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THU-SSS-EEEA-01

HARMONICS - DAMAGE FROM THEIR
PRESENCE IN ELECTRICAL NETWORKS !
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Abstract: The report presents the possible damages from the presence of harmonics in the electrical networks-
from what is generated, how and on which elements in the networks affect the impact. It is shown that their thermal effect
and their direct impact in the form of electromagnetic interference. They cause current and voltage distortion at a
frequency multiple of the mains supply frequency. This leads to a deterioration in the quality of electricity supplied to
consumers. Some other problems often occur in their operation.

Keywords: harmonic, total harmonic distortion, thermal impact, power factor, telecommunication interference

A3AcroRe

ABEVRO yomls sl Ctdhzdokstedsj o JjhjShtedujnSdisj ditei>dd ttedlsj>000ls & jdddi2dd
~0w0Cks jiedhisdCd. 02-yhis Isso0 Bdolls: yiflssistd tfisdotzjsdv LO teOLzdudid LOHOd>Mo0hkd™ d
d3dr0&zdLasd uninterruptible power supply - UPS; dizejtelssted; ofduSd edHtsej OHOtsjted, HEE0290 jted d
JzjShtosdatzd LORE0Ga0RdW; d Hiskzed. dfdySd s it jHMisOatwells jHKEO &j GOESO o &jdLBixd0 yofs sis
JeJClstedyuinCdisd Sobhzgoksted o GOkt jMJHbkjodd. ALilsd LOjHES 5 ~OtdgsHubks ¢Osa0talls
Ble>1050 (Website T wikibooks, 2016.). ¢ ddsjhdts i odkohwls ik jedw o djv. I Lo Goydd j
tfte ju0ls &0 eOLedytdls odHisej SadiadCoydstad d Sdistsided s jHhiseO.

RUJLWRC

MOtsdidydisd gedudiweOls ze jzdy0e0 ¢0 Ss<0, it jSisdodkss fifontsej &0 GOtfie > jed ks, o
i tesisdodjiedwis0 &0 JejShtedyinCdisy odteded. uj fd &ONEOcolls oltenlz MdhizhsdHOLKO &0
LORte0Go0 s GOt j>Jbdi d HJWBddEols fddkizhtdHOkE00 gz Wistd0. Ui osH HES ok 000
Coydhsotslsts %0 JazjSistedunSok0 Jjhdteedw tisH0e0R0 Cids tislstejBdisjdlsy, Sibt yifiss otsHd HES
teJHdyo tfietseizjozd tfted JEhtfdztsOlsOydwisd dds (Research of harmonicpollution in electrical power
networks, 2016) .

utse0 dLltedovedlj &0 SS0 d dotfte > Jdd s J i yhissiso $elst0 &0 yihissisolso &0 dtej>isotlsts
LORte0Bo0k) (L0 adkcOldw ko0 j 50HZz). O He0Ckdso fj CO0Le0, yj ®02-otejHEd MO
ALOdsd tefwa0dois00 ot jijhd s djujlstdls) ROtdgsedyd (Stjsd, fjsd, hjHkde). 30 Wde. 1 j
YCoL0t0 cOWdSo COS fj Yletsdsidw WistedO0 10 LOREORGe0P SIS w0t j>Jidd Mtftewds Shdisodw0so
Csastfsdz jdzls0 Bsls okdwldjists &0 biejlsd ROLBERIS, 0 &0 Wde. 2 J tCOL0Z0 cteOWdSO NOds &0 oy
Htetsdz jdz 20150 iz Wisteck0. RLAEZ jHOORGWISO fsCOLO0IS, v i3 ddts stedlsofw ROtedsshdS odz0mw ¢02-6ijdd
dLStedowe0ddw. dkdwidjiss &0 shisokokdisd djudshd ~okdstkdyd skstasets J b P ihsejass, s ¢ 4 i

L rsSaOudls § tftsjuisOo i 4O iz jdishCos0 GozyE0 fjfidw &0 20.05.2021 o fjSydW rijSlstesisjmkdSo, jrjChisstdCo d
09lstsas0lscfSO ) stededionds Loct0adj @0 BIkEOENST jLds: MOTILARAR T ItrrR Ju WOIRYRUL RE
LI CSUtRY[ESRUL JTL MR,
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50$090 LtOYdlsjdzdz0 Mdw0. g dotslsts %0 ROtedshdydlss fid HO0 o sy jdisd. ukzE i 39> HO: SiSs0hdgs
~0tedsstdyuds diStedoweldj ( &0 Odek. total harmonic distortion - THD). JIs Hislzé® Miste0dz0 st g
teOLEE jXHO SOlss THDU (WistecilzzO 1) d THDI (Wistedglzz0 2). Rz dLStecfowe0dz] tts G0tftej> jhd o
kS, szl fs-odisS J tiesyjusd %0 R0kdskdyds dLStdevell, Stkése0 LOBI tiveldkjss o
e it JSsdods G0ssa0ka0d st &0 e j>{0s0 | fs-caEVdbs.

uskpubeHn cuzHaa

0cHOBHa komnoHesma

xapmoHuk 3

AdE. 1. 1G] GO s jisd SOedskdS ol erlz HoiizsdHOs GO LORE0Ge0P S GOt > i%d]

BX 5

4($ P 1)
K

4(3$ ) bprmb )

B
)
WOdudjss &0 kjid edisSd ydhssisd (#0H 50HZz) edkjhitkd Bl ROtdsRdydls) oBHWS HES
LEOYdls jed0 tieskwhk0 o W jSkdokdlsj Miss2dshisd 0 jejSktedyuinSdisj ojzdudikd: Sooydijis,
diHESsdodshs, diy jHodh. fs ki o hdkds fj ekdw] dsdkdeoddsist dotftiyJkdd gted dhtzahddsi
LORtE0Go0kdW. dtejHdls] tedydizdd Sis ROtdshdydiss Bse0ls HO fij s jHhisO0aws o Hoj Shdsadkd ctiztd.

At jHd fedteLOhd fi: jtedsdudts ediHj2fsed) dizd dsjrOdkdubs odiHj2hsedj d Hdte jSisdts atdwid
(Magazine Engineering Review, 2014).

AdE. 2. dedvdj GO st jisq ROEdstdS o trt ftizisdHO0 G0 LORE0Ge0PESS GOt > jdd

WIt00 6telztf0 1T otejHd tiedyduzid SIS sjtedsofuis edLHi2Misod]. L fid WeweOls %02-yiniss ol
fisod000dd %0 IsjdsYjte0lsizts0ls0 o: CstHjuLOLSEdls]; SeSttssosHA®Bdsd d sstsosHiPd ohisd %O
Csdhzaz0lsstedls T Iste0mWistedz0lststed, HodG0s dzd], 6jdjteOssted. Iedyddzdis LO 50 dds o LHj2MsodJ
3560l HO BIHOIs Mz jH&dlsj (Mechanization, electrification and automation of mines.2010):

- tfisdd> b WOSktste &0 d3s P azshisiso. A djhddzhsdHoddd hdhsjdd ( SoSadist ho siLd f &okdud]
&0 ROEdsGIyd) WOSksEd &0 dsPE&shiskso ¢ j 0o jik &0 AT0 «. 30 tfs0SkdSo fj tistizyde0, yj tied
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GOGAudj GO Gikdiijl sse0t ¢jlibdie0P did SsihlddieoP bikdiiis ksS, gisdy WoCkss GO
GEPESHSS0 P BiHj odz0dd fs-BoEiC sk ATO =. w0 fij ad>iHO Sl Wtsdstzt0 3,

o Al

" wp voo 2

- e jlsso0tea0hj 10 Glizjodls HiesosHiIS o dskEWOLEd ditsi>d. use0 fj Yedydiweo sikdksets
tfsH edLHj2Msodj &0 ROgshAylsd. viLd, St N0 Ctellsid @0 ksted, SBEOLEZOOL Ndhisikd f Gkeio0
fshiz jHso0l judshls, Sodiss ] 6idkitedisls jHdwhse ikt tied BaaEWOLG] Soihzdoktted. ESoks fied
BOZOGNdte0dd SteofWOLdbd Csthzdz0lssted ojSiststedls &0 IsjLd ROtedskdyd fid HIWOLOS tfis > HEz fid
50€0, yj oL0dmds f dLsdodvells. ¢ tied BshEWOLGS] Geixd kSt ¢idtdisohd sis Cellstids
%0 bsted ~OLABRAYd d o4Sisttets ] Hizddtells o dkiste0k0k0 d 7o ) IstedSte0lsdz0 OdstfzcfisizHO.

- fsad000d &0 ks j&sY j0lzic0ls0 (Magazine Engineering Review, 2007) o d0ctkdlststftesots-
Hdlsj &0 teOLzdukdisi O did. JOekdistkdws ~disiteifdh LO sird GO did fj tsedh0e0, 512 GOkt
S dlsd f) odhsCo yinissiso tedudhdsd sls Rokdsidydls Load0e0ls LOczBdls ] Bls adrtssod ksise .
ujLd LOckzBg LOadiwls s CoOHEO0 G0 jWjSkdekolsd fiss2ashls &0 560 (s.j. sl Rotdishydsy).
Isedh0e0ls f)j d HAjkjstedyddisj LOckzBd, fisteOhdyijt WSk @OBEZEHOo0E ¢02-ojyj tted
CsdzH japLOlstedfls . U jtedgdydedWls jW Sl &0 & ihddizhsdHOk it titedsHAu g S&S 1 j filzd0 sls Is jtedzdudsdis
JWJShd &0 ofjSd tls ~OtedzsRdydisj T Wistedslzz0 4.

=

oY 0Y DY E DY (4)
RLEOL iz ) cistzjdscfdz0ls0 &0 LORE0Ge0PSIsts di0tfts i jdacj | WistsdsiztzO 5.

Yo Yoo Y o L Y o
v 0 v 0 v 0 E v 0 (5)
- fsodM000dj %0 LOcEBdL] o HesosHidydsi. rIdd fj slhset &0 odhsCoko yfssisd &0
bsCodsy Hiesisduofrd tfisju swa.(Comparative analysis of harmonic distortions from variable
frequency induction motor drives, 2013) WjSk0 ¢t fj ¢0BEEH90 ] G0tedy0 T tfsed tendish)s j&
S JWiShk. It ssLd Goydh d¢d B> HO fij dLtiLe0 jWikdeds ywislss fjyikdj 40 fsosHEdSo,
i tey joddz0is0 thisOa0 & jdLfstLe0 jos0.

Aistst60 ctelzf0 1 Hdte jSIsts okzdWdd ] tisH Wistedz0ls0 &0 jdziSistesdz0cddlsdzd Mgz jadw. g Bls oW
Miste00 dizdf i ¢t Jtedte0ls s stz jid o BrdLshis fidzsed $OBjkd dizd fij e jH0o0k o e > dis  Isdtf
TN-C. v0Sie tfdls M0 esiwg0 yofls Bls dstej>disi & aIzeOted™ d IsidH jdydws j HO fj tts josdd0e0 CId
TT. Mejojtydw Sids cjujtedieOtzlsts sis ffjHkd SOBjid J dLytiiednkjss &0 StazadCoydishid
CoB jizd, Ssdists 70 Miiz0BH it i) Ste0dd, dizd st JSteOddk0 Ytz jlsC0. v Pis fidizsedls j $OB jdd HO BIHOIS
JCte0ddte0dd d LOL jds jdzd © HOOIO M SteOw, dizd HO MO tfisisOe jdd o ds jlsOddzd Isted B[, Stsdsts i Pits HO 0
LOLJBJ&d © HOOO fd SOw d Hie. S0l tied Ma3lzF jddwisO YistetsHydd o dited>dlsy TN-C iz jadwiso
d st03yHOs s Rotdshdyds) d ksSsa b Bl kva fessdudfd o PEN fiesesHEAS0. u0k tiesisdydis
JHEGd fots0Ldishd kssSa, Sodists Sodhzgokstedisj fid tiejH0a0k s GjMHE, id d Hiiyols GO ofivCosio
odH CogkedCoydd. 10 bted j o0xbks ticjoOdsdods CIHjist tsLotkwe0 bjrd dgej>d HO BIHOS
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i fteslsfozjkdj 0 te0SdCo Cownkagokst f ydhkss 0Skdeie ~O00Skjt (Magazine Engineering
Review, 2014).
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9 Hiejhas ojid d tsHSBLWaOh] rROLOSKjdiisdCdlsy ted JdJHEJek0 JShYdsosoydy &0
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GOBOEWe0h) B0 MBEzM judwisd o LOROGEOP IS GOtie>kd) YbtsHikd Bl kWA, 10 soLd ydt J
Hrojtfsted ydlsjoks Lttt jB0k0 &0 sjnkduihSd feiHhso0 LO Mk jSy0e0dk, O tt ediLdsydshs d
JiddzdadfteOdzd, %O djdaz itz izt YistetsHdizdls i fj ROl ydd LOG tehwoOddw.
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Abstract: The usage of drones in the industry, research and hobby has increased during the last years. In the world
of academia (that includes this project) quadcopters present a perfect test bench for a research. Many fields like robotics
and automatics use them to solve some specific problems. The research area of quadrotors is toward the implementation
of new control techniques, new control and machine learning algorithms. Autonomous drones are the main trend in
modern research area. To be able to implement this sophisticated algoritms, a more computation intensive hardware is
nesesery with as small as possible form-factor. This project sets its objectives on the construction of a quadcopter using
development board Rasberry pi 3B used as a companion computer and a flight controller (FC) at the same time. The
implementation of a FC is on the basis of a sensor board Emlid Navio 2. The FC is implemented as a software process
started in a real-time OS provided by the manufacturer of sensor board. At first a general look is taken to the parts that
form the quadcopter, the construction of the system, the software components that are used to implement the flight
controller and a free, open-source control ground station that is used to monitor the system. The configuration and testing
of the proposed system capabilities is investigated in a real environment. In a conclusion it could be said that the system
is stable, has smaller form-factor and has the ability to perform more complex tasks.

Keywords: Quadcopters, Raspberry Pi, Emlid, companion computers, Mission Planner

INTRODUCTION

With the advancement of technology and reduced electronic device prices, it is becoming more
and more common the use of these devices both for hobbyists and for professionals, often replacing
the need of human labor (Azevedo, 2014). Between these devices, a group called quadcopters is
increasingly being the subject of studies and being used for many different kinds of tasks (Mapping
& Surveying, Real estate photography, Disaster zone mapping, Crop spraying). They are a specific
type of multirotor helicopters aircrafts with four rotors which generates lift with moving wings as
opposed to fixed-wing aircrafts. In general, hobbyists use quadcopters for leisure purposes (e.g.
aeromodelling) or simple experiments, like First-Person-View while flying through real-time video
transmission (lgbal, 2014). There are many commercial quadcopters on the market (DJI Phantom,
Freefly Alta 8, Flyabilty Elios 2) with different sizes and capabilities but not all of them have a
development features. In the world of academia quadcopters present a perfect test bench for a research
and for study. To extend the capabilities of drone application in different areas some manufacturers
of hardware and software components developed platforms which give the researchers possibilities
to experiment with there algorithms. These kinds of platforms for example
are the following:KIT-HGDRONEKG66 (NXP Semiconductor,2021), QualcomFlightPro(Qualcomm
DeveloperNetwork,2021),STMicroelectronicsdevelopmentkit(DigiKeyElectronics,2021),Humming-
bird quadrotorhelicopter (Researchgate,2021) andothers. Some of the platforms not only include
controllers but integrate more sophisticated computers inside them. As for researchers, quadcopters

2 The paper is presented on 20.05.2021 in Student Sscientific Session Electrical Engineering, Electronics and Automation
with original title DEVELOPMENT OF A QUADCOPTER BASED ON THE RASPBERRY Pl PLATFORM.
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might be used in many different kinds of tasks like autonomous product delivering or reaching special
places to perform specific tasks (delivers consumer goods and foods, fly over forest paths to look for
fallen trees or lost hikers, fly in areas where a GPS signal is restricted such as inside and between
buildings, mapping and photogrammetry). The 6heartd is a device that is capable of handling both
flight stability and data exchange between it and a host, responsible for giving the flight guidelines
or retrieving flight data. This thing is called flight controller (FC) and is the means by which a pilot
controls the direction and altitude of an aircraft in flight. Primary flight controls are required to safely
control an aircraft during flight. The controllers that are used with quadcopters are just as important
as the quality and capabilities as the quadcopters themselves. Without a fly controller the quadcopter
is practically useless. Lets give some examples of flight controllers: HOBBYPOWERKK?2.15
(HobbyKingOnline,2021),DJINAZA-MV2 (DJI-OfficialWebsite,2021), TauLabs Sparky 2.0 32bit
Flight Controller (HobbyKingOnline,2021) and more. The possibilities of using some advanced
features in quadcopters is restricted to only stabilize the system in the environment and give
possibilities to the flight pilot to operate it. If we want some kind of more sophisticated features, like
autonomity, or the quadcopter to perform more complex tasks, the usage of flight controller only is
not enough. Flight controlers are a special kind of controllers that are dedicated to specific task T
impement the stability of the quadrotor. Types of computers named ficompaniono computers are used
in a combination with FC to perform more complex tasks. These computers can be in addition to the
flight controller hardware or can be implemented in a single platform (if the FC is implemented by
software). As a rule of thumb ficompaniono computes are development platforms with hardware
enhancements and with a small form-factor appropriate for solving more complex tasks (ODroid,
Arduino family, NVidia TX1, Raspberry Pi). They have in most cases operation system (OS) that is
Linux based, so the advanced algorithms can run in an appropriate environment. Vision and
navigation algorithms are the most popular once used in this area. On the other hand there are many
ready to use vision and navigation algorithm implementations for the Linux platforms. A kind of
system like those mentioned above is a Raspberry Pi development board. This platform, combined
with the sensor board Navio2 implements a flight controller. The flight controller is a software proess
that runs in a multitask operating system. It occupies less space then the standard flight controllers
with companion computers and the communication between companion computer and FC is quicker
because they reside on the same operating system and share the same memory.

EXPOSITION
Development of a quadcopter system - Hardware

This article will be focused on the construction of a quadcopter using Rasberry pi (Fig.1) and
Emlid Navio 2 (Fig.2). The company called Emlid creates an autopilot board (similar to more
common boards like Pixhawk or APM) with all its features (IMU, preasure sensors, pwm input and
output ports, etc.) but with the flexibility of software implemented autopilot started on a computer
with a Linux like OS. The software is started on a Linux like OS called fiRaspbiano that is modified
by the manufacturer of sensor board fiNavio20 with the addition of real-time capability. The paper
focuses on the construction of a quadcopter with the two boards.

The Raspberry Pi is a low cost, small sized computer and is a little device that enables people
explores computing capabilities. Itds like a computer and has more intensive computation capabilities
than a standard microcontroller. As a rule of thumb the FC are made by the microcontrollers with the
reduced capabilities and inability to start parallel proesses.
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Fig.1 Image of Rasberry Pi 3

The Navio2 Autopilot Kit for Rasberry Pi 2/3 is designed both to your own custom robotic
projects and as a platform for Linux version of APM (Ardupilot) Navio2 eliminates the need in
multiple controllers onboard making development easier and increasing robustness. It provides all
sensors for creating a powerfull flight controller with a Raserry Pi running PX4 software: dual IMU
(inertial measurement unit) for orientation and motion sensing, a barometer for precise altitude
control , GNSS (Global Navigation Satellite System) receiver for GPS positioning and extension
ports (UART) for telemetry radio.

RASPBERRY P13
Quad-core 1GHz computer

HIGH RESOLUTION BAROMETER
Altitude sensing with 10 cm resolut

DUAL IMU
Great f

EXTENSION PORTS
ght performance \DC

d UART interfaces for

sensors and radios

RC1/0 CO-PROCESSOR
PPM\SBUS input and 14
PWM ut channels with
varia

TRIPLE REDUNDANT POWER SUPPLY
Power module port for voltage and current

Fig.2 Image of Emlid Navio 2

Furthermore, this combination provides compatibility for Robot Operating System (ROS). This
hardware is the lightest and most compact stack for our application. This combination Navio2
mounted on a Rasberry Pi is not only used as a FC but is also used as a Companion Computer capable
of completing more complex tasks.

Fig.4 Readytosky S500 Fig.5 Racerstar BR2212 1000KV 2-  Fig.6 2/4/6pcs RC ESC 30A
Quadcopter Frame Stretch ~ 4S Brushless Motor For RC Models  Brushless Speed Control 2S
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Fig.7 ZIPPY Compact 2200mAh 3S Fig.8 Turnigy iIA6C PPM/SBUS 8CH
35C Lipo Pack 2.5G AFHDS 2A Telemetry Receiver

Other hardware components that are used in the project include: Drone frame by Readytosky
S500 Quadcopter Frame shown on fig. 3, 4 brushless motors by Racerstar BR2212 1000KV 2-4S fig.
5, 4 speed controllers RC ESC 30A Brushless Speed Control 2S shown on fig. 6, a battery pack by
ZIPPY Compact 2200mAh 3S 35C Lipo Pack shown on fig.7 and a telemetry receiver - Turnigy iA6C
PPM/SBUS 8CH 2.5G AFHDS 2A shown on fig.8.

On Fig.10 all the components are mounted to the quadcopter frame. The arrows indicate the
direction of rotation and the motors. The connection between Navio 2 board, battery and speed
controllers and telemetry module is shown on fig.9.

l_?> : . ' y j
' #ﬁ >4

Fig.9 The connection between components Fig.10 Quadcopter components mounted on the frame
Development of a quadcopter system - Software

As it is said in the paper the software installed on the raspberry pi is a modified version of
fiRasbiano preinstalled with ArduPilot and ROS and also comes with DroneKit and GStreamer. These
features made the preconfigured OS image a perfect development platform. Another point that must
be noted is that the OS image provided by Emlid has a real-time kernel (PREEMPT_RT). The most
important characteristic here is the max latency which indicates the longest time it might take your
Raspberry Pi to respond to an event. It can be said that the kernel provides much lower latency using
this kind of kernel and make it more suitable for usage in time-sensitive embedded systems like this.
In the paper the program that acts as a FC is the open source autopilot software system called
ArduPilot. The ArduPilot Project (Ardupilot developer guide) provides an advanced, full-featured
and reliable autopilot capable of controlling autonomously different kinds of vehicles like airplanes,
gliders, multirotor drones, helicopters, sailboats, powered boats, submarines, ground vehicles and
even Balance-Bots. Here the autopilot is started as a program in a raspberry pi OS environment.
Another thing that must be done before we can use the quadrotor is the possibility to connect to it.
The emlid board has a build-in functionality to use standard RC radio modules. The raspberry pi has
an embedded wifi module thath shoud be used to communicate with the quadrotor and to get the
telemetry. There are two types of possible communications between the quadrotor and the user: the
first is by using a standard WiFi router and another is to use the raspberry pi as an access point. In the
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field it is better to use the second option because of the limited infrastructure. In the project the
rapberry pi is made to be a WiFi access point and the telemtry can be obtained through it. The
drawback of this kind of communication is high power consumption of the quadcopter which shortens
the fly time of the drone but the main idea of the platform is for research purposes and the fly time is
not of great importance.

After the communication with the raspberry pi is insured the next step is to configure it to work
like a quadcopter. This is done by using a ssh interface to the raspberry pi and after some provided
by manufacturer commands that are given on the fig.11 the quadrotor is configured. It is important to
make ardupilot to boot on start. The next important thing for quadcopter monitoring is to get the fly
parameters by telemetry. All the information concerned to the fling vechicle is stored in the controller
and can be obtained by the telemetry in real time or by history of the flight. The Ground Control
Station (GCS) is a type of software that collects this kind of information and helps with the real time
monitoring of the system. In this paper iMission Plannero software is used to monitor the quadrotor
fig.12.

] o aE pavaese
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¢ .
# " [ ']
T "
*
#

P T #
A
ArduPilot ve: ng emlidtool

usi
ully all options and select appropriate one for either Navio 2 or Navios)
dupilot

To be able to connect the quadcopter and the fiMission Plannero the configurations in the text
file fiarducopterd must be done. Here the telemetry IP and port must be provisioned.

Fig.12 Image of Mission Planner

When the configuration is finished, the quadcopter is started with the following command fisudo
systemctl start arducoptero. The beauty of Mission Planner is a huge amount of data you can extract
from the flight history, so some graphs from the test flight are given in the fig. 13.
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Fig.13 Image of Mission Planner

CONCLUSION

This paper sets its objectives on the construction of a quadcopter using development board
Rasberry pi 3B used as a companion computer and a flight controller (FC) based on a sensor board
Navio 2. The FC is implemented as a software process started in a real-time OS with a preempted
kernel. The hardware and software components are presented. At first a general look is taken to the
parts that form the quadcopter, the construction of the system, the software components that are used
to implement the flight controller and software components used for monitoring and configuration
called ground control station (GCS). The configuration and testing of the proposed system and its
capabilities is investigated in a real environment. In the paper only FC capabilities are tested and the
possibilities to implement some more advanced fetures. In a conclusion it could be said that the
system is stable, has small form-factor and has the ability to perform more complex tasks.
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Abstract: The paper reviews two types of thermal photovoltaic hybrid modules with liquid fluid i a flat plate and
a vacuum tube collector. Their possibilities to use in a located area in the continental climate region are analysed. The
mean values of ambient and modules temperatures and solar irradiance are measured. The values of electrical energy
efficiency of the chosen thermal photovoltaic modules are calculatted for measured temperatures. The results show an
effective conversion of the solar energy.

Keywords: Solar energy, Photovoltaic modules, Thermal photovoltaic hybrid modules, Flat plate collector,
Vacuum tube collector, Energy efficiency
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JEChisskdCo d OolssiOldCoo f) sededkotts LockOodj &0 BideOEhSd judS: astd M RurFAL RISITrAdwr W
I CSULRY (asRUL MOTOSULTRUEVRSRLY 1o bR st I INJu I JJUPRY AR sLIsuSIR.
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RUJLrWRE

MK jtedhisdSd OdLkziHo@kdIs ] Is jted3sWilstotdzisAfydd Soiz Slssted

RLAEJHOOGA MO HOO Stz jSlstted T HshdC iszdSedhsokjd SthBdtRd0, i WizkzdH ftstdiid
GzdStstz CPVT60P250 1 Wde.1 (Crane Ltd.) d f) 90Skkzdgsdd sted Bd Virtu PV/T vacuum tube collector,
wdc.2 (Naked Energy).

2 3

Nde.1. seihstizSydw 40 lsjedssWislstottisody it fodkjd 1 sBF odH: 1- WlssotisOdyjd disHEE
(photovoltaic module - solar PV cells); 2 T oatH/dLnsH LO WikzzdHO (fluid inlet/outlet); 3 T
stz jikdS (heat exchanger - absorber); 4 7 0kkzgdddjo ctedB (aluminium back); 51

ssfazsdLskzoydv (90s0) (insulation (whole)); 6 T Otzzasdidjo0 t60dSO (aluminium frame).

ustfisWdLduddisj R0te0Ss jtediisdSd &0 tishCdw St jChssts 70 isHRtHYA LO ts0BEIOS0 &z d
tfod ddiCd ks jostfjteOlsizted tfiejr Lddghd™ tfjtedsH (Nicolov, M. & Koev, K., 2019). 1s0Sde0 f0
Chdas0lsduddisd Zhisodw o G0 EOLEEJMHOGAW 025,

JOChdds0tzdz0s0 iz jSlstecfu S0 dasPashls &0 fizshCdisj PV/T-4ok jizd j 250 W, 0 Isstfizdddolso 1
890 W. wlsts2dztshiscfis j ¢:0 IsjLd o Hielzed YtsCOLOK jdzd MO tstfte jH jdzjdad] tfted dtals jaLdls jls 0 fdzd dry jollsd
6OHJOYdW G = 1000 W/m? d Is jdstf_jteOlsizte0 (0 sStstzdz0ls0 fte jHO Y = 25°C (Crane Ltd.).

A0Ckbdidls) teied 2 &0 kjegswektostsodyedy Hokit (Wde.2) 70 ditostlsidkd i
BEeshdzdColses fisd Cis. Ut teE0Gyde0 o esEVR0 it ik ssftdhdds Lockzed o tSEEE0s0 fis jHO.
Utse0 YsLatikve0 Sz jCiksttells HO ©0BBISd ted tis-GdiSd sjdtitokizied d thed tis-cskvds dhbs o0t %O
drzdddd] &0 s ik jolizts0ls0 &0 sCEEd0k0 fisjHO, o Micoldikd] i Hiszed SadhistezSydd.

139 90CkzdRdls | sted B M0 0Lk jiad odhsSsjWiSdodd dshsttedhisotdd Wektottzsodydkd
Jejggjdlsd edo odH &0 djdisd, ydwists LOHEO yOmls J fisStedisO fdf Mt jydodjd his2, Stk sekoddyde0
LOckzBdlj @0 Jjdzjtedw. IsH WebktoswsOdybds ¢jelsd J OLtfesy e fYusiic Odizdgdhadjo/diHid
OBMsteBjts LO OSEZBEEte0dk ) 60 ssYkde0ks0 jeiteedw. A 0BMEteB jtedis) O 06tOH j&d GiHed Isted BoySd,
o Sodls tessdyd WikkzdHils, d yedL kWa o0Skkdhdlsy Stisd fj fedtrodls Cids hdhsid0k0 LO
sYtLEkottvo0h) ¢0 stididok. RLotHAl) G0 WektesdsOdykdis SkisSd N0 dLojHddd ytsdL
fsHAsHYA Gz jClststs, BEALES HES B3 jHGdls] Isted BAUSH. Adkzdnils j oH b 0Lt G0 czdSh, f) 5B JG
LO JH&ZO 90CkEdR0 steiB0 0,15 &. St GEHEzEdls j It Bl 6 00CEEdGGd Isted B, sBA WS BB jd3 20
WizlzdHO o s idz0ls0 j 1,7 a.
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NJG. 2. stihktzCydy &0 s jtedswislstostsOdujd BisHEd f 00SkEded stisd T s8F odH: 1-
Bsts0M k0 shise0 (montage base); 2 1 90$kzizdi0 Isted BO (vacuum tube); 3 T WShfte0F fiesWdi
(fixing profile); 47 te0>MHOP &k dls (board element).

JOChqds0dd0ls0 sstfddt0 GsPashs G0 Sk jClstedls f) 00Skkdkd steded j 275 W, LO dsH jd f)
Wiz jlhssts (PV/T), S flJ dshisdicd e hdgs GOHEIMGE GO fisd Sk jdkdls] tedd 5050, yj HO &4
LOM jiye0 WisksseatstisOdyddisj S jisCd, d 215 W LO &isH jiz B L tejWiz jShssts (PV/T HD). rijShstedy jiicolso
dGsPdshis J 70 W o 55 W L0 dssHj PV/T HD (Naked Energy UK).

stz jSlststecls j i) 90CkEdtkd stedBd 70 YfsHASHYA LO Bishs0> &0 ofjCd odH fisStedfo, O il P
o jelsdCotdts 0 WOMOHdsj &0 fetOHdlsj. ¢BisteBjtedls 0 tfis-GsPhGAY  disHjd, LOjHEGS
Wslssostsodudals StisCd, J dstisdie0t fisH WoShdeod Jei 355, 0 L0 HiskedW dsHjd PV/T HD j
tftejHodH j&0 ol Lassydshls LO ttetsdiwdz0 Jei 0 &0 OBfysteB jte0: 20°, 0° d -20°. ted bstsLd dsHjE d&g fj
dLfszLed tojWizjClists, Ctjist tfisLotkved U-fzikhs YoHisj>HOG] O o0Skzddsj ktisd d
zo jzdy0o0kj %0 tfskzjLkol0 ash. a0kd odHO Stk jSksted f) o00Ckzdkd kteied, LO OLEZSO Bls
fizshCoflsj BsHizkd), dj dLdiSotls eOLfstWld.j G iMHE Wislssatstsodquddisj St jlsCd, LOP it s j )0 fy d0¢So
P fiedftz0, of dpa0 SHONESHS sls LOM o0,

RLiZjHOGk] GO W jClsdoushissOEOPV/T-StjCsted

Ldseds0 G0 L0BSk0 I jrddyinSdls R00Sk jsdsdSd d0 RdBedHtds Stk Stfts jH kM
CistCts jistacfisj s 2ashis 0 S jWaydjdziscllsj 0 stz Ldsss H2msodj (C.4H.) T sBP AW, jijClstecyifiSaw
q sstkdttdw (Tiwari, G. & Dubey, S., 2010). S.4.H. &0 PV-GsHiztdsj — &> HO fj SHftejH jdd
s L H00Cs jieted] s jdt jisOblztsd T tfts WistechlzzOls0:

- - bp 1YY : (1)
~ G G0 PV-tssHiztls, ted S Hjkind Hgsed i s dtje0kkial0 G0 dysHiztds
Y CU ~ d ds jazLds jls &0 fizd dry joois0 sOHAOYdW 'O prmm o ;Y i b jdstfjie0biztsals0 0

Cstr jChstedfls j, e CotCts st hisadw, Su: T ik jdstit0bkzistds S jWofyd.idl GO St jClsstads,,
HOH j& sls ttetsqLotsHdls jiv, %/ Su.
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stiwWdydjdisis T sC0Le0 f) SEESCE tfistsyjdis0 G0d0dwe0 fistRdshisis0 &0 G Eshisso &0 PV-
Ctsiz jClstste0, tfted sod 000 &0 s jdstf jte0lsizte0ls0 &ilz f) 1 Sat (Duffie, J. A. & Beckman, W. A., 2013,
Tiwari, G. & Dubey, S., 2010).

RLIZjHOOEZILE N tflesojHHO LO 60E0 &0 ce. tlzhd, Skt i ~0L0SkjedLowd f) d b jdts-
Cstisofdz jtisO oz Sec{dzls. Yddstecs jtedsH J MiskzHjdz, 1) ks st iteOlslzted] -205a  Yis-tofiSd. fWistsists
estejPis, f) s jdstfjteOsizted (+20...+40)%a d tfs-odisCq (WeatherOnline). RLifstzLo0s fij HOGdGS ] tsis
dLas jteo0ls jizdz0 fisOdydw LO dssdedssteddze 0 Hots0d jistedls j %0 dLetOH jk0 WisksosisOdyd0 ydists0r0 &0
fsCtedo0 &0 fesidN ik 5B Sk (SMA).

Uidt jeoblziedsj €0 BCBEEOSO fejHO o @O kitdsWektostsodykds) GsHEed, SOSks d
duelsjLdls jls0 &0 Miziykjo0ko OHdOydW, M0 dLidteitd tiedl sdfdujt dikie Hid (11 sad). uviid
HOGdd, LO jHES i st dddls jozk0 dewstdoydw sis ColsodsLdls | &0 tesdLetHdlkj@v (Naked Energy), fid
diszLe0ls LO duydhive0d hists2dshisdisj &0 S.4.H. (JzjSktedyinCd) &0 PV/T-Cist jSstste ) 900Skzdhd
sted B s Wistedglzdz0 (1). wists2dztshyisdlsj &0 C.4.H. LO YizshSdw sz jClstste 710 tts jHisOe jd © (Nicolov,
M. & Koev, K., 2019). tLkdisOsdls  sis dLdsjteo0ddwisO fi0 tsCOLOGd &0 Wde.3, 0 tis drydheddwiso T
%0 Wdc.4.

G, W/m?2 T.,T,,°C
1000 4 0
900
800
700
600
500
400
300
200 I
- 10
100 ]
0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII; 0
I o A A A A A A A A A A A A A A A A A A
A A A A A A A A A A A A A A A A A A A
NSNS N N N SN SN N N NN S S S S S S S SSSSSSSS S
S =S=2=2=2=2=2=2==2=2=2=2=2=2=======
LS S S G G~ QS G~ G G G = M o WY = WY = IR o WY I = WY o WY Y = N o N WY o Y
BEE8YR3I8LRLETIISETRNSLTI Y
LD O MM MOOWO OO A NATA A N MW ON~NMNMNMOOO
i B B |
t, min
G, W/m2 ——Ta,oC —Tm,oC

AdE.3. RLG GG GO dids jdsLafls jls0 0 izl ey o0ls OHAOYAY (G), Isidstjte0lstzte0ls0 dhO tsGtsikdzOlsO
e JHO (ue) d b5 jds jteOlslzts0k0 &0 YOt jtalsj (um) Hieju 15 min LO scftfefu.ids s jds H_ids

RLABjd ozl jists 20 ofels joaLcfls jisO 2O fezd dpy jo0ksO sOHAOYG™ G 0 Wofe.3 j 1) ROt0Cls jied Wistsdsd of
fd HIEd 0 HjGsEsPEsss HodM jkd] B0 1JBWs0 BCaEs Shisd fid. IsHEBGI MO dLEBjkiGdWs0 GO
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s jostjteOltztealsj GO dsisHiztdls T of G0 SCEEGOSO fejHO To Hscudtioso J, Wi Sikstitosizedlsj fij
tstfle jH s tsls ot jerLaflsisO G

A dLijjediso &0 ejicudidisy, tejHisOejtd @0 Wde.3, fj LOBjwLeOk d wOLEdSd - o
OtfzdszHdlsy, o ddudiorkdsd fiss2ushisd d o dgdidsds) &0 &OChduwOdedisd Miss2dshisd.
Ut jte0sizistzefls j ds0Shodszasd MO tejecfistedicOud Ys-SIfdis (AdLiShisOa0ls0) IS IssLd %O ofdzls jhLdlsjilso G,
0 fiss2dshisdlsj &0 ikt itokizisdsy & MYOHO HE 0, SOSks G. TJjid shsedshisd fd HIEXO GO
te0LzdSdls] o lstsydhaidisy SOfoydislsd &0 ok jedisy o &0 fsCedoa &0 MEOHOKO, adtenlz St 5 7O
d3tszisafteOdzd]. wHlsts2dzshisdlsj ¢z0 COtOydlsjisdisj 1O YieOostfstteydstzoddd G0 tBJd0 &0 i Sted > jedwiso
d ihJ stfejHjzws sis ~0te0Ck jtedisdSdis &0 SswhisteizSisdoddlsj B3Ok Jed0id. ABlssoszs0dydds) dGsHEzEd
o ) dstsets Yis-BOESd wOLBjtd d SBJE o Mis0adwjid 1) SBJBO #0 8dLHEZRO o BSEEEOSO MisjHO, . d.
Istfizdddzdvls CoOgOydisls &0 Hodjedlsj J tis-z0ed € &ls IssLd G0 o3 LHEZR0. I SOLd edydd0 fSsteshisiso
%0 digddziddi d OdstfizdlsizHOKO &0 s jteOlslzte0ls0 &0 disHzddlsj Tm 1O Yb-cizjdsd s kjrd LO
s JoBtfJte0slzte00 0 BSEEA0I0 fejHO To edydizdisy 1O S didWs yowis &0 WisksasisOduidisd StjsSd
%0 S jShistedls d esiigdvis dds SsiWdydidls &0 ekl POk &0 hid gy jooko tOHOydw (Duffie, J. A.
& Beckman, W. A., 2013).

Cpvis pvay 0
25

20

15

10

TTTT TTTT
~ NN M~ NN ™~
....... SN0 OO0 MO N
TAd dm oo AN MO N0 NGBO 00D
NNNNNOT OO WOOOmITIOND
0
Tm, °C
"PV1,% PV2,%

A4, RLB G jBAW 4O jijSstsayinSdisj S Waydjdise t0 fistjLtts HjRhsedj (S.4-H.) &0 PV/u-
HizshiC St jClsste (— ) o 0 PV/T-Cistz jClststed| f) 00Skbdstd bsiad (= ) st 15 min LO sdtffy,ids
IS ji H i

buOLALIl G0 cLOWdSdsj G0 Wde.4 §isCOLe0, uj JLiSkeduinSd™s S.4H. GO PV/T-JEshSd
Cistr jChisted], LO t02-este jFdflsj 10ftse g 5ls & jlstac tjtsaisH 4O HABOKO, | fs-BOLiC f) (7,16,...,7,62)
%, o 0ot jd]j f) PV/T-CoijSssted f 00Skkdthd Seiad. ute0 j cisivd0 EOLEdSO, Cavists Loadid sl
s jls jstestsccudals iised o sis R0E0Ck jdisdSdls 0 fis0etve0ddls  dsHEed. d tjldsHO 1) 102-
oSS ks jdstfjteOlsizied C.4H. LO HoOkO adHO CljSksted j GOR-GGOLIC, & tied PV/T-CatjSksted f)
00Czdstadf sted B ss2EAS0 Gz G fYOHO tsH 20%. ied ksjLd St jClssted, sty jt0k0 sstkdtgo
it jieed sls il Gy jools0 LOHOYdW j U-e5EMt0, S jis fsodh0s0 s8R AW C.4 H. GO fidfsjd0k0. uE2

- 26 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3.

fd sftedHjew SOl flzds0 sls JezjStedudnSdw d Isstfzddatkd™ C.4.H. &0 PV/T-dsHEzedls] (Tiwari, G. &
Dubey, S., 2010).

RY\IAJIR

mdstedHizdis] PV/T-CoizjClsted f) 00Skzzghd kteied 10 gs-tsHatHvhd s PV/u- tished
Hokdkd, o w026k f dLeOLit L jds-Codisde a0zt Cedanos. rHE0 s tedudedisd 4, ud d
sid>1090 ks jostf jteOlslzte0ls0 &0 PV- iz jczjdsdls ], BB jdts o yohse s f) 402-adhsC0 ks jostf jt0iskzte0 d&0
sCtsizdz0is0 fts jHO. s IstsLd &Oydd: fj tsedh0e0 C.4.H. &0 sjLd jhjdkidisd d fj ¥ LHO0 IZhdsedw LO
fs-HI &6 tf jtedftsH &0 JShYds0koydw. rejSkteduihSdwls S.4.H. § (20,74,..., 22,67) %, LO teOLCE > HOGAW
fiedsH sls csHdRO0 o O%OZdLAteORdw w028k, feked Yeduded L0 HedizsyJediss %O PV/T-
Csi jClststed f) 00Skzzditzd sted Bd 10 s jnddls) siskduid ~0w0Sk jediisdSd d o L3 dish)s LO disdkiso> GO
ofduSd tfsStecfod d WOMOHC.
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Abstract: Itfs inevitable to avoid risk when a company has to undertake significantly larger investment projects.
For a business to grow, its financial decision-makers have to be very certain and confident in their judgment, skills, and
knowledge. This paper affirms the need for financial analysis software in business and proposes a desktop software
solution that can aid the education of financial decision-makers and others. The described software solution uses data
analysis tools such as Pandas, NumPy, the Python programming language. It is designed to be used with large data set
and provides an interactive financial analysis workplace with visual presentation. Such desktop software can also expose
students of finances to the idea of managing and utilizing large investment data sets.

Keywords: Efficiency, Investment, Capital Budgeting, Cash Flow, Net Preset Value, Internal Rate Of Return,
Discounted Payback Period, Business Analysis, Large Data Set, Desktop Software Solution

INTRODUCTION

A company during its lifespan eventually has to consider undertaking large investment capital
projects so that its business can grow and expand. Significant financial planning is required to make
a well-informed decision about which projects to approve and pursue. The companybs financial
decision-makers have to determine the investment efficiency of capital projects. Therefore, it is
important for financial decision-makers, such as investors and business analysts, to understand and
apply the investment efficiency measurements that are part of the capital budgeting management
process.

What Is Capital Budgeting: Capital budgeting is a financial management tool that can be used
to measure a projectos potential risks and expected long-term return on investment. Companies must
carefully consider the capital investment that a project requires and the amount of value expected to
determine whether it is worth pursuing (Capital Budgeting: Definition, Importance and Different
Methods, 2021).

Why Is Capital Budgeting Important: It lowers the risk that a company takes after the
projects it undertakes are done with the analysis capital budgeting process done and it will be possible
to demonstrate that a project can be a worthwhile investment. The completed capital budgeting
process provides a financial plan because it requires a significant amount of planning to understand
how much money the firm needs for the investment. This helps clarify the investment decisions,
which is essential for any successful company to know which projects to pursue now and which
should be put on hold (Verbeck, 2020).

Why Is Understanding Capital Budgeting Important To Business: Capital budgeting
creates accountability and measurability of potential projects. Any business that seeks to invest in a

4 reCeondls § dejniisOe il &0 fiskzHjdishCos0 @Okyk0 fihdw &0 20.05.2021 o fjSydy sthzedSoydssadd d
Codteslsi 0 s jrddSo ) Sededd0tds Lock0ad] &0 BIdcOEhCd jLdS: JAuYRu L d yruv I 10 Ltrrdcuw
(NsvR I Josusd 1 $ Ry (HURARRUYL.
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project without understanding the risks and returns will be held as irresponsible by its shareholders.
Furthermore, with no way of measuring effectiveness of investments, a business would have little
chance of surviving in the competitive marketplace (Pinkasovitch, 2021). Therefore, financial
decision-makers must learn and understand how to apply the capital budgeting measurement process
to be confident in their decisions and demonstrate the effectiveness of investment. Creating an
interactive software system to aid and ease their learning process will help them build the required
confidence which will be of great benefit to any business.

Relevance to Business Analytics: Business analysts have to use a set of software applications
to build statistical models to make educated predictions about business problems. Such organizations
collect and manage large sets of data that need to be analyzed. The business analytics process is a
seven step process (Hargreaves, 2013). A software application can be created to assist analysts at step
three (analyze) and step four (predict). A necessary requirement for such a software application is to
operate on a large data set. Satisfying this requirement would allow such a system to be used by a
business analyst or expose financial students to the idea of managing a large data set.

Capital Budgeting Methods - Investment Efficiency Measurements: The three most
commonly used capital budgeting valuation methods that can be used to determine whether a project
is promising and worthwhile are:

' Net present value (NPV)
I Internal rate of return (IRR)
I Discounted payback period (DPP)

Businesses use these valuation methods to either accept or reject investment projects. The most
favorable method among business analysts is the net present value (NPV), although the internal rate
of return (IRR) and discounted payback period (DPP) are often used under certain circumstances.
Financial decision-makers can have the most confidence in their analysis when all three methods
indicate a positive value (Pinkasovitch, 2021).

Net Present Value: The net present value (NPV) represents the difference between the present
value of cash inflows and outflows. A positive NPV, means that a profit will be generated overtime,
while a negative NPV means losing money. NPV can be calculated using the following formula (Net
Present Value, 2020):

600 —— & 0
where O - cash flow during the period t; 6 - total initial investment costs; r - discount rate; t
- number of time periods.
Internal Rate Of Return: Calculation of internal rate of return (IRR) allows for an investment
to see if it will be profitable without a discount rate. It is calculated by finding a rate at which NPV
equals 0. Mathematically this looks like (Tamplin, 2021):

r 5 O 174
T OLUW > Yy 0 (2

where parameters are the same as in formula (1) except the rate r is now IRR. Calculation of
such rate manually requires a lot of trial and error guesswork and even experience by the financial
decision-maker. This can be avoided, if the software relieves the user from this guesswork. That way
it will guarantee that a financial decision-maker knows the IRR measurement of investment.

Discounted Payback Period: The payback period is a measurement that can estimate the
length of time it takes for an investment to generate enough cash inflows to recover the initial
investment. The ordinary payback period does not factor in the time value of money - preset value.
However, similarly to NPV, the discounted period does. Therefore it is more accurate and it can be
calculated using the following formula (Discounted Payback Period | Formula, Example, Analysis,
Conclusion, n.d.):

-29 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3.

s . O
oL 0 (3)
where - last period before the net discounted cash flow goes into investment recovery; O -
remaining balance of the initial investment to be recovered; 0 - Total amount of discounted cash
flows after the recovery period.

EXPOSITION

Analysis Of Existing Software Solutions: An online search was concluded to discover
existing capital budgeting solutions on the Internet. Only a few of them were able to simultaneously
calculate the three common investment efficiency methods. Unfortunately, these systems were
incomplete and lacking further explanation. Most other solutions that exist are specific to calculate
only one of the efficiency methods at a time. All software solutions found were designed to calculate
only a single investmentds cash flows. Most of them share very similar characteristics such as:

I They are designed for quick single use in an input form, built using web technologies
(HTML, CSS, JavaScript or server-sided logic like PHP)
' Some provide an explanation of the formula below the input form.
I The forms provide fields for initial investment, discount rate, calculate button and
buttons to add and remove periods.
 Results display solely the measurement value with no way to compare more than one
investment.
These solutions are not advanced web systems that work with big data because they do not use
the advanced software technologies to process big data (Stefanova and Draganov, 2019). They are
clearly unsuitable for big data processing. The business analysis needs big data processing systems.

Requirements And Goals: Based on the online search, such software application must adhere
to the following requirements to be competitive with the existing systems:

I Simple, intuitive and easy-to-use interface.
I Display results in a clean and straightforward manner.
I Ability to add or remove the periods of investment.
In addition to the aforementioned requirements, the interactive system for learning how to
determine the investment efficiency described in this paper, will also adhere to the following goals:

I Allow the user to import or export the inputted data using a data interchangeable format.

I Capability to processing large data sets as required by the business analysis field.

f It must provide means to compare more than one investment, preferably a way to display
the most promising and favorable investments.

f It must come with an explanation and examples of the capital budgeting methods.

f It has to provide a visual representation of the investmentds cash flows over the periods.

Designing An Interactive System: Considering the data driven nature of the business analysis
field, the requirement to save or load large data sets and the computational amount hints that
developing a desktop software application would be an ideal choice. The user of the application also
has to manipulate different investment cash flows, including their lengths and discount rate. A use
case diagram of the necessary functionality can be seen in Fig. 1 below. A detailed diagram of the
typical workflow using the proposed interactive system can be viewed in Fig. 2.
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Fig. 1. Use case diagram of the necessary functionality from user perspective.
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Fig. 2. Activity diagram of the typical workflow using the application
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Implementing An Interactive System: Implementing the software system into an actual
product requires the use of appropriate developing tools. The Python 3 programming language was
chosen because it is widely used both for developing desktop applications and within the field of data
science and data analysis. To achieve faster speeds than raw python and being able to work with data
sets known to business analysts the two SciPy (Scientific Python) libraries NumPy and Pandas were
used. The graphical user interface is backed up by the official python Qt6 bindings called PySide6.
The graphing functionality extended is provided by the scientific graphing library pyqgtgraph. These
stable and mature libraries and the familiarity of python 3 in the business analysis field make the
python programming language an excellent choice.

Internally, the interface has to directly edit a Pandas DataFrame using the Model/View concept
by developing an appropriate model. This creates an important interface to directly manipulate
Pandas DataFrame almost natively using Qt6. Externally, the interface (see Fig. 3) provides a tidy,
straightforward, and attractive working experience.

& -+ Assistant Efficiency of Investments

Fig. 3. Re-sized main window showing the investment worksheet.

The user can save or load into following file formats: *.csv; *.json or *.xIsx file. When
calculations start a progress bar is shown, giving information back to the user about the computational
process. Afterward, the user is presented with the sliced view of the data set showing the top
investments of all measurements. The user is able to sort the view according to the measurement to
compare all investments against. An interactive chart and details are provided for the selected
investment where the user is able to analyze it in depth, see Fig. 4.

s | wevesy | mren | Gosmewms) | NetCashFiow($) | Payback (period)
Deal#3053|3033 [l 2472 27896 373800 37

Deal£2327 |2327 |282402 2484 2397 315700 35
Deal#7220 |7220 |257353 3549 43188 289200 3.21
Deal#5010 [5010 | 235346 1341 |604.44 326400 07
Deaizazay |8287 |228184 2 336700 042
Deal#8972 |8972 |221286 261900 027
Deal#6057 |6057 |201805 299000 087

e —R 19%, it PRI 2.19%

Net Tots) | Investment | Period 1 | perioa 2 | period 3 | Periva | period s | pericd 6| period 7| perica s | period 9 | perind 10
CashFlow 3728000 |-1340000 | 762000 | 791000 |84700.0 |827000 |277000 [e07000 [s16000 |742000 [834000 [197000 [
Present Value |208021.71 | 1240000 | 74566.98) 75746.0 |79370.33 | 7583530 | 2485637 | 70863.50 | 44330.51 | 6239312 [ sseas.2s | 1586280 |-

Fig. 4. The results display depicting the top investments, details and visual interactive chart.

Tests And Results: The implemented software application was tested with hypothetical
investments using randomly generated numbers within an appropriate probable range. Samples of
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these numbers can be seen in Fig. 3 and Fig 4. This was used to test the reliability of the software and
to measure the computation time. The calculation speeds of these hypothetical investments are: 3
seconds for 1000 investments with 12 periods; 36 seconds for 10,000 investments with 12 periods; 6
minutes and 32 seconds for 100,000 investments with 12 periods.

CONCLUSION

The presented software solution is an interactive system for learning how to determine the
investment efficiency that combines the strong points of the existing solutions, solves their
shortcomings and provides an attractive and tidy learning workplace. Such interactive solutions can
aid the education of young financial decision-makers helping them gain the required understanding
and confidence in their skill set. Combining the language and tools business data analysis use, a
product foundation is created that can be adapted and extended as needed by business analysts.
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Cidg jHEs) d 1:M (jHdts i 3 dtscts).
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stat_id

EXEItises
user_id

exercise_id

exercise _id

name

tser_answer_id
lesson_id
user_id
question_id

answer_id

exercise stats

user_id
lesson_id

visi_count

lesson_id

questions

question_id
lesson_id

guestion_text

general_stats

user_id user_id

username total_points

choice_id

question_id

correct

AdE. 1. TitOydsb.jds dssH i G0 BOLOKO HOGq

dtendls jClskisO

10 ydds0 j duBtOh Shdjds-hittedts dssHid f) kted 2jtOtendydd fisw: i jLidkisoydisd.id,
fodisyydd (Esedudntd) d HOGEGBe (LO SBLOBSICO GO HOGEC), 5.d. OlndisiShizi0sd J Istedhis2kO
(three-tier). witcodtedls j tlsetottjl LO HOGEOGIYEESE 6jkitedion) d teiHthisOowi) &0 yofs is
daWistedz0ydwiso, Ssjists tfts stftejHjizndd fisoed zgs Miste0ddyolsd HABOBdYEO.

Ated LS00 dzjyHEz ShdjdalsO o Miteadte0, COCKts d B >{HE fitead 60 o BOLOKO HOGG j Holgthsydo.
stdjbisils dift0no LoweCd i fdtcadtd yejL fosw ddhibsjtedjls BteOzLIts (Hisists jBdls jdhCdw
s jteW j21n), iz Ssjlsts fitsadtedls ¢df dLtfte0M0 CIds BOLOKO HOMdd. AOLOKO HOdG oted PO tiscsotsts
Cids Miteadte0, i jHshis0ow2Cd LOWe jkdls) HOGE, St tis oW fiste0R0 ¢d oted PO CIdg ChdjdisO.
e jL jdalsOydisdadzdvis s J tejOdzdLefteO Yishte jHysotsds jLaydisj HTML d CSS;_fsedyifiSdws fids2 T
Yishyte jHisotsdg JavaScript d PHP; pOGksodwis fikis? T tishis jHiisosds MySQL. YiejL fisiste jBdls jdhSowis
s jtew j2f tisisteiBdls jizdlsy LOH2Mso0ls dsedSolsO &0 fdhisikos0. JS fid dLidddwe0 o BOERLIO GO
Cizef jtzlsO, HEsCOsts PHP fyj dLtfiddve0 &0 ftcodtcd. A0LOKO HOGG il Ateddkve0 ontsHEls HOGGd &GO
tfislsts jBdls jizofls J, sWrndz0ks0 fisOlsdisgS0, ad ftestidlsj d slsesotstedfsj tsis sjfissa jlsd, SOCkts o sisesotstedls j
%0 tslstejBdlsjizdlsd LO ofiSd edtftstsh, Sodlsts OHd3ddMist0lBiells GO fidhisjd0lk0 dts>d HO Hisse jeweO.
gL MySQL Etts0aizvo0 ofdySd dinistzéydd @0 BOLOKO HOGE.

10 Wde. 2. j §isS0L080 Otends jChsizsls0 GO s jds0k0.

N\ r ™\ 4 N

Mpe3eHTaLMOHEH CNOW Nornuecku cnoi DaHHOB cnoi
QO e
-— [o BRI —
pm (o JEERARAL
KUEHT WEB CbPBbP bA3A AIAHHHU
. J L J \ J

AJE. 2. EndsjShlz0 G0 Rl jds0s0
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tJadLoydw

dHBARAste0ssted Is &0 fdls jdz0ls0 deg0 HishisItf HEs Stsdastetsiz jds YOk bz, SIH st d3ts>1J HO HESBOOW
d dListeqfod ed tftesiyd, o HO s jeiz i>HO YisHissBHO fisOlsdisdSo LO ofjSd YiisteiBdls jd: Bies? tfish M jddw
LO ofjCd kztesS o ztfte0>djdticf], Bles2 ksySd sls ofjSd Isgfls, SOSkts d HOHjddls] tsis & jets slsesotsted 60
eI tfieshdfls tsls Is jfistso jls .

0 Wde. 3. J ftejHhisOe jd disHizdzdls LO HSBOOWH ], O &0 Wdc.4. T LO dListedo0dz 0 ol tftstshd.

[ob6aBaHe Ha BbIIPOCH W3TpuBaHe Ha BbNpoCK
D Ha | 3arnaeme Ha ID Ha
| TekeT Ha ebnpoca | BueeneHue. s Koe oT cnegs1Te TEbPASHUA UsTous
- OCHOBHM NOHATHAA HE e BspHo? =
| TekcT Ha 1-auA oTroBop | e e .
51 23423 W=TpWA
| TekcT Ha 2-plR OTrOBE0D | OCHOBHY NMOHATHAA MHOTOHUILKOBOCT?
3 BreEeaeHMe. S OT Kofo e BLBeAEHD " 5
| TekcT Ha 3-Tua oTrosop | OCHOBHYA NOHATHA | NOHATHETO "HWLIKA"? SR
|- M3BepeTe BepHuA oTroBop — ¥ | SR L
e CaMD Upe3 oCMrypEeHN OT "
| | s Mpoueck KM HKWKK 5011 : MaTpuin
Oobasu CHCTEMETA MEXaHWZMA 32
— KOMYHMKaUWA?
Ndc. 3. stitesi e fOdkjt i HEBOOWE j G0 NJG. 4. stiistesi b Ok jt T dListedfo0d] &0

el s ad s

Wde. 5. j §isC0L08G0 fisisdhisqCol0 &0 ikt jadlsjt fiadmino.

CTaTucTMKa Ha notpeburen 'admin’ c ID ‘5685023'

rneg

BoeeaeHune. OCHOBHW NMOHATUS

Mpabnemu 1 anropuTMig (5} 0 MNpernenain

Bsaumna bnokwpoeka (MbpTea xeatka/deadlock) 3 0 Mpercneaai
Mpoueck N HULWKK 4 7 Npernegain

BzauMHO U3KNIYBAHE M CUHXPOHU3aUNA 1 0 Hpernenaid

Ade. 5. Jlcsosted G0 fisistsjedls j fadming sk s jiis0 ALesydnd  aghedo

2O Wde. 6. j YS0L0%0 k0BEAY0KO f) Sisesestedls, HOH & s st jBdsjzv fadmind LO efijSd
o ftetsh) sls dLBteOddW Is jfls, COCts df HOZ HOH ji Sisesatsts j ojtsjd dizd ctejh jdz.
OTrosopu Ha notpeburen 'admin’ ot TecTa 'TIpoUECcH U HHULLKKH'

Kaxso o1 83aMMoaeicTEa caMo Ypes

OCWMIYDEHW OT CUCTEMATa MEXaHM2MK 23 Hukmre *
KOMYHWKaLWA?

MporpaMa g eTan Ha uaMbaHesue
Kaxso HapuuaMe npousc? OT MHOMD23gauHa onepayMorya o
cucTeMa.

Kak ce HapWuya CBONCTE0TO Ha
MpEELAYEaHE HA KOHTEKCTa
MHOMe3ada4YHaTa cnepauMoHHa cMCTeMa Ja e '
{context switching)
MPEeEXNDYES MEXLY NPOLECH?

AdE. 6. Lscsosted 60 Yt jad i fadmind st s jfjso Assyhd o ddhCdo
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10 Wdc. 7. j tiejHiis0n &0 omls ss ks jfjso edtentz s jds0s0 Adesynd o GqhSdd, 0 G0 Wde. 8. i
qLetzjH Bl B0 teLiskEyd™ d0 YRS Sl keSO Addo jH itdj. Lot dskwisdo.

MPOLIECK W HULLIKW - TECT
Ye6 6a3upana cpena 3a o6yueHme

Wa Tewa “MHOTONMUIKOBO Nporpamupane” (4|

Bbnpoc N2 1 : KakBo cvM B3aMMoOlelCTBa CaMO Ype3 OCUrypeHu ot =

cucTteMaTa MEXaHU3MM 3a KOMYHMKaUua? Havano || Ypouw || Ynpawenns
Mpouecute

HuTto eaHo ot asete

Tevara 3acAra dyHaaMeHTanKa YacT or paGoTaTa Ha

Huwkwurte

Bbnpoc N2 2 : Kak ce Hapu4a CBOMCTBOTO Ha MHOrosajayHara

ornepauuoHHa cMCTeMa la NpPeBK/II04YBa MeXay npouecu?

MpeBknioyBaHe Ha KOHTekcTa (context switching)

MpeeknwysaHe Ha npuoputeTuTe (priority switching) Toukm: 0

AaTta Ha perucTpaums: 2021-05-25 13:17:24
MpeBkntouBaHe Ha npouecute (process switching) Bpoit noceleits:

AdE. 7. YOfs 55 ks jijs0 ed Rk s jos0s0 Adesyjnd o AdE. 8. YOS 55 o880 AL o jH jhdj.
P S Sidesodsd stmsdo | BsBALEO o i

R1AJIR

[OLE0BEECOK0 AUjB  BOLE0GO fiejHO LO sBEyjbdj U lsjd0s0 (g mscskdhCses
tftotsete0Rdte0dj00 J fsHRsHWAO LO 2y jBhkd yikd d 634 HO fij dLtfsizie0 LO fisse jiel0 LiOddwWsO ¢O
lstzH jdziscflsj 1S Is jds0s0 AgaseshdNCEat Yleses0ddis0t 0. SEonoydwso &0 fists jadsjtds, s ssycd
©0LCto0 5BPOSO COEdRO G0 CuCkejGydvsd o dBO L0 it HO fisddeded fstjkiy LO
qLtfts jo0a0dj G0 hsOBOkdsj, S jits 75000 f) Yo juj byjdj. v0C0 ofiSd skt jsdsit ds>j HO fid
tfishsOod yjd, Stwists HO fizjHo0. skt tisejyj M0 tejedhistedOnds] tfisists jadisjtd o GOkdudkds
oitflesd, skCse0 -t jHaLodCositie PJ BIHj yikdw tlesyil.  AILEEMEGSEs0 GO
OHBdEdNst0lsst0 HO fziHd BlesW tishiPjddy &0 ofjSd tfisktsjBdlsit Mtfsdz0e0 LO Yt jHis0000 iz,
CBESE tjHso G j oS B 53, 0 fiejcti>HOBSS G0 Slcsetstds) dd i LO ko0, CHj sj ddols
HletsyizNSd, SOkt teqf Sistabstetstzz0 OBEEO o Hiedifso jtz0 Wiststsd &0 SBlzyjidj.

R skzds jdalsi s LO 506 jHo08,j (0 dscskd N Cot Yleset0dds0t, dE>J HO 7] dLiseLe0 SOkt
Histd b jdd.j. y dotslsts &0 diis jts0Skdadst)s o tftedits jkd. st Hstteddohw LO Gizybsists 0Lk j200d | tis
s jisteq0 s jL. HE0CIeyifCe 0yt jkd” d Loniex0t] ot jtejf0 G0 salzyd jdds] Sids ks jdodeolso.
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WEB-BASED SYSTEM FOR IMPLEMENTING THE PROCESS OF
APPLYING FOR FREELANCE PROJECTS®
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Abstract: The freelancing market on the territory of the Republic of Bulgaria is growing. Web-based platform for
freelancers are needed to support the development of professionals who practice freelance services. Using specialized
web-based platform for freelancer will help employers who offer freelance projects to find suitable candidates. The paper
presents a design process of an special online platform for freelancers, which can help freelancers in the country to apply
and work on real projects published by employers. The platform is designed in Bulgarian language and will promote the
spread of freelance services within the Republic of Bulgaria.

Keywords: freelance, web-based platform, software design, freelancer, freelance projects

A3AcronRe

a toLadlsdjiss &0 Isjrkstseddisi d dSskaideosd o Gsodisi Endsedw, foLOkdls &0 IstizHO
HtsOmsqyds ) ttesd jdd. A fe jte ji 0 0B ofj fis-cizvd HVE LOJRO AR dSBHERIS00 (Huws, U.,
2017), Sewkts fi twed SOkt Wisteds0 @0 tiejHthisOowk 0 CtellsCrhtesyld cioCOod Bhz02d
oW i dtkokdd oLOddsstishsM jady d Ehkkzed stk &jL0edhdhd eoBskkdyd d e jHdLadCe0
i P jfselze0P dls j BALE N BBHIC] d Hi0SisdSd LO k0ot jdd ] &0 ltelzHO (Wood, A. J., 2019). fhises
fJ esosted LO 0Lz dis jeddw il jydot 40 HAedis0zdLoydwisO o dSatkskdSos0 &0 ffsHjevdk] &0
OLOtef 20 IstelzHO. 3 15 o J tfse jyd P i B >HOIs d tits jHddsfiso0ks0 60 IstsLd dse adH LO jlstsh)ls o shz02d
YzosWistedsdlsj. 1Ozd bkse0 j &0 Wotd 0 nOGshsswsike0 LOjsshs did ¢sed Wktkd &O
JShYis0koydv? sttt toBskidyd 65 tiedowls? std M0 i? rokd j kindk shese it dLssykdS &0
HshsH] did HstIdkjhdj SIE Hislzed adHise] te0BSS0? S0S00 | tejoddshisls0 &0 sWadoko &0BtssO d
s1dersis? R S0Sad| 70 shzjHdydls sls ksiLd Gsed tjordshisd  Gof) d o yzxedeo? (Healy, J., 2017).

20 sjid edtfesid s jfited P j f)j sithvs sisesosted, G sevse0 HO fij Sy, uj ookl o
Wisd2z0dhde Endizedisj fj tOLaded ofyj ts-BitLs d jHEO sl fedudidisj LO st j, uj Rdblsjtedzls
OsWistsdisj 70 R jOkBOLO fisjHO LO fodtsLedkj &0 kjLOsdhdlkd tdyd fejHioc0Pd Ebked d
ClztfizoOyd %O IsjLd Emeized T 60BBIEHOL jkdls). w0 fj Hidd d 0 GotOhsedPdw ddls jtejf) CId
heBsHEOKO i0CsdCO (Akhmetshin, E. , 2018), SiH jkts fislse jistdisj LOjisd tdy0 daiols hotsBsHO HO
teOLtftejH 2w ot jdzlss fid o dagOls diststs LO SOCoad HtesjSisdf, LO SBESCEH ot i)  LO e OBISWS.
1OLBdted fj bEC ktewo® HO fj slsyjlsOls o fiskejlsidlsj YiesBkjBd f dLeOMHOEILE &0 oLOdddks
HEsojtedj d dz>{HOKO tsls YsHsBEWaOk | G0 SEBEICOydWso o ks jLd BALEN oLOdhEEGsh jidw (Green,
D., 2018). Jid P jisewe0dzjist 60 ssLd odH BALE ) oLk jadw dLdihSe0 tfis jHs0eWdsj G0 He jisj
fiste0ded o shz02d Ytoshist0dhisoslsts. £OBBIEHOS jiws Istewso® HO YizBEdSEo0 tfiels jSls LO tOBMSISO i Whdd
Ehdsodw:sy0Sa0h0ls0 tfistH & dis judshis, Wdkodhsed Hjls02ad d deWstd0ydw LO stdsO d0 s tsf jddw
htfjydoedhs. Jis HtelzeOO fiste0RO MOGds] Wied2E0hmIte htfjydokdhsd ktewsed it HO ddols

6 rsSLOHils j tfisjHiisOo it ©O sz jdishCO0 GOyk0 fifdw &0 20.05.2021 o fjSydy sthzedSOydste0 o
Codseslsites® s jntdSo f Sded@otts L0czOedj #0 BIkcOEhSd jLdS: vra APIRTIVD IFPsALLEP 19
;c[(glc[ﬂ;){m WOIRTIU VL R stuURrovssddus L1 teaJvd 3L ItSrsvr 1 el Lo

t SURSOQ.
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oJ LassHwshis HO HisjHisOeawls fisj hd i) fgslse jisi0 BALdh odLdiseo d fj &jw HO SOkHHOKMIsE0IS LO
%02-YsHABHYA s j LO IsWA ttels jCIsd. uiso0 G0t060 & jsBriBHAEMSIO Bis ttoLado0hj &0 ZiB-i0ksWistdd
LO tfsHYfsR0c0d% ] G0Bd0R jiss o COEHIHONsa0R IS LO 0BEBIO s ties jCisd &0 hotsBBHEO HiedSsdSo.

J 2360w i Pris iy slsydlso ¢0te0niso0 ddis jte ) S ds dlzse0isdoddls] BdLdif BsHIEd (Kunev,
S., & Antonova, D., 2014) (Antonova, D., Kunev, S., Venelinova, N., & Kostadinova, 1. , 2020) d
ofd tsojyd hd o jkduoed Hikdls &0 Wied20didts Zhizedls]. et S0t it d i LHOa0E jist &0 zjB-
BOLOWORO tzOWisted3s0 LO Wiedk0kidted &0 BICOehSd JudS P j oHtbdtedk] tOLodkdylkts &0
BJ zc0tehCd iy jydoddhisd, Sadists fie0SlsdSizols Wisd2w0dnhdie Zntzed o FJ iz ihdd e0BsssHOL jkdls)
o Adizcedw, Cdlsts tisjHi0c0l tiesjSisd %0 MosBsHEO Hie0CkdSO o BORAEOL s &0 tfsHAtHYA
COGzHHOK] LO te0BBISO Hfis Iswi.

RUJLWRC

s Sl kO L0 yjez HO wOLWOBSS] SH0G YEOSWSE®O, SEWss HO  GORiEyd
0L Yles S0t jGAjiss G0 Wed2u0uhdte khtled o Titkakdso 4dtedw, COSks d HO fij tijHshs0ad
ol Lagts>{tasls 0 Wi 20Ghitds j  fiste0B0k0 HO COBHAHOKNSa0  L0BSkYs aitsRl 6 0ddd Htets jCisd|
tlzatdClo0td Sls BIc0EhCd L0BSSHOS .

e jHALodCOls jirfso0lsO tts jH 150LEE0BEESAO 71O fied L0t ) Ists00 HO fj s jHishisOad] o Lss>{dshls
L0 s-jfs0 d Bitl0 SEBEGICOYd™ BjxHE E0BSSEdyds) G0 fosasHEO 0SS0 f Shdjdsds
Glz>HO P s j 7 s b5 jRdds dizseOisdodd ilzed. Ajiso j HO fij bt jfkd tiesyjiil G0 fretdCre0t
0 tftets JCs t5ls flste080 G0 EOBSHSHOI & o Yoy ifyils 0 7y LHOSOG it GO YlesWdli0 odLdlsCO s fjisisdG0
%0 Wisd2d0did 60, COCkts d tftetsy jipls %0 COGHAHOLMso0R j f) tisdsPiso &0 tft jHoOtbdls jhbs Lot jhd o
cfis js0ls0 Se0sS e juisted ydfls jedzd fsi 45 & Hj2hsod, Sadlss HO GO0l st jadls jkds,.

JUdh@edj &Ottetsy jhOkOtts jSlsdie@sj d i LHG @] GOYEGWstekGsO

J ey df0 &0 ties iClsdtcOh j GOtk it 0k0kdL &0 i h jfisekze0Pd tejh jhdw &0 Odekd2nhCd
JLAS &0 fkOsWistezd tsHYsz0c0M d &0dsdfteOdzists d it jHEZOEOR jists G0 0B 10 fotsBEHEO Yie0CkdSo
d 70 BB jhd fizjHdbds] dLdihCe0dkdw Cids 0Sda0 HkOsWistedzd:

A 1aosWistedsdlsj lsteveo0 HO 10 sBPEHEHSIYEG, LO HO fj shoclzied tstzd“edidb0d] &GO
Wisdf20wh) Zikizedsd.

A v jB-fOWtEdidls) fEzjHed HO i jHEOCOs Hstddhdlk jkk0 quwWsthoydy (fsHSOLS) did
st zo0d] &0 fesWdizdkols0 adLdlsCO &0 ofjSd EyohlkedS (Wied2z0umite) o ehduSd lsjLd HOdRMGd HO fij
LOYOLOOK & jHAl sBF Wistedslzdzvie, SS2Ists J HishisI tfjd LO tejetzdH tsls Siedjossd d Hislzed Wisd 20 tod.
utewBo0 HO ] shdekzted od Ldssyishis LO b jHOSHE0dk ) GO siLd HOGAG, ted EisBRBHAMGEMS f) 5jyiddi
40 ote jo Jlsts.

Ao i tejHocols WizaSydshoddshisd L0 SOl jestdLdibdd) @0 sBwadl /s jSlhdlk], Ssjlsts
iz jfdawe0 I tof ji jists &0 fsHASHYAO sBWa0/ et j<ls.

A 2d0sWistsdzdls j Istewso0 HO HO90Is o Lassydshls LO 5y jbSo o CisdsjdisOts %0 Shdjdis0, slshishdis
e jez lsts, COYMisotslsts 40 0BHSISO o tfte jHazsM jdadls j 5W jtelsdls j.

k1o fj e jHk0cols WegSydsaobshsg LO s jckjH G0 i fisswidjss (0Skdo jd/dj0Skde,jd) &O
HOHJ& tftetsJCIs/sBWO0 flzjH HEseBo0kwhj f) Chdjdls. Ied dLsdyddd &0 HOHjE ties jSls/sBWa0, HO fj
ndet0zdLdts0 i) ifse jkdj AbjHshis §i0 sBv0H.

A 1o g tite jHe0cols o LastsMishisd LO LOYOLOOG] 10 e jSlsd, Sisdfsts HtejHdLodSo0ls dds jtef, f
Cists P j )] 2 jfitve0 fiesyind GO dLest o SOuHAHOKSe0G s BIHF tiesCh.

Ay isBAsHAS j HO T s jHadHWs YdssPad JCotfd (OHBdhoskolstd), Skt HO tfisHHI te0ls
WSy distzoftsOt jists 0 z0sWistseells o fiots jots jo jddis HO Hiss00ls thted] o LizSo j &0 sl jdd).

o jHAGEsoOGOYls jHE Gk D jGdj

T viB-0kWiste30ls0 j sBPEHEMSI 0 d dds0 M ot i ddd ddisjeW2M;

7 1 &Onsswhokd EkjB BOLAORO YOWistd0 i tBShsBYeOl MizjHbds) Shhsodd
sisto jBdlsjizd: Ated20hidts 1 &dyj HLHO0PE fjiehchk0zk0 tHesWdhko odLdisCo, f
ol L dshls LO COkHAHOLMSa0R] tts tfistsjClsd yejL tfisHO00h | G0 W jtslsd f) Eidsedw
ftftevezts oI Lz ashisdis, Skt tfiedls j>1000; t0BBIEHO j&/std dis- ¢dyd fedisi>0e0h s
ftc0ots LO COYp0L &0 tietsjSis LO 0BEIsO, tfisjotz jMHOG) GO sW jtelsd d %0 jk0kj &0 &dyo LO
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— —a —a

l
l
l

te jOdLdte0dj &0 ftesjSlcflsi; PHABAGAMsteOlste - &dyj, Skt di0 OHddhdhisteOlsdodd
tc0900 LO ztfieOoizjddd %0 zjs fizOlsWistedz0lsO.

10t0Lo0 & jsBrsHIBR HOGNE LO (LetOMHOG] 60 tesWddd0 odLdisCo G0 Wisd2k0d 60
AsHHI X0 0SkZ0udd LO COEHJHOH o0k j sBVad/dtsiChsd);

e JHEOCO odLdssydEhis LO dLtfic0P0d] &0 switlsd tls Wisd2z0didted LO BtftejH i jd0
tsBWo0;

090 o L3 E&shls G0 t0BBIstHOS j&W LO HzBhdSlzo0dk | %0 ¢ jsete0kdy it B2 sBWad);

e e0Gwe0 d odLizOtdLdt0 dLts0ls jddls tls Wied2e0dhi 60 sW jtelsd;

AIsHHIEM0 OCkEZO0G0 BOLO ls HOGhRG LO ofdySd YizBhdSlze0kd sBWed d tWitssd d
fitsise jistdls j Hj2fsodw tits lswaditsists oLt dzdz jdzdf .

0 Ade. 1 j tftsjHiis0e jiz0 UML HJOGte0d30 (Rumbaugh, J., 2005) &0 Hj2dshisd LO tjedhiste0ydw
10 Wisd20di 6 d st dzo0d] &0 Yieswdizdiz0 adLdis<o.
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AJE. 1. 1doc0t0 L0 tietsy s, &0 st o0t t0 esWolkk0 adLlseo

WO AGE. 2 tisjHis0n G0 HOOEEOBO GO H s ) JsOtdsj LO COBHAHOKa00, s SBYe ik

flets jGs.
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3apemaaHe Ha CcUCTEMATE

2 VzBuparie Ha no gxogaw Apoekt

Onucaane Ha opepra Bue
dopmynsp

Bueempare Ha speme 3a
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v .

3ana3eaHe Ha MHTEPECEH NPOEKT
npy HeobxogumocT

Nde. 2. rdocte0d0 &0 Jisotfdisj LO COHHOLSo0k ] Yts sBWe jdz Hists jSCls

10 Ade. 3, Ade. 4 d AdG. 5 10 tejHis0e jid UML HJOet0g3d (Sengupta, S., 2006) &0 fiizkzy0d
%0 [ztfskiejBO $O Itedsi o Ybtisdsitd o HrOWisEROkd: Wied2w0dkhite, ©OBSEHOE d
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Orbennzea uatnuaHe
Ha obABEM Ha npoekTH
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l'lpl}EKTM
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Mposepsgaa :
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PETUCTPURaHWUTE
AGE. 5. [d0ekad0 &o fetrydds 40 biisits B0 &0 OHdkdhsbobst: G0 Hroswstekoko

RIS jteW,j2h) GOYEGWEEEEEO
EOBWstetz050 j to jOtcfLofte0GO i f) il ot jds jds jds cfdals jteW,j2) tiejHisOe jt GO AdG. 6.

Pabora 3a 1e6

MpoekTu Ha cBoBoaHa NpakT1ka

Paspa6oruuk Ha Android app

Srersp Eosoo

TOTOBAT NPOEKT TPAGBA Aa CbABPK CNEAHNS HAGOP O (ViNose W HHPOPMALMS:
1. APK paiin

Hyxnaan ce oT paspaboTuMk Ha Java 3a MOsi NPOeKT

& aure Blos0s 21

VMam Hyxaa or Java Developer 3a MOA GBTOMOGHNEH Java-MDOEKT...

MnkocTpauim 3a HACTOMNHA Urpa C TemaThKa -yKacu
& vean  Ehososzn
TBPCA YOBEK, KOATO A2 HANpaBN HAKONKC oDeKTa 3a HacToNHa Mrpa;

-7 sHaka;
-8 apTiky.

AGE. 6. R W j2f) G0 GOYOLAG00 fiseOtAy0 GO ftosWtsd0lso
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A0 Ade. 7 d Ade. 8 10 tfejHis0o jizd Wistedg® LO fILHO90G) 40 HesWdkk0 odidsSO @0
Wied2z0diIte d d tftedc.its LO OfizdSOydw f) sW.itelsO o Eh@sadw LO COGHAHOIHSo0R .

PABOTA =/ TEB ‘ Tepcese Ha nposkr “ Hauano -

NMpocdunHa BU3NTKa

PerncTpupai ce kaTo NonsAKMW NOphNUIHATA BU3WTER

BxoaHW AaHHW KoHTakTi ObpazoBaHue onut
O—O—O—0O
o/ pry

OcHoBHa MHhopmauus:

Wmeiin

‘ Mmein ‘

MNapona

Mapona ‘

AdE. 7. VesWdtE0 odLdlssO 40 Wed2e0nhit

Paspaborymk Ha Android app

Henoseve or 2weceua  [2)05.00.21

YcnoBus

DNALLETE B2WMTE YonaEuR Ty

Vanpaware

AdE. 8. GYtSOyd f) W jtek0 df itsed LO COtHAHOKT o0

R1AJIR

e jHES] jEO0 Iz jB-tfz0Wisteds0 tfts jHishisOow o Ldssydishyls Hjls02ddts HO fj sWistedd tfesWdiz0
%0 owets to jedistedtsOts @dyj SOlsts Wisd2E0dmhite, e ju 839 j>HOMG %0 te jOkdd HOGG d LOYOLOO jists
e tfsH Wistedz0k0 &0 ALl odLdiss0. W Oedudilss GO BOLO i HOGG f) K0S000 quWSERBOYd™ B
sHifsasek0Es BIH P dls] tt0BBISSHOI jizd, Sdlst dLtskLe0ls fidhls id0kso, L HO fzBizdSze0ls Wisd 20N
et jCsd, o dLtste0 &0 eOadhhd™ ftfjydOddhs f) GisBaHIBIW GOzt sYds.

adiisJB0s0 HiejHehisoow BitsL d EHSBJG @Oudl LO tjedhstdie0l) &0 ©0BSSHOSjEd d
YlzBSlzo0tj &0 Gsod sBWod Yt L Mtfjydokds ties jSisdiedd LO sto0 disHEd, o Skt fj tBicOBEIS0S d
dutfte0ls jtzdfls i Bls Wisd20hMIte0 sW jtelsd LO IsjLd sBWad. wdsid0k0 fteshiziHve0 efduSd sBWed d
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iy s jisccfls j Hj a0 fed o0t ) s jetj>HOtists GO et jClsdls d YsHOa0MGjists GO sWjiesd) f Sk
HO f1j COLOMSCiE dEshkEist GO Ciste jCESSO GO of"eo Lt ¢d G0 i iSO,

0L 0t ists &0 OkWistetz0ls0 ls jHz0 Miste0h0 P j HistsPisef 10Locfo0tk %O sk jycoLo &0
tfy0, Sscflss iy jk0e0ks o fjaj fidf Ctejoldedsils, dquse0sdotsis o dsH g HAedlsoddbd &P jadw d
P tisHifsgct] Ziiodtsh jhiise0d st G0 bRtk ajhdw L0 tej0tdLd0t, GO soLtdqytd s Sid &0
foBEHEO 0SSO, [l HikeO 0G0 YHosWsEdos0 P fsHysdsek) Yeedide0hss GO
te jedisteais0nd o s jd0s0 Wied20nGhitd G0 HosasHED Je0SdSo fisjH Wesddlsj S s jdsssdisd
(50 ffsts0GOK0 didf. ALOCEHO jdclj O Hte jHES| Jd0I0 YLOWsss0, G0 Weftedsalls j o] WL fuinSeflsj cfyo
(1s0BEsHOS jizdfsj) Pj BIH] tejHihisOo l estves dLest s odfisSsSOyinsejid d oLdhSOs btk
iy qokdiisd-Wed 206 td, &0 Cadlss P j dsisedls HO 60Lyalsols of e Hislzed] BIHIPd Hies jSkd,
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Abstract: The paper presents various circuits for 2x2, 3x3, and 4x4-bit multipliers, implemented and tested in
Logisim, and explains how they work. The multipliers are constructed using logic gates for building the half-adders and
full adders in the structure of the multipliers. The work is related to the Teamwork Project in the course fiDigital Circuitso
for students-bachelors of the specialty AComputer Systems and Technologieso.
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A3ACcroRe

Ad9 ofjCd BIdcOENSd dkdo jtehdisls, SIH st flj tBlzyQe0ls fisizH jeisd-B0SOE0sted tfts jizjSlstots-
Y jydodshisd, i dLizyde0 Hiydtzdnkoso ARdWisse0 finjdtsls jntdCon Colsts yofls sis i jdstsls jaddSokso
%0 o jChstestld Znktes2Mise0. v dLizyted fedz0c0dk st &0 ®&ilstHd, fejHisod d tjhjkdv tied
i LHO90GjIsts o dLijzjHe0u st &0 edij2dd d ditded2ed tesydhnd o jeiSktshhdls] hnddd, SOSks o
GdsHs) d frdddsd LO ik tdte0d], teisBkOLzo0k) d dLiziHe0k] &0 etxdwhdiks &0 da3tizdhdd
hdedokd o jeziChtestkedsi odteded. rdiydyidizose J shbseststoc0no d el j>3HOMO o sBNdtdkdw
ows &0 JjizjChteskzd<Os0 (Dimitrov, D., Borodzhieva, A., 2020). 1 Hj2hiso0M0k0 CIg s jdisO
yBkO teseie0k0 ts HAiydtfidiosd AKqWisse0 fnjdtsls jntkdCof (http://ecet.ecs.uni-ruse.bg/else/,
2021), oSt jk0 COlsts LOHI Aol jizz0 o v Btz tiz0 0 ftfjycfordshissd Assdittsisitshd fidfhsjkd
d kjntstseddi, o kjdos0 Adtedisdkjsdytd hnajsdi fj dikzyets homs Hshizhizdokststed, i ddd
JHESEOLEEWHEG] Mizgobsted d dBhsestOLevHEd StBBAROYdEhGd hizgokstd, &t ¢j j tBRoOZOLS
dLizy0e0t jiss &0 fizBlste0Sissted, COSkts o fimjdzd LO kst jid] ¢0 BhOthkd ydihko. s ju iz jHe0M0ksO
by jBkO eBHARO 1] tejHad>HO 0SkOkdLdEOn] &0 Ly jBkokd Hisek0k0, SOkt ojyj fij oStsyd d
dLizy0e0tjlss &0 fnjddisi LO Egdsyjkdl &0 Hekzedkted, ktededlsted d yjsdtdedisted ydio,
duetOHjdd %0 BOLOKO %0 Yistizhizdoktsted d YIddkd JHUESEOLEWHG fizgokstd, Stdlks 70 tBJSk &0
t6OLCEJXHOG] © &Ofisswh W HESCEOH.

RUJLWRC

Logisim

Logisim (Ade. 1) j &sedyihSd hdhkzaobssts, Skt tsLatstwed tfis jSisdt0d jists d hddzedeod,jists
%0 &seduinSd Maddd. tOLYtshiste0dwo0 fj BiLYkOkE. stHil iz 4 Java-BOLde0h. RLYBELOO i 02-

7 rsChondls § e jHiisOojt GO fisizHjdisSo0 GokyR0 findy 0 20.05.2021 €. o MiSydw AsthzedSoydstsd d
Cofteskited0 s jnkdCon f) stdedkoees L0ck0adj &0 BIkcOEnSd JLdS: trPIRIPARC WP LI LrRUIR LD 2-
ARUJLIR, 3-ARUJIR R 4-ARULIR YRef O & I [JLUHLIPU TR R AZ AR (Nt tCNR eI IR A
LOGISIM.
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yJfsts ks MislzH jdzlsef, 532 COkts YtotscteOzO0 tfsLostwed dLkyfedhjlst &0 shhsedkdsj @sedyihSd
dzjds jdisd o kWrdzslsts oLOddsHIMsod . 10 OLEdSO &l tfise jy st fdBkesstd, Logisim fsLetzwed &0
tfislstejBdls J HO t6 JHOSISdfte0 0,jtedG0S0 tfts ote a3 0 MOy dw. Hesctedd30s0 d2j dLdinSed dnisozoydw
d dgo fd@eskdued bjrddyinSd  didhSe0hdw  (http://www.cburch.com/logisim/, 2021),
(Dimitrov, D., Borodzhieva, A., 2020).

NJe. 1. fisets G0 fddlzeolsstsd Logisim

widdzCo: https://commons.wikimedia.org/wiki/File:Logisim-icon.svg

e S|

lzaz0sstedls j CodsBdiz0yddkd0 Esedyinto fnddo, Sowists dredthe0 fdBdt0tj &0 Hoj ydhto.
RLYtsEzLo0ls ) ted Odlsdsjisduddis, &sedyhSd hstes2iiso0 d s ety fistedisd &0 0 zdydd ydwissed
Zhistes2Miso0. AL jdz0ls zyohisdy tfied drydhiwed jss &0 OHtejnd, dhHjShd &0 sOBddyd, St jte0ltted.
102-yhsts e jFPokdlsj nizdoksted tossiswis f) Hosdudkd udh@O (Tsonev, V., 2003), (Todorova, Sv.,
Ruseva, Y., 2008), (Borodzhieva, A., 2019), (Borodzhieva, A., Stoev, I, Mutkov, V., 2019),
(Borodzhieva, A., Stoev, I., Tsvetkova, I., Zaharieva, S., Mutkov, V., 2020).

Asbhzd0lssE]

Vst lzas0ssteils qds0 HOO BREHO (A d B) of HOO GLRSHO (S df &), iSBRSHIAERISEO S HOO dLrsHa
fJ sB&hEse000 Bls WOCKO, yj Hizd0ls0 dssd HO di0 gt jdsh it Bdk. wijHEo0k jehs, dLasHEds] HOdGGR
0 st dlssE0 70 fizdkosd S G0 Hej jHisadissed yditd (A d B) d ftsjksho sb i B0t iss dd C.
Vst zcROlsieils dE|j HO BiHj dLYSELe0h SOkt SHaBYER it LO Jee0MHOG &0 itk fizdolsst. 30
AdE. 2 0 dLsBEOLjkd BEECEE0S0 HRjd0, kOBEdyOkd &0 dsdkdshs d tsedyintosd Ejd0 o
istlAzdOlstts, dLEOH j&O s jL jHdt XOR esedujnSd it jdsjdls (L0 fizdsdlsd S) of jhdfts AND tsecfu,ifCd
Jiz il (LO tfiejdsho C) &0 BOLOKO %O dLatHEdls) Wiz@Sydd %0 fskizhzd0lkstsd (Borodzhieva, A.,
2019):

S=AAB=ABUAB (1)

C=AB (2)
A B S &
— 5 0 0 0 0
" Eod ’ 0 1 1 0

B Adder C

1 0 1 0
1 1 0 1

AGE. 1. atsCtse0 2 jd0, 0By kO dijsattisis o dsecyfSo fm k0 & tistzdolssts

dldiS0 : https://www.electronicsengineering.nbcafe.in/half-adder-and-full-adder-circuit/
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Wi MzdsOlststs

I dddwls JHEBEOLEWH j& fzg0lsts i sisydisd it jdsho sls fzddte0d it &0 i jnsHadls] 0Lt WH]
d fj dLteOBBlsed tfts jhsh Ik fitzjHoOMdls] OLtWH. RLYtELo0 fj LO filzdidfteddsj %0 d3dasetsteOLtsWHLA
ydi@0. viojL tfishzjHtse0ls jhkdts hedteL0dd i ddd fizgoksted i) tejokdLdt0 dlsestOLeVH ji fizd0lststs.

0 Ade. 3 0 dLsBteOL jid BEsCEo0ks0 fim jd0, s0BdzdyOlsd &0 disddbshils d dsedyifSolko finjdo

GO iz jb jHESEOLEWH jd HizdOlststs.

C - Out

Full Adder

I =l =]=]=!]
HIQIQO(F|O|F|F|O
=l =l =l =]

Rlklo|o|r|r|o|o
rlo|k|lo|rk|o|k

Nde. 2. adsSs90 fnjd0, S0BEdYO %O dhysddust)s d dsedudhso fndd0 &O i djd fHizdgokste
atdiC0: https://iwww.geeksforgeeks.org/full-adder-in-digital-logic/

idddwls jHEBEOLEWH b fizdiOlstts (Ade. 3) dd0 kted ontsHO, A, B d C_IN, d Ho0 dLAtHO S d
C_OUT. 10 tfisflstetswa0dz jists 60 fjm jdz0ls fj dLifsizLe0ls dLasHGsj WeaSydd &0 hizdokstsd d s jnddls,j
e sBieOLZOORdW, COCE iz jHoO (Borodzhieva, A., 2019):

S=ABC_INUABC_INUABC _INUABC _IN
(§ _INUBC IN)UA(BC INUBC |N)= @)
B

A(BAC)UA(BAC_IN)=(AAB)AC_IN

C=ABUAC INUBC _IN=
=ABUAC_IN.(BUB)UBC_IN.(AUA)=

;1,_/ |\ —
1

=ABUABC_INUABC_INUABC_INUABC_IN =
=AB.(1IUC_INUC_IN)UC_IN.(ABUAB)=ABUC_IN.(AAB)
H
RLEOL] (3) d (4) SBWivelk fsteSliiek0k0 70, tejHEsy G0 G0 AdC. 3. wibkSktzehds]
Rt &0 AdG. 2 (L0 Yistizhzd0issieo) o GO AdG. 3 (L ™ jHiSE0LEH jd Hlzds0lsste) fj L stLodk
COsts eteOHdodd iz iz idisd tfied dLeteO>HOG jists G0 Mrjdidls LO dsdsy Jddd, tiejHiisOo jdd & HESEOHO.

(4)
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oyt Zdes>jed)

rodydsist zadksy jid] Geses fedizdy &0 sBduO2dd™ 6 lstH &0 Zddks> jdadj &0 yjkd ydhdo.
itcons, IstewBo0 HO fj didsyd ofwed ydWisd Bis jHis Hosdydks ydhis f ofweo ydWisO sis Hislzetsists
Hotduls ydids. ddjH ko0 fj dredtehe0 stfjt0ydwsd Hesdyks hddtdd) G0 s0S0 ot juidkdlsd
Aomsduid  tfeisdLojHjidwii  (partial products), L0 HO f)j fiskizyd Sw0hoW tojLizasOs  LO
tftesdLo JH jdd Jiss.

rosdyid HokzBdlstse @k dlsj& (2 X 2)

utLd zgisydisje sy HO te0Btsisd f) Hoj udido f) HI &M k0 (0L ts) 2 BAISO, 5. 4. dhs>ddsists
o dstas>ydls jzvls d3tse0ls HO BI HOLS tSis 2 BoflsO. Aadlstsacwishi 0L jts G0 tstsoLo jHjhdjiss Fj BIHj fizds0ls0
sls ABdlssodWii 6OLBjis %0 HOOO 9ABHO, k.4. 2 + 2 = 4.0 AdE. 3 j tfisjHhis09 ji0 BEsCE00 fnjd0 &0
Hotsdy jd HokzBdlstse asdsydls iz, dfLeteOH jd0 0 BOLOO 40 HaO tfistizizdzOlststed (HA, half-adder) d &0 4
AND @sedyinSd Jejdidsd L0 G0gdt0kiss &0 yikdidisd yohsdudd tisdLoHiedw. 30 Ade. 5 J
diz=histedtc0t: tedzydtdls &0 Hi2Msodi &0 Hosdy e HokzBdlste EghsMdlsit, f Skt fij SBWhEWeO
tfshistesWo0dz s &0 NnJBok0 &0 ZghasM disid™ (AdE. 4).

sOCkts Bj tfiidkidts, jHESBSEad] fzdoktted BiscOls HO BIHOL tfistizzd0lsted d 4 ddd
hizdsOlststed. OLEASOIS0 B j>HE Yistizhzdz0lststsd d i ddscfw hizdzlststs J, j tistzizizdz0lststed s i BAts0 HOkts
Hoj ydito, O 4 kddws filzdolststs i BAteO bsted ydke, slsydis02<d tftejdsho tsis tfis jHN sl il B0 .
A ssLd fiikzy0?, sBOY, J Gojks dLtfskLe0d st hods GO Yeiizhkdosstd, LOPsls ydhtoko, Ssdists
lstewsa0 HO fj fid Bdt0ls, 10 MO tts He .

WSO ydhkosd A d B 0 fiskejstks s odHO AiAc d BiBo. W02-kOHPdwWs Bdls &0
tesdLojHjaiddists Po fid Wewe0 Istsydts ftesdLojHiiddists BoAo, Sl fid tejOrdLdisd hodss f) JHde AND
EsedyinCd jeidjdls. 10 tojoddLdtdd st &0 fizjHo0Pdw Bl s tftesdLojHjdkd st P1 J GisBrsHAS
ftcos HO fJ StfiejHJdwls yOmisdyddisd YtesdLodHihd™ BoAs d BiAo, fizdH SBJISE Isj HO fd i BjtsOls yisjL
dLfsizLo0t jsts G0 jHdE tfistizhzdolsts (hzddtedP hods Hoj ydio, BjL BlsydisOl] &0 i jnisHid
tfte jozsth). A to jLizdzlsOls tsls Hj2Alsodjists G0 IssLd Yisdizhzdz0iststs fj tfisdzizy0e0 flzds0ls0, wewe@F 0 fj Bdls P4,
d tfieidsh, Skt ktewso0 HO fj skyjsj ted hizjHe0P it hddteddj. usLd tisjdsh LOjHES f
YOmsdydsists tiesdLe jHjdkdj B1A1 fj hizddiols e jL oksted fistizhzgoksts (sI2 SOkt sistsots fj drdhSe0
hzdsdfteOdz jlsts 7Ot &0 Hoj udik0) d fj Yiizizyels iz d e jdish, wewedhd fj idtskse jists Bdlstso jisj
P, d P3 &0 tftetsdLojH jdd jists.

A1 Ao AL A
Bo X
d_j Bl B0
A; Ao
B1 BOAL | AOBO | 4= Partial products
,L-) BlAL | B1A0 / M =A0B0
HA Y HA Pl =B0AL+BIA0
|— | | milpln| m P2 =B1AI + Carryout of P1
P: P P Po P3 = Carryout of P2
NJe. 4. adsCse0 In j&O GO Hatsdy jd Nde. 5. Yediydt &0 Hj2msed] &0 Hosdy &
HolzBdlstso &ds>dls i HolzBdlstse zdids> s jiz
HEAESO: HBOEC0:
https://www.electricaltechnology.org/2018/05/binary- https://technobyte.org/multiplier-2-bit-3-bit-digital/

multiplier-types-binary-multiplication-calculator.html
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TJ@zdLOydW™ OHetdY & HokzBdlse ks> disiE © Logisim

JiL shEse0 %0 AdE. 2, Ade. 4 d Ade. 5, d G0 &0tfk0s jkdw 0k0kdL o tieiHRBHEIY OLHIE, ©
HECEOHO § tfie jHEX j&0 to j0kdLOydW %0 HosdydkdW HolzBdlstse dsks> dis it o fite jHOO Logisim (Ade. 6)
%0 BOLOKO 0 HOO YthizhzdOlksted (half-adder) d &0 yjsdted AND dscduinSd Jdigidsd, LO
te JOzdLOYd™sO &0 yOmsouddisj tftesdLe jHiddw. A ested0ls0 yomls 60 fnjdok0 (Ade. 6) J tejokdLdt0ns
fsHO0t jists %0 Blstse jisj @0 HOOLO Y jte0kHO, SOkt LO yjdiso N0 dLtkLe0dkd khksesBdlstod ontsHG]
fdised (X d ), St yedL fitfidlsjted 7o tOLHiEdded 60 fdhisoeddlsj dds Bdkse (X1,X0 d Y1,Y0) f
YJiz ditfisezLo0hjists das o fjndd0is0, fted e jOkdLdt0dists %0 yohisdudkdisd tesdLojHjhkdv. Y jisdisdisj Bdso
%0 ftesdLoHdiddiss i odLzOkdLdiOls yejL diatsHEdY ydlsdiedBdisse gdé RESULT, SOkt LO yJdisO
ot j dLifistods jijdjdls sl satfo Aftfids jteh, 1) yjt sBjHdEve0R st dds (o fizizydw, sls 6tz jHE0
sYSO &0 dLABHO).

0 NrdB00 sIs AdE. 6 J odLzOkdLdt0ns zddksy jad ikt &0 Hokzdkadlsd udhnzo 11 (X) d 10
(Y), ud2sts Hjfhjsdutd JjSodedtjdklsd 10 3 d 2, SOkt tejLizilsOldls s kWAt Eghksyjdd] J 6,
e jHisOe js © BAk0tEG0 Wistedsd SOkt 0110 (RESULT).

W0 MR jd0k0 tls Ade. 6 70 skBjEwLokd d HoOkO tfistihlzgokstd, tshstesjid &0 BOLOKO &0
MistelzClslztedz0s0 M ddg0 sls AdG. 2, fy yjiz gs-eBEWEB0 G0ctjHaESS G0 te jHizs> J@Biss i jddd © Logisim.

X[ (1] Yid

RESULT
110

AL SR—,E«'I

131

g
HALF ADDER

Nde. 6. TjozdLoydw &0 Hesdy jb HolzBdse zdits> dis it UtejL tistizhzdi0ltsted

resdyjs lsteddistse zdws>disji (3 x 3)

utsLd zdbsdls ji B HO zddsyd Hoj ydik0 i) BOShdd0taR0 Hi X dd0 tsls 3 BofsO. Aadistodwsfi
6OLBjis GO tesdLo jHitdjss Pj BiHj fizd0k0 s ABdlssadvii tOLB e GO HaOkO oREHO, k.4. 3 + 3 = 6.
JOChdds0tdzdWls sBROOk &0 tftetsdLojHikdjss j 7 x 7 =49, S jkss P dGsyj HO N dLtfsiLed LO
stfte jHjEVERj GO BOShdk0kEos0 HIEXdH0 &0 tiesdLe jHjkd st (o fiklzyow Mo ¢jtsBrsHAR 6 BALO LO
LOYdhe0dj &0 ydhbsists 49 o Hotsdyjd WistedsOls: 110001). 10 st jHjzvdjists G0 tetsdLe jH jdkd st ¢G0
3~ 3-Bdsse a3k dls i fj dLifsizLe0ls 9 yOnisdydkd tfisdie jHjdkdw.

10 Ade. 7 § tftejHnisOo jd0 BESSE00 Mn 0 &0 Hosdy ik tedBdiste Eads> dlsjd, dLEteOH j&0 @O
BOLOSO &0 Istedf ttsiziziylzczOlstste® (HA, half-adder), Isted 3tz jHASteOLsWHE fizzOssted (FA, full adder)
d %0 9 AND dsedunSd jizjdjdisd LO &0kdt0t jists &0 Hiojlsisj uohlsdyudd tesdLe jHjedw. 30 Ade. 8
J dizshistedts0d geddydtdls &0 Hj2hisedj &0 Hosdyjt tedBdiste ghs>dljd, f) St ks fj sBViEved
fishsteswo0dzists G0 NmJds0ls0 &0 diksydisjew (Ade. 7).

WSO ydihkokd A d B 0 fitkejsits tls odHO A2A1A¢ d B2BiBo. 02-BEOHNdWs Bfls (0
esdLojHjudiss Po fij Wowe0 syt tiesdLojHdedJlsts BoAo, Sl g tejokdLoftsd hodsts f) jHdw AND
esedyjhSd Jeigjds. 10 tojokdLdtod st &0 ik jHadPdw B s tissdLo jHjkdlst P1 J & isBAsHAGS
fitcots HO fJ BtftejH ks yomlsdyddis) tesdLejHied™ BoAs d BiAo, ik jH SB4lE Isj HO fj i B0l yis L
dLtskLe0t st &0 jHdh tstkzhzgokst (hzdgdeoh hoks Hed udhdo, L BlydsOkj @0 tieintHid
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tfte jozsh). M to jLizdzlsOls tsls HjMlsodjists G0 IssLd Yistizhzdzolststs fj fistzizy0e0 fizdi0lso, wewe@h o fj Bdls P4,
d tte jztsh, Cs2lsts Istewa0 HO fj tslsyls tedf ik jHo0 Psists flzdscfteOdz|. uisLd Hte jditsh) lstewo0 HO fij Il B jte j
LOJHGE 1) uonsqfutdlsd tfesdLodHjed™W BoAz, BiAr d B2Ao, SO LO yjiksO J wjSBrSHI®RE HO
dLYsizLe0ls jHdd fistihzgoksts (LO Stfts jH ik j &0 fizd0ls0 BoA2 d B1A1) d jHdd tIdjd fizdoksts (LO
fzddtodj &0 Hizgokd &0 tfistidkzd0olst0, i jdsho sl tisjHrtHGAW Yiizhizdoksts d &0 YOhsdybslss
tfesdLojHjhdj B2Ao). I ksid Goydh el fizdok0 &0 ksid fizdOlst fj Ysiizye0 Bds P2 &0
fesdLojH jhd jiss. Iswid jadwis0 &0 finjkok0 discls HO 1 tiesHIdX0l tts 0koEsedy it Goydek. 10
tfsizizy0e0t jists &0 Bdls Ps 0 tftesdLo jHjkdjists fij dLtfisizieOls skdiseots tfistizzdOssts o jHdd 4 jd
zdokiste. R ¢02-GOSEOW, e jL jH]R Yk jhk hzdokste fj fitizydedls hzdd d tisjhksh, wewedhd fj
i slse jists BAlssa sy Ps  Ps G0 fissdLoHihdits.

Az A

al A2 A1 AO
B2 B1 BO

A2B0 A1BO AOBO
A2B1 A1B1 AOB1 X
A2B2 A1B2 AOB2 X X

A2B2+C+C A2B1+A1B2 A1B1+C+ AOB1+A1B0 AO0BO

Bo

Ps Ps Ps P: Py Po +A2B2+C+C A0B2+A2B0
Nde. 7. adsSso0 fin jdi0 &0 Hotsdy jd Ndc. 8. Yediydl &0 Hj2fhlsadj ¢0 Hosdy b
steqfBdlstse ks>l jiz steqBdflstse zaBts>|ds j
121106 (1 {NOK 1211746 (1 {80
https://www.electricaltechnology.org/2018/05/binary- https://technobyte.org/multiplier-2-bit-3-bit-digital/

multiplier-types-binary-multiplication-calculator.html

TJQdLOyd™ &OHetdY & stedBdlstse Zhdks>disj& © Logisim

J3L shised &0 Ade. 2, AdE. 3, AdE. 7 d AdE. 8, d %0 GOtfieds jkd™ 0k0kdL o tfts jHRSHEAW
BOLHJ®E, © HECEZOHO J tfiejHEsM B0 tojokdLoydw &0 Hetsdydkdw bdedite LdksMdisjez o MejHOSO
Logisim (Adc. 9) &0 BOLOKO 40 sted tfistzizhzdzOlststed (half-adder), st i ddid filzdzOlststed of &0 Hjols
AND &sedujnSd Jejgidisd, LO tejordLoydwisd &0 yomsduddis tiesdLojHidady. d cstdk0k0 yomls ¢o
MrJBok0 (Ade. 9) J tej0tdLd0ks YsHOa0R st @0 Bt s %0 HOOkO Y jtddHO, SOkt LO v jdkO O
ditfistLe0id gusesedistod ontHid tdksed (X d Y), Sodsts yedr htfdlited H0 eOLHiEjkd ©O
ifisOadicflsj di Bdlstsej (X2,X1,X0 d Y2,Y1,Y0) f) yj& ditfistLeOdjss di o fnjkoke, tied
tejOzdLte0d jists &0 yOmsdydkdis ftesdie jHjidw. = jfiskj BAlsO &0 ftesdLe jHjkd ks fj odLiz0zdLdteols
YejL dLasHEd™ P jiisdisse fdé RESULT, SOkt LO yjis0 skikseots j dLtfstie0d jizjdjds sls sdtfo
Afytftzefs jtefi, f) y.jtz SBHOEY0M i i (8 fizzyd™, Bls czjHe0 B5ySo G0 dLREHO).

0 MrJdok0 sls AdE. 9 J odLiz0tdLdt0hs kddks>dtd st &0 stededisadisj ydheo 111 (X) d 101
(Y), yd2sts Himdlsdudd jSode0tjdsd 0 7 d 5, SOt tojLizdisOlils s sWadsslsts kdsdts> jdedj 4 35,
e jHisOe jis & BA0tE0 Wistsdsd SOl 100011 (RESULT).

W0 NRJkos0 &k AdE. 9 10 SsBjEvL0Gd Sedsj Yslhzdosst0, fshstsitd &0 BOLOSO GO
MistelzClslztetz0l0 fRjdk0 tls Ade. 2, COCkts d Istecflsj Yadbd filzkOssted, tishistes jzdf @0 BOLOKO &0
MistelzClslztedz0s0 fmddg0 sls AdG. 3, f yjiz Hs-cBEWE0 GOctjHaESMS G0 te jHizs jaBisE i jddd © Logisim.

-52 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3.

]

S BT T
B RESULT
j HESJMSER ——__;
e
= B
D_II-IALF ADDER _FULL ADDER
D~ R

D

[ | |

e =
[h——

[=}

""" HEHSIHH e S
-------------------- -F;JLL ADOER HALF ADDER
; il S—
. , ]D_[ -
i i 'J%D—E

I

DD

Nd6. 9. TJozdLoydw &0 Hetsdyjd stedBdistse Zddks>disjd ytsjL tistkizhizholsted d 4 ddad
JHISE0LEWHG fizd0ssd

rosdujd ujlsdtedsdistse zddsydisjd (4 x 4)

utLd kiG> dsit gs>J HO 0B f) yikdedBdisted Hosdykd udht® d HOe0 8-Bditets
tfesoLojHjbd o tojLizisOls, LOP sk ABdfssodwisii tOLM i %0 tesdie jHjkdjss Fj BIH]j fizkoko sl
ABdstsodfi 0L jts (O HOOKO OREHO, 5. . 4 + 4 = 8.3 02-Civgslss ydis, SEjss B HO dLyditd
s0CTe Edwsydisje, j 15X 15 =225, Cjkts P gsyj HO fj diyfskied L0 stfijHjdvd] ©O
GOChdBOEE0s0 Hid>M R0 &0 fsdLeiHjhkdiss (o fzyow h0 GisBrsHARI 8 BAKO LO LOYdhold] &0
ydhdzssts 225 o Hatsdyjds WistedzOls: 11100001). 10 tstfte jHjzVdzjists &0 tetsdLo jHjddjists G0 4 R 4-Bdflstso
&M dlsjt M dLtsdiedls 16 yonisdydd tfissdie jH jdkdw.

10 Nde. 10 J ttejHiis0o jdz0 BESSS00 fnids0 &0 Hosdyddk yilsdtedBdlstse kgdkisMdisit, dLetOH jio
(20 BOLOKO %0 16 AND @zsedyihSd Jejdjdisd L0 z0gdi0d st &0 16-IsJ yonisdydd fsdLojHisdw d ¢o
steq yjisqteteOLEHEd MzsOlss0, k32 O ikt o0tjss 0 50 kktsydsjt &0 BOLOSO &0
sz zaOssted (HA, half-adder) d 3 @dd jHbse0LEWHE] fizd0ksted (FA, full adder) tfts 0k0dzsedw &0
NJdC. 4 d Ade. 7, j HEsfsO stolzH®B0 LOHOYO. 0 Ade. 11 j dizshistedteOd: ftediydtils &0 Hj2Mhsodj &0
Hoscuj yjlsdtedBdisse by dlsjd, ) Ssjss fj tsBWidGved tfishstsveldjsts @0 fnjkok0 &GO
EgEsdlsdt (Ade. 10). 0 Ade. 11 B( ktewso0dts yomsdyddis tesdLojHiddy &0 alssted, btejisd d
ydisadtelsd s jH, HO MO dLazhisidd ) JHAGS GOHWRGE, St J Slsyjlsjdts tied 0k0ddLO tis-Histlz!

Wtsofdk jte0 ey iSO MRik0 GO Helsdyit yilsddedisse fizdokst, dLtfszLe0t SO ceOHdo it
Jejkjdls ttod tfishistosWold jists &0 dsdsydisjdw, j fS0L0GO0 &0 AdE. 12. utLd hizdokst sy HO
hiBdtej Hoj Hasdydkd ilkddBdised ydh0. Ti0kdLdteodkdwls o IssLd HESEOH Y jkdedBdisse NizdOlststs
d ©0LEdy0e0 s HisjHisOojhd™ &0 Ade. 12, gt ko0, yi fgitcodwls fizdOltts j tishisesie SOk
tistzizhzOlststs, O daj SOsts i JHESEOLEWH jd izsOlststs. T3 jhdjists LO stse0 fyj HI & d GO WOSKO, yj
tfojHd bss00 &J j GOLdyjd tftejbsh), Skt HOo0 od LdisMEshisls0 HO fj htfjhsws ksted dEsedyihSd
J@ jo jdalsO.
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Az Ax A1 Ao A AAl A
Bo 1 1 1
roae M > ‘
T OO0 -
9
ax a: a1 ac bab: b1 by
4-bit r}dd;: — BOAY( poA2 [BOAL | BOAO
= A & A \
@Cjﬂj Qi) BIAD | BIAD | BIAL | BLAD | B
az a: a a0 bx b2 b1 be
it Aé‘ds”: ol ™h BIAY | B2AY | BAL [ B2AD
Bs Ax A Ax Ao
+ DAY | BYAL | BMAL | BYAO
az a: @& a0 bz b2 by be
4-bit Adder
C S S: SiSo A T S I O O O
P Ps Ps Ps Pa P2 P Po
AdG. 10. adsSs00 N2 B0 GO Hotsdyjd Ade. 11. Vedyctf &0 HMlsed ] GO Hesy it
UJbsdisdBdflstse kdsts>dls i yJisoftefBflstso zdsts> s jiz
HqdCo: https://www.electricaltechnology.org/2018/05/binary- HitdaC0: https://www.electronicshub.org/binary-
multiplier-types-binary-multiplication-calculator.html multiplication/

A -4
Ci
Com
Ay s,
AR S—
Cin
Con

iy o)) SE—
:

Con
D

Bp—

A6, 12. ey jfico fnjko ¢ Hetsdyjt yjlsddadisse i jd fiizgoksts
dldgC0: http://www.pueron.org/pueron/inovazionniproekti/Sreda CYPRESS/Primer5_4bitov_Sumator.pdf

;‘)E’?
-

IS0 ydhkoso A d B 10 itk st s odHO AsA2A1Aq d B3B2B1Bo. 3 02-Gt0HPdWs Bdfls &0
tesdLojHjaddists Po fid Wewe0 Istsydts ftesdLojHiiddists BoAo, Sl fid tsjOrdLdtsd hodsts f) JHde AND
secfudnSd Jejdsds.
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0 orBHBe jis j %0 gitsadw v jlsdtedBdlstse fzds0lststs (Ade. 10, etstedzdWis hizdzolststs) Hishisd fo0ls HoOkO
st jte0dzHO, M Blse jistzs i) Bdlssej (Bl fisdtehd S d3 dszOHd) B1A3, B1A2, B1A1 d B1Ao (3 tcod Y jic0dzH)
d 0, BoAs, BoA2 d BoA1, (alssted st jte0tzH) (Ade. 13 0). 3 02-&zOHNdwls Bdls &0 flzdz0l0 So Wistedzdte0
Bdlsdls P1 &I fiesdLodHjidiss. Hejhsidls d shis0k0tdlsj Bdiksse &0 hizdg0lso, C, Ss, Sa d S1, iizizx10ls LO
olststed tf_jtsOtzH &0 olststed  jlsdtedBdlstse flzdz0lststs (Ade. 10, e jHddWs fiizdz0lststs), 0 LO Y3 teod s jteOdzH
fizlzx10ls yohsdyddisi tesdLejHikdy B2As, B2Az, B2A1 d B2Ao (AdE. 13 B). 2 02-GEoHNdWs Bfls &0
Mizdgols0 So Wistedsdfte® Blsdls P2 &l ftesdfLo jHidkd s, e jhsidls d shis0k0disd Bdlste &0 fizd0kso, C,
Ss, So d S1, MiizlzX0ls LO lststed Bt jte0dzH B0 Iste disdW yilscftedBdflstse flzdz0lssts (Ade. 10, Hiskadws izgolssts),
0 LO tatcod sy jOdH Mizizx10s yohisdyddis ttesdiejHjhkdW BsAs, BsA2, BsA1 d BsAo (AdE. 13 9). U
te jLizdzlsOls, %0 dLrtsHdlsj 40 IstsLd stz jHjd y jlsdtedBdistse filzd0iststs iy tfisdizy0e0ls i slse jistts tfis jdtsho
d mizckOkO C, Ss, Sz, S1 d So, Stdlsts fj Wewells Bdksejlsj P7, Ps, Ps, Pa d Ps3 sls fissdLejHjdd]iks
(ndc. 10).

€SS, 55| CSyS, S S,
+

O [ D] pa [wa | Ba
+ +

BIAY | BIAZ | BIAL | BI At BLAY | BIAY | BIAL | B2AO BIAY | BOA | BMAL | BIM

€S, S,S,S, €S S,S,S,

-~

C S, S, S, S,

0 0 0
AdE. 13. Vedbydt G0 Hj2hsedj &0 tedlsj yisdiedadsad fzdolssted i oRsHE] o dLrsHIEY o jhdqudtd

1JQzdLOydw™ &OHed ik YilsdtedBdlste Edds>disjiz © Logisim

AL shdse0 &0 AdE. 2, Ade. 3, AdE. 10, AdE. 11, AdE. 12 d AdE. 13, d ¢0 &0tte0s jhd™ 0k0kdL
9 tfie JHRBHEAW t6OLH jiz, & HESCEOHO J tfie jHiES> J&0 to j0kdLOyd™ &0 HasdukdY yilsdtedBdlste gk dis ik
9 fteHOO Logisim (Ade. 14) &0 BOLOKO &0 yisdtedBdstodlis] fizgoksted (Ade. 12), fihists jid SOks
JHh Yiizhkd0sts (Ade. 2) d Isted I kdd Hizdokstd (Ade. 3), fledtLodd o SONSOHO, d %0 16 AND
EseduinSd Jzddddisd, LO tejodzdLoydwisd &0 yohsduddls] tiesdroHiddw. A estedz0s0 yofls &0 findokso
(~dc. 14) J tejokdLfte0dts YsHO0dk s %0 Bt s G20 HOOKO Y jt0dkzHO, SOl LO yjiiso 7O dLifstzLo0dd
dkdsesBdistsod ontHid fdisej (X d Y), Sudsts yeju htfidisjted 70 OLHjEjkd &0 fifsOaddls] dds
Bdlssej (X3,X2,X1,X0 d Y3,Y2,Y1,Y0) f) yit dLysiLe0d st ddi o hnjd0iso, tted tej0tdLdi0d s &0
Ohlsduddlsd tfesdiojHikd. JMidiki dils0 &0 HsdiojHidddss fij odiLizowdidiedls yejL dinsHadY
shjkedisse tfdez RESULT, SOlsts LO yjzisO slstsots j dLtfskLo0d jizjdsjdls sls softfo Aftizdfis jtefi, f yjd
B jHA&Vo0R jists dds (o fkizy0w, sls 6tz jHE0 ssySo G0 dLABHO).

d MRJos0 0 Ade. 14 tftcadlsj uomisdutd tsdrojHihdy (tPted tejH Bl yomisdyddisi
tfesdLojHjhdw 40 AdE. 11) f)j sty YsjL Liks3000k GO YO fj X3,X2,X1,X0. st
Yomisauded tesdLojHjudw (alsisted e iH Sis yonisdutdisd tssdroHded™ &0 Ade. 11) i tBEOLEZo0 yieiL
Eghs>000tj &0 Y1 f) X3,X2,X1,X0. utejlsdlsj yomsdudd tfesdLejHjdkdw (stejisd tejH sis yohisdyddis,
tlesdLojHiGd™ %0 AdE. 11) f)j SBEOLEZe0s YejL Ldnsy000k] GO Y2 fj X3,X2,X1,X0. R 40CH0w,
Ylsedtelsdls j yomisdukd tesdLojHitdw (yiledtelsd tojH &ls yomisdudkdls tesdie jHikdw &0 Ade. 11) fj
tsBteOLEZo0I Yis jL a3t 0006 G0 Y3 f) X3,X2,X1,X0. ujLd yonsdudd tfesdLoHjed™ 7o ts joddLdte0dd
f) AND dseduifiSd jtjcjdisd, COCkt j fsCoLOts GO AdE. 14. bt bsse0 jid efiduSd yohsdydd
fesdLojHjkdw fj fdBdtels f) tisdsPlko &0 yjkdedBdiseadss, fizdokstd, SOSks j Wb jhs fs-cbte .
WOStE0w fj fkzizyde0 8-Bdksetsits tiesdLejHjkd @0 Ha jlsj Hosdydd ydizo.

WO MRjdkok0 &ls Ade. 14 70 skBjdwLOkd ktedlsj ydildtedeOLtevHid hzdOlsted  (Ade. 12),
tfishstets jzdf SO JH Ytzizhzdi0lssts (Ade. 2) o Isted 3 dkdd hizdolksed (Ade. 3), hadteLokd o CONTOHO,
i ydd ts-ekwd0 G0t jHaBhis &0 tie jHesy JeEis e jh jddl © Logisim.

W0 Mrdkok0 tls AdE. 14 j odLz0kdLdte0hs hhsx Jdddss 6O yisdtededissadisi ydhzo 1011 (X)
d 1101 (), yd2ksts Hfmjlsdydd jSode0d jdisd 70 11 d 13, SOt te jLiztisOlsils sls sWadslsts zgdksy jddl J
143, tts jHiyis0s jdts © BAGOH0 Wistst® SOlsts 20001111 (RESULT).
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— —@
—{xt —
vETe Lg
RESULT
48T ADDER | | :
BD— D |
-~ 4-BITADDER |
= 4-BIT ADDER
| —

C | DD
h_[j = o 4 T IS
& JDJE D

I_D

B
=

Nde. 14. £i0kdLoydw &0 Hesdyid ydlsdtedBdistse zaksydisit el ted yilsdtedBdissod hizdiolststed
9 Logisim

RY\AJIR

alzgobstedsj d kdksdsitdsj 10 JjHed Sk shisodds) Sthskjksd o tojHdyo ydWissead
I fsets2Ms00. sWAGOKO tjOdLOyd™ ) EsedyinSd Jtjkitsd o LOnI EBYjGsss dLizyee0tk] ¢o ks jnddw
flodydtf GO Hj2Msodj HOsOls jHEO fstdHEO ShGsed &0 BiHjPdsi dbikied o MWitos0 GO
i JCHtesBaSos0.

Logisim j jHdt dLSdtsydls jazdts ZHtB jd dishistelzds jdils, tisHAsHWA LO fiddls jL o 0G0kdL COSkts &0
(50C df ShEsesstos0nd Iy jsgd finidd, 5050 o 40 estdd et iShd. RLYisbLa0G S Bk & yjBtd
syl s HAdYEdeosd AKAWESeO finjdssjRtdCon L0 fiszijgsdls) S5 MY jydebshs
Asthttslitad fdisisd d bjoGstseddi sk L0 ds-tjndsks hosvedhj &0 dLizyde0kd™
t50ls jtecfOt d tsoqP 000, &0 otk jis jf0 o dslsdadisseSalsn &0 sazydedtds j fistH jdisd s Hiydotssis
Astsastfeslsd tetzof foffls josof d s jrtssseddii o tlzijanSow zado jtshdisjis Apde ji s dyjof.

AL PSR V
I 5SEOHIIs BSiste0LWa0 to jLizdzisOlsd Bls t0BEISOLO tfts tftets jSIs No 2021 1T Aprrd T 03 At jEksdteOtz ],

FPGA-dBYzidjtsde0t] d diiziHe0di &0 ydWissed SshizedCoydsthd Ests2iiso0f, Wdkondod
sls WistH Ay Olzyded dLitzjHo0dkdwWh GO tizhjehSdw zdde jehdisls.

REFERENCES

Tsonev, V. (2003). Pulse and Digital Devices. Notes. University of Ruse iAngel Kanchevo.
(JLededwOnis LOckOad: Atkde, d. RbYlened o ydWissed Ehlsts2iise@ 1OfdhSd, tehduntd
khdodtendlsdls Addejt sidkyjof, 2003.)

Todorova, Sv., Ruseva, Y. (2008). Synthesis and Analysis of Logic Circuits. University of Ruse
AAngel Kanchevo. (Jiededt0tzkts LOcEOad]: utHBEReQ wo., 1. tihjoQ wdilsj. d QkGdL &O
esequifSd naddsd. Tihjencd kado jehdls jls Adde jt sidyjofi, 2008.)

Borodzhieva, A. (2019). Pulse and Digital Circuits. Laboratory Workshop with Modern
Circuit Solutionsi FPGA (part1). Ruse; Academic Publishing House fUniversity of Rusef,
100 pages; ISBN: 978-954-712-783-8. (JlededhOtdts LOckOody: AtsHMdjoQ ¢. REHzENzO d
YqWieseO fnjdls jridtQ JeBttAsttit feCrisdSezd fiif) fotiBited finddbd tihiedy i FPGA
(u@nls 1). tlhd; ¢SOijduts dunAsjiises AtlzhiunSd edejihdlslso; 2019 6.; 100 fist@zdyd;
ISBN: 978- 954-712-783-8.)

- 56 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3.

Dimitrov, D., Borodzhieva, A. (2020). Implementation of Code Converters of Decimal Digits
from BCD Codes to Seven-Segment Display Code in Logisim. 59th Science Conference of Ruse
University i SSS, Bulgaria, 2020 (in Bulgarian). (Jededt0zks LOck0odi: rdddlsttse, r.,
ABEEHXdjoQ ¢. TJAILQydY ¢OSEHEa] e jSBl@EzoGs jizd &OH N jlsdykdlsj ydWied tls BCD S&H o
MJHJB-Mjekiklsi SsH o Logisim, ZGrykd IstelzHtsej, utd 59, hjedw 3.4., reiSistsls jmkdsQ
JEiClsteszdtO d Q@lstiAsItO & sthzadtQudtttO d SsiisisitkzO Isj~tdSQ thhi, 2020,
fiste. 117 7 128, ISSN 1311-3321.), http://conf.uni-ruse.bg/bg/docs/sns/2020/EEA.pdf

Borodzhieva, A., Stoev, I., Mutkov, V. (2019). Active Learning Methods Applied in the Course
"Digital Electronics” on the Topic "Arithmetic Circuits Using FPGA Design". 29th Annual
Conference of the European Association for Education in Electrical and Information Engineering
(EAEEIE) 2019, 4-6 September 2019, University of Ruse, Ruse, Bulgaria, Conference Proceedings,
pp. 3107 313, ISBN: 978-1-7281-3221-1.

Borodzhieva, A., Stoev, I., Tsvetkova, I., Zaharieva, S., Mutkov, V. (2020). Computer-Based
Education in the Course fiDigital Electronicso Teaching the Topic fiAdders-Subtractorso. 43rd
International Convention on Information and Communication Technology, Electronics and
Microelectronics, MIPRO 2020, 28 September 1 02 October 2020, Opatija, Croatia, Computers in
Education, Proceedings, pp. 79071 795, ISBN: 1847-3946 / pp. 705-710, ISBN: 978-953233099-1,
Electronic ISSN: 2623-8764, doi: 10.23919/MIPR048935.2020.9245149.

http://ecet.ecs.uni-ruse.bg/else/ (Accessed on 15.05.2021)

https://technobyte.org/multiplier-2-bit-3-bit-digital/ (Accessed on 15.05.2021)

https://www.electronicshub.org/binary-multiplication/ (Accessed on 15.05.2021)

https://www.electronics-tutorials.ws/combination/comb_7.html_(Accessed on 15.05.2021)

http://www.pueron.org/pueron/inovazionniproekti/Sreda_ CYPRESS/Primer5_4bitov_
Sumator.pdf (Accessed on 15.05.2021)

https://www.electricaltechnology.org/2018/05/binary-multiplier-types-binary-multiplication-
calculator.html (Accessed on 15.05.2021)

https://en.wikipedia.org/wiki/Adder_(electronics) (Accessed on 15.05.2021)

.57 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3.
THU-SSS-CCT-05

IMPLEMENTATION OF
CONVOLUTIONAL ENCODERS IN LOGISIM®

Viktor Velikov i Student

Department of Computer Systems and Technologies
University of Ruse fiAngel Kanchevo

E-mail: v.velikovO0O@abv.bg

Assist. Prof. Adriana Borodzhieva, PhD
Department of Telecommunications
University of Ruse AAngel Kanchevo
Phone: +359 82 888 734

E-mail: aborodzhieva@uni-ruse.bg

Abstract: The paper presents various options for designing a convolutional encoder in Logisim and explains how
it works. The construction is presented by flip-flops and XOR logic gates, by flip-flops and NAND logic gates, as well as
their implementations with integrated circuits from the 74xx library of Texas Instruments. The work is related to the
Teamwork Project in the course fiDigital Circuitso for students-bachelors of the specialty fiComputer Systems and
Technologieso.

Keywords: Encoding, Convolutional encoders, Logisim, integrated circuits.

A3AcronRe

Iy dtftddoiso ARGWEEso0 njdslsjaddSon di0 L0 yje HO LOYBLBOj hiskzHjdisdlsy Bls
tfjydodshs Astyskitad ndhsdgd d kinbsiseddh i) shhsodgds) edtfeshd &0 ydWisse0kso
JejSlteszdSo, ModtLo02Cd WizkSydskokedls ol Ldtykehsd &0 ydwissedlsj Jejgidesd i kWAoo
B SesJeiShteskk0 BOLO d HisjHiisOov2Sd YiedizsMJhdiss dis fied dLetOdHOG) %0 dastfizandd o
YdWistsad Izstets2Mise0. 140dkdwis0, fedHtsedisd s HAydddioiso, fj ditfstLetls s Hdhydtkdids,
oSesyjkd J yjskdy fk0k ©0 MYjydoddshisso, Stdks fij dikzy0eds o feiHe0Pdls) hiddhistd
(e-Learning Shell, ecet.ecs.uni-ruse.bg/else, 2021).
Logisim (Adc. 1) j BtOLSo0k jdji dhstelzez jdls LO ttets jSlsdteOtz o tojOkzdLdteOdj &0 dseduihSd
MrdBd. Hescts0di0s0 YLotizved dLizyde0h st &0 shisadkdls) Sodtsiibsd, dLetoHOP dseduinSd
o jtedad. i Pis 50CO tftg jHishisOaw o Lazsydash)ls LO fodteLo0dj &0 ddbsets GOESd ojteded o jHEO ek,
CObts Yts IstsLd G0ydd d3isc0ls HO g tisjHiisOowls Histed yJdkd ftesyinsted (www.cburch.com/logisim,
2021).

ndc. 1. Logisim. adf60: Carlburch, CC BY-SA 3.0 <https://creativecommons.org/licenses/by-
sa/3.0>, via Wikimedia Commons https://upload.wikimedia.org/wikipedia/commons/b/ba/Logisim-
icon.svg

8 rsCkOnils j ttejHiis0o jt GO fisizH jdsSOI0 dOkzyd0 fjfd &0 20.05.2021 ¢. o fiiSyd AssdizadCoydstio d Cdsttsi &0

5JnkdSOR f SededBOLGs LockOedj GO BIECOENST JidS: TrdfRIPARC Wb sLUILISARLA strrt J
LOGISIM.
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stkosisydkadis StHjt i ~00C jtedLdted f) sted o0k jlsited: 1) HCsteshis G0 SHAtOdk ]
Re=k/n, CInjlss k J§ BlesWs &0 tishisitfo0Pdlsj ¢0 ontH Bdbtaj LO jHdd 50Sk &Is OBRistOCsEISE
Oolssez0lstzs otsjdzd, 0 n BletsWs %0 Bflssojls © dLABHGOKO SHEE0 Hizd0; 2) HIEXJRO &0 CHEoBHE
see0hdyjkdi L, et ftsjHiis0ow BtesW &0 ktedcitedisj o MistelzClsiztc0s0 &0 CiHjte0; 3) &0BSts s
Gl iteOlsstetzd  tskdisizd, stdnedhd miktelzClizicdsd @0 StHitd (Borodzhieva, A., Aliev, Y.,
Ivanova, G., 2017), (Borodzhieva, A., 2017). JhbGsejb& sBJSS G0 t0LEZJHHOG] © (Borodzhieva, A.,
Aliev, Y., Ivanova, G., 2017), (Borodzhieva, A., 2017) J Sthottsydedkjiz StHjte i) hSseshls ¢Go
CH0k) Re = 1/2, HI@dl0 &0 SoHBotks tetsdkdyiidd L =3 d f) HeO ¢jhjtolsstdd tfistdisdd
g1 =111 d g2 = 101, SiHjists i stfohe0 hdds Lo d s jokdLoydwiso &0 StHjte0 f) TTL ddzls jetsOdzdd fmjdisd
(Borodzhieva, A., 2017) d dastfizczjdzsOydis0 &0 SHjted iy Istede jted d XOR &sedynSd Jdijd jdisd o
Logisim BjL tedjH &0 tejokdLoydwiso &z f) dasjeeOted h=Jdd (Borodzhieva, A., Aliev, Y.,
lvanova, G., 2017). 1 HSSEOHO tfs-Histz flj BOLCEJHHO Sshoszsydshit SsHjtl fif) HSsEshs GO
CoHd0kd Re = 1/2, HIddt0 &0 SoHBotks setedkdyitdd L =3 d f) HeO ¢jdkjtolsstdkd tstdiasdd
g1 =011 d g2 = 101, SOk 7O YiejrnisOadd yjlsdied hnjddd tejndddw: 1) tjokdLoydw i ktedeted d
XOR @zsedyjnSd jezididisd BJL dilsjct0tdd hnjdd; 2) tejokdLoydw f tedejted d NAND dsedyinSd
JjBjasd Bju dusjer0nkd hrjdid; 3) jordioyd™ f) biedejed d XOR @sedunSd Jujdjdlsd
s jeteOdzzd = jogd tsls BB jSO 74xX; 4) ts jokdLoyd™ f) btede jtedf d NAND dsedyinSd jezjdjdisd
f) dels jeteOkad M josd Bls BIBEELL SO 74xX. sthostsydekadils CoHt tisjH0o0 it jidjkt i
JHd®% Bdfls © HOHjE dsscjdils (Bls Hfts BAfs). WO ontHBejlsj %O fizdsOlststedlsj tfts disHizdk 2 Yishisi foOls
Bdktej B tfiejHRBHEAS] BE®GiGsd, o Loadhdhshls sk kted i S ktedeited 70 fodtoLOhkd kj
(web.mit.edu/6.02/www/s2009/handouts/labs/lab5.shtml, 2021).

RUILr WRE
AshsQsoCOEOLHAUBO

10Lte0BBICOL0, tficjHnisOo k0 tfs-Hisklk, j ModteL0k0 f) OBGLOKO s esiSlk d o JSdY tt
HAydftfidi0s0 AAdWssa0 fjnjdssls jntkdCOR LO hisikzHjbisd s Jsu Aa0C0z0adtei sls it jydodshs
Astsastieslsi tetzof s jgd of s jadstscddf. rSddis, fiskizyde0ls LOHOG], tfs jHis0s jbis tis-Histlz, SOt
HOGGdsj 4O fidfo Wit 70 wOLEdutd LO ofiS S (B jad.iss LO SEHA0h j GVEEY s ckOotkdls
OsdehCd BCod AeZ, ditfsizLo0hdls CsH B> j HO BIH] 8-BdkadWs EBCIDIC dizd 7-Bdstsadwls
ASCII SBH, 0 6jdjeolsstedls] fJ LOHOe0L dLdsg>Hiz 011, 101, 110 d 111). Is-HisElz i ©OLGEJ>MHO
iz dHeed™ fled(ds jte:
o fj SsHAEO idsP jid ks | (@EOtAsdEnCOBESo0), tie jHilsOs jdits o 8-Bdlstodw EBCIDIC CfsH,
Colsts fj ditfstLed SthotkBsydshjt CHjte fif) hSotshls &0 CsHAeOk] Re = 1/2, f) HIE B0 &0
CHisosks See0Gdyjkdj L = 3 d f) ¢jdkjeoksted 011  101. 30000 HO fij tiNd sokduts d HO fij
GOy jtelsO j = jdz0s0 0 Ssdotszsydishdd™ StHte (AdE. 2). 10 fij Logdhols i seP jdd jists LO SsHteOd §
d sty itdis SsHised fidgestd o Hasdyjd d P ifiskoH jijisdyit Wistdols.
WO AdE. 2 J tfisjHiis0e it Sshosz=ydistit SH i i f) HSstshs G0 SsHA0h Re = 1/2, f) HIzXdt0 &0
CHiolst sete0dkduitdy L = 3 d f) ¢jdjtolssted 011 d 101. J fistelzClstzts0ls0 0 CsH jte0 ) j fid Hite>10ls 3
%0 Bets? stec jied, COlsts Yitsadsj HoO j ZCOLOGS HO 10 D btsdejted], O steisls JK Isteefc jte. 3 O REHO G0
fitcodw Istede jts fj fsHO00 MdsBM jhdjlss m Bdfs fis BCfs. & of)jSd 5Ok B jlsj &0 fidtsB jddjists
e jozd000ls tishiz jHso0ks jezds teiL ofduSd bededted &0 S5H 0. 3 0 ortHBoJsj &0 titsodw jdzds jdis
Alzcz0 tfts dstsHzdz 27 (XOR) fj tisHO90ks tfis0adis dLrtH &0 slststedw df sts jiso stede jis, 0 G0 onsHISS jisj
%0 olststed XOR dseefu,inSd jtjds jdds i fieOodsj dLasHd &0 titad d st jisd lstede jte. s IsisLef 0yt
g tstizy0a0ls HoOkO BlsO %0 dLABHEOKO CsHESO0 HEZRO. AkESydds G0 odLBEZYHOG] GO jijkjdisds
YOz is d dLasHBidls] e j0Sydd &0 SHjted d3se0ls HO fj tfts jHisOawls ed o odHO:

DZI.:m’ D2:Q1"J3:Q2'K3:Q2 (1)

u1:Q2AQ3’u2 :Q:LAQ3 )
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Q, Q,
=—— D 1, D T, J
€
c g, & 2. K
cl

N6, 2. un B0 G0 Stioszsydet it CsH jte i) CsLhs &0 CoHAE0R) Re = 1/2, ff HIE &0 GO

@

o

w

CHBoBls Se0hkduitkdd L = 3 d f) ¢iditeolksted 011 d 101

ted jists j Shotstsydstddsj StHjted HO t0BsIsWs f) Hatsdydkd HOGGR. d fitkzyow i sBP jhkdjists
J tejHnis0e jtis © EBCIDIC SsH. 10 fskzizy0e0t jiss %0 Hosdukd™ &z edH fj dLifstLed s0Bkdy0 1

(https://www.ecet.ecs.uni-ruse/bg/else).

u0BEdyo 1. Extended Binary Coded Decimal Interchange Code (EBCDIC)

EBCDIC

2

6

7

C

NUL

SOH

STX
0002

ETX
0003

SEL

RNL

DEL
007F

SPS

RPT

000C
12

000E
14

SI

15

DLE
1_| 0010
16

DC1
0011

DC2
0012
18

DC3
0013
19

RES
ENP

20

BS

22

EM
0019
25

IFS
001C
28

IRS
001E
30

1US

001F
31

DS

SOS

33

FS

34

wus

35

BYP
INP

36

ETB
0017
38

001B
39

40

SFE

MFA

4

ACK

5 | 0006

46

BEL
0007

-

48

49

SYN
0016

51

PP

V| NBS

54

EOT

55

SBS

56

DC4
0014

SUB
001A

SP
4 |0020

RSP
00A0
65

67

70

71

72

74

003C
76

007C

5_|0026
80

81

82

83

87

0021
90

002A
92

00AC
95

6_|002D)|
96

002F
97

101

102

103

104

D0AG

106

L)
0025
108

005F

003F
111

112

113

115

118

120

105

121

003A
122

(a
0040
124

0027
125

0022
127

128

0061
129

0063
131

0066
134

136

0069
137

138

140

141

00B1
143

144

145

147

| 006F

150

0071
152

0072
153

154

155

156

157

159

160

007E
161

0074
163

w
0077
166

0079
168

007A
169

170

171

172

173

174

175

B_|00SE
174

177

179

184

185

[
005B
186

]
005D
187

158

139

190

191

C_|007B
192

0041
193

0043
195

200

0049
201

SHY
I00AD
202

203

205

&

207

D_|007D
208

004A
209

211

212

213

214

215

0051
216

0052
217

218

219

220

221

222

223

E_|005C
224

NSP
2007
225

0054
227

0055
228

229

w
0057
230

0058
231

0059
232

005A

F_|0030
240

0031
241

0033
243

0034
244

0035
245

0036
246

0037
247

0038
248

0039
249

233

250

251

235

252

237

253

254

255

EO
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e sBP jhd jists, Ctsjists stewsa0 HO fij SsHAtEO, j BECo0O 1. A us0Bzdy0 1 dj fij od>HO & j2ddWis Hotsdy jd
CsH. 10 HO ] Ystzizyd, giteots lstewBoO HO fj &OgJted M ifisi0H i disdyddWs Z SBH. L2 fij tskizyde0 sis
%O jGso0hdWs0 &0 tjHO d SEsh0k0, o Cadbt J LOLYsusy b sitehjkdvs fdgest (BzEe0kO I).
WtgadWis fddzatst 0 1 jiistzOH jiy jiscfudedw CtsH fj tstits jH jdw tsis te jHO, & Ss2lsts ) j d0dscfte® i 5B jdac] jists
I, o filzyow C, 0 obldWsi tls CoiskOs0, o CowWsts nj @ORdEd mnisBh jediss |7 9.
Z_ jiistzOH jhjlscudscvis WistedzOls &0 s jzdjlss j C9. 10 tfstlzy0e0dj &0 HesdyhkdW StsH, HOOO
hdgetstzo g .0LezjXHOL YisisisH jeds. s0Sks fij odXHO Bls s0BEdYO 2, C o Hetsdyjk odH J 1100, 09 J§
1001. fis bskz€ fyiz jHo0, yi i sBF jddjists, St ists IstewBoO HO fj SsHdteO, j 1100 1001.

u0BEAYO 2. e jHNs00WE ] %0 CHEBe jis | & Haduh0, Hjmdisdydk0 d P jhiskoH jhdisdydk0 Bies2d0 fidhis joz0

DEC| 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

BIN [ 0000] 0001 0010|0011 {010010101 101100111 1OOO)LOOL} 101010111100 110111101111

HEX| 0 1 2 3 4 5 6 7 8 9 A B C D E F
LEBEAUEGS i jHiSCW G

J uw0BEdYO 3 § tieiHhisOo k0 OBEISOSO G0 SshotiEydishidy SHt o SOBEdyik odH. SOSS
fd od>HO, & BB®BIGS0 to, ticdhsitedls offj 5P j j o dlzkdt0ks Hifsswidj o 4t sOLd fedudRo &0
diatHdlsg fd tistizy0e0ls Glzdd, 0 &0 ontHO &0 CH k0 ] YsHOe0 fYitadwls Bl tIs B jddjiss. A
iz jHe0 P W sk idels Bls ote jd3, %O onsHO Hishisd o0 alststedwis Bfls ©is fid s jhzd.jlsts, & gatcadw lstedc jte
sls tsjedMisi 60 o] J LOYcMOd tfsHOH JiadWls 0 ontsHO o tfie jHnHEGW distjdls Bdls. s SEE fikziHe0, yi
tied Mzcsdie0t tis disHEE 2 GO HitadW dLRsH G0 SisHjtd P j f)j fstizyd 0, 0 40 elssed™ dLisH P j fij
fizyd 1. HediydtIls ¢0 0B o fizjHe0 M dls] disdidisd J 0k0dksedyid. Ied &ohsI ol &0 t7, &0
9nBHO M YisHO0 Hfishk jHadW Bdls, ©Is IssLA BB jds HES ti1 fij HsHO0k MO diztd, Yeduddoiso Lo ke
d» ud o tejecfisite0 offj 5P j o0 LOYAMORO dawisteiOydw, Sswiss HO flj AdLydhisofi, 0 k2 tveo0 HO
BIH] IfsOdzse j& o dGlzizdteOdts i fistwizdJ.

u0BEdYO 3. vOBEAYHS tis jHis00WE: | G0 SHtEOd st

CvobuyeHue, CbCTOSIHME Ha perucTopa NsxogHa kogoBa AyMa
butm S17 52453 u,,u,
1 o o o o 0

t

t, 1 1 o o (o} 1
t, o 1 1 o 1 1
t, (o} o] 1 1 o 1
t, 1 o o 1 1 1
t o 1 o o (o] 1
t o (o} 1 o 1 o]
t 1 (o} (o} 1 1 1
i (o} 1 (o} (o} (o} 1
ty o o 1 o 1 o
to o o o 1 1 1
t., o o o o o o]

JdB v0BzdyO 3 34 HO M odHWls d dLatHEdlsd fdkestd. uj fd tstizydedls COks fj oLjiols
st jHso0l jiks ur d up, B ofjSd tjH. A Hesdujk od lsj 70: 0111 0111 0110 1101 1011. 70
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Yo HilsOoWdz jists dds © M hisiOHihdisdyjd odH, ds>d HO fj dLtfistzLe0 sldkset s0BkdYO 2, BIs CIH IS f ]
Ytsizizy090: 776DB.

TiQdLOyd™ OSsGost=Ydistkddw StHits © Logisim
1) 1jQdLOydW GOdLASHES ] WekSydd GOSEH 0N XOR dseduifCd i jdjdisd

10 fishistetsvo0jists 0 SsH jts0 o Logisim f) D o JK tedejied of dscoyifSd jujdjdise Antza0 tfs
dGsHEzE 2fi fj dLifszie0ls Loedhdashisd (1) d (2), SOkt e jokdLdte0d0is0 o Logisim fjmj0 &0 SoH jt0 tis
NJe. 2 j 5500000 &0 AdE. 3 d Ade. 4, LO HOO tfishik jHtsa0ls jhdd dsds jdisO ls ote jds . Hed s jhiso0d jists
2 fnd EnisOdsewe0 Yislsed exjHOa0E] G0 &Otdhodsss o vOBEIYO 3.0 o~sHO f)j YsHOeO tfitsodwis Bd,
o jedhisdtedls j dlzazdis0d, G0 onsHise jis j G0 Ho0O disedyinSd jijdjdiso Anlzd0 tits dssHizi 21 fyj tsHO90kS
biztzd, iz jHEs00ls jabs o &0 dLasHsj fij tistizy0e0ls Gizid (Ade. 3).

Nde. 3. TJ0zdLoyd™ &0 eOLek M HOGIW SahotiEydst it SBH e i ZsedyinSd Jeidjdisd
Riflzc0 tfts cBsHizz 2fi & GOYOkS iy fisswidj

ted tishisd o0t &0 s jH ik Wistsdls &0 50Sksadw hdek0k, Bdksils m fishisi o0 o ts jedhisi 0 (o
fatcodw bstedc its), O 0 oRtHO fd tfsHOe0 Nz jHe0P dwWis Wity distid Bdls. 0 onsHBejisj &0 tftsodw
ey inSd jezjosjdls Afizds0 fis dssHiziz 2 j YsHO00s tfhedadflsj dLrsHd GO olststedw d Istsjisdw Istecfc,jts,
iz jHES00ls jezds &0 dLatHO fij istizy0e0 0, 0 &0 alsttedw dLntsH fij tistizy@e0 1, LOPELE o i tcodw Istedc jte
50 LOYdhOhO jHAhAYO, SsWists flj YisHO90 ¢ jHdkdW ls oRsHEe s &0 alststed™ jjdsidls Afzd0 tis
@GsHEE 2, LO jHES f) Glziz0s0 sIs Ists jlsdw Istecfejts.

AGC. 4. Ti0kdLOYAW %O OLEtj>HOGAW SEtosEEydstit SEH i i dseduinSd Jiddsd
Aflzc0 s ditsHlzz 21 © iz jHo0P v dtsas jdls Sis otsjds j ta

ded tfsHO00E] %O Mz jHeOP d ddstfizhd &0 kOSksadw ontH, HishijHE0k jkks ishisd tfaols
ik jra0Pdisj Bdlstsej &0 i sBM jhd.jist, 0 Sscllsts ks j fadtehols, fj sHOa0ls dlzdd, HsCOlsts e jediisitedls
tj BIH IZhisOdztse jd&s © GOy0ddslsts dklzd jots i fylstswWizdj.

2) TAdLyd™ GOdLasHEd § WekSydd GOSsHjOnh NAND d@isedujnSd jejdjdasd
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J LOHOGRdjlsts Jj ZS0L0G0 ki idkisi0ls0 BOLO LO tojokdLdiOn) @0 Sthotsktsydshkkdy CHjts:
1) JHEO disjete0kd0 flndds0 SN 7474 (fdtntestit D ktedcts ) Ofdentestid tedstedsistd S d R
ORBHEe , 2 BES™ o 1 Szl 2) jHEO disjets0dzd MRjko SN 7472 (MdGRtstit JK Btdeje f
Ofdntestkd tedstdsjsid S d R oRtHsej); 3) JHEO disjck0dtd fnjk0 SN 7400 (yjsdied
HozonsHEBod NAND); 4) JHEO dils jcte0ki0 fnik0 SN 7410 (sted ktedonsHsad NAND);
5) jH&0 dils jetedk0 fin jcg0 SN 7420 (HeO yjsdedforsHsed NAND).

10 tfisflstets o0t jists &0 CHjtsd o Logisim 1) D d JK btsdfe jied d dscoyinSd jijdiksd ARy i
(NAND), i) yd drifszLo0hd %0 ZSOLOBOKO Jjijdddbisk0 BOLO, § dkJsBriHA®E tisBt0LEzo0k S @0
dLatsHidls j WSydd o BOLdh R, SO fd dLfistzLe0ls Loadhdashisd (3). 1J0zdLdie0d0kso © Logisim
R Jd0 &0 CsHjte0 s AdE. 2 j HsCOLOGO &0 Ade. 5. AWEO dize jtehd™ o Loadhddzshisd (3), fid HItex0M0
HOO dizd sted JizjczJdzis0, fd e jHhisOaw yieju SlsHik il RYE Jizidsddls. e Isghiso0dzdists 0 fmJdz0lso fj
slsed tex{HO90 GOYdhOdkEss o voBLIYO 3.

ul = 62 'QS'QZ '637 u2 = Q_l'Q3'Q1'63 (3)

AdG. 5. £j0tdLoyd™ G0 OLEE>HOGAW Stk ydst it SoHjis f) scduinSd jtikidsd
AR © BOYOwES ¥ fisswisdj

Aedrydtdls @0 te0BlO &0 sOLd Mrjd0 J ¥ Pdws, SOt GO tftc jHRSHEOKO. HdGSe jk0ls0
60LEOSO J, yi EseduinSdlsj jujdjdisd Anlzd0 tis dsHize 2 710 LOdGjdkjkd i) R 50SH90. 30 HO f)j
tfsizizyQe0ls i Pds j fists2dztshisd], G0 dsiylstsists d0 o jSd XOR Jjizjos jdzls fistswis Istsdd NAND iz jo jdzls0. 3 0
OnBHB I 0 Jijdjdls 1 fj tfsHOe0 dizojehdkdwls dLatH ¢0 elstedw stedejte d teOodwis dLatH &0
stejlsgw IstedG jte. WO onBHBO ] B0 Jjhi®idkls 2 fij tsHO0L HOadwls dLnatH @O olsttedw Istece ite o
dizejefdvls dintH &0 Istejlsdw Istedc jte. 3O onsHEo ) @0 JjEjkidls 3 fj tfsHO00l dLatHds) %O
Jejdsjdlsd 1 d 2. wists2dshisis0 G0 dLAsHO dlz j i tsadwls CsHise fiddetst ur. 30 orsHEe jis j %0 jdjds jdls 4
fd ftsHO0s die jtefdzWls dLtsH &0 gatsadW lstedc jte o e0adwis dLntsH GO Iste jiso Istecfe jts. & jdjdlsd 5
d 6 MO ydtedfortHsad () SekH G0 ZCOLOEOLO jiz k3 dist0 BOLO), d&is ij dLtkLetl SOkt HolzonsHESad.
10 HOO Bls onsHEe jisj B0 Jij&jdls 5 fj sHO0 fis0adwls dLrsH G0 fitsadw Istedcjte, 0 GO shisOROkdls |
HO0 T dftzojtefdad™ls dLAsH GO Istsjiso™ lstedfc jts, BOLAte02S 1)j &0 LOadfddsshissd Q.Q,.Q,.Q, =Q,.Q, O
HOO Bls onBHEB9 jisj %0 Ji g jdls 6 Ij YsHOe0k dLatHIls GO jzjdidls 4, 0 GO Hiszedlsj HOO T dLatHIlS &0
Jejogjdls 5.0 dLABHO GO ji g idls 6 ] fskizyde0 hist2dkshsis0 &0 alsstedw StHEse ket us.

Ay jisdtedisj sOBEzdyd fis-Hisizlz (u0BEAYO 4€ us0BEAYO 7) M0 tts jHiisOs jdod i jHdE jeedWisO (ated LEdls]),
& JsBABHA®B LO dLEtOMHOG] &0 fnJdolk0 Bls Ade. 5.

u0BEAYO 4. wadtsLollkj 40 RY 7474
Rul vl 11 R, U/+E
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SN7474 41 S_l +E¢
31 C, Cl
21 D, m m
o1 Q, 14, 24
61 Q 10
131 R, U/+E
101 S, +Ec
5 111 C, Cl
121 D, Q o1
9 Q, 43
81 Q, 13
[§! Y U Y
141 +Ec¢ +E¢ +Ec¢
uOBEdYO 5. bodteLo0h | &0 Ry 7472
22 R, U/+Ec
13, S, +Ec
122 C, Cl
32 J; J, 4;
4 J, Jy 92
52 Jq Q, 9
RG2 9 K, K, 10,
snrar2 | 2% [T Tk K, 11
112 K, Q, 81
82 Q, 23, 93
62 Q 55, 44, 54
1> NA
72 U U U
14, +Ec +E¢ +Ec
u0BEAYO 6. bodteLo0kj ¢0 Ry 7400
13 X1 Q, 81
Sls;c:l?(;O Il 23 X2 Q, 82
33 y s 133
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43 X1 Q, 9
J2 | 5 X2 Q 62
63 y Iz 123
133 X1 Jtw 33
IS 123 X2 J2 63
113 y JCss Uz
103 X1 Q, 61
g4 93 X2 Q, 82
83 y I 134, 124
73 Y Y Y
143 +Ec +E¢ +E¢
uOBEdYO 7. bedteLohk ] ¢0 Ry 7420
14 X1 Q o1
24 X2 Q 51
15 44 X3 Q, 62
54 X4 Q, 62
64 Y Jss 104, 94
134 X1 Tt 83
- 124 X2 I 83
SN7420 16 104 X3 I o 64
9 X4 J o 64
84 Y JCss Uz
34 NA
114 NA
7s y y y
144 +E¢ +E¢ +E¢
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3) TJQdLyd™ GOdLAsHES j WekSydd &OSEH jteOf XOR wsedyjhSd jajBdisd), f) dils jeteQzdd
~dd3d Bls BgBEBIS JSO74xX

10 tfishisteisvo0tjiss %0 StHjed o Logisim f) D o JK sedejied d @seduinSd jzjdjdsd Anzao s
(RiSHZE 21, ) dtls jetedtsd] fmicd s BABRASS SO 74mm, fij dLifstLedls Loadhddshsd (1) d (2). & SetiH
%0 GOkdyddis] o dilstdls disjete0tdd Nndid (https://74x.weebly.com/blog/library-of-7400-logic-
for-logisim, 2021), tfted tsjOzdLOydwisO MO drtfisizLo0hd hEiHddls) disjete0ddd hajdd: 1) SN 7474
(2 Bes™ D stedejtsdf, AdE. 6 0); 2) SN 7476 (2 BtesW JK Istedc.jted], AdC. 6 B); 3) SN 7486 (4 BtssW XOR
iseduhd Jeigddsd, Ade. 6 9). 10 bedejtdisi J tiozdLdeon0 edthdy I S d R tedistedls jisdd
OnBHE4, SJE o Nizlzyow G k0EOcO tisHOa0w ) %O MoewOnd %O lsjLd ontHBa], 532 SO steofetedls)
i tcotsiOy0Lds P j Mo dlzedond, 0 efthiiHiisedi P j dsels HO i dLtfstLe0lk Hdte St SOt D did
JK btedcjted). tJ0zdLde0n0sd o Logisim fajf0 ¢%0 SsHjO Bl Ade. 2 J gsCOL0k0 %0 Ade. 7 f)
dis jete0kded frdid tls BRGSO 74nn. ed Isihlso0djlkt 2 fj dtkedte>HOo0 GOYdhOGESS o
u0BEdYO 3.

----------- C mTemElepefipfos

SEREEEE RN 1eunjol—
SRS (] ETCo N fz:(p:m)'

..... D . ot
reves T L@

—@]i1 cuca T[]

@02 rera[@l—

. :m -
=
..... I—@a:(rdz) o :BIiCLI:??J

NJG. 6. ulstelzClsizts0 %0 dLtfisizLo0ndls) dilsjet0tdkd hnddd tis BoBEASISISO 74mn:
0) SN 7474; B) SN 7476; 9) SN 7486

Nde. 7. 1j0zdLoydv &0 eOLek jMHOGdW Stk jd SoH e i asedyinSd jeididisd
Az fts dsisHizz 21, f) ot jetOttd fim ik s BBtk SO0 7405, o GOVORES i fjssvidj

Vioq] LGN HOMB IS GO jd0k0 j tjsBREHA® Mok jHdk JK stedcis  HeO XOR i jtiso,
LObs00 S5 Cte0jis0 10 Sis0s jid fiosBsHEd, Yisjt Q1, Q2 d Q3 1 i jHisos jdd i flsWiadso G0
Steqc jtecfisj. I M0 &0 omsHO j YHOMjis titads Bdls s i seP jhdjiss, tjcdhsiteils j dbedieot d
0 qLoHO 1 Hisi@e0ls Gizizd. w00 j GOYORESISS Ty fissWidj.
4) Ti@dLOydy ¢O diisHadlsj WraSydd ¢O SO fj NAND &sedujnSd jtisjdsd, f
dizls jete@eztzd finJdkd sls BABEASIS jSOT74XX
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10 tfishistsswo0d jists %0 StHjtd o Logisim f) D d JK Istedejted d dsedqujnSd jzjdjdisd AR, 1
dzls jete0tdd frdgzd tls BABEABISISO 74mn, fd dLtfistLe0ls LOadhddshisd (3). & BekiH G0 &ozdudkdls] o
disdtetzjls  dhisjeteOndd fnddfd (https://74x.weebly.com/blog/library-of-7400-logic-for-logisim,
2021), tfied e jOzdLOydwisd MO dLtkLe0dd nizjHbdlsj dhbictoted hmddgd: 1) SN 7474 (2 Bttw
D stedeted, Ade. 6 0); 2) SN 7476 (2 BtesW JK btedc jted, AdG. 6 B); 3) SN 7400 (4 BielsW HolzontsHISad
NAND wsedyjnSd Jeidjdisd, Ade. 8 0); 4) SN 7420 (2 BtesW yjkdtedontsHsad NAND &sedyinSd
djgjdlsd, Ade. 8 B). Tj0kdLd0%050 o Logisim fn g0 &0 SsHits0 sls Ade. 2 J fsCoL0%0 &0 Ade. 9 d
Nde. 10, LO HoO tfisizjHiso0ls jhzdsdf dsscjdaisO sis ote jdsd, f) dussJeteOdzdsd mddid Bls BABEAESISSO 74mn. HHed
s iflso0dz jists 2 fd isisad texyHO0 GOYdhOdSss o vOBLIYO 3.

C O TAZD duaAlHIRpUENAND T
B B
B | B
s || | —@ee
oo ([ Beo
|—-
CEONE :::::;:95(25*\5?5

Adc. 8. uibteizSlstzts &0 dfitfistzLo0tds o jéts0dtd] finjdidf s BB SO 74mm:
0) SN 7400; B) SN 7420

Nde. 9. 1jozdLoyd™ &0 eOLek j>HOGIY Stottydst jd SoH e i) asedyinSd jejdjdisd
AR A, ) dtals jetsOdazd] M o[ tsls BOBZOfSls jSOO 74mn, & BOYOEES ¥ fisswhdj

ulzC 60LEdSOk0 s i jHRBHEOKO Wdettsd (AdE. 7) j eodo okt yofls &0 fym jdz0lsO.
Rl jots0ttzdls j injBd SN 7400 d SN 7420 LOGjtvls SN 7486. w5 10 dLcteOH jtd sls Ry I dsecfu S
Jejds jdelsd. LfchokdJists G0 finjdz0ls0 j i Pisists, SOlsts &0 sOLd sls AdE. 5, f) JHddhse jd0ks0 teOLddSo, v j
Jujdz jdaiscfisj 0 AStedsdii o dls jetsOtzazofis fimjkd. O Ade. 10 j tsCOL0h Shotsiz=ydfstddwis SoH jis
9 B®Rjes0 t1. 3O o~BHO J YsHOHj& albstedWis Bls ©ls i sBP jdjks, G0 dLatHO Q1 di0 1, Sk
BsLEOY0900, yJ o tfitsadw stedfe jte dag0 LOYdm0%0 jHdhdyO. rtelzedisj HoO Istedc jteO 10 o Mdflsswizd(J 0. s
kS fdHe0 yj thed nizddiOni ts dsHzz 2 &0 titedw dintH ktwBe0 HO B0 dlzk0, 0 &O
olssted 1 JHdldyO. Usa0 HISCOLOO, i j ds jéts0tddisj fimjid SN 7400 o SN 7420 &Odfsdh0 Aedtshols
t60BBIs0S0f &0 SN 7486.
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AdE. 10. 1j0kdLOyd 0 ts0LGl j>HOGAW Sstotsizesy st jd SsHis i) eseduinSd jizjd e
AR © iz jHOOP W dscs s ol ote jckj 1, ) cltdls jetsOziz ] tls BAfBizcfisls jSOO 747m

o drétnsu

IS0 Siste0LWa0 t6 jL 0k s 0BSs0l0 U fies jSls No 20217 Arpd i 03 At 0t
FPGA-ddstiizjcsicltedts df oLt jne0izj 6O ydWissed SdkadSoydstid Eiises2hso0n, Wetotnhdios
tsls WistH Ay Otzyds] oLtz jHo0Gi GO Tl jlmSa™ ade jEhds k.

R1AJIR

SEhostsydsthdsj StHjed dBols csivd0 jWiSkdonshs ted SsHAE0k] o HSsHAE0R] GO
aWstsdsOyd. DsteOHd sOLd ttecfydts Is j drOzteOls dtatscts estvasts tlecfis>ijddj & SsekziCOydtiO0
s JAt<0.

s fatsw fisteOt0, Logisim j dydaiscts HsBI to t5BtOLESo0Is jiz jds ofdfistelzds jdils, yte jL Ss2lsts a3ty j HO f
qLet0>HO df s jfse0 te0BIststfhisBishisisd &0 oLkt ydWissed Hnjdd, tis BOES HES dses Gt jkd.
RO3jlGS Yol Bjots o HISCEOHO § s jHiisOo ji of Yteofleydto &0 SHAOMk] @0 s jidj el jHdB
Colotksydsiit SHts, dLetOH & s 4 tOLkdudbd Goydho.
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Abstract: In recent years, there has been an increase in demand for photographic services for various personal
or professional events. Web-based photo engagement management platforms can make it easier for photographers and
clients to organize and track all accompanying photo engagement activities. Such platforms created especially for the
needs of photographers who are engaged in various events are still not popular in Bulgaria.. The author of this report is
a professional in the field of photography. The presented paper describes an author's prototype of a specialized platform
for managing photographic engagements. The process of designing and creating an online platform for managing
photographic engagements is described, which will help photographers in organizing and tracking their professional
engagements.

Keywords: photograph, software platform, software engineering, Agile, Scrum

A3AcroRre

A yehijudds) csHdid fj skydikso ¢okonise0n &0 sithidkjss &0 WeksetOWnSd Ehkized LO
teOLzdydd i Bdisdw sls eduid dizd gisW ihdsaorid ~0E0Ckjt. A (Kotsev, A., 2019) J i jHnis0s jas
diils Jte it HMelsOydshds dLiziHo0k] @0 kigHidydd o toLedkdist &0 BI&cOENSTOO tjSEOdE0
WissscisOWaw o tjiecfsHO 2000-2017 .

LB-BOLALOBdlS) HrObwistelsd LO EifeOozjhdj %O WiskcteOWnSd OkcOMdusjdisd ®iscols HO
b idwis WilsseteOWdlsj d Sezdjdisdl] o stec0hdLdod s d gtshijHwe0d st @0 ehdySd i filkhise0Pd
HJ2ashisd hodtLOkd f) WilsteteOWnSdls) 0dkeOMdhidisd. 1 addcoedw ofj shj &j N0 Yotlzdvihd
fsHtsBhd HrOsWistedzd fid LHOH jid i jydokds LO dizyHdlsj %0 WisksseteoWdis, Sadists fij 06603 dtsols tts
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Abstract: One of the great advances in the field of artificial intelligence is the creation of general artificial
intelligence (AGI). Or artificial intelligence allowing an agent to perform tasks of human complexity. This is due to the
development of neural networks that implement in practice the concepts described by adaptive programming. Adaptive
programming is a set of algorithms and methods describing the relationships between actions and states. Artificial
intelligence of this type plays an important role in the modern world, in the areas like targeted advertising; digital assisted
trade; robotics; transport and others. What all these agents have in common is the ability to learn from observed
processes and interact with users. This article discusses the work of such an agent. The focus of the studie is the
relationship between the change in the policy used by the agent and the change in the value of the rewards received from
an action. The agent's task is to solve a two-dimensional spatial problem using a greedy epsilon policy. The algorithms
used by the agent are an algorithm for determine the quality of actions, a sarsa algorithm and algorithms for evaluation
quality of the policy.

Keywords: Adaptive progratming, Agents, State , Reward

INTRODUCTION

An adaptive program is one that changes its behavior base on the current state of its
environment. This notion of adaptivity is formalized, and a logic for reasoning about adaptive
programs is presented. The logic includes several composition operators that can be used to define an
adaptive program in terms of given constituent programs.There several papers in a recent years that
show development in the use of adaptive programming.

[S.Manju,2011] Q-Learning is a learning enhancement technique that works by learning a
value-action function that provides the expected utility of taking an action in a given state and
following a fixed policy thereafter. One of the strengths of Q-Learning is that it is able to compare
the expected utility of available actions without requiring an environmental model. [Beakcheol Jang,
2019] Q-training can be one of the most applicable representative approaches to enhancing training
and one of the non-policy strategies. Since the advent of Q-training, many studies have described its
use in enhancing training and artificial intelligence problems. There is legal information on how these
powerful algorithms can be used and incorporated into the overall artificial intelligence workflow.
[Volodymyr Mnih,2019]However, reinforcement learning presents several challenges in terms of in-
depth training. First, the most successful deep learning applications to date require large amounts of
manually tagged training data. RL algorithms, on the other hand, must be able to learn from a scalar
redirection signal, which is often sparse, noisy and amusing. The delay between actions and the
resulting rewards, which can be thousands of times long, seems particularly daunting compared to
the direct link between inputs and objectives found in supervised learning.[Sergio Rozada,2021]
Value functions are essential for dynamic programming and learning enhancement, but their accurate
evaluation suffers from the curse of dimensionality, which causes the development of practical
algorithms for value-function (VF) evaluation. Several approaches have been proposed to overcome
this problem, from nonparametric circuits that aggregate states or actions to parametric
approximations of states and VF actions through, for example, linear estimates or deep neural
networks. Accordingly, several high-dimensional problems can be well approximated by a low-
ranking internal structure.

10 rsCtOHI s j s jHiisOn jds GO fiskzH jdishols0 GO0 fjhdw & 20.05.2021 o fijSydw sthzadSoydstbo d Sditftski 60
s JRt[SO f) Stedfedt0tds LockOed j: REWARD VALUE EFFECTS ON Q-LEARNING AGENTS
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EXPOSITION

Tests and experiments

The experiment described in this article examines how changing the values of rewards affects
an agent's behavior. The test is the creation of a virtual maze, which is solved by the agent simulating
the movements of a robot. The shape of the maze changes dynamically for each successfully solved
test. The changes make the maze more complex or simpler. The decisive test agent uses adaptive
programming methods to evaluate the steps he takes in the maze and to choose the most optimal path.
Methods such as Bellman's formulas for estimating states or the Sarsa algorithm, also known as the
state, actions, reward algorithm. The purpose of the test is to check whether the change in action
rewards changes the path chosen by the agent. Action values change as the reward for a step taken
increases or decreases, and the reward for breaking the maze rules also changes.

Formulas

The algorithms used in the test are algorithms from adaptive programming. These algorithms
evaluate the quality of the steps and create a list that contains the highest quality steps [Richard S.
Sutton and Andrew G. Barto, 2014]. Formula (1) shows a variant of Bellman's algorithm for
evaluating the quality of a step compared to the previous steps and the next step with the maximum
possible reward.An alternative notation of the formula is seen in formula (2). Another algorithm for
agents using adaptive programming is the SARSA algorithm or state, action, reward algorithm shown
in formula (3). It is important to note that in order to check all possible lists of steps the agent goes
through non-optimal steps. This approach is called greedy research policy. Additional formulas for
evaluating the steps can be seen in formula (4 and 5). The quality and assessment of how greedy the
chosen policy is is measured by formula (6).

O 06 Oihdy & 1 OTABOT 1o O il (1)

Bellman algoritm for evaluation of quality, where Q stands fro quality.

7 7

101A p | “101HA (2)
"o

U"TAG1 0 fA

Alteranntive version of the same formula.

100A 2100A A0 U0 IA 1 01A (3)
Sarsa algorithm.
v MY roy 7Y i ()
noilo MY Y e Ty e @ (5)
TDerror i @ & B Y@l ifl vl 1o i (6)
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Examples and models of the labyrinths used

Figures 1 to 3 show applied models of the maze. In the experiment, empty squares are allowed
or legal steps, while solid squares are walls in the maze and their passage is considered a violation.
The reward for passing through legal squares is always higher than the reward for breaking the walls
of the maze. This is to encourage the agent not to break the rules of the maze.

Where the end point of the maze should have
coordinate [0/5] and beginning point is random legal
point.
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Fig.1.a) very simple maze with 2 walls b) very simple maze with 3 walls
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Fig.2 a) medium complex maze example 1 b) medium complex maze example 2
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Fig.3. a) and b) very complex maze with multiple choices where breaking the walls is

expected
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Results
Infinite cycle results
Interest result is obtained when using rewards for a step taken by the agent with a positive value.

If each action of the agent is rewarded with a positive value, it passes into an infinite cycle and a final
solution is never reached.

Results and analysis of the models

The table 1 shows the results that show which factors play the biggest role in whether the rules
of the virtual maze will be violated or not. The factors that are observed are - the complexity of the
maze, the discrepancy between the value of the step and the value of the penalty for violating the
rules of the maze, the number of squares forming a continuous wall in the maze.

Table.1.Results summary

complexity of the maze | discrepancy between the value of | the number of squares forming a
(more  than  half | the step and the value of the penalty | continuous  wall in  the
squares are covered in | for violating the rules of the | maze.(more than 12 conexted
wals) maze(value of step < 3x value of | squares)

penalty)

54% chance agent to | 68% chance agent to break the maze | 86% chance the agent to break
break the maze the maze

Optimization

A possible way to optimize an agent is proposed by solving the equation shown in formula (7).
This equation takes into account the factors that have the greatest role in the occurrence of a
breakthrough and violation of the rules of the maze. The equation can be interpreted as: A
breakthrough in the maze will occur if the agent receives less punishment for violating the rules of
the maze than he would receive when crossing a road of too great a length. All algorithmic and sample
test and code can be found in the repository created for the project to the article [repository,2021].

Vi B B YO ")
0
0 B B YO
CONCLUSION

The article analyzes the change in the behavior of an agent when changing the values of actions.
Answers to questions about why rewards often have a negative value instead of a positive one. The
moments in which the agent violates the rules of the given task are considered and analyzed. A
solution for the specific problems of a problem derived in an equation and a software library is
proposed.
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Abstract: The paper presents a developing process of a mobile application for organizing and announcing events.
The current circumstances for the need to create this application are considered. It shows why we might need such an
application and what problems it can solve in the daily life of people.

Keywords: Mobile application, Communication, Events management, Notifications, Covid-19

AcdcronRe ]

RHJW0 LO tfiedisyjidjiss ol LidSo0 shsons Nk jH G0ekdLOR it #0 stiesh0 odiekid (Covid-
19) died] fis-sisydts fitjH SBYeWa0djsts GO dLed tts jHEO SBisOnseS0, Scoks BYRO GOks> jkd & jkSd d
e ddsd ) yjk sgoLedhj &0 LHtOo jists. difisjCdlsj d ds0cOLdddlsj LOYBYZORO HO fj ttsjtfdkells f
CiztfzoOyd, Stdlss dLSktzedn0 &jCOise0 o MssCd S Yito0 G SBRSHARSTS. B0 HEojHj HE
Gindetztetshis o fohkdSo, S st GLOCOEO nistdsd HO YOOl HIdEE otsjdsj G0 SHONCH, GOHWE02Sd T,
CBe0SE HESRHJ sjmtedwW e H offj 5P J HO dds0 BOkdydshis &0 5590, S lst dds 4 dlzxdts. Js Hislze0 fiste0d0,
fistelztfoOdkds %O L0 #O0 JHGS dWViss, shsejis il HO fd MYOLeO SHtejHiti%O HAMiSOGydW
tfejHdLodCo0R0 tesBl jdsd f) GOk jhdls] B itSd LO hdektedshs. Fotholso &0 kjrd d ko & jhds d
BiteLls HO qdWistedsdteOls LOCdls jte jhso0dkdisj fid Shdjdlsd Csed j hadtehdk0 doddydshiskd 40 ¢wes2
tlesHiCls did ¢ jCothsens, COCKS d Sse0 fty0edls ¢Eo0 HisHseas fj SCOLO fjtdsLi0 tijuso Lo
tfoLe0k jists &0 tieskdos jfdHikdutdls] GiteSd (Galanakis, C., & al. (2021)). Jhusodkdvs etz s Jj,
UJ &dtine0 stftsshis jd& d Hishisi fjd GOydds LO fitfisH jdwdj 60 0Ssz0th0 diwWistedoydw o tjotbs ots jd .

RUIJLrWRC

S QEGEs GOYEEEEEO

SEBEEASOYHSO & j>iHE BEOHAs R0 o HE NS otsjij J i jd0 T tfs-esEwe0 Yo Sls swa
qLtfistzLe0ls fsydodd diejsid d ool M jydokit Goydh L0 SRR GO GO dEWSEEOY sk j>HE fid.
JTOL90 ], Y BWeB0 dydascts ZHtsBdd tojh jdadw, CscOists fyj %0060 jHds ddfyj HO dLe jiisd etstwWdz0 ctelztfo
mist60 s 0Ltz o L0 of OLtcfutd] bk i LO oL st o0t j &0 Sk Coydsddds j s jndstssdd.

uydothdlsj Gejyd o fedisyjeduisd L0 Aydki dj 10 OHjSo0khs tjh jkdj, LOPEks fj
qLifstLo0ls o LO G02-E0Lkdutd Heed Hi2hsod™. I dises Hikd e0xbd dsoded 10 dLhSokd,
LOPIss 1O dLdgdhlsided Bls is-Gsod, & &l P jhise ikd dsodhd. 10 tiM 00tk &0 tiesBEig0 J Gxds
6§ jiadj, S5 jists tfts jHShisO8™ dOyd O HOH s LO8 jH jtedlj, d50COLAE ded SOSa0SE o HO j Stec0hdLOy™
dizdf Y0 S HO dtstedsicO ¢BEMtR0 ctelztfd RsteO.

1 rsChOndls § tfiejHiisOo i G0 fisizHjdshSO0 GOzyko fdfdw 40 20.05.2021 o fjSydW stdhlzadCoydistso d Stdiytsld tsiz0
s jnkdCo f) steded@0tts L0czOodj &0 BideOthCd JidS: FLARFAL HMRILrRr 19 J4d IR W

H#3IRURC
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i Sistesthd gshd

CLiSkteshids] gshd h0 kR LO yjdisO - adej>HO fj OHtsjfdlsj &0 isksts iBdisikdlsj d fd
dLtfte0M0 jizjSlstotsdatzs toidsts S swa (Gilbert, N. (2021), The Radicati Group. (2020)). 3 Oydddls G0
CBEadSOydw j &OH > HIG d i sBP jdd ks fi] HEhis0ew BI LS, 0 Hislzed isiste iBdls jizd & Bse0ls HO 6
adHWs, dListeqfWis dfted gL jfiswis ) Stsds jdisOted].

Jote0hduikdiss &0 JejSkteshhkdsj gshd sBOYY J, uj kW0 tfieiHoOkdls ity HO fj L&Oj
JzjShstotsdadad™ OHte jf) &0 tskzizyQls jiv. Jho jd lstse0, ytsju iz jSstesbdzdlsj gshd i dLtfts0ols dids>y dfisots
worzh dad fofindz0 f) yjiz dLds0ds0, $te0>1B0 %O HOGAGO dizd Yoted. I LisOnistdls ~tste0 tJ odi0sd BiS60ls HO
t60L6t0nRAUOl  LishOgjtikdls) P jkdy d d¢jhks HO fd LOBdzizHws. s OLd GizjH®O IstsySo,
JziSltesihdlsj P d & 0 &itfsHasHWhd LO BtecOhdLdte0dj &0 i Bdisd™ d dLeflsWeld] %0 csizvd0
Glelztf0 Rists0.

Facebook d Facebook Events

Facebook Events &0 fsyd0td0k0 ffiz0sWistez0 Facebook it jHishisOew slszdydts tsjh jhdj &0
tftotsBz jB30. JlecOkdLOydd, Wdtedsd dizd yomskd wdyo dseols HO fdLHOe0k fIBdlsdw, SIg Skt
it iBdisjedis] HO fj LOYdheOls d HO fiizyde0ls dLe jhisdw tls stee0ddLOLSBS .

ietsBEzjdidls %0 YizOlsWisteds0ls0 J, ud W J shdsons fisydodi0 died>0. Ikt isdisiews sewsod HO
daz0 LOHI & dls jzts tojedistsOydy, LO HO dLifsizLe0 Zhikize0lk0 Events. L5500 osH HE BlsSEEYo0d%] &0
EOLedutd YeH-YzosWistelsd d Ykizy0e0ddss ©%O0 dLadhsdy s fyjydwWousd dLssyedyd SOkt
YzOWistedzd LO tfesHOM B d MisydOdkdd dLedhisdw. 3 0ddte0t st &0 & jsBRBHIROK0 daWstedizoydw fj
ks> Ewe0 d 4 odLdssyis Attd, Sodls déj 70 Gowhiks f) kjrbsizseddlsy, HO fj sBItCOlk &is ofduSd
fkized G0 eiwd0s0 iz0lsWistedz0.

1Qe@@slso@hz | ZOGEBJEEGS Hedizs>itd] LOBEEAzdLdteAzj GO Blsdw

o GOLONso0h) %0 EHsBhoslt s dLytskLeOn) ©0 gsedEkdlsd sj~tsEsedd d SWadkolso
HEshisd tishis ©Is 6lzjHE0 ssySO %0 yddo d bjrbkduinSd goeodistd, tisysd ofjsd o HEJP&E otsjid
teOLYsZ0c0 f k@it kjzjWek (MdOlsWisdk) (Ofcom. (2020)). tOLteOBskjkd M0 ~dEWHd GBAMRE]
todizs jlzdw, Sodlsts HisHBBEY0ls j>JHEjod st &0 ~tte0ls0, G gt ot jds G0 HOkH jd3dws0 COVID-19
10 tfte jHdzts joad] dtatso0lscfodsd tftetscteOdsd], Ssofists dekOls LaOyds jizdts kd jidvook RistolsO o dLod dits jHad
MofisizOydd. W Otedajte, BOLEdudkd swlizjtekd d ydWwissed tfedizs>| jed™ oju N0 G0 BOLEs jedd, LO
HO tfte jHishisOewls tfis -HBsBled Zkized tfis ydWisse tls (Vaishya, R., & al. (2021)). HEGG Bls ¢02-
ez iddls e JHddnise0 &0 MdOLsWishdls] 4, U 5J dd30ls o3 LB Eshis HO Histizy0e0ls dLe jhisdw o tejodds
ot jdsj. JhsBddzddwls Isjiz jWists j daidLds it it OShifs0te d tfiejL tfisojy st otejdi fij GOddte0 o BlzdLishis
HES fsBisojidS0 d. wzjHise0jkdkE, 0SE § tistizyjds dLadhisdy, ks P BIH adHYGE o 60dCdlsy &0
BvCsESs ddbtzsd. RGOS ssa0 o tfiejHodH ] flsdfcO HEs dLetHO, yj &02-tihdkdws d BIteL GOydd LO
CodslzzdSOydw f) Aiste0ls0 j YtejL dasBdiddlsj lstets2hise.

RHJWISO 60 IstsL ttets j<Is, oL jds02¢d tfisH addiz0td 4 d3OMseBlsts oL tfesh)ist0djddd %0 BBl
histes2ise0 o kHtBhlsetkt tis dLehisdwiso, J HO fij TILHOH] dsBdEGs tiediztyjddl, Stists HO
s JHishis0ow &0 tfisists jedls jzdls ] ZHEB iz G0ydd LO e0LcE j>HOG |  0BBGdtE0d, | S d3 b Bdlsdw. JIs HislzeO
Mists0iz0, HO tfsLove0 &0 BcOdkdLoksidls) &0 hIBdisdWisO HO dd30ls o Ld3sHdshls HO tfisjetzj>HOI
OBBa&AtE0ddls ) it jadis jid, SOSkt o HO dLift0M0ls dLe jhisdW His sWa. LHOYES J ety jddjiks HO
doz0 dOShdds0tdzts ttfteshisjde ddilsjteWj2h d BOLsad WhSydshotdshisd, Sodists HO & tsBiteColls
st gk _

RLANSO0 ] MEJH doisOkdichd 60 tedisyadss, ikt jsdlsjdvls HO fFLHOH] Edyid HsWdd.
N0 Ade. 1. j tfiejuiisOo 0 HAOGEORO ©O HJjMsodwiso, Stdkts judl Shkdidl j ¢jsBrSHRE HO
ejntfedidd ted tejediistsoyd™ ded ofdho0i] o Hesctod0ls0. wtjH EiifjNds tjcdhistdtod] did
otfdho0td o ttedizsy jdd. ks, it jBdls s g0 o Ldss>&shls HO BOLEEj>HO fydid ¢ i f) Afd Bdflsdwi,
Csdists Hislzed isiste iBdls jzd (Stec0ddLOkted) MO i LHOE.
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Mein Ko 3a leHepupaHe Ha
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v
Bpuuware Ha JWT

TOKEeH KaTto oTroBop

AdE. 2. d0cts060 G0 Hj2Msads0 tied te jedhstecfie0ts i/ otfcfo0ts

N0 Ade. 2) j fsCoL0B0 HAOek0R0, stfdhedh0 tidudsj odLdsydshsd &0 tisct0d0lso,

e JHishisOa jdad 0 tejedmistedtcOtzdlsd Yisistsjaofls jazd.
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PenakTupaHe Ha
| WHpopMauMA 3a |

CragasaHe Ha
npodMna 3

, H3BeCTWe 33 ChOuTHE |
™ ==zgxtend=>

T
* Mpernesgase Ha
WHDOpMALMA 33
1 npodhuna

MonyyagaHe Ha WaBecTHe i

/ HECEIINE \

% = Mpernexgase Ha / |

OTWEHOBEH NOT| Eonmr\ MoTpebuTen cwagaren
T CIMCEK CBC ChOUTHE/ P o

=zexlend>z. =" =) = : ]

i
g |==extend==

! { MNpeme¥gaHe Ha |
.9{,. COGCTEEHW CLOMTUR |
| ADOHWpaHE 38 ChOuTHE | T

' OTEapAHe Ha eaHO !
B chOnTHE | <sedends=
1

i

OTEapAHE Ha 8OHO
cwuiuThe

/ PepakTupaHe Ha ..
WHIbopMaLWA 38 Z=gxtend== =
CHOWTHETO

Nde. 3. rq’OGtGédéO 0 fzzyOdfisd %0 kztftslsts jBO

10 A Bosofjfi o stsLf filzy02 1 tfecjds0 ofwCO diWistedsOyaw, Sowists dstsyj HO J © ofls jtsjf 0
Hislzed R0, ka0 GOteddte &> HO J diejhisdj Bl HOHjZO Otfls S0, CwWists HO fdsBMO90 LO
fsizizy0e0tj 40 & jSOthiso0 dizd LO hedteh jk0 GOkdydshls; & &is>MJ d HO j dLejhisd, tis ¢ jSoehSd
CoBdt s, IsBM00M LO shesBHji Yoh did Lo LOjls yom, S0Sks d LO tfsydedd Had (Ade. 3).

TOLEEj>HO2Sd iSO ) Amdsdisowi, sk jsdlsjivls 0 edLdsyaGshls HO dLofSed
0BBEORG jHs s i LHOL jiv %O AT Bdsdjisshi of HO tfiskzizyPe0 duogiisd” fizjH SHISBG jid]j Sl G jcse0
nists0t0. & Fris 50S0 ds>yj HO fj BsCOLE0 sl HfiszizyPo0d] G0 fiseP jidw Cids HOH G AfdBdisdjfi.
ot Mt ¢ i) And sdlsowi, tfiesct0d0s0 dd0 o NYdidS i) draghisow, ssCinjlst ysejS disyj HO
e jciz>HO oy tistzizy jdd 50Sde0 (AdE. 4).

W Md #0k0cO tecOkdLOlstedls HO tisdskvis OHtsjfid $O tfiskts jBdflsjkd, O &OYtOets il LHOoOI
dLaghisdj SIds Gt A Boflsdjii. btz H lstso0 Oalstsdz0sdudss il dLtfs0fo fiseP jdadj ¢ ds Bsaoizbgs
lzfistets2Mise0 %0 kst jsdisjkdisd, St di0ls 0BG b LO BJets. s st Goudd d He s Mist0dd fd
zz jhiwells His esiwd0 fisjtdjd. Iekeisdisitdisy G4 sewsad HO Blsdodls HES BWEE dWlss, LO HO fj
OBsEdts0ls LO tfisizizyfe0dj &0 dLejhisdw d dawstedzoydw, 0 i LHOI jidlsj @& tevBo0 HO gOLWis itfdnd ¢ f
OHts Jd G0 SlsHjizdd Yistejsdls jdd.
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duntpu : duntpum
JlaTta Ha cb3fiaBaHe JlaTta Ha cb3flaBaHe
M oo B | o wis W
arta Ha ogobpsBaHe . i
A ey Cvbutne MU3bepete cubutue ~
B @
Dduntpupait
Cvbutne Wzbeperte cubutue - HoBo 3apexpaaHe
Cv3naneHo Ha 17/06/2021
Or AnTteka "Actpa’ yn Bopucosa
® Bcuukm O opnobpenn () Yaxawm HepaboTeH aeH
Cv3paneHo Ha 17/06/2021
OT Antexka "Acrtpa’ yn bopucosa
il OcBoboXxaaBaHe Ha vac

Cov3pnaneHo Ha 17/06/2021

Anton Antonov 3a Anteka "Actpa’ yn OT MEAULMHCKN KabuHeT "3ApaBKoB
Bopucoea v/ X MouueeH aeH

3aseeHo Ha 17/06/2021 Cwv3naneHo Ha 17/06/2021

OT MeAnUMHCKY KabnHer "3apaskos
Anton Antonov 3a MeJULMHCKN KabuHeT
3apaBKoB

3 41;};),,_ Ha 1 { ) 1 x

Opo6peHo Ha 17/06/202

Vladimir Vladimirov 3a Anteka "Actpa’ yn

Nde. 4. Ste0dz LO fiydid € i 0BBE&0d jdis Nde. 5. $te0dz LO fifdihd € i dLedhisdw

ies6te0BH0s0 te jokdLoydw J sid P jiise j&0 f) g0 &0 judydlsj LO fteset0dzdteddj C# d Dart,
gL Microsoft SQL Server, 0 fsists jadls j&hSdwis dizls jieW j2f J e j0kdLdtsOd yte L tesete0dsidw oS jis
Flutter. {0L0BBIj&d M0 tiescte0nid dsHEdd, Ctdkt tfsLotizvells tfstzizyPe0d d tjHOSE0d ) &0
dewsteioydy fieju dahbsitetls fsltCttd L0 LoPdljk0 SohzadSoydy HTTPS. tJokdidiodd mno
HlotseteOiilzd BsHizEzd, Ssdits tisLetzvells dLft0P Okt &0 drajhisdw SIg dsBdlad Ehsts2hise0,
dLisiLe02Cd B HEZYE0WEER GOS0 st &0 Google- Firebase Cloud Messaging 6,13.

10 HO d3ts>y tfislste jBfls jizis HO dLtftstzLe0 tftedzsy Jdadjists, Ist2 IstevBoO:

T 1o ddo dunisoddte0d Google Play Store dizd Apple App Store;

T 1o J o jndt gsukzy0ed &0 drejhisdv sls tiedis jtd ks tls Gomsts2Sdlsj &0 ks jd jWisto;

1 Isdidsss zkts2Mhses HO 4 0 Android 7.0 Nougat dizd fis-odsSs.

RYVAJIrR

10Le0Bljis J fdusyikdd, teiHshs0ewhs &0 gtbtisdsjedlsi fd odLdsydkshs LO
stecOdLdte0d] &0 i Bdlsd™ d dLife0M 0k &0 tskjLk0 d 0Skz0ke0 dewstedoydw Cid tisists jadls jazdls i
9 toj0kzdzs ot ji3d. Ies jClsdls g0 drudhisid d dhsdisdyinSd durite>0d dilsitW 2, S22t fiLetkve0
ZHEBES d Eihbs Ztfe0od jid ] is fist0w0 &GO tisists jadls jadls.

Yiedisy jed ks i jHshis0ow &0 ttec0hdLOLBEds | Stfteshis jd &oydd LO dLBst @0 0BSHOd, St
HO tfsizizy0o0ls droghisow Sids HOHjhdlsj Amdsdsdwi, COCks o edidsydshls L0 dLifisdf0kj &GO
deWistezsOydw o te 0kt ote jdzj SI 3 ohdySd LOds jte jhso0dkd st jBdlsjid.

Ao Lrotnduy »

uLd HSCEOH f)j UzBEdSke0 f) fisHCE k0 GO sjSs 21-AEEA-01 ARG jkdc jdisdhd
Okttt fdnsjhd: dLiitjHe0B] &0 kvRGSss OLedsd), fedesyied d et jkdjn,
WltOthdfts0t Sis WistiH An Ozutd dLiziHe0GA"R GO TGS dde ol s Addc.it siduyjof.
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Abstract: The paper presents an approach to design and develop a strategy game that combines different concepts
for developing strategic thinking, memory training, and knowledge testing. However, the game is a type of strategy, but
not the traditional one. It combines several different types of games in itself - strategy, platform, quiz, logic, and
endurance. The project is designed for all age groups, and the main idea is that it is aimed mainly at students for informal
knowledge testing. It is possible to ask an unlimited number of questions at random.

Keywords: 3D graphics, Game learning, Strategy game; Test knowledge; Game engine, Godot

AcdcronRe ]

st &g, ksBdls &0 ohdued yjddyd , hiskzhjdisd d Ast0 ede ehdySd ot jd k0 T dete0lso!
AChtsyo0d jists G0 deted o By jhd st j dd fiOdss LOBOawGS d teOLade0M s fisydodkdd kdsjhdv, dGis Hijh
@G5> d HO BIHJ dizsjte0Skdods d GOdhisdk0 ylzHine dahistekdjds L0 Zyjdkd. rHEO 90X%0 yofls Bls
ngdhz skt tByikd) J dBjhdEs E0ddie0h st 60 dilsjtt0Ssdodd Hi2dshisd LO ShomnEok0 fisow, Crdists
0 hedteL0dkd f j>jHBjod jiss. s bBo0 G SLE0Y00, Vj J tfis jHEOLEOYj&0 MOGE LO Y0P dls . Ret0O
dag0 LO yJd&z HO tfsHisBled oI LAY B02-dGdsets ©ls ofjSd (Stefanova, S.& Zheliazkova, 1. (2003)).
Jisot00 dHW 10 tss S0 j HO fyj ts0LOBESd dfetsd s st Afists0ls jewh, Stswists iy jls00 tsOLzdydd
Cdyjtfydd L0 tOLadisdj @0 fisteOls jedyinSlsts ddizjd, lstojbot0dj @0 godsjslso d Isjhise0dj &0
LE0ddW. 10 yjds0 fj tftets jSlsdteOls of teOLtsOBBISo0 tSisH jhdid Stsdstftstzjdisd, sBJHAR jkd o dilsjte k0 d
Gdlsd iy fits JHO LO dcte0 of djWistecgOdzets ks jlso0dzj GO LaOdw.

e jSIsdte @z GO JHEGEQEEISS te i jddj

RGte0IS0-Miste0ls jedW J LOBAMEZ %O HO J JHBSotE jd3 ks LOBOaHO d SBEOLSo0sjzdk0. sisteiBdlsdwis
G LGOS jiks HO wOLodfe0 wOLZduld Edjedy, fejBdt0o02¢d dijL GWCsESs kdyd detd. 0
dutfidtjidj 40 st jtshsyjksss Hksed N0 Wekkzediedkd ftjHads] ts-003Gd dLdiSedhd™ Sid
sBlzy090F 00 dfcte0:

1 tedsix 000 jizjdsjdisd %0 thejHdLodCOkjdhisets;

1 Yo jHtshisOew LOBOS jds GO LO Ehotswaldj d Isjfiseo0dj %0 dGsod L&0dkd™;

1 YtHisBtewa0 d jddWisO LO oL jds0dj 0 to j jdadw;

T didne0 HBE Gdot &0 Cdy distsOydw.

SBHsjShHsI GO Lisists jBO GO et iSk0 j tlejHisoojk GO wOBL. 1. ReOKO j i jHodHikO HO j
HiNSSY ooy jtdj, SESE i HENs0ow oy ol LasyEshsd Hied E0LE0BEse0tk] d j oSG0
G5 A5t60 tOH 12 GtsHefta ) declicfes0tjds sticfls o Ssdgtfeslsitetactlsj fetsd:

22 rsCkOndls § tfiejHiisOo it %0 fisizHjdsh SO0 GOzyho findw &0 20.05.2021 o fjSydW stdhlzadCoydistso d Stdiytsld tsiz0
Isjmdz0[C0 f Stecfedi0tds Lock0ad] &0 BI&c0EhSd JLdS: I LrmJr 1¢ sresddur e TWPRC H RALP-#5TOUARC
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UOBL. 1 St Shls 10 ktftsit j80 GO dfets0ls0

JBP6 SYdhoGd G0 SEEBY=lsi G0 e, HnCSlssy Tedisy itdj, s st Adto-
tedizs> jadjlss: flsteOl jefA;

IsistjBdls jid: Andysd, & ¢02-0jyj zujhdyd d fiskzHjdkd ;

A3 LteOMIstse HAOYOLsH: WOH 12 ¢sHhd;

RLANSo06Gd Zd3jddw: A0Le stdls o Sastftslsi tehdls j detsd.

wlzjH oJ LizdCo0t jist G0 dHIWSO, LOYBdG0 Y0hdk0dists &0 detsolso: COSots stewso0 HO i HIEX0 d
COS HO BIH to jOtzdLdt0d0. Ishyk jHiysod,j ] tOLEOBISIRO SisH jhddlsj cteOWdSd, ywizshiseds fiyded d
cJtesd, EsedSo &0 iscts0di0k0 d ofdust dizxks G0 HiesSlko. I otejdd &0 il LHOa0GRE fj ifise0
tesissisoy &0 dete0ls0 d fd Yo jHd teskzyodd, ffewdss Skt fij Gote0adR0 teskitd gt et iCo.
R ¢OSt0v, a0t N fedyddd, ui detok 4 Loedtsh j&o, i tted], ui kW J ctlste0 L0 JShtfdsosoydw
(Nnde. 1).

N
) -

NJe. 6 s0td %0 i LHOa0,j &0 dfete0lsO

= Oterdls jS szt OGO Ytedizs> jid lsts
MNpeseHTaunoHHEH C/10U

(Photoshop) LR Chizs0sd GO dew0so-fstolsjcdw  §
CHONINCO teazs20 ORdlsjChized (AdE. 2).
I qoct0d0s0 e jHisOo™ OLEdutds] woRsd &0
- tlescte0B0s0, oLOMEHMsodjss kidHE WA d
Jloruka ftsWislz jte0, Sts2lsts j tfistzLo0t LO dLete0>HOL jists dds.
W Ade. 3 j  YsSOL0G0  fb-tisHiesakO
Otendls jCIsizte0, oSk=syo0M0 stfdhOkdj &0 4]l
- st GEHEEO. Y jdied sl 5 70 fodds, detsd
d JHdE - tBJH]®WeOP. vYigjL  HhiziHddw

YetsqLotsdzits f 6 jdtde0 d sHYsd060 dLBBte0 G0
basa aaHHK 02 555 otsodls) dsHEzd. 15 Hezed fisord,
(res) 552 skeso0E™ df LO adLE0kdLdi0b | 0 Yhsehds
sBhsowe0P dw fj tfietsets ji) d tojLizdisOls &0 detsOyQ.

(Godot u GD script)

NdG. 7 utediizs26%0 OendlsjSisizis0
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O6eauHaBauy
Moayn

v

A\ A\ A
Moayn Moayn Mogyn ,loackasauma Mopyn ,Coyerai
JMnargopma” ,Borpock xopa6“ BCHYKM"
| [ A | A

A A A [ A . 1 v
o I 1
BpoAY Ha Tepoi/ Teneparop bpoay Ha em‘?: op leHepatop
MOHETH v asatap Ha BBAPOCH v pesyntar v T B Ha KapTH

BEPKH
feHepatop 3Z°Be ‘:zu Tepoi/ Mposepka 3a
Ha Bparose P asarap CoBnajierne

0Tr0BOP

! 1

AdE. 8 Perdls jChls0 G0 dets0is0

N2GSYdsBALjE GEH it OBy N GOdet0O

WO Nde. 4 § e jHis0oji0 HAOGE0d300 10 HJ2dshisdld, stdhe0f0 COS teOLdyddlsd yddd hd
oLOddsHj2Mise0ls d edLdssyhdlsj otdLCd gjyHEZ kWA, ddjH BlsolteWdj &0 tiedizs>kdjst tiejH
yslstejsdisjiv fJ odLzOkdLdid ckzOawksiss djhk. JIs 50k k2 di0 diest $0Sets Hj2fsadj HO
tfte jHted iz d: HO LOYBYER] dete, HO Bkotted B jdkEsksts i) stfydd, HO Slsested &ttt f) dahistzSydd Lo
tfsiste jBdls jiv dizd HO LOested tftedisy jhkdilt. RLYBELO02C d3 jdEsls0s0 tisists jBdfls jils tts jozdz000
tfte L toOLzdyddisj JisOtfd &0 dfete0lsO o HishiseO HEs MaswisO y jd.

§  play

L heror ] pltiormer | ¥ pitiormer 8
[ bock .
m I bouncing [ | bouncing
} menu ship
[ ' match m =
| howto i bouncing y themall By i thm::all
I & ... —
match
Ea
{ score ]
d  back ]
I -e
AJE. 9 rdoc0k0 0 Hjashisdj, fsC0Le0M0 COS toLddytbds fiyjtd fid aLodmsH 2hise0ls d
oted LCdlsj &3 j>{HLz W
TdAdLOyd™ GOYtdizs> Jeddists

RB02¢d tfisjHodH LOHOYd] d  dLdihSe0ddwiso, Sidlsts Istewa0 HO BIHOIS MOL jdd, J > J&0ls jhds
dcteOls0 HO BIH] t60L0BBI j&0 SO H NS tfedizsy Jid]. v P 50S0 ktewso0 HO fj fdsdhdd d LO
dLetOXHOGJE &0 dusjewj2m0 d ywishishdws HALO2G &0 detdsy, SOSks d LO d3lzLdSOddsists
SWistedgiziddd, SBJlsts HO Histteddzng LO ywiztshstésists duydevedd] .

ted e jOkzdLOydwisO &0 dets0lso M0 ditfisiLedd hizjHddls) tesetodtd sinksisedd:
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1 Godot j GhsesWidSydstotid jeHxde L0 deted f) tOLzdudd trokwistdd LO ¥ LHOa0k ) &0
2D d 3D deted s jHb it dizls jteW 2. U2 tisjHshisOaw dLyjtefOls kit 0Bt sis sBAd
dizhistelzdz jdzls], 50S0 yj tsksteiBdlsjzdlsj BBc0ls HO fj MdftsjHEstyls odtenz fic0s jd st &0
deted. ysksodis] fiesete0dd Bseols HO BIHOL jShfistlsdte0dd i) jHbs SkdSodd) S tsjHdyO
zOWisteckd, oStz ydsjtdts shisotdlsj HrosWstdd LO GOmstedkd StiYtslkted (Linux, mac
OS, Windows), €0Skts d ggsBdizdd (Android, iOS) d kjB-B0Ldte0dd (HTMLS) tfiedis jkdw.

 Adobe Photoshop CS6 j gsh &0 tftetsete0d30 LO cteOWdyds e jHOSSAte0d ), Stwists  tfsLottwed
HO fj fILHO90K o d30ddtflzazdicOls dLSBEOMJGIY LO Hjyok. utLd fswkizite J gusd
G itscte0dy it od o oF LB &GO HO BORAYzEdEd dLEBEO] jdkdv.

1 Audacity J BjLft0kjd, GidHEE0WSER]E fswsizjt LO s jHOSkd0dj G0 LokS f) Slotsts jd
CtsH. esete0B00 j d0kdudo L0 Windows, GNU/Linux, macOS d Hislzed Unix-BOLdte0hd
st jtsOyfstaed] fcls jdzef-

Ree00 &j dudnSe0 &dS0Se0 tfisjHalkdl jk®0 tojcdhitoydy. Wjds j JHddhse jds HO fj

MisOtelscfte® dLifd ddacfdzcfw Wo2d ( ) O dfte jdedJ .exe), fkziH fJ odLiz0kdLdt0 shhsodkslss Bkt (AdE. 5).

MENU

| PLAY
OPTIONS

HOW TO PLAY

AdE. 10 [fzsohsss d jit 60 detsko AGG. 11 i oshOuORGsSs i fjstvtdj &0
¢ jtecfic0tq tfis

Jjteslsts g0 4 stfydd : 0) Yed GodiCokj &0 Bisk APLAYH (AdE. 5.0) fij L0ty datsd, d
it jBdls jevs J ttsjtteOlsjd SIcg fyjkoksd LO ditte 0 ¢jtes?; B) ted d@OsdnCOhkj 40 Blstsh:
AOPTIONSH (Ad. 5.8) ] slso0te™ GOmstes2Cfls j 0 (ets0ls0, SlsChHjists s> HO )] Histsds jds LozCo d
e jLsEydiisd 40 jSte0n0; 9) Med wOsdNSOh) %O Blzsst AHOW TO PLAYHR (AdE. 5.9) f)j tkodw
& jGststs LO qustezSydd], o Sdsts isHisBaGs 70 Yok toLEdutds dsHEed o SOS fij detsd] GO lswa;
¢) tedf BOIscSOtk] &0 Blzststs AEXITHA (AdE. 5.6) dfcts0ls0 flj LOkoOtEY.

Akt jBdfls jizvis dog0 YteOots &0 dLBBE didHE Hoj (Bl ylsdtedlsj) deted. 4t tedte0d jist G0 Ho s
od Lags>tzsshisd flj i P jilsewe0 &0 iy it fedaydt (AdE. 6). 70 HO di jtsj dets0, detsOydls lstewseo0
HO GOlsdids jH[G sls HOOISO AtfistelsOt0r. Stse0lsts i3 SOs0 j o tenlz Atfistels0n, i dLifdhe0 W j dets0isO.
10 jSte0k0 fj tisCOLo0 d tftetsete 0 &0 dete@y0 o teOLzdyddisj dsHized. Jd estedadw Cte02 70 sCOLOdkd:
Isted > dorssO o dfets0ls0 ADzOlsWistsck0n, te jLizisOls ts0o i 10 0(Stsjlsts iy sBiseWa0 ik jH ths jd3cd0ks0 dets0)
d a0 tfs0es &0 5 ctejnSd o dete0lsd AT tfeshd f. J Hsthd™ S0 70 sCOLOhd SEESs Hilsd ofjveo
JHGO Bls detedlsj J BA®O tfte jzdd0is0 .
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6. 12 S0te0ls0 0 jris 5 dicfo0lsd 0 dfets0lsd A6, 13 4205122 40 6050
A E0BWEtEd0R A EOBWsIes0f

RG0S0 At0lsWiststs0i g0 LO yjdz HO fyj HEsTsdetj sis S5ySO ¢ HiS IssySo r yis L s jHoOtedls jidts
MILHOHj&O COtels® (Adfe. 7.). wdBdiOls fj GsEkjsd, Sodsts &J 0 LOHIddjked, &S ko jkdy0ells
te jLizdzls0k0. RKBO tso jyj tls jHdd GOt telzs, tfis Cslsts disyj HO fj tisjdsdd (Ade. 8.). ukS detsdydls
stewso0 HO tsjd HOLd GO HO i Bt tsodv disddisd, HO ddh] s Yi-SteOlsiC dizd Yis-B LSO jd
tfils. uOLd dete0 tsOLade0 Bt jkjist o GitfsLd0kd fidiszOydd, oL jkod st &0 tsjh ikdw d ts jWiziShdls].

28 time: 36 matches:

L DDDDDDDDD
e O
O
Qugyato oTpaxerie CekTpanHo oTpaxetie DDDDDDDDDDDDD

AdE. 14 12012 60 dewolso AL flsshd] AdE. 15 1j20stj2 GO dete0ls0 Andvyjs02
ahduld

L jtedfte0 fj o tietshy 0 R0 jds Weciieyd (AdE. 9). b2 fij adL0kdLA0 G0 jStE0GO LOjHES f)
4 ol LEsYkd Blesosid (JHAR, Bis St ojteid). IshijHso0kjeds f) LOHO0L tils o tfsho,
G jtishte jHise i jH ohjSd JHE Tl odLotdLdt0 d HeOadittd skesost. ReOlls diO Hidats &0 5
cejhCd, fizgH Cjlsts dotedlsd tedCaz=yed. qejhCdls flj LOYOLe0k HisCOks ywizshiskosd detd dbj
tleSrEyd. 0 L0yl S5ESH tlsd j e jdiciz000ds e L s disHiz, ¢t NS i GOMtsiztfools.
A ssLd Sodtfsdjdls fj w0Ladal LheswoOkjks &0 hsod L&0kdY d fj YsHYsd060 stejdkdie0d s &0
10ds jlsis0.

10 Wde. 10 j o jnisOn s dssHldils Audyjs0? ofduCdf. tOLBIECa0k fj 54 SOEsd (4 5 13).
REEOI VB0 HO G0Gk jtod] SstSssts fj dss>1j ise ju  Hos2Sd SOt LO 60 fjSktHd. ReOS0 EOLago0
Liecfl ji20s0 0 s isH aOtiej>itacl o Sty astedycso. v

IshijHbdrs deHke j ARsHISOWPY SO, ute0 j ABjLCORGOR dck0, o SEWss
tislsts jBdfls js Ml flstejsd] HO flsclets i GOR-HOL Y, W ISBREHAKS J JHOUse jaiskss, desoydls HO Godso
C0adPO LO s0Ldts d5ijsts 0 Cr0adOlsizs0ls0 & YsHRBHWEW dsisds,jdas. UkC fj sOLadedls dsdtz jds iss o
. jttsLd0lsdf fdfskzoydd, tejWazjShdlsj d Sty jdastsOydwiso.

TiLds@sd Bls fisso jHikGOES JsO

I Jiwdtdie0dd 1o ol tisshd CIds Ykt jsdisjizdisd @0 dete0iso, Ssdlsts i Slswomnws LO JhsdisdydhSdw
odH &0 ddls jteW j2m0, kHtsBseslss o djhdskts tied difstie0nj, COSks d LO i jsteiCd Sk
60LE0BEIYdE0. e jHids J Heslkyedhy M 22 fkzHidk0, dilzytedhd HdhydYkdoso
Astsastfeslsd tetzof ctsOWoydd fidhisjBdii (Stefanova, S. (2010)) ) yjt fisHisBEwe06kj 0 d6t0ls0. YO sis
tejLizazlsOdlsj MO e jHiisOajded 10 Wdc. 11. YOHOHJdGd MO sPj d fizjnddis] edtfshd: et dd 7o
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s jid fie0adiz0ls0? s0Cets ddhkdis) LO tiesHI d>dls jidshiik0 G0 detedisj? sOS BdRls) BYjdddd
GleOWJSOI0 &0 dfetedls? mOte o0 kd od HALO240 10 detels0? mOte o0 kd od MisAisdsdfSOsO (Lo j>HOGO
o dct0ls0? _fifdts dd fj stedjdisdte0nlsj COS fj dete0j? motejfon0 dd od HOoOkds] ssySd d Btkzd?
AdRkj &zd dets0d sistsots? RMSOsj &d HO disx HO i oted POIsj $I & OyOEddw jSte0d tfs ofwets ote jizi?
0 dos0 Bl wd1dr. Finds dd hodShkonk] i Sodistestdis @0 detedisj? s0S BdRk, St jHikddd
dete0s0? s0Sets BdRls tes®ikdizd? s0Sets Ad R0t 0 ¢02-Ghses? s0Ses Ad R0t ih0 ¢02-60kSEs ?
WO tedris ] &d BIcsej d COSad?

Kakeo MMCNMTE 38 NPOALMKHTENHOCTTa Ha MrpMTe 7 HuBO Ha CRORHOCT
22 responses 22 responses

@ Muoro kpaid
@ Muoro munne

@ Hopuanio Qi

3126%)

Xapecsa nv BW QU3aNKa Ha urpata’? Necwo
72 espone

A{EN)

2 3 4

AdE. 16 YOS ks t6 jLizts0kd s 06 jls0ls0

RY\AJIrRrR

A HdtftsdhadY s Sl J tejozdLdi0n0 Adet0-fisiols jedwh, Sawists i Hitex0 tfjis dssHizz0 (4 detsdf
+ 1 sBjHAHRVe0N). AN jSd jHdE sl detssadsj dssHizid j tOLts0Bsks jd i) teOLdzdydts tfie jHEOLGOY jhd].
RGtsdlsj HO90 odLassH B LO: Sjfise0izd 10 Li0wdY; tisHsBLWeOk] GO fistolsjcdydhseits ddhkidd;
Iste jdzdftsOz j 20 YO jlslsO; teOLodo0k | B0 te Wz jShds ..

Ao Jrotnduy .

uLd HSSEOH fj zBRdSkze0 f) tHCejyok0 ©0 tesjSls 21-AEEA-01 ARMSjide jdistkd
Cogsytsitepd fdhsdid: diiiziHe0t) @0 Wagsks tOLadsdd, Yedisydedd d EtfieOezitddn,
wdh0dhdte0d sls WishH Ay Olzydd dLindzjHe0dkdwi &0 tizhjehSd édejehdisdls Addkc it siddyjon.
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EDUCATIONAL CALCULATOR INTRODUCING ARITHMETIC
OPERATIONS WITH 2, 3, 4-DIGIT BINARY NUMBERS*®
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Abstract: The report describes an approach to improving the connections between two courses taught in parallel
to students in Computer Systems and Technology, namely Computer Organization and Digital Electronics. The proposed
training calculator is designed to illustrate how the basic arithmetic operations are performed by the processor on a very
low hardware level T logic gates. The training calculator will complement the existing virtual laboratory on Computer
Organization, since its simulators perform the arithmetic operations on a register level. Using the calculator the students
will be able to analize how the arithmetic operations are executed by the smallest building blocks of the processor. The
calculator will benefit the students in one more perspective i in Computer Organization course the focus is put mostly to
iterative algorithms for multiplication and division, but in the calculator these operations are represented only by the use
of combinational logic. Addition and subtraction operations are also implemented. The calculator simulatres addition,
subtraction, multiplication and division with 2-, 3- and 4-bit operands.

Keywords: Educational Calculator, Simulation, Binary Arithmetic, Combinational Multiplier, Combinational
Divider, Logisim Based Simulations, Teaching Computer Organization

A3AcronRe

tets jClsdteOd jlsts o 0G0kdLIls G0 ydWistsad Ihstets2fise0 daz0ls tshdsestfszoc0M R0t0Sisjts tfted
YsHeIssa0Is0 ¢0 Cdstfeisd tedzd itf jydoddhisd (Bhuyan, M. H., S. Khan, M. Z. Rahman, 2018) d S0kt
ofivC0 Htelzc® dip>iJdetes® HAfydYdho dLdhCedls Lhotweldj 4O Isjstjlsdubd Stkyjtydd d
o060t jists e LO tejN000dk ] %0 CodkSte st Hie0Cisdy S LOHOY.

2 jLitfstets dLizye0djss 40 Jedtydyo &0 0SSO ¢O kjLd istshse0 fij shi P jhsova0 G02-
JWJCkdods i tisdssFis0 &0 fdikzeoydd, Sodist tkoczjHwe0ls s ¢02-HEBiedW GOyl fistizClkizis0lsd &0
JHES ydWissets Izstets2hisots, otedLCdlsj dsjyHEz Mdfs0ewh dlsj 6 jizjdsjdisd d tejOSydwisO dslz tfted
sHO900 ] 30 stftejHJEjtd ontHEd hdek0kd (Papadimitriou, ¢.,2012).

e GONGS by jetd™ 0t hiskzH jaisdlsj s i jydoeashls "sdsy=lsisid hhs jdd d sjrdsesedd”
dLizy0e0ls Hote0dz jdts Hfydtfizdtdlsj AAqWisse0 finjdslks jnkdSon o ALec0kdLoyd™ 6O Saatftsis 0.

A 360050 HdpydYizdd0 fiskzH jdzlsfls j te0BBIsWis ) Ssdry jtfydd 40 ddets ksteddeLdfistste, stedfcjte, BOLESS
isedyjhSd Jkjdsjdls, HECOks odo olstteisO fj tOLEMHO fistolzClslztedlsd of GOYdRO %O t0BEBKO &0
ey e, o yonskshs dLeithednjss GO OtdlsdjsduiiSd stjeoydd, s s tjehtiSsdooso G0
duiahdls jek0 @sedSo T tejedhsted, GhsesOLtWHE] fizgokstd d Etft0edve0M0 dsedSo -
CogBdROyBhEd hnddkd d BOLSed dsedyinSd Jeididisd.

B rsCeoHils § tfiajrilsOals GO fistzHjdisiSo0 GOyzo Mjidv &0 20.05.2021 o fjSyde StHEZGASOYMSHEO
Coodstftslsite0 s jntdSOR f) tteded@Okdts LOckOed) &0 BidcOEhSd jLdS: l\u‘qJBcjdz COLCkEOLtts LO dLiikzjHo0k] &0
Otefisds jlscfyded stfjtsOycld f 2, 3 d 4-t0LteWHEd Hasdydd udhEon.
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10d@didddls &0 kyjsddv tfiz0d 4 fiskzHjdsdlsj HO dLEteOHWS oted LSO didHE tELi0hdwiso, Cdikts
fedHsBdo0ls Sistshis EOydR0 @0 0BEISO &0 &02-GOESd] ctOHdodkd jizjdjdisd GO0 SohyEskitd d
L&0ddwis0 slstshis COS EoBisws shsadkdls) Bz dLtf adedisjeded d kgtoedve0fd Cadtisdidgisd.

10Lt0BBICO0, fisjH®jls &0 ktsLd HESSEOH fj sYdlse0 HO tsjhd IssLd fiesBizjds f) YsBsik0 &0
nduzeolksts, SR HisC0Le0 SOS t60L6E j>HORdL ] OkesEdsid d BEsStej LO OkdistisdyinSd sy jtoydd
fd tej0kdLdteOls %0 jHEs tfis-kdhSs kdets 1 BOLGS EsedyinSd JidJds.

AW I toaJusoud

IO fJ i LHOHJ 2y jB jds SOLSEt0ststs sl Isdtf doslzdzOlstste, Sis2lsts HO sd06E jHWo0 dLifd dzds jdad jists &0
yjisdtedlsj shised OtedlsdsdiscfuinSd sYjedydd ) Ysishis0 g0 OLsed wseduiiSd Jjejddisd d
oted LCdls ] BJMHEZ sWn. sSOESzEOkstedls stevBol HO Lot wed odo > HOE] %0 ontHEd fist2dkshisd d HO
dLaj>HO fiss2ashisdisd, fistizyikd &0 diasHds &0 i sise jistds ) hddls jLdte0dkd BEsSEe .

RU L WRE
RLBte ¢OMts jHOLOt jAzdLYdW &OtE M jhd jists

10 tejOkdLoydy 40 kyisdkdy COESEEOSt J dLtfskLe0h0 yiBkoko fitejHO LO tesiCsde0dj o
dd3lzdtcOtzd teOBBISOKO GO0 ydwissed dsedyinSd kstes2Mise0 Logisim (Logisim Official Webpage,
2021). rLBB&tedls G0 OLd fiejHO J esHACizo0d Bis fikz jHddls ] il SBts0> jddw:

T dtejHOLO j tfie jHEOLEOY &0 LO Ytsiste jBdfls jzd, Sodfists Is jfitco0 &0atzdLOl o fitf jydWdColso
%0 tetsJSIsdts0uzd %O wsedyinSd Mnddd.

T IsbiejsdlsjunSdwls dis W2 4 HishisOsd y&s Hishisd gk, 0 dLyjels0a0ijiss &0 oted LEdls]
HEShisOsI ykts Steshisjds, LO HO g k& ihid dLizyPe0dkist ¢0 shiseddsd Stiydgydd &0
esequnSdlsd Nnddd.

T utsjHOO tisLotive0 HO fj dLeteO>HOl Yis-Mizs>dd Hrdkd tls oy I LHOH j&d BBHEzEd
HsCOlsts i j fisdetz Histed Hs T jds0 &0 zujBjd tetsy jfsts.

T 10 teOLzdSo sk tfsojyjsts nddzeoksted, Logisim tsLottved ¢0 tisktejsdlsj&v HO
teJHOSIfte0 o jtedcOIs0 s ote iz j &0 MdslzzOydw, Sl HO0 Hfis-6BEWdR0 o LM EEhs GO
fiskzH jdzlsfls j HO JSY jtecds jdelscfteOls f teOLtsOBISo0GS ) fmJd3d .

T dejHOLO ] OLYteshist0kwo0 B jLYEOsks d &j dLdhSe0 dehsoezoydw.

T A SohCejlsidv fukzy0? hiskzHjdisdisj 70 LotsLEOsd f) Logisim ks Siztsh0 s ydWistse®

ndBBIsjrkdSo ka0 P j dag HOHJ od L3> &shs tis-BAteLs HO 1] tted jdisdte0ls o finiddisd
%0 yiBtdw COESEEOLE.

A GB6t i jieQydd GZOSASzEAsEEO

Ly Bl SOESEEOsE o YoikskEok0 fid ojefd™ P shOkjHYe0 Shisedds) ObdsdisdyinSd
sYjteOydd, Sodiss i drfdddvetls o Seltslsit0, 0 ddsjdds 1 idBd0dd, qLoOMHOG], Zghs>ikdl d
Hi it j. SOSKS HEBt] J dLe s, yjfissisoso GO fs™e0 4o kjLd SHiLoydd j ssyls o fsevHico, o
G2kt ks 710 LBt jtd, SOSE GOR-jflss dLtfi dda0R0l0 stjs0ydw j il Bdt0d,jits. i 2 Colsts yjiso ¢o
0L 1E0BEECOKO j HO f)j st0ctHd SOS GO GOR-talSs difors (BOLSS tseeu NS i jdsds) fj tsj0kdLceols
Otedflscs jisofudalls j BHJsOydd o Hissyjfsie0, SorSktolseils P j ddstijds jdisdisd Lttt jgdjss 0 kg
s jeoydd i Hetsdudd ydfizo.

JteQydd i Bdte@j d dLoHQz]

ujLd HoJ Odldjlsduid stjtOydd M0 teOLekz jHOkd LOjHES, 512 COks kWadOlkd Of0is0lsd0
e jOzdLOydW j flrisHE0, BEOSBHOL jhd j 60 dLifsizLe0h st %0 Hosdudkd StHESej LO s jHiisOawd i &0 ydfzo
i) LgoS. rydadds jzddvls CsH j &02-DdiesCt teOLtfieshste0d j#00 Wistez0 40 tisjHiisOowdj &0
szsydsithdd o skedydsjetzd udhntd i WdShdie0k0 LOtjlsow. o dGjcte0 tisdsh ke Btouktlss
i Bdte0d d dLe0>HOGj &0 ydhizolso fj flo j>HO HE Otedisds jlsofudts il B0t G0 Isjnddfls i SBHBo, Sl
ds>1d HO BIH] dLodtsh jits f) SBAChise jd flzdsOlstste. MHed Istso0 OalstszOsdudts fd Yistizy0e0 d SHils &0
LOCO 0 te L izezisOls0.
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WO Wde. 1 j fsCoL0f0 frd0 &0 sy jeoydtkit BEsS LO Okdisddsouis b Bdi0n &0 ydito o
HistI zddls jiz it SsH, dLizyPe06k0 sl fiskzH jdisdlsj o Sizteho ts Jete0ddLoydw &0 Sadsttsisit0. Ad>HO f,
uJ BOLsodlsy &sedyind Jeidddisd M0 tsCoLokd hods SOkt yomls sls tis0awe0P 00 dsedso do
MR JB0Is0. eHzdz0lststed ls fj tbOLEEIMHO SOt ytetz0 Shisdw, 512 COlsts WisClzhdls | tfishis0o ik fsojvj edtenk
ztftc0adzvo0P dis | dekokd d sWak0kO ts jokzdLoydw. sHils G0 stf jt0ydwiso (T Bdt0d j/dLo0>HOG) fj
LOHO90 Bls fidet0z0 So, OISt tfied i BAtOMw ] fiSs2ath)iSsO &z 4 0, O fied dLod>HOG] 4 1.

[Z)ax

KO
|_|_1_‘ npK T
zo| Pz(n+1) I:mc

A m

MNpPMp | &i
“l :':I_‘;? T2
Z(n+2) | s
L LI Y T +1
T

MpHK

WP} m—

[XJax [¥]ax
S0 0—]

| 3

S0 O

>—}

HO

0
iy I

A0 1. wF jhs0 G0 Sje0ydistjd BESS LO fizddiedtj o HEY bl j&jd StH.

sizteidls tts JGts0ddLoydw &0 Ssdstftsisite0 j sB Lt jy it f) odtelsz0td0 E0Bstk0lsstedw, i HItEM0M0
duais jte0Sscfodsd MfdsizezOssted @0 offuSd Sdstisizjdlsd @0 ey diised, SOkt hddzeoissedls) %O
BEz&CEo jisj LO dradteh el &0 Okdistjisdubd stfit0ydd slstedLwells Ly ki itd st &0 ik iHtkds] ¢o
tdots tejedisdts. 10 fskzHjdisdlsj BLiYteds Py BIH] Bis sk HO LOHIEBEYOl YisLd0ddviso fid SOkt
0Bt EHO90I COS tted Halsj st jte0ydd fj tejOkdLdted ¥ B0t st 0 CHEe jisj &0 ydhtoko &0 ddets
BOLtS® dsedyinSd jizjds jdzls.

editedz0 M jds0 @0 Ylosete0Bdiszids Hizdolkste/MzBlst0Csts, tt0BBkjM o Hstddhkdk jdik CtH j
t60LGEjHORO o (LaMeres, B. J., 2017). AdXHO fj €OC hdekoddls LO SH &0 st jtsOydwvisO ADDn/SUB
tstts jH W HOkd HO fj isHOH | Hstd dzdedls jkddWis SsH &0 +B dizd 1 B. ¢ tsdisPisd &0 XOR jdzjds jdisd
fnd WistedscfteO tsBieOIstWs SiSH B0 Y jte0dzHO M, 0 JHdhdyolso, Ciwists ] tedBOoW o 102-BEOHP W EOLEEWH
LO fisizizy0o0dzj 0 st dzddls jzdedw SsH, ishsd o0 SOl ontH j& tie jdsh). utsed )i fikkyed jHddkhse ids,
0St J YsHOHj& ded0d LO st jteOydw dLe0>HO% . voLd IinJB0 Jj dLkLe0h0 SOt jisOdsd LO fiddlsjLo
0 frdd3dlsd LO Otecflsc3lsdydzs T BfteOdzd d dLo0XHOG] o zyiBhdW SOECEEOsts.

Ay B As B: Ay By Ay Ba ADDR/SUB
I -
Cou OF A B A B A B A B
BN 1 s+ Cale Cout + Ciale Cou + Cule Cou + Cinfe
Sum Sum Sum Sum
l p=3 l p=2 l p=1 l p=0
S3ee D3 Sz D2 SiuD Soe D

Netzte0 2. wn jig0 G0 4-ts0LteWH itz Htescts0ddtelz iz Mizd0lststs/MzBlste0SIssts,
t0BBIs jF o Histfd dddls j& jd CisH.
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1OLte0Btsks jdzdf 0 BWCskCts fymjdzd), HiddkzedoMd b BdtOd o dLe0>HOGj GO Helz-, Isted- o ujlsdted
teOLteWHEG HosA k] S je0dH (WdG. 3T 8), LO HO 360k fisizH jdisdls j HO Hteshz jHwls dLed o0t jists &0
siLd st jtoydd gitet sls Hs-tieshisdls], O fiziH bsod HO tis jhdhkols Cids tis-fus>ddsj Hnjdd d s0SO
fshis jjeds HO &OHGEOXHOL LBOGAWSO Iid. s g MO0 tiedydho j dLBteOds HO BIHO fddis jLdt0dd
slsH j&zds haddd LO B0t d 50Sde0 LO dLad>HOG ) &0 Hesdudkd ydito o Hstd ddkd ik ik CBH.

. HonbnHuTteneH koA

.. NonbnHWTeneH Kkog

X1
Y1

X1}

)

AJeizis0 4. Lfjie0ydw Aud BoftsOdz i f stsdisOLtsWHid Hasofydd udhto

A )5 jdscflsj LO st jisoydw Afd BteOii onsHIs tfts jaist ofcte  tetstisd GO StsH &0 st jtsoydisd o
J ) WShde0h0 fists2dshis A0, O dLasHEGOWS s jdsh Wistdsdtsd G02-MisOshdwls OLEWH G0 tojLiztis0ksO.
e NRjcalsj L0 stfjtoydy AdLoOMHOGjA oRsHEAWS flojdsh P dekdj EEEvs0 G0 SsH GO
stf jis0ydwiso o j iy WShdts0d0 fists2datshls A1f, O fidek0ddls, Wisteddts0f f)j Colsts dLatH i LOjd, fiklz>d
LO dHSOlststs G20 tslstacfyOls jdz jdz to jLizdzsOls. 3 O Wde. 7 d 8 f)j od>HO 0Sscfodssists dstz fid fistswidadj.

SOkts Wisteds0 %0 MOBshistWisjeds LOHOGAS, %O MiszHjdisdlsy dsXJ HO f)j HOHJ LOHOYO HO
inddzls jLdfte0ls fjm joz0, SsWists HO dLedtehe0 d He jisj Stfjt0ydd T YtejL oF Ldssd&shs LO tistsdvdk0 CO CHO
%0 Y jteOydvisd d hedtoLeOlkj 40 dLntHdlsj 0S0, yj HO discOls HO dLojXHOl COCkE MBBted, SOSO o
t0LEgCO0 &0 Hosdyddis) St te0dHd M) i slse Jisddlsd a3 L&zoyd.

-05 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3.

- RESULT

© AonbnHATENEH Kog

oL RESULT

... AonbnHWTENeH Koxg .

Bt o——
ﬁf__)__ff_f"'ﬁ_ . NEGATIVE
—@

Netzts0 6. Jfjs0ydw ARLOOMHOB i f) HolztsOLEWHd Hosdydd udhto

S JeQud™ zdds> jhkdd

alsizijabsdisj ©ls MY jydoksshls statfEskitid hohisidd d sinbstsedd dLizydetls soLedydd
GdlssH] LO Hosduds didksy jidd, dHidisduid did BkzdLSd HE stfdhoddis o (Holdsworth, B., R.C.
Woods, 2003) i Ho0 s Anddcosji djssHd ) ydSedubs didinlse0ij o HBdE0G, sjndgd
BEHIWACOYdd LO ENCEtejis Lheejedd, khEsMitd] i) dLybeiedn) ¢0 soBEdyk0 ROM odjk,
HIE0P0 ctlsod Hotsdukd tesdrojHjdkdy, SOSks o JjHdh s Ysidoisdis) AdteLdii dlsSHA,
teJOtzdLdte0d dfLywazts f) SsdsBdhOydishd0 kisedSo, O disdbs i zdbks disjiws &0 at0kzd. edhlzeoksteds)
sls odftelsz0dzdz050 ¢OBHEOkSEd fis Jlec0kdLoydw &0 SodtElsd e stk0ck jHo0l ydSeduddis] dissHd Lo
Eddsy Jed] d bjnddlsj GsHAWASOydd, & fddkztzoktsts &0 ShBdioydstjb ks dis it ofj P j &j J
te0LEEOBBSIS jd.
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AonbnHuTeneH Kog

RESULT
X0
= S o nl_m o
o S ... . JonsAHWTENEH Ko
e
-

—e
. NeeATWE
NJetzts0 8. Jifjis0ydw ARLOOMHOG i f) HolztsOLEWHUd Hosdydkd ydhto

15 k0L Heyde0 o by jetidv COECkEOktste SYje0ydsd ks jtdj J ddstiids jdisdis0t0 it
sids0 GO Yledtrydto &0 dsds it Bk kg kd, SOt LO jlsodst | dLtfstLo0t0 tis jHis jGok0 o
(LaMeres, B. J., 2017) finda30 %0 Sst3BAi0ydistkje dsdkis>disit %0 yilsdtedisOLtsWHdid Hotsdydd udieo
B4L LGOS (Wdc. 10). 3 02-WizdkHOM jals0tdz0ls0 teOLEdSO B jdHE ydShdyddisj &jlssHd LO kdbsy jed d
SedBdioydistid” e dsit 4, ud ed ydSedudgdls] ddissHd fizds0lo GO yomsdudkdls] tesdioHidd™
stewB0 HO f)j I RE0GYe0  0SkkOLdLdd s otsjdsj GO Ltk jkdj GO SYjeoydwso, HECOsS tid
CstBABOYIERRT™ LhEsydsit )i Webddeds YLt Had yonsdutd fesdioHitdy ¢iB; (Wde. 9),
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Codlsts i tfsHO90Is Cids fdffnls jds0 Bls COMSOHMGS Mol teLOdd flzdz0lssted, G0 yddists dLatH fij YskizyPe0
tftotsdLo jHjdd jists 10 HOOO st jte0dkHO ¢ d . voLd tejOzdLoydw &0 SehBdBOydsh: jb Zahks>djE ddo
JHh G jHeshisOsIC T LOCINd jkd s, Skt fj tste0MHO tls COMCOHES hodtoLOddlsj izdOlsted, d&s LO
NsSO &0 5590 § fsOoddfls jkds ¢0ctzHE0 d EOLBAtE0JBO LO dLizyPe0d] Bl fisizH jdisdls 4.

AzAA1A
X B3 B.B, Bo
P;PgPsP,P3P,P,P,

L

[AsBo] [A2Bo] [A1-Bo] [AcB]

&E) (5] | ) | s
SR R s ot
& | (&5
2 B Wi
&5 | B | 7 | B
e e

! ! ! !
PP Ps Ps P, Py, P, Py P

Adelzte0 9. SEEBAtOYdst, i ZdGedls jk G0 Hotsdudd ydhko i) H s WAShdicoto Lotjisow

[AsB;] | [A2B;

R kS, COCks ted stjwoyddsi Hisdu0ki o dLodMHOG), J HdtsiLden0 titkes [Rjko &0
HOSOLIEWH ji SBBAGOVSE it kats>dsjt (Wde. 10), ijH St fij Heikdtoe0 Sids i jdd f ed-
d ydbdtedteOLteWHEzd St jte0Hd (Wde. 11, 12). ttaddidls] HjdsEGNstedt0ls EadksdJdkdd G0 ydinto i) Hwidkts
WAShdt0d0 Lot jlsow BjL LGOS, wizdOkstedlsj 70 tis jHiisOo jhkd &0 ddets BOLBS dsedyjhCd jdjdjdils, LO
HO fJ HEBJJ W0 tte jHiis0a0 COS fJ te jOzdLdted SOLd B jteOydwW sis ¢02-30kSdls cteOHodkd Jiz b jdisd
%0 dLyditdis jizdds] Zhststs2fse0 &0 tftesy jhstsO.

(o] : o]

XEd (] Y
RESULT

) HALF ADDER :
1':)
D
—— : :)D'I—
) s Dy

HALF ADDER
Adoizis0 10. Jifjie0ydw Audstssy jdd i i) HolzisOLtWHEd Hosdudd ydito
TOLBAE0 a5 J i jd st GOChdd0nddws Bles2 &0 LOLEWHAS G0 St jt0kH]lsj HO BIH,j 4, 0 I

J YlsHGS 006 s sBhsE s jthsotsts, vj tisd dis-cstvh0 EOLEWHESTSs GO gt jHids], HRiddsi
flsOdzOls seteHj syt LO YetsizjHwo0, of 0d0kdL.
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. RESULT

s TLLEE B

'HALF ADDER

o B

""" . HALFADDER |

]

— U FULL ADDER . HALF ADDER B

. ReswT

i1 4-BITADDER

Adetzted 12. L1 jtsOydw Audstsyjtdjfi i) IstedtsOLtswHd Hotsoybd ydhko

JYJteydw Hjtzjhdd
Johduslss Hjkjedj j stjeoydy, Stwists, tfisHsBh:s GO ks jedjss, Pt dgsyj HO fij
t6 JOtzdLdte0 tfts BWEBESE d3lstsHO T ydShduds Hitzjed ] f) La0xHOdG]  dLddhise0dj (SOt dLoO>HO® T,
6OLBdte0 g, fd s jhsewe0 yejL i¥Bdic0dkd G0 Hosdydkd StHBe,), St jid BsHIWISOyYdd &0
YdShdydsiss Hjdzjbd] o Hikjdd, tjodzdLdoss dryvis f) StdBddk0ydstdo ¢sedSo. skt b jHishisOlsi ¢
%0 kzy Bt i HIteX 0k o Sizteh0 s JlecOkdLOydy 40 Sdstftslsited disj HO g tshsyd, uj d&d fij
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t0LEEZ >HO e0BEIO0 %0 StBBAROYAEEjE Hikdlsjz, &VGBO d E0Lte0BEl & HdBEEoksts G0 S0¢ie oio
adtelsz0tt0s0 ¢OBBtOSSEdY 10 Siztsh0. SOSks d tisd S jtsOydwisd Azddisy jkdif, kiso0 sBhistwis jihisets
HOGlzo0 dLBi0 &0 jlOwskk0 fnjdko, ts Swsts HO fj tOLEOBSSd St jL0ydwisd AHjkjkdji o
COtClzz0kssts0.

ted ydSedyddis GissH LO Hitedd J 20tzdyd &isBRtHMBEMSO HO fij i A0EWe0 fist2dshislso
%0 ks jSzPdw shisOlsi €, tfisdizyid fikjH Yt jHbslks dLe0>HOG GO Hikdlsjkw, SOt tis LBEOSO &0 IssLd
shisOlsI € g sYteHJ2W o Yite jHB00 YoWisd 60 yomstsiss. stiedioydisthdWs Hkdlsit, HAhSZsd0d o
(LaMeres, B. J., 2017) to jOtzdLdfte® SHABHO ) dfis jte0lsdotzsiss dLo0MHOGj &0 Hjzdlsj&w, & dLyvis s
CogBdiOydtRie tils el Ndhisjd0 tls CONSOHES holteLOdd JHESWEOLEWHE] fizBlstbOCkEted (40
fte0CIsCO MidzOlststed, tejOdLde0Pd st jteOyd™w dLe0MHOG]) d GrEsdyiziShtd. tOLtWHds] &0
Hiddsj&v fJ YoHOe0s G ofwes Msifoks @O CONCOHEGS MedteLOdkdsj MEBlte0Cksted, O
Rldsdtf jChstedlsj stftejHjdVs S tOLeWHd Bls Hjkddssiss P Zyohisells tied WistedzdteOdz jists &0
6OLECdls . $Ss fefet0nils LO LOjo tsls HOH jdats Tisd Owss j by hiss2dshis AOR, Ists s jSizFrdwis shisosi € j
sty s jijb d T slse jisk0ls0 yoWis0 &0 yomstslsts § ALfi, Ssjists i tfisisdco f) ot jtslststee], o teLOdd
Cidz of jCd dLatH Qi, Wistedsdfte@ M YOistzsists Q. RLABHEGWS LOjd3 tls i tsotsists fisd f0dts fj sHOa0 CId
fcfnls jds0 tsls dalzezisfiz jShysted], LO HO fj YtestflzhdOls sdlzy jddflsj teOLzdSd $ids fiz jHoO st fiisd Hodts,
COlsts tz jSBABHAW®S Eidsod ] a0 HO il fttzyd j IssLd LOjds HO j i) iss2dtshls AOR. I tteslsde jos fiizizy02
teOLZASO0 j BAkO Slstedfyols jizdz0, Hjddflsjkwis daj fd i HIteX0 o StstCts jlstd ficd jdils tsls Hjdddsists o
CIds Hstdsiss fisd Yot g Yisjrod tdwls OLEWHdISJ %O Hjtdasiss, ZyohiseOid o estedisists fisd fouts BJL
02-Misosh dw, COlsts fj fsHO00 Hists JHAzdWs teOLEWH O Hjkddsst SO & %02-dG3z0HP dwW fizslsts0Ckssts. usOLd
fofilsJ&30 ds jtstfic jisdis0 dfLeifisoudiss G0kvets 10 shisOsIydlsd ted yoSeduapsss Hitjkd.

WO Wde. 14 j isC0L06G0 finjiz0ls0, tejokdLdt0M0 st jtdydw AH jdidkd jf o SOESEE0EE0. i SOkt
hd fuds0, uj mskzHjhsdsy eojyi M0 Ehmesdid stfjE0ydwisd AdLoOMHOGJA, NizBliE0Cstdlk 70
tfte jHiisOo jdudf COlsts BizEsSsa j, O finjd30ls0 j teOLteOBSIs jh0 Hefte jSIsdats f) 4-teOLteWHMd Y jteOdzHd.

Q3Q2Q1Qo, R3R2R1Rg
B3;B2B1Bo ) AsAA A,

f@@@ o R -
B [ [B] | [B] | [
T bt
I e e

——— X R 7R 7
TEE

¥ ¥ ¥ ¥

Q; Q; Q, Qo

Aelze0 13. SEBBAEOYdstds H_jddlj& GO Hosdydbd ko fi HYiGs WAChde0d0 Lot jisow
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Remainder
i :

Quotient
f :

Adelze0 14. LHjs0yd™ A jiddif f) uilsdiedioLemHbd Hotsdudd Yo

R1AJIR

s jHisO0 s by jsjk COECkEOSSE sLosived HO fj odHd djR0GALEO GO dLtfdekiddj GO
Y isdtedis shdsotd Otedistzdisdudnd stfjtoydd &0 kdets BOLB EsedyinSd Jtid k.

10 HO BIH, SOESEOEed s sz L ji o Bonddozde0 hisjtfjd, f0 E0L0BEjdkd Hnjdd LO SBEOBESISSO
%0 2, 3 d 4-te0LteWHGd ydiko, Colsts sOLd fisteOls jedw j dLBtOGO f) yjd HO fj Yetizyd jHds jhlsjhise jdts
BOHGIEO>HOG TGOS fl L] Sk Yis-Jitjos jtabotad] i jasel of Yshlsjtiis 1 tiejdidig CIcs Hs-
is>Gdsj. JOChdkokedvs B2 tOLteWHd j 4 tfisteOHd sBhstWs jihsosits, i fed fts-ckvdo
0Lt WHESHS oted LEs j BIMHE Jk g jdisdls  fis0e0ls e juj d Ghksets tizHbs ) fteshiz jHWe0ks.

A fRjkdsj @0 stfjeOydstigdsj BisStsej LO Otdlsdjsdykd stjtoydd, EOLEEjMHOG] o
Hafydtftod0ls0 " _Lsc0dLOydw 60 Stttk BOLSadsj EECqyinSd jtididsd fj LOLeL > HOk SOt
YOfls Bls ztfte0adzve0F 00 yofls &0 M tslse jisizdw Otedfsdz syt BERS. & fidishiso &0 s0Ld te0Lte0BEISCO
fiskzH jdzlsdfls j P j dse0ls HO adHWls COS Is jLd ez jdsidsd ZuPhisells d o Y jte0ydisdd0ls yohils G0 BEESO.

10L0BBC00 P j BIH] stz ik ¢0 fiskzHjdisdls] & Mods thed dLzy0e0dkjt ©0 "Adwisse0
tn BBl jndidCo" d " Llec0ddLoydw &0 Sadstftslsit0", & o G0 "ujrtsised™ 40 tiesjSisdbod st - Isted
YOt0njids Y jYsHOe0wkd HAydtkdbkd sls Iy jsdkd™ gizod &0 hY jydouuwsh)s st id hohisidkd d
sintsisedd", Skt LoMdEe0 tied jdshise jdshisik0 GiMHE kWA,

o LrétnJsvr
FsCEonil Ssis0Lve0 tojLlikOld ©ls ©0BSk0s0 s HlesiSk 21-AEEA-01 ARdsjbdcjdishd

Oty fasidsd: dLfitine0t] 0 EWRGSES wOLeddj, YedEsydedi d btfedoi ki,
Wel0uhdie0t Sl WistsH Ay Olzudsd] dLizine0tkd i GO tihjehSd kide jehds s AdhejE sidyjef..
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Abstract: This paper examines the applications of modern mobile robots. An overview of the different types of
robots according to their type of movement is presented. Attention is paid to the way the robots perceive the input data
from the outside world through their sensoring systems and how the autonomous decisions can be made on the basis of
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on a method for training of a mobile robot to recognize objects, as well as a way to program the robot to perform certain
actions, according to the recognized object.

Keywords: Robots, ROS, Artificial intelligence, Computer vision

A3AcroRe

testisdisd 710 o did f) Oolssdosdds Yoot ikdy, Stdlst Oalsthisdits duyl kawels stftsjHizjdkd
LOHOY ) tfisdssPIsO &0 jz jSistetstz jd ROteHEzjte d YtetseteOdscfteOdid dfyistelzCydd. utse, Cts jists teOLEqyOa0
ot jd js050 Sty jtfyd LO tesBEdCo, Sl Issa0 S jists ) j EOLBd0E o BaGOESSS j ol LdssHishss0
i otejdsjhlzdlsd tesmisis MOB HO oLjdOl i jhdw yejr dLSizhise b dulsjiziSls, © HO &j fizjHallk

Y rsChOndls § tfiejHiisOo it @0 fisizHjdishCOk0 Bozyko fdfidw &0 20.05.2021 o fijSydy stdkadSoydstko d Ssdytskitei0
5 im0 f) Stededh0dds LOcz0adj k0 BIZcOEhSd jLdS: rYBITrddwr v I3 L v [svrur 16 VIO WRE
W tLJRIRTOLD M dunLtS Y RN sJI3F St tRe

-102 -


mailto:gdgeorgiev@uni-ruse.bg
mailto:dkyuchukova@uni-ruse.bg
mailto:ghristov@uni-ruse.bg
mailto:pzahariev@uni-ruse.bg

PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3.

st jHjdz it tts jHoOkd jidts LOHOH jd& Odctstedisd 3. v ote jdz jhdzdlsj tesBisisd f fitsjP0ls edo offwCOCad
Westedsd], COlts GOtisd(ds jis Rzds0disaHi easlsd, dLijt jHse0k jEhSd EsBikd, HEBON G EsBESd, HEshss j
d 36t Hislzed. 50l HO BIHOIS tsOLEdy jid Bis Sdze jydsk0kddls] teseEisd tis oF LB &GO fid HO
fJ HO O Ols Olststscrats f fid P jots js jdadats HO 0 HishisOlsE ydats Adfdals jzde jdaistacffi HO to jOGTftsOls of HO oL jckOls
P jidv GO BOLO ol tfegMsdjlss, CESS dasOl LO SCEEGOO fejHO. Bk kevBa0 HO ddls
dListsyidS &0 onsHid HOGG, d3jr0dkdLld LO o LifisdWisdj &0 IsjLd ontHEd HOGG d &Oydds LO oL jd0dj
0 6P jiad]j 0 BOLO b jLf HOd. \ JSBRSHAMSTiSSO 6 k) jF 0t j of OHOYIsclts0ds j S d da jtfisLa0ls0 fte jHO
qLSe0 kGO fdfs k0 LO e Liftswisclj. J Hijhds ot jkj k0 B, St G560k HO RsHMS, HO
Iscfu0ls, HO NSOV, SOlsts dfsdEnSd Mdod i P jise0. £ P jilsolza0ls GVCrESH IS0 dsadid sassd: f
Csizji0, f S160<0, djsd], dLifisto0fd Sadsttslsiteys Lo jtdlj, dListLe0Pd dLSkziise it disjziSk o
b.Gz. vjLd OLzdutkd kdtfsej ttBslsd SBjHAEYe0 LEORdW Bl teOLEdydkd MW td, SOkt 0g3jr0kdSo,
i jCHstestSO of St tetsq] G0C].

1 %0 HEd d&eBdizdR0s0 EEBESSO J jHRO B $02-BitLs ©0LEOnso0Pdlsj fj SBEOMSd %O
GOk Gds j dLitiHe0hdw. IsOHd hosds, iYshsatshisd dadttds, teaiisd scolk HO LOd g R0k
o gutets tBEOMsd. Medizsyjadwiso oCwyells GOHLBE, YOkteladie0dd, hYondsitdd st joydd,
©OLLLGOR0G ), dhHE S0t OoksdOsdLOyd™, st jthset, oLt jyjkd”, dkLj2bd sBASELSd,
dahdd o JShsts jdtad] zsdw, steditistsls, i jHAAENSH clsdyd, SOSISts o disats Hiszad ddHistacOtdsd]
q bideHisedottd dedesyjddy. fhadibds) toessd Bses HO fij Hog>Ols Ooktisdls (o
Hesizdh bt tieiHttedwisdy, kOBBEOLEEdY  .¢.), 5.4. BJL yS9iN¢0 &0 in0. {setldls J Olstihsd jd,
Coe0ss fOGd™s k&2 dd0 MYShsBESEs0 HO SHisjHit™ Hj2hsodvs0, Csdss ke"sod HO BIHOS
tfte jHtftedjisd LO dLtfd i jozofj 20 HOH 0 LOHOYE, COIsts dLtftstzLo® fcfiisjoz0 LO ol Liftedisdj. Lo jds ko0,
esBEkik fij GyHOj Bl YsLt000k i it BESS did dfsido L0 Lte0etjkdj, LO HO CEBeHtAE ohduSd
tisHidhsjkd), s SEAkE j dLeteoH jd.

Liisodj GO BeBAEROk0 LEBESdSO fij Rifsss s SeEONsds] GO HodMjid, o Ltisdvisd,
sLi0Gd] d &0adeOydv. et jddlsd i) HOdMjkd s i) te 00k yis ju OLBteOR ] %0 & jn0dkdLd0 d i
flodt0c0hj GO0 YsHRSHG S Catjd0sdSOs0, HABOBASOs0 o kjstd™sd &0  LtfisOad jdd]jst.
JILtfed jis0d dlss oCkEsye0 0B0zdL &0 ontHGd) hdedkord yedl Stdttskiths Lejkdd o hibLstsdd
s jRdstsedd. [isLz000ls jtk0k0 yOs &0 s d0k0 j Ssesatsiho L0 0G0tdLO 40 oRsHikdls] HOGG Sk
fjdLstedisy d ttejHtfted jds0djists &0 hitslse jisticflsj Hj2Mlsodw LO Yishisde0dj &0 yjddisj &0 dssBdzdd™
tseel. 3 0odeOydwisd dudnSe0 tLi0o0d) ¢0 Okestdisddisd LO  HaOdkdieOn], sJSedWiso @GO
diWistedzsOydwiso of dLSiziise jhdW dizs kSl (Rubio, 2019).

uOLd MisOkdw 5BRo0M0 disBdizdkdlsj tsBrlsd d SO dsBd it Bl B> HO il HodMd o
e jO0kedw fows, LO HO difdddd ydkdsi fd BjL oLOddtH2Msed ) f) s jteOlste. 10 HO fd teOLB jte ]
S0k, Isewsa0 HO fJ slBikiXd, yJ ted dsediddls] tsesisd tveBo0 HO fj GOBEzEHOS0L o
s jetecfteOls BVCsESHs s jrbstsedytd sBEOfsd LO tis0adizkOls0 &0BEO GO tatsBisk: fidfiis jds0k0 LO
HoOIJ&dd d Sl jdz0lsdSo, mdhsjk0 L0 editfiedwisdy (MidLsted), fdhsjkd L0 d&sCOZdLOydy d
%0adcOydstdk0 hdhisjd0. AnduSd ksjid hdhisjizd stewvBo® HO BIHOL dizlsjetedicOdd e jL St jd
BE, SO0 yj ts0BISO0 dizd SOLOGS f) Hislzed Hizdsd, d3didwisO G0 GssBdkddw tesBisIs HO fj dLedteh a0 tfis
¥ 6zOhzo0d &Oydd.

RUJrWRC

bEAzdL GO jtOydsttOndhls JOLOYKECt@de@h | GOtesBEisd

T0L0BBo0Rjss 0 YwEshstO tsBElALdi0R0 fzokWetediz0 dLdnCed Skt hsWik itsdd
dihlstelzds jalsd], Hte020 jted], fisWisiz jted LO fddslzaz@ydw, fisWisiz jted LO Stsdsteslsd tezts Lts jazdj of Hig. Ad3jfists
ondCd ks HO M YsHeslsewls MY jydoudd st jte0ydsted hdhkikd i dusietedi0d GisBrtHdBIY &oBt
s fswikzjte, GoOhses M ditfszred Bjk0 sy j0ydstiolko fdhisjgd LO tsBiikd, tOLE0BES GO s
ails0nWsHNSOS0 Z0BBiOksEdY LO dLSkhle i dilsjkziSh tejL 2007 esHdR0 T tLu (JHitOydiskio
dhisidi0 L0 teeBild). v0Ld Bjk0 SHjt0ydotd0 hdhsik0 s34 HO fid dhnisoddid eltenk ojyd
dizns0tdte0k0 FdizCh-B0Ldie0R0 did Windows fidhisj&0. IsHASHYPO Hiz0Wisted0 LO dihisOkdic0d
%0 ROS M0 d jHdsydttsedisj GdSesSahittlsted, SOt Goteddjte Raspberry Pi dizd Asus Tinker Board.

tJe tBjHdHve0 OLzdukd tetsyjhd sBadteLOdd f tOLkdydd Zhktes2hise0 did fjdLstd. sobkts
5590 5B jHARWe0dj fis000 Yt jL tfis jHO00w | &0 id 5B jidw &0 tOLkdydd s jisd. JisHjkddlks] Ehsts2mise0
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tftc jHisOateoOls od Lid, Cdit dsells HO YizBkzdSzo0k i sBP j&dw dizd HO fj OBSEJEO LO Id B jddw
%O HOHJ&O Is jds0.

Jikdsj 10 shksekdy Jjejhjdls s tJd, bj kZtft0okvells &OBGIOSO @0 Zhsts2hsesd d
CogtfesisItetrcflsj Otzetstecflsdsd, SOt ofjSd odLjt slesodew LO lsH R0 LOHOYO. JILidlsj discOls HO
CogdSdteOls stz j>HE fid yts L sjo3d did Eiklzed (Ade. 1). 1L 4 iifis0e jk0 sls 4O< jisd, SOkt o jSd
JHA® 4OS jls j I LHOH jd&z HO dLedtehe0 jHdk lsdtf LOHOYO d d3s>d HO g i fisOedwed is GWEEESEs od Lid.

MASTER

REGISTRATION REGISTRATION

AdE. 1. JsH i 40 fid teLOdshls dsj>{HE Sl jedd od Lid died SBM GO GO diWstedoyd™

uigdsj M0 geksyd s HOGG dLsELe0td L0 SBEYGO &0 deWstdoydw GixHE od Ladis,.
RLYBELEOL fd LO yfisOs0 sBBYEO G0 jHessdttkd fHsBP jadw, SOkt GoYtddit ontHEdls) HOGR SIS
HOH & fjdLists dizd > jz0d0s0 MSstetshls &0 o tels jdzj &0 disiststs. AfWEO Is jds0 i tejedistedted fy LadCokaus
dazd d f tfte jHo0tdls jids HJWAkdeod softf &0 g sBf jadwiso. A3 Lkdlsj dse0ls HO fj ed tex0ls CI d wCEw
5jd30, COlts 30 HOO o0tedOds0: HO tzBkdSlze0ls B jhdw dizd HO tfiizy0etls e jhdw. HA®G
oLt &J Bty JHEGBotjB ks HO YzBkdSEZze0 d HO Hitizyded P jadw &0 jHk0 d id PO s jd0
(Koubaa, 2021). 330 tset0unduikdw Cids Btesw ¢0 OLzdyddisd edidd, Ssdls M0 YizekdSlze0ls did
tfisizizy0e0ls i sBF jazdw Y5 JHEO s jas0.

SBaizedCoydwiso YL dLtfstLe0t jists &0 Lhkkzed tis jHiisOakvo0 dsH jk0 Shd dis-idtodts. A stLd
tei>dds, jHdt edLjt (hitcedteils) tojedistedicO Ekzedis o s jdz0k0. Is-Cifds ofjSd Hislze oL jd
s34 HO 0 d HO tfstzizyd Bslsetotst. 10 tOLEdSO s Isjddls], EZhkkzedls) tisLotiwells Halztfshsydo
CodslzzdSOydw, lsi 2 Colsts LOWOSOISO ditsyj i Pis HO il HIteX]0 HOdG.

rodJed, ¢OksBslsdLdtt@OYEGWEtROo Hikshist@zhisotsists

J3L shise0 G0 dLidtea0ndwisd GO odtels ji st G0 Sl jizisol0 BBy HO fij stfejHjtd tsLdydwiso
q StedjiEsOygwisd 0 tsBEsO, o0 f)j Godud At CltO Stk jkosdS. ROSbot j yjsdiedSist,jfyjd
dGsBdizjd tetsBils f) SisHjkdks LOHad>M o0k LO ofiwCts Cisdjbts, ds LO HO fj stfteshisd St jhOsdydasists
quuditziGd, P i stejists0 COkts HokSEE b, Fog odelszottd Sizjz0 (BOLSdiLdtd Soss Wi d W
%0 frikok0) M dasols sf), Yt jdsdt000M0 tisjL citgdstedyld™y yjdisit ¢0 tosass0. I ksLd Goydn
514 HO g dLtftszLo0 tfts-stfetshs jd Sty it dBsHIE G0 HAW jts JydOtjd Szt tesstsls (Kucuk,
2006). R st "HAW jtejdeydOt" dHe0 ls WOCKO, yj tesBiisils dss>j HO ttesds b ishsCols0 fd, COlsts
ety slkishdlsjedok0 hSstehls 40 odtljid &0 Stizjkokd hd d ¢d didhte0 HisYdkdbdlskdts
HOO> JBd %0 Cstedsddzslsts tfteOotz jdadj. tndOO GO tetsBiBISO | tiejHiis0o jk0 &0 Wdekzted 2.

SIH ks Rc j 6 ibtedyddw yjdisite 0 B0, Xe d ye 0 idsko jisdts yjdbteso s s shdlsj x
dy, xr d yr 10 dsCOkdefsj shof &0 teisesiso, U j Jctzso0ls0 tfsLofyd™ &0 tiseisisd, Wi, Wi, Wi, Wi, W, d
W 10 Stz jizilsols0 &0 tesBisiso, 0 1y d Iz O .OLhsswhdwis0 i i>HE yidisited G0 B0 d tieiHdkdls) d
LOHEds j Sz &0 o teOLssWdd jists BiMHE Cjodls d HiMddlsj Sz jk0.

JHBdiddvs tesaisls g0 GWEsd set0ddyjddw. uiB2 dsX 4 HO fij Had>d MOGE © A-I tt0adddols d
das0 3 DOF (Msjyidd &0 hosBtHO). JdtejCd o0 & ohduSd fsitikd &0 hotBEHO disc0ls HO BIHOIS
CodilstotstzfteOdzf, S jlsts BLEOY00, yj Bkl d&j B> HO M) Hod>d ede ofwCO ishsCO &0 Mot
IsCoedd shd (Gogtedit & BS54 HO fj HadX d &OMists0td). v0S0a0 LOHad> 900 fdhis jd0 M &Otdy0
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(jmsiztsdisdi0. stseolsts Csizdy jfsotsists Stdlstesdzdtez jdzd fisjtf jdd &0 fosBsHO j tsOatits G0 B W Blets2
Misitfid &0 hosBEHO, kstse0a0 tesBEisIls dis>j HO fj GOy ~BEsEERdYIG. 10 HO fj Yshisdet] ste0
EwCsd dsBdizkd toslsd 70 dLeteOHjkd ) Yohshis0 G0 skkd Sthjk0 did & jSoksed Stizjtd o
BZOGHOt jizdj ©0 o jSlsttetists HOOM jid.j Isj dseOls HO Hfiesd jdavls fsLdydwis fid, BjL HO ttstsds jdvis
foswso fishisCo (tedjdisoydw).

AdE. 2. 67 jB50 GO SBEjk0 G0 tsBssdLAEh0 JHosWtsk0

AIsLdydws0 &0 teisBBkO M StejHidy tls CuumsOdsje fYdIC (X, Ye, N). 10HOYOSO @O
Hdt JSIsd0S0 Stz jdz0sd S0 J HO dLudtd dise0 geLdyd® &0 eisBEisO (X, Ye, 1)0 ik jH ot ik U, oLJB02Sd
tfte jHodH Mk jHddls j How0ds jisted: Vr d Vi, COsts stso0 70 ddij2ddls] fiSsteshisd &0 HWiydslsts d dvetsists
adftelszOtdaef stz j0. A fzlzyew J cdzso0k0 hSistetshis] o I ctztso0s0 tisLgydw N &0 ofwCis sls adftelsz0ddds j
Colzjz0 P j te00d0 &0 fte jHAEOSO flsts2dutsils &0 to jOdzdadfls j SiszjdzO.
Nw nNw

. QS .

N N

nw

nw

o G
lw ] W

1T W
L
1 W 17 W

] W
G
J & 260150 hCisteshis &0 ofwes sls odtelsz0wddlsd Sz jz0 J t0ak0 &O:
L 1w Zi
L 1 w 2z1
SIHJLE r j tOHZNO 10 Stz jdtsists. 34 HO 1] stfte jHjkd I edotsists ks jed] o hSkteshis &0
t6SBISISO Yte L:
| N "hw
Q)
®
iz jH 15590 g stfiejHjzw X d y Ssistfisddisdlsj %0 oJCitstedflsj 0 MSstetsh)isisO 10 EsBEsO:

) . b ...
0 v | — AlIQ|

Q~| '

=N

7 s~

) 0 | OEl|

I
10 HO 1 fisizizyd gsLaydviso:

(N w Qo
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0 6 Q0
ws0telstso0k0 YisLafyd i tisdidk LO (0,0).

V0oL jhdjss GO kel Ms0o0 YsjL dLye0POjss GO CudOGH] L0 HodMikdj UL
B jidw sls sdtf0 geometry msgs/Twist. s jH Cjist oL j&z0 LO ztfe0atz jzdj G0 dsisste0 dLfsizLe
HOGAdls Bls sso0 I s jidj LO HO 66 Etfisadve0. wisBh jhd ikt geometry_msgs/Twist i jHilsOow
hesteshisls o fotBsHESIE Hisshistodhisots d IdHIEX0 HoJ tistzjis0:
T Vector3 linear 1 it ftejHms0odwo0 ddd 200 yohls &0 hSsteshisiso (d3/h)
I Vector3 angular i €t jists tfte jHis0atzvo0 I cizso0is0 yohls &0 hSstetsisisO (teOH/f)
10 EtfteOodzjhdj &0 totsBEISO o X-y HfieshsteOdhisoslsts P j fj dLifsiziedl x Sodstfsd jdisOls0 @0
0, CIiste0 G0 2ot j260k0 NSHteshls o z Ssdstistz jdis0ls0 B0 o jSHststed 10 J ezso0ls0 HSELEHS.

JBlyitdj GOEsEssdLAEAROYEWsEEOLOEA YELED @) GOsBSld

A sjSzhdw fiky0?2 L0 sttsjHjdvdkj fishsCos0 o hSoteshisisd G0 HodMJkdj P fj ditfistLe0ls
sBJSId GOgdLOd fd tfejH tesBEO dizd Yt-CohSte skt fashd Lioyd. 10 HO ©OLYBLE0] GBSk,
tesBiidls sewBo0 HO dLifskLo0 fotwisO fdhlid0 L0 Lejkdj d editfiedwisdj. uww fj BOLAEO @O
~0t0Sls jtedhisdSd &0 dLtBeOM Jid i, SOkt ssySd, &didd, yosse &0 tedBsa i d kjntdls] tsLdydd
(de Leeuw, 2020). [Bt0BBISCOL0 60 teOLBSLEO00dk IS &0 sBJSsd fid It s Hoj fisI fSd. IIto0is0
J 5BIZYO00L ISt G0 B0, SOt k5ol 75000 s jL dLEOCOR] Y H ticts GO 5BJCK0, SE IsevBo0 HO
BIH, teOLBLEO00E, LOYOLOOE s dlz SOt dLBEO jid) d drokdyltjist &0 ¢0BsE Bl ~OOSk jisdd
sySd o dLisBieO jkd s, Ssdists HO BIHOIS LOYOL jasd COss MOBdSE. wdfsjd0s0 g5 HO tOLtSLE000
JHGote jo3 jkht dibses G0 Blos? B jSisd.

Alstste0ls0 fisI SO | Hj2Msodls jzdkslst bOLYsLi000k ) 60 B jSkdls] o tej0td0 fitsjHO, Solsts P j fj
dredtshe0 fishissWids fts ots jigj %0 0BGIO G0 tesBEsO. AN jSd COHItE Bls COje0ls0 dlz fj Od0kdLdft0
L0 ROwOCk et ksuSd d fj fetetved f GOBSEO S HOGLG] © Odjskd. GCs HEhsOsiyjl BEs2
~0ts0Ck jtotzd IstsySd i offOHOIS, LiOyd tBjSkils j teOLYtSLEO0k.

AngSd jHd% sBJSk d&syj HO BIHj 9S0L0% LO tOLYtLBO00R, & SoElalt ftojul Jekd d
CsdlsteOmisdad yo Jissa  ddz0, sistzEsa0 Y- jhhs P j BIH] eOLYsLE000¢ jiss Gz (Amit, 2020). 10 HO BIH
By j& totsBiO HO teOLYsLE090 HOH G BBJSk, O P d LO tishikjHe0 skt &z OLysLEOe0h:) )
ditfszLe® find_object 2d o¥Ljz0 sls find object 2d 0<ji0. SOkt onsHBEI HOGhRG fj dLtfistzLe0
astra_launch 40¢ jis0, SObts ksso0 tfts jHisOaive0 YOSl f) GisBRsHARS] HiE0R0 jiod LO $Odsjte0lsO, fi
Cowists J SBBstelzHo0 tesBEsIs0, dLakdy0fh dLsBts0>] jdd.j Bis djv.

10 5Bly it 40 Bk HO LOLYBLEO00 5B S fj dLifiskLe0 iz jHA0Ks0 Sti0GHO:

roslaunch test pkg test 4.launch use gazebo:=false teach:=true recognize:=false

[F} Find-Object ot
File Edit View 7
Objects ©% camera (0 Hz - 0 Hz) ORB/ORB 500 features

Update objects e

NG, 3. eOWdy it dzls jteW i &0 hisWisiz jte LO tOLSLE000d% ] 40 B jSisd
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Aied LOEjHHOGSE 1O IssLd HOSls d fisOtelsdte0d st 10 edLkdls] o &Jets fj LOeJHO cteOWdyid
dizls jioW 2 (Ade. 3), o 26 fj od>HO odH i HfislssCo sls SOk jte0s0 BB SO i LOYOL jdds
HES B0 j&s0 sBJSIsd.

YiejL quBdiOdzj &0 stydw: Edit -> Add object from scene... fjj odLizOkdLdte0 dso ettty
(~de. 4), o Skt )] od>HO R0OC jtetzdls ) ssySd tedro0t0lsd o dLisBie0> jddists, SOkt yjdiso J 00
HO BIHJ tfishisOo jd 5B SIS0 & COHI 0, yj HO g0 BOShHdd0L ik Bles2 ROwOSIS jtedzd SEYS.

ﬁ Add object [ATEEX

Selection : 254 features

STOP|

Cancel Back End

NJe. 4. mOtOSk jteded IssySd &0 0L L0l B Sl

wijH COss BiHj HSBOOjG HOHjh SBJSS Cids BOBEASS COK), k52 UoEy0e0 kidSOLjt
dHjdsWASOydistz it G jts. YisjL stL GGt 1 Stdhe0 o fesctddkhd™ StH tied LOMIUOR s G0 C52
58,jC, SOCots Hj2Msodj HO BIH i jHtedjss.
#define STOPSIGN 13

switch (1d)
{
case STOPSIGN:
set vel.linear.x = @;
set vel.angular.z = @;
break;

}

Nde. 5. sBH LO dLedteh a0t j 40 stite jH ik bt Hj2hisod] tted OLtSLEO00d: ] %O BB jSIs

10 Woctzts0 5 fij od>HO dLoOOHSO tsls SSHO, CHists 13 J dH jdlsgWoCOlststs0 G0 Liz0SHls Avs JA.
0H090 fj dd3 &0 tftetsds jddzcfo0 LO sLd dHjdlsdWdSolststs ) dfdsj ASTOPSIGNO o S60sts IssLd B¢l
BIH] LOMJYJ® M LOHOSO dctz 20050 d Jetso0ks0 MSEtsshls &0 teBisisO HO BIH] 0o%0 &0 dGlzk0. I
0d0tsedyjd &oyde i sy jHde0 d tied Lioydisj LO HifJk oot d LO Betedddyidkdi &0 MSBisshisiso,
COlsts Is jrmazfls tietstz jlizdod ddzols Hislzed 3 j&z0 d Mists2dshisdls g 0 dzdfdz 28010 d I cizso0ls hStstshs 70
0Lz ydd.
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RY1ALIR

1BBBIsdCos0 SOkt ywvizs d o yomiseshls dsedidzok0 tasisdto Fyj tisHii>000s HO fj tOLodolls
tfte L Mz ine0Pdkj esHAtRd. dfj fs-cdvds Hodis>iedy o tesesisdlsi M &ogdtol Syt thtiss
Lisjdj  dLSknse jidv ddlsjiziSl. d Gonsswhdw HEsCEZOH B tfis jHis00 @0 jHEO Bls GhsetBlss2dkdS |
od LB tishis G0 dsisBofiticflsj sk, O otz jtats LOLYBLEO00RSE GO Bl ejL Shhttskitsis
LsddzdJ d ttejHtfted idz00zdlsts O HJ2MisodW &0 sWad0 BOLO s Miste0dz0 &0 tesBEIS0. Ishisdc0disElss o IssLd
HECEOH YiLotkwed BIHJPE dhlsjeedic0l ©0 HstIekdisjed ndhisidd L0 eoditfdwisdy @O
tesBBISdLA0RO0 Hiz0lsWisteds0, Ssjiss HO HESo jH | HES i dd0 Oolsthsdidkshis %0 hdhis jdz0ls0.
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ACRONIS TRUE IMAGE 2021%
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Abstract: The paper reviews the various functionalities, for backup and recovery, of ready-
installed operating systems, or individual directories, or only some files, using the software product
fAcronis True Image 20210.

Keywords: Backup, recovery, Acronis, software

A3dcronRe

J te0BBEELE jMJHEjodd &0 Mofisjdhdw OHGdddhistsst o jHEO BecOkdLOydy, o0X&0 sk
o0, BoydE0 fis Sss ks fj ceddd L0 OLRdodisOtkjss &0 csksads) SYjeoydstad fdisidd,
qihsOke0td o StuWdelztdedhd G0 woLbduhd Eiseshse0, s C02hds) Ykt isdsithCd, Hs
itodtd shdekevedPd Ctdsdubd Ehbled L0 yWkokd secOhdLoydy. RO EOLEquR] GOydEd LO
Oter o0, &0 yjbd s dd, ot &O s jdhd WoRwssj, did Hods GO tisists jBds ENSd HOG,
sts00 LOad)d Sls tjflzsO f) S5t 1) LOLYEEOCO, o LOLbdybdlsj Yislstjsishisd. 10 HO fij GOYEOad
StteHdtzin Onde MO GiHd MYJudOkdidieOhd ~OtHizjts o MWisizits. mOLHEZjLO SBASHSjhis
fio jHisOoto0 i ot jd; HATCED dOfde, GO Sl HO fij i He0d™e0 qRWsEdOydso. uiLd kofde
qListze0ts o MY,iydouss Hiteiths st P itdi, Coss j deifseivdsitgs HO BIHj StisSdi0ns G0
SEHOLjyjiis o BJLEHONGS dWiss. asWsjed j geLico GO ndisikosd. YijL Gjcs fij dLebOsHO
Ywiztshysddw ds jrOdedLi &3 (Backup Plan), tfts Ss2ksts ts0Btsisd Oterdadt0djists &0 HOGhls ], S50, CiHj, SOS
HO f)j 0Lt jHikd o dBONde0, COSe0 Srdstiejid™ HO fj dedesyd &0 Oetdads) d k.. RED dhEHs
teOLzdyded MisWislzjtedzd ftesHEZEISd LO 5OLd yjdz, &t o s HESEOH , P teOLEE JHOR ] JHd® BIs &dHjtedls]
9 lssLdf fjedjasls AAcronis true image 20211,

RU L WRE
RLIEZjHO@E ] GOWEZESYdBR@zeshisdls] tfied Acronis True Image 2021

Acronis True Image J s jdJ, St SBJHAHBY0 GOHIMHEGS Obndodic0i ] f) i od teh jaiso0d
OO jts. s ssLd Goyde fj stzyted LoPdsO fitsjPlz jHakd s G0R-yjfisdsj LOYEORd, Cokss
CdBje00Sd, Mizlzy02us dLstedo0t, ot jHO GO HAMSO df Cs0{B0.

Jitseddisj WezSydd &0 Acronis True Image oS&zty90k:

1 _JBCokds Otendodicd: 4J 9S0adl Otndod od fsLosiwells HO Otndadtelsj Issa0, S jists dqnColsd,
sls g3 dzdzd Mfhls ikdzd L0 jdW HE BlsH jizdd WOdse ] - 8 n0hdidh jis, Skt dhSols .

1 ZdWisse0dts Otendodic0dj o sBE0S: dtendodisj o 5BEZOS d Hiszed BOLAteOG %0 sBEZOSO WedSydd
sLotsizvalls LOP SO dLedd OO, & jhds od LisOdsowe0dj  Hishisd §f 0ofwCiH j.

T 10Pdk0 %0 SoBdtehdelztstshsis: Raisjetede0dkdlsd G06teOH bk Odsdus0tizjtsdzd o LassHdshisd
LOP 000l COCks o0h jlsts  Efbts2mios, K0SO d Owndodd HOGHRG Bl o0& G jt,
CledtflssH>0Sdtze d Hislzed SdBte LOYEORT.

15 sCEOHIls j tfts jHisOe ji GO fistzH jaisSOkO GoLy®RO fjfid™ 4O 20.05.2021 o fjSydw sthEadSOydsth0 o Sditftski 0
s JRGa[SO f) tsteqfedt0tss LOct0adj ANALYSIS OF THE CAPABILITIES OF THE SOFTWARE PRODUCT ACRONIS
TRUE IMAGE 2021
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IsHHI 6 Ad idhisdd3d tied Qendodte@izj fj Acronis True Image 2021

PHYSICAL VIRTUAL
Windows Server VMware vSphere
Windows Server Essentials Microsoft Hyper-V
Linux Citrix XenServer
Windows PC Red Hat Virtualization
Mac Linux KVM

Oracle VM Server

CLOUD

Microsoft 365 A
cronis
Google Workspace
HYBRID CLOUD

APPLICATIONS

Oracle Database
Exchange

Azure SQL Server

Amazon EC2 ARCHITECTURE SharePoint
Acronis Cloud Active Directory

Private Cloud SAP HANA

ENDPOINTS MOBILE
Windows PC iPhone
Surface Family iPad
Mac Android

Ade. 15. IsHHIE> @4 fidhls jdd
_JCAdt Qerdodte@izj

13 9S00shisks0 ted tfie0ojled GO tojLjtcodd SYdv tfisLotsiWolls HO f)j Ordodted ko0, S it dd
btewso0, tls ki hdhsidkd dLsBEO>jidW HE BHjkad WORdssj, © n0hdhd jt St ks ki
dLeits0dzd.

Acronis True Image 2020 = =
%b BACKUP Backups Backup  Activity  Recovery
This computer
B archive
Cl Robs PC v
SYNC
Others (5)
TooLs
ACTIVE
PROTECTION
Select
ACCOUNT destination
Robs PC
FEEDBACK 641.1 GB of data selected
SETTINGS

AGE. 16. LY@ i} GOUSSClEs Qerdodic@h
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BN Acronis True Image 2021

BACKUP

PROTECTION

ARCHIVE

SYNC

TOOLS

ACCOUNT

SETTINGS

- [m] X
Backups Backup source
This computer
E New backup A
Entire PC
= Documents Backup of your operating system, applications, and data.
5 Acronis Cloud
:‘ Entire PC
Acronis Cloud . .
Disks and partitions
My Disk Protect separate disks or partitions of your computer.
D\
E Entire PC
“ Files and folders
' Back up specific files and folders.
Acronis Cloud
— . .
Files to notarize IEEITIE
Q Use Blockchain for the highest security of your files.

Ade. 17. Raéls jieW j2f) LOdLBEGE $OCE o HOMJ AsndoditO

"z jH COlsts WOsejlsj LO Otendodidd) MO0 dLBtOkd d Hhsdkoydwisd j ctlste0, s jd HO
LOHOHj& tstfyddisd LO Oendodt0d, SOkt discols HO fj eSktsyslls stydd LO &Ofsts2S0 &0 ctOWS,
dLBsts 10 im0 LO Otendodteddzd, dLedhisdw o SskwWdekziedisoh &0 stfydd LO hdekztehsh)s, aSdE=ydls jzdks
d stfydw LO &t fisst Oterdodte0dj o to jokdks ots jdsj.

File backup options

Schedule

® Daily

Weekly

Monthly

Upon event

Nonstop

Backup scheme

® Every
Once a day

Twice a day

Do not schedule

Notifications Exclusions Advanced

1 hour

A6, 18. Rils JW j2f) LOGANISEE2COEOBENS

Mo jBR0002Cd CIW tOLH kO MnJk0 LO Oterdodiedl], dsXjds HO odHdd, yj Acronis d&d HO90
Ghses WAl Cowstestz odtenlz GOydR0, s Skt fj fedod Hj2hisodlk ket Ondadiedd, Isto0
sLEOY000, yj &Yl HO Cdibstskdiod) sttejHjzitd syydd, SOkt oddOcd HO LOYOLOM® |
i tcotsd0y0tddw e jd Oterdo LOadh0ed, SOCkts d CstSts dhSte jo3 jdasOdzdd tejL jeoded Sstidw lstewso0 HO
BIHOs G0t jdzd Yt iHd dLyd ddzwe0 fj Hislze Iz jdz Oterdfo.
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File backup options

Schedule Backup scheme Notifications Exclusions Advanced

Backup scheme:

Incremental scheme Y.

Single version scheme
Version chain scheme
Incremental scheme
fferential schem
Differential eme An incremental backup version stores the changes that have occurred since the |ast version

Custom scheme

Create only incremental versions after the initial full version
(® Create a full version after every 6 incremental versions
Oid version cleanup rules:

(®) Delete version chains older than 31 days

Store no more than recent version chains

NAde. 19. RLBBE GOMNRIGEOLOQRdadte@zj

uiizzed LOAs~dodte@ ] © tBEEE

Acronis True Image J JH%0 tsls (02-Bts60IsdlsJ &0 WizaSydd, zhizized LO OtendfodtsOdzd o SBEOS. Lis2
5BRo0M0 Y00 shisodk0 WizkSydskokdgshs, Stwist g4 HO ij YO0, okt oSksyed o PdtesSs
MfJSlsits ks Hislzed WizksSydd, Bls tOLPdeddd sl disd LO Mdelzedshls HE &jho, Yt-tehd LO
HishisOaydydisj %0 rteOhdizd™ j o sBEZOSO, SOt fddntcthdLd0d | G0 Wodse j.

I shksh jidj G0 shhseddsj WekSydd L0 OkndediOdj o tBEZOS, Acronis True Image
fsLosizved HO fj MisOElsdtols Otendadisd tfs cOWdS, kit iSinkoss did LOHj2Mse0dkd tis OLedydkd
i Bdisdw, COlts MisOtelsdte0dzd dizd dLSd=yp0h] &0 hdhisiBoso, tisists jsdisjkhSd akdLohdw did Cse0lss 4
hedtbLOGE eI GNEGs Zkes2hsot.

Acronis

: Control remotely e
“ and centrally 5 e T F -
g Cloud
Storage

IT Manager

. Acronis Backup
Your Business IT Clients on PCs

and Servers

Back up >

< Recover

Storage

Ade. 6. L jidj GOYEsYjidls

A3 L3 dshisd LOSABjtehdelztstshis ZOAcronis True Image 2021
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Acronis True Image 2021 j jHdhse jasists i jidd L0 ddyd0o CdB Lo diso, St it tfis jHishis0ow
2 dCOtd0, dilsjctedib0t0 SelBAROYdW Bls HECOLOGO s jrtsdsed™ LO Otndodi0d] d SdBitshdeltedshs,
Cowists ftfcfte Histeof %02-tsodfls LOYEZORd.

ADVANCED MANAGEMENT .1t ADVANCED BACKUP .t

Acronis Cyber Protect Cloud

ADVANCED
DISASTER RECOVERY at
« Pro

Workload

N(de. 7. Acronis Cyber Protect Cloud

Jhsodd WedSydskokdashisd:

T 0hdk0 o ts jOdEs ot jd .

T Jyjt<o &0 wLedasshls - RHjdsqWdydts0 hikzosshisdsj o hidekztedshisiso &0 stf jt0ydsddiolso
ffiis 300 of ttscfizts> Jdais0.

1 ddbdodielznts NCOGd0h] tfied tisdhSo0h] - IesojieCo dfistvad st 40 LOP OO k%O
HOGddls s oMWEts ots jdzd.

1 vis WdtstedtsOdzj (O LO Windows) - 10 disO ls Lizsk0R jte jdd . iBh02lsse j.

T 0hdkd LO odHBSBHEW jtejdydw (hodss LO Windows) T 10Pdlk0 &0 Zoom, Cisco WebEx
d Microsoft Teams t0LeBotted MisjP iz YsHisLEdls jedd Hj2esmsd d Z=Bstfdistd syd.

— o >

BACKUP Overview  Activity

PROTECTION
18210 15254 2

ARCHIVE

Active Protection

SYNC

TooLs

ACCOUNT

SETTINGS 2 items On-demand protection that checks your PC
for fi w

AGE. 8. L@ jiidj BOCTB jiheEEshisISO

RYAJIIrR

dtendodtsOt jists &0 hdhisigdlsj & JHEO stecORdLOYdW j ks> Je o MdLt ks 003k ey, Stk
%J B0 HO BIHj tfsHYjkveOk. IsHBSEIlS %0 COyhlse it d mdekziejl ~OkHEZjt d fsWkkzjt j i
i P fise jds L&y jkdd LO SOy dnise jdsists o ywishishs dutdddjidy ¢o tesyjhdisd, SOk g oLjdk] tisH
ol dz0&dj d HBtsj fsHBEORWS GteOWdS, s S2lsts HO fj 0BIsd. A HEjhds ots jdsj, SO fj dd0 ©
fejHodH, ul tsojydss sWAydokyo CtejhtiskHidydy d HESEEGESOydy J HAedlsOkdLde0ro, J
OBMszElsHs GOk dsjews, HO i osH $Oydhisadd Otsnde &0 fdhisjhdisd d HSSEBjdESds], GB02-ady] o
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Ctedisdydacfisj OHdAdcfhiste0lscfodsd Lo jd0 0 tecOhdLOYdWisO. ud Pits S0S0 j djsBRsHAMS HO fj SBIted |
otdaz0ddj 40 MfelztetztshisisO &0 MOddlsd Otendod, tfts o Ldssydish)is Isd HO MO CtedtflsdtsOdsd d ddisets HBSBE
LOPdls jizd, LO HO fj dLBjetd dLisdyOtj %0 HOdGR. e jtstedydis jbhks j Ondodkds) hitedted, HO MO
tisfisOe it LOH LOPCsGO flsjk0, CEvists HO OO sWREoko fdetzetshs o LOPdsO s eldhEGo
G jHEBEEROG B0 BOBJN0.  JIs Hislze® fst0k0, Mot jdibhkdlsj SBEOYGS BOLAWOLd fdhsidkd,
tflo jHE0C0ls S jShid khtked, SOs cOL0disdiedls SOy jfse &S OtRdodotj d dckishs, &s ded
stsLd 90tecfOdzls d Ste02d010 yjto 4 fis-adfhsSo.

Ao LrétaJuvr

utsLd HECHEOH fj tizBkdCkod ) tsHCE o0 @0 tiesjSl 21-AEEA-01 ARG judc jdistd
Codst=lsiteld fohsidBd: dLiiziHo0k] &0 bwREsks toLedldy, dedusikdl d Eittokitdif,
W0k dts0d sls WistH Ay Ozudd dLitine0kdwi 0 tizhiehSd kddejehdisils Apde it sy jof.

REFERENCES

Acronis Cyber Protect Home Office Review , https://www.pcmag.com/reviews/acronis-true-
image (Accessed on 20.05.2021).

Acronis True Image 2021 Review, https://www.bestbackupreviews.com/reviews/acronis-true-
image-2021-review/ (Accessed on 20.05.2021).

Acronis Cyber Protect Home Office, https://www.g2.com/products/acronis-true-image/reviews
(Accessed on 20.05.2021).

What is Acronis True Image 2021, https://windowsreport.com/acronis-true-image-2021-
review/ (Accessed on 20.05.2021).

Acronis True Image 2021 review, https://billbennett.co.nz/acronis-true-image-2021-review/
(Accessed on 20.05.2021).

Acronis Cyber Protect Home Office, https://www.cloudwards.net/review/acronis-true-image-
cloud/ (Accessed on 20.05.2021).

How to create Acronis Backup Image, https://www.layerstack.com/resources/tutorials/How-to-
create-Acronis-Backup-Image (Accessed on 20.05.2021).

Acronis Cyber Protect Review, https://www.pcmag.com/reviews/acronis-cyber-protect
(Accessed on 20.05.2021).

Acronis Cyber Protect Home Office, https://www.acronis.com/en-
us/homecomputing/thanks/acronis-true-image-2021-reviewers/ (Accessed on 20.05.2021).

- 114 -


https://www.g2.com/products/acronis-true-image/reviews

PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3.
THU-SSS-CCT-13

INTELLIGENT HUMAN COMPUTER INTERACTION (HCI) - HAND
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Abstract: The paper describes the techniques for hand gesture recognition. It is divided into three sections. The
first describes gesture types and presents the different ways to detect them. The second describes the software packages
processing them. The third offers options where it can find application.

Keywords: HCI, hand gesture recognition, techniques for detection

I3dcroRe

Human computer interaction (HCI) (ysoJSs-gg0Ndhddvs dasjtewj2m) sydhed ¢oydhils Lo
CoglzidSoydw dixHEz fsltsjedisit (ysoiS0) d drudhkdsjtdzosd gOhdRo (ottedds it Stdytsisits,
kOB jls dizd Htslzets). sEONdy S tteddsjte LO lstso0 7j0 g Sokso d Ck0adOisizte0ls0. RS jkde, jdist:dv HCI
58R00F0 kistss2hise0s0 of GOYAEO LO SshEaSOydw, st Ssdlss oLOdBEH j2sodjits fj G0N G0 HO
hd dredehed ts Jhsihseji @Oydhk @OysHEBYE0N CilzidCOydvisd gjxHE tiHjzkdl) nsEo,
GOtfedddte ytedL MJhistsed, ckofsed Ssds0hHd, BisudisOdd &0 jaissydd d dGuiydkd edddd. didbLsths-
BOLCts0t050 fso jSs-B0N btz SaslzizdSoydw diz0 M dtetsCO sBEOMs &0 ttedisy jdadj. mOLOCs jtedLdfted
fd 1) dLsizLe0djists &0 st jHdd WdLduihSd fjdLst LO il P jhisewe0djists &0 StdlzidSoydw, Colsts
fddLetedlsj dsc0ls HO BIHOK COSE Bhses Heddidisdodd, 0S0 d dibses izt dd (Krastev, G., Dineva,
V., 2016). RLiEjHOOG ]S d ddis e 0 I d3 ztfte0adz jad st G0 Sdtftsisits, yisjL Mhistsod Bis iy dd 4
Gsots, & o Gdiousks fj j dLtfstLe0Es tiejHdgds o it jydoedLd0ns tfisdLetHiset d zOBEOLSLAd,
%G 9 HzJM & otejB3d B0addLO d GO0 HiedizsM jidy o J>JHbEJo%0IS0 ©0BISO f) CodstE=lsdts &0 ofjSd
tfslste jBdls jz. IsteOH 5500 j tisBRSHAME HO fj YisLd000ls Goydhdisi d Ehstes2hse0s0, i Sadlkts 4
LOMAYO d teOLtLE000 stftejH ik jd > s, S0Sod edHsej MO MOkl Mdfssed, fj COSTe MWk jts
sBtsOBBISO0k, LO HO dsyj otfshizjHhsedj HO fj dLydLedls SOkt fijHiises LO tfieOodz jdj ddd
diWistezOydw d dj &0 tfishizjHbts dists & COCo0 MW jted &0 Hj2dshis s> j HO GO jted Yteddzts> jdd .
10>t j d HO i slsyjlsOls s jHAckfiso0IsO df d jHisisOlsI ydlsj &0 ds jlstsHdlsj of dLtftsiLe0dds j s jadsksedd
LO LOMd YOt jists of sBEOBEISSOO GO M jfjstsa], LO HO dssyj JHd MY jydOddls tjhde HO f1j LOGAREa0 f
5so0 HO s HO tfsHB jtej B02-HBBEdW LO (2 j6t ROkHIZjts, MisWisizts o Okzetstedflsd d3.

ARrLAr rres e Ju 13s¢

s jHd HO M e jdzotsg Cids stdhoGAjiss 40 b jrkdSdlsj LO fedRadf ot d SBOBEESO &O Mjfs j
GJsBatH®E HO fJ duvied COCels kisydkts tijHiisO0odzwed Mifis0 d S0Sed odHisej di0. Jfiso
e jHiis0adkve0 ttfts jHj&z j&0 L0, HodM jddd, Yty jdkd ] &0 ted SO0, HEZORISO d el fisdls, St B>
HO g teOLeteOdedyud o teOLBLEO | Mitftewdsts Hiskzets Is0CE00. Lis2 d3sy j HO tfts jHMs0ad o0 G jtsHod> &0 L0
%0 163C0K0, HEOBSO o Heifissj, b M d HO tsjHsOade0 iy oCkttshls s s0Sde0, SOSks d
stfte jHE jhts sWadks HodM jdkd ). HHftstsjH sse0 fj Hikwis &0 fisOsdydkd d HABEOGAYRd. bsWkizjtdls LO
teOLYLB000R] &0 Mihstej tOLtstoc0 i) tfiejHoObdl jzds fdLHOHjGO BOLO tls L&OGd) LO odHO d
dutiddjedss L0 Mihsseojlsd, o SWists fizjH LOMuOdk) teOed MisOodjhkdy, &S disXd d HO dLtfsizLe0
Odzetstedlsczd LO fOdststsBlzy jded .

16 rsCtOndls j tfojnilsOojt GO fistzHjdishSO0 tOyko hjfdw &0 20.05.2021 €. o fHjSydw AsthladCoydstsd d
Codseslsitssd s jnbdCon f stdedtotts LoszOadj &0 BideOthSd judS: rRywCIRAMWIOL YL rsd Jo=zRuL
RWItArsY YR T (P13 T ddur e ress A Ju 13s9.
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q/;/\d)tru (L RrMRSR RIAJNAPR IO 1OeRYIUL P rraes LI Ju
3s

W Oydizdisj HO BIH] tftedro0t0is Stfts jHjdzid M fls, Ssdists 110 G02-0Ltetshiste0djddlsd disMd HO fd
t6OLH &S o Isted] ctelztfd: dLytsdLo0d] &0 63 COady0, Ciswists dog0 fjdListed, dLiftzLo0dk | G0 Cdstfsisd todis
LisJiedd (tOzdyukd odHtsed SOgjted) d LOhWduOdk) &0 osLiybkd edddd (#O2-yihits, ytdL
JUJSlstets jozy JWOltsets0050).

RLYBELO0G s ¢0 63 COadyd Maf) hjdLsted tie jHs0odwed o G02-sBMdW fikkzy0? ted$0adyo Bis
sfejHdidl dsObjtecOl, SOt o d&dw MO YthsOoji hjbLstd hEzjHvhd Ysusyjediss G0 eIS00 o
HtoshisteOdzhsosists, stftejHjzwh d HOH b el fls © COCots tisdsyjddi 4 T hadls, gstizhodls, dLtfddols, HOkd
e SO0 fd HodXd dizdf MO BSISH kw0 YOS SIs &Jv. sl jtdls Ztisatwe0h d fedjk0r HOGR] Sis
hJdLstedisj &> HO J 96tO0H & o B dizd HO J tisH jizdks, SOt oted LSOO GBS j HO BIHj OB jk%0 did
BJLYu®0. ststistesizjte0 d0 ted COadyols0 dss>g MOkt HO slsydis® HOdGhR Bls i jdLstedisj d HO ¢d H0ho
Cigg Sy esisdte dizd MOds HO 6d BE0BEI0 0L HsLE0002Cd COSIo M ifls J z0tic0o jd. uisLd &oydd &0
LOMAyOd shdekztewed &0 tfisscte0dsdisO tfis-HEBEO o LAt &R HO HESBOOW hotsd fsBhise jbd st d,
532 CObsts g0 zddWdydteOdshis &0 fiss2dshisdlsj Bis sisH jdzddls | hjdLsted. Ajzok0 &0 kjLd Zsts2mnise0
J odisCo d LObte0 MO teOLtfieshste0dkjkd o iyl o Z0Bsokstdd d M jydWdykd fiesdLetHiise jad
GdMisO (Munir Oudah, Ali Al-Naji and Javaan Chahl, 2020).

KoHTponep ’ 3 - CeHsopu

3a
ONbH

AdE.1 1 ooy fif) fjdLised ssyglsoPo >1fls

Sl it Lsjidd J $02-E0L s ste0djdkos Goydi L0 Lotk &0 M. Ied Bjes i
ditfszLe0 Cohttsiitth0 CORjied. sOBjte0s0 Bt>j HO BIH] MisOhGHOLSE®O ZjB, 3D, LOtdha0h0 o
HI zBBYA%0, dLstLe0M0 daWioyjteji HOYAS, fisitsishSstfdui0 did Hislzed ks jrdkshsedwy. 43 02-
Jjolsdigwls o0t s Cids ROtHEjE j HO flj dLifszed Zjs COBj. rHAE &l Goudtdsj j HO fj
00tzdLdte0 yols0 0 S30k0 d 500 HO fj sYte jHikd ifis0, &t s d HO fj ishistew ted COadyo f
Yo lsted ®0Cjted d Isj HO 1 tsBteOBIWs. e IstsLd dsjistsH flj Ok0kdLdfted 2D dLtsBOMjidj
sBJCHEo j&s sso0 fis0ad YdShik tis fdShjt. RGO M LHOHj&d Okettedisizd. Stdlst fj sdisedls HO
tfte jsBte0LIZo0k 2D o 3D dLsBeOMjdd d 4 ssLd &Oydd HO dssyd HO ] 0L dted &0BHEO Bis st ,
CObts 1 sBteOBBISO0 f & HIEBEY]HRO. Stse0ss fj dLiftkLe0lk Codjted LOYdhe0P d o 3D, o HIEBEYJ®RO,
dLsizLe0P0 dimwieOyteot HOUdS, fisdtedshSstfoydo, dLssed>jidiks Sl fd diikzjre0 b Hit>0
s jud deWistezsOydw LO ted COIO o tfteshiste0dhisotsists o st s, Sdist dsse0ls HO HtedtzOHE j>10ls S s
tRats>y jflsetsists Histziisdizd df i P jiseddd S0Se0 j Bises tfis-Biscolss. 3 jHshisOsIC j yj yjkolso &0
sjLd EAsteshse0 j dBhses ds-odisCo, COSks d dk0 kuses LOadiddshisd s 5SEER0s0 fejHO d
biisedw. u0Sded 0 LOLHssVRAjsE %0 iSOk s GOk koo, Isjktikolszieok0 GO tistsif jhdjsts
(BhBds, SC0ks N dLfszied dewioydkejs HOYdS), Wsh0 tCtEs d LOH d&jw, Bhedlidshiiso,
nSteshislso &0 dLydadkjthd] 60 3o d Hiskzed.

Jhadde yejL yojstets teOLsLEO00k), dLedtthedbs yejL slsydisokj yojsd &0 Stx0k0 did
fshs0ovtzj ©0 tiCOadyd M yodlstkd ®&OSjed Hislzed teOLYEshE0GiGd sintdto h0: NSitjkdks
eOLYLB000R, wOLYBLE000G) @0 HodMJkd]j, tOLYsLEOs0k) © HIEBBYHRO, 3D d&BHjZ &0
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0L YLB000R: ], 0L YBLEO00E ] U eddh j& odH d Hiszed. tOLEdydkds] ksirtdSd g0l HrsHEd dJissH
d o &ves?2 hilzyod fj tiejfsStedotls dizd jHdw fj il HIteX0 o Higlza.

ted eOLYBLE000E jists ts eI jd odH (WdE.2) ©ls yjkdw COHte LONG s tis SO jted fj dLBdtO
500 0te Jy OIS0 sBEOMS %O ddzlsjte . N fizlzyoOw f eOLSLE000% | GO M jhils Bls iy J GisBRBHAGE HO
fj GOtfeOed Mz jHdsksts: Yitsets fj tisse jewed dBO d LONGSO IO, LO ka0 &> j HO fj hGOtfOed
tfteso jteCO s yowls &0 S0, fiziH SO J ksOdse idts, yi a0 ted €0 fj dLttskLe0ls 0kestedisdd, Stdlks
tsBte0BIso0ls COHI 0 d tite jdz0mo0ls Wisk0 LOH ted COISO df S0S0 tistzizy jdd SBtOBEIs j&2 COHts i HIte O
JH e jits SBEOMSSO &0 ddals jtejf), Stwists fj tsBOBSka0 LO IhlsOhksoveddhj &0 fbotfoHjkdj LO
stfte jH iz jd Mihls. Jted lstsLd dlssH fj dLtskLe0ls hisdkHOtshkd B $0ds jted.

Ndc. 2 TOLYBLE000] ts edgh jd odH

rtelze d3dlssH J teOLYBLE000h) ¢0 BOLO G0 HadMJhdi, SOkt o f¥Pdshiskd fid tisjHiisOetwed
MtcOadWo0lj &0 GWCsESE COHIE0, LONGIROPd > hks0. dde ehjSd jHdE Bis swa ttset fj OLYELE000
HO&d g0 ted SO, COIsts G02-yjfists dLtskLo0hdw djlstsH j ytejL fte0adzdd. tfs yowis &0 S0, fitzjH lstsed
fd dLsizdic LOHdGAW Wists, LOtslzHE jid§ J 5590 HO T w0Yts0ad tied HABOBYES tiesdjdwh f)j 1s0Sde d
LO fiteOawazj f) IssLd tetsBizdds fd Hiesdsjiw shodlsjdshisiso, LO HO disMd tis-kihbs HO i fisOawwel Yt
Yowls 0 Cts30. MHed sLd B lssH By HO g dLtfisizLe0ls fisodHOtsGd i S0k jted (Munir Oudah, Ali
Al-Naji and Javaan Chahl, 2020).

€ jiz st BOLdte0dkEIE 0L YsLz000dk, ) dLifsizLe0 toLzdydkd 0kestedisdid, LO HO ttfts jH jdzd HOH jds
dLsBte0¥ jdd i COlsts yomis &sls yse jhElsts wizts d HO Yishisted GWe0ST o d30tS jte G20 offwCo fis0o0, s. 4. yomls
tftod SWists dsts>1J HO ds0 &WEOCats HadM jkd ] o tstfte jH jizjd0 ishsCo. TOLMssWhdwWsO By HE s jLd ssySd
fd tejHhisOowls COlsts o jChssted d tts IstsLd dOydd B> HO fd BtftejHikd SdStejlsjd ifls. 10 onsHES
fisteis2Mmisots fJ drifsizee0ls Y jydoedideodd Sogjted &0 Kinect dizd Intel RealSense. & b jfsolzo0 o
tE0LIE0BBIsJ& MisWhlzjts iz jfdwe0F lstso0 0LE0BEIa0h ) d ¢0 Yiesete0ddhiso M| &z 4 GJsBRBHAEE Hods
HO ot dhisjetedicO M) Motsist tedhsyjed). Hedgite LO kse0d j Skeleton Tracking SDK BY
CUBEMOS ( https://www.intelrealsense.com/skeleton-tracking/ ).

TOLtBLEz000k] BOLALOGS ©0 HIEBSYAHRO dLftsEied i iydoedideodd SOgdtd, LOYdhedrd
dLsBtEOM Jid st o HIEBSYHRO, 0 MOdsEsts wOLYSLE000R] %O Mdfs fis0e0 SOl ©0 KOS YBHOHjuBIsS
5090 N iedisx0ls T slse jisddfls i Okctstedlsdd.

((

[ . 3 ! .|
NJe. 3 RLBBEOY] jid.j LONG st Bls SOds jte0 LOYdNe00 o HIEBBYHO
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ted 6OLYSLE000d] BOLAEORS %O 3D disHid &0 edCOLO disMd HO M dLytizLe0 sBASHEeji0
COjte0 dizd Mt jydokzdLdtc0t0. stselists fij dLtfistzLed sBdSHkEe jd0 fj tediz0c0ls Okestdlsizd fists jigvPd
f1j HO tftc jsBteOLEZOOl 2D o 3D dstsHjdz. fs>j HO fj dLifisiziedls d GwestS S0Sde0 teOLtfistsy jad s
sttejHidz it Goydl. sty kst 3D dLtsted> jad ] otttz iHised] i tae0BEIsa0 d tied kit 60l HO
fd Lzl Laoyds jids fis-ctivE Bes2 M fste  fitftewds fted 2D fSOkdt0djists.

TOLt5LE000d st BOLAEOnS &0 tBlzyjdd dLtfszLe0 ¢ jotshd ki d. B34 HO Iij dLtiLetls
0Lk SOdjted, SOLt OLGEEBEOLSE &0 Mt J G02-csEvgs Ntewds sydhokds) HE kiz&
lsJndz0<d.

RIS jte i & tsHAGH LO LONdyOh] ¢0 M Jhiste , L Saaitfesisitens L jkdj J dLitiLe0diss ¢o
CRdstetsizjte0 Leap motion (W6.4), S2Ists &0 0Siscfodz0is0 fd fists00 0L fistz060 f) Hoj Bistsnisds0lscfudsd
dewWisOyjteo jied SORted d Isted deWicOyjteotd Mo jissHABHO, tfshejHnsesd, Ssdks fij dLedthad
Yetshtz jHWo0dz jists &0 B jSIsdls] © oBBIsGEIE iz stz ( Krastev, G., Dineva, V., 2017). vfstes2fsotsists
t0BBId f) HJCOss0 CiisteHAhOBO MdhisJBO (HWhiks Bted jdisdie0d0). sttteHdRods) K0 © mm, 0
GOyOdtsists &0 dhis Jdz0ls0 j Mt JHOKO &0 kst 2fsotsists. (Krastev, G., M. Andreeva, 2015)

NdG. 4 Leap motion

RLaJ s a0k0k0 t0BHSISO tsis B jotststadlsj o yso jNCdw disLI €, Ciscolsts Ists? oo did fd tfis jHijsOad
dradtsh o0t jiss HO HOH &S HOdMjidj BBcOls HO fj fMadtsx0ls f) KOCO &0t jyjhkdls) BEisehkd sBEOL]
(HodcOls jtzzd tsBtOLd), SSAsts flj Hjdws HO mu (7113 Hz) d beta(13i 30 Hz) tsdlstd, Stdlss 70
drzJteddsd SOSkts tfied LHE0ad, 1SOS0 d fied RiSte0 iy BWEOSCots LOBSEYa0R] s HOdGOk jiddw Otf0e0ks. Yis L
dLas jteo0z jists d sBEOBEISSOSO %0 SOLd dhWistedsOyd™ dss> HO fj slsydlsOls M dfstse , Sadkt ysodS fd
oguiisoow, yj Py dredtthd. 3 02-yifss ksed LOhduodd fils0e0 yedL JjdzjSktels jdyjwodsetoso (
https://medpedia.framar.bg/WdLdstsed™/ ji jClstets jiry jWodsetsoWd™ )(Wde.5). Ied g djlsH fj
drdin$e0 nS fshistezo0M0 d d&j Ghses ZHESBEO LO s jR0mWk0 s jndkdSo, CoSks d tBiOBEISSOLO tewso0
HO is090 LO dLSEBydsikkt CtokSt oteigj, SI2 SOkt o tfiesldojd MEkyo2 ksed Mj HsojHj HE
sl jeyjdd d &JzHtshset o fisists jBdfls jzv. sId IssLd a3 jdls Iss00 & J teOL tfteshists0d jd& o fistizdis jd
@GJlssH LO tedro0M0k] &0 MJihlkstej (Joytirmoy Rabha, Debasis Samanta, Pabitra Mitra, Monalisa
Sarma).

Adetzte 5. i jSlstes jday jWOtisets0d0 ()
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gJAsL TR FOS VR RMILNIWRO rres AL T Leddonr

OpenCV (Open Source Computer Vision Library) ( https://opencv.org/about/ ) J HBMiSO
0L tfletshiste0t iz JOSls f) tsdsFs0, &0 St GOydhojh tesctsoddhls dsMd HO dLytikLe0 o fos?
et jCls M ifstsots ztfieOotz jzdy. IsHHIEX OGS jLdyd 70: C++, Python, Java d MATLAB, 0kt
te0BBisd d tfisH Windows, Linux, Android d Mac OS. RGO ted SotsHise0 d tfieddsjted LO dizls jetedteOdz
faf) fe jHOKO Eclipse, S0Ckts d d3dsets ezt Sszdy ot fitfsH jk ik StH, Sk fizjH tjHOSdte0d | o
HisYI o0k disyd HO fd dListLe0. 1Bl i sBAShSojid ZiB CORted, & Stkduihiksesit Mihkte,
Cisdists teOLtfsLz000 MO Bhses dG30wCE. JxJ HO i daksjetdid o LO 0BtssO f) COkjted LOYdhe0Pd o
HI ZBsYd®0, ks NORdW iesydh 60 tesete0ddisotd nd ZnisMdkwe0.

Intel RealSense SDK 2.0 ( https://www.intelrealsense.com/sdk-2/) j fOCjis, S22t fj dLifBiLo0
f) Codztedls i &0 daasitz, &Otfeddzite SR300, D400 d Htelzed. IsHHIEXOGAS] judyd O C, C++, CH#,
Matlab, Python, Node.js. Ajifiv IntelE RealSenseE SDK 2016 R2 tfisHuitd0hj d JAVA.
AsHHI 6106 dls § st itsOydsddd hdhlsidsd 0 Windows, Linux, Android, MacOS. _fTs531 HO fij dLifsizLe0
d f) LabView, Open3D, OpenCV, OpenVino, PCL, ROS/ROS 2, Unity, UnrealEngine.
1OLYBLE000 ji3dlsd M s YishisjHmsosd tedy 110 yjlsdtedioHindls &0 Bieis2.

REGSJE tejHE0c0s d HOS s BOLAEO: 0 NS jd ikt tOLYtLi000dk] &t jyit Skeleton Tracking
SDK, %0Lt0Bk j& LO 08I0 f) tieiHEz0c0kd] s swa SOk td LOYdha0fd o HIEZBBYJR0. IBSHHIEX0
C, C++, C# d Python, 0 C0sts st jts0ydstdzd fidhisidsd Windows d Linux.

AR HRIJ R

TOLt5LE000d it &0 > dhistse j SOt fite jHisos LO Sd3zidCoydw f) Cdstftslsd tedz0ls0 s JnddCO B> 4
HO &Ogjted tiedisjbd) o tfisysd ofweo Hj2dshs &0 ysojS. Jiclls HO fj dLBtetWis SOt @02-
Ystlzawishkd hejHdds:

- Med zsddls j dasBdtdd s jz jWistad d lsOBzjisd, S H jlsts, sBAShse jhdwis tisists jedls jiz 6t j fte Ok
ds>1d B #02-yfists, Isi2 COlsts ytejL M jfls B> HO tfts0adve0 Cohlts jistts tiedhtsy jid], Gotiedds jt
dcte0.

- Med dotetsodis StLtid, SOkt a0 teOLOBIS jdd OLkdyudd hfstelsid deted LO Nintendo, o
Cdists  ztfteOat jiedjists fj dLedtthed BjLCHE&SOCKES SOkt fj fejHvs tedyjlsj 4O dete0y0.
Castfeslsitoladfls deted Sts j &Ogjtedizs Mo jlsts dwhiss d fj j HECOLOES SOt djsBrtHA®:EMS LO
fsod 000t j G0 ZzHEaW jlsotsts jhshisls0 &0 tfisiste jBds jiv.

- 1 &jHdYydt0ls0 doz0 teOLteOBSIs jazd Mdfhisjdsd, © Ssdists mdtelztecO dizd Hislzats BjHAYALNSE &dyd,
e JL M JMistse ] Bls ted vy d3s HO ztftle0adwel diwstedz0ydwiso, Srwiss fj fswewe0 &0 jSte0d LO oy jdisO.
utsLd &Oydh O toBsisO Histfiediomw LO fls jtedidLoydvisd d Godk0Ewed otsjdjists LO HJLABWSydw o
sk iP jkdists tfied hdwk0 G0 jSdyds], sI2 SOt d&j j dkods WdiduihSd Hstds His disddissts,
Cz0odOslizts® ddzd Hislzets WLdyjhSt kEhstes2misots. Rl jtsjhdd M0 d 0L0BESHsj LO HAMsOdYddd0
St jeOydw. Ieddzjte LO o0 MO [hstes2Mmiso0lsd &0 DA VINCI Robotic Surgical System (
https://www.davincisurgery.com/ ). dted sWn ~dteiztsc0 d3sy]j HO fj &0dsdted &0 coiwats OLhisswdj tis
Joyd jdls0, COolsts kis? ztfi0odwel tesBBISILdtE0R0 Ndhisjk0 dLedtshedM0 Modk0 i jtedydw. e
ztfteOotz jd.j fj dLedtehed WdLduhSd, fjbLstds did BjLSSHRSOSkyS.

- Jises stz jids d fjehtfjCsdods j d dLtfstLed st &0 hdhsidkd eoLydsohd jLdSo, ytejL
MJhste] dLfszLe0f s ctzizntk jddls) ~BE0. HES 0SEe0 edisyjedj P j sBizjSyd B EZo0E it i
Wi ks Yo S d&J tsLt000h fislse jlsiz0k0 dLtsiLo0dk0 OtelsdSzaoydw.

- adhls j&0, tfted Cwists yso S iste jHilsosds M jiis Ztfte0odzvo0 EWCOSTIo odH tsBrls P j tfsLotsdhd
LOdgz0Is0 &0 risteOl0 o stfohdkd fiesdLotHilsed did s ot jdj &0 0oltd™ o skl jkdj, o Cjks j
tedCots dizd tieshist &Wd0 o Lds>dshis LO HishisI 4.

- 2ted 3 lstsHO &0 slsydisOdzj &0 Mfls, el rIrA J oI Ldssyds tfte0od jhdjists 40 jSLhS i jls did
tesBisisdLte0d Ste02hdS tfishte jHisatsds dadid dzisO &0 yso S d K0S0 P j dsts>ij HO i j HOHJ o Lassydishs d0
~5te0 ) fiesBdzjdsd © Bifisteds-HadE0k jzdk0s0, dizhSlzed0 did b jtod0 hdhsjk0 HO etHWs i thksy bt
&Oydi &0 > detis.

- Lo jdd s, YedL MJhkto B HO i dLtfszLe0 LO OoltiokdLdtodj &0 fdhsiddls] o
HERO. A fbhijHddlsj HJnJsdR0 csHkd dB0 khkses ©0LOBskSd d Mis0ebls Histzdvishd SOSO
%Ot jyjdedlsJ zdstd HE®BB ) (smart home). Y9 jS sy j HO id fistsd &z jedi0d &0 Hdo0h0 tte jH s j& jodLists0
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d ) stfiedHdiztn M Jiis G0 eI SO0 BBis>d HO MdsJdaw IsjtzjodLasihkdls) $0%0kd, HO SBlistsEdid ddotsist %o
LozCO d Is.dz.

- fdhisjazdisd LO odtslskz0dd0 t jOddsh)is tisistsjadlsjizv sy HO Iid YishisOed hodss i tisejisddlsj
sydo d tfiejH SO0, ytedu ted COady0 i) hjdLsted did Pajd HO dredishe0 Etfised jkd s, Sskts
hj woLhdied d sBizdSyd sis 0towolskd drdhSe0dkdw i LHOa0MG S %O Mddzeokstd L0 Codltsjisid
tsBEOf)sd.

1PsISYWRL

1OLYSLE000G s 40 M fijssej j OSkEOLHO d GOBqEOMO tistizdvedshls sBEOfs. dnjSd yse S
dozof ddastejf) HO M LOGA®RO00 1) djw tftcjHolkdls jbdts stewo® HO fj LOYBLEO i) djsBRiSHAdW
FOHEZjte LO 50S500 LOMOG], MSWS s dSBREHAM LO SBIs0BEESO, ds jssHAs] o GO0 GO 60BSS0 d
HO dLBjt6 j BO-HEEHP W LS LO Hiesctc0tdicdt ], f) S5t HO 6 j0kLad e SIS0 fid. 10 GoydE
tleses0dis 31 BY j 402-HEBE, HO LOYSYE fj OpenCV f) sBACHse j40 B SO0, 0 fitzjH ksse0 HO
i Gohsyd SId SOk jted LOtdhe0d o HIkBEYAREO dizd S0Sde0 f) SDK tfistLe0m fS ji jlsts BOLEOGS
©OLYSLG0000 ). JjsHik, St P fj disjiej adid d HE st fsjtje S odHO d qio &
>1jfsse i, Cadlss P j i dLtfiseLe.

utsLd HECHOH M) tizBRCEo0 1) tsHCE o0 @0 tiesjSl 21-AEEA-01 AR jidc jdistd
Cogstislsdteld fdhisdesd: difziHo0kd GO Wagsks tOLedkdd, Yedisydedd d EtfeOoridddn,
WoltOtidte0t sis WistiH An Ozutd dLiizjHe0kdwi GO tizjenSd tadejends s Adkejt sikyjor.
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Abstract: Transport networks for 5th generation networks are essential for end customers. Given the ultra-high
speed, no technical problem is solved. The construction of the route and the choice of devices must take into account
many different parameters, such as reliability, price, terrain, climatic features, region and cargo. MINI-LINK 6352 is
one of the devices that supports these conditions. The process of design and implementation of mobile transport networks
are presented in the article as part of Northern Bulgaria.
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A3AcronRe

ted ofwCO tftesgVk0 %0 S ikdilst 40 GSM, mW kisddhttels j BdEz d odt0ed J eBlsse HO
oiiejPdj GkqHdsj L0 COOydisjs0 d offwSt Hiskzets Isitefjdj. Msju ik jHidlsj 20 csHhk
microwave(mW) kjris@sed™ b jttejSingoks fj t0Lade0, LO HO skesotted &0 dLdhCe0ddwiso. s L
1996 ¢. mW HOP tBdShse jiz tfsHHI >0 34Mbps, HECOLE Hzjh, fiesHizClsdls ddz0ls fitshisshisisO
HO fsHHI 610l GZOH 1Gbps o steOHYdstdd didisd d &OH 10Gbps fj E-Band.

A0 ud0s0 IsteOdztfistelstz0 BOtdjted tsls 100 Gbps o4y J ttejSind0ks0 yte ju SsdsBddadtcOdsj 0 E-
band SsgBdtdte0d fj MIMO s jrisisedw. Yis L s0Ld s jntsisedw, BVA0 tfishisdetoisd 139Gbps ¢0H 1.5
¢, ) odsCO GoRdydshs d &dhSo @0l jdistshis o C0k0E tis 2,5 GHz. Ly0<e0 fj Cogoydkjisils sis 100
Gbps HO BIH Is3teesonCd HishisI fjd tiejL iz jHo0P dlsj 51 8 csHdd.

MW b jasdw tfiejHz0c0s csiveg COtOydisdls, &dinco doksjdistkshis o dSsksBdydnSd JWiSsde jo
ste0d tfistels SOt HiSBeS HiSY ddzjdzdj I ds ok0SH jhiss-Stflsdyd0ls0 B i>0.

RUJLWRC

RLBB ZOftE > toOlsizscdw

10 teJOtdLdte0dzd 10 IsjSzFrawis tistsSls J dLBie0hO kstiskised™ sis st ioLHOR. J sstfsisedv sis
sdtf Lo jLHO, ofdySd oteiLCd tOBEIWS tfs &iLOadhdd &Oydhk, SIHILE kieOWdSO / Sogoydisjisd @0
oted LCdsj &4 M odzo"wis oLOdsbs. I IstsLd GOyl GBOH M HESNSSO d sBPdws CoYoydisls G0 dte>10s0
fd ko jtdy0e0 o fitedod jhd f kstfsizsedwiso sis Isdtf A jtedc0. fhojd s, Cofoydisisils dss>j HO BIH ]
teOLN dfte ji yte jL HSBOOWE ] 0 tfsojyj oted LCd Sz BOLBadls] fisOdydd, Ssdists fj dzyHOWS Bls tise juj
tehiztehd. HA® Bls shdseddlsj & jHshisOsI yd &0 IssLd sdtf dste j>s00 SsdWdetkztsoydw 4, yi kW aSttsye0
ey Blots? OGlsjied %O JjHGS dwWhlkss. Jhojdk kste0, adhsSdwls Bies2 O telzisd © HOH ik dstsc jdls
%050 We0 dOdzofudishisisO &0 SO0 .

U sCHOnils § tisjHik00jt GO sz SO0 GozybO fijid™ &0 20.05.2021 ¢ o fijSyd™ AsthadSoydstto d
Crscteslsiteh0 s jRBaCOR fy tecfecfiOists LOGEOA} G0 BI #e0EnCd jLdS: stded Ltud LT rd 16 5G.
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tots JClse@h | OBEBAEOSE AR stEsEOGE S O

Nde. 1 T j>s00 ktstfsizsed™ sdf 39, jLHO

Y Jhiselsisks SishissWdkd GJHE HOO ffjHGd COk0Z0 e 250MHz (¥ didhSe0d &0 I1TU-
International Telecommunication Union). }ed ef"C0 jHE0 tls Cte02ddls] ssySd &0 TT &dhd™ diz0dk
2 Y jfistsisd], Stsflsts datsc0ls HO fij d0te jSOIs tacfinCO o odisCo. A fiklzy02, uj dasodsj tfse jy ls jHEBO Odsls j&0
10 jHd® o i P 5B S, tfied GOMistets 2000 %0 SBiStelzHO0R jists IstewBo0 HO fj oL j&] tftejHodH, yj @0 jHEs
Bhlsts de 3531 HO A0 d ddCd d adsSd yihissisd, §s.4. did f GoMsteis2e0ls fiodsts daiSd, did hods
adsCd yfissisd. usE0a0 ctotstedds LO AkdiSoo d AedisC0o BOLESOO fisOdydv.

10 HO dLB et jds ddls jteW jtejdrydwisO g jHlz i jHdd SOGOLd, Stfte jHjzvds] Mk jHddls yihlssisdd
COLOkd &0 kdddddfisj:

u0BEAYO 1 v jhistlshs 0L eV i

* mtot™ R * mto t* .
< mto t™ < mto t™
* mto e e < e” ‘
— * < _ e*ch a™e R e”ch a~e
. a > "x "e* Tt ch *~ ~e * < < ch "~ ~e * < <
T ey | e [ | g [t e
 (MH) MH2 | ™ (mmg) (MHz)
M 250 71250 81250 81250 71250
__~H 250 72000 82000 82000 72000
.0 250 72750 82750 82750 72750
__ N 250 73500 83500 83500 73500
1@droQiz ]

WEBECE ozdWidw dgse0ls HO Hse JHOI HES LOGEZBO &0 fded0d, Seliss HOOISO ks jd3ddz0t0 GO LOHAS
oted LCOO MO o fewCO adHdashls. St Mdhlsjkdokd Los J BEzdLE HE LjdgWisO ) ekikd tis 0L jte
e jtwishisodw dizd ~J k3o , LOGEZBAIS | &0 tfejtfwishisod™ d3se0ls HO MisOd0ls 80> &d, o tfteiSd i &ddkdwiso
%0 odHddBMs dd 4 LOStds0. PSs dds0 &weoSod Hissdsidd od o WOCkst0 0 bOHEZNO d&0 JdkWis0 tfisteOH
o julztfoOdz ], tfalsWis s> j HO BIH] 5B SIS G20 HOWts0SydW / tfts jylztfoOdz .

LitsedwsO LO EOLYtshist0dkjhd ], SOt OsdshW jtedd tiejdikd d B0 jedw, Hid0Md fj &0
LJoBWIsO / osHOKO, dBsels HO tfiscfyudizvls o0tedOydd &0 Yistizyjidw fdenok. uised Wk jdkd] fd woldyo
10dRe0t] (Fading).

DHAsotOBBHEZEAYAW - Cotstett GLOBBEM GOt LSO
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ATPC - Adaptive Transmit Power Control j fidffls jdz0 LO Cszistetstz G0 SBisOIstz00 oted LSO, Srwists
ote o3t 2o jidy0e0 dLatHE0L0 B éshis &0 s jH0o0k j&v i ot jdd &0 Y jtdsH &0 atsh 000k ] ¢0
IsteOf jists(fade), SOt tfts ssLd Gz0ydd Jedaisdizdte0 (dizd it 0g0kwe0) &iskoestfiedwisddlsj JWJSd Bis
ot jkdis] gowodlsted &0 IsteOmjists. ATPC tfte jHEz0c0 & jLOB0odGd d HIkeshesydkd tficjHddsMhise0 LO
Y jeOlsste0 %O oted LCOKO, oS=ydljidts GOBOL GO NiejHBO CdBhizdOydy B0 jikjtedw, woLPdiejdts
sBistezHa0Gj MTBF d tfis-tGdiSd HI zeshtesydd dGded &0 RF fikkzP jadw [6].

Transmit power
Transmit power .

Pa!=-: mmnT

ATPC mode

RTPC mode ATPC mode
AdC. 2 st G0 i jH0e0ks jik0s0 dis s

TOHdB-dLABHGOLO dsPdshis disyj HO T Sodistesided odo WdShdteOd dizd OHOYIsde jd ts j>| .
A3 WdShdteOd tej>dd, dLAtHEOKO GsPEshls Pout o0tdied tis ddhdiotds ¢dets Pfix min HE
BOShdds0dds dofots Pmax. wsts2dshissd Pset f)j LOHO00 tedybs O fisiyCd ks 1dB, ¢sSOkks did
sISHO® ju idts sis s jdz0s0 LO EtftsOad jdid]J.

A OHOtfscfo jd to >y dds WizdzSydwisO LO Oalssessdydts ztfte0adzjdsd &0 B3P shisiso 60 tfiejHO0w: )
(ATPC) f)j dLifistiLe0 LO OelssiOscuts tfledotjtdj G0 qLASHE0SO BsPEshs, Pout. J tjLizz0iok
@ P dashsisO i j te jelzizdte0 & jtfte SN0k, 50S0 yj HO fj gsHHI 630 Bdhdds0tss ontHES koo LOHOH jd
tsls Ste0z Is jteckofizOck. Mo tasteckOtf ziyzisod 0 e jists, ATPC fisHH 310 (LASHEO0 dssPass
%0 BOROLidGs Gdoss, Skt osH HE His-Gdhts ddets &0 Bz jad™ o tOHS B> 0is0.

SoQHEGskists ABYEdszHEOSHEECYW

1Ot jHICIls o SBEOMSISO &0 Is jrdstsedwisd LO dsHEzEOYdW d StHte0k ) (SteiSydw &0 cteihCd)
5C0Lo0 hdtzds ekdvhkd] adtenlz zo jzdy0e0d st &0 COHOydiilsO G0 POHBE ik i2ddls] otd LS. i
dsHEzEOYdshhd fnjid Hs 512-QAM ] dLtfskziedls NdisSs L0 d0cdhiste0ddd / qdWisohistzSlsiztedd
dGte>d, 0 BHEZEOYdWSO HE 128-QAM ofd tsojud fid dyskied LO oedLCd LO HihisI Y. Yy Soblkts
SBitelzHa0%: j d3s> HO ] fifteOad ) dssHEzEOYdsddd WistsdsOlsd His 4096-QAM.

wdots jg jhddis i B duid dGted>d yifss drdiSetls d fj Gz>jHOWS sls is-csdvds COfoydisdls. 10
WdShdte0d teOLds jte %0 COROEO, zo jzdyPe0t jiss QAM Edosist %0 dssHEzOYdY, o jezdy0ed SoYoydsjiso
0 oted LEOIS0. 3 OteOMiso0uziss %O COYOYdlsjlsO tfed ddhSd a0 &0 QAM Jj Lioydlsjids; & ted odise
QAM, ke jzdy0e0d jists 10 SOgOydisjiso j dhses fis-R0kSs.

J0s 1024QAM His 2048QAM f1j tfistzlzy090 10,83% ko jzdyjtdj &0 SOYOYd]sjio.

J0s 2048 QAM Hs 4096 QAM 1 tfstzizy0e0 9,77% ko jizdyjkdj 0 SOYOYdsiO.

Sted fllssh@zO s viedLQydw

CtiShstotscz0cdzdlsdacfls j o k] )j HOMOls © 3D tftetshistsOdzhisots Hfis Y00 ddhdw f) ttelstsetsd0ddd o
btejflswhd iz jSisteduinSd d Goehdlsdd fsijso. vitsed ikt j fisijsoko HO M0 Belsteskokgd jHES GO
Htslzets, COCIts d YishsS0ls0 &0 0L teshiste0d jidj. I bsLd GOydd 0odd®0, StWiss J titstf jtHdSzzVied0
%0 YhsCosd &0 tOLfteshisteOh jkdi, PJ MIHIEX0 ohduSd JjeiSktsdOctkdistd foiiso, s0S0 yi 4
HEshsOlsd ydzts HO ¢d stfd jlsJ o SO tOadzdftz0.
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10 HOH jZ0 £ g0 G52 tsls stz jodflsj Stsdzttstz jdase] (ROctefisted dlize] JzjStecfudnS) dys3ig HO g
CistzjB0,j, GOttedds jtc s o jesdCotd0l0 sf), St jisis qLafSa0 Hisedws st jod Cdstists jdis HO sts jisd s
CstoLIsdsOGOK0 Gy,

Ao jydlsts edddkd zyohse0fr d o OHdBt jizj2hdls oted LS fid HOAX0s s LikH0S0 Yol terdssh)s,
@G5> HO M ctotsted LO otelsdCOtds dizd nttedLsdisotds tistwidLdiohd eddiyd, Skt sLk0y00, yi
dzjSlstedfy inCrist sk fid Soiz 0] i sle st ado o tlsdCotd0 dizd RbtdLskisotd0 fehsto. foLBdted
d edkpOs0 gsJ HO BIHj tsE“edLdiOt0 el ofwCO thsCo, &t fs-o0x&sks J, yj ofweo
fszvedLOydy &M HO BIH] t6OLHEj#0 &0 HoOkO Ctdytikitkiso, Skt tBieOLEZo0s Bieksesh0td:0k0
shdzse0.

AE. 3 s j0 ) jHis RAU (1+0) NG, 4 s j0 ) Ho j RAU (XPIC 2+0)

10 drydhizidd &0 otsjdzJists LO tfie jSIfa0dj © XPIC fhdhsjiz0k0 fij drtfskzLed ITU-R & jksH.
10 duudhizitd &0 ete gl LO tieiSino0k i o XPIC fidhisjdz0lk0 fd ditfszied ITU-R GilstH.

e dLydiivedsj OO0 :
Lpr = =“>f||hrrll (1)
op =

siHjlsts QD0 e ¢00wGsdE0dks Bls tesdLasHds jiw ddtkddot it XPD tfsd tslsotsts j&0 tfisLoydv,
COChts &0 Yt jHO0Is j&v, S0S0 d LO tfied jdzdz0ls0 Odls jdz0.
"z JH 50 drydidve0dj multipath activity factor, —:

t 1 0
10 JH&O tfte jHOOOk jizdz0 Ol jiz0 Q s> HO fj dLydhdd SOlsts:

i+ 3

Pl ©

R e multipath fade occurrence factor. s> HO fij dLydfize SOk O / 100, iy sise jisfso0F

(0 ttetsy jdzlsO ©ls ot j jists O (%) GOHadM0s0P s A = 0 dB o fits jHis GO2-Eshdw & jijy.

RLYBELE02C] Vigants, SsjWdydikisils &0 LOsdre0kj M diydhive0, SOkt fj diisizie0
shlsaddWs ze0adjidy G0 tiejSIfo0hk  tsandwls sis s jtddls] Zhdsodw:

i i 4)
RLYdMLlsj 4ote0d jlsited C tsls:
Fo=kr I (5)
JBFOIO dftzls JisW s jdryaw &0 LOGEzBd df ficslzF jdsow ) of BJL XPIC i cfLycfinved s :
y  F pit o o]t g (6)
5 Fopdt e ot B

- 124 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3.

adhis jgdlsg ) s> ihiset ontHEej d dLatHd (MIMO)

adhisjidlsd f) Gk Jhsets ontsHBe  d dLaisH (Multiple-Input Multiple-Output MIMO) 110 s jLd,
Csdists ofds0ls (SOSksts YsHnSOLa0 da3dists) Ysojyd s JHAW ontsH o dLntsH, YieddsO fid, ud o TX, d Rx ddsols
Ghsydhsots Owlsjhd, ©oBSSIPd o JHEO o PO yifisliz0 ©Jjkks0. RBO ckwvd dhkjedh SId
dLiikzjHo0kdwWis0 &0 BiLXdykd MIMO kjrtgsusedd LO fshijHasis Hindsdijisdd, fiiHdLodSods tis
590t SO te0BMSISO %O 1>5tz0Is0d LddsIteh d XJtOtH . AhSded tiejL 19926.

1 MIMO fidfyis idslls tis jHO80K s oL tts0P0 dicitsyy ffsets sy tls ds>| ot tis jH0a0ks jddsf
Ol jedf. s jHO0k jirtafls j Yislsisyd d3cftz0e0k s L dsOlsteay i SOGOE, St fij i fissd Sl s> jisos
i 50 3 >Hlz dits>y jfjsets e jHO0 jirtze] Ozl jdzc] 20 tfte jHOROIs jerw of cheats>yJfsets el jckOPf Ocls ]
0 e jsaqCO. itz jH o0 tled jdstSils isizy000 sty jdds, o jSsted G0 k00 s ditisy jfjsonls
tlecl o] OS] o HSHHALO sty itals o jSksed GO NAEGOLO o itathOYOLBOSO qWSEEOydY.

Tt Pathe X Rx Signal Rx output T, Paths Rx

020 0els] 1025010

Rx Signal Ry output

¢’ 7] P
P =] \‘\d': ]
Txz A9 S Ry : Tz A0 N Re

Y _.RX._ W -
—=0del,:] =0 _r02-/

a) b)
i -
Tx-{(; Paths ; R Rt Signal Rt output Tx:qu Paths ’ Rxi R Signal R autput
| e 1 g D | il coy
\\__\sns ﬂ:,‘»'/ ! \'-_\45= d;t/' ]
\“"‘d T i LEl—J
A S0n | P ~O
Te S0 O\ Ry Te 4 S\ R I"EI
{£E——>) B b \
M Oz ; H—y—=— 2 1 / tx F\I '&) Y =

¢) d)

NJ6. 5 TOLH v jists &0 tislssydis sis fided0kd o 2x2 LoS MIMO
adfs jasdflsj MIMO tshdetztevels tejHdy0 tftejHddfiso0 tfisjH StsdzddSOydwis ) jHEO Odsls jd0.
vlzofsodls jkdshisls0 SIds LOGkzBd f)j G0d0EWe0 tls HfteshsteOdhiso jdsists OLESEBEOL], Shdektes itk tis
Ghs>hsers Yetshste0dzhise jkd s iSd. Ied sHfteiH it idkd Ehtsodw 40 tSEEz0k0 fiteiHO dLdhSo0ddwiso
L0 dssPatshls, fedteLOdd f) CsdskzddSOydwisO ) adisCo it jSiste0dd0 jWiCkdodshyis, dsscOls HO BIHOIS
LaOydfls jdits 050 jdad e jL dLBWEo0d ] %O Stsdstfts jidstdb0ls0 sBEOMS GO ol teLOLOISO f) s jtsts jlsdyd0lso
dlWisteczOydw.
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2 GBIT/S
250 MHZ CS
32 QAM

0.71KM 2 GBIT/S
- 250 MHZ C
O

32 QAM
72,000 - 82,000 MHZ

2 GBIT/S 2 GBIT/S
250 MHZ C 250 MHZ CS
32 QAM 32 QAM
73,500 - 83,500 MHZ 72,750 — 82,750 MHZ

NJG. 6 s0tls0 %0 bOH] St jizd2dd1s ] ste0mnlsO o cteOH ardizdists0

RYAIIrrR
Jhscets sy joksted i hekifiColls f &jsBatHI®:EMS0 HO 0SkEZOkdLdt0ls fotwisd backhaul

B0, L0 HO Bletosewls &0 didhSedkdwisd ©0 SOYoydisisO LO ©OLtfiehisie0kkd st &0 5G.
sotoydisjisils &0 RAN o 5G dits j>0, ShisBjds o GteOHNCO / Cte026te0HNCO Mts jHO, 2o jizdy0e0 dklzxHOKO
sl tBiIzHOOG) LO SBiOG:S i j&0nvdj, MshsBks HO SBEOBGKE0 GESEsEdeOBdLEs ISttOWIS s
tejisOBdEz it GOl & SOy iGdvs0 o IstOHydshkdads) yihsslstd @jishd, it jSingoks fj
o jkdy0e0 oddOdkd.sts S E-Band. ujrtsescdVisd j HESOLORO Ehtfihds o ¢WCstSs Hitex0od ©
HlotsHI > jzd G20 BwWCsES csHddd d ofd tsedud P J &JsBRsHA®O LO zo jzdule0d &0 COtoydis o
9 cOHNCds] BBJSd, LOjHES N CodBdhOydd Bls GhsesEjdssed Bifsited (MBB) o Cts026t0HNS
B j<lsd.

Ishisswidksks toLadlsdj G0 B L dydkd™ backhaul tfiejL shkjHidlksj 40 esHd®kd j Bletotst d&0
Uz tfte JSI dz0lstslsts OHOY IS0z S o3 dLdiSo0ddWis 60 Zhizizedlsd, 0Ssdadts0td o tis-tisodls] tisSsejddw
dGeedized kjntstsedd. stsylls Cid o jeduikdy Cogoydisis L0 tejHdPddls) fsSseidgdy ¢o
backhaul J Hefhisifils Hs dGod yifisslsed djdsd, ts-PdesSd yihstised cidsd d gs-odhsSd
dGsHEzEOYdshdd fhnjdd. toLededtjst s ssud il sl HEjhdkdisj 10Gbps oteiLCd His 100Gbps B
dudnCe0is HMJseStolshs zo jedujtd) ¢0 yinissiskolsd djdkiso g0 Cohok0. ued & J Ess2udes LO
etsz jdsd ot jHtewolddw fi¥f) 100Gbps oted LS, Histed i) HshsItf HEs tfte jSsd e jd Mt jSisIts GOH 100GHz.
AE0cHOt jid | %0 bss00, Gadls jWiSkdodd s i jSkite0 s jrtstsedd $Oss LoS MIMO b j detsdvis
Chsyse0 e o SR jtehd0kdLoydwsd &0 BIHjPd otedLSd Bl kYO HE sySo o) ikt odhss
Cooydisjls. MIMO Is jrtzstsedwiso P zghs>d jWiSkdohshisiso &0 iitf jSisitd, SOkt i P jots jo3 jdhts
fsHHI X0 dizd tfsHsBEWe0 M k00, tsLetkwe02Sd tis-jwjSsdodd MYjCkit0 odLCd ) csizvd
cogoydiss.

TOHBtE j&J 2400 d3te X0 tiesHI z>{000 HO BIH] Bhdse j& Goydl LO oted LSO @ jdHE tCEES &OH
50% tsls ofydySd Mo tfejL 2021¢.
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Ao LrotnJuvr

FsSEOHI s Blsts0Lwe0 16 jLizizisOlsf sls t50BEISOS0 tts s jSls No 20217 Aprrd i 03 A e jSsofts0dz,
FPGA-dastfzidsjbisdie0ty d dufizjHe0nd ¢0 ydWiesed CbizadSoydistad stis2iso0f, Wddkodkhdtod
tsls WistH Ay Ozyted dLintziHo0dkoWA GO tlzhjehSdw zddejtehdisdls.
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Abstract: Steganography is a science focused on the information protection by hiding the secret data in different
types of public media, mainly images and videos. This paper presents an overview of the different steganography methods
and algorithms. The first part of the paper presents a brief analysis on the steganography principles and characteristics,
as well as a comparison between the cryptography and the steganography. The next part of the paper presents the
principles of the pure, secret and public steganography and includes a comparison of the different steganography types.
The paper continues with an overview of the different algorithms and methods for implementation of the steganography
in the IP networks and in the communication protocols. The paper is then finalized by a brief discussion and conclusions.

Keywords: steganography, cryptography, data protection and privacy, network steganography

INTRODUCTION

The term steganography refers to a technique that aims to hide the communication between two
interlocutors. The term is composed precisely of the Greek words C00aUsfq (steganos-) (covered) and
240U (grafeia-) (writing). Unlike encryption, which allows you to encrypt a message, so as to make
it incomprehensible if you do not have a key to decipher it, steganography aims to keep the very
existence of the message away from prying eyes, by hiding it. Traces of steganography already existed
in ancient Greece, when Herodotus narrated two examples in his Stories, but the first recorded use of
the term was in 1499 by Johannes Trithemius in his iSteganographia, a treatise on cryptography and
steganographyo, disguised as a book about magic. Initially the author decided not to print it and even
destroyed large parts of it, believing that they should never have seen the light of day, but the text
continued to circulate in the form of a provisional draft and was published posthumously in 1606.

In digital steganography, electronic communications can include steganographic encoding
within a transport layer, such as a document file, an image file, a program or a protocol. Multimedia
files are ideal for steganographic transmission because of their large size. For example, a sender might
send a harmless image file and adjust the color of one pixel in a hundred to match an alphabetic
character. The change is so subtle that someone is unlikely to notice it unless they are specifically
looking for it.

18 sQEOHIl § tfisjHiisOnjt GO fistzn jaishSOkO dOkyHO fjhdw ¢ 20.05.2021 €. o fjSydw AsthlzadSoydistso d
Cgstfeslsitet0 s jRaSon f) stededidts LoctOadj: AN OVERVIEW OF THE STEGANOGRAPHY METHODS AND
STEGANOGRAPHY ALGORITHMS.
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Today steganography therefore presents itself as an ideal tool for the creation of secret
communication channels, which can be used in sophisticated scenarios of espionage, computer crime
and violation of privacy of both public and private subjects.

EXPOSITION
How is Steganography different from Cryptography

At their core, both have almost the same goal, which is protecting a message or information
from the third parties. However, they use a totally different mechanism to protect the information.
Cryptography changes the information to ciphertext which cannot be understood without a
decryption key. So, if someone were to intercept this encrypted message, they could easily see that
some form of encryption had been applied. On the other hand, steganography does not change the
format of the information, but it conceals the existence of the message.
Table 1. Comparison between Steganography and Cryptography

- STEGANOGRAPHY CRYPTOGRAPHY

.. It is a technique to hide the existence of | It's a technique to convert data into an
Definition o , ,
communication incomprehensible form
Purpose Keep communication secure Provide data protection
Data
- Never Always
Visibility
Data )
Doesn't alter the overall structure of data Alters the overall structure of data
Structure
Key Optional, but offers more security if used Necessary requirement
Once the presence of a secret message is | If you possess the decryption key, then
Failure discovered, anyone can use the secret you can figure out original message
data from the ciphertext

Steganography categories

As it is known there is much communication between people and organizations through the use
of the phone, the computer communications, radio, and of course all of these communication should
be secure. There are basically three Steganography types:

I Pure Steganography
I Secret key Steganography
f Public key Steganography

The secret message is hidden in a cover image directly without using any key. This form of
steganography is the simplest and weakest. The success of this hidden communication depends upon
the assumption that the attackers are not aware this cover contains the secret message.

Pure Steganography is a Steganography system that doesn't require prior exchange of some secret
information before sending message; therefore, no information is required to start the communication
process: the security of the system thus depends entirely on its secrecy. In most applications, pure
Steganography is preferred, since no stego-key must be shared between the communication partners,
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although a pure Steganography protocols don't provide any security if an attacker knows the

embedding method.
Y
EMBEDDING s o STEGD-0OBJECT —_—
D B e

Fig. 1. Pure steganography principles

Using secret key, the secret message is embedded into cover image and extracted out of the stego
image. Both the receiver and transmitter have common agreed upon these keys in this type of
steganography. The keys can be separately shared between both the receiver and the transmitter using
some particular channel prior to the real transmission begins. Higher security is the strength of this
system. Parties other than the intended receiver cannot recover the secret message or will require very
high computational time and capacity to retrieve the secret message applying some brute force
methods. The robustness of this system lies with the secrecy of the keys and the hardest part in this
type of steganography is how to share the keys between the transmitter and the receiver with
maintaining their secrecies.

A secret key Steganography system is similar to a symmetric cipher, where the sender chooses a
cover and embeds the secret message into the cover using a secret key. If the secret key used in the

embedding process is known to the receiver, he can reverse the process and extract the secret message.
Anyone who doesn't know the secret key should not be able to obtain evidence of the encoded

> 2.2
(s

-
—c B
Fig. 2. Secret steganography principles

To hide the secret information, this method of steganography uses a pair of public key and private
key. In order to be capable to extract the hidden information, the parties other than the intended
receivers need to know both the private key and public key used for embedding and the encryption
algorithms used. Therefore, this method is robust.

Public key Steganography does not depend on the exchange of a secret key. It requires two keys,
one of them private (secret) and the other public: the public key is stored in a public database, whereas
the public key is used in the embedding process. The secret key is used to reconstruct the secret
message. One way to build a public key Steganography system is to use a public key crypto system.
The sender and the receiver can exchange public keys of some public key cryptography algorithm
before imprisonment. Public key Steganography utilizes the fact that the decoding function in a
Steganography system can be applied to any cover, whether or not it already contains a secret
message. The public key Steganography relies on the fact that encrypted information is random
enough to hide in plain sight. The sender encrypts the information with the receiver's public key to
obtain a random-looking massage and embeds it in a channel known to the receiver, thereby replacing

<>
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some of the natural randomness with which every communication process is accompanied. Assume
that both the cryptographic algorithms and the embedding functions are publicly known.

The receiver who cannot decide a priori if secret information is transmitted in a specific cover
will suspect the arrival of message and will simply try to extract and decrypt it using his private key.
If the cover actually contained information, the decryption information is the sender's message.

o - _°
—D B2 D
e =

Fig. 3. Public steganography principles
Steganography types

<>

Depending on the nature of the cover object (actual object in which secret data is embedded),
steganography can be divided into five types, as shown below:

STEGANCGRAPHY

h b ¥ ¥ b

Fig. 4. Steganography types

Text Steganography

Text Steganography is hiding information inside the text files. It involves things like changing
the format of existing text, changing words within a text, generating random character sequences or
using context-free grammars to generate readable texts. Various techniques used to hide the data in
the text are:

1 Format Based Method
! Random and Statistical Generation
f Linguistic Method

Image Steganography

Hiding the data by taking the cover object as the image is known as image steganography. In
digital steganography, images are widely used cover source because there are a huge number of bits
present in the digital representation of an image. There are a lot of ways to hide information inside an
image. Common approaches include:

Least Significant Bit Insertion
Masking and Filteringsdf
Redundant Pattern Encoding
Encrypt and Scatter

Coding and Cosine Transformation

= —a —a —_a _—_a
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Audio Steganography

In audio steganography, the secret message is embedded into an audio signal which alters the
binary sequence of the corresponding audio file. Hiding secret messages in digital sound is a much
more difficult process when compared to others, such as Image Steganography. Different methods of
audio steganography include:

Least Significant Bit Encoding
Parity Encoding

Phase Coding

Spread Spectrum

= —a —a _—a

Video Steganography

In Video Steganography you can hide kind of data into digital video format. The advantage of
this type is a large amount of data can be hidden inside and the fact that it is a moving stream of
images and sounds. You can think of this as the combination of Image Steganography and Audio
Steganography. Two main classes of Video Steganography include:

Network Steganography (Protocol Steganography)

It is the technique of embedding information within network control protocols used in data
transmission such TCP, UDP, ICMP etc. You can use steganography in some covert channels that
you can find in the OSI model. For Example, you can hide information in the header of a TCP/IP
packet in some fields that are either optional.

Steganography Techniques
Spatial Domain

The secret messages are embedded in the cover file directly. In the spatial domain, the least
significant bits (LSB) are replaced with bits from the secret message.

Noticing the slight difference of colors is not easy. This method exploits the natural weakness of
Human Visual System (HVS) therein. This method can be used in grayscale image and color image
by changes some the 8-bit of image's data in the grayscale image so that the alteration of imagebs is
not perceptible for human eyes.

. 54 8
162 136

235 170

181 85

18 85

71 170

199 170

{ 127 128
I 0o o

Fig. 5. LSB in greyscale images
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Also, when using RGB image the least significant bit of each color components can be used.
Therefore, the potential capacity for hiding secret data in a RGB image is triple of the image which
has the same size in the grayscale format.

@?“““ Jlml ‘Bluel I
— | . [
————fa ] Gwi [ [
Tl Red T

Colour image b

(RGB) H 1 |

RGB Components —

R-49
a6l
B:152

Fig. 6. LSB in RGB images

Advantages of the LSB technique are that the original image degradation is not easy to detect
and hiding capacity is more, which means more information can be stored in an image object.
Disadvantage of spatial domain of LSB technique is the robustness is low therefore the hidden
information can be destroyed by attacks.

Frequency Domain
Discrete Cosine Transform Technique (DCT)

DCT is mathematical function that transforms digital image data from the spatial domain to the
frequency domain. In this type, after transforming the image in frequency domain, the secret data is
embedded in the least significant bits of the medium frequency components and it is specified for
lossy compression.

Fig. 7. Discrete Cosine Transform Technique
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Discrete Wavelet Transform Technique (DWT)

There are different techniques to implement steganography namely least significant bit (LSB),
discrete cosine transform (DCT) and discrete wavelet transform (DWT) technique. There are two
types of domains in which steganography is implemented, spatial domain and frequency domain. In
spatial domain, processing is applied directly on the pixel values of the image whereas in frequency
domain, pixel values are transformed and then processing is applied on the transformed coefficients.

LSB technique is implemented in spatial domain while DCT & DWT technique are implemented
in frequency domain. In least significant bit (LSB), each pixel of an image transformed into the binary
value and data is hidden into the least significant position of the binary value of the pixels of the
image in such a manner that, it doesndt destroy the integrity of the cover image, but this scheme is
sensitive to a variety of image processing attacks like compression, cropping etc. The discrete cosine
transforms (DCT) & discrete wavelet transform (DWT) are mathematical function that transforms
digital image data from the spatial to the frequency domain. In DCT, after transforming the image in
frequency domain, the data is embedded in the least significant bits of the medium frequency
components and is specified for lossy compression while in DWT, secret messages are embedded in
the high frequency coefficients resulted from Discrete Wavelet Transform and provide maximum
robustness.

Steganography Algorithms

LSB (Least significant bit) - In this algorithm, the least significant bits of the cover media digital
data are used to conceal the message. The simplest of the LSB steganography techniques is the LSB
replacement. LSB replacement steganography flips the last bit of each of the data values to reflect the
message that needs to be hidden. Consider an 8-bit grayscale bitmap image where each pixel is stored
as a byte representing a gray scale value.

Value: 255 1
¥
Most Significant Bit Least Significant Bit
(MSE) (LSB)

Value: 255

Fig. 8. LSB algorithm

DCT (Discrete Cosine Transform) - DCT coefficients are used for JPEG compression. It
separates the image into parts of differing importance. It transforms a signal or image from the spatial
domain to the frequency domain. It can separate the image into high, middle and low frequency
components.

DWT (Discrete Wavelet Transform) - The wavelet transform describes a multi-resolution
decomposition process in terms of expansion of an image onto a set of wavelet basis functions. DWT
has its own excellent space frequency localization property. The DWT splits the signal into high and
low frequency parts. The high frequency part contains information about the edge components, while
the low frequency part is split again into high and low frequency parts. The high frequency
components are usually used for steganography since the human eye is less sensitive to changes in
edges.
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DCT-BASED ENCODER

ANTIZ! COMPRESSED
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TABLE TABLE
SPECIFICATIONS SPECIFICATIONS

Fig. 9. DCT Algorithm

COVER

Fig. 10. DWT algorithm

CONCLUSION

Steganography is the art and science of writing hidden messages in such a way that no one,
apart from the sender and the intended recipient, suspects the existence of the secret message.
Steganography is becoming increasingly common and secure with the methods currently being
developed.

The most appropriate steganography method can be selected by considering several variables,
such as the size of the data to be embedded, the security requirements, the environment, which the
data is going to be sent, etc. If the system requires a higher level of security, the steganography method
can be used in combination with a cryptography mechanism.

Nowadays, the digital world is overwhelmed with multimedia content - images, audio and video
files. The digital images are now everywhere due to low-cost end-user devices, like smartphones,
digital cameras, etc. Steganography is mainly used to protect the sensitive data exchange in the
communication processes of intelligence or law enforcing agencies and the military forces.
Furthermore, the bank and the financial sectors can employ this technology for remote user
authentication with a key sharing protocol.
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Abstract: The paper presents different computer-based tools, such as MS Excel, Logisim, ISE Project Navigator,
etc., for implementing encoders and decoders of Hamming codes. Circuits of an encoder and a decoder of (10,6)
Hamming codes are proposed in the paper. They are built and tested in Logisim for different input combinations. Then,
the circuits are built in ISE Project Navigator for programming the FPGA-based laboratory board used in the
educational process. The materials will be used in the course fiCoding in Telecommunication Systemso for students-
bachelors of the specialty filnternet and Mobile Communicationso.
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Oolssdz0lsdydzs CtededicOtj #0 ctejhCd, odojHjkd Bl yiksydisi @0 fitWsedie0dd Sotlsd. A
tededdz0kdi0s0 I fisolsdw mjgdie toLt0Bsise0 sBMOO fid dHY, &S N jydodds j WsSkhdio edtniz
CHO &0 mjkdle (7,4), Stk HoBOoW kted Cdbtestzizd B0 Sid yjsdied BASO  HOdGR]
(Borodzhieva, A., 2021), (Choudhury, D. R., Podder, K., 2015).

J 3OsJ0sdunSd Ontfj<ls, CHBa s 60 mJdsdde O Choh Hosdudkd ddizj2dkd StHESe]. 10 ofwets
ywizts yofyizts r O 2 d0 StsH i) HI >0 0 BEsSO n = 277 1 d HItX o0 &0 i sBP jhojss k=271 ri 1.
wiz JHEB00 jodks, NCsLEhks0 ¢0 CsHsa i) &0 middée 4 R=k/n=17r/(2"T 1), CaWss J $02-
adtsCOlsO ol LdssHk0 LO CsHisej i) dtadd0dkdts teOLstsWdd ] Bsls st (Is.4. d3dfdddzOdzddWis Bets2 Bdfistsad
tftotsci jdzd], GisBRBHARA LO tfi jd3d000d | tls SWists d HO j SHE0 HEZRO SO &3 SWists d HO J Hislzc0 SsHE0
Hizek0, J sted)) of HI >0 &0 BESSO 271 1. _JOlstocfy0lsO LO tftetse jteC0 tfts v jlsttshls %O CsH 0 mjdzde f
Csumistelzdic0 YL dLBesWoOdd G0 ofduSd Soishkd i) HIEXdhO r, Sdist 70 dibizejod. JOkdyolso LO
tftotso jteC0 tfts yjlshshls dz0 hats2Msetslsts, yj ofjSd Hoj Ssdistd O dddsj2dis-tjLOadhdd:d.

At0H] seteddduied™ drezdhi€, Cs2lsts CHo i j &0 mjidie HsBOaWs ¢ dg HOGGS, 5§ BE60ls
HO BIsCtedolls d Stededtels e ed MOds Cse0st fisjtfjdisO %0 ctejnCd J &dhCo. vosIe J filzydws f
Codsttsls I tedz050 ORI (SBASHse jis RAM), CiHjists Bdssadis, ctejnCd 70 dLSksydls jhdts s jHSd o
CrHBsojlsj %0 mjkdie fj dLtfiszLetls hdisSs, 0 RAM ) sOLd fidhisjd0 LO SstejSydw fj &Otedyo
ECC RAM (ECC o ls, Error-Control Coding). A IssLd Stsdzls jShis yfists fd dLtfisizLe0 oL dts jd& CisH
%0 mjdzdtze f) JHdd HEtIEGdsitie Bdls gt yikhshs. toLhdejedis) StHEej GO0 mjddie tishisdcols
0L j %0 mjgdde tls yjlsdied, Sl Lotk &0 HJSEH 0 HO tsOLEdy0e0 Cise0 od LidSo0 ¢02-
dBhses jHEO jHESBSEe0 et S0 d Cise0 o LidCo0l ofwCoCod HokzBdlssed ctsjnCd. A lssLd fdidd,
0L dts jizdlsj SsHBa] 0 mjddle MO SHej LO CitededicOtj @0 JHdhdydo cteihSo d skCedoddj &0
HOB2%0 ctejh €O, MiCOls ks okt SECDED (single-error correcting and double-error detecting)
(Borodzhieva, A., 2021), (Choudhury, D. R., Podder, K., 2015).

JBM @estedlsi

gz jHEdWs sBF Okcttedisid 6 jdjtedicd SsH LO CtedediOdj &0 jHEO ctejh<o (single-error
correcting, SEC) LO tfiesdLotizjd Btes? Bdaj. JMisok0s0 dHY 4 HO fj dLBJEOlS BdkBojlsj LO
CotededicOtzj &0 ctejhCd (Sohltesiddlsj Bdlstej), 0G0 yj daHJSH-XOR (Mzk0 tfs @sHEE 2,
diszsye0h s R IR) %0 ofidusd tisLdydd &0 Bdlselsg, idHitex0hd 1, HO j 0. RLtfsdLe0ls f)j gsLdydd
1, 10, 100 d ks.@z. (o Holsyjb adH) SOss Ctstestzazd BASSe, SBJlSE G0eOHSHts0, yj J o LBEHMEGS HO fd
hisOdsovls Csdibstesizdzdfls Bdted, S0S0 yj diHISH-XOR ¢0 ywisks sshjadj HO J 0. ¢St
fsizy0l j&ws fistzizyd Gl f) diHjSh-XOR 0, gs>J HO LOSEs Y, Ui & J dBOEs etk jHO, o fieslsde it
fikzzy02 index-XOR tfisC0Lo0 diHjSNO ¢0 YsetejHjid™ Bdls (Choudhury, D. R., Podder, K., 2015).
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duestedisd a3 B3> J HO BIH] dLojH s Bis ik jHaGES stdhodkd:
1. adssajlsj fj s jtedisols, LoYtye02¢d sk 1: B 1, 2, 3,4, 5, 6, 7 d k..
2. WbHe0ls0 10 Bdlssejisj f)j LOYNo0s Solsts Hetsudd ydito: 1, 10, 11, 100, 101, 110, 111 d ..
3. IhduSd edsed gLdydd, Ssdists 70 fisjtfied &0 Hos2S00 (dd0ls JHdd jHdEhse ik Bdls 1 o
HOBUHOO Wisted30 &0 kwad0s0 tfsLdydv), M0 Cdistestddis] Bdkte (Bdktej s yilsdshs,
Bt LO fotedls jls, parity bits): 1, 2, 4, 8 d k.&. (1, 10, 100, 1000)
4.  IfduSd Hiezed Bdlssed tisLdydd, fj HoJ did tisejui jHdkdyd (Bdls 1) o Hosdydk0k0 Wistedz0 &0
sWRG0s0 tsLdydw, 10 Bdlstse jisj LO HOGG (data bits).
5. IhJSd Bdls LO HOGG J oSy ih o zid<Ot b %Ot tis 2 dizd Ysojyd Suwisteistad B0, Skt
fnd stftejHjiw tls Hotsdyd0ls0 Wistedz® &0 & jetsa0lsO Bdlssa0 sLdydw.
1. adlsdls gt yjldshls 1 sBRo0M0 ehduSd tsLdydd ¢0 Bdkse kg, Sadlss dazols g3 tsadwis
G02-60kSs L0y P Bds (%02-BEOHNdWs Bdl) EisOGsejt © 1: Bds 1 (MOdscwis
CRdistesz i Bfs), 3, 5, 7, 9 d 5.4
2. adisdis tfts yjlsdshls 2 sBRe0M0 ofidySd sLdydd &0 Bdlste jkj, Sadiss diols olsttedwis
102-B0ESE LEOYIP Bl ZhisOdso b o 1: BAke] 2-3, 6-7, 10-11 k5.0
3. adisdis tfis yjlsdshls 4 sBRo0M0 odySd tisLdydd &0 Bdiste ks, Sadist diols Iste jlsdwis
#02-BOESE L0y Bdls ZhlsOdtse j& o 1: Bdksej 4-7, 12-15, 20-23 d s.(.
4. adsils s yjsdshls 8 tBRe0MO ofduSd ttidydd &0 Bdksejlsj, Stdiks ddiols
YJlsod telsgwis G02-d30Cs L0y jF Bdls IZhis0dse jdé o 1: Bdltse] 8-15, 24-31, 40-47  .d.
5. I tfediydy, ohjSd Sttt Bdls 5BRo0M0 ofidySd BAste, CiH ikt fisBdltoslt R
%0 tfsLdydwiso &0 BdisO s yjlsdshis o HsLdydwiso &0 BdlsO j b jdlzez jots.
$S BOs I HOGGA LO SsHA0h § 10011010, stse000 HEzs0l0 ©ls HOGGT (dLtfstLo02Sd  LO
tfts jHijsO0tj 10 BAlse jisj tfis yjstshs) Pjeinj 1 0011010, 0 SHEe0s0 Hzg0 j 011100101010.
RLBB&teIs 0 YOtedlsis0, il did Giujsi®, J BJL L&OYiGd], &t ¥ Pdws duests ktevse0 HO ]
dLifsizLe0 COCkts LO CsHAOd], S0S0  LO HjStHAEORj (Choudhury, D. R., Podder, K., 2015).
utse0 B fe0odis B> HO fij gC0>J odLz0kdks (SOBEIYO 1), SO o Y jteo it tficOosd ¢l dhdS
J BCOH &0 yomisis® Bls s0BEAYOLO, Swists P j fj ditfistied tted hifisOewdjists &0 kteOod jhkdwso LO
CHAEOh o LO HSBHAEOk, LO OLCEjMHOGAY o HESEOHO SisH %O mjkdic (10, 6), dkof 10-Bdlssed
CsHsad HEdd), sis Csdists 6 M0 BdbBa s %0 HOGAG] (d1, d2, d3, d4, d5, d6, i ske jisks &0 feLdydd,
3,5,6,7,9d10), 04 o Codbstetstzdzfls j Bdoj (p1, p2, p4, p8, idtslse jistt &0 tsLdydd 1, 2, 4 d 8).

u0BEdYO 1. AqLz0zdLoyd™ &0 sBP dw Odetstedisd d3 LO ¢ jdjtedte0dz ) G0 SsH %O m jdsddze

Bit position 1 2 3 4 | 5 6 7 B 9 (1011 (12|13 | 14 | 15 | 16 17 18 19 20
Encoded data bits | p1 p2 d1 p4 d2 dd | d4 p8 d5|d6jd7|d8 d9 d10|d11|pl16 d12 di13 | d14|d15
ptox x x x |x Jx |x X X X
Parity | P2 X X X X x| x X x X | x
bit p4 X X X X X x x x X
coverage | pg X x x|x x x x| x
p16 X x x| x x

adizls L d Qe@zdL GOSEH GOMjd3dde (10, 6)

AL shbse0 G0 sYdhohdy sBP 0kestedisIdg LO 6 jddtediedd] %0 SH &0 mjgdlke o tiejHRBHGW
tOLHjE d diwWisteoydwiso o ksoBkdyo 1 (BetOH 00 f) yite b tieOotsdcdddkdS yonk), dsedls HO f
LOY M Ols IztsOadz jdWisO LO CsHdte0dj (1), HisLoskzvedP d dLydikzvedjists &0 Sstbstsizddlsj Bdlstse j ytejL
qLifisizLo0tj 40 SHjs0ydw XOR (k0 tis GsHizt 2, qLStsyedhts R fR) GO stfisjH G0 Sskadzoydw
tsls Bolssolsd G0 HOGGls, SOk d Izte0adsjdadWisO (2) LO dLydiizve0d) &0 hdhHies)o, SE2kE tisCoLe0
HOEd g0 fete jh jd Bfls, d 0t kO SOST o, T tslse jistts fdhHssdIls fsC0La0 sk jted &0 hetsjh jhdw
B([ks.
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p,=d, Ad,Ad, Ad,
p,=d, Ad,Ad, Ad,

0, =d, Ad, Ad, @
Py = ds Ad,

¢, =pAd Ad,Ad, Ad,

c,=p,Ad, Ad,Ad, Ad, @

c,=p,Ad,Ad,Ad,
¢, = p; Ad; Ad,

REWSLEOYJVSO LO Gsijtd &0 hetsjh ikdw Bdls IstewBo0 HO fj dLttskLe0 LO Citededie0d it Gl
YejL stjteOydw dejtelsdtcodj, Solsts LO yjdisO Bdfistse jlsj &0 fhdtHtesd0 i isHOo0k G0 ontHEBejisj GO
JHh 4-ontsHise HjPdWissts d o LOadhddstshs sls fists2dtshisisO &0 fddHtesh0 1 tfistzizy0e0 0Sksde jds
etk MOBE &0 JHdh Bis dLatHdls], THSke ko0 GO BB j0 &0 et jadw Bdls. 3 Ottedddte, tisd
hddHtesdz 011, ESOLEOR, yj J Metsjh id bstedlsd Bdfls, MiddHtesdils fij tis jsBteOLkzo0 o 0Ssdo b hdedkod
(hdetz0k 1) &0 btejlsd™ dLatH &0 HjNdWisOlststsd. sz jHisod ], ssLd ficte i jd& Bdls kstewsad HO f
dio jtelsdte0 (LO HO fj Ststedcdfted), SOIsts LO yjdsO T dLifistLe0 skdsets dsedyinSd Jzidkiks XOR &0
BOLOSO 40 Hojlsj shbsend LOsdhdhshisd, sydhedfd Wz#Sydwisd XOR (0Aa=0.aU0a=a d
1Aa=1laUla=2a).

Idhdsisj dratHid WzdSydd &0 HiPdWisOiststsd f)j stfdiedls f) Ot jkdw (3), 0 zts0od jhdw (4)
e jHsOovs Lzte0os jtsdsO LO HCEHA0R, ol L Shitise0 G0 Sdlss i StflsjH ks Bdfistse jis j G0 CHo0l0
HEzd30 Mz jH Cite jSydw (Slizvets, Stededic0d0Is0 CsHESa0 HzA30) &0 BOLOKO &0 dLatHdls] &0 H i dWisOlssts0
d &0 s jisj 40 CtsHiso0ls0 Hiz&z0 tits jHd Siste jSydw (slsHwhdts, HtedjisOlsO SsHEo0 HiZd0):

Y, =¢.(,C,c,Y, =GC,c,C, Y, =¢.C,c,c,Y, =C.C,C,C,Y, =C.C,C,C,

Ys =C;.C,.C,.C, Y, C,C,.C, Y, =¢Cy.C,.C. = ®)
C.,Y,=C;C,.C,C, Y, =C.C,.C,.C, Yy =C4.C,.C,.C, Yyy =C4.C,.C,.C

P = P AY, P, = P, AY,, d, =AY, p, = p, AY,. d, =d, AY,, @

d,=d,AY,,d, =d,AY,, p, = p,AY,, d. =d. AY,, d, =d, AY,,

TJQdLOYdW EOSEH e d HJSBH ]t ZOSEH BOM ek (10, 6) © MS Excel

diL shiksed G0 sYdhondy sBh Okestdsid LO 6jdkitdtdl] %0 StHsej &0 mjddhe d @O
s jLdte0dzdw o s jHRsHEIW BOLHjE SH &0 mjddie (10,6), k0 10-Bdiktsed SsHEod HEdd, IS
Cedlsts 6 10 Bfsso i @0 HOGRA (d1, d2, d3, d4, d5, d6, idslse jists &0 tisLdydd, 3, 5, 6, 7, 9 d 10),
0 4 M0 Cdbstetstdzdis Bsseag (pl, p2, p4, p8, ke skt &0 tsLdydd 1, 2,4 d 8), 70 tOLsOBHS jdd
dGsHEzE L0 SHAWOh) (SHj) o dsHEzE L0 HJSSHAEOR] (HJSBHE) GO0 SsHO &0 mjdkdue (10, 6),
tftc jHMis00 jozdf i tslso istats &0 AdG. 1  Ade. 2.

ted teJOrdLOYdW &0 HOOO d3sHizE0 fj dLifsdLe0dkd hizjHdbdls] dihistekdddisd: 1) d0zdHdb0d GO
HO&GdlsJ (Data Validation), tfied Ssists Bolssa s 10 HOGoRSS (d1, d2, d3, d4, d5, d6, fslsejishts 10
fsLdydd 3, 5, 6, 7, 9 d 10) o gsHIzE0 LO SsHAOd] (AdE. 1) d BdkBo ] &0 tiedls0ls0 CHE00 HEzd0
(p1, p2, d1, p4, d2, d3, d4, p8, d5, d6) o dsHEEO LO HJSBHAWOR) (AdE. 2) fj dLBdtedls ysjL fOHOP T
Gik ) Hoj edLdisydkd fiss2dshisd 0 d 1 (Ade. 30); 2) khkseks WktedOlsdeodj (Conditional
Formatting) f) yjt adLiz0kdLde0dj &0 dzidsj d it jidjss L0 hekjh jb Bols AGO fe jistts U jteo jd
Wists ) Isd B3zt yjteo jo IsjCisi d jHdtedqudisj d iisef jhojsts L0 ddtfio &0 6t iSO AGO Ljtjb Wit f)
5T gtts Lz jiz s jShishi (Ade. 3 B), Ssjlsts ttsOad dieWisteds0ydwisO tts-z jfdts y jlsdaz0 d iz jfizwe t0Btsis0lsO
%0 tfbejBdkitdis). W0 Ade. 20 j fejunsOaji NEzyo?2, ted Ss2s Hisjsdws Bdls J Metihie d
otfishizjHhisod dizodtslsdtsOd i) yJk Sotededic0hjists &0 ctejPColso, 0 &0 AdE. 2 B J YBS0LOG fikzizyd2, died
Ci2lsts tfiedfJis00 SHE00 HEZRO J B L 6t jhCo.
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Nb]l.J ZebaZpby gZ dh™_j gZ dh” ¢ Z0Excdlbg]

[

NbJ2.J _ZebaZpby gZ ~_dh”_j gZ dh”\g@ZGOFHIOG]Z k]j r_ g [ <
[ ijb ijZ\begh ij_~Z~ gZ dh~h\Z "mfz gyfz ]j_rdz
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