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Abstract

Home automation is responsible for providing a safe and stylish smart home. This paper examines the application of
LoRaWAN technology in IoT platforms for home automation. For this purpose, an example architecture has been
developed, including a server-based LoRa gateway and Bluetooth connectivity for remote intelligent control and
management of home appliances. An analysis of the expected performance of the proposed architecture was performed
by evaluating the time delays, RSSI and SNR values of the signal.
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BBBEJEHUE

LoRa e moaynannoHHa TexHHKa, Oa3upaHa
Ha CIEKTPAJIHO pa3IIUpPsBaHe, KOETO CE pealln-
3upa upe3 TexHosorusi, HapeueHa Chirp
Spread Spectrum (CSS) [1, 2, 3]. Texnomnorus-
ta LoRa wm3nmomBa mporokona LoRa Wide
Area Network (LoRaWAN) 3a komyHuKarus
B cucremure 3a MuTepHer Ha Hemara. OyHK-
LIUOHAIHUTE 00JacTH C MPUIIOKEHUE Ha Ta3u
KOMYHHMKAI[MOHHA TEXHOJIOTHS ca JOMalllHaTa
aBTOMATH3all¥sl, WHTCIUICHTHATE TPasioBe,
MHTENUreHTHaTa Tenemerpus u ap. Oxomno 100
MIJIHMOHA ycTpoiicTBa B 100 abppkaBu ca CBbp-
3aHM KbM Mpekara Ha LoRa. Taka LoRa ce
npeBbpHa B HepazaenHa yacT oT loT mpuio-
xeHusra [4].

KoMyHHMKallMOHHATE MPEKU ¢ HUCKA MOILI-
HOCT, M3MO3BaHu 3a Oezxuunute loT xomy-
HUKALIMA MOXKE Ja C€ KaTerOpu3upar B [BE
rpyn [5]:

— nokaau mpexu (LAN) ¢ ob6xBat mo-ma-

apK oT 1000 m. — Mpexu ¢ MalTbK 00-
XBaT (3a MaJK{ Pa3CTOSIHUS), U3IMOI3BA-
Hu B PAN (personal area network)
yCTpOHCTBaTa M IPEHOCUMUTE YCTpPOH-

ctBa kato Bluetooth, IEEE 802.15.4 u
IEEE P802.1ah.

— rinobamau mMpexu (WAN) ¢ oOxBar Hax
1000 m — Lora WAN, Sigfox u DASH7
u Jp.

LoRaWAN nonece peBONIOLIMOHHU MIPOMeE-
HU B oOnactTa Ha [oT, kaTo MO3BOJIM KOMYHH-
Kallusi Ha JBJITH Pa3CTOSIHUS, W3IMOJI3BAKU
MHOTro Manko eHeprus. Kmerpunure u Wi-Fi
0a3upaHuTe MPEKH, U3UCKBAT MHOTO HIMPOKA
YecTOTHa JIGHTa M ToJiiMa KOHCyMalusi Ha
eneprus. Ot napyra ctpana, LoORaWAN TtexHo-
JorusiTa Tpeiara pagdoKOMyHUKalus MpH
HUCKA KOHCYMAIlUs Ha CHEPTHsl.

JlomaniHata aBTOMaTH3allks ce OTHacs /0
aBTOMATH3ANMITA HA CTPAJId — BHEJPSBAaHE Ha
npuiioxkeHus 3a MHrtenurenteH nom [4, 6].
TexHomoruure 3a 1oMalIHa aBTOMATH3AIUS CE
U3MON3BaT 3a YIpaBlI€HUE Ha EJNEeKTPOHHU
KOMITOHCHTH, Pa3BJIICKATEITHU CHCTEMHU, KaKTO
u aomamHu ypenu. Cucremara 3a JloMalliHa
ABTOMATH3AIIMsI BKIIFOUBA M CUCTEMA 33 CUTYp-
HOCT, 0€30IacHOCT U KOHTpOJHA AocThha. Ko-
raTto IsjaaTa CHUCTeMa € CBbp3aHa KbM HHTEp-
HET, ChOTBETHATAa OIepalys € CTaHaja 4acT OT
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IoT. ITo To3u HauwH TI00ATHUAT Ta3ap 3a J0-
MalllHa aBTOMAaTU3alusl Ce€ yBeJIu4yaBa C BCEKHU
W3MUHAI JIeH. AHalu3, NpeacTaBeH B [7], mo-
Ka3Ba, Y€ pacTeXbT Ha Ma3apa Ha JOMAalllHa
aBToMaru3amus ot 5,77 MuIMapaa aMepuKaH-
cku goiapa npe3 2013 r. e mapacuan no 12,81
munmapaa aonapa npe3 2020 r. IHoutu 81%
MPOLIEHTa OT KyyBauuTe Ha KWJIUILA Ca TOTO-
BH JIa 3aKyIISIT aBTOMAaTH3WpaHa TEXHOJIOTHS B
CBOUTE JIOMAIIHM NpuioxeHus. CrarucTukara
Mmokassa, 4ye mokaro npe3 2013 r. ca Ounu Ha-
TMYHU 2,4 MWIMOHA O€3KUYHU KpPYIIKH H
OCBETHUTEJIHU TeJIa, MPOU3BOACTBO UM 10 2020
r. B HapacHano 10 100 munuona. Tazu craru-
CcTHKa OTOEeNA3Ba KaK CHCTEMaTa 3a JOMalllHa
aBTOMATHU3AllMsl 3HAYUTEIIHO CE€ € MpEeBbpHaIa
B CBHIIIECTBEHA YaCT OT WHTEIUTCHTHUTE PeIlie-
HUSL.

[IpennoxxeHata B TO3W JOKJIAJ CXema MpH-
jlara UHTEJIMTEHTHO PEIIeHHE, MPU KOETO MO-
TpeOuTeanuTe MoraT Ja KOHTPOJIHPAT BCHUKH
JIOMAIIIHA ypEeJu Ype3 MbJIEH MaKeT 3a JOMalll-
Ha aBToMartuzauus. [Ipennoskenarta miuatdop-
Ma OCUTYpsiBa CIEAHOTO:

— LsJaTa apXUTEKTypa MPEACTaBIsABA IIbJI-
Ha JOMalllHa aBTOMaTHU3allUs, U3M0J3Ba-
Ia MHOXECTBO KOMYHUKALIUOHHHU TEX-
Hosoruu karo LoRa, cepBbpHO Oaszupan
LoRa nutio3 u Bluetooth cBsp3anocT;

— aBTOMAaTHU3MpaHa CHUCTEMA, B KOSTO IO-
TpEOUTENUTE MOTAT Aa KOHTPOJHUPAT JI0-
MaITHUTE Ypeau 4pe3 paJuOKOMYyHHUKa-
s, m3nomBaiiku LoORaWAN texHoI10-
rusita u Bluetooth Bpb3Ka.

N30 KEHHUE

B Ttaka mpemyoxkeHa cuctema ce oOeIUHS-
BaT TPU KOMYHHMKALIMOHHU TEXHOJIOTHH, 32 J1a
C€ OCUTYPH MHTEIUTEHTHO pPeIlIeHre B 00J1acT-
Ta Ha JOMalIHaTa aBToMaruzanus. B mpenso-
»keHus mojei, Bluetooth ce m3monsBa 3a ko-
MYHHUKalus Ha Kbcu pasctosHus [8]. Wi-Fi ce
M3M0JI3Ba 32 KOMYHHUKAIMS Ha cpe/ieH 00XBar,
a LoRa u LoRa mumo3sT ce u3moisBar 3a Ko-
MYHUKAITUS Ha JBJITH PA3CTOSIHUAS B CUCTEMATa
3a jomMarrHa apromaruzanus [9, 10].

@Due. 1. Obxeam na npednodcenama cucmema 3a
doMauHa a8momMamu3ayus

Ha ¢uwur. 1 e mokazana 610k0oBaTa quarpama
Ha oOXBara Ha CHCTeMaTa 3a aBTOMAaTH3aIlHs
no npeioxxenust meron. O6xsarsT Ha Bluetooth
Bapupa ot 110 8-10 m, Ha LoRa nutro3a — no 30
m, a Ha LoORaWAN — no 8 km [10, 11].

A) Jlomawna asmomamusayus ¢ nomMowma Ha
LoRaWAN u Bluetooth mexuonoeus
Cucremara 3a JomaimrHaTa aBTOMATH3AIIHs
ce cermenTupa ¢ nomoiura Ha LoRaWAN na
TPU B3aUMOCBBp3aHU 4acTu. KoMyHUKalnoH-
Hara cpena, usnoia3BaHa B LoRaWAN, e pa-
JTMOKOMYHHUKAITMOHHA TEXHOJIOTHs. 3a J1a OCH-
TypuM O€3)KUYHO MpeAaBaHe Ha JaHHU MEXIy
MPUJIOKEHUETO U MUKPOKOHTpOJIepa, Ce W3-
nmomsBa Bluetooth Texnomorus. 3a Bpb3Kara
MEXIy TOTpeOUuTea W CHhOTBETHA XaplyepHa
BepUTra MOXE Jla Ce WU3IO0JI3Ba, HAIpUMeED,
Android-6a3upano mnpunoxkenue. W aBere
CTAaHIIMM BKJIIOUMTENHO (M3Opaljaiiara |
mpremaiiaTa), Moxe Ja UMaT MOOWIHO TpH-
JIO’)KEHUE, KOETO 3a M3Mpaliamn@ara CTaHIus €
3aIBJDKUTENHO, HO 3a NMpUEMHAaTa — He € 3a-

ABIDKUTECIIHO.

CrapTupane Ha MOOHITHOTO
IPHIOKEHHE

Hacrpoiika na Bluetooth Bpb3kara Meskry
MOGHIIHOTO IIPHIIOK CHHE H MHKPOKOHTPOIEpa

Bluetooth Bpb3ka
OCBIIECTBEHA
Jla
WM3npaiane Ha JJaHHH OT MOOHIIHOTO
TPHIIOKEHHUETO KbM MHKPOKOHTpOIEpa
Cnobmenme 3a
VYenemno npenapane
Ha

HEyCIIeNIHa BPb3Ka
’ CpoOIeHuE 32 YCICIIHA BPb3Ka Ha ‘

M TIOBTOPEH OIMT 3a
€KpaHa Ha MOOWIHOTO MPHIOKEHHE

n3rnpamane

Due. 2. Aneopumvm HA UNpaAWane Ha OAHHU OM
nompeoumencko MoOUIHO NPULOHCEHUE
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Ha ¢ur. 2 e nmokazaHo kak mOTpeOUTENST
e MOJKe JIa U3Mpalia JaHHH OT MPUIIOKCHHE-
TO /IO W3Mpamiamara CTaHIHs, WU3MO0JI3BANKH
Bluetooth Bpb3ka ¢ Mmarsk 00xBar. B Hauano-
TO Ha TO3U AITOPUTHM MOTPEOUTEITUTE TPsOBa
J1a OTBOPSAT CHOTBETHOTO MOOWIIHO TPHIIOXKE-
Hue. Hacrpoiikara Ha Bluetooth Bpw3karta e
KU3HEHOBA)XEH MOMEHT B T03U Mojen. [ToTpe-
outenure TpsaOBa ma mmat Bluetooth BpB3ka
MEXJy CbOTBETHATa BepUra i MOOWIIHUS TEJIe-
¢oH. Ako Bluetooth e Hanmnuen, cucremara mie
U3MpaTH JaHHU KbM MUKPOKOHTPOJIEP WU U3-
mpamnfamna CTaHIIHs.

Ha ¢wur. 3 e mpencraBeH airopuTbMbT 3a
U3IpamaHe Ha JaHHW OT M3Mpalianara CTaH-
. Tyk cucreMara 1e mpoBepH JAaju MUKPO-
KOHTPOJIEPBT TOTy4aBa JaHHU OT MOOHMIHOTO
MpPWIOKEeHHe. AKO MMa HAJIWYHU JaHHU OT
MPUIIOKEHUETO, CHCTEMAaTa Ile MPEeMUHE KbM
cleaBammuTe CThIKH. OTPUIIATETHUSAT OTTOBOP
IIe JI0OBe/e IO M3YaKBaHE HA JaHHU OT TPHUIIO-
xenuero. Cien ToBa cUCTeMara IIe MPOBEpU
BaJIMIHOCTTa Ha MaHHWTE. [loTBBpXKICHUE Ha
BaJMJIMPAHETO HA JAaHHU IIE C€ OCHIIECTBU
Yype3 U3IpamaHe Ha JaHHUTE OT U3Ipamnianara
CTaHIMSI C TOMOINTAa HAa MHKPOKOHTpOJepa.
Cucremara me u3npatu u3Bectre 10 Android
MIPUJIOKCHUETO 3a J]a TapaHTHpa IMpaBUITHATA

KOMaHJa.
IIpoBepka janu cucremara
110JIyyaBa JaHHU OT IPUII0KECHUETO

W3uaksane 3a
MosyyaBaHe Ha
JIaHHU OT
HPUIOKCHUETO

[Tonyuenn nn
ca JJaHHH?

HpOBEpKa Ha BaJIMITHOCTTA HA KOMAaH/aara,
Tpuera oT MOOMITHOTO TIPUJIOKEHHUE

M3npauane Ha
CBOOIICHNUE 32
HEBalIMIHA KOMaH1a
J10 TIPHUIIOKEHHUETO

Banugau ganan?

Mznpamane Ha TaHHH OT
MHKpOKOHTpoiepa upe3 LoRa

HWsnpamane Ha chobmeHue 3a
TIOTBBPKACHUE HA TAHHUTE

Due. 3. Ancopumom na usnpawjane Ha OAHHU OM
usnpawauwama cmaHyus

LoRa me cvbupa nanHu, npegaBaHu OT U3-
IIpalanara CTaHys M0 CICAHUS MEXaHU3bM:

LoRa nie nmoiayun yHUKaJIEH CUMBOJI OT M3Ipa-
mavya v 1€ NpexXBbPJIM JaHHUTE 32 CHUMBOJIA
KBbM MHUKPOKOHTpoOJepa Ha nomyyarens. Kora-
TO MHKPOKOHTPOJEPHT MpHUEME JaHHU OT
LoRa, Toit me penm Kot KOMIIOHEHT Ja ObJe
BKIIIOUEH/M3KII0OUeH. Dur. 4 mokasBa ajaropu-
ThMa Ha paboTa Ha mpueMHara cTaHius. Tyk B
HayaJoTO CUCTEMAarta 1€ MPOBEPsiBA BXO SN~
Te AaHHU, u3npamanu npe3 LoRa. Cnen Tosa
cUCTeMaTa 1€ KOHBEPTUpa MOJIIYYCHUTE JaHHU
B ChOTBETEH KOJ. AKO IIPOLIECHT CE 3aXpaHBa C
MOBpPEACHU JaHHU, CUCTEMaTa IIE OTXBbPIU
3asiBKaTa M HsAMa J1a ObJaT NpeAnprueTd HUKaK-
BU JCUCTBUA. AKO cHUCTEMaTa HaMepu Kela-
HUs OTTOBOp, TS IIE M3MNPATH JJaHHU 10 CHOT-
BETHHUTE €JICKTPOHHU KOMIIOHEHTH, 32 Ja U3-
I'BJIHA MHCTPYKLIMUTE Ha moTpedurtens. 3a
nenrta LoRa mie noiayuu yHUKamgeH CUMBOJ OT
M3Mpallaya U 1ie NpexBbpiu JaHHUTE 3a CUM-
BOJIa KbM MHUKPOKOHTpOJEpa Ha MOJIydaTess.
Korato MUKpOKOHTpOJEPHT NMpUEME AAHHU OT
LoRa, Toii me pemm Kol KOMIOHEHT Ja Obae
BKJIIOUEH/N3KITIOUEH.

| IIpoBepka Ha BXOASAIMTE JAHHI

IpeoGpasyBaHe Ha pHETHTE
JIAaHHU B €KBUMBAJICHTCH KO/

IToBpenenu nmu
ca JaHHu?

OTXB’LPJ’IS{IIC Ha 3asBKaTa u I/IZl'lpaLLlEHIE Ha TaHHUTC KBM
H34YaKBaHC CBOTBETHHA CIICKTPOHEH MOYJI

)

BrmouBane / H3KIII0UBAHE HA
CHOTBETHHS JOMALIEH
CIIEKTPOYpPEN

Due. 4. Aneopumvm Ha NOJYUABAHE HA OAHHU 8
npueMHama Crmanyust

b) Jlomawna asmomamusayus ¢ nomowma Ha
LoRa winio3

dur. 5 mokasBa CHOTBETHATa IJIOCTHA
0JIOKOBa JMarpama Ha CHCTEeMara 3a JJoMalllHa
apToMaTu3anus, wu3noiasBamia LoRa miros.
[IspBOHAvamHara komanaa ot Android-mpuno-
xeHuero ce usnpama 4ype3 LoRaWAN kbm
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nutro3a. Crier ToBa LUTIO3BT L€ Ipeaase Ko-
MaHJlaTa g0 MpPEXOBHUSL CHPBBP. MpEexKOBUST
CBHPBBp II€ M3II'BJIHU KOMAaHJIaTa B ONpEIEIeH
uuto3, cBbp3an kbM LoORaWAN. B xapayep-
HUs HHTEep(eEeiC BCUYKM JOMAIIHM ypeau u
LoRa ca cBbp3aHM KbM LEHTpaJIHUS MHKPO-
KOHTpOJIEp, 32 Ja C€ YINpaBiisABa ISUIOCTHATA
ornepanys. MUKpOKOHTPOJIEPBT 1€ U3IIBIHABA
JNEUCTBUATA Bb3 OCHOBA Ha KOMAaHJaTa, MOJy-
yeHa oT LoRa ot numro3a. Twit kato LoRa mo-
ke Ja paboTH caMO MPHU HUCKO HANpeXeHUE,
U3II0JI3Ba ce HAOOp OT peleHu BEpUrHd, OTro-
BOpHU 3a mpeoOpasyBaneTro Ha 220V AC Ha-
npexkenue B 5V DC HamnpexeHue.
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Due. 5. brokosa cxema na cucmema 3a OOMAuHA
asmomamuzayus, usnonzeawa LoRa wino3 u LAN

B) Xapoyepna peanusayus na npeonosicemust
mooen

Ha ¢wur. 6 e nmokazana xapayepHa peaiusa-
[[Ms HA TpeAaBaTels U MPUEMHUKA OT MPEJio-
KCHUST MOJIEIT.
Bluetooth

.......... 11| Momynm
e +: HC-05

& LoRa
! REYAX
RYLR896

1 ESPs266
3aXpaHBaHe ‘Wi-Fi Mozyn

a)

220V AC
KOHCYMaTop

220V AC
romcymatop

=
LoRaREYAXRYLRS9

NodeMCUv.3 ESP8266 WiFimomm

o
Due. 6. Xapoyepua peanuzayus Ha NPEONONCEHUSL
Mmooen: a) usnpawawama cmanyus (b) npuemna

5V DC saxparmane

CMaHyus

®dur. 6a) moka3Ba CbOTBETHATA MPEIJIONKE-
Ha XapJlyepHa peanu3alus Ha H3Ipallaiara
cranius. M3nomssa ce NodeMCU v.3 (u3rpa-
nen ¢ ESP8266 6Gasupan WiFi monymn) karto
MUKpOKOHTpoJiep [12]. CBbp3aHUAT KbM HETO
Bluetooth mogyn HC-05 [13] e otroBopeH 3a
MOAIBPKAHETO Ha Oe3KMYHA BPb3KA MEKIY
MPUJIOKEHUETO U MUKPOKOHTpoJiepa, a LoRa
REYAX RYLRS896 [14] e otroBopeH 3a pa-
JIUONpENaBaHeTO Ha JaHHW. M3mon3Ba ce u 5
V DC 3axpanBaiil U3TOYHUK.

®wur. 60) moka3Ba mpenIokKeHaTa xapayep-
Ha peaiu3anus Ha IpuemMHaTa craHius. M3-
noisBa ce oTHOBO NodeMCU v.3 karo MUKpo-
koHTposep 1 LoRa REYAX RYLR896 karo
MpueMHa CcTaHUug. MoaenbT ChIIO Taka
BKJIIOYBA JIBE€ WJIM TOBEYE PEJICHHU BEpUTH 3a
pabora ¢ 220V AC 3axpaHBaHE 3a yNpaBICHHUE
Ha AC elIeKTpOHHU KOMIIOHEHTH. 3aXpaHBaHe-
T0 oT 5V DC ocurypsiBa 3axpaHBaHETO Ha MHU-
KPOKOHTpOJIEpa.

PE3VYJIITATH

Tabmuma 1 moka3Ba WM3MEpEeHUTE BpeMesa-
KbCHEHMS, OTYETeHH npu 10 mocnenoBarenHu
nperaBaHus Ha JaHHUM B cuctemara. Cren
YCHEIIHO 3aBbpIIBAaHE Ha JECeT IOCIle0Ba-
TEJTHU TECTa CE BIKJA, Y€ CPEAHOTO Bpemesa-
KBbCHEHHE OT Kpai 10 kpaii npu LoRa Bpb3ka e
1,19 s, cpennoro Bpeme3akbcHeHue 3a Wi-Fi e
0,101 s, a cpenHOTO BpeME3aKbCHEHUE 3a
Bluetooth e 0,36 s. Tabmuiara ssCHO OKa3Ba,
ye Bpeme3akbcHeHHeTo npu Wi-Fi Bpb3ka e
mo-mayiko ot 6azupanute Ha LoRa u Bluetooth
pewenus. Ho ToBa penieHue € eHepruiHo He-
e(eKTUBHO, KOETO Hajara MpujaraHeTo Ha
eHepruiiHo-e(hekTuBHaTa LoRa TexHomorus
3aenHo ¢ Bluetooth — pemenue, xoeto He
M3HUCKBA MHTEPHET CBHP3aHOCT 32 MHTEPAKTHB-
Ha CHMCTEMa 3a JJoMalllHa aBTOMaTH3aLlUsl.

Tabnuya 1. U3mepeno epemezakvcHerue 6

KOMYHUKQUuama
T No BpemesakbcHeHNE B KOMYHHUKAIIHAATA, §

T LoRa Wi-Fi BT

1 1,01 0,10 0,40

2 1,30 0,12 0,36

3 1,10 0,11 0,40

4 1,40 0,08 0,39

5 1,30 0,09 0,20

6 1,40 0,10 0,39

7 1,20 0,11 0,30

8 1,20 0,10 0,42

9 1,02 0,08 0,42

10 1,00 0,12 5,32
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B cnepgBamara rpyna eKCnepuMEHTH Ce U3-
BBpIIIBA OLIEHKA HA U3MEPEHUTE CTOMHOCTH Ha
RSSI u SNR mapamerpute Ha curHana mnpu
LoRa xomyHukanus. 3a 1enra ca MpoBEIEHU
13 u3MmepBaHus B pa3iuyHU TOYKH 32 pa3jidy-
HU Pa3CTOSHUS HA KOMYHHMKalUs B CLIEHApUi
Ha OTKPUTO B TPaJiCKa Cpela U B CLICHAPUN Ha
3aKpUTa MHOTOETaXKHa Crpaja.

B Ttabmmma 2 ca IOKa3aHH OTYETEHUTE
CTOMHOCTH OT EKCIIEPUMEHTA B CLICHAapHUil Ha
OTKPHUTO B rpajacka cpeaa. Ot pe3yaTaTute ce
BIDKIA, Y€ Hal-roaeMus ooxBar € 2828 m or
IIPUEMHATa CTAHIMS, BBIIPEKU HAIMYMETO Ha
MPENsTCTBUS KaToO Crpaad, AbpPBETA, CTEHU,
KbIIK U T.H. PUr. 7 CbOTBETHO OKa3Ba MpU-
OMM3UTETHO U3MEHEHHUETO Ha CTOWHOCTHUTE Ha
RSSI u SNR npu LoRa kxomyHuKanus BbB
GyHKIUS OT pa3cTosiHMeTo. HezaBucuMO OT
HaJMYHUTE €CTECTBEHHU U U3KYCTBEHU IPEIAT-
ctBus, croiiHocTuTe HAa RSSI m SNR BuHarn
ocTaBar Mo-0JIM30 €HH 10 JPYTH.

Tabnuya 2. Usmepenu cmotinocmu Ha RSSI u SNR
npu LoRa xomynukayus 6v6 pynxyus om

PA3CmMosHuemo
KT No | RSSI, dBm | SNR, dB | Pa3zcTrosinue, m

1 -104 8 466

2 -109 9 563

3 -116 5 774

4 -116 9 1086

5 -117 10 1204

6 -111 4 1539

7 -119 7 1922

8 -120 10 2828

12 - -102
. 1104

i \ ‘,i;'k M/ é_ -106
[ I\ [\ e 1 108
\_ A 1110
- Via 12
\ ERRY
. \ 1 o116
[ 118
2 r J

N——— 1 120

RSSI, dBm

SNR, dB
~ o

PR SR PP EPMIAS SIS S S DY)
0 500 1000 1500 2000 2500 3000
PascTosiHe, m
——SNR, dB —e=RSSI, dBm

Due. 7. 'paghuuna 3a6ucumocm Ha u3MeHEHUENO
#a RSSI u SNR npu LoRa komynukayusi 68
@dyHKYUs OM pazcmosHuemo

OTtuereHuTe pe3yinTaTd OT MPOBEICHUTE
EKCIIEpUMEHTH C U3MEpBaHE Ha CTOMHOCTHUTE
Ha RSSI u SNR npu LoRa B pamkuTe Ha MHO-
roeTakHa crpaja ca u3Beaenu B Tabnuia 3.

Tabauya 3. Usmepenu cmovnocmu va RSSI u SNR
npu LoRa xomynuxayus MmHo2oemasicua cepaa

KT Ne | Erax | RSSI, dBm | SNR, dB
1 [Taprep -117 5
2 1-Bu -116 5
3 2-pu -112 9
4 3-tn -104 10
5 4-tn -103 9
SAKVIFOYEHHUE

B nokmama Oemie mpepcTtaBeH MoAen Ha
watgopma Ha ISUIOCTHA CHUCTEMa 3a JIoMalllHa
aBTomMaTtu3zanud. [lorpedutenure MoraT JIECHO
Jla CH TIO3BOJISAT TOBA PELICHUE B €XKEeIHEBHUTE
cu neiiHoctu. M3mon3BaHeTo Ha MOTPEeOUTEN-
CKO MPUJIOKEHHE 32 MOOWIJIHU YCTPOWCTBA MO-
3BOJISIBA Ha TMOTpedutenute naa paborar c
BCUYKM EJIEKTPOHHM KOMIIOHEHTH. 3a Jia ce
OCHUTYpH ISUIOCTHAaTa JOMalllHa aBTOMAaTH3a-
v, ce uznona3Ba LoRaWAN texHomorus Oa-
3upana Ha LoRa mumo3 u Bluetooth cBwp3a-
HOCT. AKO JaJIeH MOTpeOuTeN OCTaHe B OJIM3KO
pa3CcTosIHUE, KATO KOMYHHKAIIUS 1I€ CE U3MO0J-
3Ba Bluetooth cBbp3anoctra. B cimywait Ha
nunca Ha Bluetooth Bpb3ka, me ce mpemmune
KbM m3noi3Bade Ha LoRa nuro3a. Ako mazaeH
noTpeOuTeN OCTaHe W3BBH OE3)KMYHATA KOMY-
HUKAallMs Ha KbCU U CPETHU Pa3CTOSHUS, TS 1€
ce ynpasisBa oT LoRa. Pesynrature ca Haco-
YeHHU KbM OIIeHKa Ha e()eKTHUBHOCTTA Ha IMpeJ-
JIO’)KE€HaTa CHCTEMa. 3a Ja Ce MPOCJIeau IOBe-
JICHUETO Ha CHCTEeMaTa, € M3BbpILIEHA OIEHKa
Ha BPEME3aKbCHEHHMETO MPU MpEeJaBaHe OT Te-
31 KOMYHUKALIMUOHHU YCTPOWCTBA, ONpeessiHe
Ha oOxBara Ha 30Hara Ha mokputue 3a LoRa
3a€THO ChC OTUUTAHE HA U3MEPEHUTE CTOIHO-
ctu Ha RSSI u SNR.

BJIATOJAPHOCTH

To3u noknmax v M3cnenBaHUsATa B HEro ca
peann3upaHu 1o mpoekT ,,[lnanupane, mpoexk-
TUpPaHE U ONTUMHU3AIUS Ha O€3)KUYHUA KOMYHH-
KaI[MOHHM TUIATGOPMH, YCIYTH U PELICHUS 3a
5G u loT npunoxenus”, noroop 2205E/2022 r.
kbM YIUHUT npu TY — "abposo.
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