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STATE-OF-THE-ART AND PROSPECTIVE APPLICATIONS IN
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Abstract: The paper reviews the researches on graphene and its applications. Graphene is made from carbon
atoms stacked in a layer of cells formed as honeycombs. This structure determines the high mobility of its electrons, as
well as its thermal and electrical conductivity. The material is also characterized by exceptional strength, hardness,
coverage, and transparency. Graphene can also be a building unit for other forms of carbon — graphite, nanotubes,
fluorenes. The researches on the material focuses on its properties, quality synthesis and its applications. The main
production methods are 'Top down’ and ‘Bottom up’ with raw materials-graphite or carbon gas. Its wide-ranging
applications are being studied by a number of institutes and companies because of the potential it possesses to advance
in electronics, energy, medicine and protective coatings.

Keywords: Graphene, Research Directions, Applications

BBBEJEHUE

I'padeHBT € HOB ,,cynepMaTepuan’, KONTO UMa MOTCHIMAI J]a TPEJIU3BUKA MPOMSIHA, KAKBATO
¢ HaOJIro1aBaHa IMpH NosiBaTa Ha ractMmacata. J1oopure My Gu3nyHM CBOKHCTBA IO MOCTABST HA IBPBO
MSICTO KaTO PEBOJIOIMOHEH MaTrepuay B O00JacTTa Ha EJICKTPOTEXHHKATa M EICKTPOHHUKATA.
MatepuanbT uMa MOTEHIMAN Ja ObJie JIECHOJOCTBIICH MPEABU IIUPOKOTO Pa3MpOCTpaHEHUE Ha
BBIVIEpOa, KaTO rpajuBeH erneMeHT. ChIIEBPEMEHHO Ce OYaKBa BUCOKA €(DEeKTUBHOCT, O€30MaCHOCT
Y HEKaHI[EPOT€HHOCT C MHOTO IIMPOKH 00JIACTH Ha MIPHUIIOKEHHUE.

I'padenbT mpuTekaBa OTIIMYUTENECH KOMIUIEKC OT HEOOMYaliHM CBOWCTBA, KOUTO T'O MPAaBAT
3HAYUTEJIHO MEePCINEKTUBEH MaTepual 3a pa3paboTBaHe HAa HOBU TEXHOJOIHMH, HAIlp. MPEHOCHMA U
CBpBHXObp3a EJIEKTPOHMKA, YJITPAYYBCTBUTEIHU CEH30pPH, MYITHU(YHKIMOHATIHU KOMIIO3UTH U
I1aToBe, MeMOpaHu, B MEIUIIMHATA K OMOTEXHOJIIOTUUTE, ChXPaHEHHE Ha eNleKTpoeHeprus u jip. Tosa
€ MpPUYMHA 32 HAIMYMETO Ha pelulia HayuyHU M3cieBaHus 3a rpadena u Haja 30 Xuiisau maTeHra,
CBBp3aHU ¢ To3u MaTepuail. OT apyra cTpaHa U3y4aBaHETO Ha IpadeHa M03BOJIsABa 1a CE IPOTHO3Upa
KaK CBOWCTBAaTa M Ha JAPYTH MaTepHalld MOraT Ja ce MPOMEHST U pa3BUsAT B JIByMepHa (¢opma, Thid
KaTo MOYTH BCUUYKU M3IMOJI3BaHU KbM MOMEHTA MaTepUalld ca TPUHU3MEPHHU.

Leara Ha paGoTaTa ¢ Ja ce HalPaBU MPOYYBAHE HA ChCTOSHUETO Ha HAYYHUTE U3CIICABAHUS
B oOiactra Ha rpadeHa, KOETO Ja I03BOJU 0000IIaBaHe Ha OCHOBHHTE HAlpaBJICHUS Ha
M3CJIeIBAHKSTA U aHAIM3UPaHe Ha HETOBUTE MPHIOKCHHUS.

N3JI0KEHUE
XapakTepucTHKH Ha rpagena

Cpmo kakTo TIpU auaMaHTa W Tpadwura, TpadeHbT € ajoTrpomHa (Gopma Ha BBITIEPOIA.
BonoponnuTe aToMu ca MoApeeHH B IMIECTOBI'BIIHA PelIeTKa 1Mo ¢popMaTa Ha Clloi ¢ aedennHa oT

! JlokmagbT e mpeicTaBeH Ha CTyAeHTcKara HayuHa cecusi Ha 28.05.2020 B cexuus EnexTpoTexHuka,
€JIeKTPOHMKA, aBTOMAaTHKAa C OpWUTHHANHO 3arnaBue Ha Owirapcku e3uk: CHBCTOSHUE HA HAVYUYHUTE
N3CIEJABAHUWA U ITPUJIOXKEHU S [TPU TPADEHA.
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0,4 1o 1 nm. Ta3u nmoxpenda nukTyBa GU3UIHUTE U €IEKTPUUECKH CBOMCTBA MPH TO3U MaTepHall
(Tabmwuma 1).

Tabnuua 1. Madopmarust 32 OCHOBHUTE CBOWCTBA HA TpadeHa

CBoiicTBO Nudopmanus

Jlebemua Ha ciosi Oxom0 0,4 nNm

IToaABHKHOCT HA €JIEKTPOHUTE IIpu craiina Temnepatypa 15000 cm?/V.s; TeopetHuna
noasmkHOCcT 200 000 cM?/V.S

3apaBuHA TectoBe npu 42N/m ~ 130 GPa

EnacTuunocr [IpersBane 10 25%

Tpbpaoct KoeduruentsT Ha FOHT € 1,0 TPa

IMokpuBHOCT 2630 m?/g

Enextpuyecko cbnporusiaenne | 108Q.m

Tomnonposoaumocr KoedummenT Ha Tomonposoanoct 10 5300 W/m.K mpu
CTaiiHa TeMmIieparypa

ITorabiane HA CBEeTJIMHA Koeduruent Ha norpmane 2,3 %

[ToBeueTo M3MON3BaHU MPOBOJHUIM Ca METATHH. Bbhpeku uye TpadeHbT € U3rpajcH OT
BBIJICPOJIHU aTOMH HETOBOTO €JIEKTPUYECKO CHIPOTHBIICHHE € YIUBUTEIHO HUCKO. MEeXaHUYHHUTE
CBOWCTBA Ha €IHOCIOWHUS rpadeH ca W3CIeIBaHH Ype3 YUCICHU CHMYJAIMK U MOJCKYJIsIpHA
nuHamuka. B cratusTa ,,Onenka Ha momyna HOHr Ha rpadena™ ce cpobOmaBa, e 0e3 nmedextu
rpadensT nMa koeduuuent Ha FOur 1 TPa u koedunuent Ha 3apaBuna 130 GPa. (Lee, J., Yoon, D.
& Cheong, H., 2012). EnuHu4HUAT ci10# rpad)eH € CBETIIO MPOITYCKIIMB C MOCTOSHHA MTPO3PAaYHOCT
ot 97,7%, kosATO HamaisABa C yBelM4YaBaHe Ha Opos Ha cioeBere. [lpu craitHa Temmeparypa
Koe(UIIMEHTHT Ha TOILIOMPOBOAHOCT Ha Tasu ¢opma € oT mopsabka Ha (5000...6000) W/m.K, a
TOILIONIPEMUHABAHETO MPE3 BB3AYIIHA CPea CE CUMTA 3a HE3HAYMTEIHO B CPABHCHHE C TOBA pHU
rpadena (Helmenstine, A., 2020), (Rashid, F., Sen, A., Hassan, A., & Rahat, M., 2017).

I'padenoBuTE MHCTU Ca TPaJUBHHU €JIEMEHTH Ha APYrUTe TpadUuHU MaTEepHaId U Taka ce
nojlyyaBaT pas3iauuHu (opMu Ha Mmartepuana. KoraTo jgucTuTe ca NMOAPEACHU €IUH BBPXY APYyT
dbopmara e rpadut, pu MperbHATH 10 OYEpPTaBAHETO Ha IMWIMHABD GopMaTra € BhIVIEpOJAHA HAHO
TpbOa, a npu Gpopmupane Ha chepuyHa popma - GIypeH.

O6JaacTu Ha U3cjIeABaHe U OCHOBHH Pe3yJITATH

W3cneaBanusTa BbpXy rpadeHa ca HaCOYEHU OCHOBHO KbM 00JIACTUTE, CBBP3aHU C HAUWHUTE
32 HETOBOTO CHUHTE3UpaHE, ONpEeeisiHE Ha XapaKTepPUCTHKUTE U (QyHIAMEHTAIHUTE My (U3NYHU
CBOMCTBA (M3JI05KEHU TO-TOPE), U MOTEHIIUAIHUTE MPUITIOKEHHSI.

Ot 2004r. 10 MTHEC OCHOBEH (POKYC OCBEH BHPXY MPHIIOKEHUATA M HEOOMYATHUTE CBOMCTBA HA
MarepHaia UMa U B HaMHPAaHETO Ha METOJAMKH 3a CHHTE3 Ha BHCOKOKauecTBeH rpadeH (¢wur.l).
OCHOBHMTE MTOJIXOIU Cca JBa:

* Otnony nHarope (Bottom up), karo pe3ynrara € ¢opmupanero Ha rpadeHOBU JIHCTH, a
OCHOBHA CYpOBHHA € KapOOHOBUS T'a3.

* Otrope Haznony (Top down). Cw3aaBa ce rpadeHoBa mypa ot npepaboTka Ha rpadur.

Mertoaukara CVD (chemical vapor deposition) ce cunTa 3a Hali-yCIelIHa 3a Ch3aBaHETO Ha
BHCOKOKAa4eCTBEHH Irpa) HOBH JINCTH, HO € BAKHO J1a CE MOSICHH, Y€ Ka4eCTBOTO M OPOST HA CIIOEBETE
Bapupar B 3aBUCUMOCT OT U3no3BaHus Katanuzarop (Nayak, P., 2016).
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[ MeToaMKH 32 CHHTe3MpPaHe Ha rpadeH ]
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I'paden ot ormagbuan
MPOIYKTH

Our.1. Knacudukanusa Ha MeToauKuTe 3a cuHTesupane Ha rpaden (Rashid, Fazlur & Sen,
Aungkan & Al Hassan, Md.Rahat, 2017)

[Topectusit rpageHOB MaTepualn MPUBIMYA BHUMAaHUE MMOPaId YHHKAJIHATA CH CTPYKTypa C
BBTpEIIHA MPEXa, rojsiMara MOBbPXHOCT U JBJIOOKOMOpeCTUs: cu 00eM. 3apaau 3a0eseKuTeTHaTa
CH apXUTEKTypa W (HU3MYHU XAPAKTCPUCTUKH, KATO 3APaBUHA, OTIMYHA HPOBOJUMOCT M J00Opa
TOIINIMHHA YCTOﬁqHBOCT € MOAXO 4111 3a EKCIlJIOaTalus B HAHO KOMITIOTPH, 6aTCpI/II/I, @OTOBOHT&I/I‘{HH
eNIEMEHTH, KOHJICH3aTOpH, KaKTO U B MenuIrHaTa. [1010)KeHN ca 3HAYMTEIHN YCUIHS B ThPCEHETO
Ha METOJIM 3a Ch3[IaBaHETO Ha mopecT rpadeH. EMMHUAT BKIIIOYBA W3IOI3BAHETO HA OpTaHUYHA WIIH
HEOpraHW4Ha OCHOBA, BBPXY KOSTO Ja ObAe CHHTe3MpaH rpadeHa, a Apyrus € ype3 XUMHYEeCKa
aKTHBaIMsI — €(DEKTUBEH U OTHOCUTEIHO JIECEH HAYMH 3a Ch3J[aBaHEe Ha MOPECTH rpad)eHOBH JIUCTH
6e3 ocunoBa (Nayak, P., 2016).

IloTeHuuaaHu NMPUJI0KCHUSA

[ToHacTosiieM HaydHaTa OOIIHOCT 3alloyBa M3CJIEIBAaHUS BBPXY peaulla NOTEHIMATHU
NpuiIoKeHus npu rpadena (¢ur.2). Yact oT TEXHOIOTHMUTE ca B mpolec Ha pazpadorka. OcobeHo
MSCTO TpadeHbT IIe HaMHpa B €JIEKTPOHUKATa U €JIeKTPOTEXHHKAaTa OCHOBHO 3apaju jaoOpaTa cu
TOILIO- ¥ €JIEKTPOITPOBOIUMOCT.

Ha mexnayHnapoaHo uznoxenue npousBoautenat G-king e mpezicraBui rpadeHoBa OGarepus
5000 mAh ¢ nepuon Ha 3apexaane 12,5 min (Luglio, 2016). Kamepu cbc cenzopu ot rpaden duxa
6unu 1000 mbTH MO-YyBCTBUTETHH KBbM CBETIMHATA COPSAMO ChlieTByBamure.ToBa 61 ynecHUIO
3aCHEMaHEeTO Tpe3 HOIITA WX TIPH JIOIN CBETJIIMHHY YCIIOBHs. EXnepuMenTanHa kamepa € TeCTBaHa
B yHUBepcuTeTa B Muuuran (Scooter, N., 2017).

Wranuancku M3cieoBaTeny B ChTPYAHUYECTBO ¢ AbpkaBHara areHuus ENEA ycnemno
KOMOMHHpAT rpadeH CbC CUIUIUEBU (OTOBOITAUYHH €IEMEHTH C I1IeJl TOCTUTaHe HAa 3HAUYHUTEITHO
BUCOK K.I.A. (Anonymous, 2020). Cuuta ce, ye Makap pe3yaTaTHUTe NpU HPOU3BOJCTBOTO Ha
€JIEKTPOCHEPIUs J]a Ce MOBUILIABAT, C HABIM3aHETO Ha rpad)eHa B Ta3u 00JIACT 1€ ce HaOJI01aBaT U
JPYTU MOTEHLUAIHY TOJI3H 3a pa3BUTHE Ha TexHonorusaTa (Anonymous, 2020).
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MpunoxKeHus npu rpadeHa

<L <L

— OcHOBHMU — JonbaAHUTENHU

— batepunu —1 O3By4YMTENHU CUCTEMMU
— PoTOBONTAUYHU eNeMEHTU — CTBONOBU KNETKMU

— KoHpeH3aTtopwm — buoTtexHonormm

— ENeKTpoHHM ycTpoKcTBa

— CeH30pH

@ur.2. Knacudukanus Ha TOTEHIIMATHUTE TPUIIOKEHUS Ha rpadeHa

CwmsrTa ce, 4e rpadeHbT 1€ ¢€ U3I0JI3Ba B THPTOBCKU MaIad MpH ONTOEICKTPOHHUKA, OCOOCHO
IIpU CEH30pHU €KpaHU U oOpraHuuHu cBeroauoau (Anonymous, 2018).Ilopagu Bucokata cu
EJICKTPOIPOBOJAMMOCT TOH € TIEPCICKTUBEH B pa3pabOTBAHETO Ha CHBPEMEHHH CJICKTPOHHHU
ycTpoiicTBa. Thil KaTO BHCOKOKAYECTBCHHST Ipa)eH € T'bBKAB U MPUTEkKaBa MHOT'O BHCOKA SKOCT Ha
OITBbH, TOM MOXeE J1a Ce U3MOJI3Ba U 3a IUIaCTUYHHU auciuien (Anonymous, 2018).

[Topann nobpata mpo3padyHOCT Ha MaTepuajia MPOU3BOACTBOTO HA OaTepUu U MPOIECOPH OT
rpadgeH HM TNpuOIMKaBa OO HAEATa 3a MPO3payHu cMapTOHM C MHOro Mmanka jaeOenuHa. B
JOMBIHEHUE AaBTOPU TMPOTHO3MpAT rpadeHoBa €NeKTPOHHA XapTUs M TbBKAaBU EINEKTPOHHU
ycrporictBa (Scooter, N., 2017). Cuuta ce, ue rpageHbT OM HUMaN OTIMYHU TPUIOKEHUS U B
03ByUYHMTEIHATA TEXHUKA 32 eMTUMUHUpPaHe Ha mryma (Scooter, N., 2017).

JlonbaHuTeaHy npusioxkenus. [Ipon3BogHuTe Ha TO3u MaTepHrall (OCHOBHO IpadeHOBH OKCHIH)
CBILIO MPUTEKABAT 3a0ENIEKUTEIIHU XapaKTEPUCTUKU W HAMHUpaT TMPUIOKEHHE B MeEAMIIMHATA.
ITopanu ToBa, ye ca Oa3WpaHM Ha BBIVIEPOAA Te3UW OMO-CHBMECTHMMM MaTepHald MOXeE Ja ce
M3I0JI3BaT 3a CTUMYJIMPaHe U MOJAbp KaHe Ha pacTe)ka Ha CTBOJIOBU KJIETKU. ToBa € TEXHUKA, KOSITO
yueHu B CHHramyp B MOMEHTa U3I0JI3BaT 3a pereHepupane Ha KocTh. (Scooter, N., 2017). I'padensT
Ce pasriexja M OT M3CIel0oBaTead B 00JacTTa Ha OMOTEXHOJIOTMUTE, ThU KAaTo Ce CYMUTa, 4ue €
MOJIXO/SI 32 MPOOMBAaHE Ha KJIEThYHUTE CTEHU U TPAHCIOPTHUPAHE HA BEIIECTBA B OMOJIOIMYHHTE
kietku (Scooter, N., 2017).

Karto ce B3emar NpeaBua U HEBCPOATHATA 3ApaBUHA U 3HAYUTCIIHATA ITIOKPHUBHOCT IIPHU HUCKO
TCIJI0, MTOTCHIUAIHUTE NPUJIOKCHHUATA IIPU rpa(I)eHa Morar aa ¢c€ CHuTarT 3a HCOrpaHUYICHU.

U3BOIN

1. TlpoeneHo e HOBO 00001aBaIIO0 0030pHO-AaHATTUTUYHO U3CJIeIBaHe B 00JacTTa Ha rpadeHa u
HEroBUTe NMpPOoU3BOAHU. M3cneaBaHeTo pa3kprBa HampaBiIeHUSATa HA HAYYHUTE MIPOYUYBAHUS U
MOTEHIMATHUTE OBICIIH MPUIOKEHHS HAa MaTepUaa.

2. OCHOBHUTE HaIpaBICHWsS Ha HAYYHHTE W3CJICIBAHMS Ca CBBP3aHH C METOAHMKHTE 32
CHUHTE3MpaHe Ha rpadeH, ompeaensHe Ha (UIUYHUTE MY CBOHCTBA M MOTEHIMATHHUTE
MIPUIIOKEHUS.
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3. B®3 ocHOBa Ha W3BBPIICHUS aHAIN3 TPHIOKEHHATA Ha TpadeHa ca kimacupUIUpaHU Ha
OCHOBHH U JIOTTBJIHUTENTHHU. 32 OCHOBHM MOTAT J1a C€ TpHeMaT Te3U B aKyMyJIaTOpHUTE OaTepuH,
(OTOBOJATANYHHUTE CUCTEMH, CYTIEPKOHICH3aTOPUTE, CIIEKTPOHHHUTE, BKJI. CMapT yCTPOHCTBATa
" ap. HOHBHHI/ITGHHI/ITG MMPUIIOKCHUA Ca B O3BYYHUTCIIHUTC CUCTCMHA, HAKOU 6I/IOTGXHOHOFI/II/I u
Ap.

4. Tlpensua oOuIMTE CBETOBHM YCWIHMS B 00JlacTTa Ha €HEPreTHKAaTa M EKOJOTHATA, KaKTO H
MOpaJiv IUPOKHSI CIIEKTHP Ha MOTEHIMAJIA 32 PA3BUTHE aBTOPUTE MPENOPHYBAT 3aIbIO0YABAHE
Ha M3CIEeNBaHUATA BBPXY (OTOBOJATAMYHHUTE NpPEoOpazyBaTeny, CYNEPKOHICH3aTOPUTE U
EJIEKTPOHHHUTE CMAPT YCTPOUCTBA.
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Abstract: An optimization of different current mirror topologies was made via simulation analysis and utilization
of modern layout design methods. The investigated low voltage, short channel circuits operate with a supply voltage of
1.5V. The current mirrors were simulated and design using 0.11 wm technology in a Virtuoso Cadence CAD tool. This
investigation shows that high-performance circuits can be obtained by use of the cascode technique and other design
solutions that reduce ratio errors due to nonideal effects.
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INTRODUCTION

In the last decades, Microelectronics has become the driving motor of the progress in many
areas, such as information technologies, industrial electronics, medical electronics and car industry.
An important role for those achievements has played the development in microelectronic
technologies, and the new design circuit solutions used in integrated circuits design.

Current mirrors (CM) are the basic building blocks in the design of the integrated circuits (I1Cs).
They are used as a current source or as an active amplifier load (Shtereva K., 2016, Kaur, J., 2017).
Current mirror biasing is an important technique utilized in both, analog and digital circuits design.

At present, the research efforts have been focused on development of the design techniques for
low-voltage ICs in standard CMOS process. In (Rakus, M., 2018) was investigated the design
approach involving the bulk-driven (BD) MOS transistors and dynamic-threshold (DT) MOS
transistors. Three different CM topologies were analyzed. The authors found that both techniques can
decrease by 30% the minimum output voltage of the improved Wilson and the cascade CM compared
to the conventional gate-driven topology. Other group (Zohoori, S., 2018) proposed a low-voltage
(1V), low-power (1.4 mW) transimpedance amplifier in 90 nm CMOS based on a current mirror, for
application in 10 GBps optical communications.

In this paper are presented five different current mirror topologies and their layout designs made
in 0.11 um CMOS technology, using a Virtuoso Cadence Computer-Added Design (CAD) tool. The
simulation results for the dependence of the load current on the supply voltage were compared.

RESULTS

Basic current mirror

2 JloknambT € TpeACTaBeH HAa CTyAeHTCKaTa HayuHa cecus Ha 28.05.2020 B cexuusa EnexkTpoTexHmka,
€JIEKTPOHMKA, aBTOMATHKa C OPUTHHAIHO 3arjaBue Ha Obiarapcku e3nk: AHAJIM3U 1 TOITOJIOTN HA TOKOBU
OI'JIEHAJIA B UHTET'PAJIHUTE CXEMU
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The simplest type of a current mirror consists of two matched n-channel MOS transistors. In
Fig. 1(a) is shown a schematic and in Fig. 1(b) is shown a layout of the basic current miror.

vad

ey

(a) (b)
Fig. 1 Basic Current Mirror: (a) schematic; (b) layout.

The input current 11 is defined by a current source. The output current Io, “copies” or “mirrors”
I1. NML1 is a diode connected MOS transistor and works in saturation because Vps1 = Vgsi. In general,
the ratio I2/11 is given by the equation (Allen, Ph. E., & Holberg, D. R., 2002):

Ly
1_2 _ Wy (VGS - VTz)Z AVbs2 (E)] (1)
Iy Ly [\Vgs —Vpy/ 114 2AVpgy \ky

W,

L1, L2 — channel lengths of NM1 and NMO, W1, W> — channel widths of NM1 and NMO, V1,
VT2 —threshould voltages of NM1 and NMO, ki, k2 — transconductance parameters of NM1 and NMO,
A - channel length modulation.

Hence, both MOS transistors are processed on the same integrated circuit V11 = V12, ki = ko. If
Vbs1 = Vps2 the equation (1) can be rewriten:

L,

I W,

Lo\ @
W,

The equation (2) gives the ideal ratio 12/11 between the load and reference currents. This ratio is
proportional to the width-to-length ratious, or aspect ratious, which are design parameters. The two
transistors must be identical in order to obtain current ratio of 1:1. The non-accurate copying of the
current in the basic current mirror is due to nonideal effects such as: channel length modulation;
threshould voltage offset, and not perfect matching between the two transistors.

Output resistance of the basic current mirror is given by the formula:

R

1
TR 3)

The output resistance is an important measure of the perfection of the circuit. It is relatively low
for the basic CM.

The simplicity and the small chip area are the main advantages of this current mirror. The
proposed layout (Fig. 1(b)) is designed so that to minimize the area.

To
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Cascode current mirror

The utilization of the cascode technique reduses ratio errors due to: (i) differences in input and
output voltages; (ii) neglecting of channel length modulation; (iii) and increasing the output
resistance. Consecuently, the error in copying currents is reduced.

In Fig. 2 are shown: (a) the schematic, and (b) the layout of cascode current mirror.

Vdd

e
E] l& NMO

(a) (b)

Fig.2 Cascode current mirror: (a) schematic; (b) layout

The cascode can consist of 3, 4, 5 or 6 transistors, depending on the desired precision in the
current copying. The problem with many connected transistors is the increased power supply voltage
level, which is in contradiction with the current microelectronic trends that require both, the reduction
of the supply voltage and the size of the chip. The output resistance of the cascode current mirror is
given as (Razavi, B. (2001):

To = 9m2 * To2 * Too @

The output resistance of the cascode current mirror is much higher than that of the basic one,
hence, the load current is much stable against the variations of the output voltage (Reshma, P.G.,
2017). The layout design (Fig. 2 (b)) ensures the reduction of parasitic elements and mismatch effects
on the mirror’s ratio.

In order to decrease the error in copying current, the four transistors must be in saturation mode.
The diode connected NM1 and NM3 are in saturation. The transistors NM0O and NM2 will be in
saturation if output voltage of NM2 drain is at least two times Vdsat (Vdsato and Vasar2). Hence, a
minimum required supply voltage is about 1 V.

Modified Wilson cascode current mirror

This schematic (Fig. 3(a) is an improved version of the basic Wilson current mirror. (Spencer,
R. 2001). As a result of the insertion of the NM3 transistor, the gate-source voltages of NM1 and
NMO are equal. The use of negative feedback improves the output resistance, which means beter
current copying. The systematic error of the circuit is negligible. The physical design shown in Fig.
3(b). closely resembles the standard cascode CM. The only difference is that the NM1 and NMO
transistors have different connectivity, such that, the diode connected NMO transistor is on the right
branch.
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Vdd

el
Jt=g

(a) (b)

Fig. 3 Full Wilson current mirror: (a) schematic; (b) layout

The obtained current characteristics (Fig. 6) show that the ratio error can be reduced if all four
transistors operate in saturation. In this case the current copying is as good as for the standard cascade
circuit. Because of that, nowadays, this architecture is rarely used in CMOS technology.

Wide swing cascode current mirror

The wide swing cascode current mirror shown in (Fig. 4 (a)) is a variety of the standard cascode
current mirror for lower bias voltages (Arif, M., 2012). This wide swing cascode CM architecture
needs additional current mirror branch to keep NM2 in saturation so that Vgsar2 is much lower than
normal cascoded current mirror. With this improvement the output voltage swing is higher than usual
cascoded current mirror.

Vdd

1= =

(a) (b)
Fig. 4 Wide swing cascode current mirror: (a) schematic; (b) layout

Of course, this scheme improves output swing, but it also brings with it a disadvantage
associated with consumption as well as a need of second stable current. The basic functionality of the
circuit is the following, the transistors except NM3 are the same. This single transistor is about 4
times larger channel than the other L in order to increase the drop required for NM2 to be saturated.
The other option is that the current in branch one is 4 times larger, which is not good for the
consumption of the current mirror. Since the cascode is biased from another referent current, the
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operating point of cascode is chosen so that Vdsat is at a minimum, allowing higher output swing and
lower power supply.

Layout (Fig. 4 (b)) takes up more space and the transistor finger matching are not quite well
done, because of transistor NM3. These adjustments can be improved by applying dummy or spare
transistors that aim to improve the mismatch of individual transistors.

Self-biased cascode current mirror

The advantage of this architecture (Fig. 5 (a)) is that it does not need a reference input current
like the others (Guha, K., 2017). The reference current is generated by the resistor R1. This resistor is
required in order to obtain the correct Vgs: voltage to bring all four transistors to saturation. The value
of the resistor is selected in order to provide a drop that drives the current mirrors into saturation.

NMZ_ |

NMO

(a) (b)
Fig. 5 Self-biased cascode current mirror: (a) schematic; (b) layout

The value of the resistor is about 50 kQ, which requires a large chip area. The other problem is
to realize a high resistivity resistor with low tolerance. The resistor size could be more than 10 times
larger that of the current mirror. Of course, in a large scheme, these resistors can be arranged in such
a way that the block becomes as compact and compact as possible, but this does not exclude the large
space available. In Fig. 5(b) is shown the layout of a self-biased cascode current mirror.

Fig. 6 shows a comparative graph of the different topologies of current mirrors. The red color
is a constant current I1 = 10pA. The simulation results (Fig. 6) show that the current copying is the
best for the self-biased cascode current mirror, and a reference current is not needed. Of course, the
temperature-dependent and high-tolerance resistor can slightly degrade the current. This scheme is
one of the most used in industry and plays an important role in a number of complex designs.

Other important parameters of the current mirrors, such as voltage swing, power consumption,
power supply voltage and size of the layout, depend on the current mirror topology as well. The
increase of the number of cascoded transistor rises the power supply, reduces voltage swing and the
chip area increases. Basic current mirror or wide swing current mirror should be used when the high
voltage swing is required. Hence, the selection of the topology depends on system or product
requirements so that the trade-off between parameters and the chip area to be reached.
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Fig. 6 Comparison of current mirrors topologies: Green line is for a basic CM; Purple line is for
a cascode CM and a wide swing CM; Blue line is for a Wilson CM; Yellow line is for a self-
biased and modified wide swing CM

CONCLUSION

In this paper are compared five current mirror architectures. The simulations and layout designs
were made in 0.11 um CMOS technology, using a Virtuoso Cadence. The simulation results show
that the increase of the output resistance resulted in the improvement of the current copying, which
becomes more stable over a number of variations. Another important parameter for a current mirror
is the output voltage swing. The trade-off between accuracy, power consumption, and output voltage
swing should be made in term of selecting “best” topology.

REFERENCES

Shtereva K. (2016). Microelectronics. University of Rousse "A. Kanchev". Ruse: Academic
Printing house at University of Rousse "A. Kanchev", (Opuzcunanno 3aznasue: lllepesa, K. (2016).
Muxkpoenexmponuxa. Pyce: Pycencku ynugepcumem "A. Kvnues™”.)

Kaur, J. (2017). Layout and Analysis of different Current Mirror using 45nm
Technology. International Journal on Recent and Innovation Trends in Computing and
Communication, 5 (1), 239-243.

Rakus, M., (2018). Analysis of BD MOS and DT MOS Current Mirrors in 130 nm CMOS
Technology. Institute of Electronics and Photonics, Faculty of Electrical Engineering and
Information Technology, Slovak University of Technology, Ilkovicova 3, 812 19 Bratislava, Slovak
Republic, 226-231.

Zohoori, S., (2018) A CMOS, low-power current-mirror-based transimpedance amplifier for
10 Gbps optical communications, Microelectronics Journal, 80 18-27.

Allen, Ph. E., & Holberg, D. R. (2002) CMOS Analog Circuit Design, 2" Ed. , New York:
Oxford University Press.

Razavi, B. (2001). Design of Analog CMOS Integrated Circuits. New York: McGraw-Hill.

Reshma, P.G., (2017). Analog CMOS implementation of FFT using cascode current mirror.
Microelectronics Journal 60 30-37.

Spencer, R. (2001). Analysis of the Modified MOS Wilson Current Mirror: A Pedagogical
Exercise in Signal Flow Graphs, Mason’s Gain Rule, and Driving-Point Impedance Techniques. IEEE
TRANSACTIONS ON EDUCATION, VOL. 44, NO. 4 322-328.

Arif, M., (2012). A Low Loss Wide Swing Cascode Current Mirror in 0.18-um CMOS
Technology. Journal of Applied Sciences Research, 8 (8): 4096-4102.

Guha, K. (2017). A Low Noise, High Gain OTA for Low Frequency Application. 4th
International Conference on ‘Microelectronics, Circuits and Systems’.

-22 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2020, volume 59, book 3.3.
THU-ONLINE-SSS-EEEA-03

INTEGRATED CIRCUITS SIMULATIONS IN MICROELECTRONICS
LABORATORY USING LTSPICE?

Denis Sami, Bachelor Student
Department of Electronics,
University of Ruse “Angel Kanchev”
Tel.: +359 89 990 3304

E-mail: denis.sami1997@gmail.com

Assoc. prof. Krasimira Stefanova Shtereva, PhD
Department of Electronics, Ruse,

University of Ruse “Angel Kanchev”

Phone: +359 82 888 366, +359 88 993 5368
E-mail: KShtereva@ecs.uni-ruse.bg
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INTRODUCTION

The growing microelectronic industry requires education and training of the electrical engineers
in the field of microelectronic technologies and circuit design. Therefore, microelectronic courses
have been introduced in the curricula of many universities all over the world (Lipovetzky, J., 2011,
Hu J., 2011, Shtereva, K., & Genchev, I., 2013).

The use of the computer added design (CAD) is of vital importance for the design of Very Large
Scale Integration (VLSI) integrated circuits (ICs). The use of CAD tools improves the quality of the
design and reduces the time for the development and fabrication of new devices. There are a great
number of CAD tools in the market. Some of them are developed for a schematic and layout design
while other perform circuit analysis and simulations. The most advanced CAD tools combine both,
circuit analysis and simulations, and a layout and design verification.

L Tspice is freeware software, based on Berkeley’s Simulation Program with Integrated Circuits
Emphasis (SPICE), for simulation of electrical and electronic circuits, schematic capture and
waveform view, that operates on Microsoft Windows Computer Systems. LT spice can be
downloaded from the page of the Analog Devices (https://www.analog.com/en/design-center/design-
tools-and-calculators/Itspice-simulator.html). The circuit may consist of resistors, capacitors, diodes,
bipolar junction transistors (BJTs), metal oxide field-effect transistors (MOSFETS) along with
dependent and independent voltage and current sources that are available as build in models. It is
possible as well, to simulate the circuits with a self-defined models.

In this work is shown how to use the LTspice software for simulation analysis of integrated
devices and circuits.

3 JlokmambT € TNpeACTaBeH Ha CTyAeHTCKaTa HayuHa cecus Ha 28.05.2020 B cexuusa EnexkTpoTexHmka,
€JIEKTPOHMKA, aBTOMAaTHKA C OPUTHHAIHO 3ariaBue Ha Obyrapcku esuk: CUMVYJIALIUM HA MHTEI'PAJIHA CXEMA
B JIABOPATOPU S T10 MUKPOEJIEKTPOHUKA HA LTSPICE
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DESIGN METHODOLOGY
The design of an integrated circuit goes through various stages,
listed below (Bruun E., 2018):

1) Specification Available - this stage sets the requirements or
parameters that the device or system must have.

2) Schematic design and hand analysis - designing the scheme is
the second major step. The schematic structure as well as the
manual analysis are performed here in order to meet the
requirements and specifications set out in point 1.

3) Simulation - after the completion of the schematic design we
proceed to its verification. This is done by analyzing all the
parameters set in specification 1.

4) Layout - the design of the physical structure is the next stage Spect
that has to be satisfied. At this stage, the components of the ’
circuit are physically arranged so as to preserve the es
functionality of the circuit. After creating the layout, it is
necessary to perform optimizations in order to reduce parasitic
influences.

5) Design Rule Check - is a step that verifies the physical
construction made and the ability of the given fab to produce
the chip, i.e. compares the production or fab rules with the
made layout design. If the DRC is not satisfied, it goes back to
layout design. v

6) Layout vs schematic check (LVS) - serves to verify the validity
of the physical design made with the scheme. If this is done,
then we can say that the design of the scheme is functional. Of
course, before claiming a completed design, it is necessary to
check, through PEX, the parasitic effects of the physical design
and to simulate again with the added parasites in the scheme.

In our case, step 5 and 6 cannot be done because we use two
separate software for schematic design and layout design and the
comparison between them is not possible at least in one software. The
only way this can be done with extraction a netlist and make a hand
comparison. If a CAD environment is used in which we can perform
all three activities: Schematic design, Layout and Simulation, then End
these analyzes would be achievable.

In this article, operations 1 through 3 were performed.

Fig. 1 Design Flow Chart
SIMULATION ANALYSIS
First the schematic design is made as shown in Fig. 2. The components are selected from Edit
-> Component, by the toolbox symbol >~ or by pressing F2 button (Fig. 3). To make the connection
wire from Edit -> Draw wire or select the pencil from the toolbox.
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Fig. 2 Schematic of a two-stage operational amplifier.
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[7;7 Select Cemponent Symbol *
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e LED npn3 schaotthy

£ >
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Fig. 3 Select and place component.

After saving the schematic as “.asc file”, the simulation analysis can be done. The following
analysis can be performed using LTspice:

Transient
DC sweep
AC analysis
Noise analysis
DC transfer
DC op point
The type of simulation can be chosen from Simulation -> Edit Simulation Cmd.
For simulation analysis it can be useful to represent the circuit or a subcircuit with a symbol
(Bruun E., 2015).
In Fig. 4 is shown the schematic for DC op point, AC and DC transfer analysis of a two-stage
operational amplifier. The DC op point calculates the operating point of the analysed circuit.

X:

vindPP

V"EWD ) Vout-
c1

Fig. 4 Schematic for AC, DC and op point analyses.

AC analysis is chosen from Simulation -> Edit Simulation Cmd to analyze the frequency
response. In Fig. 5 are plotted open loop responses (gain and phase margin) of the two stage OAmp
from Fig.2.

Av[dB] V(vout) Phase [o]

7208 [
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568
4808
4008
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32084
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T T T T T
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Fig. 5 The open-loop gain and phase margin in AC simulation.
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The open-loop gain (AoL) in fixed frequency is given with equation (Razavi B., 2016):

Vou
AL = —o (1)

V-V

AoL-open loop gain, V+ non-inverting input, V- inverting input;

Phase margin (PM) shows the speed of operation and stability of the circuit. The large value
leads to slow operation of the circuit, while the small values can cause oscillations. The desirable
value of this parameter is 65° - 80°. The equation for PM is:

D = 180 — Dross (2)
@m phase margin, @cross phase value where the open loop gain crossing 0dB
The plot of common mode rejection ratio (CMRR) is shown in Fig. 6.

CMRR [dB] V(vout)

~
\‘\7

T T
00000 1K 10KHZ F [Hz]

Fig. 6 The common mode rejection ratio of the amplifier from Fig. 2 in AC simulation.

This parameter is obtained at 1 VV AC signal at both inputs, and output gain is measured. This
parameter shows what the gain will be if the two inputs are the same (Ken M.,)

CMRR = 20 » logw% (3)

Acm common mode gain, Aq differential gain.

Power supply rejection ratio (PSRR) (Fig 7) gives the dependence between the output gain
and power noise. The way to find this parameter is by adding 1 VV AC to the power supply and
taking into account the gain of the output. The value of PSRR is given:

2
AVout

2,12
PSRR = 10log,,(—22y 2y (p)

PSRR [dB] Vivou

I

T T T
lllll 1KI 10KHz F[Hz] 100KHz

Offset voltage, Vos is due to mismatch or no symmetry in the amplifier. This parameter is taken
into account in a single gain configuration and corner analyses are performed. This is an analysis that
changes the parameters of the transistors and performs the simulation again and thus produces many
results from which the designer averages them. The value of VVos is given with equation:

Vos = Vour = Vi (7)

The transient analysis is performed to obtain the slew rate (SR) of the OAmp. The slew rate
measures the speed of the amplifier. The value of SR is given with equation:
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AVt
"_t()| (8)

SR = max | "

The schematic for SR simulation is shown in Fig. 8.,
vo:j ,

Vil -
inv Voiit—s

8o,

w1 10p | v2
) ()
7 PULSE(1 2 0 100p 100p 10u 20u19) | 3

Fig. 8 Schematic for analysing of slew rate by transient simulation.

The simulation result giving the dependence of rising/falling edge for a given period of time is
plotted in Fig. 9.

vvvvvvvvvvvvvvvvvvvvvvvvvv

o v v v v v

s 100

Fig. 9 The slew rate of the amplifier from Fig. 2.
The results from simulations are shown in table 1.
Table 1 Simulation results

Consumption 60 pA, 3.3V, 198 W
Vin; Vout 0.8V-3 V, 0.8VvV-27V
AoL (open loop gain) 80 dB
CMRR 44 dB
PSRR 14 dB
Vos 0.5 mV
SR 10 V/us
CONCLUSION

In this paper is shown the use of LTspice for simulation analysis of a two-stage operational
amplifier. The schematic design and simulations are made in terms of confirmation “good” design in
0.35 nm technology using CMOS technology. The model’s parameters are self-designed and sizes of
the transistor are chosen so that to optimize the circuit’s parameters. The results from simulation are
summarized in table 1.
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BBBEJIEHUE

B enHa npoMeHIMBOTOKOBA BepUra TUPUCTOPHT MOXKE /1a U3BBPIIBA PETYIUPAaHE HA TOKA CaMO
1pe3 eMH MOJYIIEpPHUOo. Ha MPEXOBOTO 3aXpaHBaI0 HANPEKEeHUE. 3a ja MPOIyCcKa TOK U Tpe3 ABara
MOJIyTIEpHO/1a, € HEOOXOAUMO J1a C€ CBBPIKE JOIIBJIHUTEIHO OLE €IUH TUPUCTOP, KOWTO Ja ce sBsBa
napanenHo — HacpeueH Ha ocHoBHUA (Haue H., (2006), bo6uesa M., H. Huxonos (2001)). Bcuuko
TOBA yCIIOKHSIBA CXeMaTa U g IPaBU HEHAIS)KTHA.

B momoOHM ciydam mo-TONSIMO TIPWIIOKEHHE HAMUPAT CUMHUCTOPUTE, KOWTO TO3BOJISBAT
MPOTHYAHETO Ha TOK U Mpe3 JIBaTa MoJIylepro/ia Ha 3aXpaHBallloTO HalIPeXeHUe.

CUMHUCTOPBT MPECTABISABAT OTYITPOBOIHUKOB EIEMEHT, B KOHTO MMa JIBa THPHCTOpA € 00110
ylpaBJIeHUE, CBbP3aHU NapayielHo - HacpelHo enuH Ha apyr (Paul Horowitz, Winfield Hill (2015),
Muhammad H. Rashid, Ph.D. (Accessed on 15.05.2020)).

To3u TN eneKTPOHHU KOMIIOHEHTH C€ M3IO0JI3BaT B MPOMUIIEHOCTTA, JOMAaKUHCKUTE ypenu
M eJIEeKTPUYECKUTE WHCTPYMEHTH 3a IUIAaBHO peEryJlupaHe Ha TOKa TMpe3 KOHCyMaTopa.
JIBYyIIOCOUYHOCTTa UM MPOBOAUMOCT TY NMPABU LIIMPOKO MPUIOKUMHU B OE3KOHTAKTHUTE PEryIaToOpu
3a MPOMEHIIUB TOK, 32 KOHTPOJI Ha HUCKOMOIIIHY WHIYKTHBHH TOBApH, ITUMUPYEMH OCBETUTEITHH Tella
U JIp.

[enta Ha HACTOSIINS AOKJIAJ € J1a CE MPEICTaBH CUMYJIAIIMOHHO M3CIIeIBaHE Ha MPUHIINTIA HA
paboTa Ha TUPUCTOP U CUMHCTOP B IMPOMEHIMBOTOKOBH BepUrd. CUMYJIAllMOHHOTO U3CJIEJBAHE €
M3BBpIICHO upe3 mporpama Multism (http://www.ni.com/pdf/manuals/374483d.pdf, 2020) na

4 JlokmambT € TpeACTaBeH Ha CTyAeHTCKaTa HayuHa cecus Ha 28.05.2020 B cexuusa EnexkTpoTexHmka,
€JIEKTPOHMKA, aBTOMAaTUKa ¢ OPUTHHAIHO 3ariaBue Ha Owirapcku e3uk: CUMYJIAIITMOHHO WU3CJIEJIBAHE HA
TTPUHIIUIIA HA PABOTA TUPUCTOP U CUMUCTOP B ITPOMEHJIMBOTOKOBU BEPUI'N.
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¢upmara National Instruments. Ilomyuenute pesynraru cienBa aa oOOTaTIT MPAKTUYECKUTE
YOpaXKHEHUST 10 auciuiumuute Jllpomuniena enekTpoHuka“ u ,,CHIOBH  €IEKTPOHHU
npeoOpasyBarenu™ 3a ClenHaTHOCTUTE ,,EnekTpoHnka® u ,,EneKTpOnHKEHEPCTBO .

CuMyJIalIHOHHO U3CJIeBaHe HA PUHIMIIA HA Pad0Ta HA THPUCTOP B MPOMEHJIMBOTOKOBA
Bepura

Ha ¢ur. 1 e mpencraBeHa mNpUHIMIIHATA €JIEKTPUYECKAa CXeMa 3a MpOBEXKIaHEe Ha
CHMYJIALIMOHHO H3CJIE/IBaHE HAa IPUHIMIA Ha paboTa HAa TUPUCTOPA B IMPOMEHIMBOTOKOBA BEpUIa.
Cxemara € cbCTaBeHa OT CIEJHUTE CJIIEMEHTH:

* 3axpaHBalUAT MPOMEHIMBOTOKOB M3TOUHUK V1, 12V/50Hz;

* PesucropsT R1, morenmmomerppa RP u xonmenszaropa C1 obpasysar ¢azoympaisBaiia
BEpUTa;

* luonsT D2 npennassa TUpUCTOpa OT OTPULIATEIIHO YIIPABIISBAILIO HAITPEIKECHHUE;

» CeeroguonsT LED1 nnaunmpa npoTHyaHeTo Ha TOKa B CXEMATa;

* Tupucropst VTh e 0bekT Ha n3cnenBane;

* ToBapsT 32 THUpHCTOpPA € pe3ucTopbT RL;

* OctunockonsT XSC1 cimyu 3a BU3yanu3aiys Ha U3CJICIBAHUTE MPOIIECH.

®ur. 1 Enextpudecka cxema 3a CUMYJIAIIMOHHO M3CEABAaHE HA IPUHITMIIA HA paboTa Ha
TUPHUCTOP B MPOMEHIMBOTOKOBA BEPUTa

3axpaHBaIlMAT NPOMEHJIMBOTOKOB H3TOYHHMK V1, ocurypsBa Ha cxemMara IPOMEHIIMBO
Hanpexxenue 12V/50Hz. [Ipe3 BpemeTo Ha MOJIOKUTENIHUS MOIYIEepHo/] Ipe3 (a3oymnpasisBaiiara
BEpHra MnpoTrhya 3apsiaeH TOK 3a KoHueH3aropa Cl. HampexxeHuero My MOCTENEHHO HapacTBa U
KOTaTo JOCTUTHE CTOWHOCT JIOCTaTh4Ha 3a OTIyIIBaHE Ha THpUcTopa Th, mpe3 nuona D2 mporuya
TOK KBbM YIpaBisSBallusl €NeKTpoJl Ha Tupuctopa. OT TO3M MOMEHT JI0 Kpas Ha MOjJylepuoaa
TUPUCTOpA € B OTITYIIEHO ChCTOSHUE U OT M3TOYHHUKA MMPOTHYA TOK KbM ToBapa RL. Ceronnonbt
LED1 wnaumupa ToBa ChCTOSTHUE, KaTO cBeTBa. OT HAYAJOTO HA MOJyMEepUoaa 0 TO3HM MOMEHT
TUPUCTOPBT € OWJI B 3aIlylICHO CBHCTOSHUE, HE € MPOTHYal TOK OT M3TOYHMKA KbM TOBapa H
CBETO/AMO/Ia HE € CBETHUIIL.
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Ilo Bpeme Ha OTpHULATENHHUS TMONYNEPUOJ], MHOJAPUTETHT HA TMOJAJEHOTO IPOMEHIIMBO
HanpeXeHue ce sBsiBa 00paTeH Ha TUpHCTOpa M TOM ocTaBa 3amyuieH. [Ipe3 To3u momynepuon mnpes
¢dazoynpapisgBallaTa Bepura, NpoTuda 3apsaaeH TOK 3a koHjeH3atopa Cl. HanpexeHuero My e ¢
OTpULIATENIEH 3HaK M JUOJa HE IpPOIyckKa TOK KbM YIPaBISABALIUS €JIEKTPOJ HAa THUPUCTOPA.
CBeToauoabT MHAMIMpA TOBA 3allyllIEHO ChCTOSIHME, KaTo He cBeTH. Ilo To3m HauuH nuona D2
IpeJia3Ba TUPUCTOPA OT OTPULIATETHO YIPABIISABAIIO HAPEKEHHE.

Upe3 noreHnuomerbpa RP, koiTO € 4YacT oT ¢azoympapisBaliaTa Bepura ce H3BbPLIBA
IIPOMsIHA Ha FOJIEMUHATA Ha [101aIEHOTO HAPEXEHNE KbM yIPaBIIsABaLIMs €JIEKTPO/] Ha TUPUCTOPA.

B nonHO monokeHue Ha mIb3rada Ha MOTEHULUMOMETbpa (¢ur. 2a) caMo HAIPEKEHUETO OT
KOH/JICH3aTOpa ce I10JiaBa 3a yIpasieHue Ha Tupuctopa. Heobxoaumo e u3BECTHO BpeMe IO0KaTo
HaNpeXEHUEeTO My JOCTUIHE CTOMHOCT JI0CTaThuHa 3a OTILYIIBAHE HA TUPUCTOPA.

B ropHo nosnoxeHue Ha mIb3raya Ha MOTeHIMOMEThpa (¢ur. 20) HEeTUT 1Maj] Ha HalPEeKEeHNE
BBPXY HEro ce CyMHpa ¢ HalpEeKEHUETO Ha KOHJEeH3aTopa. B KOHKpeTHus ciaydail KOHJIEH3aTOPbT
TpsAOBa 1a ce 3apeu 10 M0-MaJIka CTOMHOCT, KOETO € U3BBPIIBA 32 II0-KPAaTKO BpEME.

Cymara OT 1BeTe HalpeXeHUs 0CTUra Heo0X0AuMaTa CTOMHOCT 3a OTIYILIBaHE HA THPHCTOpa

U TOH ce OTHyuBa IO-paHO B CpaBHCHHUEC CHC Cliydasd Ha JOJIHO IIOJIOKCHHC Ha IIJIb3rada Ha
MNOTCHIHUOMECTbBPA.
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@ur. 2. Pe3ynratu ot mpoMsiHaTa HAa MOMEHTHUTE Ha M0JIaBaHE Ha UMITYJICH KbM
YIPaBIIABALIMUS €JIEKTPOJ HA THPUCTOPA

OT npeACTaBEeHUTE CUMYJIAIIMOHHH pe3yJTaTu OT ¢ur. 2a u 20 MOXe Ja ce€ KOHCTaTupa, 4e
TUPUCTOpPA YMpaBIlisgBa IOJIEMHUHATA HAa TOKA Ipe3 KOHCyMaropa, HO CaMO Ipe3 MOJIOKUTEITHaTa
MOJTyBbJIHA HAa TIPOMEHJIMBOTO HampekeHue. [Ipe3 oTpuiarenHara moyiyBbiHa Ha MPOMEHIUBOTO
HaIpeXeHUe Ipe3 ToBapa He MPOTHYA TOK. 103U HEIOCTAaThK C€ OTCTPaHsBA, YpPe3 M3MOJ3BaHE Ha
CUMUCTOPH, B YHUATO CTPYKTYpa Ca Brpaa€HH ABa MapaJICIHO—HACPCIIHN TUPUCTOPA, KAaTO CAUHHUAT

pa6OTI/I Mpe3 MOJIOKUTCIIHATA ITOJYBbPHA, 4 BTOPUAT pa6OTI/I pe3 OTpUHarcsiHaTa IOJIYBbJIHA HaA
IMPOMCHJIMBOTO HAITPEIKCHUC.

CuMyJIalinOHHO H3cJIe/IBAHE HA IPUMHIMIIA HA pa00Ta HA CHMHCTOP B IPOMEHJIHBOTOKOBA
Bepura

Ha ¢ur. 3 e mnpencraBeHa NpUHIMIIHATA €JIEKTPUYECKAa CXeMa 3a MpOBEXJIaHe Ha
CUMYJIAIIMOHHO U3CJe/IBaHe Ha MpUHIMIA Ha paboTa HA CUMHUCTOP B IPOMEHJIMBOTOKOBA BEpUTra.
Cxemara e CbCTaBeHa OT CJIETHUTE EJIEMEHTH:

* 3axpaHBalUAT MPOMEHINBOTOKOB U3TOYHUK V1, 230V/50Hz;

* Pesucropute R1, R2, R3, norenumomerspa RP u konaenzaropure Cl m C2 oOpaszyBat
(dhazoympasisBaiia BEpura,
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* luauctopwsT D1 urpae posigta Ha MparoB €JIEMEHT 3a TOYHO OINpPEETIsIHE HA MOMEHTHUTE 3a
BKJIIOYBAHE HA CUMUCTOPA;

* CumuctopbT D2 € 00eKT Ha U3CIIeBaHe;

* ToBapbT Ha cuMucTOpa € pe3ucTopsT RL;

* Ocumnockonure XSC1 u XSC2 cityat 3a BU3yaau3aius Ha U3CIEABAHUTE MPOLIECH.

............. xscl

........................................................................ xscz
%m-g:::::::::::::::::::::::::::::::::::::::::::::::
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= T R ul

- jam
_______________________________________________ . s
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@ur. 3. [IpuHnMHA eeKTpUUecKa cXeMa 3a CUMYJIAIMOHHO U3CJIe/IBaHe Ha MPUHIINIA Ha padoTa
Ha CUMHCTOP B IPOMEHJIMBOTOKOBA BEpUra

3axpaHBalIMAT TPOMEHJIMBOTOKOB H3TOYHUK V1, OCHUTypsBa Ha cxemara HpPOMEHIINBO
HanpexeHnue 230V/50Hz. [Ipe3 BpeMeTo Ha MOJIOXKUTENHUS TOAyNepro npe3 (a3oynpasisBaiiara
BEpHUra, IpOTHYAT 3apsAHU TokoBe 3a KouaeHzatopute Cl u C2. Cxemara mnpejacraBisiBa
HEYPaBHOBECEH MOCT, KaTo B €AMHHS My JMAaroHajl € BKJIIOYEH 3aXpaHBaIlUAT M3TOYHHUK, a BbB
BTOpHS € BKIIIOYECH U3paBHsBAI] pe3uctop R2.

JleBute pameHa Ha MocTa ca cbcraBeHM oT enemeHtuTe R1 m Cl, umiito croiiHocTu ca
MOCTOSTHHU ¥ OTIPEIEIIAT TUIaBHOTO 3apexaane Ha Cl1.

JlecHuTe pameHa Ha MocTa ca chcTaBeHH oT enemeHTuTe R3, RP u C2. Ilo — romemute
CTOMHOCTH Ha PE3UCTOPHUTE OMPEIENIT M0-0aBHOTO 3apexkaaHe Ha kKoHjaeHzatopa C2. B momeHTa,
KOTaTo HAaIPEeKEHUETO MYy JOCTHTHE CTOMHOCTTa Ha IParoBOTO HANpEeXEeHHWE Ha JAMHUCTOPA, TO
MOCTICTHUAT Ce OTIYIIBA M MOJjaBa TOK KbM YIIPABISBAIIMUS €IEKTPOJ Ha cuMucTopa. OT HAYaI0TO
Ha IMOJIyTIepHoAa 10 TO3M MOMEHT, CAMHCTOPBT € OMJI B 3aIllyIIEHO ChCTOSIHUE U TPE3 TOBapa HE €
npoTrdas Tok. OT TO3M MOMEHT JI0 Kpasi Ha TOIYTepro/ia, CAMUCTOPBT € B OTITYIICHO ChCTOSTHHE U
CBHOTBETHO IIpe3 TOBapa MPOTHUYA TOK.

[Tpu oTpunaTeTHUS MOTYTIEPHO OIMCAHHUTE TO-TOPE MPOIECH CE TIOBTApST M Mpe3 ToBapa
pOTHYa TOK B 0OpaTHA MOCOKA.

Ha ¢wur. 4 a, 6 ca mokazanu BpeMenuarpaMruTe Ha HANPEKEHHUATA B JOJHO MOJIOKEHHE Ha
IUTh3rayva Ha noTeHIroMeTspa. OT TAX ce BIXKAA, Y€ CUMUCTOPA C€ BKJIIOYBA 32 MHOTO MaJKO BpeMe
ClIel Ha4aJloTO Ha BCEKH IOJIyTeprojl. ToBa BpeMe ce ompezelnsi OT TOBa, 4e mpe3 pe3ucropa R2
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MpOTHYA TO-TOJISIM JI03apekaanl TOK 3a KouaeH3zaropa C2 W Toi OBp30 JOCTHTA IParoBOTO
HarpexeHue Ha JuHucTopa. [1o To3u HauMH MOIIIHOCTA OT/IeJIEHA BbPXY TOBApa € C rojisiMa CTOMHOCT.
Ha ¢ur. 4 B, r ca nokasanu BpeMeaHarpaMuTe Ha HaIPEKEHUSATA B FOPHO IOJIOKEHHE Ha
ITh3ravya Ha moTeHIoMeTbpa. OT TAX ce BIXK/IA, Y€ CUMUCTOPA C€ BKIIFOYBA MHOTO MO-KbCHO CIIE]
HAYaJIoOTO Ha BCEKHU MOJYNEPHO] B CPaBHEHHE C MpeIHus ciaydail. ToBa 3aKkbCHEHUE Ce ONpeesl OT
[IO-MaJIKUs J03apeXkaanl TOK 3a KoHjeH3aTtopa C2 M TOH IO-KBCHO JOCTUIAa JI0 IIParoBOTO
HampeKeHUe Ha JUHUCTOPA. 3a TO3M cydyail TOKBT Mpe3 TOBapa € Mo-Mal’bK U BbPXY HEro ce OTIes
[10-MaJIKa MOIIHOCT.
JIBM>KeMKY Tu1a3raya Ha MOTEHIIMOMETbPa OT JIOJIHO /10 TOPHO MOJIOKEHUE CE TOCTUTA IJIAaBHO
peryiupaHe Ha MOMEHTHUTE Ha BKJIIOYBAHE HA CUMUCTOPA, B CJIEACTBUE HA KOETO CE MOCTUTA IIJIaBHO
peryiupaHe Ha MOIIIHOCTTa BbPXY TOBapa.

Oscilloscope-XSC1 = [ Oscilloscope-XSC2 I&
FAA P
J N v S A %
4 [ L3 L] . 13
Time: Channel_a Channel_B Time Channel_A Channel_B
i @ 800,039 ms 4,003V 301,138 mv .E B 800.039 ms 7219140V 3,702V
T2 (€ aon.0zems 4003V 301138 my ® | z0003ms  72r914u 3702V
T2T1 0,000 0,000 V 0.000V oy 271 0.000s 0.000 ¥ 0.000V G o
Timebase Channel A Channel B Trigger Timebase Channel & Channel B Trigger
Scale: 10 ms/Div Scale: 200 V/Div Scale: 200 V/Div Edge: B |[Ext Scale: 10 ms/Div Scale: 1 V/Div Scale; 200 V/Div Edge: ~EES
¥ pos.(Div): 0O Y pos.(Div): 1.2 ¥ pos.(Div): -1.2 level: g v X pos.[Div): 0 Y pos.(Div): 1.4 ¥ pos.(Div): -1.4 Level: v
(clfeoe] © [acj(e]e]c) ® (cllofee] © a)EdE) @
L d L
a) 0)
. Oscilloscope-X5C1 = Oscilloscope-X5C2 [
N Y [ Y o , ‘ , ‘ ‘
N - N JLQ_/RI—/%—/ i
4 [ » 4 1 3
Ti Ch 1_A Ch | B Time Channel_a Channel_B
4 450.31;2 ms -1‘?'51;6&\7 -62;.”8“1:31\# E G 450,016 ms 5.056mV  -968.248 mV
T2 (B®| 4s0016ms 1595V 627.814mu (€| ss0.015ms  sossmv  -2ss.248my
T2T1 0,000 5 0,000V 0,000 ¥ Ext. frigger T2T1 0,000 5 0,000V 0,000 V T
Timebase Channel A Channel B Trigger Timebase Channel A Channel B Trigger
Scale: 10 ms/Div Scale: 200 V/Div Scale: 200 V/Div Edge: B |[Ext Scale: 10 ms/Div Scale: 1 V/Div Scale: 200 V/Div Edge: NEEE
X pos.(Div): 0 ¥ pos.(Div): 1.2 ¥ pos.(Div): -1.2 level: g Ul ¥ pos.(Div): 0O ¥ pos.[Div): 1.4 ¥ pos.[Div): -14 Level: g v
(clfolee) @ [ag)edE] © (clfofe] © fcoeel] ©®
’ " L
B) r)

®ur. 4 BpemeauarpamMu Ha HalpexeHUsITa B JOJIHO U TOPHO MOJIOKEHUE Ha
IJIb3rava Ha noreHuuomMerspa RP

HC,Z[OCTaT’bK Ha TO3UW MCTOA 3a IUIABHO PCTYJIMPpAHC HAa MOMIHOCTTA HAa KOHCYMATOPUTE €
HAJIMYHUETO Ha BBPHATH 06paTHO KbM 3axpaHBallaTa MpeEXa BHUCIIN XapMOHHWIH, IMOPOACHU OT
CKOKOO6p33HOTO HavYaJlHO USMCHCHUC HaA TOKaA IIPE€3 KOHCYyMATOopa.

U3BOIN

W3BbpiieHn ca CUMYJallMU Ha €JIeKTPOHHU CXEMHM, Ype3 KOUTO € M3CIIe[ABAaH NMPHUHIIMIA Ha
paboTa Ha THPHCTOP W CHMHUCTOP B NPOMEHIMBOTOKOB PEXHM. V3CieBaHETO € M3BBPIICHO B
pabotHa cpena Multism Ha ¢pupmara National Instruments.
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[Tonyuenure pesyaTaTd BOAAT 10 oOoraTsiBaHe HA NPAKTUYCCKUTE YIPAKHEHHUS 10
aucuuruinHuTe L JJIpoMunnena enekTpoHuka“ u ,,CHJIOBH E€IEKTPOHHU IpeoOpaszyBaTenn 3a
crienranHocTuTe ,,Enexkrponuka’ u ,,EnekrponnxenepctBo’. ToBa HEMUHYEMO I1I€ JIOBEAE JI0 T0-
3aIBJIO0YEHN TCOPSTHYHU M MPAKTUYCCKU TMO3HAHUS HA CTYJICHTUTE B 00JIACTTa HA EIEKTPOHHO
YIIPaBJISIEMUTE KIFOUOBE.

OcCBeH B ayJJUTOPHUTE 3aHATHUS, pa3pabOTEHUTE CUMYJIAIMOHHHU U3CJICIBAHUS Ca MPUIOKUMU
Y 32 IMCTaHIIMOHHO O0y4YeHHUE.
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Abstract: The purpose of this report is to present a simulation research on the principle of operation of thyristor
in DC mode and in unipolar pulse mode. The simulation study was performed through the Multism program of the
company National Instruments. The obtained results should enrich the practical exercises in the disciplines "Industrial
Electronics™ and "Power Electronic Converters™ for the specialties "Electronics"” and "Electrical Engineering™.

Keywords: Simulation research, Thyristor, DC mode, Unipolar pulse mode

BBBEJIEHUE

ABTOMATH3UpPAHETO Ha TMPOU3BOJACTBEHUTE TMPOIECH Hajara yChbBBPIICHCTBAaHE Ha
KOMYTHPAIIATE YCTPOWCTBA HA CIIEKTPUYECKH BEepHUTH. [Ipe3 TOAWMHHTE IMIMPOKO NPHIIOKEHUE B
MpaKTUKATa ca HAMEPUJIH €EKTPOMarHUTHU pelieTa, KOHTAaKTOpu U JIp. OCHOBHH HEJOCTATHIM Ha
TE€3U €JIEMEHTH Ca HEJOCTaThUHOTO UM OBbP30/IeHCTBHE, BCIICICTBIE HA ABIDKEIN CE YaCTH, KOETO HE
MO3BOJISIBA Jla padOTAT MpU TOJEeMH TUHAMHYHU HaToBapBaHus. [losiBaTa Ha enekTpuyecka JIbra
MPEIM3BUKBA CHUJTHA €PO3Us Ha KOHTAKTHHUTE MOBBPXHOCTH, KOETO ITbK OT CBOSI CTpaHa HaMassBa
cpoka uM Ha exkcruoaranus (Haues H., (2006), bo6uesa M., H. Hukonos (2001)).

[Topanu Ta3um mpuYWHA TO-TTUPOKO MPUIIOKEHUE € HAMEPHWII IOTYITPOBOIHUKOBUS MPHOOP
TUPUCTOP, TPU KOWUTO IUICBAT W30POEHUTE HEAOCTATHLUU. THUPHUCTOPHT € MOIYyHPOBOJHUKOB
€JIEMEHT, IPEJICTABIISABAI YSTHPUCIOWHA CTPYKTypa. ToH € MPOCKTUPAH 3a KIHYOB KOHTPOJ Ha
€JIIEKTPUYECKH BEPUTH B PEKUM OTBOPEH-3aTBOPEH - EJIEKTPOHHO yMpaBisieM Kitod. BriarouBaHeToO
Ha THPUCTOpA CE€ W3BBPIIBA Ype3 MOJaBaHe HA KPaThK MMITYJIC Ha YIPaBISIBAIIAS MYy €JICKTPO.T
(Moorthi V. (2005)). [IpoTuyamusar ToBapeH aHOJEH TOK I'0 MOAIbPKa BHB BKIIOYEHO ChCTOSHE. 3a
HErOBOTO M3KIIFOUBAHE € HEOOXOJMMO Ja Ce MPHIOKAT CXEMOTEXHHWYECKH PEIICHUs, KOUTO Jia
rapaHTUpAar, 4ye MPOTUYAIKS IPe3 HEro aHOJIeH TOK Il CTaHe paBeH Ha HyJa. TupucTopuTe HaMUpPAT
MIPHJIOKCHNE KaTO CHJIOBH TPEBKIIIOYBATEIM Ha TOJEMH TOKOBE, a CBIIO Taka M 3a TAXHOTO
perymupane (Paul Horowitz, Winfield Hill (2015), Muhammad H. Rashid, Ph.D.( Accessed on
15.05.2020)).

5 JlokmambT € TNpeAcTaBeH Ha CTyAeHTCKaTa HayuHa cecus Ha 28.05.2020 B cexumsa EnexkTpoTexHmka,
€JIEKTPOHMKA, aBTOMAaTHUKa ¢ OpPUTHHAIHO 3ariaBue Ha Obirapckm e3mk: CUMYJIAIITMOHHO U3CJIEJIBAHE HA
IMPUHIIUITIA HA PABOTA HA TUPUCTOP B ITOCTOSSHHOTOKOBU BEPUT'N.
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[{enTa Ha HACTOSIIMS JOKJIAJ € Ja CEe MPEACTAaBU CUMYJAMOHHO U3CJIeIBaHE HA IPUHIMIIA HA
paboTta Ha THUPHUCTOpP B TIOCTOSIHHOTOKOB PEXKHM W B CIHOMNOJSIPEH UMITYJCEH PEXKHM.
CuMyJIalMOHHOTO M3CIIEABAHE € M3BBpIIeHO Ype3 mporpama Multism (http://www.ni.com/pdf
/manuals/374483d.pdf, 2020) na pupmara National Instruments. ITosydenute pe3ynraTu cieiBa aa
000raTsAT NPaKTUYECKUTE YIPAKHEHUS 0 JUCHUILTUHUTE ,,[[poMuiiuieHa enekTpoHuka“ u ,,CUioBu
SJIIEKTPOHHHM MPeoO0pa3yBaTenn‘ 3a CIeUaTHOCTUTE ,,EIeKTpOoHUKA™ U ,,ENEKTPONHKEHEPCTBO .

CuMyJIalIMOHHO M3CJIeIBaAHe HA MPUHIMIA HA PadoTa HA THPUCTOP B NMOCTOSTHHOTOKOB
pexuM

Ha ¢ur. la, 0, B e mpencraBeHa NpUHIMITHATA EJIEKTPHUYECKA CXEMa 3a MPOBEXKIAaHE Ha
CUMYJIAIIMOHHO M3CIlIe[IBAaHE Ha MPUHLIMIA Ha paboTa Ha TUPUCTOpPA B MOCTOSHHOTOKOBA BEpHra.
Cxemara € CbCTaBeHa OT CIEJAHUTE EIEMEHTH:

e 3axpaHBaIIMAT IOCTOSHHOTOKOB M3TOYHUK V1 ocurypsiBa Hy’)KHOTO 3aXpaHBaHE Ha CXEMarTa;
e Kimouoere SW1 u SW2 ciykat 3a mpoMsiHa Ha peXKUMHUTE Ha paboTa Ha cXeMara;
e Pesucropure R1, R2 u R3, ciyxar 3a orpanriyaBaHe Ha rojeMUHAaTa Ha MPOTUYAIUTE TOKOBE

B CXEMATa;

e CreromuonsT LED1 mHIUIMpa pesxuMuTe Ha paboTa Ha CXeMara;
e Tupucropst VThl e obekT Ha u3cnenBane;

e lI3mepBaresHu ypeau — BOATMETHP, AMIEPMETHP U OCLUIOCKOIL.
Xsc1 ... XsSC1 . ol o :

i Sy
Key = A
SwW2
R1 Key=B XMM1
1kQ e
1.
LED1
]
!‘4
VThi VThi
Y ] L

@ur. 1 [IpuHIMnHa exekTpuyecKka cxeMa 3a u3cje/iBaHe Ha IPUHIIKIIA Ha paboTa Ha
TUPHUCTOP B MTOCTOSSHHOTOKOB PEXKUM

Tabmuua 1 orpassBa pexumure Ha paboTa Ha cxemara HpU Pa3IMYHM KOMOMHAIMM Ha
BKJIIOUBAHE U M3KIIOUBaHe Ha KitouoBeTe SW1 u SW2 npu nocTOSSHHOTOKOB PEKUM.

Tabnuma 1. ChCTOSIHUS HA BEPUTUTE HAa CXEMaTa IPU MOCTOSSHHOTOKOB PEKUM

Cocrosiane | Kirrou SW1 Kitrou SW2 Csetroaunon LED1
1. 0 0 0
2. 0 1 0
3. 1 0 0
4. 1 1 1
5. 1 0 1
6. 0 1 0

-36 -


http://www.ni.com/pdf

PROCEEDINGS OF UNIVERSITY OF RUSE - 2020, volume 59, book 3.3.

[Ipu w3BBpHIBAHETO Ha CUMyJalUsTa, NPEBKIOUYBaHETO Ha Kiatod SWI1 ce u3BbpmiBa ¢
IIOCJIEZIOBATEIHO HATUCKaHE Ha KiaBuml “A” Ha KJlaBUaTypaTa Ha IEPCOHAIHUS KOMIIIOTBD.
CpotBeTHO 32 SW2 - ¢ HaTuCcKaHe Ha KinaBull “B”.

Ha ¢wur. 2a, 6, B ¥ T ca IpeICTaBEHN BU3YaAIHO PE3YJITATHTE OT ChOTBETHHUTE CHCTOSHUS Ha
BEepUTHUTE OT Ta0JI. 1, KakTo cienBa: (ur. 2a mpeactaBs CbCTosHUS 1 1 2, Gur. 20 npeacTans ChbCTOSTHUE
3, ¢ur. 2B npeacTaBs cbCTOsHE 4 U (HUT. 2T IPECTABS CHCTOSHE S.

[Ipu oTBOpeHO cheTosiHue Ha aBata kioya SW1 u SW2 kbM cxemaTa He ce mo/1aBa MOCTOSIHHO
3axpaHBallo HanpexeHue u ceeroguoga LED]1 He cBetu. B Tabi.1 ToBa chcTOSIHME € OTOENA3aHO C
jgoruyecka “0”. B ToBa mosiokeHWE, BKIIOYBAHETO Ha Kiroya SW2 He mpomeHs ChCTOSHHETO Ha
cxemara. ToBa ce Buxza ot ¢ur. la u Bropo cberostaue ot Tadm. 1.

C BrimouBaHeto Ha SWI1 KbM cxemaTa ce I0JaBa HAIPEKEHUE OT 3aXpaHBaLLUsA
MOCTOSIHHOTOKOB M3TOYHUK.

Ot cwerostHue 3 ot Taba. 1 ce Buka, ye kimoua SW2 ce nmpeBe/ia B OTBOPEHO CheTosiHuE. B
CJIEJICTBHE Ha TOBA KbM YIIPABJISABAILMS €JIEKTPOJ Ha TUPUCTOPA HE C€ IMOJaBa YNpaBJsBall TOK U
TUPHUCTOPA € B 3aIyIIEHO ChbCTOSIHUE U CHOTBETHO CBETOAMOA HE CBETH.

Oscilloscope-XSC1 = Oscilloscope-XSC1 =
g 0 Y| [ g T v
Chamnel A Chamnel B Time Crannel A Chamnel B
i %= xomars D0 0000V o %5 720043ms 2020V 0.000V
3%0.003ms 0,000V 0.000v 70043ms 2020V 0.000 v
T2TL 0.000s 0.000% 0.000 Y Ext. trigger T2T1 0.0005 0.000V 0.000 v Ext. trioger
Timebase Channel A Chamel B Trigger : Tinebase Channel A ChannelB Trigger
Scale: 10 ms/Div Scale: 5 V/Div Scale: 5 V/Div Edge: B |[Ext Scale: 10 ms/Div Scale: 5 V/Div Staler 5 V/Div edge: (@) a6
Xpos.(ov): O ¥ pos.(oiv): 0 ¥pos.(on): 0 Level X pos.(Div): 0 ¥ pos.(Div): 0 ¥pos.On): 0 leve:
lrejlofe]  © [d0)eell) ¢ MM-E (] acd] 512 ) (22 EE]E © (ac)o])e)l] ¢ MWM-
Multimeter-XMM2 x . Multimeter-XMM1 Multimeter-XMM2 Multimeter-XMM1 =
Lo | |
= Set... = & [Csete. ) =
Osdilloscope-XSC1 B Oscilloscope-X5C1 ®
4 i » 4 L[ L]
Time: Channel_A Channel B Time: Channel_A Channel_B
E %: 270.002 ms 8.994V 0.000V E [[% 180,003 ms 8.990V 4495V
70.002ms 8934V 0.000 180.003ms 8930V 4,495

T2T1 0.000s 0,000V 0.000 V Ext. trigger T2T1 0.000s 0.000¥ 0.000V Ext. trigger

Timebase Channel & ChennelB Trigger Timebase Channel A Channel B Trigger

Scale: 10 ms/Div scale: 5 V/Div Seale: 5 V/Div edge:  [ER) [a) 5 Scale: 10 ms/Div Seale: 5 V/Div Seale: 5 VDV Edge: -. [l

X pos.(Ow): 0 ¥ pos.Ov): 0 ¥pos.O): 0 leve: o Xpos.on): 0 ¥ pos.(on): 0 ¥pos.On): 0 Level:

lecjlolee) @ [ac)lolme)-] @W-- e)olee @ (acfolall) @M-E

Multimeter-XMM2 = . Multimeter-XMML = . ! Multimeter-XMM2 = [ Multimeter-xmmi =
10.135 mA 8V 5.645 mA

(] & =] =]
o~ =

fd v (2] (=)
) =

(a] (B (=] [=]
= =

(] (v] (=] [=]
= =

+

+ +
* Set... 5 :

B) r)
O@wr. 2 PGSYJ'ITaTI/I OT CbOTBETHUTC CHCTOSAHUATA HA BEPUTUTE B ITIOCTOAHHOTOKOB PEXKUM

[Ipu cbecrostnue 4, xknoubT SW2 € npuBelleH BbB BKIIOYEHO CHCTOSHUE, IIPU KOETO Mpe3
pesuctopa R2 mpotrya ToOK KM yIipaBisiBamius eIekTpo ] Ha Tupuctopa VThl u Toii mpeMuHaBa BbB
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BKI0YeHO cherosinne. CBeroguoasT LEDI cBetBa (dur. 16). PesuctopsT R1, ocBeH e orpannuaBa
roJIeMUHaTa Ha TOKa MPe3 CBETOANO0/1A, TOH € 3abJKUTEINICH TOBap 3a THPUCTOPA.

[Ipu cwerosinue 5, kmoubT SW2 € B OTBOPEHO ChCTOSHUE, HE MPOTHUYA TOK KbM yIIPaBJIsiBaIUs
€JIEKTPOJ Ha TUPHCTOPA, HO BHIIPEKU TOBA TOIM OCTaBa BB BKJIIOUEHO ChCTOSHUE, TPHYUHA 32 KOETO
€ IPOTHUYAIIMAT IIPE3 HETO TOBApEH aHOJIeH TOK (¢wur. 1B).

TupucTopbT 1I€ ce U3KIIOYM B ChCTOAHUE 6, Korato kitoya SW1 ce 0TBOpU U c€ IIPEKBbCHE
[10/IaBaHETO Ha 3aXPaHBaIll0 HAMIPEKEHUE U aHOIHUS TOK IIPe3 TUPUCTOpA CTaHE PABEeH Ha HyJa.

CuMyJIallMOHHO H3CjlelBaHEe HA NMPHHUMIA Ha PadoTa HA THPHUCTOP B €IHOMNOJSIPEH
HMILYJICEH Pe:KuM

Ha ¢ur. 3 a, 6 ca npencTtaBeHU NPUHIUITHUTE €IEKTPUYECKA CXeMa U BU3YallHO MOJTyUYEHUTE
pe3yaTaTUTe OT CHOTBETHHUTE CBHCTOSIHUSI HA BEPUTUTE NPH MPOBEXKJAAHE HA CUMYJIALMOHHO
u3cleBaHe Ha MPUHIINIA Ha paboTa Ha TUPUCTOPA B €HOMONISIPEH UMITYJICEH PEXKHUM.

Cxemara € CbCTaBeHa OT CIEJAHUTE EIEMEHTH:

* 3axpaHBalLUAT UMITYJICEH U3TOYHHK V 1 OCUTYpsiBa €THOMOISPHU UMITYJICH 32 3aXpaHBaHE HA
cxemara.;

» KimouoBere SW1 u SW2 ciyxar 3a mpoMsiHa Ha pexXHUMHTE Ha paboTa Ha cXeMaTa.;

* Pesuctopure R1, R2, ciyxar 3a orpaHnyaBaHe Ha rojieMHHaTa Ha MPOTHUYAIIUTE TOKOBE B
cxemMara.;

* Kongenszaroppr Cl cumynupa mapa3uTHHS KamaluTeT MEXKIY aHOJa W yIpaBisBallus
€JIEKTPOJI Ha TUPUCTOPA. ;

» C xonenzaropa C2 u pe3ucropa R2 ce BbBexk1a BpeMe3aKbCHEHHE 32 MOMEHTA Ha BKIIIOUBAHE
Ha THPUCTOPA.;

* Ceromnoast LED nnaunupa pexxuMute Ha paboTa Ha cxemara.;

* TupuctopsT VThl e o0ekT Ha u3cnenBaxe.;

* lI3mepBaTenHu ypeau — BOITMETHP, AMIIEPMETHP U OCLUIOCKOII.

R m. »

i Chanrel_ A Channel B

A BB yionoms  mesiv 1w

11T B3| 17000ms 8981V 1114V

{1211 0.000s 0,000V 0,000V |

Timebase Channel A Channel B Trigger

-] |scale:  1ms/Div Scale: 5 V/Div Scale: 5 V/Div Edage: E]; Ext

] |Xpos.(Div): O ¥ pos.(Div): 0 ¥ pos.(Div): 0 Level: g " |
SRR ST ) FEE T AN e © (oG] © (o) voma) e ||
SRS oo S| Multimeter-xM2 =T mutemeter-xviy = T
SR ::::::::‘ 25V |::'::‘ 758466 UA |:::
LI IR EJ E]
N S S =~ = =~ =
e RESEEE I = - + = -

a)

- Oscilloscope-X5C1
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...................................... Oscilloscope-XSC1 2

< T
| %: 070oms BEST eV
207.000 ms 8.983V 145V
{271 0.000s 0.000V 0,000V Ext. tigger
Timebase Channel A Channel B Trigger
Scale:  1ms/Div Scale: 5 V/Div Scale: 5 V/Div Edge: ()] [a] (5 |[Ex
| |%pos.Div): 0 ¥ pos.(Div): O ¥ pos.(Div): 0O Level: ] |
' --ﬂﬂ E@E : E@EEJ @W-ﬂ 3
S [ Muttimeter-XMM2 : R [ Muttimeter-XMM1 =
. ‘ 225V | o ‘ 1473 mA |:::
EJ - - (@] |0 | (ad
: il Cemed g

®ur. 3. HpI/IHHI/IHHa CJICKTPUYCCKA CXEMa U MOJIYUYCHHU PE3YJITATU OT CbOTBETHUTC ChbCTOAHUA
Ha BCPUTUTEC IIPHU CAHOIIOJIAPCH UMITYJICCH PCKUM

Tabnuma 2 oTpas3sBa peXUMHUTE Ha padoTa Ha cxeMmaTa IMpU pa3IuYHU KOMOWHAIUU Ha
BKJIFOYBAHE U M3KJIKOYBaHe Ha KitouoBere SW1 u SW2 npu eIHONOJISIpEH UMITYJICEH PEKUM.

Ta6Jmua 2. CrcTOsIHUS HA BCPUI'MTEC HA CXEMaTa IIpyu €AHOIOJISIPECH UMITYJICEH PCIKUM

CocTOosIHHE Kirou SW1 Kirou SW2 Cseronuon LED1
1 0 0 0
2 0 1 0
3 1 0 1,1,1,1,0,..
4 1 1 0,1,0,1,0,1,

IIpu otBopeHO cbhcrosiHMe Ha JBara kmoda SWI1 u SW2 kbpM cxemara He ce MojaaBa
3axpaHBailo HanpexeHue u ceeroauona LED1 He cBetu. B Tabn. 2 ToBa chCcTOSIHUE € OTOENA3aHO C
norudecka “0”. B ToBa mosoxeHue, BKIOYBAHETO Ha Kitoya SW2 He mpoMeHs ChCTOSHHETO Ha
cxeMara (chcTostHHE 2 OT Tab. 2).

[Ipu cbcrosiune 3 oT Tadm. 2, wimoubT SW1 ce mpeBexaa B 3aTBOPEHO CHCTOSHUE U OT
3axpaHBalllys U3TOYHUK 3al0YBaT Ja MOCTHIIBAT €AHOMOISPHH MPABOBI'BIHU UMITYJICH C aMIIUTY/1a
9V. KimrousT SW?2 e B oTBOpeHO cheTostHue (ur. 3a). [Ipu HapacTBamuTe GOPOHTOBE HA HMITYJICHTE
Ha 3aXpaHBaIOTO HampexeHue, mpe3 pesucropa R1, ceeronnona LED1 u mapa3uTHus kanmarurer
MEXy aHOJIa ¥ YIIPaBJISBAIIUS €JIEKTPOJ Ha THPUCTOPA, CUMYJIUpaH ¢ KoHaeH3aropa Cl, mpoTuda
3apsiaeH Tok 3a Kouaenzatopa C2 u cBerommona LED1 cBerBa. 3a BpemeTro OT ueTHpH
MOCTE0BATEIH UMITYJICH, KOHJeH3aTopa C2 ce 3apexaa J0 CTOMHOCT, IOCTaThYHA Jla BKJIIOYU
TUpUCTOpa. MaykaTa CTOMHOCT Ha BBTPEIIHOTO CHIPOTHUBICHHWE HA TUPHUCTOPA BBHB BKIIOUEHO
CBHCTOSTHUE JIOBEXa 10 Obp30TO paspexaane Ha koHaeH3aropute Cl u C2. 3a BpeMeTo Mex Iy Kpast
Ha YETBBPTUS U HAYAJIIOTO Ha METHs MUMITYJIC HE Ce TM0JiaBa 3aXpaHBaIl0 HANPEKEHUE U THPUCTOPA
BH3CTAHOBSIBA 3aMYIIEHOTO CH ChbCTOSIHUE U ChOTBETHO cBeToanona LED1 ne cBetu. Taka onucanure
MIPOILIECH 3aIM0YBAT IIUKIMYHO J1a CE MIOBTAPSIT.
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B cbcTostHue 4 oT TabI. 2 ce BrkAa, ye u aBara kiroda SW1 u SW2 ca Bkimrouenu. Cera Beue
koHzaenzatopa C2 ce 3apexnaa mpe3 kmoda SW2, pesucropa RZ2 u 3a MHOro Kparko Bpeme
HAIIPEKEHUETO My JOCTHTA 10 CTOMHOCT AOCTaThyHA J1a OTIyIIM TUpHcTopa u ceeronuona LEDI]
CBETH 3a BPEMETO JI0 Kpasi Ha MOJaeHUS UMITYJIC OT 3axpaHBamus u3TouHuk (¢ur. 36). Hyneroro
HaIIPEe)KEHUE MEXKIY [1Ba CbCEIHU MMITYJICA HAa 3aXpaHBallds U3TOYHUK BOJM 10 Bb3CTAHOBSBAHE HA
3aIlyIIEHOTO ChCTOSIHUE Ha THpHUCTOpa U cBeroanona LED] He cBetu. 3a BcekH cieaBalll UMITYJIC
OIMCAaHUTE MPOLIECH CE€ TIOBTAPST.

U3BOIN

W3BbpiieHn ca cUMyJallid Ha €JIeKTPOHHH CXEMH, 4pe3 KOUTO € W3CIeABaH MPHUHIIMIA Ha
paboTa Ha TUPUCTOP B TIOCTOSTHHOTOKOB PEXKHUM ¥ B €THOTIOJISIPEH UMITYJICEH pexuM. M3ciensanero
€ U3BBpIIEHO B paboTHa cpeaa Multism Ha ¢pupmara National Instruments.

[TommydyenuTe pe3yaTaT BOIAT 1O oOoraTsBaHe HAa MPAKTUYECKUTE YNPAKHEHUS I10
mucuuruHauTe L JIpomunieHa enektpoHuka“ u ,,CWIOBH €IEKTPOHHU TNIpeoOpasyBaTeinn 3a
cnenuaimHocture ,,Enexkrponuka u ,,EnexrpounkenepctBo®. ToBa HeMUHyeMO 1€ JOBEAE /10 MO-
3aIbJIO0YEHN TEOPETUYHU M MPAKTUYECKH MO3HAHUSA Ha CTYIACHTHTE B 00JacTTa Ha €IEeKTPOHHO
YIpaBJIsieMUTE KIFOUOBE.

OcBeH B ayJUTOPHUTE 3aHATHUS, Pa3pabOTEeHUTE CUMYJIALIMOHHH U3CJIEIBAHUS Ca TPUIIOKUMU
Y 3a IMCTAaHIIUOHHO O0y4YEHHUE.
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Abstract: This paper presents the process of design an electronic game, as well as writing a software for embedded
microcontroller. Using a variety of entertainment devices, especially from young people, takes up a significant part of
our lives. Many electronic devices are created and used for this purpose. So, designing a device which will be used from
kids to adults is not an easy task. Electronic devices have to be safe, easy to use, handy, attractive and last but not the
least entertaining. This paper aims to create an electronic game which will cover all of these requirements.

Keywords: electronic game, embedded system, microcontroller.

INTRODUCTION

Nowadays, electronic devices and computer games take a lot of time from the human life,
especially for children and young people. In order one game to be interesting for the users and to
attract their attention, it must meet the following requirements and to be:

e Attractive;

e Easy to play;

e Safe;

e Portable.

To develop such a game the complex logic and control with microcontroller is necessary. These
days the control module (microcontroller) is an essential part of the system hardware. It begins from
a basic relay operation ON/OFF time-controlled buttons to automated Al systems. One of the
important points in using an electronic system in our life is to be as simple as possible and accurate.
In most of the situations ensuring both requirements is hard to achieve. All parts are selected from
one trader (Digi-Key, 2019), so everything is available in the market.

Nowadays most of teenagers and young people prefer to play computer games instead of going
outside or playing boardgames with friends or family. Most of the game industries works hard to
achieve good PR to attract all of these people to play their games and spent their family or own
moneys. The software programmers is mostly preferable job positions but most of the students are
skipping that hardware is also important. For developing such a game and provide its functionality it
is not needed a serious microprocessor. For this reason, this electronic game is created on base of
analog and digital electronics which works independently and they are not controlled of such a
system. This requirement makes much harder the design of a hardware engineer.

6 JlokmambT e TNpeACTaBeH Ha CTyAeHTCKaTa HayuHa cecus Ha 28.05.2020 B cexumsa EnexkTpoTexHmKka,
€JIEKTPOHMKA, aBTOMATHKa C OPUTHHATHO 3arfaBue Ha Obyrapcku e3nk: PASPABOTBAHE HA EJIEKTPOHHA UT'PA.

- 41 -


mailto:denis.sami1997@gmail.com
mailto:nina@uni-ruse.bg

PROCEEDINGS OF UNIVERSITY OF RUSE - 2020, volume 59, book 3.3.

Power Supply

|

Metwork

H

Passive charge
chedher

Trans former

H

Redtifier

H

‘oltage regulator

H

Passive filker

|

Game 1 Game2 Game 3

%

LED indicator

H

Square wave
o5 cillator

H

Z4bit Counter

H

4y 4bit Decoder

H

LEDS

Tt

LED indicator

T

Square wave switch
controlled os cilator

ey

Class A Audio
Amplifier

Sy e

Spesker

|

o —

et

LED indicator

T

Microocontoler 328F

T

USBto USART
integrated chip
converter

Jamaas Tammay

Butions and LED'S

Samaas Tammay

Owutput jumpers for
LED crystal dis play

o —

Fig. 1. Block Diagram of the system

In this paper it has been used a practical solution of designing an electronics game module
which is based on a basic principle of electronics and include almost everything that | have learned
in the Faculty of Electrical Engineering, Electronics and Automation, University of Ruse.

The basic block diagram shown in the Figure 1 represents the architecture and the functionality
of the developed game. The algorithm starts with power supply which can be generated from the wall
network or battery. It supplies 3 games which user can choose. Each one has its own architecture and
working principle described below.
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DESCRIPTION OF THE ELECTRONIC GAME
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Fig. 2. Diagram of time delay relay

The Diagram shown on the Figure 2 is an electronic game which is divided into three small

games. Also in the top the left corner of the diagram is the power supply needed for this board. On

the left is located the first game. The second one is located under the power supply and the third one

is on the bottom and top right place. First game consists just of lights which are turn on and off and

they show Bulgarian flag. The second game is a frequency dependent analog circuit which is music
generating game. The third game is realized by embedded microcontroller.

On the top left corner, we start with transformer which has a fuse on a secondary coil. So, when
we plug in to the network, we can transform 220V to 9V AC. The capacitor after fuse is for reducing
the ripples. It has a large capacitance 1000uF. The next component on the power supply system is
diode bridge, so we have only positive voltages. The voltage drop on diode bridge is 1V so we left
with 8V non regulated voltage (AC). After the voltage regulator LM7805 we got 5V regulated power
supply. As well as the feedback resistor on the output regulates output voltage if something goes
wrong. The last thing of the power supply system is indicator that we have 5V voltage on this node.
The resistor plays role for current limiting, and green led to shows that everything works well. One
of the main requirement for electronics game is to be portable so it is designed a handy device. The
user can choose to use battery or network for power supply. On the bottom side of the network power
supply that I described above is located battery holders which is 4x1.5V. As a designer of such a
system | would recommend users feel free to use any battery brand that they want, because this game
is not strongly dependent on quality of power supply ripples. Most of IC inside works well with less
than 5 to 1.5V. Additional future that users have here is a passive battery charge quality system. It is
designed with resistor and diodes only, which helps user to identify the life of battery is good or not.
The both power supply system is connected to dip switch. If the user activates both switches so the
diode which is connected to battery will be off and game will use network supply. If it’s not, then the
battery energy ca be used.

The first game starts with light indicator which has current limited diode and LED. After
choosing which game to play the led indicator flashes up and the game starts. The first game is called
Bulgarian running flag and it is composed by oscillator which is developed by using IC timer 555.
The square wave oscillation is controlled by charging and discharging capacitor which value is 10uF.
This oscillator can go to SMHz, which is not necessary and that’s why the values of the resistor and
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the capacitor is in a range of human viewing. After generating square wave pulses the two timers will
be activated and the countdown starts on every rising edge of a pulse. Its output is the entrance of
another IC which is decoder and its output is showing running Bulgarian flag with diodes.

The second game is called electronic piano. It is built by a light indicator, which shows that this
game is selected. We use the same IC to generated pulses. But this time we do not need exact value
of the period. So, in this game we made it changeable with a resistor and switches. This switch are
buttons which are normally opened. When the user presses a button, it generates a frequency which
DC component is filtered by input capacitance of NPN transistor. The ladder of resistor with different
values correspond to different musical notes. Both resistors tied to the base of transistor create a static
DC operating point. The transistor works in class A amplifier so that linearity is high. The negative
aspect of this transistor is draining lots of power when it is not being used by the user. We do need a
heatsink to avoid this problem with the heating and it is preferable to choose a speaker with higher
impedance for reducing the current flow through the transistor. The parallel connected diode is for
protection the transistor after the power goes off.

The third game is called remember the sequence. This game uses Arduino nano platform
(Arduino, 2019). It has also a light indicator to show that the game is selected. The main reason for
choosing an embedded microcontroller is to have pseudo signal generator and easy implementation
of a hardware control software (Milton Bradley Company, 2019). This microcontroller has Universal
Synchronous/Asynchronous Receiver/Transmitter as a communication module so additional IC is
added to convert the USB protocol (Milton Bradley Company, 2019), (Andre, 2005). To the output
interface of the controller 4 buttons are added as a switch is tied up with power up resistor to power
supply, to create normal closed buttons. After the user presses the switch it pulls down and the
microcontroller reads zero. So in this way we can read the buttons if they are press or not. The
debouncing program is used to sure that we won’t read wrong value. The pressed button corresponds
to the lighting one of the four LED’s. So, the game starts when the user presses one of the buttons
and after that the Arduino blinks the lights. The user needs to follow the same light and the
microcontroller goes to another level with lighting one additional light. The game keeps running until
the user forgets the sequence and presses a wrong button.

The software for the game is stored in the memory of the Arduino platform. Parts of the
programme code is given on the Figure 3 and the Figure 4:

define CHOICE_OFF
CHOICE HNONE gameMode = MODE MEMORY;
CHOICE_1 ({1 << 0}
CHOICE_2 {1 << 1) if {checkButton() == CHOICE_3) play beesgees();
CHOICE_3 ({1 << 2)
(1 << 3) if (checkButton() == CHOICE 2)
{
10 gameMode = MODE BATTLE;

setLEDs (CHOICE_GREEN) ;
toner (CHOICE GREEN, 150);

// Button pin definiticons

setLEDs (CHOICE RED | CHOICE 4 | CHOICE 2);
" = BUTTON 1 ©
#define BUTTON 2 2 while (checkButton{) != CHOICE_NONE]
3 = BUTTON 3 12
#define BUTION 4 6 }
// Buzzer pin definiticns play winner();
#define BUZZER 1 4 }
Fig. 3 Definition of the variables Fig. 4 Part of the main structure

This is a part of the programme for the microcontroller. It starts with entering a global variables
for the future work. The code is divided into different modules for easy handling and editing.
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CONCLUSIONS

In this paper, we have proposed a new simple and low cost electronic game. The module can
be flexibly customize by adding additional LED panels or easy replacement of the diodes with such
panel. The system is robust and it is not dependent of vary clean and stable power supply. The
simplicity and straightforward design produce a cost-effective, compact solution for entertainment at
home.
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Abstract: The paper analyses thermal performances of a type thermal photovoltaic hybrid modules. They are
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irradiance are measured by a transitional season. The values of thermal energy efficiency of the chosen thermal
photovoltaic modules are calculatted for measured temperatures. The results are analysed by difference temperatures.
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BBBEJIEHUE

TepMopoTOBONITANYHUTE TMAHEIM Ca TMOAXOASIIO TEXHHYSCKO pEIICHHE 3a IO-IIBJIHO
npeoOpa3yBaHe Ha CI'bHYEBATA PaIHAIUs B SICKTPUUYECKA U TOIUTMHHA eHeprusi. KoHCTpyKIusaTa Ha
TE3M MaHEJIU IMOJ00psABa XapaKTEPUCTUKUTE HAa (DOTOBOJITAMYHUTE €IEMEHTH, KaTo pabdoTHATa MM
TEMIIepaTypa C€ HaMajlsiBa M C€ YIbJDKaBa CKCIUIOATAIlMOHHUS WM Cpok. CToWHOCTHUTE Ha
KOC(UIIMEHTUTE Ha MOJIE3HO JACUCTBHE (K.IT.J.) — OOIINs, EICKTPUUCCKUS U TOILIMHHUS, 3aBUCAT OT
yCIIOBHSTa Ha paboTa M TEXHUYECKUTE XapaKTEPUCTUKUA Ha KOHKPETHUTE KOHCTPYKIIMU XUOPUIHU
nanenu (Tiwari, G. & Dubey, S., 2010).

[IpoBeneHo € mpoydYBaHE 3a W3MEHEHHUETO HA TOIUTMHHHS K.II.J. Ha TepMO(OTOBOJITAHYCH
nanen (PV/T) ¢ teduen ¢uyna, 3a TUIOHMYECH JIETCH MEPUOJ, B YCIOBHATA Ha PallOH C yMepeHO-
KOHTHHEHTAJICH KJIMMAaT. AHAJIN3UPAHA Ca BH3MOXHOCTUTE 32 MPHIOKEHUETO MYy B CHIIUS PAoOH
(Koev, K. & Nicolov, M., 2019). YcraHoBeHO €, 4e CTOHHOCTTa HA TOTIMHHUS K.I1.JI. HAMAJIsIBa TIPH
yBEIMUaBaHE Ha pa3linKaTa MEXIy BXOJHATa TeMmIrieparypa Ha ¢aymma Tin U TeMmIeparyparta Ha
okonmHaTa cpena T, TOmMHHMAT KA. ce u3MeHs nuHeiHo ¢ 14 % - ot 53% mo 39%, mpu
temneparypu Tin = (40, ..., 65)°C, T, =(34,6,...,35,8)°C, unteH3uret Ha cabHUYeBaTa paguanus G =
(718,8, ..., 883,5) W/m? u ckopocT Ha BaTbpa 0 M/S. Haii-rosssmara CTORHOCT HA TOTUTMHHUSA K.I1.1.
55 %, e ce momyuu nipu Tin = Ta, KOraTO TOIUIMHHUTE 3aryOu 11e ObaaT MPEeHEOPEKMMO MAJIKH.

PaGorara Ha TepMO(DOTOBONTAMYHHUTE MMAHEIH MOXE Ja ObJie MO-ITBJIHO OIICHEHA, aKo Ce
aHATM3WPAT TOILIMHHHUTE XapaKTCPUCTUKUA HE CaMoO Ipe3 JIATOTO, a CHINO H 3a JAPYTHU XapaKTepHU
MEPUOJI OT TOAMHATA. B JOKIama € mpeacTaBeHo M3CIICABAaHe HAa TOTUIMHHUS K.I1.JI. HA ChINUS BH]
TepMO(OTOBOITAMYECH ITAHEN 33 TPEXOIHUS MPOJICTCH MIEPHOJ] W Ca aHATM3UPAHU BH3MOXKHOCTHTE
3a IPUJIOKECHUETO MY B PaliOH C YMEPEHO-KOHTUHEHTAJICH KJIUMaT.

7 JlokmambT € TpeACTaBeH Ha CTyAeHTCKaTa HayuHa cecus Ha 28.05.2020 B cexuusa EnexkTpoTexHmKka,
€JIEKTPOHMKA, aBTOMATHKAa C OpwWruHamHO 3araBue Ha Obarapcku esuk: M3CJIEJJIBAHE HA TEPMUWUYHUTE
ED®EKTUBHOCTHU HA ®OTOBOJITAMHO-TEPMUYEH ITAHEJI ITPE3 ITPEXOJIEH CE3OH
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N3J10KXEHUE
XapakTepucTUKH HA U3CJIeIBAHUS MOIYJI

Nzcnenpanusat manen CPVT60P250 e miochk KOMOMHUpAH 3a nmpeoOpa3yBaHe HA CTbHUEBATA
panuanys B eJIeKTpHUeCcKa U TOIJIMHHA eHeprusl. 3a 1eJiTa ce U3I0I3BaT, CbOTBETHO, TOJIMKPUCTAIHU
CHJIMIIMEBH KJIETKH U (uryun nporwieH riukon — ¢ur.l (Crane Ltd.). BxomoBere u uzxoaure Ha
TOIUIOOOMEHHHKA Ca Pa3IOJIOKEHH CTPaHMYHO, B TOPHATA M JI0JIHATA YacT Ha maHena. ['opHara My
MOBBPXHOCT C€ XapaKTepU3Hpa C MHOTO 10O ONTUYHM U TOIUTMHHU CBOWCTBA, MOPAAN MOKPUTETO
OT aHTHPEPIICKCHO 3aKaJICHO MIPO3PAYHO CTHKIIO.

Paifonu, kato pasriexaaHus — ¢ YMEPHO-KOHTHUHEHTAJIEH KJIMMAaT, CE€ XapaKTepU3UpaT ¢
OTPHIIATEIIHU TEMIIEpaTypu Ipe3 3uMHUS nepuoj. Te monskora ca no-Hucku ot -20°C. Ilanenbt
MOJKE J1a C€ M3II0J3Ba MPU TE3M YCIOBMsI, KAKTO MOJE J1a C€ YCTAHOBU OT XapaKTEPUCTHUKUTE Ha
¢dbnyunna. HeroBara TemnepaTtypa Ha 3aMpb3BaHe € I0-HUCKA OT Ta3M Ha BOJIaTa, a TOYHATa CTOMHOCT
3aBUCU OT KOHIIEHTpalUMsATa Ha BOJHMS DPA3TBOP Ha MponuiaeH Iukona. lIpu KoHKperHHTE
KJIIMMaTHYHU YCJIOBHSI € MOAXOASIIO pa3TBOPHT aa 0b1e ¢ 50%-Ha koHIeHTpaus. ToBa o3Ha4aBa,
Ye ChOTHOILIEHHUETO MEXKy MPOIMMIIECH TIUKoja U Bojara € 1:1 u teMnepaTypara Ha 3aMpb3BaHe Ha
pastBopa ¢ -34°C (Solar systems 1-52_2018 BG).

a 0
@ur.1. O6m Bug Ha TepmodoroBonTanyer nanes CPVT60P250: a — mune ¢ poToBOATaANIHUTE
kietku (face with the photovoltaic cells); 6 — rpb6 ¢ n3BoauTe Ha (HOTOBONTAMYHHUS
npeodpasysarein (back with the connectors of photovoltaic convertor).

EdexTuBHOCTTa Ha TpeoOpa3yBaHe Ha CI'IbHYECBATA PAJUAlHs B TOILUIMHHA CHEPTHS 3aBUCH OT
crieruduuaus ToruHeH Kananuter ¢, J/(Kg.K) Ha daynna B repmodoroBontanunus manen (Tiwari,
G. & Dubey, S., 2010). CroitHoCcTTa Ha TO3W KOCHHUIIMEHT CE ONMpPEae/isi OT XUMHUYHHUSA ChCTAB Ha
dbnyuaa, Temneparypara U Hansraneto my. Ilpu temmeparypa +20°C u atMocdepHO HaisraHe, 3a
50%-en BosieH pa3TBOp Ha mpomwieH riukon ¢ ~ 3600 J/(kg.K). CtoiiHocTTa € mo-maika OT Ta3H Ha
Bojara, npu chiure yciaosus - 4186 J/(kg.K) (Secondary coolants: Cooling effect of secondary
coolant).
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MakcuMaaHWTE TOIJIMHHA W EJIEKTPHYECKa MOIIHOCTH Ha pasriexmanute PV/T-nanenw,
cpotBeTHO 890 W u 250 W, ca ompeneneHr npu MHTEH3UTET Ha ciabHYeBara paauanus G = 1000
W/m? u Temmeparypa Ha okomHata cpena T,= 25°C. Ilpu chIIUTE YCIOBHS Ca YCTAHOBEHH
CTOMHOCTHTE U Ha APYyrH mokasarenu - Tabmuua 1 (Crane Ltd.).

H3cnenBane Ha edextuBHOCTTA HA PV/T-nanenn

TormmMHHUAT KOSPUITUEHT Ha MOJIe3HO AcicTBre (K.11.14.) Ha PV/T-manenure 1)y, , B yCTaHOBEH
peXKUM, MOXKE J1a Ce OIpEeeNu Ype3 TeMIepaTypaTa Ha OKoHata cpena 14,°C, u Ipyru napamerpu
o opmynara (Tiwari, G. & Dubey, S., 2010):

Fo.U, Fo.U, 1
en = Fi. (10) =22 (T = T) = 1y — b (T = T, t
Fr — TomnMHHMAT (PAKTOp; T — KOEMUIMEHTHT Ha NPOIYCKAHE Ha TOIUIMHATA IIpE3

MOBBPXHOCTTA HAa MaHena; o — Koe(UUIUEeHTHT Ha abcopOius (MOIIbIIaHE) HA TOMJIMHATA OT
MOBBPXHOCTTA Ha MmaHena; U - o0muAT KoeHUIIMEeHT Ha TOTUTMHHATE 3aryou 3a rmanena (KoeQuIueHT
Ha tomnonpemunasane), W/(m?.K); G - MHTEH3UTETHT Ha MajHaIaTa BHPXY MaHENa CIbHYEBA
pammarms, W/m?; T;,, — TemnepaTypara Ha (uyuaa Ha BXoaa Ha maHena, °C; 7o — ONTHYHHAT K.ILJI.
Ha nasena, 7o = Fr .(ta).

Tabmuna 1. [TapameTpu Ha TepmodoroBontander nanen tun CPVT60P250

Ne NapameTtvp CroitHocT

1 EpektnsHa niowl, m? 1,15

2 TonanHHa edpeKTUBHOCT, No, % 55

3 O6em Ha dnyunaa, £ 1,2

4 [ebut Ha daynaa, €/min 1,5-2,5

5 XuapasnamyHu 3arybu, mm H,0 (Pa) 540...880 (5 295,6....8 629,9)
6 KoeduumeHT a1, W/(m2.K) 6,3

7 KoedbuumeHT az, W/(m?.K?) 0,08

8 EdexkTnBeH TonamHeH kanauuter, kJ/K 13,2

Koedunuenture 7 1 o ca OIM3KK MO CTOMHOCT W ca mo-mainku ot 1, a (ta) = 0,9, mpu
u3cieaBaHuTe Temreparypu Ha nadena (Duffie, J. A. & Beckman, W. A., 2013).

ONTUYHUAT K.I1.1. o IPEACTABISABA TOIUIMHHMS K.I1.J. TIPU TeMIepaTypHa pa3iuka Tin— Ta = 0,
T.¢. Tin = Ta. ToBa paBEeHCTBO Ce W3MBJIHSABA, aKO ropHaTa MOBBPXHOCT Ha PV/T-manena ¢ cbe
CHeIHaTHO OoKpUTHE. B TO3u ciyuail TOMIMHHUTE 3aryON OT KOHBEKIIUS JTUTICBAT, & OT U3TbYBaHE
ca MpeHeOpeKUMO MAJIKH.

CroiiHocTTa Ha 00K KOe(DUIIMEHT Ha TOINIMHHUTE 3ary0u 3a naHena UL (Koe(UIMeHT o1 B
XapaKkTepUCTUKUTE, NaJeHu OoT mnpousBoautens (Tabmuma 1)) 3aBUCH OT KOHCTPYKUIMSATA U
EKCIUTOAaTAIMOHHUTE yCIOBUs Ha TepModoroBontanunus nanen (Tiwari, G. & Dubey, S., 2010).

TormmuuausT dakrop Fr € K.I.J. Ha KJIacHueku TorjooOMeHHHMK. Heropara croifHocT ce
orpeJiesii C OTHOIIEHHWETO Ha JBE KOJHMYECTBAa INpHETa TOIUIMHHA EHEprus OT KOJIEKTopa -
JEeWCTBUTETHATA W MAaKCUMAalHO BB3MOXKHaTa. Haii-romsiMo KOJIMYEeCTBO TOIUTMHHA €HEPTUs OT
KOJIEKTOpa MOXE J1a Ce MOIY4H MpH cleqHuTe ycioBus: (1) TeMeparypara Ha CIIbHYEBHS KOJIEKTOP
€ eTHAaKBa BHB BCSAKA TOYKAa OT MOBBPXHOCTTa MYy; (2) Ta3W TeMmImepaTrypa € paBHa Ha BXOJHAaTa
temneparypa Ha guyuna Tj,; (3) TorumHaHuTe 3aryou ca munumanau (Duffie, J. A. & Beckman, W.
A., 2013). CroitHocTTa Ha Fr MOXe 11a ce ompeaeny ot u3pasa 7, = Fr .(ta), karo (ta) = 0,9 u 770 = 55
% (Tabmuma 1).
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W3cnenBaHeTo ce mpoBexk/a 3a pailoH ¢ yMepeHO-KOHTUHEHTAJICH KIUMar (CTyieHa 3uMa U
ropemo JsaTo) - rp. Pyce. M3mom3Bar ce CTOMHOCTUTE HA KIMMATUYHH (AKTOpHU, 3alHCaHU OT
M3MepBaTeJIHA CTaHIIMS 32 MOHUTOPUHT Ha MapaMeTpPHUTE Ha U3rpajeHa GoToBOJITaudHa [IEHTpaJa.

Paszrnexxnat ce I3MEHEHHATA HAa HSIKOW KIMMATHYHU (DAaKTOPH 3a XapaKTepeH MPOJIETCH JICH
(10 anpwmu). PesynTaTute OT M3MepBaHUsTa ca OKa3aHu Ha (ur.2.

Ta/ °C 20 1200 G, W/mz
18 _

14 e - 800
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10 / A\ 600

N\ L 400

- 200

//

7

N
\\
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.

6:30 AM/ 10 3
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8:00 AM/ 10
8:45 AM/ 10
9:30 AM/ 10
10:15 AM/ 10
11:00 AM/ 10
11:45 AM/ 10
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1:15 PM/ 10
2:00 PM/ 10
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3:30 PM/ 10
4:15 PM/ 10
5:00 PM/ 10
5:45 PM/ 10
6:30 PM/ 10
7:15PM/ 10
8:00 PM/ 10

t, min
Ta, oC—G, W/m2

®ur.2. I3MeHeHus Ha HHTEH3UTETa Ha ciapHYeBara paauanus (G) u Temmneparypara Ha
okonHata cpena (7,) mpe3 15 min 3a TUNHYEH MPOJIETeH JCH.

WHTeH3uTeThT Ha cabHYeBaTa paguanus G ce M3MEHs CpaBHUTEIHO IJIaBHO, KaTO KpUBaTa
ChOTBETCTBA Ha SICEH CIIBHYEB JICH, NMPH CKOPOCT Ha BaThpa 0 M/S. Haii-ronsimata CTOMHOCT Ha
pamuanuaTa Gmax= 957,5 W/m? e usmepena B 13:45 u. (1:45 PM). Temneparypara Ha OKOJIHATa cpesia
T. ce noBuaBa Ha JBa etana. [IbpBUAT ce XapakTepHu3upa ¢ Mo-ToJIsIMa CKOPOCT Ha HapacTBaHE Ha
CTOMHOCTHTE (IO-TOJIIMA CTPBMHOCT Ha KpUBaTa) - 3all0YBa C U3rpeBa Ha CIBHIIETO U MPOAbIKaBa
10 10:45 4. Ot TO31 MOMEHT 3aI10uBa BTOPUS €Tall Ha MOBUILIABaHE HA TeMIlepaTypaTa I, C o-Majka
CKOpoCT (mo-nosierara kpusa). To3u nepuop 3apbpiBa B 18:15 4. (6:15 PM), koraro e nuzmepena
Hal-rossiMara (ammiuTyHa) croifHocT 3a aens 18,2 °C. Cnen ToBa TemmepaTypaTa 3aloyBa ja
HaMaJIsiBa, HO CTOMHOCTTA i IIpH 3aj1€3a Ha CIBbHIIETO OCTaBa 3HAYUTEIIHO I10-BUCOKA, B CPAaBHEHHE C
u3rpeBa. AMIUIHTYlaTa Ha Temneparypata I, € usmepena 4:30 4. cies; MOMEHTa Ha MaKCUMaJHaTa
CTOMHOCT Ha MHTEH3UTETa Ha clibHUeBaTa paauanus G. Toa ce 00siCHABa ¢ MEXaHHW3Ma Ha 3arpsiBaHe
Ha Bb3JyXa U C TOIUIMHHUTE KalallUuTeTH Ha Bb3/lyXa U Ha 3eMHaTa NOoBbpXHOCT. [loBuIIaBaHETO Ha
MHTEH3UTETa Ha CIbHYEBATA pajJHalvs BOAM O HarpsiBaHe HAa Bb3JyXa M Ha IOYBaTa, a T, 4pe3
KOHBEKIIMSI, peaBa TOIUIMHA KbM Bb3yXa. |emmeparypata T, clie]] JOCTUTaHe Ha aMILUIUTyJHaTa
CH CTOWHOCT, HamajsiBa M0-0aBHO OT MHTeH3uTeTa G, 3al0TO YacT OT TOIUIMHHATAa EHeprus,
aKkyMyJUpaHa OT 3€MHaTa IOBBPXHOCT M OOEKTUTE BBPXY HEs, CE€ H3IbUBa B OKOJIHOTO
npocTpaHcTBO. OTCHCTBUETO HA BATHP CHIIO0 3a0aBsi CKOPOCTTA HA HAMaJIsiBaHe Ha T .

Ha ¢wur.3 e npeacraBeHO M3MEHEHUETO HA CTOWHOCTHUTE Ha TOIUTMHHUS K.11.1. Ha PV/T-nanena
N¢n, B 3ABUCUMOCT OT Temnepatypara (7*), mpu pa3nuuHu CTOMHOCTH Ha TeMmreparypara Ha Guyuaa
Ha BXoJa Ha maHena Tin. Temmeparypara 7* ce W3moji3Ba NMpH aHAIM3a HA TOIUIMHHUS K.IL.J. Ha
TEpMO(POTOBOJITANYHUTE TTAHENH, KaTO CTOWHOCTTA U ce ompeaens upes3 u3paza 1* = (Tin - Ta) /G
(Tiwari, G. & Dubey, S., 2010).
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CTOWHOCTUTE HA TOTUIMHHHS K.II.J. 74, €€ M34YUCIsIBAT 1o ¢gopmyna (1), kaTo ce u3moyi3Bat
KaTaJoXHUTe NaHHM Ha maHenute (TabGnuma 1), U3MepeHHWTEe CTOMHOCTM Ha WHTEH3UTETa Ha
crpHYeBaTa paamanus G W Ha TemrmepaTypaTa Ha OKoyHara cpena 1, (¢ur.2), mpu 3amaneHu
CTOMHOCTH Ha TemIiepaTypara Ha ¢uryua Ha BxoJa Ha ranena Tin. CKopocTTa Ha BAThpa HE CE OTUHUTA
SABHO BbB (hopmyna (1), HO T4 BiHsie KOCBEHO BbPXY CTOMHOCTTA Ha OCTAHAJIUTE BEJIMYMHH B U3pa3a.
B koHKpeTHuS ciydail CKOpPOCTTa Ha BATHPA € MPEeHeOpeKUMO MajlKa U TOBa yJIECHSIBA aHAIIM3A.

NscnenBanero ce nposexa 3a uaTepBaia ot 13:45 4. o 16:15 4. (ot 1:45 PM o 4:15 PM),
npe3 KoiTo Temneparypara T, ce usmens camo ¢ 1,4°C — ot 16,4 °C no 17,8°C, a UHTEH3UTETHT Ha
cpHYeBata paguamus G e (760,6, ..., 957,5) W/m? (¢ur.2). MankuTe H3MEHEHUs HA Te3H BETNUHHH,
0coOeHO Ha TeMIiepaTypara [, JaBaT OCHOBaHUE Jla ce IIpHeMe, Ye YCIOBUATa Ha paboTa Ha MaHena
ca MHOro OJIM3KM 1O Te3W NpPH YCTAaHOBEH pEeXUM. 3a Hero e BanuaHa (opmyna (1) m cren
aHAJIM3UPAHETO U, MPU OTYUTAHE YCJIOBHUATA Ha MPOBEKIAHOTO H3CJEIBAHE, C€ YCTAaHOBSBA, 4e
XapakTepbT HA U3MEHEHUE HA TOTUIMHHUS K.I1.J. 1)¢p,€ TuHeeH ((ur.3).

55
54 \
53
52
51
50
49 - —
48
47 -
46 =
45 . . . . .

0 0,005 0,01 0,015 0,02 0,025

Nen» 70

T*, K.m2/W
¢ 200C 250C A300C m350C

®wur.3. M3MeHeHue Ha TOIUTMHHUS KOSPUIIMEHT Ha TOJE3HO AeUCTBHE ( 1)¢,) B 3aBUCHMOCT OT
temneparypara (7%*), mpu 4eTUpH CTOMHOCTH Ha TeMIieparypara Ha uiyuaa Ha BXoJa Ha maHena Tin
= (20; 25; 30; 35) °C

Temnepatypute Ha (bIyH1a Ha BXO/Ia HA TTaHeTa Tin ca MO-BUCOKH OT T€3H Ha OKOJIHATA Cpefia
Ta ¥ ca monOpaHM Taka, 4e Ja ChOTBETCTBAT HA PEATHUTE YCIOBHUS M TO-IIBIHO Ja ce NpPEeACTaBU
W3MEHEHUETO Ha TOIUIMHHUS K.ILA. 7¢,. ['padukata (¢pur.3) mokassa, 4e ako TemrepaTypuTe Ha
(bnynma Ha BXOJa Ha aHena Tin ¥ Ha OKOJIHATa cpeaa T, ca Mo-O0JIM3KH 1O CTOMHOCT, MO-€(h)eKTUBHO
ce mpeoOpa3yBa €HEprusTa Ha CIbHUEBATa paJHalus B TOIUTMHA. B TO3u cimyuail TemmepaTypHUST
TpaJIieHT 1ie ObJIe MHOTO MaTbK U HSMA Ja ce MPeHacs TOIUTMHA KbM OKOJTHATa cpejia o ¢popmara
Ha TOTUIMHHU 3aryOu. Pa3znukarta Mexay Haii-roisiMaTa W Hali-MajkaTa CTOMHOCTH Ha K.I1.1I., 0010
3a BCUYKH 3a/1aJIeH! TeMriepatypu Tin, € 7,7%. MakcumanHara pa3iuka B CTOWHOCTHTE Ha K.I1.1., 32
BCSKA OT Pa3TiIekKAaHuTe 3a1a1eHu Temneparypu Tin = (20; 25; 30; 35) °C, cvotBetHO € (0,35; 0,40;
0,88; 1,42)%. Haii-ronsamara pazmka e npu Tin = 35 °C, a Hait-manka - ipu Tin = 20 °C, karo 3a Tin
=20 °C u Tin = 25 °C MakcUMaJIHHUTE PA3JIUKU B CTOMHOCTUTE Ha K.II.JI. ce pa3nuyasat camo ¢ 0,5%.
[IpencraBeHuTe JTMHHHU 3aKOHOMEPHOCTH c€ OOSCHSBAT C (DyHKIMOHATHATA BpPB3KA MEXIY
temneparypara 1* = (Tin - Ta)/G ¥ TOIUHHAKS K.IL.1. 1z, (bopmyia (1)) — konkoTo T* e mo-roisama,
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TOJIKOBA 7);,€ TIO-MaTBK, U 00paTHO. B u3cneaBanero temmneparypute Tin M Ta ca mocTostHHE (Tin ce
3ajaBa, a Ta ce U3MEHS B MHOTO TECHH T'PaHUIIM M MOJXE Jla Ce MPHEMe 3a TOCTOSIHHA) U TI0 Ta3u
npuiruHa HWHTCH3UTCTHT HA CIIbHYCBATA pajualusa G CbIICCTBCHO BJIMAC BBPXY CTOMHOCTTA Ha
TOIUTUHHUSA K.ILIT. N¢p -

Haii-ronsiMaTa CTOMHOCT Ha TOIUIMHHHMS K.ILJ. 7, € 55 %, mpu T* = 0 K.m?/W. Toga ce
noy4aBa, ako (Tin - Ta) = 0, T.e. Tin = Ta. B T03u ciyuaii modtu He ce OTeNs TOIUIMHA OT ITaHela B
OKOJTHOTO MPOCTPAHCTBO 1Mo (popMa Ha TOTLUTUHHU 3aryOH.

U3BOIN

N3cnenBaHeTo Ha TOIUTMHHHS KOC(HHUIMCHT Ha IMOJIE3HO JEHCTBHE HA TEPMO(OTOBOJITAHYCH
MaHelN, MOKa3Ba, Ye € MOAXO/SII0 TOW Ja Ce U3IMOJ3Ba Mpe3 MPOJICTHUS TIEPUOJI B pailoH C U3pa3eH
YMEPEHO-KOHTHHEHTAJICH KJIMMAT.

Y CTaHOBEHO €, Y€ CTOWHOCTTA Ha TOTUTMHHHUS K.I1.J. HaMaJIsiBa [P YBEIMYaBaHEe Ha pa3jIfKaTa
MEXJTy BXOJIHATa TeMIiepaTypa Ha ¢uiyuaa Tin ¥ TeMIlepaTypara Ha OKOJIHaTa cpefa 4. TOIUTMHHUST
K.IT.JI. C€ U3MEHs JInHEIHO ¢be 7,7 % - o1 53,9% no 46,2%, npu Temneparypu Tin = (20, ..., 35)°C, T,
= (16,4,...,17,8)°C, unTeH3UTET HA cIIbHYEBATA pajguamus G = (760,6, ..., 957,5) W/m? u ckopoct Ha
BaTbpa 0 M/S. TomuHHUTE 3aryou e ObJaT NPEHEOPSIKUMO MAJIKHU, & TOIUIMHHUS K.I1.J. 11e Ob/e
Hai-rossam (55%) npu Tin = Ta.
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Abstract: Liquid level measurement in today’s industrial environment encompasses a wide variety of needs and
applications. To meet this wide array of needs the process controls industry has developed a planty of sensors and devices
to handle this demand. Water measurement is a very critical and widely measured variable for most automation engineers
due to guarantee safty of people in the industry and safe as much as possible electrical power. Many processes in the
industries must have either a monitored or a controlled liquid level. In this paper a water level control and monitoring
solution is used, based on the microcontroller ‘Nodemcu ESP8266° (it has its own wifi module) and the NodeRed
platform.

Keywords: water level control, Nodemcu ESP8266, PID Control, NodeRed

INTRODUCTION

We are living in a modern world where we want to know, see and control every process within
our environment. This is made possible by the large technological progress and the integration of
complex systems for automated control and the application of Internet technoloies.

Nowadays, a large number of automatic systems are based on monitoring over the Internet.
(Barber, R., De La Horra, M., & Crespo, J., (2013)). The new technoloies like 10T are arising on the
horizon. The next step in this process is mass deployment of IoT (Internet of Things) in the industry
systems. In the last years all major industrial companies (https:/new.siemens.com/global/en.html) are
implementing loT techologies in there products and this led to the appearance of 10T (Industrial
Internet of thinks). The main difference between the two is that, the 10T (Industrial internet of things)
refers to the use of 10T concepts in industrial productio. 10T come from the world of SN (sensor
networks) where all hardware components are connected through some communication medium.
When the SoC (system on chip) was enriched with a wireless functionality, these modules now have
the ability to communicate wirelessly - WSN (wireless sensor networks). The main drives of l1oT are
wireless sensors connected together.

In the industrial environment there are a huge nimber of process variables that can be controled.
The level control is one of the main process controled in the modern factories. When there is a need

8 JlokmambT e TNpeAcTaBeH Ha CTyAeHTCKaTa HayuHa cecus Ha 28.05.2020 B cexuusa EnexkTpoTexHmka,
€JIEKTPOHHKA, aBTOMATHKA C OPUTHHAIHO 3ariaBue Ha Oparapcku e3uk: CHCTEMA 3A MOHUTOPHHI' 1 KOHTPOJI
HA HUBO B PESEPBOAP BABUPAHA HA NODEMCU U NODERED
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of a material balance the “level” comes on stage. In level-control systems, fluid flow rates are
controlled by varying the degree of opening of a gate-type valve or controlling the speed of a pump.
The brain of the automation system is as usual an industrial controller [Siemens — SIMANTIC
Controllers] who implements a control algorithm. There are many control algorithms out there, but
the most famous in the industry ground is PID algorithm. 98% of implemented algorithms in the
industry are PID. In the conteporary industry there are specialised monitoring programs implemented
by the controller manufacturers that are called “Operator Stations”, which are the “eyes” of the
modern system. Operator statitions and industrial controllers are an expensive investment in some
small projects. This brings us to the idea of using some cheaper components and platforms to
implement the same goal.

Thanks to some platforms like NodeMcu [8] and NodeRed [7] we can dive in the control
problems. The new microcontrollers have the ability to give enough processing power for solving the
control problem. This gives the possibility of simplifying complex systems in order to make them
more accessible, in terms of price, and to be widespread in companies whose automation is an
indispensable part of production. (Mohammed, Kadhim, Fuad and Jaber, 2014)

NodeMocu is used from some researchers for tank level control [4,5,6] as a base controller
module or as a part of a communication pattern. NodeRed on the other hand is used for integration of
the control system as well as for supervisory control and visualisation (SCADA) [7,9]

EXPOSITION

This article will be focused on automating water tank systems. The concept of supervisory
control and data acquisition(SCADA\) is used to create a real-time system that gathers data from edge
level sensors and display it on remote dashboard in forms of graphs and other dashboard nodes.
Supervisory control will be from the dashboard itself with the switch between automatic and manual
controls. This article focuses on the design of a water level control system, gradually controlling a
pump in order to reach a setpoint value. In the article the PID algorithm will be used to precisely
control the level in the tank. The work involves the development of a control system schematic
diagram, implementation and tuning of a PID control and monitoring of a wate tank level by
supervisory dashboard.

Hardware components like a microcontroller NodeMCU ESP8266 fig.1 is used as a heart of the
system. It is an open source based firmware for the ESP8266 and uses an on-module flash-based file
system. NodeMCU uses C language for programming and is perfect tool for wireless based projects.
The controller can be programmed with a standard Arduino IDE and can use all the libraries used by
the platform. As a successor of Arduino platforms it has all there advantaes including the possibility
of wireless connection. It makes it perfect tool in the world of I0T. Microcontroller also can be
powered by a main supply or by battery. It has a good quality/price ratio compared to other wireless
sensor network modules.

Fig.1 NodeMCU Wifi development module

The next part of the system is a monitoring module. A software component used for the purpose
of integrating and monitoring the system is NodeRed fig2. platform. It is a programming tool for
wiring together hardware devices, APIs and online services in an loT world. It provides a browser-
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based editor that makes it easy to wire together flows using the wide range of nodes in the palette that
can be deployed to its runtime. In our project NodeRed is an integrated unit connecting different
modules of the system and implementing the supervisory control. NodeRed platform gives an ability
of the engineer to structure the system communication and to visualize the control processes. When
binder functions are programmed with Node-RED they are presented in the form of bricks. Thus the
data stream passes from one treatment to the other (from one function to the other). It is easy to use
flow-based programming environment that helps 10T developers interact with APIs and different
services. As Node-RED includes node.js, it can be run at the edge of the network or in the cloud.
Over a thousand flows and nodes exist in the Node-RED library today, which enable connections to
all kinds of devices and services. A Node-RED flow works by passing messages between the nodes.

_— Time -~ msgpayioad ‘

f = \
water_sensor/status ﬂ msg_payload |
R msg.payload |

water_sensorfalarm < connected
connected msg.payload |

Fig.2 NodeRED platform

The easyest way NodeMcu to communicate with the NodeRed platform is through MQTT. The
communication between NodeMcu and NodeRed platform is made through “mosquitto” MQTT
server. The two platforms NodeRed and “mosquitto” are installed on the computer. In our study
RasperryPi 3 computer is used and all software is hosted there. For wireless comunication a standard
WiFi router is used.

The control of a tank level is implemented in the nodemcu code with a PID control alorithm. A
standard arduino library “AutoPID” is used for the algorithm. The communication between NodeMcu
and NodeRed is implemented with the help of MQTT. In the Arduino platform there isa MQTT client
library called “PubSubClient” that is used for this kind of communication.

The shcematic diagram of the system is shown on fig.3

Schematic diagram of the system

Control
Panel

N—
e —
NodeRED |«

MODBUS,/TCP MODBUS,/TCP]

| I D&

Fig.3 Schematic diagram of the system

The implemented control panel fig.4 gives the operator possibility to enter a parameter for the
desired amount of liquid in a tank, to tune the parameters for the PID algorithm and to visualize the
level by chart graph, as well as to enforce the system in Manual or Automatic mode. The software
developed in the NodeRed platform is given on the fig.5
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Fig.5. Node-RED deployment

The tank is a virtual object in a 3D platform FactorylO [https:/factoryio.com/]. The connection
between the virtual object and the real controller (NodeMcu) is made through ModbudTCP and
MQTT.

To control the tank, ‘virtual’ valve for input flow is actuated. There is another valve for the
discharge flow. The measurement of the level is performed by ‘virtual” inductive sensor. In the current
project thank level is implemented as a self-regulated object fig.6

S =

Fig.6 Virtual tank by FactorylO

NodeRed platform is full of possible “palletes” which are like a libraryies in a softwre language
and give the posibility to add many usefull functionalities. A module like this is “node-red-dashboard”
a usefull tool for making graphical vizualizations and implementing HMI web-based pannels. For the
project a web-based panel is implemented to control the functionality of the tank. The pannel is given

on fig.7
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Automatic/Manual . Control Output L ]
fig.7 Tank Level control Panel

The control panel gives the user to freely operate and adjust the tank to desired level of water.
In order to do so it is necessary to enter an IP adress of the NodeRed platform into the web browser
from either computer or smartphone. In this situation, we browse the following address:
127.0.0.1:1880 (standart Node-Red port). Precise control is realised via change of Proportionla,
Integral or Diferential componets of PID algorithm given with kc, ki, kd and change of the level
setpoint by the option ,,Setpoint™. There is an automatic and manual mode. Automatic mode works
by using controler parameters. But in manual mode the process is controlled by the operator using
the option “Controler output”, which initiate commands to the valve. To visualize the tank level there
is a chart which displaiys the dynamic characteristic of water level. There is as well an option to clear
the chart using “Clear chart” button.

The software to control the system is implementated with a standard Arduino IDE including
the NodeMcu library. Short code snippets are given bellow on fig. 8 which include the library for PID
control implementation and the MQTT library to communicate with the virtual object:

B wsterTankconol Aruing 163 T I S ot arkContol | Ardumo 169 S N

file Edt Sketch T

if (WiFi.status() != WL_CONNECTED) (
connectWifi();
}elsel
Input = currentlevel;
pid.atsetPoint (Setpoint);
pid t (kc, ki, kd) ;

ctwifi();
output, CO;
ble Setpoint = 150;

currentLevel = 0;
ble ke = 0.33;

ole ki = 0.01;

kd = 0; /
r* ssid = "someSSID";
r* password =
ificConnected = false;

t wificlient;

£ analogfin = AD;

AutoPID pid(sInput, sSetpeint,soutput, O, 1000,ke, ki, kd); // make the PID class

pid.run(); eI P

publishFillvalve((float)Output); // Set the output to the MQTT “tank/fillvalve" tog

Mgttloop ()
dela

a) b)
Fig.8 NodeMcu snippet for PID control

In order to implement the PID algorithm we add <AutoPID.h> library and to enable the wifi
communication <ESP8266WiFi.h> is needed as shown on fig.8a. On fig.8b the algorithm to control
the virtual obbject is shown. It includes the loops to implement the PID control and the MQTT
comunication. The file <mqtt.h> enables MQTT connection and includes all the topics to connect to
the virtual object and to the “Control Panel” fig.9.
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/85 WaterTankControl - mqtth | Arduing. [E5 WaterTankControl - mqtth | Ardune.
ile

Eile Edit Sketch Tools Help Ei

pic
(MOTT_READ_LEVEL) .=quals (p_topic)) {

evel = paylead.toFleat () ;

if (String(MOTT_TANK_SETPCINT) .equals(p_topic)) {
Setpoint = payload.toFloat();

if (String(MOTT ki quals
ki = payload.toFloat();

if (String(MOTT kd).equals(p_topic)) {
kd = payload.toFloat();

a) b)
Fig.9 NodeMcu snippet for MQTT connection

On fig. 9a are shown MQTT topics and the parameters to connect to the MQTT server. On
fig.9b is shown the MQTT callback function that gets topics from the “Control Panel” and takes them
as variables to the NodeMcu PID algorithm.

CONCLUSION

The built-in system has the excellent ability to be integrated in a real environment. Stability and
simplified construction make it usable for the industry and strong competitive among other systems
of this kind. The opportunity for easy hardware and software support puts the project on one of the
first options for successful level handling, both on site and remotely. The paper presents a type of
system with a stability and easy realization. As an advantage it would be a preferable tool for tank
level control and monitoring. The two platforms NodeMcu and NodeRed in a colaboration with each
other are good applicants for a new generation of industrial control systems.
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Abstract: The paper presents development of a software application for soil qualification through analysis of color
characteristics. The structure and graphical visualization of a software application for soil qualification by analysis of
the color characteristics of the samples in the MATLAB environment have been developed. The application is modular
and allows other modules to be added to support soil analysis. The developed application is tested for operability, and
the obtained results are compared with the calculated values by models

Keywords: Soil Quality, MATLAB, Software Application

BBBEJIEHME

PacTe)xbT Ha KadecTBOTO HA pACTCHHATA W KYJITYpPHTE 3aBHCH B TOJsSIMA CTEICH OT
(buU3NYeCKUTE W XMUMHYECKHTE CBOMCTBA HA I0YBATa, T.C. HA IOYBEHUS CHhCTAaB: MHHEPAIH U
OpPraHWYHU BEIIECTBA, BOJIA, T'a30BE KAaTO KHCJIOPOJ W BBIVIEPOJ TUOKCHI WM KHBH ChHIIECTBA
(MpeaAMHO MUKPOOPTraHU3MH KaTo TbOMYKHU U OakTepun). [louBara e He camo omopHa cUCTeMa, HO
Y XpaHUTEIICH U3TOYHUK 32 PACTCHUSATA — OCUTYPsIBAa HCOOXOIMMAaTa BOJIa U XPAaHUTEITHU BEIIECTBA.

Bcesiko pacteHue ce Hyk/1ae OT KOHKPETEH ChCTaB Ha TI0YBaTa, B KOWTO TOM MOXe Mo-100pe n1a
M3pa3d CBOETO TMOTEHIUAIHUS pacTex. [lopaau Ta3uw mpuYMHA MPABIIHUAT OajaHC B IOYBATa
KOMITIOHEHTH € OT OCHOBHO 3HA4YE€HME 32 OCUTYpSIBaHE Ha ONTHMAJIEH pacTeX Ha KynTypute. B
PacCTeHHEBB/ICTBOTO, MPHU OTIJICKTAHETO B MTOYBEHH CyOCTpaTH, ca OT TOJSIMO 3HAUCHUE PA3ITUIHH
BEJIMYMHU KaTO TEMIIEpaTypa, BIAXHOCT U CTOMHOCTTAa Ha OCHOBHUTE XPAHUTEIHW BEIECTBA B
nmoyBata - a3or, pochop u xamuit (N, P, K). Te3u enemeHTu ce HapudaT OCHOBHHU XPAHUTEIIHU
€JIEMEHTH WM MaKpOHYTPUEHTH U OOMKHOBEHO c€ J00aBAT KbM IMOYBaTa 4pe3 TopeHe. Jpyru
CJIEMEHTH, T.HAP. MHUKPOCIEMEHTH, OOWKHOBEHO TPUCHCTBAT B JOCTATHUYHO KOJUYECTBO
KOJIMYECTBaTa B IMOYBaTa U PACTEHUATA C€ HYKIAAT OT TAX B MO-MAJIKHM J03H. BHAcCSHETO Ha HIKOU
OCHOBHU MHHEPAJIHU €JIEMEHTH ToJ (opMaTa HA MHHEPAIHA TOPOBE B IOYBATa TPEICTABIISIBA
MotieH (akTop 3a yIpaBleHUE Ha MOYBEHOTO IJIOI0OPOANE U TPOAYKTUBHOCTTA HA PACTEHUSATA.

TopeHeTo Ha 3eMeneNCcKuTe KYIATYpH CE€ M3BBPIIBA C IEJ TMOAIIOMAaraHe pealn3upaHeTo Ha
TeHeTUYHUS UM MOTEHIIMAN 3a MoJlydyaBaHe Ha BUCOKU no6uBH. [Ipu noOpe GanancupaHo TOpeHe ce
Ch3/aBaT YCJIOBHUS 32 ITBTHOIIEHHO CHAO/ISIBaHE HA OTIJICKIAHUTE KYJITYPH C XPAaHUTEITHU SIIEMEHTH
U HE ce Ch3JaBaT MPEANOCTAaBKH 32 U3MUBAHETO UM.

[TouBeHHTE aHATM3W ca pelIaBallly B IMOAIMOMAraHe Ha 3eMEJICJICKITE CTOIMAaHHU 110 BBITPOCUTE
Ha yIpaBlieHUE Ha 3eMATa. Pe3yaTaTure oT TSX ca BaXKEH KPUTEPUH 32 ONPEIEIsTHE HAa HEOOXOJUMHUTE

9 JlokmambT € TpeACTaBeH Ha CTyAeHTCKaTa HayuHa cecus Ha 28.05.2020 B cexuus EiekTpoTexHmKa,
€JIEKTPOHMKA, aBTOMAaTHKa C OpWrMHAIHO 3ariaBue Ha Obirapckm e3uk: PASPABOTBAHE HA CO®TYEPHO
IMPMJIOXEHUE 3A OKAYECTBABAHE HA TTOYBA YPE3 AHAJIM3 HA IIBETOBU XAPAKTEPUCTUKMU.
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arpoTeXHUYECKH MEpOINpHUATUS KaTo IOYBeHa o00paboTKa, TOpEHe, MOJIMBaHE, OTBOJHSBAaHE,
BBBEXJaHE Ha MMOJ00OPUTENH U IpenapaTH 3a pacTUTETHA 3alUTa.

Cbc chbBpeMEHHA TEXHUKA 3a IOYBEHU aHAJIM3U MOTaT J1a C€ YCTaHOBAT BHECEHU U U3HECEHU
KOJIMYECTBA BaKHU 3a BEreTalusiTa Ha pPACTEHUATAa €JIEMEHTH, 3a Jla Ce IIOCTUrHE OanaHc B
3eMEeIeNINETO.

N3J10XEHHUE

Pa3paGorBane Ha co)TyepHO NMPUJIOKEHHE 32 OKAYECTBABAHE HA MOYBA Ype3 aHAJNU3 HA
LIBETOBU XaPAKTEPUCTHKH.

Ilpu paspaboTBaHe CTPyKTypara Ha MIpPOTPAMHHs MAKeT Ca B3CTH B MNPEABH[ CIICIAHUTE
ChOOpaKEHUSI:

® BE3MOXHOCT 3a JIeCHa paboTa ¢ maKera;

® BEBCIK/IAHE HA BXOJHH JaHHU OT KJIABHATYPa,

¢ rpapUUHO BU3yaTU3upaHe HA JaHHU U PE3YJITATH;

® BU3yaJIM3allys Ha CPEIHUTE CTOWHOCTH HA I[BETOBUTE KOMIIOHCHTH;

® BU3yaJIM3allis Ha XUCTOTPAMUTE HA I[BETOBUTE KOMIIOHCHTH;

® BE3MOJKHOCT 32 3amuc Ha JaHHuTe B EXCel.

OcCHOBHHTE TTPEIMMCTBA Ha MPOTPAMHHSI ITAKET Ca:

- BB3MOXKHOCT 32 MHTEPAKTUBEH (JMaJIOr0B) PEXKUM 3a paboTa ¢ oreparopa;

- TIpu paboTa ¢ MmakeTa He ca HeOOXOUMHU JOITBITHUTEIHN TOMOIITHH CPECTBA, U3sSCHSIBAIII
JCUCTBUETO MY, 3alll0OTO CTPYKTypaTa Ha MaKeTa € OpraHu3upaHa Ha 0a3aTa Ha IIABHU MCHIOTA U
MIOMOIIIHY TTOIMEHIOTA, KOETO J1aBa Bb3MOXKHOCT 32 MaKCHMaJIHA SICHOTA U IOCTBITHOCT 3a pabora;

- monxoOpsiBaHe Ha HHTep(eiica ¢ MoTpeOUuTes;

- TOBa ce 00ycnaBsl OT 3HAUYMTEITHUS HAO0Op OT MPOTPAMHU MOJTYJIH, TIOAXOISIIO CBBP3aHU C
TJIABHUTE MEHIOTA U TIOMOIITHHUTE TIOJMEHIOTA;

- BB3MOXHOCT 32 MHOTOKPATHO TTOKa3BaHEe Ha PE3yJITATUTE U TIXHOTO ChXpaHsBaHEe Ha (aii.

CrpykTypa Ha rpaduyHMsA NOTPedNTEJICKH HHTepdeiic.

I'paduunusT noTpeOUTEICKH HHTEPdEHc € opranu3upan ¢ usnonsBane Ha MenuEditor (Dwr.
1).

B$ Menu Editor — O x
BEE| =1 1 X

Menu Properties
Label: | File

= Open Image
=i Save

=B Close_GUI

= -- ColorTransformation Accelerator: Ctrl + Mone ~
" ¥ RGB-HSV-Lab

e Histograms [[] Separator above this item

= " SoilCualityPrediction
" pH model [[] Check mark this item

Tag: File

i ] Enable this it
-4 Humidity model nablethis ftem

Export_Excel

Callback: SeilAnalysis_GUI('File_Cal| View

More Properties...

Menu Bar Context Menus

oK Help

®wur. 1. MenuEditor

Nma tpu ocHoBHM MeHioTa. [IbpBOTO MeHto File mo3BossiBa 1a ce 0TBOpU M300paXKeHHUE OT
daiin cbe 3amanen Gopmar “.jpg”. pyraTa omius, KOATO € 3aJl0’KeHa € “Save’ — T.e. 3ama3BaHe Ha
JAHHUTE, KOUTO ca IMOJyueHH BBB (ailyl ¢ mocoueHo oT morpedutens ume. “Close” — 3aTaps

MPUJIOKEHNETO M HM3YMCTBA JAHHUTE, KOUTO Ca CE€ BU3YaJIM3UpaAId B KOMaHIHHS IPO30pel] Ha
MATLAB.
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Broporo menio ¢ ,,ColorTransformation”. B ToBa MeHIO ca 3al0K€HH JBE OCHOBHHU
BB3MOKHOCTH 3a notpedutens. [IbpBata e TpaHcdopmanus Ha W300pak€HUETO B TPUTE I[BETOBU
MoJena. Bropara — Bu3yanu3sanus Ha XUCTOTpaMUTe Ha U300PaKEHUETO 10 TPUTE KOMIOHEHTH.

TperoTo MeHIO € U34MCIIIBAaHE HA OCHOBHUTE KAYECTBCHH MapaMeTpH Ha MI0YBaTa KUCEIHHOCT,
eNIEKTPOIIPOBOMMOCT M BIAXKHOCT T10 3aJI0KEHUTE HPEABAPUTEITHO TTOTyYCHN MOJICIH.

OCHOBHM NPO30pPIH HA Pa3padOTEHOTO cOPTYyePHO NPHUJIOKEHHE.

OCHOBHUAT NPO30pel] Ha Pa3paboTEeHOTO COPTYEPHO MPUIOKEHUE UMa BHJIA, IPEACTABEH Ha
¢ur. 2a. [Ipu oTBapsiHe Ha daitn ¢ M300pakeHHe Ha TIOYBEHA MPO00a, 3apeICHOTO U300paKEHUE ce
BU3yaJIn3upa B nojie axesl.

W3uncnennte CpeHU CTOMHOCTH Ha I[BETOBUTE KOMIIOHEHTH CJICJ] CTapTHPaHE HAa MEHIO
RGB_HSV_Lab ce Busyanusupar B moJyietara, OrpajieHu CbC CHH I[BST.

Cren crapTupaHe Ha MPHIOKEHUETO C€ BU3yalH3HMpa CICIHUS PO30peIl, IPeACTaBeH Ha (QuT.
20.

Crnen karo ce uzbepe nzobpaxenue (pur. 3.), TO ce BU3yaIn3upa B MOJIETO HA pa3pabOTEHOTO
MPUIOKCHUE U MTOTPEOUTEIS MMa Bh3MOXKHOCT Jia To Buau (ur. 4).

Cnen u36op Ha MeHio RGB_HSV_Lab ce u3BbpiiBa Tpancopmaimsra Ha H300paKECHUETO B
TPUTE IBETOBU MOJIENIa M U3YUCIICHUE HA CPSTHUTE CTOWHOCTH Ha I[BETOBUTE KOMITOHCHTH.

Te ce Bu3yanu3upar B MoJjieTata, KOUTO CE€ HAMUPAT B JSICHATA CTpaHa HAa M300paKCHUETO Ha
nmouBeHara npooda (¢wur. 5).

¥ soilAnalysis_GULfig - o * 4 SoilAnalysis GUI - X

Loyout  Tools  Help File  ColorTran:

Boc|saMEbd D b

fon  SoilQualityPrediction  Export Excel B

pH cale EC cale Humidity calc 0 02 04 06 08 1

pH calc EC calc Humidity calc

<
Tag: figure ‘Current Poind: [730, 334]  Positione (683, 202, 748, 560]

a) 0)

@ur. 2. OcHOBEH Mpo30pel] Ha pa3pabOTEHOTO MPHIIOKEHNUE U B PEKUM Ha padboTa

~ TOSHIBA EXT (7

File name:

» o
@ur. 3. U360p Ha ¢ails ¢ n300pakeHue Ha MOYBeHa Mpoda
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[4 SoilAnalysis_GUI - X [4] SoilAnalysis GUI - X

File  ColorTransformation  SeilQualityPrediction  Export_Excel £ File  ColorTransformation  SoilQualityPrediction  Export_Excel E

Rmean Gmean Bmean Rmean Gmean Bmean

Input Image Input Image:

137.7138 104.2503 85.4249
Hmean Smean Vmean

Hmean Smean Vmean

225005 043753 05401

Lmean amean bmean Lmean amean bmean

_ . c 452084 109182 157831
500 1000 1500 2000 2500 500 1000 1500 2000 2500

pH cale EC calc Humidity calc pH calc EC calc Humidity calc

@ur. 4. OTBapsiHe Ha H300PAKEHUETO @ur. 5. M3uncnsBaHe Ha CPETHUTE CTOWHOCTHU Ha
[[BETOBUTE KOMIIOHEHTH

Crnen karo ce BU3yaIM3HpaT MOTPEOUTENsT MMa BB3MOXKHOCT Ja 3a/lafiec BU3yaau3alus Ha
XHCTOTPAMUTE Ha BCUYKHU [[BETOBU KOMITOHEHTH ¢ WH(MOpMaTuBHA 11 (¢ur. 6).

4] Image_Histograms - hes 4 SoilAnalysis_GUI - *
File  CelorTransformation  SoilQualityPrediction  Export Excel N
IMAGE HISTOGRAMS
R G B
x10* <10t 52100 Rmean Gmean Bmean
A N . Input Image
1128.35 116.93%9 117.8008
? 4 ? 2 Hmean Smean ‘Vmean
0 0 0
1389018 0.07381 0.47619
o 100 200 0 100 200
105 " <10 s
2 8 4 Lmean amean bmean
1.5 4
1 2 485531 1.0211 -0.22375
05 2 500 1000 1500 2000
o 0 0
(1) 05 1 0 05 1
% 10° x10° : pH calc EC calc Humidity calc
6 € 6
7.18 0.85728 32.902
4 4 4
2 2 { 2
0 O —— ] O ——
@ur. 6. Busyanuzanus Ha XUCTOTpaMuTe @ur. 7. Busyanuzanus Ha OCHOBHUTE Kaue€CTBEHU
Ha [BETOBUTE KOMIIOHEHTH rapaMeTpH Ha I104YBaTa, U34HCIECHU 110 BIPAJCHUTE

MOJIYUYCHHU MATCMATHYHU MOACIIN

Crnen w3umciIeHWe Ha CTOMHOCTUTE Ha OCHOBHHTE KAa4eCTBEHH IapaMeTpH Ha NOYBEHATa
npoba, Te ce BU3yalu3upar B Iojerara 1noj n3oopaxeHuero Ha npobata (¢wur. 7).

U3BOIN

Pazpabotena e cTpykTypara W rpaduyHata BU3yadu3alus Ha COPTYEpHO NPUIOKEHUE 32
OKauecTBABAHE Ha IMOYBA Ype3 aHaJIM3 Ha LIBETOBUTE XapaKTEPUCTHKU Ha MpoOWUTE B cpeaara Ha
MATLAB.

[IpunoxxeHnero € MOJIyJIHO U ITO3BOJISIBA /1A C€ 100ABST U APYTHU MOIYJIH, KOUTO JIa OAIoMarat
MTOYBEHUS aHAIIH3.

Pa3paboreHnoTo npusioxeHne € TeCTBaHO 3a pabOTOCIIOCOOHOCT, a MOJMyYEeHUTE Pe3yJITaTH ca
CpaBHEHHE C U3UMCIIEHUTE CTOWHOCTH 10 MOJICTTUTE.
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Abstract: The aim of this paper is to show the use of new old stock (NOS) bipolar germanium (Ge) transistors and
new-style circuit designs for the realization of electronic circuits with characteristics, similar to those of the modern
silicon-based circuits. A low frequency amplifier was developed using p-n-p and n-p-n germanium transistors with the
input sensitivity of 0.775 V RMS, the gain of 21.81 dB in a frequency band from 5 Hz to 40000 Hz at -3 dB attenuation.
Maximum output power into a load of 4 Q is 20 W.

Keywords: Germanium transistors, low frequency amplifier design

BBBEJIEHUE

['epMaHUAT € OCHOBEH MaTepuall H3IMOJI3BAaH 3a MPOM3BOJICTBO HA IOJYHPOBOJHHUKOBU
€JIEMEHTH U WHTErpaJIHA cXeMUu 10 cpenara Ha 60-te roguuu Ha muHanus 20-tu Bex. Cren 1960
roJIMHA ¥ JI0 JHEC, TOJTyIPOBOHUKOBATA HHAYCTPHUS € TOMUHHUPaHa OT cuyuiust (Si) v CUTHIeBUTE
TexHojoruu. EnuH oT dakTopute 3a TO3M € MPEXOi € Ch3JaBaHETO Ha IUIAHAPHATA TEXHOJIOTHUS H
MOJIy4aBaHeTO Ha KauecTBeH cuiniiieB quokcus (SiO2) u3mo3BaH 3a macHBaIlisl Ha TIOBbPXHOCTTA
Ha €JICMEHTUTE U MHTETPAJTHUTE CXEMH JIOKaTO HUCKOTO KadecTBO Ha repmanuesus okcun (GeO») e
npevka 3a pa3BUTUETO HA TEXHOJOrHuTe, Oasupamiu ce Ha mosesu Tpansuctopu (Claeys, C., &
Simoen, E. 2007). ITocneqnure roguHu OenekaT Bh3paXkaaHe HA MHTepeca KbM repmanus (Ge) u
M3M0JI3BAaHETO MY 32 Ch3/1aBaHETO Ha HOBU, BUCOKOTEXHOJIOTHYHH €JIEMEHTH, CXEMH U YCTPOHCTBA.

[MpousBexnanute mpe3 60-Te TOANHN TEPMaHHEBU TPAH3UCTOPH Ca MPEAMMHO CIUIABHU OT -
N-p TUm, AOKaro Te3u OT N-P-N THI HE TOJydyaBaT IIMPOKO pPa3lpOCTpaHEHHUE, IOpaan
TEXHOJIOTHYHUTE TPYIHOCTH MpH npousBojacTtBoro uM (Jochems, P. J. W. & Kooi, E. 1967). Ilpu
TE3U YCJIOBHSA, KbM TPAH3UCTOPHHUTE YCTPOUCTBA CE MPHJIAraT ChIMUTE CXEMOTEXHHYECKH PELICHUS,
KaKTO MPH JIAMIIOBaTa TEXHUKA. M3M0M3BaT ce pa3ieuTeIHi KOHICH3aTOpH U TpaHCHOpMaTOpH 3a
BpB3Ka MEXAY OTJIENHHUTE CThIajla, a CXEMUTE ca CBhCTAaBEHH H3ILUI0 OT EIHOTUIHH P-N-P
tpausucropu (Mullard Reference Manual of Transistor Circuits. 1960). C mpemuHaBaHETO OT
repMaHHeBHd KbM CHIIMIIMEBU TPAH3UCTOPH, M HANPEIBAHETO HA TEXHOJOTHATA Ha IPOU3BOJICTBO
(pa3BuBa ce IUIaHApHATa TEXHOJIOTHS) CTaBa BB3MOXKHO M3pabOTKaTa Ha JOCTATHYHO KaYeCTBEHHU
o0pasIy 1 OT IBaTa THIA TPAH3UCTOPH N-P-N U P-N-P, KAKTO U pa3pabOTBaHETO HAa KOMILJIEMEHTAPHU
nBoiiky. ToBa MO3BOJISIBa YyCHBHPIIICHCTBAHE HA CXEMOTEXHUKATA, U3II0JI3BAHE HA raJIBAHUYHA BPh3Ka
MEXKIy CThIajlaTa U BHBEXKJAHETO HA TAKMBA CXEMH, KaTO ITU(PEPEHIINATHO yCUIIBATEIHO CTHIIAIIO,
TOKOBO OTJIe/aio, M3TOUYHUK Ha pedepeHTeH Tok u ap. Omie eaHO NPeIUMCTBO OT U3IMOI3BAHETO HA
rajJBaHUYHATa BBbpP3Ka MEXIY TpPaH3UCTOPHUTE, Ca MO-MAIKUTE (Aa30BU HM3KPUBSBAHHSA, KOETO
MO3BOJISIBA BBBEXKIAHETO HA JBJIOOKAa 00Ia oTpullaTesHa oOpaTHa Bpb3Kka. CTPEMEKBT KbM
noJ00psiBaHEe Ha MapaMeTPUTE U XapaKTEePUCTUKUTE Ha €JICKTPOHHUTE CXEMH, BOJIU JI0 HATPyINBaHEe
Ha 3HAHWA M TAXHOTO YCBHBBPIICHCTBAHE, JOKATO MpeolsaJaBalluTe 3HAHHS CBBP3aHU C
repMaHHeBaTa eIeKTPOHHUKA ce 0a3MpaT Ha CTapy METO/IH 33 TIPOCKTUPAHE U CXEMHH PELICHUS.

10 JloxmamsT e mpencTaBeH Ha cTyideHTcKara HaydHa cecus Ha 28.05.2020 B cexumsa EnexTpoTexHuka,
EnexTpoHnka W aBTOMAaTWKa C OpPWUTHHANHO 3ariaBue Ha Owjrapcku esumk: [IPUJIOXKEHUE HA CIIJIABHU
T'EPMAHWEBU TPAH3UCTOPH.
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[Ipu cpaBHeHHEe Ha MapaMmeTpuTe MEXIy I'bpBaTa reHepalus FepMaHUEBH TPAH3UCTOPU U
CHBPEMEHHUTE CHIIMIIMEBU TPAH3UCTOPU C€ BUXKJIA, Y€ TEPMAHUEBUTE UMAT 3HAYUTEIHO MO-HHUCKO
YCHJIBaHE, [10-TOJIEMU Mapa3suTHHU KaaluTeTH, TO-HUCKU TPAaHUYHU YECTOTH, TOJIEMU YTEYHU TOKOBE,
HUCKO NMPOOWBHO HAINpPEXKEHHUE, BUCOK COOCTBEH IIyM, HECTAOWJIHOCT Ha TapaMeTpUTe, roisiMa
TeMIiepaTypHa 3aBUCUMOCT. [ 'epMaHueBuTE N-P-N TPAaH3UCTOPH Ca CPABHUTEITHO MAJIKO, €IMHCTBEHO
MaJIOMOIIIHH, @ TEXHUTE MapaMeTpu ca IMO-JIOIIH OT Te3u Ha P-N-P Tuna. KommiemMenTapHuTe ABOWKH
ca MO-CKOpO M3KIIOYEHHUE, HalpuUMep B KaTalO3UTe Ha TPAH3UCTOPU CHBETCKO MPOM3BOACTBO, CE
OTKpHUBA caMO €/IHa KOMILJIEMEHTapHa JIBOMKa.

HuckodectoTHUTe ycuiBaTeNd ca €JHU OT Hal-MacoBO H3IOJI3BAHUTE AHAJIOIOBU CXEMHU,
KOUTO HaMHpaT MPHJIOKEHHE B ayJIMOCUTEMHTE (3a CTYAMIHO O3By4aBaHE, O3By4yaBaHE B OWTa,
TPAHCIOPTa, HA CHOPTHH CHOPBKEHHUS U [p.), PAAUOTEXHHMKATa U TEJIEBU3MOHHATA TEXHUKA,
KOMITIOTHPHUTE KOHPUTYPAIIMHA U KOMYHUKAIIMOHHATA TEXHHUKA.

B nacrosimiara pabota € mpoekTupaH ¥ u3paboTeH HUCKOYECTOTEH yCHIIBaTen ¢ P-N-p u N-p-n
repMaHueBU OMIIOISPHU TPAH3HCTOPH OT II'bpBaTa T€HEpaIys M € IMOKa3aHo, Ye M3IOJI3BAaHETO Ha
ChbBPEMEHHU CXEMHHU PEeIlIeHUs MO3BOJIABA Ch3/IaBAHETO HA YCTPOMCTBA C TepPMaHUEBU TPAH3UCTOPH,
YUUTO MApPaMETPU U XaPaKTEPUCTUKU Ca CPABHUMHU C TE3U HA CXEMHTE ChC ChBPEMEHHH CHUIIMILIMEBU
TpPaH3UCTOpHU. Peanu3upaHusT HUCKOYECTOTEH ycuiBareld pabotu B pexum kmac AB u e c
ABymoJisipHO 3axpanBaHe + 13 V. Bxoanarta wyBctBuTenHoct € 0,775 V RMS, koepunueHTsT Ha
ycunBane 21,81 dB (12,33 mbeTH) B vectoTeHn auanasoH 5 Hz —40000 Hz npu -3 dB 3atuxBane.
Maxkcumannara nzxosasnara moutHoct € 20 W npu Tosap 4 Q.

N3J10KEHUE
Enekrpuuecka cxeMa M NPUHIMII HA IeliCTBUE

Ha @wur. 1 e noka3aHa enekTpuyeckara cxema Ha HUCKOYECTOTHHsI yCHJIBaTes, pa3paboTeHa
CIIOpe] CbBPEMEHHUTE TECHICHIIUY.

R

R13 R16

6 Rr |
|

R17 R19 R21

R14

™

RS
R12
' © —-13V

Que. 1. Enexkmpuuecka cxema na H4Y ¢ ecepmanuesu mpansucmopu.

Cxemara e peanu3upaHa ¢ OUIOISIPHH T€PMaHWEBH P-N-P U N-P-N TpaH3UCTOpU. BxomHusT
CUTHAJI ce mojaaBa Ha dectoreH puarep, cberaBeH oT Cl m R3. Kongenzaropsr Cl enumunupa
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MIOCTOSIHHOTOKOBATa ChCTaBAIIA OT U3TOYHMKA HAa CUTHAN a pe3ucTopbT R3 ch31aBa Bepura 3a TOKa
Ha BXOJHOTO IU(EPEHIINATHO CTHIIAJ0, KaTO MOIbPKa HAPEKEHUETO HA HEMHBEPTHPAILUS BXOJ
omsko a0 0V. O6pasyBanmatr or R2 m C2 HuckouecTOTeH (UITHP, TMOTHCKA HEXEIaHU
pazMoYecTOTH, KOMTO MOTAT Jia MonaaHaT Ha BXxoja Ha ycuiBarens (Cordell, B. 2011).

JudepeHnnaaTHusaT yCWIBaTell € pealu3upad ¢ TpaHzuctopute 11 m T2 (HUCKOIIyMSIIN
repMaHUEBU TPAH3UCTOPH), KATO B EMUTEPHATA UM BEpUIa € BKIIIOUEH M3TOUYHUK Ha Tok (T3-TS), ¢
KOETO C€ IIOCTUIa BB3MOXKHO Hail-moOpo OanmaHcupaHe Ha JiBaTa KOJIGKTOPDHM TOKA.
JudepeHunanHuAT ycuiaBaTeNl Ce XapakTepusupa ¢ jao0pa TemrmeparypHa CTaOWIHOCT, TOJISIM
KOC(UIMEHT Ha YCWIBaHE IO HANpeXeHUue Ha Ju(epeHLUaIHUsl CUTHajl, cjlaba 3aBHCHMOCT Ha
napaMeTpuTe OT BapHallMUTE Ha 3aXpaHBAIIOTO HANpekeHHe, A00pa IIyMO3AIIUTEHOCT U TOJISM
KocHIMEHT Ha oATHCKaHe Ha cuH(asHuTe curnanu (Casos, A. 1987). M3rounuiure Ha cTabuieH
TOK ca u3nbiHeHu ¢ Tpansucropure T3, T4 u TS, xato ocurypsBar cborBeTHO | MA 3a
audepeHHaTHOTO cThIano U 6 MA 3a ycunBatens Ha HanpexHue. CTOHHOCTUTE Ha TOKa ca Taka
noa0paHu, 4e Ja HEe MPEBUIIABAT MAKCUMAIIHO JOIYCTUMUTE 38 TPAH3UCTOPHUTE U J1a Ca JOCTAThYHU
3a YIPaBJICHHUETO Ha CIEABALIOTO MEXIMHHO CTHIAT0, KAKTO U 3a KOMIIEHCUPAHETO HA HErOBUS
BXOJICH KamaluTeT MpPHU BUCOKM 4YeCTOTH. HaToBapBaHETO ¢ MOCTOSHEH TOK HAa yCHJIBATeNs Ha
HanpeXeHUe OCUTypsiBa MAKCUMAJIHO YCHJIBaHE P MUHUMAIIHU U3KPUBSBAHUS.

YcunBarenat Ha Hanpexenue (T7) e peanusupan ¢ N-pP-N repMaHUEB TPAH3UCTOP, KATO BHB
Bepurara Ha 0aszara e BKitodeH Tpumep (R5), ¢ KOHTO ce ycTaHOBsIBa IIOCTOSIHHOTOKOBUSI PEXKUM Ha
cxemara. B emutepHara Bepura ce mojaBa 4acT OT BXOJHHUS CUTHAI, C KOETO C€ OCTUTa O-BHCOKO
yCHIIBaHE, OCBeH ToBa emutepHHAT pesuctop (R12) ocurypsiBa jokanHa oTpulatenHa oOpaTHa
BPB3Ka, C KOETO C€ IIOCTHra HamajsBaHE HAa HEIMHEHHWTE W3KPUBSBAHUS M YBEIWYaBaHE Ha
CTaOMJIHOCTTA Ha CXeMaTa Cpelly CaMOBb30YyKJIaHe.

MexIMHHOTO YIpPaBIISBAIO CTHIIANIO € U3IIBJIHEHO ¢ Tpausuctopute T6 (n-p-n), T7 (n-p-n), u
Tpanszucropa T9 (p-n-p). TpanzucropbT T6 € BKIIIOYEH B KOJEKTOpHATA BEpUIa Ha yCHJIBATEJNs Ha
Hanpexxenue T7 u ocurypsiBa mpeIHANpPEKEHUETO, HEOOXOIUMO 3a TOIBPXKAHETO HAa PEeXUMA Ha
pabota Ha KpaitHoTO cThnano. TpumepsT R14 ocurypssa npenu3Ha HaCTpoliKa Ha TOKa Ha MOKOW Ha
KpaifHUTE TPAH3UCTOPU U CBEXKAAHE J0 MHHUMYM Ha HM3KPHUBSBAHHUATA TOPOACHU OT TAXHOTO
MPEBKIIIOYBAHE MEX/Y MOIYIIEPUOANTE HA U3XOAHUS CUTHAIL.

KpaliHOTO CThIAIO € U3MBJIHEHO C SAHOTUIHHU (P-N-P) FTepMaHUECBH TPAH3UCTOPH, MOHTHPAHU
Ha oxJjaxaan paguarop. Tpanzucropute T10 u T11 ca cpeHOMOIIHN M OCUTYpsIBAT J1OCTaThYHO
YCHJIBaHE IO TOK 3a YIPaBJIECHUETO Ha KpaHKUTE MOLTHH TpaH3uctopu T12 u T13.

Upes pesuctopure R9, R10 u konznenzarop C3 ce peanusupa obiia oTpuuareaHa odpaTHa
Bpb3ka (OOOB) no nocTosHHO U MPOMEHIIMBO HAPEKEHHE, KOSITO [10/1aBa YaCT OT U3XOJHUS CUTHAI
KbM HHBEPTUpALIMS BXOA Ha AudepeHUualHOTO cThhano (Tpanzuctop T12). CroifHocTHTE Ha
pe3ucropute B Taka oopasysanus aenuten (R9 u R10) 3amaBar npiibounHaTa Ha oOpaTHaTa Bph3Ka,
ChOTBETHO KOe(UIIMEHTa Ha YCHJIBaHE Ha ycuiBaTess. [IpM MHOTO HMCKM 4ECTOTH BIMSIHUETO Ha
koHeH3atopa C3 (koiiTo mHaue nryHTHpa pesrcropa R9 kbM Maca) HamalsiBa, ¢ KOETO ce pean3upa
100% otpunaTenHa oOpaTHa Bpb3Ka 110 MOCTOSIHHO HaIlpekeHne. ToBa crnocobcTBa MOAbPIKAHETO
Ha u3xomaus odeer O6musko a0 0 V. C kouaenzaropa C4 e peanusupaHa OTpUIlaTeIHA oOpaTHA
Bpb3Ka 3a BUCOKU YECTOTH, KOATO CITOCOOCTBA 3a HAMaJIsIBaHE HA U3KPHUBSIBAaHUATA B TOPHUS 00XBaT
Ha AUX Ha ycunBarens.

Pe3yaraTu oT usmepBaHusTa.

Bcenuku n3MepBaHus ca HallpaBeHU ChC CUHYycouJaneH curnai, npu 1 W n3xoHa MOILTHOCT,
BBpXY aKTHUBEH TOBap — pe3uctop 4,4 Q. MI3mepeHu ca 1o-BaKHUTE XapaKTEePUCTUKH, KOUTO MOTraT
na ObJaT CPaBHEHU C Te3U Ha (haOpUUHO NMPOU3BECHUTE ChbBPEMEHHH YCHIIBATEIH.

H3mepBaHe HA AaMIVIMTY/AHO-4€CTOTHATA XapaKTePUCTUKA
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W3mepeHaTa aMIUTATYTHO - YECTOTHA XapaKTEPUCTHUKA MTOKAa3Ba CIaj] MPH HUCKUTE YECTOTH OT
-3 dB nipu 5 Hz o0yciioBeH OT BXOAHUS Y€CTOTEH (PMITHp W Cliajl MPH BHCOKHUTE YeCTOTH OT -30B
npu 40kHz o6yciosen ot konaenzarop C6 u mapasuTHHTE IapaMETPH Ha €JICMEHTHUTE.

;8]
]

Voltage (dB)
A

-4 T T T T 1
3 10 100 1K 10K 60K

Frequency (Hz)

Que.2. AMnIUmMYOHO-UeCmMOmMHA Xapakmepucmuxa (Hopmupana)

HN3mepBaHe Ha XapMOHUYHUTE U3KPUBSIBAHUS

W3mepBanusTa ca HalpaBeHU MPH YecToTa mpudiausurento 1 kHz.
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@ue.3. Cnexkmpanna xapaxmepucmuxa npu 1KHz u IW uzxoona mowmnocm

KoedunenTsT Ha HenMHEHUTE M3KpHUBsABaHus (Ha anri1. Total Harmonic Distortion, THD) ce
u3umcisaBa ¢ popmynara (Microsemi Corporation 2015):

VZ+ V24 4+ V2
THD (%) = 100 X Vi + Vs < 1)
Vi
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Cnen nzuncienue no ropuara popmyna (1) ce momyqasatr THD = 0,92%.

[Mopann HecuMmeTpusiTa Ha KBA3UKOMIUIEMEHTAPHOTO KpPAaHO CTHIANO € XapakTEpHO
HAJIMYKMETO Ha mpeobiagasai Bropu xapmonuk (Cordell, B. 2011).

M3mepBaHeTo TpH pa3iMYHM YECTOTH IIOKa3Ba 3ala3BaHe Ha pefa W aMIUIUTyJara Ha
XapMOHHIIUTE. A MPU U3MEpPBaHe HAa MaKCHMallHAa MOLTHOCT ce 3a0esI3Ba mosiBaTa Ha MOBEYE BUCIIN
XapMOHMIM (10 15-TH XapMOHUK).

H3mepBaHe Ha oTHOMIEeHUETO curHa/mrym, SNR.

ITpu HacTpoeHa cxeMa (ycTaHOBEeH TOK Ha mokoi 100 MA u usxozaen odceer moa 1 mV) u Bxox
Ha KbCO, M3XOJHHUTE LIYMOBE MMAT aMIumMTyna oT Bpbx 10 BpbX 0,000035V. OtHomenuero
curnan/mym (Ha anrin. Signal-to-Noise Ratio, SNR) ce uzuncnssa ¢ popmymara (Arlo J. A. 1998):

P..
SNR4g = 1Olog(PSIgnal> (2)

noise

Crnen npeoOpasyBaHe M H34MciIeHUs cupsmo (opmyna (2) momyuaBame SNR = 104,14 dB,
CIIPSIMO CTAaHIAPTHO U3X0AHO HUBO (1 W).

H3mepBaHe Ha Koe(HIIMEHTa HA NMOTHCKAHE HA MYJCAMUTE HA 3aXPAHBAHBAIIOTO
Hanpexenue, PSRR.

[Ipu cumerpuunu myincanuu ¢ dectora 100 HZ Ha nBeTe 3axpaHBaiiM HAIPEKEHHS OOIIO
17,85 mV RMS, nyncamuute Ha usxona ca 0,063 mV RMS. KoepurumeHTsT Ha MOATHCKAHE Ha
myJicalliiTe Ha 3axpaHBailoTo Hampekenue (Ha anria. Power Suply Rejection Ratio, PSRR) ce
u3uucisiBa ¢ popmyara:

272
AVsupply Av

PSRRdB = 1010g T
out

(3)

Cren HampaBeHOTO W34MCieHHE 1o ropHaTta (opmyna (3) ce momyuaBa PSRR =-75,74dB.
[TpoHHKBaHETO Ha MYJICAIIMHUTE CE CIIyYBa U3KIIOUUTEIHO OT OTPUIATENIHUS KIIOH HA 3aXpaHBallara
BEpHTa.

H3mepBaHe Ha M3X0HOTO CHIIPOTHBJICHHE

W3mepenoto usxonHo cwrportusieHue € 0,6 Q. To e mo-BUCoko 0T 00M4aifHOTO 3a Mo i00Ha
CXe€Ma M3MIbJIHEHA ChC CWIMIIMEBHM TPAH3UCTOPH, MOPAJU HUCKOTO YCWJIBAaHE Ha YCHUJIBATeNsd Ha
Hanpexxenue T7. M3X0QHOTO CBIPOTHBIICHHE € BaKHA XapaKTEPUCTUKA HAa BCEKU YCHIIBATEN.
CpBpeMEHHHTE yCUJIBATEIN UMAaT MHOTO HUCKO U3XOJHO ChIpoTHBIeHHE, o 0,1 Q.

N3mepBane Ha u3xoaHus ofeer

Crnen npoBeJieHUTE U3MEPBAHU MIPH PA3IUYHU TEMIEPATypy Ha OXJIKIAIINUTE pAaHaTopu 1
pa3IMYHK PeXXUMH Ha paboTa Ha ycuiIBaTessl, e u3MepeH MaKCuMalieH u3xo/ieH odeeT (OTKIIOHEeHHE
Ha M3XOJHOTO HaIpekeHue oT Hyjara) oT 52 mV. Ilpu ycraHoBeH pexuM (JOCTUTHATa HOpMAaJIHA
paboTHa TeMrieparypa), u3xoaHus odeer e mog 1 mV.

N3BOAN

[IpoexkTupaH € HUICKOYECTOTEH YCUIIBATEN, 3a YMATO peain3alus ca U3NoJi3BaHu P-N-p u N-p-n
repMaHUEBU OUMOJSAPHU TPAaH3UCTOPU. HUCKOYECTOTHUAT ycuBaTen paboTu B pexkuM kiac AB u ce
3axpaHBa ¢ HecTabwinu3upano Hamnpexenue + 13 V. C u3non3BaHUTe TPaH3UCTOPH, MaKCHMaTHATA
TeopeTHdHa n3xoaHa momHocT € 20 W nipu toBap 4 2, HO TTopaau MyJICAIIMUTE HA 3aXPaHBAIIOTO
HampexeHue (MpU HaTOBapBaHe), KAKTO M M3XOJHO ChIpoTHBiIeHUE (B ciydas 0,6 ), HOMUHAIHA
CHUHYCOMJIaJTHA U3XO0/IHA MOIITHOCT € puom3uTenHo 15 W. IIpoBenenurte nusmepBanus 1Mokas3Bar, ue
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napamerpute Ha To3u HUY ce moGmmkaBaT 10 mapaMeTpUTe Ha IMUPOKO Pa3sMpOCTPAHCHHUTE
CHhBPEMEHHH YCHJIBATEIN PEATU3UPAHH ChC CHIIUIIUEBH TPAH3UCTOPH. BX0o/IHATA YYBCTBUTEITHOCT €
0,775V RMS, xoedpunuentst Ha ycunsane 21,81 dB (12,33 mbpru) B YecTOTEH aUAma3oH
5 Hz — 40000 Hz npu 3atuxBane -3 dB, koepuuueHThT Ha HenuMHEHHHUTE U3KpuBsBaHus ¢ 0,92%.
Otnomrenuero curaan/mym ¢ SNR = 104,14 dB u koeduimenTta Ha MOTHCKaHE Ha IyJICAIMUTE HA
3aXxpaHBaHBAIOTO Harpexenue e -75,74 dB.

HanpaBenute wu3cieiBaHusi MOKa3BaT, Y€ M3IOJI3BAHETO HA CHBPEMEHHHU IPOCKTAHTCKH
METOJIM TIO3BOJISIBA YCHBBPIICHCTBAHETO HA IMMApaMETPUTE M XapPaKTEPUCTUKHUTE HA YCTPOWCTBA
peanu3upaHu ¢ ITbpBa I'eHepalys TepPMaHueBU TPAH3UCTOPH U IMOCTUTHE HAa 3HAYMTEIHO I0-I00pH
napamMeTpH, CpsMO CTapUTEe YCTPOMCTBA, M3MOJI3BAIM ChIllaTa eJIeMEeHTHa 0a3a.

[lpu u3MON3BaHETO HAa TaKWBa TPAH3MCTOPH, B MHOTO IO-TOJIIMA CTENEH C€ MpPOSBSBAT
HEJOCTaThIIM CBBP3aHU C BIMUSHHETO HA OMPEICICHHM Mapa3suTHU BEIWYMHU B JaAeH KJIOH Ha
eJIEKTPOHHATA CXeMa, BbPXY HEHHHUTE apaMeTpH M XapaKTepUCTUKU. ToBa criocoOCTBa 3a TSIXHOTO
M3ydaBaHe U pa3paboTBaHE HA METOIH 32 €JIEMUHUPAHETO UM.
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Abstract: The paper presents knowledge engineering in smart agriculture to secure food and the environment.
Self-sufficiency in food production is of outmost importance, and is undoubtedly the first and foremost priority of every
country on earth. The food production crisis is monumental as the earth’s exploding population is expected to reach 9
billion by the year 2050. The problem is worsened by the fact that environmental indicators, such as the global biological
footprint, is becoming intolerable, necessitating that all engineering sectors delicately balance a “resource savings” with
a “clean environment”. High resolution management in food production, therefore, calls for comprehensive, knowledge-
based decision high resolution management systems. Knowledge Engineering (KE) is an engineering discipline that
involves integration of knowledge within computer systems designed to solve complex problems. These problems normally
require a high level of human expertise. The Global Economy is moving from an industrial to a knowledge economy. This
transition reflects that knowledge is both a precious product and a component of increasing importance in the production
process. The biological sciences are adding value to a host of products and services, producing what some have labelled
the “bioeconomy.” The ultimate aim of the bioeconomy is to maintain humans’ prosperity by providing sustainable, smart
(knowledge based) and inclusive economic growth and jobs, and by meeting the needs of a growing population while
protecting our environment and the resources.
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INTRODUCTION

The Context: Self-sufficiency in food production is of utmost importance, and is undoubtedly

the first and foremost priority of every country on earth. The food production crisis is monumental as
the earth’s exploding population is expected to reach 9 billion by the year 2050.
The problem is worsened by the fact that environmental indicators, such as the global biological
footprint, is becoming intolerable, necessitating that all engineering sectors delicately balance a
“resource savings” with a “clean environment.” High resolution management in food production,
therefore, calls for comprehensive, knowledge-based decision high resolution management systems
(Amin, A., Mubeen, M., (2015).

Knowledge: Data indicates a simple fact, and data aggregation in a certain context produces
knowledge (i.e. a model). Applying this knowledge to an object within a relevant context produces
the information necessary to make smart decisions, leading to an entire ensemble creating a “smart
object.” For example, a soil sensor reading, when referred to a crop model (e.g. tomato “Thing”), in
the context of a growth stage and past, present and forecasted weather conditions, will “intelligently”
estimate transpiration intensity (situation or crop status) and may arrive “wisely” to a possible
decision for an irrigation event (smart Tomato).

Knowledge Engineering (KE) is an engineering discipline that involves integration of
knowledge within computer systems designed to solve complex problems. These problems normally
require a high level of human expertise. Cognition and context recognition to Case Based Reasoning
will eventually help solve real world complex problems, with complex constraints and conflicts.

KE is used in many computer science domains such as artificial intelligence including
databases, data mining, bioinformatics, expert systems, decision support systems and geographic
information systems. KE is also related to mathematical logic, as well as strongly involved in
cognitive science for perception and reasoning, to assist intelligent decision making in a “smart
world”.

The Global Economy is moving from an industrial to a knowledge economy. This transition
reflects that knowledge is both a precious product and a component of increasing importance in itself
within the production process (Fig.1). The knowledge economy characteristic is that “the eneration
and exploitation of knowledge is the predominant part in the creation of wealth” (UK Department of
Trade). Therefore, in the knowledge economy, the codified knowledge (result of Knowledge
Engineering) is becoming more significant as an economic component used to generate both tangible
and intangible values. Therefore Knowledge is a “product” in itself that can help production
processes for a more sustainable growth.

Knowledge

Data indicates a simple fact,

data aggregation in a certain context produces knowledge.
Applying this knowledge to an object within a context
(data) produces the information necessary to make
intelligent decisions, {under VLIS Criteria}

leading to an entire ensemble, creating a “smart object.”
SMART WORLD OF THINGS

Mining Da oks, ¢ ) and k edge discovering
IDA =Intellige o discover unknown or hidden
Information (Identify r System Properties)

Fig. 1. The characteristics of the knowledge economy
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Food and Environment: The biological sciences are adding value to a host of products and
services, producing what some have labelled the “bioeconomy”. The ultimate aim of the bioeconomy
is to maintain humans’ prosperity by providing sustainable, smart (knowledge based) and inclusive
economic growth and jobs, and by meeting the needs of a growing population while simultaneously
protecting our environment and the resources (Fig.2).

Science can drive Sustainable Agriculture

[? know Wisdom
ledge l
BIG S
DATA Eai ereria D(?S
- - smartlOT

Fig. 2. Structure of Web Intelligence, balanced with Holistic sustainable management

EXPOSITION
1. Current and Historical State of the Art:

An enormous development of agricultural mechanics after the Second World War has
alleviated the potential hunger that would otherwise have plagued humankind of that time. It brought
the advanced tractors and hydraulics that facilitated expansion of arable land while reducing the farm
labor force. In the nineties, with the advent of GPS, Ag Engineers rapidly embedded georeferencing
technology into site specific farming, misconceived as Precision Agriculture. The latter (PA) involves
the important dimension of a vertical aspect: knowledge about plants and the environment that will
enable us to conduct Sustainable Crop Production Intensification (SCPI) operations (Fig.3). With the
advent of pervasive computer applications, bandwidth proliferation of heterogeneous wired and
wireless communication networks, and the new wave of low-cost environmental sensor networks,
massive collections of data have become possible. IOT is recognized to date as an incomplete
component, waiting the intelligent part, while security and trust issues still remain an obstacle.

How we define and produce layered
Smart Systems

Smart= use existing knowledge and expertise or have a
system setup by a knowledgeable Expert (the system
is categorized as smart if it provides the means to
the Expert to “express himself”) and that is what we
call Shallow Knowledge or Embedded Intelligence El.

Intelligent =Smart but also building up more knowledge
and expertise based on Reasoning =the next step
after smart

Wisdom =is the capacity to build expertise iDSS
(Intelligent) but also make the best decision possible
or else “exploit Intelligence at best way”. So wisdom
is based on Intelligence but also Sustainable decision
criteria. Policies must stress local Sustainability
aspects (Science in economy) for Best Decisions.

Fig. 3. Layred Smart Systems
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2. Current R&D and the Future Map

Food: In primary food production, research leads to smart agriculture where technology
proliferation and Knowledge Encoding constitute a major on-going effort. Mobile user terminals,
pervasive networks and the Knowledge Economy paradigm are promising that food crises will be
postponed. The psychology of knowledge sharing, however, is yet an obstacle and the transition from
books to KBS systems, and onward to providing SaaSes is yet below expectations. Hopefully these
will be the upcoming products for the primary and secondary production fields, which will be based
on cloud infrastructures.

Environmental and Food Safety: Resource efficiency, waste-to-useful and biodiversity
enhancement are the primary drivers of environmental and food safety. Traditional sustainability, as
practiced in China and other undeveloped countries for costly replacements, will require less effort
towards achieving an organic agriculture. Cyclic agriculture can be used to meet waste management
requirements. Animal welfare and food traceability, if taken as quality feedback measures, can
support food safety.

Technology: Rapid advances in sensors, web data collections and algorithms continue to fuel
dramatic needs for data mining and intelligent processing. Data mining methods enabling escience
(ANNs, Bayesian networks, decision trees, support vector machines) are maturing and will be used
in new research as novel methods of data analysis (i.e. e-irrigation). The advent of WSN is at a stage
of development that convinces us that sensor networks are already possible. The Internet for
everyone’s use has become a reality. The quest in businesses, and the main objective of new research,
is to gain advantage of “IoT technology everywhere”, which leads to (agri)-business intelligence.
Conventional computational intelligence techniques have faced severe limitations in algorithmic
learning. In contemporary areas of big data computation, brain science, cognition and reasoning,
intensive human intervention and time-consuming efforts of trial and error are frequently necessary
before any meaningful results can be obtained. The recent development of emerging computational
intelligence techniques such as extreme learning machines (ELM), big data analytics for cognitive
science and the evidence for convergence with the biologically-inspired learning and its incorporation
into biomemetics machines shed some light upon how to provide fast solutions and increased
involvement in the semantic web (Fig.4). The hallmark of this new direction of knowledge discovery
and exploitation is “data analysis to discover knowledge to improve decision making (for example e-
irrigation, based on intelligent soil sensor).”

Rapid Advances ENOUGH OF DATA!

Wireless Technology and the resulting mobility is changing the way we work

Wireless Sensor Nodes-WSNs, GRIDS
10T

RFID, MEMS, Biosensors, Motes, microradios, Tiny0S,
micropower

= Monitoring space

— Environment, precision agriculture, indoor climate,
surveillance

= Monitoring things
— Ecophysiology, equipment maintenance, diagnostics
= Monitoring interactions .
c . project
Wildlife, disasters, asset tracking, healthcare, manufacturing (htip:/irobotics.eecs.berkeley.edu)

But TECHNOLOGY ITSELF IS VAGUE! WE
NEED USE INTELLIGENCE TO DO BETTER

Fig. 4. The recent development of emerging computational intelligence techniques
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3. Improving the Biological Footprint: Driving the Future Research

I. Control engineers have done an excellent job on advancing precise control by use of Model
Reference Adaptive Controllers and Predictive control, but our deeper knowledge and computer
armamentarium now allows us to move from mathematical or descriptive models to a longer horizon
with more advanced bio-inspired models such as Plant or Animal Production Living Models with
virtual reality counterparts as avatars or even real_world bio-mimetic creatures (Sigrimis N., 2014).
Ecological indicators and on-line calculators will enable us to use such estimates as augmented
system states and virtual feedback that will sustain pro-active management over a longer prospective
period. Thus, deeper knowledge of the future will be codified as mathematical or descriptive models,
(ANNs, Grey Boxes, Fuzzy models, Scripts, Cognitive maps, Ontologies) allowing rather a holistic
management, in which decisions can be optimized over complex multiconstraining conditions (Fig.5).
Ontologies (Domain or Generic, Formal or Descriptive) help build the model of a domain and define
the terms and the relationships within the domain, giving the possibility of upscaling from System
Identification to living model ramification.

ii. Regulated bio-diversity: This commitment reflects our dedication to address the big

challenges: a) creating a more secure, nutritious and sustainable food system to feed a rapidly growing
global population, b) developing new plant-based medicines, materials, and sources of bioenergy, c)
ensuring the biodiversity and health of the ecosystem that supports all life on earth.
Basic and applied life sciences provide the foundation which enables us to build enduring solutions.
Engineers are called to provide successful implementation of such. Innovations in bioeconomy will
allow organic agriculture to move further into a sustainable environment and safe food production.
On one hand, we attempt to maximize productivity of resources (water, fertilizer, energy) so the
environmental savings can be appreciable while plants feed the population, but on the other hand, we
seek diversity, which can be viewed as reducing the expected maximization results, albeit providing
some safety and lasting sustainability. It is justified to attempt to regulate bio-diversity to the extent
needed to run environmental sustainability at least at a marginal level, including the sufficiency of
food at the decision level, thus balancing the risk factors with an appropriate cost.

KE is a discipline that involves integration of knowledge within
computer systems designed to solve complex problems.
These-problems require a high level of human expertise. Cognition
and context recognition to Case based reasoning will eventually help
solving real world complex problems in the era.

, ??? Find the Expert and its

availability!

Technical issues that concern us!

Models, Production Rules ES, Ontologies (IOT), Bioinspiring
Algorithms (GAs), biomemetics etc

(encapsulation, EI, Ontologies, Agents)
(Blue Prints, Scripts, KBSs, Saas?)

Speaking Plant & Animal Approach é

Fig. 5. Base elements of Knowledge Engineering

iii. Knowledge Exploitation means (production of eSoA, SaaS, web hubs, etc) must solve the
psychology of “sharing” with IPRs regulated as firmly as the real estate counterpart. The importance
of electronics in the modern world cannot be overstated; as such technology now touches every aspect
of life. Telecommunications offers a striking example of the rapidity of the electronics revolution.
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Scalability and interoperability among heterogeneous things and their environments are key design
requirements for the internet of things. Scalability and interoperability ensure a level playing field for
solution providers and developers. If the operation includes management decisions and subsequent
action, a framework of KBS must be selected.

This framework should support the cause-effect relations together with a multi-objective
optimization process to achieve maximum productivity in the related terms. Assembled applications
should benefit users from a competitive and trusted marketplace of solutions. As more sensor
networks are currently deployed in agriculture, there is a vision of integrating different agriculture IT
systems into the agriculture IOT marketplace (Fig.6). The key challenge of such integration is how
to deal with a semantic heterogeneity of multiple vendors and information resources. This is where
semantic interconnection standards can help develop APIs that can make Cooperative Information
Systems-CIS a reality. The move from 1G to 4G took a full decade, but the time to advance 5G and
6G capability will indeed be much shorter and associated with more abundant services. The usability
of I0T-Data needs to be improved by providing flexible but simple devices (Web Of Things) and KB
services to connect things with people. The Internet of Things can benefit from the latest
developments and functionalities referred to as Web 2.0 (Facebook, etc.) through provision of new
intuitive, user-centered and individually configurable smart products and services for society’s
benefit. Upscaling the smart objects with Aggregated Data into Models provides Supervisory layers
of complex hierarchical systems for high resolution management (MOT=Macqu Of Things) (Sigrimis
N., 2014, Sigrimis N., Antsaklis P., Groumpos P. 2001.).

Computational intelligence technigues and algorithmic
learning and Machine Learning for automatic Knowledge
evolution.

In I computation, brain science, cognition and
reasoning.

Recent computational intelligence techniques such as
gave fast solutions to,

“context understanding and Decision Making”.

Fig. 6. Vision of integrating different agriculture IT systems into the agriculture IOT marketplace

iv. Knowledge bedding. The knowledge bridge “from the research lab to the root of the plant
and the nose of the animal (Geomations 2004)” can be implemented today with so many “last mile”
solutions, reaching effectively anyplace on earth (Fig.7). Plant and soil scientists as well as animal
breeders are sowing the seeds of sustainability, food security and human health since their inception.
The new initiative for cooperative work will strengthen the required contribution of these disciplines.
Information scientists must provide the web tools (the easy part) and the vehicle to avail their
knowledge (the precious part). The possibility of developing effective data mining techniques and
Knowledge Hypermarket Hubs and Services will also foster a knowledge-sharing and availability
environment. As “things move and interact with their environment”, events are automatically
generated. These events can be enhanced with additional semantic information that expresses the
context and reason each event occurred such as “why a thing was observed at a certain location” or
“how and why it interacted with other things. There is substantial scope for further research and
innovation <CERPT-IOT /March 2010> regarding novel methods of automatically interpreting
events, adding semantic annotation. Predictions of future events followed by associated precautionary
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measures should be initiated (such as “Pro-active Energy management in Solar Greenhouses by Dr
Li Li, Jieyu Lee and Nick Sigrimis in CAU).

«Bridge the knowledge with the production side»

Measurement Control & Management

Fig. 7. Knowledge bridge “from the research lab to the root of the plant and the nose of the animal”

v. The EU 2015-2020 HORIZON drives PA towards smart agriculture that addresses some of
the earlier PA misconceptions. Multidisciplinary collaboration is mandatory today. It is widely
practiced in the EU, but still remains a challenge for developing countries. Special Technologies are
focused on healthcare innovations and point-of-care technologies and their clinical translation to
address challenges in global quality healthcare. We seek to provide solutions to challenges in the
broad delivery of quality, accurate, and affordable health care, especially in underserved and under-
resourced populations. Of equal importance and requiring the same effort, are the sustainable
developments in food production systems. We are materializing efforts for remote sensing,
diagnostics and support in plant and animal care. In this regard, we need to explore collaboration and
synergy to accelerate remote support system development, validation, deployment, and adoption in
the farming practice in a manner consistent with the needs of all stakeholders. The intent is to achieve
the overall societal goal of improving quality food production at affordable cost. Consumer
satisfaction must become the production target rather than maintaining a technology driven approach
(PA). Of course, we cannot abolish the term of “precision agriculture” so much as the term means
ICT, WSN, IPM. We focus our attempts to a sustainable exercise of natural resources where
sustainability includes all participants, consumers and producers (Li, J., L. Li, and all, (2017). This
perspective will lead to more societal recognition of engineering prospects, leading to a future of
quality agriculture. The idea of Quality Agriculture links with the Farm-to-Fork concept and | am
certain this will act as an impetus for engineering in the context of agriculture. However we need to
affect significant changes. The common viewpoint is that merely implementing a sensor will solve
the problem, but quality is the ultimate sensor challenge (Yong. W., and all, (2018). Engineering
needs to demonstrate the holistic approach (e.g. optimized food chain to deliver healthy diets) and
the specific (e.g. sensors and models to refine specific inputs for specific outputs). Agricultural 10T
advancement needs close collaboration with the agronomists and biologists toward realistic steps of
delivering holistic solutions (Xuejiao Tong, and all, 2018). Such collaboration can only be effective
if all players are engaged as equals in understanding and use of science.

CONCLUSION

The level of development and the enormity of the crisis present complex problems, demanding
integrated solutions that need high precision management in order to be successful. In the bioeconomy
era, drastic solutions are expected from breeding revolutionary achievements. However both the old
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and the new, the past and the future, will need optimal management of all resources to exploit the
productivity potential of each. “From a knowledgeable Expert to the Web knowledge advisor, given
the accessibility means of today and market pressure, there is an intolerable gap in scalability,
availability and composeability. Transform knowledge to build a cyber world of everything that will
eventually 8 improve control of our physical world and will sustain a prosperous environment for
humans. We must be the Architects.”

Knowledge Exploitation Phases

-Knowledge Acquisition Very Difficult!

- Find the Expert Difficult

-Knowledge Representation Little Difficult (develop SVM, FCM, ANNs, Ontologies)
-Knowledge encoding Easy! (Many tools, EI, “smart Things”)

-Knowledge Deployment EASY but need innovation on marketing & Service providers

Knowledge Sharing is a Problem and we need create a HyperMarket of tangible knowledge and
Computational Intelligence tools, to value back and reward the contributions!
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Abstract: This paper presents an architecture and logical model of a web-based system for cluster analysis.
Clustering is a form of exploratory data analysis in which objects are divided into different groups that share common
characteristics. The aim is to group data entities in a way that objects within a single cluster to be as similar as possible,
while objects from different clusters to be as different as possible. There are two types of clustering: flat clustering and
hierarchical clustering. At the end of the flat clustering procedure, we know which cluster each object belongs to. However
it is unknown how similar objects within the same clusters are. In contrast, hierarchical clustering answers this question
as well.

Keywords: cluster analysis, flat clustering, hierarchical clustering, web-based clustering.

BBBEJIEHUE

IlenTra Ha KIBCTEpHUS aHATU3 € Ja Tpynupa n Ha Opoit obekra B k (k>1) Ha Opoit rpymnu,
Hape4YeHU KIbCTepH, Ha Oa3ara Ha p (p>0) Ha Opoii npusHay (mpomMeHauBH). CaMUAT KI'bCTEPEH
aHaIM3 € CbOMpPATENHO MOHATHE U ChIbpPXKA MHONO Ha OpOil paszIMuHU KIbCTEPU3ALUOHHU
npoueaypu. MetoauTe U alilrOPUTMUTE 33 KIIbCTEPU3ALUS MOTaT Jja Ce pa3JIeNsT Ha 2 TOJIEMU TPYTIN:

v’ Ilnocka Kivcmepuszayus - 00EKTHTE Ce TPYMUPAT B IUIOCKH KIIBCTEPHU. 3Hae ce KO 00eKT

Ha KOs TpyTa NPUHAJIEKH, HO HE U KOJIKO OJIM3KHU ca 00EKTUTE OMEXK/Y CH BTPE B CaMusl
KIbcTep. Hail-momyssipHUsIT anropuTsM oT Ta3u rpyna e K-means clustering (anropursm
Ha K-cpennute). [Ipu Hero e HE0OXOAMMO MOTPEOUTENAT IPEABAPUTEIHO J1a YKaxke Opost
Ha KIIbCTEPUTE, B KOUTO Ja ObJaT rpynupaHu 0OEKTHUTE.

v’ Hepapxuuna knvcmepusayus - 06eKTHTE ce TPYIMPAT B iepapXUUHH KIbCTEPH. 3Hae ce
HE caMO KOU OOEKTH MPUHAIUICKAT HA JIaJieH KIIbCTEP, HO U KOJIKO OJIM3KU ca OOEKTUTE
MOMEXIY CH BBTPE B caMus KIIbCTep. Hall-momymsipHUST METOJ € arjioMepaTUBHHSIT
fiepapxuueH KkibcTepeH ananu3 (agglomerative hierarchical clustering) - na Bcsika
uTepals IBaTa Hali-OJM3KU KIbcTepa ce oOeqUHSIBAT B €IMH U TaKa ce€ CTPOU JBOUYHO
ABPBO. AJ'IFOpI/IT'BM’BT MMPUKJIIIOYBAa KOrato0 BCHUYKH KIBCTCPHU CC O6€I[I/IH$IT B €AWH WU
KOTraTo Pa3CTOSIHUETO MEXAY KIIbCTEPUTE CTaHE MO-TOJISIMO OT MPEIBAPUTENHO 3a/1afleH
npar. He e HE0OX0IMMO MOTPEOUTENAT /1a 3a71aBa IPEIBAPUTEITHO OpOs Ha KIILCTEPUTE, a
AITOPUTHMBT TOJyyaBa cBOOOIaTa J1a clieBa €CTECTBEHOTO paslpe/ielieHHe Ha JIaHHUTE.
3aroBa ¥ TPYNMUPAHETO € MO-TOYHO, B CPABHEHHE C METOJUTE 3a IJIOCKA KIIbCTSPU3AIIHS.
BposaT Ha kiabcTepuTe MOXKE Ja Ce ONpeleNd Ha TMO-KbCEH eTaml Clie]] aHalu3 Ha
TeHepUpaHarta JCHIporpaMa WM Ype3 3aJjaBaHe Ha IPAroBo Pa3CcTOSTHUE NIPpH 00eTMHIBAHE
Ha KITbCTEPHUTE.

1 ToxnageT € mpencTaBeH Ha CTYAeHTCKaTa HaydHa cecus Ha 28.05.2020 r. B cexuus ,,KOMyHHKAIlMOHHH H
KOMITIOTHPHH CUCTEMH U TEXHOJIOTHU C OPUTHHAIIHO 3arjaBue Ha Obarapcku e3uk: ,,YEB-BASUPAHA CUCTEMA 3A
KIITBCTEPEH AHAJIN3 HA JIAHHN”.
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ITPOEKTUPAHE W PEA/IM3AIIUA HA VYEB-BASBUPAHA CHCTEMA 3A
KJI'BbCTEPEH AHAJIN3 HA JAHHU

CobiecTByBallM pelieHust

ChIlecTBYBAT HAKOHM TOMYJISPHU JAECKTOIN MpHiIokeHus, Hanpumep SPSS Statistics na IBM
(https://mwww.ibm.com/products/spss-statistics), MATLAB (https://www.mathworks.com/products/
matlab.html), BigQuery ML (https://cloud.google.com/bigquery-ml/docs) u mp. I'onsimMa gacT OT TIX
obaue HE ca CHCIHUATM3UPAHU MPHIIOKEHHS 332 KIbCTEPU3ALHUs, a MHOTO IO-TOJIEMH CHUCTEMH 32
crarucTruecku ananu3 (SPSS) wim 3a umkeHepHu npecmstanus u cumyinaruu (Matlab). ITopaau
TOBA Ca ¥ U3KIIFOUYUTETTHO CKBITU. AKO MOTPEOUTENAT Ce HY>KAae CaMo OT KITbCTepU3alus, He € MHOTO
ONPaBIaHO Ja W3Xapuu XWISAW J0Japu 3a JIMIEH3W. A M BCHYKH T€ ca JECKTOI, a He yeO
MIPUIIOKECHUS.

(I)yHKIlI/IOHaJIHH HU3NCKBAaHUA

Cucremata TpsiOBa J1a U3BBPILBA JBa BUAA KIIbCTEpU3ALMs: IJI0cKa (Upe3 aaroputrbma Ha k-
CpeIHUTE) M HepapXxuuHa (Upe3 arjoMepaTuBEH KIbCTEpEH aHaiui). BxoaHuTe naHHu 3a
KI'bCTEpU3allUA C€ MPEAOCTaBAT OT MOTpeOuTenuTe BHB BUA Ha csv (aiimose. [Ipu miockara
KI'bCTEpU3ALMA € HEOOXOAMMO MNOTPEOUTENAT JAa YKaKe IPEIBAPUTEIIHO U KejlaHus Opod Ha
KI'bCTEpPUTE.

PesynraThT OT miiockara KIrbCTEpH3alMs TPsAOBa Ja ce M3BEXIa Moja ¢opmara Ha CHHCHK,
KOWTO TOKa3Ba KOM OOEKTH KbM KOU KIBCTEPU 3a MpHUUUCICHU. Pe3yntaThT oT HepapxuyHara
KIIbCTEpHU3alMsl CE€ TPEICTaBsl BbB BUJA Ha JaeHAporpama. (DyHKIIMOHATHWUTE BB3MOXXHOCTH Ha
cUCTeMara ca MpeACTaBeHH upe3 AuarpamaTa Ha ciy4yauTe Ha ynoTpeba Ha ¢ur. 1.

rd -
;i coxtend”” MepapxuyeH
e
W36upa anroputbm
P P <<extend>> ____,
32 KbCTepUsauns o .- .-------- K-means
Q / o PbyHO onpeaensHe Ha
= MpepocTaBss dain ¢ Vi A LieHTpouauTe Ha KnbeTepute
1 == o
[aHHW 3a aHanus \‘vs*/ (npu Manbk 6poit BXoAHM
@/;%A AaHHn)
Actor ? . . <<extend>>
acTpoiiBa n3bpaHus
P P . Mposepka 3a

anropuTbm
KOpPEeTHOCTTa Ha AaHHUTEe

ApXvBMpa pesynratute
OT KNbCTepu3auuaTa

Tbpcu pesynTaru ot
npeaxoaHa
KITbCTepu3auus

Craptupa
KNbCTEpU3ayusTa ¢
13BpaHns anropuTeM 1
HacTPONKKN

Mpernexaa pesyntatute B
TabnuyHa unu rpacuyHa
cdopma

@ur. 1. luarpama Ha ciiydauTe Ha ynorpeba, oTpa3sBalia
(GYHKIIMOHATHOCTTA HAa CHCTEMAaTa 10 OTHOILIEHUE Ha MOTPeOUTeNnTe

Jlornueckn moaeJ

Paborara Ha cucremaTra MOXKe Jia ce ONuIle Hal-00Io upe3 Auarpamara Ha JeHHOCTHTE OT
¢urypa 2. [IpouecsT 3amouBa ¢ U300p Ha alTOPUTHM 3a KIIbcTepeH aHanu3. Cien ToBa cucreMara
M3BEX/1a eKpaH 3a U300p Ha (aiii 3a 00paboTKa U HACTPOIKY 3a U30pAHUS ATOPUTHM.
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Motpeburen Cucrema
i v
M3Bexpaa ekpaH 3a

pobassHe Ha dann
3a obpaboTka u
HacTpoWnKu 3a
n3bpaHna anropuToem

MoTpebutenar

n3bupa anropuTbM 3a
KnbcTepusauus

3

M3bupa dann 3a
obpaboTka 1 BbBEXAA BbBegeHu nu ca
HeobXxoaAuMUTE AaHHN BCUYKM HeoBxoanmm

I OaHHN?

He Oa
1 M3sexaa Peanusupa ce
cbobLieHune:"lobasn n3bpaHuna
HeobxogumuTte anroputbMm 3a
\ AaHHK" KnbCTepusnpaHe

VepapxuyeH éK-means
v 4

WHdopmauunaTa ce
usBexaa BbB BUA Ha
CNUCBK

PesynTaTbT ce
npeacTeass Kato
LiBeTHa AeHaporpama

<V>

YXenae nu
notpebutenaT ga
3anasu pesynratute ot
KNbCTEPUHA aHanus?

Oa He
\ 4

[ W3Bexaa ekpaH 3a

3ajaBaHe Ha uMe Ha
apxuea

MoTpebutenat
BbBeXaa me

BbBEAEHOTO UMe e

[ MpoeepsBa Aanu ]
KOPEKTHO

He Oa

\ 4
3Bexaa
cbobLleHue: "Bbveeaun
KOpPEeKTHO nume"

3anasea
naHHuTe B B

M3Bexpaa cvoblleHve
3a ycnewHo
apXvBMpaHu AaHHW

Lo

v

®

@ur. 2. /luarpama Ha AeHHOCTUTE, OTpa3sBalla paboTaTa Ha CUCTEMaTa
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[Ipu peanu3zanmsi Ha KICTEPHUS aHAIH3 ¢ k-cpelHUTE, cucTeMaTa U3BekKaa HHPOpManusTa
BBB BHUJ Ha CIMCBHK, JOKATO IIPU MEPAPXUYHMS AITOPUTBM C€ U3BEXKJA OLBETEHA IAEHAPOrpamMa.
Pesynrarute or aHanu3a Morar aa ObJaT 3ama3eHH B JIOKajdHaTa 0a3a OT JaHHHU 3a MOCIenBaiia
ynotpeoa.

ApXuTeKTYpa
Ve6-6a3upanara cucTeMa 3a KI'bCTEPEH aHAIM3 Ha JaHHHM € pealn3upaHa 4pe3 TPUCIIOHHA
apxutektypa (¢ur. 3), ¢ paznensHe Ha OM3HEC JIOTMKaTa OT MOTPEOUTEICKUS MHTEpdeic u OT
nanHuTe. ToBa MO3BOJsABAa OBP30 U JECHO NEPCOHATM3UPAHE WM ITBbIHA 3aMsSHA Ha ITOTPEOUTEICKHS
uHTEepQeiic, KakTo U B3MOXKHOCTH 33 IPEHOCUMOCT M PETUTUKAIMS Ha TaHHUTE.
OCHOBHUTE MOJTyJTH, OT KOUTO € U3rPajJeHa CUcTeMaTa ca:
e VmpaBieHue Ha NOTPEOUTENCKUS HHTEPDEC;
e AHanu3 ¥ 00paboTKa Ha BXOJHUTE JaHHH;
e [lnocka krbcTepusaius (AIropuThbM Ha K-cpenHuTe);
Vepapxuuna KIIbCTepH3aIis;

o FeHepHpaHe Ha geHAporpamMu,
o praBJ’IeHI/Ie Ha apXHUBUTE,
e CVB/
. Y¥MpaEnaHKe
HTML wabnoHM ) Ha noTpebuTenckun
< <hannoea cucTemMas > —Q WHETEDDENC i ;‘%
<<OUCTEMA> > E
Oaksi ot E'A'Ctor
BhLHIEH |
f’:\' ______________ WATQURMK | ,
Mnocka KMLCTEPM3aLUMA (- | Awnanws v obpaboTka i__ WepapxuuHa o TeHepWpaHe Ha
(K-cpegHuTe) Ha BXOOHWTE A3HHW KMBCTEPHIaUMA )_ IEHA0rPaMu

o
0 ! ;
i
: %
i
¥npasnedune Ha C ________ : V]
apXMBHTE I cven

@ur. 3. ApXuUTeKTypa Ha cucTemara

MoaynbsT 3a ympaBieHHE Ha TOTPEOUTENICKUs HMHTEpQeic TMpeacTaBisiBa ISIOCTHUS
untepdeiic Ha cuctemara. [loTpeduTenar moxydyasa JOCTHI JO CHCTEMaTa 4pe3 TO3U MOAYHT U UMa
JTUPEKTeH JOCThI 10 Hero. OChHIECTBABA KOMYHHKAIMATA MEXKIy MOMYJIHMTE W IMPEAOCTaBs Ha
MOTpeOuTeNsT BH3MOXKHOCT 32 M300p Ha alIrOpUTHM M BHBEKIAHE HA HACTPOWKHU MO CHOTBETHUS
QJITOPUTHM.

MonynsT 3a aHau3 U 00padoTKa Ha BXOJHHUTE JAaHHH MTO3BOJISIBA HA TIOTPEOUTENS 1a BHBEXKIA
M30paHu OT HETO JaHHU 32 00pab0TKa OT ChOTBETHHS aropuThM. DaiioBeTe ca B csv popMar u ce
MO/IaBaT OT MOTPEOUTENCKUS UHTEPPEic.

MoaynbT 3a IJIOCKa KIBCTEPH3AlUs peaju3upa alropuTbMa Ha K-CpeaHuTe, KOWTO
pasmpenens BXOJHUTE OOCKTH B 3a7a/ICHUTE KIbCTEpPH. ToBa c€ OCHIIECTBSABA B HAKOIKO CTHIIKH.
[TepBO ce 3amoYBa ¢ WHUITHAIM3AIMNS, ITPH KOSATO HA CIydacH NMPHHIIUIT C€ ONMPEISISIT HAYATHUTE
neHtpouan. Ciex ToBa BCEKU O0EKT ce MPUYUCIABA KbM KITbCTEPa, J0 YHUTO IEHTHP € Hall-OIu30 u
oOpa3yBar HOB KII'bCTep. [Ipy HATMYUETO HA HOBH KIILCTEPH, MOJIYJIBT MIPEU3YUCIISIBA IO3UIIAATA Ha
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[CHTpOBeTE HM. [IpeH3uYHCISIBAHETO C€ OCHIIECTBABA TaKa, 4Ye cymara OT KBaapaTHTE Ha
Pa3CTOAHUATA MCIKIAY HCHTbPA U BCUYKU O6CKTI/I, HU3rpaXxxjaliu rpymnara ga 6’5,[{6 MHUHHUMaNHa. Te3n
CTBIIKH CE M3BBPINBAT, JOKATO IICHTPOMIUTE MMPECTAHAT Ja ce ABMKaT. Karo kpaeH pesynrar To3u
MOJTYJT M3BEXK/Ia CITUCHK C KJIbCTEPUTE U OOCKTUTE, KOMTO Ca MPUIHUCICHU KbM TAX.

MoaybT 3a HepapXuyHa KI'bCTEpU3allysi OChIIECTBSIBA MO-THBKABO YIIPABJICHHE HA MpoIeca
Ha rpynupase. B Ha4asoTo Ha KIbCTEpHU3aLUATA, ArJOMEPATUBHUAT AJTOPUTBM TPETHPA BCUYKH
00EKTH KaTro CaMOCTOsATeNHH KibcTepu. Cien TOBa, Ha BCSKa CThIIKA, OOCIUHsIBA JiBA OT
CBIIECTBYBAILUTE KIBCTEPH, 32 Ja 0Opa3yBa eIuH rojsiM. To3u MOAysn He paboTH AMPEKTHO C
00EKTUTE, a ¢ MaTpHUIlaTa Ha Pa3CTOSHUATA MEX Iy Tsax. KaTo pe3ynrar oT 00eJMHEHHETO Ha JBaTa
HaW-0IU3KHU KIIBCTCpaA Ha BCAKa UTCpalUd, AJITOPUTBMBT I'CHEPpHPA IBOUYIHO ABPBO, KOCTO MOKC J1d
Cce IpeJICTaBU BbB BUJI Ha JICHpOrpama.

MoayabT 3a TeHepUpaHe Ha JCHIPOrpaMH BHU3yaJdH3Upa M MPEACTaBs B rpaduyeH BHUI
pesynirata OT #epapXxuuHata KibcTepusaius. ['padukara ce reHepupa Omaromapenue Ha D3
JavaScript oubnuorekara.

Peanm3zanus 1 n3M0J3BaHU TEXHOJIOTHH

3a peanusanus Ha CHCTEMara ca M3MOJ3BaHM MPOTPAMHHUAT €3WK OT CTpaHa Ha KIHCHTA
JavaScript (https://www.w3schools.com/js/); mporpamHusT €3uk OT cTpaHa Ha cbhpBbpa PHP
(https://www.php.net) - 3a peanu3upaHe Ha alrOpUTMHUTE 3a KIBCTEPH3AllMs;, CHCTEMAara 3a
ynpasinenue Ha 6a3u ot nanau MySQL (https://www.mysgl.com); 6ubaunorexa D3 (https://www.d3-
graph-gallery.com) 3a wu3depraBane Ha neHAaporpamure; W pasdupa ce HTML u CSS 3a
nmoTpeouTeNncKkus naTepdeiic.

Ha ¢wur. 4 ¢ npeacraBen HadanHuAT ekpad. [lagamoro menro Algorithm npejiara aBe onmumn
3a U3BBPIIBAHE HA KIBCTEPEH aHaam3. [IbpBaTa oMM ¢ KIIbCTePEH aHaM3 upe3 aaropurbma Ha k-
CpPEeIHHTE, a BTOpaTa — arjloMepaTHBEH HepapXUueH KIIbCTEPEH aHaJIn3.

Algorlthm About

K-means

Hierarchical

localhost/diplomnarcl.htmi+

®ur. 4. Havanen ekpan

Koraro morpebutenst u3bepe amroputbMa Ha K-cpemHute, TpsOBa na BbBeae Opost Ha
KITbCTEPUTE | Ja KauM (paiiin ¢ JaHHUTE 3a KIIbcTepu3aius. PesynraTure ce BU3yann3upar Ha ChIIUs
ekpaH (¢ur. 5), KoeTo My NO3BOJsIBa Ja TM aHAIM3MpAa U aKO € HEeoOXOJUMO Jla MPOMEHH
HaCTPOMKHTE.

[Tpu u300p Ha MepapXUYHHUS KIBCTEPEH aHAU3, MOTPEOUTEIAT TpsOBa Ja MPEJIOCTaBU JIBa
daiina — eqUHUAT 1@ ChIbPIKA PA3CTOSHUITA MeX Ty oTaenHuTe ooektu (Distances file), a npyrus —
uaeHTHQUKATOPUTE/MIMEHaTa Ha caMUTe OOEKTH, KOUTO Jia ce u3Benat B neHaporpamata (ID mapper
file). PesynrarsT ce mpeacraBs Ha cbius exkpan ((ur. 6). B cnyuas, unciara B JeHaporpamara ca
UACHTU(DUKATOPH HA HAYYHU JTOKJIJIH, KOUTO TOJICKAT HA TPYIUPAHE MO0 TEMAaTHYHU HAIIPABJICHHUSI.
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Home Algorithm About

K-means Clustering and Visualization

n=10 ManpaaHe Pasrnexpate... | He e usbpar dhaiin.

Upload: anketa.csv

Type: application/vnd.ms-excel

Size: 1.9833984375 Kb

Temp file: C:\xampp\tmp\php41E8.tmp

Stored in: upload/anketa.csv

Cluster #1:
lvan { Hospitality, sport, turism, fashion)
Denitsa ( Software Development, Art, sport, furism, drawing, dance, programing, fashion)
Poli ( Medicine, Pedagogy. sport, turism, fashion)
Ralista ( Pedagogy. Art, furism, go fo the theathre, gardening)
Toni ( Trade, Management, sport, book, fashion, computer games)
Emili ( Trade, Software Development, turism, go fo the theathre, fashion)

Cluster #2:
Irina ( Finance, Agricultural, cooking, dance, fashion)
Stela ( Law, Art, drawing, cooking, fashion)
Kiril { Agricultural, Hecfrical and electronic Engineering. furism)
Nikola ( Mechanil engineering, sport, turism, cooking, computer games)

@ur. 5. HacTpoiiku 1 pe3yJiTar OT INI0CKaTa KI'bCTepU3alus

Agglomerative Clustering and Visualization

Upload Distances file: | Browse... | No file selected.
Upload ID mapper file: [ Browse... | No file selected.

[submit uery|
3
52
30
19 62
42
70
71
37 3()
51 77

D

ul

- 16
o
11
79
40
46 66
41
4
25 64

@ur. 6. Pe3ynrar oT liepapXuyHara KIIbCTepU3aIMsl, IPEICTaBEH BbB BUJI HA JIEHIporpama

3AKVIIOYEHUE

Pazpabotenata ye0-6a3upana cucreMa 3a KI'bCTEpEH aHAIN3 Ha JaHHU € MOJIXOSIIa KaKTo 3a
eKCIIEpUMEHTAIHU U Y4eOHU IIeJIM, Taka U 3a KOMepcHaaHu TakuBa. Cructemara Moxke Jja paboTu ¢
rOJISIMO KOJIMYECTBO BXOAHM JAHHHU, KOETO JOPU € 3a IMPEealOYUTaHe, OCOOEHO INpH IUIOoCKara
KI'bCTEPU3ALINSL.

[Ipyu ManaKo KOJTMYECTBO BXOAHH JaHHH, IPYIHPAHU Upe3 allropuThMa Ha k-cpeTHUTe He MOoXKe
Jla ce rapaHTupa BHCOKAa TOYHOCT Ha KiIbcTepusanusaTa. [IpmunHara 3a TOBa € IbpBOHayajlHaTa
MHULUAINA3a1Ms] WU T0-KOHKPETHO TeHEPUPAHETO Ha IPOU3BOJIHH LIEHTPOBE Ha KIIbCTEPUTE. AKO B
€/IMH KJIbCTEP UMa CaMo eIMH O0EKT, TO MO3UIUATA Ha EHThPA Ha KIIbCTEepa 1€ Ce OINpeJiesId KaTo
CPEeIHO-apUTMETUYHO OT 00€KTa U MbPBOHAYAIIHO T'€HEPUpPaHUs IPOU3BOJIEH LIEHTHD. T.e. TexecTTa
Ha TPOU3BOJHO-TEHEpUpaHUs LEHTbp me Obae uenu 50%, koero e mpobnem. I[lpu romsimo
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KOJIMYECTBO BXOJIHM JaHHHW 00aue, TO3M MPOoOJIEM BeUYe HE CTOH, 3aII0TO TEXKECTTa Ha MPOU3BOJHO-
TeHEpUPAHUS B HAYAJIOTO IEHTHP IIe ObJe MHOTOKPATHO MO-MaJKa, 32 CMETKA Ha PeaTHUTE JaHHH.
3aToBa, IPU MAJIKO BXOJHHU JIaHHHM, € MO-IEIeChOOPa3HO MOTPEOUTEIIAT caM Jia 3a/1aJie IIEHTPOBETE
Ha KIIbCTEPUTE B HAYAJIOTO, & HE Ja C€ TEHEPHUPAT HA CIyYaeH MPUHIIUIIL.

BJIATOJAPHOCTH

Tosu noknan ce mybnukyBa ¢ noakpenara Ha npoekt 20-OEEA-01 ,,Meronu u cpeacraa 3a
ThPCEHE 110 MYJITUMEIUNHHO ChAbpPXKAHHUE, aHAJIU3 M aBTOMATU3MpaHa 00pabOTKa Ha JOKYMEHTH U
roJeMd MacuBH OT JaHHH, ¢uHaHcupan oT ¢oux ,Hayunu wuscnensanus Ha Pycencku
YHHUBEpCUTET ,,AHres1 KbHueB®.
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Abstract: The tag cloud is a stylized data visualization method that outlines the most frequently appearing words
within a textual content, such as websites, articles, speeches, documents, and databases. Tag clouds allow users to quickly
get an idea of what a document or a collection of documents is about, without reading them at all. This is achieved by an
automated text analysis and processing. Punctuation and semantically insignificant words are removed first. Then, all
unique words are extracted from the rest of the content and the application counts the number of times each word appears
inside the document (or the collection of documents). Finally, when generating the cloud, the most frequently-appearing
words are displayed in larger font size, bold and / or contrasting colors, in order to attract the user's attention. This paper
presents an architecture and a logical model of a web-based tag cloud generation system. Users are provided with two
text input methods — direct input in a large text area and file upload. The system can process multiple documents
simultaneously and generate a common word cloud based on the content of all documents, selected by the user.

Keywords: tag cloud, text analysis, JavaScript cloud generation.

BBBEJIEHUE

OO6nakbT OT KJIIOYOBU JIyMH € BU3yalleH M CTHJIM3HPAH METOJ, KOMTO OTKpOsiBa Hall-4ecTo
CpelIaHuTe WIN Hail-Ba)KHUTE TyMH B paMKUTE Ha JIQJICHO TEKCTOBO ChABP)KaHHE, KaTo yeOcalToBe,
CTaTUH, Pe4H, TOKYMEHTH 1 6a3u oT JaHHU. Ha aHrnuiicku e3uk Moxe J1a ce cpenHe kato ‘tag cloud’
nwi ‘word cloud’. M3non3Bat ce pa3HOoOOpa3HM METOAM 3a KOH(UTypupaHE NpEACTaBSIHETO Ha
aymuTte. Te BKIIOUBAT yrnorpedaTa Ha pa3inyHU HIPpUGTOBE; pa3iMyHA TOJIEMUHA Ha BCAKA JyMa;
pa3IMYHU LBETOBE U (POHOBE.

OOnauure OT KIIOYOBM JYMH JaBaT BB3MOXKHOCT Ha IMOTpeOMTENMTE MHOro OBp30 Aa
MpUI0OUAT IpeacTaBa 3a KaKBO C€ OTHACA JaJ€H JOKYMEHT WIN KOJIEKIIHS OT TOJISIMO KOJMYECTBO
JOKyMeHTH, Oe3 Ja ce Hajara u300I10 Ja Tr'm 4yeraT. ToBa ce MocTUra 4pe3 aBTOMaTH3MpaHa
obOpaboTka Ha Tekcta. [IBpBO ce mpeMaxBaT NYHKTyallMOHHUTE CHMBOJM W CEMaHTHYHO
HezHaunMuTe AyMH. OT OCTaHAIOTO ChABP)KAHUE CE€ M3BIMYAT BCHUUKHM YHUKAIHU TyMH, KaTo 3a
BCSIKA CE OMpeneNs 4ecToTara M Ha MosiBa B JIOKyMEHTa (WJIM KOJIEKIUATa OT JAOKyMeHTH). llpu
reHepupaHe Ha o0Jlaka, Hail-uecTo CpellaHuTe IYMHU C€ MpPEJCTaBAT uype3 MOo-TojeMu OYyKBH,
yaeoeneH mpu@T U/ KOHTPACTHU 1IBETOBE, 3a J1a MPUBJIEKAT BHUMAHUETO HA MOTPEOUTEIIA.

OO6nanure OT KIFOYOBHU JyMH YECTO CE M3IOJI3BAT 3a MPEICTaBsHE Ha PE3YJITAaTH OT PA3IUYHU
MPOYYBAHMS, OT MPETOAABATENH, OT IMOJUTHIIN ¥ KYPHAIHUCTH, OT OTJEIUTE 0 ,,YoBemKy pecypcu
BBbB (UPMUTE, OT MapKeTosio3u U aAp. be3 Tsaxuara ynorpeba, B oOmus ciaydyaid Ha MHO3MHA OM ce
HAJIOXKWIO J1a OTHENAT 3HAaYMTENHO MOBEYE BpeMe 3a IMperiie]] Ha ChbOTBETHATA JIOKyMEHTAlUs U
HEMHOTO aHaJIM3UpaHe.

2 NToxnageT € mpencTaBeH Ha CTyAeHTCKaTa HaydHa cecus Ha 28.05.2020 r. B cexuus , KOMyHMKaI[MOHHM U
KOMITIOTHPHH CUCTEMH U TEXHOJIOTHU C OPUTHHAIIHO 3arjaBue Ha Obarapcku e3uk: ,,YEB-BASUPAHA CUCTEMA 3A
I'EHEPUPAHE HA OBJIAIIM OT KJIIOYOBU AYMIN”
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ITPOEKTUPAHE U PEAJ/IM3AIIUA HA VYEB-BABUPAHA CHCTEMA 3A
I'EHEPUPAHE HA OBJIAIIA OT KJIIOYOBH 1YMU

CobiecTByBallM pelieHust

CepiiectByBaT He Malko 1oA00HM yeO-Oasupanu cuctemu, Hanpumep TagCrowd
(https://tagcrowd.com), WordClouds (https://www.wordclouds.com), WordItOut (https://worditout.
com) u ap. [Tpu roasima gact ot TsIX 00ade, IyMUTe He ce 0pOpMAT BbB BH] Ha 00JIaK, a Ce pasmoJiarat
XOPHU30HTAITHO IO PEIOBE M CaMO pa3MepbT UM € pa3inuyeH. [loBeyeTo moio0Hu cucTeMu npeasiarat
6oratr HaObOp OT (QYHKUIMOHAIHU Bb3MOXKHOCTHU, BKIIOYUTEIHO 32 JUPEKTHO BHBEXJAAHE HA TEKCT U
KayBaHe Ha (QaiioBe B pas3nuyeH Gopmar. [Ipu HIKOUM BB3MOKHOCTUTE U HACTPOUWKHTE Ca TOJIKOBA
MHOT0, Y€ IOpH OOBPKBAT U 3aTPyAHIBAT paboTaTa Ha MOTPEOUTEIS.

d)yﬂmmonamm H3UCKBAHHUA

Cucrema TpsiOBa J1a NO3BOJISIBA aBTOMATU3HUPAH aHAIM3 HA ChIbPIKAHUETO Ha €IMH WM ITOBEeYEe
TEKCTOBU JIOKYMEHTH, KaTo B PE3yJITaT OT HEro ce reHepupa o0Jiak OT Hali-uecTo CPEeIlaHuTe TyMH
(IprueMaHH 3a KJIOYOBH JyMH) B JOKYMEHTHTE. 3a I1eTa € He00X0JMMO MOTPEOUTEIAT J1a MOXKe 1
BBBEXK/IAa TEKCT AUPEKTHO (Ype3 TOJISIMO MHOTOPEIOBO TEKCTOBO II0JIC) MIIH J1a KayBa JIOKYMEHTHUTE
BbB BHJA Ha TCEKCTOBHU (baﬁHOBC. Bceuakn AOKYMCHTH, HC3aBUCHUMO OT Ha4YuMHa KM Ha
npejocTaBsHe/KayBaHe B CHCTeMaTa, TpsiOBa Jla MMaT 3arjaBus, 3a J1a ¢ MACHTU(QHUIUPAT JIECHO U
yIoOHO B mociencTBre. Pa3dupa ce, 3ariaBusaTa M ChIBPKAHUETO UM TPsOBa Jla Ce ChXpaHsIBAT B
0aza OT JaHHM, KOETO OT €Ha CTpaHa Ja MO3BOJH IMOAIbPKAHETO HA UCTOPHS, a OT Apyra (Io-
BO)XHOTO) Ja JIaJic Bb3MOXKHOCT 32 CTHOBPEMCHEH aHaJIM3 HAa MHOXKECTBO JIOKYMEHTH, KAQueHHU MO
paznuaHo BpeMe. OYHKIIMOHATHUTE Bb3MOKHOCTH Ha CHCTEMAara ca MpeCTaBeHH Ype3 AuarpaMmara
Ha cIy4yauTe Ha yrnoTpeba Ha ¢ur. 1.

B‘bBE)KAaHE Ha TeKcT

KausaHe Ha TekcTosu daitnose

lpernexgaHe Ha KaueHUTe JOKYMEHTY
X TapTupare obpaboTkata 1
WNz60p Ha AokymeHTH 3a 06paboTra sl D e e Te RS DA OB AT

ApXuBUpaHE Ha JOKYMEHTU
WUsTpuBaHe Ha OKYMEHTH
BPCEHE Ha JOKYMEHTH
no 3amasve

@uwr. 1. J/Iluarpama Ha ciydanTe Ha ynoTpeba, oTpassiBaiia
(GYHKIIMOHATHOCTTA HAa CHCTEMAaTa M0 OTHOIIIEHHE Ha MOTPEeOUTEeNnTe
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Jlornyecku MojeJi

PaboTaTa Ha cucTemara MOKe J1a Ce OIHIIIe Hail-00I110 Ype3 AuarpamaTa Ha ISHHOCTUTE OT (huT.
2. Ts ce oTHacs 0 ciaydvast, IPU KOMTO NOTPEOUTEIAT BbBEKAA TEKCT TUPEKTHO, HO M BAPUAHTHT C
KauBaHe Ha (Qaiin e ananoruyeH. Tyk TpsOBa n1a ce oTOenexu, 4e Mpu aHaau3a, MOTPEeOUTEIIT uMa
BB3MOXKHOCT JIa U30€pe MHOKECTBO JOKYMEHTH, KOUTO JIa y9acTBaT B HEro, HE3aBUCUMO KOTa | TI0
KaKbB HAaYUH Ca BBBEJCHH - JAJIU Ype3 JUPEKTEH TEKCT WM BbB BUJ Ha (haiii. T.e. MOCOYCHHAT B
JmarpaMaTa METOA 3a BBBCKIAHC HA TCEKCT II0 HHUKAKHBB HAUYUH HE orpaHanBa aHaJn3a "
TCHEePHUPAHETO Ha 00JIaKka caMo JI0 TO3U KOHKPETEH JIOKYMEHT/TEKCT.

Motpebuten Yeb — basupanxa cucrema

Cuctemara ussexga
cboTBETHUA popMynsp 3a

Motpebutenar usbupa 1ab
"BbeemxgaHe Ha TeKCT'

BbBEXOAHE HA BXOQHUTE
LaHHW

Motpebutenar eveexaa
Heo bxo gumuTe BXOAHM
[OaHHuW 3a aHanu3

Koraro notpeburtensr e
NP UKAOUUA BBBEKAAHETO,
KAUKBa Bbpxy ByToH
"Sanmun"

Bobeegenu nu ca BCUUKu
Heo bxo AMMY BXOAHU faHHU
3a aHanms?

Uzsexaa coobermne

MoTpebutensat mapkupa Ko
3anucu ga bvgar
obpaboTenu u K1UKBa BbPXY
6ytoH "Axanuzupain”

Cuctemara obpabotea
notpeburenckara 3anska u
3anucBa 3arnaBueTo 1
chabp:Kanueto B b4

TekcroT ce 2anucea 8 Bl n
npenpaia asToOMaTM4HO
notpeburensa kom 1ab
"NoxkymeHTH"

MUzebpuisa ce obpabotka Ha
BXOAHUTE AaHHU

PesyntarteT ce Busyanuaupa
KaTo 06aaK OT KAKHOBY
Aymu v notpebutenn
aBTOMAaTUYHO Ce Npenpatya
kbm 1ab "Pesyntatn”

"Mons, BbBegeTe sarnasue
Ha gokymenTa!" u/unm
"Monsn, sbeegete
ChAbPHKaHMETO Ha
pokymental”

@ur. 2. Jluarpama Ha AEHHOCTHUTE, OTpa3sBaila padoTara Ha cucTeMaTa 1o TeHepupaHe
Ha 00J1aK OT KJIFOUOBH JyMH Ha 0a3ara Ha JUPEKTHO BHBEJICH TEKCT OT OTPEOUTES
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Twit kaTo TMarpamata oT ur. 2 mpeacTaBisiBa 0000IIEH aNTOPUTHM Ha padoTa, BCsAKa ACHHOCT
BKJIIOYBA B ce0€ CHM MHOXXECTBO JPYTH MOJ-AeHHOCTH. B ciyuas moxke Ou Haii-ronsiMm MHTEpec
npeJcTaBisiBa 00padoTkaTa Ha BXOJHUTE aHHU. T4 ce u3passiBa B CIETHOTO:

1. Hpemaxeane HA NYHKMYAQUUOHHUmME CUMBOJIU. ToBa ¢ Ba)XXHO, 3alllOTO T€ HE HOCAT
HHUKaKBa PIH(bOpMaLII/ISI " HAMAa CMHUCBHJ da CC TPECTUPAT KATO aBTOHOMHHU AYMH, HUTO KAaTO
4acT OT AyYMHU.

2. Ilpemaxeane na cemanmuuno nesnayumume oymu. Topa ca T.Hap. stopwords Win 1ymu,
KOUTO MMaT CaMO CHHTAaKTUYHO 3HAYCHHE, HO HE HOCST HUKaKBa WH(OPMAIIUS 32 CMUCHIIA
U MpeAMeTHaTa o0JIacT Ha JOKyMeHTa. ToBa Haili-uecTo ca ChIO3M, IMPEIIO3H, Hapeuus,
MECTOMMEHHUS U IPYTH TOJJOOHU YacTH Ha pevTa.

3. Toxanuzayusa. T.e. nmpeoOpa3yBaHe Ha TEKCTa B MAaCHB/CIIMCBHK OT YHUKAIHU IyMH. 3a
BCsIKa JyMa ce Hamupa Oposi Ha HeifHUTe NMOosiBH B TekcTa. KoNKoTO mo-4ecto ce cpemia
najeHa ayma (0T OCTaHAIMTE CEMaHTHYHO 3HAYMMHU TaKHBa), TOJIKOBA M0-3HAYMMA € TS 32
OIMCAaHHUETO Ha JJOKYMEHTA, U CJIEJ0BATEIIHO TPsiOBa J1a ce OTKPOsBA U Jia Ob/Ie MO-JIECHO
3abene)xuma B reHeprpaHus o0Jax.

4. Oobpabomka u punmpupane camo Ha nNvpeuUme N HAll-4ecmo cpeuianu Oymu. 3a TIx ce
rerepupat u Heooxonumure HTML tarose, kouTo 111e ObaT MpovYeTeHH U 00paOOTEHH OT
JavaScript 6ubnmnoTekara, KOATO peaiHo IIe Yeprae 00Jiaka OT JyMH.

ApxuTeKTYypa

Karo BcsKko CbBpEMEHHO yeO IIPUIOKEHHUE, CHCTEMATA 33 TEHEPUPAHE HAa 00JIal OT KIIIOYOBU
IyMHU € peajlu3upaHa ¢ TpUCIOiiHa apxuTekTypa (¢ur. 3) ¢ pasnensHe Ha OW3HEC JIOTMKaTa OT
JaHHUTE W OT moTpeduTenckust narepdeiic. Toa mo3BosiBa OBP30 U JECHO Ja Ce MEPCOHATU3UPA
WM 3aMEHsl TOTPEOUTENICKUAT UHTepdelic, a JaHHuTe Ja ObIaT IPEHOCUMHU U PEIUIMKUPAHU.

=] HTML Ynpaenenwve Ha & | TekcTosw £ ]
HTML wabnoHu | thainose . i
<<filosystem>> | noTpebuTenckua nHtepdrenc thannoBe 3a aHanus3
¥ O <<application>> <<filesystem>>
/7y NaHHK
"l aanm | O
) fanHn ) fanHn . i , . i ‘ AgHHU ~
“ 3alKA ~r zalA TEKCTOBM “.__/ TEKCTOBM “.__~ 3al
ayMu M chainose T thaiinose T
TEXHUTE
Terna =
Ynpaenenve Ha g | g ] T <<calls>> YnpaeneHue Ha =
CeMaHTUYHO-He3HaYuMKUTe FeHepupaHe Ha obnaka —{(—— AHaNW3 Ha AOKYMEHTUTe < - HOKYMEHTHTE
aymu S y
<<calls>> .
I 3 | ‘
0 & et/ g N BA 7 BA
i (stopwords) () AaHHK MacuB OT L E 3 (reker) 3 (Teker)
w aa N aymu v ; :
i
|
. g ] MpenBsapuTtenHa g ] 3
HacTtponku ;
obpaboTka Ha TekcTa |

|
|

5}]_ /,|\‘ B[ (HacTpoikn, L |
(HacTporikn) [ 1 stopwords uap.) 1!

nann
or Bl "T"

Basa ot gaHHu —
<<DBMS>>

@ur. 3. ApXuTeKTypa Ha cucremara

OcHOBHUTE MOIYJH, KOUTO peanu3upaT O0a3oBara (DYHKIIMOHAIHOCT ca: ,,Ymnpaenenue na
Ookymenmume*, ,Ananuz na ooxymenmume*, , Ilpedsapumenna obpadbomka na mexkcma“ n
I enepupane na oonaxa‘. Kakro Beye 0e criomMmeHaTo, MOIYJIBT 3a MpeABAPUTEIIHA 00padOTKa Ha
TEKCTa MpeMaxBa MyHKTYallMOHHUTE CHMBOJH, MpeoOpa3yBa AyMUTE B MaJKH OYKBH, MpeMaxBa
CCMAaHTUYHO HE3HAYUMHUTC AYMHU M TOKaHU3HUpa TCKCTA. MOJIYJI’BT 3a aHaJIM3 Ha JOKYMCHTHTC
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GuiTpUpa YHUKaIHUTE AyMH, KaTo 3a BCAKA €HAa OT TAX MpedposBa KOJKO IBTH CE cpela, U U
n3umcnsaBa teriao. Hakpas ceumst moayn renepupa Heooxogumure HT ML mapkepu, KOUTO onucBar
CTPYKTypaTa Ha JaHHUTE, M3MCKBaHa OT MOJyJia 3a reHepupaHe Ha oOmaka. [locmemnusat ce
peain3upa IpeJUMHO OT KJIIMEHTCKU TEXHOJIOTUHU (OIMCAaHU B ClIEABAIllaTa TOYKA).

MoaynbT 3a ynpaBiieHHE Ha JOKYMEHTHUTE JaBa Bb3MOXKHOCT Ha MOTPEOMTENs Ja Kausa,
apXHWBHpa, BH3CTAHOBSIBA U M3TPUBA JOKYMEHTH, U pa3dupa ce aa u3dupa eIuH UM MHOMXECTBO
JOKYMEHTH 3a aHanu3. MoaybT 3a ynpaBieHHE Ha CEMaHTUYHO-HE3HAYMMUTE AyMH I03BOJISIBA HA
notrpeOuTens na 100aBs, peAakTHpa W M3TPUBA JyMH, KOHTO CIIOpE] HEr0 HE HOCSIT KOHKPETEeH
CEMaHTHYEH CMUCBHJI U HE OIIMCBAT IIpeIMeTHaTa 00JacT Ha JOKyMeHTuTe. Te3u aymu, B ciaydas, ca
M0-CKOpO Mapa3uTHU U CaMo NpedaT Ha aHaju3a, 3aToBa TpsOBa na ObAaT nmpemaxHaTH. Thil KaTo
IIPUIIOKEHUETO HE ChABPKA B ce0e CH M3KYCTBEH MHTEJIEKT, HAMa Kak Jia pa3depe Kos JyMa KaKbB
CMHCBHJI UMa. 3aTOBAa CEMAaHTUYHO-HE3HAUMMUTE JyMU C€ [10/1aBaT IBHO OTBBH - KaTO BXOJHU JaHHU
3a cucremara.

Peanu3zanusa 1 U3M0JI3BAHH TEXHOJIOTUH

3a peanu3alnus Ha CCTEMAaTa ca U3M0JI3BaHU €3UKBT 3a IpOrpamMHupaHe oT cTpaHa cspBbpa PHP
(https://www.php.net/), cucremata 3a ympaBienue Ha 0asm ot ganHu  MySQL
(https://www.mysqgl.com/), e3uksT 3a mnporpaMupaHe OT cTpaHa Ha KiumeHta JavaScript
(https://www.w3schools.com/js/), kakto wu Oubmuorekute JQuery (https:/jquery.com/) wu
awesomeCloud (awesomeCloud, 2014), npeacrasnsBaina gonbanureiacH plugin kem JQuery.

Ha ¢ur. 4 e npeacraBeH ekpaHbT 3a ymnpaBieHHEe Ha JOKyMeHTH. DyHKIMOHATHOCTTA Ha
cucTeMara ¢ opranuszupana B Taboe. [IspBUSAT Tab MO3BOJISIBA HA MOTPEOUTENS J1a BhBEIE TEKCT
JUPEKTHO B TOJSIMO MHOTOPEIOBO TEKCTOBO MoJjie. BropusT Tad maBa Bb3MOXKHOCT 32 KauBaHE Ha
TCKCTOBU NOKYMCHTH BHB BHUJ] Ha (1)a1?m0Be. TpCTI/IﬂT npeacraBsa ClIMCbK Ha BCHUYKH, KAa4YCHU 10
MOMEHTa, JOKYMEHTH U I03BOJIsIBA Ha MOTpeduTens aa u3depe eArH WM HAKOJIKO JOKyMEHTa 3a
€HOBPEMEHEH aHaIM3. C MOCJEIBAIIO T'eHEepHpaHe U n3uepTaBaHe Ha oOsaka. CamusaT obnak ce
BU3YaJN3upa B YETBBPTUS Tal.

BueexxaaHe Ha TekcT KausaHe Ha daiin Pesyntat

Ynpaenenve/kKausaHe U o6paboTka Ha ¢aiinose

Kauenun pokyMeHtH: 6
Id 3arnasue

Architecture of a Conference Management System Providing Advanced Paper 2020-07-12 Apxueupaii |
Assignment Features 16:53:04 MaTpumid

m 22

Automatic Assignment of Reviewers to Papers Based on Vector Space Text 2020-07-12 Apxusupai |

H 20
Analysis Model 16:50:51 M3Tpuid

2020-07-04 Apxusupai |
16:27:34 M3Tpuid

B 16 An algorithm for automatic assignment of reviewers to papers

AHanusnpai

@uwur. 4. Expan 3a ynpaBjieHUE U aHATIA3 HA JOKYMEHTHUTE
B CHCTEeMaTa 3a TeHepUpaHe Ha 00Jaly OT KIIOUOBU TyMU

lectTe myOaMKyBaHU JOKYMEHTH IMPEACTaBIsABAT pe3lOMeTa Ha HayuyHU MyOJUKaluu, KOUTO
[peaIaraT METOIU U alTOPUTMHU 3a aBTOMATU3UPAHO pa3lpelessiHe Ha JOKIAIU MEXAY PELEH3EHTH
IpU YOPaBIEHUETO HA HayyHU KOH(epeHIuH. Pe3yntaTbT OT €JHOBpEMEHHHS UM aHalu3 €
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npeacTtaBeH Ha ¢ur. 5. OT reHepupaHus 00J1aK TOTPEOUTENAT MOXKEe OBP30 Aa MpHUI0OHe IpeAcTaBa
3a KaKBO C€ OTHACAT BCUYKHU JOKYMEHTH, 0€3 J]a € He00XOJUMO JJOPH J1a TH MPOYETe.

BbBexaaHe Ha TekcT KausaHe Ha daiin JlokymeHTH

ToBa e reHepupaHus 06nak OT KNYOBU AyMuU:

@ur. 5. O6sak 0T KIIFOYOBH JlyMH, T€HEpUpaH Ha 0a3aTa Ha pe3oMeTa Ha 6 HaydHU MyOunKanuy,
OTHACSILM 33 ABTOMATUYHO pa3peelisiHe Ha JOKIaId MEXKAY PELEH3EHTU

3AK/IIOYEHUE

Pazpaborenara ye6-6a3upana cuctema 3a reHepupaHe Ha 00J1ally OT KJIIFOUOBH JyMH ce Oa3upa
Ha CBBPEMEHHM TEXHOJIOTMM W MpUTEXaBa J00pe OpraHu3MpaH HOTPEOMTEICKH HUHTepdeiic.
Ocurypern ca JBa Bb3MOXKHM METOJla 3a IOJaBaHE Ha BXOJHA MH(OpMAIUs - 4pe3 CBOOOTHO
BBBEX/JaHE Ha TEKCT B TEKCTOBO I10JI€ U OMIMS 3a 3alMC Ha TEKCTOBM (haiijioBe B AUPEKTOPUS Ha
CBpBBpA.

[TpunoxeHnero faBa Bb3MOXKHOCT Ha MOTPEOUTENINTE MHOTO OBP30 J1a IPUA0OUAT MpeaCTaBa
3a KaKBO C€ OTHACS JIAJICH JIOKYMEHT WJIM KOJIEKIHS OT TOJIIMO KOJIMYECTBO JOKYMEHTH, 0e3 /1a ce
HaJlara JIopu Jia ' yerar. Taka To UM cHecTsBa MU3KIIOUYUTEIIHO MHOTO BpeMe M UM MO3BOJIsIBA IO-
e(eKTHUBHO /1a BbpILIAT CBOsTa padoTa.

Cuctemara Moxe 1a ObJie JOIIBJIHUTEHO YChBBPIICHCTBAHA Ype3:

e [IpenocraBsiHe Ha ONIIM 3a 3alla3BaHEe Ha T€HEpUpPaHUs 00JaK OT KIFOYOBU AyMH O]
¢dopmara Ha U300paxkeHue;

e Bmb3MoxHOCT 3a 00aBsiHE Ha CIHMCBK ChbC CEMAaHTHYHO-HE3HAYUMU JTyMH (stopwords)
OT cTpaHa Ha oTpeduTesi, KOMTO 1a ObJie N3MOoI3BaH Mpu 00padoTKaTa Ha BXOJHUTE
JaHHW;

e BB3MOXHOCT 3a CrIofIesIHE Ha TeHepUpaHUTE 00Iali KbM COLIMATHUTE MPEXKH;

e BB3MoXXHOCT MOTPEOUTENAT Ja 3aaBa onpeaeaeHa (opma Ha o0Iaka;

e Bmp3MoxHOCTH 3a pa3mo3HaBaHe M JupeKkTHO u3nomsBane Ha JSON  aiinosere,
reHepupanu ot SemanticScholar ¢ rien aBromaTu3upan aHaTU3 HAa HAYYHH Ty OJTUKAIIN
U UHTEPECH.
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Abstract: Libraries and community centers are important part of the cultural and educational system of every
nation. They provide a rich, but at the same time cheap, access to all kinds of literary sources and publications in all
genres. In the recent years, people have been traveling more and more. Wherever they go, the need to read books and the
need of culture also travel with them. However, libraries in different cities are autonomous and unrelated institutions. It
would be good for a reader, registered in a single library, to be able to borrow and return books from other libraries as
well, while travelling to other cities. This paper proposes a design and implementation of an application programming
interface (API) of a web-based distributed library management system that could be integrated in a nation-wide network
of libraries. Readers can borrow and return books at any location within the network. They can also receive inquiries
about their reader status, book loans, returns and available books in every library, regardless of its location in the
network.

Keywords: Distributed library management, Rest API, Service oriented architecture.

BBBEJIEHUE

bubnmorekuTe W yMTANMIATa ca BaKHA YacT OT KyJITypHaTa U oOpa3oBaTelHaTa CUCTEMa Ha
BCsIKa HalMs. buOIMoTeKknTe MpeocTaBsaT 0oraT, HO B CHIIOTO BPEME U €BTHH, JOCTHII 10 BCSIKAKBU
JUTEpaTypHU U3TOYHUIU U U3JJaHNUS BbB BCUUKHU JKaHPOBE.

[Ipe3 mocneqHUTE TOOUHNA XOpaTa IMbTYBAT BCe MoBedue U rnoBeue. Kpaero u ga otupat obaue
noTpeOHOCTTa OT YeTeHE Ha KHUTH U OT KyJITypa ChIIO IbTyBa C TAX. KbM MOMeHTa OubinoTekuTe
B Pa3JIMYHUTE TPAJOBE Ca aBTOHOMHHM M HECBBP3aHU €llHA C Apyra MHCTUTyIuu. JloOpe Ou Ouio
quTaTell, PETUCTPUPAH B €1HA OMOIMOTEKa J1a MOKE J1a B3€Ma, U PECHEeKTUBHO BpbIa, KHUTU U OT
Opyru OMOIMOTEKH, JOKaTO Ce HaMMpa B JPYru IpagoBe. ToBa MOKe Ja c€ OCBHIIECTBU C €IHA
pasnpezeneHa, obigayHo Oa3uWpaHa CUCTeMa 3a ynpaBieHHe Ha OuOnuoreuyHara aeiHoct. Kakso
cienBa aa ce pasnpenenu? Jannute. Beska otnenna 6ubnnoreka TpsOBa 1a Mpe1ocTaBs MPUI0KeH
nporpamMeH uHTepdeiic, KOWTO Ja MO03BOJIABa Ha HH(POPMALMOHHUTE CHUCTEMH OT JApYrUTe
OMOIMOTEKH J1Ta KOMYHUKHUPAT ChC CUCTEMaTa Ha ,,XOCT* 6nbnrnoTekara. Taka BCeKH MOTPEeOUTEN 111e
MOJKE J1a 3a€Ma U BpbIlla KHUTH BbB BCsIKa OMOIMOTEKA, KOSATO y4yacTBa B CHCTEMATA.

INPOEKTUPAHE W PEAJIM3ALIUA HA PA3INPEAEJIEHA CHUCTEMA 3A
YIIPABJIEHUE HA BUBJIMOTEKHU

Pasnpenenenara cucrema 3a OMOIMOTEKH MOXKE Ja ce peau3upa MOCPEACTBOM OpUEHTHPaHA
KBbM YCIIyTH apXUTeKTypa (service-oriented architecture). Bcexku kion TpsioBa aa mpeaocrass REST
API, koeTo 12 m03BOJIM OTJAJIEYeHA KOMYHHKAIIMS C HETO OT CTpaHa Ha OCTaHAIMTE KIOHOBE.

13 TloxnageT € mpencTaBeH Ha CTyAEeHTCKaTa Hay4Ha cecus Ha 28.05.2020 r. B cexuus ,, KOMyHHKAIMOHHH U
KOMIIOTBPHH CHCTEMH W TEXHOJIOTHH C OpHUTHHATHO 3arjiaBue Ha Owirapckum esuk: ,,YEB-BASMPAHA
PA3IIPEAEJIEHA CUCTEMA 3A YIIPABJIEHUE HA BUBJIMOTEKI”
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API (Application Programming Interface) npencrasisiBa Habop OT MPOIEAYPH, MPOTOKOIU 1
WHCTPYMEHTH, KOUTO CITYXKaT 3a U3rPaXKJAHETO Ha cOOTYyEepHU MPUTIOKEHUS U TepUHUpa METOANTE,
[0 KOUTO MOTaT Jia B3auMOJICHCTBAT MOMEXAY CH Pa3MYHUTE yeO YCIyrd U MPOTrpaMHU MOIYJIH.
CrpiuecTByBaT /1Ba Bua nmporpamuu uarepdeiica (API) 3a komyHukaus Mexay yed yciayru:

e  ‘REST’ (Representational State Transfer) — mpeacraBnsiBaT onmpocTeH METO] 32 OOMEH Ha
uHpopmanus Mexy kimeHT u cbpBbp o HTTP npoTtokona. JlanHuTe MEXIy yCIyruTe
ce mpegasat upe3 HiKoil oT cneauute popmaru: JSON, XML, plain text.

e ‘SOAP’ (Simple Object Access Protocol) - mnpeacraBmnsiBa MNPOTOKOJI/METOA 3a
KOMYHHKAIMsi M OOMEH Ha cbhoOmeHus, peammsupan Bepxy HTTP mnportokona.
[IpenaBanute manuu npu ‘SOAP’ ycnyrure ce dopmatupar 3agbiikureasHo B XML
dbopMaT ¥ ca CTPOTO THITH3UPAHHU.

CucremMara ce u3rpaxja cbcC clielHaTa OCHOBHA 11€JI: TPU HEeWHAaTa JEeHCTBUTEIHA UHTErpalus

B MHO>KE€CTBO OMOMOTEYHH KIIOHOBE B JIaJICHA JTbp)KaBa Jla Ce MOCTUTHE JOCTHITHOCT Ha JIAHHUTE 32
oubnuoTeunuTe (PoHIOBE (BUAMMH OT BCEKH €JIMH KJIOH), KAKTO M MOBCEMECTHA JOCTBITHOCT JO
JTAHHUTE W 3a€MAHMITA HA BCEKH €MH YUTATEN, YUHTO NaHHU QUrypupar B cucremara. Upes te3u
M30pOCHU XapaKTePUCTUKH CHUCTeMara ce o¢opMs KaTo ,pa3mpejaesieHa’”, KaKBOTO € HEHHOTO
OuakBaHO npenHa3HadeHre. OCBEH CBHXpaAHSABAHETO HA JAHHUTEC 3a HM30POCHHUTE KaTETrOpHH,
pasmpeneneHara cucTemara ce 0a3upa Ha HEOOXOJUMOCTTa OT CHCTeMaTu3upaHa U edeKTHBHA
CTPYKTypa, KOSITO Jla TOCTY>KH 3a CIPaBKH, yIPaBICHUE W TPEJOCTaBSIHE HA JaHHW OTHOCHO
O6ubnanoreyHuTe (QPOHIOBE HAa PA3NUYHUTE OOEKTH, YMpaBICHHE M MPEJOCTAaBIHE HA JIaHHU 3a
YUTATEJICKUTE KapTH, KAaKTO M TMPOCICIsIBAHEC HAa BCHYKHM 3acMaHHS OT CTpaHAa Ha YHUTATEIIHTE.
OyHKIMOHATHOCTTa HAa CHUCTEMaTa € OINKCaHa 4Ype3 JuarpaMara Ha cllydauTe Ha ynotpeOa,
npeacraBeHa Ha ¢wur. 1.

3aemaHe Ha KHUra/kHurv

MNoTpebuten
BpbllaHe Ha KHUra/KHUM

M3BemaaHe Ha cnpaska
cnopea Kputepus
33 ThpceHe

MNonyyaBaHe Ha W3gexpare Ha
CNpaBKa 3a CNpaBku
33EMaHUATa a HAIMYHWATE KHUT
WU3BexaaHe Ha
CNpPaBku
3a 3aemMaHnATa

llobaBAHE Ha HOB 3aNUC

Cucremer 3a 3aemaHe

aAMUHUCTPATOP

O6HoBABaHe Ha
3aMUC 32 BPbLUIAHE

Mposepka
BaIMAHOCTTE Ha Tecextend>>__
yuTaTeNCKaTa KapTa Mhoeoi e
BbpHATa KHUra

@ur.1. lnarpama Ha ciy4auTte Ha yrnoTpeda, oTpa3siBalia
(GYHKIIMOHAIHOCTTA HAa CUCTEMAaTa 110 OTHOILIEHUE Ha MOTPeOUTeNnTe
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Onucanuye Ha JaHHUTE

[IpeaBuaeHn ca TpW OTACIHM KAaTETOpUHM OT JaHHW, KOWTO € HEoOXoauMo 1a ObaaT
ChXpaHsIBaHM 3a BCSKa €IHa OMOIMOTEKA:

Knueu:
- NuBenTapen Homep;
- Homep Ha otmen;
- HNwme Ha oToe;
- Hmena Ha aBTOpa/aBTOpPUTE;
- 3ariaBue Ha KHUTATa,
- TI'onuna HaA M37aBane;
- O6m1 Opoit;
- bpoii 3aeTu kHury;
- Jlara Ha 3aBeX/aHe.

Yumamencku kapmu:
- Howmep Ha yuTarenckara Kapra;
- HMwmena Ha unTaTens;
- EI'H na uurarens;
- E-mail na unrarens;
- Craryc Ha ynTarens (aKTHBEH/OJIOKUPAH).

3aemanusa Ha KHUzu:
- Howmep Ha ynTaTenckaTa KapTa;
- VHBeHTapeH HOMEpa Ha KHUTATA,
- Jlara Ha 3aemaHe;
- JlaTta 3a BpbILIAHE;
- CpcrosiHME HA KHUTATA.

3a cbXpaHEHME Ha JaHHUTE € MOAXOJMAIIO Jla Cce M3IO0J3Ba peslallioHHa 0a3a OT JaHHU.
PenauuoHHUAT MoJien € npeacTaBeH Ha ¢ur. 2.

I loans v
idNum_Reader INT(10) %
inventory_Num_Book INT(10)
borrow_Date DATE
return_Date DATE
book_Condition VARCHAR(200)

_ books v _| readers v
inventory_Num_Book INT(10) —H—‘ idNum _Reader INT(10)
section VARCHAR(20) reader_Nam es VARCHAR(50)
author_Names VARCHAR(40) SSN VARCHAR(10)
book_Name VARCHAR(40) email_Reader VARCHAR(50)
year_Of Publishing YEAR(4) reader_Status ENUM(...)

borrow_Date DATETIME
return_Date DATETIME

@ur.2. Penanmoned Moen Ha 0a3ara OT JaHHUA

Onucanue Ha NPUJIOKHUA TporpamMeH uHTepdeiic (API)
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[Iporpamuusar unTepdeiic noaabpxka ciaeaaute HTTP meroam, upe3 xouTo ce umampamiaTt
NoTpeOUTENICKUTE 3asBKU KbM ChpBBpa. JlaHHUTE U B 3as1BKaTa, U B OTroBOpa ce npenasar B JSON

dbopmar.
GET /libraryAPI/loans/ - Bpblla COUCHK HAa BCHUKU 3a€TH KHUTH B OMOIMOTEKATA;
GET /libraryAPI/loans/<search string> - Bpbllla CHMCBK Ha BCUUKH 3a€MaHMUs,

OTroBapsIIN Ha KPUTEPUS 32 ThPCEHE;

dopmMar Ha OTTOBOpA:

“idNum Reader”: “Homep Ha umMraTesckaTa kapra’,
“names Reader”: “JMena Ha umrarena”,
“invertory Num Book”: “/HBeHTapeH HOMEp Ha KHurara”,

“book Name”: “3arjaBue Ha kHurara”,
“borrow Date”: “Jara Ha 3aemane”,
“return date”: “Jara Ha BpwuaHe”,
“status”: “CwcTOsSHMe Ha KHuUrara”

by
]

i JSSON nipu rpemika
{

“status”: “Fail”,
“code”: integer (xom Ha rpemkara),
“message”: “CoobumeHue 3a rpemka’”

}

POST /libraryAPI/loans/ - 100aBs HOB 3amuc 3a 3aeMaHe (3aeMaHe Ha KHUTA)

@dopmMar Ha 3asBKa:

{

“idNum Reader”: “HoMep Ha umrTaresckaTa kapra”,
“inventory Num Book”: “/HBeHTapeH HOMEp Ha KHurara”

PUT /libraryAPI/loans/<inventory Num Book> - BpblllaHE Ha KHHIa

cDOpMElT Ha 3asBKa:

{
“idNum Reader”: “Homep Ha umMTaTesickaTa kapra”,
“inventory Num Book”: “/HBeHTapeH HOMEp Ha KHurara”,
“borrow Date”: “JaTa Ha 3aemaHe”,
“book Condition”: “cwCcTOAHME, B KOETO Ce BpbBlla KHurara”
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OTroBop mpH yCHemHO U3IIbJIHEHA 3asBKa:

{

“status”: “OK”,
“code”: 200,
“message”: “WcnemHo B3aeMaHe Ha KHuTAa/xKHUTHU!”

}

[Tpu rpemka: BUXKTE O-TOPE jSON KOJIa MPH TPELIKH.

HpOBepKa 3a BAJIMJHOCT HA HOMCP HAa YHUTATCJICKA KapTa:

GET /libraryAPI/readers/<idNum Reader> - npoBepsiBa HOMepa Ha YuTarTess
CBLIECTBYBA

{

“valid”: true/false

Cucremara U3BEX/a CJICIHUTE CHOOIICHUS 32 TPEIIKU:
200 - YcremHo 3aeMane Ha KHUTra/KHATH!

201 — YcrnemHo BpbIllaHe Ha KHUTa/KHUATH !

510 - I'pemika npu usnbiHenue Ha HTTP 3asBkarta!

511 — HeBasimaen HoMep Ha YyuTaTecKara kapra/ KHurara!
512 — YuratensaT e 6JOKHpaH U HE MOKE J1a 3aeMa KHHUTH!
513 - HepocTtarbuHa HATMYHOCT OT Ta3H KHUTA!

514 — Hepasnoznatr HTTP meron!

515 — Knurara Bede e BppHaTa!

Peanu3zanusa 1 U3M0J3BAHH TEXHOJIOTUH

3a peanu3aius Ha cCCTeMaTa ca U3MOJI3BaHU €3UKBT 3a pOorpamMHupaHe oT cTpaHa cspBbpa PHP
(https://www.php.net/) u cuctemarta 3a yrpasieHue Ha 6a3u ot nanau MySQL (https://www.mysgl.com/).

TecTBane

PazpaGotenusT npuioxeH nporpameH uHtepdeiic (APl) 3a pasmpeneneHa O6ubGnuoTeyHa
cucrema cb¢ SOA apXUTEKTypa € TeCTBaH MOCPeACTBOM IurbruHa (Moxyina) “RESTer”, macranupan
kbM MHTEpHET Opay3bpa Firefox. Ha dwur. 3 e nokasan expat ¢ pe3ynrara oT u3nbiHeHneTo Ha POST
3asBKa 3a OTJAJICUCHO 3a€MaHe Ha KHUTA.
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Method URL

POST localhost/libraryAPl/loans/

HEADERS BODY AUTHORIZATION VARIABLES

"idNum_Reader": 1651656412,
"inventory_Num_Book": 1925806794,
“2020-05-11",
"2020-06-11",
*: “oTrnu4HO"

Response [

@wur.3. Expan ot TecTBaneTo Ha cuctemara ¢ Firefox plugin-a RESTer

3AK/IIOYEHUE

N3rpaskpaHeTo Ha pasnpeereHa CUCTEMA, KOSTO Ja MOCIIY’KH 3a yIpaBlIeHHe Ha OMOIMoTeKn
e HeoOxoaumocT. Ts ycrenrHo Mosxe J1a 3aMeCTH ChIIECTBYBAIUTE OCTApPENU IIPOTPAMHHU PEIICHHS,
KOUTO HE Ca aKTyaJIHU KbM JIHEIIHA JaTa. Te TpyaHO MO3BOJSBAT HHTEIPUPAHETO UM B MHOMKECTBO
OMOMMOTEKH W CH3/IaBAHETO Ha paslpereiieHa OMOIMOTEeYHa apXuTeKTypa. Tasm pasmpenerneHa
crcTeMa ChueTaBa MHOXKECTBO MMIUIEMEHTHPAHU ChBPEMEHHHM TEXHOJOTHH, KaToO MO TO3M HAYUH
CIIOCOOCTBA M3TPaXKJaHETO HA CTPYKTYpa, KOATO Ja OOCIMHSBA W YNPAaBisiBa BCHYKH PECYpCH Ha
pasznuuHuTe OnbimoreuHu Qouaose. Cuctemara ChIIO Taka € B yCIyra U Ha YHUTATEJIUTE, KOUTO
Bb3HaMepsBaT Jla IMOJ3BAT TE3U PECYpPCH, 4Ype3 IMPeOCTABIHETO Ha TEXHHUTE JaHHU B I0JI3a Ha
OMOIMOTEKHTE, KAKTO M Upe3 TOTyYaBaHETO Ha WHPOpMAIIHS 32 HATMYHUTE 3arjaBHs BbB BCEKHU €HH

doHm.
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To3u noknan ce mybnukyBa ¢ nogakpenara Ha npoekt 20-OEEA-01 ,,Meronu u cpeacraa 3a
THPCEHE M0 MYJITHUMEIUNHO ChIbpXKaHHUE, aHaJIN3 U aBTOMAaTu3MpaHa oOpaboTKa Ha JOKYMEHTH U
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KUKERMAT: INTERPRETING A BULGARIAN COSTUME IN
SUBSTANCE PAINTER"

Nikolay Marinov — Student
Department of Science and Technology
University of Ruse “Angel Kanchev”
Tel.: +359 885346814

E-mail: nmarinov35@gmail.com

Abstract: The paper reviews the wininig entry of the MeetMat 2: The 3D Painting Contest. It was won by the
student Nikolay Marinov from the University of Ruse “Angel Kanchev”. The contest is organised by Adobe Substance for
the second time. The first time was in the year 2017 where more than 300 people from around the world participated.

This year the contest brought together more than 1600 people, with the help of their sponsors. The rules are simple.
Everybody receives the 3D model Meet Mat and has to texture him, without breaking his identity. Also Displacement and
Tesselation was allowed. The wining enrtry “KukerMat” was based on a Bulgarian costume called Kukeri. It represents
a traditional Bulgarian costume worn by men, who perform ritualistics dances to scare away evil spirits and bring good
health to the village.

Keywords: Normal, Roughnes, Metallic, Materials, Meet Mat, Color Variations, Texture Maps, Vectors,
Rendering, Focal Length, Aprture

INTRODUCTION

Meet Mat 2: The 3D Texturing Contest

Meet Mat is a contest that is organized for the second time this year by Adobe Substance. Adobe
Substance is one of the biggest companies in the industry. The first instance of the contest was held
in 2017. The second one has the same rules, but it allowed and encouraged the use of displacement.
My entry KukerMat (Figure 1) managed to win first prize in the student category amongst 1600+
participants.

The 3D Painting Contest

STUDENTS

GRAND WINNER

%\ NIKOLAY
MARINOV

Figure 1 — KukerMat — Winning entry for the Student category

OVERVIEW
| started with my reference board (Figure 2). | gathered as many colors from it and aimed to
limit everything to just a few different colors (Figure 3) and their color variations (Figure 4). The

14 NoxnageT € mpencTaBeH Ha CTyAEHTCKaTa HaydHa cecus Ha 28.05.2020 r. B cexuus ,,KOMyHHMKAaI[MOHHM U
KOMIIOTHPHUA CHCTEMHU W TexHosoruu™ ¢ opuruaanno 3arnasue. ,,KUKERMAT: INTERPRETING A BULGARIAN
COSTUME IN SUBSTANCE PAINTER”
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goal was to have as many different materials as possible
(Cloth, Leather, Wool, Iron, Fur, Wood, Horns, Cobblestones).

The paper was presented on the student science session on 28.05.2020 in category..... with an
original caption: KukerMat: Interpreting a Bulgarian costume in Substance Painter

First, | started with different layer stacks. For example — | created a fill layer, put in a folder,
named that folder appropriately (for example “Vest" or “Shirt”) and started to hand paint where |
wanted that material to be applied so that had all of my black masks before actually starting to
texture it. After | made the materials, they were automatically placed onto their places. The first thing
I do when starting to create a material in substance is to start with a smart material so that I can have
an already made stack, that |1 can change, delete and work on, rather than creating one from
scratch every single time.

Figure 2 — Reference board inside of PureRef

DOMINANT COLORS

Figure 3 — Early Stage of using black masks Figure 4 — Dominant Color Variation

DISPLACEMENT

Because of the big difference between the height values of the horns and everything else | had
to constantly relay on Levels to control the height more precisely. The most important part is that, |
used most of the alphas that come with Substance Painter to hand paint the shape of the horns(Figure
5). Everything else was just experimenting with alphas and noises to get the result I desired.
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Figure 5 — Hand painting the height of the horns

| use displacement a frequently in my materials in Substance Designer, but | have never used it
in Substance Painter. | carefully planned which details | want in the height and which only in the
normal map. Having the horns extruded, that high from the head meant really precise work with all
the other elements of the head/mask.

TEXTURING

I created a couple of alphas in Substance Designer. I didn’t use any materials form Substance
Source. | only used two external materials. One that | created in Substance Designer and one from
Substance Share, that | blended with the one from Substance Designer and with the other layer stacks
in my file.

Before continuing further, we should learn about different texture types:

NORMAL MAP

We know from applied mathematics that every geometric face has a perpendicular vector called
— normal(Figure 6). What if we changed the direction of that vector? The result is an “optical”
illusion that simulates depth. It is not that easy to calculate, because we also have to know the tangent
spaceof the respective normal and the store the color information of each axis into Hex colors in
different matrixes. NORMAL MAP

t' =t X Myzz x Vagg
b =bx Mg X Vaug
n' = nx (Msss X Vars) T = n x Mtl x V"

X: -1 to +1 : Red: @ to 255 Vi
B Y: -1 to +1 : Green: @ to 255 [
Z: © to -1 : Blue: 128 to 255

Figure 6 — Normal map and tangent space
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ROUGHNESS MAP

The roughness map (Figure 7) is a binary grayscale image, with values between zero and one.
Zero being completely black and one being clamped to completely white. Black areas represent parts
of the map, where the area will be highly reflective and white areas represent parts where there won’t
be any reflections.

METALLIC MAP

It is a binary grayscale image with values between zero and one. Zero being completely black
and one being clamped to completely white. In PBR(Physically-Based Rendering) it will show
where on the map the surface should be made from metal (Figure 7).

CESSENTIAL_Reflect Rough+Metal+Normal Rougness

Figure 7 — Roughnes and Metallic maps

MATERIAL BREAKDOWN

The first material we’ll talk about is the horn material. I used some of the alphas that come
with substance to create and refine the shape and then painted out the pixels around it with a couple
of different materials to texture the sides, when the tessellation was active, as you can see on the
image below (Figure 8):
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INITIAL SHAPE REFINING THE SHAPE PAINTING THE PIXELS

AROUND THE SHAPE

This whole process allowed me to use the tessellation artifacts to my advantage letting me get
macro details + color on the side of the horns.

Figure 8 — Shape creation and extrusion

The second material we’ll talk about is the wool. It’s a pretty simple material that utilizes
tricks | learned from my work with Substance Designer. On the image below, I illustrated my
workflow with Substance Designer although that | made everything in Substance Painter because |
find node based workflows more intuitive (Figure 9).

WOOL MATERIAL MADE IN SUBSTANCE PAINTER
ILLUSTRATED WITH NODES

CELLS1 GRADIENT LINEAR 3 PERLIN NOISE RESULT

-

GAUSSIAN GRUNGE CONCRETE SLOPE BLURRED
WITH THE MAIN

Figure 9 — Shape creation via noises

The third material we’ll talk about is the Global Edge Wear material. I made it a couple of years
ago and | use it in all of my textures. Every time | use it | modify it to fit the purpose of the project.
It consists of a couple of different layers that utilize different noises to get a more naturally worn
result and after I’'m done with it I create a simple white Fill Layer and multiply it on top of the layer
stack to get a sun worn effect (Figure 10).
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GLOBAL EDGE WEAR MATERIAL + COLOR OVERLAY

Figure 10 — Global Edge Wear

The last material 1 wanted to talk about is the very simple cobblestone material on the base. |
use a brick generator, offset the bricks by 0.5 and use the scale random parameter. After that | use
bevel and blur and then slope blur it with a couple of noises. After that | just hand paint a green fill
layer with the blending mode set to passthrough so that I can save the mid-level detail underneath.

CONCLUSION

I created just a few alphas in Substance Designer to be used in this project. Everything else I’ve
painted by hand using Alphas from the ones that come with Substance Painter (Figure 11).

Alphas created in Substance Designer

1. Bell Alpha ( also 3. Button Alpha
known as “Chanove”) . O

2. Button Loops 4. Leather Strap
Alpha Alpha g

5. Wooden Mask - .’ -

Detail Alphas
d ——— .

Figure 11 — Third party created alpha maps

The entire process is straightforward as you can see on the actiovity diagram(Figure 12)
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Reference
Board
Kukerlat Process '
¥
Import Mest Mat 30 Algha rmap
Model creation
- =
Hase Body Hear
¥ L i« £
L

Start Warking on the Start Working on the .
black rasks to witere tlack masks 1o whers Add 3 shader Add displacement to

Impost the alphas to

Shor il the first shadar
we want matenials wie want materisls Substance

v
¥

Add displacement to
the shader Agd Teszelstion

Start Woeking on the
olack masks to whars
wee want materials

hJ

Adding Details -

¥

Create Surfacing
Details

¥

Render
Figure 12 — Activity Diagram
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Creating a computer game. Rebirth of a classic: Inspired by 1985 2D computer game “Super Mario Bros”, a
modern remake of it was made using “Android Studio”, “LibGDX"" and “Texture Packer”. The idea was taken from the
original game, game logic and some textures were created from scratch.
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BBBEJIEHME

KoMITIOThpHHTE UTPU Ca U3MHHAIH JBIBI BT OT Ch3AABAHETO CH JIO BHUJA, KOWTO MTO3HABaAME
nuec (Dineva, V., 2015, Krastev, G., 2014, Krastev, G., & Dineva, V., 2015, Krastev, G., & Dineva,
V., 2016). 3amo4HaiM KaTo MPOCTH YIPAKHCHUS, KOMTO OWIM Ch3aBaHU OT CTYJICHTH B
YHUBEPCUTETHUTE 3a MOIIOMaraHe Ha Hay4YHUTE CU M3CJIeIBaHus, T€ Ca IIPEPACHATU B CAMOCTOSITENIHA
unayctpus. rpara uma mei, KbM KOSITO TeMMBPBT C€ CTPEMHU M KOSITO MOKE J1a IOCTUTHE, CTHUTA J1a
ObJ€e J0CTaThYHO HaxomuMB, J0BBK win cMen (Dineva, V., 2015, Krastev, G., & Dineva, V., 2015).
Cpermar ce urpu B Haii-pasHooOpasuu sxanpose (Krastev, G., 2014, Krastev, G., & Dineva, V., 2015,
Krastev, G., & Dineva, V., 2016): ekirsH OT MBPBO JHIIE, EKIIBH OT TPETO JIMIE, POJIEBU HUIPH,
MIPUKITFOYCHCKH, CUMYJIAIIMOHHY, CIIOPTHH, CTPATETHYECKH UTPH (TIOXOJIOBU CTPATETHH M PEaTHO-
BpeMeBH cTparerun), platform urpwu, casual urpu u ap.

Super Mario Bros ¢ eana ot Haii-momyssipaute urpu B cBeta. Ch3gaznena e npe3 1985 r. or
[urepo Musimoro. Cniopen cratuctuka ot 2015 r. vax 100 MunmoHa aymm ca urpajiu urparta Ha
pasnmuunn ttatdpopmu (Wikipedia, Super Mario Bros, 2020). bescropno Super Mario Bros e
riobaneH peHOMEH 3a CBOETO BpeMe ¢ MHOBATUBHMSI, 32 OHOBA BpeMe, TU3aliH U TeHMIUICH.

[lenTa Ha HacTrosimiata pa3paboTka € 1a ce “Bb3pojau’ Jo0MMara Ha MHOTO XOpa Wrpa, C
MpHUJIaraHe Ha CbBPEMEHHU TEXHUKHU 32 PUCYBaHE U MPOTPaMHU TEXHOJIOTHH.

N3JI0KXEHHUE

3a pa3zpaboTBaHe Ha UTpaTa ce U3MOI3BaT JiBa mporpamuu e3uka - XML u Java. ToBa no3BossiBa
Ha TPOTpaMHUCTa Ja pa3rpaHnyd HHTEpdeiica U (YHKIMOHATHOCTTa Ha Mporpamara, KOETo e
M3KIIIOYUTEIHO TOJE3HO KOraTo ce Hajara Ja ce Moaupuuupa camo efHara 4acT 6e3 ga Obae
3acernara apyrara. MoauHuIupaHeTo MOXe Jja PeICTaBIsIBa HE0OOX0IMMOCTTa OT MOJAPBKKA Ha
YCTpPOMCTBa € pa3iMyHa pasfequTesHa CIIOCOOHOCT MM Ja ce NpOMEHs uHTepdeiica crpsamo
OpHEHTAIMATA Ha yCTPOHCTBOTO B MOMEHTA. J[pyra B3MOXKHOCT € T00aBSHETO Ha IMOBeUe €3UI[H, OT
KOHUTO MOTPEOUTENAT MOXKE J1a U30upa Mpu HE0OXOIUMOCT.

IIporpaMeH MHCTPpYMEHTAPUYM

Android Studio e odpunmannara naTerpUpana cpena 3a papadorka (IDE) na npunoxenus 3a
Android, 6asupana ma IntelliJ IDEA. OcBen MomHus pemakrop Ha KomoBe Ha Intelli] wu
UHCTpyMeHTHTe 3a paspaborumiy, Android Studio mpemmara ome mnoBede (GYHKIUH, KOHTO
MOBUIIIABAT MIPOM3BOAUTEIHOCTTA BH MIPU M3TPaXKJAHETO HA TpUIIokeHus 3a Android.

15 NloxmagsT e mpejcTaBeH Ha CTyjAeHTCKaTa HaydHa cecus Ha 28.05.2020 B cexnus ,, KOMyHHKanMOHHH U
KOMMIOTBPHH CHCTEMH M TEXHOJOTHH'® C OpHUTMHANHO 3aryiaBue Ha Obiarapcku esuk: CYIIEP MAPUO. BEUHATA
KJIACHUKA B ITO-MOJEPEH ITPOYUT.
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3a peanu3upaHe Ha WIpaTa € U3MOJI3BaHA €lHA OT Hail — u3BectHUTe pamku (framework) 3a
paspabotBane Ha urpu - LIbDGDX (Wikipedia, libGDX, 2020) (Wikipedia, libGDX, 2020). LibGDX
ChIbprKa MHOT'O OMOJIMOTEKH, KaTO HAKOM OT TSIX ca 3a M3YepTaBaHe Ha rpaduKH, 3BYK, ChXPaHCHHE
Ha ¢aitnose, pabota B Mpexa u Apyru. Paborara Ha LIDGDX e na mo3Bosu Ha mporpamucTa jia MUCIIu
3a JIOTMKara Ha Wrpata ¥ Ja He OTICNs BpeMe 3a MporpaMupaHeTo OT HUCKO HuBO. LIbGDX

IMMO3BOJIABa Ch3JaBAaHCTO Ha HUI'paTa B CIHA 06ma baza u Aa cC pcajim3vpa KaTo IMPUIIOKCHHUEC 3a
Android, i0S, HTML umu Desktop.

Tiled Map Editor e penakrop na 2D HuBa. Herosara ocHoBHa QDyHKITHUS € J]a peaKTHpa KapTu
Ha pa3nuyHu (OPMH, HO CHIIIO TaKa MOIbprKa OE3IIATHO PA3OI0KEHHE Ha H300paKeHHsI, KAKTO U
MOII[HM HAYMHU 33 aHOTHPAHE Ha KOHKPETHOTO HUBO C IOMBIHUTEIIHA HH()OPMAIHS, U3MI0JI3BaHA OT
urpara.

Texture Packer. ITomoiHa nporpama, KOsSTO MO3BOJISIBA MAKETUPAHETO M YIIPABICHUETO Ha
TEKCTYpHHM amiacu 3a pamkara Ha LIDGDX wurpara. ToBa ¢ mpeauMHO Bu3yaiHa OOBHBKa Ha
knacosere Ha LibGDX TexturePacker u ocurypsiBa yjo00eH HaunH 3a U3IOJI3BAHE.

Peanu3anusi Ha mpoeKkTa

Juarpamara Ha ciiyyauTe Ha ynotpeba e mokazana Ha ¢ur. 1. [lorpebutensar uma a8e ONnuuu
npex cede cu:

1. a uzbepe na urpae. Cien ToBa TpsiOBa na n3depe cBAT. [1o moapaszdoupane Moxe 1a nzbepe
[TbpBUs CBAT, THil KaTO BTOpHS € 3aKitoueH. Ciiel Kato 3alovyHe Ja urpae TOW MOXE Jia Bie3e B
omnuuTe Ha urparta. OMIMUTE KOUTO MOXKE Jla n30epe ca: Ja Crpe 3ByKa; Jia Clipe My3uKaTa.

Crnen kato mpoMeHH OMIMHUTE OTpeduTess uMa ABa u3bdopa mpen cedbe cu J1a ce BbpHE KbM
urpara Wid Ja HallyCHE Urpara | Jia cé BbpHE J10 MPO30peLa 0T KOHTO MOKe a n30epe CBsT.

2. BTopaTa OIINusA IIO3BOJIsIBA Ha HOTpe6I/ITeJIH MPEKACBPEMCHHO 1a HAITyCHC HUI'paTa.

« include » @ include »
3an0YHH UIPa — === == === > Wabepu cBAT ————--—-== > Wrpain urpata

« extend » « include »

o o
= —————

« include »
Wzbupane Ha

&———=" ONUMH

Mabepu ceaT 7 v s
! A \'\ ~
. / \
@ B)(te"ltl)v w extend ». « extend »
Y N

.
Actor 7 ~
72 q Ry

BtpHu ce obpaTHO

CnupaHe Ha

CnupaHe Ha 3BYKa HanycHu urpata
My3HKaTa

HanycHu
Mrpara

@ur. 1. [luarpama Ha ciiydauTe Ha yrnorpeda

[Tpu cp3gaBaHeTO Ha Wrpara 3amas3eH Jyxa Ha OPUTHWHAJa M ce HanomoOsBa HErOBHS CTHUIL
[T6pBOTO HHUBO € JI0KA3aTEJICTBO 32 TOBA, THI KAaTO € 1Mo MoJ00Ne Ha TbPBOTO HUBO B OPHTHHAJIA.

JleiHOCTTa € KOMIIOHEHT OT IIPUJIOKEHUETO, KOETO To cHal/sBa ¢ €KpaH, B3aUMOAEHCTRAIL ¢
notpeOuTens, ¢ 1eN Ja M3M0i3Ba HAKakBa (pyHKIMoHAnNHOCT. Ha Becsika neHOCT e mpenocTtaBeHa
Mpo30pell, B KOMTO Ja ObJe Ch3/1aJIeH ChOTBETHUS OTpeOUTENCKH nHTepdeiic. B moBeueTo cimyuait
IIPO30PELBT 3aeMa LIEJIAT EKPaH Ha YCTPOMUCTBOTO, a € O-MAJIBK ¥ 3a€Ma 4acT OT Apyra JeUHOCT.
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Jlnarpama Ha IEHHOCTHUTE € TIoKa3aHa Ha ¢ur. 2. KakTo ce Bka, urpara € u3rpajieHa oT Tpu
HUIIKH (WU TPU JTEHHOCTH):

1. TIwpBaTta HHMIIKA Ce TPIKH 3a CTAPTUPAHETO HA MrpaTa BCIACACTBUE OT MOTPEOUTEIICKUSI
u300p.

2. Bropara HuIIKa € caMHAT mporiec Ha urpacHe. OCHOBHOTO € M3MIbJIHEHHETO Ha main loop
U CJICJICHETO Ha ChCTOSHHUATA B KOMTO UTPATa BIIU3a.

3. TperaTa HUIIIKA Ce TPUXKH 33 MPEKHCBAHETO HA MPUIIOKEHHUETO.

Huwxa/Thread 1 Huwxa/Thread 2 Huwxa/Thread 3

Myckane 1a urpata oTHoBO TnasHws unKkLn Ha

wrpara ! Main loop

Craprupane

nayaupan
Cas wa urpata |
Game World

Doiicrane wa
notpebuTens

Craprupane Ha
wrpata/
Nayaupane Ha
wrpata

Cucronnue|wa urpata

WnTepnpetupane Ha
wrpata / Game render

Vanpauane |
Dispatch

MHoro BaxeH j

@ur. 2. Jluarpama Ha 1€HHOCTUTE

Jloruka u CTpyKTypa

Urpara e cbhcTaBeHa OT CLEHU, NPEACTABISABALIM T[JIABHUTE MEHIOTa M HUBaTa, KOUTO ca
IOJIPEJICHU B peJla Ha CTapTHUpaHeTo UM. Besika clieHa e chbCcTaBeHa OT pa3InyHU O0EKTH, BKIIIOUBAIIN
TJIaBHUS Tepoil, Bparose, TepeH, TyxXJa, KyTUHKa ¢ BBIPOCUTENIEH 3HAK U APYTU. AHUMHUpPAHUTE
O0EKTH MMaT KOHTPOJIep Ha aHUMAIMHUTE, B KOUTO Ce M3MBJIHABAT PAa3JIMYHU aHUMAIMM Ha o0eKTa
IIpY HACThIIBaHE Ha pa3iIuyHu chOuTHA. Hanpumep, npu B3uMaHeTO Ha 00EKT ,,MOHETa* OT CTpaHa
Ha reposi, B KOHTpoJIepa Ha aHUMaIlUUTe CbOMTHETO ,, B3€Ta MOHETA ‘‘CTaBa UCTHHA U ce J00aBs eaHa
MOHETa KbM ,, mopTdeiisia “Ha repos. Ha ¢ur. 3 e mokazan KOHTpoJiepa Ha aHUMAIIMUTE Ha TJIABHUS
TEpOH.

IIpocTpancTBO M TEKCTYpPH

[IpocTpaHCTBOTO B UrpaTa € U3rpajgeHO OT O0EKTH, BCEKM OT KOMTO MMa CBOSI TEKCTypa —
n300pakeHne, KOEeTo To mpeacTasisiBa B urpannara cpena (Krastev, G., & Teodosieva, M., 2007).
Bceuuku TekcTypu B urpaTta ca pa3pa0OTeHHM W BMBKHATH B CBETa Ha WrpaTa OnmarojapeHue Ha
TexturePacker.

Ilepconaxwure B urpara ca cienHute (Gur. 4): Mario - rIaBHUAT repoit. Tolt TpsiOBa Aa ce 6opu
ChC 3JI0/IEUTE - I'b0a-3710/1eH, KOCTEHYpKa-3J101€H.
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s

| Jump |(—{ Walk | | Jump with gun |

Entry > Super Mario <€—— Super Mario with gun

Exit | Walk with gun |

y

| Super Mario death H Any State

@ur. 3. I'pad Ha CHCTOSTHHUATA HA TEPOS

Ob6exTuTe B urpara ca cneanure (¢ur. 4): MoHeTa, TyxJia, KyTHIKa U Qar.

& = B 2

@ur. 4. [lepconaxxu u o0exTn

CHpaﬁTOBeTe Ca OCHOBHHUTC Fpa(1)I/I‘IHI/I CJIICMCHTH, OT KOUTO € U3rpaJcHa €¢iia urpa, karo Morat
Ja 6”I)IlaT KaKTO ABYWU3MCPHHU, TaKa U TPHUU3MCPHH. Te morart Aa U3IbJHABAT POJIsITa HC CaMO Ha
CTaTHU4YHU Fpa(l)I/I‘{HI/I CIICMCHTH, HO U O6€KTI/I, KOHUTO Oda 6’L,Z[aT IMporpaMupaHn 4pe3 BIpaAKAAHCTO Ha
CKPUIITOBC B TAX, KAKTO U 3aJaBaHC HaA OIIPCACIICHU CTOMHOCTHY Ha HU3TrpaXIAIIUTeC I' CIICMCHTH. HpI/I

TAX CC OIMMUCBAT OIIPCACIICH 6p01>i MOMCHTH CBCTOSHUSA HaA O6CKTa, KOHTO TpH6Ba Ja C€ OKNBU ((I)I/Il"
5).

@ur. 5. AHuManus Ha IJIaBHUSI TEPOM B UTpaTa
CTpyKTypa M OpraHu3alnus Ha NOTpeduTEJICKUA HHTEepPeiic

[TpunoxeHnero pa3unTa Ha B3aUMOJIEHCTBMETO Ha MOTPEOUTENS C Mporpamara caMo 4pes
M3IOJI3BaHETO HA CEH30pEeH eKpaH 0e3 HUKaKBU JPYTH YCTpoHcTBa 3a BbBexjaHe. [lopamu Tasu
NPUYMHA TOTPEOUTEIICKUAT HHTEpdeiic e GoKycupaH BbpXY rpa@UIHUTE eTEMEHTH.

Bceku mpo3oper] ce cbCTOM OT €UH WM MoBede TpaduyHN KOMIIOHEHTH, BCEKH C Pa3IMYHU
cBoiicTBa U ¢yHkuuu. [lopagu ToBa, 4e MPHUIOKEHUETO € JEMOHCTPAIIMOHHO, TO HE MpPUTEKaBa
TOJISIM Ha0Op OT Ppa3HOOOpa3HU TpaIHU €TIEMEHTH.
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[Ipu cr3naBaneTo Ha Cynep Mapuo - BeunaTa ki1acuka B €[MH IT0-MOJICPEH IMPOYHT € 3ara3eHo
YCEIIaHEeTo, Y& Ce Urpae Urpa OT TO3M >KaHp M OLIe IMOBeYe, Ye Ce Urpae OpUrHHAIHATA Urpa Super
Mario. Ha ¢wur. 6 u ¢ur. 7 ca mokasaHu €KpaHd OT OPUTHHAIHATA UTPa U HOBOCH3/1acHaTa. B HoBaTa
Urpa UMa JICHTa Ha KUBOT, KOATO HU I103BOJIABA a UTPAEM IIO-ABJITO Urpara. TeKcTypuTe B Urpara
ca ¢ MHOTO MO-BUCOKA PE30JIOIUS OT OpUTHHATTHATA.

MARIOD HORLD TIME
000300 xO1 1=-1 364

L FLH AL

P gl
| |

@ur. 7. Cynep Mapuo. Beunara kinacuka B €IMH IO-MOJAEPEH IPOYUT

U3BOIMN

[IpoexTrpana u pa3paboTeHa e urpa, nperHazHaueHa 3a MOOMITHH YCTPOICTBA C OTNiepaliioHHa
cucreMa AHJIpOUA, Karo ca M3MOJ3BaHM mporpamHute e3uuu Java m XML. Pa3pabortenu ca
rpaduYHU eIEMEHTH, KOUTO M3TpakJaT MHTEpaKTHBHATA Cpe/ia Ha urpaTa. BzanmoseiicTtBue Mexay
TE€3U €JIEMEHTHU € ONPEAETICHO MPEABAPUTETHO U 3aJI0KEHO B IPOrPaMHUsI KOJ| Ha Urpara.

Ha To3m etanm Moke Ja ce HallpaBH 3aKIIOYCHUETO, Y€ € pa3paboTeH padoTens MpoayKT, KOWTO
Ile ce CTapTHUpa KAaKTO HAa MOJAEPHHM YCTpPOMCTBa, Taka M Ha Mo-ctapu TakuBa. Karo wmaeu 3a
JIOpPa3BUTHE HA MPUI0KEHUETO CE MPEABIK/IA!

* OnTUMH3MpaHe Ha KoJa ¢ 11eJ1 Mogo0psiBaHe Ha ObP30/1eiCTBUETO.

» EcreTnuecko mogoOpsiBaHe Ha AU3aifHA.

* Jlo6aBsiHe Ha HOBH (DYHKIIMOHAITHOCTH.

* M3nom3Bane Ha TOBeUe OT XapIyepHUTe (QYHKIMOHATHOCTH HA MOOMITHHUTE yCTPOMCTBA.

Cynep Mapuo - Beunara kinacuka B equH nmo-mojieper npouut e 2D side “scroller platform”
THII UTPA U € CHh3/aJieHa C [IeT Bh3paxKIaHe Ha OpUTrHHAIHATA uTpa oT 1985 roguna. 3a peanusupane
Ha urpata ca usnon3sanu Android Studio u LibGDX.
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Abstract: For education of children with SEN (special educational needs) and SLD (specific learning difficulties)
it is used a so-called a multisensory approach based on the idea that educational material is perceived much more easily
when multiple sensory channels are stimulated simultaneously. The paper presents a prototype of a game software
application supporting the learning of children with special educational needs and specific learning difficulties in early
childhood, based on modern mobile technologies with the ability to use mobile phones and tablets.
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BBBEJEHUE

IIpu oOyuenne Ha geuna cbe COIIl (cneumannu obpaszoBatenHu notpedHoctn) u COT
(cneunduuHu OOYUHTENHU TPYJHOCTH) BCE MO-YECTO CE€ M3MOJ3BA T.H. MYJITHCEH30PEH MOAXOJ,
0a3upaH Ha uaesTa, 4e oOpa30BATENHUAT MaTepHall ce Bb3IpUEMa MHOTO IO0-JIECHO, KOraTo ce
CTUMYJIMPAT €HOBPEMEHHO MoBeue ceH30pHU kananu (Ivanova, A., 2015). 3a nenra ce nmpoekTupar
U Ch3JaBaT MYITHMEIUHHU yU4eOHH PecypcH, KOUTO €IHOBPEMEHHO BHU3YyalIM3UpaT U O03BydYaBaT U
M3HCKBAT JICHCTBHE OT CTpaHa Ha 00y4aBaHUs, C KOETO C€ MOCTUTA MO-TOJISIMO BB3ACUCTBHE BBPXY
nenara cbc COIl u COT (Khan, T. M., 2010). CpuiecTBeHOTO npy 00y4EeHHUETO HA TAKUBA JIelia € J1a
ce aHTaXWpa M 3aIbpXKH TAXHOTO BHUMAaHHE, 33 JIa C€ MPOBEJE aKTUBEH 00pa3oBaTelIeH IpPOIeC
(Doncheva, J. ,2015).

[Tpu msaxkom nmena cvc COIl ce oTYMTAT HECHTYPHOCT W TNPHUTECHEHHWE NpU OOIIyBaHE C
HEMO3HATH MpPEJAMETH W JIMIa U MPH MOMajaHe Ha HOBM MecTa ¢ Hemo3Hata oOcranoBka (Ojeda-
Castelo, J. J., 2018). 3aroBa mpu pa3pabOTBaHETO Ha CIIENUATU3UPAH COPTYEPHHU UIPH TPIOBa J1a
Ce OTYMTAT U crenupuuHuTe HYXIU Ha KpaiiHute notpeourenu cbe COIl mmu COT (Drossinou
Korea, M., 2018). B exumnute OT pa3pabOTUUIM Ha TAKWBA UTPU TPIOBA Jla Ce BKIIFOYBAT CIIEIIHATACTH
U POJUTENIM Ha TaKHBa Jela, KOUTO pa30upar Hail-1o0pe NoTpeOHOCTHTE Ha KOHKPETHHUS TUII JIeTe
ot Hatpynanus cu orut (Ozdemir, N., 2017).

16 JloknaasT e MpeicTaBeH Ha CTYJEHTCKATa HAaydyHa cecus Ha (akyjTeT EIeKTpOTeXHMKa, eJeKTPOHMKA M
aBromaruka 2020 B cekuuss KOMyHHKAIIMOHHH WM KOMITIOTBPHHA CHCTEMH M TEXHOJIOTMH C OPUTMHAJHO 3arjiaBHe Ha
opnrapckn e3ux: COOTYEPHO ITPUJIOXEHUE “TRAIN YOUR BRAIN” 3A OBYYEHHME HA JIEIA CBC
CIIELIMAJIHA OBPA3OBATEJIHU IIOTPEBHOCTM.
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Hacrosmoro wu3cienBaHe IMe MPEIOKH IMPOTOTHI HA HIPOBO COPTYEPHO MPHIIOKCHUE
MOATIOMAraIio pa3BUTUETO U OOYUYCHHETO Ha Jela ChC CIEIUATHA 00pa30BaTeHU MOTPEOHOCTH U
crenupuIHr OOyYHTEIHH TPYJHOCTH B paHHA JETCKAa BB3pacT, Oa3MpaHO Ha CHBPEMEHHHUTE
MOOUITHU TEXHOJIOTHH C Bb3MOXHOCT 32 U3IOJI3BaHE HA MOOWITHU TellehOHH U TaOJIeTH.

N3J10KEHHUE

HanpaBeH € aHaJIn3 Ha JII/ITepaTypHI/I HU3TOYHHUIIU, KOUTO pa3FHG)KI[aT paSJII/I‘-IHI/I IIO3UTHUBHU U
HCTATUBHUTEC ACIICKTH OT U3II0JI3BAHCTO HA CO(bTyepHI/I IIPUITIOKCHUA B O6y‘IeHI/IeTO Ha acna CbpC COIl
u COT ((lvanova, A., 2015; Nwokolo, C. N.,2018; Ludlow, B. L., 2001; Drigas, A. S., 2001).

Tlo3uTUBHU aceKTH

CodryepHuTe NPUIOKEHUS Ca TOIXOISAI] MHCTPYMEHT 3a OOy4eHHe, 3aloTo Te ca
NPEBUINMHU, CICIOBATEITHO KOHTPOJIMPYEMH U TIO-CUTYpHH 3a jenara cse COIl,

Jlenata npuioOuBaT yBEpPEHOCT 3aIIOTO TPEIIKUTE B COPTYSPHUTE UTPHU ca OE30IIaCHH;
[Ipenyarar mo4tu CHBBPIICHA Cpela, B KOSATO MOTaT Jia c€ TPEHHpaT pa3iudHu (oOuH,
CTpaxoBe, peakiuu B onpeaesenu cutyanuu (Hung, P. Y., 2009; Dehkordi, S. R, 2014);
JlaBaT BB3MOXXHOCT 3a HeBepOayiHO U BepOanHo m3passBane. Jlemarta cbe COIl monsikora
UMaT MpoOIIeM ¢ U3pa3siBAHETO U OOIIYBAHETO M TE3W MPHIIOKEHHUS MOTaT JIa UM TIOMarar B
obmyBanero (Dattolo, A., 2016);

YBenuuaBaHe Ha YMEHHsATA 3a cripaBsiHe cbe cTpeca (Maskey, M., 2014);

VYMeHus 3a IOCTHraHe Ha mosokurenHo Hactpoenue (Golan, O., 2010);

[TomoOpsiBaHe Ha CAaMOOIICHKATA U yJIOBJICTBOPEHOCTTA OT PE3YyATATHTE B UTPATa,

VMeHust 32 KOHIICHTpaIUsl ¥ 1mo-0bp30 u no-edexkrusHo yuene (Miranda, A., 2002);
PasBuBane Ha conuanaute natepakuuu (Robins, B., 2005) u (Hina, M. D., 2018);

VMenwust 3a penakcupane u ormyckane (Lee, L., 2010).

HeratusHu acniektu

[IpekomepHOTO TIilejaHe Ha M300paKEHMs W KJIMIIOBE € BB3MOXKHO Jia BIIOIIU
KOHIIEHTPaLUATa U CIOCOOHOCTTA 3a BB3IPUEMAHE U YCBOSIBaHE, IOpAU IPETOBApBAHE HA
HEBPOHHUTE BPB3KHU, KOUTO IIPH JeLaTa Ce pa3BUBAaT MHTEH3UBHO. 3aTOBa UHTEep(deicuTe Ha
IPUJIOKEHUATA TPsAOBa Ja ca U3YUCTEHU U Ja HE ca NPETPyHaHu C MHOTO €JIEMEHTH.

[Tpu n3mon3BaHeTo Ha UTPU U UTPOBH CUTYALIUH TPsIOBA Jla ce MMa MPEABU, Y€ CHIIHUTE U
SApKHA €MOLIMOHAJIIHY BIl€YaTJIeHUs TPsOBa MPABUIIHO Ja ce J03UpaT. 3aTOBa € BAXXHO TE3HU
co(pTyepHH MPUIIOKEHHS J]a C€ MPABAT ChC CIIELUATUCTH.

[TpexomepHOTO O0IIyBaHE C KOMIIIOTPH U TelIe()OHU MOKE J1a JOBEJE U J0 BIOLIABAHE HA
COLIMAJIN3UPAHETO Ha JETeTO, 3aTOBa M3IOJI3BAHETO Ha TaKbB TUI co(Tyep TpsOBa aa ce
OrpaHMuaBa caMo B YaCOBETE 3a yUECHE.

N3UNCKBAHUSA KbM ITPUJIOKEHUETO

Crnen nampaBeHHsI aHanu3 Osxa (OPMHIMPAHH CIEIHUTE M3UCKBAHHUS KBM IPEIIOKECHUS
IPOTOTHUI HAa UTPOBO cOPTyepHO MpUIIokKeHHe ,, Train your brain*:

OOyuuTenHaTa 4acT Ha MPUIIOKEHUETO Ja ce pa3padotu noj opmaTa Ha UTpa;
N3o0paxenusiTa B UTpuTe TpsiOBa Aa ce nmoadepar BHUMATENHO 3a J]a C€ XapecBar Ha Jienara
B PaHHA BB3PAaCT;

®doHoBaTa My3uKa TpsOBa Ja € MOAXOJAIIa, MEJIOANYHA C HACTPOEHUE U 0€3 arpecuBHH
€JIEMEHTH B HEsl, KOUTO MOXeE JIa pa3CTPOSIT Jerara;

3a Bcska cnenupuyHa JSHHOCT € HEOOXOAMMO J1a ce Moa0epaT MOIXOISIIN 3BYIH, KOUTO
Jla TI0JICKa3Bar Ha JIelara, e ca H3BBbPITHIN OlpeieicHaTa JCHHOCT;

Hauramnmonnure OyToHU TpsiOBa J1a ca JIECHO BUJIUMHU M JOCTHITHH HA BCHUKH €KPAaHU OT
TIPHIIOKEHUETO.

[TpunoxkeHueTo na ce pa3paboTH Ha Ba €3WKa: aHTJIMHCKH U OBITapCKU €3UK;

Jlo6aBsiHe HAa aHUMAITMU B €KPAHUTE;

Cb3naBaHe Ha aBaTap OT POIUTEI;

HacTtpoiiku 3a cMsiHa Ha 1mapoJjia ¥ H3TPUBAaHE Ha aKayHT OT POJIUTEIL.

INTPOEKTUPAHE U PEAJIM3ALNSA HA ITPUJIOKEHUETO
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3a peanuzanus Ha npuiokeHuero 3a usnonzBanu Android SDK. XML u Java Development
Kit (JDK). Karo miardopma 3a BHeapsiBaHe Ha qu3aiiH e m3nonsBad Adobe XD. bazarta oT janHu Ha
npunoxxkerneTo e Firebase, a 3a Bb3npon3BexJane Ha 3ByKa ce u3noisBa Text to speech.

Ha ®ur. 1 ca npencTaBeHr OCHOBHUTE IPOESKTHU (hailIoBE HAa TPUIIOKEHUETO.

[ Project M [+ N -2
< MyFirstApp
.idea
build
libs
src
androidTest
main
java
Gres

drawable
layout
@ activity_main.xml
menu
@ menu_main.xml
mipmap-hdpi
il ic_launcher.png
mipmap-mdpi
il ic_launcher.png
mipmap-+hdpi
i| ic_launcher.png
mipmap-xxhdpi
il ic_launcher.png
values
<1 dimens.xml
@ strings.xml
o styles.xml
values-w820dp
@ AndroidManifest.xml

=| .gitignore

Il app.iml

 build.gradle

=| proguard-rules.pro

gradle

wrapper
il gradie-wrapper.jar
4 gradle-wrapper.properties

@wur. 1. [IpoexTHu (aiioBe HA TPUIOKESHUETO

[Ipu crapTupane Ha TPWIOKEHUETO ce 3apexknaa activity main.xml. 3a perucrpanus Ha
noTpebuTens ce n3nonsea activity _register.xml. O0enuHsiBaHe Ha BXOJHUTE TAaHHHH M BATUIALIUATA
ce ochlecTBsBa upe3 activity register.xml. HaBuraiimoHHo MeHIO, OT KOETO MOXE J1a C€ JOCTHIN
ocraHajata (YHKIMOHATHOCT Ha TPHJIOKEHHETO ce ymnpaBiusiBa B activity categories.xml.
[TpunoxeHneTo OCHUTypsiBA BB3MOXKHOCT M 32 pEIaKTHpPaHEe M Ha ChHIIECTBYBAIIM PErHCTPALIUS
nocpeactBoM activity _user_edin.xml.

Jlanaute, HeoOXoAMMHM 3a paboTa Ha MPUIOKEHUETO ce 3ara3BaT B 0a3za gaHHM Ha Firebase.
Firebase e mmargopma, paspaborena or Google 3a cp3naBaHe Ha MOOWJIHM U yeO MPHUIIOKEHHUS.
Google pa3paboTBa 6aza gaHHU B peasHO BpeMe Ha firebase. CHHXpOHU3UPAHETO HA TAHHU MEXIY
noTpeOuTeNnuTe € B peaHo BpeMme. J[aHHUTe ce XOocTBaT B 00Jlaka M HsAMa MOJ/IPbKKa Ha ChPBBpA.
Jpyro nmpeauMcTBO €, 4e MOXKe J1a ce u3nosi3Ba U B oduiaitH. Koraro Bpb3kara ce 3aryou, 6azara
JIAaHHU U3I10J13Ba JIOKAJICH KeIll Ha yCTPOHUCTBOTO, 3a 1a ChXpaHsBa npoMeHuTte. Koraro norpeduresst
ce BbPHE OHJIAIH, JIOKATHUTE JJAHHU CE CHHXPOHU3UPAT aBTOMATUYHO.

Ha ®wur. 2 e npeacraBeHa SeqUeNce quarpama Ha MPOEKTUPAHOTO MpHIIOKeHue Train Your
Brain.

WntepdeiickT e Oa3upaH Ha JUpPEKTHA MAaHUITyJIalUs 4Ype3 JOKOCBAaHE Ha eKpaHa.
WHTepakTHBHHUAT €KpaH Ha MOOWIHHUS TeinedoH e MO3BOJM Ha Jerara 4pe3 IUTh3raHe Te Ja
MaHMITyJIUpaT 0O0eKTUTe Ha ekpaHa. VHTepdeilchT € MpoeKkTUpaH Ja OTroBaps MOMEHTAJIHO Ha
3aaIeHUTe OT Aenata aercTBus. [IpunoxkenneTo e cHabeHo ¢ QYHKITMOHATHOCT 3a CMsTHA Ha €3UKa.
KbM MoMeHTa To pas3nonara ¢ Obarapcku u anrnuiicku. Ha ¢wur. 3 e npeacraBen untepdeiichT Ha
npuiiokeHneTo Train Your Brain ch0TBETHO Ha OBJITapCKU M aHTIIMHCKH €3UK.
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Usar Systam Sarvar

}— — —

p——————

1: Opan tha Application
2: Fiil tha Sign up Farm
- 2.1: Send User Data
22! Load Login paga b
R e 2.12: Sand Data 2.1.1: Add Data
3: Writa E-mail and Passward ‘< - —————
b 3.1: Band E-mail and Password
4: Load Main Paga o
A 32: Sand Confirm
¢£ _______________________
4.1: Salacl Sallings
42: Load Seatlings
i: _______________________
4.3 Salact Changa Passward
h 4.3.1: Sand Raguast E-mail IO
f: Show tha Changa Password Farm h
e —————————————————————]  Sand User Dt
5.1: Erlar New Data < 442 SendUserDal |
5.1.2 Load Seltings Manu 5.1.1: Sand Naw Passward h 4.3.3 Edit Data
‘C _______________________
5 2: Salect Ramowvea usar
h £2.1: Sand Raqueast E-mail IO
5.2:2: Load Main Page 5.1.1.2: Sand Dala ™ 5.1.1.1: Dalate Data
< 1=
.
|
1

dur. 2. Sequence auarpama Ha mpuiIoKeHuero Train Your Brain

Train your Brain

Briuceane

Hynupake Ha napona

M3nn3axe

TPOMEHH e3HKa Ha BLrapeKy eank

MpomMeHd e3UKa Ha AHTTIMACKU 83UK

3a wac

@ur. 3. UnTepdeiic Ha npunoxenueto Train Your Brain Ha ObJIrapcku ¥ aHTITUICKH €3UK

3a U3MBJIHEHUETO Ha (QYHKIMUTE Ha MPHIIOKEHUETO ca Ch3AaJCHHU OTACTHH KaTerOpuu-urpH
(Pur. 4):
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= JKuoTHH

= A3Oyka

= ]IBeToBe

= MaremaTuka
= Hammus cBsaT

500 & © & A2 52608

A3 cam asgocaH

@ur. 4. Kareropuu-urpu Ha npuiokeHuero Train Your Brain

[Tpwio)keHHEeTO € TECTBAaHO HAa MOOWIIHM yCTPOWCTBA W TabJET, ChOTBETHO HA BEPCHUU HA
android 9.0.0, 5.1.3 u 6.0.0. IIpuIoKeHHETO Ce HMHCTAIWpa, KaTo 3a I[eiTa MMa HM3HCKBaHE 3a
cBO0OO/IHO MSICTO Ha yTpoiicTBOTO MuHUMYM 10MB n munumannata Bepcust Ha SDK, Ha kosiTo MOXxke
na ce uHcTasmpa 21 (Android 5.0 Lollipop (API 21)).

U3BOIU

C akTHBHOTO M3MOJ3BaHE Ha MPUIOKEHHUETO ,, Train your brain®, gena csc COIl u COT morat
Jla pa3BUT CBOUTE YMEHUS U Jia MPUIOOUST MPECTaBa 3a 3a00UKaANIIUA TH CBAT. [IpuiokeHueTo
€ UHTEPAKTUBHO M pa30MpaeMo OT Jella ChC CIEeNHaTHU MOTPeOHOCTH U MOXKE J1a Ce M3IO0J3Ba Ha
MOOWIHH TeNeOoHU U TabJIeTH 3a MO MIMPOKA TOCTHITHOCT.

3a nsxou nena cbe COII cBeThT € 3HAaUUTETHO MO-MHOTOIJIACTOB U pa3zHooOpa3eH. Ha Hsikou
OT 3aJIaYyuTe T€ MOTAT Ja UCKAT Jia T0COYaT HETUITMYHU U HETPATUIIMOHHU OTTOBOPH, KOUTO ChHIIIO J1a
ca BepHH. [IpuioxkeHHMETO MOXKe J1a ce pa3BHe KaTo ce J00aBSIT BBH3MOKHOCTH 332 HETUUIIMYHU
otrroBopu. [IpenBmxka ce na ce 100aBAT U APYTU NEUHOCTH 1O hopMaTa Ha UTPU KATO HAIIPUMED:
pa3nryaBaHe Ha MPEAMETH, MAIKO U TOJISIMO U APYTH.
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Abstract: The paper presents designing and simulating code converters of decimal digits from BCD codes to
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BBBEJIEHME

BbB Bceku ObArapcku YHHBEPCHUTET, KBJETO c€ 00yuyaBaT CTyAEHTH-OaKajJaBpH IO €JIEKTPO-
CIELIMAIIHOCTH, C€ U3yyaBa AMCLUUIUINHATA ,,[{n(poBa cxeMOTeXHHKA KaTO YacT OT CXEeMOTEXHHUKATa
Ha EJIGKTPOHHM YyCTpoiicTBa. Ts u3ydaBa npuiaraHero Ha (QopMalHU U HedOpMaiHH METOJH,
CpeAcTBa M peIIeHUs IMpU Ch3JlaBaHe M U3CIEJBaHE Ha JIMHEHMHM W HEIMHEHHW IpOoLEecH B
€JIEKTPOHHUTE CXEMH, KaKTO U METOJIUTE U CXEMUTE 3a TeHEepUpaHe, npeoOpa3yBaHe U U3CIICBaHE
Ha BJIMSHUETO HA UMITYJICHU CUTHAJIM B €JIEKTPOHHUTE BepUrd. EqHa oT XapakTepHUTE 0COOEHOCTH
€, 4Ye CUHTE3bT U aHAJIM3BT HAa CXEMHUTE Ca CBbP3aHU C M3UCKBAHMATA 3a MPUIOKEHUETO UM M C
Bb3MOKHOCTUTE HAa MHKPOEJIEKTPOHHUTE TEXHOJIOTMH, KAaTO Ce€ CJe/Ba IO0CIeJOBaTEIHOCTTa
cuHTe3 — aHanu3 — npuioxenue (diliev.comyUCxTraekrum Vqvedenie-Sept-2009).

B PyceHckusi yHHMBepCHTET IUCHMIUIMHATA C€ H3ydaBa OT CTYJEHTUTE OT CIELUAIHOCT
,»,JKCOMITIOTBPHU CUCTEMH U TEXHOJIOTHH , BTOPU KypC, IPE3 UETBBPTU CEMECTHP OT 00YUEHUETO, CHC
CeIMHYEH XopapuyM 2 dyaca Jiekuuu U 1 gac ynpaxkneHue (ecet.ecs.uni-ruse.bg/else). C men
MOBUIIIABAHE Ha MHTEpeca KbM M3yuyaBaHUsl Marepuall, rpe3 yueOHata 2017-2018 roauna 3a nbpBU
nbT Oe BbBEIEHA EKUIHATa pabdoTa, KOSATO € OT H3KIIOYMTETHO 3HAYeHUE 3a CTYIEHTUTE OT
cnenuanHoct ,,KoMmioTbpHU cucteMu U TexHosorun®. [lo Bpeme Ha ekunHara paboTa CTyAEHTUTE
TpsiOBa Ja peanu3upar KOMOMHAIMOHHM JIOTUYECKH cxeMu (uacT I) u mudpoBu cxemu ¢ mamer
(uact II) ¢ mponykra Logisim (http://www.cburch.com/logisim/), ¢ KOHTO CTyJIleHTUTE Ce 3all03HaBaT
CaMOCTOSITEITHO B M3BBbH-yue€OHO Bpeme. B HacTosus ToKJIaj ce pasriexjaT InpeauMcTBaTa Ha
n3bpaHara cpena 3a cumynanus Logisim, ciieq ToBa ce naBa jJAeUHUIMAS HA TOHATHETO KOIOB
npeoOpa3yBarell U HaKpas ce IpeaaraT IpUMepHHU pelIeH s Ha 33/1a4a OT CHHTE3 ¥ aHaJIN3 Ha KOJI0B
npeoOpasysaren ot npous3BojieH BCD kox B 7-cerMeHTeH kon B Logisim u peanu3anuara My C
M30paHu MHTETPATHU CXeMHU OT U3yuyaBaHaTa Oubimoreka 74xx.

17 NloxmagsT e mpejcTaBeH Ha CTyAeHTCKaTa HaydHa cecus Ha 28.05.2020 B cexnus ,, KOMyHHKanMOHHH H
KOMITIOTBPHH CHCTEMHU M TEXHOJIOTHHU C OPUTHMHAIHO 3aryiaBue Ha Obirapcku e3uk: “PEAJIM3AIINA HA KOJIOBU
IMPEOBPA3YBATEJIN HA JECETUYHUTE IIM®PU OT BCD KO/ B CEAEM-CEI'MEHTEH KO/ B LOGISIM*.
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N3J10)KEHUE

Logisim

Logisim > e noruuecku CHMYJIaTOp, KOHTO MO3BOJISIBA 1a OBAAT MPOCKTHPAHHU U CUMYJIUPAHU
upoOBU CXEMH C TOMoIITa Ha rpaduueH morpedutencku uarepdeiic. M3manen mox GNU Public
License, Logisim e Oe3mnaTeH codTyep, MpeaHa3HaueH 3a pabdoTa C ONEpalMOHHU CHCTEMU
Windows, macOS u Linux. KoabT My e Java-6azupan, u3non3Baiiku Oubnrorekata Ha rpaduaHus
notpedutencku uarepgeiic Swing. OcHoBHUAT pa3padboTuuk, Kapa bepu, pabotu Bepxy Logisim ot
2001 r. 1o 2011 r. Ha 11 oktomBpu 2014 1. bppu 00sBsBa, Y€ cCriupa HEOIPAHUUCHO Pa3pabOTBAHETO
Ha Logisim. CodTyepbT ce U3MoI3Ba Hali-4e€CTO OT CTYACHTH B MHOT'O YHUBEPCUTETH 32 IPOCKTHPAHE
U CHMYJIAIIMOHHO M3cienBaHe Ha nuppoBu cxemu. Cxemure, npoektupanu B Logisim, n3monssar
rpaduueH mnoTtpeduTencku uHTepdeiic, momodeH Ha TPaJUIMOHHUTE MPOTpaMU 32 PHUCYBAHE;
uHTepdeiic, KOUTO ce HaMHupa U B MHOTO JIPYT'H CHMYJATOPH. 3a pasjivKa OT MOBEUYETO IPYTH
cumynatopu, Logisim 1mo3BossiBa Ha HOTPEOUTENS J1a peAaKTUpa BEpUraTa 1o BpeMe Ha CUMYJIalus.
OTHOcHTeIHATa IPOCTOTA HA HHTEpdelica To paBu 0cOOEHO MOIXOIII 32 00yUeHHE Ha CTYACHTH.
KoHcTpykTHBHUTE (PYHKIMHU 32 MO-CIOXXKHU CXEMH, KaTo ,,MIOJCXEMHUTE" U , )KHYHUTE CHOIOBE™,
KOMUTO ce cpemat B Logisim, ce npeziarat B MaJIKoO Jpyru rpadMuHyd UHCTPYMEHTH C OTBOPEH KOJI.
Borpekn ye morat ga ce mpoektupar 1suioctHH CPU peanmzamuu B Logisim, codTyepbT €
npeaHa3HaueH MpeauMHo 3a oopasosareanu 1enu (https://en.wikipedia.org/wiki/Logisim).

Konos npeodpa3syBaren

Cxemure, peiHa3HAuEHU 3a IIpeoOpa3yBaHe Ha LU poBa MHGOpMAIUs OT JeceTuyHa OpoiiHa
crcTeMa B TBOMYHA, OOMKHOBEHO ce Hapuyat wugpupawu (dur. 1 a), a 3a o0patHo nmpeodpa3yBane
— dewugpupawu. Cxemure, NpeHA3HAYEHU 3a MpeoOpa3yBaHe Ha Pa3IMYHU KOJOBE B JBOHUYHA
OpoiiHa cucTeMa, Ce Hapu4daT npeobpasyeamenu HA KoO WIH KOOO8U Npeodpazyeamei.
JemmudpaTtopure u mudparopuTe NpeACcTaBIsgBaT YaCTeH Cllydail Ha mpeodpa3yBaTeanTe Ha KOJIOBE.
ITon mpeoOpa3dyBane Ha KOmOBe ce pa3dupa mpeoOpasyBaHe Ha N-pas3psiiHUA JIBOMYHHM YHCIIA,
npejcTaBisBalld  MHGOpManMs B €IUMH 3aJaJeH KoJ, B M-pa3psHU JBOMYHHM 4YHCIA,
MPECTaBISBAIIM Ta3u HHPopManus B APYyT KoJ. CaMusAT KOJIOB Ipeodpa3yBarTes € KOMOMHAIMOHHA
JIOTMYECKa CXeMa, KOATO IpeolOpa3yBa AaJeH BXOJEH IBOMYEH KOJ B JPYr, TOUYHO OINpE/eseH
M3XOJIEH KOJI, O€3CIIOPHO HAM-UHTEPECHUST OT KOUTO € 7-cerMeHTeH ko (dur. 1 6, ®wur. 1 B). [Ipu
TOBa OpOSAT HA ABOMYHUTE Pa3psAM Ha BXOJIHUS U U3XOAHUS KO MOXKe J1a He € eiHaKkbB. Hail-mupoko
pasnpoCTpaHeHu ca mpeoOpa3yBaTeuTe OT JBOMYHO-ICCETHUYCH B JECETHYEH KOJ M 00paTHO, Thi
KaTo LU(POBUTE YCTPOHCTBa PabOTAT B JBOMYEH WM JBOMYHO-JECETUYEH KOJ, a LU(PPOBHUTE
pesynraTH ce U3BeKIAT Ha HWHIUKatopu B gecetmdeH kon (Pur. 1B) (Tsonev, V., 2003),
(Todorova, Sv., Y.Ruseva, 2008), (Borodzhieva, A., 2019), (Borodzhieva, A., 2020),
(http://kst.tugab.bg/dl/week3/ASLS-Lecl-3.pdf), (http://elektronika.stoitsev.com/kod.php).

a
X, — I "
0 S T AR o < >
Q
X, Cod Vi = » Xe Yal 5 £
: 8 — 5 Xe Yol —» & b
X, — | l— Vv, - E— " Yo > = f g
. Yd > =
x" [ “.‘l" Y > 8 < >
X, — —Y, g —*g X Yil—» 3
X, —1 —— &5 *q Xel Ygl—> & e [
-5 © = & ——»q XrBl &
X — — ¥ @ >
X, — — V. Mpeobpasysaren 0T 4BOUHHO-
o pecetnyeH (BCD) B cepemcermenter kon d
a) 6) B)

®ur. 1. KogoBu npeobpazyBaTenn

Peasm3anuss Ha KoOJAOB MNpeodpa3yBaTes Ha JaeceTHYHHTe UUPpu or Koxa 6-3-1-1 B
7-cermeHTeH koA B Logisim

3a mpencTaBsiHE BB3MOXKHOCTUTE Ha Logisim ¥ B YacTHOCT Ha Monyina ,,KomOuHannoHeH
ananu3“ (Combinational Analysis) e mpoeKkTHpaH KOJI0B peoOpa3zyBaTell Ha IECETUUHUTE IUPPU OT

koa 6-3-1-1 B 7-CerMEHTEH KOJi ChIVIACHO 3ajaHueTo 3a ekumHa padora (Tsonev, V., 2003),
(Todorova, Sv., Y. Ruseva, 2008), (Borodzhieva, A., 2019), (Borodzhieva, A., 2020).
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Ha ®wur. 2 e nmokazaHo mpeacTaBsIHETO HA IECETUYHUTE IUGPH B PA3TMIHUA KOJOBE, KOUTO CE
M3ydYaBar 1o aucuuruimaara , I [uppoBa cxeMoTeXHUKA .

o | x| x| x| x| 8421 | 74241 | 24241 | §-3-1-1 | 6-3-1-1 9z Er"” u
peii

(o]0 o]0 0 0 0 0 0 9 0

T [o]o0o o1 1 1 1 1 8 1
20010 2 2 2 7 3
3[oJo 11 3 3 3 0 6 2
ilo[1 00 4 4 4 1 5 7
s[o[1]o]1 5 5 4 4 2 4 6
60110 6 3 0 3 1
Tlo 111 7 4 1 2
81000 8 5 2 1
91001 9 6 7 6 3 0
w[1]o[1]o0 7 4
1 [o[1 1 8 5
2[1 1[0 ]0 9 6
B[ 1|01
41110
5] 1 | 1 |11

@wur. 2. [IpencraBsiHe Ha IECETUYHNUTE U(PH B Pa3IMIHHA KOJOBE, KOUTO CE€ M3ydaBaT 110
JUcuMIUIMHaTa [ {ludpoBa cxemoTexHuka

1. Cunre3 M aHAJM3 HA KOJ0OB Mpeodpa3yBarte
B Logisim, B monyna ,,KomOunamonen ananuz™ (Combinational Analysis) ce aedunmpar
YeTUPUTE BXOJTHU MPOMEHINBH X1, X2, X3, x4 (Dur. 3 a) u cegemMre U3XOAHH GYHKIIUH HA KOJOBUS
npeobpasyBaren —a, b, ¢, d, e, f, g (Pur. 3 6). [TonbaBa ce Tabmuiara Ha UCTUHHOCT HA KOJOBHS
npeoOpaszyBaren (Pwur. 3 B) CbriaacHO AajieHUs KoA 1o ycioBue (B ciydas 6-3-1-1), cien koeto
mporpamara U3BeK1a MUHUMU3UPAHNUTE U3XOAHHU QYHKIIMH ¢ ToMoIiTa Ha kapTu Ha Kapuo (dwur. 4).

T Combinationsl Analysis — [m]
File Edit Project Simulste Window Help
Inputs OQutputs Table Expression Minimized
x1 - Remove
2 M U
i love Up
Move Down
v
Rename Add
Build Circuit
T> Combinational Analysis - a
File Edit Project Simulate Window Help
Inputs  Outputs Table Expression Minimized
b ~ Remove
c
M Uy
B ove Up
e Move Down
"
v
Rename Add
Build Circuit

) Combinational Analysis O >
File Edit Project Simulate Window Help
Inputs Outputs Table Expression Minimized
L

x1 x2 x3 x4  a bh [ d e f o

1] 1] 1] 1] 1 1 1 1 1 1 1]

0 0 0 1 0 1 1 0 0 0 0

1] 1] 1 1] ¥ X ® ¥ X ® X

0 0 1 1 1 1 0 1 1 0 1

1] 1 1] 1] 1 1 1 1 1] 1] 1

0 1 0 1 0 1 1 0 0 1 1

1] 1 1 1] ¥ X ® ¥ X ® X

0 1 1 1 1 0 1 1 0 1 1

1 1] 1] 1] 1 1] 1 1 1 1 1

1 0 0 1 1 1 1 0 0 1 0

1 1] 1 1] ¥ X ® ¥ X ® X

1 0 1 1 1 1 1 1 1 1 1

1 1 1] 1] 1 1 1 1 1] 1 1

1 1 0 1 X X X X X bid bid

1 1 1 1] ¥ X ® ¥ X =% X

1 1 1 1 X X X X X bid

W
Build Circuit
B)

®ur. 3. JednHnpaHe Ha BXOAHUTE U U3XOAHUTE MPOMEHIMBU U TaBANL,ATA HA UCTUHHOCT Ha
KoAoBUA npeobpasysaTen B moayna ,,KombuHaumoHeH aHanns”
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I Combinational Analysis - o x I Combinatienal Analysis - [m] x I Combinatienal Analysis - [m] x

File Edit Project Simulste Window Help
Inputs Outputs Table Expression Minimized

File Edit Project Simulate Window Help
Inputs Outputs Table Expression Minimized

File Edit Project Simulate Window Help
Inputs Outputs Table Expression Minimized

output: 5777
Format: |Sum of products «
x3, x4
00 0l 1110
oot o[
oL 01
1
il
X4 +%3 +x1

Set As Expression

output: B i

Format:  Sum of products
x3, x4

00011
w| =
oo . 1oz
?j 11 X x
wio @01 =

XTX3+ X2 x4 +x2 53

Set As Expression

output: i
Format: | Sum of products ~
x3, x4
00 01 11 10
oot 0 o=

ot 1 =
ERT
10

X342+ %1

Set As Expression

Build Circuit

Build Circuit

Buid Circuit

a

b

C

> Combinational Analysis
File Edit Project Simulate Window Help
Inputs Outputs Table Expression Minimized

T Combinational Analysis
File Edit Project Simulate Window Help
Inputs Cutputs Table Expression Minimized

T Combinational Analysis
File Edit Project Simulate Window Help
Inputs Cutputs Table Expression Minimized

Qutput: g ~

Format: | Sum of products +
x3, x4

0o of 11 10

oo

S!_ 01

o
10
RS T
o

1
1
=
1
X +x3

Set As Expression

Output: B 1w

Format: | Sum of products +
%3, x4
00 01 11 10

X2 XA + X2 x3

Set As Expression

Output: .3 v
Format: | Sum of products +
x3, x4
00 01 11 10
ol 0 o0 =
Storjo Bl =

s -
10
XZ 3+ X2 x4+ x1

Set As Expression

Build Circuit

Build Circuit

Build Circuit

d

e

T Combinational Analysis
File Edit Project Simulate Window Help
Inputs Outputs Table Expression Minimized

Output: g F
Format:  Sum of products
X3, x4
00 01 11 10
oojo 0 1 =

o1
R x
10 o i

K&+ K2 + X1 K&

Set As Expression

Build Circuit

g

f

@Our. 4. MuHIMH3AIUS Ha U3XOAHUTE QYHKIUH (a...Zg) Ha KOJOBHs Mpeodpa3yBaren

3abenexka: B Tabnuiara Ha uctuaHocT (Pur. 3 B), pecn. B kaprarta Ha KapHo (®wur. 4 f),
MOJKE J1a ce BHIM, 4Ye 3a JeceTHuHaTa nudpa 7 € mpUeTo Ja CBETAT, OCBEH CETMEHTHTE a, b U c,

JOMBIHUTETTHO U CeTMEHT f, KOeTo Iie JoBele 0 CIEAHOTO BU3YAIU3HpPaHE Ha nudpata 7 Ha
CeIeM-CEeTMEHTHHUS TUCIUICH (€HO MAJIKO ,,[T0-Pa3IMYHO BIDK/IaHE HA aBTOPA 32 BU3yalIU3aIusiTa Ha
uugpara 7). ToBa, obade, ToBEXIa 1O MO-MIPOCTUSI MUHUMHU3HUPAH u3pa3 3a GyHkuusara f, B cmyuas
ce momyuaBa [ =%X,X, VXX, VX Bmecto [ =X,.X,VX,.X,VX.X,VX.X, 1py ,,TpaguIHOHHOTO"
n300pa3siBaHe Ha nudpara 7, Mpu KOETO CETMEHTHT f HE CBETH, a TOBA, OT CBOSI CTpaHa, Ce sBsIBA
penykius ¢ aABa U mormuecku eeMeHTH U He00X0IMMOCT OT TpuBx010B MJIM BMecTo 4eTHpHUBXO10B
WNJIN noruyecku eJIeMeHT.

C usnon3BaHe Ha BH3MOKHOCTHUTE Ha Logisim 3a BCHYKM KOJOBU MPeoOpa3yBaTen OT HIKAKHB
BCD xon (®ur. 2) B 7-cerMeHTEeH KO/ ce Toy4yaBaT U3pa3uTe 3a MUHUMU3UPAHU QYHKINH, JaJIeHU
B Tabnuna 1, kaTo mpeauMCTBOTO Ha M3moi3BaHe Ha Logisim B ciiydas € 6€3CopHO, Thid KaTo ce
peayurpa u34ucauTeTHaTa IEWHOCT Ha TOTPEOUTESI.
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Tabmuna 1. M3xoauu pyHkimu Ha KogoBute npeodpasysatenu or BCD koa B 7-cerMeHTeH KOJ

A=X. X, VX VXX, VX e=X,X, VXX,
b=X,VvX.X, VXX, f =%, VXX VXX, VX
C=XVX VX, 9=XX VXX, VX, XV X
d=%%, VXX VXX, VXXX, VX
. Koa9-zfeeAw |
A=X.X, VXX, VX VX E=X,.X, V X3.X,
D=%,% VXX, VXX VXX f=X.% VXX,
C=X,VX VX, g=%X% VXX VX

a=X,.X, VX VX e=X,.X, vV X.X,

b=X VXX VXX f=%X VXX

C=X VX VX, g=XVX.X,
d=X%X,.%, vXVX.X

o
Il

Ryl
x|

A=X,%, VXX VX X VX X, Xy VX X VX X VXK
b=X,vX, vx 73 LV X Xy VX X VX
C=XVX VX g=XVX.X VX

e=X,.X;.X, V X, X3. X, VX . X5 X5 X, VXX,

I|
,3<I

a=xX,vxVvx d=X,vX.X VXX
b=%X VvXvX, F=%,%, VX%, v X.%
C=XVvX 9=%X VX VXX

€=X.%X,.X, VX X3 V X . X5 X5 X, VXX, X,

a=xX,vxVvx d=X,vX
b=X.% Vv X,.X, VXX e=%,X, VXX
C=X VX VX g=XVX VXX,
F=%.X, VX% VX.X, VX.X
0  Komcwswwek3 000000000
a=X, VXX, VX . X, VX €=X,.%X, vV X3.X,
b=xvXx, f =X %, v X%
C=X, VX, VX 0 =X;.X, VX5 %5 V X . X5 VXX,

d=%,.%, VXX, VXXX, VXX

aA=X; Vv X, X, VXX, e=X;.X, vV X,.X,
b=X,% VX, X, VXX VX% f=%%,VX.%
C=X, VX VX, g=X,VX.X, VX.X%

d=%,% VXX, V X. %%,

QD
Il
N><I
J>><I
<
X
<
m><
J>><
<
oo
()
><I

o
Il
Rell
<
<
el
I
<IN
u?<|

5 Xy V X Xg VXX

Xy v X VXX VX Xy

C=X VX VX VX g=X% VX, VX.X,
d=%.%,%, VX VX%, VXX,
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Crnen BHUMAaTeNIEH aHaIN3 Ha MUHUMM3UpaHuTe GyHkuuu (Pur. 4) Moxe 1a ce yCTaHOBH, 4ye
3a peanm3alusATa Ha KOJOBUS TpeoOpaszyBaTesn ca HeoOxonuMu 4 WHBEpPTOpa, 7 IBYBXOIOBH

U noruyeckn eneMeHTH (KaTo €IeMEHTHT X,.X; € HeoOXOAMMO Ja Ce€ H3I0J3Ba [Ba IIbTH) H
5 tpuBxoaosu MJIN u 2 nyBxonou NJIN norudecku enemMeHTH.

Logisim npenocTaBsi Bb3MOXKHOCT 3a I€éHEpUpaHE Ha cXeMara Mo 3ajajeHara Tabiuna Ha
uctuHHOCT B 6a3uc 1 (1, NJINU, HE noruuecku enementn) (Pur. 5 a), ¢ U-HE norudecku enemMeHTH
0e3 orpanuveHue Ha Opos Ha BxojgoBere (Pur.6a) mimm camo ¢ aByxonoBu M-HE norumueckm
eneMeHTH. [locTpoeHUTE CXeMHU HE ca C ONTHMHU3UPAH OPOil Ha HHBEPTOPUTE, YECTO M MHOKECTBO
nyOnupaHus IpHU HIKOM MUHTEpMH. HsimMa aBTOMaTH4yHa ONTUMU3AlLMA HA MOCTpoeHuTe oT Logisim
CXeMH, 3a TOBa € HeoOXouMa ,,pbuHa‘ KOpeKius. B npeacraBenus cHUMKOB Matepuan (Dwur. 5 0,
®ur. 6 6) ca HaHECEeHN HEOOXOAMMUTE KOPEKIIMU BbB BCSKA €/lHa CXema, reHepupana ot Logisim.

@ur. 5. Cxema Ha kogoBus npeodpasysaren B 6azuc 1 (1, NJIM, HE)
0e3 orpaHuyeHue Ha Oposi Ha BXO/IOBETE: a) aBTOMATUYHO T'€HEPUPAHa;
0) cneq onTUMHU3MpaHe Ha Opos HAa JIOTHYECKUTE CIIEMEHTH

Bmxna ce, ue cnen onTuMHU3MpaHe Ha cxemara B 0aszuc 1, OposiT Ha MHBEPTOPUTE € HAMAJIEH OT
13 Ha 4, OposT Ha nByBXOmOBHTE M mornuecku eneMeHTH € HamajieH oT § Ha 7, a Opost Ha WUJIN
JIOTUYECKUTE €JIEMEHTH € 3ala3eH, ChbOTBETHO 5 TPUBXOJOBU M 2 JBYBXOJIOBH, T.e. OposAT Ha
JIOTHYSCKHUTE €IIEMEHTH € HaMaJieH oT 28 Ha 18.
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Crnen mpeoOpa3yBaHe Ha MUHUMU3HpanuTe u3pasu (dur. 4) B 6a3uc U-HE upe3 aBykpaTHO
WHBEPTHpAHE U MPUJIaraHe Ha 3aKOHA Ha Jie¢ MopraH ce mojlydaBar CJIeTHUTE U3pa3H, Bb3 OCHOBA Ha
KOHTO € rmocTpoeHa u cxemara B 6aszuc -HE (®ur. 6 a), aBTomaTHuHO renepupana ot Logisim:

A=X, VX VX =X.X.X, D=X.XVX.X VXX =X.%.XX.%X;,

Bl B]x [B]= *5
Blz [B]= *ﬁ
U
I_I

/

q
| o— @

a) 6)

®wur. 6. Cxema Ha kojoBus nmpeodpa3sysaren ¢ M-HE norudeckn enemeHTH
0e3 orpaHnYeHre Ha Oposl Ha BXOJIOBETE: a) aBTOMATHYHO TeHEpUPaHa,
0) cneq onTUMHU3UpaHe Ha Opost HAa JIOTHYECKUTE CIIEMEHTH

Buwxna ce, ye cnen ontummsupane Ha cxemara B 6asuc M-HE, Opost Ha ,,uHBepTOpHTE™ €
HamaieH ot 18 Ha 4, 6posT Ha nByBxogosute M-HE normuecku enementu e Hamanen ot 10 Ha 9, a
Opoar Ha TpuBxoaoBute W-HE noruuecku enemeHTH € 3ama3eH, ChOTBETHO 5, T.e. OpoAT Ha
JIOTUYECKUTE €JIEMEHTH € HaMaseH oT 33 Ha 18.
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Ha ®wur. 7 e umocTpupaHo TECTBAaHETO Ha ONTHMHU3UpaHATa cxeMa B 0a3uc | 3a BCHUYKH
BB3MOXHU KOMOWHAITMH HA YETUPHUTE BXOTHU MPOMEHIIUBH, KaTO B CKOOHU € MmocoueHa u3o0pa3eHara
Ha MHAWKATOpa JAeceTH4Ha Iudpa 3a koja 6-3-1-1 (3a HeBaIMIHUTE KOMOMHAITUU B CKOOU € U3ITUCAHO
THpE): ieceTTe BAJUJIHUA KOMOUHAINHU, IPeACTABSIIHN JeceTHuHUTe udpu (Hadopu 0, 1, 3, 4, 5,
7,8,9,11 u 12), u mecrre HeBAJMJIHM KOMOMHAIMM, KaTO 3a HAKOM OT TAX ce MoJyyaBaT
AeHCTBUTEJIHO HeYeTUMH CUMBOJIN (Habopu 2, 6 u 11), a

T:E;H

tj

EEEE
EEEE

0000 (0) 0001 (1) 0011 (2)

BE

Tﬁﬁ

EEEE
LE

0100 (3) 0101 (4) 0111 (5)

;

AEEE
-

T;]\H

1000 (6) 1001 (7) 1011 (8)

=] B E E
BEElE
U=

Ej

1100 (9) . 101() | 1110 (-) 1111 (-)

®ur. 7. TecTBaHe Ha cxeMaTa 3a BCUUKH BB3MOKHU KOMOMHAIMHA
HA YETUPUTE BXOJHU TPOMEHIINBU

2. Peanu3auusi Ha KOJOBMS Npeodpa3yBaTeli ¢ H3M0JI3BaHe HA OMOIMOTeKa 74XX

C pa3BuTueTo Ha (poBaTa CXeMOTEXHUKA U TEXHOJIOTHATA 32 TPOM3BOJICTBO HA MHTETPATTHU
CXEMH CTaBa MKOHOMHMYECKH U TeXHUYECKHU I1eJIechoOpa3HO pa3pabOTBAHETO U NMPOU3BOACTBOTO HA
Pa3IMYHU UHTETPAIHU CXEMH, peau3upalin oTaenHu jJorudecku ¢pynkuuu — U (AND), UJIN (OR),
HE (NOT), U-HE (NAND), UJIM-HE (NOR), kakTo 1 KOMOMHAIIMOHHU U TOCJIEI0BATEITHOCTHU
CXEMH, ChIbp)KAIIN 3HAUYNTENIEH OpOil eleMEHTapHM JIOTUYECKH €JIEMEHTH — mmdparopu, MyITH-
wiekcopu (Borodzhieva, A., 2019), tpurepu, peructpu, Oposiuun, mameru u ap. (Borodzhieva, A.,
2020), mo Hai-CIOKHHTE MHKPOIPOIIECOPHU CXEMH M IPOIECOpH 3a 00paboTka Ha TrpadudHa
uH(popMalus, IpU KOUTO B €JMH KOPITYC ca 00eTMHEHU MUIMOHH eJIEMEHTAapHHU JIOTHYECKH eJIEMEHTH
(https://learn.sparkfun.com/tutorials/integrated-circuits).

B HnTtepHeT e HalmyHa 1 Moske 0e3I1aTHO Aa Obje u3TerieHa Onbinoreka OT rOTOBH YMIIOBE,
BKJTIOYHMTEITHO U 3aCTHIICHUTE 32 U3y4YaBaHe B YICOHHS MPOIIEC HHTETPATHI CXEMH IO TUCITUILTNHATA
,upposa cxemorexuuka“ (SN7400, SN7410, SN7420, SN74LS138, SN74153, SN7474)
(https://74x.weebly.com/blog/library-of-7400-logic-for-logisim). C momoira Ha Ta3u OuOIHOTEKA
CTYICHTHUTE TPsIOBa 1a pealn3upar yCTpOUCTBOTO, KaTo N30epaT MoAXO0 AN HHTETPATHU cxeMH (6e3
Jla ce MOCTaBsl OTPAaHMYEHUETO Ja Ce M3IMOJI3BaT caMo 3aCThIICHUTE B y4eOHHUS MPOIeC HHTETpaHU
cxemu). [To To3u HaUMH CTYACHTHT MOJIydaBa MPECTaBa 3a peaHus MPoLec IpU MPOEKTUPAHETO U
peannzanusaTa Ha MUPPOBO YCTPOMCTBO C MOMOIITAa HA MHTErpaiHu cxeMu. llpu peanusanusra e
HEOO0XO/IMMO Jla Cce HaMepsT YHUIOBE OT OMOIMOTeKa 74XX, CIIOCOOHM Ja M3BBPUIBAT XKEJIAHUTE
JIOTUYECKH ONEPALINH.

Ha ®ur. 8 e moka3zana npuMepHa peanusanus Ha ONTUMHU3KpaHaTa cxema B 6azuc 1 (dur. 5 6)
C MHTETPAJTHHU CXeMU OT OnbimoTekara 74xx (7404 — 6 6pos uaBepTopH, 7408 — 4 Opost ABYBXO0BU
U noruvecku enementu; 7432 — 4 6post nsysxonosu UJIN noruyecku e1eMeHTH).
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[Topanu orcwcTBUETO Ha HHTEerpainHa cxema (MC) ¢ tpuBxonoBu MJIM nornueckn eneMeHTH B
M3II0JI3BaHaTa OMOINOTEKA, e Ce U3I0I3Ba MOCIeI0BATETHOTO CBhP3BaHe Ha /iBa IByBX010Bu NJIN

JIOTUYECKHU €JIEMEHTU CBIJIACHO IIPaBUIIOTO: avva=(av b)vC. OkoHayaTeTHUAT aHAIU3 Ha
u3xonHuTe (YHKIUU W3MCKBa m3noi3BaHero Ha 4 muHBeptopa (MC 7404, 1 6poi, oT KosATO ce

n3noi3eat 4 ot 6 enementa), 7 U nornuecku enementu (MC 7408, 2 6posi, OT KOUTO Ce M3IMON3BAT 7
ot 8 enementa) u 11 NJIN noruuecku enement (MC 7432, 3 6posi, o kouto ce u3non3sat 11 ot 12

enemenTa, 3amoro 0 =X,V X;, a=X, VX VX =0VX, c Koero Ime ce CIecTH eIuH JIOTMYECKH
enement WUJIN).
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@wr. 8. [IpumepHa peanu3anus Ha ONTHMU3KMPaHaTa cxema B 06a3uc | ¢ MHTerpaiHu
cxemu oT bubnunorekara 74xx (7404 — uaepropu, 7408 — nByBxoaosu U JIE;
7432 — neyBxonosu UJIN JIE)

C men moctposiBaHe Ha cxemata ¢ ocemBxonoBu Mmynturuiekcopu (MC SN74151) ce mpasu
aHanu3 Ha ompocteHata cxema (®wr. 5 6), orHoBO upe3 momyima Combinational Analysis, karto
u3BexxaHuTe Beue kapTh Ha Kapuo (Pur. 9) He chbabpKaT HEONPEEIEHOCTH U 1€ Ce U3IOI3BaT 3a
OIPEACISIHETO Ha (PYHKIIMHUTE, KOUTO 1€ Ce IT0/IaBaT Ha HH(POPMAIIMOHHUTE BXO/I0BE Ha BCEKH CIMH
OT Ce/ieMTe MYyJTHIICKCOpH. B3 OCHOBa Ha M3y4aBaHaTa METOJIMKA IO AUCIHMIUIMHATA ,,[[1udpoBa
cxemotexnuka“ (Borodzhieva, A., 2019), pyHkiunre, KOUTO IIe ce MOAaBAT Ha HH()OPMAIIMOHHHUTE
BXOJIOBE Ha MYJITHILJICKCOPUTE, 1ie Obaat 3anucanute B Tabaumna 2 (mpu ycaoBue, 4e Ha apecHUTE

BXO0JIOBE Ha MYJITHUIUIEKCOPHUTE CE€ TT0/IaBaT CTAPIIUTE TPU apryMeHTa Ha QYHKIHHUTE X;...X3).
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I Combinational Analysis - [m] X I Combinatienal Analysis [m] x I Combinatienal Analysis
File Edit Project Simulate Window Help File Edit Project Simulate Window Help File Edit Project Simulate Window Help
Inputs Outputs Table Expression | Minimized Inputs Outputs Table Expression Minimized Inputs Outputs Table Expression Minimized
ouput: [a ~ - outout: (B} v outout: [§ ] v
Format: |Sum of products ~ Format: | Sum of products Format: | Sum of products
x3, x4 x3, x4 x3, x4
00 01 11 10 00 01 11 10 00 01 11 10
ool 0L 00|/ . o it 0o
ot ool . 00 o0l 11
ERS b0 ERT
10 wjo 1 0 10
X+ %3 +x1 XT %3+ X2 x4 + X2 X3 X3+ 32 +x1
Set As Expression v Set As Expression Set As Expression
Buid Circuit Build Circuit Build Circuit
I Combinational Analysis - [m] X I Combinatienal Analysis [m] * I Combinatienal Analysis
File Edit Project Simulate Window Help File Edit Project Simulate Window Help File Edit Project Simulate Window Help
Inputs Outputs Table Expression Minimized Inputs Qutputs Table Expression Minimized Inputs Outputs Table Expression Minimized
ouput: [377T ~ ouput: £ o ouput: £ o
Format: | Sum of products Format: | Sum of products Format: | Sum of products +
3, xd x3, xd X3, x4
00 01 1110 00 01 1110 00 01 11 10
oo il o ¢ oofr oo i
S0l o0 L Sorjo 010
Rt CRT -
e o i 10
4+ 53 X2 x4 + X2 53 X2 + %2 24+ %1
Set As Expression v Set As Expression Set As Expression
Buid Circuit Build Circuit Build Circuit
T Combinatienal Analysis O X

@ur. 9. Hanacsne Ha nzxoqaure QyHKINH (a...g) HAa KOJOBHA peoOpasyBaren B kKapTu Ha KapHo ¢
1eJT oTIpeieNisiHe Ha (QyHKIMHTE, 101aBaHu KbM HH(POPMAIIMOHHUTE BXOJI0OBE HA MYJITUILIEKCOPUTE

Tabmuna 2. yHKIMH, TOJaBaHN Ha WH(GOPMAIIMOHHHUTE BXOJIOBE HA MYJITUIUIEKCOPUTE

File Edit Project Simulate Window Help

Inputs Outputs Table Expression Minimized

Output: g1+
Format: | Sum of products
3, xd
0001110
oofo 0 1 1

ol
1 1
o o &

X5+ 32+ X1

Set As Expression

Build Circuit

g

1,

1

I, I

1,

I, I,

3

I

Xy

1

1

1

[l

=
— = [ =

1
1 Xy 1 0 X, 0
c 1 0 1 1 1 1 1
d X, 1 X, 1 X, 1 X, 1
e e 1 0 0 X, 1 0 0
A X, X, X, Xy 1 1 1 1
g 0 1 1 1 x, 1 1 1

Ha ®ur. 10 e nokazana npuMepHa peain3anus Ha onTUMU3upanara cxema B 6asuc 1 (dur. 5 6)
C OCEMBXOJIOBU MYJTUIUIEKCOPU C MHTETPAIHU cXeMH OT Ombnuorexata 74xx (74151 —7 Opos
0CEeMBXO0/I0BU MyuToruiekcopH, 7404 — 6 Opost MHBEPTOPH, B CITydasi HHBEPTOPHT HE € peaTn3upaH

Ype3 UHTCrpajiHaTa cXeMa, € ICJl OIIPOCTSABAHC HA CXCMaTa).
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@wur. 10. [IpumepHa peanuzaius Ha ONTUMH3UpAHATa cXeMa B 0a3uc 1 ¢ MHTETpaTHU CXeMHU
ot 6ubnuotekara 74xx (74151 — oceMBXO0BU MYJITUIIIIEKCOPH)

ITpu TectBaneTo u Ha nBete cxemu (Pur. 8§ u dur. 10), peanu3upaHu ¢ UHTETPATHU CXEMH OT
oubroTekara 74XxX, ce MOJIy4aBaT €IHU U CHIIH Pe3yJTaTH ¢ MMOKa3aHuTe, Ha Our. 7, ¢ KoeTo ce
JI0OKa3Ba JOCTOBEPHOCTTA HA IPUJIOKEHUTE peau3aliiy.

U3BOIMN

Z[I/ICHI/IHJII/IHaTa ,,]_II/I(prBa CXEMOTEXHHKA“ 3allo3HaBa CTYACHTUTC OT CICIUAIHOCT

,»,KOMITFOTHPHU CHCTEMHU U TEXHOJOTHUU " C OCHOBHHUTE BBIIPOCH Ha IU(PPOBATA EICKTPOHHUKA, KaTO CE
CBBP3BAT (QYHKIIMOHATHUTE BB3MOKHOCTH Ha NU(POBUTE €NEMEHTH C TAXHATa MHUKPOECIEKTPOHHA
0a3a U ¢ NPUIIOKEHUETO UM MPU U3TPaKJaHETO HAa UMITYJICHU U IM(pOBH ycTpoiicTBa. B mporueca 3a
npunoOuBaHe Ha 0a30BU 3HAHUS BCEKH CTYACHT TpsOBa Jla MPHUIIOXKHU YMEHHSITA CH, KaTo Ch3Aaje
KOMOMHAIlMOHHA  CXeMa,  W3MOJ3BalkkM  aJieKBaTHAa  BHUpTyallHa  cpeda,  Hampumep
Logisim — obpa3oBaresieH MPOIYKT C OTBOPEH KOJI, KOWTO MO3BOJISIBA Ch3[aBAHETO U CHMYJIAIMSATA
Ha pa3In4yHH BUJ0Be cxeMu. Cpejiata € CbBMECTHMa C BCUUKHM KOMITIOTPH, MO Ibpskamiu Java 5, T.e.
MOJTbPKa CE OT BCHYKH Pa3MpPOCTPaHEHH IECKTOMN onepannondu cuctemu — Microsoft Windows,
Mac OS X u moBeuero muctpuOynum Ha Linux. Ts € Jieka ¥ TOTPEOUTEIICKH HACOUYeHA, C HUCKH
M3HCKBaHUS 10 OTHOIICHHE Ha Xapayep.
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B noknama e mokazaHO TPWIOKEHHWETO Ha Mojayna ,,KoMOWHAIMOHEH aHamu3, KOWTO
MoJAroMara CTyJeHTHTE TIPU U3YYaBaHETO HA U(PPOBHU yCTPOUCTBA, 3aCTHIICHU B y4eOHUS MPOIIEC
no auctuiuimauTe ,,CHUHTE3 M aHanMM3 Ha Jjormdecku cxemu™ u ,lludpoBa cxemorexnmka™. C
nmomoIITa Ha Oubnmoreka 74XX CTyACHTUTE TPsOBa Jla peaau3upar yCTPOWCTBOTO, KaTo m3bepar
MOAXOAIIM HHTETPATHM cxeMHu (0e3 J1a ce IOCTaBs OTPaHWYCHUETO Jla C€ H3MOJI3BAaT CaMo
3aCThIICHUTE B Y4e€OHUS MpOLEC HUHTErpaiHu cxeMu). [lo TO3M HayuH CTYyACHTHT IOJy4yaBa
MpeACTaBa 3a PEAJHHs MPOIEC NP MPOSKTUPAHETO M peanu3anus Ha IU(PPOBO YCTPOKMCTBO C
MOMOIIITa Ha UHTETPAJIHUA CXEMHU.
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Abstract: Software applications that help track calories in your daily diet and monitor physical activity and
exercise are gaining popularity among people who strive to eat healthily and exercise to maintain a healthier status.The
paper presents the emerging new application SmartTrainer, designed and hence developed to provide an opportunity to
facilitate the tracking of the food diary and physical activity.

Keywords: Training, Health, Track Calories, Physical Activity, Food Diary

BBbBEJIEHUE

IIpe3 mocnegHuTe TOAMHM TEXHOJOTHMHUTE HABJIsA30Xa B OOIIECTBOTO M IpEIOCTaBHXa Ha
MOTPEOUTENUTE JIECEH U MPAKTUYECKU Oe3KpaeH IOCThII 0 MH(popManusa U ycayru onnaiH. Toa
JI0BEZI0 JI0 TE€XHOJIOTMYEH HANpeAbK B MHOTrO c(epH, HO CHIIEBPEMEHHO C TOBa C€ 3aJbJI00YHU
MpoOJIEMBT C HE3APAaBOCIOBHUS HAUMH Ha XUBOT IpPEKapaH 4acoBe Hapel Mpell KOMIIOTPUTE U
Wutepner (Rana, J., 2020). HoBuTe oHaliH TEXHOJOTHH 3a Ma3apyBaHe U APYTUTE YCIYyTH OHJIAMH,
KOUTO YJIECHSIBAT B MHOT'O OTHOIIEHMSI HAalllUsl )KUBOT, JOBEI0XA /10 HAMAJIsIBaHE Ha (pu3nyecKaTa HU
aKTUBHOCT, 110-3aC€AHAJl HAYWH HA JKUBOT U IO-JIOIUW XPAHUTEIIHW MOJEIHU, BCUUKU IPU3HATH 32
OCHOBHH ITOBEICHYECKH MPOoOIIeMH BoIelH /10 3aTibeTsaBaneTo (Gomez-de-Regil, L., 2020). Criopen
naHHW Ha CBeTtoBHaTa 3apaBHa opranuzauus (C30), nybnmukyBanu mnpe3 ampun 2020 r.
3aTIIbCTABAHETO B CBETOBEH Mamiab ce e yrpowio ot 1975 r. (World Health Organization, 2020).
IIpe3 2016 r. Hag 1,9 munapna Bp3pacTHH, HaBbpLIMIIN 18 rouHY, ca ¢ HAAHOPMEHO Tero. OT TaX
Hag 650 muimoHa ca OuiM cbe 3aTiIbeTsABaHe. 39% OT XopaTa Ha BB3pacT Haj 18 roauHu ca c
HagHOpMeHO Terio npe3 2016 r., a 13% — cbe 3atabCTsIBaHe.

HagnopmeHOTO Tersio v 3aTiIbCTABAHETO, KAKTO U CBhP3aHUTE C TAX 3a00JIs1BaHNUs ca J10 rojsma
CTENeH NPEeAOTBPATUMH. 3APaBOCIOBHUTE XPaHH U pPeJOBHATa (U3MUECKa AaKTUBHOCT ca Hai-
JIECHUSIT W JIOCTHIIEH HAa4MH 3a MpeBeHIHs U O0opOa ¢ HaJHOPMEHOTO TEIJIO M 3aTIbCTABAHETO.
CodryepHute NpOJIOKEHUS, KOUTO MOJIOMArar MpocieIBaHeTO Ha KaJIOPUUTE B €XKETHEBHHS
PEXHUM Ha XpaHEHE M CIEeJIeHETO Ha (u3HuecKkaTta aKTUBHOCT M TPEHHPOBKUTE, HaOHpaT Bce MO-
rojsiMa TOIYJISIPHOCT CPeJl XopaTa, KOMTO MOJIaraT yCHIHS J1a €€ XPaHAT 0 3paBOCIOBEH HAUYMH U
TPeHHpaT 3a J1a MOAIBbpPXKAT MO-3/PABOCIOBEH cTaTryc. YacT OT Te3W NpPUJIOKEHUS IMpociensBatr

18 JlokmamsT e mpencTaBeH Ha CTyAeHTckara HaydHa cecus Ha 28.05.2020 r. B cexius KoMyHHKAlMOHHH U
KOMITIOTBPHH CUCTEMH M TEXHOJIOTUH C OpUTHHAIHO 3arjaBue Ha Owirapcku e3uk: COOTYEPHO IMPMJIOXEHUE
SMART TRAINER 3A ITPOCJIEJJSIBAHE HA XPAHUTEJIHWS JTHEBHUK U ®U3NYECKATA AKTUBHOCT.
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XpaHUTEJHUS PEKUM, IPYTH caMO JIBUTaTelHaTa aKTUBHOCT, a HAKOU MPEAOCTaBAT U KOMILJIEKCHU
HAaYMHU 3a MPOCIeIsBaHe HA Pa3jIUYHHU aCHEKTHU CBbpP3aHU C MO-3PABOCIOBHUS HAUYMH HA YKUBOT.
Hacrosioro uszcneasane e npeaioku HOBO aBTOPCKO COPTYEPHO MPUIIOKEHUE, KOETO MPEAOCTaBs
BB3MOXKHOCT 32 YJECHEHO MPOCICAsSBAHE HA XPAHUTEIHHUS THEBHUK U (PU3MUecKaTa aKTUBHOCT.
W3cnenBanero ce Oa3upa Ha aBTOPCKUTE YCWIMS Ha pa3paboTUMLUTE, KOUTO pa3paboTBar
MIPUJIOKEHUETO B CJICJICTBUE HA TUYHU €KCIIEPUMEHTH U HATPYIIaH OMUT.

N3J10KXEHHUE

MoOWIHUTE MPUIIOKEHHS 32 TIPOCIIeIIBaHEe Ha 3/IpaBHHS CTATyC HAOMPAT MOIYJIIPHOCT U BCE
noseue norpedutenu (Goldstein, C. M., 2017) ru usnon3par. M3mon3BaHeTo HA MPUIOKEHUS 32
cMapTQOHH, B JOIBIHCHUE KbM JPYTH MPOCIEIIBAIIN YCTPOUCTBA, KATO HAIP. IPEHOCHMHU TPUBHU
3a (U3nuecKa aKTUBHOCT, Ca BCE MO-THPCEHM 33 MOCTHTAaHW Ha Pa3JIMYHH 3/PABOCIOBHU ILIEIH OT
norpebutenure. B noknama (Bracken, M. L., 2020) e HanipaBeHo Ipoy4BaHe Cpel HOTPEOUTEIUTE Ha
nomnyJisipHoTO npuioskeHrne MyFitnessPal, kouTo ca nmombiaBaiu OHJIAlH aHKETA 332 TOBA KOJIKO YECTO
M3II0JI3BAT MPHUIIOKEHUETO U KAKBH 1ISITU U TIOCTHIKEHHSI Ca IIOCTUTHAIIH 33 TOJJOOPSIBAHE HA 3]JPaBHUS
cu craryc. KoHcraTanuuure B M3CICIBAHETO IOKa3BaT, Y€ IO-BHCOKUTE HHMBAa Ha W3IOJ3BaHE Ha
MIPUIIOKESHUETO BOJAT JI0 TIO-TOJISIM MTPOICHT Ha TIOCTHTaHE Ha IIeJITa 3a 1M0-3paBOCIOBEH HAUYMH Ha
KHBOT.

SMART TRAINER

[IpenraBeHOTO B HACTOSIIOTO U3CIEABAaHE OHJAWH mpuiokeHHe Smart Trainer e
IpeJHa3HaueHO 32 pa3IMYHU LIEeJIH: CIIOPT, HOIbPKaHe Ha 3]paBOCIOBEH HAUMH Ha )KUBOT, XpaHEHe,
ClIeIcHE Ha Iporpeca BbB (PUTHEC 3ajara W JMYHOTO Teryo. [IpuiiokeHnero moxe na Oble
U3II0JI3BAHO OT IOTPEeOMTENM Ha pas3inyHa Bb3pacT. EnHO oT Hali-roneMuTe NpeauMmMcTBa Ha
pa3paboTkara e, ye ce 0Oa3upa Ha AaBTOPCKM M3CIEIBAHUS W NPOYYBAHUSA U c€ pa3paboTBa Ha
OBJIrapcku €3uK 3a Aa ObJe JOCTHITHO 3a MO-LIIMPOK KpbI HOoTpeduTenu oT briarapus.

ITPOEKTUPAHE U PEAJIN3ALIUA

Peanm3anusTa Ha mpoeKTa € pas3npeneieHa B HAKOJIKO eTamna. [IspBHUAT eTan € miaHupaHe Ha
MPOEKTa, pasriexaHe Ha (PyHKIMOHAIHOCTUTE, TOTOBUTE PEIICHUS U Pa3Npe/ielieHue Ha pPOJIuTe B
npoekta. ChImo Taka TulaH Ha Oa3aTa JaHHW, CHhpPBBPHATa 4YacT W rpaduyHHAS AW3allH Ha
NPUIIOKEHHETO. BTopuAT eTam ce chbCTOM OT peanu3alys Ha ChbpBbpHATa YacT Ha MPUIIOKEHUETO
(cp3maBane Ha Oa3zaTa TaHHW W BCHYKH JIMHKOBE 32 JIOCTBIT), ChIVIACYBaHE HA TpadUYHUS JW3alH.
Tpetusr etan ce CbCTOM OT Ch3/1aBaHe Ha TpapuuHus HHTep(dEec Ha TPUIT0KEHUETO U CBEP3BAHETO
My KbM CBpPBbpa, KOPUTUPAaHE Ha OBroBe W TPEIIKH B cHcTeMara. YeTBBPTHST €Tam ce ChbCTOU OT
NonbJIBaHe Ha 0a3zara AaHHU ¢ MH(opmarus. [leTusT eran BKIIOYBA peKiIaMa Ha MPUIIOKEHHUETO,
Cbh3/IaBaHe Ha pekjlamMa BbB QeiicOyK U MOy Isipu3upaHe Ha MPHIIOKEHUETO.

[TpunoxeHuero e pa3ereHo Ha JiBa 4YacTU: CbpBbpHA U rpaduuHa. [Ipunoxenuero npezara
onuus 3a pabora offline, kato ToBa e mocturHaro upe3 Progressive Web App texHomorusra.
I'paduunara yact e Hanucana Ha HTML 5, CSS 3, JavaScript, VUEJS u Vuetify. CbpBbpHaTa yact
e Harmucana Ha PHP 7.3.2 kato e usnon3Ban Laravel 5. CwpBbpHa yacT € xocTHata oT Apache web
server, kKato cbpBbpBT u3non3Ba JWT Auth.cuctema. Ilpu BiIM3aHeTo cu moTpeOHUTENs MOTydaBa
yHukaieH JSON web token, KolTo cityH 3a OTOpU3MpaHe Ha MoTpeduTens npea cbpebpa. C To3u
token ce m3mpamar BCHUKH 3asBKH KbM ChpBbpa. AKO He ObJie NMPe0CTaBeH MpaBuieH token min
TOAHOCTTa U3Teue, ChPBhpa MpeKpaTsIBa 3asBKaTa W Kapa MoTpeOuTeNs aa Bie3e oTHOBO. KoraTo
noTpeOuTeNs NpeaoCTaBy MpaBuiIeH token, cbpBbpa 00paboTBa 3asBKaTa M BpbIla oTroBop B JSON
dbopmar. I'padmunara gact (frontend) m3nparmia 3asBka kbM chpBBpa(backend) ¢ mpaBuIHUS U HE
u3tekbs token. CrpBBpBT 00paboTBa 3asiBKaTa (B3ema nHpopMmanus oT 0azaTa JaHHHU, 00paboOTBa
JaJicHUTEe JaHHW) U BPbIa OTroBOp KbM frontend-a. Frontend-a 06paboTBa MOIy4YeHNUTE JaHHH U TH
MPEOCTaBs Ha TOTPEOUTEINS.

Ha ®wur. 1 e npencraBeHa apXxuTeKkTypara Ha CUCTEMATa.
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CbpBBPBT
u3npama
3asiBKa 3a
HYKHHUTE
AAHHHU KbM
MYSQL 5.7.25 0a3aTa JaHHM.
CopBBp Apache web cepBBp
PHP 7.3.2
Laravel 5

bazara n1anHu BpbIna
OTTOBOP KbM CHPBBpA ¢
HYKHHTE TaHHU.

Otrosop—
ChpBBPBT
BpbIla _
0TrOBOP B 3asBka- T ce npaBu ¢
JSON dopmar AJAX Request kbM
KbM rpadpuyHus cbpBbpa. J{anHure ce
JU3aiiH. npeaocraar B JSON

dopmar. Besika 3asBKa
ce U3Mpaiia ¢
oropusupany token,
KOWTO CbPBbPA 1aBa

NP BJIW3AHETO HA
norpeouTeIs.

I'padpuuen quzaitn HTML 5,CSS3,
JavaScript, VueJS, Vuetify

@ur. 1. ApxuTekTypa Ha cucremara

KAJIKYJIATOP 3A KAJIOPUH

[Ipunoxxenuero usnosnssa popmynara Ha Scooby 3a u3ducisBaHe Ha kanopuute. Popmynara
B3MMa BBBEJICHUTE OT MOTPEOUTENS — JIMYHO TErJo, BUCOUMHA, TOJMHU, TI0JI, aKTUBHOCCTA U 1LIETa
Ha oTpeOuTeNsi(CBaIsTHE Ha TeJIeCHA Maca, TIO/IbpXKaHe Ha TeJIECHOTO TETJ0, TOKauyBaHe Ha TeJIeCHa
Mmaca). Cries1 TOBa ce M3YHCIABAT JHEBHUS KAIOPUEH MTPUEM M MaKpOeJIeMEeHTUTE(TIPOTENH, Ma3HUHU
U BBIJIEXU]IPATH) 32 JCHSL.

Kanopuure ce uzuncnsaBar no taszu ¢opmyna:

((10* muanoro Teryo + 6.25*Bucounnara - 0.5*Bp3pacrra) + $s) * Sactivity)+Suser->goal);
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XPAHUMTEJIEH THEBHUK

B xpanutenHus JHEBHHUK, NOTPEOUTENSAT 3aIIMCBA HETOBUTE XpaHEHUS, KOUTO € MpHel Mmpe3
nenst. Cnen KaTo ' BbBEE MoyyaBa HH(OpMAIHsS OTHOCTHO KaK Ce MPUIbPKA KbM KaTOPUHHUS U
MaKpOHYTPHUEHTHS CH TIIaH.

Activities

» Google Chrome ~

HA 18138

[ smart Trainer

<«

R

S @8 »

¢«

L
b

C  ® localhost:8080/#/dally-intake
Smart Trainer

Dashboard

Xpauutenen AHEBHMK

Nporpec Kanopun

Toonnposku 0/2225

Mpuatenu

fiporoun [rr— Burnexwaparn

Bnde 0/146 0/73 0/246

MocTmwenns

Hacrpoitkn

Bakycka
0694 G
@ur. 2. XpaHUTEJIEH THEBHUK

O Smart Trainer

C O localhost:8080/#/daily-intake/addMeal/2 % YORD ®:

Smart Trainer

Dashboard

XpaHUTENeH AHEBHHK

fgorpee W3eapa

TpeHupoBKy Konuyecrao(gr

e

&4 % @

Mpuaten

Bnor

MocThkenus

Hactpoiikn

Tun
Lunch

JI06ABH

@ur. 3. Popma 3a 106aBsiHE HA HOBA XpaHa

IMPOCJIEASAABAHE HA ITPOI'PECA

Ha ¢urypa 4 e npeacraBeH Mojtyia 3a mpocieisBaHe Ha Iporpeca ¢ JMYHOTO Ternio. B To3u
MOJ1yJI TOTPEOUTENS 3aIIUCBA CBOETO JIMYHO TETJIO, KOETO € MPEeMEPUII CyTPHH Ha IJIa/iHO, 3a J1a Obe

Hal-TOYHO.
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[ Smart Trainer x o+

€ 5 C O localhostsoso/s/kgprogress % YOHD ®:

= Smart Trainer

#  Dashboard

I <o progress
S8 Xpanurenen pvesii 80
s
A~ Tiporpec
770
Ry Tpesmpossu
765
a4 Npusrens -
- 55
* TocTwkesna 50
c H re 745
740
715
720
01312019 02222019
2019-02-22 00:00:00 =
73kg VAR |

2019-01-31 00:00:00
’ 0

@ur. 4. Jluarpama 3a npociensBase Ha mporpeca

TPEHUPOBKH

B MoAyJia 3a TPCHUPBKU HOTpe6I/ITeJI}I 3arucBa CBOUTC TPCHUPOBKHU, KAaTO BCAKAa TPCHUPOBKA

ChAbpPiKa YIIPaXKCHEHUS C OHRCHCHCHI/I HOBTOI:GHI/ISI n CGI:I/II/I.

[ Smart Trainer x 4

€ 5 C O localhost080/w/progress «~% YeROD ©®:

— Smart Trainer

> X
§
|

Toempossn TpenupoBka A TDEHMDOBKG A Fopfia yact
Py —
HAYYM NOBEME HAYYM NOBEYE HAYYM NOBEYE
B  Gnor
* e
S—— -
@ Hactpoin f

HAYM NOBEYE

[ Smart Trainer x +

€ 2 C @ localhost8080/#/progress % YeHD ®:

[lo6aBu HoBa TpeHUPOBKa

ue
[onka yact

Bara
3 20190224

MM/DDIYYYY format

®ur. 7. Moayn 3a mpocieasBaHe Ha TPEHUPOBKHU
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W3BOIN

[TpunoxeHuero moMara Ha xopara IO-JIECHO Ja 3alUcBaT CBOS MIPOTpec MpOCieAsBalKH
XPaHUTEITHNUS ¥ TPEHUPOBBYHUSA UM pekuM. [lomara ma umar mo-3apaBOCIOBEH HAYMH Ha YKHBOT.
[Tpunoxenuero e antepuatuBa Ha MyFitnessPal u ce nmpemnara na 6bpnrapcku e3uk. To e Bce ore
B paHHa Bepcus U 1e Ob/ie Pa3sBUTO ¢ HOBU (YHKIHUH KaTo: ,,AHaJIM3aTop Ha Iporpeca u auerara’,
KONTO aBTOMAaTUYHO III€ MPaBH MPOMEHH IO BAIIUTE TPEHUPOBKH U JWETA; MOAIPHKKA HA TIOBEYE
€3UIM ¥ MOHETH3ALMsI HA TPUII0KEHHUETO.

SmartTrainer e nemonctpupan mpen yudenunu oT XIb u XIIb xmac ot [ITMET - IlneBes.
VueHuIu, KOUTO ca 3all03HATH B Ta3u cdepa u3Kazaxa MHEHUE, 0100pHxa NPUIOKEHNETO, 1a0Xa
NPENOPBKH, CpaBHHXA IO C JAPYTHM NPWIOKEHUS U TO HPErnopbuBaT KaTo JOOBP MPOIYKT Ha
OBJITAPCKU €3HK.
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Abstract: E-learning Systems have become important factor with increasing number of students every year. The
paper presents a prototype of a web based application for e-learning system. The emerging new prototype of lifelong e-
learning system OnCourse is designed and hence developed. The prototype is encouraging interactive learning
environment through easy to use interface.

Keywords: E-Learning, Distance Learning, Virtual Education, Online Learning, Distance Education

BBBEJIEHME

Pa3zBuTHeTO HAa MHPOPMAITMOHHUTE U KOMYHUKAIIMOHHUTE TEXHOJIOTUU OKa3Ba BCE MO-TOJISIMO
BB3JICHCTBUE BbPXY €KEAHEBHETO Ha XopaTa. OOpa30BaHUETO € KIII0UaBa YacT OT dKUBOTA HU U CHIIIO
HE OCTaBa B CTPaHH OT TEXHOJIOTUYHUTE MHOBAIIUH MPE3 MOCIICTHUTE TOUHH. TeXHOIOTUUTE B HAIIIN
IHU C€ pa3BUBAT HM3KIIOYUTENHO OBP30, KOETO BOJAM M [0 HApacTBaHE Ha HEOOXOJMMOCTTA OT
MOJIy9aBaHe Ha HOBM 3HAHHUS Tpe3 IeNHsl JKUBOT, OT BCIKO MSCTO W IO BCSKO BpeMe.
OOpazoBaTeIHUTEe UHCTUTYLIMA € HEOOXOAMMO Jia ca B KpaK C Te3W MHOBAIMU U JIa MPEIOCTaBSIT
BCUYKHU CBOU YUEOHHU pecypcH NOCTHITHU B IHTEpHET MpoCTpaHCTBOTO. ToBa € Mpo0JieM OT CBETOBEH
Marrad, KoiTo Oerie oce3aTeNeH U B MOCIEeIHUTE MECELId BbB BPb3Ka C HACTHITUIIATa HEOOXOAUMOCT
OT W30JalMsi W HEBB3MOXKHOCTTA 3a (U3WYECKH JOCTHII JI0 OOpPa30BATSIIHUTE WHCTUTYIIUU
(Almanthari, A., 2020; Radha, R., 2020). OG6pa3oBaTelHUTE WHCTUTYIMH CE HYXIAAT OT
CHhBPEMEHHH OHJIAIH CHCTEMH, KOUTO JIa IIO3BOJISBAT KAKTO HA yUYAIIUTE JOCTHIT 10 yIeOHU pecypcu
1 Obp3a BU3yalnu3allvs, Taka U HA YYUTEIUTE/TIPEeToAaBaTeNIuTe JIeCeH HAYMH 3a MyOJIHMKyBaHE Ha
Te3U y4eOHU pecypcH oHiaiH. OHIaliH cucTeMuTe 3a 00yueHue ca HeoOXOJUMH 3a BCSIKO y4eOHO
3aBe/ieHHUE 3a J]a ce OpraHu3upa Mo-JecHo y4eOeH mpolec B OHJIAtH MPOCTPAHCTBOTO U TOH 1a Obe
MO-TIpUBJIEKaTeNIeH 32 00ydyaeMuTe.

bnarogapenue Ha margopmMuTe 3a €JIEKTPOHHO OOyuYeHHE AOCTHIBT 10 oOpa3oBaHHE B
YCIIOBHSITA HA H3BBHPEIHO TIOJIOKEHUE € BB3MOXKEH OT Pa3IMYHA MECTOIIOIOKEHUS, HO TPsIOBa /1a ce
oT4eTe U MpoOJIEeMbT, ue MIaThopMHUTE 3a eJISKTPOHHO 00ydeHHEe € HEOOXOIMMO J1a Ce aKTyallu3upaT
¥ MOJICPHU3HPAT MEPHOANYHO 3aMIOTO MOTPEOUTEIUTE UM CE€ HYXKIAAT OT MOCTOSHEH JOCTBI JIO
aKTyallHU y4eOHH pecypcH 4pe3 UHTYUTHUBEH U MpHUBJIeKaTeNleH moTpedburencku natepderic. Baxna
4yacT OT MPOEKTUPAHETO Ha BCSKAa OHJIAWH CUCTeMa 3a o0yueHHue € Bb3MOXKHOCTTa 3a ChbBPEMEHEH
noTpeOuTeNcKu HHTEepdEiic, KOUTO Aa TO3BOJISIBA HA MOTPEOUTENTE I'PBKABO PEAAKTHPaHe, T0OaBIHE
1 0OHOBsIBaHE Ha Y4EOHOTO ChIbP)KaHHE, 3aIIOTO UMEHO MyOJUKYBAaHETO HA YUYEOHUTE PECypCH U
TAXHOTO BHU3yallM3UpaHe € KII0YOBO 3a YCIEXhT Ha €/lHAa TakaBa OHJAiH cuctema. HacrosimoTo
u3cleiBaHe 1€ MPeUIokKH ChbBPEMEHEH NMPOTOTUI HAa aBTOpcKa yeb Oa3upaHa CUCTeMa 3a OHJIaiH
oOydeHne ¢ BBb3MOXHOCT 3a OBP30 M JIECHO aKTyaJH3WpaHe Ha Y4eOHOTO ChIbp)KaHUE, KOSTO B
HACTOAIIUTE YCJIOBUS HAa W3BBHPEAHO IMOJOXKEHHE MOKe OBbp30 W JIECHO Ja ce M3I0J3Ba KaTo

19 JlokmamsT e mpencTaBeH Ha cTyldeHTCKaTa HaydHa cecust Ha 28.05.2020 r. B cexius KomyH#KatnoHH! 1
KOMMIOTBPHHA CHCTEMH M TEXHOJIOTHH C OPHTMHANHO 3arjaBwe Ha Obarapckm esuk: [TPOTOTUII HA OHIIAVH
CHUCTEMA 3A OBYUEHUE ONCOURSE.
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noJiromaralia oHjaiiH yueOHa cpesia 3a yUYUTeNId Ha CaMOCTOATEIHA MPAaKTUKa WX 3a Pa3InYHU 110
TUI 00pa30BaTEIHU UHCTUTYLIMHU, YUUTO 00ydaeMH ce HyKJIasT OT OHJIAlH cpea 3a 00ydeHue.

N3J10KXEHHUE

HampaBen e aHaiM3 Ha TUTEPATYPHU U3TOYHUIIM, KOMTO PA3TIICKIAT U aHATM3UPAT IIaTPOPMHU
3a eneKTpoHHH o0ydenuss (Muhammad, A., 2020; Al-Fraihat, D., 2020; Dimitrov, P., 2015;
Wangmo, C.,2017;). Ha ®@wur. 1 (Dimitrov, P., 2015) e npencraBeH cpaBHUTENICH aHAIM3 Ha Haii-
nomyJsspauTe matdGopmu 3a enekrpornHo ooyuenue — Udemy (Cetina, ., 2018), Pluralsight, SoftUni

u Coursera (Abdulazeez, D. H.,

2020).

XapakTepHcTHKH Udemy Pluralsight SoftUni Coursera
Kypcose 65,000+ 6,000+ 150+ 2000+
Kareropun 15 11 3 11
1lena 10,998+/xype 29$/mecer 33018/Mozyn R
? 20,0008+
Cybrutpu AHIIHHCKH AHTIHHCKH Brirapeku MHoroe3naHH
Mhuoromnardopmeroer | Android/iOS/TV | Windows/Android/iOS/TV Responsive Android/iOS
Monynu 3a MeHTOopcka
T Q&A monyn Memnropcka cucrema Dopym creTeMa
TecroBa cucrema - PluralsightIQ SoftUni Judge ik
Offline cucrema - + - -
Cuctema 3a ciejieHe Ha o n ) o
nporpeca
Bpoii crynenTn 10 MuoHa 5 MHIIHOHA 50,000+ 30 MuHoHa
[TapTHBOPH _ _ 4 149
YHUBEPCHTETH

@ur. 1. CpaBHUTEIICH aHAJIN3 HA TIOMYJISIPHU TUTAT(HOPMHE 32 €TIEKTPOHHO O0YUCHHE

N3NCKBAHMUA

Ha G6a3ata Ha HampaBeHusi aHanu3 Osixa (GOPMHIMPAHU CJICTHUTE HM3UCKBAHUS KbM

NPpEAJIOKCHUS IPOTOTHUIL HA OHJIAMH cpcaa 3a O6y‘-IeHI/ICZ

» IlpuBernus, siceH U JieCeH 3a ynoTpeda noTpeOuTeIcKu nHTepdeiic;

*  BB3MOXHOCT 3a Bb3MPOU3BEXKAAHE HA BUAECO YUEOHH MaTepHalu;
® BB3MoOKHOCT 3a KOMYHHKAIIUA,
*  MsoromiatdopMeHocCT;

° CaMOHO,Z[I‘OTOBKa (38,,[[8.‘11/1, KYpPCOBHU IIPOCKTU U TCCTOBC).

IMPOEKTUPAHE U PEAJ/IN3ALIUA

Ha ®wur. 2 ca OpeACTAaBCHU OCHOBHUTEC TCXHOJIOTHHU 3a peain3alnsd Ha pa3pa6OTeHI/ISIT MIpOTHIL

Ha cucTeMa 3a enekTpoHHo o0ydenne OnCourse.

o W= =

Vue.js

laravel

&= MySsol

®ur. 2. OCHOBHU TEXHOJIOTUH 3a pcajin3anuAa Ha IIPpOTOTUIIA

Ha ®ur. 3 e npencrasen untpepdeiicsT Ha cuctemara OnCourse.
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OnCourse

Courses

Courses

HomeWork
Web dev course

Npodun

GO TO COURSE

@ ® «

3a Hac

@ur. 3. UnaTepdeiic Ha OnCourse

[Torpeburenckusat Hrepdeiic e pecrioncuB. Ha @ur. 4 u dur. 5 ca npeacrtaBeHn MOOMIHATA U
JIECKTON BEpCHs Ha MOJyJa 3a CaMOCTOATEIHHM 33/a4d. Bcekn oT o0ydyaeMuTe IMojlyyaBa CBOMTE
3a/1auM, KOUTO TPsOBa Ja mpeaie oOpaTHO Ha caiiTa 3a OLIEHKa OT MPEno1aBaTes.

C @ localhost

= OnCourse
Homework

Web dev course - Lecture 2 ? Web dev course - Lecture 2% Web dev course - Lecture 1 %
| GO TO HOMEWORK ‘ ‘ GO TO HOMEWORK ‘ GO TO HOMEWORK

@ur. 4. Moty 3a caMOCTOSITEIIHU 33JJa4l — JIECKTOI BEPCUS

= OnCourse
Homework
Web dev course - Lecture 2 ?

GO TO HOMEWORK ‘

Web dev course - Lecture 2%

GO TO HOMEWORK ‘

Web dev course - Lecture 18

GO TO HOMEWORK ‘

@ur. 5. Moy 3a caMOCTOSITENIHU 33]Ja4d — MOOMIJIHA BEPCHSI

MOAYJ 3A ITIPEITIOJABATEJIN

B cnenmanHo mpoekTupaH 3a LeiaTa MOJYJ 3a MperojaBaTeuTe MoraT Ja ce MyOJuKyBat
Pa3IMyYHU 1O TUI YUYEeOHU pecypcH:
Buneo nexuuu (dur. 6);
Jlexuuu (®ur. 7);
VYnpaxxHenus;
[IpezenTtanuuy;
ITomomHu Marepuanu (apXxuBHHU (ailose);
3amaun 3a camocrosiTenHa paborta(kypcoBu 3amauu (Pwur.8), pedepaT, KypcoBH
MIPOEKTH).
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= OnCourse

_.'v’v web dev Course - Lecture 1

OPEN EDrTORS.

WS DEV TUT

OUIE BUAEOKIHNOBE

[T & Yodwbe 51 O3

@ur. 6. dopma 3a myOJIMKYBaHE Ha BUICO JICKIHH

C @ localhost

&) Dashboard Admin / Lectures / Lisi
? Courses LeCtLI res Showing 1 to 2 of 2 entries
? Lectures + Add lecture Search:
?  Videos
_ Name Description Video Url Actions
? Homeworks
2 Solutions Nekuuna 2 OcHoeu Ha web nporpamnpaneTo https://www.youtube.com/watch?v=1jhBndFg[...] @ Preview [ Edit Delete
?  Materials .
Nexuuna 1 BuBeaenue B web nporpamupaneto https://www.youtube.com/watch?v=ro89zKEA]...] <> Previe @ Edit @ Delete
Name Description Video Url Actions

10% records per page n

®ur. 7. opma 3a myOIMKyBaHEe Ha JICKIIUN

= OnCourse

Kypcoea sagaua ?

AcakxaWacaxuacxanoaxguoac

| ¥ HOMEWORK | | 4 UPLOAD SOLUTION

i Upload salution

B YouTube video url

UPLOAD SOLUTION

®ur. § dopMma 3a myOIHKyBaHe HA KYPCOBH 3aa4H

BUPTYAJIHA BUBJIMOTEKA

Ha ®ur. 7 e mnpenacraBeH HHTepdeilchT Ha BUpTyaidHarta OuOnuoreka. 3a BCSKa OT
myOJIMKyBaHUTE €JIEKTPOHHU KHUTH MOXKE Jla Ce ChbXpaHsiBa KOpullaTa, 3arjiaBue, aBTOpU M KPaTKO
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onucanue. B cucremara ce nogabpika 0aza OT JaHHU € PA3IMYHU KaTETOPHH, KbM KOUTO CE OTHACAT
CHOTBETHUTE €JICKTPOHHU KHUTU OT BUpPTyaIHaTa OMOIHOTEKA.

Marematuka 3a 10. knac (no Hoeara nporpama)

I\ e A

vt |/

BBArapcKM e3uk 3a B-mm knac Maremaruka a 32 10, Knac (N0 HOBAT NPOrPa

ma)

®ur. 7. UnTepdeiic Ha BUpTyamHaTa OMbInoTeKa

3a BUpTyasiHaTa OMOIMOTEKA € Ch3Aa/ICH M aIMUHUCTPATUBEH MOJYJI, IpeAcTaBeH Ha Dur. 8§,
B KOMTO MO’KE Jla ce yIpaBisiBa 0a3aTa OT JaHHH C KaTerOpHH, MOJKATETOPUHU, TOTPEOUTEIUTE U
rpaBaTa 3a 4YeTCHE.

Dashboard

7 Categories BOOKS showing 10 2012 entries

T subcategories + Add book D

ChimKa 3arnasue Onucanme ABTOp Kareropun Actions

Coappmanme: BXogHo HUEO HpaunoHanHu Apximen OBpazosanne

(e ]

q

CHumra 3arnasme Onucanme AsTop Kareropus Actions

@ur. 7. AIMAHUCTPAaTHBEH MOJTYJ HA BUpTyaliHaTa OMOInoTeKa

U3BOIU

VYeb 6a3upanute 00yUYUTETHH CUCTEMHU ca MPEANOYUTaHO CPEICTBO 3a MOJyyaBaHe HAa HOBU
YMEHHUS M aKTyalnusupaHe Ha 3HaHusTa. IIpe3 mocnennute roauHu OpoAT Ha TE3U CUCTEMHU
3Ha4YMTENHO HapacTBa. ChC cucTeMa 3a OHJIaiiH 0OyueHue TpsOBa Ja pasmosara BCSKO eTHO yueOHO
3aBe/leHue 3a Ja OTrOBOPM Ha CBHBPEMEHHHM M3UCKBAHHA Ha OOydyaeMUTE W Ha JMHAMUYHO
MPOMEHSIIUTE CE€ YCIOBHS Ha )KUBOT U O0yUYEHHUE.

Pa3pa0oTeHuAT MpOTOTUI JaBa Bb3MOXKHOCT 32 JIECHO Ch3/1aBaHE U BU3yaJIU3UpaHe HA y4eOHO
ChIbpKAHUE OHJIAMH U O MOTI'BJ Jla HAMEPH NMPHIIOKEHUE KaTo CUCTeMa 3a €JIEKTPOHHO 00ydeHue
B Pycencku yHnuBepcurer ,, AHren KbHuep“. [lpemnoxkeHusT mnporoTun OW TMOMOTHAN HpuU
OpraHu3alysITa Ha y4eOHOTO ChIbpIKAHUE OHJIANH, KAaKTO M Ja YJIECHU JOCTHIIA HA CTYAECHTHUTE JI0
pecypcuTe CBBP3aHM C OTJEIHUTE AUCHUILIMHUA. ToBa € €IHO ChbBPEMEHHO peIleHHE, KOeTo Ou
CIIOMOTHAJIO 32 BHEAPSBAHETO HAa ChbBPEMEHHM OOpa30OBaTEIHH TEXHOJOTMM B OHJAMH y4eOHUS
IIPOIIEC Ha BCAKO yUeOHO 3aBeJICHHE.

VYe6 Oaszupanute IaTGOpMH 3a E€JIEKTPOHHO OOYYeHHE ca TEHAEHIHS B ChbBPEMEHHOTO
oOpa3zoBanue. TexHute PyHKIMOHAIHU BH3MOKHOCTH, XapaKTEPUCTUKH U CTPYKTYypa HEMIPEKbCHATO
1€ ce MPOMEHAT U aJaNTHPAT, 3a /1a OTTOBAPST HAa ChBPEMEHHUTE HYXAU HAa o0yyaeMuTe. 3aToBa €
BaYKHO JIa Ce MPaBsT MM0A00HH IPOYUYBaHUS B Ta3U 00JIACT U Ja C€ ThPCAT U IIpejiaraT HOBU peIIeHUs
3a IpeJICTaBsHE U OpraHU3MpaHe Ha y4eOHO ChIbpIKaHUE OHJIAH.
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Abstract: The paper reviews existing methods of speech recognition with machine learning algorithm and revolve
around the idea of software solution that will help people with hearing loss in there every day life, using this solution
with the opportunity to used in different areas and technological systems, with implemented text and video chats, helping
people to communicate without knowing the sign language.
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BBBEJIEHME

Kuseem B MOACPEH U 6”bp30 pasBuBall €€ CBAT, HU3NBJIHCH C MHOBATHBHHU TCXHOJIOTHH,
HEBEPOSITHU OTKPHUTHUS, MPOMEHSIIM XOJla Ha YOBEYECTBOTO. J[OKaTro MorieapT HU € BIIEPEH B
OBJCIIETO Ha YOBEIIKaTa paca M B TOBA KakK Jia c€ yCHBBPUICHCTBAME M Jia CTaHEM MO-T00pH,
3a0paBsiMe HEIIO BaxHO - He cMe nepdexTHu. Oxono 466 MIH YoBEeKa B CBETa UMAT CIyXOBU
yBpexaaHus, Kato 36 MIIH OT TAX ca neua. 60% ot mpuuuHHUTE 3a 3ary0a Wik HapyliaBaHe Ha ciryxa
nmpH JAenara ca npeaoTBparumu. B bearapus xopara cbe cnyxoBW yBpexkaanus ca 120 xun, a
3a6OH$IBaHH5[Ta, KOHUTO MMAaT UM OTHEMaA BB3MOXKHOCTTA Aa BOJAT HOPMAJICH KHMBOT M Ja MYy CC
HacnaxaaBaT. M3omanus, HECUTYpHOCT U CTpax - TOBA € €KeHEBUETO HAa BCUUYKHU TSIX, HO MMa HAaYHH
Ja HOI[O6pI/IM JKMBOTA UM, Jia T'M HaKapaMe€ a C€ 4yBCTBAT MaJIKO IMO-HOPMAJIHH, MAJIKO IMO-3HAYUMU
Y ITBJTHOLICHHH, J1a ObJaT YacT OT CBETa, KOWTO r'u 3a00ukans. ToBa € 1eiTa, KOsTO JIEKHU B OCHOBATa
Ha pa3paboTKaTa Ha MPOEKTA.

N3JT0KEHUE

[IpoekThT MMa 3a 1171 1a TOMOTHE, U3I0JI3BaliKi TEXHOJIOTHS, pa3BUBalla ce ¢ 0cO0eHO Obp3U
TEMIIOBE IIPE3 IOCIEIHOTO JECETHJIETHE. 3a LENITa MOXKE Ja C€ M3IOJI3Ba MAEATa, CTOsINA 3a]
TEXHOJIOTUSITA HAa U3KYCTBEHHS] UHTENEKT — ,,00ydeHHe  Ha alropuThM, KOWTO Ja U3BBPIIBA CEPUS
OT JIeficTBUA, KaTo IpecMsTaHe, NMPOyyBaHEe M aHAIU3, KOUTO Ouxa OWJIM TBBPJE CIOXKHU WIIH
BPEMEEMKH 32 YOBEKA.

W3non3Baiiku N3KyCTBEH UHTENEKT, 1€ ,,TPEHUpPaMe™ allrOPUTHM, KOMTO J1a YeTe 110 YCHUTE Ha
Xoparta KaTo M3I10J13Ba BUI€0 MMOTOK KAaTO BXOJIHU JaHHU U TH IIpeoOpazyBa B TEKCT.

ToBa mie moBesne 10 mo-iecHaTa KOMyHHKanus Ha Haj 120 xui. doBeka, O6e3 Ja ce Hajara
M3M0JI3BaHETO HA JKECTOMUMUYEH €3HUK.

20 JoknambT € TpeicTaBeH HAa CTyjAeHTcKaTa HayuHa cecus Ha 28.05.2020 r. B cexuus KoMyHMKalMOHHM U
KOMMIOTBPHH CHCTEMH M TEXHOJIOTHH C OPUTHHAIHO 3ariaBue Ha Owirapcku esuk: COOTYEP B IIOMOI] HA XOPA
CBhC CIIYXOBU YBPEX/JJAHHWSA I10 METOJA HA BU3YAJIHOTO PA3IIO3HABAHE HA PEY.
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Bpou Ha xopaTa c yBpefeH cnyx no ceBeTta

466 munuoHa

92.7%

. Bbapacthu
e

@ur. 1. bposr Ha Xoparta CbC CIIyXOBH YBPEKIAHUSA B CBETA U TAXHOTO pa3elIEHUE B Bb3pacTOBU
TPYIIH.

Kakro Moxe na ce Buau Ha ®ur.l, OpoAT Ha XopaTa ¢ TakuBa 3a00JSIBaHUS € BHUCOK,
uscnensane Ha yuenute ot C30, mokaspa ue B nepuoaa 2020-2025 r. 6posT Ha XopaTa ¢ CIIyXOBU
yBpEeX1aHus 1ie HapacTHe 10 Haj 550 MuinoHa, KaTo Ta3u Lu@pa MoXKe /1a HapacTHe 10 5 IbTU
B CJI€eABallIUTC 10 ToAWHH, COYaT JAHHUTC OT MMPOYUBAHECTO.

Bpo#u Ha xopaTa ¢ yBpeaeH cnyx B Bwnrapus

400 xunagu

90%

- Bb3pacTtHu
M

@ur. 2. bposT Ha XopaTa ChC CIYXOBH YBpPEXKIaHUs B bharapus u TAXHOTO pa3/ielieHne B JIBE
BB3pPacCTOBU IPyIH.

Kakto craBa sicno ot ®@wur. 2, 10% OT BCHUKM NALMEHTU C TaKbB BHU 3a00JsBaHE ca ACIa,
npoyuBade ot 2020 r (IlpaBo & 3apase, 2020) noka3Ba ue enaBa 15% OT BCHUKH Jiena, BIAACST
JKECTOMUMUYHHAT €3MK M MOTaT J1a KOMyHHKHPAT Ype3 Hero, MpeiocTaBeHaTa nHGopMaIus mo-rope
B TO4YKara ,,M310keHue* mpeapasmnonara KbM TOBa Jla C€ HapPaBHU 3aKIIOYEHUE, KOETO ISITIOCTHO
MOKe J1a Obe 6a3upaHo Ha JaHHUTE, Y€ cOPTyephT, IPEACTABEH B HACTOSIIATA TOKyMEHTALUS OU
MOT'BJI YaCTUYHO WJIM KOCBEHO J1a TTOJI00pH KaueCTBOTO HAa TEXHUST KMBOT B MHOTO aCTEeKTH, Hai-
Be4ye 00YYEHHETO UM B YUHIIUIIE U KOMyHHUKUPAHETO C YUUTENH U ChYUCHHIIH.
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IIpoyuBaHe Ha ChIIeCTBYBAIIM PellleHNUs], PeaJu3upany nogooHa GyHKIHOHATHOCT

[To Bpeme Ha MPOYYBAHETO ca pa3rjieJaHy JIBE PEUICHUS, KOUTO M3ITbKBAT HAJl OCTAHAIHUTE C
Ha4yMHA CH HA Peall3allis U METOIH W3IIOJI3BAHUTE 33 TAXHOTO TECTBAHE M Hal-Be4e TOYHOCTTA, C
KOSITO pabOTHT.

LipNet

LipNet (Y. M. Assael, 2016) (World Health Organization, 2020) e pa3paboteH oT rpymna
CTyIeHTH OT yHHuBepcuTeTa B Okchop/ ChC ChACHCTBHETO HA HAKOM KIIFOYOBU (urypu ot Google
DeepMind, London, UK. LipNet e apxurekTypa, WU3MOI3Balla HEBPOHHA MpeXa 3a YETCHE IO
YCTHUTE, KOSATO IpeoOpa3yBa Mopeauiia OT KapH, MOJIy4YeHU KaTO BXOJHHU JTaHHH, B TEKCT.

Sentence: Place blue in m 1 soon
LipNet:

14

@ur. 3. LipNet ciean ABMKEHHETO HAa YCTHUTE KaTO OTOENA3Ba MECTa, KOUTO MPEACTABISABAT
MHTEpEC B IIPOLIEca Ha ,,[IPOYNTAHE" HA YCTHUTE.

OcHoBHHTE eIeMeHTH, KOuTO u3rpaxaar LipNet ca cieqauTe:

Karo BXo1HU JaHHU ce 1Mo/aBaT mopenuia oT Buaeo ¢pperiMoBe, KOUTO OMBaT 00pabOTEeHU OT
tpute ciost Ha STCNN (Spatiotemporal Convolutional Neural Network).

Crnen ToBa, mony4deHurte cien oopadborkara ganau ce npenaBat kbM GRU (Gated Recurrent
Unit), a Bcsika BpeMeBa CThIIKA, OJIy4YeHa OT HEro ce 00paboTBa JIMHEEH CIIOM.

To3u moxmen e tpenupan c¢ momomra Ha CTC (Connectionist Temporal Classification).
Cebp3Baiia Bpemenna Knacugukanus, kosTo criomara 3a e(eKTHBHOTO ,,TpeHHpaHe™ Ha Mo/iena J1a
pa3no3HaBa el U3peUeHus KaTo 00paboTBa Ayma Mo JyMa IOyYEeHUST KaTo BXOAHH JaHHU BHIIEO
MOTOK.

Crnen obpaboTkata ce m3non3pa BackTracking anroputsM, 3a 1a cTaHE BB3MOXHO CHOMPAHETO
Ha 00pabOTEeHUTE TyMHU B CMUCIICHH M3PEUCHHS, KOETO IIIe CIOMOTHE T€ J]a ObJaT BbPHATH B TEKCTOB
BUJ] KATO M3XOJTHU JTAaHHH.

WLAS

WLAS (Watch, Listen, Attend and Spell) (Chan, 2015) e codtyep 3a pa3mo3HaBaHe HA TyMH U
U3pEUYEHUS KaTO Ce M3I0JI3BAT ABMKCHUATA M (POPMHUTE Ha YCTHUTE 110 BpeMe Ha roBopere. [ToBeueto
CBINECTBYBAIIM PEIICHHUS, B 00JIACTTa, Ca ChCPEIOTOUCHN BBPXY PA3MO3HABAHETO HA IYMH M KbCH
U3pEUYEHHUs] B KOHTPOJIUpaHa cpefa, N3IMOA3BAMKK MMPeIBApUTETHO 3aI€HH MPOCTH U3PEUYCHU, 3a J1a
ce osrecHu paborara Ha Mojiesia. WLAS e usrpaer Ha 6a3arta Ha TOBa Ja C€ Ch3/1a/Ic aBTOMATH3UPaH
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coTyep, KOMTO € CIocOOCH /1a pa3lo3HaBa TOBOpa Ha CIy4ailHO M30paHu Xopa KaTo ce 3ajara Ha
CIIOCOOHOCTTA My JIa TO TIPaBH B TOJIEMH MaiaOHu.

3a Ttpenupaneto Ha Mmojena ca wusnoiazBanu CNN (Convolutional Neural Networks).
Konsosonmonan Hesponnn Mpexu (CNN) ce m3monssar 3a pasno3HaBaHe Ha WHIMBHIYaTHH
JyMH, OT IIOPEAMLIM OT JBUYKEHUs HA YCTHHUTE, 110 BpeMe Ha roBopa. [Ipu u3BbpIIBaHETO HA TaKbB
BUJI YETEHE 10 YCTHHUTE, U3MOJI3BalKK JBIKEHHATA HA yCTaTa, € BAXKHO J1a Ce B3eMa MPEIBHU]I BCIKO
JBUKEHHE, KOCTO CE M3BBPIIBA OT TOBOPEIIHS, 3a Ja HE CE MPOITyCHE JIBHKEHIE, KOCTO J1a Ca OKaKe
OT 3HAYEHHE MTPU Pa3IIO3HABAHETO HA JIyMaTa.

ﬂﬁnl

T r
ﬁﬁk ﬁ\ “Hx 2

Owur. 4. OpI/IFI/IHaJIHI/I CHHUMKHU OT TECCTOBUTEC JaHHU C’b6paHI/I OT TCJICBU3HWOHHU IIPpCAaBaHUs HaA

BBC, 3a na 0b11¢ TpeHUpAH MOJENa

IMenu u 3ap1aun
KbM npenaranoro pemienue 0sxa neuHUpa CaeaHUTE U3MCKBAHUS:

TouHoCT pH pa3no3HaBaHE HA peuTa.

BB3MOKHOCT 32 TIOI3BAaHETO HA MPUIIOKEHUETO OT MOTPEOUTEIH.

bwp3onelicTBue npu 00pabOTBaHETO HA BXOAHUTE JaHHH.

N3uncren, pazbupaeM u jieceH 3a padoTa MOTPEOUTENICKH HHTEpdEHcC.

Hannunero Ha GyHKIIMOHATHOCT, KOSITA /]a TOMara Ha IoTpeOUTEeNNTE MTPH H3y4aBaHETO
Ha )KECTOMUMUYHHMS €3UK.

[Tonxoasdny HauWH 3a M3BECTSBaHE Ha IMOTPEOMTENs, NMPU HAIMYMETO HA CHOUTHUS
W3MCKBAIIA HETOBOTO BHUMAHHE.

IIpuHIMNI HA gelCTBHE HA rOpe CIIOMEHATOTO NMpeJIaraHo pelieHue

OcpliiecTBsABaHE Ha Bpb3Ka MEX/y JBamMaTa noTpeOUTeH.

[TonyuyaBane Ha Buaeo nHGOpMaLUs OT MOTPEOUTES.

W3mnpaiane Ha MoJlyueHUTe AaHHU, 3a Ja Ob1aT 00paboTeHu.

Bpbiane Ha pe3ynarar nox ¢popMara Ha TEKCT, U3BJICUEH OT MOJTYYEHUTE BXOJHU JaHHU.

IToxa3BaHe Ha MMOJy4eHHsI TEKCT MMOJ popMara Ha CyOTUTPU Ha JPyTHUs MOTPEOUTEN, ydacTBaIll
B Pa3roBopa.

[IpenocraBsiHe Ha BB3MOXKHOCT HA MOTPEOUTENS Ja MPUTOJM aKayHTa CH CHOpe]l COOCBEHUTE

CH HYX/]IN.

cDyI(I_II/IOHa..I'IHa..TIHOCT 3a ,ZIOGaBSIHe Ha IpyTHu HOTpe6I/ITCJ'II/I B CITMCBK C KOHTAKTH.
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APXHMTEKTYpa Ha NMPeAJIaraHoTo pelieHue

@ )

YuacTHmk 1 - e . YuacTHuk 2
TekcToso cvoblyerne . WebSocket TeKcTos0 Cbﬂﬁuy
Biaco_ O //

Bugeo

Bugeo

: 4 :
| YetAawno
ycTHUTe Mogeri

c#
i

@ur. 5. ApxuTekTypa Ha pa3pabOTEHOTO pelIeHHE

Ot ®ur.5 Moxe aa ce BUIH, Y€ apXUTEKTypaTa c€ CbCTOM OT HAKOJIKO OCHOBHHU €JIEMEHTA, a
HMMEHHO:
® CBbpBBP, KbM KOHTO MOCTHIIBAT 3asBKUTE OT IOTPEOUTEIIUTE.
® MOJENIBT, KONTO 00paboTBa BUJEO JAHHUTE, UIIPATEHH MYy OT ChPBBHPA.

CopBBpBHT 00pabOTBa MOTPEOUTEIICKUTE CHOOLICHHUS KaTO OTroBaps 3a TAXHOTO IpeaBaHe,
u3no3Baiiku WebSocket 3a TSXHOTO MUTHOBEHO MOJydYaBaHE OT IPYrHs YYaCTHHK B Pa3roBopa.
[Tpuema BXxoaHM AaHHU 1O (popMaTa Ha BUEa W TH H3IMpalia 3a 00padoTka KbM MoOjeia, KOUTO €
peanusapan ¢ momortnra Ha C# u crieruanu3upanus 3a 1enra gpeiimyopk Ha Microsoft, ML.NET
(Microsoft, 2019). MoaensT mosyuaBa OT ChbpBbPa BHEO, CIIeA KOESTO r0 00pab0TBa, M3BINYANKH
HY>KHUTE My JIaHHH, CJIe/l KOETO BpbILlA pe3yiTara, MOIy4eH MpH ,,IpOYUTaHeTO , o] ¢popmara Ha
TEKCT 00paTHO KbM ChpPBBHpA.

U3BOIMN

Pa3paboTka 1enu ga MOMOrHe Ha XopaTa ChC 3a00sIBaHUS, KOUTO BOAST A0 3ary0a Ha ClyX,
KaTo MM IOMOTHE J1a BOJAT IIbJIHOLEHEH JKUBOT, OJ00psABaliki KOMYKalUsATa C XopaTa OKOJIO TiX,
KOETO OT CBOSI CTpaHa MIe MOAOOpH B3alMOJICHCTBHETO MM CBhC 3a00MKajsIiaTa TW cpena u
KayecTOBOTO UM Ha KHBOT.
Ha Tto3m eram, ako TpsibBa Ja ce clOMEHAaT ObJeIM BB3MOKHOCTH 3a J100aBsHE Ha
(YHKIMOHATHOCTH CJIe]] pa3rpbIaHETO My, CJIe/Ba J1a ce OTOeexar:
* Uurerpamus B Microsoft HoloLens;
* Peanmzanus Ha MOOMIIHO MPUIIOKEHHUE C BH3MOXKHOCT Jla C€ M3I0JI3Ba B KOMOMHAIIMS C
Iporpami, Ipesiaraiiy BUJe0 pa3roBOpH;
* HHTerpamus B MynTHMEINHHH caiiToBe kKaTto YOouTube, mpegocTaBsiiku Bb3MOKHOCT 3a
,,TIPEBOJI** 110 BpeMe Ha U3II'BJIHEHUETO Ha BUJIEOTO;
* Jlo6aBsHe Ha (YHKUMOHAIHOCT, Mpejajaraiia oMol Impu oO0ydeHHe Ha e3MKa Ha
TJIIYXOHCEMHUTE;
* JloGaBsne Ha rpaduveH uHTEepdeic, KOUTO /1a croMara W yJIeCHSBa M3MOJ3BAHETO Ha
codTyepa OT MOTPEOUTEINTE;
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* Jlo6aBsHe Ha (PYHKIIMOHAIHOCT, KOSTO Ja TO3BOJISIBA CH3AABAHETO Ha aKayHT 3a
JOMBIHUTETHN BB3MOXKHOCTH, HAmpuUMep MepcoHaIM3UpaHe, Ho0aBsHE Ha JPYTU
NOTPeOUTENN B CIUCHK C KOHTAKTH.

BJIATOJAPHOCTH

To3u goxman ce mybnukyBa ¢ moakpenarta Ha npoekt 20-OEEA-01 ,,Meroau u cpencrsa 3a
TBPCEHE MO0 MYITHMEIUHHO ChIbpXKAHKE, aHAIN3 U aBTOMAaTU3MpaHa oOpabOTKa Ha JOKYMEHTH H
rojleMd MacuBM OT JaHHU, ¢uHaHcupadH oT ¢oHa ,Hayunm wuscnenaBanusa™ Ha PyceHcku
yHUBepcurerT ,,AHren KpHues®.
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Abstract: The paper shows us how to build your own application which collaborates with google books APIs.
Going through .json file, the information that our users save about books, at future moments sends to firebase storage.
Our implementation does not release, of course without using a C# programming language for the user-friendly
application.

Keywords: cloud database, C#, .json file, Firebase, public cloud

BBBEJIEHME

CeBpeMenHata (upMeHa KyiTypa BCe MOBEY€ NOTBBPIXKAaBa TEH/ICHIUATA, KOSATO Ce
OTBHXJECTBSBA C MPEX0Aa OT TPATULMOHHHS MOJEN KIMEHT-ChPBBP KbM OOTayHMs TEXHOJIOTUYEH
MojieNl. B qHemH JHM € MHUPOKO Pa3lpOCTpaHEeH CUMBOIBT 3a 00JIaK, MPUCHCTBAI B JHATPaMHu U
TBJIKYBaHUsI, KOMTO ce € MpeBbpHaJl B OJIMLIETBOPEHUE HA HHTEPHET YCIYTH.

Cloud TexHoorusiTa € MO, KOWTO MO3BOJISIBA HHTEPHET JIOCTBII 10 ChPBbPH, Mpexu, APIS,
YCIyTH ¥ Pa3idvHU MO TUIN mameroBu ycrtpoiictBa (Prantosh P. and Mrinal K Ghose, 2012). C
HABJIM3aHETO HAa HOBHS OWM3HEC MOJEN, MOTPEOUTEINTE MOraT Ja KojJabopupaTr ¢ YCIOKHEHHU II0
TOIIOJIOTHS, BUJT M PAa3X0Jl HA Pecypc MpHiIoKeHHs. JJoCThIBT A0 TAX € OCBIIECTBUM Ype3 MO3HATHTE
yCTpoHcTBa 3a M0CThI A0 WHTepHeT B aumero Ha mMoOwiHu Ttenedonu, manroru (M. Shamim
Hossain, Ghulam Muhammad, 2014).

Mopaenn Ha 00J1a4HA CTPYKTYPA IO C€ OTHACS 0 MOTPeOUTEIHTE

[Ty6nuuen o6nak (Public Cloud) — ITyGnnuHot0CcTRIIHA HHTEPHET yeinyra. V3mon3Ba ce riiaBHO
OT TOJIEMH OpPTraHU3alMKU U MHCTUTYLUH. [10 TO3M HauMH pelIeHNeTo € JOCTHIIHO upe3 ,,pay as you
go“ Mojena, B KOMTO ce 3aruianar eIMHCTBEeHO u3noiBanute pecypeu (IRMA, 2016).

Yacten ob6mak (Private Cloud) — Bwerpemnopupmena obmayna uHQpacTpyKTypa,
IpeJHa3HAauYeHa 3a IIOJ3BaHE OT CaMOCTOSITENHA OpraHW3alus, Karo ce CIOAENs C JpYyTH
notpeOuTenu. XapakTepusupa ce ¢ Mo-BUCOKA IIeHa M HUBO Ha CUTYpHOCT. /loCTBIBT 0 Hes € Ha
0a3a BBTpEIIHA MpEXKa, 3aluTeHa ¢ ,,firewall®.

2l JloknagsT € MpeicTaBeH Ha CTyAeHTCKaTa HaydyHa cecust Ha 28.05.2020 B cexnus ,, KOMyHHKaIHOHHH U
KOMITIOTHPHH CUCTEMH M TEXHOJIOTHH * C OPUTHHAIHO 3arjiaBue Ha Obirapeku e3uk: ,,CLOUD BASUPAHA CUCTEMA,
HMHTET'PUPAHA C GOOGLE BOOKS API“.
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Xubpuaen oomak (Hybrid Cloud) — 3acThnBa pemiennsi, B KOUTO y4acTBaT MyOJUYHU U YACTHU
MOJICJIN  €HOBPEMEHHO. MoaenbT Ha XUOPUAHM OONAYHM HW3YHUCICHHS C€ 3aHuMaBa C
XHOpUIM3aIMITa WM CMECBAaHETO Ha YacTeH u IMyOimueH o0mak 3a eekruBHa padoTa. Haiit-pocto
Ka3aHO, MOJICNBT € MPEAMMHO YaCTeH O0JIaK, KOWTO TMO3BOJISIBA HA OpPraHU3aIMATa J1a C€ BKIIOYH B
nybnryeH 00J1aK, KOraTo ce M3MCKBa 3a crojeisane Ha uadopmarms. (Aishwarya Srinivasan, Abdul
Quadir Md, Vijayakumar.V, 2015).

O6mectBen o6mak (Community Cloud) - mHdpacTpykTypa, crmomensiia ce OT HIKOJIKO
OpTaHU3aIH, CIIOISIISAIIH IPEIOKPUBAILN C€ MHTEPECH KaTO CUTYPHOCT, YCIOBUS 3a IOJI3BaHe 00N
OouzHec mHTepecH. [Ipemara mo-BUCOKa CTENEH HAa MOBEPHUTEIHOCT, CUTYPHOCT M TIOJHMTHKA Ha
ChBMECTUMOCT.

Kombunupan o6mak (Combined Cloud) - hopmupa ce mpu cheIMHABAHETO HAa HAKOJIKO O0JIaKa.

Brrpemen ob6nak (Cloud of Clouds) - Mpexa oT 001agyHu CTPYKTYpH, U3TpajicHa Ha O6a3aTa Ha
OTBOPEHM CTaH/IAPTH U MPEIOCTaBsIIa crenuduyHa cpea Ha 00JIaqHa TEXHOIOTHSL.

[MpenBun paznuunute Bugose cloud pemenus (Micosoft Azure, 2020), KOUTO ca U3JIOKEHH T10-
rope, €TO M HAKOHU YCIIyTH U PCIICHHS:

e Software as a Service (SaaS) - yka3Ba 10CTbII 10 OU3HEC IPHIOKCHHS IIpe3 web.

e Platform as a Service (PaaS) — ocurypsiBa OHJIaiH cpelia 3a Ch3/IaBaHE, TECTBAHE W
JerioriBaHe Ha web npuinokenusi. OnpocteHo kazaHo, PaaS ocurypsiBa mHTErprpaHa
cpena 3a pazpadotka (IDE)

e Infrastructure as a Service (laaS) - ocurypsiBa Ha CBOMTE KIIMCHTH aJIMUHUCTPHPAH web
0asupaH JOCTBII 110 (YHIAMEHTAIHHW KOMITIOTBPHH PECYpCH KaTo JIUCKOBO
MPOCTPAHCTBO M MpPEeKU. Bcewuku 00nauHu  MHOPACTPYKTYpH  3aBHCAT  OT
BUpTyanu3anuaTa. [lojappka ch31aBaHETO Ha BUPTYaJHH MAIIMHU C HEOOXOJAUMHUTE
XapayepHUu B copTyepHH KOH(PUTYpPAITUH.

N3JTO0XEHUE
B Hacrosimus qokIiaj mpeasiaraMme euH BapuaHT Ha MpoekT, n3non3samy Google Book APIs.

Onucanue Ha AapXUTEKTypaTa

) Google Cloud Platform

LD LD

@ur. 1. ApxuTekTypa Ha pazpaboTkara

IIpn wu3rpaxnane Ha apxutektypata (Pur. 1) QokychT Oe HacoueH KbM IIUPOKO
pasnpOCTpaHEeHUs] TPUCIOCH MOJIEN B MPOEKTH C YYaCTHETO Ha 00JauyHU TEXHOJIOTHU. B Tekymus
MIPOEKT TPUTE CJIOS Ca OPTaHU3UPAHU U CTPYKTypHUpaHe Ha 6a3a ClIieJHUTE TOUKH:
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e [IbppBus crnoii (Hal-HUCKO HHMBO) XapakTepusupa rpadudnus wHTEpdeEiic, dupe3 KOWTO
noTpeduTenuTe OOPaBAT ¢ MPUIOKEHUETO;

e Bropus cioii (1o cpenara) ce peanusupa nocpeactsoM C# 6a3upaHo MPUIOKEHHUE, KOETO
B3aUMOJICHCTBA C 0a3ara JaHHU U OTpeduTeNs, ype3 Windows dopmu;

e Tperus cinoil (Hail-rOpHO paBHHMILE) NpEACTaBiIsiBa 0a3ara JaHHU, B KOSTO C€ ChABPKA
uHpopmanuaATa, u3BiedeHa ot http 3asBkure.

OnucaHue Ha peau3anuATa

BaxxHa ToYka, KOSTO € HY)KHO J1a ce OTOENeXH €, e CTPYKTypa Ha BbPHATHs PE3yyTaT OT
Google Books Api ce 3anucBa nocpeactsoM C# MpuiioskeHUETO B .json popmat. PailrbT ce Chabpka
JIOKAJTHO ¥ ce M3Mpalia KbM 0azaTta JaHHH B MHTEPBAJIU OT 2 Yaca.

Pazpaboteno e npuiokenue, 6azupano Ha C#, KoeTo peanusupa Bpb3KaTa MeX 1y OTpeOUTes
u ceorBeTHUs AP TIpunoskenuero ce 6a3upa Ha padorara ¢ Windows ¢opmu (®Pur. 1 u dur. 2).

Search Book

Book Title/ Author [

w Books

®uwr. 1. Search book form 1

Search Results

Title Nino Rota's The Godfather Trilc
Rota's
Author ™ Godfather
I ralogy

Pages Number R

Published Year phy[iS[ISE]

Description

@ur. 2. Search Result form 2

®uJTpH 32 THPCEHE

PpKoBOZEHKH CE OT M3pa3eHaTa B YNTATEICKUTE CPEIU MTPAKTUKA, Jja CE Ha30BaBa KHUTATa 110
HEIHMA aBTOP U 3arjaBHe, IPUIOKEHUETO € Pa3pabOoTEeHO ¢ Bb3MOXKHOCT 32 ThPCEHE 110 ITOCOYEHUTE
aTpuOyTH.

CabIo Taka, ChIIECTBYBa ONLMA 32 U300p BbB Bede M3rpajeHara 0a3a JaHHU OT ThPCEHH U
3ama3eHu 3anucu uiu B Uatepuet npoctpanctBoTo (Google Books APIs).
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ByToHm n B3aumojaeiicTBre 0T NOTpeOUTENA

C naruckane Ha OyroHa Read vMa Bh3MOXKHOCT J1a C€ OTBOPH JIMHK, KOWTO J1aBa Bb3MOXKHOCT
3a YeTEHE M Nperje]] Ha KHUraTa OHJIAMH.

byronute Previous/ Next, ciyxaT 3a mpeMHHABaHE Ha HPEAMIINCH/ ClIeABaIl pe3yiTaT 3a
KOHKPETHO ThpceHara kuura. [Ipu kimk BbpXy OyToHa Save u3siedeHara nH(opmanus ce 3arna3sa B
.json dait.

B uHTEepBas OT /iBa yaca ce mpoBepsiBa CTPyKTypara Ha (aiiyia ¥ ce 3anmcBa oTjajieueHara 6asza
naHHu BBB FireBase.

JloGaBeHa € (YHKIIMOHAIHOCT MPU pPadOTEH PEXUM Ja Ce BHU3yalM3Wpa HKOHATA Ha
MIPUIIOKESHUETO B JICHTATA Ha 3a/Ia4HTe, KaKTO € oka3ano Ha dur. 3. MkoHa Ha npuiiokeHrneToChIo
Taka, B CJICJACTBHEC Ha CHHXPOHHM3MpaHE Ha WH(pOpMaIMara ce HaOJoJaBa MHUHUMHU3UpPAHE IO
KOMCHTUPAHUS HAYMH B JICHTaTa Ha 3a/Ia4HTe.

®ur. 3. IkoHa Ha IPUIIOKEHUETO

FireBase

FireBase mnpencraBmsiBa Google Cloud 6a3upana mnatdopma. lllupoko mpumoxuma e B
pa3pabdoTkara Ha MmoOumHH npmiokenus (D. Stevenson, 2019). M36opsT Ha Firebase cnomorna 3a
OMO3HABAHETO HA JIONBJIHUTEIIHA BB3MOXKHOCTH KBbM CTpEMEXka 3a yBEIMYaBaHE Ha
OBp30eiicTBHETO.

OTHOCHO TEKyIIUs MPOEKT, MPEIHA3HAYCHUETO ¥ €, Ype3 Hesl JaHHHWTE ca ChbXPaHsSBaHU Ha
OTHaJieueH ChPBBP, KakTo € moka3ano Ha dwur. 4. llenra e 10 TIX Ja UMa JIECEH JTOCTBII, 3a Ja €
BB3MOXKHO MTPH B3€MaHETO UM Jia ce u3non3Ba C# mMomyna, ¢ KOMTO O0paBH MOTPEOUTENS.

& CloudechProjec - Do X % W.Chan N Jothy QV.le.and( X | () Using the AP | Google Books# X @) Credentios - APk & Servces - © X | NewTab x +

<« C & conx * 0 B oV v
B Firebase dTechProject v owdocs (‘]
o

®
|
+ O

@ur. 4. Crxpanenue Ha faHHuTe BbB Fire Base
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Google Books APIs

Google Books APIs npenocraBsi BB3MOKHOCT Ha pa3zpaboTyrka aa 100aBu (HyHKIIMOHATHOCT
Ha Google Books mupekTHO B cBosta m3paboTka. J[oOaBKaTa ce ChCTOM B KoabopamusaTa Ha
MPOAyKTa ¢ OOMIMPHOTO ChIbpKaHUE HA pa3nuynu aBui| (bookshelfs) B google.

Bps3kara va API ¢ mpoekra, onrcaH B TO34W TOKJIa, crioMara j1a nmpeopmMyinupame 1ecTBUsATA
ot Google Books mupekTHo B nuTuUpaHara cucrema. Ha 6a3ata Ha Bb3MOXKHOCTUTE Ca Ch3/IaJCHU
(GYHKIIMOHATHUTE OYTOHU U B3aUMOJICHCTBHSATA.

HN3noa3sanu nmojiera ot Google Book APIs
Cren oTBapsiHe Ha IOMBIHUTENHA HH(OpMAIIH 32 KHUTaTa rpu ¢popmara nokazana Ha @wr. 2.
Search Result form 2, motpe6uresst iMa Bb3MOXKHOCT Jia 3ala3y U3BjcueHaTa HHPOPMaIIus.
W3Bnmuuanero Ha moinerata ¢ gaHHute oT mHopmammsaTa B Book APIs ma Google ce
ochinecTBsiBa upe3 Metoa fetchResultsCondition u cieauust kox:
/// <summary>
/// Fetch results from the FireStore, using given parameter.
/// </summary>
/// <param name="collection"></param>

/// <returns></returns>
public static async Task<List<Book>> fetchResultsCondition(string param, string

value)
{

CollectionReference collection = db.Collection("books");

Query query = collection.WhereEqualTo(param, value);

QuerySnapshot querySnapshot = await query.GetSnapshotAsync();

var books = new List<Book>();

var book = new Book();

foreach (DocumentSnapshot queryResult in querySnapshot.Documents)

{
book.Author = queryResult.GetValue<string>("author");
book.Description = queryResult.GetValue<string>("description™);
book.ImgUrl = queryResult.GetValue<string>("ImageUrl");
book.Genre = queryResult.GetValue<string>("genre");
book.PageCount = queryResult.GetValue<int>("pageCount");
book.PublishedDate = queryResult.GetValue<string>("publishedDate");
book.ReadLink = queryResult.GetValue<string>("LinkToRead");
book.Title = queryResult.GetValue<string>("title");
if (!books.Contains(book))

books .Add(book) ;

book = new Book();

}

return books;

}

3anmucBaHETO MM ce U3BbpINBa upe3 Merona saveData(Book book) u mocpenctBom ciennus
KOJI:

/// <summary>
/// Save data into Firebase.
/// </summary>
/// <param name="book">Book instance</param>
public static async void saveData(Book book)

{
Environment.SetEnvironmentVariable("GOOGLE_APPLICATION_CREDENTIALS",
@"C:\Users\Ivalin\Desktop\CloudTechProject-bede337110ed.json");
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CollectionReference collection = db.Collection("books");
DocumentReference document = await collection.AddAsync(
new

{
title = book.Title,

ImageUrl = book.ImgUrl,

LinkToRead = book.ReadlLink,

author = book.Author,

description = book.Description,
genre = book.Genre,

pageCount = book.PageCount,
publishedDate = book.PublishedDate,

s

U3BOIM

[IpoekThT nompuHACS CTYIACHTHTE OT MAaruCTBPCKHsS KypC Ja C€ 3alo3HasT C Pa3IMyHU
KOMIIOHEHTH, KOMTO MOTaT Jia CIIOMOTHAT 3a W3rpaxaaHeTo Ha QyHkiuoHanHa cloud Ga3upana
cucrema. OnucaHaTa B TCKyIlaTa 3alMcKka CHCTEMa, IO3BOJIsIBA MHTETPAIlHs Ha OTIACITHA MOJIYJIA OT
web cuctemu, KOUTO pazdoupa ce, Ouxa MOTJIH Ja ce U3M0JI3BaT NooTaeHO. Ha To3u eTarr, ako TpsOBa
Jla ce CIIOMEHE 3a OBbJIeIIM BH3MOXKHOCTH 32 J1I00aBsiHe Ha (DYHKIIMOHAHOCTH CJIE]] Pa3BUTHUETO MY,
clie/iBa Jia ce OTOeIIeKaT:

e JloOaBsiHE Ha pa3JIMYHU THIIOBE PUITPU 3a ThpceHe Ha kKuuru (M3matencTro)

W3non3Bane Ha NONBIHUTEIHA (hopMa 3a MOKa3BaHE HA PE3yJITaTUTE OT 0a3ara JaHHU
WuTerpanus ¢ google akayHTa ¢ 11e1 yIpaBieHHE Ha MPEIIOYUTAHUSATA HA IIOTPEOUTEIIS
JloOaBsiHEe Ha KHUTHUTE B JIABUIIH 32 JIIOOMMHU, KHUTH 32 YETCHE, POYCTCHU

BB3MOKHOCT 3a mHcaHe Ha PeBIO 32 KHUTATa

MeHI0 ¢ BCUUKH KaTerOpuH IOCTHIIHU Ha notpeduTtesns (Jlrooumu , 3a uerene)

OuITHp 32 MOAPESKIaHE HA TAHHUTE

HocrerHocT Ha pesynratute(eBook, free, paid, partial, full)
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Abstract: There are many methods for content-based textual search, but probably the most popular is the vector
space model. The reason for that is the combination of its three main features: 1) It is easy to implement; 2) It has an
acceptable time complexity; and 3) Calculates a degree of similarity between the query and the retrieved documents, that
allows results to be ordered by their relevance with the query. This paper presents an architecture and a logical model
of an experimental web application for content-based textual search using the vector space model. The system allows
users to perform a textual search within a set of documents and experiment with different term-weighting models.

Keywords: Vector Space Model, Information Retrieval, Text Analysis

BBBEJIEHUE

C pa3Butuero Ha UHYOPMALIMOHHUTE U KOMYHUKAIMOHHUTE TEXHOJIOTHH, U MO-AOCTHITHUS OT
Bcsikora MHTepHeT, moTpeOuTennTe HEeMPEeKbCHATO CE YBEINYaBaT M KauBaT €XKEIHEBHO OTPOMHO
KOJMYECTBO TEKCT M M300pakeHUs, He CaMO B COLIMATTHUTE MPEXKH, a U B IPYTHU caiiToBe. 3a 1a nMa
CMHUCHJI OT T€3M JIaHHU 0Oaue Te TpsiOBa Ja ObJAT JIECHO OTKPUBAEMHU U JIOCTHITHH 33 OCTAHAIIUTE
notpeburenu. ThpceHeTo Mo HECTPYKTYPUPAHO TEKCTOBO HIIM BU3YaJTHO ChABP)KaHHUE HE € TOJIKOBA
TPUBHAIIHO, OCOOEHO KaTo ce uMa npeaBu, ue B Muteprer uma nan 1.75 munimapaa caiita. Tyk Ha
MOMOIIl MABAT THPCEIIUTE MAIIMHU WM CUCTEMUTE 3a ThPCEHE MO0 HECTPYKTYPHUPAHO TEKCTOBO
chabpxkaHue. EnBa v Beue HAKOW MOXe /1a CU TpeAcTaBu cBera 6e3 ['yrbi.

CrhlecTByBaT MHOKECTBO METO/IU 33 ThPCEHE 110 HECTPYKTYPHUPAHO TEKCTOBO ChIbPKAHUE, HO
MOXe O Hail-OMyJSpHHUIT € BEKTOPHHUAT MOJET 3a aHanu3 Ha Tekct (vector space model).
[TprunHaTa 3a TOBa € KOMOMHAIIMATA OT CJIETHUTE TP HETOBU OCHOBHH XapaKTEPUCTHKU:

1. Jlecen e 3a peanu3zanus;

2. Wma mpuemiuBa BpemMeBa CIIOKHOCT;

3. M3umcnsBa cTemeH Ha Tono0We MEXIy 3asBKaTa W BBPHATUTE JTOKYMEHTH, KOETO
MO3BOJISIBA MOJPEKAAHETO UM, TaKa Y€ CEMaHTUYHO Hail-OMU3KHUTE 10 3asiBKaTa Ja Obaar
Hal-OTIpeI.

Xapakrepuctuku 2 U 3 ca oco0eHO BakHU MpU 00paboTKaTa Ha roJieMH MAacUBH OT JaHHH.
JloGpata BpeMeBa CIIOXKHOCT MO3BOJISIBA ThPCEHETO, JOPU M Cpell MIJIMOHHM JOKYMEHTH, Ja ce
W3BBPIIBA 32 pA3yMHO BpPEMeE, a pAHKUPAHETO JaBa Bb3MOXKHOCT PE3YJTAaTUTE Ja ObaaT MOJIpeIeH!
10 CTETNEH Ha MoI00Me, KaTo Hall-IoJ0OHUTE 10 3asBKaTa ce pa3moJioxkar Haii-otrope. [locnennoro
HAaUCTHHA € BaXHO NpU oOpaboTKaTa Ha TOSIMO KOJMYECTBO MAaHHHW. AKO pe3yiTaTuTe HE ce

2 JlokmambsT e TpejcTaBeH Ha CTyJEHTCKaTa HaydyHa cecust Ha 28.05.2020 r. B cexuus ,, KOMyHUKAIMOHHH H
KOMMIOTHPHU CHCTEMH U TEXHOJIOTHH' * C OpUTHHAIHO 3aryaBue Ha Obirapcku e3uk: “YEB-BASPAHA CUCTEMA 3A
TBPCEHE 110 TEKCTOBO CbAbPXXAHUE UPE3 BEKTOPEH MOJIEJI 3A AHAJIN3 HA TEKCT*
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HOAPEXIAT 10 CTeNeH Ha MOoA00ue, KaKTo € MpH OyJeBHs MOJEN Ha ThPCCHE, U B CHUIOTO BpeMe
cucTeMara BbpHE XUJISIU MTOA0OHN TOKYMEHTH, MOXKE J1a C€ OKaxe, ue Hall-MoJOOHHUTE pe3yTaTu ca
Pa3IoJIOKEHH MHOTO Ha3aja B CIMCHKa, Hampumep cien 37-ma crpanuna. [lorpedurtenure obaye
OOMKHOBEHO IIPETJIeKIaT CaMO IIbPBUTE JECETHHA-BAIECET PE3yITaTa u IMPHKIIOYBAT C THPCCHETO.
ETo 3am10 € MHOr0 BaKHO pe3yJTaTHTE OT THPCEHETO Ja Ce MOAPEXK AT [0 CTENeH Ha MOA00Ue U Haii-
OJJOOHUTE Ja CE MPEICTABST IbPBH.

CucremuTe 3a ThpCEHE 110 TEKCTOBO ChIBbPKAHUE MOTaT Jja ce U3IOJI3BaT 3a:

v ThpceHe Ha JOKYMEHTH 0 ChIbPIKAHUE B €JIEKTPOHHUTE OUOIHOTEKH;
[Ipennarane Ha MOAOOHN/CBbP3aHH CTATUHM WJIM HOBUHU B HOBUHAPCKUTE CAalTOBE;
[Ipennarane Ha MOAOOHU UM CBBbP3aHU MIPOJYKTH B €JIEKTPOHHUTE Mara3uHu;

AN

PeanmnpaHe Ha TbPCCHE I10 ChABPIKAHUE B CbIICCTBYBAIIU ye6 CaﬁTOBC, HE3aBUCHUMO JaIn
CbABbPKAHUCTO HA CTPAHUIIUTEC UM € CbXPAaHCHO BbHB (baﬁHOBe uau B 0asza oT JaHHU;

<

HaMI/IpaHe Ha CeMaHTU4YHAaTa 0JU30CT MCXKAY nNogaJiCHu OT HOTpe6I/ITeJI$I JOKYMCHTH,

v' Karo mombiIHEHHE IpU ThPCEHE B pejaloHHuTe 0asu or ganau. CucremMure 3a
ynpapnenue Ha 6a3u ot nanuu (CYBJl) mo npuHIMN He U3YMCISABAT CTENEH Ha moaodue,
3al0TO peau3upar OyseBus Mojien Ha ThpceHe. Ho ¢ momolirra Ha BEKTOPHUS MOJIEN MOXKE
JTOMBIHUTENHO J]a C€ M3YUCIM Koe(UIIMeHT Ha moaodue Mexay Bceku BbpHAT oT CYB/]
pe3yaTaT U 3asBKarta.

IMPOEKTHUPAHE U PEA/IN3ALIUA HA YEB-BASUPAHA CUCTEMA 3A TBbPCEHE
IO TEKCTOBO CBABPKXAHHUE YPE3 BEKTOPHUSA MOJEJ 3A AHAJIM3A HA
TEKCT

H3uncnsiBaHe HA CTeNeHTA HA NMOA00Me MeKIY 3asiBKaTa U JOKYMEHTHUTe

BexTopHUAT MOJieN 3a aHaIu3 Ha TEKCT MPEJCTaBIIsABa HEIBEH METO/I 3a OMMCaHUe, IPU KOUTO
CMUCBJIBT Ha JOKYMEHTA CE ONMUCBA (UM U3BJIMYA) OT ChIBPKAHUETO MY. JJOKyMEHTHUTE U 3asIBKUTE
3a ThPCEHE Ce MPEACTABIT BHB BUJ Ha BEKTOPH, KOUTO ChIBPKAT PEaIHU YUCIIA, MPEACTABISBAIIN
Terjara Ha qymuTe. Pa3MepbhT Ha BCHYKU BEKTOPHU € €HAKBB U PaBEH Ha OpOs YHUKAIHU AYMH B
1sJ1aTa KOJIEKLIHUs OT JOKYMEHTH.

Crenenra Ha mojoOWe MEXIy JBa JOKYMEHTa (WJIM MEXIy 3asBKaTa M JOKYMEHTa) Ce
M3UYHUCIISIBA KaTO KOCHHYCA Ha bI'blla MEX]y BEKTOpUTE UM ((ur. 1) upe3 cieqHoTo ypaBHEHHE:

n
D=1 WqiWa;i

Jz:‘ﬂ(wqazzz-*:l(wd,.oz

Sim(q,d;) = 1)

Kpaero:

S im(q, d]-) — CTEMEeHTa Ha MoJI00Ke MeXy 3asBKaTa ( U ToKyMeHTa dj.
Wg; — TErJI0TO Ha i-TaTa JyMa OT BEKTOpa Ha 3asBKaTa.

Wq;i — TEIJIOTO Ha i-TaTa Ayma OT BEKTOpa Ha |-TUs TOKYMEHT.

n— 6p0$[ Ha YHUKAJIHUTC AYMU B [idj1aTa KOJICKIUA OT JOKYMCHTH.

-154 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2020, volume 59, book 3.3.

KOC1HYCOBO NOAOBUE

OokymeHT 1

X,

[okyMeHT 2

Kocunycoso PascTosiHue

X

@ur.1. UnrocTpanus Ha ueaTa 3a HAMUpPaHe Ha MOJ00ue MEXKIy Ba JOKyMEHTa
Ype3 KOCHHYCa Ha bI'bja MEXy TEXHUTE BEKTOPH.

HN3uunciasiBaHe HA TerJiata Ha AYMHUTE

TouHOCTTa HA U3YHCICHUS KOG(bI/ILII/IeHT Ha HOI[O6I/IC MCKAY ABa JOKYMCHTA [0 IojisiMa CTCIICH
3aBUCHU OT HAa4YMHA Ha MU3YUCIISIBAHC Ha TCrjlaTa Ha AYMMTC. C’I)HIeCTBYBaT MHOXKECTBO MOJCIIU 3a
H3YHCIIIBaHETO UM. Becuuku Te obaue ce 6a3HpaT Ha ABC OCHOBHH XapPAKTCPUCTHUKMU:

v YecroTa Ha 1M0sIBa Ha JaJicHa JyMa ti B paMKuTe Ha j-Tust qokyMmeHT dj. Hapuua ce term-
frequency — tfij. Tlpe3ymnmusra €, 4e KOJKOTO IMO-YECTO CE Cpella JajeHa ayMa B
paMKUTE Ha JOKYMEHTa, TOJIKOBA MO-Ba)KHA € TS 32 HETOBOTO OMHMCAHNE U CMUCHI.

v" Bpoii Ha IOKyMEHTHTE, ChIbPXKAIIK AajeHaTa qyma ti. Hapuua ce document frequency —
dfi. ToBa e oOpaTHO mMponoOpIMOHATHA MspKa 3a HH(GOpPMAaTUBHOCTTA Ha jaymara. T.e. B
KOJIKOTO TIOBEYEC JOKYMEHTH C€ Cpell[da Ta3d JyMma, TOJKOBA MO-MAalKO KOHKPETHA
uH(OpMAaIHsT HOCH Ts1. 3aTOBA MPH U3YUCISIBAHETO HA TETJIaTa Ha [yMHUTE CEe U3I0JI3Ba HE
Ta3M XapaKTepHUCTHKA, a HelHara ,,aHBepcus™ — inverse document frequency — idf;.

Haii-ipocrara tf-idf cxema 3a u3umcisiBaHe Ha Ternara Ha IyMHUTE €:

Wi = tfiJ * ldfl = (tfi,j) * log (difl)
)

KBJIETO:

Wi j — TETJIOTO Ha i-Tata JyMa B j-THs JJOKYMEHT.

tfij — yecroraTa Ha mosiBa Ha jymara ti B j-TUSI JOKYMEHT.
d — Opoii Ha TOKYMEHTUTE B KOJEKIIUATA.

dfi — Gpoit Ha TOKyMEHTHUTE, KOUTO ChABPKAT li.

[Tpu u3umcisiBaHeTo Ha Terniara, tf OOMKHOBEHO CBHINO ce JlorapuTMyBa. Taka Hal-4ecTo
usnon3panarta tf-idf cxema, BCHITHOCT ce siBsIBA CIIEIHOTO YpaBHEHHUE:

wy; = (1+1log (tf;)) * log (difi)
)

q)yHKlII/IOHaJIHI/[ H3UCKBaHUA

Toif xaTo cucTemara ce pa3paboTBa ¢ €KCIEpPUMEHTAIHA IIe]I, KbM MOMEHTA T03BOJISIBA HA
MOTPEOUTENUTE Ja THPCAT CaMO U3MEXY IPeIBapUTEIHO MyOINKyBaHH JOKYMEHTH. 3a B Objere
obaue me Ob/e J00aBeHa (PYHKIIMOHAIHOCT, KOSTO Ja /1aJle Bh3MOXKHOCT Ha TMTOTPEOUTETUTE ChHIO
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na myOJIMKyBaT ¥ yIpaBIsABaT CBOM COOCTBEHHM JOKYMEHTH. HamnmyHara KbM MOMEHTa
(YHKIIMOHATHOCT € ONKCaHa ¢ uarpamara Ha ciy4auTe Ha yrnorpeba Ha ¢ur. 2.

BauzaHe B npunoxeHueto

KausaHe Ha AOKYMEHTH

3aneKa 3a TbpCceHe BR/IIOYBA
MNotpebuten
[lpernep Ha pesynTtatuTe OT TbPCEHETO

@ur.2. Jlnarpama Ha ciry4anTe Ha ynoTpeda, oTpassiBama (pyHKIMOHATHOCTTA
Ha MPUIOKEHUETO 10 OTHOIICHHE HA TIOTPEOUTEIS

Jlornuecku mojaeJt

Ha ¢wur. 3 e nmpencraBeH o0OOMICHHUAT alrOpUThM Ha paboTa HA CHUCTEMaTa, MO0 BpeMe Ha
Thpcene. Cren KaTo MOTPEOUTENST BbBEAE TEKCT 3a ThPCEHE, NMPUIIOKEHUETO To mpeoldpa3yBa B
Masiku OykBu. Crien ToBa OT TEKCTa Ce NpeMaxBaT CEMAaHTUYHO-HE3HAUYUMHTE IyMH. ToBa
OOMKHOBEHO Ca MPEeUIO3U, ChIO3H, MECTOMMEHHUS, HapeuHsi U APYTd 4acTH Ha peyTa, KOUTO UMaT
CUHTAKTHUYHO 3HAYCHHE, HO HE HOCAT HUKAaKBa MHPOpMAIIUS 32 IIpeIMeTHATa 00JIacT Ha JIOKYMEHTA.
Haxkpas, TekcTwT ce ,,moxanuszupa “, T.e. mpeodpasyBa ce B MacUB OT YHUKaIHH JyMU. B 3aBucumoct
OT HAaCTPOWKHTE € BB3MOXKHO TNpenn nmpeolOpa3yBaHETo AyMHTE 1a ce cmemupam. CTEMHUPAHETO €
oriepariys 1o oTAelNsiHe Ha KOpeHa OT OKOHUaHUsITa Ha AymuTe. LlenTa e pa3nuyHuTe mponu3BOIHHU Ha
eqHa W chbia ayma (HampuMmep xyOaB, xyOaBa, XxyOaBHIla U T.H.) Jla CE€ Pa3MO3HAAT KAaTO €Ha
€IMHCTBEHAa AyMa. ToBa I1ie MOBUIIIM TOYHOCTTA HA aHATU3A.

Crnen npeaBapuTeHaTa 00paboTKa Ha TEKCTa C€ U3YUCIISIBAT TEIJiaTa Ha TyMUTE, CIe/I KOETO
U CTENeHTa Ha mojaobue Mexay 3asBKaTa W pesynraTute. Hakpas pe3yntaTuTe OT ThPCEHETO ce
MOIPEXKIAT B HU3XOJIAIII PEJT IO CTETEH Ha IMO00KE U Ce MPEACTABST Ha TOTPEOUTEIIS.

ApxurexkTypa

Karo Bcsiko cbBpeMeHHO ye0 MpHIIOKEHHEe, CUCTeMAaTa 32 ThPCEHE 10 TEKCTOBO ChAbPKaHHE
CBIIIO € peallu3upaHa ¢ TpucioiHa apxutekrypa ((ur. 4), ¢ paszgensHe Ha OM3HEC JOTHKaTa OT
JaHHUTE M OT noTpeduTenckus uatepdeiic. Toa nMo3BossiBa ObP30 U JIECHO NMEPCOHATUIUPAHE WU
3aMsiHA TOTPEOUTEICKHS HHTEPQEic, KaKTO U IPEHOCUMOCT U PETUTUKAIIHS HA TaHHUTE.

OCHOBHUTE MOAYJIH, KOUTO peanu3upar Oa3oBara (YHKIMOHATIHOCT ca: ,,Ispcene”,
<Anoexcupane®, . Ilpedeapumenna oopabomka na mexkcma* v ,,Cmemupane*.

MonaynbT 3a npeaBapuTenHa oOpaboTKa Ha TEKCTa MpeMaxBa ITyHKTYallMOHHUTE CHUMBOJIH,
npeoOpa3yBa AyMUTE B Majku OyKBH, MpeMaxBa CEMAaHTHYHO HE3HAUYMMHUTE yMH U TOKAHHU3Hpa
Tekcta. MOIyIIbT 3a CTEMHpaHe peanusupa anropurbma Ha Maptun [optep (Porter, 1997), koiito e
MpeHa3HauYeH 3a aHTIUCcKU e3uK. [1o mpuHIMN OTAENSHEeTO Ha OKOHYAaHUETO Ha JyMaTa OT KOpeHa
M € M3KJIIOUUTENHO CHIJIHO 3aBHCHMO OT €3UKa. 3aTOBa M CTEMHUpAIINUTE AJTOPUTMHU C€ OTHACAT 3a
KOHKpeTeH ecTecTBeH e3MK. ChIIECTBYBa U CTEMBbpP 3a OBJIrapcku €3uK, mpeuiokeH ot Ilpecnas
Hakos (Nakov, 2003).
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MoTtpebuten WMHdopmaumoHHa cuctema

W
¥

{ BbeexgaHe
! Ha TeKCT 3a TbpceHe

1

{ MpemaxeaHe Ha
| NYHKTYaUMOHHMTE CMMBONN |

L !

( Mpeo6pa3sysaHe ‘
B Manku 6yksu

|" lMpemaxBaHe Ha CeMaHTUYHO-
He3HaunMMuTe AymMu

)

[ CremupaHe

I

"' WauncnseaHe Ha
TernaTa Ha aymuTe

)

MauncnaeaHe Ha
cTeneHTa Ha nogobue mexay
3asiBkaTa W pesyntatute

l

MoppexnaHe
Ha pe3yntaTuTe No CTeneH Ha
nopobue B HU3XOAALW pen

l W3BexpaHe Ha ‘
pesynrarurte

I

AN

™
\

s

‘/" R

Our. 3. I[I/IarpaMa Ha ,HeﬁHOCTHTe, OTpa3sBallia IIponeca Ha TbpCCHE

MonynsT 3a MHAEKCHpAHE MO3BOJIsABA Ja ce J00aBsAT HOBU JOKYMEHTH B KOJEKIIHUATA, KOETO
pasz0upa ce BoJIM J0 aKTyanu3amus Ha uHjaekca. IHIeKChT MOXKe /1a ce ChXpaHsiBa KakTo B 0a3zara OT
JaHHH, TaKa U BB BUJ Ha (aii.

TBpceHeTo, M3UUCIABAHETO HA KOCPUIMEHTUTE HA MOJ00Me, peaau3alusiTa Ha BEKTOPHUS
MO/I€JI 32 aHAJIU3 Ha TEKCT, MOAPEKIAHETO U BU3YAIM3UPAHETO HA PE3YJITATUTE CE€ OCHILIECTBIBAT OT
MOJyJia 32 ThPCEHE.

MonynsT 3a ynpaBieHHe Ha CEMaHTHYHO-HE3HAUUMUTE TyMH MO3BOJISIBA Ha MOTpeOUTENs /1a
n00aBsi, pelakTUpa U U3TPUBA JTYMU, KOUTO CIIOPE] HErO HE HOCIT KOHKPETEH CEMAHTHYEH CMUCHII
Y HE OIKCBAT IMpeaMeTHaTa 00JIacT Ha TIOKyMeHTHUTe. Te3u ayMmu, B cllydas, ca Mo-CKOpO Mapa3suTHH
¥ caMO TMpeyaT Ha aHaliu3a, 3aToBa TpsAOBa Ja ObIAT mMpeMaxHaTh. ThH KaToO MPUIOKEHHETO HE
ChIIbpKa B ce0e CH M3KYCTBEH MHTENIEKT, HAMA Kak Ja pa3z0epe KOs TymMa KaKbB CMUCHI HMa. 3aTOBa
CEMaHTUYHO-HE3HAYMMUTE JTYMHU C€ MOAaBaT IBHO OTBHH - KATO BXOHH JIaHHH 3a CHCTEMaTa.
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HTML YnpaBneHwe Ha 2] TekcToBM
HTML wabnoHu g ] charinose p Q| g |
) noTpebuUTencKuA MHTepchenc DOKYMEHTH
<<filesystem>> > L i}
<<application>> <<filesystem>>
AaHHn /l\‘ ____________________________ ~ L _____________
san ' i > ;
~. [aHHW naHHA  — TEKCTOBM i faHHn | TeKkcToBu
3a MK 3a MK T thaiinose \__/ aa M T \__/ taiincee
YnpaeneHne Ha = | 2 ] 2 ]
CeMaHTU4YHO-He3Ha4YMmuTe T'I:pGEHE MHAeKCHpaHB
AymMmn
LA
A Bl (stopwords) B0 /L Texker/ | i é Tekct / //L\ ;/: ,L B0
. DaHHU ;\ ke o macueoT () 1 & macus ot () 1 2 f (WHAEKe)
T 3a MK | e (eneke) yMu I ! ‘\‘? aymu g i A
]
HacTpoitku 3 CtemupaHe —Or— Mpeasapurenta :
3 =4 obpaboTKa Ha TekcTa
Teket /
Lymu
/L | . BA (HacTpoiku Bl (hacTpoiiku, L |
511' ) i C1) asacrem. anr.) stopwords u gp.) {1 )
(HacTponKw) | i |
_____________________________________________________________________________ O S
}k’ AaHHN
r ot B

Baza ot gaHHM E
<<DBMS>>

®ur.4. ApxuTekTypa Ha cucTeMara

Peanm3zanua v M310J13BaHU TEXHOJIOTHH

3a peanu3alys Ha CUCTEMAaTa € U3I0JI3BaH €3UKbT 3a IporpaMupaHe oT cTpaHa cbpBbpa PHP
(https://www.php.net/) u pa3dupa ce 6e3antepHaTuBHUTE KiMeHTCKU TexHosnorun HTML u CSS.
KbM MOMeHTa 6a3a OT JaHHU HE ce U3I0JI3Ba, a MHJEKCHT Ce ChXpaHsABa BbB (aiin. 3a cuctema 3a
ynpasienne Ha Oasu ot ganmHd (CYBJ]) nHaif-BepostHO me Obne wm3momsBana MySQL
(https://www.mysgl.com/), Thii Karo TS OOMKHOBEHO BBHpPBU B KOMIUIEKT ¢ PHP u B 00mm
HMHCTAJIAI[MOHHM naKeTH, kato XAMPP.

Ha ¢ur. 5 e npencraBeH ekpaHbT 3a ThPCEHE U U3BEXKaHE Ha pe3yJTaTuTe oT Hero. Thil KaTo
cUCTEeMara € B eKCIIepUMEHTaIHa (pa3a, MOTPeOUTENCKUIT HHTEpdeiic He € Ou IPUOPUTET.

Tbpcwu

actor action movie for kevin

KnacupaHe

f4ls3, Nosolwe: ©.57550938127402
fileS, Mosolwe: 0.44539608452697
filed, Nosobwe: ©.35312938318388
an: filel, Nosobuwe: 0.26163352920535

file2, Nonobwe: ©.25545364141388

Topcu oTHOBO

@ur.5. EKpaH 3a TbPCCHE U U3BCKAAHC HAa PE3YJIITATUTE OT HCTO.
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3AK/IIOYEHHUE

CucreMara 3a ThpCEHE 110 TEKCTOBO ChIbpIKaHHE € pa3paboTeHa ¢ eKCIEepHMEHTAlHa Lell,
OCHOBHO 32 JIa [T03BOJIM Ha ,,lIOTPEOHUTENHNTE  1a pa3ydaT BEKTOPHHS MOJIEN 3a aHAIN3 Ha TEKCT U Ja
SKCIICPUMEHTUPAT C Pa3lIMuHU MOJENIU 32 M3YHCIISIBAaHE Ha Terjara Ha JyMuTe. Te3d CH Lel,
cucTeMara M3MbJIHABA U3IsUI0. BBIpeku ToBa, TS 1ie ObJe pa3BUTa U NMPEBbpPHATA B YHHUBEPCATHO
CPEICTBO 32 ThPCEHE 10 TEKCTOBO ChIBbPIKAHUE, KOSTO J1a MOXKE JIECHO J]a C€ MHTErpUpa B Pa3InyHU
ChIIECTBYBAIU yeb caiiToBe.

BJIATOJAPHOCTH

To3u gokman ce mybnukyBa ¢ moakpenara Ha npoekt 20-OEEA-01 ,,Meroau u cpencrsa 3a
TBPCEHE MO0 MYITHMEIUHHO ChIbpXKAHHUE, aHATN3 U aBTOMATHU3HpaHa oOpabOTKa Ha JOKYMEHTH H
rojleMd MacuBM OT JaHHU, ¢uHaHcupadH oT ¢oHa ,Hayunm wuscneaBanusa™ Ha PyceHcku
yHUBepcuTeT ,,AHren KpHues®.
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Abstract: The paper addresses issues related to the automation of logistics processes in warehouses and
production facilities using robotic systems. The stages of design and implementation of a robotic system for production
route control are presented. The system consists of robots, a broker and a control panel, developed as a mobile
application, which facilitates the operator in configuring the system to follow various pre-traversed routes. The system
can be used both in warehouses and in production facilities, where the transportation of relatively small parts is required.
The concept and organization of work of the proposed system can be used for logistics operations with larger objects
after the construction of suitable chassis, ramps and containers. The control of the robots is done through a mobile device,
which allows the operator to adjust the system from any place in the warehouse or production facility.

Keywords: Robotic System, Produchtion Route Control, MQTT Protocol, Mosquitto Broker

BBBEJIEHUME

Nma npousBoAcTBa, B KOWTO CTaHJIAapTHATa MOTOYHA JIMHHUS HE MOXE Ja OBJe MPHIOKEHA,
nopaau crenudukata Ha BCEKH €IUH JIETAI/MPOMYyKT U Pa3NIUYHOTO HEOOXOIMMO BpeMe 3a
M3BBPIIBAHE HA MPOU3BOCTBEHUTE TIpoliec. MamabHOTO pa3rphllaHe Ha eIEeKTPOHHATA ThPTOBUS,
OT KOETO CJIe/IBa YBEJIIMUEHO ThPCEHE U MpeajiaraHe Ha apTUKYJIM, TPEIU3BUKBA OT CBOSI CTPaHa BCE
M0-0CTpa HYk/1a OT ONTUMHU3UPAH JJIOTUCTUYEH MPOIIEC KATO CE 3aM0YHE OT MPOU3BOICTBEHATA JINHUS
mpe3 CKjazoBaTa 0aza U ce CTUTHE JI0 IoMa Ha KpalHus moTpedure.

TpamuuuoHHUTE METOAM Ha paboTa BKIOYBAT PAOOTHUIIM, W3BBPIIBAIIM JOTUCTUUYHUTE
JNEUHOCTH, HO TEHJICHLMATAa KbM aBTOMATH3MPaHE Ha YOBELIKUS TPYJl CE 3aCHJIBAa M TOBAa OUepTaBa
HapacTBalaTa MomyJsIpHOCT Ha POOOTH3WPAHUTE CHCTEMH, M3BBPIIBAIIM TOBAPO-PAa3TOBAPBAIIH
Onepalny Mo ONpeeIeHO MPOU3BOJICTBEHO MM CKJIaJ0BO Tpace. B TakuBa cucTteMu 3ajayute Mo
Ipocie/isBaHe Ha IMPEABAPUTEIHO 3aJaZIleHO Tpace, KakKTO M 33JaBaHETO HAa HOBU TaKuMBa ca OT
I'bPBOCTENEHHA BaxkHOCT. Crie/iBala 3ajjaua € ynpaBJIeHUETO Ha CKOPOCTTA B PA3IMUYHUTE YUACThILIH
Ha TpaceTara, Taka, 4ye Ja ce M30erHe HecTaOWIHOCT Ha TPAHCHOPTHPAIIOTO CPEACTBO, KAKTO U
peakuusaTa My Mpu OTKPUBAHE HA MPEMNSATCTBUE MO TPACETO.

B Hacrosums nokiiaj € omucaH IPOTOTUIT Ha poOOTH3MpaHa CHCTEMa 3a yIpaBleHHE Ha
MIPOM3BOJICTBEHO Tpace, KaTO OCHOBHA IIel € Jla Ce ONTHMHU3Hpa PelIaBaHeTO Ha ropern30poeHUTE
3a/1a4i.

23 JloknagsT € MpeicTaBeH Ha CTyAeHTCKaTa HaydyHa cecust Ha 28.05.2020 B cexnus ,, KOMyHHKaIOHHH U
KOMITIOTHPHH CUCTEMH U TEXHOJIOTHH " ¢ OPUTHHAIIHO 3aryiaBue Ha Obarapcku es3uk: ,,[IPOTOTUII HA CUCTEMA 3A
POBOTU3UPAHO YIIPABJIEHUE HA TTPOM3BOJ/ICTBEHO TPACE®.
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N3J10KEHHUE
KoHuenuus Ha cucremara

JluckyTupaHata TyK CHCTeMa IPEJCTaBIsBa PELICHNE 32 aBTOMATH3UpaHe Ha TPAHCIOPTHATA
JEWHOCT B 3aBOJIM M CKJIQJIOBH TIOMEIICHUS, B KOUTO OOEKTH C MaJika Maca TpsiOBa Jia IPeMUHAT 1pe3
pa3IYHY eTany Ha 00paboTKa MM MPOCTO Ja Ce MPHUBIDKAT OT T. A 110 T. B, ¢ MUHNMaIHa YoBemika
HaMeca U MUHHUMAIIHH pecypcH. EQekTHBHOCTTa Ha eAHO mpeanpusTie OU ce MOBHUIIMIIA, 3apaan
IpeMaxBaHeTO Ha (haKTopa YOBEIIKA I'PEIIKa, 3apaid aBTOHOMHOTO YIIPaBJIeHHE Ha pOOOTHTE, KOETO
e YCKOPHU JIOTUCTUYHUTE MPOLECH, KAKTO U 3apajd Bb3MOKHOCTTA 3a yBeJIH4YaBaHe Ha Oposi Ha
poboTHTe M paMmHTe 3a TOBapeHe, 0e3 TOBa Ja ce OTpasd Ha NPOW3BOIUTEIHOCTTA HA BEye
(byHKIMOHHMpAIUTE POOOTH.

Cucremara ce cbcTOU OT pOOOTH, CIEAIIN ITPOU3BOJICTBEHO Tpace, MapKUpaHo moJ Gpopmara
Ha 4YepHa JIMHUSA, KOHTPOJIEH IIaHeN 3a LEHTPaJM3UpPaHO YyIpaBlieHUEe U Opokep (CbpPBBHP),
OCBIIECTBSIBAI KOMYHUKAIMATA MKy TSAX. 32 IPEHACsSHE HAa OOEKTUTE Ce M3II0JI3BAaT KOHTEHHEPH,
C KOWTO pOOOTHTE MpPEHACST TOBap OT/II0 M3IBUIO TMACHBHU paMnu. PeanmsupaHo e MOOHIHO
NPUIOKEHHE 3a YIIPaBJIeHUE, ONIepHpalo Ha 3 HUBa - OpOKepa, MUKPOKOHTPOJIEpH Ha POOOTUTE U
yIpaBJisiBaIL TaHEeJ.

[lpn m3mpamane Ha KOMaHAa 3a B3€MaHE Ha TOBAp, pOOOTHT MOTEINII M MHUHABaWKH Tpe3
KPBCTOBHINATA 10 TPACETO, C€ OPUEHTUPA KBJIE € TOYHOTO My MECTOHAXOX/ICHUE, B3eMa PEIICHHUE 32
MIOCOKAaTa | cJeBa IbTA KbM paMIiaTa Ha yKa3aHoTo paboTHO msicto. Cieln JocTUTraHe Ha pamIiara,
poOOTHT B3eMa KOHTEWHEpa 1 IO OCTaBsI HA 33/1a/IeHaTa JeCTHHANNS — Apyra pammna. CieBa BpbIlaHe
Ha CTOSHKAaTa M OYaKBaHE Ha HOBAa KOMAaH/IA OT CITY>KUTEJ.

DOyHKIMOHAJIEH MO/IeJl U APXUTEKTYpa HAa cUcTeMAaTa

OT Ka3aHOTO AOTYK MOYKE J1a C€ U3BEJe CISAHUSIT aIropuThM Ha pabota Ha podoTta (Dur. 1).

[IbpBOTO CBHCTOSTHUE, B KOETO C€ HaAMHpa poOOTHT € OYaKBaHE Ha KOMaHJAa OT OIepaTopa.
Komangara moxe na Obe HacTpolika Ha MapaMeTpUTe 3a JBI)KEHUE WIM 33/1aBaHe Ha MaplIpyT,
KOWTO Aa ObJIe U3ITBIHEH.

[Ipu 3amaseH MapuipyT ciefiBa HETOBOTO U3MbIHEHHE. VI3BBpIIBa ce YeTeHe OT CEH30PHUTE 3a
JUHAS W pa3CTOsSHUE. 3amouyBa ce CIIEJCHETO Ha 3ajajeHara Kapra, poOoThT ce naBwxu ¢ PD
ylnpaBjIieHHE MO MpaBa JUHMUS M 3aBOM, KaTO IpHM HaJIMYUEe HAa KPBCTOBHUILNE CE€ H3IIBJIHABA
rocJieBailarta KoMaHaa oT KapTaTa (3aBoi WM HpoAbDKaBaHE HarpaBo). AKO mpex pobdoTa nMa
00EKT, TBMKEHUETO My Ce CIUpa, IPEMHHABa CE B PEKUM Ha M3YaKBaHE M CleJ] KaTO OOEKTHT ce
OTMECTH OT TPaceTo, Ce Bb30OHOBSIBA ABM)KEHUETO MO KapTaTa. AKO KapTara € CBbpIIMIa U pOOOTHT
3acede MapKep 3a Kpail, ToBa 03HauaBa, ye TOM € JOCTUrHaJll YCIEIIHO CTOSHKaTa CU M OTHOBO C€
BPBIIA B HAYAITHO ChCTOSHUE HAa U3YaKBaHE HA KOMAaH/a OT CITY>KUTEI.

3a na Objie peanu3upaH TO3U AITOPUTHM Ha padoTa M J1a ce OCUTypH Oe3MpensTCTBEHOTO My
M3IBJIHEHHE, € HEOOXOMMO J1a Ce MPOEeKTUpa yrpasisBail naHen (Pur. 2), oT KOUTO CIyKUTEIAT
MMa Bb3MOXHOCT J1a nu3bepe poboT, 1a ro akTUBUPA U Ja HAllPaBU HYKHUTE HacTpoiiku. HacTpoiikure
BKJTFOYBAT KaJMOpalys Ha CEH30pH, 3a/1aBaHe Ha mporopironaneH koeduimeHt (Kp), 3amaBane Ha
nudepenipanes koeduipeHt (Kd), muprHa Ha JTUHUsITA, CKOPOCTH HPH MPaBa JIMHUS, 3aBOH H [IP.
BB3MOXHO € /1a ce J00aBsT HUBA HA TOCTHII, 32 J1a ce M30erHaT He)KeJIaH! KOPEKIIMU OT CTpaHa Ha
oreparopa Ha Beue W3MUTaHU MapaMEeTPH U 10 TO3U HAYMH HIKOU KOPEKIMH Ja Ce PABAT caMo CJIe]]
BBBEXK/IAHE Ha IMapoJia 3a JOCTHIL.

ITpu npomsiHa Ha U3aiiHa Ha TMHUATA, (HOBU TpaceTa, IPOMsHA Ha MOBbPXHOCTTA, IIMPOYHHA
Ha JIMHHATA), TIOJYYCHUTE W3MEHEHHs OWXa OKa3ay BIMSHUE Ha CTaOMIHOCTTa M CKOPOCTTa Ha
poboTa, 3a M30ArBaHETO Ha TO3M HEJIOCTAaTHK, ONEPAaTOPBT pasmojara C OILHUH, MO3BOJSBAIIN
KOPEKIIHS Ha IBM)KEHHETO Ha po0oTa 1Mo Bpeme Ha padoTa.
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M3yakBaHe Ha KOMaHa OT CyXUTesns ]

Y
p

YeTeHe Ha CeH30pu 3a CefieHe Ha JIMHUA n |
pa3CcTosAHne J‘

\
[ CnepaBaHe Ha kapTa ]

:

He

Mma /v v KpbeToBuLe? Aa

Po60TbT Npoabmkasa gsuxeHune ¢ PD
ynpas/ieHune Cnepsa nv 3aBoii B

Kaprara?
.
‘ MpomsHa Ha nocokara(3asmBaHe) ’
2
Y

M34yakBaHe

-
} He

Vima nn nn 06ekT Ha NbTs
Ha po6oTta?

He

CebpLuMna v e kaprara, He

MMa v mapkep 3a Kpaii?
Oa

—®

®ur. 1. Anroputrbm Ha paboTta Ha poOoTa

MapuipyTsT, KOWTO pOOOTHT ClIe[Ba Ce 3a/laBa Upe3 KapTa, MPEJCTaBeHa KaTO CUMBOJICH HHU3.
Hampumep, xaprata cbe cpabpkanne “FRLFR” me ce mHTEnpeTupa no cienHus HA4WH: ITBPBOTO
cperHaTo kpbcToBuie e 6bae npornycHaro (F — FORWARD), npu cinenBamoTo poOoThT 111€ 3aBHe
HagscHO (R — RIGHT) u 1.1. [Ipu u3dyepnBaHe Ha CUMBOJHTE OT KapTaTa, poOOTHT MPOABIKaBa
€AMHCTBEHO HAIIPABO U ThPCU MapKEepH Ha TPACETO 10 YEpHATa JIMHUA, KOUTO UHACKCUPAT HErOBaTa
CTOsIHKA. TaM TOM crypa U 4aka HOBAa KOMaH/1a OT KOHTPOJIHUS MaHell.
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Teeestend>a_
— - - ~

R -
S<extend>> Vi <<gxtend>>
~

M36upa pobot
:.eatend»
AxTuBupa pobor

BbBexaa
Npae y4acTbH

3aaaBa NponopuroHaneH
koeduumeHt KP

— P
<cextend>>
-

Japaea gudeperumaneH
koeduument KD

Hacrpoiisa ckopoct
Ha JBUHEHNE

Cv3pasa Tpace

Bbeexaa Touka
Ha pasToBapBaHe

M36upa Tpace
exentend=>"
Pepaktvpa Tpace /
<cextend>>
/

AxTMBMpa Tpace

@ur. 2. Jluarpama Ha ciiy4anTe Ha ynoTpeOa Ha ymnpaBJisBaIius MaHe

ApXI/ITCKTypaTa Ha CucCTr€Mara, IIOKa3aHa Ha (1)I/IF. 3, ce 6a31z1pa Ha HU3BCIACHHUTC II0-TOPC
CICMCHTHU Ha (1)yHKIII/IOHaJIHI/I$I MOZACIT U OTpassdaBa (1)I/I3I/I‘-ICCKOTO pasnopeacJICHNEC HAa KOMIIOHCHTUTC
Ha CUCTECMATa U KOMYHHUKaNUsATA MCIKAY TAX.

Ynpasnasaw, naHen | P060T|

Mogyn 3a HacTpoiBaHe Ha
pobota

CucTtema oT CeH3o Pr

bpokep

Ha TpaceTo (Copeep)

Mogyn 3a KOMyHWKaUMA KomyHWKaUWOHEH Moy

MoBUAHO yCTpoRCTEO

@ur. 3. Apxutekypa Ha cucremara

KoMyHuKamusaTa Mexay poOOTHUTE M yIpaBisBaIlWs IMaHeNl ce ochlmecTBsiBa dpe3 MQTT
MIPOTOKOII, MOJAIBPKAH OT OpoKepa, KOMNTO MO3BOJISBA BUCOKA €(PEKTUBHOCT U JIECHO CKAIMpaHE Ha
CUCTeMara, KakTo U Kpuntupane Ha qanauTe. B MQTT mpoTokosia KOMyHHKAIUATA € OpraHH3upaHa
M0 KaHai, B KOUTO c€ MyOIHKYyBaT ChOOIICHUS OT KIHEHT (YCTPOMCTBO), KaTo Te Morat Ja 0bjaat
MOJTy9aBaHU U OT JAPYTUTE KIUCHTH, aKO ca a0OHUpaHM 3a KaHaJa.
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Peanun3anusa Ha cucTeMara
Peanuzayusa na pooomume u pamnume
PoGoTtbT ce cheToM OT 3 Mopya:

- CUCTEMA OT CEH30pH;
- CUCTEMa JIBMKCHHUE,
- KOMYHHUKallHOHEH MOAYIIL.

Cucmema om cenzopu

JIuHUsATa M KPBCTOBHILATA BHPXY HES CIyXKaT 32 OPUEHTUPAHETO Ha poOOTa B MPOCTPAHCTBOTO.
W3non3Bar ce aHaIOroBU CEH30pH 3a ciie/ieHe Ha TuHus. M3non3Bar ce 6 1BOHKHU MOyJH, ChCTaBeHH
ot IR nuox, xoitto m3mpama abpu U IR nuon, koito ro mpuema. B 3aBUCHMOCT OT mojyudeHara
CTOHMHOCT, C€ pa3rpaHuyaBa OsjiaTa OT YepHaTa MOBbPXHOCT U C€ HAMUPAT MEKIUHHUTE CTOMHOCTH.
YeTeHETO OT CEH30pUTE C€ MU3BBPIIBA 32 OKOJIO 2 ms. ToBa € eAMHCTBEHUAT IIPAKTUUYEH HA4YMH 3a
clie/IcHe Ha YepHaTa JIMHKs ¢ poOOT, KOWTO ce ABMXH che ckopocT Haja 20 cm B cekynaa (Gilabert,
G. B, F. Blanes, J. Simo, P. Perez, 2002). AnTepHaTUBHHST MOXO/ - H3MOJI3BAHETO HA BUIEO Kamepa
MMa HeJlocTaThbKa Jja ObJie OaBeH U Jja peIn3BUKBA OTPOMHHU T'PEIIKH, KaTO B IOMMbIHEHHE CEe HYKae
OT T'OJISIM U3YHCIIUTENIEH PECypC.

Koraro ce HaTbKHE Ha 00EKT [0 TPACETO M PA3CTOSHUETO € MO/ 3a/lafieHaTa rpaHula, poooThT
CIHMpa U ce aKTUBUpa cBETOAMO. Taka ce u30srsa Koausus ¢ Jpyr podoT win paboTHuk. M3mon3Ba
ce ananoroBusT uHdppauepseH ceHzop GP2Y0OA21YKOF. Cen3opsT chilo u3Moa3Ba HHPppadyepBeHn
J’bUM, KOUTO CE M3IpalllaT B HaIpaBJsiBallaTa IOcoKa OT UH(padepBeHus nuoa. Te ce oTpas3siBaT B
HacpeumHusi OO0eKT W ce Morapiar oT (oToauoga B CeH3opa. V3mon3BaHMAT CEeH30p HMa
n3mepsareneHn ooxsat 10-80 cm ¢ 30 mA koHcymanwms. J[BH)KEHHETO CHPSMO YepHATa JTMHHSATA Ce
BBH3CTAHOBSIBA, MIPU MTPEMAXBAHETO HA OTYETEHUS OOCKT B 337aJICHOTO Pa3CTOSHUE.

[IpenuMcTBOTO Ha TO3M CEH30p € M3MOI3BAHETO HA TEXHOJOTHS C HH(PPaYepBEHH JIHUH, KOSTO
MPEBB3X0XK/Aa AITEPHATUBHUTE YIATPA3BYKOBH CEH30PH. YIJITPa3BYKOBUTE CEH30pH pabOTAT Ha
ojI00€H NPUHLHUI, HO BMECTO HH(QpauepBeHa CBETIMHA W3MOJI3BAaT YITPa3ByK. 3BYKBT €
MHOTOKPAaTHO MO0-0aBeH OT CBETJIMHATA, TOYHOCTTA Ha TO3H CEH30p C€ MPOMEHS IMpPHU MPOMEHU Ha
temneparypara ot 5°C, OCBEH TOBa HIKOM MEKM MaTepUaJId MOTaT /1a MOT'bJIHAT 3BYKOBUTE BBJIHH.

Cucmema osuoicerue

3a /a ce MOCTUTHE MaKCUMAJIHO TOYHO OpHUEHTHpaHe ¢ Obp3a peakius ca UMIUIEMEHTHPAHH
MICEB/I0-CUHXPOHHU TpoliecH. YUeTeHETO OT BCUUKH CEH30pH CE€ MU3BBILIPBA 32 OKOJIO 2 msS, clie]] TOBa
Imporpamara BJIM3a B Pa3JIMYHU CbCTOSHHA. 3a JBHUXXCHHUEC Ha p060Ta c€e M3IMOoJI3BaHu 2 IMPpaBOTOKOBH
MOTOpa ¢ paboTHO HampexxeHue +6V u peaykuus ~40:1. Te ce ynpaBisBaT ¢ IIUPOYUHHO-UMITYJICHA
moxaynamus (PWM), kato B ocHoBara nexxu PD ynpaBiieHnero 3a ciefieHe Ha JIMHUS.

Po6oThT ce nBWXKM BBPXY uUepHATa JUHUS U TPOMEHS CKOPOCTTa Ha MOTOPHUTE CHPSIMO
OTMECTBAHETO HAa CEH30PUTE 3a JIMHUS Bb3 OCHOBA HA IIEHTHpa Ha JIMHUSTA.

d
u=er+Kdae (1)

KBJETO U = IpoMsiHaTa Ha U3XoJia (CKOpOCTTa Ha MOTOPUTE), € = IpelikaTra (OTMECTBAHETO) CIIPSIMO
IIEHThpa Ha TuHUATA, Kp — nponopimonanna ceeraBka, Kd — nudepennuanta cheraBka, t = Bpeme.

PoGoTsT ce 3axpanBa cbe LiPo 6arepun ¢ paboTHo Hanpexenue 7.4 V u kanauutet 2600 mAh,
JIOCTaThYHHU 3a 9aCcOBE PadOTa HAa MPOTOTHITHUTE POOOTH, IPEHACSIIIH TOBAP.

Komynukayuonen Mmooy na poboma

KbM pobota e cebp3an moayn ESP8266, koiiTo ce cBbp3Ba ¢ Opokepa B JJOKaITHATa MPEXKa U C
mukpokoHTpoiepa (TM4C123G) upe3 cepuitHa koMyHHKalus. ToBa JaBa Bb3MOXKHOCT Ha TJIaBHUS
MHUKPOKOHTPOJIEp J1a U3BBPIIBA OCHOBHHUTE IMPOIECH 32 MaKCHMAaJIHO KpaTKO Bpeme, 0e3 ma Objae
ToBapeH U 3a0aBsiH oT WiFi komyHuKanusTa.
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Muxkpokoutposiaepbr TM4C123G (Texas Instruments, 2019) pasmonara ¢ 80MHz 32-6utos
ARM Cortex-M4-based npornecop, 256 KB ¢aam namer u 32KB SRAM. N360pbT Ha KOHTpoOJIEp €
NPOJUKTYBaH OT HEOOXOAMMOCTTA OT TIOBEYE aHAJOTOBU BXO/0BE (7 BX0/a) M OT ObP30 YeTECHE Ha
cenzopure. M3mon3BanaTta cpejia 3a mporpaMupane Ha Mukpokontposiepa ¢ Code Composer Studio
(CCS).

Karo mpeaumcTBO Ha MeTo/aa 3a opueHTalus cbe cieaene Ha quaus (Kumar J., S., Karn, K.
Manish, A. Khan, 2016) moxe ma ce mocouw, 4e 4yepHara JIMHUSA € JICCEH W €BTUH BapHaHT 3a
OCBILECTBSIBAHEC HA HABUTAIMS Ha pOOOT B MHIYCTPHATHH YCIOBUs. HemoctaTbk Ha TO3M MOAXO €
JIECHOTO 3aMbpCSBaHE Ha JICHTATa, ako paboTHATA Cpe/ia € MHOT'O MPaIHa.

Koncmpyxkuus na p060mume

[IpoToTHNHATA KOHCTPYKIUMST HAa POOOTHUTE € ChoOpaseHa C paMIIUTe 3a TOBapeHEe W
pa3ToBapBaHe M KOHTEHHEPUTE, Ype3 KOUTO Ce MpeHacsAT Aerainure/o0exture. Tsa ce cberon OT
alyMHHUEBU npoduiy U mioun, odrpaneHu oT 3D MpUHTUpPaHU 3aBBPIIEIH HA KOHCTPYKIHSTA, B
KOUTO Ca BrpaJieHH MPEBKIIOYBATENN, CEH30PBT 3a JUCTAHIMA U cBeToauof. M3momsBana e CAD
cucremara SolidWorks u FDM texnomorust Ha mpuHTHpane ¢ PLA, Guopasrpagum marepuan ¢
BHCOKH SIKOCTHH Ka4eCTBa U JIECEH 3a padoTa IMpH MPOTOTHITHPAHE.

KOHCI’I’ZDVMDCIHe Ha pamnume

KoHcTpyKImuTe, 0T KOUTO ce B3eMa U B KOUTO C€ OCTaBs TOBapa, ca CIELHAIHO U3TPaACHH 32
To3u mpoekT. Te ce pasmonarar B KOPUAOPH, Pa3KIIOHEHUS] HA OCHOBHATA Y€PHA JIMHUS, U KbM TAX
pOoOOTHTE MPUKAYBAT WIIM B3EMAT KOHTCHHED C TOBAp 3a MpeHacsiHe. PamnuTe 3a M3IU10 MACHMBHU U
HOYTH HE U3UCKBAT MOAPHIKKA, ClIe]l KATO Ca HACTPOCHH BEHBXK. B TSX JIMIICBAT AKTUBHU CJIIEMEHTH
3a JIBUKCHHUE — PEMBIM, MOTOPH U T.H. M3mon3Ba ce eIUHCTBEHO NMPHILTH3BAHE 32 TOBAPCHE M
pa3ToBapBaHEe Ha KOHTEHHep. 3a TAXHATa peanu3alys Ca H3MO0J3BAHM CTOMAHEHU CTOWKH |
nonbiBanm 3D npuntupanu enementu (Rayna, T., L. Striukova, 2016).

bpokep (cvpsvp)

BpokepsT e copTyepHO MPUIIOKEHUE, KOETO OCBHIIECTBSIBA TpaHC(ep Ha CHOOIICHUATa MEXKITY
yIpBIsABAIIUs MaHen U podorute. M3nomsan e Mosquitto 6pokep ¢ OTBOpEH KO, KaTO BCHYKH
YCTPOWCTBA ca CBbpP3aHU B JIOKaJIHA Mpexa upe3 WiFi.

XapakrepHo 3a MQTT nporokona Ha komyHuKanus (Soni, D., A. Makwana, 2017) e, ue Bciko
YCTPOUCTBO (KIMEHT) OOIMyBa €IUHCTBEHO C Opokepa. [lpm wu3mpamane Ha CHOOIIECHHE OT
yIpaBJsiBallMs MaHel KbM I-TH poOOT, CHOOIIEHUETO Ce MpeaaBa OT YNpaBIsSBAIIHs MaHET KbM
Opokepa u cies ToBa OT Opokepa KbM poOoTa. 3a 1a € CUTYPHO, Y€ pOOOTHT € MOIYIHI ChOOIIEHUETO
U ChOTBETHATa KOMaH/a € M3IbJIHEHA, MTOCIeIHUAT Bpblla 00paTHa Bpb3Ka MO ChIIUA MBT (poOoT-
OpoKep-ynpaBIisBalll IMaHe).

Ynpaenaeaw, nanen

Bceku pobor B cuctemara € ¢ HACHTHYEH 0a30B codTyep, KaTo ABHKEHHUETO My Ce€
KOH(Urypupa mepcoHanu3upano ot ympasisBamus manen (Kp, Kd, ckopoct u mpyrum). 3a
peanu3aiys Ha YIpaBisBallys MaHel € U3Moi3BaHo npuioxkenueto 3a Android MQTT Dash, koeto
M03BOJIsIBA KOH(UTYpHUpaHE Ha 3asBKUTE KbM ChbpBbpa, J00aBsiHE U MEPCOHANM3UPAHE Ha MaHel!,
KOHMTO M3rpaXkaar morpedurtesckus uatepdeiic - progress bar, check box, multichoice u 1.H. Beeku
naHes MOXe Jia ce aboHHpa KbM pa3IMyeH KOMYHHUKALMOHEH KaHall, OCUTypeH OT Opokepa, B KOHTO
Ja MyOJIMKYBa U M3Ipaiia cboOmeHus. Bceku poGoT ce cBbp3Ba B JIOKAJIHATA MPEKa B c€ aDOHUpPaA
3a KaHaya, OT KOMTO My ce nmojaBaT koManau. Cies ToBa U34akBa UICHTU(PUKALMOHHUAT My HOMED
na 0b1ie M30paH OT yNpaBIsIBAIMS MTAHEN U JIa My ce TI0J[a/ie KapTa, KOSTO Ja U3IThJIHU.

U3BOJIMN

Taka mpoekTupaHaTa cucTeMa MO3BOJIsIBa T0OABsIHE HA HEOTPAaHUYECH Opoil poOoTH, 0€3 HyX aa
OT MpOMsSHA Ha MIbPBOHAYANIHUS KOJ B Opokepa W ympaBisBamius naHen. Pabotu ce Ha MoyleH
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NpUHIUI 0e3 Ja ce HapyliaBa paborara Ha Apyrute ycrpoiictBa. [Ipu nobGaBsiHe Ha HOB poOOT B
cUCTeMara, eIMHCTBEHO TPsIOBA J1a c€ ChOOpa3u HOBO MSICTO, KBJETO Ja Ob/Ie HEroBara CTOSIHKA.

Peanmzanusra Ha ynpasisiBamus MaHesl KaTO MOOWMIIHO TMPWIOKEHUE JaBa BH3MOKHOCT Ha
orepaTopa Jia U3BbPIIIBa HACTOWKHU HA pOOOTHUTE WU J1a TPEKOH(UTYpUpPA TpaceTaTa OT BCIKO MSICTO
B IIPOM3BOJICTBEHOTO HIIU CKJIAJOBOTO IIOMEIICHHE.

Konnenmusita u opranu3zaiusita Ha paboTta Ha pa3paboTeHara cucTeMa MoraT Jia e IpUIokKaT
HE CaMO IPH JIOTHUCTHYHH ONEpaIK C MaJIKU JICTAIIA, HO U TIPU OOEKTH C MO-TOJIEMH pa3MepH.
Heo6xonumo e camo 11a ce pa3paboTsT HOBH LIACKUTA, PAMITA M KOHTEHHEPH.
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