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Pesrome:

To3u HOKyMEHT INpeacTaBs MPOEKTHPAHETO M pa3padOTBaHETO Ha IiardopMa 3a BHEIpsIBaHE HA
TecToBM npuiokeHuss Ha ©Oa3zata Ha LoRa/LoRaWAN Ttexnonorus. OcHoBHata 1en e
eKCIIepUMEeHTaIHa pa3paboTKa U aHaJIU3 Ha MOKPUTHETO Ha paauompexkara 3a LoRa/LoRaWAN Ha
TepuTopuaTa Ha rpax ['aOpoBo u paszpaboTBaHe M KOH(UIypHpaHe Ha LUI03 (KOHLEHTPATop),
KpaiHu ycTpolicTBa (KpaifHH Bb3JIM ) U MPEXKOB ChPBBP 3a TECTBAHE HA KOMYHUKALIUH U IIPHIIOKEHHUS.
ApxutekTypara Ha miardopmMara ce ocHoBaBa Ha u3nuckBaHusTa Ha LORaWANT™, onpenenenu ot
LoRa Alliance™.

Abstract:

This paper presents the design and development of a platform for the implementation of test
applications based on LoRa/LoRaWAN technology. The main purpose is experimental development
and analysis of radio network coverage for LoRa/LoRaWAN on the territory of the town of Gabrovo
and the development and configuration of a gateway (concentrator), end devices (end nodes) and
network server for communication and application testing. The architecture of the platform is based
on the LoORaWAN™ requirements, defined by the LoRa Alliance™.




I'8.2. Anrenos K., ManueB H., CagunoB C., BanoB T., [Inanupane u u3cienBaHe Ha 30HA Ha
panuonokputue B LoRaWAN koMyHUKalMoHHa Mpexa, MexIyHaponHa HaydHa KOH(epeHIus
UNITECH 2020, 20-21 noemspu 2020, I'abposo, Tom Lctp. 1-263-268, 2020, ISSN: 1313-230X.

Pesome:

B Ta3u crarus ce pasmiexaar 0coOCHOCTHTE Ha IUTAHUPAHETO HA PAJAMOIIOKPUTHETO 32 TECHOJICHTOBA
koMmyHukanus npu LoRaWAN mpexure. To3u THI KOMYHUKAlLMS €€ U3M0JI3BA IPU BHEAPSIBAHETO HA
MpEXH 32 UHTEPHET Ha HelllaTa B MHTEITUTeHTHUTE I'PA/I0BE, KAKTO U 32 MHAYCTPUAIHN KOMYHHUKALIUH.
[IpenaBaneTo Ha JaHHH € BH3MOXKHO Ha TOJEMH Pa3CTOSHUS ITPH HUCKU CKOPOCTU U U3KIFOYUTEIHO
HUCKU HUBa Ha BXOIHHTe curHainu. ToBa ompenens Bpb3kara LoRa xato MHoro HanexnaHa. BbB
BTOpaTa yacT Ha CTaTUATa, Bb3 OCHOBA Ha 0Oa3ara Ha pa3pabOTEHHUTE AEMOHCTPAIIMOHHU MOJEIH Ha
IUTI032 U KpallHUTE yCTPOMCTBA, CE OICHABA KAYECTBOTO Ha BEUE PEATH3UPAHOTO PATUO OKPUTHE.
Abstract:

This paper discusses the peculiarities of radio coverage planning for narrowband communication in
the LoRaWAN network. This type of communication is used in the implementation of Internet of’
Things networks in smart cities as well as for industrial communications. Data transmission is possible
over long distances at low speeds and extremely low levels of transmitted signals. This defined the
LoRa connection as very reliable. In the second part of the paper, based on the developed
demonstration models of the gateway and end devices, the quality of the already realized radio
coverage is evaluated.

I'8.3. Tames II., K. Aurenos, H. Man4eB, M3cneaBane u aHanu3 Ha npousBogutenHoctra Ha [oT
KOMYHUKAIIMOHHU TIpoTokonu, COOpHUK AokiIaau oT HayyHa koHdepeHnuus TechCo— Lovech 2021,
ctp. 71 — 76, 2021 (ISSN: 2535-079X).

Pe3ome: Cucremure, 6a3upanu Ha Inernet of Things [oT, craBat Bce mo-nonynspHu 1 OpOosIT UM pacTe;
C HelpecKkazyeMa CKOpOoCT. B pesyirar Ha ToBa mpe3 ClieBalIOTO JeCeTUIeTHE Ce OYakBa Ja ObaaT
BHE/IPEHU MUJIMApAM YCTPOICTBA B Pa3IMYHU OTpACu (Harp. 37paBeola3BaHe, aBTOMOOUIIOCTPOEHE),
ITopanu cBosiTa XeTeporeHHocT koMyHHKanusaTa Ha [oT ycTpoiicTBara € BaykHa (DyHKILMS HA CUCTEMATa
U MOpaJId TOBA ca HEOOXOJUMHM OT/IEIHU KOMYHHMKALMOHHU MPOTOKOJIM 3a NPUIOKHUS cinoit: AMQP)
CoAP u MQTT.

Abstract:

The system based on Inernet of Things IoT are gaining in popularity and their numbers are growing
at an unpredictable rate. As a consequence, bilions of devices are expected to be deployed on different
industries (e.g. , healtcare, automotive) durring the next decade. Due to its heteroheneity, the
communication of IoT devices is a prominent system function and, thus, distinct communication
protocols for the application layer: AMQP, CoAP and MQTT.




I'.8.4. Tames II., K. Anrenos, H. ManueB, CpaBHUTENIEH aHaIu3 Ha mpou3BoauTeIHOCTTa Ha LoRa
Moxynanus 3a npuinoxenuss B loT. Mexaynaponna nayuna koHgepenmms UNITECH 2021, 19
noemBpu 2021, I'abpoBo, bearapus, Tom. 1, ctp. [-163-168, 2021 (ISSN: 1313-230X).

Pe3ome: LoRa e momymnsipHa TEXHOJIOTHS 32 IUPOKOOOXBAaTHA MPEXa C HUCKA CKOPOCT U MOIIHOCT,
KOSITO OCUTYpsiBa 0€3)KUYEH JOCTHII Ha JBJITH PA3CTOSHUS NIPe3 HETUICH3UPAHU YECTOTHH JICHTH MO/
1 GHz 3a unrepner Ha Hemara (IoT). Ta ce u3mon3Ba B MHOTO MPUJIOKEHUS, Bapupaiiyd OT
UHTEJIMUTEHTHU CTPaju O UHTEIUIEHTHO CEJICKO cTomaHcTBO. LoRa e mareHTOBaHa TEXHOIOTHS 3a
MOJYNAIMsl C pa3lIuPEeH CHEKThpP, KOSATO € MPOU3BOJHA HAa HA MOMYJAlUATa HA PAa3IIMPEH CIEKTHP
Chirp (CSS). [Ipu Hes ce mpuiara MpOMEHJIMBA CKOPOCT HA MpEAaBaHe HAa JaHHU, KaTO CE€ M3IO0I3BaT
OpPTOTOHAJHM (PAKTOPH Ha PA3NPOCTPAHEHHUE, KOSTO MO3BOJISIBA HA TU3aiiHepa Ha CUCTEMaTa Ja 3aMEHS
CKOPOCTTa Ha IpeAaBaHe Ha JaHHHU ¢ 00XBaTa MM MOIIHOCTTA, TaKa 4e Jja ONTUMH3Hpa paboTara Ha
MpeXxara B MOCTOSHHA IIMPHUHA HA YECTOTHATA JICHTAa. B TO3M JOKYMEHT ce pa3miekIaT HAKOM OT
OCHOBHHTE KOHLICNIIINH 32 Moayianuara Ha LoRa u mpeauMcTBara, KOUTO Ta3u MOIYJIAIUSA MOXKE Ja
OCHUTYpPH TP BHEAPSBAHETO HA CTATMYHH W MOOWMIIHM KOMYHHMKAIIMOHHU MPEXH C HUCKA MOIIHOCT.
W3pbpmien e cpaBHHUTENCH aHanu3 Ha edektuBHocTTa Ha LoRa momymamusita mpu pasmudaHU
CTOMHOCTH Ha KOe(pUIMEHTAa Ha pa3lMIMpPEHHE W CpPaBHEHHWE C KOHBEHIMOHAIHUTE (OpMaTH Ha
MOJTYJIAITHSL.

Abstract: LoRa is a popular low-rate, low-power wide area network technology providing long range
wireless access over unlicensed sub-GHz frequency bands to the Internet of Things (IoT). It has been
used in many applications ranging from smart building to smart agriculture. LoRa is a proprietary
spread spectrum modulation scheme that is derivative of Chirp Spread Spectrum modulation (CSS).
It implements a variable data rate, utilizing orthogonal spreading factors, which allows the system
designer to trade data rate for range or power, so as to optimize network performance in a constant
bandwidth. This paper discusses some of the basic concepts of LoRa modulation and the advantages
that this modulation scheme can provide when deploying both fixed and mobile low-power
communications networks. A comparative analysis of the performance of LoRa modulation at different
values of the expansion factor and comparison with conventional modulation formats is performed.

I'8.5. II. Tames, H. ManueB, K. Amnrenos, W3cienBane u CpaBHUTEIEH aHalW3 Ha
npousBoauTenHocTTa Ha LoRa kpaiiHu ycTpoiicTBa 32 MOHUtOPUHT Ha yaudHO ocBetieHue, TechCo
2022,ctp. 47 — 52 (ISSN 2535-079X).

Pe3ome: B Tazu cratus e nmpeiacTaBeHo MPUIOKEHUETO Ha eHepruifHO e(heKTUBHA TECHOJIEHTOBA
KOMYHHUKallMOHHa Mpeka LoRa ¢ Hucka KoHcymalusi Ha €Heprys U rojsiM 00XBaT B KOHLIEHIIUATA 32
uHTepHeT Ha Hemiara (IoT) 3a HaGiroeHNe Ha YAMYHOTO OCBETJIEHHUE. 3a Ta3H 1iell ca pa3paboTeHH,
MIPOY4EHHU M CPAaBHEHU TPH BapHaHTa Ha KpaiiHu ycrpoiictBa LoRa, koHpurypupanu Ha yecrora 868
MHz u ¢ koepunueHT Ha pasnpoctpanenue 9 (SF9), npennoxenu no-crnennaiHo 3a HaOIIOAEHUE Ha
VAMYHOTO OCBETIIEHHE. Pe3ynraruTe BKIIOUBAT OMpEIeIsTHe Ha MAaKCUMAITHHSI 00XBaT Ha Mpexkara
(KOMYHHKAIIMOHHO Pa3CTOSHUE), BPEMETO 3a JOCTaBKa Ha MaKeTUTe U HUBOTO Ha curHana RSSI.
Abstract:

This paper presents the application of an energy-efficient low power, long-range narrowband
communication network LoRa in the concept of the Internet of Things, (IoT) to monitor street lighting.




For this purpose three variants of LoRa end devices configured at 868 MHz and a spreading factor of
9 (SF9), proposed in particular for monitoring street lighting, were developed, studied and compared.
The result include determining the maximum network range (communication distance), packet
delivery time and RSSI signal level.

I.8.6. H. Manues, Ilnanupane u wu3cienBaHe Ha 30Ha ¢ Oe3xku4yHO mokputre B LoRaWAN
KOMYHHKAaIlMOHHA Mpexa. Mexnynapoana HayuHa koHpepenuus UNITECH 2022, 18-19 noemBpu
2022, T'abpoBo, buirapus, Tom 1, ctp. [-196-201, 2022 (ISSN: 2603-378X).

Pesrome:

B Tasu crarus ce pa3miexaar cnenupUKUTE Ha TNIAHUPAHETO HA PAJHUONOKPUTHETO 32 TECHOJICHTOBA
koMmyHukanus B Mpexara LoORaWAN. To3u Tun koMyHHKalus ce M3MO0JI3Ba IIPU BHEAPSBAHETO HA
Mpexu 3a uaTepHeT Ha Hemara (IoT) u ungycrpuanen nnrepHet Ha Hemata (IloT) B uHTEeIMTeHTHY
rpajoBe, MHTETUTeHTHU (PaOpUKU U Ap., KAKTO U 32 UHIyCTpUATHU KoMyHHKaluu. [IpenaBanero Ha
JAaHHU € Bb3MO)KHO Ha TOJIEMHU PA3CTOSHHS MPU HUCKH CKOPOCTH M M3KIIOYUTEIHO HHUCKHU HUBA HA
npenaBanute curnanu. Tosa omnpenens Bpb3kaTa LoRa kato mHoro HagexxaHa. BeB Bropara yact Ha
CTaTUATa, Bb3 OCHOBA HA CUMYJAIIMOHHU MOJIENH, TIPEIBUK AN 00XBaTa Ha OEPKUYHOTO MMOKPUTHE,
U peajHH U3MEpBaHMs B ChUIMS pailoH, ce OleHsSBa KayeCTBOTO Ha BeYE peaTu3upaHara
TEJIEKOMYHUKAIIMOHHA MpexKa.

Abstract:

This paper discusses the specifics of radio coverage planning for narrowband communication in the
LoRaWAN network. This type of communication is used in the deployment of Internet of Things and
Industrial Internet of Things networks in smart cities, smart factories, etc., as well as for industrial
communications. Data transmission is possible over long distances at low speeds and extremely low
levels of transmitted signals. This defined the LoRa link as very reliable. In the second part of the
article, based on simulation models predicting the range of wireless coverage and real measurements
in the same area, the quality of the already implemented telecommunications network is evaluated




