100

U3MEPUTEJIbHBIE NPUBOPbLI
DOI: 10.24411/2076-6785-2020-10121

YIK 681.518, 004.735 | Hay4Has ctatbs

CO0p AaHHDbIX C He()TAHbIX CKBAXKNH C NOMOLLbIO
Tenno3HeprokoHTposuiepa UM2300 no Lora-TexHonorum

Owenkos A.10.!, Kapnos C.b.%, Jlonaes B.C.2

1OrYN «OKb «Masik», 2MlepMCcKuii rocyAapCTBEHHbIN HalMOHaNbHbIA UCCNef0BaTeNbCKUIA yHUBEpCUTET, Mepmb, Poccus

AHHOTaUUA

PaccmoTpeHa BO3MOXHOCTb NMOJNly4eHUA AaHHbIX OT Tenno3HeprokoHTponnepa UM2300 ¢ ncnosb3oBanmem cerei
LPWAN. B pa6ote npesctaBjieH npumep UCNONb30BaHUA TexHonoruu Lora u pa3pa6oTaHHoro nporpammHoro obe-
cnevyeHus ans npumeHenus UM2300 B ceTax Lora: cumTbiBaHUA NOKa3aHMA KaHANOB pa3iMYHbIMU NoTpebutenamum.
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Abstract

The overview of receiving data from the controller IM2300 using LPWAN networks is considered. The paper view an
example of using Lora technology and developed software for the use of IM2300 in Lora networks: reading channel

readings by different consumers.

Materials and methods
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[ins onepaTMBHOrO KOHTPONS W peryaupo-
BaHWA npouecca Ao6blun HedTH Ha CKBAMMHAX
1 TpybonpoBojax ycTaHaBAMBAOT NEPBUYHbIE
n3mepsiolLMe yCTPONCTBA, KOTOpble Nosy4yarT
[laHHble 0 cu/ie Hamopa Hacoca, YPOBHE KUAKO-
CTU B pe3epByape, a TaKKe AaTYMKU AaBleHus
nTemnepartypsl [1]. NHdopmayms ot nepBrUYHbIX
U3MEPSAIOLLNX YCTPOWCTB NOANEKUT fabHelLe-
My aHanusy, Np1 3Tom noay4yeHune nHbopmaLum
MOXeT MpPOoW3BOAUTLCA ABTOMATMYECKU B OH-
NanH-pexrme 1/uam nepuoanyeckn oneparo-
pPOM B 3aAaHHbli HTEpBan BpemeHu [2].

3apauy cbopa u, npu HEOOXOAUMOCTU, 0-
KanbHoi 06paboTku MHGOPMALMM C NEPBUYHBIX
[aTYMKOB, a TaKKe nocnefylouler nepefayun
[aHHbIX B INCNETYEPCKUIA MYHKT MOXET peluaTb
TennoaHeprokoHtponnep  MM2300. TMpubop
MIM2300 umeeT Ha BXOAe TOKOBble KaHasbl
4—20 MA, 4ncno-uMnynbcHole kaHanbl (YN) n ka-
Hasbl TepMOMeTpOB conpoTusieHus (R). O6uiee
4ncno BXoAHbIX KaHanos — 10 (puc. 1). Morpew-
HOCTb NMPeo6pa3oBaHNA NONYYEHHbIX CUTHANOB
He npeBbiwaet 0,1 % [3].

[JaHHble ¢ npubopa MOTryT CYMTHIBATHCA
HernocpeAcTBEHHO WNW NepejasaTbCA 4vepes
nocnepsosatenbHble UHTepdeicbl RS232 u
RS485. [na ypaneHHOW nepejayu AaHHbIX
MCnonb3yTca agantepsbl, Takme Kak MIM2318-
GSM, KoTopble No3BONAT nepejaBaTb AaH-
Hble yepe3 coTtoBylo ceTb GSM n ETHERNET-
RS485, coeanHan ycTpoOMCTBO U KOMMbIOTEP
Ha pacctosHum fo 100 m. OaHako Haubonee
NepcneKkTVBHON ANA JUCTAHLMOHHOTO KOH-
Tpons paboTbl CKBaXWUH Ha MeCTOPOXAEHUAX
ABNAETCA TEXHONOTMUA MNPOMbIWNEHHOTO WH-
TepHeta Beuwen (I1oT) [4].

[na pacwupeHns BO3MOXHOCTEN nony-
YeHMA [aHHbIX € ycTpoictBa MM2300 6biio
MPUHATO pelleHne nepeaaBaTb U3MeEpPEHHble
3HAYEHUA C MOMOLLBI TEXHONOTMU rrnobanb-
HbIX CeTeil C HU3KUM 3HepronotpebneHvem
(LPWAN). LPWAN — 370 ceTb, COCTOSALLANA U3 KO-
HEYHbIX YCTPOCTB (y310B), WNIO30B U KOHLEH-
TpaTopoB. 3TN CeTU 0BbIYHO MOTYT NMOAAEPIKN-
BaTb ThICAYM KOHEYHbIX YCTPONCTB, FAe Kaxjoe
yCTpONCTBO nuTaeTcs oT bGatapeu. [awe npu

HW3KOMN MOLWHOCTU nepejayn 3T yCTPOWCTBA
MOryT nepeAasath AaHHble Ha Gonblume pac-
cToAHMA. Jlydwmnmmn ctopoHamn LPWAN asns-
l0TCA: HW3KaA CTOMMOCTb; 6onee ANUTe/bHbIN
CPOK cnyx6bl 4aTYMKOB OT 6aTapen; xopolas
CKOPOCTb MepeAayn AaHHbIX; HU3KAA 3afepi-
Ka; BO3MOXHOCTb paboTaTh C AaT4nMKamu, KOTO-
pble nepemelalnTcs B NpocTpaHcTee; 6onblias
AanbHOCTL Nepeaadn AaHHbIX; 60abWKUIA OXBaT
Jaxe B MNOTHbIX paloHax, TakMX Kak ropoga
NN neca; NpocTas MoAenb pa3BepTbiBaHUA,
KOTOpas Takke npeanofnaraeT COBMeCTUMOCTb
C CYLWEeCTBYIOLWMUMUN CETAMU U MOBbILEHHYIO
maclwrtabupyemocts 6e3 nomex. OCHOBHbIMU
TEXHONOTNAMMU, OCHOBAHHbLIMU Ha LPWAN, sB-
nawTca Lora, Sigfox, NB-1oT.

CpaBHUTENbHbIM aHann3, NpeAcTaBieHHbIN
B pabote [5], nokasan, yto AnA KOHTpos/iepa
MIM2300 cTpouTb peleHne 3deKTuBHee Bce-
ro Ha ocHoBe ceTel Lora. Tak Kak KOHTponnep
TpebyeT NOCTOAHHOrO 3MEKTPONUTAHUSA, TO €ro
no knaccubuKkauum yctponcts Lora MoxHO
onpepenutb Kak «Knacc C». [lna noagkntoyeHmns
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KOHTponnepa 6bino0 HeobxoaMmo nopobpath
COOTBETCTBYlOLLEE YCTPOWCTBO-ajantep AnA
nojKnYeHns B ceTb Lora. Takike 370 ycTpoi-
CTBO [JO/IKHO NO3BOJATb NPOU3BOAUTL COEfM-
HeHue C NoMoLLbio MHTepdenca RS-485.

B kayecTBe agantepa nojoLw o ycTponcTBo
— cyeTynk umnynbcos Bera CN-13 npoussog-
cTBa KomnaHuu «Bera-A6contoT». Take Gblu
MCnonb30BaHbl NpefoCcTaBnseMble KOMNaHUeN
WNt03bl ¥ NPOrpaMmmHoe obecneyeHue ans cep-
Bepa NpunoxeHui [6].

KoHTponnep WMM2300 paspabarbiBancs
C pacyeTom Ha TO, YTO ANA MONYYEHUA JAHHbIX
C HUM ByaeT B3aMMOAeNRCcTBOBaTb OAMH NOJb-
30Batenb, MM60 cam KoHTponnep Byaet nepu-
OAMYECKM OTCbINAThb AaHHbIE. 3TO 6bIN0 BNONHE
€CTeCTBEHHbIM W TEXHONOTUYHBbIM pelleHnem
AN CBOEro BpemeHu 1 obnacreit npumeHeHus.

B cetn MHTepHeTa Belleit BCe yCTPOMCTBA
noAKAtoYeHbl K 061a4HbIM CepBucam U MoryT
06MeHMBATLCA AaHHbIMU Mexay coboil 1 pas-
AnMYHbIMKM  cepBucamu. O6nayHble CepBuUCHI
MOTYT MCMNONb30BaTh OHU W T€ e KOHEeYHble
yCTpONCTBA ANA BLIMOMHEHWUA CBOUX 3ajav:
CYUTbIBaHME MoKasaTenen, U3MeHeHUe COoCTo-
AHUA ycTpoiict. CepBuckl B 06nayHoin cpeje
HWYero He 3HalT Apyr o apyre. HeT HUKaKuX
rapaHTuid, 4To ofHOBpeMeHHO ABa uau bonee
cepBMCa He MOMbITAKTCA BbINONHUTL B3aUMO-
UCKNoYawlmne uan npoTMBopeyaline Apyr
ApYry 3ajaun. BosHukaetr npobnema MHoro-
nonb30BaTeNbCKOro A0CTyna K pecypcy. Ana
peleHuns 31oi npobnembl G6bin10 paspaboTaHo
cneuuanbHoe nporpammHoe obecneyeHue,
pasmelyaemoe B 06/1ayHbIX cepBucax, no3so-
nALLee BHEWHNM KANeHTaM UAN NPUNOKEHN-
AM, UCnonb3ya cneunanbHoe API, npon3BoanTbL
paboty ¢ KoHTponnepamu VMIM2300 B 0ob6uwen
cpefe, He co3faBas nomex Apyr apyry. lpo-
rpammHoe obecnedyeHne paspabaTbiBanochb
Ha cTeKe TexHonorui ot Microsoft. B kayecTBe
OCHOBHOTO A3blKa NPOrpaMmMM1poBaHNA onuca-
HUA NornMKM 06paboTKM KOMaHA yCTPOMCTBAMM
IM2300 n Bera CM-13 ncnonb3oBanca A3blK F#
¢ ucnonxawouwen cpegoi dotnet core 3.1. Mpu-
Mep KoAa npuBefieH Ha pucyHke 2. B kayectse
OCHOBHOM napagurmbl F# uncnonb3yer dyHK-
LMOHanbHoe NporpamMmmMnMpoBaHMe U COLEPKUT
peanv3auuto anrebpanyecknx TUMOB AaHHbIX,
4TO N0O3BONIAET NMCaTb Honee NPOCTON U HAZEX-
HbI KO, Nporpammbl. Takxe 6bin MCNob30BaH
(hperiMBOPK N8 MOCTPOEHNA pacnpefeneHHbIx
BbluncneHuit Microsoft Orleans [7].

[ns HarnAfHOCTM U NMPOBEAEHUS 3Kcnepu-
MEHTOB TaKe 6bi10 pa3paboTaHo Be6-npuio-
XeHue ¢ rpaduyeckum nHTepdeicom nonb3o-
BaTena AnA B3aWMOAENCTBUA C YCTPOWCTBOM,
ncnonb3youiee BbiweynomaHytoe APl [na
npoBepku pabotocnocobHocTM GbiNo Npon3Be-
LEHO CYMTbIBAHWE MoKa3aTenen U3MEepEeHHbIX
3HaYeHU HEeCKONbKWUX KaHanoB KOHTponnepa
MIM2300. lpunoxeHne no3sonfeT CYUTbIBATH
oTAeNbHble KaHanbl B peasbHOM BpemMeHu WUiu
CYUTbIBATb MOKA3aHWA HECKONbKUX KaHanoB
cpasy, ecTb BO3MOXHOCTb YCTaHOBUTb Nepuo-
AMYECKOe CYMTbIBAHWE KaHaNoB W Bbifayy pe-
3yNbTaTOB KakK NMOTOK AaHHbIX BHELWHUM CepBU-
cam (puc. 3).

Mpon3BecTn cynUTbIBAaHME U3MEPEHHbIX
[aHHbIX B 4YepTe ropoja yaanocb Ha paccro-
AHUN 6 KM Mexay KoHTpoanepom VMIM2300 u

(HHHHH

Puc. 1. [Todknto4eHue nepsuyHbix damyukos k npubopy VIM2300
Fig. 1. Connecting primary sensors to the IM2300 device

[<AllowNullliteral>]
type GrainCommandHandler<'TState, ‘'TCommand, ‘TEvent, 'TError, ‘TLogger> (grainld :string,
grainType: string,
producer :'TState -> 'TCommand -> Result<'TEvent,'TError>,
state: unit -> 'TState,
commit :'TEvent -> Task,
publish :'TEvent -> Task,
errorHandler :'TError -> Exception,
logger : ILogger<'TlLogger>) =

member this.Handle (command :'TCommand) :Task=
logger.LogInformation("Grain {@type} {@grainld) Wauan o6paboTky xowawgs {command}", grainType, grainld, command)
let s = state()
task {

match producer s command with
| Ok event ->

do! commit event
logger.LogInformation("Grain {@type} {@grainld)} saduxcuposan cobuTue {event}", grainType, grainld, event)

do! publish event
logger.LogInformation("Grain {@type} {@grainId} nepegan cobusue {event}", grainType, grainld, event)
return Task.CompletedTask
| Error e ->
logger.LogError(" {@type} {@grainId) swssan owubky {error}", grainType, grainld, e)
return Task.FromException(errorHandler e)

Puc. 2. [lpumep npo2pammHo20 K00a Ha A3bike F# 0n4 onucaHusa no2uku 06pabomku KoMaHo
ycmpotcmsamu MM2300 u Beaa CU-13

Fig. 2. An example of program code in the F # language for describing the logic of command
processing by the IM2300 and Vega SI-13 devices
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wnio3om Lora. 310 ABNAETCA XOPOWMM MoKa-
3arenem, NOCKONIbKY B ropoje rapaHTupyer-
CA AanbHOCTb Mpvema M nepejayu curHana
2-5 KM, TOrAa KaK Ans 3aropoAHON MECTHOCTH
3TOT NoKasatenb cocTaBaseT 30 Kkm [6].

Utoru
MoKa3aHbl BO3MOXHOCTM paboThbl TENNO3HEPTO-
KoHTponnepa MIM2300 B ceTax Lora.

BbiBoAbl

Pe3synbTaTbl NoKa3sbiBalOT, YTo paspaboTaHHoe
nporpammHoe obecrneyeHre M BO3MOXHOCTM
NONYYEeHUA [AaHHbIX C TEemnN03HEPrOKOHTPON-
nepa WM2300 B cetn lloT, npumeHsemble
AN ONepaTMBHOrO MOHWUTOPMHra paboTbl He-
(TAHBIX CKBaXWH, MOTYT ObiTb pacliMpeHbl
c ucnonb3oBaHuem ceteii Lora [8].
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