OTKpbITbIE MHPOPMALIMOHHbIE N KOMMbIOTEPHbIE MHTErPUPOBaHHbIE TexHonornn, Ne 85, 2019

doi: 10.32620/0ikit.2019.85.10

YK [004:504]:[004.5:519.687.1] B.B.HapoxHbin, A.C. Hasapos, T.I.[lertapesa

HccnenoBanne aTyuka temmnepatypbl DS18B20 Wi-Fi moayaem
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lMocnenHee gecatuneTne xapakrtepusyetcs naBMHoobpasHbiM passuTnem B Internet of Things
(IoT). Tenepb I0T onpenensetrca MexayHapoaHbIM COH30M 3MEeKTPoCcBA3U U EBponenckum
nuccnepoBaTenbCckum knactepom loT: aguHamuyHasa rnobanbHas ceTeBasi UHppacTpykTypa ¢
BO3MOXHOCTbIO CaMOHACTPONKM Ha OCHOBE CTaHAapPTHbIX U COBMECTMMbIX NMPOTOKOSIOB CBA3M.
0T NoAHANCS Ha Ka4yeCTBEHHO HOBLbINM YPOBEHb Brnarogaps akTMBHOMY pa3BuTuio VIHTepHeT 1
MUKPOMPOLIECCOPHOM  TeXHMKU. [pyrumu  daktopamu, Cnoco6CTBYOWMMKM  ObICTpOMY
pa3suTUio 10T, ObINKM pacnpocTpaHeHue oOnayHbIX BbIMMCIEHWMA U GECnpoBOAHLIX CETEN.
MaccoBoe BHegpeHue |0T TpebyeT NOBbILLEHNSA HAOEXHOCTM UX paboTbl.

CosgaHne 10T BbIBENM Ha HOBbIA YPOBEHb TAKOWM BaXKHbIA CErMEHT TEeXHUYECKUX
nccnenoBaHU Kak pas3paboTka OTKa3oyCTOMYEBbIX peweHnin. OQHON M3 BaXKHbIX NMOACUCTEM
Takoro npuUMEHeHNsa SBNAEeTCS [OeTeKTUpoBaHWe U3NYECKUX napameTpoB pasnUyHbIX
YCTPOWCTB B pexXume peanbHOro BpemMeHW. Bo MHOrMx HanpaBneHusix COBPEMEHHbIX
TEXHOMOrMYeCcKNX MpOLLEeCCOB U  (U3BNYECKUX UCCNeaoBaHUAX 3HaA4YMMon  PU3NYECKOM
XapakTepucTukon 4aensieTcsa TemnepaTypa. B paboTte onucaH annapaTHO-NpoOrpamMMHbIN
KOMMMeKC Ans MNOAKMYeHua mnsameputens TemnepaTtypbl (fatyumka) DS18B20. Komnnekc
paspabotaH ana  uccrnegoBaHus — obecrneveHust OTKa30YCTOMYMBOCTU — U3MEpPEeHUi
TemnepaTypbl B 10T. B kadecTBe 6510ka ynpaBrneH1st KOMMIEKcoM ucnonb3oBaH Wi-Fi mogynb
NodeMCU V3 Ha 6a3e ESP8266.

MOHUTOPUWHI NPOU3BOAUTENBHOCTU AATYMKOB SIBNSIETCA KPUTUYECKN BaXKHBIM, MOCKOSMbKY BCH
pabota cuctembl 0T BO MHOrom 3aBUCUT OT MHAOPMaLUKM MOMy4aeMOn C OaTYMKOB.
HagexXHocTb OaTuMKkoB SIBMSIETCS] Cepbe3Hon npobnemon, Tem Gonee 4TO apxuTekTypa
aBTOHOMHOM cucTembl |0T BknwoyaeT B ceba 3agaun: BocnpusATME, JoKanu3auus,
nnaHWpoBaHWe, ynpaBneHve W YynpaeneHne cuctemamu, KoTtopble oBMeHuBatTCH
nHpopmaumern apyr ¢ gpyrom. oatomy, ogHa HEMCNPaABHOCTb MOXET NPUBECTU K ONacHOMY
nosegeHuto cuctemsl loT.

OTkasoycTonumBocTb paboThl 10T gBRNsSeTCA BaXHbIM HanpaBneHWEM COBPEMEHHbIX CUCTEM.
WccnenoBaHne BO3MOXHOCTM obecnevyeHusi OTKa3oyCTOMYMBOro (pyHKUMOHMpoBaHUSA 0T
SABNAETCH aKkTyanbHOW 3afjaden. [ins npoBedeHns Takux nccrnefoBaHun Obinu paspaboTaHbl
annapaTtHoO-nporpamMmMHble cpeacTea.

Knroyesbie cnoesa: DS18B20, NodeMCU, MO, ESP8266, 1-Wire, arduino, Android, loT,
OTKa30yCTONYNBOCTb.

BBegeHue

B cratbe paccmaTpuBaeTcs annapaTtHO-NMporpaMMHble cpeacTBa  Ans
nccnegoBaHs BO3MOXHOCTHU OTKa30yCTONYNBOIO NPUMEHeHNa  aaTyuka
TemnepaTtypbl DS18B20 B cuctemax loT. [lpegnoxeHa cxema nNOAKNIOYEHUS
n3MepuTensa TemnepaTypbl Yepe3 MUKPOKOHTponnepHyto cuctemy NodeMCU V3 Ha
b6asze ESP8266 c oTobpaxeHMeM MOHUTOPUHra [aHHbIX Ha YCTPOMCTBax C
onepaunoHHon cuctemon Android. Takaa koHdwurypauus no3BonsieT ObICTpo
nepenTn ot paspaboTkn K nccrnenoBaTesibCKOnM YacTu.
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1. AHanu3 TeKyLlero npeactaBreHusi NpobnemMbl

TexHonorma OTKa3oyCTOMYMBOrO ynpasfeHWss OCHOBaHa Ha B3avMOCBA3U
mexagy obnactamMm CUCTEMHOrO MOAENWPOBaHUS, Teopuen ynpaefeHus W
ANarHOCTUKOW HeucnpaBHOCTEN. HecKkonbko MeTogoB M MeTogonornn B obnactu
OTKa30yCTOMYMBOCTU paccMaTpumBaloTcs B 0630pHbIX AOKymMeHTax [1,2,3,4,5,6,7]

OgHum 13 nuaepoB NpomM3BOACTBaA OaTyYMKOB sABNsieTcss komnaHwen Dallas
Semiconductor (Maxim Integrated) [8]. LUupokoe pacnpocTpaHeHue nony4nnu
aatymkm mameputenu Temnepatypbl DS18B20 [9]. lMpocToTa wMCNonb30oBaHUS W
NOOKIIOYEeHUs caenann ux nonynsapHbiMu Ha pblHke l0T. [MogkniodeHne Kk 10T
npoussBoauTCH No wuHe 1-Wire — gByHanpaBneHHas LUMHa CBA3M AN YCTPOUCTB C
HW3KOCKOPOCTHOM nepedadven faHHbix (06blvHO oT 15,4 Kbut/c go 125 K6ut/c).
DS18B20 paspaboTtaHbl komnaHmen Dallas Semiconductor, n npu3BaHbl HanaguTb
NoNyaynineKkCHy CBA3b BCEro No 0AHOMY CUrHanbHOMY MpoBOAy. Takke BO3MOXHbI
BapuaHTbl UCMOSb30BaHMUA NapasnTHOrO MUTaHUSA NO NUHUKM OaHHbIX. NS CBA3M C
yctponctBom 1-Wire TpebyeTca Bcero 2 nposoda, OAVMH CUrHasnbHbIN, BTOPON —
3asemneHne. Komnanua Dallas (M no3xe kynumBlias ee Maxim) BbinycKalT MHOMO
YCTPOMUCTB C WnHoun 1-Wire. 3To TepMoOMeTpbI, KaneHgapu, gatdnkm, namatsb [10].

MaccoBoCTb M [OOCTYMHOCTb TakMX [AaTyMKOB MNPUBENN K YacTOMy WX
ncnonb3oBaHuMi B cuctemax |oT. Takaa cuTyauma [g[enaet akTyalnbHbIM
nccnegoBaHve BO3MOXHOCTUM ObBecneyeHus OTKa3oyCTOMYMBOMO MPUMEHEHUS 3TUX
AaTYMKOB.

2. OnucaHune patymka DS18B20

LUndposon tepmometp DS18B20 (puc.l) moxeT BbldaBaTb MHMOPMALMIO B
dopmaTte 9-12 BUT JaHHbIX AKBUBASNEHTHbLIX M3MEHEHNAM TeMnepaTypbl B Llenbcusx.
MmeeT  yHKUMIO  TpeBOrM C  OHEProHe3aBUCMMOW  BEpXHeW  4acTblo,
nporpaMMupyeMon nornb3oBaTterieM U HWKHEW TO4kM 3anycka. DS18B20
cBA3blBaeTcsa no wuHe 1-Wire, KoTopasi no onpegeneHnio TpebyeT TONMbKO OAHY
NNHWUIO AaHHbIX (M 3eMns) AN CBA3U C LeHTpanbHbIM MUKPONPOLIECCOPOM.

Kaxxgbin DS18B20 mmeeT yHuUKanbHbIn 64-6UTHBIM NnocrnegoBaTesbHbIA KoA,
KOTOpbIN No3BonseT HeckornbkuMm DS18B20 paboTtaTb Ha ogHoun 1-Wire wuHe [9].

OcCHOBHbIe XapakTepuUCTUKN gatymka Temnepatypbl DS18B20 [9]:

 norpelwHocTb namepenus — 0,5 °C (amanasoH ot -10 °C go +85 °C), 4to He

TpebyeT kannbpoBKy;

* MONHLIN TemnepaTypHbI AnanasoH ot -55 °C go +125 °C;

* BapuaHTbl HanpskeHus nutaHna ot 3,3B go 5B;

* MakcuMMmanbHoe paspelleHue npeobpasoBaHus — 12 6uT (MOXHO 3agaTb

NporpaMmmHo);

*  (OYHKUMS TPEBOXHOIO CUrHana;

e kKaxabih DS18B20 obrnagaeT CBOMM YHUKanbHbIM CEPUNHBIM KOogoM (64

ouT);

*  MOXHO MOAKMYNTbL A0 127 aTYMKOB K OAHOW NHUK cBA3n 1-Wire;

* CYLIECTBYET PEXMM MNapasvMTHOrO MUTaHUA — B HEM MPOUCXOAUT NUTaHUE

HaNPAMY OT JIMHUN CBA3WN.

YcTponcTea, B KOTOPbIX MOXHO Mcnonb3oBatb DS18B20: cucteMbl KOHTpONSA
OoKpyXawLwen cpedbl, CUCTEMbl KOHTPOSS TemnepaTtypbl BHYTPU  30aHUMN,
obopyaoBaHus NN MaLLVH, N CUCTEMbI KOHTPOMS U ynNpasfieHnsi Npoueccom, loT.
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Puc.1. CtpykTtypHasa cxema pabotel DS18B20

3. OnucaHue MUKpOoKoHTponnepHon cuctembl NodeMCU V3 Ha 6a3e ESP8266

Ynpasngembin nepegatyuk NodeMCU [11] — nnatdopma C OTKPbITbIM
ncxogHbIM kogom IoT. OH BKNOYaeT NpoLMBKY, KoTopasi pabotaet Ha ESP8266 Wi-
Fi SoC ot Espressif Systems 1 annapatHoe obecneyeHne, OCHOBaAHHOE Ha mMoayne
ESP-12 [12]

ESP8266 — mukpounn Wi-Fi ¢ nonHeim ctekom TCP/IP 1 BO3MOXHOCTbIO
MUKPOKOHTpOMnepa, npoussoanmbin Espressif Systems B LlaHxae. TepmuH
«NodeMCU» no ymonyaHui OTHOCUTCS K MpOWMBKE, a He K KOMMseKkTam
pa3paboTkn. ESP8266 npeacraenser cobon aBTOHOMHOE CETEBOE pelueHne ang
ceten Wi-Fi. Mogynb oOcHaweH BCTpOeHHbiM USB-pa3beMoM M BbiBOgaMW AN
nogkntodeHms. NodeMCU nogknovaeTca ¢ nomouwbio Mukpo-USB  kabensi K
HOYTOYKY MM nepcoHanbHOMY KOMMbIOTEPY C YCTAHOBMEHHLIM MPOrPaMMHbIM
obecneyeHunem Arduino [13].

Arduino — annapaTHO-nporpaMMHoOe o0GecneyYeHnsa C OTKPbITbIM WUCXOOHbIM
Kogom, Ansa paspaboTkM nporpaMMHOro obecnevyeHns MUKPOKOHTPOSNEPHbIX
YCTPOWCTB.

AnnapaTHoO-NporpamMHbIN -~ KOMMMAEeKc (puc.2) CocTouT U3 ynpaBnsemoro
nepepatumka (NodeMCU + DS18B20), Touku poctyna WiFi u yctponcrtBa Ha
onepaunoHHon cucteme Android [14] (puc.3).
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Puc. 2. AnnapaTHo-nporpamMHbii komnnekc (DS18B20 + Node MCU)
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Puc. 3 — MNMoakntoyeHne DS18B20 ¢ Node MCU «k yctponcTsy Ha Android

Mpepnaraetca ucnonb3oBaTb COBPEMEHHbLIE YCTPOMCTBA MOOWIBHOW CBA3MN
(cmapTdOHbI, NAaHWeTbl) ANA COo34aHus NPOrpaMMHOro MNaketa aBToMaTusaumm
npouecca nccnegosanum (puc.3).

®PyHKUMKM, KOTOpble  MOryT ObiTb  BbINOSHEHDI
NporpaMMHOro nakeTa aBToMaTmsauum npolecca nccnegosaHm

e OTnpaBka CoObLEeHN Ha MOBUIbHbIE YCTPOWCTBA;

* (bopMMpPOBaHME OTYETHOCTU C UCMNOSIb30BAHNEM CTATUCTUKN;

C  ucnosb3oBaHUEM
n:
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* 00630p NPOU3BOANTENBHOCTU B PEXMME pearlbHOro BPEMEHM.

PaspaboTtaH cneumanunanpoBaHHbin nakeT MO gnsa aBTomaTm3aumm npouecca
nccnegoBaHnda. Asblk nporpammupoBaHna — Java. OnepauuoHHast cuctema —
Android. WHTerpupoBaHHas cpega paspabotkm — Android Studio. Tpebyemoe
AOMNONHUTENBHOE NporpammMmHoe obecneyeHne — BupTyanoHas MawwmnHa Java (JVM).

BbiBoabl

Ctatba onucbiBaeT annapaTHO-MPOrpaMMHbIA KOMMMEKC ANS NOOKITHYEHUS
Aatyamka TemnepaTtypbl DS18B20. Komnnekc paspabotaH nns uccrneaoBaHus
BO3MOXHOCTU ObecneyeHnss OTKa3oyCTOMYMBOCTM M3MEPEHUn TemnepaTypbl B l0T.
[Ons ynpaBneHus komnnekcom mcnonb3oBaH Wi-Fi mogyns NodeMCU V3 Ha 6ase
ESP8266 n nporpammHass cpega paspaboTtkum Arduino. B kayectBe cuCTEMBI
oTobOpaxkeHus U ynpaBreHus uccrnegoBaHusamMm paspabotaHo MO Ha 6ase cpeabl
pa3paboTkm Android Studio ansa ycTponcTB Ha onepaunoHHon cucteme Android.
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Jocaimkenns naTuyuka tremneparypu DS18B20 Wi-Fi moxynem
NodeM CU V3 ESP8266

BnpoooBX OCTaHHLOrO [OEeCcATUpIYYS XapaKTepuayeTbCs NaBUHONOLIGHUM
po3sutkom B Internet of Things (IoT). Tenep loT Bu3HayaeTbca MixHapogHUM
COIO30M EeNeKTPO3B'A3KY i €BPONENCbKMM A0CAIOHMLBKMM KractepoM loT: aAnHamivHa
rnobanbHa mepexeBa iHPPaCTPYKTypa 3 MOXIMBICTIO CAMOHACTPOKOBAHHS Ha OCHOBI
CTaHOApPTHUX i CYMICHUX MPOTOKOoMiB 3B'A3Ky. |0T NigHABCA Ha SKICHO HOBUW piBEHb
3aBOSKM aKTMBHOMY PO3BUTKY |HTEpHeT i MiKponpoueCopHOT TEeXHiKW. [HWnumMmu
drakTopamn, WO CNpusiioTb LWBMAKOMY pPO3BUTKY |0T Oynu NOWMPEHHA XMapHUX
obuncneHb i 6esgpoToBnx Mepex. Macose BnpoBaaKeHHA 10T BMMarae nigBuLLEeHHS
HadiNHOCTI X poboTw.

CTBOpeHHS |0T BUBENM HA HOBUW PiBEHb TaKUW BaXXITMBUWA CErMEHT TEXHIYHUX
AOoCnifgkeHb SIK po3pobka BigMOBOCTINKMX pilleHb. OaHiE 3 BaXXnNuBMX NigCcUCTEM
TaKoro 3aCTOCYBaHHA € AeTeKTyBaHHSA (i3N4HMX napamMeTpiB pPi3HUX NPUCTPOIB B
peXnMi peanbHoOro yacy. ¥ 6aratbox HanpsamKax Cy4aCHUX TEXHOMNOMYHUX NPOLECIB i
Qi3NYHMX JOCNIXKEeHb 3HA4YYLLO (PI3MYHOK XapaKTepUCTUKOK € Temnepatypa. Y
pobOoTi onuMcaHo anapaTHO-MPOrpaMHUN KOMMSEKC ANA NiAKMIOYEHHA BUMIiptoBaya
Temnepatypu (gatuvmka) DS18B20. Komnnekc po3pobnenHnin ana [OCNIAXKEHHS
3abe3neyeHHs1 BiAMOBOCTINKOCTI BUMiptoBaHb TemnepaTypu B l0T. B skocti 6noky
yrnpaBniHHA KOMMIEKCOM BUKOPUCTAHO MiKpoKoHTponepHun Wi-Fi moayns NodeMCU
V3 Ha 6a3i ESP8266.

MOHITOPUHI NPOAYKTUBHOCTI AaTYUKIB € KPUTUYHO BaXXNIMBWUM, OCKiSTIbKM BCHA
pobota cuctemmn loT Garato B YoMy 3anexuTb Big iHdopmauil ogepxyBaHoO! 3
aaTtyukiB. HapinHictb patumkiB € cepro3Ho npobnemoto, TuM  Oinblie  Wo
apxiTektypa aBTOHOMHOI cuctemu loT Bkmovae B cebe 3aBOaHHA. CPUNHATTS,
nokanisauis, nnaHyBaHHS, ynpaBniHHA | ynpaBmniHHA cucTeMaMu, siKi O6MIHIOITbCS
iHpopMaujieto ogHa 3 ogHow. ToMmy, OOHa HecnpaBHICTb MOXe npuBecTu O
Hebeane4YHoi noBeaiHkM Beiei cuctemu loT.

BigmoBocTinkicTe po6oTn 10T € BaXnMBMM HaNPSIMKOM CY4YaCHUX CUCTEM.
JocnigpkeHHa MOXIMBOCTI 3abe3neyeHHs BiAMOBOCTIMKOrO (yHKLiOHYBaHHA 0T €
akTyanbHUM 3aBaaHHaAM. [na npoBefeHHs Takux JOochigkeHb Oynu po3pobneHi
anapaTHO-nporpamHi 3acobu.

KnwouoBi cnosa: dsl18b20, NodeMCU, [13, ESP8266, 1-Wire, arduino,
Android, 10T, BiAMOBOCTINKICTb.

DS18B20 Wi-Fi Temperature Sensor Study by NodeM CU V3
ESP8266 M odule

The past decade can be characterized by the accelerating Internet of Things
(IoT) development. Currently, the European Research Cluster on the Internet of
Things (IERC) defines IoT as a dynamic global network infrastructure with the
possibility of self-tuning based on standard and compatible communication protocols.
The Internet and microprocessor technology development caused the rise of IoT.
Other factors influencing the rapid IoT development were cloud computing and
wireless networks popularity growth. As a result, the widespread use of 10T required
an increase in the reliability of the devices.

In many areas of modern technological processes and physical researches,
the temperature is a significant physical characteristic. The paper describes the



OTKpbITbIE MHPOPMALIMOHHbIE N KOMMbIOTEPHbIE MHTErPUPOBaHHbIE TexHonornn, Ne 85, 2019

hardware and software complex connecting the DS18B20 temperature meter
(sensor). The complex is designed to study the fault-tolerance of temperature
measurements in 10T. The Wi-Fi module NodeMCU V3 based on ESP8266 is applied
as a control unit of the complex.

The loT appearance brought to a new level such an important segment of
technical researches as the development of the fault-tolerant solutions. One of the
important subsystems of such an application is the physical parameters detection of
various devices in real-time. The temperature is a significant physical characteristic in
many areas of modern technological processes and physical researches. The
hardware and software complex for connecting a DS18B20 temperature measurer
(sensor) is described in the paper. The complex is designed to examine the
temperature measurement fault-tolerance in 10T. The Wi-Fi module NodeMCU V3
based on ESP8266 is applied as the complex controller.

As far as the work of 10T depends mainly on the information provided by the
sensors, the sensor performance monitoring is critically important. The autonomous
system architecture of 10T includes such tasks as perception, localization, planning,
management and control over systems exchanging information with each other. For
this reason, the reliability of the sensors is of high concern. Therefore, one failure can
lead to the 10T system dangerous behavior.

The loT fault-tolerance is an important direction of modern systems design.
The research of the ensuring possibility of the IoT fault-tolerance functioning is an
urgent task. For such studies, hardware and software complexes are developed.

Keywords: DS18B20, NodeMCU, software, ESP8266, 1-Wire, Arduino,
Android, 10T, fault-tolerance.
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