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Abstract

The rapid development of the Internet of Things has led to the emergence of many low-power, long-range, and low-
bitrate wireless networking technologies. One of the widely applied technologies is LoORaWAN. It is a convenient solution
for communication in sensor networks applied to build the infrastructure for smart cities. Despite the great advantages
of LoRaWAN technology, its potential is still not well explored and its limitations are unclear, as not enough research
has been done in this direction yet. This report explores and analyzes the performance of LoRaWAN, focusing on
reliability assessment from the perspective of channel access in the physical layer of the network.
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BBBEJIEHUE

3a na ynoBAT BbJIHATA Ha VIHTEpHET Ha He-
mara, MHOTO KOMIITAaHMM pPa3paboTBaT HOBHU
MIPUJIOKEHUS U yCIIyTH, KOUTO C€ HYXKIAsIT OT
orpoMeH Opoil yCTpOMCTBa ¢ HUCKA MOIIIHOCT,
3a 1a OBAaT cBBbp3aHMU MOMexay cu. Jlumcara
Ha KOMYHHMKAITMOHHU TEXHOJOTHUHU, MPHUIIOKH-
MU 32 TaKWBa CIICHApUU, MPUBJIEYE TOISIM HH-
Tepec OT CBETOBHUTE OPraHU 3a CTaHJIapTH3a-
uus kato 3GPP unu IEEE Standard Committee,
KaKTO M OT MAJIKUTE W CPEIHU TMPEIIPHUATHUS
(MCII). lokaro mbpBUTE c€ ONUTBAT J1a pa3pa-
0OTAT OOIIM TEXHOJIOTHHM, KOUTO MOTaT J1a Ce
M3MOI3BAaT B MIUPOK HAOOP OT CLIEHAPHH, HATIP.
NB-IoT [1] u WiFi HaLow [2], MCII ce ¢oxky-
CUpaT BBPXY OBP30TO pa3BUTHE HA HHIIOBU
TEXHOJIOTHH, 3a Ja OBJaJeIT HOBOBB3HHKBa-
¥ T1a3ap MPea TeJICKOMYHUKAIIMOHHUTE JIH-
nepu. Cpen TakuBa HUIIOBU TEXHOJOTHUU Ca
Sigfox [3] m LoRa/LoRaWAN. Kakto Sigfox,
Taka 1 LoRa ca mareHToBanu TeXHOJIOTHH. Bb-

npeku ToBa Semtech, pazpaborunksT Ha LoRa,
nyosnmkyBa cnernudukanus 3a LoORaWAN [4],
OTBapsAWKH BparaTa 3a IbJI0OKA HE3aBUCHUMA
OIICHKA Ha e(h)eKTUBHOCTTA.

Toii kato cnenudukanusata Ha LoRaWAN
[4] 6eme myOnmkyBana mipe3 2015 T., Bce ome
HAMa JOCTAaThYHO SICHOTa W M3CJEIBAHUS IO
OTHOIIIEHWE Ha HeitHaTa epexTuBHOCT. [To-KOH-
KpeTHO, [5-7] npencraBaTt HakpaTtko LoRa, ka-
TO ce (hOKycHpaT OCHOBHO BBPXY HETOBHUTE
npunoxenuss u ¢usndeckus (PHY) cnoit u
oOpbILIAT MAJIKO BHUMaHHE Ha MPOTOKOJIA 3a
KOHTpOJI Ha nocthia Ao cpenata (MAC). Hs-
KOU pe3yJITaTH OT MU3MUTBAHUS U CUMYJAlUs B
CIIeHapuii ¢ MaJIbK Opoi yCTpoiicTBa ca mpej-
craBenu B [8,9]. B [10,11] e u3mon3Ban Ki1acu-
yeckus noaxoj, mogooen Ha ALOHA, 3a oneH-
ka Ha edekTuBHOCTTA HA LORAaWAN B criena-
pHii ¢ rossiM Opoil ycTpoiicTBa, HO HE € OCHUTY-
PEHO BaTuAMpaHe Ype3 CUMYJIalUs WIH eKCIie-
pUMEHTanHO. TakbB MOAX0] € HEMPUIIOKUM U
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MHOTOKPAaTHO HAJIIEHsBA KallallUTeTa Ha Mpe-
*ata. B To3u nokiaa ce oueHsBa MpOU3BOIU-
TenHocTTa W HanexaHocrra Ha LoRaWAN
MperKa IIPU MHOI'O IIO-PEAaTUCTUYHN YCIOBUS.

®AKTOPH, BJIUSEIN BHPXY
HAJEXKIHOCTTA

[To-namomy mie 0baaT N30POCHU U pasriie/a-
HU HAaKpaTHO OCHOBHUTE (aKTOPU, KOUTO TPSi-
KO BJIMSIST BbPXY HAJAEKIHOCTTA U MPOU3BOIU-
tenHocTTa Ha LORaWAN mpexuTe:

A) LoRaWAN mpesicosa apxumexkmypa

Tunnunata LoORaWAN mpexka ce cbcTon oT
KpallHH yCTpONCTBA (CEH30PH WJIM 3aBHKBa-
M MEXaHU3MHU, HAPUYAHU OILIE€ BB3JIN), ILITIO-
30B€ U ChPBbBP, KONTO ChbOUpa U aHaTU3KUpa UH-
dbopmarus, uzBnedeHa ot Be3nuTe [12]. Tomo-
JIOTUSITa Ha MpeKarta € THM ,,3Be3/1a", KOETO 03-
HayaBa, Y€ IrPyNu OT BB3JU Ca CBbP3aHU KbM
UTF030Be upe3 6e3xudHa LoRa Bpb3ka, mokaro
LUTIO30BETE Ca CBbP3aHU KbM OTAAJICYEH Chp-
BBp upe3 IP mpexa (dur. 1). CepBBpbT MOXKE
na e obsiayHo Oa3upaH.

)
SN

o) (0

LoRaWAN BB31uTE Cca pasleleHu B TpHU
knaca: A, B, C.

Knac A nmonnbpka ocHoBHatra LoRaWAN
(GYHKIIMOHATTHOCT, 3aJb/DKUTENHA 32 BCHYKH
ycrpoiictBa. Kiac A mo3BoiisiBa JBynocoyHa
KOMYHHKaIusi. AKO HaTOBapBaHETO Ha MpeEXa-
Ta € HUCKO, KJlac A ocurypsiBa Hail-HHCKara
KOHCYMallUsI Ha €HEeprusl 3a Bb3JIUTE, HO Ca Bb3-
MO>KHHU JBJITY 3aKbCHEHUS B JJAYHIMHK KaHaa.
Kinac B peanuszupa 1ByrnocouHa KOMyHUKaIuUs
B MPEABAPUTEIHO PE3EPBUPAHU BPEMEBHU CJIO-
TOBE B JIAyHJIMHK KaHayia. PasnpocTpaHeHueTo
Ha CJIOTOBETE C€ U3BBHPIIBA OT UTI03a. Y CTPOM-
cTBara oT kiac C mpociyliBaT KaHaua Herpe-
KbCHATO, KaTO [0 TO3W HAYMH OCUTYPSIBAT Hali-
HUCKaTa JIATEHTHOCT B JIAyHJIMHK KaHaya, HO

W3HCKBAT U3KIIOYUTEIHO BUCOKA KOHCyMalUs
Ha EHeprusl.

B to3u noknax ce pasrnexnia paborata Ha
LoRaWAN ycrpoiicTBa oT Ki1ac A.

b) LoRaWAN mooynayus

LoRaWAN wu3non3Ba MonyJalliOHHA CXe€-
Ma, kosto € anmantamms Ha Chirp-Spread
Spectrum (CSS) monymanusra [13]. [IspBoHa-
yaiaHO mpoektupana npe3 1940 r. 3a panmapwu,
CSS ce n3nonsBa MIMPOKO BbB BOCHHUTE U 3a-
IIUTEHH KOMYHMKAIMH TMOPagyd OTHOCHUTEIHO
HUCKUTE CU M3MCKBAHMS 32 MOLTHOCT MPH Mpe-
JlaBaHe U MPUCHIIATa YCTOWYMBOCT OT CMYIla-
Bal eeKTH, KATO MHOTOJIFYEBO PA3MPOCTPa-
HEHUEe Ha curHaiure, ¢aaunra, JlomaepoBus
edexT u nHTep(epeHIIUITA B YECTOTHATA JICHTA
[14].

B LoRa Bceku cuMBoOI MOXe J1a Oblie Tpe-
CTaBEeH KaTO CUHYCOMJIaJIeH CUTHaJ, YeCToTaTa
Ha KOMTO ce MPOMEHs LIMKINYHO B PAMKHUTE Ha
npo3opera BW okoJio 1eHTpaHaTa 4eCcToTa fe.
[To-xoHKpeTHO, BapualusTa Ha 4ecToTara 3a-
MIOYBA C HSKAKBa CTOMHOCT, CJIe/l KOETO CE yBe-
JTUYaBa O MakKCHMajaHaTa CH CTOHHOCT f. +
BW/2, a cnen ToBa mama 10 MHUHUMyMa fo —
BWI/2 n npoabikaBa J1a pacte 10 JOCTUraHe Ha
IbpBOHAYAIHATA CH CTOWHOCT ((ur. 2). bposr
Ha BBE3MOKHUTE HAYaIHU cToitHOCTH € 27 Kb-
neto GakTopbT HA pa3npocTpaneHue SF ompe-
nenst Opost Ha MpeaieHuTe OUTOBE B CUMBOII.

i

QDue. 2. Tononoeus na LoRaWAN mpeoica

[Topagu xoaupaHeTo 3a KOPEKIHs Ha TPer-
KU, OposIT Ha HHPOPMALIMOHHUTE OUTOBE € T10-
MaJIbK U CKOPOCTTa Ha OMTOBETE € paBHA Ha

R, = ST—FCR = SEEW g (1)

s 2SF

kbeTo CR e ppiibounHara Ha Koda 3a KO-
PEKIMS Ha TPEUIKH, KOSITO MOXe aa Obae 4/5,
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4/6,4.7 unu 4/8, a Ts € MPOABIDKATETHOCTTA Ha
CHUMBOJIa, KOSITO 3aBUCH KakTo OT SF, Taka u oT
YECTOTHATA JICHTA, KaKTO CJCABA:

_ 2SF

Ts ~ Bw (2)

ITo To3u HauuH Tpute mapamerspa BW, SF' n
CR 1u1e onpenenar CKOPOCTTa HA MpeaaBaHe Ha
LoRa Bpb3ka o1 To4ka 10 Touka. Ilo-Bucokure
SF cToitHOCTH BOIST A0 MO-HUCKA CKOPOCT, HO
B CBIIOTO BPEME IMO-BUCOKA UYBCTBUTEIHOCT.
Hamnpuwmep, ceriaacuo [15], B 125kHz xanan
Semtech SX1276 LoRa ycrpoiicTBo MOxe na
noyuu maket npu —125 dBm, xoraro SF = 7,
HO Koraro SF = 12, yyBcTBUTENHOCTTA € —137
dBm. 3a gp10ounHa Ha Koma 4/5 GuroBara CKo-
poct e cboTBeTHO 293 bps u 5468 bps, croTBET-
HO3aSF=12uSF=1.

3abenexxuTeHa XapaKTePUCTHKA Ha TaKaBa
MOJyJIallMOHHA M KoJupalia cxema €, ye LoRa
YCTPOUCTBOTO MOXE MPABUITHO Ja MOTYYH JIBE
MPUIOKPUBAIIN C€ TpeJaBaHUsl C pa3iINyHU
KOe(DUIIMEHTH Ha Pa3IIMPEHHUE B €UH U CHIIU
KaHal.

HaGopbT OT HATMYHHU CKOPOCTU HA JAHHUTE
3aBHCH OT pernoHanHuTe cneuudukanuu. Ta-
O6muna | u30posiBa BH3MOXKHUTE CKOPOCTH Ha
nanau 3a ISM wecroTHara nenta 3a EBpona EU
863-880 MHz.

Taénuya 1. Cxopocm Ha oannume ¢ ISM
yecmomnama aenma EU 863-880 MHz

NeKoepuuuent Ha |llIupounna na |[Ibadouuna PHY RF uyBcTBH-
pasuupenne SF [kanana BW,  [Ha koxa CR(ckopoct, |Teamocr,
kHz bps dBm

12 125 4/6 250 -137

11 125 4/6 440 -136

10 125 4/5 980 -134

9 125 4/5 1760 -131

8 125 4/5 3125 -128
7 125 4/5 5470 -125
7 250 4/5 11000 -122

|| |W N |[—O

B) Cmpyxmypa na pamxama

Twii karo LORaWAN e npoektupan 3a Ko-
MYHUKAaIMsl ¢ HUCKAa MOILIHOCT U HHUCKA CKO-
poct, u3nomBanero Ha Texxbk TCP/IP mpoTto-
KOJI €/[Ba Ju € npenopbunTento. [1o tazu npu-
ynHa LoORaWAN e osieKOTeH NpOTOKOJ, KOWTO
MO’K€ AMPEKTHO J1a CE U3I0J3Ba OT CEH30PHU U
KOHTPOJIHM NPUIIOKEHUS 3a KOMYHHUKALHS C
LTI03A.

I') /locmwvn 0o kanana

LoRaWAN wmpesxaTa paboTH B HIKOJIKO Ye-
CTOTHU KaHaJla, KOUTO Ce OMPEAEIAT OT KOH(pU-
rypanusara Ha nuio3a. bposit Ha paznpeneneHu-

T€ KaHaJIM 3aBUCH OT PETHOHAIHUTE OrpaHuye-
HUS 1 MpekoBUTE oniuu. Hakoun kananu ca 3a-
Ma3€HU 3a MpEeJaBaHe Ha JIaHHM, €UH KaHal €
3ama3eH 3a OTTOBOPUTE Ha IILII03a 32 PaMKH, a
HAKOM KaHAJIM C€ M3II0JI3BAT 3a IPEJaBaHE Ha
3as1BKH 32 MPUCHEANHIBAHE KbM IILTI03A.

/1) Ckopocm na oannume

Kakto Bewe Oe cmomMeHaTo mo-rope, B
LoRaWAN wmpexute Bb3IUTE MOTaT UHAWBHU-
JyallHO Jla M3MO0JI3BAaT BCSIKA OT BB3MOXHUTE
CKOPOCTH Ha JIaHHU U Te€ 1€ ONPEAEIIAT OT KOM-
OWHALMA OT YMPOUYMHA HA YECTOTHATA JICHTA U
Koe(ULUEeHT Ha pa3mupeHue. Mpexara Moxe
Jla W3I0JI3Ba MEXaHU3bM 3a aJalTUBEH KOH-
TPOJI HAa CKOPOCTTA Ha TaHHU, KOMTO NIO3BOJISIBA
Ha KOHTPOJI HAa CKOPOCTTA HA KPaHUTE yCTPOU-
ctBa upe3 cboTBeTHH MAC xomanau. Crnenu-
¢dukanuaTa obade He OMUCBA TOYHO MEXaHU3Ma
1 BCE OLIE € OTKPUT BBIPOCHT KOU U3MEPBAHUS
TpsOBa Ja ce B3eMat NpeIBU/I, KOraTo ce pela-
Ba JJaJIM JAJICHO yCTPOWCTBO TpsiOBa Ja mpe-
BKJIIOYM OT €JHa CKOPOCT Ha IIpe/IaBaHe Ha JIaH-
HU KbM zpyra [16]. CkopocTTa Ha JaHHH, U3-
MOJI3BaHA 3a MpeJaBaHe HA JAHHUTE IO JayH-
JIMHK KaHaJla, 3aBUCU OT CKOPOCTTA HAa BPb3Ka-
Ta MO BIUIMHK KaHalla U OT KOHPUTYPUPYEMUS
MpexoB napameTsp RX1DROffset, KOUTO Bapu-
paor 0105

E) Pabomen yuxwva

B paGoTHHS TUKBIT ©Ma OTpaHUYEHUE, CIIO-
pea KOeTOo IaIEHO YCTPONUCTBO HE MOXE Ja U3-
M0JI3Ba YECTOTHA JIEHTA 32 ONpeeeH NePHOI
OT BpEME CJeJ IpelaBaHe B Ta3H JICHTA. AKO
BPEMETO 3a Mpe/laBaHe € C MPOABIIKUTEITHOCT
TimeOnAir u paOOTHHUAT NHUKBI € PaBEH Ha
DutyCycle, ToraBa KaHaI'BT HE € IOCTBHIICH 3a
MepUoOJ OT

TimeOnAir . .
Toff = m — TimeOndir (3)

Hanpumep, ako naneHo ycTpoicTBo npeaa-
Ba paMKa C JbJDKUHA 1S 1 KOeUITMEeHTHT Ha 3a-
II'bJIBaHE € paBeH Ha 1%, Torasa JIeHTaTa € He-
ocThIHA 3a 99 s.

K) Cvwecmsysawu npobiemu

Enun nmo-nonpoOeH aHanmm3 Ha MeXaHU3MHUTE
3a peryJMpaHe Ha CKOPOCTTa, IOCThIIA O KaHa-
Jla ¥ Joru4yecKkara oOMsiHa Ha JJaHHU B paboT-
HUS LUKBJI TOKa3Ba, Y€ ChIIECTBYBAT U3BECTHO
KOJIMYECTBO MPOOJIEMHU, KOUTO 3HAYUTEITHO IIIe
BIIUSASIT BbPXY MPOU3BOAUTEIHOCTTA U HAJCKI-
HOCTTa Ha MpeKara.
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[IbpBUAT poOsieM € CBBp3aH C TOBA Jalu
[UTI03BT TPSAOBA J]a MPOCITYIIBa KaHaja Mo Bpe-
Me Ha MHTepBajia MeX]ly IPHEMaHETO Ha paMKa
Y MPEAaBaHETO Ha OTTOBOP. AKO IILITIO3BT TPSIO-
Ba Jla MPOCIyYIBA KaHala, CTAaHJapThT HE OIpe-
JIeNis TIOBEJICHUETO Ha IIITI03a, KOTaTo TpsOBa
Jla IpesiaZie OTTOBOP a KaHAI'bT M3IJIEkKIA 3aeT
C HSKAKBO TpenaBaHe. Bb3MOXHO pelieHue e
Jla ce OTMEHH YaKallo NpeaBaHe B IIaBHUS Ka-
HaJI, ThH KaTo MOXKeE J1a Ch3Aa/le KOJIHU3USI BbHB
Bb3€Nla, U Jla ce Mpeaajae OTrOBOPHT camMoO B
JayHJIWHK KaHamna. J[pyro pemieHue e 1a ce u3-
Oepe TakaBa CKOPOCT Ha JaHHH 3a OTTOBOPA,
KOSITO TIO3BOJISIBA J1a C€ M30ETHAT J[BE MPUIIO-
KpHUBAIIH Ce IPpelaBaHus IIPHU €Ha U ChIlla CKO-
POCT Ha JIaHHHU.

[TogoGen mpobieM BB3HUKBA, KOTATO JIBE
paMKH ce MpeIaBat B MPUIIOKPUBAIIIM CE HHTEP-
BaJI OT BpEMeE B pa3JINYHU KaHAIHU (WIH B €IUH
Y ChII KaHAJ C pa3InYHU KOS(HUIIMESHTH Ha pa3-
mpeHue). AKO IUTI03bT UMa CaMo €IUH JayH-
JUHK KaHaJl, TOM He MOXe J]a IpejaBa OTTOBO-
pPH Ha JBETE PaMKH IO BpeMe Ha ChOTBETHHUTE
BTOPU MPO30PIIHU 32 MOTyYaBaHE, Thi KATO TE3U
OTrOBOPH TPsIOBA J1a ce MpeaaBaT ¢ MUHUMAII-
Hata (CblllaTa) CKOPOCT Ha MpeAaBaHEe Ha JlaH-
HU.

TpeTtusT BBIIPOC € MOJIMTUKATA 3a Ipernpeia-
BaHe. [IpenopbuuTeIHOTO MOBEACHHUE 3a TO-
BTOPHO TIpeJaBaHe € Jia ce n30epe MPOU3BOTHO
3a0aBsiHe Mexy | u 3 cekyHau. Benpeku ToBa,
MPOIBIDKUTEITHOCTTA HA paMKaTa U Ha MOTBB-
XKJICHHETO MOXe Jla Objie moBeue oT 1 cexyHaa,
KOETO BOJH JI0 TOJIsiMa BEPOSTHOCT OT TIOBTOP-
Ha KOJIM3MS C paMKa WU C TOTBBbpKAeHue. 13-
MOJI3BAaHETO Ha MHOXKECTBO KaHAIIX 3a IIpeiaBa-
HE Ha paMKHU Moj00psiBa CUTyaluATa, KaTo Ha
MPaKTUKa yBeJWYaBa MHTEpBaja 3a MPOU3BO-
JieH n300p Ha 3a0aBsHE, HO TO3W WUHTEPBAJ BCE
olre e pUKCUpaH, KOETO OTpaHNYaBa CKAIIUPYe-
MOCTTa Ha Mpexara. Mosxe J1a e mo-n1o06pe na ce
M3M0JI3Ba MpolieypaTa 3a JBOMYHO SKCIIOHEH-
[MajaHo 3a0aBsiHe, Nog00Ha Ha Ta3W, U3I0JI3Ba-
Ha B Wi-Fi mpexure.

YeTBbpTUAT TpOOSIEM € MOJUTUKATA 33 U3-
00p Ha CKOPOCT Ha JIaHHU 3a npenpenasane. OT
€/IHa cTpaHa, HaMaJIIBallKi CKOPOCTTa Ha JaH-
HU, TT0I00psiBaMe HAJCKIHOCTTA Ha Ipe/iaBa-
Heto. OT npyra cTpaHa, ako yCTpoMcTBaTa Ha-
MaJISIT CKOPOCTTA HA JJAHHU 3a TIOBTOPHO TIpe-
JlaBaHe, BCHYKU T€ MOraT Jla 3aBbpIlaT Ha Haii-

HUCKAaTa CKOPOCT Ha JaHHH, KOETO 3HAYUTEITHO
yBEJINYaBa BEPOSTHOCTTA OT KOJIU3UH.

Cnomenarute pobiieMu ca 0COOEHO BaKHH
IIPU CHUJIHO HaTOBAPEHHU MPEXKH, HO T€ OOUKHO-
BEHO Ce MPOMycKaT OT pa3paboTUULUTE U OTle-
patopute Ha LoRaWAN npu usrpaxnane Ha
Mpeka ¢ MaTbK OpOH YCTPOIMCTBA M HUCHK Tpa-
¢uk. [lo-HaTaTHIIHOTO HapacTBaHE Ha MOMY-
nspHocTTa Ha loT obave 1mie yBeaw4m KakToO
Opos Ha yCTpOWCTBATa, Taka U OpOst HA MPEXKHU-
T€ Ha pa3IMYHU ONEPaTOpH, paboTEelN B eAHA
U ChILlAa 30HA B HEJIMLIEH3UPAH CIEKTHP, CIEI0-
BaTeJTHO MOJ00HU MPoOJIeMH HE TpsSOBa Ja ce
npeHedpernar.

CIEHAPUI HA U3CJIEIBAHE

3a 51a ce OLEHU HAAEKIHOCTTA U ePEKTUB-
HoctTa Ha LoORaWAN npotoko:na, ce pasriex-
Jla CIIEAHUA CLICHAPUI:

Mpe:xara ce cbcTou OT N Bb3€la, CBBP3aHU
KbM 1UTI03. Te paboTAT B 3 OCHOBHU KaHaja U
€VH JayHJIMHK KaHall 3a BPb3Ka, KATO BCUUKHU
kaHay ca ¢ mupuHa 125 kHz, koeto e Tunnyna
koHurypamus 3a EC. YcrpoiicTBaTa u3mod-
3BaT ckopoct Ha naHHu oT 0 (SF = 12) mo 5
(SF=17),3agaeHu OT 1111032 [10 BpeM€ Ha UHU-
HUATM3alMATa Ha MpeKaTa Cliopei MOIIHOCTTa
Ha CUTHAJIA OT KpaHUTE yCTPOMCTBA.

Kakto B [8], Tyk ce pa3riexnar CiIeaHuTe
BEPOATHOCTH 3a Bb3€J J1a peaaBa ¢ MOMOIITa
Ha cnenududHa CKOpPOCT Ha JAaHHH: po = 0,28,
p1 =02, p>=0,14, p3 = 0,1, p+ = 0,08 u ps =
0,2, KOeTo CHOTBETCTBAa Ha Clly4ail, KOraro
KpalHUTE YCTPOMCTBA Ca Pa3IPENEICHU PaBHO-
MEpPHO B KPbroBa 00JIaCT OKOJIO IIIJTI03a U 3ary-
6ara OT pa3npocTpaHEHHE CE OMUCBAT OT MOJIE-
na Ha Oxomypa-Xara. Cuuta ce, 4ye Bb3HUKBA
KOJIM3Us, aKO IIOHE JIBE NPENaBaHUA C €1HA U
ChIIAa CKOPOCT Ha JIaHHM C€ MPHUIIOKPUBAT BHB
BpPEMETO.

Bceuuku Bb371 IpeaBaT paMku ¢ 64-06aiiToB
PHY mnonesen toBap (51-0aiiToB mosiezeH To-
Bap Ha paMKa), KOWTO CbOTBETCTBA HA HaM-ro-
JIeMUS TI0JIE3€H TOBap, KOMTO MOXke Ja nmodepe
paMKa Mpu Hali-HUCKaTa CKOPOCT Ha MpelaBaHe
Ha 1aHHU. PamkuTe ce npegaBaT B peXuM C 10-
TBBP)KJIEHUE, PaMKHUTE 3a MOTBBPKICHUE HE
IIpeHacsAT noJie3eH ToBap. Pasrnexaame curya-
11, KOraTo Bb3€Jla HsAMa ONallka, T.€. ako ce
TeHepHpaT ABE ChOOIICHUS, TOH Mpe1aBa Hai-
HOBOTO. CHOOIIEHHATA Ce TeHEPUPAT 110 BEpo-
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ATHOCTHO pasnpenenenueto Ha [loacon, T.e. ¢
€KCIIOHEHIIMATIHO Pa3NpPEAeICHO BPEME MEXTY
IMPUCTUTAHUATA UM.

[lenta Ha U3cIEIBAHETO € A CE MIPOYUH KaK
Ha/IeKIHOCTTa Ha IpeJaBaHe 3aBUCU OT Opos
Ha BB3JIUTE U HATOBAPBAHETO, T.€. OpOST Ha Na-
KETUTE, KOUTO Ce TeHEpUpaT OT BB3JIUTE U 1A ce
OIIpEeAEIN KallalUTEThT Ha MpeXKara.

PE3VYJIITATH

OOpwbI1a ce OCHOBHO BHUMAaHHUE Ha YeCTOTa-
Ta Ha rpemkute Ha nakerute (PER) un koedu-
nueHTa Ha 3aryOa Ha maketu (PLR), a He Ha
MaKCHUMAaJTHO 100parTa mpormycKaTeaHa Croco0-
HOCT, KOSITO MpexaTa Moxke aa ocurypu. Koe-
¢unmenta Ha maketHa rpemka PER e BeposiT-
HOCTTA IPEIaBAHETO Ha TTAKET Jla € HEYCIIEITHO.
KoedurmentsT Ha 3ary6a Ha maketu PLR e Be-
POSITHOCTTAa TEHEPUPAHUST MaKeT Ja He Oble
JIOCTaBEH WJIM 3aI0TO € IOCTUTHAT JTUMHUTHT 32
MTOBTOPEH OMUT, WJIM 3aII0TO MAaKEThT € OWIT U3-
ITyCHAT MOPaJy MPUCTUTAHETO HA HOB MAKET.

Ha ¢ur. 3 ca mokazaHu nosydeHUTe pe3yi-
TaTU OT CUMYJIALIUS 33 PA3JINYHU CTOMHOCTH Ha
MpPEKOBOTO HaTOBapBaHEe U Oposi N Ha BB3JIHTE.
Qdurypara CbhIIO Taka MPEACTaBs PeE3yNTaTH,
MOJIy9EeHU ¢ MaTeMaTU4YeCKH MoJieN 3a Oe3Kkpa-
€H Opo¥ BB3IIN.
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Load, frames per second

@ue. 3. PER u PLR 6v8 ¢ynkyus om
Hamosapsearemo Ha LoRaWAN mpescama

[Tpu natoBapBane mo-manko ot 0,1 pps (ma-
KeTa B CEeKyHJa), Koe(pUIMeHTHhT Ha 3aryba Ha
naketn PLR e mpeneOpexxumo ManbK (mMon
0,001) 1 Mmoxe na ce Kaxke, 4e KOMyHUKAIUsATa
€ JocTa HaZexkaHa. BaxkHo e 1a ce oTOenexu,
4e 3a J]a ce MOCTUTHE TAKOBA HUCKO HAaTOBapBa-
He B Mpexa cbe 100 Bb3ena, cpeiHO BCEKU Bb-
3eJ Ille TeHepHupa MakKeT MO-pSAAKO OT BEIHBX

Ha 20 munytu. Axo N = 5000, cpenHo Bceku
BB3€JI L€ TeHEepHUpa MaKeT MO-PsAJKO OT 2 maKe-
Ta Ha JICH.

KoraTo HaroBapBaHeTo ce yBeIMYH, KAKTO
PER, taka u PLR ce yBenn4aBat 3Ha4YUTEIIHO
no Ase npuuuHU. [IbpBO, MOIXOABT 3a paspe-
[aBaHe Ha Koiau3uu, n3nona3Bad B LoORaWAN,
€ Hee)eKTUBEH C TOJISIM OpOi BB3IU M BOJH JI0
JJaBUHA OT KOJIN3UU. ENMHCTBEHUAT HAYMH Na
Ce CIpe Ta3H JJaBUHA € ChBMECTHOTO U3I10JI3Ba-
HE HAa OTPaHUYEH JIMMUT 32 MOBTOPEH ONUT U
MaJIbK pa3Mep Ha omaiukara (B CUMYJIalusTa €
1). Bropara nmpuunHa €, 4ye MakeTUTe MPUCTH-
raT B HEIMpa3Ha OMalika, KOeTo BOJU 10 U3ITY-
CKaHE Ha MaKeTH.

Pa3zpaborenusT MmaTeMaTHuecKd MOJET MO-
ke Jla ce M3I0II3Ba 3a m3uncisaBane Ha PER, ako
HaTOBapBaHETO € HUCKO, U PLR, ako Harosap-
BAHETO € BUCOKO.

3AK/IIOYEHUE

B noknmaneT € mnpencraBeH aHaiuu3 Ha
LoRaWAN TtexHoyiorusita M u3CIEIBaHE 3a
OLICHKA Ha HEWHAaTa MPOU3BOJUTEIHOCT U Ha-
JEeKIHOCT B MpEXa C ToJIsiM Opoii Bb3/IU. Y cTa-
HOBH C€, Y€ JIOpU C 3 OCHOBHU KaHaja u 6 CKo-
pocTu Ha faHHU (T.e. 18 BUpTyanHM KaHaia 3a
Mpe/laBaHe), KanaluTeThT Ha MpekaTa € OKOJIO
0,1 51-6aiitoBu (Frame Payload) cro0mienus B
cekyHaa. Hanpumep, To31 KanmanuureT cbOTBET-
CTBa Ha reHepupanus Tpaduk B Mpexa ¢ 5000
BB3JIM, BCEKU OT KOMTO reHepupa 2 cboOIIeHus
Ha jeH. ToBa CHUIIHO OrpaHHYaBa BbB3MOXK-
HocTTa 3a n3nonsane Ha LoORaWAN rexHono-
rUsiTa B MHOTO CII€HAapUM Ha HHTEJIIUTEHTEH
rpas.

BBb3MOXkKHO pelieHre Ha TO3H MpodiieM e 1a
ce yBenuuu mibTHOCTTA Ha LORaWAN nuto-
3oBeTe. ToBa obaye Moke J1a 10BeNIe 10 MEX-
TymMpexxoBu cmyieHus. Kato 0bpnemia pabora
MOXe Ja ce 00ObpHE W BHUMaHHE HA TOYHATA
orieHka Ha epekTuBHOCTTAa HA LORAaWAN Mpe-
’Ka B TaKbB CIICHAPUH, CbOOpaA3eH C HATUYUETO
Ha uHTEepEpEHITHSI.

BJIATOJAPHOCTH

To3u noknmax v M3cnenBaHUsATa B HEro ca
peann3upaHu 1o mpoekT ,,[lnanupane, mpoex-
TUpPaHE ¥ ONTUMHU3AIMS Ha O€3)KUYHUA KOMYHH-
KaI[MOHHM TUIaTQOPMH, YCIYTH U PELICHUS 3a
5G u loT npunoxenus”, norosop 2205E/2022
r. kpM YIUHUT mipu TY — I"abpogo.
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