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(54) CUCTEMA NEPEOJABAHHS TA MPUAMAHHA 306PAXEHD B MEPEXAX LoRa

(57) Pedpepar:

Cunctema nepegaBaHHs Ta nNpurMaHHs 306pakeHb B Mepexax LoRa micTutb axepeno 306paxeHHs,
nepepasad LoRa Tta npunmay LoRa, aHTeHn. Kpim LbOro, MiCTUTb MIKPOKOHTpOrep, BUKOHaHUN 3
MOXIMBICTIO BMKOPUCTaHHA BeWBrEeT-NepeTBOPEHHS Ans [o4aTkoBoi 0Bpobku 300paxeHHs, Ha
nepegasanbHOMy OoLi, Ta MIKDOKOHTPONEpP, BMKOHAHWA 3 MOXITMBICTIO BMKOpPUCTaHHS obepHeHoro
BeNBneT-nepeTBOPEHHs ANS BiAHOBNEHHS 300paXeHHs1 Ta BUKOHaHWI ANs BuaaneHHsa aptedakTiB Ta
36epiraHHs BiZHOBNEHOro 306paXeHHs, Ha NpunMansHomy Godi.

y,

h

IDl—’]I

h

.y

—I|l.1

—I|I-1|—|I]5|—I16

—= 17

UA 162945 U



UA 162945 U



10

15

20

25

30

35

40

45

50

55

60

UA 162945 U

KopucHa mogenb HanexuTb [0 ranysi TeneBi3iMHOI TeXHiKM Ta TexXHiKM OTPUMaHHSA, 3anucy,
npuiMaHHs Ta nepefaBaHHsa 3o06paxeHHs, Ta Moxe OyTu BuKOpucTaHa pAns  Bigeosanucy,
nepefaBaHHA Ta BiATBOPEHHS 300pakeHb B MepeXax iHTEpHEeTY peyen.

MepenaBaHHs 306paxeHb B Mepexax 3 HU3bKUM EHEProcrnoXmMBaHHAM Ta BENVKUM padiycoMm fii €
aKTyanbHO 3agayeto. Tomy Hapasi NPOBOAATLCH iIHTEHCMBHI AOCNIMAXKEHHS | BNPOBaAXEHHS CUCTEM
Ta meTogiB obpobkn i nepenaBaHHA 300paxeHb Ak And 6e3npoBiAHMX CEHCOPHUX MEePEX B Lifnomy,
Tak i Ans Mmepex 3a TexHonorieto Long Range 3okpema.

Long Range (LoRa) - TexHomoria 6e3npoBigHOro 3B'A3Ky Afs nepedaBaHHs AaHUX Ha BEIMKi
BiACTaHi 3 HaOHU3bKMUM EHEProCnoXMBaHHAM N4 IHTepHeTy peden. lNMonynsapHicTb TexHonorii LoRa
NOSAICHIOETLCA 3aranbHOK AOCTYMHICTIO YacTOT Ta BUCOKMMW eKcrnryaTauilHUMn XxapakTepucTukamm:
LoRa BMKOpPUCTOBYE CMYyrn 3B'A3KYy MPOMMUCIIOBOI, HAyKOBOi Ta Meaun4Hoi cdepn 6e3 HeobxiaHOCTi
OTPUMaHHSA niueHsii Ta 3abesnedye Benuki BigcTaHi 3B'A3Ky (Oinblue AecATUM KiNOMeTpiB), BUCOKY
3aBafOCTIMKICTb Ta TpMBanuUM 4Yac aBTOHOMHOI poboTu. OCHOBOK TexHomnorii € Moaynsauii 3
poswmpeHum crnektpom LoRa, sika 3abesnevye BUCOKy 3aBafOCTINKICTb Ta BENWKY BiACTaHb poboTu.
Takum 4uHOM, BUMKOPUCTAHHA LoORa Hapae psag CyTTeBUX nepeBar Yy MOPIBHSHHI 3 iHWMWMK
©6e3npoBigHNMYN TEXHOMOTIAMM.

TexHonoria LoRa ans nepegaBaHHa AaHMX Ha BEnUKi BiACTaHi 3 HU3bKMM €HEpProcnoXmnBaHHAM
BMMarae BUKOPUCTAHHA MEBHOI crewjianisoBaHoi TEXHIKW, Takoi K npunmadis i nepegasadis LoRa. Lle
06yMOBNEeHO TUM, Wo LoRa BMKOPMCTOBYE YyHikanbHi METOAN MOAYNALIT 3 PO3LLUMPEHUM CMEKTPOM, SKi
3abe3nevyloTb BUCOKY 3aBafOCTINKICTb Ta MOXIUBICTb NepedaBaHHs cUrHany Ha 3HauHi BigcTaHi 6e3
BTpaTth akocTi. CTaHaapTHi 6e3npoBoaoBi MPUCTPOI He NIATPUMYOTL Ui 0cOBNMBOCTI Moaynsuii, Tomy
ana pobotn B Mepexax LoRa HeoOxigHo 3actocoByBatM came LoRa-cymicHi npuimadi Ta
nepegasaui.

Bigpoma cuctema nepegaBaHHA | NpuMaHHA 300pakeHHs OfHOYacHO TpbOMa Mapamwu
nepegasadiB-npunmadis LoRa 3 pisHumMun napametpamu KoedilieHTa po3LUMPEHHS CNekTpa Ha OAHin
yacToTi, Wwob 3abesneunTn nepepaBaHHs 300paXeHHA 3a[40BINbHOI PO3AinbHOI 3aaTHocTi. Cuctema
CKrnagaeTbCa 3 [xepena 300paxeHHs, Tpbox MikponpouecopHux nnaTt Raspberry Pi Ha
nepegasanbHOMy boui, TpbOX nepeaaBadvis LoRa, Tpbox npuimadie LoRa, aHTeH aona nepegasadis Ta
npumMMadis, a TakoX TpbOX MikponpouecopHux nnat Raspberry Pi Ha npunmansHomy 6oui.
300paxeHHs nonepegHbO AiNATb Ha TPpU  YacTUMHW, SKi NepefarTb OOHOYACHO  Pi3HMMMU
nepegaBadamu. Ockinbku curHanu LoRa 3 pisHuMn napameTpamu koedilieHTa po3LUMPEHHS criekTpa
€ OpTOoroHanbHUMK, TO NOB'A3aHI Napu Nnepeaasay-npunmMaYy He CTBOPIOBATMMYTh 3aBaj 0Ha OAHIN.

Heponikamm cuctemMn € Benuvka BapTiCTb CUCTEMU 4epe3 MOTPOEHY KiMbKiCTb HeoOXigHOro
obrnagHaHHA Ta Te, WO iCHye HeOOXiQHICTb BMKOPUCTaHHSA BinbluMx 3Ha4YeHb NnapamMeTpiB koedilieHTa
PO3LUMPEHHS CNeKTpa ANsl O4HOYACHOro NepeAaBaHHsA TPbOX CUrHAaIIB Ha OfHIM YacToTi, WO 306inbLuye
3aTPUMKM Ta YNOBINbHIOE Npouec nepegasaHHs [1].

Hanbinbw O6nuM3bkMM aHanorom € cuctema nepefaBaHHA Ta MpuUMaHHA 306paxeHb, ska
cknagaeTbCsl 3 kKepena 3o00paxeHb, OfHiei MikponpouecopHoi nnatu Raspberry Pi Ha
nepegasanbHOMy 6oui, nepegasadva LoRa, npuiimada LoRa, aHTeH ond nepegasaya Ta npunmava, i
e ofgHiel mikponpouecopHoi nnatn Raspberry Pi Ha npuimansHomy 6oui. 306pakeHHs HaaxoauTb
BiO okepena Oo MikponpouecopHoi nnatu Raspberry Pi, ge ctuckaetbcs, nicns 4oro nepegaeTbca
yepes nepegasad LoRa Ta aHTeHy Ha npunmarnbHy aHTeHy i npuiimay LoRa, a noTiMm BigHOBNIOETLCA
Ha MikponpouecopHin nnaTti Raspberry Pi Ha npuiimanbHomMy 6Goui. Y MiKponpoLecopHuX nnartax
BiAOYBa€ETbCA CTUCHEHHSI Ta BiAHOBMEHHSA 300paxeHb 3a cTaHgapTHMM anroputmom JPEG, akun
nonsirae y nepeHeceHHi 300paxxeHHs y 4acToTHY obriacTb 3a LOMOMOIoK OUCKPETHOrO KOCMHYCHOTO
nepeTBOPEHHS 3 BUAANEHHAM Mano3HavyLnX BUCOKOHACTOTHUX KOMMOHEHTIB LUNAXOM KBAHTYBaHHS i
e(EeKTUBHUM KOAYBaHHAM 3anULLIKOBUX OaHWX Ta OOAATKOBO 3 BUMKOPUCTaHHAM anroputmiB Webp i
Base64. 36epiraHHa 300paxeHHsi Micns MOro BiAHOBMEHHS Yy MpuUUManbHOMY 65oui BUMKOHYIOTb Y
dopmati Webp. Cytb anroputmy Webp nomsirae y BWKOPWCTaHHI NPeauKaTMBHOIO KOAYBaHHS,
ONCKPETHOrO0 KOCMHYCHOrO NepeTBOPEHHS Ta e(PEeKTUBHOIO EHTPOMINHOIO KOA4YBaAHHS, LLIO 3MEHLLYIOTh
po3mip 306paxeHHsi, B TOMW 4Yac 9k anroputm Base64 nepeTtBoptoe oTpumMaHwui GiHapHWMI MOTIK Y
TEeKCTOBe NMpeACTaBeHHs ANS NOoro nepegaBaHHs Yepes TEKCTOBI NPOTOKOMMW.

Heponikamn Hanbinbl 6nn3bKOro aHanora € BUKOPUCTaHHA B CUCTEMI MIKpPOMPOLIECOPHMX nnat
ANsi CTUCHEHHS Ta BiQHOBMNEHHSI 300paXkeHb Yepes Te, L0 3aCTOCOBaHi B HUX anroputMyn BUMararlTb
BMKOPUCTaHHSI BENUKOro 0b6'eMy 0BYMCNiOBaNbHMX PECYPCIB Ta € HENPUAATHUMU A1 BUKOPUCTAHHS B
Mepexax 3 HU3bKMUM EHEProcroXMBaHHAM Ta O0OMEXEHOK OB0YMCNIOBANBHOK CMPOMOXHICTIO. OKpiM
LbOro, 3acTOCYBaHHS BKasaHWX MIKpOMNpPOLECOpPHUX nnaTt notpebye HasABHOCTI MOCTIHOrO Ta
CTabinNbHOro EeneKkTPOXMBIIEHHS, WO OOMeXye BUKOPUCTAHHA CUCTEMW B aBTOHOMHUX abo
€HeproHesarnexHnx ymoBax, e 3abe3neunty 6e3nepepBHe XMBMNEHHSA CKNagHo abo HeEMOXNMBO [2].

B ocHOBYy KOpWCHOI Mogerni nocTaBreHa 3agada CTBOPUTU CUCTEMY, sika 3abesnevyBatume
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ePeKkTMBHE nMepedaBaHHA Ta MpuAMaHHs 300paxeHb Yy Mepexi LoRa i3  MiHiManbHUM
€HeprocrnoXxmnBaHHAM, 3bepiratoum SKiICTb Ta CKOpOUyo4M Yac nepeaadi iHpopmadlii.

MocTtaBneHa 3agjaya BUPILLYETLCA TUM, LLO CUCTEMa nepefaBaHHA Ta NpurMMaHHsa 306paxeHb B
mepexax LoRa, wo mictutb mKkepeno 3o00paxeHHs, nepepnasad LoRa Ta npuiimad LoRa, aHTeHn,
3riAHO 3 KOPUCHOK MOAENM0, MICTUTb MIKPOKOHTPOMEpP, BUKOHAHUA 3 MOXMMBICTIO BUKOPUCTaHHSA
BEWBNET-NepeTBOPEHHA Ana [04aTKOBOI 00pobKM 300paxeHHs, Ha nepegaBanbHoMy 6oui, Ta
MIKPOKOHTpOMEp, BUKOHAHWUIA 3 MOXIUBICTIO BUKOPUCTaHHS OGEpHEHOro BenMBNeT-NepeTBOPEHHS AN
BiQHOBNEHHSI 300paXKeHHs1 Ta BMKOHAHWIA ONsi BUAaneHHs aptedakTiB Ta 30epiraHHSA BigHOBIEHOrO
300pakeHHs1, Ha NpunmanbHOMy 6oLi.

BrkopncTaHHs1 MiKpOKOHTPOEpPIB ANS CTUCHEHHS Ta BiOHOBIEHHS 300paXKeHb J03BOMSE 3HU3UTU
€HEeprocrnoXnBaHHA CUCTEMM, OCKINTbKM MIKPOKOHTPOMNEpM CMNOXUBAKTb 3HAYHO MEHLIE eHepril
MOPIBHAHO 3 MIKPOMPOLIECOPHUMW MiatTaMy Ta MOXYTb MpauioBaTu B pexunmax eHeprosbepexxeHHs,
KONMM Hemae JOCTyny A0 AXeperna 3MiHHOro cTpyMy. 3aBAsikv LibOMY BOHM He NOTpebytoTb NOCTIMHOIO
Ta CTabiNbHOrO EneKTPOXUBMEHHS, WO pobutb CUCTEMY MPUAATHOK ANs BUKOPUCTaHHA B
aBTOHOMHUX abo eHeproHesanexHux ymoBax. [logaTkoBe 3acTOCYyBaHHS BeMBIET-NepeTBOPEHHS
pasom 3i CTaHOapTHUM anropuTMOM CTUCHEHHSI JO3BONSAE OOCArTU Oinbll e(PeKTUBHOrO CTUCHEHHS
306paxeHb i3 30epexeHHsAM 3a[0BiNbHOI pPO34iNbHOI 30aTHOCTI, WO CrpPUSE MPUCKOPEHHIO iX
nepegaBaHHA yepes mepexi LoRa.

BeliBnet-nepeTBopeHHs  O03BOMSE  po3Knactu  3o00paxeHHA Ha Habopu  HM3bKO- Ta
BMCOKOYACTOTHMX KOMMOHEHTIB, WO Aa€ 3MOry e(eKTMBHO BIOKMHYTWM HaaSIMLWKOBY iHopmauio Ta
CYTTEBO 3MEHLUUTW PO3Mip AaHMX ONA CTUCHEHHA. BerBnet-nepeTBopeHHst 3abes3nedvye Kpaily
nokanisauito getanen 3obpaxeHHs K y NPOCTOpI, TaK i y YacTOTHIA obnacTi. Lle ocobnmBo KOpUCHO
Ansi 36epexeHHs BaXNIMBMX €NIEMEHTIB 300paXKeHHs Npu BUCOKOMY CTYMNeEHi CTUCHEHHS, a TakoX Ans
3MeHLUEHHs apTedakTiB, WO BUHMNKAIOTb Nig Yac 06podku. 3aBOsikn CBOIM FHYYKOCTi Ta e(peKTUBHOCTI,
BeMBNeT-NepeTBOPEHHS € BAANUM PiLLIEHHSAM ANs Mepex 3 0bMexeHnMu pecypcamu, Takmx sk LoRa.

ApTedakTn, WO BUHMKAKTbL Ta HAKOMMYYKTLCA BHACMIAOK ObOMExeHux obuMcnioBanbHUX
MOXITMBOCTEN  MIKPOKOHTpONepiB, YycyBalTb LWNAXOM pinbTpauii 306paxeHHs (BuOaneHHs
apTedakTiB 3 HbOro) MiCNsa NOro BiAHOBIEHHA HAa NpUMarnbHOMY GoLi.

Ha kpecneHHi HaBegeHa cxema CUCTEMU NepedaBaHHA Ta NPUAMaHHS 300paxeHb B Mepexax
LoRa.

Cuctema 1 MicTUTb mKepeno 3o06paxeHHs y BUrNsAAi ceHcopa 2, wo dikcye 300pakeHHs,
MiKpOKOHTpoOnep 3 Ha nepegaBanbHOMy 0oL, kackag nepegaBaHHs curHany 4, kackag npuimaHHs 5,
MiKPOKOHTpOriep 6 Ha mpunmaneHomy 6oui Ta aucnnen 7. MikpokoHTponep 3 ckrnagaeTtbes 3 6noka
BEMBNeT-NepeTBOpeHHs 8 Ta Ornoka CTUCHeHHs1 300paxeHHss 9. Kackag nepepaBaHHs curHany 4
cknagaetbcs 3 nepefasadva LoRa 10 ta nepepaBanbHoi aHTeHu 11. Kackag npunmaHHs 5 mae y
CBOEMY cknafi npurmaneHy aHteHy 12 Ta npuiMad LoRa 13. MikpokoHTponep 6 cknagaetbecs 3
Onoka obepHeHoOro BeunBreT-nepeTBOpeHHs 14, Gnoka BiOHOBNEHHs 300paxeHHs 15, 6Gnoka
BuAaneHHs aptedakTie 16 Ta 6noka 36epexeHHs 306paxeHHs 17.

Mpavtoe cuctema HaCTYMHUM YUHOM:

CeHcop 2 dikcye 300paxeHHsl, ke HagxoAuTb Ha MIKPOKOHTporiep 3, Ae 3AINCHIONTb KOoro
00pobky 3a gonomoroto Broka BeNMBNeT-nepeTBOPEHHS 8 Ta CTUCHEHHSA 3a CTaHO4APTHUM anropuTMom
JPEG vy BignosigHomy 6roui 9. [ani cTucHeHe 306paxeHHst nepefaloTb Ha Kackag nepefaBaHHs
curHany 4, ge vepes nepefgasad LoRa 10 i nepegasanbHy aHTeHy 11 no pagioxBunsax mepexi LoRa
BOHO HagxoauTb OO0 Kackagy npuiMaHHa 5. Tam, BUMKOPUCTOBYKHOUM MpurManbHy aHTeHy 12 Ta
npuimady LoRa 13, cTUCHeHe 300paXxeHHs1 HaOXoAWUTb Ha MIKPOKOHTponep 6, Oe 306paXeHHs
BigHOBMIOIOTL Yy 6noui 06epHeEHOro BENMBNET-NEPETBOPEHHA 14 Ta y Grioui BigHOBMEHHS 300paXKeHHs
15, BigHOBNEeHe 300paxeHHs GinbTPyOTh y Oroui BuaaneHHa aprtedakTiB 16, micng 4oro wmoro
36epiratoTtb y popmarti JPEG y 6noui 36epexeHHs 300paxeHHs 17 i BigobpakatoTb Ha gncnnei 7.

BukopucTaHHA 3asBreHOi CUCTEMU NepedaBaHHsA Ta MpuMaHHs 300pakeHb B Mepexax LoRa
OO3BONMUTb 3HU3UTU EHEProCMnOXMBaHHS Npu 3abe3neyeHHi 3a[0BiNbHOI SKOCTI 300pakeHHsA Ta
3MEeHLUEHHI Yacy nepefaBaHH4 iHdopmalii B Mepexax LoRa.
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®OPMYJIA KOPUCHOI MOJESI

Cuctema nepefaBaHHA Ta nNpuiMaHHA 3o0b6paxeHb B Mepexax LoRa, wo wmictute mxepeno
300paxeHHsi, nepegaBad LoRa Tta npunmay LoRa, aHTeHu, sika BiAPI3HAETbLCA TUMM, WO MICTUTb
MIKPOKOHTpPOMEpP, BUKOHAHWA 3 MOXXITMBICTIO BUKOPUCTaAHHA BEWBMET-NEepeTBOPEHHS ANs 00OAaTKOBOI
0bpobku 300paxeHHs, Ha nepegasanbHOMYy 6o0Ui, Ta MIKPOKOHTPONEpP, BUKOHAHWUA 3 MOXIUBICTIO
BMKOPUCTaHHsi 06epHEHOro BeMBNeT-NnepeTBOPEHHS AN BiAHOBMNEHHSI 300paXKeHHs1 Ta BUKOHAHWIA A1
BMOanNeHHst aptedakTiB Ta 36epiraHHsi BiAHOBIIEHOrO 300paXXeHHS, Ha NpUNManbHOMY GoLi.
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