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I. HAYYHHU ITIYBJIMKAIIMHN

I.1 HAYYHHM IIYBJIHUMKAIIUU B H3JAHHUA, KOUTO CA PE®EPUPAHMU H
NHAEKCHPAHU B CBETOBHOM3BECTHMU BA3U JAHHM C HAVYYHA
NHO®OPMALIUA
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OO6u4aitHo B 00yYEeHHETO MO JUCIUIUITMHY, Oa3upaHu Ha MUKPOKOHTPOJIEPH, C€ M3IT0JI3BAT
(bupMeHu anapaTHU pa3BOMHHU CPEJCTBA, TAKWBA OT OTBOPEH THII WJIM MTOTPEOUTEIICKH pa3BOMHU
cuctemu, 6a3upaHd Ha MUKPOKOHTPOJIEPH Ha OIMpeeNieH MPOou3BOAUTEN. UecTo ce Halara Te
Jla ce JOMBJIBAT OT Pa3HOOOpa3HU JIBINEPHU TUIATKH, MOAYJIH | Jp. B mokianma ce mpesiara
MOAXOJ C M3IMOJ3BaHEe Ha Pa3BOMHU IIATKU ¢ MUHUMYM nepudepus — Arduino, Pinguino,
Discovery u ap., Ha 6a3ara Ha MUKPOKOHTPOJIEPH Ha Pa3IUIHH (PUPMHU-TTPOU3BOIUTENH. THil
KaTo BBB BIPAJCHUTE CUCTEMH YECTO C€ MpHJIaraT THIOBU mepudepHu OJIOKOBE, KaTo
WH/IMKALWHU, OyTOHH, KJIIaBUATYPH, PA3INYHUA BUJOBE MOTOPYETA U JIp., TO 33 pa3lIUpsIBaHe Ha
(YHKIIMOHATHUTE BH3MOKHOCTH HA TE€3W MHUHUMAIMCTHYHU PA3BOMHM IUIATKU € MPOEKTHUPaH
YHHUBEpCaJleH JEMOHCTPAIIMOHEH MOJYJI, ChABpPIKAIll TOJOOHH YECTO M3ION3BaHU MepU(epHH
0yiokoBe — OyTOHHM, cBeroawonu, 7-cermeHTHa W LCD wHamkanuu, apaiBepeH OJIOK 3a
yIpaBJICHUE HA PA3IMYHU THIIOBE MAJIOMOIIHH €JIEKTPOMOTOPH | 1p. [IpritoskeHueTo My BOIH
JI0 HaMajisiBaHe Ha o0OeMa J1abopaTopHO 00OpyJBaHE MPH M3IOI3BAHETO MY IO Pa3IUIHU
AUCHUIUIMHU, CBBP3aHU C MUKPOKOHTPOJICPU OT PA3JIMYUCH KJiac.

Usually in the microcontroller based disciplines training in the higher engineering education
simpler starter kits and more complex development systems are used, often applied together
with additional expansion boards, modules, shields, etc. They could be proprietary development
boards, open hardware or custom boards, based on a specific microcontrollers. An approach
applying development boards with minimum peripherals: Arduino, Pinguino, Discovery, etc.,
based on various microcontrollers with minimum peripherals is provided in the paper. To extend
their functions and facilitate students, a universal (multifunctional) demo module has been
designed, that contains frequently used peripheral blocks - input/ output devices, like buttons,
LCD, LEDs, rotary encoder, motor drivers, etc. Its application leads to a reduction in the volume
of laboratory equipment when using it in various disciplines related to microcontrollers.
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B Hacrosmms nOKIam € TMpencTaBeH KpaTbk 0030p BBpPXY yeO-0azupaHW MOIXOAM 3a
yOpaBlIeHUE U MOHHUTOPUHT, MPHUJIATaHU BBB BrPAJCHUTE MHUKPOIPOILIECOPHU CHCTEMH: YpE3
Wi-Fi unrepdetic, Ethernet, GSM/GPRS. Ilpennoxxen e reBkaB 00pa3oBaTesieH MOJIEN 3a ye0-
0a3upaH MOHUTOPHUHT U yNpaBJeHHE, TO3BOJISIBAILl U3yYaBaHEe Ha HIKOM MOAXOAU 3a HHTEPHET
CBBbp3aHOCT. Toif ce ChCTOM OT CEH30PEH MOYJ 3a TeMIlepaTypa U BIAXHOCT, U3ITbIHUTEITHU
YCTpoOiiCcTBa (BEHTWJIATOp M JaMmma C HaxekaeMa JXKW4YKa), KOUTO MOraT Ja IPOMEHST
TOpPENOCOYCHUTE TTapaMeTpH, W YIPaBIISABAIL OJIOK - MUKPOKOHTPOJIEPHA IJIATKa C J00aBEHU
Ethernet muiing u Wi-Fi Moayn, ch0TBETHO 32 *u4uHA U Oe3)KkUYHA KOMYHUKanus ¢ HTepHeT.
Maketst usnon3Ba Ethernet Shield W5100 u ESP8266 cepuen Wi-Fi Ge3xuuen mpuemo-
npeaaBaTesieH Moyt B 6bpaenie moxke necHo na ce no6asu u GSM/GPRS moayn. Hanmuauero
Ha Opendopa IuIaTka MO3BOJISABA pasllIMpsiBaHE HAa (DPYHKIMUTE HA MPOEKTAa C JOMBIHUTEITHU
CEH30pHU W W3MBIHUTETHU Monaynu. PaGorata Ha Ethernet mmiinma ce nemoHcTpupa upes
npocra HTML mporpama xaTto nmpuMep 3a MHTEPHET IPOrpaMHpaHe 3a BrpaJicHU CUCTEMH.
PaGorara Ha Wi-Fi Oe3u4HMs TpueMo-TIpeIaBaTeNieH MOy c€ JIEMOHCTpUpa C IPUMEpPEH
aNTOPHUTHM M TIporpama 3a paspoitHata miatka Arduino Uno B mporpamua cpena Arduino IDE
¥ C W3Mmoyi3BaHe Ha Oe3rutatHata obOsauHa ycimyra ThingSpeak. To3u momxom mo3BojsiBa Ha
CTYJICHTUTE J1a Ce 3amo3HasT ¢ obimactra Ha IHTepHeT Ha HemaTa, 6€3 Ja HaBIU3aT IbI00KO B
WHTEPHET MPOrPaMUPAHETO.

A short survey on web-based approaches for control and monitoring, applied in embedded
systems, is presented in the present paper: Wi-Fi interface, Ethernet, GSM/GPRS. A flexible
educational model for web-based monitoring and control, allowing studying some approaches
for Internet connectivity, is suggested. It consists of a temperature and humidity sensor module,
actuator devices, capable of changing the above mentioned parameters and a control unit - a
microcontroller board, equipped to allow Ethernet and Wi-Fi connection to Internet. It uses
Ethernet Shield W5100 and an ESP8266 Serial WIFI Wireless Transceiver Module. A
GSM/GPRS shield or module could be easily added in the future. The breadboard allows
expanding the project with additional sensor and actuator modules. The operation of the
Ethernet Shield is examined via simple HTML program showing the students the application of
HTML as an example of an Internet programming for embedded systems. The Wi-Fi Wireless
Transceiver Module operation is demonstrated through an algorithm and a program for the
Ardduino Uno development board in Ardduino IDE programming environment and the free
cloud service ThingSpeak. That way is easier for the students to become familiar with the IoT
area, without going deeply into the Internet programming.
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W3mepBaHeTo Ha IJIOL B pa3IMuYHUTE 00JIaCTH HA MHAYCTPUATA C€ U3BBPILBA 110 PAITUYHI
metoau. Equn npuMep Ha NMpuiioKeHUE € IMpu MPOU3BOJICTBOTO HA KOXH. Pasnuunara ¢opma,
,Z[G6€JII/IHa M OBAT Ha KOXaTa HOpCACTaBJIABAT NPCAU3BHUKATCICTBO 3a PCIIABAHCTO Ha Ta3u
3ajaya. B kokapckaTa NMPOMUIUICHOCT YCICIIHO Ca BHEJIPEHH METOIU 3a H3MEpPBAaHE C
u3Mnoi3BaHe Ha (OTOCEH30pH M C Buieokamepa. Ta3u craTusi mpencTtaBsi pazpaboTkaTa Ha
codTyep 3a m3MepBaHE Ha MOBLPXHOCTTA Ha KoxkaTa ¢ m3nonBaHe Ha USB kamepa. TakaBa
CUCTeMa Bede € BHEAPEHa, HO MPH ChILIECTBYBAIINS BAPHUAHT € HEOOXOMMO PBYHO J1a Ce 3a/1a]1e
PCKUMBT HA U3BMCPBAHC. PaGOTI/I IO MCTOJIa HAa pa3rpaHn4aBaHC HAa TbMHH W CBCTJIM IICTHA U




Taka ce W3MepBaT ThbMHHU (YepHU) WM cBeTiH (Oenu) mapdera Koxka. [IpeyiokeHHusT HOB
co(Tyep ce OCHOBaBa Ha aBTOMAaTUYHO pa3lO3HaBaHe Ha IBeToBeTe Ha 3eneH GoH. CopTyepbT
MO3BOJISIBA aBTOMAaTHYHA KOPEKIUS Ha ()OHA, ChCTOAIIA CE B CIEAHOTO: KOTaTo MMa IIaBHA
MIPOMSIHA B TUKCEIUTE Ha N300pakeHUETO, porpamara r'v onpeiens KaTo IpoMsiHa B IPKOCTTa,
a He KaTo 4acT oT 00eKT, KOETO BOAM JI0 aBTOMaTH4YHa MpoMsiHa Ha (oHoBUTE 3anucu. Ta3u
WHTEITUTeHTHA "HACTpoika" Ha KamepaTa, CHope]] yCJIOBHUATa B KOUTO pabOTH, MOXE Ja
MO3BOJIM IPOABIDKUTENHA padoTa B YCIOBHUS Ha HEKOHTPOJIMpPaHa MPOMsIHA Ha OCBETEHOCTTA Ha
noMenieHneTo. BTopoTo chinecTBeHO mojo0peHne Ha codryepa ce oTHacs A0 ¢opmara Ha
M3MEpBAHUTE OOEKTH - CO(PTyephT MbPBOHAYAIHO BKJIIOUBA (DUITpUpaHE, KOETO HUTHOpUpA
OenuTe MeTHa 1Mo Kokara. ToecT, ako ce OTKpue Osyia 00J1acT, KOATO C€ HaMHUpa MEXIY JIBE
TBMHH 00JIaCTH, MpOTrpaMara MmpruemMa, 4ye ToBa € MPOOICHK M HE M3KII0YBA Ta3W 00JacT OT
pa3Mepa. B HoBus BapuaHT Ha codTyepa To3u PUATHP € MpeMaxHaT, KOETO JaBa Bb3MOKHOCT
Beue Ja ObJe M3MepeHa Koxka ¢ MPor3BOIHA opMa.

Area measurement and registration in different areas of the industry are done by different
methods. One example is in the leather production. The varying shape, thickness, and color of
the leather make this task a challenge. In the leather industry, a measurement method using
photosensors and a video camera method have been successfully implemented. This article
presents the development of software for measuring leather area with a USB camera. Such a
system is already implemented but it is necessary to manually set the measurement mode. It
works by the method of dark and light spots and so dark (black) or light (white) leather pieces
are measured. The proposed new software is based on automatic color recognition against a
green background. The software allows automatic background correction, consisting of the
following: when there is a smooth change in the image pixelss, the program defines them as a
change in brightness and not as part of an object, which leads to an automatic change for the
background recordings. This intelligent "adjustment" of the camera according to the conditions
in which it works can allow continuous operation in conditions of an uncontrolled change of the
lighting of the room. Another improvement relates to the shape of the measured objects - the
software has been originally developed with a filter that ignores white spots on the leather. That
is, if a white area is found that is located between two dark areas, the program assumes that it is
a gleam and does not exclude this area from the size. In the new variant of the software that
filter is removed, so that for example n-shaped leather can now be measured.
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B noknana e mpexncraBeHa pa3paboTkaTa Ha MHUKPOKOHTPOJEPEH MOIYJ] ¢ MHHHUMYM
nepudepus, npenHazHaueH Hai-o0HmI0 3a NPUWIOKEHHE KaTo SAPO HAa MHUKPOIPOLECOPHU
CHCTEeMH ¢ pazHooOpa3Ho npuioxkeHue. Toit ce 6azupa Ha Mukpokontposiep PICI8F25K50 u
ChIbpKA BCUYKH 3aJBDKUTETHM KOMIIOHEHTH, HEOOXOJMMH 3a HeroBara paboTa: TaKTOB
reHeparop, OyTOH 3a peceT, pelika 3a BBTPELIHO-CXEMHO CEPUHHO MporpamMHupaHe, BXOIHO-
W3XOJHHU U3BOJAN Ha MUKPOKOHTpPOJEpA, U3BEJECHN Ha PA3IIMPUTENHN PEiKH, KOMYHHUKAIUS C
nepcoHasieH koMmioTsp mpe3 USB mopr. OCBEH NPHIOKEHHETO MYy KAaTO KOMITAKTHO
MHUKPOKOHTPOJIEPHO SIIPO C OOIIO MpeAHa3HAaYeHHEe, €IHO MOTCHLUUAIHO NPUIOKEHHE Ha
MPOEKTHPaus MOy € B TIpolieca Ha 00yueHHe M0 JUCIUIUIMHU, CBBP3aHU ¢ MUKPOKOHTPOJIEPU
u BrpajeHu cucreMu. Ilopaau ToBa TeCTBaHETO My € M3BBPLICHO C MpejcTaBeHara B [32]
MHUKpPOIIPOIIECOPHA CUCTEMA C IIOMOLITA Ha IPUMEPHH AITOPUTMHU U IIPOrpaMU U C U3I0JI3BaHE
Ha JIOTUYECKU aHaJIN3aTop.

The report presents the development of a microcontroller module with a minimum of
peripherals, intended generally for application as a core of microprocessor systems for various
areas of application. It is based on a PIC18F25K50 microcontroller and contains all the




necessary components necessary for its proper its operation: a clock generator, a reset button, a
rail for in-circuit serial programming, I/O pins of the microcontroller brought out on expansion
rails, communication with a personal computer via a USB port. Besides its application as a
compact general-purpose microcontroller core, one possible application of the designed module
is in the teaching process of disciplines related to microcontrollers and embedded systems.
Therefore, its testing was performed with the microprocessor system presented in [32] with the
help of example algorithms and programs and using a logic analyzer.
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B nmoxnana ce mpaBu KpaTKo MpEJCTaBsHE HA MEXaHU3MHTE 32 00CTyKBaHE Ha PA3IUYHU
CHOUTHSI B MUKPOIIPOIIECOPHUTE CHCTEMHU M TIO-KOHKPETHO Upe3 MpeKbCBaHUs. Pa3sicHsIBaT ce
pa3IMYHUTE acleKTH, KOUTO BOJAT 10 3aTPyJHEHHs] MPU H3yuyaBaHETO MM OT CTpaHa Ha
CTYIEHTUTE — TEXHHUAT XapakTep, KaTo ce OTYUTa, Aajld ca MEepUOJAUYHU WU HE; Kak ce
peructpupar — o GPOHT WM MO HUBO; AN CIOJENAT OO BEKTOP C APYTH MPEKbCBAHUS WIIN
He ¥ T.H. [Ipu oOcay)BaHETO UM, B MpoIleca Ha MPOEKTUPAHE, CE PEelIaBaT TaKUBA BHIIPOCH,
KaTo 3ajJ]aBaHe Ha MPUOPUTET, U3MOI3BaHE HA CTE€KA, B 3aBUCUMOCT OT HETOBUS BUJ U pa3Mep,
HAaYWHHU 34 CbXpPaHsABAHC HA KOHTCKCTA U IP.

3a ynecHsBaHe Ha y4yeOHMsI Tpollec B JOKJIaJa ce pas3riek/ia MoIX0/ Ha U3y4aBaHETO UM C
M3MO0JI3BaHE Ha IIMPOKO Pas3MpOCTpaHeHa pa3BoiHa miatka oT orBopeH Tl Arduino. Karo
MpUMepHa BrpajieHa cUcTeMa ce Ipejiara MakeT Ha yMHa Kblia, KOHTO, OCBEH YIIPaBIIABAILIOTO
YCTPOMCTBO, chueTaBa HAOOP OT YECTO M3MOJ3BaHU MEepU(PEpHU yCTPOWCTBA — MHIUKAIIUSA,
CEH30pPHM, M3IBJIHUTEIIHM U Jp. MakeThbT NO3BOJIsIBA B Ipoleca Ha oOydyeHHe Ja ce
JEMOHCTpPHpAT W TPUJIIOKAT METOAWTE 3a TPOCKTUpPaHE Ha copTyep 3a BrpagcHU
MUKPOMPOIIECOPHHU CUCTEMH C U3MOI3BaHE HA MPEKbCBAHUA.

The paper gives a brief presentation of the mechanisms for handling various events in
microprocessor systems and more specifically through interrupts. The various aspects that lead
to difficulties in their study by students are clarified - their nature, taking into account whether
they are periodic or not; how they register - level triggered or edge triggered; whether they share
a common interrupt vector or not, etc. When serving them, in the design process, such questions
as setting priority, using the stack, depending on its type and size, ways to store the context,
etc., are decided.

To facilitate the learning process, the report considers an approach to their study using a
widely distributed Arduino open-source development board. As an example of an embedded
system, a model of a smart house is offered, which, in addition to the control device, combines
a set of frequently used peripheral devices - indication, sensor, executive, etc. The model allows
the learning process to demonstrate and apply software design methods for embedded
Mmicroprocessor systems using interrupts.
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JloknagbT MpeacTaBsl MpHIIaraHeTO Ha METOJ 3a CHHXPOHHU3AlMs 4pe3 MOHUTOPUHT Ha
CKOpPOCTTa Ha €THKEeTHpaIla MalllMHA 33 aBTOMATUYHO MOCTaBSIHE HA €THUKETH BbPXY CTHKIIEH
OypxkaH. 3a menta e pa3padoreH xapayep Ha 6azara Ha FPGA - Spartan 6 u VHDL nporpama.
Baxen MOMEHT B pa3paboTkara € aanTupaHeTo Ha Moaya 3a padbota kato PLC, a codpryepsT
peam3upa MeTo/Ia 3a MPOCIIesIBaHe Ha JBIKCHUETO, KOUTO € MO-yA00eH 3a U3YUCISIBAHE OT
DSP. ToBa mma cBOWTE MNpPEIUMCTBA: BBIPEKH 4Y€ YyChbBBpHIeHCTBaHUTE DSP mnponecopu




MO3BOJIABAT MPOU3BOAUTCIIHOCT HA APUTMETUYIHO PA3ICIAHE 663 SHAYUTCIIHU YCHUIIUA Ha CTalla
Ha MPOEKTUPAHE, CIOKHOCTTA HA IW3aiiHa HA cHUCTEMaTa MOKe J1a ObJIe 3HAUUTETHO YBEIHYeHA
B Clly4ai Ha YCBBBPUICHCTBAHMU IIPUJIOKEHMS 3a KOHTPOJI HA JBHIKEHHMETO C BHMCOKa
nuckperusanus, 6asupann Ha FPGA mnmatdopmu. B nombinnenue, BeIpeku ye Hskon DSP
KOHTpPOJIEpU C BUCOKA MPOM3BOAUTEIHOCT MOTaT Jla BKJIIOYBAT BHCOKOUYECTOTHU UMITYJICHU
OposiuM M TaKTyBaHE Ha EHKOJIepa, TEXHHUTE YCIOBHM CXEMH HSAMAT aJieKBaTHA XapayepHa
MOAJPHAKKA 32 YCHBBPIICHCTBAHM METOAM 32 OlleHKa Ha ckopoctta oT Tun MT. Ot nmpyra
ctpana, FPGA no3BosisiBaT MIKOHOMUYHO U3ITIHEHUE Ha CIIOKHU CXEMU, XapaKTepU3HpaI Ce
C mapayienHa paboTa, HUCKa KOHCYMAaIlvsl Ha CHepTHs U Majka 3aeTa ol B yuma. OCBeH ToBa
T€ MOraT Jla OCHUTYpST BHCOKa H3YUCIUTEIHa MouIHOCT. OCBEH TOBa, B CpaBHEHHUE C
MUKpokoHTposiepuTe, FPGA mo3BosisiBaT mo-To4HH ¥ O-KPbCH IIEPUOIU HA CTpoOHUpaHe, KOeTo
€ M3KIIOYUTEIHO BaKHO 32 ChBPEMEHHUTE CHCTEMHU 3a KOHTPOJ Ha JBUKEHHMETO, KOUTO
M3UCKBAT TOYHO U3MEPBAHE B IIMPOK JIUAMA30H HA CKOPOCTTA.

The paper presents the implementation of synchronization method by monitoring the speed
of a labeling machine to automatically place labels on a glass jar. For this purpose, hardware
based on FPGA - Spartan 6, and a VHDL program were developed. An important point in the
development is the adaptation of the module to work as a PLC and the software implements the
motion tracking method, which is more convenient for calculation than DSP. This has its
advantages: although the advanced DSP processors allow for arithmetic separation performance
without significant effort in the design phase, the complexity of system design can be
significantly increased in the case of advanced high-sampling motion control applications based
on FPGA platforms. In addition, although some high performance DSP controllers may include
high-frequency encoder pulse counters and clocks, their conditional circuits do not have
adequate hardware support for advanced MT-type speed estimation methods. On the other hand,
FPGAs allow for economical execution of complex circuits, characterized by parallel operation,
low power consumption, and small occupied spaces. In addition, they can provide high
computing power. Moreover, compared to microcontrollers, FPGAs allow more accurate and
shorter sampling periods, which is extremely important for modern motion control systems that
require accurate measurement over a wide speed range.
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[TpoekTupaHeTo W BHEAPSBAHETO HAa BIPAJCHU MUKPOIPOIECOPHH CHUCTEMH H3UCKBa
MYJITUAMCUMILIMHAPHU 3HAHHS M yMEHHS B O0JAaCTH KaTO MHKPOKOHTpOJIEpH, codTyepeH
IM3aiiH, OU(PPOB W aHAJIOTOB Xapjayep, TEOpHs Ha YIPaBICHUETO, MEXaTPOHUKA M Jp.
CrenmoBaTteHO TOBa € AUCIUIUINHA, KOSITO € TBBPJIE CIOXKHA U TPYIHA 32 CTYJICHTHTE.

B nmoknanma ce mpaBm KpaThK Tperjiell Ha WHOBAaTHMBHU TOAXOIU W JOOpPH TPAaKTUKU B
MPETOIaBaHETO M W3yYaBaHETO Ha BIPaJIeHM MHUKPOIPOIECOpHU cucTteMu. OOOCHOBaHa €
HE00X0IMMOCTTa OT IpUJIaraHe Ha MpOeKTHO-0a3upaHo oOyueHue (project-based learning -
PBL) u noaxona (Conceive-design-implement-operate - CDIO). [Ipennara ce mpuiioxkeHue B
00y4eHHETO Ha MOJIC)I Ha MHTEIMICHTEH JIOM — CIIOKEH 00CKT, TI03BOJISBAIL HA CTYICHTUTE Ja
n3ydJaBaT paboTaTta Ha OTICJIHU TPATUBHH €JIEMEHTH Ha BIPaJICHU CUCTEMH. T'hif KaTO BKITFOUBA
pazHooOpa3ue or mepudepHU MOAYIH, TOH € OCOOCHO MOAXOAII 3a TNPOEKTHpPaHE U
NPUIIOKEHNE Ha (bpMyep Ha BrpajeHu cucteMu. [Ipurexapa yrpapisiBail KOMIIOTBPEH OJIOK,
WHJIUKAIMs, PAa3IMYHU BUJIOBE CEH30PU M U3IBIHUTEIHU MexaHu3mu, GSM KOMyHUKaTOp U
ap. Karo koHTposen 6110k e n3non3Bana pazBoitHa miatka Arduino Uno, KOsSITO MOXe YCIEIIHO
Ja ce 3aMeHH ¢ MoJ100Ha MM TO-CII0XKHA, HAapuMep ¢ MUKpOKoHTposep ¢ ARM mporecop.
MakeThT 1M03BOJISIBa HA CTY/ICHTHUTE J1a U3y4aBaT padoTara Ha OT/ICITHH TPaIMBHU OJIOKOBE — /13
' KOHOUTYpUPAT, J1a BKIIOYBAT M CBHP3BAT JONBIHUTEIHH TaKWBa M T.H. ToBa mpeamonara




YCBOSIBAHETO HA 3HAHMS M YMCHUS 3a MIPOCKTUPAHE U Peallu3allisl Ha alTOPUTMH M IIPOTPaMU
3a BrpaJIcHH CUCTEMH Ha e3uInTe 3a nmporpamupane AcemoOiep u C, KakBUTE Te ca M3ydaBalld
B IIPEIXOJIHU KypCOBe Ha 0OyueHHe.

The embedded systems design and implementation require multidisciplinary knowledge and
skills in areas such as microcontrollers, software design, digital and analog hardware, control
theory, mechatronics, etc. Thus it is a discipline that is too complex and difficult for the students.

The paper gives a brief overview of innovative approaches and good practices in the teaching
and studying embedded systems. The need for the application of project-based learning (PBL)
and the Conceive-design-implement-operate (CDIO) framework is justified. A model of a smart
home is suggested to be applyed in the teaching process — a complex object, allowing the
students to study the operation of individual building blocks of embedded systems. As it has a
variety of peripheral modules, it is especially suitable for embedded systems firmware design
and implementation. There is a control computer unit, an indication, various types of sensors
and actuators, GSM communicator, etc. As a control unit Arduino Uno development board is
used. It is also possible to replace it by a similar one or more complex. The model allows
students to study the operation of individual building blocks — to configure them, to include and
connect additional ones, etc. They would also learn how to design and implement algorythms
and programs for embedded systems in Assembler and C programming languages, which they
have studued in previous courses.

8. Rankovska, V., G. Goranov. Emulation of Microcontroller Interrupts Using FPGA. Proc.
XII National Conference with International Participation "Electronica 2021%, May 27-28, 2021,
Sofia, Bulgaria, 2021. pp. 185-188. ISBN: 978-1-6654-4061-5,
10.1109/ELECTRONICAS52725.2021.9513658 (Scopus)

B Hacrosmara paborta ce mpeiara amaparHa eMyJalus Ha JIOTHYecKaTa cxema 3a
o0cCITy’)KBaHE Ha MPEKbCBAHUATA HA M3y4YaBaH MUKPOKOHTPOJIEP B MpOrpaMUpyeMa JIOTHYECKa
cpena, mpU KOETO C€ IMOCTUrarT JiBe Lienu: 1) mo-AeTailliIHo u3yyaBaHe Ha MeXaHuU3Ma Ha
BB3HHMKBaHE, pa3pelaBane/ 3a0paHa U JOBEKJaHe Ha 3asiBKa 3a IIPEKbCBaHe 0 MPoliecopa upe3
CpelcTBaTa Ha MporpaMHpyeMara JIOTUKa M CHUMYyJiaTopa Ha MpOTrpamMHHUsS MPOIYKT U 2)
JEMOHCTPHUpAHE Ha Bb3MOKHOCTTA 3a pealin3alus Ha PA3IMYHH I'PaJUBHH MUKPOIPOLIECOPHU
6J10KOBE B IporpaMupyema jorundecka cpeaa. [Ipencrass ce opranuzanusaTa Ha IPEeKbCBAHUATA
IIPY MHUKPOKOHTPOJIEpU C pa3jinyHa CTENEH Ha CJI0XHOCT — OT IO-IpocTa (Hampumep Npu
mukpokoHTposepu ¢ PIC u AVR siapa — Ge3 anapaTeH KOHTpOJIep Ha IPEKbCBAHUSATA, 10 TAKHBA
C amapaTHH KOHTpoJepu (mopu nBa Ha Opoit mpu STM32). CuHTe3upaHa € Jornueckara cxema
3a 00cITy)KBaHe Ha MpeKbCcBaHUsITa Ha MUKpokoHTposiepu PIC18 ¢ nBa BekTopa, mpeaHa3HaueHa
3a emynanus B FPGA cxema Cyclone Il na Intel. HanmpaBena e cumynanust Ha paboTaTta U B
nporpaMHa cpeaa Quartus II. 3a mpakTuyeckaTa eMyjanus ce M3IOJI3BA pa3BoOMHA cHUCTEMA
DE2-70, xosTO Chabpxka MOIXOASMIA Nepudepus 3a IMOAaBaHE HAa BXOJHH CHUTHAIHM 3a
NpPEeKbCBAaHUS W M300pa3sBaHe HA M3XOMHUTE peakuuu. [IpoekThT naBa BB3MOKHOCT Ha
CTYJEHTHTE Jia TECTBAT PA3JIMYHU CUTYAIIUU ChC 3aJaBaHe WK 3a0paHa Ha IPUOPHUTET, 3a0paHa
U pa3pellaBaHe Ha MPEKbCBAHUSA U JIp., KOETO CIIOMAara 3a U3SICHABAHETO HA CJIOXKHUTE U
abCTpakTHU MEXaHU3MH Ha 00CITyKBaHE Ha MPEKbCBAHUATA IPU MUKPOKOHTPOJIEPUTE.

In the present work, a hardware emulation of the logic scheme for servicing the interrupts of
a studied microcontroller in programmable logic is proposed, in which two goals are achieved:
1) a more detailed study of the mechanism of occurrence, enabling/disabling and passing an
interrupt request to the processor through the means of programmable logic and the simulator
of the integrated development environment and 2) demonstrating the possibility of
implementing various microprocessor building blocks in a programmable logic environment.
The organization of interrupts in microcontrollers with different degrees of complexity is
presented - from simpler (for example, in microcontrollers with PIC and AVR cores - without
a hardware interrupt controller, to those with hardware controllers (even two in number for




STM32). The logic is synthesized two-vector PIC18 microcontroller interrupt service circuit
designed for emulation in Intel's Cyclone II FPGA circuit. Its operation is simulated in the
Quartus II programming environment. For practical emulation, a DE2-70 development system
is used, which contains appropriate peripherals to provide interrupt inputs and display output
responses. The project enables students to test various situations of setting or disabling priority,
disabling and enabling interrupts, etc., which helps clarify the complex and abstract handling
mechanisms of microcontroller interrupts.

9. Rankovska, V. Review of Open-source Microcontroller and Programmable Logic
Development Boards, Proc. XXX International Scientific Conference Electronics - ET2021,
September 15 - 17, 2021, Sozopol, Bulgaria, pp. 1-4. ISBN 978-1-6654-4518-4, DOI:
10.1109/ET52713.2021.9580150 (Scopus)

XapayepsT U copTyepbT C OTBOPEH KOJ Ca BCE€ MO-pa3lpOCTPaHEHU Mpe3 MOCIEeTHUTE
TOAMHU ¥ MHOT'O KOMITAaHUH JTHEC TOAKPEIAT TAXHOTO pa3BUTHE B 00JIACTTA HA €JIEKTPOHUKATA.
Teii karo peauma xapayepHH U cOPTYEpHHM MPOEKTH C OTBOPEH KOJA ITbPBOHAYAIHO ca
Ch3/1aJICHU 32 00pa30BaTEeIHU M XO0U 1eJIH, TPUII0KEHUETO UM B YUEOHHS MPOLIEC € HAITBIIHO
€CTECTBEHO: XapAyephbT C OTBOPEH KOJ OOMKHOBEHO € MPOCT, €BTHH U IOCTHIIEH U C€ JI0CTaBs C
OTBOPEH KO 1/uiu 6e3riateH copTyep, KOMTO HachpyaBa 00yd4aeMHTE Ja TH MpUjIarat 3a CBOM
cOoOCTBEHH MPOEKTH Y JOMA.

OOeKkT Ha HacTOALIMS JOKJIAJ ca JIBa BUJA XapAyep OT OTBOPEH TUII: Pa3BOWHU IJIATKH Ha
06a3ara Ha MHUKDOKOHTpPOJIEpM M TakuBa, Oa3upaHu Ha mnporpamupyema joruka ¢ FPGA
apxuTekTypa. M 1Bata ca moaxosIiy 3a MPUJIOKEHNE B Pa3IMYHU KypCOBE 3a CTYACHTH I10
€JIEKTPOHHMKA, aBTOMAaTH3alldsd, KOMIIOTHPHU HAyKH, KOMYHUKAllMK U Jp., CBbpP3aHU C
MPOEKTUpaHE Ha HUQPPOBU CXEMH, MUKPOKOHTPOJEPU, BIpajicHu cuctemu, VMHTepHET Ha
Hemiata M T.H. B nmokmajma ca cucteMaTu3MpaHd OCHOBHH XapaKTEPUCTUKU M PECYpPCH Ha
Pa3BOMHU TIATKU OT OTBOPEH THI, Oa3MpaHl Ha MUKPOKOHTpoJIepH U TakuBa Ha FPGA.

OOVKHOBEHO TaKHBa IUIATKHU ca MaJKH 1Mo pa3Mmep. ToBa orpaHnyaBa Oposi HAa HATUYHHUTE
XapayepHu OJIOKOBE BBPXY TAX, HO T€ 3aABDKUTEIHO HMMAaT BCHYKH HEOOXOIUMHU
XapaKkTepUCTHKHU, 3a Ja ObJaT WU3MOI3BAaHU B DPA3NIUYHU TNPUIIOKEHHUS, KOETO TU MpaBU
YHUBEPCAJHU: T€ MPUTEkKABAT BCUUKH HEOOXOIMMHU OJIOKOBE KaTo SIAPO HA BrpajieHa CUCTEMa;
OOMKHOBEHO C€ MpenajaraT pa3HOBUIAHOCTH MO OTHOIICHHE HA (YHKIIMOHATHOCT, PECYpPCH U
pasmep; uMa rojisiMo pazHooOpasue OT AONBIHUTEIHU LIHHIIO0BE U MOAYJH, CbBMECTUMH C
pa3NUYHH BUJIOBE TUIATKH.

Open source hardware and software have become more common in recent years, and many
companies today support their development in the field of electronics. Since a number of open
source hardware and software projects were originally created for educational and hobby
purposes, their application in the learning process is quite natural: open source hardware is
usually simple, cheap and accessible, and comes with open source and/or free software, which
encourages learners to use them for their own projects at home.

Two types of open source hardware are the subject of this report: development boards based
on microcontrollers and those based on programmable logic with FPGA architecture. Both are
suitable for application in various courses for students in electronics, automation, computer
science, communication, etc., related to digital circuit design, microcontrollers, embedded
systems, Internet of Things, etc. The report systematizes key features and resources of
microcontroller-based and FPGA-based open-source development boards.

Usually such boards are small sized. This limits the number of available hardware blocks on
them, but they necessarily have all the necessary characteristics to be used in various
applications, which makes them universal: they have all the necessary blocks as the core of an
embedded system; varieties are usually offered in terms of functionality, resources and size;
there is a wide variety of additional shields and modules compatible with different types of
boards.




10. Balabanova, 1., G. Georgiev, B. Karapenev, V. Rankovska. Voice Analysis for Personal
Identification Using FFT, Machine Learning and Al Techniques. International Scientific
Conference of Communications, Information, Electronic and Energy Systems - CIEES 2021,
November 25-27, 2021, Ruse, Bulgaria, AIP Conference Proceedings, AIP Publishing, vol.
2570, 18 August 2022, pp. 020020-1 - 020020-7, ISBN:978-0-7354-4375-4,
https://doi.org/10.1063/5.0099672 (Scopus)

B cratusTa e mpeiokeH XHOPHACH MOIXOJ 3a CIEKTPAJICH aHAllM3 W pas3llO3HaBaHE Ha
TJIACOBM MPO(UITN Upe3 TEXHUKH Ha 6a3aTa Ha MAIIMHHO 00YYeHHEe U N3KYCTBEH MHTENEKT (Al).
3a mporneaypute 3a 00paboTKa Ha TJIac € MPUIIOKEH aJTOPUTHMBT 3a OBP30 MpeodpazyBaHUE
Ha ®ypue (FFT) ¢ HiIK0ONMKO pa3nuyHu THIIA TPO30PIH, cboTBeTHO Hamming, 4 Term BHarris,
Flat Top wm Hanning. M3BnmuuaHero Ha CHEKTPaJTHH XapaKTEPUCTUKH CE€ W3II0I3Ba 3a
mpeaBapuTeliHa 00padoTka Ha HAOOpH 32 00ydeHHE OTHOCHO MOJIeTTuTe 3a Kiacudukarus Ha k-
Haii-6mu3ku ceecenn (k-NN) u mpemaBamu HeBpoHHu Mpexku (FFNN) 3a mepconamna
UJCHTHYHOCT HA WHJMBHUJA OTHOCHO IlelieBaTa rpyma oT xopa. [Ipu cw3maBaneto Ha k-NN
MOJICJI ca MPUJIOKEHU HAa0Op OT METPUYHH €IMHUIIH 3a pa3cTosHUA kaTo EBkinmoBo, Cityblock,
pascrosiHusl Ha MuHkoBckM 1 Yebuies. [IpoekTrpanuTe MOETHU ce OLEHSABAT Ype3 TEXHUKU
3a TOBTOPHO 3aMECTBaHE M KPbCTOCAHO BalujaupaHe. AJTOPUTBMBT 3a oOOydeHHe Ha
Levenberg-Marquardt e u3non3Ban 3a FFNN apxutekrypu ¢ JUHEHHH M JONHPATETHU
CUTMOUIHH (DYHKIIMU 332 aKTUBHPAHE B MPEXOBH n3X0u. CHHTE3UpaHU ca BUCOKOKAUECTBEHU
k-NN u FFNN Moenu no oTHOIIEHHE Ha IePCOHAIHA I1acoBa WACHTU(UKAIUS C TOCTUTHATO
HUBO Ha TogHOCT 97,68 % u 100,0 %.

In this paper a hybrid approach for spectral analysis and voice profiles recognition by
techniques on the base of Machine Learning and Artificial Intelligence (AI) have been proposed.
For voice-processing procedures was applied the algorithm of Fast Fourier Transformation
(FFT) with several different window types, respectively Hamming, 4 Term BHarris, Flat Top
and Hanning. The spectral feature extraction is used for pre-processing training sets about k-
Nearest Neighbours (k-NN) classification models and Feed-Forward Neural Networks (FFNN)
for individual's personal identity about target group of people. Euclidean, Cityblock, Minkowski
and Chebyshev metric distances were applied in k-NN model creation. The design models are
evaluated through resubstitution and cross-validation techniques. Levenberg-Marquardt
learning algorithm was used to FFNN architectures with Linear and Tangent Sigmoid activation
functionsin network outputs. High quality k-NN and FFNN models in regard to personal voice
identification with level of accuracy achieved 97.68 % and 100.0 % were synthesized.

11. Balabanova, I., B. Karapenev, V. Rankovska, G. Georgiev. Design of ICT Prototype for
Big Data Economic Analysis. Proc. International Scientific Conference of Communications,
Information, Electronic and Energy Systems - CIEES 2021, November 25-27, 2021, Ruse,
Bulgaria, AIP Conference Proceedings, AIP Publishing, vol. 2570, 18 August 2022, pp. 020023-
1 - 020023-8, ISBN: 978-0-7354-4375-4, https://doi.org/10.1063/5.0099675 (Scopus)

B cratusta e mpemnoxken MKT (uadDopmManmoHHM W KOMYHUKAIIMOHHH TEXHOJIOTHH)
MPOTOTHUII HAa CUCTEMA 3a aHaJU3 Ha TOJIEMH JIaHHM, 0a3upaHa Ha TEXHUKU 33 W3BIMYaHE HA
JaHHU, TaTdopma 3a nHpopmaironHa nadpactpykrypa Hadoop 3a pasmnpeneneHo croupane
Ha JJaHHU U aHannTu4Ha cpena MATLAB. [IpeacraBenu ca ojly4eHUTE pe3yITaTh OT TECTOBU
JIEMHOCTH, CBBP3aHM C HSAKOM CHUCTEMHHM MOJIYJM 3a KI'bCTEPEH aHalu3, Pa3lo3HaBaHE U
KJIacu(uUUpaHe Ha 3aJauu 3a eUHUPaHU MKOHOMUYECKH 11eJU ¥ nporiecu. KaTo koMIuiekceHn
O0OCKT Ha M3CIIe/IBAHE Ca ONpPEJENICHH MOCTUTHATHTE MOKa3aTeld 3a MPUXOIU, Pa3Xolu U
IpoIelypy 3a NpeKoMepeH NeQHUIMUT 3a OTACIHUTE HMKOHOMHYECKHM pernoHnu B EBpoma,
obxBamrany nepuoga ot 1995 r. no 2021 r., ceriacHo noknan Ha EBpomeiickata KOMHCHS.
[Tpunoxenn ca moxxoau, OasupaHW Ha TpyNHUpaHe Ha K-CpeHH CTOWHOCTH, JHMHEEH WU
KBaJpaTU4EH IUCKPUMHMHAHTEH aHaJN3, TEXHUKU 32 MOBTOPHO 3aMECTBAHE U KPBCTOCAHO
Banmaupane, FeedForward Neural Networks (FFNN) ¢ oOyunTeneH anropuTbM 3a CKaJupaH




KOHIOI'aTCH TI'paJUCHT. B nmponeca Ha HU3JIOKCHUTC NpOoUCAYpH Ca CUHTC3UPAHHU MOACIU C
HaGJIIO,Z[aBaHI/I BHCOKH Ka4CCTBCHHU ITOKa3aTCIIN.

In this paper an Information and Communication Technology (ICT) prototype of Big Data
Analysis System based on Data Mining Techniques, Hadoop information infrastructure
platform for distributed data collection and MATLAB analytical environment have were
proposed. The obtained results of test activities related to some system modules for clustering
analysis, recognition and classification tasks about defined economic objectives and processes
are presented. Achieved indicators for revenues, expenditures and procedures for excessive
deficit for individual Economic regions in Europe, covering the period from 1995 to 2021,
according to a report by the European Commission were defined as a complex object of study.
Approaches based on k-Means Clustering, Linear and Quadratic Discriminant Analysis,
Resubstitution and Cross-validation Techniques, FeedForward Neural Networks (FFNN) with
Scaled Conjugate Gradient training algorithm were applied. Models with observed high quality
indicators were synthesized in the process of the exposed procedures.

12. V. Rankovska, G. Goranov, Applying Free and Open-Source Tools in Microcontroller
Laboratory Classes, ICEST 2022 Conference Proceedings, Ohrid, R N Macedonia, pp. 323-326.
ISBN: 978-1-6654-8500-5, DOI: 10.1109/ICEST55168.2022.9828673 (Scopus)

B nokmama e mpencTtaBeH KpaThK JIMTEpaTYpeH o0030p BBPXY H3CIENOBATEICKO U
nabopaTopHo oOopynBaHe, 0a3upaHO Ha Xapayep OT OTBOPEH THUIl M IpeJHa3HAuYeHO 3a
pa3IUYHU 00JACTH Ha MPUIOKEHHE, KaTo €IeKTPOHMKA, IICUXOJOTHS, XUMHSI U OHOXUMHUS,
nabopaTopuu o OUOJIOTHUS U IPYTH. 3acera MPUIIOKEHUETO Ha Xapayep U codTyep ¢ OTBOpPEH
KOJI 32 HAYYHU M M3CJIeIOBATEIICKH IIeJU € Ha paHHO HUBO. [IpuunHara e, ge Bce omie ce cmsTa,
Yye eBTUHOTO JIAOOpaToOpHO 000pyIBaHE HE € MPEIIOCTaBKa 32 HAYyYHHU N3CIIEABAHUS HA BUCOKO
HUBO. B penuiia mutepaTypHHu U3TOUYHHU ce JOKa3Ba o0ade, ye XapayepbT C OTBOPEH KOJ J1aBa
BBH3MOKHOCT 3a IPOEKTHPAHE HAa €BTUHO U HAITBJIHO (PYHKIIMOHAIHO J1a00paTopHO 000pY/IBaHE.
[Tnatkure 3a pa3paboTKa C OTBOPEH KOJ OOMKHOBEHO Morar Ja ObJaT NpOrpaMUpaHu C
noMoInira Ha Oe3IUIaTHH MHTETPUPAHH CPeIu 3a pa3padoTKa ¢ OTBOPEH KO, BBIIPEKH 4e €
BB3MOJXKHO JIa C€ M3M0JI3Ba U (pupMeH codTyep.

B nmoxmama ca ommcaHm 1Ba IMpOEKTa 3a J1a0OpPaTOPHO OOOpyABaHE 3a CTYJCHTH IIO
eJIEKTPOHMKA, 0a3upaHu Ha matdopma Arduino: 3a HaOIIOeHUE U KOHTPOJI Ha TeMIiepaTypara
Ha OKOJIHATa cpella U aBTOMAaTHYHa MOJHMBHA cucTeMa. M aBara BKIIOUBAT YECTO M3IOJI3BAHU
nepudepHd YCTpOWCTBA, KaTO WHAWKALUS, OYTOHHU, CEH30pH, pejleTa U H3MbIHUTEIHU
MeXaHW3MH U T.H. M3non3Baiiku Oe3liaTHaTa WHTETPUpPaHa cpena 3a pazpadorka Arduino c
OTBOPEH KOJ, CTYJIEHTUTE MOTAaT JIECHO W OBP30 Aa T'M MpEemporpamupar, Karo MPOEKTUPAT
pa3IUYHU aJTOPUTMH W TPOTpaMH, 3a Ja HM3y4aBaT paboTa Ha MHKPOKOHTPOJIEPHTE H
M3IONI3BAHUTE NTepUepHU MOTYITH.

A brief literature review of research and laboratory equipment based on free and open-source
hardware and intended for various application areas, such as electronics, psychological,
chemistry and biochemistry, biology labs and more, is presented in the paper. For now, the
application of open-source hardware and software for scientific and research purposes is at an
early level. The reason is that it is still considered that cheap laboratory equipment is not a
prerequisite for high-level research. The open-source hardware provides the opportunity to
design inexpensive and fully functional laboratory equipment. Open-source development
boards are usually possible to be programmed by means of free and open-source integrated
development environment, although it is possible to use also proprietary development tools.

Two lab equipment projects for Electronics students based on Arduino platform are described
in the paper: for monitoring and control of ambient temperature; automatic irrigation system.
Both of them include often used peripherals, like indication, buttons, sensors, relays and
actuators, etc. Using the free and open-source Arduino integrated development environment,




the students could easily and quickly reprogram them designing various software algorithms in
order to study the operation of the microcontrollers and the used peripheral modules.

1.2 HAYYHA INIYBJIUKALIMUA B HEPE®EPUPAHU CIIMCAHUA C HAYYHO
PEHEH3UPAHE UJIN B PEJAKTUPAHU KOJIEKTUBHU TOMOBE

13. PankoBcka, B. BapuanT Ha aBTOMaTH3MpaHa MporpaMHa cucTeMa 3a 00ydeHue 1 TeCTBaHE
Ha 3HaHMATA. [leceTa MexayHapoIHa HAydHO-TIpHIIOkHA KoHpepeHIus — Enextponnka — ET
20017, Cozonoa, 26-28 centemspu, 2001 r. kH. 3, cTp. 106-110. ISBN 954-9518-17-5

B noknanma ce mpencraBsi BApuaHT Ha aBTOMaTHU3HMpaHa MporpamMHa o0ydaBaiia u TeCTOBa
cucteMa, npwiarada B TY-['abpoBo no nucuumimHara ,,MUKpOIPOIIECOPHA CXEMOTEXHUKA".
[To oTHOIIEHNE Ha CBOSITA CTPYKTYpa U OpraHU3allvs T4 € YHUBEpaJlHa U MOXKe Jla ce Mpuiara
U 1o Japyru aucuuiuinHd. Mma aBa pexuMa Ha paboTa — aBTOPCKM U MOTPEOUTENCKU.
ABTOPCKHST PEKUM MMO3BOJISIBA BbBEXKAAHE U peJaKTHpaHe Ha TEOPETHUEH MaTepual, pa3aeiacH
Ha TEMU U CEKI[UU; TECTOBH MOJICJIN U ChAbPIKAHUE; IaHHU 32 CTYACHTUTE; aIMUHUCTPATOPCKHU
OINIIMM, HATNpUMEp MOTpeOuTeNn U maponu U ap. [loTpeOUTENCKUAT pPEeKUM HMa TPHU
MOJIPEXKUMa: OOYUYUTENIeH; 00CUEeHUE U CaMOTECTBaHE; TECTOB. TEOPETUYHHST M TECTOBUST
Marepuas MoraT Jia ChIbpXKaT TEKCT, GOpMyIH, n3o00paxkeHus ¢ pasnmuueH ¢popmar. [Togabpixa
Ce ChXpaHsBaHE Ha CTaTUCTUYECKa MH(POpPMAIUS MPU TECTBAHE HA CTYJCHTHUTE.

The report presents a version of an automated program training and test system implemented
at TU-Gabrovo in the discipline "Microprocessor Circuit Engineering". In terms of its structure
and organization, it is universal and can be applied to other disciplines as well. There are two
modes of operation - author's and user's. Author mode allows entering and editing theoretical
material divided into topics and sections; test patterns and content; student data; admin options
such as users data and passwords etc. User mode has three submodes: tutorial; training and self-
testing; test. Theoretical and test material may contain text, formulas, images of different
formats. Storing statistical information when testing students is supported.

14. Kapaunues, X., B. PankoBcka, A. Tyn6encku. Cucrema 3a nmpoeKkTupane Ha u(poBu
YCTPOUCTBA ¢ €AHOYUTIOBU MUKPOKOMITFOTpH OT pamunusata PIC16F87x. CoopHUK moKIaan Ha
MeXIyHapoaHa Hay4yHa KoHpepenuus “Yuutex ‘037, ['abposo, 2003 r., Tom I, cTp. [-124 — 1-
127. ISBN 954-683-167-0

B noxiaga mpenctaBeHa cuUcTeMa 3a MPOEKTHpaHe HA HUGPOBH M MHKPOIPOLECOPHH
ycTpoiicTBa Ha 6a3ata Ha MuUKpokoHTposep PIC16F87x. Ts naBa Bb3MOKHOCT 3a 00JIeKYaBaHe
U YCKOpsIBaHE Ha Ipolleca Ha IPOEKTHpPaHE HAa MHUKPOIPOLECOPHH CHCTEMH, KAaKTO M 3a
OHArJe[sBaHe, M3y4yaBaHe M aHaJM3 Ha TEXHUTE BB3MOKHOCTU W PEKUMHU Ha paboTa.
Cucrtemara e 0a3upaHa Ha BBTPEIIHO-CXEMEH emylaTop Ha ¢upmara Microchip, uuuto
OCHOBHH peXHMH Ha paboTa ca: pekUM Ha IpOorpaMupaHe M PeKUM Ha anapaTHO-IPOTrPAMHO
TECTBAaHE HA MIPOEKTHpaHaTa MUKPOIPOLECOPHA cUCTEMA. BBTpEIIHO-CXEMHUAT eMyIaTop ce
yIpaBisiBa OT MHTeTpUpaHaTa cpeza 3a nmpoektupane MPLAB Ha cwiiara pupma. PesxxumbTt Ha
anapaTHO-IIPOTPAMHO TECTBAHE MPEAOCTaBsS pPa3jIMYHU BB3MOXKHOCTU 33 H3IBIHEHUE Ha
MOHHUTOpHAaTa MporpaMa, ChbBMECTHO C NPOEKTHpaHaTa amapaTHa YacT: CTapTUpaHe Ha
nporpamMara B pPeKMM Ha CBOOOJHO H3IIBJIHEHHE; MOCTHIKOBO HM3ITBJIHEHHUE; MOCTaBsHE Ha
TOYKa Ha MPEKbCBaHE MPHU U3IIBIHEHHUE HAa JaJICHO YCJIOBHE; MPOMSHA Ha ChIBbPKAHUETO Ha
pEruCTpH; U3MEpPBaHE HA BPEMETO 3a M3II'BJIHEHHE HA y4yacTbK OT JajieHa Iporpama M JIp.
CucremaTa BKIJIIOYBA M JBa JEMOHCTPAlMOHHU MOAYyJa — €IWH, ChAbpXKall nepudepHu u
KOMYHUKaIlMOHHU  OJIOKOBE, W  BTOPHM,  MHKpPONPOIIECOPEH, KOMTO  IO3BOJISABA
JOKOMITJIEKTYBAaHETO MY € pa3HOOOpa3HU MOTPEOUTEIICKU AbLIEPHHU TIATKH.




The report presents a system for designing digital and microprocessor devices based on the
PIC16F87x microcontroller. It makes it possible to speed up and ease the design process of
microprocessor systems, as well as to visualize, study and analyze their capabilities and modes
of operation. The system is based on Microchip’s in-circuit emulator, whose main operating
modes are the programming mode and the hardware-program test mode of the designed
microprocessor system. The in-circuit emulator is controlled by the same company's integrated
design environment MPLAB. The hardware-program testing mode provides various options for
executing the monitor program together with the designed hardware part: starting the program
in free running mode; step implementation; setting a breakpoint when a given condition is met;
changing the contents of registers; measuring the execution time of a section of a given program,
etc. The system also includes two demonstration modules - one containing peripheral and
communication blocks, and the second, a microprocessor, which allows it to be completed with
a variety of custom daughter-boards.

15. Hinov, H. P., V. Rankovska. Analysis of an Asymmetric Inverter in Phase Space, ICEST
2004 Conference Proceedings, Bitola, Macedonia, 2004, vol. 1, pp. 403-406. ISBN 9989-786-
38-0

[TocTpoen € Mo/ien Ha aCUMETPUYCH UHBEPTOP BHB (Pa30BOTO MpocTpaHcTBO. OnpeaencHu
ca OCHOBHUTE €JIEMEHTH Ha MOJIeNIa, TEXHUTE BPB3KH ChC CXEMHHTE ITapaMeTpy Ha HHBEPTOpa
u oOmuAT BUA Ha ¢a3zoBusT mojen. OnucaHa e AUHAMHUKaTa Ha (Da30BHAT BEKTOp W ca
CHeIM(pUIIMPAaHA  OCHOBHHTE WHBEpTOpHH mporiecn. (OOocHOBaHa ¢ eHepruiiHaTa
UHTEpIpeTaysl Ha KOMYTalusTa W CHEepPruiHusAT OamaHc B uHBepropa. OOOCHOBaHA €
mudepeHIranta KiacuuKaIus Ha UHBEPTOPUTE.

A model of an asymmetric inverter in phase space is built. The main elements of the model,
their relationships with the circuit parameters of the inverter and the general appearance of the
FM are defined. The dynamics of the phase vector are described and the basic inverter processes
are specified. The energy interpretation of the commutation and energy balance in the inverter
is justified. A differential classification of inverters is justified.

16. Kapaunues, X., 1. Kones, B. PankoBcka. Metoauka 3a opazMepsBaHe Ha U3MEPBATEN Ha
aKTUBHA MOIIHOCT BBB BHCOKOYECTOTHH BEpUTM Ha 0Oa3aTta Ha (OTOTPAH3UCTOPHU U
dorognoaau ontporn. COOPHUK JOKJIAIU HA MEXAyHApPOIHA HayuyHa KOHGEpeHIHs “YHUTEX
‘04”, T'abpoBo, 2004 r., Tom I, ctp. 1-231 — 1-236. ISBN 954-683-303-7

B penuna npakTruecky ciiyyau ce Hajlara u3MepBaHe Ha akTUBHATa MOIIIHOCT, KOHCYMHpaHa
B IPOMEHJIMBOTOKOBH BEPUTH C TOBAap, KOWTO HMa YHCTO AaKTUBEH XapakTep WU
NpUOIM3UTEIHO MOXKE Ja ce CYMTa 3a TakbB. KoraTto ce oTHacs 3a opa3MepsiBAaHETO Ha
M3MepBaTeIM Ha aKTUBHA MOITHOCT 32 CPEJHO-YECTOTHHS IMANa30H, Hail-4ecTo ce peaanu3upa
M3MEPBATEIIHO YCTPOMCTBO MO METOAAa C YETUPHKBAJPAHTEH YMHOXHUTEI(HM), OazupaHu Ha
epexta Ha Xoi. IIpy TOBa MHOrO dYecto ce H3MON3yBaT HANPEKUTETHH U TOKOBU
TpaHcGopMaTOpH, KOMTO Ca YECTOTHO 3aBHCHUMU U TpsiOBa /a ce opa3MepsiBaT 3a BCsKa
KOHKpeTHa pabOTHa 4YecToTa, KOETO IPEJCTaBIIIBa CEPHO3EH HENOCTAaThK, 0COOEHO ako €
HE0OX0MMO HU3MepBaTeNAT Ja paboTH B MIMPOK yecToTeH auana3zoH. C pa3BUTHETO Ha
OIITOETIEKTPOHUKATA CE€ CH3/1a710Xa MHOXKECTBO (DOTOTPAH3UCTOPHU U (POTOIUOHU ONTPOHH,
KOUTO MOrar /ia paboTAT B IIMPOK YECTOTEH JUaNa30H, U MOTaT CIOIYWINBO Jia Ce MU3I0JI3BaT
KaTo OCHOBHU TPaJIMBHU IpeoOpa3yBaTEeNIHU €JIEMEHTH MPH MPOEKTUpaHe U U3paboTBaHE Ha
BHCOKOYECTOTHH H3MEpBAaTeNId Ha MOLTHOCT.

B noxnana ce neguHupar mocTaHOBKaTa M MPEINOCTaBKUTE 3a u3MepBaHe Ha BY akTuBHA
MorrHocT. Pa3paborenn ca (QyHKIIMOHATHUTE BB3MOXKHOCTH, OJIOKOBAaTa CXxeMa W CXEMHO
pelieHre Ha M3MepBaTe] Ha aKTHBHA MOIIHOCT, KOWTO MOKE Ja C€ M3MO0J3Ba 3a HIMPOK




yecToTeH auanaszoH. llpeacraBeH e mpuHIMIBT Ha (yHKIHOHHpaHETO My. Pa3pabotena e
rpado-aHaTUTHYHA METO/IMKA 33 Opa3MepsBaHe Ha M3MepBaTeNs Ha aKTHBHA MOIIHOCT BB BU
BEpUTH, U3rpaJieH Ha 6a3arta Ha (OTOTPAH3UCTOPHU WM (HOTOAUONHU ONTPOHU. CXEMHOTO
pelieHne W MeTOAMKaTa JIeCHO MoraT Ja ObJaT H3MON3yBaHM 3a paslIMpsiBaHE Ha
(YHKIIMOHATHUTE BH3MOXKHOCTH U 32 U3MEPBaHEe Ha KOHCYMHUpaHa €JIeKTPUIeCKa CHEPIHUsl.

In a number of practical cases it is necessary to measure the active power consumed in
alternating current circuits with a load that is purely active in nature or can be approximately
considered as such. When it comes to sizing active power meters for the mid-frequency range,
a four-quadrant multiplier(s) method based on the Hall effect is most commonly implemented.
This often uses voltage and current transformers that are frequency dependent and must be sized
for each specific operating frequency, which is a serious disadvantage, especially if the meter
needs to operate over a wide frequency range. With the development of optoelectronics, many
phototransistor and photodiode optocouplers have been created, which can operate in a wide
frequency range, and can be successfully used as the basic blocks of conversion elements in the
design and manufacture of high-frequency power meters.

The report defines the setup and prerequisites for measuring HF active power. The functional
capabilities, block diagram and schematic solution of an active power meter that can be used
for a wide frequency range are developed. The principle of its operation is presented. A grapho-
analytical methodology has been developed for sizing the active power meter in RF circuits,
built on the basis of phototransistor or photodiode optocouplers. The schematic solution and the
methodology can easily be used to expand the functional possibilities and to measure the
consumed electrical energy.

17. Kapannues, X. 3., P. C. Banos, B. PankoBcka. WEB-6azupan 1mmudpoB enexrpomep B
ChCTaBa Ha IEHTpaIu3upana nHpopmanronHa cucrema. COOpHHUK JOKJIAIN Ha MEXIAyHapOoaHa
Hay4Ha KoH(pepennus “Yautex ‘047, 'abposo, 2004 r., Tom I, ctp. [-237 — [-242. ISBN 954-
683-303-7

ChIecTByBalIoTO OTYHTAHE HA Pa3XOAUTE HAa EINEKTPUYEeCKa CHeprus IMpu OUTOBUTE
KOHCYMaTOpHU B pEAMIIAa M3TOYHO-EBPONEUCKH AbP)KaBH € CBHP3aHO C MHOTO TEXHHYECKH,
€KCIUIOATAIMOHHH W WKOHOMHYECKH HenocTaThii. [lo Bpemero Ha mMyONUMKYyBaHETO Ha
CTaTHUATA, B IOBEYETO CIIy4au Ca M3MOI3BaHU UHAYKIIMOHHU €JIEKTPOMEPH, KOUTO UMAT HUCHK
KJIaC Ha TOYHOCT, MPOMEHST EKCIUIOATAIIMOHHUTE CU XapaKTePUCTHKU C BPEMETO, MTO3BOISIBAT
JIOTTyCKaHe Ha TpeliKd MpU OTYMTAaHE Ha MokazaHusTa uM. C pa3BUTHETO Ha CpeAcTBaTa 3a
KOMYHHKAIUS C€ TIPEI0CTaBs BH3MOXKHOCT JIa c€ Ch3JaBaT IEHTpaIN3upaHu HHPOPMAIIMOHHU
CUCTEMH, BKJIIOYMTEIHO B €HEpreTHKara, W3MOJ3BaIld KaTo MPEHOCHA Cpela pajinoMOJEMH,
Mob6umHU TepmuHau (GSM), ToKaTHU U TI00ATHU MPEXKH.

B HacTosmus mokiaz € mpeacTaBeHo BapuaHTHO penieHue Ha WEB-6a3upan nudpos enek-
TpoMep, BIU3AIll B ChCTaBa HA IIEHTPAJIM3UpaHa HH(POPMAIIMOHHA CHCTEMA, KOSTO U3I0JI3Ba Ka-
TO mpeHocHa cpena MuaTepHeT. CXeMHOTO pelieHne Ha MUPPOBO U3MEPBATEITHO YCTPOMCTBO Ha
enHoda3Ha aKTHMBHA EHEPrusi U MOMEHTHAa MOIIHOCT ce 0Oa3upa Ha crenuaiu3upaHara
uHterpaina cxema ADE7757 na ¢upmara Analog Devices. Kato ynpasisiBaiio ycTpoicTBO
ce m3nomBa 8-O0utoB MukpokoHtponep PICI6F876, a 3a xomyHukamus c¢ WuTepHeT -
MpexoBusT uHTepdericen koutposiep RTL8019AS na pupma RealRek.

The existing calculation of the costs of electricity for household consumers in a number of
Eastern European countries is associated with many technical, operational and economic
shortcomings. At the time of publication of the article, in most cases, induction meters were
used, which have a low accuracy class, change their operating characteristics over time, allow
making mistakes when reporting their testimony. With the development of means of
communication, it is possible to create centralized information systems, including in the energy
sector, using radio modems, mobile terminals (GSM), local and global networks as a




transmission medium. The report presents a variant of a WEB-based digital electricity meter,
which is part of a centralized information system that uses the Internet as a transmission
medium. The schematic solution of a digital measuring device of single-phase active energy and
instantaneous power is based on the specialized integrated circuit Analog Devices’s ADE7757
IC. An 8-bit microcontroller PIC16F876 is used as a control device, and the network interface
controller RTL8019AS5 of the RealRek company is used for communication with the Internet.

18. Hinov, H., H. Karailiev, V. Rankovska. Inverter Model and Decomposition in the 3D
Space. ICEST 2005 Conference Proceedings, Nish, Serbia and Montenegro, 2005, vol. 1, pp.
229-232. ISBN 86-85195-24-1

WNHBepTOpbT ¢ TpaHCIMpaHEe HA €HEpPrusTa Mpe3 MarHuTHa Bpb3Ka € TUIHMYEH OOEKT Ha
CWJIOBaTa €JEKTPOHWKA. B NoKIana ca KaHOHM3UPAHH AUQPEPEHIUATHUTE MY YPaBHEHHUS OT
TPETH PpaHT, KOUTO 3aBUCAT CamMO OT JiBa KOHCTPYKTHBHH IMapamMeTbpa. 3a I'bPBH MHbT €
NPUIIOKEHA TeopeMaTa Ha Pe3UAyyMHUTE CIPSIMO HEJIIMHEeH OOEKT OT THUIa MHBEPTOP U TOH e
pa3oKeH Ha KOMIIOHEHTH OT MO-HUCHK PaHT.

JlokazaHa € 3aBHCHUMOCTTa Ha KOMIIOHEHTUTE €IMHCTBEHO OT KOPEHUTE Ha HWHBEPTOpA.
CocraBeH € TpuMepeH (a30B MOJEN, KOWTO CHBMECTSBAa pEKMMHATa M EHEpPruiiHaTa
npe3eHTauu Ha (Ga30BOTO MPOCTPaHCTBO. [loka3zaHa € TeopeMa 3a B3aMMHATa OpPUEHTAIUs Ha
MHBEPTOPHUTE KOMIIOHEHTH BBHB (Da30BOTO MPOCTPAHCTBOTO. AKTHBHOCTTA HAa OTACITHUTE
KOMITOHEHTH € 00yCIIOBEHA OT pasnpeAeNieHUETO Ha CTapTOBaTa EHEPrusl.

[IpencraBeH e NMpexOAHUST MPOLEC U YCTAHOBEHUAT PEKUM Ha MHBEPTOpA KaToO cyMa OT
CHOTBETHUTE TPOIECH HA KOMIOHEHTHTE. VIHBEPTOPHUTE KOMIIOHEHTH ca 000COOEHU Karo
€JIeMEHTapHU UHBEPTOPH.

The inverter with the translation of the energy through a magnetic link is a typical object of
power electronics. Its third-order differential equations, which depend on only two design
parameters, are canonized. For the first time, the residue theorem is applied to a nonlinear
inverter-type object and it is decomposed into lower-rank components.

The dependence of the components only on the roots of the inverter is proven. A three-
dimensional phase model is constructed that reconciles the mode and energy presentations of
the phase space. A theorem for the mutual orientation of the inverter components in the phase
space is proved. The activity of the individual components is determined by the distribution of
the starting energy.

The transient process and the established invertor mode as a sum of the respective component
processes are presented. Inverter components are classified as elementary inverters.

19. Hinov, H., H. Karailiev, V. Rankovska. Short Cycle Inverter. ICEST 2005 Conference
Proceedings, Nish, Serbia and Montenegro, 2005, vol. 1, pp. 245-248. ISBN 86-85195-24-1

CepuiiHUST MHBEPTOP € M3TOYHMK HAa BHUCOKOYECTOTHA CHEPTUs U OCHOBEH OOEKT Ha
u3cleiBaHe B CUJIOBATa €NeKTPOHUKa. YeTHpuTe mapaMeTbpa Ha BepuraTa ce 3aMEHST caMo C
JIBE KOOpIMHATH Ha HHBEPTOpa: 3aTuXBaHe M (as3a, KOETO CHOTBETCTBA Ha paHra Ha
IuepeHlInaJHOTO YpaBHEHHE U KaHOHM3HMpa BH3UATA 3a MPOLECUTE B HHBEPTOpA.
Judepenunannara Bpb3ka MEX/y HAPEKEHUETO Ha KOHCH3aTOpa M TOKA Ce MPECTaBs ype3
ClI0HA (PyHKIIMA, KOSTO MPEICTaBsi EHEPrusiTa B MHBEPTOPA.

CuHTe3npaHa € MHBEPTOpHA (YHKLHS, MPEJCTaBsIa eJIeKTPOMarHUTHUTE IpPOIecH Tpe3
uenusi mepuoa Ha pabora. MHBepropHaTa (yHKUUS € aJanTUpaHa KbM YCIOBUSTA Ha
CTaLlMOHAPHUSA PEKHUM, Upe3 KOUTO € hopMyrpaHa.

Monenupanu ca (GyHKIMOHATHUTE pE3yJNTaTd BbB (Ha30BOTO MPOCTpaHCTBO. Da3zoBUAT
MOJIeNI JlaBa BB3MOXKHOCT Ja ce ¢opMmyiHpa O0anaHChT MEXIY pEAyLHpPAHETO Ha PEeXUMa,
JBJIKAILIO CE€ HA 3aTUXBAHETO M HEroBaTa KOMyTallMOHHA KOMIICHCAIIMSL.




CuHTe3npaHa € pe)KMMHO-EHEPIUiiHa KapTa, BKJIIOUBAIA HAIPEXKEHUETO, TOKA U EHEPrUsTa
Ha MHBEPTOpa B CTAl[MOHApEH PEXUM, KOETO € (DyHKIUS Ha MHBEPTOPHUTE KOOPAMHATH.
Kaprara npezacraBs HaTOBapBaHETO U YECTOTHUTE XapaKTEPUCTUKN HA UHBEPTOPA.

KOHBEHIIMOHATHOTO ~pelleHne Ha JU(epeHlIHaTIHUTe YpaBHEHHs € 3aMEHEHO OT
eHepruiiHaTa Bpb3Ka Ha (a3oBus Mozen. JlokasaHa e yHukaiHa (opmyrna 3a MOLIHOCTTA Ha
MHBEPTOpA, IIPU KOATO TSI HE 3aBUCH OT TOKa. Ch3/1a/IeH € aNTepHATUBEH METO/] 3a U3UHCIIsIBaHE
Ha UHBEPTOPA.

The series inverter is a source of high-frequency energy and a fundamental object of research
in power electronics.The four circuit parameters are replaced by only two inverter coordinates:
attenuation and phase, which corresponds to the rank of the differential equation, and canonizes
the vision about the processes in the inverter. The differential relation between the capacitor
voltage and the current is presented by means of a complex function, which represents the
energy in the inverter.

An inverter function has been synthesized, presenting the electromagnetic processes over the
entire operation period. The inverter function has been adapted to the conditions of the
stationary mode, through which it is formulated.

The functional results have been modeled in the phase space. The phase model makes it
possible to formulate the balance between the mode reduction, due to the attenuation and its
commutation compensation.

A mode-energy map has been synthesized, comprising the voltage, current and energy of the
inverter in stationary mode, which is functions of the inverter, coordinates. The map presents
the inverter load and frequency characteristics.

The conventional solution of the differential equations has been replaced by the energy
connection of the phase model. A unique formula for the inverter power has been proved,
whereby it is not dependent on current. An alternative method for calculating the inverter has
been established.

20. Karailiev, H., V. Rankovska, Synthesizing Sine Wave Signals Based on Direct Digital
Synthesis Using Field Programmable Gate Arrays. ICEST 2007 Conference Proceedings, vol.
2, pp. 637-640, Ohrid, Macedonia, 2007. ISBN 9989-786-06-2

MeToabT 3a iUpeKTeH Hu(POB CUHTE3 HAa CUTHAIIM C POM3BOJIHA (JOpMa € U3BECTEH OTJaBHa,
KaTo JIBJIT0 BpEME MIMPOKOTO MY MpUJIAraHe C€ BB3MPEMITCTBA OT HUCKOTO HUBO HA Pa3BUTHE
Ha TexHoJioTuuTe. V3BecTHU ca pa3aMvHM METOJM 3a TeHEpUpaHe Ha CHTHAJIM C pa3jinyHa
¢dbopma — ananorosu u nudposu, kato DDS MeToabT MMa peaniia mpeJuMcTBa Mpe;] TSIX: BUCOKA
paszenuTenaHa COCOOHOCT MO YecToTa W (pa3a; Bb3MOKHOCT 32 M3KIIIOYUTEITHO OBp3 MPEexo.
KbM JIpyra 4YecToTa, C HempeKkbcBaema (pa3a; MHOTO Mallka CThIIKAa 3a MPEHACTpPOiKa Ha
yecToTarta; [udpoBara peaansanus Ipeanoara JeCHO OChIIeCTBIBaHE HA MUKPOIIPOIIECOPHO
yrpasieHue. Te3u npeAuMCcTBa ONPEACIIAT HapacTBAIOTO MY MPUIIOKEHHUE MPU peanu3aius Ha
(GYHKIIMOHAITHU TeHEPaTOpU, PA3IMYHU BUI0BE MOJIyJIallii B KOMyHUKAIIUHUTE U JIP.

B noxnama ce mpejactaBsi MpOEKTUpAaHE W pealid3allisi Ha CUHTE3aTOpP HAa CHUHYCOUJAJICH
CUTHaJ Ha 0a3aTa Ha METO/a 3a TUPEKTeH IMU(PPOB CHHTE3 U MPOrPaMUPYEMHU JIOTUYECKU
ycrpoiictBa oT Tuna FPGA. I1paBu ce aHanu3 Ha TEXHOJIOTHSATA 3a MPOSKTHUPAHE HA YCTPOICTBA
u cuctemu Ha 6a3ata Ha FPGA Ha ¢upmara Altera, Thii KaTO B MOMEHTa Ha MyOJMKyBaHe Ha
JIOKJIaJa MPUIIOKEHUETO Ha MporpamMupyeMa JIoTuka B bbiarapus € cpaBHUTETHO B HAYAJIOTO
cu. [laneHn e mpoumechT Ha NpoeKTHpaHe Ha TabimunaTa CchC CTOWHOCTHUTE, OIKCBAIIU
CHUHYyCOMJIaTa — MOJIEJINpAaHE HAa CUHYCOMJAIHMS CUTHAJ, aHaJIM3 Ha pe3yliTara u MojlydaBaHe
Ha CTOWHOCTHTE 3a (aiia, MpeaHa3HaueH 3a mocTosHHata nmamer Ha DDS renepatopa.
[TpoekTupana e udpoBaTa 4acT Ha TEHEPATOPA U Ca MPECTABEHN CUMYJIAIIMOHHU PE3YJITaTH




B nporpamua cpena Quartus II. TecTBaHeTo Ha MpoeKTa € M3BBPIICHO C pa3BOiHA cHUCTEMA
TREX CI.

The method of direct digital synthesis (DDS) of signals of arbitrary shape has been known
for a long time, but its wide application was hindered by the low level of technology
development. Various methods are known for generating signals of different shapes - analog
and digital, and the DDS method has a number of advantages over them: high frequency and
phase resolution; the possibility of an extremely fast transition to another frequency, with an
uninterrupted phase; very small frequency readjustment step; digital implementation implies
easy implementation of microprocessor control. These advantages determine its growing
application in the implementation of function generators, various types of modulations in
communications, etc.

The report presents the design and implementation of a sinusoidal signal synthesizer based
on the direct digital synthesis method and programmable logic devices of the FPGA type.
Initially, an analysis of the technology for the design of devices and systems based on the
Altera’s FPGA circuits is carried out, since at the moment of the paper publishing the application
of programmable logic in Bulgaria is relatively at its beginning. The process of designing the
table of values describing the sinusoid is given - modeling the sinusoidal signal, analyzing the
result and obtaining the values for the file destined for the read-only memory of the DDS
generator. The digital part of the generator is designed and simulation results are presented in
the Quartus Il programming environment. Project testing was performed with a TREX C1
development system.

21. Rankovska, V. Design of Sine/Cosine Synthesizer Using Vector Rotation Approach with
Angle Recoding. “Electronics — ET 2008 Conference Proceedings, Sozopol, 2008, Book 3, pp.
67-72. ISSN 1313-1842

MeToabT 3a AUpPEKTEeH HU(POB CUHTE3 € ChbBPEMEHEH METOJ 3a T€HEpUpPaHe Ha CUTHAIHU C
mpou3BoiiHa (opMa, KOUTO HEMIPEKHCHATO C€ Pa3BMBA U HAMUPA BCE MO-ITUPOKO MPHUIIOKEHUE
nopaau ceoute Oe3zcrnopHu npeaumcTsa. [1o BpemeTo Ha myOauKyBaHe Ha JOKJIaja MOBEYETO
peanuzanuu Ha DDS cunTe3aropu ca moa gpopmara Ha crienuaau3upanu HHTerpaHu cxemu. C
HABJIM3aHETO MPU MPOEKTUPAHETO HAa MU(POBU YCTPOUCTBA M CUCTEMHU Ha IPOrpaMUPYEMUTE
noruyecku ycrpoiictea - FPGA u CPLD, Te3n meroau moraT Aa mojydaT OIIE MO-IIHPOKO
pa3BUTHE U MPUIIOKEHHE.

B noknaga ce mpaBu aHanM3 Ha METOJA C BEKTOpPHA POTALMS U MPEKOAHpPAHE Ha BIJIHUTE.
Nzsacuena e paznukara Mexay Hero u anroputbMa CORDIC 3a peanuzanmua nHa DDS
CUHTE3aTOpPH Ha 4ecToTH. Pa3zpaboTena e meroauka 3a mpoektupane Ha DDS cunTe3aTop Ha
CHUHycOMJaJieH/ KOCHHYCOMJaJeH CHUrHajl Ha 0a3aTa Ha MeToJa M C H3IO0J3yBaHE Ha
IporpaMupyemu jorudecku ycrpoiicrea FPGA apxurekrypa.

[Ipu u3non3BaHe Ha METO/Ia C BEKTOPHA POTAIlHS C IPEKOIMpaHe Ha BIJIMTE HA 3aBbPTAaHEe Ha
0a3zaTa Ha MporpaMupyemu Jiorudecku yctpoiictBa FPGA 3a reHepupane Ha sine/cosine CUTHA
B cpaBHeHue ¢ anroputbMa CORDIC ce noctura:

1. HamansBane Ha amaparTHaTa 4acT: MOpaJd HauyMHA Ha ONpEJEsHEe Ha IMOCOKaTa Ha
TeKyIlaTa poTanus; o0eAMHIBAHETO Ha KpaHUTE CThIANA, IPU HEOOXOJUMOCT OT Te€HEepUpaHe
caMmo Ha Sin WU COS CUTHAIL

2. Ilpu obenuHsBaHE HA KpalHUTE m CTHIAJa CE HaMallsiBa BPEMETO 3a MPEMHUHABaHE HA
JAHHWUTE TIpe3 MHPOPMAIIMOHHHUS KaHaJ.

3. MeToabT MO3BOJISIBA JIa CE€ peaTM3upaT MPEn3HU Sin/cos TeHepaTropu Ha 6a3ara Ha FPGA,
Ha KOUTO MOpaJy TAXHATA CTPYKTYpa, € MPUCHIIA Bb3MOXKHOCTTA 3a MAPaJICITHU U3UUCICHHUS.

4. Peanuzanusita Ha MeToja Ha O0a3ata Ha FPGA mo3BosisiBa BApMAaHTHOCT Ha pEIICHUsATa Ha
sin/cos reHepaTopu, M3MON3YBalll pa3IudHU pecypcu Ha eneMeHTHara 6a3a — PLL Giokoge,
anapaTHU YMHOXKHTEIH U JIp.




The method of direct digital synthesis is a modern method of generating signals of arbitrary
shape, which is constantly developing and finding more and more widespread application due
to its indisputable advantages. At the time of publication of the report, most implementations of
DDS synthesizers are in the form of specialized integrated circuits. With the entry into the
design of digital devices and systems of programmable logic devices - FPGA and CPLD, these
methods can receive even wider development and application.

The paper analyzes the vector rotation with angle recoding method. The difference between
it and the CORDIC algorithm for the implementation of DDS frequency synthesizers is clarified.
A methodology has been developed for the design of a DDS synthesizer of a sine/cosine signal
based on the method and using programmable logic devices with FPGA architecture.

Using the FPGA-based vector rotation with angle recoding method to generate a sine/cosine
signal compared to the CORDIC algorithm achieves:

1. Reduction of the hardware: due to the way of determining the direction of the current
rotation; the unification of the final stages, if it is necessary to generate only a sin or cos signal.

2. When combining the final m steps, the time for the data to pass through the information
channel is reduced.

3. The method allows to realize precise sin/cos generators based on FPGA, which, due to their
structure, have the possibility of parallel calculations.

4. The implementation of the method on the basis of FPGA allows variability of solutions of
sin/cos generators, using different resources of the element base — PLL blocks, hardware
multipliers, etc.

22. PankoBcka, B., X. Kapammes. [Ipoektupane Ha nudpoBH yCTPOWCTBA M CHCTEMH Ha
0a3zaTa Ha MPOTrPAMUPYEMHU JIOTHUECKH YCTpoicTBa. ci. «E+E», 6p.1-2, 2011, ctp. 8-15. ISSN
0861-4717

B cratusita e oTpaseHo ChbBPEMEHHOTO CHCTOSIHUE Ha Pa3BUTHETO HA MIEPCTIEKTHBHA elleMeHTHa 0a3a,
KaKBaTo ca IporpaMupyemure jgorudecku ycrporictsa ¢ FPGA apxutektypa. [IpencraBenu ca xapakre-
PUCTHKHTE, pEeCypcUTe M BB3MOXKHOCTHTE Ha Haii-HoBuTe FPGA cxemu Ha aBeTe BoaeIy (hHpMU-TIPO-
m3BoauTerm — Xilinx n Altera. Cucremati3upany ca OCHOBHH TEXHH TIPEIMMCTBA TPE] TPAAUIIMOHHATA
eJleMeHTHa 6aza.

[pencraBeHa e chBpeMeHHATa TEXHOJIOTHS 3a MPOEKTHPaHe Ha TSXHa 06a3a, KaTo € OTENIEHO 0COOEHO
MSICTO HA CUMYJIAIMsITa HA IPOEKTa KaTo BaYKEH eTarl IPH HeroBaTa BepU(pUKaIWs, FapaHTHpaIL 10 T0-
JsiMa cTerneH paboToCIIOCOOHOCTTA Ha MOCTIe/BalliaTa MPaKTHYeCcKa Pean3alysl.

Karo npumepu 3a anapaTtHu cpe/icTBa 3a MPOEKTUPaHE C Pa3HOOOPa3HU (PYHKIIMOHATHH BB3MOXKHOC-
TH CHIOpe]T 00J1acTTa Ha TIPUJIOKEHHE Ha MPOEKTA ca CHCTEMaTH3UpaHu Te3u Ha (pupmara Altera, koeto
J1aBa IPECTaBa 3a IIMPOKUS CIIEKTHP OT arapaTHU CPe/ICTBa, IIpeyiaraHy oT npomssoautenute Ha FPGA
CXEMU.

The moderm state of a perspective devices development as Field-Programmable Gate Arrays (FPGA )
is presented in the present article. The newest FPGA devices of the biggest manufactures — Xilinx and
Altera, are examined. The most important of their features, resources and advantages are summarized. The
various series and families are intended for a wide range of applications: low-power and high-speed serial
connectivity, embedded systems, digital signal processing, etc.

Modern design technology using integrated development software is examined. Altera’s software
Quartus II has been used as an example. It helps the designer on every stage of the designing process:
entering and editing the project, compilation, simulation and programming the FPGA. The design can be
entered using either Hardware Description Language (HDL), or a block editor built in Quartus II. The
designer can also use a library of ready to use components. Algorithms of the design process and an
important stage of it — simulation of the design operation, are summarized.




Development boards of Altera has been systematized as examples of development hardware
according to the application and complexity of the design.

23. PankoBcka, B. MukponpoiecopHu sijipa 3a CJI0KHHU MPOrpaMUpPyeMHU JIOTUYECKH MaTPHIIU.
CoOopuauk nmoknaau Ha MexnayHapoaHa Hayuna Kondepennmss Yuaurtex’11, T'abpoBo: YU
,Bacui Anpunos”, 2011, Tom I, ctp. [-186 —I-191. ISSN 1313-230X

Bb3HnKBaHEeTO M OBP30TO Pa3BUTHE HA MPOrPAMUPYEMHTE JIOTUUECKH YCTPOICTBA Ce OKa3Ba BayKHA
NPEANIOCTABKA 32 M3MOJ3BAHE HA HOBA €IEMEHTHA 0a3a ¢ peauiia MpEeAMMCTBA NP peatn3alysl Ha
BIPAJICHM  MHUKpPONpOLIECOPHH  cucTteMu. [loBuinaBanero Ha  JIOTMYECKUsI KamalUTeT W
MPOM3BOIUTEITHOCTTA, YBEIMYABAHETO HA HAOOPa OT BrPpaJIcH! (DYHKIMOHATHH OJIOKOBE, KaTo arapaTHi
YMHOYKHTEJIN, BACOKO-CKOPOCTHH HHTEpericH, OJIOKOBE 3a IdpoBa 00padOTKa HA CUTHAJIA | JIP., IaBaT
BB3MOYKHOCT B €/JHA MHTETPAJTHA CXEMa JIa Ce peayl3ipa rojisiM o0eM OT IMQpoBaTa 4acT Ha JaCHO
YCTPOMCTBO WJIM CUCTEMA.

B Hacrosmst Toknaz ce npaBy Kacu(puKaIys Ha BUIOBETE MUKPOIPOLIECOPHH SIpa, U3IIONI3BAHHU B
cnoxxHuTe mporpamupyemu jorudecku Marpui (CIUIM) mpu mpoekTthpaHe Ha BrpajeHd
MHKPOIPOLIECOPHH CHCTEMH, C TEXHHMTE TNpeIuMCTBA M HemocTarbi. OOOOMIeHH ca OCHOBHUTE
XapaKTepUCTHKA ¥ (YHKIMOHATHH BB3MOXXHOCTH Ha MHKPOIIPOLIECOPHU Siipa Ha  BOJCIIH
npomsBoguTen Ha FPGA cxemu. CucteMaTH3UpaHU ca OCHOBHH CHOOPaXKEHMS U €Talu IMpu
MPOEKTUPaHE Ha MPOrpaMHU MUKpompoiecopHu siapa 3a CIIJIM.

The emergence and rapid development of programmable logic devices is an important prerequisite for
using anew element base with a number of advantages in the implementation of embedded microprocessor
systems. Increasing the logic capacity and performance, increasing the set of built-in functional blocks,
such as hardware multipliers, high-speed interfaces, digital signal processing blocks, etc., make it possible
to implement a large volume of the digital part of a given device or system.

The present report classifies the types of microprocessor cores used in complex programmable logic
arrays with FPGA architecture in the design of embedded microprocessor systems, with their advantages
and disadvantages. The main characteristics and functional capabilities of microprocessor cores of leading
manufacturers of FPGA circuits are summarized. Basic considerations and stages in the design of
programmable microprocessor cores for SPLM are systematized.

24. Rankovska, V. FPGA (Field Programmable Gate Arrays) — based System-on-a-
Programmable-Chip Development for Educational Purposes. ICEST 2012 Conference
Proceedings, vol. 2, Sofia, pp. 489-492, ISBN: 978-619-167-003-1

M3nom3BaHeTo Ha MUKPOIPOLIECOPHU SI/Ipa B MpOrpaMHupyeMa JIOTHKa MPeIocTaBs Bb3MOYKHOCT 32
peam3aysi Ha BIPAJICHH CHCTEMH CBhC 3HAYUTEIHM TPEAUMCTBA TIPU TPOSKTHPAHETO Ha
MUKPOIIPOIIECOPHU YCTPOWCTBA M CUCTEMH, ChABPIKAIIM TOJsiM 00eM 1uQpoBa araparHa 4acT Wi Py
HEOOXOIMMOCT OT MHOKECTBO TIepu(epHH OJIOKOBE (KaKTO €THOTUITHH, Taka W C PasHOOOpa3HU
(byHKIMM), HAKOU OT KOHMTO JIMTICBAT NP KJIACHYECKUTE MUKPOKOHTpOJIepy. B HacTosmms okiaz ce
TpeIara TOoIXol 32 YCBOSIBAHETO Ha TEXHOJIOTHATA Ha MPOSKTUPAHE Ha BIPaJieHN MUKPOIPOIIECOPHU
CHCTEMHU C WM3IIOJI3BaHE HA IpOrpaMHpyeMa JIOTWKa M TOTOBH MHUKpOIpoIecopHH siipa. [IpaBu ce
CpaBHHTEJICH aHAJIN3 HA OCHOBHUTE XapaKTEPUCTUKH U (DYHKIIMOHATHN BB3MOXKHOCTH Ha COMTYEpHH
niporiecopru sizpa 3a FPGA cxemu Ha upmara Altera (monactosiiiem Ha Intel). Cucremarisupana e
TEXHOJIOTHSITa Ha MPOEKTUPaHe Ha crcTemMu B TiporpamupyeM uui (SOPC) ¢ m3non3Bane Ha COPTyepHH
MHKpOIPOLIECOPHH sipa 1 riporpamums Moays1 SOPC Builder Ha nnTerprpanara cpesia 3a IpoeKTHpaHe
Quiartus II. IIpoekTrpana € MUKpOIpOIIECOpHA CHCTeMA ¢ eJleMeHTapHH (DyHKIMH 3a yueOHH menmm. 3a
peanm3anusiTa i ce u3nomBa copryepuust rporecop Nios Il Ha Altera, u pasBoitnara cucrema DE2-70
Ha ¢upmara Terasic Technologies.




The use of microprocessor cores in programmable logic provides an opportunity for the implementation
of embedded systems with significant advantages in the design of microprocessor devices and systems
containing a large volume of digital hardware or, if necessary, multiple peripheral units (both of the same
type and with diverse functions), some of which are missing in classic microcontrollers. This report
proposes an approach to studying the design technology of embedded microprocessor systems using
programmable logic and microprocessor cores. A comparative analysis is made of the main characteristics
and functional features of software processor cores for FPGA circuits of Altera (currently Intel). The
system-on-programmable-chip (SOPC) design technology using software microprocessor cores and the
SOPC Builder program module of the Quiartus Il integrated development environment is systematized. A
microprocessor system with elementary functions was designed for educational purposes. It is
implemented using Altera's Nios Il software processor and the Terasic Technologies DE2-70 development
system.

25. Rankovska, V. Teaching FPGA-Based CPU Cores and Microcontrollers. ICEST 2013
Conference Proceedings, vol. 2, Ohrid, Macedonia, pp. 835-838, ISBN: 978-9989-786-89-1

HaBnu3ane Ha mporpamupyemara JIOTHKa B 0o0JacTTa Ha MUQpoBaTa U MHKPOIPOIECOPHA
CXEMOTEXHHKAa BOJIM [0 HEOOXOAMMOCTTa CTYJIEHTHUTE Ja C€ 3alo3HasT ¢ HeWHuTe
BB3MOXHOCTH 32 pean3alis Ha BIPaJCHU CUCTEMH.

B Hacrosmums n1okian ce mpejjara MeToauKa 3a u3ydyaBaHe Ha npoektupanero Ha MII sapa
U CHUCTEMH C eJeMEHTAapHH (QYHKIHH 3a Y4eOHM U HAyYHO-W3CIEJIOBATEICKH IICIH.
CucreMaTu3upaHy ca HEOOXOAUMUTE 3HAHUSI, HABUIIM U YMEHUS1, KOUTO TPsIOBa IPEIBAPUTEITHO
Jla UMaT CTYJEHTUTE U KOUTO Ca CBbP3aHHU C: eJIeMeHTHaTa 0a3a 1 6a30BU CXEMHH peIIeHUs Ha
nudpoBaTa CXeMOTEXHUKA; apXUTEKTypa W MPUHIUNHN Ha (PYHKIMOHUpPAHE HA XUIIOTETHYEH
MUKPOTIPOIIECOP, MUKPOKOHTPOJIEP, BrpajieHa CHCTEMa; apXUTEKTypa, TPAJIUBHHU OJIOKOBE U
OPUHIMIM Ha (QYHKIMOHUPAHE Ha KOHBEHLHMOHAJIHM MHUKPOKOHTPOJEpPH C  OOIIo
npegHa3HaueHHe; IporpaMupane Ha aceMOJIepeH e3HK U €3UIU OT BUCOKO HUBO.

[Ipennara ce mocienoBaTENIHOCT HA yCBOSIBAHE Ha MPOEKTUPAHETO Ha MHUKPOMPOLECOPHU
A7Ipa ¥ CUCTEMH, C HapacTBaIlla CII0KHOCT, KOATO BKJIFOYBA Hal-00IIO CIETHUTE ETallu:

1. HMznon3eane Ha mporpamed Moyt SOPC Builder Ha mporpamen npoaykt Quartus [T Web
Edition 3a reHepupaHeTo Ha MHUKPOIPOIECOPHA CHCTEMa C H3IOJI3BaHE Ha TOTOBU
OuOIMOTeYHH KOMIIOHEHTH. To3M erTam BKIIOYBA H3yuyaBaHE Ha apXHUTEKTypaTa,
(YHKIIMOHATTHUTE BH3MOKHOCTH W HAYMHHUTE 3a KOH(HUTypupaHe Ha MPOTrPaMHOTO
MuKporporecopHo sipo Nios Il Ha pupmara Altera.

2. TlpoexTupaHe Ha MPOLECOPHO SAPO C MUHUMAlEeH HaOop omepauuu U mepudepus,
3aroyYBaiiku ¢ apUTMETUYHO-JIOTMYECKO YCTPOHCTBO, KATO MOJIETTUPAHETO CE U3BBPILIBA C
e3uk VHDL.

3. AHanu3 ¥ u3cienBaHe Ha Bb3MOKHOCTUTE Ha TOTOBO MHUKPOIIPOLIECOPHO SAPO € MPOCTa
apxuTekTypa. To3um TOCleleH eTan MpeACTaBiIsABa H3KIIOYUTETHO CIIOXKEH MpoIec
Mopajy KOETO MOKE Jla ce Ipujiara B IeMHOCTH, KaTO U3BbHAYAUTOPHA CAMOCTOATETHA
pabota mnu paboTa B €KHII KbM Kpas Ha Kypca Ha oOy4deHHe, NMPaKTHKH, KypcOBO U
JTUIUIOMHO MTpOeKTHpaHe. 3a 1eTa € yA00HO Ja ce U3Moia3Ba COPTyEepHO SAPO ¢ OTBOPEH
KOJ[ ¥ CPAaBHUTEIIHO MPOCTU (HYyHKITUH.

YueOHuAT mporec ce mpoBexkaa ¢ um3non3Bane Ha FPGA cxemu Ha ¢upmara Altera,

nporpamuus npoaykt Quartus II Web Edition u passoiinu cucremun TREX C1 u DE2-70,
ceabpxamy cboTBeTHO FPGA Cyclone u Cyclone 11.

Introduction of programmable logic in the field of digital and microprocessor circuit
engineering leads to the need for students to study its possibilities for the implementation of
embedded systems.




This report proposes a methodology for studying the design of CPU cores and systems with
elementary functions for educational and research purposes. Systematized are the necessary
knowledge, habits and skills that the students must have in advance and which are related to:
the element base and basic circuit solutions of digital circuit technology; architecture and
principles of operation of a hypothetical microprocessor, microcontroller, embedded system;
architecture, building blocks and principles of operation of conventional general purpose
microcontrollers; programming in assembly language and high-level languages.

A sequence of studying the design of microprocessor cores and systems is offered, with
increasing complexity, which generally includes the following stages:

1. Using the SOPC Builder program module of the Quartus II Web Edition software to
generate a microprocessor system using ready-made library components. This stage includes
studying the architecture, functional capabilities and configuring Altera's Nios II programmable
Microprocessor core;

2. Designing a processor core with a minimal set of operations and peripherals, starting with
an arithmetic-logic unit, and modeling is done with VHDL language;

3. Analysis and study of the capabilities of a ready-made microprocessor core with a simple
architecture. This last stage is an extremely complex process, that is why it can be applied in
activities such as extracurricular independent work or team work towards the end of the training
course, practices, course and final projects. For this purpose, it is convenient to use an open
source software core and relatively simple functions

The tutorial is conducted using Altera's FPGA circuits, Quartus I Web Edition software, and
TREX C1 and DE2-70 development systems containing Cyclone and Cyclone I FPGAs,
respectively.

26. Karailiev, V., V. Rankovska, New approach for designing high-performance controllers in

electrical drives systems using Programmable Logic Devices. ICEST 2013 Conference
Proceedings, vol. 2, Ohrid, Macedonia, pp. 717-720, ISBN: 978-9989-786-89-1

IToBeue ot 90% OT enekTpo3aABMKBAaHMITA B CBETA Ca C ACHMHXPOHHU JABUIaTENIH, HO
CHEIHAJIHO B TPAHCIIOPTA T€ JBJITO BpEMeE He ca HaMEPUIIU TPUIIOKEHUE MOPaH CIIEIU(PUUHNTE
BUCOKM W3UCKBAHHUS KBbM TSTOBUTE EJEKTPO3aaBMkBaHUs. HeoOXomuMocTra OT TUTaBHO
peryiMpaHe Ha CKOPOCTTa B MHOTO IIUPOK TUANa30H, U3UCKBAHUATA 3 TOJISIM ITyCKOB MOMEHT
¥ BHCOKM EHEPreTMYHHM IOKa3aTeldd ca OWIM Ipeyka 3a BHEApSBAHE HAa ACHHXPOHHHUTE
JIBUTATEIN B aBTOMOOWIIHUS M eJIeKTpUYeckus TpaHcnopT. EaBa B mocienHuTe aBajieceT
roAWHM, OnaromapeHue Ha pPa3BUTHETO Ha CHJIOBAaTa EJIEKTPOHUKA M MHKPOIPOLIECOpPHA
TEXHHUKA, ACHHXPOHHUTE €JIEKTPO3aABMKBAHMSI CTaHaAXa KOHKYPEHTHU Ha TIOCTOSIHHOTOKOBHTE.

B Hacrosius 1okiaa e u3J0XKeH eIMH BapruaHT Ha 0a3aTa Ha HOB MOJIXO/ 32 POEKTHPAHE Ha
BUCOKOC(EKTUBHU YIPaBISBalll YCTPOWCTBA B CHCTEMHUTE 3a €JEKTPO3aJBUXKBAHUS,
M3II0JI3BAll] Hali-HOBA eJleMeHTHa 0a3a, KaKBaTo ca MPOrpaMUPyEMUTE JIOTHUECKH YCTPOICTBA.

CucremaTu3upaHd ca OCHOBHUTE (YHKIWH, U3MBIHSIBAHU OT YIPABIEHUETO Ha
eJIEKTPOMEXaHMYHA CHCTEMa ChC 3aTBOPEH LHUKBJI Ha paboTa, KaTo: IyCKaHe, CIUpaHEe U
peBepcupaHe MmocokaTra Ha BbpPTEHE; MOAIbpKaHE Ha 3aJa/IeHH CTOMHOCTH Ha KOOPJIUHATHUTE;
OJIOKMPOBKH, U3KITFOYBAIIY Bh3HUKBAHETO HA aBApUHU U AHOMATHH PEXKHUMU U JIP.

O60cHOBaHM ca HEAOCTATHLUTE HA TPAJAULIMOHHO M3MOI3BAHUTE JO MOMEHTA yIpaBisBaIlu
YCTpOUCTBA, KATO MUKPOKOHTpoJiepu U DSP, KouTo HEe MM NTO3BOJISBAT MIOCTUTAHE HA ONITUMYMa
MIPU MIPOEKTHUPaHE Ha BUCOKOC(PEKTUBHU TAaKMBA, KATO: HEBH3MOXKHOCT 32 IMapajenHa oopadoTka
Ha MTHPOPMALIUATA, KOETO HE MO3BOJISIBA peAIM3UpaHe Ha aJITOPUTMH C MTPEJICKAa3BaHe; B CI0KHU
CUCTEMH, pabOTeIH B PEKUM Ha peaHoO BpeMe € 3aTpyaHeHa oOpaboTKaTa Ha MPEKbBAHMSATA,
KOETO MOXe JIa JIOBe/Ie A0 HamajsiBaHe Ha HaJeXKIHOCTTAa; OrpaHHYEH 00eM pecypcH, KOETo
3aTpy/IHSABA pean3alMsITa Ha CIOXKHHU CHCTEMH; 3a IMOBEUYETO PECYpPCH Ha MUKPOKOHTpOJepa
¥Ma caMo eJlHa TaKTOBa YEeCTOTA; JIUIca Ha AU(EepPEeHIINATHN BXOI0BE U U3X0/IU, KOETO BOJH JI0
HUCKa ITYMOYCTOMYHBOCT U JIp.




CucremaTu3upaHu ca OCHOBHU KpUTepHH 3a H300p HAa NPOTPaAMHUPYEMH JIOTHUYECKH
YCTPOMCTBAa Bb3 OCHOBA Ha TEXHHWTE XapaKTEPUCTHUKH, TapaMeTPH, TPaIMBHU OJIOKOBE (OCBEH
JIOTHYECKH KamaluTeT ¢ OO0IIo MpenHa3HaueHue, cbio W DSP OnokoBe u amapaTHH
ymuoxutenn, PLL/DLL 6mokoBe, AILIIl, 61okoBe 3a mocienoBaTesieH OOMEH, U Ap.) U €
Mpe/icTaBeHa TEXHOJIOTUATa U OCHOBHH CPEJICTBA 32 MPOSKTUpaHE HA TaKaBa CUCTeMa Ha Oa3aTa
Ha TIporpamMupyema JIOTHKa.

More than 90% of electric drives in the world are with asynchronous motors, but especially
in transport they have not found application for a long time due to the specific high requirements
for traction electric drives. The need for smooth speed regulation in a very wide range, the
requirements for a large starting moment and high energy performance have been an obstacle
to the implementation of asynchronous motors in automobile and electric transport. Only in the
last twenty years, thanks to the development of power electronics and microprocessor
technology, asynchronous electric drives have become competitive with direct current.

In this report, a variant is presented based on a new approach to design high-performance
control devices in electric drive systems, using a innovative element base such as programmable
logic devices.

The main functions performed by the EMC control with a closed cycle of operation are
systematized, such as: starting, stopping and reversing the direction of rotation; maintaining set
coordinate values; interlocks, excluding the occurrence of emergency and abnormal modes, etc.

The shortcomings of the control devices traditionally used until now, such as microcontrollers
and DSPs, which do not allow them to achieve the optimum when designing highly efficient
ones, are substantiated, such as: there is no possibility of parallel processing of information,
which does not allow the implementation of predictive algorithms; in complex systems
operating in real-time mode, the processing of interruptions is difficult, which can lead to a
decrease in reliability; limited amount of resources, which makes it difficult to implement
complex systems; for most microcontroller resources there is only one clock frequency; lack of
differential inputs and outputs, which leads to low noise immunity, etc.

Basic criteria for selecting PLDs based on their characteristics, parameters, building blocks
(besides general-purpose logic capacity, also DSP blocks and hardware multipliers, PLL/DLL
blocks, ADC:s, serial exchange blocks, etc.) are systematized, and the technology and basic tools
for designing such a system based on programmable logic are presented.

27. PankoBcka, B. Amapatan FPGA-6a3upanu cucremu B umn (System-on-Chip - SoC).
Coopauk nmoknamu Ha MexnayHapogHa Hayuna Koudepenumss Yuautex’13, T'abpoBo: YU
,Bacuin Anpmiios”, 2013. Tom I, ctp. I-185 — [-189. ISSN 1313-230X

bbp30oTo pasBuTHE Ha MporpaMupyeMara JIOTMKa BOJIU J0 HOBH IpEAU3BUKATEICTBA B
obOnacTTa Ha BIPAJCHUTE MHUKPOIPOLECOpHU cucTeMu. ChIIECTBYBAT pPA3IUYHU BHIOBE
MHUKPOIIPOIIECOPHU sipa 3a nmporpamupyema joruka ot tuna FPGA (Field-Programmable Gate
Arrays), KaTo criopej] BUuja Ha peajau3alusiTa CH T€ ce pa3JIeisaT Ha alapaTHU U MPOTPAMHU.

B HacTosius gokiaz ce mpaBu CpaBHHUTENEH aHANW3 Ha (YHKIMOHATHUTE BH3MOKHOCTH,
XapaKTepUCTHKU U TapaMeTpu Ha chBpeMeHHN FPGA-0a3upanu MUKPOTIPOIIECOPHU CUCTEMHU B
YUIl C W3MOJI3BAHE HA amapaTHU MPOLIECOPHH siapa, Ha BojaelmM mpousBoauTenn Ha FPGA
CXEMH, C [IeJ TPIIIOKEHUETO UM B YUeOHUS MPOIIEC ¥ U3CIIeI0BaTENICKa IeHHOCT. Hail-BakHUTE
UM MpeIMMCTBa ca TSAXHaTa MO-rojisiMa KOMIAKTHOCT U Obp30jeiicTBHE, KAKTO U HaJIUYHUTE
anapaTHHU ¥ MPOrPaMHU CPEJICTBA 3a Pa3BUTHE.

The rapid development of programmable logic leads to new challenges in the field of
embedded systems. There are different types of microprocessor cores for programmable logic
of the FPGA (Field-Programmable Gate Arrays) type, and according to the type of
implementation, they are divided into hardware and software.




In the present paper, a comparative analysis of the functional capabilities, characteristics and
parameters of modern FPGA-based microprocessor systems on a chip using hardware processor
cores, of leading manufacturers of FPGA circuits, is made, with the aim of their application in
the education and research. Their most important advantages are: the less space they take in the
chip, high operating frequencies, as well as the available hardware and software development
tools.

28. Rankovska, V. A Case-Study Approach in Microcontroller Education. ICEST 2014
Conference Proceedings, vol. 2, Nish, Serbia, pp. 299-302, ISBN: 978-86-6125-109-2

OOyyennero B o0yiacTTa Ha MHKPONPOIECOPHATA CXEMOTEXHUKA € CBHIIBTCTBAHO C
npoOJieMy, TPOM3THYAINM OT pPa3IMYHA (PaKTOpPH, KOUTO HAH-O0MIO0 c€ CBEXAAT 10
abcTpakTHaTa W YCJIOXKHSBAIA CE€ apXUTEKTypa HAa CHBPEMEHHUTE MHUKPOKOHTPOJIEPU U
TAXHOTO MPOrPaMHO YTMpaBieHHE M HAarjacUTe M MHUCJICHETO Ha HACTOALIUTE U HIBAIIUTE
MOKOJIeHUsI 00y4aeMH, KOUTO C€ CTPEMST KbM IOCTUTaHe Ha Obp3U M OYEBHJHHU PE3YJITATH.
CrplieBpeMeHHO NpY HABIU3aHETO B MUKPOKOHTPOJIEPUTE € MHOTO TPYAHO Jla Ce OLIEHU BeTHara
KpaﬁHOTO UM TPUIIOKCHUC, a4 TOBAa JOMBJIHHUTCIHO HaMaJIABa MOTHUBALUATA Ha 06y‘-IaGMI/ITe.
EnnHO mo-npocTo MUKpPONPOIIECOPHO YCTPOMCTBO, HO MPEeJHA3HAYECHO 3a PEaTHO MPHIOKEHHE,
MOXKE J]a MMa He 0COOEHO CIIOKHA MPHUHIIMITHA EJEKTPUUYECKa CXeMa, HO Ce YIpaBisiBa OT
nmporpama, cberosa ce (ako e Ha Acembiep) npumepro ot 100-200 pena.

B HACTOAIIUWA JOKJIaZd CC pa3ryICikKJa MPUI0KCHUCTO HA HpOGHeMHO-OpI/IeHTI/IpaHI/IH Ioaxon
B O00y4eHHMETO IO MHUKPOIPOILIECOPHA CXEMOTEXHHKA 3a CTYIEHTH OT CIELHUaTHOCT
,EaexTponuka“. [Ipencrass ce Kparbk 0030p BbPXY ChbBPEMEHHUTE TEHACHIIUN B 00YYECHUETO
M0 MHKpPOIIpollecOpHa cxemoTexHuka. OOocHOBaBa ce NPUIIOKEHHUETO Ha MpPoOJIEeMHO-
OPHEHTUPAHUS TOAXO0] B 00YUEHHUETO.

[IpoekTupaneTo Ha enuH yuebeH Kypc Kacae Hal-0O0IIO /Ba acleKTa: CTPYKTYpPUPAHETO U
ChILP)KaHUETO My U HETOBOTO METOJMYECKO OCHTypsiBaHe. B Ta3m Bph3ka B JIOKJIaaa ca
OTpa3eHH MPOMEHUTE, KOUTO Ca HapaBEHH B Kypca Mo ,,MHUKpOIpOIeCOpHa CXEMOTEXHUKA
P HEroBOTO OOHOBsBaHE, C 1€ 3acCHJIBaHE HA MpaKTHYeCcKara My HACOYEHOCT U
aHTKUPAHOCTTA Ha CTyAEHTUTE. B JombiHEHHE Ha yHHBEpPCAIHHUTE PAa3BOMHU CHUCTEMH, ca
pa3paboTeHN MaKeTH ¢ Pa3IMYHO MpEeAHA3HAUCHUE, KaTo: yIpaBlIeHNe Ha CBeTodapHa ypeaoa,
MakeT 3a yMpaBjeHHE Ha MOCTOSHHO-TOKOB E€JIEKTPOMOTOp, €JIEKTpOHEH Oamk u np. Te ca
penporpaMupyemMu, KOeTo JaBa BB3MOXKHOCT Ha CTYACHTUTE Ja pealu3upar pazHooOpa3HO
QITOPUTMHUYHO U MIPOTPAMHO OCUTYpPSIBAHE U /1a OLEHAT KpailHUs pe3yiTar B TeUeHHE Ha €THO
WIM JBe JIaDOpaTOpHU YIpakHEHHs, ToBa OT CBOS CTpaHa [IOBHMILNABA TsXHATa
YAOBJIETBOPEHOCT OT U3BbpIIEHATa padoTa.

Education in the field of microprocessor circuit engineering is accompanied by problems
arising from various factors, which generally boil down to the abstract and increasingly complex
architecture of modern microcontrollers and their program management, and the attitudes and
mindsets of current and future generations of learners who aspire to achieving quick and obvious
results. At the same time, when entering microcontrollers, it is very difficult to immediately
evaluate their final application, and this further reduces the motivation of learners. A simpler
microprocessor device, but intended for real application, has a not very complicated electrical
circuit, but is controlled by a program consisting (if in Assembler) of about 100-200 lines.

The present report examines the application of the problem-oriented approach in teaching
microprocessor circuit engineering for students of Electronics at the Technical University -
Gabrovo. A brief overview of current trends in microprocessor circuit training is presented. The
application of the problem-oriented approach in education is justified.

The design of a study course generally concerns two aspects: its structuring and content and
its methodological provision. In this regard, the report reflects the changes that were made in




the "Microprocessor circuits" course during its renewal, with the aim of strengthening its
practical orientation and student engagement. In addition to the universal development systems,
models with different purposes have been developed, such as: control of a traffic light system,
a model for controlling a direct-current electric motor, an electronic badge, etc. They are
reprogrammable, which gives students the opportunity to implement a variety of algorithmic
and software solutions and evaluate the final result during one or two laboratory exercises. This,
in turn, increases their satisfaction with the work done.

29. Rankovska, V. On Cloud Computing in Engineering Education. ICEST 2015 Conference
Proceedings. Sofia, Bulgaria. pp. 325-328, ISBN: 978-619-167-182-3

CobuiecTByBaHeTO Ha VIHTEpHET M pPa3BUTHUETO HAa KOMIIIOThPHATA, MYJITHMEIMiITHATa
TEXHHUKaA U MOGI/IHHI/ITG YCTpOfICTBa NpoMCHHUXa MHCJICHCTO, HArJIaCuTC, HAYUHUTC 3a
BB3NpHeMaHe, 00paboTBaHe W TMPUIIOKEHHE Ha HeoOXxoaumara wH(OpMamus OT CTpaHa Ha
cryaentuTe. OCHOBHUSAT HEAOCTaThK Ha Te3UW pecypcu obaye, € BHUCOKAaTa IIeHa NpHU
KOMOMHHpaHe Ha ,,uJIeaHus Habop OT KOMIIOThPHHU, KOMYHUKAIIMOHHU U MYJITUMEIUITHU U
JAPYTU IUTUTAIIHU YCTPOMCTBA, KOETO OTPaHNYaBa Bb3MOKHOCTUTE 34 IIPUIIOKEHUETO UM. ETo
3aIo Hapeq ¢ ,,yMHUTe JUTUTaIHH CPEJCTBA C€ pa3BMBAT M IMpHJIAraT ChIIO U BUPTYaHU
WNuTepHer cpend W TPHIOKEHUS, KOUTO pas3lIUpsBAT BH3MOKHOCTHTE 3a EIEKTPOHHO
oOydJeHwue.

B nacrosius noknaa ce oTAens BHUMaHUe Ha MpuiioxkeHnero Ha MHTepHeT u codTyepHH
mw1aTGopMH 3a YCHENIHO aHTaKWpaHe Ha BHUMaHUETO Ha oOydyaeMHTe M IOBHUIIABaHE Ha
e(beKTI/IBHOCTTa Ha 06yquHeT0 U MMO-KOHKPETHO HAa NHOBATUBHUTC 06J'Ia‘-IHI/I TEXHOJIOTHUU.

O6maunute nzuncienus (Cloud computing — CC) ce CbCTOAT B MPEOCTABSHE HA CIIOACIICHH
W3UYUCIHTETTHU pecypcu u codTyep upe3 Opay3bp, MpU KOETO Ce€ 3a0BOJISIBAT U3UUCITUTEITHU
MOTPeOHOCTH, KAaTO HEOOXOTUMHUAT copTyep W TMOTPEOUTENCKH JaHHW CE€ ChXpaHsBaT Ha
OTJAJICYeHH ChPBBPU. Peanm3upar ce Ha HIKOIKO HUBA, KATO OCHOBHUTE ca HHPPACTPYKTYPHO,
mIaThopMEHO M IPHIIOKHO. B mokIama ce cucteMatu3upar OCHOBHH XapaktepucTtuku Ha CC,
NIPaBU CE KPATBK JUTEpaTypeH 0030p BbpPXY MOJE3HU MPAKTUKU B PA3INYHA YHUBEPCUTETU U
ce MPEACTaBST MPUMEPHU MPUIIOKEHUS.

The existence of the Internet and the development of computers, multimedia equipment and
mobile devices have changed students' thinking, attitudes, ways of perceiving, processing and
applying the necessary information. The main "disadvantage" of these resources, however, is
the high cost when combining the "ideal" set of computer, communication and multimedia and
other digital devices, which limits the possibilities of their application. That is why, along with
"smart" digital tools, virtual Internet environments and applications are also being developed
and implemented, which expand the possibilities for e-learning.

This report focuses on the application of the Internet and software platforms to successfully
engage learners' attention and increase learning effectiveness, and specifically on innovative
cloud technologies.

Cloud computing consists of providing shared computing resources and software through a
browser, in which computing needs are met, with the necessary software and user data being
stored on remote servers. They are implemented at several levels, the main ones being
infrastructural, platform and application. The report systematizes main features of cloud
computing, makes a brief literature review on useful practices in various universities and
presents some sample applications.

30. Rankovska, V. Using Wireless Interfaces in a Smart Home Model. ICEST 2016 Conference
Proceedings, Ohrid, Macedonia. pp. 325-328, ISBN-10 9989-786-78-X, ISBN-13 978-9989-
786-78-5, EAN 9789989786785




B noknana ce mpeacraBs MoJieN Ha yMHa Kbla, IpeJHa3HAueH 3a yUeOHH 1IeITH.

O0o001eHn ca OCHOBHUTE KPUTEPUH M XapaKTEPUCTUKHU, KOUTO OIPE/ICIAT €HA Crpaja KaTo
,,AHTEJIMTEHTHA‘, KAKTO U CTETIEHTA Ha ,, AHTEJIMTEHTHOCT"* Ha KOMIIOHEHTHUTE U YCIIYTUTE B HES.

VYrpasasBamuar 0JIOK Ha MUKPOTIPOIleCOpHaTa cucteMa € Arduino riaTka, ¢ Bb3MOXHOCT
3a auctaHiMOHHO Android GasupaHo ympaBieHHe, KaTo ce IO0J3Ba TOTOBO IPHIIOKEHHE.
Habnsra ce Ha mpritoxeHneTo Ha 0e3kuuHU HHTepdeicH 3a yIpaBiIeHHE Ha pa3InuyHA 00CKTH
u cbOupane Ha MHQOPMAIHS OT CEH30PHMU OJIOKOBE B JIOMa, MPEJBHU XapakTepa Ha OOEKTa,
KOWTO ce ympasisiBa. Peannsnpanu ca GpyHKIMHM, BKIIOYBANM O0€3KMYHA KOMYHHKANUs, KaTo:
KOHTPOJI Ha JOCTBIIA C PaJOvYeCTOTHA MJICHTU(HKANWS; YIpaBICHHE HA TapakHa BpaTa U
MHTEPUOPHU YCTPOMCTBa mpe3 OiyTyT mHTepdeiic; TUcTaHMOHHO yrpasieHue npe3 Wi-Fi
uHTepdeiic u ap. MakeThT JaBa Bb3MOKHOCTH Ha CTYJCHTHTE 32 U3CJIEABAHE M M3y4YaBaHE Ha
M3IIOJI3BAHUTE UHTEpQEiicH U MPOTOKOJIM 3a OOMEH Ha JaHHU, KaKTO U 3a NMPOEKTHpaHE Ha
AJITOPUTMUYHO U MIPOTPAMHO OCUTYPSIBAHE 32 THAX.

The report presents a model of a smart house designed for educational purposes.

The main criteria and characteristics that define a building as "intelligent" are summarized,
as well as the degree of "intelligence" of its components and services.

The control unit of the microprocessor system is an Arduino board, with the possibility of
remote Android-based control using a ready-made application. Emphasis is placed on the
application of wireless interfaces to control various objects and collect information from sensor
units in the home, given the nature of the object being controlled. Functions including wireless
communication have been implemented, such as: access control with radio frequency
identification; control of garage door and interior devices via bluetooth interface; remote control
via Wi-Fi interface, etc. The model provides opportunities for students to research and study the
used data exchange interfaces and protocols, as well as to design algorithms and software for
them.

31. Rankovska, V., S. Rankovski. A Short Survey on Wireless Interfaces in Embedded
Systems. ICEST 2017 Conference Proceedings, Nish, Serbia, pp. 443-446. ISSN: 2603-3259
(Print) ISSN: 2603-3259 (Online)

OOeKT Ha HAaCTOAIIMS JOKIA] ca Oe3KUYHU MHTep(eNcH, TOAXOIAIIN 32 TIPUIOKEHNE BbB
BrpaJIcCHH MUKPOTIPOIIECOPHH CUCTEMH, OBbP30 Pa3BUBAILM CE U BCE MO-IIUPOKO M3MOI3BaHH, B
o0yacT, KaTo JOMAalllHA M CrpajiHa aBToMaTu3anus, VIHTepHEeT Ha Hemara, CBbP3aHOCT Ha
CBBPEMEHHHTE aBTOMOOWIM ® Jap. HampaBeH e cpaBHHUTENEH aHaIW3 HAa OCHOBHHUTE
XapaKTepUCTUKH U MapaMeTpu Ha pa3npocTpaHeHu OezxuyHu uHTepdeiicu: IrDA, Bluetooth,
ZigBee, RFID u NFC, Z-Wave u WiFi. IlpencraBeH € HakpaTko NPUHIMIIA UM Ha
(yHKIMOHMpAHE W TOMOJOTHUA Ha CBBbp3BaHE. AHAJIM3UPaHU ca TEXHUTE NPEAUMCTBA U
HEJIOCTaThIM, OTPAaHWYECHUS W TOTCHIWATHM OO0JIaCTH Ha NPWIOKEHHE B KOHTEKCTa Ha
apXHUTEKTypaTa Ha eJ[Ha BrpaJieHa CUCTEMA, KaKTO ¥ Ha OTEHIIMAIHUTE M MPHUIIOKEHHUS.

The subject of this paper are wireless interfaces suitable for application in embedded
microprocessor systems, rapidly developing and increasingly widely used, in areas such as
home and building automation, Internet of Things, connectivity of modern cars, etc. A
comparative analysis of the main characteristics and parameters of common wireless interfaces
was made: IrDA, Bluetooth, ZigBee, RFID and NFC, Z-Wave and WiFi. Their principle of
operation and connection topology is briefly presented. Their advantages and disadvantages,
limitations and potential areas of application are analyzed in the context of the architecture of
an embedded system, as well as its potential applications.




32. Rankovska, V. S. Rankovski. Microprocessor Development System Applying a
Multifunctional Demonstration Board. ICEST 2019 Conference Proceedings, Ohrid, North
Macedonia. WUznarenctBo Ha TY — Codwus, 2019. pp. 414-417. ISSN: 2603-3259 (Print) ISSN:
2603-3267 (Online)

Haii-001110 anapaTHuTe pa3BOMHM CPEICTBA 32 EJIUTE HAa 00YIESHUETO TI0 MUKPOTIPOIIECOPHA
CXEMOTEXHUKA U BrPaJeHH MUKPONPOLIECOPHU CUCTEMH MOTI'aT Ja € pa3/eisaT Ha JBa OCHOBHU
THIA, B 3aBUCHUMOCT OT TSXHATa CJIOXHOCT: CJIOXHH Pa3BOMHU CHUCTEMH, KOUTO ChIbPKAT
IMPOK Habop OT nepudepHu GJI0KOBE — BXOJIHU YCTPOUCTBA, TUCIUIEH, HHTEpQeiicHN OJI0KOBE,
CEH30pHU OJIOKOBE U JIp. ¥ PA3BOMHM IIJIATKKU O€3 MOYTH HUKaKBa nepudepus, mpeIHa3HauYeHUE
3a n00aBsiHE HA JONBIHUTEIHH MOy, IMUMIIOBE W Jp. M3mon3BaHeTo Ha BTOpHUS THUI
pa3BOHU CpeACTBa B OOYYEHHETO, CBBP3aHO C MHUKPOKOHTPOJIEPU M BIpajieHd CUCTEMH, €
HAITbJIHO 0OOCHOBAHO B CIIy4aTe Ha M3y4aBaHE Ha Pa3INYHU MUKPOKOHTPOJIEPH (BKIIOUUTEITHO
C paJUIMYHO HUBO Ha CJIOKHOCT).

B Hacrosmusa noknaja ce mpenajara MUKpPONPOLIECOpHA pa3BoOiiHA cucTeMa, 0azupaHa Ha
MyITHGYHKIIMOHATHATA JEMOHCTpAIIMOHHA TulaTka, fnaieHa B [1]. Ta e mpeaHa3zHaueHa 3a
o0y4yeHue 1o MUKpOIIPOIIECOPHA CXEMOTEXHHUKA M BrpasieHn MUKpOKOMITIOTBPHU CUCTEMH 32
CTYJIGHTH OT crnenrasHocT Enextponmka® (moHactosimem ,,IlpoMuiieHa u aBTOMOOWMIHA
€JIEKTPOHMKA®), B KOUTO C€ M3y4BaT pa3audHu 8-, 16- u 32-pa3psaHu MHUKPOKOHTPOJIEPH.
PabotaTa 1 € TecTBaHa ¢ pa3BOIHU TUTATKH, Oa3upaHU Ha CPeJIeH KJIaC MUKPOKOHTPOJIEPH U Ha
takuBa ¢ ARM snpo: Arduino Uno (AVR sapo), PIC32-PINGUINO OTG (PIC32 sapo) u
Nucleo L476RGT (muxpokontposnep STM32L476RGT6 ¢ ARM sapo). Ilenta e Ts1 n1a 6b1e
CpPaBHUTEIHO YHUBepcaiHa. OCBEH AEMO-MOTyJIa, IPOEKTHpaHaTa pa3BoiiHa CUCTEMA BKIIIOUBA
CHILIO BXOJHO-MU3XOJHU U U3MBIHUTEIHU YCTPOMCTBA, KATO MaTpUyYHA KJIABUATypa, HAKOJIKO
TUIA MAJIOMOIIIHUA €JIEKTPOMOTOPYETA, MAaTPUUHA CBETOIUOHA UHINKALIHSL.

In general, the hardware development tools in microcontroller and embedded systems
teaching could be divided into two major groups in relation to their complexity: more complex
development tools, containing a wide range of peripheral blocks - input devices, displays,
interfaces, sensor blocks, etc.; development boards almost without peripheral blocks, adapted
to add various additional modules, shields, click-boards, etc. Applying the second variant in the
microcontroller and embedded systems education is motivated in the case of using several types
of microcontrollers with different level of complexity.

A microprocessor development system based on the multifunctional demonstration board [1]
is presented in the paper. It is to be used in Microprocessor circuits and Embedded systems
courses at the Bachelor degree of Electronics (presently Industrial and Automotive Electronics),
where various 8-, 16- and 32-bit microcontrollers are studyed, but also could be useful in other
disciplines. Thus, the goal is the system to be comparatively “universal” and to be controlled by
various microcontroller development boards. It has been tested with several development boards
and some results using Nucleo L476RGT with 32-bit ARM-based STM32L476RGT6
microcontroller are presented. In addition to the demo module, it also includes input-output
devices and actuators, such as a matrix keyboard, several types of low-power electric motors,
and a matrix LED display.




II. YYEBHUIIX U YYUEBHHA ITIOCOBUA
11.1 YyeOHMIH

¥Y1. B. PankoBcka. MukpomnpoiecopHa cxemoTexHuka. ['abposo, YU ,.Bacun Anpuiios”,
2012. ISBN 978-954-683-478-2

Hacrosmusat y4yeOHUK 1o AWCHMILTHHATA ,,MUKPOIIPOIIECOpHA CXEMOTEXHUKA™ € TIPeIHa3-
HayeH 3a CTYJCHTH OT crienuainHocT ,,Enektponunka”, OKC ,,0akanaBbp” Ha TexHUYeCKH YHU-
BepcuteT — ['abpoBo. Temu 1 u 2 ca BbBexAaIM B JUCHUILIMHATA, KATO 3alI03HABAT YUTATENS
C OCHOBHH BBIIPOCH U TEPMHUHH OT 00JIaCTTa HAa MUKPOIPOIIECOPHATA CXEMOTEXHHUKA — MUKPOII-
poliecop, MUKPOKOHTPOJIEP, MUKPOIIPOLIECOPHA CUCTEMA, BUAOBE OPraHMU3alMs Ha IaMeTTa U
apXUTEKTYypU Ha MHUKpoIipolecopu. Pasriexnar ce mogpoOdHO CTPYKTypHU CXEMH Ha MHKpO-
KoHTposepute oT ¢ammiusata PIC16 u Ha Mukpomnporiecopa — apoTo Ha MUKPOKOHTPOJIEpa.
OO0sicHsIBa ce MEXaHW3MBT Ha KOHBEHEPHO M3MBJIHEHHE Ha MHCTpYyKIuute. B Temu 3 u 4 ce
pasriexaa OpraHu3alusITa Ha MaMeTTa, METOJUTE 3a aJpeCUPAHETO M U aceMOJICpHUS €3UK 32
MuKpokoHTposiepu PIC16, ¢ 11es1 mo3HaBaHETO UM TPHU PA3IIICKIAHETO HA MPHIOKEHUTE MIPHU-
MEpPHH MPOTPaMH MMO-HATATHK B OTACITHUTE TEMH, & U B IPOBESIKIAHUTE MAPATIETHO C TAX J1a00-
patopuute ynpaxuaenus. Temu 5 1o 10 ca mocBeTeHr Ha nepudepHUTe OJIOKOBE HA MUKPOKOH-
tposnepure PIC16. Pasrnexnar ce TeXHUTE OCHOBHH (DYHKIIMOHAJIHU Bb3MOKHOCTH M XapaKTe-
PHUCTHKH, PeKUMU Ha paboTa, mpuiioxeHue. M310:KeHHeTo € ChIIPOBOAEHO C MHOXKECTBO CTPYK-
TYpHHU CXEMH, BpeMeIuarpamu, MosICHIBAIIN PEKUMUTE UM Ha paboTa, MporpaMHu (hparMeHTH
3a KOHQUTYpUPAHETO U M3MO3BaHETO MM. B Tema 11 ce pasriexnaar cenuaHUTe XapakTe-
puctuku Ha MUKpokoHTposepute PIC16 - HaunHu 3a ycTaHOBSIBaHE B HAYAJIHO CHCTOSIHHE, 00-
CITy’>KBaHE Ha MPEKbCBAHUS, PSKUMH Ha TAKTOB TeHepaTop u Jp. B Tema 12 ce mpaBu nmoapoOHO
CpaBHEHHE Ha CTPYKTypaTa, QYHKIIMOHATHUTE Bb3MOXKHOCTU U Xapakrepuctuku Ha PIC16 ¢
T€3U Ha BCE MO-IIMPOKO H3noia3BaHuTe MUkpokoHnTposiepu PIC18. [lociennara tema e mocse-
TE€HA Ha HAKOM HAYMHM 32 OCBHILIECTBSIBAHE HA BPb3Ka HA MUKPOKOHTPOJIEPUTE C OKOIHUS CBST.
PasrnexnaT ce cbBpeMeHHU UHTepdeiicy, N3MO0I3BaHu B MUKPOIIPOIIECOPHATA CXEMOTEXHUKA,
3a pean3alusiaTa Ha KOUTO B roBeueTo ciaydau (¢ uskiouenre Ha USB u CAN) MUKPOKOHTpO-
nepute oT pammmute PIC16 u PIC18 3a cera HIMaT chOTBETHU BrpajieHH nepudepHu 610Ko-
BE.

This textbook on the discipline "Microprocessor circuits" is intended for the students of the
bachelor's degree of "Electronics"of the Technical University - Gabrovo. Section 1 and 2 are
introductory to the discipline, introducing the reader to basic questions and terms from the field
of microprocessor circuits - microprocessor, microcontroller, microprocessor system, types of
memory organization and architectures of microprocessors. Structural diagrams of
microcontrollers from the PIC16 family and the microprocessor - the core of the microcontroller
- are examined in detail. The mechanism of pipelined execution of instructions is explained. In
topics 3 and 4, the organization of the memory, the methods for addressing it and the assembly
language for PIC16 microcontrollers are considered, with the aim of knowing them when
examining the applied example programs later in the individual topics, and in the laboratory
exercises conducted in parallel with them. Topics 5 to 10 are dedicated to the peripheral blocks
of the PIC16 microcontrollers. Their main functional capabilities and characteristics, modes of
operation, application are considered. The exhibition is accompanied by numerous structural
diagrams, timing diagrams explaining their modes of operation, program fragments for their
configuration and use. Topic 11 deals with the special characteristics of PIC16 microcontrollers
- methods of initialization, interrupt handling, clock generator modes, etc. Topic 12 provides a
detailed comparison of the structure, functionality and characteristics of the PIC16 with those
of the increasingly widely used PIC18 microcontrollers. The last topic is devoted to some ways
of connecting microcontrollers with the surrounding world. Modern interfaces used in
microprocessor circuitry are considered, for the implementation of which in most cases (with




the exception of USB and CAN) the microcontrollers of the PIC16 and PIC18 families do not
currently have corresponding embedded peripheral blocks.

¥2. B. PankoBcka. [Ipoexktupane Ha cxemH B nporpamupyema cpeaa. I'abposo, YU ,,.Bacun
Anpunos”, 2016. ISBN 978-954-683-558-1

Hacrosmmusat yueOHUK € mpeaHa3HaueH 3a CTYACHTHTE OT CHEIHATHOCT ,,ElekTpoHuka‘,
OKC ,,bakanaBbp* Ha Texunuecku YHuBepcuteT — 'abpoBO NpH M3ydyaBaHe HA €THOMMEHHATA
aucHuIuiiHa. B mbpBaTa Tema HakpaTko € NpelcTaBeHa KiacHU(pUKalus Ha CbBPEMEHHHU
CIIO)KHU TIPOTPAMUPYEMH JIOTMYECKH YCTPOWCTBA M ca OOOOIIEHH TEXHUTE OCHOBHHU
XapaKTEPUCTUKUA U (PYHKIIMOHAIHA BB3MOKHOCTH. He3aBrucumo ot ¢akta, 4ye 00eKT Ha Kypca
MO-HATaThK ca HHU(POBUTE PEKOH(PUTYPHPYEMH CXEMH, 3a IBIHOTA € JaJeHa HaKpaTKO
nHpopManus CHIIO 3a aHamoroBu TakwBa. OOEKT Ha MO-MOAPOOHO pas3MIekKIaHe ca
pexonpurypupyemute cxemu ot (amuamsara Cyclone II wa ¢upmarta Intel (Altera).
[IpencraBeHa e TsAxHATa apXUTEKTypa - JIOTMUYECKH W CHENHMaTHU OJOKOBE, CTPYKTypa OT
MEXIUHHH ChEIWHEHHS U TaKTOBa Mpeka. Pasriiexiar ce BUIOBE ¥ MPUMEPH 3a MPOLECOPHU
s]ipa, U3MOJI3BAaHU B ChBpPEMEHHUTE pekoHpurypupyemu cucremu. [logpobHo e pasrienana
TEXHOJIOTHUSTA Ha IPOEKTUPaHe Ha peKOH(UTypHrpyeMu cuctemMu Ha 6a3ara Ha FPGA cxemu Ha
Altera - OCHOBHU €Taly U M3MOJI3BAHU CPEACTBA, KAKTO U (DYHKIIMOHAIHUTE BH3MOXKHOCTH Ha
nporpamuus npoaykt Quartus II/ Prime. B nmpunoxenue e 1ajleH0 METOANYECKO PBKOBOJICTBO
3a 71a0OpaTOPHO yNpakHEeHHWEe, OOEKT Ha KOETO € YCBOSIBAaHETO Ha 0a3oBaTa TEXHOJIOTHS Ha
npoekTtupane. ToBa € HaNPaBeHO, Thi KaTo TO OM OMJIO MOJIE3HO MPHU CaMOCTOsITeNTHATa paboTa
Ha CTyJCHTHTE NMpu paboTaTta UM BHPXY KYpPCOBHU W AMIUIOMHHU NMPOEKTH Ha Oa3ara Ha FPGA
cxemu Ha Intel (Altera).

This textbook is intended for the students of the bachelor's degree of "Electronics"of the
Technical University - Gabrovo when studying the discipline of the same name. In the first
topic, a classification of modern complex programmable logic devices is briefly presented and
their main characteristics and features are summarized. Regardless of the fact that the subject
of the course further is digital reconfigurable circuits, for completeness information is also
briefly given about analog ones. The subject of a more detailed examination are the
reconfigurable circuits from the Intel’s (Altera) Cyclone II family. Their architecture is
presented - logical and special blocks, a structure of interconnections and a clock network.
Types and examples of processor cores used in modern reconfigurable systems are discussed.
The technology of designing reconfigurable systems based on Altera's FPGA circuits is
examined in detail - main stages and tools used, as well as the functional capabilities of the
software product Quartus II/Prime. In the appendix, a laboratory exercise is presented, the object
of which is the mastery of the basic technology of design. This was done because it would be
useful for students' independent work in their coursework and thesis projects based on Intel
(Altera) FPGA circuits.

¥3. B. PankoBcka. MukpormnpoiiecopHa cxemorexauka. ['abpoBo, YU ,Bacun Anpumnos”,
2021. ISBN 978-954-683-655-7 (eneKTpoOHHO U3aHUE)
https://epublish.tugab.bg/uchebni-materiali?task=download.send&id=100&catid=28&m=0

VY4eOHUKBT € MpeHAa3HAuYEH 3a CTYJCHTU OT CHEelMaIHOCT ,JIpomuiieHa 1 aBToMOOMIIHA
enektponnka”’, OKC ,,6akanaBbsp” Ha Texuudyecku YHHBEpCHTET — ['aOpoBO 3a 00yueHue 1o
IMCLUUIUIMHATA ,,MHUKpompoiecopHa cxeMoTexHuKka”. Karo o0ekT Ha pasriexjaHe € MpHeT
€IMH OT Hal-HOBHTE MHKpPOKOHTposiepu oT ¢dammuara PIC16 mo wmomenTta -
PIC16(L)F18855/75.




Temure ot pazden 1 BKIOYBAT BbBEAECHUE B AMCLUIUIMHATA, KaTO 3all03HABAT YUTATENS C
OCHOBHH TEPMHHHM M BBIPOCH OT 00JIaCTTa HA MUKPOIIPOLIECOPHATA CXEMOTEXHUKA, BUJIOBE Op-
raHu3alusl Ha MaMeTTa M apXUTEeKTypu Ha MUKpolpouecopu. Pasriexnpar ce moapoOGHO
OJIOKOBU CXEMH Ha CbBPEMEHHU MUKpOKOHTposiepu oT ¢pamunusta PIC16 u opranuzanusta Ha
BXOJIHO-M3XO/IHUTE MTOpTOBE. /laBa ce opraHM3anysaTa Ha pa3IMyHUTE THUIIOBE TaMeT U METOIH-
T€ 3a aPECUPAHETO HM.

Temure B paszdenu om 2 0o 5 ca mocBeTeHH Ha mnepudepHure OnokoBe Ha M30paHUs
ChbBpeMeHEH MUKpOKOHTpoJiep oT ¢hammuinuara PIC16. Pasranexnar ce TeXHUTE OCHOBHH (DyH-
KIIMOHAJIHUA Bb3MOKHOCTH U XapaKTEPUCTUKH, PeXKUMH Ha padoTa, npuioxenue. M3noxennero
€ CBHIIPOBOJICHO C MHOXKECTBO OJIOKOBH CXEMHU U BpeMeAuarpaMu, NOSCHSABAIIN PEXKUMUTE Ha
paboTa Ha HAKOM OT THX.

Paszoen 6 BktouBa TeMH, CBBP3aHU C BaXKHU CIIELIUAIHN XapaKTePUCTUKN Ha MUKPOKOHTPO-
nepute PIC16 - nmpuunHy 32 yCTaHOBSIBaHE B HAYaJIHO ChCTOSIHUE, MEXaHU3bM Ha 00CITy)KBaHe
Ha MPEKbCBaHUs, FeHEpUpaHe Ha TAaKTOBU CUTHAIM, IPEJHA3HAYCHHUE HA CIEASILIMS TaiimMep U
Ap.

Tps6Ba na ce orOenexu, ue Hai-HOBUTE MUKpOKOHTposiepu oT ¢pamunusata PIC16 (kakbpBTO
€ CIIOMEHATHUAT M0-TOpe) MMAT 3HAYMTEIHH NMOoJ00peHHs] M Pa3lIUpPeHHs, B CPaBHEHHUE C
pasriexaaHuTe B NMPeIX0JIHOTO U3AaHHe HA ,,MuKpomnpouecopHa cxeMoTexHuka* [Y1],
Karo:

e  VYCBBBPILICHCTBAHA APXUTEKTYpa Ha MPOLECOpa;

e MHOro mo-rojsiMo pasHooOpasue OT pa3lIuYHU TUIIOBE NepudepHU OJIOKOBE NpHU
OTAEJHUTE MIPEJCTABUTENN Ha paMIIUATA (Hamp. TeMnepaTypHu nuaukaropu, LIATIL, 6mokose
3a JIeTeKTUpaHe MpeMUHaBaHe pe3 HyJlaTa Ha aHAJIOTOB CUTHAJ, KOH(PUTYpHPYEMHU JIOTHYECKU
KJIETKH | JIp.);

e Hanwune Ha MUKPOKOHTPOJIEPH C TTOBEYE Ha Opoii nepudepHu 6JI0KOBE OT €IMH U ChIIU
THUT;

e Pasmmpenu (yHKIMM U pEKUMH Ha paboTa Ha CHIIECTBYBAIIUTE OJIOKOBE (HAmp.
taiimepu, CCP u np.);

e  3Ha4yMTENIHO yBEJIWYEH 00eM MaMeT IPU HIKOM MUKPOKOHTPOJIEPH, KAKTO U MO-Pa3BUTA
OpraHu3aiys Ha IamMeTTa u Jp.

[Topanu TOBa MTEpHANBT B HACTOSIIIOTO M3/1aHUE B MTO-TOJISIMATA CH YACT € U3LISJIO HOB.

The textbook is intended for students of the bachelor's degree of "Industrial and automotive
electronics", of Technical University, studying the discipline " Microprocessor circuits". One of
the newest microcontrollers from the PIC16 family to date - PIC16(L)F18855/75 - has been
adopted as an object of consideration.

The topics in Section 1 include an introduction to the discipline, introducing the reader to
basic terms and issues in microprocessor circuitry, types of memory organization, and
microprocessor architectures. Block diagrams of modern microcontrollers from the PIC16
family and the organization of input-output ports are examined in detail. It gives the
organization of the different types of memory and the methods for their addressing.

The topics in sections 2 to 5 are devoted to the peripheral blocks of the selected modern
microcontroller from the PIC16 family. Their main functional possibilities and characteristics,
modes are considered at work, application. It is presented in conjunction with a number of block
diagrams and timelines, explained the modes of operation of some of them.

Section 6 includes topics related to important special characteristics of micro-controllers
PIC16 - causes of mouth initialization, interrupt handling mechanism, generation of clock
signals, purpose of the watchdog timer, etc. .




It should be noted that the latest microcontrollers of the PIC16 family (such as the one
mentioned above) have significant improvements and extensions compared to those covered in
the previous edition of "Microprocessor Circuitry" [V 1], such as:

» Advanced processor architecture;

* A much greater variety of different types of peripheral blocks in individual representatives
of the family (eg temperature indicators, DACs, analog signal zero-crossing detection blocks,
configurable logic cells, etc.);

* Availability of microcontrollers with more peripheral blocks of the same type;

» Extended functions and modes of operation of the existing blocks (eg timers, SSR, etc.);

* Significantly increased memory volume in some microcontrollers, as well as more
developed memory organization, etc.

Therefore, the material in this edition is, for the most part, entirely new.

II.2 YyeOHu nmocodus

Y4. Kapaunuen, X., B. PankoBcka. MukponporecopHa cXeMOTEXHHUKA. PBKOBOJCTBO 3a
nabopatopuu ynpaxHeHus. ['abposo, YU ,,Bacun Anpmiios”, 2009. ISBN-13:978-954-8268-
51-5, ISBN-10:954-8268-51-6

HacrosmoTo pbKOBOACTBO chAbpka 14 mabopaTopHM yHpakKHEHUS MO JUCHUIUIMHATA
“MukponpoliecopHa CXeMOTEXHUKA” 3a CTYJCHTUTE OT OaKajaBbpCKaTa CTEIeH Ha Crelual-
HocT “Enextponuka”. IIbpBuTE ceneM ynpaxxHEHHs ce U3MbIHABAT B MHTETpUpaHaTa cpefa 3a
npoektupane MPLAB IDE na ¢dupmara Microchip u 1niensT: u3ydaBane U U3M0JI3BaHE HA WH-
CTPYKIIMUTE Ha aceMOJIEpHHUS €3HK; YCBOSBAHE M MpUJIaraHe Ha PeKUMUTE 3a aJpecupaHe Ha
namMeTTa Ha MUKPOKOHTpOJIEpa; YCBOsIBAaHE HAa OCTOBHUTE €Talll Ha Ch3/aBaHe U HACTPOHKa Ha
NOTPeOUTENICKU POrpaMu Ha e3uK AceMOJiep caMo ChC CUMYJIATOP; U3yUaBaHE HA ATOPUTMU
U Iporpamu 3a 00paboTKa Ha JBOMYHU U ABOUYHO-IECETUYHH YHCIIa, [TOJIy4aBaHe Ha Pa3IMuyHU
KOJIOBE Ha YMCiaTa; yMEHMS 3a CAMOCTOSITEIIHO ChbCTAaBSHE HAa aJITOPUTMHU U IPOTpamMH 110 3a/1a-
neHo ycioBue. OOEKT Ha U3yyaBaHE B OCTAHAJIUTE YIPAKHEHUS ca PA3IUYHU CIIEHUATHU Xa-
PaKTepUCTUKH U iepudepHu 610K0Be Ha MUKpoKoHTposepute —moxyinu ALIIL, USART, CCP,
pexxum ¢ HamasnieHa koncymanus. OcseH MPLAB IDE, Te Beue BKJIIOUBAT 1 anlapaTHU CPEACTBA
3a HacTpoiika — mporpaMarop, CUCTeMa 3a MPOEKTHpaHe Ha IHU(PPOBH CUCTEMH U YCTPOUCTBA,
0a3upaHa Ha BHTPEIIHO-CXEMEH €MYJIaTOp, PA3IMYHU MAaKETH, C KOETO C€ Pa3IIUpsBaT MMO3Ha-
HUSATA M YMEHUATA HA CTYJICHTUTE 3a CAMOCTOATEIHO PEIlIaBaHE Ha TOCTaBEHa 3aa4a.

This guide contains 14 laboratory exercises in the discipline "Microprocessor circuit
engineering" for the students of the bachelor's degree of "Electronics". The first seven labs are
performed in the integrated design environment Microchip’s MPLAB IDE and aim to: learn and
use the instructions of the assembly language; mastering and applying the microcontroller's
memory addressing modes; mastering the main stages of creating and setting up user programs
in the Assembler language only with a simulator; learning algorithms and programs for
processing binary and binary-decimal numbers, obtaining different codes of numbers; skills for
independent compilation of algorithms and programs according to a given condition. The object
of study in the remaining exercises are various special characteristics and peripheral blocks of
microcontrollers - ADC, USART, SSR modules, reduced consumption mode. In addition to
MPLAB IDE, they now include hardware development tools - a programmer, development
systems, in-circuit debugger, various models with which the students' knowledge and skills are
expanded to independently solve given tasks.
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