in Trilistnik, Plovdiv district, left unusable.

The resolution of such food related problems requires a complex
cooperation of a country’s administrative apparatus, producers,
distributors, scientific institutes, associations, NGOs and
consumers. Our team is mostly concentrated on the technological
possibilities for solving these issues as it is our firm conviction that
they can be addressed by the robotization of the agricultural
lifecycle or at least, for the time being, the automation of the
harvesting and delivery parts of the process. To this end, we suggest
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the development of an Integrated Complex of robots, which are
based on a system of simple and existing building blocks.

2. Prerequisites and means for solving the problem

2.1 Necessary preconditions

The agricultural producers’ role in the team are is vital, as they give
the necessary data depending on the type or sort of plant, which will
be worked on by the robot — sizes of the plant, physical
characteristics of the ripe produce, the planting schematic data, the
timetable of all necessary steps in the lifecycle of the plant’s
development.

For the whole process of research on iceberg lettuce robotic
harvesting, the necessary data are being obtained from the rich
repository of technical expertise of the agricultural producer Petar
Kumchev, with the place of the production of lettuce being the
village of Trilistnik, Plovdiv district.

Further requirements include the creation of an industrial park (type
C), an agricultural robotics laboratory, equipped with a FabLab and
a team of mechatronic engineers and software developers

2.2 Logistic considerations

2.2.1 Energy Expenditure

One can observe a very clear rise in the research and development
of robots for the harvest of fruits and vegetables all over the planet.
And there are multiple reasons for this.

A discussion on the energetic requirements of food production,
including our future efforts, is in order, so as to prove the above
point.

According to economist Manfred Max-Neef of the CEPAUR-Dag
Hammarskjold Foundation:

(In Mexico, according to information provided by the Xochkalli
Foundation, 19,000 kcal have to be used in order to put 2,200 kcal
of food on the table. From another angle, the amount of energy
consumed in transporting foodstuffs in Mexico is almost equal to
the total energy required by the primary sector for food production.
The fact that such situations are considered to be positive is,
undoubtedly, a conceptual aberration) [6]

Other than the human energetic expenditure, it should also be noted
that human workers normally spend all of this energy in an 8, 10 or
even 12-hour workdays, however they can realistically be
productive for about 6 of those 10 hours, as opposed to a robot,
which can productively work for almost the entire day.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52015DC0614
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Larger fields of about 100-500 decares and more (100-500 000
square meters) that require crop care, harvesting and logistical post-
processing and delivery operations would be a good example of
cumbersome, repetitive and error-prone labor in the human worker
case. Such a scale would be handled better by a fleet of robots,
including drones/UAVs, as they would employ much bigger
precision, starting from the process of precision agriculture, e.g.
recording and evaluating the problematic areas on the field (such as
in Fig. 1) [7], the predictive algorithms and Al architectures for the
volumes of produce, which the farmer will obtain, etc. [8].

Fig. 1 Remote Sensing spectral images by drone to evaluate problematic
7
areas

Another useful feature would be evaluating the soluble solids
(sugars) [9] and other contents present in the target plants for an
overall picture, allowing estimation of the crop, the season and
possible profits. Yet another one, which the team is planning, is a
system for protection from hail.

2.2.2 Delivery and design considerations of the
Integrated Complex

The logistics process after and other than the harvesting will now be
discussed. Once a full crate has been filled by the harvesting robot,
it is moved to a preset location, freeing up space for an empty crate.
When there is a sufficient number of ready to deliver crates, they
are loaded onto the transporting platform, which has already carried
another set of empty crates ready to fill up. The transporting
platform delivers the produce, which has been picked to an
aggregating platform. The transporting platform carrying the
produce is being unloaded and loaded with the necessary number of
empty crates. The produce is carried then from the aggregating
platform to the cooler by electric vehicles. On the way back, the
said electric vehicles carry empty crates. Then the harvested
produce is being processed (packaged) and is labeled with
information for traceability of the quality, nutrients, pesticide
content, etc.

On the basis of the information on the label and the overall
aggregation of produce-related data, as discussed above, a
subscription-based model for the delivery of specific products could
be established, based on specific dietary, energy and health-related
considerations (such as receiving fresh produce, which has been
picked from the plant for up to 72 hours previously).

The aggregating platform provides the main energy for the 24-hour
work cycles of the Integrated Complex by photovoltaics and air. It
is situated outside of the crop area.

The electric vehicle is going to be supplemented with a robotic
loading and unloading system and its task is to deliver empty
storage crates to the robotic harvester mobile platform and carrying
of the picked produce in the harvesting period. It may be used for
carrying of materials during the rest of the production period.

An agrivoltaics system could be installed, which ensures the
necessary electrical supply to the robotic harvester and the electric
loading vehicle alike.
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The delivery part of the logistics can be done to an end consumer,
including shops, including fully automated ones, restaurants with or
without robotic cooking systems (and robotic servers).

Fig 2 A schematic representation of a part of the Integrated Complex

3. Solution of the examined problem
3.1 Overall organization of the harvesting robot
unit

The robots in the Integrated Complex, which will be used for plant
care and harvesting will feature different (by function) types of
attachable modules. Such modules could include: surface
processing of the soil, soil sterilization, creation of plant beds and
grooves, creation of a mulching and drip irrigation system, planting
of seedling (growing of thinned out or pricked out seedling by
means of robotic technology is being considered by our team as
future work, as well).

There will also a system for grasping the lettuce and a system for
removing the excess leaves prior to packaging so as to comply with
the standards of the supermarket chains.

The changeable modules will have an application in the Integrated
Complex system of machines for the lifecycle of the iceberg lettuce
enterprise as a means to process said lettuce in outdoor conditions.
It will also be able to perform in indoor conditions such as
greenhouses, soilless (hydroponic and aeroponic) and vertical
growing setups, some of which are situated in abandoned industrial
buildings and rooftops (such as Gotham Greens, BrightFarms, Sky
Vegetables and Brooklyn Grange in the US and the Lufa Farms in
Canada). Naturally, due to the fact that the indoor growing methods
rely on an artificial environment, the factors that influence the plant
growth are less and the harvesting period for a robotic harvesting
machine can be 24 hours a day, however the taste of an outdoor
grown plant is better than an indoor grown one.

Figure 3 below presents an initial schematic 3D model for the
prototype of the harvesting robot the team has created.

Fig. 3 Basic schematic initial prototype of a robotic harvester.

3.2 Sensors and perception

The harvesting robot module will feature the following main input
or sensors: GPS, cameras for machine vision, an IMU, encoders and
a laser scanner, etc., all of which will be gathering telemetry data
for further processing.

For the machine vision, a picture dataset will be created, featuring
all necessary aspects — photos of iceberg lettuce will be made in
different conditions — lighting, occlusion, deformation, different
scales, viewpoints, similarly-looking objects and one of the most
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essential ones — background noise and clutter (which is most
definitely going to be present in an outdoor setting with leaves of
lettuce involved, weeds, etc.). Different additional techniques will
be used to dramatically boost the accuracy of the machine vision
model, such as data augmentation, transfer learning, etc. Annotation
of the gathered and augmented dataset will be done and with the
help of frameworks such as Detectron2, one can further improve the
process of labeling by crafting (or reusing existing) semi-automatic
annotation features [10].

Convolutional Neural Networks such as the Mask R-CNN [11]
architecture will be used for multiple object detection (instance
segmentation) and size measurement/evaluation in order to
determine if the iceberg lettuce is ready for harvesting or not. This
readiness will be a trigger for different operations, mostly the
harvesting sequence if ready — including localization in space,
grasping, cutting, lifting, placing in the respective container for
transportation as discussed, etc.

An important fact to point out is that the research phase of such a
robot clearly presents the opportunity to reuse certain concepts,
technologies and implementations for other (especially similar)
plants This achieves speeding up the time for research, development
and production of robots for other plant cultures as well as reduces
their cost.

As noted above, the telemetry data gathered from the sensors,
calculated, etc. can be analyzed and used for improvement and data
pipelines can be utilized for that end, as well as for the deep
computer vision model MLOPS lifecycle [12] (from dataset
gathering to retraining for continuous model improvement).

While the annotation, experiment handling, deep computer vision
model training, etc. can be done on a cloud platform (such as GCP,
AWS, Azure, FloydHub, Paperspace, etc.), the model will have to
fit on an embedded processing platform with Al acceleration
capabilities such as the NVIDIA Jetson Xavier AGX, Orin, etc.,
where one could start with a prototype device at the experimental
phases and then move on to professional carrier boards for real
world model deployment on an embedded system (in this case, an
agricultural robot).

4, Results and discussion

The integrated complex for the growing/care, harvesting and
delivery to an end consumer gives a practical solution to the
requirement of the amount of realized production being the basis of
subsidies for the EU-based agricultural producers.

The harvesting robot is in its very infancy — a lot of work is yet to
be done on it for the fruition of the first robot in a fleet that will
automatically and optimally take care of the lifecycle of multiple
types of plant produce due to its planned reusability and
multifunctionality.
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5. Conclusion:

The presented report attempts to lay out the principle of the
Integrated Complex system, its most notable characteristics and
uses.
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Implementing predictive analysis using self-learning digital twins and image analysis with
GPT-4 turbo with vision for inspection and repair of construction
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Abstract: Nowadays, many structures should be inspected, analyzed, and repaired. This is a complex and expensive process that also
includes predictive analytics to prevent possible construction failures.

One of the most used predictive analytics applications involves extracting necessary metadata from images and videos to evaluate the
condition of real-world systems and recommend measures to sustain these systems. Image analysis is not a new concept - many solutions
have been used for several decades.

The current paper mainly focuses on OpenAl-based capabilities to implement Image Analysis and Cognitive Digital Twins and proposes
faster, cheaper implementation and more adaptive approaches to offering predictive analysis for constructions.

ChatGPT (Chat Generative Pre-Trained Transformer) is one of the trending technologies in modern Artificial Intelligence (Al), and
experts in this area expect to have a very high impact on the industry shortly.

One of the latest versions - GPT-4 Turbo with Vision, developed by OpenAl, is a significant multimodal model (LMM) capable of
interpreting images and providing text-based answers to queries regarding those images. It combines capabilities in natural language
processing and visual comprehension.

The proposed approach considers using OpenAl LLM and Digital Twins for three different aspects of predictive analysis for
Construction: image analysis, case decomposition, and creation of self-adaptive models to find possible trends to compromise structures and
offer preventive actions. This research compares traditional methods for inspection and repair of Construction, including the time required
for predictive analysis, the correctness of the proposed actions, and the cost of the methodology.

KEYWORDS: OPENAI, CHATGPT, GENERATIVE Al, COMPUTER VISION, CPT-4-TURBO, PREDICTIVE ANALYSIS 10T,

1. Introduction solutions to provide the best recommendations for the next steps in
' a specific case.

Computer Vision is a branch of Artificial Intelligence (Al) that
uses machine learning, neural networks, and other Al-related
technologies to get specific, relevant information from images,
videos, and other inputs. The computer Vision method can be
applied to various kinds of analysis:

Generative Al (Gen Al) is not only one of the latest trends in
the modern IT industry and Artificial intelligence but also a very
powerful approach to solving a broad spectrum of cases. This
concept allows for the generation of content based on different
criteria. Nowadays, all prominent software vendors work on
e  Descriptive analysis solutions for GenAl based on large-language models (LLM) and

small-language models (SLM).
e Diagnostic analysis
The ongoing research emphasizes the use of Generative Al and
e Predictive analysis GPT models, accessible through the OpenAl API. OpenAl, a
relatively new artificial intelligence research lab and company, was
established in 2015 by tech visionaries such as Elon Musk and Sam

Descriptive analysis provides data analysis that helps to Altman. OpenAl conducts research across various Al domains,
describe the current status of a specific case. This analysis can  including natural language processing (NLP), computer vision,
describe, show, and summarize data, generating input for other  reinforcement learning, and robotics.
types of analysis. Descriptive analysis is the best fit for Computer
Vision, which describes the meaning of a specific image and/or
video. It can be implemented on top of different technologies, but
extracting metadata from different types of digital content is very
easy to handle using Al-related technologies.

e  Prescriptive analysis

This research is based on an analysis done with OpenAl,
especially ChatGPT 4 Turbo with Vision, which is implemented on
top of Microsoft Azure as SaaS. The prototype also uses other
OpenAl models to optimize the cost and performance of predictive
analytics solutions.

The diagnostic analysis is analyzing the root causes of
something that happens (for example, construction failure).
Descriptive metadata from images and videos can be critical in
explaining why something (events, behaviors, outcomes) happened. - Conversational mode (chat models)
It works together with descriptive analysis to get information
describing the case and find the main reason for having a specific

situation. A completion model attempts to extend the user's prompt with
relevant text. Completion models do not have conversational
capabilities. We send a single request and receive a response, and
that's the end of the interaction.

Generative Al platforms offer two different concepts of models
and corresponding models for integration:

- Text Completion mode (completion models)

Predictive analysis mainly focuses on forecasting what will
happen, using different data for input. This kind of analysis can be
empowered by Al to have a pure analytic solution (without artificial

intelligence elements) or to use a mixed approach as part of the Chat models are optimized for engaging in conversations. While

solution. Predictive analysis can be implemented using different  they technically function as completion models, they can tell apart
LLM — GPT, DALL-E, DAVINCI, and WHISPER. Computer  \yho said what, leading to a more natural conversation flow.

Vision usually is important to extract the information needed as

input for predictive analysis, and the prediction is done with some Both modes are essential for analysis. The conversational mode
of the appropriate LLMs analyzing the metadata generated from the ~ allows interaction and adjustment of requirements using chat
Computer Vision. agents, and the completion mode offers a complete analysis in one

o L . step with a clear description. Completions provide easier options to
_Prescriptive analysis gives recommendations about future  aytomate business processes. Completions are also used in
actions based on results from predictive analysis. It uses statistical  ChatGPT-4 Turbo with Vision for Image analysis.

algorithms, machine learning technologies, and other Al-related
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Table 1. below provides a sample comparison between chat and
completion models.

Table 1. OpenAl Foundation GPT models

Completion Chat

Endpoint | /v1/completion /v1l/chat/completion

davinci

curie

babbage

ada
text-davinci-003
text-curie-001
text-babbage-001
text-ada-001

All “"gpt-4” models
All "gpt-3.5-turbo” models

Models

Completion vs Chat models

Some OpenAl LLM models work with chat and completion
modes exposed via the corresponding API, but some models
support only one of the modes.

The Fig. 1 shows the high-level taxonomy of OpenAl LLM
models:

OpenAl Language Models Cheatsheet g

GPT Models
kans masns longer prompts a

Completion models
fLegac 049 tokens)

posT /ot
/—‘By PT-3, 21 )\
nstru odels

Base models
with likely text

192 tokans

& semaphore

Fig. 1 Cheatsheet with the models offered by OpenAl [1]

At the end of 2023, it was released in preview GPt-4-Turbo
with Vision, a GPT model that analyzes text and images and works
in chat and completion modes.

ChatGPT-4 Turbo with Vision (ChatGPT 4 TV) provides high-
speed and accurate analysis of images and video, allowing the
analysis of digital content (descriptive and diagnostic analysis) as
the first step of more complex predictive and prescriptive analysis.
OpenAl LLMs allow for several deep and complex inquiries related
to possible system failures.

LLM models such as ChatGPT 4 TV allow all steps to be
implemented using the same model (suitable for prototyping). Still,
for production, the most appropriate LLM for each step is usually
used regarding cost and performance optimization.

The current research is focused on creating a reference
framework to implement with a short time to market solutions, able
to analyze cases from images and video and provide predictive and
predictive analysis to implement predictive Maintenance and
decrease the overall maintenance cost for different structures in the
construction industry.

The overall schema explaining relations between different types
of analysis using Computer Vision and Open Al is demonstrated in
Fig.2
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@} OpenAl
ey

ChatGPT-4 Turbo
COMPUTER
VISION A
ANALYSIS

DESCRIPTIVE DIAGNOSTIC

PREDICTIVE PRESCERIPTIV

Fig. 2. Implementation of different types of analysis using Computer Vision,
Open Al — general dependencies

The next chapter explains the prerequisites to design and
implement the PoC used for the experimental research.

2. Prerequisites and means for solving the problem
This research is based on several pillars as a prerequisite:

A. General knowledge of OpenAl and relevant LLM that can
be used for predictive analytics (ChatGPT-4-TV) in case
there should be analyzed digital assets such as images and

videos

Microsoft Azure subscription. The PoC is based on the
Microsoft Azure cloud, which is an advantage because
OpenAl is hosted in Azure.

This paper covers the following areas:

e Options for the implementation of Computer Vision
analysis based on OpenAl GPT models (ChatGPT-4-TV)

e Design and implementation of Predictive Analysis based
on Computer Vision using OpenAl

e Democratization of the implementation of flows,
providing Predictive Analysis with OpenAl and Power
Automate (Low Code/No Code)

e Analyze the results (preciseness and correctness) based on
sample data (photos of structures and construction
schema).

e  Optimization of the cost and performance

2.1 Areas of Implementation of ChatGPT in
Construction

The Construction has many options for the implementation of
Generative Al. Some of the most popular domains are:

Project Planning and Design
Troubleshooting and Maintenance
Resource Management
Virtual Assistants for Clients (support)
Training and Protocols
Smart Building Interfaces
Documentation and Reporting
Energy Efficiency and Sustainability
Troubleshooting and Maintenance (predictive and
regular).
Generative Al in the context of predictive analysis can use all
these domains, but current research is focused on Troubleshooting
and Maintenance, analyzing possible failures of structures.

CoNR~WNE
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3. Solution of the examined problem

The main focus is on how to solve similar cases for Predictive
Analysis for Construction using OpenAl with Computer Vision.
Generative Al needs a very well-described case to generate a
valuable answer. In the experimental solutions,

3.1 Implementation of Analysis based on
Computer Vision and OpenAl/ChatGPT
Implementation of a Computer Vision Concept:

For image analysis, the experimental environment uses
ChatGPT 4-Turbo with Vision (ChatGPT-4-TV). This model has
the following specifics:

e  Open Al-based
e LLM based

e Good at solving not defined requirements in both
conversational and completion modes

e  Option to use Retrieval Augmented Generation (RAG)

Fig.4. Sample image of steel construction with corrosion

In the case related to analyzing the video stream (input stream from

drones and robots' cameras during construction observation), 3.2 Democratization of the implementation
ChatGPT-4-TV is empowered by Azure Al Vision. of flows, providing Predictive Analysis with
Azure Al Vision is a different solution for computer vision analysis, OpenAl and Power Automate (Low Code/No
which uses cognitive analysis to understand videos and images. It Code)

has the following characteristics: . ) o
One of the leading cases using computer vision is to prototype

e NotLLM based the PoC fast, proving that the concept is feasible.
e Good in clearly defined tasks, object recognition, etc. For PoC, Power Automate with Azure Open Al using
e Working with video streaming. deployment of ChatGPT-4-TV — Fig. 5
| &
Al Vision extracts frames from the stream and sends them to the !
OpenAl service using a ChatGPT-4-TV deployment. | o e
One high-level schema of the solution is presented in Fig. 3 [6] | s
The coordination service has a very important role in supporting |m q =
and generating the list of questions needed to clarify the exact 1
search and allow the OpenAl service to provide a correct solution. | s
Digital Twins (DT) is an optional part of the solution, used for | mmlmm
two reasons: e
. Decomposition of complex cases | s
. Simulations in Predictive Analysis = Cnin

Intelligent Machines :
with OpenAl and CDT | O cosmeamaatn

) - =
EH >
Robot with IoT-Device Saneway Fig.5. Power Automate flow, implementing Predictive Analysis.
EE]) 3.3 Optimization of the cost and
Robot with loT-Device performance
Open Al Servce oigtat s | s One important goal when solving complex problems with
@ OpenAl T service T Generative Al is to find a good solution to optimize the cost. In this
\ Data I research, steps are considered assuming the successful Prompt
p— N T comecton persstenee | Engineering approach has already been implemented.
o . = — . o .
Coordination Cognitive Other Analytics | There are several options for LLM optimization — Fig. 6
[@ Service Services Serviees P P g
Operator —f

Fig.3. Experimental Setup: Predictive analysis using Computer Vision Open
Al based on Microsoft Azure [6]

For analysis, sample data of rusty construction components from the
USA, like the one in Fig. 4 :
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Retrieval
augmented
generation

All of these

Q®
QR

Prompt

—=8- Fi i
engineering e Loetunlng

Context optimization

I

LLM optimization

Fig.6. LLM Optimization stages.

RAG is used to collect embeddings from already performed
requests and implement vector search to semantically compare the
requests comparing vectors. Azure Al Search is currently used for
the Vector Search implementation — Fig.7. [7]

Data Sources

Azure Al Search (files, databases, etc.)

Query >
Knowledge

s

App UX

App Server,
Orchestrator

Prompt + Knowledge
- Response

@

Azure OpenAl
(GPT/ChatGPT)

& @ i)

Fig.7. RAG Implementation with Azure Al Search.

4. Results and discussion

In this paper, there are added metrics related to the experimental
project PoC, realized using Microsoft Azure, OpenAl (ChatGPT-4-
TV), and 1000 experimental images. The solution is implemented
using Custom Solution — Fig.3 and Low-Code/No-Code solution
with Power Automate.

The experiment measures the prediction success rate for both
custom and Low-Code/No-Code solutions to predict construction
issues—Table 2.

Table 2. Experimental results for accuracy

#items #success
rate

#time for
implementation

#time

Custom Solution 1000 99.9% 15 min 1 day

Low-Code/
No-Code

1000 99.9% 49 nub 10 days

5. Conclusions

Modern Predictive Analysis in Construction can rely on Computer
Vision. The overall analysis offered by automation solutions can
effectively solve complex cases even on the PoC level using both -
custom and Low-Code/No-Code solutions. The approach is domain-
agnostic and can be used in different business domains.

Cost and performance optimization in the case of complex solutions
with many components is an important new area, where powered
from OpenAl solutions can optimize the maintenance cost for the
structures
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6. Future work:

Research will be extended based on more complex cases and
improved MML models. The major focus will be solving real-life
prediction and maintenance cases related to manufacturing systems.

7. Abbreviations

1. LLM - Large Language Models
SLM — Small Language Models
DT Digital Twins
ADT Azure Digital Twins
DT Cognitive Digital Twins
ChatGPT
ChatGPT-4-TV-> ChatGPT 4-Turbo with Vision.

Generative pre-trained transformers

© N o g~ w Db

RAG -> use Retrieval Augmented Generation
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Abstract: In this study, we aim to realize a methodology for designing the spinal column of a quadruped robot employing additive
manufacturing techniques. Additive manufacturing processes have gained widespread usage owing to their ability to swiftly develop
prototypes for research and actualize production-grade components. Our research commenced with the acquisition of vertebral dimensions
sourced from real animals such as cheetahs. These dimensions were pivotal inputs for conducting kinematic analyses of the animal's
locomotion cycle.

Through meticulous kinematic analysis, it was delineated the various positions assumed by the spinal column throughout the locomotion
cycle. Furthermore, we assessed the maximal force to which the spinal column could be subjected. This evaluation formed a robust
foundation for exploring diverse modeling approaches to identify the optimal solutions. An innovative solution emerged through the
utilization of a beam featuring a variable cross-section. This approach facilitated precise customization of the design to align with our
specific requirements. To manufacture all requisite components for the spinal column, we employed a single 3D printer utilizing the Fused
Deposition Modelling (FDM) technique with PLA material. To validate the computational methods, it was developed a sophisticated test
bench. By juxtaposing theoretical predictions against tangible experimental data, it was affirmed the accuracy of the theoretical approach.
This validation serves as a springboard for subsequent phases in the design and production processes of quadruped robots.

Keywords: QUADRUPED ROBOT, FUSED DEPOSITION MODELLING, PLA MATERIAL

1. Introduction 2. Experiment

Quadruped robots are designed to emulate the locomotion of The goal of this study was to create a panther spine. To meet the
animals in the natural world. The focus of this work lies in different requirements of design and production specifications, such
dissecting and modeling the spine of such robots, with the initial as the accuracy of a panther spine movement, and to consider the
prototype being integrated into a cheetah-inspired robot. The size and weight of the system different aspects were examined. All
primary impetus behind designing a cheetah-inspired robot lies in the work done led us to design the spine of a continuous robot
its unparalleled speed. Achieving high-speed locomotion in robots thanks to compatible joints. However, to dimension all the parts of
poses a formidable challenge, yet it holds immense potential across the spine, it is necessary to know its rigidity, displacements, forces,
varied applications. From exploration and surveillance to and size. Unfortunately, the information in the literature on these
deployment in hazardous environments such as disaster zones, the factors is very low, so we have to find our own.
versatility of quadruped robots knows few bounds. Moreover, their
utility extends to domains like military, agriculture, and education.
The quest for swift robotic locomotion necessitates drawing A fully 3D-scanned panther skeleton in STEP format was used
inspiration from nature, where the cheetah reigns supreme as the  to analyze, design, and produce it with 3D printing techniques. In
fastest land animal. The spinal column's significance in  this file format, we were able to see the different sizes of the

orchestrating the movement of quadruped robots cannot be  vertebrae and precisely how the skeleton is made up as shown in
overstated [1]. The results showed that a passive spine where dorsal Figure 1.

stiffness is higher than ventral stiffness can run faster than a rigid
case, because of the compliance of the spine, which might play a
role as a nonlinear spring to enhance locomotion by transferring and
storing energy. Serving as a structural scaffold, it enables fluid and
coordinated motion akin to walking, running, and turning.
Designing an efficacious spine demands a multidisciplinary
approach, integrating principles of mechanics, electronics, control
systems, and Dbioinspiration [2]. The forelimb musculature
comprised 15.1 + 1.2% of its total body mass, substantially less than
its hindlimb at 19.8 £+ 2.2% of total body mass. Kawasaki et al [3].,
revealed that the bounding gait of the robots with a flexible spine is
more stable and more natural than that of the robots with a rigid
spine, and the robot can run faster by synchronizing the movements
of their spine and legs. Matsumoto et al. showed clearly how their ~ Fig. 1 Fully 3D scanned panther skeleton.
prototype will move its spine, i.e., when the feline is running, the
main mobilities are at the animal's sacrum [4].

1.  Geometry analysis

Thanks to the skeleton, we were able to determine the articular

Ultimately, the construction of a robot mirroring the stops of the.spine, i.e. the stops rgsulting from the position of th_e
biomechanics of real animals promises invaluable insights into the ~ Vertebrae with each other and their shape, which means that their
complexities of emulating organic movement through mechanical movement can be I|m|§ed. Th_ls information may b? important to us
means [5]. Our objective in this work is to decipher the intricacies ~ Pecause we have relatively little data on the mobility of the spine
of spine movement and apply them to quadruped robotics. and the stops ensure that we limit our movement to something
Commencing with a scaled-down prototype produced with the 3D feasible for t_he animal. To fln_d out the joint stops of the spine, as
printing technique, was designed the experiment to validate the ~ You can see in the following figure, we draw lines from the middle

study methodology, a pivotal step necessitating the establishnment of ~ Of the joint (presumed center of rotation) to the part of the vertebra
a dedicated test bench. most likely to come into contact with the second vertebra. In this

way, we can find the joint's limit of rotation at the joint stops as
shown in Figure 2.
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Fig. 2 Joint stop determination

All the vertebrae dimensions are shown in the Table 1.

Table 1. Vertebrates length and height.

Vertebrates | Length (mm) | Height (mm)
T1 54.6 27.2
T2 53.6 25
T3 55.8 29.6
T4 53.8 38.8
T5 50.4 36.2
T6 484 36.2
T7 50.2 39.2
T8 59.2 36.2
T9 62 42.6
L1 63.6 38.4
L2 62 43.4
L3 65.2 /

L4 80 35.2
L5 86 41
L6 7 43
L7 82.16 30.3
L8 96.83 32.9
L9 108.4 37.8

2. Kinematic analysis

To dimension the spine accurately, it's essential to gather data
regarding its position and the load it bears. This process involves
analyzing and processing videos to extract the necessary
information. To gather data on the forces exerted on the back and to
ascertain the spine's stiffness, we are analyzing a cheetah's running
motion. To precisely monitor the positions of the bones throughout
the cheetah's run, we utilized a specialized software known as
Deeplabcut [5].

DeepLabCut™ is an efficient method for 2D and 3D markerless
pose estimation based on transfer learning with deep neural
networks that achieves excellent results with minimal training data.
We can track various body parts in multiple species. The package
is open-source, fast, and robust. It can be used to compute 3D poses.
The results of the cheetah running position are shown in Figure 3.
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Fig. 3 Modelisation of a running cheetah video.

In our case, we placed, throughout the entire cycle, markers on
each vertebra. Then, the software interpolates this point to trace the
trajectory for each marker as shown in Figure 4.
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Fig. 4 Position of each vertebrae in pixels.

On this graph, it's evident that each vertebra doesn't move in the
same way. For instance, the thoracic vertebrae display less mobility
compared to the lumbar ones. Additionally, certain vertebrae show
similar amplitudes of movement. Therefore, in our prototype
design, we won't model all 22 individual vertebrates separately.
Instead, some vertebrae will be combined. For instance, the 11th
and 12th vertebrae are closely positioned and exhibit similar
movement patterns. This approach was adopted in the spine's
modeling process.

3. Materials and methods

The design process began by making a succession of parts
corresponding to each vertebra. In the interests of efficiency, we
were able to discover and use a SolidWorks software function that
consists of using an Excel file to change our rib configurations to be
able to make faster studies. We started by creating our column and,
as presented in our calculations, by using identical vertebrae lengths
as shown in Figure 5. Although this is not realistic, once again, this
will simplify our system and enable us to obtain a result.
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Fig. 5 Fin of the end of the column and deformation test.

For parts production, we utilized a 3D printer to fabricate each
component of the spine using PLA material as shown in Figure 6.
Following this, we meticulously cleaned and labeled each part to
facilitate assembly, ensuring efficiency and accuracy in the process.

Fig. 6 3D printed vertebra parts.

The decision to utilize 3D printing was driven by its rapid and
economical nature, given that intricate precision was not paramount
for the prototype. We selected PLA material because it was easy to
use and with very good characteristics in prototyping. While this
method may alter material characteristics, such as anisotropy, the
way impressions are done determines the direction of rigidity. For
our purposes, this was inconsequential as our focus remained on
prototyping. We also fulfill 100 % of each part to limit the porosity.
Moreover, the final spine will be in aluminum, so the fabrication
process will be way more accurate.

4. Results

A test bench is an essential component in the design and
verification process of real parts. It serves as a simulated
environment in which designers can test the functionality,
performance, and correctness of their designs before implementing
them. The main purpose of using a test bench is to catch and correct

errors early in the design process, saving time and resources. The
test bench must be resistant to the weight of the spine and vibrations
due to movement. The spine must be placed fixed in the device
because if we have movement of the spine, we get wrong test
results. The weight of the spine and the forces that will act during
the test were taken into consideration during the choice of the
model. The test bench should be adjustable, the spine should be
easily assembled, the dimensions should not be in large proportion
to the dimensions of the spine, and it should be suitable for use.
Monitoring and recording the results in a simple way of each test
case. ldentifying and documenting any problems or deviations from
expected behavior as shown in Figure 7.

Fig. 7 The assembly of the test bench and the spine.
The components of the test bench are:

NEMA 17 STEPPER MOTOR: Enables the movements
required for testing

Profile 45x45: Enables the assembly of the testbench
board

Support for Profile: It ensures stability and avoids
vibration.

Support for Motor: It enables the assembly of the motor
and the spine during the test.

Plate of bench: It is resistant to all forces and vibrations
during the test.

Pulley: Perform the necessary rotation motion during the
test.

The aim of the tests we're about to carry out is, firstly, to check the
reliability of the calculations we've made to dimension our column
and, secondly, to verify whether it is indeed possible to activate the
deformation of our column using a motor. After acquiring the beam
and the bench, our next step was to assess whether the prototype
would exhibit the same characteristics as the theoretical spine. To
achieve this, we conducted two tests. The first test involved
examining the flexion of the beam under a single-weight load
(10N). Subsequently, we proceeded to test the response of the spine
to various loads. To validate our calculations, we need to apply
exactly the force we want to the cable to check that the
displacement at the end of the column is correct. We can then
compare the experimental value with the theoretical one. To do this,
we had several choices. The first was to use the motor and a load
cell, which we would place on the cap and retrieve the force value
when the desired displacement was reached. The second was to
know the load applied to the cable beforehand. Given that it would
have been difficult to install a load cell on our system as we might
have wished, but also to limit expenditure as much as possible and
save the time we had available, we decided to use the second
solution. The testing procedure is shown in Figure 8

Step | Instruction Comment / Picture

Prepare the
Spine: Ensure the
spine is firmly
built in on the
bench to prevent
any  movement
during the
experiment.
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Wire
Attachment:
Affix the wire to
the spine.

Wire attachment

Calibration:
Place a ruler on
the same plane as

the spine and
wire to capture
images for
calibration

purposes.

Initial Photo:
Take an initial
picture of the

setup before any
external force is
applied.

Applying
Weight: Place the
specified weight
on the wire.
Final Photo:
Capture a final
image after
releasing the
weight.

Final picture with ruler

Using the ruler at the rear of the
column, we can now calculate the
displacement between the phases in
which forces are applied and those in
which they are not.

Deformation
Measurement:
Measure the
deformation  of
the spine from
the initial to the
final photo.

Fig. 8 Step of weight experiment.
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We needed to program the motor to replicate the movement of the
spine precisely as it occurs in the panther. To achieve this, we
utilized the position of the sacrum throughout its cycle and
converted it into a binary signal. This signal transitions in
increments of 5 steps. Given that we determined that 6 cm
corresponds to 45 steps, we could calculate the number of steps
required for each centimeter of deformation. With this information,
we proceeded to write the corresponding code for the schematic as
shown in Figure 9.

Y position of the beam along the cycle

-32

-36

-38

-40

Y Position (cm)

42 f

46 . . . . . . . . .
0 2 4 6 8 10 12 14 16 18
Cycle (frames)

20
Fig. 9 Step of weight experiment.

As we can observe, we can find the same trace as the real position.
However, the motor jumped during the test. During the test, we saw
that after the movement, the sacrum position vibrates a lot. To
conclude, we found another way to program the motor to suppress
jumps.

5. Conclusions

To calculate and dimension the prototype of the spine, we opted
for a variable-section beam activated by a cable, mimicking the
mechanism of a continuous robot. This approach guided the design
of our prototype and test bench. The primary objective of our
system was to validate our calculation methodology. Consequently,
we conducted two tests for this purpose. The first test aimed to
confirm the accuracy of our intended force application by exerting a
pure force on the cable. This validation ensured the fidelity of our
calculations. Subsequently, the second test aimed to demonstrate the
feasibility of activating our system using a motor. By successfully
executing these tests, we were able to affirm the validity of our
results.

The primary objective of this study was to decipher the intricate
movements of a cheetah's spine to replicate them for application in
a quadruped robot. Initially, our focus was on comprehending the
dynamics of a cheetah's running motion, which provided essential
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|
data regarding spine behavior. Our study primarily delved into the

2D aspects of this behavior, allowing us to validate our hypotheses.

However, to develop a more sophisticated spine system, a deeper

exploration into the 3D movement is imperative. This necessitates

delving into additional articles and studies that shed light on the

intricacies of the cheetah movement.

In our spine dimensioning process, we relied on a CAD file as a
reference point. However, to further validate this data, acquiring
real-world measurements from an actual cheetah would be
invaluable. Performing an autopsy on a cheetah would provide
precise anatomical data crucial for our study.

Given our focus on 2D analysis, we opted for a beam structure.
However, if our study progresses, incorporating compliant joints
into the spine design becomes imperative for a more comprehensive
understanding.

Regarding the iterative method used to determine the spine's
sectional dimensions, we aim to enhance this process through
optimization techniques. By refining the method, we can achieve
the optimal distribution of sectional properties for enhanced
performance.
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Photoluminescence properties of self-cleaning coatings on glasses containing Eu,0;
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Abstract: Obtained experimental self-cleaning coatings (based on compositions with the participation of Eu,0s), applied by the sol-gel
method on glass slides. The luminescence of the obtained thin layers of different ratios of the compositions were investigated. A strong
emission from the °Dy level of Eu®* ions was registered under near UV (392 nm) excitation using the “Fo — L transition. The values of the
integrated fluorescence intensity ratio R (°Dy—'F,)/(*Do—'F;) was calculated to give information about the degree of asymmetry in the
vicinity around the active ions, suggesting a location of Eu®** in non-centrosymmetric sites. The highest Eu®* luminescence is observed in
sample with 3 layers coating. The experimental results represent a prerequisite for the development of a series of additional compositions
and a detailed technological regime for obtaining various modifications of resistant, long-lasting self-cleaning coatings, potentially

applicable to photovoltaic panels.

Keywords: SOL GEL, SELF-CLEANING COATINGS, LUMINESCENCE, SOLAR CELLS, PHOTOVOLTAICS, Eu,0;

1. Introduction

The study of photoluminescence (PL) is widely used in
materials  science, optoelectronics and photovoltaics. PL
spectroscopy characterizes defects, impurities and electronic
properties of materials. Researchers study PL spectra to understand
carrier dynamics, band structures, and luminescence properties.
There are various inorganic compounds used to achieve a
luminescent effect. The most popular is the one based on rare earth
elements, especially Eu,0s.

Luminescence is described as the emission of
electromagnetic radiation in excess of thermal radiation. In most
cases, the emitted radiation appears in the visible range, although
ultraviolet and infrared emissions have also been observed [1]. The
role of this effect can be noticeable in specific applications as well
as during emission intensity measurement processes. Luminescence
is also used practically in many applications, including light-
emitting diodes (LEDs), storage phosphors, persistent luminescent
phosphors, scintillators, and in particular in materials for up- and
down-conversion mechanisms that are designed for photovoltaics
[2]. Eu also plays an important role in the structural and optical
properties of the systems/incl. coatings on glasses/. Increasing the
Eu concentration improves the transparency, refractive index, and
thickness of the films, along with a quadratic increase in PL
emission. Some studies have focused on Eu silica-sodium sol-gel
glasses. According to molecular dynamics simulations, adding soda
to silica can reduce RE clustering and precipitation [3]. New
innovative materials based on various luminescent effects have been
investigated. The obtained results are discussed from the point of
view of application in next-generation photovoltaics. Experiments
leading to the production of functional photoconversion layers
dedicated to low-cost and large-scale deposition methods are
investigated. Various active agents, as well as possible organic
carrier matrices, substrate preparation and treatment procedures are
presented [4]. Hydrophilic photocatalytically active thin films of
ZnO and ZnO doped with Yb,05; and Eu,0O3 were prepared by a
combination of sol-gel technique, spin-coating and high-
temperature heat treatment at 500 and 600°C. The methodology
presented by the authors to produce thin films featuring the key
properties of self-cleaning coatings can be applied to coatings on
photovoltaic panels and architectural glass structures [5].
Spectroscopy of lanthanide complexes is presented and the optimal
matrix for the luminescent species, which is based on sol-gel
technology, is explained and developed. The theory, requirements
and conditions for the production of luminescent solar concentrators
are presented and the modern methods for their production are
outlined. The practical approach to embedding luminescent plates in
modern buildings for the utilization of solar energy is presented [6].

2. Experimental procedures

All compounds were supplied as analytical grades and were
used without further modification. Thin film coatings were
performed on slides from AGC Glass Europe. ZrOCl,.8H,0,
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Y (NO3)3.6H,0, 99.9% ethanol (C,HsOH), all purchased from Alfa
Aesar Germany. The stabilizer is nitric acid /HNO,/.

Preparation of the glass substrate. Before being cleaned, the
slides were cut to size (20 mm x 70 mm x 2 mm). Substrate
cleaning is important prior to the deposition process, as this allows
the cleaning and removal of submicron particles from the substrate
surface. This is decisive for the quality of the adhesive film on the
base. The glass substrates were cleaned/washed/in 99.9% ethyl
alcohol for 15 minutes and acetone for 15 minutes and then dried
for 30 minutes at 100°C. Cleaning the glass substrates improves the
adhesion of the coating material to the substrate and prevents
contamination of the formed coating. In table 1 presents the
compositions and the technology of obtaining.

Table 1
Sample: Main Composition: Drying T°C- layer
Time s
T-150°C
ZrOCl,.8H,0-9.889 g 60 min 420°C-2 3
GLS-ZrYEu3 | Y(NO;):.6H,0-0.831g hour
Eu,03- 0.407 mg per layer | Delay 15
min
ZrOCl,.8H,0-9.889 g 60 min 410°C-2 4
GLS-ZrYEu4d | Y(NOs):.6H,0-0.831¢g hour
Eu,05—0.407 mg perlayer | pelay 15
min
ZrOCl,.8H,0-2.942 g 60 min 440°C-2 6
GLS-ZrYEu6 | Y(NO3);.6H,0-0.831g hour
Eu,05—0.407 mg perlayer | pelay 15
min
ZrOCl,.8H,0-9.889 g 60 min 400°C- 2 7
GLS-ZrYEu7 | Y(NO3)3.6H,0-0.829g hour
Eu,0;-0.407 mg perlayer | pelay 15
min

The table shows the compositions and production technology of
GLS-ZrYEu3, 4,6 and 7

Sol-gel technology is applied. ZrOCI,.8H,0 is dissolved in
absolute alcohol - so that a 0.3 - 0.4 molar solution is obtained.
Y (NO3)3.6H,0 is added to it slowly with vigorous stirring. After 60
min, Eu,05; was added. During hydrolysis, nitric acid is added or
stirred until clear, i.e. until completely dissolved. To cover the glass
samples with the resulting solution, the Dip Coating technology is
applied [7-9].

3. Results and Discussion

Photoluminescence (PL) emission spectra at room
temperature  for all coatings were measured with a
Spectrofluorometer FluoroLog3-22, 2014 (Horiba JobinYvon,
Longjumeau, France).

Luminescent properties: Figure 1 shows emission spectra of
coatings (ZrO,, Y,03 and Eu,03) on glasses
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Figure 1. Emission spectra of coatings (ZrO,, Y,03 and Eu,05)

on glasses.

The emission spectra of the obtained coatings (ZrO,, Y,0;
and Eu,05) on glasses upon excitation into the most intensive "Fo —
®L transition of Eu®* at 392 nm are shown in figure 1. All the
spectra are recorded in the same conditions at room temperature and
have the same profiles, consisting of two regions: a broad band of
Y,03 emission below 570 nm and narrow emission peaks at around
591 nm, 615 nm and 701 nm in the visible region, attributed to
5Dy— F; transitions of the Eu®* ion from °D, to ’Fy, 'F, and 'F,
states in order of increasing wavelength, respectively [10]. Since
itself ZrO, is not luminous, no emission band originating from ZrO,
under 392 nm excitation is observed. Comparing the spectral peaks,
it can be seen that the most intensive is the luminescent band at 701
nm corresponding to °Dy — ’F, transition. This behavior is atypical
for the most Eu®" doped materials. It is known that the intensity of
the SDy—F, transition is determined by either the chemical
composition of the host matrix or by symmetry factors [11].

As can be seen from figure 1, with the decrease of the
number of the glass layers, a significant enhancement of the
emission intensities was achieved. The most intensive emission is
registered in the sample with 3 layers (GLS-ZrYEu3).

Europium is a suitable probe for determining the local
symmetry because its electric dipole transition (ED) *Dy — 'F, is
hypersensitive to the small changes in the surroundings and usually
dominates the emission spectrum when Eu®" ions are located in low
site symmetry, while the magnetic dipole transition (MD) °Dy —'F;
transition is insensitive to the environment around the rare earth ion
[12, 13]. The fact that the predominant emission is from the ED
transition rather than from the MD transition is an indication that
Eu® ions are distributed in a non-inversion symmetry sites.
Therefore, the value of integrated fluorescence intensity ratio R of
the two transitions (*Dy—'F,)/(*Do—'F1) gives information of the
degree of asymmetry in the vicinity of Eu®* ions [14,15]. The lower
the value of the asymmetry parameter, the higher the site symmetry
of the rare earth ion and the lower Eu-O covalence and emission
intensity. Ratio values lower than 1 correspond to Eu®* ions location
into high symmetry sites, while values above 1 indicate that the
active ion occupies lower symmetry sites.

The calculated values, listed at table 2, are in range 6.57 to
10.80 suggesting more asymmetry around Eu®* ions and stronger
Eu-O covalence and thus higher emission intensity.

Table 2
Sample composition Fluorescence intensity ratio, R
GIS-ZrYEu3 10.80
GIS-ZrYEu4 9.70
GIS-ZrYEu6 8.46
GIS-ZrYEu7 6.57

Fluorescence intensity ratio (R) of the two transitions
(®Dy—"F,)/(°Dy—"Fy)of coatings (ZrO,, Y,05 and Eu,05) on
glasses.

CIE color coordinates and CCT (K) values
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Figure 2. CIE chromaticity diagram of coatings (ZrO,, Y,03; and
Eu,05) on glasses

Table 3
Sample Chromaticity
composition coordinates (X,y) CCT(K)
GLS-ZrYEu3 (0.351, 0.305) 4518.80
GLS-ZrYEu4 (0.366, 0.324) 4046.61
GLS-ZrYEu6 (0.365, 0.308) 3979.06
GLS-ZrYEu7 (0.451, 0.360) 2196.40

CIE chromaticity coordinates of glass coatings containing ZrO,,
Y,05 and Eu,03 oxides

To visualize the actual color of emission, the standard
Commission International de 1’Eclairage (CIE) 1931 chromaticity
diagram was used [16]. From the luminescence spectra the
chromaticity coordinates of samples were calculated using color
calculator software (CIE coordinate calculator). The obtained values
are listed in table 2 and correspond to pale pink color of emission.
The CIE chromaticity diagram is displayed in figure 2. These
coordinates are useful not only for determining the exact emission
color, but also for calculating the color correlated temperature
(CCT) of samples, which in addition, usually serves as another
indicator for characterizing the properties of emitted light.

The CCT was calculated by the McCamy empirical
formula:

CCT = —449n3 + 3525n% — 6823n + 5520.33 [17],

where n= (x—xg)/(y—ye) is the reciprocal slope, (x,=0.332,
y.=0.186) are epicenter of convergence and x and y are the
chromaticity coordinates.

Generally, luminescent materials, characterized with CCT
values below 4000 K are usually considered as a warm source of
light, while values above 4000 K, as a cold light source [17]. The
calculated CCT values of Eu®" doped glasses (table 3) ranges from
2196.40 K to 4518.80 K. In particular, samples GLS-ZrYEu6 and
GLS-ZrYEu7 exhibit a warm light emission with a CCT values of
3979.06 K and 2196.40 K, while GLS-ZrYEu3 and GLS- ZrYEu4
with values 4518.80 K and 4046.61 K respectively, can be
considered as a cool light illumination sources.



INDUSTRY 4.0 2024, SUMMER SESSION, vol 1

4. Conclusions

The luminescent properties of the obtained Eu®*" doped
samples revealed that they could be efficiently excited by 392 nm
corresponding to the "Fy — °Lg transition and are characterised by a
very large value of the luminescence intensity ratio, R (over 8),
indicating that Eu®* ions occupy highly distorted sites in the host
structure. In addition, the values of CIE chromaticity coordinates
and color correlated temperature demonstrate that the obtained
samples GLS-ZrYEu3 and GLS- ZrYEu4 can be considered as a
cool pink light emitting sources, while GLS-ZrYEu6 and GLS-
ZrYEu7 as warm light sources. The obtained results are evidencing
that Eu®" ions are successfully incorporated in the prepared
coatings. The experimental results represent a prerequisite for the
development of a series of additional compositions and a detailed
technological regime for obtaining various modifications of
resistant, long-lasting self-cleaning coatings, potentially applicable
to photovoltaic panels.
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Abstract: The paper deals with an operating photovoltaic plant in Bulgaria. The wide application of photovoltaic plants in the energy
system is known. At the same time, subject matters about their normal functioning are fundamental. The goal of the paper set is to analyze
data from the operation of a photovoltaic power plant , which is ultimately related to improving its behavior. Relevant conclusions have been

done.

Keywords: SOLAR ENERGY, PHOTOVOLTAIC SYSTEMS, DATA PROCESSING, SYSTEMS OPERATION, STATISTICS

1. Introduction

The development and level of energy resource usage largely
determine the standard of living of any industrialized nation. In
doing so, the most state-of-the-art technologies, materials, and
production methods must be applied.

The use of so-called ‘renewable energy sources’ (RES) in the
world is constantly growing. The goals are to achieve sufficient
productivity with rational energy consumption and compliance
with environmental pollution norms.

For many years, the usage of solar energy has been a matter of
great importance. Standard energy resources such as oil, natural
gas and coal are gradually being depleted, and new deposits are
being developed less and less, as they either have small estimated
reserves and will be very expensive to extract, or are too deep,
which also makes extraction more expensive. The other important
point is the pressing issue of protecting the environment from
technological pollution when using traditional methods of energy
extraction [1].

An essential problem of humanity is the production of
electricity. Obtaining electrical energy from nuclear power plants
(NPPs) is by no means the best alternative to thermal power plants
(TPPs), as there is a danger of nuclear contamination, and the life
of the NPPs themselves is limited to certain years, after which they
must be ‘buried” in expensive facilities. Hydroelectric power
plants (HPPs), on the other hand, are of limited application due to
the specific conditions they require. Moreover, for all these
sources of energy, a lot of funds are needed for their maintenance.

Probably most knowledgeable people know that the end of
‘petroleum humanity’ is approaching. A real shortage of liquid
fuels will occur. That is why, in recent decades, scientists from all
over the world have focused their efforts on the development and
implementation of technologies for the extraction of energy from
RES.

One of the developing directions is solar energy usage. The
huge amount of solar energy reaching the Earth and its immediate
conversion into electricity is not only ecologically clean but could
also satisfy a significant part of all current and future needs of
humanity. The production of electricity from the sun is among the
most current directions in the development of modern energy and
has many advantages.

In addition, the Renewable Energy Directive RED I
(Directive on the promotion of the use of energy from RES)
together with the European Green Deal are driving a radical
rethink of energy investment across the EU [2, 3].

Bulgaria can be divided into different sunny zones, with the
average annual duration of sunshine being about 2150 hours (about
49% of the maximum possible). Although 77% of its territory is
occupied by forests, arable land, and nature reserves, the
remaining territory could be used for solar power plants under
certain conditions.
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The geographical conditions of Bulgaria determine a resource
of 1300+1700 kWh/m? average annual radiant flow (amount of
radiant energy for all wavelengths falling on a unit area of the
country's surface). There are three pretenders for the sunniest city
in Bulgaria - Velingrad, Sandanski, Chepelare in the last decade,
but it is difficult to say exactly who is the winner.

Regarding the situation in Bulgaria, attention should be paid to
several starting points. The energy strategy foresees that in the
coming years, the consumption of electrical energy will grow by
about 2% per year. In the production of electrical energy for 2023,
39.2% falls on TPPs, 40.2% on NPP ‘Kozloduy’, 7.7% on HPPs,
8.3% on photovoltaic power plants (PVPPs), and 3.9% on wind
power plants (WPPs) [4].

On the other hand, the Energy Act of Bulgaria and the State
Energy and Water Regulatory Commission guarantee a premium
purchase of all electrical energy produced by RES at a preferential
price, higher than the purchase price for the rest of the power
plants in the country [5].

In connection with everything mentioned above, the goal of
the paper is also set — to analyze data from the operation of a
photovoltaic power plant, which is ultimately related to improving
the behavior of these energy sources.

2. Basic theoretical statements in statistical

processing and data analysis

Statistics is a mathematical subject that studies the extraction
of information through the analysis and interpretation of empirical
data using probability theory. Statistical activity also includes the
planning and organization of data collection through surveys and
experiments. Mathematical statistics arose in connection with the
needs of empirical science and stand out from most branches of
mathematics by its applied orientation. Statistical methods are
applied in a wide range of fields, such as the natural and social
sciences, public administration, and business [6].

One of the major subfields of mathematical statistics is
descriptive statistics, which deals with the summarization of
systematized data. It is of particular importance in empirical
research and the description of experimental results. Through the
methods of mathematical statistics, the data can be analyzed, and,
based on this, conclusions can be drawn about the regularities
contained in them.

Below are some definitions specific to mathematical statistics
given [7].

= Mass phenomenon — when certain regularities valid for the
community of units as a whole are repeated in many individual
phenomena.

= Statistical aggregation — this is a collection of a large
number of units (cases) that characterize the mass phenomenon.

= Statistical signs — express the properties (qualities,
manifestations, and relations) of the individual units of a given
phenomenon, and in general statistical signs are qualitative and
quantitative.
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= Statistical units — these are the individual units (cases,
representatives) that form the statistical aggregation. Through
statistical grouping, the individual statistical units are distributed
into groups, distinguished based on the observed signs
characterizing the aggregation.

= Statistical data — this is the collected, organized, and
analyzed information necessary for the study of a given
phenomenon.

= Aggregation and sampling — accumulated data can
generally be thought of as measurements of certain properties of
objects selected from some large aggregation, and information
about certain characteristics of items is recorded by sampling.

= Characteristics of the location — there are several
characteristics of the location of the empirical data set. The most
common is the average (arithmetic mean) value, in short, it
represents the value about which the entire empirical distribution

can be ‘balanced’. For raw data (sample values) X, X,,...... X, s
the arithmetic mean value is:
n
X=n">"x i=12,....Nn @

The geometric mean value can also be used as a characteristic
of the location. In the case of sample volume N, the geometric
mean is defined as:

@

= Dispersion characteristics
A commonly used characteristic of the dispersion is the
arithmetic mean deviation d, which can be absolute or relative:

e absolute §= M
n

2 100
X

©)

o relative V5 9% = (4)
One of the most commonly used characteristics of data
dispersion is the root mean square deviation o. First, the square of
this quantity, called dispersion o, has to be determined:
n

>(x; - %)?
o2 ==l

n-1

The root mean square deviation is defined as the positive
square root of the dispersion:

®)

(6)

3. Results obtained

Following the set objective, below are presented processed
data obtained from measurements of certain electrical quantities
with static electronic electricity meters. Reported: voltage, grid
frequency, active power, reactive power, solar radiation, air
temperature, module surface temperature. The data is for a PVPP
with peak power 25 MWp; location — N42.58674674328831,
E25.46936206803762; electrical connection to the power system —
110 kV; 2 pcs available step-up transformers by 16 MVA rated
power; a combined module (circuit breaker + disconnector) used to
save space by obtaining a small field; single-linear circuit of a
switchgear 20/110 kV; solar inverters type PVS800-57 (100+500
kW); single PV modules type HR-240P-18-Bb with a power of
240 W each.

A general view of the considered PVPP is presented in Fig. 1,
and in Fig. 2 — SCADA (control and monitoring system) screen.
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Fig. 2 SCADA screen for the PVPP considered.

Part of the data available for one year is given in the Appendix
— only for the daylight part of a particular day, during which
generation of electrical energy is possible. The measurement
interval (recording or sampling frequency) is 15 minutes, which
means a significant amount of data (4 values in 1 hour, 96 values

per day).

Table 1 presents the results of the processing reported data
during the operation of the PVPP, and the following figures show
the graphical change of some quantities. The table and figures
prepared, including calculation results, are implemented according
to the rules of mathematical statistics [8]. Additionally, analytical
expressions for approximating functions (polynomials) are
derived, convenient for further calculations.

Table 1: Statistical indicators for the PVPP considered
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VIl [19129.22 | 617.07 | 58653 | 9505 | 605.23
IX |16480.39 | 549.35 | 521.88 | 94.99 | 538.82
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4, Conclusions

The treated topic is current, as the results of some
developments in this area have not yet been put into practice.

The processed real statistical set of statistical units, which are
empirical data on the active and reactive power of a specific
PVPP, allows certain regularities to be established based on the
analysis.
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The dispersion measures arithmetic mean and root mean
square deviation have been determined. It is necessary to clarify
that statistical treatments use the data values as they are, and zero
is also a value, not the absence of data.

The root mean square and arithmetic mean deviations are the
main characteristics of statistical distributions. These are called the
parameters of the statistical distribution. The arithmetic mean
deviation has the property of underestimating the differences
compared to the standard deviation. The root mean square
deviation acts as the most accurate and adequate measure of
aggregation dispersion and is, therefore, the most widely used.
Regarding dispersion, the aim is always to keep it to a minimum.

Despite some inconveniences in the use of RES, the production
of ‘green energy’ and its storage for later use will be at the heart of
the sustainable energy of the future.
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Appendix
A piece of measured data for a specific time period
PV gg"l\"/‘f\gvzlam Active power Reactive power
Time stamp Current | Average | Integral (Minimum|Maximum | Current | Average | Integral | Minimum | Maximum
Value Value Value Value Value Value Value Value Value Value

02/08/2020 06:30:00 -0.06 -0.07 -0.02 -0.07 -0.06 -0.02 -0.02 -0.01 -0.04 -0.02
02/08/2020 06:45:00 -0.56 -0.28 -0.07 -0.56 0.00 -0.07 -0.02 -0.01 -0.07 -0.02
02/08/2020 07:00:00 -1.06 -0.76 -0.19 -1.06 -0.56 -0.14 -0.10 -0.03 -0.17 0.17
02/08/2020 07:15:00 -2.03 -1.68 -0.42 -2.08 -1.06 -0.11 -0.11 -0.03 -0.15 -0.07
02/08/2020 07:30:00 -3.62 -2.85 -0.71 -3.62 -2.03 -0.12 -0.25 -0.06 -0.43 0.05
02/08/2020 07:45:00 -4.98 -3.99 -1.00 -4.98 -3.61 -0.15 -0.15 -0.04 -0.38 0.15
02/08/2020 08:00:00 -6.12 -4.81 -1.20 -6.12 -3.42 0.01 -0.03 -0.01 -0.33 0.18
02/08/2020 08:15:00 -6.52 -6.67 -1.67 -6.88 -6.12 0.00 0.02 0.00 -0.35 0.20
02/08/2020 08:30:00 -8.00 -7.11 -1.78 -8.00 -5.70 0.00 0.05 0.01 -0.21 0.21
02/08/2020 08:45:00 -9.57 -8.76 -2.19 -9.57 -8.00 0.23 0.07 0.02 -0.22 0.45
02/08/2020 09:00:00 -11.20 -10.30 -258  -11.20 -9.57 0.25 0.17 0.04 -0.45 0.50
02/08/2020 09:15:00 -12.37 -11.80 -2.95 -12.37 -11.20 0.38 0.14 0.03 -0.38 0.75
02/08/2020 09:30:00 -13.34 -12.91 -323 -13.34 -12.37 0.40 0.30 0.07 0.00 0.89
02/08/2020 09:45:00 -14.51 -14.00 -350  -1451 -13.34 0.42 0.59 0.15 0.00 134
02/08/2020 10:00:00 -15.73 -15.05 -3.76  -15.73 -14.51 0.88 1.03 0.26 0.42 158
02/08/2020 10:15:00 -16.86 -16.26 -4.06  -16.86 -15.73 1.66 1.46 0.37 0.54 1.83
02/08/2020 10:30:00 -17.78 -17.36 -4.34  -17.78 -16.86 191 1.80 0.45 1.47 1.99
02/08/2020 10:45:00 -18.63 -18.26 -4.57 -18.63 -17.78 2.12 2.10 0.53 1.81 2.28
02/08/2020 11:00:00 -19.13 -19.03 -4.76 -19.25 -18.63 251 2.39 0.60 2.12 2.64
02/08/2020 11:15:00 -19.77 -19.48 -487  -19.77 -19.13 254 2.65 0.66 243 2.82
02/08/2020 11:30:00 -20.60 -20.08 -5.02 -20.60 -19.77 2.92 2.82 0.70 2.54 2.98
02/08/2020 11:45:00 -21.60 -20.95 -5.24 -21.60 -20.44 3.42 3.09 0.77 2.86 3.42
02/08/2020 12:00:00 -18.68 -20.94 -5.24  -22.23 -18.52 3.88 3.54 0.88 3.16 3.95
02/08/2020 12:15:00 -17.48 -15.11 -3.78 -20.96 -9.65 2.57 3.63 0.91 2.49 4.38
02/08/2020 12:30:00 -22.26 -21.61 -5.40 -23.37 -17.37 2.36 1.61 0.40 0.00 3.59
02/08/2020 12:45:00 -12.02 -19.03 -4.76 -23.18 -10.86 4.35 4.09 1.02 2.18 5.03
02/08/2020 13:00:00 -22.78 -18.72 -468  -23.17 -10.83 0.49 313 0.78 0.00 4.88
02/08/2020 13:15:00 -23.17 -22.42 -5.61  -23.24 -20.86 4.68 2.99 0.75 -0.41 4.90
02/08/2020 13:30:00 -23.36 -15.53 -3.88  -23.36 -6.07 4.74 4.49 112 347 4.95
02/08/2020 13:45:00 -7.78 -15.00 -3.75 -23.36 -7.78 4.89 2.29 0.57 -0.22 5.02
02/08/2020 14:00:00 -16.32 -10.11 -253  -16.32 -7.51 0.23 1.83 0.46 -0.49 4.98
02/08/2020 14:15:00 -13.14 -19.95 -499  -24.06 -12.77 1.96 0.26 0.06 -0.44 1.96
02/08/2020 14:30:00 -19.44 -12.09 -3.02  -19.44 -7.09 051 353 0.88 0.50 5.62
02/08/2020 14:45:00 -21.94 -15.73 -393 -21.94 -12.59 2.89 0.92 0.23 -0.45 2.89
02/08/2020 15:00:00 -9.74 -15.81 -3.95 -23.34 -8.10 4.12 1.71 0.43 0.00 4.12
02/08/2020 15:15:00 -14.18 -11.29 -282  -16.53 -7.31 0.25 229 0.57 -0.22 4.99
02/08/2020 15:30:00 -18.87 -15.67 -3.92 -22.02 -10.32 1.41 0.64 0.16 -0.43 2.06
02/08/2020 15:45:00 -9.39 -13.71 -343  -18.87 -9.39 2.76 1.86 0.46 0.00 4.23
02/08/2020 16:00:00 -4.74 -5.23 -1.31 -9.39 -4.60 0.25 1.15 0.29 0.00 276
02/08/2020 16:15:00 -4.90 -4.80 -1.20 -4.95 -4.66 0.00 0.02 0.00 -0.18 0.25
02/08/2020 16:30:00 -4.02 -4.69 -1.17 -5.30 -3.83 0.00 0.00 0.00 -0.35 0.18
02/08/2020 16:45:00 -6.35 -7.47 -1.87  -13.77 -4.02 -0.15 -0.01 0.00 -0.33 0.18
02/08/2020 17:00:00 -4.30 -5.68 -1.42 -8.55 -4.25 0.20 017 0.04 -0.35 137
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Device and technology for the production of foam granules of "'breathable™ composite
material based on heat-treated rice husks
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Abstract: An innovative device and a cost-effective and environmentally friendly technology have been developed to produce porous
composite materials by using two types of waste raw materials: residual biomass from agricultural production and municipal waste. Heat-
treated rice husk and ground waste glass were used as main components. The technological approach presented here allows for the
preparation of "breathable™ porous materials with the predominant presence of open pores and increased specific surface area. A promising
possibility for the application of the developed materials is their use in bulk or in the preparation of various composite building elements
based on inorganic binders. Recipes and an adequate technological regime have been developed taking into account the design
characteristics of the production facility, the specificity of the waste raw materials used and the intended target performance of the products.
Keywords: WASTE BIOMASS, RICE HUSKS, MUNICIPAL WASTE, "BREATHABLE" MATERIALS

1. Introduction

The increasing productivity of agricultural production is
accompanied by increasing amounts of residual biomass obtained
from the processing of different crops. A variety of technological
approaches for the efficient treatment, recovery and recycling of
heterogeneous  renewable agricultural waste (a potential
environmental pollutant) of different origins are being applied [1,2].
In this respect, rice husks [3] are a specific waste product
characterized by low bulk density, which makes it difficult to store
and transport. Untreated rice husks are mainly composed of
cellulose, hemicellulose, lignin, other organic substances and
hydrated oxide compounds, etc. [4]. After heat treatment at a
temperature of 800°C [5] to the state of white rice husk ash, the
chemical composition of the resulting product is characterized by
the dominant presence of SiO, (mostly amorphous), as well as other
oxide components: Al,O3, K,0, Fe,03;, MgO, Ca0, Na,O, SOs, etc.

Rice husks and various products obtained from their
technological processing are used in various fields [6-14]: the
brewing and culinary industries, cosmetics, animal husbandry,
energy and chemical industries, metallurgy, the production of
construction materials and household articles and many others.

Technological schemes have been developed for obtaining
various products from rice husks [15-25]: mesoporous adsorbent
(carbon/SiO,) for the removal of spilled oil and oil products,
technological additives for increasing the strength of cements and
concretes, biofuels, pigments for ceramic products, fillers for
elastomeric mixtures and rubber products, polycrystalline silicon,
silicon-containing materials - SiC, SisN,, Si;N,O, (Na,K),SiO; and
others.

One possibility for cost-effective utilization of rice husks
[6,9,11] is the production of pellets, briquettes and granulates (with
high bulk densities). The production of rice husk granules requires
relatively limited investment, can be realized using basic
machinery, without the need for high-tech equipment and is
associated with relatively low operating costs. Rice husk can be
used as fuel in various building heating systems, combustion
installations [6,11] of production plants, etc.

Pyrolysed (under certain conditions) rice husks have been found
to be applicable as a material for flame retardant additives and
coatings of foundry moulds in the production of small and medium
size steel and cast iron castings [4].

A useful approach to the use of rice husks is the production of a
wide range of household utensils, crockery and other reusable
products [11] that can be ecologically degraded under natural
conditions after a certain service life.

Waste glass is a widespread technogenic waste product in the
urban environment, practically undegradable in a natural
environment [26]. The continuous generation of significant
quantities of waste materials is a prerequisite for the analysis and
re-evaluation of existing traditional and standardized approaches for
optimal waste management [27,28]. Due to the excellent
physicochemical characteristics of glassy waste materials, their
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recycling as secondary raw materials to produce various products
has been adopted as an appropriate environmental and economic
approach [29-35].

The aim of this article is to present an innovative facility and
technology for the production of "breathable" porous composite
materials based on two types of waste raw materials: heat-treated
residual product of agricultural origin (rice husks) and glass
household waste (mainly silicate glass).

2. Results and discussion

The development is based on an invention patent [14], on the
analysis carried out on the trends in the ecological utilization of
waste rice husks and on the technological experience in the field of
foam silicate materials production.

The production facility [14] consists of a hopper with a
technological additives feeder 1 connected to a technological
additives pipeline 3 and a hopper with a raw material feeder 2
connected to a raw material pipeline 4. The tubes of the pap lines
are shaped in the form of longitudinal spirals and are loosely
connected to the upper end of an inclined rotating drum 6. The
hoppers 1 and 2 are movably connected to the upper end of the
rotating drum 6 by a housing 5. To the inner side of the rotatable
drum 6 is mounted an inner tube 10, to which spiral ribs 11 are
attached in zones 'A' and 'B' (fig. 1). On the rotatable drum 6, in
zone "C" spiral ribs 12 are also mounted on its inner side and
straight ribs 13 are mounted on its outer side. Below the lower end
of the rotating drum 6 is a receiving hopper 16, loosely connected to
a system of several separator vibratory screens 15, below which is a
set of hoppers 14. The first of them, which collects the finest
fractions, such as technological additives, is connected via a product
line 17 to the hopper with a technological additives feederl. The
space between the rotating drum 6 and the inner tube 10 is filled
with insulating material 7. To the inner tube 10 is coaxially
mounted a combustion tube 8, which is movably connected to a gas
burner 22 at one end and a guide body 9 is fixedly attached to its
other end. The gas burner 22, the housing 5, the rotating drum 6 and
a drive mechanism 18 of the rotating drum 6 are mounted on a
tilting frame 21. The frame is pivotally connected to a base 19, and
a lifting mechanism 20 is mounted between them, providing an
adjustment of the inclination of the frame 21 by a certain angle a. A
pyrometer 23 is mounted at the lower end of the housing 5, in the
direction of the interior of the rotating drum 6.

The operating mode of the facility consists for a series of
technological stages [14]. Loading of hopper with a technological
additives feeder 1 and hopper with a raw material feeder 2. Setting
in motion the rotating drum 6 and starting the gas burner 22.
Starting the feeders of the hoppers 1 and 2, when the required
temperature is reached in the rotating drum 6 (as determined by the
pyrometer 23). The technological additives and raw material pass
through the longitudinal spiral tubes of pipelines 3 and 4 (which are
partially heated) and enter the rotating drum 6. Here, in zone "A",
marked "Active", the heating of the raw material and the



technological process additives takes place and at the end of zone
"A" the raw material is foamed. The heating is combined: radiantly
from the heated combustion tube 8, by convection from the hot
gases and by thermal conduction through the contact with the
heated surfaces of the inner tube 10 and the spiral ribs 11. The gases
released through the thermal decomposition of the foaming agent
leave the combustion tube 8, changing direction of movement on
contact with the guide body 9. Passing through the housing 5, the
gases give up some of their energy to the longitudinal spiral tubes of
pipelines 3 and 4 and are discharged for further use. At the same
time, the foamed raw material and the technological additives enter
zone "B", named "Passive", where they are subjected to tempering.
Entering zone "C", the resulting products are cooled to the required
temperature and conveyed to the receiving hopper 16, and from
there to the set in motion separator vibrating screens 15 and the
corresponding hoppers 14. The system of separator vibratory
screens 15 distributes to the set of hoppers 14 the resulting
quantities of foamed granules of composite material and
technological additives according to their fractional composition.
The spent additives (including the used anti-caking agent) collected
in the first hopper (of the hopper set 14) are fed back through the
product line 17 into the hopper with a technological additives feeder
1 and reintroduced into the process cycle. The parameters of the
technological process are controlled by adjusting the feeders of
hoppers 1 and 2, the temperature in the combustion tube 8 (by
means of controlling the operation of the gas burner 22) and the
inclination angle a and the speed of the rotating drum 6.
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Fig. 1. Scheme of a device for obtaining foamed granules of composite
material.

After analyzing the production capabilities of the considered
device, a modified experimental prototype of a facility (next
version, fig. 2, 3, 4) with improved structural and technological
characteristics was developed and prepared.

I

Fig. 2. Modified prototype of a facility for obtaining foam granules of
composite material.
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Fig. 3. Modified prototype of a facility for obtaining foam granules of
composite material.

composite material.

The necessary quantities of unprocessed rice husks and
household glass waste (mainly standard glass packaging like jars,
bottles, etc.) were provided to carry out the complete technological
cycle.

Under a limited temperature treatment of rice husks up to 600°C
(under controlled pyrolysis conditions), the volatile compounds
released partially condense on the surface of the resulting solid
pyrolysis residue. The product thus formed is a hybrid composite
structure of dominant SiO, (mostly in amorphous form), other
oxides, solid carbon and residual amounts of volatile hydrocarbons.
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The primary technological processing of the prepared glass
waste materials involves crushing to pieces (crumbs) and grinding
to a powder fraction with a suitable granulometric composition.

Recipes and composite raw materials based on a heat-treated
rice husk product (from 2 to 20 %) and a powder fraction of ground
waste glass were prepared.

The prepared samples are subjected to processing in the
prepared modified prototype (fig. 2, 3, 4) by applying a developed
adequate temperature regime of several stages: 650°C, 820°C,
820°C and from 570°C to the final cooling temperature.

The designed facility and the used technological approach allow
for the obtaining of different foam aggregate fractions of high
porosity "breathable” composite materials. Under the thermal
decomposition of the residual organic products, the composition of
the rice husk produces a characteristic porous structure (with a
predominant pore size of up to 600 pum) and a predominant presence
of open pores (more than 80 %). At the same time, a significant
presence of micro-pores with a size of up to about 50 pm
(concentrated in the walls of the main pores) was found, further
increasing the high specific surface area of the material and its
sorption properties.

The main potential application of the obtained individual
granule fractions is their use as energy-saving, thermal and acoustic
insulation in bulk or for the preparation of lightweight concretes and
an assortment of composite elements for the construction industry
(shapes, panels, etc.) involving inorganic binders.

3. Conclusions

A general study of the main issues and existing technological
options for the efficient utilization of waste rice husks was carried
out. An original facility and a promising technology for the
production of porous composite materials based on heat-treated rice
husks and waste glass in the form of ground powder fraction are
presented.

A modified experimental prototype with improved design and
operational characteristics was prepared. The designed facility
allows for variation of the parameters of the technological process
according to the specific recipe compositions, the fractional
composition of the raw product and the planned target performance
of the final products. The proposed technological scheme makes it
possible to obtain "breathable" porous materials with increased
specific surface area, predominant presence of open pores (over
80%) and also presence of micro-pores.

The granule fractions thus obtained are potentially applicable in
bulk for thermal insulation or as components for the preparation of
lightweight concretes and building composites involving inorganic
binders. The presented development is in line with the current
trends in the implementation of environmentally friendly
technologies and allows for simultaneously utilization two types of
waste materials and producing sustainable and durable products.
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Abstract: Experimental vitreous samples with the presence of self-cleaning coatings applied by the sol-gel method were selected, which were
tested in a real environment under cyclic atmospheric conditions in different TPPs / TPP-Sofia and TPP-Republika, Pernik/. The resulting
thin films were studied by UV-NIS - VIR spectroscopy, AFM, contact angle, etc. The experimental samples are potentially applicable in the
operation of photovoltaic panels with increased efficiency and sustainability in the conditions of an industrial environment and under the

influence of various meteorological factors.
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1. Introduction

A source of energy loss in photovoltaic (PV) modules is
caused by reflection from the glass surface of the PV. Reflection
from the cover glass causes a loss of ~4% of the air-glass
interaction. [1]. Self-cleaning surfaces have gained prominence in
recent years in the field of solar energy. These surfaces are used to
avoid the accumulation of dirt on photovoltaic (PV) modules. TiO,
has been widely used due to its photocatalytic activity and
photoinduced superhydrophilicity. However, this oxide has some
limitations, as it reduces the permeability of the glass and rapidly
recovers the contact angle of water in a dark environment. To
circumvent these limitations, TiO,/SiO, [2] composites have been
proposed. For a photovoltaic application, in addition to good
transparency in the wavelength range 300-1800 nm and self-
cleaning properties, the coating must also have long durability and
adequate adhesion to withstand external conditions. The sol-gel
method has the advantage of offering small and large area
deposition at low cost [3]. It is important that AR /anti-reflection/
coatings are applied to the front glass surface of the PV modules if
the output power is to be optimized. The majority of commercial
AR coatings are monolayer porous SiO, , deposited by sol-gel
methods. These coatings are effective in reducing reflection losses
of between 2% and 3% absolute compared to uncoated glass [4, 5,
6].

The test glass samples with self-cleaning coating were laid
down for a long time on the territories of TPP "Sofia" and TPP
"Republika". TPP "Republika" is a combined heat and power plant
in Pernik, Bulgaria belonging to “Toplofikatsia” - Pernik. The plant
mainly uses brown coal mined in Pernik. Its capacity for electricity
production is 105 MW, and for thermal energy — 204 MW. As of
2022, the plant is a permanent air polluter with repeatedly
established violations.

Sofia Thermal Power Plant is a combined heat and power
plant in Sofia, Bulgaria, owned by Toplofikatsia Sofia. Its main
purpose is heating the central and northern part of the city, and the
main fuel is natural gas. There is a possibility to produce electricity
in 4 turbine units with a total capacity of 125 MW. [8]

2. Experimental procedures

In laboratory conditions, a series of experimental coatings
on glass substrates were prepared by changing the ratio of the
included components, the speed of application of the solution on the
glass substrate and the mode of heat treatment.

All compounds were supplied as analytical grades and were
used without addn modification. Thin film coatings were performed
on slides by AGC Glass Europe. TiO, precursors and solvents are
99% titanium butoxide - Ti(OBu), and 99.9% ethanol (C,HsOH),
all purchased from Alfa Aesar Germany. The hydrolysing agent is
distilled water and the stabilizer is nitric acid /HNO3/. Preparation
of the glass substrate. Before being cleaned, the panes were cut in
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size (20 mm x 70 mm). Substrate cleaning is important prior to the
deposition process, as this allows the cleaning and removal of
submicron particles from the substrate surface. It is decisive for the
quality of the adhesive film on the substrate. The glass coasters
were cleaned/washed/ in 99.9% ethyl alcohol for 15 min and
acetone for 15 min and then dried for 30 min at 100°C. Cleaning
glass substrates improves coating adhesion material to the substrate
and prevents contamination on the formed coating.

Preparation of TiO, solution. The goal of the synthesis is to
obtain TiO, coatings on glass substrates applying the sol-gel
method. Precursor mixture — 5 ml 99 % Ti(OBu), and 5 ml of DEA
/C4H11NO,/- is added dropwise to the acidic solution composed of
ethanol, water and nitric acid in a 1:1:0.5 ratio to prevent gel
formation. To ensure adequate hydrolysis, the mixture was
continuously stirred at 500 rpm with a magnetic stirrer for 2 h under
air pressure to obtain pink translucent solution.

Dip coating machine (Dip Coating technology) with a speed
of 42.8 mm/min is used to deposit thin layers of TiO, on the
substrates. The lower speed of the applied solution on the glass
substrate helps the uniform coating, while higher speed helps the
solution become thinner. The deposited films are then heated at a
temperature 400°C for 2 hours

Applying a coating of titanium oxide a few nm thick to the
outside of the glass creates two mechanisms by which the glass is
self-cleaning. The first is the photocatalytic effect, where ultraviolet
rays catalyze the breakdown of organic compounds on the surface.
The second is the hydrophilizing effect, in which water forms a thin
layer, washing away the destroyed organic compounds.

3. Results and Discussion

Optical characterization was performed with UV-VIS-NIR
Shimadzu 3600 double-beam spectrophotometer (Shimadzu
Corporation, Kyoto, Japan) in the spectral region of 240-1800 nm.
The transmittance spectra of the samples were taken against air. The
reflectance spectra were measured by using the specular reflectance
attachment (5° incidence angle) and Al coated mirror as reference.

AFM imaging was performed on the NanoScope V system
(Bruker Ltd, Germany) operating in tapping mode in air at room
temperature. We used silicon cantilevers (Tap 300AI-G, Budget
Sensors, Innovative Solutions Ltd. Bulgaria) with aluminum
reflective coatings with a thickness of 30 nm. According to the
manufacturer's specifications, the cantilever spring constant and
resonant frequency are in the range of 1.5 to 15 N/m and 150 £ 75
kHz, respectively. The tip radius of curvature is less than 10 nm.
The scan rate was set at 1 Hz and images were taken in the highest
possible resolution mode of the AFM 512 x 512 pixels in JEPG
format. NanoScope software was used for cross-sectional and
roughness analysis of all images.

Figure 1 shows the transmission spectrum of a clean glass
substrate. The figures 2 and 3 shows the transmission and reflection
spectrum of an experimental coating on a glass substrate in the
region 300 - 800 nm and 400 - 1800 nm /on sample Ti_9/.
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Figure 2. The figure shows the transmission and reflection
spectrum of an experimental coating on a glass substrate in the

region 300 - 800 nm /Ti_9/
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Figure 3. The figure shows the transmission and reflect
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spectrum of an experimental coating on a glass substrate in the

region 400 - 1800 nm /Ti_9/

From the optical characteristics obtained after staying /30
days/ in a real production environment of the territories in TPP-
Sofia and TPP-Republika, town of Pernik - under cyclical
atmospheric conditions no decrease in permeability is observed
/fig.1-3/.

Figure 4. 3D AFM image and contact angle of coated glass /Ti_9/

The AFM image and contact angle of coated glass /Ti_9/
are shown in Figure 4. From the AFM measurements, it was found
that the surface topography of the samples was due to the coating on
the glass surface. Different structures ranging from 50 nm to 150
nm are observed from the 3D image.

Roughness values for Ra and Rq of coated glass sample:

Ti 9.

Sample Roughness R, Roughness R,
(nm) (nm)

Ti_9 27.8 18.1
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Contact angle measurements show that the Ti_9 coating is
superhydrophilic with a contact angle of 8.3 degrees /8.3°/. At the
measured surface contact angle, a spreading process of the water
drop on the glass surface is observed. When sol gel coatings on
glass containing TiO, surfaces are exposed to ultraviolet (UV)
light, they exhibit superhydrophilicity. UV irradiation generates
electron-hole pairs on the TiO, surface. These electron-hole pairs
can react with adsorbed oxygen and water molecules, creating a
highly hydrophilic surface. Electrons in the valence band of TiO,
are excited to the conduction band under UV irradiation conditions,
leading to superhydrophilic behavior. This property is particularly
useful for self-cleaning surfaces.

The TiO, coated glass surface has a large contact angle with
water /8.3%. After UV irradiation, the contact angle of water can be
reduced to less than 5 degrees or even to O degrees (ie, the water
droplets are completely dispersed on the TiO, surface). It exhibits a
very strong hydrophilicity. The superhydrophilicity of the surface
can be maintained from several hours to about 1 week. It then
slowly returns to the hydrophobic state before irradiation. Periodic
UV irradiation can maintain the superhydrophilic state of the
surface.

4. Conclusions

Experimental samples of vitreous body with the presence of
self-cleaning coatings were tested in a real production environment
under cyclic atmospheric conditions in different TPPs / TPP-Sofia
and TPP-Republika, Pernik/. The preparation of the coatings was
carried out at different ratios of the included components, speed of
application of the solution on the glass substrate and different
curing temperature and retainer. They were studied by UV-NIS -
VIR spectroscopy, AFM, contact angle, etc. of the resulting thin
layers. From the optical characteristics obtained after staying /30
days/ in a real production environment of the territories in TPP-
Sofia and TPP-Republika, town of Pernik - under cyclical
atmospheric conditions no decrease in permeability is observed.

The experimental samples are potentially applicable in the
operation of photovoltaic panels with increased efficiency and
sustainability in the conditions of an industrial environment and
under the influence of various meteorological factors.
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Small-Scale Photovoltaic Power Systems: Identifying Vulnerabilities and Recommending
Security Protocols
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Abstract: The integration of small-scale photovoltaic power systems into residential and commercial buildings is rapidly gaining popularity.
Despite the original design specification for these systems to function solely on local networks or without internet connectivity, they are often
linked to installers' or building managers' monitoring systems. The substantial surge in demand and deployment of photovoltaic systems
necessitates an examination of their susceptibility to a broad spectrum of threats, encompassing both physical and cyber-attacks.
This analysis endeavours to identify the components of these systems and evaluate the associated security vulnerabilities. Additionally, it will
include a practical demonstration of selected attacks on a representative system to illustrate potential threats. The analysis will culminate in
a summary of recommended security protocols aimed at fortifying the security and robustness of PV systems.

KEYWORDS: CYBERSECURITY, PV PLANT, CYBER-ATTACK, SMART HOME

1. Introduction

The transition towards renewable energy sources has led to a
significant increase in the adoption of small-scale photovoltaic (PV)
power systems, particularly in residential installations. Homeowners
are increasingly leveraging solar power to reduce energy costs,
decrease carbon footprints, and gain energy independence. These
small PV plants, typically installed on rooftops or in small open
spaces, convert sunlight into electricity, providing a sustainable and
eco-friendly energy solution.

However, as the number of residential PV installations grows,
so does the need to address potential vulnerabilities associated with
these systems. The integration of PV systems into the home energy
grid introduces several security concerns that were previously not a
priority. Given that modern PV systems often include sophisticated
monitoring and control systems accessible via the internet, they
become potential targets for cyberattacks.

Cybersecurity for small-scale PV systems is an emerging field
of importance. These systems are equipped with smart inverters,
communication networks, and remote monitoring capabilities,
making them susceptible to various cyber threats. Unauthorized
access, data breaches, and malware attacks can disrupt the
functionality of the PV system, leading to power outages, reduced
efficiency, and even physical damage to the equipment.

This article explores the critical vulnerabilities inherent in
small-scale  photovoltaic  power systems and  provides
recommendations for robust security protocols. By understanding
the potential threats and implementing effective security measures,
homeowners can protect their PV investments and ensure the
continuous, safe operation of their solar energy systems. In the
following sections, we will delve into the specific cybersecurity
risks associated with residential PV installations and outline best
practices for safeguarding these systems against cyber threats.

2. Security Concerns

Currently, when installing home solar power plants, remote
monitoring devices are installed and connected to smart home
systems to enable optimization of energy flow. Unfortunately, this
is associated with the risk of attacks from the local site as well as
the public one. Depending on the configuration of the private
network in these installations, there may be a potential risk of
attacks due to a security hole in one of the connected devices in the
network, or a poorly set network security policy.

Photovoltaic Systems

Photovoltaic systems themselves consist of solar panels placed
on rooftops and other places where they can absorb as much
sunlight as possible. Furthermore, power elements, called inverters,
which are usually placed in technological rooms. These inverters
usually contain a set of interfaces primarily designed to connect the
necessary extensions to work properly. These interfaces are the
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CAN interface for communication with the batteries, RS485 for
communication with the electricity meter for measuring energy
flows to the distribution network. In addition to these standard
interfaces, extensions in the form of so-called dongles can be
connected to these devices, which make them so-called smart and
enable supervision, management and possible connection to a smart
home systems. The biggest weakness of these extensions is their
relatively low complexity considering the price. Furthermore, these
devices are typically created as additional accessories from
electronics manufacturers that specialize in energy production and
processing and instead of information security. Consequently, there
is a possibility that circumstances may arise that are unsuitable for

deployment in today's internet-connected
world.
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The most common case of inappropriate use can be directly
connecting this dongle to a public network without a firewall to
protect the device from attacks.

Another major vulnerability is setting strong enough passwords
to access the remote monitoring system and device settings.
Fortunately, nowadays device manufacturers often treat this
possible security breach by asking users to change default password
at the first start/login to the device and devices will not allow
further actions without changing to a more robust password.

A big security weakness can be other devices in the local
network that can act as a relay for the attackers. These attacks can
often be very sophisticated and cause at first glance laggy or
otherwise strange behavior. At the same time, thanks to these
devices, an attacker can send DoS/DDoS attacks to all devices in
the network and thereby destabilize the network or cause some
devices to malfunction, e.g.: smart home controllers, control units
of photovoltaic power plants, etc [5].

Cyber Attacks

From the point of view of possible attacks on the systems of
residential photovoltaic power plants, attacks can be divided into
passive and active attacks. Passive attacks are characterized as
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attacks that aim to gain information without affecting system
resources. The most common form of these attacks is passive
monitoring of communication on the local network with the help of
a compromised device. Another common attack is port scanning,
which makes it easy to see which services are running on attacked
devices.

The second category of attacks are so-called active attacks. A
characteristic of these attacks is an attempt to change or influence
the functionality of system resources. The attacker's goal is to affect
authentication, confidentiality and data integrity. Among the typical
representatives of these attacks are: Phishing attacks, which most
often aim to obtain information about the user (name, password,
credit card numbers, PIN, etc.). Its forms can be different from
fraudulent SMS or email to fake websites.

Another large category of active attacks are the so-called DoS
and DDosS attacks, or Denial of Service. Their main goal is to slow
down or completely disable specific services, e.g.: websites, access
to the device, etc. Its principle is to send a large number of requests
to the attacked device and thereby overload it’s processing parts.
The most typical representatives of this category are ICMP Flood,
UDP Flood attack.

Active attacks also include Zero-day attacks, which take
advantage of system vulnerabilities that have not yet been patched.
Their functionality is highly dependent on device support and the
inquisitiveness of the attacker. In these attacks, the result can range
from simply collecting data to completely taking control of the
device.

The last major category of active attacks are the so-called
MITM (Man In the Middle) attacks. The principle of these attacks is
to intercept the communication of the participants and then try to
modify and read this communication. This attack is popularly used
on unsecured, unencrypted communications. A typical example can
be connecting to an unsecured public Wi-Fi (Wireless Fidelity)
network [1, 2, 3, 4].

3. Measurement Campaign

In light of the potential security threats identified in the
previous chapter, a procedure was devised to carry out several basic
attacks. These attacks were designed to reveal the security threats
and potential risks associated with the system. In the initial stages, a
passive attack will be performed to verify active services with the
help of a tool for discovering open ports on the communication
device. Based on this information, several active attacks will be
selected, which will aim to prevent the operation of the device and
possibly damage its basic function. These attacks will primarily be
carried out from the DoS/DDoS category.

All attacks will be performed on a test workstation equipped
with a Windows computer and installed with a Kali Linux virtual
system (the attack system), as illustrated in Figure 2. To ensure the
accuracy of the results, multiple network cards were employed. One
was used for Windows from the user's perspective, one for Kali
Linux from the attacker's perspective, and a shared wireless card
was used for monitoring and management.

Internet
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WiFi Router

@

]

PV Inverter

B

S

Fig. 2 Testing Setup with Photovoltaic Inverter

-

Workstation
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To carry out all the attacks, the Linux distribution Kali Linux
was chosen, which consists of Debian and many different tools
installed in one package. With the help of this system, it is possible
to carry out inspections and the attacks themselves according to
current needs.

The tested inverter Solax X3-Hybrid G4 photovoltaic system
will be gradually connected using Wi-Fi and a LAN dongle to a
shared network created using a Mikrotik Wi-Fi router. Due to
technological limitations, 4G/LTE dongle testing will be omitted.

During testing, the operation of the inverter will be verified
using the system's communication to the Solax cloud servers, by
constantly sending ICMP Ping requests, and by sending requests to
read registers with the Modbus protocol (if and where possible).

4. Results Discussion

Practical validation tests were done for both categories of
attacks: passive and active attacks. Results are discussed in more
depth below.

Passive Attacks

Before starting the attacks themselves, so-called lookup attacks
were carried out, the aim of which was to find out which ports and
services are running on the investigated device in various
configurations. The results of these tests were open ports 80
(HTTP) and 502 (Modbus TCP) for the Wi-Fi Dongle, see Figure 3.
In the case of the LAN dongle, no ports were open, indicating no
potential risks. With this finding in mind, it can be concluded that a
LAN dongle is much more secure than a Wi-Fi dongle [4].

03-19 10:31 EDT

ap.org/submit/

rg/submit/

Fig. 3 Passive Attack - Nmap for discovering opened ports on device

Furthermore, it can be inferred from the information obtained
that the Wi-Fi dongle supports the SCADA (Supervisory Control
and Data Acquisition) application protocol Modbus TCP and
attacks can therefore be carried out on this protocol, which does not
have any form of security for its target deployment.

In the next step, therefore, a scan of the available registers of
the Modbus TCP protocol on the Wi-Fi dongle was performed. The
scan resulted with 254 available registers being available to read
and write, see Figure 4. Thanks to this information, an attacker
would be able to attack the target system and potentially disable its
operation.

a/modbusdetect

correct MODBUS/TCP header (unit-ID: 1)

da/modbus_findunitid

Fig. 4 Passive Attack - Scanning available registers for Modbus TCP
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Active Attacks

In the next step, several active attacks were carried out in order
to degrade the availability of services on the investigated device.
Based on the knowledge of the attacks mentioned in the previous
chapter, DoS flood attacks were performed: ICMP Flood, UDP
Flood and TCP SYN Flood. Influence of these attacks to whole
system was validated by checking the response to ping queries
using ICMP messages and the stability of the connection with the
Smart home system, in this case the communication stability of the
Modbus TCP protocol (in the case of a Wi-Fi dongle), was
monitored. Aggregate data from measurements of various
combinations are in Table 1.

The results show that the greatest impact of the attacks was on
the Wi-Fi dongle during the ICMP Flood attack. In this case, ICMP
communication was completely disabled, and in the event of a real
attack, the control element would not even respond to basic
requests, and the control system would most likely consider device
damaged or malfunctioning.

An interesting result is that, in the case of a UDP Flood attack,
the Wi-Fi dongle showed very little packet loss compared to the
LAN dongle. One difference may be different control electronics,
where the Wi-Fi dongle contains software modifications that
increase the robustness of the system against these basic attacks.

Table 1 ICMP Ping packet loss for different communication dongles during
different DoS attacks

LAN Dongle Wi-Fi Dongle 4G/LTE Dongle
ICM[FI’)/OI;Iood 50 100 B
UDF[’(;]Iood 88 7 -
TCP SEOK/I'} Flood 53 81 )

In addition to the mentioned packet losses, some attacks caused
a partial and, in some places, even a complete failure of the Modbus
TCP service. For ICMP Flood and TCP SYN Flood attacks, there
was a complete loss of communication between the user computer
and the tested system. Additionally, after these attacks ended, the
Wi-Fi dongle was unable to resume normal Modbus TCP operation
and required a physical reboot in the form of disconnecting and
reconnecting power to the dongle. This discovery is a major
security threat, because if an attacker were to aim at disabling the
control of the production system, then purely theoretically, it is
enough for attacker to attack the Modbus TCP protocol for a limited
time and the dongle itself will stop communicating permanently.
The worst thing about this discovery is the information that the user
may not be able to easily recognize and possibly restore this error
without prior knowledge.

5. Conclusion

This article summarizes basic information about photovoltaic
systems and their cyber security. As part of the summary of the
overview of photovoltaic systems, we have summarized its basic
parts with connections to possible points of attack by the attacker.
General information about the security for this type of system was
summarized in the following text. Subsequently, the basic division
of cyber-attacks into passive and active attacks was summarized. A
passive attack normally only aims to passively listen and find out
information about the internal operation of the system and possibly
capture security information. On the contrary, active attacks target
already known weaknesses of the system, or discover them with the
help of passive attacks.

Practical attacks were carried out at a test site, where a Solax
X3-Hybrid G4 photovoltaic system equipped with different
configurations of expansion modules, which had different
characteristics, was investigated. In the case of LAN extension, it
was found that the system had no weaknesses. On the contrary,
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several potential weaknesses have been revealed for Wi-Fi
extensions.

The first weakness was the available open port 80 (HTTP),
which by its properties does not provide any security protection,
and therefore attacker could cripple the system thanks to this
weakness.

The second weakness was open port 502 (Modbus TCP), which
is most often used in industry in SCADA systems. These systems
are always isolated from the public network and therefore no
security is considered with this protocol. At the same time as there
is need to handle many requests in a short period of time, security in
a closed industrial system is usually omitted as it only increases the
processing delay. Unfortunately, in the case of photovoltaic
systems, this protocol is quiet often used to connect to Smart home
systems, which, on the other hand, are connecting users to the
public Internet network. This potentially creates a significant risk in
exposing system weaknesses and attacks [6].
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Abstract: Unmanned underwater vehicles (UUVs) are gaining traction in various fields, from oceanographic research to defence
applications, due to their versatility and autonomy. This preliminary study explores the integration of Internet of Things (1oT) technology
and beamforming techniques to enhance the sensory capabilities of UUVs. The study delves into the evolving landscape of sensory systems,
emphasising the incorporation of 10T to enable seamless data exchange, real-time monitoring and adaptive decision making. It also
examines the use of beamforming techniques in directional sonar sensing, highlighting their role in improving target detection, localisation
and tracking capabilities in underwater environments. By synthesising current research and technological trends, this review provides
valuable insights into the synergistic integration of 10T and beamforming techniques to enhance the capabilities of UUV sensor systems for

diverse applications.
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1. Introduction

Unmanned underwater vehicles (UUVs) have become essential
tools in marine technology, significantly impacting fields like
oceanographic research and military operations. The rapid
advancements in UUV technology are driven by the need for
autonomous systems that can function in tough underwater
environments. These vehicles are equipped with advanced sensors
that enable them to perform tasks such as mapping the seafloor,
monitoring marine ecosystems, and conducting surveillance
missions. The success and versatility of UUVs largely depend on
the continuous improvements in their sensory systems [1].

A major development in enhancing UUV sensors is the
integration of Internet of Things (1oT) technology [2]. I0T creates
interconnected networks of sensors and devices, allowing seamless
data collection, transmission, and analysis. For UUVs, loT
integration means real-time monitoring, adaptive decision-making,
and improved communication with other vehicles and control
stations [3]. This connectivity is crucial for efficient and reliable
UUV operations, especially in complex underwater environments.
0T technology in UUVs has opened new possibilities for data-
driven mission planning and execution, boosting their overall
performance and usefulness.

Another critical advancement is the use of beamforming
techniques in sonar systems [4]. Beamforming is a signal processing
method that directs signals in specific directions, greatly enhancing
the detection and localization capabilities of sonar systems. By
focusing acoustic energy where it is needed, beamforming reduces
noise and interference, leading to more accurate and efficient target
detection. This technology is particularly valuable for UUVs, as it
allows for precise surface scanning, better obstacle avoidance, and
more effective tracking of underwater targets [5]. Innovations in
beamforming, such as adaptive beamforming and machine learning
integration, have further improved sonar systems, making them
indispensable for UUVs.

The combination of IloT and beamforming technologies
represents a significant leap in the evolution of UUV sensor
systems. 10T provides a strong framework for data exchange and
real-time adaptation, while beamforming enhances the precision and
effectiveness of sonar-based sensing. Together, these technologies
enable UUVs to operate with greater autonomy and accuracy,
whether conducting scientific research, performing environmental
monitoring, or engaging in defence activities. The integration of
these advanced technologies not only improves the operational
capabilities of UUVs but also broadens their potential applications,
paving the way for more sophisticated and versatile underwater
missions.

2. UUVs

Unmanned underwater vehicles (UUVs), also known as
autonomous underwater vehicles (AUVs), are robotic devices
designed to operate underwater without a human operator. These
machines are equipped with various sensors and tools that allow
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them to navigate, collect data, and perform specific tasks in
underwater environments. UUVs are typically programmed to
follow predetermined paths or are remotely controlled from a
surface vessel or control station. An example of UUVs in operation
can be seen in Figure 1.

UUVs are widely used in oceanographic research to explore and
map the ocean floor, monitor marine life, and gather environmental
data. They can operate at depths that are difficult or dangerous for
human divers, making them invaluable for deep-sea research. These
vehicles also play a critical role in monitoring the health of marine
ecosystems. They can track changes in water quality, observe coral
reefs, and detect pollution, providing essential data for conservation
efforts.

In defence and security, UUVs are used by military
organisations for surveillance, reconnaissance, and mine detection.
Their ability to operate stealthily and access challenging
environments makes them ideal for defence applications. The oil
and gas industry also benefits from UUV technology, using these
vehicles to inspect underwater pipelines, survey potential drilling
sites, and assess the seabed for resources. UUVs provide detailed
imagery and data that are crucial for safe and efficient resource
extraction.

UUVs assist archaeologists in locating and studying submerged
historical sites and shipwrecks. Their advanced imaging systems
can capture high-resolution photographs and videos, aiding in the
preservation and study of underwater cultural heritage.

Additionally, these wvehicles are used to inspect underwater
infrastructure such as bridges, dams, and offshore wind farms. They
can identify structural issues and perform maintenance tasks,
reducing the need for costly and risky human interventions.

Figure 1. Saab Seaeye Falcon fitted with a special stereoscopic
camera array. Nekton Maldives Mission © Nekton 2022.

3. Sensory Systems

UUVs are equipped with a variety of sensory systems that
enable them to perform complex tasks in underwater environments.
These systems include sonar, cameras, magnetometers, and
chemical sensors, each providing critical data for navigation,
obstacle avoidance, and environmental monitoring. Sonar systems,
including both side-scan and multibeam sonar, are essential for
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mapping the seafloor and detecting objects in the water column.
Cameras, often equipped with high-definition and low-light
capabilities, allow for detailed visual inspections and documentation
of underwater features. Magnetometers are used to detect magnetic
anomalies, which can indicate the presence of metal objects such as
shipwrecks or underwater mines.

The advantages of these sensory systems are numerous. They
enable UUVs to operate autonomously in environments that are
inhospitable or dangerous for humans, providing valuable data for
scientific research, resource exploration, and security operations [6].
For example, UUVs can monitor coral reefs, track marine life, and
survey underwater pipelines with a high degree of precision and
efficiency.

However, there are limitations to current sensory systems. The
underwater environment poses significant challenges such as signal
attenuation, noise interference, and limited communication ranges
[7]. These factors can affect the accuracy and reliability of sensor
data, necessitating advanced signal processing techniques and
robust communication protocols. Additionally, integrating and
synchronising data from multiple sensors can be complex, requiring
sophisticated algorithms and computing power.

Despite these challenges, the applications of UUV sensory
systems continue to expand. They are used in scientific research to
study ocean currents, temperature, and salinity, providing insights
into climate change and marine ecosystems. In the oil and gas
industry, sensory systems facilitate the inspection of underwater
infrastructure, ensuring the safety and integrity of operations.
Military applications include mine detection, surveillance, and
reconnaissance, where reliable sensory data is crucial for mission
success.

4. Integration with loT

Integrating Internet of Things (loT) technology with UUVs
marks a significant advancement in underwater operations. loT
enables the creation of interconnected networks of sensors and
devices that communicate and share data in real-time [8]. For
UUVs, this means enhanced capabilities for data collection,
transmission, and analysis, leading to more informed decision-
making and efficient mission execution.

One of the primary benefits of loT integration is real-time
monitoring. By connecting UUVs to a network of sensors and
control stations, operators can receive immediate feedback on
environmental conditions and vehicle status, allowing for adaptive
decision-making and timely responses to changing situations. This
is particularly valuable in dynamic underwater environments where
conditions can shift rapidly.

lIoT also facilitates improved communication between UUVs
and other vehicles or control stations. This interconnectedness
enhances the coordination of multiple UUVs, enabling them to
work collaboratively on complex tasks such as large-scale mapping
or coordinated surveillance operations. Furthermore, 10T supports
the remote control and monitoring of UUVs, reducing the need for
human intervention and increasing the safety and efficiency of
underwater missions.

Incorporating 10T technology into UUVs has opened new
avenues for data-driven mission planning and execution. By
leveraging 10T, UUVs can access and analyse vast amounts of data,
leading to more accurate predictions and improved performance.
This technological synergy is driving innovation in various fields,
from environmental monitoring to resource exploration and
defence.

5. Beamforming

Beamforming is a signal processing technique that enhances the
performance of sonar systems by directing the transmission or
reception of signals in specific directions. This technique is
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particularly beneficial for UUVs as it improves target detection,
localization, and tracking capabilities in underwater environments.

The fundamental principle of beamforming involves combining
signals from multiple sensors to create a directional beam of
acoustic energy. By focusing this beam in desired directions,
beamforming reduces noise and interference, resulting in clearer
and more accurate sonar images [9]. This precision is crucial for
tasks such as obstacle avoidance, high-resolution mapping, and
identifying underwater targets. A diagram showing how
beamforming works can be seen in Figure 2.

Recent advancements in beamforming include adaptive
beamforming and the integration of machine learning algorithms.
Adaptive beamforming dynamically adjusts the beam pattern based
on the surrounding environment and target characteristics,
enhancing detection and localization accuracy. Machine learning
algorithms further refine this process by analysing patterns in the
sonar data, enabling more efficient and effective underwater
exploration [10].

Combining beamforming with 10T technology represents a
significant leap forward in UUV sensory systems. 10T provides a
robust framework for data exchange and real-time adaptation, while
beamforming enhances the precision of sonar-based sensing.
Together, these technologies enable UUVs to perform complex
underwater missions with greater autonomy and accuracy.

Target
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Figure 2. Delay-sum beamforming.

6. Summary

This preliminary highlights the advancements in sensory
systems for unmanned underwater vehicles (UUVs), emphasising
the integration of Internet of Things (loT) technology and
beamforming techniques. These technologies enhance the sensory
capabilities of UUVs, enabling real-time monitoring, adaptive
decision-making, and precise target detection. loT facilitates
seamless data exchange and improved communication, while
beamforming enhances sonar performance by reducing noise and
improving accuracy. The synergistic integration of these
technologies is driving innovation in various applications, from
oceanographic research to defence. As UUV technology continues
to evolve, the combination of 10T and beamforming will play a
crucial role in expanding the capabilities and applications of these
versatile underwater vehicles.
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Abstract: A study was carried out on the incorporation in a real enirontment of fabricated innovative building elements. The investigated

elements include products such as rectangular plates,

“IT” and semi “O” shaped elements, all made of composite material consisting of

spherical foam glass granules bonded with a suitable multi-component cement mixture and manufactured by a specially developed
technology. The elements have a specific shape, dimensions and particular physical and mechanical characteristics, thermal and acoustic
insulation properties and fire-resistant qualities. The aim of the study is to incorporate them into given construction objects, mainly
buildings, and to determine the efficiency and efficacy of the process of incorporating the building elements into a real building structure
Keywords: WASTE GLASS, COMPOSITE MATERIALS AND PRODUCTS

1. Introduction

Three groups [1] of innovative best quality building elements
made of previously developed and investigated composite materials,
consisting of waste glass foam granules and bonding cement
mixture with additives were investigated. According to their
application, they are divided into the following series:

- A series for insulation panels;

- B series for two types of thermal and acoustic insulation
building elements, mainly small and large-sized with and without
reinforcement;

- C series for two types (“IT” shaped and semi “O” shaped)
thermal insulation building elements.

The main application of the innovative building elements is for
protection in a critical situation - to reduce or avoid damage from
fire impact. Together with the structure being built, a system of
interconnected elements is formed. The object of the research is one
such building system, typically including two parts in its structure -
non-load-bearing innovative building elements according to their
application and the main elements connected with them - load-
bearing parts such as beams, columns and other building
construction elements.

The definition, calculation and interrelationship between the
two parameters of the study - efficacy and efficiency — are
discussed in various papers [2 - 9]. The main definitions and
specifications are given in the 1SO 9000:2015 standard [3]. It
defines the baseline data and parameters of the study and
determines the feasibility of studying the given system as a set of
interrelated or interacting elements, showing whether the system so
selected is useful and whether it meets the purpose for which it was
designed.

The abovementioned innovative building elements in
combination with the building structure constitute a system. The
study of this system should include the combination of internal and
external parameters of the elements of the system which can
directly influence the principles of their organization in the
development of the system and the achievement of its final
objectives.

System components [2].

Each system consists of several key components. The system
model and its organization includes the following key elements:
input, transformation process, goals, output, feedback and control.

An organization is a legal entity engaged in managing one or
more systems, which may or may not be linked. The ultimate goal
of this process is to obtain a final result.

The input of a system can be considered as a specific part of it,
in which all its elements which are influenced by the environment
are combined to be further transformed in the system through
different processes.

The process (processing, conversion) is the transformation of
everything received at the system input.

The output unites all the elements of the system through which
it influences the environment. It is another specific part of the
system where the results of the transformation process are obtained.
It is necessary to control the operation of the system to ensure that
its objectives are met.
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The feedback is typically used to compare the output against
the system’s objectives and, depending on the results obtained and
if necessary, to exert a controlling influence on the input or on the
transformation process.

The environment (the boundaries of the system) is a
characteristic that is expressed in the definition of its dimensions.
Inside the boundaries is the system with its properties and outside
the boundaries is the rest of the world. In every organization, it is
the management that defines the internal boundaries of each
individual activity (i.e., subsystem), and these may be different for
each organization.

The boundaries of the system, in a broad sense, represent all
the elements not included in it, i.e. the world in which the system
exists.

On the other hand, ISO 9001:2015 promotes “the adoption of a
process approach in developing, implementing and improving the
efficacy of a quality management system in order to increase the
satisfaction of the organization's customer by meeting its
requirements.”

At the same time, “understanding and managing interacting
processes as a system contributes to the efficient and effective
achievement of the outcomes intended by the organization. This
approach allows the organization to manage the interrelationships
and interdependencies among the processes of the system so that the
performance of the organization as a whole is improved” [2],

According to 1SO 9000:2015, a process is “a set of interrelated
or interacting activities that use input elements to deliver an
expected result.”

At the same time, an output element (result of a process) of the
organization that can be produced without any transaction taking
place between the organization and the customer is defined as a
product.

\ Process

ﬁ' S -

Fig. 1. Diagram of the process definition

Effectiviness is an external measure of performance and
indicates how well a process meets the requirements of different
stakeholders. In other words, it is “getting the process right” or
“doing the right thing.” Process efficacy is responsible for how
important the outcome is to the goal that has been set.

The goal is the desired state that the organization must achieve
within a certain period of time, and its elements include:

(1) the field it is aimed at;

(2) a quantitative dimension;

(3) a scale or measure;

(4) a time frame.

To define the goal, a particular concept must be used, and it
must be specific, measurable, attainable, relevant and time-bound.

Effectivenes is an internal performance measure that provides
insight into how well a process converts inputs into outputs. The
closer the ratio of output to input approaches one (or 100%), the
better the efficacy of the process. Defined another way, it is “doing
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the things right” or using resources (time, finance, materials,
equipment, etc.) correctly.

When analyzing processes in an organization, effectivness takes
precedence over efficiency.

Depending on the degree of development of the two parameters,
organizations with

1) low efficiency and efficacy perish quickly;

2) low effectivness but high efficiency perish slowly;

3) high efficacy but low efficiency are in the surviving category
and

4) high efficacy and efficiency thrive.

Using the process approach, it is also possible to determine
process productivity (Fig. 2).

Efficiency Process Efficacy
(input) _ (output)

Fig. 2. Diagram of the “efficiency/efficacy — productivity”
relationship

Productivity is defined by comparing the output obtained
(efficacy) and the effort put in to achieve the result (efficiency) or in
other words, if more can be achieved with less effort, productivity
increases. It can be said that productivity is “the extent to which the
company generates money” [9].

In conclusion, it can be said that both indicators — “efficiency”
and “efficacy” — are important for the organization as they examine
the process from different perspectives, respectively its external and
internal side.
2.1dentification of the elements of the studied system for the
incorporation of innovative building elements into the building
structure and selection of its parameters to determine efficacy
and efficiency criteria
2.1.0bject of study

According to the topic of the task formulated as “Study of
building elements manufactured and incorporated into a real
building,” the investigated elements are products such as
rectangular plates, “IT” and semi “O” shaped building elements, all
made of composite material consisting of spherical foamed glass
granules manufactured by a specially developed technology and
bonded with a suitable multi-component cement mixture. These
elements have a specific shape and size and particular physical and
mechanical properties that determine their possible application. In
addition to these qualities, they also have thermal and acoustic
insulation and fire protection properties. The purpose is to
incorporate them into construction objects, mainly buildings, so as
to perform certain functions facilitating the implementation and
construction of the object itself.

The flat small-sized building elements are placed in the walls
around doors and windows, ensuring compliance with Ordinance
No 13/1971 of 2009, as amended in 2015, [9], concerning technical
building rules and regulations ensuring safety in case of fire -
mainly to prevent its spread and limit its destructive consequences.
The “II” and semi “O” shaped building elements form channels
intended to house the main communication systems of the building
such as electrical cables, gas and water pipes, also cables with
control functions and other conducting systems. Large-size flat
building elements with and without reinforcement serve as panels
for the walls, ceilings and floors of new building structures or as
panels for thermal and acoustic insulation of existing building
structures.

These innovative building elements have primarily a protective
function in the event of critical situations such as fire so as to
reduce or eliminate the risk of destruction of the building structure
concerned or of the communication systems located inside the
channels until the critical situation is eliminated.
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2.2.Components of the system for the incorporation of innovative
building elements into the building structure
2.2.1.Input components

The input to the system are the building element types together
with the building structure as a complete self-contained system that
is subject to environmental influences.

The process (processing, conversion) represents the
transformation of everything obtained from the input of the system,
i.e. the construction of the whole building structure with the
incorporation of the innovative elements into it.

The output brings together all the elements of the system
through which it influences the environment, i.e. an undamaged (or
slightly damaged) building structure in a critical situation. The
transformation process results in increased durability under the
same critical impact compared to a conventionally constructed
building structure.

It is necessary to control the operation of the system in order to
ensure the achievement of its objectives by testing the fire
resistance of the materials concerned in a specialized laboratory.

The feedback is made by comparing the fire damage of the
innovative system with that of a conventional one, after carrying out
special studies of the fire resistance materials and the manners of
laying the communication systems for electricity, water, gas, etc.

The environment (outside the boundaries of the system) is a
characteristic that is expressed in the definition of its dimensions. It
encompasses the entire building structure - i.e. the world in which
the system exists.

The output element (result of the process) is the newly
constructed building structure with its increased durability in case
of fire emergency and with the preservation of the qualities of the
building structure to a greater extent. This is also the product of the
implementation of the building structure.

2.2.2. Real installation scheme.

The impact process is carried if a suitable location is provided
for the implementation of the process of incorporation of certain
construction elements envisaged for this task. For this purpose, a
room in a building site - part of a farmhouse (bedroom) with
dimensions 4.2 x 3.5 x 2.5 m; one door 2.0 x 0.9 m; one window 2.6
x 1.3 m, with two external walls 0.25 m thick and two internal walls
0.125 m thick, is selected, as shown in Figure 3.

The total floor area of the sample room includes

- surrounding walls (excluding doors and windows) - 33.5 m?

- thick walls (0.250 m) - 15.85 m? or 4 m®

- thin walls (0.125 m) - 18.65 m? or 2.35 m°

- circumference of doors and windows - 10 m

-ceiling -14.7 m*or 4.4 m®,

The following composite building elements were used:

- half “O” shaped building elements - 7.7 m or 9 pieces each
with a volume of 0.045 m®, total 0.4 m®;

- “IT” shaped building elements 5.5 m or 6 pieces each with a
volume of 0.0315 m?, total 0.2 m®;

- for doors and windows and covers of building elements -13.2
m or 14 pieces each with volume 0.015 m?, total 0,2 m®.

Total amount of composite material used: 0.8 m®

When comparing composite products with two types of building
material - bricks quads and YTONG blocks, approximately the
following results for the cost per cubic meter were obtained:

- average building cost for brick quads 150 BGN/m?®

- average building cost for YTONG blocks 370 BGN/m®
average cost for composite products 500-540 BGN/m?®
(estimated).

The materials used include:

Construction of the building using brick quads - approximately
10 m® or 1,500 BGN;

-Addition of pipes for a 10m-long heating installation and 10m-
long wires for electrical installation - 500 BGN including labour;

-Total cost: 2,000 BGN.

For isolation of the communication systems - for 0.8 to 1.0 m®
composite elements — an increase in price by 500 BGN.

Total cost with composites — 2,500 BGN.
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Fig.3.Example diagram showing the incorporation of “77” and
semi “O” shaped building elements and small flat ones into a
building under construction

Ratio of total cost without and with protection with composite
elements (the price increase factor k):

k = 2,000/2,500 = 0.8

Construction of the site with YTONG blocks - approximately
10 m? or 3,700 BGN.

Ratio of total cost without and with protection with composite
elements:

k = 3,700/4,200 = 0.88

The sample calculations are for very small volumes and cannot
accurately estimate the price increase factor.

When insulation panels are added to exterior walls and to the
ceilings, this factor decreases due to an increase in the denominator.
We expertly assume the factor to be in the range from 0.5 to 0.8 and
for some more expensive building materials — up to 0.9. For the
following calculations, this value of k is assumed, considering only
the manufacturer costs of the materials. The selling prices are
usually much higher, but the ratio is maintained.

2.2.3.Criteria for efficacy and efficiency of the process of
incorporation of new building elements into the studied system -
definition and specification of the concepts.

Taking into account the theoretical framework and the
management methods, the efficacy and efficiency criteria should be
established so as to achieve an accurate balance in the relationship
of the two parameters using the limited input resources - the old and
new building elements, and the created system should result in an
economical engineering solution for the incorporation of these
elements into the building structure. This leads to a change in the
market demand for precisely such a system that can solve the main
problem - creating a long-lasting solution for the fire protection of
communication systems in the building structure.

According to 1SO 9000:2015:

Efficacy is the degree to which:

- the planned activities have been completed, i.e. the
construction elements have been built in and

- the planned results have been achieved, i.e. the durability of
the resulting innovative system has been increased.

Efficiency is a correlation between the result achieved, i.e. the
increased durability of the resulting innovative system, and the
input resources used - the embedded innovative building elements.

Following the logic of these definitions, the aim here is to prove
that what is defined to be efficient must also be effective, and what
is effective must also turn out to be efficient. In other words, the
developed system of incorporation of innovative building elements
into the building structure appears to be a very efficient solution to
improve the durability of the new created system in the event of a
critical situation — fire, while also fulfilling the basic function - to
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build-in communication systems with additional fire protection
capability in the building structure.

Thus, by defining the two parameters, one can also define the
concept of productivity, which is a relation between efficiency and
effrctiveness.

At the same time, the above terms also characterize the concept
of “economy”, which is “the acquisition at lowest cost of the
necessary input resources (the new building elements) for the
qualitative operation of the system and the realization of an
additional quality - fire protection, based on the innovative technical
solution.”

Ratio between the result obtained
and the resources invested

F
ﬁ Efficiency —l

Process
(build into the system)

———Results —gm

Resources —g!
| (new security system)

(new building elements)

Economy Productivity Efficacy *+
¥ v

rate 100%

Ratio of efficiency to
efficacy

Acquiring the resources
through the lowest cost
{Minimum value of built-in
constructing elements)

Purpose

Long-term secure
communications

Fig. 4. Diagram of the process in the particular system under
consideration and the relationship with efficacy and efficiency

2.3. Measurement of process efficacy and efficiency criteria
2.3.1. Determining the efficacy of the process of incorporating
innovative building elements into a building structure

By definition, effectivenes is an external measure of process
performance and indicates how well a process meets the
requirements of different stakeholders. In other words, it is “getting
the process right” or “doing the right things.” The effectivenes of a
process is responsible for how important the result is for the goal
that has been set. In the case under consideration here, the efficacy
of incorporating the innovative building elements into the building
structure under construction must be determined, and it must be
proved to what extent it is effective in meeting the ultimate stated
objective of increasing the durability of the relevant building
structure under a critical impact - fire. An expert and logical
explanation of this is based on the nature and properties of the foam
glass material and the composite material created from foam glass
granules and cement-based binders.

The foam glass itself is a highly insulating and non-combustible
silicate material with a cellular structure [11] with a very small
thermal conductivity factor A = 0.05 - 0.08 W/mK and the
composite material (also silicate based) used has almost the same
properties with A = 0.08 - 0.095 W/mK [12, 13]. That is, the high
temperature in a critical situation — fire — is not transmitted to the
interior of the constructed communication channels within the time
required to remedy the critical situation. Thus the interior remains
protected from destruction. It can therefore be said that the
effectivenes of the system under consideration is 100% because it
protects at 100 % the communication systems from destruction and
increases their durability.

The defined objective is the desired state that the management
of the system must achieve within a certain period of time. Here,
the objective is to prevent the spread of fire when using flat building
elements or to protect the communication systems when using “TI”
or semi-"0” shaped building elements.

The elements of the goal are:

(1) the target area: protection of the building structure in a
critical situation - fire;

(2) quantitative dimension - relative durability - commensurate
with the durability of the building structure without the impact of a
critical situation - fire;

(3) scale - 1:1;

(4) time frame, defined in [6], which must be: measurable,
achievable, relevant and defined in time - this is the actual
durability, depending on the random event - critical situation (fire}.

The effective process thus described - the incorporation of
innovative construction elements into a building structure - satisfies
the customers, i.e. the users of the structure. The innovative

Target achievement
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elements are a quality durable product at the right place and time
and with an acceptable price. In this way, a 100% efficacy for the
customers is proven. When the management processes of the
organization are analyzed, efficacy takes precedence over
efficiency.

It can therefore be said that organizations with effective
processes are constantly looking for growth opportunities. To some
extent, the efficacy of an organization's processes are linked to the
ability of its competitors to achieve similar results with the same
resources and capabilities, with the seeking organization always
pulling others ahead when they try to catch up by creating new
effective systems.

2.3.2.Determination of the efficiency of the process of
incorporation of innovative building elements into a building
structure

Efficiency is an internal performance measure that provides
insight into how well a process converts inputs into outputs.

The inputs to normal building construction are the ordinary
building elements — bricks, concrete or other building blocks (e.g.
YTONG blocks) or concrete building panels. For communication
systems, there are usually no dedicated grooves, and they are
implemented externally on the surface of the building structure. For
example, electric cables are run in plastic tubes, while usually for
small construction sites such as single-family houses, water, gas, etc
pipes are chased into the walls and the grooves are filled with
plaster. In large prefab buildings, vertical shafts are constructed,
while in the horizontal direction the same methods are used as for
single family houses. None of these will be protected in a critical
situation such as a fire and will therefore be destroyed. Thus, to
eliminate the effects of the critical situation, they must be rebuilt. In
Bulgaria, there were no urban gas pipe infrastructure, but recently,
over the last 10 - 15 years, gas supply for the homes has been made
available in some cities and towns. The output in a critical situation
is usually 100% damage to the communication systems.

The proposed innovative building elements made of foamed
glass granules, composite material and cement bond are made with
the same dimensions as conventional building elements, but they
possess protective properties against a critical situation - a fire,
where they provide protection for the communication systems of the
building structure until the critical situation is eliminated.

Accurate calculations can be made to compare the cost of the
two types of building elements.

The cost of conventional and innovative elements is different,
and initially, until the innovative elements are established on the
market, their cost will be higher. It can be assumed that the cost of
the old versus the new elements is in the order of 50-80% - always
the new is more expensive until a certain time until it becomes old.
But the calculation has to include the additional cost of the
communication system, which in a conventional building
construction is 80 + 100%, from where it follows that the ratio of
output to input is always greater than 1, i.e. the efficiency of the
process is better. To put it another way, it is “doing things right” or
using resources (time, finance, materials, equipment, etc.) correctly.

So here lies the answer to the question “Can less input resources
than planned be used to produce a quality and secure building
construction system with innovative building elements?” The
answer is Yes, because this solution saves the entire communication
system in a critical situation - fire. Therefore, the efficiency is
greater than or equal to 1 and involves utilizing every available
resource, the idea being to optimize the output-to-input ratio by a
single-time utilization of the input resources of the communication
system.

The measurement of efficiency is determined by the presence of
several interacting environments (physical, economic and
managerial), which provides a basis for assessing the following
types of efficiency, according to [7]:

- Physical Efficiency (Ep) is defined as the ratio between output
and input results:

Ep = output/input = product/resources < 1 i.e.
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Ep = building elements + communication system at output
divided by building elements + communication system at input for
the new building structure in a critical fire situation relative to the
convectional building structure

Ep=[(0.5+0.8)+ (0.8 + 1.0)]/[1.0+1.0]=0.65+0.9<1

The goal is to bring Ep close to 1, which means that resources
are more fully utilized.

- Economic efficiency (Ee) is the ratio between the numerical

expression of the achieved utility (preservation of the two parts of
the building structure) and the cost of the used production
resources, i.e.

Ee = utility/cost > 1 i.e.

Ee = the utility of the innovative building structure consisting of the
retention of its two component parts in relative units - building
elements and communication system divided by the total value of
the two parts of the building structure relative to the conventional
building structure.

Ee=[1.0+1.0] /[(0.5+0.8)/2* + (0.8 + 1.0)/2*] =3.08 +2.22 > 1
* It is divided by 2 to get the total relative weight of the system with
its 2 parts - building elements and communication system.

-Total Efficiency (Et) is the product of Ep and Ee:

Et=Ep.Ee>1
Ey =(0.65+0.9). (3.08 +2.22) =2.02 + 1.998
Et=2>1

2.4 Efficiency-efficacy matrix of the incorporation process of
innovative building elements

It can be concluded for the new building structure that with
positive values of both the efficacy and efficiency factors, the
considered system with innovative building elements embedded in a
building structure falls in the upper right corner of the matrix - Fig.
5. This indicates that the organization and management of the
system with the processes that are implemented to protect the same
system characterize the enterprise as thriving. Any company that
manufactures this product and implements it in real building
structures would develop, would make a profit in the timeframe
dependent on the development horizon - 10 years or more on
average for construction companies.

Using the process approach, the process productivity can also be
determined (Fig. 6).

’/\ > Low efficacy High efficacy
I3 HIQ."I efficiency High efficiency
c 22 Dying slowly Succssesful
= HES
> & Correct processes Correct processes
2z ® Incorrect way Correct way
2 5
=0 > Low efficacy High efficacy
ks L o Low efficiency Low efficiency
[ " .
B |5 = Dying fast Survivors
5 kS
b= Incorrect processes Incorrect processes
& Incorrect way Correct way
Low efficacy High efficacy
Efficacy
( right way)

Fig. 5. Diagram of the “efficacy- efficiency” matrix of the
process of incorporation of innovative building elements into a
building structure in a critical situations - fire

Productivity can be determined by presenting the resulting
output (efficacy) with an efficacy factor

Kefficacy =1

relative to the efforts made to achieve the result (efficiency)

Kiotal efficiency = 2,02 + 1,998 =2 > 1

100 %: Kefficacy = 1,0

K overall efficiency = 2,021,998 > 1

K overal efficiency = 2 _

Fig. 6. Diagram of the “efficacy/ efficiency - productivity”
relationship in the process of incorporation of innovative building
elements into a building structure in critical situations - fire

Efficiency
(entrance)

Efficacy
(exit)

Process
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or in other words, if more can be achieved with less effort,
productivity increases i.e. productivity is: “the extent to which the
company generates money.”

In conclusion, it can be said that both the “efficacy” and
“efficiency” indicators are important for the organization as they
look at the process from different perspectives, respectively from its
external and internal side.

3.CONCLUSIONS

3.1. A system and process approach in the organization is shown,
emphasizing the relationship between them through the sequence of
the elements of the process "planning-organization-management-
control" and the elements of the system "planning-implementation-
verification-action" in a system for embedding innovative
construction elements in a building structure for protection in a
critical situation - fire.

3.2. The characteristics of efficacy and efficiency are derived as
well as the approaches to their measurement. The input parameters
are defined using their relative values applied to a conventional
building construction (without innovative building elements). It is
shown that effectivness is an external parameter of the system and
efficiency as an internal measure for the process of incorporation of
innovative building elements.

3.3. The logic of the relationship between process efficacy and
efficiency is clarified through a matrix that shows the place of an
overperforming organization (with a good development horizon -
over 10 years lead due to the innovation), while at the same time the
productivity problem is also addressed.

The main conclusion of the study is that there is no clear answer
to the question which indicator is more important, as different
aspects of the processes in the organization are measured.

The organization itself has to determine in the process of its
development in which part of the matrix it should evolve. This will
depend on how intelligent its management is and what short-term
and long-term goals (effectivness) are set in seeking and solving the
ongoing tasks (development of a new process, system of processes,
emphasizing efficiency). Ultimately, this will define the
organization, in this case one in the construction industry, as
surviving or as constantly thriving.
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Utilization of waste chromium electrolyte by addition of Al,O3 nanoparticles to
obtain thin chromium coatings
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Abstract: Chromium coatings were obtained from spent (waste) chromium electrolyte with the addition of nanosized aluminum oxide. The
recovery of the waste chromium electrolyte is carried out by the activation of the chromium ions using the addition of Al,O; nanoparticles.
Electrochemically thin chromium films were deposited directly on S235 steel. The recovered chromium electrolyte has a concentration of
nanoparticles of Al,Oz up to 10 g/l, which particles act as intensifiers of the electrochemical process. Analysis was performed with a
"Polyvar Met" metallographic microscope and a Bruker D8 Advance powder X-ray diffractometer (XRD). The microstructure of the layer
and the matrix were examined and the main phases were determined. SEM-EDS analysis of the chromium layer and the steel matrix was
performed. The thickness of the obtained chrome coating with aluminum oxide nanoparticles was determined, which varies between 5 - 10

um.
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1.

Chromium plating is mainly used to improve the properties of
metal surfaces such as hardness, corrosion resistance and wear
resistance in industry [1, 2, 3]. In our time, galvanic chrome
coatings, in addition to increasing hardness, are often used for
decorative purposes [4], and the most important conditions for their
application are good adhesion to the base, colour range and high
resistance to corrosion and wear [5].

Chromium electrolyte recycling is an important process to
recover and reuse valuable resources used in anodizing metals such
as titanium. Chromium is a key component in the electrolytes used
in anodizing titanium, and its efficient recovery can contribute
significantly to reducing the waste and costs associated with
anodizing. In the literature, the possible ways of beneficiation of
chromium from waste electrolytes such as electrochemical
reduction and subsequent precipitation are reported [6]. The
recovery of chromium electrolytes from anode sludge by a
combination of physical and chemical processes, electrochemical
deposition or ion exchange, and comparing the performance of
different ion exchange resins [7, 8]. These studies contain valuable
information on the different methods of chromium electrolyte
disposal and can help anode manufacturers to optimize their
processes and reduce their environmental impact [9, 10, 11].

The recovery of waste chromium electrolyte is of great
importance for the protection of the environment and the recycling
of useful resources. In the present study, the possibility of adding
Al,O; nanoparticles to the waste chromium electrolyte in order to
recover the chromium in the form of a coating is considered. This
method will contribute not only to improving the quality of
coatings, but also to reducing the harmful effects of chromium in
the environment.

Introduction

2. Experimental part

The aim of the development is to restore depleted chromium
electrolyte by adding aluminum oxide nanoparticles. Activation of
residual chromium ions in order to deposit them on steel in the form
of a thin coating of metallic chromium. The phase composition,
morphology, microstructure and elemental composition in the
chromium layer and the matrix were investigated. The original test
samples of steel are rectangular plates with dimensions - 10 x 20
mm and height h - 5.0 mm (Fig. 1). Figure 1 shows part of the
chromium-coated test specimens photographed with an optical
microscope. They show the structure of the surface of a chrome
coating with a magnification marked as Ax20 and Bx80 with the
same degree of illumination. As a rule, the chromium layer follows
the surface of the steel, aluminum or other composite test specimen,
which is slightly rough and uneven. In principle, chrome coatings
have a granular structure, slightly wavy with fine microcracks (Fig.
11,2, 3]
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Ax20 Bx80

Fig. 1. Chromium coating from reduced chromium electrolyte
with Al,O3 nanoparticles deposited on steel at magnifications A x20
and B x80

Description of the technological path for obtaining chromium
coatings from a reduced chromium electrolyte on a steel matrix:
The samples are first ground, then degreased in acetone or another
organic solvent, then etched in 20-30% hydrochloric or sulfuric
acids [9], before hanging on the cathode and dipping into the
chromium plating electrolyte. Precise chemical pre-treatment is of
utmost importance to obtain continuous, uniform and dense chrome
coatings. In the present experiment, a depleted chromium
electrolyte with an initial chemical composition of chromic
anhydride sulfuric acid ratio of 100:1 [1, 2] was used. Chemical
composition of the electrolyte is: CrO; — 220 g/l; H,SO, - 2.2 g/l.
Electrochemical parameters of the process are:

Current density: 50 A/dm?
Duration: about 50 min
Electrolyte temperature: about 55°C

An electrolyte of aluminum oxide nanoparticles is added to the
depleted chromium electrolyte described above. It is in the form of
a water-alcohol suspension with a concentration of nanosized Al,05
up to 10%. This is followed by activation of the suspension with
Al,O3 in an ultrasonic bath and addition of the obtained electrolyte
as mentioned to the spent electrolyte for chromium plating. The
pretreated steel samples suspended on the cathode are immersed in
the new electrolyte thus obtained, where thin layers of chromium
are electrodeposited. The end result of the recovered chromium
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electrolyte is the direct deposition of thin metallic chromium on
steel shown in (Fig. 1).

3. Results and discussion
3.1. X-ray structural analysis

Investigations were done with a Bruker D8 Advance powder X-
ray diffractometer. The Bruker DIFFRAC.EVA program was used
to determine the qualitative and quantitative phase analysis

g3 1 POF 00-006-0894 Cr Chremiam, sy

Counts
300

2Theta (Coupled TwoThetaTheta) WL=1.54060

Fig. 2. Diffractogram of chromium coating with Al,O5
nanoparticles deposited directly on steel

In the diffractogram shown in Figure 2, a single phase of
metallic chromium with a cubic structure is observed, which is
evidence of the good density of the chromium coating.

3.2. Microstructure

With a "Polyvar Met" metallographic microscope, the
microstructure of the chromium coating with a concentration of 10
g/l of aluminum oxide nanoparticles in the electrolyte deposited on
steel was imaged (Fig. 3).

Cr coating + nm Al,O3

—

> \

15235 MATRIX

> X -

Fig. 3. Microstructure and thickness of chromium coating obtained
from reduced chromium electrolyte with addition of aluminum oxide
nanoparticles

On the microstructure shown in (Fig. 3) with a magnification of
x1000, a thin chromium layer with a thickness of about 7 pm is
observed. It is uniform and continuous following the surface of the
steel matrix.
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3.3.  Surface
determination

morphology and elemental composition

The investigations were carried out using a scanning electron
microscope (SEM) “HIROX SH-5500P” with an energy dispersive
spectroscopy (EDS) system “QUANTAX 100 Advanced” with an
accelerating voltage: from 1 to 30 kV. The surface of the chrome
layer was photographed at a magnification of x10000. It is slightly
wavy, continuous and dense, which morphology is characteristic of
chrome coatings. Figure 4 shows the thickness of the chromium
coating, which correlates well with the metallographic microscope
thickness shown in (Figure 3). It is about 7 microns with a deviation
of £ 1.5 um, which tells us about a very good uniformity of the
chrome layer.

Fig. 4. SEM image of chromium coating with aluminum oxide
nanoparticles deposited on a steel matrix

Steel matrix

Cr + nm Al;Os

Coating

3116
SE  MAG:10000x HV: 20 k¥ WD:10 mm _ Px: 80 nm

Fig. 5. SEM image of a zonal investigation of a chromium coating
with aluminum oxide nanoparticles deposited on a steel matrix

Figure 5 shows a zone-examined and characterized by SEM-
EDS analysis of the Al,O3 nanoparticle chromium coating and the
steel matrix. Using energy dispersive spectroscopy, the elemental
composition was determined in three zones: 1, 2, 3 for the
chromium layer and zone 4 for the steel matrix.
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Fig. 6. Spectral analysis of the chemical elements in the chromium
layer in zone 1

1

Mass Mass Norm. Atom abs. error [%)] rel. error [%)]
Element At. No. Netto

[%] [%] [%] (1 sigma) (1sigma)
Cr 24 28180 79.75 90.41 81.65 2.23 2.80
Fe 26 825 3.77 428 3.59 0.20 5.32
C 6 137 1.93 2.18 8.54 0.88 45.51
Al 13 145 1.43 1.62 2.82 0.19 13.05
Si 14 128 0.73 0.83 1.39 0.11 14.73
(o] 8| 142 0.60 0.68 2.01 0.29 47.70
Sum 88.21 100.00 100.00

Figure 6 shows a spectral analysis of the elemental
composition of the chromium layer in zone 1, where it was found
that the main element is chromium constituting 90.41 wt%, in very
small amounts aluminum, carbon and iron and traces of silicon and

oxygen.

cpsfeV
7
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Fig. 7. Spectral analysis of the chemical elements in the chromium
layer in zone 2.

2

Mass Mass Norm. Atom abs. error [%] rel. error [%)]
Element At. No. Netto

[%] [%] [%] (1sigma) (1sigma)
Cr 24 25150 75.35 89.75 76.50 2.12 2.81
C 6| 232| 3.38 4.02 14.84 1.25 37.01
Fe 26 569 2.76 3.29 261 0.17 6.19
Al 13 194 1.11 1.32| 217 0.14 12.48
(o] 8 201 0.94 1.11| 3.09 0.38 40.87
Si 14 122 042 0.50 0.80 0.07 17.43
Sum 83.95 100.00 100.00

In the area marked with 2, data from researches in the chromium
layer are shown in tabular form, from which it is clearly seen that
the main element is Cr - 89.75 % and minimal amounts of C, Al,
and Fe.

In zone 1 and 2, marked with a yellow and filled rectangle, the data
from the studies in the chromium layer are shown, from where it is
clearly seen that the main elements are approximately the same in
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both zones, with the element chromium having the largest mass
percentage. In zone 4 shown in (fig. 5) a SEM-EDS study was made
in the steel matrix, which is not relevant for our experiment and we
have not analyzed it.

cps/eV
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4 5
Energy [keV]

Fig. 8. Spectral analysis of the chemical elements in the chromium
layer in zone 3.

3

Mass Mass Norm. Atom abs. error [%] rel. error [%]
Element At. No. Netto

[%] [%] [%] (1 sigma) (1 sigma)
Cr 24 13659 67.56 69.43 44.70 1.95 2.89
Al 13 863 11.09 11.39 14.13 0.77 6.94
(e 6 367 10.39 10.67 29.74 3.23 3%313
Si 14 507 4.18 4.29 5.12 0.32 7.72
(0] 8 237 2.46 2.53 5.30 0.91 36.99
Fe 26 223 1.64 1.69 1.01 0.15 9.16
Sum 97.31 100.00 100.00

SEM-EDS studies of the chromium layer made in zone 3, appearing
closest to the surface of the coating, are of particular interest
regarding the obtained spectra of the elements carbon and
aluminum. The noted carbon is 10.67 wt%, although with a large
margin of error, it is very likely that it is from the used
nanodiamonds in the waste chromium electrolyte during chroming
and/or from the carbon content of the steel matrix. The other
element that increases in this zone is Al with a content of 11.39
wt% probably from the used alumina nanoparticles and impurities
from the waste chromium electrolyte. A kind of two-layer coating is
obtained on the surface of the investigated layer of chromium and
aluminum, for which further research is needed.

4. Conclusion

Waste chromium electrolytes are utilized by adding nanosized
aluminum oxide up to 10% g/I.

It was found that Al,O3 nanoparticles activate the chromium
ions and intensify the whole electrochemical process.

Chromium coatings were obtained from regenerated electrolyte
with a thickness of about 7 um deposited directly on the
stoma - S235.

The presence of chromium with a cubic structure in the
chromium coating was established through X-ray structural
analysis.

SEM-EDS analysis revealed an increased carbon content in the
layer, most likely from the steel matrix and traces of carbon in
the chromium coating, which are most likely from diamond
nanoparticles involved in the waste chromium electrolyte.

In zone 3 of the SEM-EDS study, an increased Al content was
observed, most likely from the alumina nanoparticles used
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e In our opinion, something like a second layer or composite of
chromaluminum oxide is formed on the surface of the chrome
plating
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Bio-synthesis of ZnO nanoparticles as potential corrosion inhibitors
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Abstract: The interesting physicochemical properties of ZnO determine its wide range of medical, biomedical, industrial and electronics
applications. The plants in green synthesis play role as both reducing and capping agents, due to the presence of polyphenols, terpenoids,
catechins, etc. The combination of the beneficial properties of ZnO nanoparticles and plant extracts makes them perfect non-toxic materials
in the medical aspect, as well as an environmentally friendly candidate for application as corrosion inhibitors in industry. The effectiveness
of traditionally obtained ZnO particles as anticorrosive agents for metals and fillers for fabrication of composite anticorrosive coatings has
already been reported.

In the present study, ZnO nanoparticles were prepared using a combination of green synthesis, followed by hydrothermal (at 180°C for 12 h)
or microwave treatment. The resulting powder samples were characterized by means of Infrared Spectroscopy (IR), Scanning Electron
Microscopy (SEM), Transmission Electron microscopy (TEM), X-ray photoelectron spectrum (XPS). The electrokinetic zeta potentials () of
the particles were determined by electrophoresis mobility measurements using Dynamic light scattering (DLS) technique.

The SEM photographs of the hydrothermally treated sample reveal hexagonal prism-like aggregates. The microwave treated ZnO powders
possess irregular shaped plate-like structure.

The XPS analyses proved the presence of nitrogen only in the Z-MT sample. The high resolution spectrum of N1s shows two peaks with
binding energies at 398.5 eV and 399.6 eV, associated with imine (-N=) and amine (-NH-) nitrogen atoms, respectively. The VB edge is
shifted to lower binding energies in the Z-MT, which indicates a decrease in the band gap of ZnO.

The dispersion of the particles in water at pH 8 leads to positive zeta potential values for the samples prepared by hydrothermal and
microwave assisted methods: +7.8 mV and +24.3 mV, respectively.

On the base of the physicochemical measurements it could be supposed that the obtained ZnO nanoparticles have potential as green eco-
friendly corrosion inhibitor. Deposition of the particles on the metal surface block the penetration of corrosive medium, thus slowing the rate
of the corrosion processes.

1. Introduction 3. Objective and research methodologies

The interesting physicochemical properties of ZnO determine its 3.1 Objective This study aims to investigate the effect of the both
wide range of medical, biomedical, industrial and electronics the Mentha leafs extract as biological template in Zn solution the
applications. The plants in green synthesis play role as both and treatment with microwave irradiation on the final structure,
reducing and capping agents, due to the presence of polyphenols, chemical composition and surface properties of ZnO particles
terpenoids, catechins, etc. The combination of the beneficial 3.2. Preparation of zinc oxide nanoparticles

properties of ZnO nanoparticles and plant extracts makes them » The Mentha Arvensis (MA) leaves (from region, located in the
perfect non-toxic materials in the medical aspect, as well as an north of Bulgaria) were washed and left to dry up. After that 12 g of
environmentally friendly candidate for application as corrosion MA leaves were ground into powder using a mortar and the powder
inhibitors in industry. The effectiveness of traditionally obtained was mixed with 230 ml double-distilled water. The mixture was
ZnO particles as anticorrosive agents for metals and fillers for heated at 600C for 10 minutes under continuous magnetic stirring.
fabrication of composite anticorrosive coatings has been proved by In order to obtain the final extract, the solution was being
other researchears. centrifuged at 4000 rpm for 20 minutes, after that the material was
2. Problem discussion filtered by KA2 filter paper (100 pcs, PAPIRNA Perstejn s.r.o.,

The interesting chemical, optical, electrical, electrochemical, gas ~ CHECH REPUBLIC).

sensitive etc. properties of ZnO determine its wide range of * The first synthesis step is dissolving of 2.2 g zinc acetate in 100
medical, biomedical, industrial and electronics applications. The ~ Ml of deionized water. Urea agueous solution (0.6 M) was added
effectiveness of ZnO particles as anticorrosive agents for metals and ~ dropwise to 0.2 M zinc acetate solution The pH of solution was
fillers for fabrication of composite anticorrosive coatings is widely ~ adjusted to 7 using ammonium hydroxide. The resulting precursor
reported in the literature [1]. In the last decades the bio synthesis  Solution was poured into beaker and then the evaluated quantity of
has been proposed as novel ecological alternatives to the chemical ~ the as-prepared extract MA (10%) was added and stirred at a rate of
methods. The biosynthesis guarantees the production of metal and 200 rpm. The resulting mixture was divided into two parts. One part
metal oxide nanoparticles with improved properties compared to was transfer_red into an autoclave and it was maintained at 1800C.
traditional methods. In the bio synthesis as biological species can be ~ The so obtained samples were denoted as Z-CT. The second part of
used plant extracts, which are economically beneficial, playing role the solution was subjected on microwave irradiation in domestic
as a capping and stabilizing agents. Microwave synthesis offers MW oven at 235W for 45 min. The resulting sample was denoted as
several advantages in comparison to the conventional thermal — Z-MT.

treatment: rapid and uniform energy transfer, higher reaction rate 3.3 Physicochemical characterization

(without influencing the activation energy of reactants), energy ~ Scanning electron microscopy (SEM) micrographs were recorded
saving and high product yield and purity. In the scientific literature ~ ON apparatus JEOL JEM-200CX at accelerating voltage: 80 keV.
there are only a few articles, devoted to the preparation of Zn0 ~ The TEM observations were carried out using transmission
particles by means of combination of green synthesis and electron microscope JEOL JEM 2100 with GATAN Orius 832

microwave treatment. The application of both Mentha leafs as ~ SC1000 CCD Camera at accelerating voltage of 200 kV. X-ray

biological template and microwave irradiation could be useful tool ~ Photoelectron spectrum (XPS) studies were performed in a VG
to control the final structure, chemical composition and surface ~ ESCALAB Il electron spectrometer using AlKa radiation with an
properties of ZnO. energy of 1486.6 eV. The changes in composition and chemical

[1] T.W. Quadri, L.O. Olasunkanmi, O. E. Fayemi, E. E. Ebenso, surrounding in the depth of the films were determined on the basis
Utilization of ZnO-based materials as anticorrosive agents: a  Of the areas and binding energies of Cls, Ols, Zn2p and Nls

review, Inorganic Anticorrosive Materials, Elsevier Inc., 2022, 161-  Photoelectron peaks (after linear subtraction of the background) and
182. Scofield’s photoionization cross-sections.

The electrokinetic zeta potentials ({) of the particles were
measured as follows: Suspensions of both ZnO samples of 0.2 g/L
concentration (pH 8) were prepared individually by sonication of
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ZnO powder for 1 min in water. In a separate experiment, cationic
polysaccharide chitosan (oligosaccharide lactate of molecular
weight 5000 DA) was adsorbed on the particles surface aiming to
increase their surface charge density (0.1 g/L chitosan was mixed
with 0.1 g/L ZnO suspension at pH ~ 7-8 and sonicated for 5 min).
DLS particle sizer was used to measure the hydrodynamic diameter
of the ZnO nanoparticles. A HeNe laser was used as a light source,
and the intensity of scattered light was measured by a detector at
173°. Size measurements utilized 12 mm of square disposable
polystyrene cuvettes. The electrokinetic zeta potentials ({) of the
particles were determined by electrophoresis  mobility
measurements using a disposable folded capillary cell with the same
equipment.

Fig. 1-a SEM photograph of Z-CT powders

x 10 000 8\0 keV

Fig. 2TEM of Z-CT sample
SAED of Zinc Hydroxide Carbonate
Zn(OH)6(C03)2, (PDF 72-1100)

Fig. 3 TEM of Z-MT sampie
SAED of hexagonal phase
(PDF 89-1397)

! Z-CT

Fig. 4
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Fig.5

Particles size distribution

The average particle size values for Z-CT and Z-MT samples are 45
nm and 20 nm, resp.

XPS studies of ZnO particles
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Fig. 6 XPS survey of the ZnO powders
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Fig. 9 Valence band (VB) region of ZnO particles
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|
XPS analysis presents that C, O, Zn and N peaks are registered on
the surface (Fig 6).

The O1s peaks are deconvoluted by Lorentzian—Gaussian curve
fitting into several components corresponded to oxygen in the ZnO
lattice (~530.0 eV), oxygen bonds to carbon C=0 (~531.0 eV), C-O
(~532.0 eV) and carboxyl groups (~533.2 eV). (Fig. 7). The surface
composition of the two samples was similar except for the nitrogen
peak recorded in the microwave treated one (Z-MT). The high
resolution XPS spectrum of N1s shows two peaks with binding
energies at 398.5 eV and 399.6 eV, associated with imine (- N=)
and amine (-NH-) nitrogen atoms, respectively (Fig. 8).

The valence band (VB) of the ZnO powders was also analyzed (Fig.
9). The results present that the VB edge is shifted to lower binding
energies in the microwave treated sample Z-MT, which indicates a
decrease in the band gap of ZnO

The binding energies value of the registered Zn2p3/2 peaks is
1021.9 eV.

The obtained values of the Auger parameter of the powders is ¢ =
2009.5 eV for Z-MT and & = 2009.2 eV for Z-CT. (Fig.10)
According to literature data, values of this parameter in the range
(2009 - 2010) eV corresponds to the Zn2+ oxidation state.

Zeta potential measurements

At pH 8, the ZnO particles, prepared using the both microwave and
conventional methods showed positive zeta potential values of
+24.3 mV and +7.8 mV, respectively. These potentials are below
+30 mV, which is generally accepted as a minimum zeta potential
value for a dispersion to be electrostatically stabilized. The
hydrodynamic diameters of the ZnO particles measured at pH 8 in
water suspensions are ~ 750 nm and ~ 1975 nm for the microwave
assisted and conventionally prepared samples, respectively, which
indicates stronger aggregation in the suspension containing less
charged ZnO particles (Fig. 11). From these results, it comes that
Mentha Arvensis extract is an active reducing agent to convert metal
ions into ZnO nanoparticles, but it is not able completely to prevent
them from agglomeration at presented conditions. An experiment
was performed by adsorption of a low molecular cationic
polyelectrolyte chitosan on the particles surface to increase the zeta
potential values of the ZnO particles and thus to lower the degree of
particles aggregation. The hydrodynamic diameters of the particles
were found to decrease from ~750 nm to ~270 nm (zeta potential
increased from +24.3 mV to +33.7 mV) for the Z-MT sample, and
from ~1975 nm to ~ 370 nm for the Z-CT nanoparticles (zeta
potential increased from +7.8 mV to +26.8 mV), respectively.

The results indicated that the particles aggregation could decrease
by increasing charge density on the particle surface. It is interesting
to note that Sudrajat et al. [H. Sudrajat, S.Babel, A novel visible
light active N-doped ZnO for photocatalytic degradation of dyes, J
Wat. Proc. Eng.16(2017)309-318] registered zeta potential value +
20 mV at pH 8 for N-doped ZnO nanoparticles (prepared through a
combustion reaction from zinc acetate dihydrate and urea), which is
close to the zeta potential value for the Z-MT particles, which
contain 8% nitrogen
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Abstract: The topic of the Fourth Industrial Revolution, the evolution of jobs, and consequently changes in human capital issues is of
increasing interest to researchers policy makers, and managers from corporate practice. Corporate culture is a tool for implementing the
changes that come with the digital era. Teamwork is part of an adaptive corporate culture that creates the conditions for innovation and
technological progress. The present study aims to investigate whether the relationship between Industry 4.0 tools and human resource
management in this era (Smart HR 4.0) is mediated by the teamwork climate in the enterprise. The research was conducted by questionnaire
survey in 115 industrial enterprises in Slovakia. The respondents were low, middle and top level managers. The PLS-SEM (Partial Least
Squares Structural Equation Modelling) method was used to test the proposed hypotheses. The hypotheses were statistically tested at o =
0.05 level. The results of the performed analyses were processed using the statistical software SmartPLS 3. The hypothesis of the mediating
effect of teamwork in the relationship of Industry 4.0 and SmartHR4.0 was confirmed. Partial mediation was found, with the indirect effect
contributing by 32 percent to the total effect. The findings indicate that teamwork is an important mean of support in various innovative
management tools, including HR and SmartHR4.0 implementation.

KEYWORDS: CORPORATE CULTURE, TEAMWORK, INDUSTRY 4.0, HUMAN RESOURCES

platforms, simulations in recruitment, gamification. With the help

of big data analytics, it is possible to create large databases of
The Fourth Industrial Revolution needs no further introduction. employees (even potential ones), track attendance and of different

Its content, tools, methods are becoming a normal part of work ways of being present at the workplace.

processes. It has brought many challenges in the field of human

resources management, which companies and especially HR

managers have to gradually adapt to HR processes.

1. Introduction

In a study we recently conducted, we investigated which
competencies are required from the workforce in Industry 4.0.
These are creativity, entrepreneurial thinking, problem solving,

Simultaneously, the topic of the Fourth Industrial Revolution, conflict resolution, decision making, analytical skills, research
the evolution of jobs, and consequently changes in human capital ~ skills, efficiency orientation and teamwork. The research
issues is of increasing interest to researchers policy makers, and  highlighted the importance of knowledge development as an
managers from corporate practice [1]. Adoption of the latest  indicator of the potential of the company. Employees with
automation and digital technologies in manufacturing - such as entrepreneurial and innovative thinking skills are particularly
cyber-physical systems, Internet of Things, cloud computing, Big needed, because they tend to think creatively, take responsibility for
Data, augmented reality, additive manufacturing, simulation, their work and are productive. This finding also emphasizes the
robotics, cyber-security, systems integration [2] - predict to importance of developing creativity and creative thinking. There is
significantly affect work processes and the work environment [3].  no consensus on well-defined competences responding to the
The new era will lead into changes within jobs in terms of content, Industry 4.0 environment. However, a critical competency, that
and new job occupations will emerge. Based on the above fact, future professionals must possess is the ability to use their
higher skill requirements will be demanded from employees. knowledge in different areas of collaboration to add value [6].
Despite increasing attention being paid to this topic, research
addressing the impacts of the fourth industrial revolution on jobs
and skills is lacking. It will also be necessary to adapt and build a
corporate culture based on teamwork, which contributes
significantly to the introduction of technological innovations [4].

The aim of the present study is to investigate whether the
relationship between Industry 4.0 tools and human resource
management in this era (Smart HR 4.0) is mediated by the
teamwork climate in the enterprise.

The effects of Industry 4.0 are expected to reflect in all areas of

scientific progress. Although, it is very difficult to predict certain 2. Theoretical background
facts, there are assumptions that human resource management ] )
theories will need to rely on building stronger environment, social Fourth Industrial Revolution

responsibility and ethical dimensions, as communities and workers
demand, that companies increasingly respond to these global
challenges more strategically. In the evolving "fight" for talent,
companies, that do not respond to a changing environment will have
difficulty competing, because branding of employers becomes an
essential part of selecting a young generation of workers. Human
resource professionals will need to focus more intensively on
proactive human resource planning, global and local environmental
problem-solving, which will transfer many traditional functions to
managers, external service providers using artificial intelligence and
robotic technologies. The growing interest in "big data" and a more
sophisticated human resource information management system will
become an essential part of modern business, as well as greater
responsibility for individual strategies, processes and results [5].

The concept of the fourth industrial revolution, otherwise
known as Industry 4.0, was first introduced at the Hannover Messe
in 2011, captivating not only manufacturers but also the scientific
community. The scientific literature defines the term Industry 4.0 in
different ways. Some authors interpret Industry 4.0 as the digital
integration of manufacturing processes, in which production
processes are automated and products, equipment and services are
interconnected. Ongoing industrial revolution is driven by the
Internet, through which not only humans but also machines will
communicate with each other in a cyber-physical system. Other
authors argue that the evolution of manufacturing processes is
driven by market demand for more efficient technologies and
processes, cost reduction and quality standards, or technological
advances [6]. While the third industrial revolution (Industry 3.0)

Towards both employees and customers, we consider the focused on the automation of specific business processes, Industry
digitization of analogue data, digital interaction platforms, 4.0 focuses on the digital transformation of companies.  This
networking, big data analytics and GDPR to be absolutely essential. ~ implies a comprehensive digitization of all physical assets and the
Digitization is an absolute priority. Care must be taken to ensure the  creation of new digital ecosystems, including the value chain. The
quality of digitization that makes life easier for the company. Here ~ generation, analysis and seamless communication of data represent
again, teamwork is coming to the fore, enabling better the core benefits, that Industry 4.0 brings, with the aim of bringing
communication, information sharing, development of different  together a wide range of new technologies to create value. In the
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context of Industry 4.0, new technological systems will be
intertwined with organizational processes to transform industries,
which will lead into the interconnection of people, machines, and
smart objects in real time [7].

A summary of the concepts underpinning the future
development of Industry 4.0 will be presented in the Measurement
section.

Smart HR 4.0

The theoretical conceptual model of Smart HR 4.0 (SHR 4.0) is
based on a study by Sivathan and Pillai [8]. The model has not yet
been statistically investigated; we consider it to be original and
unique within the scientific literature. By analyzing the model, we
will establish the dependence of each variable, thus showing the
existence of relationships between them and revealing the
importance of the impact of Industry 4.0 on human resource
management

The study of the above authors in the proposal of the conceptual
model SHR 4.0 highlights the importance of the impact of the
organizational structure of the enterprise and the leadership style of
the manager on the management of human resources in the
conditions of Industry 4.0. In terms of organizational structure, the
above authors state that organizational structures should be agile
and flat, thus creating a favorable environment for the
implementation of SHR 4.0. A flat hierarchy will reduce the number
of communication layers and speed up decision making.
Decentralization of power will allow teams to work autonomously
and adapt immediately to the requirements of a specific project.
Leadership styles need to be more open, fostering a culture of
learning and innovation; they should also focus on expanding
knowledge and rewarding unconventional "out-of-the-box"
thinking. The role of management will be to initiate changes in the
organizational structure of the business so that conflicts do not arise
between multi-generational groups of workers. SHR 4.0 will require
upgrading technology in line with the long-term goals of the
business to ensure that the most talented from Generation Y and Z
are attracted. Based on an in-depth search of the academic literature,
there is an apparent consensus on the impact of the Industry 4.0
concept on human resource management, as well as studies by
Sivathan and Pillai [8], who describe in detail the issue of the
impact of Industry 4.0 on human resource management.

Teamwork climate

Teamwork climate (TWC) is perceived as an important
determinant of business performance in general (Zaheer et al.,
2018). It represents the perception of cooperation among staff
(Weng, Kim and Wu, 2017). Studies have found that TWC is
influenced by the culture of communication and mutual trust
(Ginsburg and Bain, 2017). However, it also contributes to
employee performance (Bogan and Dedeoglu, 2017), but especially
to the rate of innovation (Fay et al., 2014) and even innovation in
human resource management (Jiang, Wang and Zhao, 2012).
SmartHR 4.0 is just such an innovative form of management and
therefore we assume a correlation between TWC and Smart HR 4.0.

Based on the above research model, we formulate hypotheses
which will be analyzed in detail in the next part of the research.

H1: We hypothesize that Industry 4.0 (14.0) technologies are
positively related to Smart HR 4.0 (SHR4.0))

H2: We hypothesize that the relationship between Industry 4.0
(14.0) technologies and Smart HR 4.0 (SHR4.0) is mediated by
teamwork climate in the firm (TWC).

3. Methodology

We used a questionnaire survey designed to indicate the level of
importance and attitude of the respondents, to the study of each of
the variables under review. Before running the final version of the
questionnaire survey, we conducted a pilot survey. The survey was
conducted with managers of 5 companies operating in the Slovak
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Republic, while each contacted manager commented on the
structure and content of the questions in the questionnaire during an
online meeting via MS Teams. During the individual meetings, we
received valuable advice and comments, which were subsequently
incorporated into the final form of the questionnaire.

An electronic questionnaire was constructed via Google Forms,
which we then started to send to industrial enterprises via Linkedin
services, and also via email communication. The electronic
questionnaire was sent to 3061 industrial enterprises operating in
the Slovak Republic based on the Finstat database, with the final
number of completed questionnaires amounting to 115 responses,
which also represented the final sample of the research. The
respondents were managers of low, middle and top level of
industrial enterprises operating in the Slovak Republic.

In order to verify the proposed hypotheses and to better
understand the relationships between the selected constructs, we
used the PLS-SEM method (Partial Least Squares Structural
Equation Modelling). That method allows multiple hypotheses to be
tested simultaneously under both direct and indirect effects in a
complex system. We chose to use it for several reasons: the first is
the relatively small sample size, other reasons are the complexity of
the research model, the focus of the study on the prediction of the
dependent variables, and the use of latent variable scores for
predictive purposes [9]. We used the following methods to test the
reliability and validity of the model:

- Methods of convergent validity and reliability: Cronbach's Alpha
(Cronbach Alpha), Sperman's rho (rho_A), Composite reliability
(CR), Average Variance Extracted (AVE) - all of these indicators
meet the requirements for its confirmation.

Discriminant validity methods: Heterotrait-Monotrait Ratio
(HTMT) and Cross Loadings - all of these indicators meet the
requirements for validation.

- Collinearity statistics methods: Variance Inflation Factors (VIF) -
all VIF values are below 5, indicating that there are no collinearity
problems between predictive indicators.

Coefficient of Determination (R-Squared) and Adjusted
Coefficient of Determination (Adjusted R-Squared)- The coefficient
of determination (R2) indicated that the independent latent variables
explain 63.1% of the variance of SHR4.0, which means that
approximately 63.1% of the variation in SHR4.0 is due to the latent
variables in the present model. Adjusted R2 provides more efficient
values for the correlation between variables.

To check the fit of the structural model, we used the Model Fit:
Standardized Root Mean Square Residual (SRMR) calculation -
The value of SRMR is 0.095. SRMR values should be less than or
equal to 0.100, indicating acceptable model fit [10].

Hypotheses were statistically tested at a = 0.05 level. The
results of the performed analyses were processed using the
statistical software SmartPLS 3.

Measurements

The content of the individual variables is presented in the
following table for clarity.
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Table 1 Content of individual variables (1 = completely
disagree, 5 = totally agree)

Additive manufacturing Posting job offers on smart/mobile

apps

Augmented reality Automated CV search using Al
and Big Data

Autonomous robots Real-time remote video
interviewing on a fast data
network

Big data and analytics | Acclimating new hires through
augmented reality

Cloud computing Identifying employee skill gaps

through artificial intelligence

Cyber protection Identifying low-performing

workers based on Big Data

Horizontal and vertical | Anytime,
integration training

anywhere  virtual

Internet of Things Continuous feedback

Simulations Retaining workers through new
value propositions and internal

opportunities

Smart loT-based applications
and devices for real-time health
tracking to eliminate sick leave

Teamwork climate perceived quality of cooperation between
staff

All team members can ask questions if there is something they
do not understand.

Staff members do receive the support they require from other
staff in the performance of their duties.

The contribution of employees is positively perceived in our
company.

Disagreements in the team are resolved adequately, it is not
important who is right, but what is best for the task.

Team members work together as a well-coordinated team
regardless of their functional positions.

In our company, it is not difficult to express myself critically if |
perceive problems in performing performance.

4. Results

To understand the subjective perception of the amount of each
variable, we present both descriptive statistics and correlation
analysis.

Source: own elaboration

Note: 14.0 = Industry 4.0, Smart HR 4.0 = Smart Human
Resources 4.0, TWC = Teamwork Climate

Based on the above statistics, the reader can visualize
respondents’ perceptions on different aspects of the summary
variables using different measures of descriptive statistics.

The inter-correlations of the summary variables are shown

below.

140

Table 2 Descriptive statistics of the reviewed variables

1 2 3 4 5 6 7 8| 9
115 | 115 | 115 | 115| 115 | 115| 115|115 | 115
269 | 238 | 28 | 321 | 323 | 418 | 3,22 /320 [3,30
300 | 2,00 | 200| 300| 300/| 400| 3,00 |300 |3,00
1 1 1 1 4 5 4| 4| 1
143 | 1,39 | 176 | 167 | 165 | 140 | 148 |154 |1,71
204 | 1,94 | 311 | 280 | 271 | 196 | 219 |2,37 |2,92
1
1 2 3 4 5 6 7 8 |9 |o
1
1
115 | 115 | 115 | 115 | 115 | 115 | 115|115 |115 |5
3
5
420 | 468 | 295 | 338 | 384 | 403 | 377|384 (4,06 | 4
4
0
500 | 500 | 300| 400 | 400 | 400 | 4,00 |400 [400 ]| 0
5 5 1 4 5 4 4| 5| 5|4
1
4
146 | 1,07 | 163 | 157 | 133 | 129 | 135 (144 (1,38 | 1
1
9
214 | 115 | 266 | 245| 1,77 | 167 | 1,83 |2,08 [1,90 | 9
1 2 3 4 5 6
115 | 115 | 115 | 115| 115 | 115
397 | 399 | 387 | 388 | 403 | 421
400 | 400 | 400 | 400 | 400 | 400
5 5 5 4 4 4
142 | 142 | 150 | 141 | 1,36 | 123
202 | 201 | 224 | 19| 18 | 150
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Table 3 Inter-correlations of summary variables

Kendall's tau_b 14.0 TWC | SmartHR4.0
Correlation _

14.0 | Coefficient
Sig. (2-tailed)
Correlation

TWC | Coefficient 0,612**
Sig. (2-tailed) <0,001
Correlation

RLZ | Coefficient 0,612** | 0,507** --
Sig. (2-tailed) <0,001| <0,001

** The correlation is significant at the level of 0,01
Source: own elaboration

Note: 14.0 = Industry 4.0, Smart HR 4.0 = Smart Human Resources
4.0, TWC = Teamwork Climate

Based on the results of the analysis using Kendall's tau_b
correlation coefficient, we found that all relationships between the
summary variables are statistically significant and there are positive
correlations between them.

In order to analyze the mediation effects, we use the
bootstrapping method to quantify the influence of mediating
variables [11]. We constructed 2 hypotheses that we will analyze:
H1- the relationship between 14.0 and SHR4.0 and H2- the
relationship between 14.0 and SHR4.0 mediated by TWC. The
mediation model via TWC between the relationship of 14.0 and
SHRA4.0 is described in the following table.

Table 4 Paths of latent variables found

14.0->Twc | Pirect | 9574| 0574|0075 | 7.696| 0.000

12.0 > effects

SHRA4.0 0.490 | 0.495 | 0.077 | 6.406| 0.000

TWC ->

SHRA4.0 0.384 | 0.3840.103 | 3.741| 0.000
Total

14.0 -> TWC | indirect

-> SHR4.0 effects | 0.232| 0.232 | 0.051| 4.570| 0.000

14.0 -> Total

SHRA4.0 effect | 0.723| 0.727 | 0.050 | 14.318 | 0.000

Source: own elaboration

Note: 14.0 = Industry 4.0, Smart HR 4.0 = Smart Human Resources
4.0, TWC = Teamwork Climate

The table above shows the coefficients of the structural model.
The results of the table indicate the facts that 14.0 has a significant
effect on SHR4.0 ($=0.490, t=6.180, p<0.05), thus confirming 1
hypothesis, namely that Industry 4.0 (14.0) technologies are
positively related to Smart HR 4.0 (SHR4.0). The path from TWC
to SHR4.0 is also significant (§=0.384, t=3.658, p<0.05). The path
from 14.0 to TWC is also significant (=0.574, t=7.696, p<0.05).
All the direct effects variables show T-values greater than 1.96 and
P-values less than 0.05 (significance level 5%). Thus, the
prerequisite for the implementation of mediation is given.

Further results suggest that the latent variable TWC represents a
partial mediation of the relationship between 14.0 and SHRA4.0.
Hypothesis 2, which relies on TWC as a mediator, was confirmed.
The direct effect is f=0.490 and the indirect effect is f= 0.232,
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indicating that the mediating effect of TWC in the 14.0 -> SHR4.0
relationship is 32%, and the direct relationship is 68%.

The mediation effect is significant (f= 0.232, t=4.215, p<0.05).

Discussion

Hypothesis 1 was confirmed in the research. Our results are in
line with the results of Sharma [12], which show that SHR4.0
driven by modern technology as well as next-generation employees
is changing HR processes in the Industry 4.0 era. A recent study by
Sivathan and Pillai [8] adds that human resource performance can
be achieved by the impact of Industry 4.0 technologies on SHR4.0.
The study of Piwowarva-Sulej [13] adds that the impact of
technology on SHR4.0 also translates into the enhancement of
collaboration between human capital and machines. Our study also
confirmed the results of previous researches that there is a
significant dependency between modern Industry 4.0 and SHR4.0
technologies and it causes changes within HR processes.

Hypothesis 2 was confirmed in the thesis research.

This is not a surprising finding as TWC is highlighted by many
authors as an important enabler within various innovative
management tools. They state that a wider use of teamwork leads
not only to a higher number but also to a higher level of
innovations. The role of teamwork in organizational innovation is
also highlighted by other authors [17, 18]. Factors that tend to be
cited as supportive in this context are knowledge sharing, mutual
learning and autonomy, leading to responsibility and motivation.

Our results are supported by Malavik and Mohan's study [14],
which shows the dependence of effective SHR4.0 implementation
on corporate culture and its teamwork aspect. These factors will
enable human resource departments to play a more strategic role in
the overall growth of businesses. The research findings of Shamim
et al. [15] point out that in addition to important elements such as
organizational structure and leadership style, HR processes also
create conditions for compatibility with Industry 4.0 by
continuously promoting innovation and learning. Rehman et al. [16]
complement the conceptual model with a corporate culture that
significantly  influences innovation and facilitates the
implementation of Industry 4.0.

Businesses need to implement a Smart HR4.0 strategy to cope
with this turbulent environment, as human capital is the main driver
behind changes in the way business processes work. Although this
is a technological revolution, the working tool of managers in the
Industry 4.0 era will be mainly human.

Modern technologies will automate a significant part of human
resource management processes with the intention of creating more
efficient and leaner HR teams. The strategy should also ensure an
influx of the younger generation with diverse skills into businesses.
Incorporating both the organizational structure of businesses and the
leadership style of managers would support the necessary changes
in the effective implementation of SHR 4.0, enabling HR
departments to play a more strategic role in business
competitiveness, process efficiency and overall growth.

The results of our study add to the so far fragmented and
inconsistent knowledge on the promotion of teamwork in the
implementation of technological advances in human resource
management and strongly point to some benefits for managers and
practitioners. The findings suggest that it is important for firms to
support their own employees in the creation and implementation of
new solutions, as this has been shown to have a direct positive
impact on firm performance. The focus needs to be not only on
technology, but especially on soft skills, namely team environment
and opportunities for quality teamwork and the subsequent
implementation of team solutions, as this is an area where
significant gaps have been demonstrated. Thus, the effect of
technology in HR processes can be intensified by orienting
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managers to work in teams, especially in the area of knowledge and
mindset. Such support benefits both parties, businesses through
better results and competitiveness, employees through higher job
satisfaction.

Despite the usefulness of the findings, this study has some
theoretical and practical limitations that could indicate the direction
of further research. Although this exploratory model proved to be
very useful and convincing, future research could consider
including additional variables in the framework to help better
understand the relationships examined. Another limitation of our
study is its restriction to firms operating in the Slovak market.
Given the nature of the relationships examined and their treatment
in many studies, we can assume that the findings have universal
validity. Another limitation of this study was the use of a cross-
sectional survey design and the questionnaire form of data
collection.

Conclusion

If businesses want to succeed in Industry 4.0, they should
consider new approaches in people management not only through
new technological innovations, but also through the implementation
of soft management tools and teamwork. The ability to work in
teams will become crucial. Expertise is of course important, but
recruitment and selection should emphasize openness to change,
adaptability, teamwork, creativity. In order to meet the various
challenges that lie ahead, businesses need to pay considerable
attention to strategic workforce planning.
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Impact of brain thinking preference on engineering project performance
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Abstract: The main objective of this study is to determine the extent of the effect of brain thinking preference (brain quadrants) on
engineering project performance. A descriptive approach methodology was used to achieve the objective of this work by developing a special
questionnaire contains many tracks. The data collected by the questionnaires with a sample size of (500) from different engineering projects
in public and private sectors were analyzed using a statistical package for the social science (SPSS —V21). The main results showed that the
most influencing criteria on the project's performance was "the freedom to choose a job", which had an impact on the project's performance
by 84.3%, and the respondents' answers in favor of this parameter was 78.2%. This indicates that the parameter of the independent
coefficient (preference for mental thinking) raises the level of project performance and thus directly affects the project performance
measures which are: The effectiveness, efficiency, employee loyalty and project quality. While the lowest effect is the parameter “the
creativity and skill “which has 61.3%, with respondents answers in favors of this parameter is 36.6%. Also the results showed that when
employees have the freedom to choice their own preferred job will have a great impact on project quality and thus increasing the percentage
of profits. So, giving employees the freedom to choose a job and measuring the extent of creativity and skill will give the opportunity to
increase a job performance. Also, results have shown that spreading awareness of the preference for cerebral thinking and moving towards
the preferred cerebral quadrant of a person's brain will unleash the best level of creativity, skill and conscious future outlook in all scientific

and practical fields.

KEYWORDS: BRAIN THINKING PARAMETERS, QUADRANTS, PROJECT PERFORMANCE PARAMETERS, EMPLOYEES

Research background: The purpose of this work was to better
understand what constitutes a competent thinker and decision-
maker, the competences required to be such that to study the
variables that may affect a person's brain decision. Furthermore,
making wise decisions is essential for thriving in the business
world, particularly when it comes to project performance. Wise
decision-making calls for managers to be aware of their
surroundings and how they may affect the operations of their
projects [1,2]. The brain is a complex organ that controls thought,
memory, emotion, touch, motor skills, vision, breathing,
temperature, hunger, and every process that regulates our body.
Together, the brain and spinal cord that extends from it make up the
central nervous system or CNS. To be effective in today’s complex
and changing world, managers need new insights and skills that
up- end conventional thinking about human potential, trust, energy,
initiative, and commitment. Neuroscience holds the key to
accomplishing this goal. The old belief was that all sensory input
went directly to the brain, where a behavioral response was shaped.
The new findings show that the gut-brain and the heart-brain are
involved first. Brain Thinking: Way of solving problems that
combines a rational and convergent approach with creative and
divergent thought processes. It includes four fundamental
dimensions: creativity, future vision, intelligent opportunism, and
thinking in the time [3,4]. Understood the concept of brain
dominance and knew that there were three different types of
thinking according to the dominant half:

a. The thinking style associated with the right half.

b. The thinking pattern associated with the left half.

c. Integrated thinking style.
Figure (1) is a schematic representation of Herrmann's metaphoric
whole brain model and functions associated with each part.
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Figure (1) Herrmann's whole brain model [10]

According to [6] these days' lack of braining thinking among
managers is obvious.  Moreover [7,8, 9] they added that
organizations are being involved in competitive and chaotic
situations. Because of that, the researcher focused on this problem
throughout the current research to explore whether the decisions are
being made based on strategic and brain thinking preferences of the
project performance of employees, so this work will explain the
impact and understanding of the Brain thinking preference and
produce a finding of practical relevance through answering the
following main question: What is The Impact of Brain thinking
preference on project performance?"

Quadrant A [10]: (The Left Cerebral Brain Thinking), is associated
with logical thinking, analysis of facts and processing numbers,
technical, problem solving. A person with a quadrant dominance is
rational and realistic, thinks critically, and likes to deal with
numbers and technical matters opinions and feelings are generally
not considered as important as facts. People with a strong
preference to think in these ways are also attracted to professions
that require such thinking. Examples of such careers include
technical, legal, and financial areas, including accounting and tax
law, engineering. mathematics, and some middle management
positions.

Quadrant B (The Left Limbic Brain Thinking) the (B) quadrant
has some similarity to the (A) quadrant in that both are left-brain
thinking preferences, deals with planning, organizing facts and
activities, and careful detailed review, administrative conservative
and controlled. A person who relies heavily on quadrant (B)
thinking is well organized, reliable, and neat. These people like to
establish plans and procedures and get things done on time.
Quadrant C (The Right Limbic Brain Thinking), is associated with
interpersonal relationships and affects intuitive and emotional
thought processes. (C) quadrant individuals are sensitive to others
and enjoy interacting with and teaching others they are typically
emotional and expressive, outgoing, and supportive of others. They
are concerned with people's feelings more than with facts and
procedures. People with single-dominant profiles in the (A) or (B)
quadrants probably see individuals with strong (C) quadrant
preferences as being very "touchy-feely.". Individuals with single
dominant (C) profiles would be very "feeling" and people oriented.
Quadrant D (The Right Cerebral Brain Thinking), is associated
with conceptualizing, synthesizing, and integrating facts and
patterns, with seeing the big picture rather than the details. Words
that describe this quadrant are artistic, holistic, imaginative,
synthesizer, and conceptualizer A person with a quadrant (D)
preference is visionary and imaginative, likes to speculate, break the
rules, take risks and may be impetuous, these people are curious and
enjoy experimentation, playfulness, and change.

How Does Your Profile Compare to Others? :-
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Herrmann's research led to the development of a scientifically
validated instrument that can quantify the degree of thinking
preferences for specific modes within the whole brain model. The
Herrmann dominance instrument is a questionnaire consisting of
(120) items that quantifies mental thinking preferences. The results
of the questionnaire are a visual plot of the thinking preferences of
the individual accompanied by a data summary sheet, the model
gives a breakdown of what each individual selected and registers it
according to the different quadrants [11]. Finally, these data are
complemented by an explanation report that describes and
highlights important aspects of the profile in order to understand the
profile, it is important to explain (quadrants and modes of thinking,
the preference code, the adjective pair data, the profile score) shown
in figure (2).
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Figure (2) The Ultimate Guide to HBDI, Herrmann Brain
Dominance Instrument [11]

Quadrants and Modes of Thinking: Thinking preferences are
measured not only by the four quadrants (A, B, C or D) [12], but
also by four modes (upper left, lower left, upper right and lower
right). The upper modes right and left, combining quadrants (A and
D) quadrants, are more cognitive and intellectual, preferring
thinking in abstract, conceptual modes. The lower modes combining
the (B and C) quadrants, are grounded and emotional in nature.
These modes often prefer visceral, "gut” and concrete approaches
[9]. The left modes combining the (A and B) quadrants, prefer
concise efficient processes with realistic, disciplined and orderly
approaches. The right modes combining the (C and D) quadrants,
include key mental processes such as intuitive and perceptive
thinking, as well as idealistic, expressive and open approaches, all
cases of these styles were detailed according to

A and B Dominant Profiles: An (A and B) dominant profile is the
profile of the left brain thinker [9]. There is an internal coherence
between the (A and B) quadrants. That is, they tend to reinforce
each another. For example, the analytical and logical processes of
the (A) quadrant support the structural and procedural
characteristics of the (B) quadrant. This is a very common profile,
especially among males. People with this profile are logical,
analytical, technically oriented, and good problem solvers. They are
also good planners, organizers, and implementers. They do not shy
away from administrative details.

A and D dominant Profiles: The (A and D) dominant profile is the
profile of the cerebral thinker. The great minds and great inventors
of our time exhibit these two thinking styles. People with this
profile have all of the thinking preferences of the (A) quadrant plus
a preference for the conceptual, creative, and integrative styles.
They like to invent things and new ways of doing things and are
quite happy to be individual contributors.
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C and D Dominant Profiles: The (C and D) dominant profile is
the profile of the right-brain thinker. People with this profile are
creative and inventive because of their (D) quadrant preferences but
are also people. They are intuitive, holistic, and interpersonal.
Entrepreneurs, teachers, salespersons, and trainers often exhibit this
thinking style pattern.

B and D Dominant Profiles: So far we have talked about double
dominant thinking styles where the two thinking styles were
compatible with each another. They were both right brain, or left
brain, or cerebral, or limbic. Interesting cases arise when the two
dominant thinking styles are fundamentally different from one
another, either (B and D) or (A and C). This individual has a double
dominant profile, but interestingly, it is across the diagonal between
quadrants (B and D). The person was an interior designer. Think of
this person in a project manager's role. We would guess that she or
he would be good at seeing the "big picture” of the project and at
developing project strategy, but she or he would also be interested
in doing detailed implementation planning as well. In other words,
she could see both the forest and the trees.

B and C Dominant Profiles: This is the profile of the limbic
thinker. Because of his or her dominant [18] quadrant score this
person has a strong preference for conserve thinking and the need
for structure and detailed procedures for all that he or she does. The
dominant (C) quadrant score indicates a strong preference for
interpersonal relations and concern for how the individual will react
to situations. These people are results oriented, and they respond
well to deadlines and enjoy working with others.

A, B, and C Dominant Profiles: Simply put, this is a left brain
individual with the added concern for the individual. He or she
makes a good team player and enjoys analyzing data, building
things, and seeing things work. Technical managers will often
display this thinking style profile.

A, B, C, and D Dominant Profiles: Only about 3 percent of the
population exhibits a preference for all four quadrants. People with
this profile are well balanced and can understand the thinking
modes of all types of people. They are good facilitators and can deal
effectively with every situation. They are adaptable and make good
leaders because of their whole brain approach and even handed
ways. the successful CEO will often display a four quadrant
thinking preference.

Research Objectives: The main aim of this study is to find the
extent of the “Impact of Brain thinking preference on engineering
project performance.” While the sub-objectives are to study the
followings:

1. Investigating the impact of the brain thinking parameters
(creativity and skill, future vision, intelligent opportunism,
mental tendencies, freedom to choice the job) on loyalty of
employee.

Identifying the individual of brain thinking parameters on
engineering project performance.

Identifying the level of brain thinking preference awareness
of the employees.

Determine the overall brain thinking parameters impact on
engineering project performance.

Research Variables: As can be seen from the research model in
figure (3), Brain thinking is the independent variable, and its
dimensions are (creativity and skill, future vision, intelligent
opportunism, mental tendencies, and freedom to choice the job).
Also, these dimensions were adopted by well-known researchers in
the field of management [13,14,15]. Which are hypothesized to
affect the dependent variables of the engineering project
performance (i.e., efficiency of employee, effectiveness employee,
project quality, loyalty of employees). The model in figure 3
represents the predicted association and relationships between brain
thinking and organization performance.

2.

3.

4.
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Figure (3): The Independent and dependent variables

Research Population: The study population consisted of all
employees in the public sector. The total number of them was
(4500) employees, surveying this large of population would
consume considerable budget, time, and effort. For this reason, a
study sample is calculated based on this number using a formula,
which is expressed [16].

n
n= . — — e vee ere e (1)
z? X p"(1—p")
1+ =
=N
Where:

n — Number of the sampel magnitude
related to unlimited population

p" — The proporation of the population

& -The errors frontier

z-The score

N-The realistic population number
n can be computed vie the expression: (calculator. net,2023)

= - -
zZxp(1—p7)
B e e e ee e (2)
EZ
Substituting € as 0.05, p~ as 0.5, and z as 1.96 can lead to fi:
1.96% %0.5(1-0.5)
= 384.2
0.05%
Thus, the number of study sample equals will be calculated by

substituting N as 4500 persons which is calculated using the
equation (1):

A=

384.2
 1.962x%0.5(1-0.5)
" 0.052x4500

As shown in the results of the calculation of the formula, of the
sample for this study is 354, but a study sample of 500 was taken in
this work to be more convenient for reducing the error.

Sampling and Sampling Frame: After determining the size of the
population on which the study will be conducted, estimated at
(4500) employees. The sample was selected randomly with a total
number of (500) respondents based on the (500) questionnaires,
which it was distributed electronically via an electronic link using
social networking sites (Facebook, and WhatsApp), and was also
distributed on paper in the public and private sectors, on 2023.

Questionnaire Design: The questionnaire consists of three parts;
first, the title of the study that includes the important question as
filtering question which is (Did your mental orientation influence
the choice of your preferred type of work?), If your answer is YES,
please proceed to the next question. Part two consists of six
questions about the respondent's demographic profile; included is an

354
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instrument that uses nominal and ordinal scales, such as Gender,
Age, Qualification, Experience in work, Business sector, and
regional distribution. Part three of the questionnaire was designed to
measure variables, (Creativity and skill, future vision, intelligent
opportunism, Mental tendencies, freedom to choice the job,
efficiency of the employee, effectiveness of the employee, project
quality, and loyalty of employees) [10].

Validity of the Study Tool: The study tool (questionnaire) was
presented to a group of arbitrators with academic competence and
experience in a number of public and private Jordanian universities.
Their opinion on questionnaire and ascertaining its suitability, in
terms of the number of paragraphs, clarity, accuracy, coherence,
and coherence, and any other notes. They deem it appropriate, to
delete, change, or add and consider this review process and the
subsequent correction and modification of most of them as a test of
the apparent validity of the tool.

Reliability of the Study Tool: To ensure the stability of the tool,
Cronbach's Alpha was calculated using the formula-3 and the
results were shown in figure (4). It is clear all the values are greater
0.6, which indicate the model of the study is valid [17].

NeC
= e e (3)
o+ (N—1)es
Where:
N- number of items
c-bar the mean internal variance between items
v-bar the mean of the total variance of the items

Cronbach's internal consistency coefficient alpha
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Figure (4) Cronbach's internal consistency coefficient alpha

Statistical Analysis: A Five-point Likert scale was adopted to
correct the study tools, by giving criteria of numerical weight
(strongly satisfied = 5, satisfied = 4, satisfactory = 3, unsatisfactory
= 2, highly unsatisfactory =1) and it is numerically represented (5,
4, 3, 2, 1) on ranking, and the following scale has been adopted for
the purposes of analyzing the results [18]:

From 1.00 - 2.33 is low

From 2.34 - 3.67 is medium

From 3.68 - 5.00 is large

The scale was calculated using the following equation: [19].

_Scale upper limit (5) — Scale lowerlimit(1)

Number of categories reguired (3)

=(5-1) /13 =(1.33))
Then adding the answer (1.33) to the end of each category.
Normal Distribution Test: The normal distribution test for the
data was carried out based on the value of the skewness coefficient,
to test whether the data used in the analysis followed a normal
distribution or not, so the results were as shown in figure (5).
These dimensions/variables are hypothesized to affect the
dependent variable project performance. It is noted from figure (5),
that the value of the Skewness coefficient for all paragraphs of the
questionnaire was less than one, and this means that the data
follows a normal distribution.
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Testing the normal distribution of the data depending on
the value of the skewnes coefficient
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Figure (5) Normal distribution of the data

Testing the Suitability of the Study: The linear correlation test
was used to ensure that there is no high correlation between the
independent variables, based on the variance inflation coefficient
(VIF) test, and the tolerance test for each of the independent
variables, as the independent variables of the model must be
independent among themselves. Also to ensure that purpose, will
use this test, which is one of the ways to get rid of the problem of
multi-collinearity, knowing that the variance inflation coefficient
must not exceed the value (10). While the value of the allowable
variance test must be greater than (0.05), and by calculating the
previous coefficients for each independent variable by using the
(VIF) equation as shown in formula (4), the obtained results are
listed in the following figure (6). [20, 21].
1

VIF=

1-R® " Tolarance
Where: R;% represents the unadjusted coefficient of determination
for regressing the independent variable (i) on the remaining
variables

The Variance Inflation Factor (VIF) and Tolarance
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Figure (6): The Variance Inflation Factor (VIF) and tolerance

Analysis of Results: The data were analyzed using a statistical
package for the social science version 21 (SPSS-V21) as follows:

Respondents answers to the brain thinking parameters: “What is
the level of brain thinking (i.e., creativity and skills, future vision,
intelligent opportunism, mental tendencies, and freedom to choice
the job)” at projects as perceived by employees? The arithmetic
means and standard deviations of the study sample's responses to

146

the mental preference for choosing the type of work were extracted.
As shown in figure (7), the dimensions/variables are hypothesized
to affect the dependent variable project performance.

m Mean value
M Standard Deviation
Relative Importance

O = N W B W0 G

Figure (7) The Arithmetic Means and Standard deviations related
of the mental Preference for choosing the type of work

Figure (7) shows that the relative importance of the mental
preference for choosing the type of work was high, as the general
arithmetic mean in overall assessment question was (3.93) and with
a standard deviation of (0.563), where creativity and skill came in
the first place with an arithmetic mean of (4.07) and a standard
deviation of (0.590) and of high relative importance. Whereas
freedom of occupational choice came in the last rank, with an
arithmetic mean of (3.81) and a standard deviation of (0.627), with
high relative importance. The participants ranked creativity and
skills as being the most important influencing factors, which was
followed by future vision, Intelligent opportunism, mental
tendencies, and then the freedom to choose the job. This result is
attributed to successful innovation depends on employees’
creativity, so firms must innovate to survive and succeed. Creativity
is essential for organizations so it affects employee efficiency and
job satisfaction, as the successful implementation of creativity-
based training programs contributes to the development of creative
skills. The arithmetic means, standard deviations, and relative
importance of each dimension of mental preference for choosing the
type of work were extracted separately and the results are shown in
figures (8 to 11).

First parameter: “Creativity and skill”
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Figure (8): The arithmetic means and standard deviations related
to creativity and skill
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Figure (8) shows that the relative importance of creativity and skill
was high, as the general arithmetic mean was (4.07) with a standard
deviation of (0.590), this indicates there is a great agreement about
the importance of this parameter in brain thinking of the employees
and the paragraph that states “I get the best ideas and creative plans
when I am not busy with something” came ranked first among the
paragraphs, with an arithmetic mean of (4.17) and a standard
deviation of (0.832), with high relative importance. Whereas, the
paragraph stating “the employee who thinks and works creatively
helps achieve the strategic goals and increase their competitiveness”
ranked last among the paragraphs, with an arithmetic mean (3.96)
and a standard deviation (0.901), and a high relative importance.
The majority of respondents agreed that the best creative ideas and
plans can be generated when employees are not busy. These results
are attributable to the fact that silence is useful for the creative
process as it enables one to generate ideas without restrictions,
guidelines, or interruptions.

Second parameter: “The future vision”

The arithmetic means and standard deviations
related to the future vision are arranged in
descending order according to the arithmetic means
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Figure (9) The arithmetic means and standard deviations related
to the future vision

Figure (9) shows that the relative importance of the future vision
was high, as the general arithmetic mean was (3.94) with a standard
deviation of (0.647), and the paragraph stating “the vision of the
institution/company reflects the future direction of the program it
offers” It ranked first among the paragraphs, with an arithmetic
mean of (3.96), a standard deviation of (0.924), and a high relative
importance. this indicates there is a great agreement about the
importance of this parameter in brain thinking of the employees
Whereas, the paragraph stating “I make future plans to overcome
risks and mistakes at work” ranked last among the paragraphs, with
an arithmetic mean (3.92) and a standard deviation (0.953), with a
high relative importance. This result is attributable to the fact that
prosperous businesses have the propensity to have visionary goals
like hiring competent, knowledgeable, confident, experienced,
loyal, and skilled employees who will devote their full efforts,
attitude, and determination to giving the company a competitive
edge in the market

Third parameter: “Loyalty of employees”

It is clear from figure (10) that the relative importance of loyalty of
employees was high, as the general arithmetic mean was (3.79) with
a standard deviation of (0.640), and the paragraph stating “I
maintain the property of the institution/company honestly and
faithfully” came in the first place. between paragraphs with an
arithmetic mean of (3.81), a standard deviation of (0.908), and a
high relative importance. Whereas, the paragraph stating “T feel that
I am part of the administrative system of the institution/company”
ranked last among the paragraphs, with an arithmetic mean (3.77)
and a standard deviation (0.957), with a high relative importance.
The majority of participants choose the paragraph that states “I

147

maintain the property of the institution/company honestly and
faithfully”. These results are in line with a study conducted by [22],
the researchers said that integrity has a significant and positive
impact on employee performance, and a high-integrity employee
will perform better performance.
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Figure (10). The arithmetic means and standard deviations related
to employee loyalty

Forth parameter: “Efficiency of Employees”

The arithmetic means and standard deviations related
to employee loyalty are arranged in descending order
according to the arithmetic means
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Figure (11): The arithmetic means and standard deviations related
to employee efficiency

While figure (11) shows that the relative importance of the
employee’s efficiency was high, as the general arithmetic mean was
(3.77) with a standard deviation of (0.694), and the paragraph
stating “the institution/company follows the approach of
maximizing value and reducing cost during the production process
in Projects" ranked first among the paragraphs, with an arithmetic
mean of (3.78) and a standard deviation of (0.948), with a high
relative importance. Whereas, the paragraph stating “The control
and inspection unit within the institution/company enjoys high
efficiency” ranked last among the paragraphs, with an arithmetic
mean (3.75) and a standard deviation (0.952) with a high relative
importance. These results are attributable to the fact that an
organization's performance can be enhanced by granting its
employees autonomy in the workplace, freedom of choice regarding
how they complete tasks, and the opportunity to contribute their
ideas. Effective and efficient employees are likely to perform less
well if they are not adequately motivated. So, employees need to
work in an environment where creativity is unrestricted.
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Hypothesis Tests: ‘First sub-hypothesis” to verify the validity of
the first sub-hypothesis, a simple linear regression was used for the
impact of the creativity and skills dimension on the performance of
projects in Jordan, and the results as shown in figure (12).
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Figure (12): Results of a simple linear regression of the impact of
creativity and skills

Figure (12) shows that there is a statistically significant effect of the
dimension of creativity and skills in the performance of projects in
Jordan, where the correlation coefficient (R = 0.605), which
indicates the existence of a statistically significant correlation
between the independent variable (creativity and skills) and the
dependent variable (project performance). The value of the
coefficient of determination (R* = 0.366), which indicates that
(creativity and skills) explained 36.6% of the variation in (project
performance), while the remainder is due to other variables that
were not included in the model, and the value (F = 287.681) at a
confidence level equal to (sig = 0.00), and this confirms the
significance of the regression at a significance level of (o < 0.05). It
appears from the figure of coefficients that the values of (B) in the
dimension of creativity and skills amounted to (0.613), and that the
value of (t) was (16.961) with a statistical significance of (0.000),
which indicates that the effect of this dimension is significant.
These results indicate the rejection of the first sub-hypothesis and
the acceptance of the alternative hypothesis, which states: "There is
a statistically significant effect at the significance level (a < 0.05)
for creativity and skills dimension in the performance of projects in
Jordan."

Second sub-hypothesis: “There is no statistically significant effect
at the significance level (a < 0.05) of the future vision dimension on
the performance of projects in Jordan”.

To verify the validity of the second sub-hypothesis, a simple linear
regression was used to effect the future vision dimension on the
performance of projects in Jordan, and the results as shown in figure
(13):

The results indicate that there is a statistically significant effect of
the future vision dimension on the performance of projects in
Jordan, where the correlation coefficient (R = 0.739) indicates that
there is a statistically significant correlation between the
independent variable (future vision) and the dependent variable
(project performance). The value of the determination coefficient
(R? = 0.546), which indicates that (future vision) explained 54.6%
of the variation in (project performance), while the remainder is due
to other variables that were not included in the model, and the value
(F = 599.778) at a confidence level equal to (sig = 000), and this
confirms the significance of the regression at the level of
significance (o < 0.05). Third sub-hypothesis: To verify the validity
of the third sub-hypothesis, a simple linear regression was used for
the effect of the intelligent opportunism dimension on the
performance of projects in Jordan, and the results were as follows:
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Figure (13): The results of a simple linear regression of the impact

of the future vision
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Figure (14): The results of a simple linear regression of the impact
of the intelligent opportunism

The results indicate that there is a statistically significant effect of
the intelligent opportunism dimension on the performance of
projects in Jordan, where the correlation coefficient (R=0.817)
indicates that there is a statistically significant correlation between
the independent variable (intelligent opportunism) and the
dependent variable (project performance). The value of the
coefficient of determination (R* = 0.668), which indicates that
(intelligent opportunism) explained 66.8% of the variation in
(project performance), while the remainder is due to other variables
that were not included in the model, and the value (F = 1002.993) at
a confidence level equal to (sig = 0.00), and this confirms the
significance of the regression at a significance level of (a < 0.05).

Summary of The Main Results: The summary of main results of
this work (The dependent variables) can be shown in figure (15).
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Figure (15): Summary of the main results (dependent variables) of
this study
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Conclusions:

From the above of the results of this discussion of this work, the
following main points can be concluded.

Creativity and skill parameters of the brain thinking
preference has an effect of 61.3% on engineering
project performance with 36.6% of respondent’s
agreement and with (VIF) of 2.097% indicating low
correlation between variables.

Future vision parameter of the brain thinking
preference has an effect of 68.3%, with 54.6% of
respondent’s agreement, indicating good impact.
Intelligent opportunism parameter of the brain
thinking preference has an effect of 71.4%, with
66.8% of respondent’s agreement, indicating a high
impact.

Mental tendencies parameter of the brain thinking
preference has an effect of 73.1%, with 70.3% of
respondent’s agreement, indicating a high impact
The freedom to choose a job affected has an effect
on Project performance by 84.3%, and 78.2% of the
respondents agreed that this measure of their mental
thinking raises their project performance.

The overall effects of the five criteria’s according to
the multiple regression test of these criteria
(creativity and skill, future vision, smart
opportunism, mental inclinations, freedom to choose
a job) are 84.4% on the engineering project's
performance (efficiency of employees, employees
effectiveness, loyalty of employees, project quality).
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Abstract: Electronic voting (e-voting) offers many advantages compared to traditional types of voting. Today there are many e-voting
schemes and systems, which allow their use for various purposes. Because of its fundamental importance for democratic societies, e-voting
is subject to high legal standards, in particular security requirements for the voting method. It is hard to create a system or a protocol
fulfilling all security requirements. Designing effective e-voting systems is challenging because these aspects often conflict with each other.
For example, one of such challenges is trying to ensure identification and keep votes private while still being able to verify them. There are
quite a few cryptographic schemes which fulfill wide requirements for electronic elections, but they use sophisticated cryptographic tools
that make them hard to implement and require expertise in various fields. In this paper we suggest a new approach that ensures this
requirements without complex cryptographic methods, using only face recognition, properties of entropy, hash functions and steganography.
KEYWORDS: E-VOTING, PRIVACY, VERIFIABILITY, HASH FUNCTION, ENTROPY

1. Introduction Estonia has been a pioneer in i-voting, allowing citizens to

E-voting refers to the process of casting and counting votes vote_onl_ine in national elections since 2005. A huge number_ of
using electronic means, typically through computers or the internet. ~ Publications are devoted to the problems related to e-voting
E-voting systems can vary widely in their design and  Systems. In our previous research [1-3] we studied existing e-voting
implementation, ranging from simple online voting platforms to ~ Systems, literature on this topic, investigated the security
more complex electronic systems. One of the challenging types is ~ equirements. We can state that from one side it is necessary to use
the internet voting (i-voting), when voters can cast their ballots ~ different cryptographic methods, but at the same time the solution
online from any location. must be user-friendly to ensure maximum efficiency. There are

Advocates of e-voting often highlight several potential benefits: quite a few cryptographic schemes which fulfill wide requirements
o Accessibility: E-voting can make the voting process more for electronic elections. Their only disadvantage is inconvenience:
accessible to individuals with disabilities by providing  they use sophisticated cryptographic tools that make them hard to
options such as screen readers, enlarged text, or implement and require expertise in various fields. ) _
alternative input methods. Thus, while e-voting holds potential benefits for improving the

«  Speed and Efficiency: Electronic systems can streamline efficiency and accessibility of the voting process, it also presents
the voting process, potentially reducing long lines at significant challenges that must be addressed to ensure the security,

polling stations and speeding up the counting of ballots, ~ Integrity, and fairness of elections.
Convenience: E-voting allows voters to cast their ballots

remotely, eliminating the need to travel to a physical Requirements ) _

polling location. The e-voting system must be reliable to prevent election fraud
e Cost Savings: Potential long-term savings on printing, _(insider at_tacks) or at_tacks on_the _sys_tem from outside. V\/_hen

staffing and logistics. implementing a technical solution, it is necessary to take into

account all types of attacks. Interoperability of all technical
components and services used must be ensured, compatibility and
correct functionality of the system must be assured, therefore
suitable open electronic data interchange standards should be used.
The system must be operational under any circumstances, even if
some problems arise (for example, with the network), equipment
failures, hacker attacks, etc.). The reliability of the system must be
tested, evaluated and improved constantly. The i-voting system
must be uninterruptedly accessible to voters. Its interface should
be easy to use and all voters should be able to access it equally,
regardless of age, education or physical condition. Ballots should be
written as clearly as possible so that voters can minimize the
possibility of votes being miscounted due to any misleading aspect
of the ballot design. Another requirement is the scalability,
ensuring that the system can handle a large number of voters and
high traffic, especially during peak voting periods. At last we would
like to mention the simplicity requirement ensuring that the system
is easy to understand and use to prevent user errors.

e Accuracy: Electronic systems can reduce the risk of
errors associated with manual vote counting, such as
miscounting or illegible ballots.

e Increased Participation: Easier access may encourage
higher voter turnout.

However, there are also concerns and challenges associated

with e-voting:

e Security Risks: E-voting systems are vulnerable to
various security threats, including hacking, malware, and
tampering. Ensuring the security and integrity of
electronic voting systems is a significant challenge.

e Trust and Transparency: Transparency in the voting
process is essential for maintaining public trust in election
outcomes. E-voting systems must be designed to provide
transparency at every stage, from ballot casting to vote
tabulation.

e  Privacy: Protecting the privacy of voters is crucial in any
voting system. E-voting systems must ensure that voter
information remains confidential and cannot be linked
back to individual ballots.

e Digital Divide: Not everyone has equal access to
technology or the internet, which can create disparities in
access to e-voting systems. Ensuring equitable access for
all voters is a significant concern. Older or less tech-savvy
populations may find e-voting challenging.

e Accountability: In the event of technical issues or
discrepancies, it may be challenging to audit or verify
electronic voting systems effectively. Establishing
accountability mechanisms is essential for addressing
these concerns.

The main security characteristics of e-voting system can be
formulated in the following list:
e Authentication or Eligibility: Ensuring that only eligible
voters can cast a vote.
e Integrity or Completeness: Guaranteeing that votes are
recorded as cast and counted as recorded.
e Stability: No ballot is subject to change after being sent
to ballot storage.
e  Privacy: Ensures that there is no link between a voter and
his vote, in other words, protects any information about
the voter.
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Anonymity: Make ballots indistinguishable from one
another, not to find who is the voter.

Confidentiality: Protecting the contents of the vote from
being disclosed to unauthorized parties.

Verifiability: Enabling voters to verify that their vote was
counted correctly without compromising their anonymity.
Unreusability or unigeness: voter can vote only once,
does not permit any voter to cast more than once.

Designing effective voting systems is challenging because
these aspects often conflict with each other. One of such challenges
is trying to ensure identification and keep votes private while still
being able to verify them. In this paper we suggest a new approach
that ensures this requirements without complex cryptographic
methods, using only face recognition, properties of entropy, hash
functions and steganography.

Our aim is to develop a simple and at the same time secure
online voting system in Armenia, suitable for a variety of choices
and adaptable to different cases.

2. Existing cryptographic solutions

As mentioned above, an e-voting system is vulnerable to many
threats; fraud, compromised computers, attackers compromising
system components or other attacks launched over the network. The
need for better mechanisms of authentication, anonymity, integrity,
confidentiality, secrecy, etc. is crucial. With the development of i-
voting systems, the need for cryptographic means both for
providing security against these threats and for verification purposes
is increasing.

Cryptography is one of the fundamental areas involved in
ensuring the security of internet voting. In addition for security
other processes and implementations are also important.

One of the main cryptographic methods is encryption.
Symmetric key encryption is critical to many aspects of secure
online voting systems. It is involved in ensuring the security of
voting data both at storage and in transit. Public-key
cryptosystems like RSA can provide confidentiality, authentication
and key exchange.

To protect the anonymity of voting and ensure its security,
Estonian e-voting uses a double envelope system. Once a user
accesses the voting application on his computer, he votes and a
random number is added to the data. The vote and random number
are then encrypted with an election-specific public key. This forms
an inner envelope which is used to keep the vote anonymous.
Random numbers must be generated by cryptographically secure
pseudo-random number generators, that can produce a high
degree of entropy to prevent patterns and correlations from
appearing in the numbers. Such generators are used to produce
random values for key generation, salting, nonces, and vote
shuffling, increasing the randomness and unpredictability of the
voting process, thereby preventing attacks and preserving election
anonymity.

Homomorphic encryption, an emerging cryptographic
technique that allows computations to be performed on
encrypted data, has the potential to solve some problems in online
voting schemes. One of applications is the usage for tallying
encrypted votes without compromising individual voter anonymity.
It is still in its early stages of development but holds promise for
future online voting schemes.

Cryptographic hash functions, that map variable-sized data
volumes into fixed-sized outputs by a one-way mathematical
functions, can be used as checksum algorithms. These have a
variety of uses, such as verifying the integrity of software.
Combining public-key encryption and hash functions, digital
signatures authenticate the source and integrity of data, which is
critical in e-voting systems. This process involves signing data with
a private key and verifying it with a corresponding public key.

A mix network is a technique based on public key
cryptography which includes mixing components between the
corresponding parties in the cryptosystem, that process each sent
data before it is delivered. A mix net takes encrypted data as input,
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shuffles and reorganizes the data and decrypts it. The purpose of a
mix network is to hide the correspondences between the items in its
input and those in its output. Mix net can be included as a
component in the voting process to ensure anonymity, privacy,
verifiability. This step can also help to prevent intimidation.

A zero knowledge proof is a method to prove knowledge of
some fact without revealing this knowledge. Such proofs involve
interactions between two communicating parties, the prover and the
verifier. The prover demonstrates the possession of some
information (authentication information) to the verifier without
disclosing it. Today’s internet applications of zero knowledge proof
are very wide including e-commerce, e-voting, access authorization
and entity authentication.

Several remote e-voting solutions based on blockchain
technology have been proposed. The survey [4] provides a
comprehensive overview of the blockchain - based e-voting systems
currently being implemented by various countries and companies
and proposed for academic research. Indeed, in the scientifc
literature, more and more research works propose e-voting
applications based on blockchain. Nevertheless, only some of the
proposed solutions have been implemented in real life and none of
them have been tested on a large scale. Therefore, it is very difficult
to conclude that blockchain is a completely secure alternative for
national election at present. Although the principles on which
blockchain is based are secure, e-voting applications are still
vulnerable to several attacks. This makes it very challenging to
guarantee the integrity of an election, which is problematic given
the stakes of such an application. The National Academies of
Sciences report [5] states that “blockchain technology does little to
solve the fundamental security issues of elections, and indeed,
blockchains introduce additional security vulnerabilities”.
Blockchain technology is designed to keep information secure once
it is received. It cannot defend against the multitude of threats to
that information before it is entered in the blockchain, and voters
cannot verify their votes are entered into the blockchain correctly
without compromising ballot secrecy. Recording ballots on a
blockchain also risks ballot secrecy if encryption keys are not
properly protected or software errors allow decryption of individual
ballots.

3. Preliminary information

Entropy

Our approach uses the basic notion in information theory, that
is Shannon’s entropy, which is the measure of uncertainty [6]. For
given random variable X with values from the set y entropy is
calculated as

H(X) = —Z;J(.\') log p(x)
ved’
with log of base 2. Here we omit the properties of entropy. We are
interested in using this measure for preserving privacy in face
images.

The information theory approach has proved to be effective in
solving many Computer Vision and Pattern Recognition problems
[7]. One such approach was suggested in [8].

The idea that we suggest here is based on the fact that permuting
pixels of the image does not change the entropy of the distorted
image (see Fig. 1).

Fig. 1. Source image and the distorted image by permutation of same pixels
have the same entropy H = 5.456204603175102
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Face recognition

In the rapidly advancing world of facial recognition technology,
finding the delicate balance between its benefits and protecting
people’s rights to privacy is of utmost importance and is a
challenging problem. Facial recognition relies on capturing and
analysing biometric data, which is highly sensitive and unique to
individuals. Unlike password or identification numbers, biometric
data cannot be changed or reset.

In our system we use face recognition for identification of the
voters. The important requirement is to choose a face recognition
model which is accurate and can handle a large volume of
recognition requests efficiently to facilitate smooth voting process.

Facial recognition technology often involves integrating with
various platforms and databases, which can create a complex web
of interconnected personal data. If not properly regulated, sharing
facial recognition data across platforms can lead to significant
privacy risks.

Our solution, described in the next section, addresses all this
challenges.

Election structure

The online election process starts with so called setting phase,
where the staff creates ballot, election parameters are formed and
published. These parameters include encryption keys, the number of
candidates, list of voters, etc. The election is announced with
sending login credentials to users.

The next is the ballot filling phase, during which the voter login
to user interface and prepare his/her vote. The result should be an e-
ballot with voter’s personal info embedded in it.

In the ballot registration phase the ballot with embedded info
and voter’s personal number are sent to public ballot storage. The
voter’s info must be removed from the ballot and as a result a ballot
without voter info is collected, this is called ballot anonymity phase.

At last in the counting phase the committee uses a personal key
to decode all the ballots and count the voices.

In the next section we describe in detail processes and our
suggestions to ensure the main security characteristics.

4. Our solution

Designing an electronic voting system involves several key
components to ensure the main security characteristics. Let us
consider all steps of e-voting with our suggestions.

Process 1 is the Login step of the staff, which requires secure
managing the administrative access to the voting system.

Process 2 is the Creation of the Ballot which needs designing a
ballot that is easy to understand and use. It must enable handling a
variable number of candidates and ensuring the system scales
accordingly.

Process 3 implements the transmission of Login Credentials to
voters. Here the challenges are maintaining an accurate, secure, and
up-to-date list of eligible voters and securely distributing login
credentials to voters.

In our e-voting system we suppose that the list of voters include
their 1D cards with face images. The staff send an e-mail to each
voter with the voting information and the link to the interface of the
e-voting system. The authentication of the voter is realized by face
recognition system, that compares a person’s face with ID card face
image. The system should check the eligibility of the voter. The
photo image of the user is then immediately distorted by a random
permutation (Fig. 1). The entropy H of this image is sent to the
voter’s e-mail.

Once authenticated, voter can cast his vote electronically
(process 4). After that the hash value h; of the filled ballot with
distorted image (process 5) is sent to the voter’s e-mail.

In the process 6 the system records each vote with distorted face
image to the database. At the same time the hash value h, of the
existing list is sent to the voter’s e-mail.

After the voting period ends, the system should tabulate the
votes and generate results guaranteeing completeness and integrity
(process 7). The final stage process 8 must record results
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accurately. For avoiding any changes on this step we suggest to
transmit the results in a hidden way using steganographic methods.
Discussion on satisfaction of requirements

Now let us discuss the security, privacy and verifiability aspects
of suggested system. Which are the roles of distorted images, image
entropy and hash values?

The entropy of the voter’s face image or the shuffled image will
be the identification number of the voter. It can be considered as a
unique number, because from one side it can not be repeated even
for the same person (if it would be allowed), but also because the
entropy is a 16 digits number (see Fig. 1) and hence there can be
about 10 various values of entropy, that is much greater than the
possible number of voters.

As we told, the entropy or the identification number in the
system is invariant for any permutation of the image pixels. We
claim that the distorted image guarantees the privacy of the voter,
because it is practically impossible to find the source image from
the shuffled one. To prove that, consider an example of an image
with only P = 5x5 = 25 pixels, then the number of possible
permutations equals |P|! = 25! , which is a number of order 102, We
know that 1 year equals 31 536 000 seconds that is greater than
3x107. If the supercomputer can check one permutation in 10™°
seconds, then it will need about 107 years to find the source image.
But the real image can have much more pixels. The considered on
the Figure 1 image has about 600x500 = 300000 pixels, hence the
number of possible permutations is an astronomically large number.
When pixels are shuffled randomly, the process is typically non-
deterministic and does not retain any history or record of the
original positions. Each pixel’s position in the shuffled image is
independent of its original position unless additional information
(such as a mapping function or shuffle key) is stored. This makes it
computationally infeasible to reverse the specific shuffle applied to
the pixels without knowing the exact permutation. This is without
taking into account also that each pixel has 3 components, that may
be also permuted. Hence, we proved that it is impossible to revert a
randomly shuffled image to its original state without additional data
or a record of the shuffle operations.

At the end of the election each voter will have possibility to
verify the election by sending a query with identification number
(entropy of the image). The system will check the existence of such
number, will compute the hash value h; of corresponding vote and
the hash value h, of the previous list and send back to the voter. If
all accepted hash values coincide with previously received by e-
mail values, it means that
the voters ballot is not ignored or erased (integrity),
the vote is recorded correctly (stability),
the list of votes is not changed (completeness).

Otherwise, if the values of h; or h, are changed, the voter may
record an election fraud.

5. Conclusion

The suggested e-voting system is simple in use and at the
same time secure, suitable for a variety of choices and adaptable to
different cases. It does not need trusted persons, does not need any
exchange of secret keys. It is very simple for users, does not need
knowledge of cryptography, and hence can be used by wide range
of individuals without preliminary trainings. Privacy and
verifiability, as well as the fact that final results are not encrypted
and are available to all voters add trust to this system.

6. References

[1] A. Avetisyan, M. Haroutunian and P. Hakobyan, “Discussion
on steganographic methods from the perspective of e-voting
implementation”, Proc. of 14" International Conf. Computer
science and information technologies CSIT 23, pp. 214-217,
2023. https://doi.org/10.51408/csit2023_51

M. Haroutunian, A. Margaryan and K. Mastoyan, “Secure
online voting scheme using steganography”, CSIT workshop
on Data Analytics and Mathematical Modeling, Thilisi, 2024.

(2]


https://doi.org/10.51408/csit2023_51

INDUSTRY 4.0 2024, SUMMER SESSION, vol 1

[3]

[4]

[5]

[6]

M. Haroutunian, P. Hakobyan and A. Avetisyan, “Two-stage
optimal hypotheses testing for a model of stegosystem with an
active adversary”, JUCS - Journal of Universal Computer
Science, vol. 29, no. 11, pp. 1254-1273,
2023. https://doi.org/10.3897/jucs.112913

M. V. Vladucu, Z. Dong, J. Medina and R. Rojas-Cessa, "E-
voting meets blockchain: A survey," in IEEE Access, vol. 11,
pp. 23293-23308, 2023. doi: 10.1109/ACCESS.2023.3253682

A Consensus Study Report of National Academies of Sciences,
Engineering, and Medicine, “Securing the vote: protecting
American democracy”, Washington, DC: The National
Academies Press, 2018. https://doi.org/10.17226/25120

T. M. Cover and J. A. Thomas, Elements of information
theory. 2nd ed. A Wiley-Interscience Publication, USA 2006.

153

(7]

(8]

F. Escolano, P. Suau and B. Bonev, Information theory in
computer vision and pattern recognition, Springer Verlag
London Limited 2009.

M. Haroutunian, D. Asatryan and K. Mastoyan, “Analyzing
the quality of distorted images by the Normalized Mutual
Information measure”, Mathematical Problems of Computer
Science, vol. 61, 2024.

Acknowledgment
The work was supported by the Science Committee of RA, in

the frames of the research 21T-1B151.


https://doi.org/10.3897/jucs.112913
https://doi.org/10.17226/25120

INDUSTRY 4.0 2024, SUMMER SESSION, vol 1

Contrastive Analysis of Using Japanese Fillers and the Relationship
between Fillers and Politeness:Japanese, Chinese, Korean and Vietnamese

Chie Yamane-Yoshinaga'",
Sanyo Gakuen Junior College, Okayama, Japan®
chie@sguc.ac.jp

Abstract: Japanese has various kinds of fillers. Their functions include not only hesitation but also marking the softening of utterances and
indicating breaks between utterances. This study analyzes native Japanese, Chinese, Korean and Vietnamese speaker brain’s cerebral blood
flow related to fillers by using fNIRS (functional near-infrared spectroscopy). Additionally, we seek to explore the relationship between
fillers and politeness of utterances by analyzing the sounds of fillers. We conclude fillers are connected to the increase of cerebral blood flow
and filler’s Kinds, pitch, length and strength are influenced to politeness.

Keywords: FILLERS, BRAIN, OPTICAL TOPOGRAPHY, fNIRS, CEREBRAL BLOOD FLOW, BROCA’S AREA, POLITENESS

1. Introduction

Japanese has various kinds of fillers [3]. This purpose of this
study is to seek the relationship between the brain activity and
fillers using fNIRS in both native Japanese speakers and foreign
students (they can speak Japanese) living in Japan whose mother
tongues are Chinese, Korean and Vietnamese [5]. Additionally, we
seek to explore the relationship between fillers and politeness by
analyzing their position in the utterance (beginning, end), their
kinds (anoo, ee, eeto, maa etc.) and their sounds (pitch, length,
strength) [4].

2. Methods
2.1. Brain activity experiment using fNIRS [2]

Each participant (2 students for each group: Japanese, Chinese,
Korean, Vietnamese) says 1 minute’s monologue about happy story
in his or her life and 1 minute’s monologue about sad story in his or
her life.

2.2. Listening experiment from A to G

Each participant (7 students for each group: Japanese, Chinese,
Korean, 8 students Vietnamese) listens to the utterances from A to
G below (within fillers, within pause, without fillers) and evaluates
the level of politeness from the number 1 to 4 (4: very polite, 3:
polite, 2: not very polite, 1: not polite). Kinds of fillers are “ano (o)

“, “chotto”, “saa”, “ee”, “maa”, “hai”, “eet”, “koo”.

The utterances of Japanese and English translation are as follows:

A:(Ano, Anoo, Ano(strong, pitch sound), Anoo(strong, pitch
sound)) sumimasen, konohen ni kooban arimasu ka. [Excuse me,
but is there any police box around this area?]

B: (Chotto, Saa, Saa chotto) wakarimasen. [I don’t know very well.]

C: (Ee), kyoo wa konoba ni omaneki itadaki arigatoo gozaimasu.
[Um, thank you very much for inviting me this place.]

D: Kono hon omoshiroidesukara (maa) hima ga attara yonde
kudasai. [This book is interesting, therefore if you have a time,
please try to read.]

E: Ano hito hontoo ni yasashikute iihito nandesu yo (hai). [That
person is really kind and good, right.]

F: 123 +234 wa? (Eeto) 357[What about 123 +234 %
357.]

Well,

G: Watashi wa (pause, anoo) imamade (pause, ee) nakanaka jibun
no kimochi o(pause, koo) umaku hyoogen dekinakattanodesu ga.

[I have never been able to express my feelings well until now.]
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2.3. Used equipment and software
A:About brain activity experiment

Hitachi Medical Corporation Optical Topography ETG-7100
The name of fNIRS is often called instead of optical
topography. fNIRS is a noninvasive method that measures relative
changes in oxygenated hemoglobin by detecting changes in cerebral
blood flow. Using fNIRS, we can visualize brain activity.
Additionally, a significant advantage for research participants is that
they can sit in a chair during the experiment, rather than lying down.

B: about listening experiment
Multi-Speech 3700 KAY Elemetric Company

This study verifies three hypothesises.

A: Cerebral blood flow in brain increases when fillers appear in the
utterance.

B: The evaluation of politeness of fillers differs between Chinese &
Vietnamese and Korean & Japanese. This is because Chinese and
Vietnamese are isolating languages, whereas Korean and Japanese
are agglutinative languages.

C: The evaluation to politeness of fillers depends on kinds, pitch of
sound, length of sound and strength of sound.

3. Results
3.1. Result of hypothesis A

The oxygenated hemoglobin by detecting changes in cerebral
blood flow of Broca’s area is shown as orange wave.

Figl Japanese 1

Fig2 Japanese 2
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Fig7 Vietnamese 1
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Fig8 Vietnamese 2

Fig9 Broca’s area location(green No.17)

After about 6-7 seconds from the utterance(filler), cerebral
blood flow in brain becomes increasing or peak. The relationship
between fillers and the seconds of 8 participants are below although
it is the researcher’s visual check.

Japanesel: She uses fillers “etto” at 6 seconds and “ano” at 13
seconds. The increase and peak of oxygenated hemoglobin are
shown from 10 to 20 seconds.

Japanese2: He uses fillers “ee” and “ano” at 32 seconds around. The
increase and peak of oxygenated hemoglobin are shown from 37 to
40 seconds.

Chinese 1: She uses fillers “nanka” “mm” at 37 seconds around.
The increase and peak of oxygenated hemoglobin are shown from
38 to 43 seconds.

Chinese 2: He uses filler “nanka” at 11 seconds around. The
increase of oxygenated hemoglobin is shown from 10 to 17 seconds.
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Korean 1: She uses filler “ettoo” at 3 seconds. The increase and
peak of oxygenated hemoglobin are shown from 8 to 11 seconds.

Korean 2: He uses filler “nanka” at 41 seconds. The increase of
oxygenated hemoglobin is shown from 47 to 49 seconds.

Vietnamese 1: She uses fillers “aa” “an” “an” from 1 to 7 seconds
around. The increase and peak of oxygenated hemoglobin are
shown from 3 to 16 seconds.

Vietnamese 2: He uses fillers “ee” “a” “nanka” “nanka” from 20 to
25 seconds around. The increase of oxygenated hemoglobin is
shown from 25 to 32 seconds.

3.2. Results of hypotheses B and C

The symbol “O” in Fig.10 indicates the highest evaluation of
politeness among the participants.
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(®anoo(long, pitch, strength)

B: @no filler, @chotto, Bsaa, @saa, chotto ~ C: Dno filler, Qee D: no filler, @hai
E: @no filler, @eeto G: @no filler, @pause are included, Gfillers are included

Fig.10 The evaluation of the utterances

About acoustic analysis of the experiment A [1]

Concerning the acoustic analysis, only the experiment A is
shown as the experiment A is especially connected to pitch, length
and strength.

From the appearance of formant as the oral resonance
parameters, Fig,15 is the most shining. Therefore, the sound of
Fig.15 “anoo” is the strongest among 5 utterances.
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We also indicate the pitch analysis. According to the SD of
analysis, Fig. 20 “anoo” is the highest. It means the extreme rise
and down appears.
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4. Discussion

About Broca’s area, No.17 was analysed. About hypothesis A,
all participant’s cerebral blood flow increased when they used
fillers. However, it was not every filler, not both happiness and sad
utterances. About hypothesis B, there was no tendency about the
difference of mother language kinds. However, there was a
difference between native Japanese and non-native Japanese. Native
Japanese indicate high evaluation to non-filler utterances. On the
contrary, non-native Japanese indicate high evaluation about “anoo
(flat plate intonation)” “saa chotto” “eeto”. About hypothesis C,

“ano” , “anoo” pitch and strength of sounds were influenced to
politeness. Flat plate intonation and soft sounds had high evaluation.
In addition, the length of ” noo” was related to politeness.

5. Conclusion

This study only analyzed each 2 participants of Japanese,
Chinese, Korean, and Vietnamese by fNIRS. As data from 5-6
participants from each of the four countries has already been
collected, we are planning to analyze this data and compare the
results. Additionally, we will analyze the sound experiment survey,
for which we collected questionnaires from other participants.
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OBEINAHUSA U TIPAKTUKU 3A TUTUTAJM3ALNUSA B BbJI'APCKUTE IbP)KABHU YUUJIUIIA
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Pesrome: Hawemo usciedgane pasenexicod Xapakmepucmukume u pasHooOpasuemo om uHUYUAmueu 3a OuSUmaniu3ayus 6 Ovieapckume
OwbpoicasHu yuuauwa. Ananuzupanama om Hac ungopmayus 6euie cb6pana NOCPeOCMEOM AHKEMHO NPOYYEAHEe, NPUKIIOUULO 6 Kpasi Ha
mecey anpun 2024 2., 6 koemo yuacmeaxa 351 ovneapcku cpednu yuuruwa. Pecnonoenmume omeosopuxa Ha 8bnpocu, C8bp3aHu ¢ Noa3ume
U npeou3sUKAmMeNcmeama Ha OUSUMAIU3ayusma, npomudawa 6 mexuume yyumuwa. HMzcreosanemo koncmamupa, ue npe3 HOCLeOHUme
200UHU NPEOOCMABSIHEMO U UNOA36AHEMO HA PA3TUYHU OUSUMATHU MEXHOA02UU 8 ObeapcKkume ObPICABHU CPEOHU VUUIUWA HAPACTEant,
Koemo Modice 0a ce 00SACHU KAKMO C 20ieMume ObPHCAGHU UHSCCMUYUY 6 oucumanuzayuama Ha ywunuwama no epeme na COVID-19
nandemusima, maxka u ¢ no-000pomo paszdoupane u 8b3NPUeMane Ha MexXHOI0SUYHO NOONOMOSHamomo obyuenue. IIpuemanemo Ha paziuunu
KIFOYOBU OUSUMATHU MEXHOL02UU, ONpedesiyu 3a OUSUMATU3AYUAmMa Ha O0va2apcKume ObpPIUCAGHU VUUIUWA, He € eOHO3HAUHO KAKMO 6
KOHMEKCMAa HA pAa3iuyHume 6U008e VUUIUWA, MAKA U N0 OMHOWEHUEe HA 20JleMUHAmA HA HaceleHomo msacmo. B mosu cmucwvn e
npenopvyumenno 0a 6voam QUHAHCUPaHU OONBIHUMENHU (DOKYCUpaHu 0OYyHYeHUs. Ul NPAKMu4ecKu 3aHUMAHUs, Makd uYe Kioyosume
Ou2umanHu mexHoI02uu Ha 6voeuemo 0a 6vOam NOUMUBHO Bb3NPUEMAHU OM NO-UUPOK KPb2 NOmpedumen.

Knouosu oymu: ungpopmayuontu u KOMYHUKAYUOHHU MEXHON02UL; OUSUMALHO 00paA308aHue; OUSUMAIU3AYUsL

THE PROMISES AND PRACTICES OF DIGITIZATION IN BULGARIAN PUBLIC SCHOOLS

Hristova, M.}, Netov, N.2, Netova, D.2
Sofia University “St. Kliment Ohridski”, Sofia, Bulgaria® > *
marieta.filipova@gmail.com*, nnetoff@feb.uni-sofia.bg?, dianaht@feb.uni-sofia.bg®

Abstract: Our research examines the characteristics and diversity of digitization initiatives in Bulgarian public schools. The information
analysed by us was collected through a survey completed at the end of April 2024, in which more than 350 Bulgarian secondary schools
participated. Respondents answered questions related to the benefits and challenges of digitization taking place in their schools. The
research found that in recent years the provision and use of various digital technologies in Bulgarian public secondary schools has
increased, which can be explained both by the large state investments in digitalization of schools during the COVID-19 pandemic, and by
better understanding and adoption of technology-assisted learning. The perception of various key digital technologies determining the
digitization of Bulgarian public schools is not unambiguous both in the context of the different types of schools and in relation to the size of
the settlement. In this sense, it is advisable to fund additional focused trainings or practical activities, so that the key digital technologies of
the future start to be positively perceived by a wider range of users.

Keywords: information and communication technologies; digital education; digitization

qOBENIKATA TICHXOJOTHS H IOBEJICHHE B TEXHONOTMYHA Cpena
0CTaBAT BAXHM 3a OBJCIIETO TeMH. PeuIa NPECTIKHM HAydHH
W3cnenBanusTa, CBBP3aHH C BCE TIO-IIMPOKO pasmpocTpaneHoro  nyomukamuu [3], [4], [5], [6], [7], [8], [9], [10] onpenenst Hskonko

1. Bweeoenue

u OBp30 BHeIpsBaHEe Ha HH(GOPMAMOHHH W KOMYHHKAIMOHHU KJIIOUOBH TEXHOJIOTUM KAaTO OINpPENeNAIld 3a JUIHTaN3alusaTa Ha
texronmornn (UKT) BBB Bcuuku oOiactH Ha OOIIECTBEHOTO oOpa3oBaTenHaTa CUCTEMA!
pasBUTHE - OT HWKOHOMMKAara TIpe3 3/paBeoIa3BaHETO 10

Tosnemu nannu (Big Data), u3BiH4aHe HA TaHHH/AHAJIHM3 HA

CUTYPHOCTTA U JINYHUA XKUBOT - IIOKa3BaT, Y€ €INH OT CCKTOPUTE, B
}JaHHl/l/l/l?:l]O.]'lSBaHe Ha MPOCTPAHCTBA OT JaHHU

KOUTO BB3ACHCTBHETO HAa TE3H TEXHOJIOTHH € 0CO00€eHO CHUJIHO, €

oOpasopanuero. Pemapamata My pons B Pa3sBUTHUETO Ha B Tpamunmonnata oOpa3zoBarenHa cHCTEMa Ha OBJITapCKHUTE
00IIecTBEeHNs )KUBOT Hajlara CHCTEMHH 3aJbIO0YEHN H3CIIEABAHUS Ibp)KaBHU ~ CPeNHM  YYWIHOIA  PA3IHYHATE  (QYHKIHMOHATHU
Ha MACTOTO, 3HaUEHHMETO W Toaxoaute 3a BHeapssane Ha UKT B 00pa3oBaTEIH UHCTUTYIIMHA Ch3/1ABAT HE3ABUCUMH IUIATHOPMHU 33
o6pa303aTenHm npouec. B"bBe)K)IaHeTO Ha JUTUTAITHUTC JaHHU CIIOPEN HYXAUTE CH, KOETO BOAU N0 IIOABAaTa Ha IuJiesaa OT
TEXHOJIOTHUH B OOpa30BaHHETO € IO ChIIECTBO HOB HHCTPYMEHT, ,»OCTPOBH™ ¢ oOpasoBaTenHM naHHUA. KirouoBo BakHO € Ja ce
ypes3 KOWTO MOXKeE aa ce l'lpOMeHI/I/l'lOBJ'll/Iﬂe KAaKTO Ka4YeCTBOTO Ha YCKOPAT MNPOLECUTE IO HHTETrpanvs U Jda €€ Uusrpagu €IuHHa
06pa30BaHPIeT0, Taka W HAYUHBT, IO KOWTO 3HAHUATA W CHUCTEMa 3a YCIYIH 3a OTBOPEHH TI'OJIEMHU 06pa30BaTeIIHI/I JaHHU,
cremudriHaTa UHOOPMAIHA CE€ TPENOCTABAT W HMHTEPHPETHPAT. CIeBallld YTBBPJCHHTE J00pU NMpPAKTUKU 3a 3allUTa Ha JMYHHUTE

Bceekn €IUH OT TE3U CJIEMCHTU OKa3Ba CHUIIHO BJIUSAHHUEC BBPXY JAaHHU Ha BCUYKHA 3aMHTCPECOBAHU CTPAHMU.
IIOCTUTAaHECTO Ha KpaﬁHaTa el — 06pa3OBaHI/IeT0 Ha MJIauTE XOpa
U NOATOTOBKaTa MM 3a IIBJIHOLEHHO Y4YaCTHUE B 06LLICCTB€HPITC

MPOLECH W MKOHOMMKATA Ha ajeHa Abpxkasa [1]. Kato ce oruura ponsra Ha OONAYHUTE M3YUCIUTENHN
TEXHOJIOTUH B yl_lpaB.]'leHl/IeTO u y‘-{e6HI/ITe MPaKTUKHA Ha

O6aaven kommoTunr (Cloud computing)

AKTyaneH KpuTHuYeH mureparypeH mpersen [2] ot 2024 r.
minomsea COOC, HistCite u VOS viewer 3a cucreMaruueH 00pasoBaTelHy WHCTUTYLMH, B [4] ca OTKpOGHH CIeAHHMTE WIeCT
mperniexr Ha 1562 oOpa3oBaTenHH CTaTWd, WyOJWKYBaHH B OCHOBHH NMPCAM3BHKATEICTBA:

Computers in Human Behavior (CHB) ot 2004 no 2022 r. Bs3 1.  VIHTerpamys u CHrypHOCT

OCHOBa Ha  OuONMOMETpPHMYHM  JAaHHH TOBa  MHpPOYydYBaHE
HAGHTUQUIMPA BAXHU TEHACHIWH, BOJCIIM W3CIECJOBATEIICKH
MPOEKTH, KIIOUOBH CTaTHU U U3CIeAOBaTeNCKU TeMu. Pesynrarure,
MpeICTaBeHH OT HETOBHTE aBTOPHU AKILEHTHPAT BbPXY HApacTBAIIO

2 CBOTBETCTBHE C peTyIAlUUTe

3
BIMSIHME Ha TexXHoloruure c¢ eneMmeHtd Ha MU, pasmmpenara 4, ITocneauuu 3a UT nepconana

5

6

[IpoGiiemMu Ha yIIpaBICHUETO

pEaNHOCT U €JIEKTPOHHUTE ydeOHU pecypcu, YMEPEHO BIHAHHE Ha
00pa3oBaTeIHUTe MHCTPYMEHTH M WIPH M 3a0aBeHO BIMSHUE HA
YOpaBICHUETO HA JAaHHU. B JombiHEHHe, Te 3aKio4aBaT. 4e

HpeI[I/IMCTBa 3a YHUTCIIUTE

CuUrypHOCT Ha JaHHUTE
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He3aBucuMo oT TOBa 0OJAYHHMST KOMITFOTHHI ITO3BOJISIBAT Ha
06paSOBaTeJ'IHI/ITC UHCTUTYLIMHU Ja CbXpaHABAaT MU OCBHUICCTBABAT
JAOCTBII N0 AAaHHU U IPUJIOKECHHUA 10 UHTEPHET, a HE HaA JIOKAJIHU
CBbPBBPHU. ToBa nm II03BOJIABa IIo-rojrsiMa I'bBKABOCT,
Ma].l_[a6I/IpyeMOCT " BOJU N0 CHIECTABAHEC HA pa3XoJu.

Mo6uina TexnoJorust (Mobile technologies)

Ot oOpa3oBaTenHa IJlefHa TOYKa MOOMIHATAa TEXHOJOTHS He
MOXe J1a ce pasriex/a KaTo eJUHIYHA ¥ XOMOTeHHA TeXHOJIOTHS, a
MO-CKOPO Karo Ha0op OT MOOWJIHM TEXHOJOTMYHU YCTPOHCTBA,
KOUTO IOAIBPKAT TOISAMO KOJMYECTBO CO(TYCpPHH NPHIOKCHHMS.
Tlopanu Ta3su mpuUyYMHA € BaKHO (OKYCHT Ha M3CIICIBAHUATA
OTHOCHO MOOMJIHAaTa TEXHOJIOTHS KaTo LUI0 1a BKJIIOYBA B cebe cH
U aHaJIu3 Ha JM3aliHa M CBHIBPKAHUETO HA CBBP3AHUTE C Hes
copTyepHH mnpmiaokeHHS. Jla ce NOTBPCH KakBH MON3H 32
0o0yJeHHeTO HH JaBa KOMOWHAIMATa OT MOOWIHA TEXHOJIOTHS U
CBOTBETHHTE i MOOHIHH cOTYepHH HpHIokeHus [5].

H3kycTBen unteext (Al)

Tlpes 2021 r. FOHECKO mny6nukyBa kuurata ,,Al and
education: guidance for policy-makers“. Ilenta Ha Tasu
myOIuKanys € Ja Hachbp4d OOIMIOTO pazOupaHe 3a MOTCHLIUATHUTE
non3u oT I B 006pa3oBaHHEeTO, KaKTO M BB3ACHCTBUETO My BBPXY
HEoOXOUMHTE YMEHHMs, CBbpP3aHU C OBP30TO HABIM3aHE HA Ta3n
TEXHOJIOTHS B HWKOHOMMYECKaTa W COLMAJHATa IIPaKTHKa Ha
ceBpeMeHHnTe oOmectBa. [Ipe3 2023 r. FOHECKO mny6aukysa
BTOpa KHHWra, CcbhC 3ariaBue ,Guidance for generative Al in
education and research®. HechbMHEHO T€XHOJIIOTHHUTE C €IEMEHTH HA
WU n npugoOunute MOMyISPHOCT TOJIEMH €3UKOBH MOJENU MOTaT
Ja OCHUTYpSIT ILEHHa IOJKpeNna U pecypcH 3a o00pa3oBaTeNHHA
TIporec.

Hurepnet na Hewara (Internet of things)

Wutepuer na Hemara (IoT) e Bewe mobOpe ycraHOBeHa
nmapajinrMa, KOSTO MO3BOJISIBA KOMYHHUKAIUATA MEXKIY IUIOCTHATA
oOpaszoBarenHa HH}pacTpyKTypa M pa3sHOOOpasHH eJIEeKTPOHHU
YCTpOICTBA U CEH30PHU MOCPEICTBOM MHTEpHET. Bee mo-monysipexn
CTaBa W TEPMHHBT ,,lIepCcOHANCH WHTepHeT Ha Hemara“ (PloT)
KOWTO OMMCBa JUTHTAIHA E€KOCHUCTEMa, KOATO B3aMMOJEWCTBA C
OKOJITHATa cpella B KOHTEKCTa Ha YOBEK M 3a00WKasIIaTa To cpesa,
W3MOJ3BAMKA JaHHH, ChOpaHW OT CEH30pH. Te3W TEXHOJOTHH IIe
HAMHpPAT BCE TMO-TOJSIMO MPWIOKEHHE B MPOIECUTE IO
JUTUTATM3AIUSITA Ha 00pa3oBaTeiHaTa CUCTEMA.

Baokueitn (Blockchain technologies)

BriokueitH e TexHOMOTHS 3a pasmpeneneH MU(POB PETUCTHD,
KOSITO PEBOJIIONHOHM3Mpa OW3HECAa, MHAYCTPUUTE W THPrOBUATA,
KaTo eNMMUHHpAa HEOOXOAMMOCTTa OT IIEHTpaleH OpraH 3a
ChbXpaHEeHHe U KOHTPoJI. BHexpsBaneTo Ha Oa3upaHu Ha ONOKUEHH
pelIeHHsT € U3MPaBeHO Mpex MNpoOieMH, CBBbP3aHH C HHUCKA
CKaJIMPYEMOCT, OTpaHUYEeHa ONepaTHBHA ChBMECTUMOCT, JIMIICA Ha
CTaHIapTH3alUs W HEJOCTUT Ha KBATU(HUIHMPAHH Pa3pabOTUHIIM.
OcBeH TOBa Ha OPraHM3allMOHHO HHMBO BCE OlIE€ MMa JHMIca Ha
OCBEZIOMEHOCT, pa30MpaHe, JINICA HAa YNPABICHHE U PErylaTOPHH
nporokoiu [9].

Counannu meauu (Social media)

ConHarHUTE MEH C MHOTOOPOHHHTE CH (PYHKIIMK MOTaT Ja ce
H3IIONI3BAT HE CaMO KaTO CPENCTBO 3a KOMYHHKAIMS, HO M KaTro
MHCTPYMEHT B AWruTaHOTO oOy4deHue. M3nosnsBaHeTro Ha
COLIMAJIHU MEIUHU KaTo I/lHCprMeHT 3a NpeACTaBsIHE HAa AUTUTAJIHO
o0Opa3zoBaTenHo WM y4eOHO ChIbp)KAaHHE MOXE Ja IOMOTHE 3a
oboraTsBaHe Ha y4eOHO ChIbp)KaHWE, PA3LIMpPsBaHE Ha y4eOHHTE
MaTepHald ¥ TPEJOCTaBIHE Ha BB3MOXKHOCTH 3a JIECHO U
YBIICKATEHO crojieisiHe Ha nHdopmanus [10].

2. lannu u memooonozus

ITpoyuyBanero ,,Kito4oBM TEXHOJNIOTMH, OOpENeISALM 32
JUTUTAIN3ALMATA HAa OBJIrapcKUTe AbPKaBHU yuuiavma“ Oeie
peanusupano B nepuona sinyapu-anpun 2024 r. cpen aupekTopu,

3aMECTHHUK-IMPEKTOPU U pbKoBoauTenu Ha Hampasiexue UKT B
351 Obarapckd ABPKABHUM YUWIMINA TOCPESACTBOM  OHJIAWH
mwiatopMa 3a mpoy4sBane (n 351). MsBaakara Bkiousa 20
HavanHu yawma (5,7%), 121 ocHoBHu yummuma (34,5%), 125
cpemnn yammma (35,6%), 14 obemmnenn yunmmma (4,0%), 63
npodecnonanau rumuaszun (17,9%) u 8 npodunmpann ruMHa3nu
win apyr Bua yuwnuiia (2,3%). PasnpeneneHHeTo Ha BKIFOUCHHUTE
B U3BaJKaTa YYIIMINA 10 BHJ HACEIEHO MACTO € KakTo ciexasa : (1)
crojuiara — 27 yuwiania, wid 7,7% OT BCHYKH BKJIIOYCHH B
H3CIIEABAHETO yumiuina; (2) obmacter reHTsp — 109 yummmia, win
31%; (3) OOIMMHCKN LEHTHP WM TONisiM rpaj — 69 yuunuina, win
19,7%; (4) manpk rpax — 65 yuwimma, win 18,5%, u ceno — 81
yuunuma, i 23,1%.

HenTa Ha TIPOY4YBAHETO € Ja YCTAaHOBU OIlICHKaTa Ha
PECIOHACHTUTE 3a I/IHCHTI/I(i)I/IL[I/IpaHI/ITe OT HAC KIKYOBH 3a
JUTUTaIn3alusaTa Ha 6’bJIFapCKI/ITe yuuiuima TEXHOJOrMu H
CTCIICHTA Ha TAXHOTO BBH3MNPHUEMAHE. 3a BBIIPOCHHKA € U3NOJI3BaHa
mardopma 3a OHJIAHH MPOYUBaHE U PE3YJITATUTE Ca AaHAJTM3UPAHHU C
nomomira Ha copryep SPSS (Statistical Package for the Social
Sciences) 3a cTaTUCTHYECKH aHAIIU3.

3. Pesynmamu u ouckycus

B Tabm 1 ca NpeACTaBCHU PE3YJITATUTE 3a CTCICHTa Ha
BB3IMPUEMAHE Ha TEXHOJIOTUUTE 3a I'OJIEMHU JaHHU OT 6LJ'[FapCKI/ITe
ABPXKaBHU YUWIMILIA, 00XBaHATH OT HAIIETO AHKETHO npoydyBaHE
(Cramer's VV = 0,145, Approximate Sig.= 0,076).

Taonuya 1. Cmenen Ha 8b3npuemane Ha MexHoIo2uume 3a 201emu OaHHU

. . 8 8 8 8 g

< = < = H =X
o) S Qo =2 8 2 S £ 8 250
= T g S o = S & S5 §

> 2 2 S 2 g 5 &

= = = S
Hauanzo 15.0% | 25.0% | 25.0% | 20.0% | 15.0%
OCHOBHO 28.9% | 24.0% | 322% | 12.4% 2.5%
Cpenno 15.2% 17.6% 38.4% | 23.2% 5.6%
O6euHeHO 143% | 357% | 28.6% | 21.4% 0.0%
MigoiiEnzo tut 159% | 10.0% | 302% | 286% | 63%

THUMHAa3Uus

Jpyr Buz yaumie 12.5% 50.0% 12.5% 25.0% 0.0%
O6mio 19.9% | 21.9% | 33.0% | 20.2% 4.8%
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IMonydeHuTe pe3yiTaTH MOKa3BaT HHUCKA JI0 CPEAHA CTENeH Ha
BB3NpUEMaHe Ha Ta3u TexHojorus. bmmso momosuHara (41,8%) ot
BKJIFOYCHHTE B W3CJICABAHETO ABP)KaBHH YUMWIHIIA HE H3IOJ3BAT
WM M3M0JI3BaT €1ab0 Ta3W TEXHOJOTHSA M caMo 25% s ompenensT
KaTo YecTO WIM MHOT0 4YecTo H3Mmoji3BaHa. ExnHa Tpera or
yln/mmuaTa ONpEeACIIAT TEXHOJIOTUATA KaTO TaKaBa, KOATO JOHAKBAC
ce M3MOJi3Ba B TAXHATa MpakTHKa. TexHomorusra e Hail-mo0pe
Bb3lIpUC€MaHa B HAYAJIHUTC y‘-[I/IJ'[I/ILL[a U € Hal-MajJKo l'lOl'lyJ'alHa B
OCHOBHHUTEC yql/mmua.

Criopen Hac ce M3rpakAaHeTo Ha eMHHA CHCTEMA 32 YCIIYTH 32
OTBOpPEHH TOJIEMH 00pa30BATEIHH JaHHHU, CICABAIIA YTBHPICHUTE
noOpY TPaKTHKH 3a 3alliTa Ha JNYHUTE JaHHH Ha BCHYKH
3aMHTEPECOBAHM CTPaHMW, 3HAYUTEIHO M€ YCKOPU IPOILECHTE IO
BB3MPUEMAHETO Ha Ta3d TEXHOJIOTHUS OT OBJITapCKUTE IbpPKABHH
YUMITUILLA.

B Tabm. 2 ca mpencraBeHH pe3ynTaTHTE 3a CTENeHTa Ha
BB3NPUCMAHE HAa TCXHOJIOTMUTE 3a U3SBJIMYAHE Ha )IaHHl/I/aHaJ'II/IS Ha
I(aHHI/I/I/I3HOH3BaHe Ha TPOCTpaHCTBa OT OaHHU OT 6’I>IIFapCKI/ITe
ABPKaBHU YYWIIHIIA, 00XBaHATH OT HAIIETO AHKETHO Ipoy4BaHE
(Cramer's V = 0.146, Approximate Sig.= 0.073).

IMomy4yenure pe3ynTaTd IMOKa3BaT CPAaBHUTEIHO BHCOKA CTEICH
Ha BB3MpHEMaHe Ha Ta3u TexHonorus. biuso eqna uetsspt (27,3%)
OT BKJIIOYEHUTE B M3CIICBAHETO IbPXKABHU YUMIMILA HE U3IIOI3BAT
WK HW3MO0J3BaT Cllabo Ta3u TexHoyiorus, aokaro neau 40,2% s
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ONpeacIAT KaToO 4€CTO UM MHOI'O0 YE€CTO M3I0JI3BaHA. Enna TpeTa
OT Y4YWMIIaTa ONpeACAT TEXHOJOruATa KaTo TaKaBa, KOATO
JOHAKBAE C€ U3IIOJ3BAa B TAXHATA NPAKTHUKA. TexHnonoruute 3a
U3BJIMYAHE, aHaJIM3 Ha JaHHU WU H3IO0JI3BAHC HA IIPOCTPAHCTBA OT
JAaHHHU Cca Haﬁ-u06pe BB3NIPUEMAHU B HaA4YaJlHUTE U CPECAHUTE
ydauiudiga, D0KaTo oOCTaBaT Hali-MaJKo nonyJiipHU B Irpyliara Ha

cnabo Ta3M TeXHONOTrHsA, HokKato 57,9% OT TAX s ONpenemnsT KaTo
4eCTO WM MHOTO YeCTO M3MoJ3BaHa. [Io-Manko OT exHa Tpera OT
YUMIMINATa, BKIIOUCHH B Hamums aHamms, (26.5 %) ompenmensat
TEXHOJIOTHATA KAaTO TakaBa, KOATO CaMoO JIOHAKBIE ce M3IOJI3BA B
TSIXHATa MpaKTHKa.

Taonuya 4. Cmenen Ha 8b3npuemMare Ha MOOUTHUME MEeXHON02UU

© D o o <

= © O & © o =
- QE){ ® g 5o 2 g g o g 2 5
5 25 | 2% [E5 | B8 |EZs
m = [anfi= 3 5 R = 3 = S K
ES g & g2 g EE°

2 ¢ = 2
Cronmuia 74% | 185% | 40.7% | 222% | 11.1%
Obnacten uentsp | 2.8% | 11.9% | 248% | 39.4% | 201.1%
OBuuHCKH UCHTBD | 6 500 | 7905 | 2000 | 3620 | 27.5%

HJIU TOJISIM I‘paL[

Marzx tpan 15% | 154% | 16.9% | 46.2% | 20.0%
Ceno 74% | 123% | 29.6% | 37.0% | 13.6%
060 34% | 123% | 265% | 38.2% | 19.7%

HpO(i)I/IJ'II/IpaHI/ITe T'MMHa3uu, OCHOBHHUTC 501058 OGG,HI/IHGHI/ITC
YUHIIMILA.
Taﬁﬂuua 2 Cmeneu Ha év3npuemane Ha mexvoiocuume 3a u3eiuddane Ha
OaHHu/aHa,ms Ha 0aHHu/u3no~733aHe Ha npocmpancmaeda on ()aHHu
[ ) [ [OR]
= @ O = © o =
g o 2 g o g g & S8 g
=8 SE | ES |22 |E§ |E2¢8
& E o 3 2 2 3 2 3 2T o
5 T E S g = E 3 & g %= &
> 2 g S g 5 g
~ = =~ S
Havanno 10.0% 10.0% 30.0% 25.0% 25.0%
OcHOBHO 16.5% | 22.3% 31.4% 24.8% 5.0%
Cpenso 7.2% 11.2% | 352% | 33.6% | 12.8%
Ob6enuHeHo 7.1% 21.4% 42.9% 28.6% 0.0%
M 1EemDue 63% | 175% | 27.0% | 41.3% | 7.9%
THUMHa3us1
Hpyr Bun yawmame | 125% | 25.0% 37.5% 25.0% 0.0%
O6uo 10.5% 16.8% 32.5% 31.1% 9.1%

B Tabn. 3 ca mpeacTaBeHH pe3yiTaTHTE 3a CTENCHTAa Ha
BB3IPHEMaHE Ha TEXHOJIOTUHUTE 32 OOJIAYHH  YCITyTH/M3YHUCIUTENICH
obnak (Cloud computing) ot ObJrapcKuTe IbpXKABHH YUUIIHIIA,
obxBaHaTu OT Hamero aHkeTHo mpoyusane (Cramer's V = 0.153,
Approximate Sig.= 0.036).

Taénuya 3. Cmenen Ha @v3npueMane HA MexXHoLO2UUMe 3d OONAUHU
yeayeu/usuucaumenen oonax (Cloud computing)

MoOGHIHHUTE TEXHOJIOTUH CE BB3IPUEMAT J0OpEe OT JbPKABHHUTE
YUYHIIMIIA, KaTO Hal-CKENTUYHO HACTPOCHH KbM TE3H TEXHOJOTHU
ocraBar yymianniata oT Cogus.

B Tabm. 5 ca mpenctaBeHH pe3ynTaTuTe 3a CTENEHTa Ha
BB3IpUEMaHe Ha TeXHoloruure ¢ enemMeHTd Ha VU B 3aBHCHMOCT
OT TOJIeMHUHAaTa Ha HAaceICHOTO MACTO, B KOETO IOoNajaT
yuuiMniaTa, BKaodeHu B Hamus ananus (Cramer's V = 0.150 ,
Approximate Sig.= 0.011).

[Mony4yeHnure pe3ynTaTd MOKa3BaT MHOTO HHCKa CTCICH Ha
BB3IPHEMaHe Ha Ta3d TEXHOJOrHs. MHoro Haja noiosuHata (65,2
%) OT BKIIOYCHHTE B HM3CICABAHETO JIbPXKABHM YUWIIMIIA HE
M3II0JI3BAT WM W3IIOJI3BAT CIA00 Ta3M TEXHOJIOTHs, JOKATO €lIBa
10,0% oT TsX 51 OmpeAessIT KaTo YeCcTO M3MoJ3BaHa, a camo 2,8% —
KaTo MHOTO YeCTO H3MoJ3BaHa. [10-Manko OT eaHa YEeTBBPT OT
YUMIMIIATA, BKIOUEHHM B Hamms anamus, (21,7 %) ompexmensat
TEXHOJIOTHSATA KaTO TaKaBa, KOSTO CaMoO JOHSKBIE CE€ H3I0J3Ba B
TAXHATA IPAKTHKA.

Tllﬁ.’lul((l 5. Cmenen na sb3npuemane Ha mextHojiocuume c ejiemenmu Ha nun
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Hauaito 15.0% | 5.0% 25.0% | 25.0% | 30.0%
OCHOBHO 165% | 16.59% | 36.4% | 19.8% | 10.7%
Cpenno 4.0% 14.4% 32.0% 29.6% 20.0%
OGeauHeHo 143% | 21.4% | 429% | 143% | 7.1%
IWpoiyznion ms 79% | 238% | 175% | 28.6% | 22.29%

THUMHAa3Uus

Hpyr Bun yawmame | 12.5% 25.0% 37.5% 25.0% 0.0%
O6mo 10.3% | 16.8% | 31.1% | 25.1% | 16.8%
HOJ’Iy‘{eHI/ITe pe3yiTaTtu IIoKa3BaT cpeaHa CTCIICH Ha

BB3IPHEMaHe Ha Ta3d TEXHONOTWs. Majko Haj eIHa YeTBBPT
(27,1%) oT BKJIIOYEHHTE B M3CJICABAHETO NBPKABHU YUMIHUIIA HE
M3II03BAT WIIH U3IOJI3BAT Cl1ab0 Ta3u TEXHOJOTrHs, 1oKato 41,9% s
OIpeNeNAT KaTo 4eCTO MJIM MHOTO YEeCTO M3Moj3BaHa. bius3o eaHa
tpera ot yuwmmmara (31,1%) ompenensT TEXHOJIOTHATA KaTO
TakKaBa, KOSITO JOHSIKB/IE CE M3IO0JI3Ba B TAXHATA MPAKTHKA.

OO6nayHuUTEe YCIYTU Ce Bh3NpUeMaT Hail-noOpe OT HaYaJIHUTE U
CPeIHHTE YYWJIMIA, KAKTO M OT NPO(PECHOHATHHTE TMMHA3UH,
JIOKaTO OCHOBHUTE W OOCIMHEHHTE YYHJIMILA OCTABAaT CKENTHYHO
HACTPOCHH KbM Ta3H TEXHOJOTHSL.

B T1abm 4 ca OpeACTaBEHNU PE3YJITAaTUTEC 3a CTCIEHTa Ha
BB3IPpHUEMAHE Ha MOOWJIHNTE TEXHOJOTHA B 3aBHCHMOCT OT
rojJieMuHaTa Ha HACCJICHOTO MACTO, B KOETO IIOaJaTr y4uivuiara,
BKIIoYeHH B Hamus ananu3 (Cramer's V = 0.130 , Approximate
Sig.= 0.095).

[lomydyenure pe3ynTaTd IOKa3BaT BHCOKa CTEHNEH Ha
BB3NIpUeMaHe Ha Ta3u TexHosorus. Exsa 15,7 % ot BrimoueHute B
U3CJIeIBAHETO IbpPXKABHHU YUMIIMINA HE W3II0JI3BAT WJIM H3I0J3BAT

) o ) 0 <
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Cromua 40.7% | 29.6% 22.2% 7.4% 0.0%
O6IacTeH OEHTBP 31.2% 26.6% 27.5% 11.0% 3.7%
OOIIIHCKA IEHTHP 30.4% 26.1% 20.3% 18.8% 4.3%
WITH TOJISIM TPl
Maisk rpag 29.2% 38.5% 20.0% 7.7% 4.6%
Ceno 56.8% | 23.5% 16.0% 3.7% 0.0%
0610 37.3% 28.2% 21.7% 10.0% 2.8%
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TexHosoruute ¢ enemenTy Ha MU ce pasriexnar ¢ Hal-roism
UHTEPEC OT ABPIKABHUTC YUMIIMIIQA, PA3IIOJOXKEHH B HE MHOTO
TOJIEMHTE TPAIOBE OT TUI OOIIMHCKU HEHTBP, KATO HaH-CKENTHIHO
HaCTpOC€HU KbM Ta3u TEXHOJIOIMA OCTaBaT KaKTO Y4YWIIMIIATA,
Pa3IoJIoKeHH B CeyaTa, Taka U yumnmmata ot Codust.

B Tabm. 6 ca mpencraBeHH pe3yiTaTHTE 3a CTENEHTa Ha
BB3IPHEMaHe Ha TEXHOJOTHWHTE, CBBP3aHN ¢ MHTEPHET Ha Hellara
(Internet of things), B 3aBrcHMOCT OT TOJeMHHATA HAa HACEIEHOTO
MSICTO, B KOETO IOIAJaT YYWJIHIIATA, BKIIOYCHA B HAIIMS aHAIM3
(Cramer's VV = 0.138 , Approximate Sig.= 0.046).

IMonmydenure  pe3yaTraTd  IOKa3BaT  HHCKa CTEHNEH  Ha
Bb3IpHEMaHe Ha Ta3W TEeXHOJOrus. Ilo-Manko OT MOJNOBHHATA
(40,4%) OT BKIIOYCHHTE B M3CICOBAHETO IbP)KaBHH YUMIHILA HE
M3IOJI3BAaT WIM H3MOJI3BAT €1ab0 Ta3W TEXHOJIOTHS, JOKaTo IIO-
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MaJKo OT efiHa 4eTBBPT (22,2%) OT TAX S OHPEAENAT KAaTO YecTo
u3noia3Banda, a 18,2% — karo MHOro 4yecro usnonssasa. Ilo-manko
OT ©[HA YETBBPT OT YYHIIMIIATA, BKIOYECHH B HAIIUsS aHAIu3,
(22,8%) ompenensT TEXHOJOTHATA KAaTO TaKaBa, KOSTO CaMo
JIOHSAKBIE CE U3MOJI3BA B TAXHATA IPAKTUKA.

Tabnuuya 6. Cmenen Ha 6v3npueMaHe HA MEXHOIO2UUME, CEbD3AHU
unmepnem na newama (Internet of Things)

© o S 8 o S g g

[+ = [+ = = =R
& = Qo 38 = = 2 3 28 2T o
5 T E S 3 = E o & S ¥ §

= g 5 c R 5 5 2

= =6 = S

Cromuua 25.9% | 29.6% | 185% | 14.8% | 11.1%
O6nacTeH IEHTBP 11.0% 19.3% 25.7% 25.7% 18.3%
OBuuwHekn WCHTHD | 43000 | 18806 | 333% | 13.0% | 21.7%

WJIN IOJISIM I'paj

Mairsk rpaj 10.8% | 27.7% | 185% | 23.1% | 20.0%
Ceno 259% | 16.0% | 148% | 27.2% | 16.0%
O6mo 16.0% | 20.8% | 228% | 22.2% | 18.2%

Texuonoruute ¢ wHTepHeT Ha Hemara (Internet of things) ce
pasTIekAAT C HAW-TONSIM  HHTEPEC OT JIbPIKABHUTE YUMIUIIA,
PA3MONIOKEHN B MAaIKH TPAJOBE WM OOIIMHCKH IIEHTPOBE, KATO
Hali-CKENTHIHO HACTPOCHH KBM Ta3W TEXHOJIOTHs OCTAaBAT KAKTO
YYHIIMINATA, PAa3IIONIOKEHH B cellaTa, Taka i yaunuiara oT Copust.

B Tabn. 7 ca mpeacTaBeHH pe3yiTaTHTE 3a CTCNCHTa Ha
BB3NPUEMAHE Ha COLOUATHUTEC MCEIUN KaTo0 HWHCTPYMEHT B
JUTUTAIIHOTO 06y‘{eHI/IC B 3aBHCHMOCT OT TOJICMHMHATa Ha
HacCeJICHOTO MACTO, B KOETO NomagaTr Y4YWIIMIIAaTa, BKIIIOYCHU B
nanmst ananus (Cramer's V = 0.155 , Approximate Sig.= 0.005).

Taonuya 7. Cmenen Ha @v3npuemane HA COYUATHUME MeOUU
UHCIMPYMEHm 8 OUSUMAnHomo ooyuenue

Kamo

o = S 8 o S 8 g

< = o S = = R
& 88 |38 |52 |88 |85¢8
Q= o 3 £ 8 2 3 =8 =50
= T £ S 3 = E S o SE §

> £ 5 S =2 5 g E

= = ~ = m

Cromuna 11.1% 22.2% 18.5% 37.0% 11.1%
Ob6nacTeH EHTHP 3.7% 11.0% 24.8% 32.1% | 28.4%
OOIMACKH HEHTED | 1 4o, 87% | 17.4% | 36.2% | 36.2%

WJIA TOJIAM Ipa,ﬂ

Maibk rpan 7.7% 15.4% 12.3% 36.9% 27.7%
Ceno 14.8% 13.6% 28.4% 32.1% 11.1%
O6m10 7.1% 12.8% 21.4% 34.2% 24.5%

Ilomy4yeHuTe pe3ynTaTH MOKa3BaT MHOTO BHCOKa CTENECH Ha
BB3IIpHEMaHe Ha Ta3u TexHojiorus. Ilox enna mera (19,9%) or
BKJIIOYEHUTE B W3CJIEABAHETO IBP)KABHH YYMJIMINA HE H3MOJI3BAT
WM M3I0JI3BaT CJIab0 Ta3W TEXHOJOTHS, JOKATO HaJl IMOJIOBUHATA
(58,7%) OT TAX s ONPENENAT KaTO YECTO W3IOJI3BAHA HJIM MHOTO
4ecTO M3MOJI3BaHa. Manko HaJl e[Ha IeTa OT YYHJIMIIATa,
BKJIIIOYeHU B Hammsi aHanmu3, (21,4%) ompemensaT TeXHOIOTHSATA
KaTO TakKaBa, KOSITO CaMO JOHSKBIAEC CE€ H3IOJI3Ba B TAXHATA
MpakThKa. Br3npruemane Ha CONMAIHUTE MEIUN KaTO HHCTPYMEHT B
JIUTUTATHOTO O0YYEHHE € HA-TIO3UTHBHO B IBPKAaBHUTE YUMIIAIIA,
PAa3IoJIOKEHU B MAJIKUTE IPAJOBE MM MO-TOJIEMHUTE TPAIOBE OT THII
OOLIMHCKH WM 00JacTeH LICHTHP, KATO HaW-CKENTHYHO HACTPOCHU
KbM Ta3d TEXHOJIOTHS OCTaBaT KAaKTO YUYMJIMIINATA, PA3MOJI0KEHH B
cenara, Taka 1 yuuiaumara ot Cogus.

4, H3600u u 3axniouenusn

Hpe3 MOCJICIHUTE TOOAWUHU CC Ha6n}0;1aBa HapacTBallo BJIIUAHUC
Ha TCXHOJIOTMHUTEC C CJIICMCHTHU Ha I/H/I, pasmmpeHara peaJHOCT U
CJICKTPOHHUTE y‘{e6HI/I pecypceu, YMEPEHO BJIUSAHUEC Ha
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00pa3oBaTe/HUTe WHCTPYMEHTH W WMIPH M 3a0aBEeHO BIMSHHE Ha
yIpaBJIeHUETO HA AaHHH [2].

Hue aHanusupaxme pe3ylITaTUTE OT PEAM3UPAHO B IEepUOza
suyapu-anpui 2024 r. cpex IUPEKTOPH, 3aMECTHUK-AUPEKTOPH H
ppkoBoxutesy Ha HanpasieHne UKT B 351 Owbnrapcku qbpkaBHU
YUMIIMIIA OHJAHH aHKETHO INPOYYBaHE, OLEHABAIO CTENeHTa Ha
BB3NPHEMaHe Ha Pa3IMIHHUTE KIIOYOBH TEXHOJIOTHH, ONPEeIISIIv
3a JUTHTAIM3aluATa Ha OBIrapckuTe IbP)KaBHU  YUWIUINA.
ITosydeHUTE OT HAC pe3y/TaTH NOKa3BaT 3HAYUTENIHO BIMSHUE HA
MOOMJIHHTE TEXHOJIOTUM M COLMAIHUTE MEIHH, YMEPCHO BIMSHUE
Ha TEXHOJOTMHMTE, CBBbpP3aHH C royiemMd naaHHu (Big Data),
U3BJIIMYaHE Ha JaHHW/aHAIM3 Ha JAHHW/U3MOJI3BaHE Ha
NPOCTPAHCTBA OT JaHHH, u3unciurened oonak (Cloud computing),
1 3a0aBeHO BIMSHHME Ha TeXHOJOormuTe ¢ enemeHTH Ha MU u Ha
TEXHOJIOTHUTE, H3MOJ3BAaIIM HHTepHeT Ha Hemata (Internet of
things).

Bp3npuemanero Ha pa3HOOOpa3sHUTE KITIOYOBH JUTHUTAIHH
TEXHOJIOTMH HE € CHO3HAYHO KaKTO B KOHTEKCTa HA PA3IM4YHHUTE
BUJOBE YYWIIMIIA, Taka ¥ [0 OTHOLICHWE Ha TOJIEMMHATa Ha
HACEJIECHOTO MACTO. B TO3M CMHCBHI € MPenopbhYMTENIHO Oa Obaar
(uHaHCHpaHW JOUBIHUTETHH (QOKyCHpaHH OOY4eHHS  HIH
NPaKTUYeCKH 3aHMMaHWsS, Taka 4Ye KIIOYOBUTE JUTHTAIHU
TEXHOJIOTMM Ha OBJCIIeTO Ja 3alovHaT Ja ObJaT BB3NpHEMaHH
MO3UTHBHO OT IO-IIUPOK KPBI MOTPEOUTENH.

5. bnazooapuocmu

[TyGnukanusita € BB Bpb3Ka C pe3y/iraTute OoT paboTara IO
HayueH npoekt ¢ JloroBop Ne 80-10-151 ot 17.04.2024 .
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Abstract: One of the biggest challenges of our century is climate change. The aviation industry is a major contributor to global carbon
emissions, and airports are responsible for a significant portion of this impact. To reduce the carbon footprint of airports, it is necessary to
implement energy efficiency measures that can help reduce energy consumption and greenhouse gas emissions.

This study analyzes the impact of the use of photovoltaic panels (PV) and the replacement of boiler burners with oil, on energy efficiency and
the reduction of carbon emissions at the airport of Tirana. The electricity produced by these panels is used to power airport buildings,
lighting systems and other infrastructure, reducing the need for traditional energy sources.

The reviewed period covers the year 2023, because during this year important investments were made with the installation of photovoltaic
panels and the replacement of oil boiler burners with LPG burner, in addition to the improvement of the lighting system and the replacement
of diesel vehicles with electric vehicles. Energy consumption data is used to calculate the carbon footprint and key energy performance
indicators. The results showed that the use of photovoltaic panels and the change of burners of oil boilers brought a significant reduction of

the carbon footprint and a significant economic benefit.

Keywords: AIRPORT, CARBON EMISSIONS, ENERGY EFFICIENCY, CASE STUDY, TIRANA AIRPORT

1. Introduction

Airports are not exempt from the effects of climate change and
like other sectors, airports must implement measures to mitigate its
impacts. Recognized as nationally critical infrastructure, airports
play a pivotal role in enabling both mobility and economic
development. The World Bank [1] asserts that the carbon footprint
is a vital economic and financial gauge. By reducing the carbon
footprint, societies can alleviate the expenses linked to climate
change, enhance their ability to adapt to its effects, and stimulate
investment in renewable energy and other low-carbon technologies.
This reduction not only boosts return on investment but also
mitigates risks and generates cost savings. Airports, much like other
economic entities, have a responsibility to meet international
obligations in addressing climate change while also striving to
lower their operational expenses. Contemporary airports are
dedicated to optimizing resource and energy usage per passenger
served, aiming to enhance their competitiveness and minimize
energy consumption, carbon dioxide emissions, and waste. Airports
serve as vital hubs within the global air transport network. As
airport infrastructures expand, there is often concurrent
development of businesses, commercial areas, residential zones, and
spatial infrastructure in the airport vicinity. These developments are
interconnected by surface transportation infrastructure [2]. Airports
play a pivotal role as key stakeholders in the value chain of the
global air transport industry. They provide essential landside and
airfield infrastructure that facilitates interactions between ground-
based transportation and air transport modes for both passengers
and air cargo shippers.

Compared to conventional civil buildings, airport terminals are
distinguished by their vast, open spaces primarily enclosed with
glazing systems. These structures accommodate a large volume of
passengers and operate for extended durations daily. These factors
collectively contribute to exceptionally high energy consumption
for HVAC (heating, ventilation, and air conditioning) systems [3].
Energy consumed by airports can be broadly categorized into two
main areas: the energy used for airside activities and the energy
utilized in providing landside area activities. The airside refers to
the movement area at an airport, including adjacent terrain,
buildings, and infrastructure, where access is restricted. Conversely,
landside refers to parts of an airport, along with adjacent terrain and
buildings, that are not within the airside precinct [4]. The dynamic
nature of airports, with their round-the-clock operations and
emphasis on safe flight operations, as well as the provision of
comfortable conditions for passengers within terminal buildings,
often leads to heightened energy consumption. Consequently,
energy management has become a crucial priority for airports. They
are actively pursuing continuous enhancement of energy
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performance, given their status as sites with high and intensive
energy usage [5].

Furthermore, airport managers recognize the imperative to not
only reduce energy consumption but also optimize its efficiency.
Additionally, airports face mounting pressure to adopt energy-
efficient systems while ensuring compliance with progressively
stringent regulations [6]. Crucially, airports worldwide are
transitioning towards the adoption of clean energy technologies and
implementing practices to mitigate local emissions. This
environmental strategy involves replacing fossil fuel-based
operations with electricity-based alternatives at airports [7]. Indeed,
in recent years, numerous new energy technologies have been
developed and implemented as energy sources for airports. These
technologies encompass solar photovoltaic (PV), concentrating
solar power, wind power, oil and natural gas extraction, steam-
generated power production, and electricity transmission [8]. The
primary areas of energy consumption at an airport encompass
heating, cooling, lighting, and the energy needed for operating
various facilities and systems [9]. Additionally, fuel is utilized for
the airport's heating boiler systems and emergency generators [10].
As per [11], reducing the carbon footprint presents a substantial
business opportunity for enterprises. By minimizing their carbon
footprint, businesses can elevate their return on investment, mitigate
risks, and realize cost savings. In a separate study, the International
Monetary Fund (2021) [12], scrutinizes the potential repercussions
of climate change on the global economy. According to their
findings, climate change has the potential to exert adverse effects on
the global economy, impeding economic growth. Wongsapai et al.
[13] analyze the effects of Thailand's long-term low-carbon energy
efficiency and renewable energy plan on energy consumption and
CO2 emissions. Their findings indicate that implementing this plan
will decrease energy demand and reduce CO2 emissions.
Additionally, the study suggests that the energy efficiency and
renewable energy plan will aid Thailand in attaining its energy and
climate objectives. Busu [14] endeavors to assess renewable energy
efficiency and its influence on CO2 emissions across the European
Union. The study's results reveal an enhancement in renewable
energy efficiency within the EU, correlating with a favorable
reduction in CO2 emissions. These findings underscore the
significance of renewable energy and energy efficiency measures in
mitigating CO2 emissions. The overall energy consumption
stemming from air transport operations results in the emission of
greenhouse gases, including CO2, NOx, SO2, H20, and others. The
total greenhouse gas emissions generated at airports can be
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specifically attributed to and measured separately for various
activities occurring in the airside area, landside area, and supporting
activities. Within the landside area of the airport, greenhouse gas
emissions typically arise from passenger and air cargo servicing
activities conducted in the terminals. Additionally, emissions result
from the provision of heating, cooling, and lighting in these and
other airport buildings [15]. To diminish airports' carbon footprints,
there is a growing imperative for airport power systems to transition
towards greater utilization of renewable energy sources [16]. Mirza
et al. [17] investigate the influence of energy efficiency on CO2
emissions in developing nations. Their research reveals a notable
and adverse impact of energy efficiency on CO2 emissions, with
particularly pronounced effects observed in countries with lower
CO2 emissions. This highlights the effectiveness of energy
efficiency initiatives in mitigating CO2 emissions, especially within
developing countries. Additionally, the study identifies a similarly
significant negative effect of renewable energy consumption on
CO2 emissions, emphasizing the crucial roles of both energy
efficiency and renewable energy in reducing CO, emissions.

In their study, Wang etal [18] explore the comparative
effectiveness of energy efficiency, renewable energy, and natural
gas in mitigating environmental degradation. Their findings
unmistakably emphasize energy efficiency as the most powerful
option. Improving energy efficiency reduces environmental
degradation by decreasing energy consumption and greenhouse gas
emissions. Moreover, the research underscores the effectiveness of
renewable energy sources in mitigating environmental harm,
highlighting their lesser negative impacts compared to fossil fuel-
based energy sources. In recent years, there has been an increasing
movement towards airports striving to achieve "carbon neutrality"
[19].

The carbon footprint quantifies the environmental impact of a
firm's activities on climate change. It encompasses all greenhouse
gases emitted by the firm, typically measured in metric tons or
kilograms of carbon dioxide (CO2). It's essential to recognize that a
firm's carbon footprint exclusively assesses CO2 emissions directly
and indirectly generated by its activities [20]. The heightened
attention on carbon dioxide (CO2) emissions stems from the
significant carbon footprint generated by the global aviation
industry [21].

Environmental sustainability in air transport has garnered
increased attention recently, given its significant impact on climate
change and the environment. Within the global airline industry, the
emissions of carbon dioxide (CO,) from aircraft engines have
garnered significant attention due to their detrimental impact on the
environment [22]. As awareness of climate change grows, the
concept of embodied carbon dioxide (CO,) emissions, often
referred to as the "carbon footprint, has become a common
environmental performance indicator for products and production
activities [23].

Carbon dioxide (CO,) emissions are directly linked to jet fuel
consumption, as each kilogram of fuel consumed by aircraft
produces more than three kilograms of carbon dioxide (CO,) [24].

European airports are highly engaged in the Airport Carbon
Accreditation program, with Tirana Airport being among the
participants. According to data from 2022 [25], the airports enrolled
in the program account for 73.1% of the total air passenger traffic in
Europe.

Multiple factors, including weather conditions, building
envelope efficiency, energy systems, and occupancy behavior,
influence building energy demand [26]. Solar energy systems,
encompassing technologies like solar thermal collectors and
photovoltaic (PV) modules, along with wind energy, have emerged
as pivotal solutions for clean and sustainable energy production on a
global scale. Lee and Baek [27] pioneered a method to compute
solar collector efficiency based on heating load, proposing several
parameters to enhance the assessment of collector efficiency.

Solar heating presents numerous advantages, such as decreased
fuel consumption, diminished pollution, and minimal maintenance
needs [28]. Hansen and Vad Mathiesen [29] examined the influence

163

of solar thermal energy on carbon dioxide emissions resulting from
both technological advancements and fuel substitution. Their
research revealed that solar heating yields greater carbon savings,
particularly during the summer months, owing to its higher solar
ratio. Integrating solar thermal systems can curtail overall fuel
consumption, thereby reducing reliance on this heavily sought-after
energy source in the future.

2.

Tirana International Airport, also known as Mother Teresa
International Airport (TIA), is the primary airport of Albania and
serves as the main air gateway to the country. It is located
approximately 17 kilometers northwest of the capital city, Tirana.
The airport officially opened in 1958 and has undergone several
phases of modernization and expansion to accommodate the
growing air traffic and to meet international standards. The airport
features a large passenger terminal offering a range of services and
amenities for travelers, including duty-free shops, restaurants, cafes,
banking services, and currency exchange points. The terminal is
equipped with modern baggage handling technology and has the
capacity to manage a high volume of passengers. Future plans
include further expansion of the terminal and runway infrastructure
to improve capacity and meet the increasing demands of travelers
and airlines. Tirana International Airport continues to play a crucial
role in connecting Albania with the world and in promoting the
country's economic and tourism development.

TIA is now the airport with the highest flow in the region, with
over 2.8 million passengers only during the first 4 months of 2024.
This is also thanks to the new lines and the possibilities for
connections to countries that were not easily accessible before. In
2023, Tirana International Airport has welcomed 40% more
passengers, reaching a figure of 7,257,574 passengers.

Tirana International Airport (TIA) employs an integrated
environmental, energy, and quality management system in
accordance with international standards 1SO 14001, 1SO 50001, and
ISO 9001. This means that the company meticulously follows a
comprehensive process that encompasses everything from policy
statements to improvement actions.

TIA has continued implementing its Energy and Carbon
Reduction Action Plan to achieve objectives and targets for
reducing energy consumption and increasing energy efficiency.

As part of the European airport industry's response to the
challenge of climate change and in recognition of its efforts to
optimize energy management and reduce CO, emissions, TIA has
been a participant in the CO, movement since 2011/2012.

TIA achieved Level Il Reduction accreditation from Airports
Council International Europe, which was last renewed in January
2020. TIA has reviewed its Carbon Management Plan with the aim
of increasing energy efficiency to best practice benchmarking. This
includes improving processes and meter readings, investing in new
energy-efficient technologies such as LED lighting, and evaluating
the use of alternative renewable energy sources. TIA also
emphasizes strong collaboration and leadership with all airport
stakeholders to raise awareness and implement common initiatives,
setting a long-term action plan for Energy and Carbon Reduction.

TIA considers taking action to reduce its carbon footprint
especially important, regardless of the size of its contribution. As
part of the airport industry’s response to the challenge of climate
change, TIA has been part of the initiative since 2011. Currently,
TIA holds a Level 2 - Reduction airport carbon accreditation
certificate, recognizing its efforts to manage and reduce CO,
emissions.

TIA can produce both direct emissions (Scope 1) and indirect
emissions (Scope 2). However, together, these sources account for a
small part of the total emissions at the airport. Most emissions fall
within Scope 3, primarily attributable to aircraft. In 2022, TIA's
total calculated and validated carbon footprint was 1,682 tons of
CO.,.

The case study

The emissions for the years 2011-2022 are given in Figure 1&2.
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CO2 Emissions Scope 1&2 in Kg versus Traffic Units 2011 -2022
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Fig 1. Total CO, emissions, 2011-2022
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Fig 2. Emissions per traffic unit, 2011-2022

The largest CO, emission sources at TIA are Scope 1, which is
owned and controlled sources of direct emissions. These include
heating boilers, TIA ground support equipment, emergency power,
and fleet vehicles, accounting for 96 percent of the total emissions.
In comparison, Scope 2 emissions, which are indirect emissions
such as purchased electricity, account for just four percent,
primarily due to the very low emission factor of hydropower
electricity in Albania.

TIA is currently revising its Carbon Management Plan, aiming
to set targets of an average of 0.35 kg CO, per traffic unit, for TIA
scope 1 and 2 emissions. This is a significant improvement
compared to the baseline year of 2011, when the first carbon
footprint calculation took place and recorded 0.56 kg of CO, per
traffic unit. The graphs show that the trend in the Airport’s total
footprint in the last three years is in the range of 9,00-1,700 tons
and the carbon footprint per traffic unit is in the range of 0.69-0.32
kg. Emissions per traffic unit average 0.49 kg CO, per passenger,
20-40% reduction with the base year. Emissions according to scope
are given below.

Table 1 Emissions according to scope 1&2

Airport Operator Source Break Down:

Mobile Sources Scope 1 (t CO2¢) 905.0

Stationary Sources Scope 1 (t CO2e) 4140

Process Emissions Scope 1 (t CO2e) -

Process Emissions Scope 2 (t CO2e) 442

Total Scopes 1+2 (t CO2e) 1,363.2
30% B Mobile Sources Scope 1

0%

4%

= Stationary Sources Scope 1
Process Emissions Scope 1
Erergy purchased Scope 2

Fig 3. Emissions according to scope 1&2
Table 2 Emissions according to scope 3

Scope 3 Source Group Break Down:
Aircraft LTO cycle, APU usage and engine (tCO2e) | 20,4514
testing
Landside ground access (tCO2e) | 12,2146
Staff Commute (t CO2e) 385.5
Waste Municipality (t CO2e) 2,165.4
Construction works (t CO2e) 317.7
Third party electricity (t CO2e) 29

m Aarcraft LTO cyce, APU

1% 6% 1% usage and engine testing
N Landside ground access
0%
u Staff Commute
Washe Municipality
B Construction warks
B Third party electricity
Fig 4. Emissions according to scope 3
Table 3 Total emissions
Airport Total Scope Break Down:
Airport Operator Scope 1 (t CO2e) 1,405
Airport Operator Scope 2 (t CO2e) 44
Airport Scope 3 (t CO2e) 35,539
Total Gross Emissions (tCO2e) 36,988
B Airport Operator Scope 1
8% Airport Operator Scope 2
-""‘-\_[I.l‘l'; irport Operator Scope

96.1% Airport Scope 3

Fig 5. Total emissions

TIA has continued with implementation of its Energy and
Carbon Reduction Action Plan for achievement of objectives and
targets for energy consumption reduction and energy efficiency.

Energy measures for the scope 1&2 are: Reducing the
consumption of conventional fuels, reduction of energy
consumption (thermal insulation in buildings, layers of film for
protection from the sun, double doors at the arrivals, air curtains at
all entrances of the passenger terminal), reduction of electricity for
lighting (LED lighting installations, Sensor), design of new
buildings in category B (new passenger terminal, panels with hydro
and thermal insulation, windows for natural lighting with triplex
thermal glass), energy control identification program by
consumption units (installation of meters for sub-consumers and
third parties), production of renewable energy (installation of
photovoltaic panels). Energy measures for the scope 3 are:
expansion of urban transport (adding new destinations and
frequencies), bus transportation service (for TIA staff and third
parties), waste minimization program and separation at source,
installation of bins with separation in public areas and waste
collection points.

2. Results and discussion

One of the most important measures for improving energy
efficiency and reducing the carbon footprint is the installation of
photovoltaic panels. In 2023, Tirana Airport installed two sets of
photovoltaic panels: one in the airport parking lot with a capacity of
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519.42 KWp and another on the terminal roof with a capacity of
594 KWp.

Fig 6. Photovoltaic panels at Tirana International Airport

The annual output of these panels and economic benefit varies
based on when they were commissioned, as shown in Table 4&5.

During this year, two sets of photovoltaic panels (PV) with a
power of 1 MW will be installed in the airport of Tirana in the new
parking lots of the airport, which will affect the further reduction of
the carbon footprint and increase the economic benefit.

Table 4 Production and annual profit of PV in the parking lot (T1)

Energy production,

T1-Parking 519.42 KWp Value

2023
KWh ALL
January 0
February 77008.86272 1447766.619
March 116725.4797 2194439.018
April 148043.6785 2783221.156
May 156173.9426 2936070.122
June 148930.2337 2799888.393
July 92092.61081 1731341.083
August 76880.02713 144534451
September 59253.09701 1113958.224
October 44063 828384.4
November 21150 397620
December 16842 316629.6
TOTAL 957,162.9322 17,994,663.13

Table 5 Production and annual profit of PV in
Energy production,

the terminal roof (T2)

T2-Terminal 594 KWp Value

2023
KWh ALL
January 0
February 0 0
March 0 0
April 0 0
May 0 0
June 7182.445216 135029.9701
July 108593.1803 2041551.789
August 90421.50427 1699924.28
September 69314.84541 1303119.094
October 52043 978408.4
November 25070 471316
December 24413 458964.4
TOTAL 377,037.9752 7,088,313.933
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The amount of CO, that will be emitted by a diesel power plant
to produce a certain amount of electricity will depend on the
efficiency of the power plant and the characteristics of the oil used.
However, according to the US Environmental Protection Agency
(EPA), the average CO, emission from the production of one MWh
of electricity from power plants that use oil as an energy source is
about 623.7 kg of CO, and power plants that use natural gas is 400
kg of CO,.

According to this, a diesel power plant producing 957.16293
MWh of energy will emit about 596,982.52 kg (or about 596.983
tons) of CO, into the atmosphere and a natural gas power plant will
emit 382,865.17 kg (382.865 tons) of CO, into the atmosphere.

A diesel power plant producing 377.03797 MWh of energy will
emit about 235,1585.8 kg (or about 235.159 tons) of CO, into the
atmosphere and a natural gas power plant will emit 150,815.19 kg
(150.815 tons) of CO, into the atmosphere.

In total a diesel power plant will emit 832,141.1 kg (832.14tons)
of CO, into the atmosphere and a natural gas power plant will emit
533,680.36 kg (533.68 tons) of CO, into the atmosphere.

The use of clean and sustainable energy sources, such as the
energy produced by photovoltaic panels, helps reduce greenhouse
gas emissions such as CO,, reduces the carbon footprint and
provides an economic benefit.

The heating-cooling system for the terminal is based on:
Heating during the winter season is done with three boilers, Hover
brand 2x410 Kw and 1 boiler 360 Kw. During the summer season,
cooling is done with 2 chillers. The ventilation system also works
during the 2 seasons.

The heating-cooling system for the new terminal extension will
be with heat pumps, for heating and cooling with air. There will
also be AHU air handling units for the ventilation system. This
system is under construction.

One of the measures to improve energy efficiency and reduce
the footprint at Tirana airport is the replacement of oil boiler
burners with LPG (liquefied petroleum gas) burners.

From the data of 2023, oil boilers have consumed the amount of
oil according to the following table:

Table 6 Annual oil consumption in boilers

Month Consumption (I/month)
October Ventilation

November 9300

December 18800

January 28900

February 32900

March 19600

April 15200

May 9000

Total 133700 liters

Based on these data, the amount of CO, emitted during the
winter season from the operation of the boilers will be: From
calculations, 1 kg of oil produces approximately 3.15 kg of CO,,
and 1 liter of oil produces 2.62 kg of CO,.

In our case during the heating period, we will have the
production: 133700 liters of oil x 2.62 kg CO,/liter = 350.254 kg
CO, = 350.24 tons of CO.,.

LPG has a composition of 40% propane and 60% butane.
Propane (C3H8): Amount of CO, produced by burning 1 liter of
propane: about 1.51 kg CO,. Butane (C4H10): Amount of CO,
produced by burning 1 liter of butane: about 1.71 kg CO,,

The amount of CO, for each LPG component: - For propane:
40% of 1 liter of LPG is propane: 0.40 * 1.51 kg CO, = 0.604 kg
CO,; For butane: 60% of 1 liter of LPG is butane: 0.60 * 1.71 kg
CO, = 1.026 kg CO,. So, burning 1 liter of LPG with 40% propane
and 60% butane produces about 1.63 kilograms of CO,.

In the case of LPG, the total CO, output based on the boiler
manufacturer's data is 137,396 liters x 1.63 kg CO./liter =
223,955.48 kg CO, (223,955 tons CO,).
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The reduction of carbon emissions because of replacing the
burners will be: 350.24 - 223.955 = 126.285 tons of CO,.

Economic benefit:

In Albania, 1 liter of oil costs 184 ALL and 1 liter of LPG costs
62 ALL.

Total value of oil 24,600,800 ALL. The total value of LPG
based on the data of the boilers received from the manufacturer is
8,518,540.84 ALL. The economic benefit of replacing the boiler
burner, regardless of the initial cost, will be approximately
16,082,259.2 ALL (160,822.59 €).

CONCLUSIONS

This study investigated energy efficiency measures at Tirana
International Airport (TIA) to reduce the carbon footprint and
realize an economic benefit.

Tirana International Airport (TIA) uses an integrated
environmental, energy and quality management system in
accordance with international standards 1SO 14001, ISO 50001 and
I1SO 9001.

TIA has achieved Level Il Reduction accreditation from the
International Council of Airports in Europe. The results show that
the trend in the total carbon footprint of the airport in the last three
years is in the range of 9,00-1,700 tons and the carbon footprint per
traffic unit is in the range of 0.69-0.32 kg. Emissions per traffic unit
average 0.49 kg CO, per passenger, 20-40% lower compared to the
base year.

During the study period, two sets of photovoltaic panels with a
capacity of 519.42 KWp and 594 KWp were installed at Tirana
airport. As a result, the reduction of greenhouse gas emissions was
832.14 tons of CO; in the atmosphere, if the energy will be
produced by the diesel power plant and 533.68 tons of CO; if the
energy will be produced by the natural gas power plant with an
economic profit of approximately 250,000 euros.

Replacing the oil burners with an LPG burner at the three
boilers reduced 126.28 tons of carbon emissions and the economic
profit was about 160,822 euros.
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