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Po3paxyHkoBo- nosicHioBanbHa 3anucka: 108 ctopiHok, 36 pucyHkiB, 3 Tabnuuj,

25 nocunaHs.

O6'ekTOM [OCHIMKEHHS € cucTema TenemeTpii Ha 6asi Bluetooth-mopyns

CC2541, wo 3abesnevye 6e3npoToBy Nepenady TenemMeTpuyHnX AaHux 3a
TexHonorieto Bluetooth Low Energy 4.0.

MeTta poboTtu — po3pobneHHsi cuctemn TenemeTpii Ha 6asi BLE-moayns

CC2541, wo BKMNoYae anapaTHUA BUMIpIOBarbHWA BY3051, MPOTOKOMN nepefadi AaHnx
Ta nporpamHe 3abe3neyeHHst NpuiMansHOT CTOPOHW A4S NepCoHanbHOro kKomn'rotepa
Ta MOBIinNbHOro NPUCTPOIO.

Y nepLiomMy po3aini npoBeaeHo aHania npegmeTHoOT obnacTi: po3rnsiHyTo

NOHATTS TenemeTpii Ta ii 3aCTOCyBaHHS B aBTOMATU30BaHMX CUCTEMAX, BUKOHAHO
NOPIBHSAMbHUIA aHarni3 TexHororin 6e3apoToBOI Nepeaadi AaHMX. Ta BUKOHaHO
MOPIBHSAMbHUIA aHani3 icHytoumMx pileHb Ha 6a3i BLE-moaynis.

Y opyromy po3gini 3aiicHeHo po3pobneHHsi anapaTHOro Ta NporpamMHoro
3abe3neyeHHs cuctemmn TenemeTpii. Po3rnsHyTO apXiTekTypy Ta TeXHiYHi
XapaKTepucTvkM MikpokoHTponepa CC2541, 6ynosy Ta po3niHoeky mogyns HM-10,
iHTepdperic UART Ta cuctemy AT-komaHna. BukoHaHo BuGip Ta 06rpyHTyBaHHS
nparumkis: DS18B20, MPX5700, ADXL345, INA219. Po3pobneHo dyHKLioHanbHy
CXEMY CUCTEMMU, PO3POGIEHO NporpaMHe 3abe3neyeHHst MIKPOKOHTPOSIEPHOTO BY3ny
Y TpeTboMy po3zini NpoBeAeHO KOMMNIEKCHE TECTYBaHHSI CUCTEMU BIANOBIAHO

[0 po3pobneHoi meToamku. BrkoHaHo nepesipky aatyukis, AT-komana mogyns HM-
10 Ta BLE-3'egHaHHsA y TpbOX cueHapisix. MpoBegeHo BUMiptoBaHHS AanbHocTi BLE-
3'elHaHHS Ha BiacTaHaX Big 5 Ao 40 meTpiB y NpUMILLEHHI Ta HaABOPI, @ TaKoX
aHari3 oTpMMaHuX pe3ynbTarTiB i NOPIBHAHHA 3 BUMOraMmu TEXHIYHOIO 3aBAaHHS.
TENEMETPIA, BLUETOOTH LOW ENERGY, CC2541, HM-10,

ARDUINO, BE3POTOBA MNEPEJAYA OAHWX, OATHUKW, MPOTOKON
MEPEOAMI, MPOIrPAMA-KITIEHT.

BSTRACT Calculation and explanatory note: 108pages, 36 figures, 3 tables, 25 references. The object of the study is a telemetry system based on

the Bluetooth module
CC2541, which provides wireless transmission of telemetric data using Bluetooth

ow Energy 4.0 technology.

he purpose of the work is to develop a telemetry system based on the BLE
module CC2541, which includes a hardware measuring node, a data transmission
protocol and receiving side software for a personal computer and a mobile device.
The first section analyzes the subject area: the concept of telemetry and its
application in automated systems are considered, a comparative analysis of wireless
data transmission technologies is performed. and a comparative analysis of existing
solutions based on BLE modules is performed.
The second section develops the hardware and software of the telemetry
system. The architecture and technical characteristics of the CC2541 microcontroller,
the structure and pinout of the HM-10 module, the UART interface and the AT-
command system are considered. The selection and justification of the sensors:
DS18B20, MPX5700, ADXL345, INA219 are performed. The functional diagram of
the system is developed, the software of the microcontroller node is developed
In the third sectiocomprehensive testing of the syste carried out in accordance with the developed methodology. The sensors, AT-
commands of the HM-
10 module and BLE-connection are checked in three scenarios. The BLE-connection
range is measured at distances from 5 to 40 meters indoors and outdoors, as well as

the analysis of the results obtained and comparison with the requirements of the
technical specifications.

TELEMETRY, BLUETOOTH LOW ENERGY, CC2541, HM-10, ARDUINO,
WIRELESS DATA TRANSMISSION, SENSORS, TRANSMISSION PROTOCOL,
CLIENT PROGRAM.
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CyyacHuWn po3BUTOK MPOMUCIOBOI aBTOMaTu3aLlii, poboToTexHikun Ta
KOMM'IOTEPHO-IHTErPOBAHNX TEXHOMOTIN BUCYBaE AeAari BULL BUMOTK 4O CUCTEM
360py, nepenadi Ta 06pobkn faHux y peanbHoMy yaci. TenemeTpis — sk
TEXHOSOTis1 AUCTaHLUINHOro BUMiptoBaHHS (hidn4YHUX napameTpiB 00'ekTiB Ta
nepefadi oTpMMaHMX AaHUX Ha BiACTaHb — € HeBiA'€EMHOI0 CKINaA0BO Cy4YacHMX
aBTOMAaTU30BaHVX CUCTEM KepyBaHHS. BoHa 3HaxoauTb LUMPOKe 3aCTOCYBaHHS B
NPOMWCNOBOCTI, MeANLMHI, TPaHCMOPTI, CiNlbCbKOMY rocnoAapcTBi, cuctemax
po3ymHoro byauHky Ta iHTepHeTi pedelt (loT). KntoyoBoto BUMOro A0 Takmx
CUCTEM € HafiHICTb, eHeproeeKTUBHICTb Ta MOXIMBICTb 6€30pOTOBOT Nepeaavyi
naHux 6e3 npuB'a3kM A0 NPOBiAHOT iHpacTpykTypu. TpaaumuiiHi npoBiaHi
pilleHHs1, xoya i 3abe3nevytoTb BUCOKY CTabinbHICTb KaHany 3B'A3Ky, CyTTEBO
0BMeXytoTb MOBINbHICTE 06'EKTIB MOHITOPUHTY, NiABULLYIOTE BapTICTb MOHTaXy Ta
o6cnyroByBaHHs, a TaKOX YCKNaAHOTL MacluTabysaHHs cuctemu. Came Tomy
6e3apoToBI TexHonorii nepefadi AaHux cTatoTb Aefani 6inblu 3aTpebyBaHUMK SK B



akafgemiyHoMy cepefoBULL, Tak i B MPOMMUCIIOBOMY CEKTOPI.

Cepep cyvacHuUx TexHormorii 6e30poToBoro 3B'A3ky ocobnuee micue 3anmae
Bluetooth Low Energy (BLE) — ctaHgapT, wo 6yB BBeAeHWI y cnieuumdikauiio
Bluetooth 4.0 i opieHTOBaHW1 came Ha 3acTOCYBaHHS 3 HU3bKUM
eHeprocnoxveaHHaM. Ha BigmiHy Big knacuyHoro Bluetooth, TexHonoriss BLE
[03BOJISIE NPUCTPOSIM MpaLoBaTh Bifi aBBTOHOMHUX [KEPEN XXUBIIEHHS NMPOTAroM
TpUBaNoro Yacy — Bif KiflbkoX MicsILiB A0 KiflbKOX pOKiB 3anexHo Big
iHTEHCUBHOCTI NepeaYi AaHWX, — WO € KPUTUYHO BaXXIUBUM AN MOBInNbHUX Ta
BOynoBaHux cuctem Tenemetpii. Came LS BNacTUBICTL 3yMOBMIIA CTPiMKe
nowmpeHHs BLE y ranyssax npoM1cnoBoi asToMaTtusadii, MEAUYHOro MOHITOPUHTY,
pPO3yMHUX BYOUHKIB T8 HOCUMOI €NeKTPOHiKkW. MopiBHSHO 3 iHWKMK 6e30poTOBMMMU
TexHonoriamu, Takumm sik Wi-Fi, ZigBee abo LoRa, npotokon BLE Bupi3HaeTbCs

3m. Apk. No gokym. Mign. Aata
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ONTUMarnbHUM NOEAHAHHAM HU3bKOrO EHEPrOCNOXUBAHHS, JOCTaTHBOI MPOMYCKHOT
30aTHOCTI ANs nepegadi TeneMeTpuyYHMX AaHnX, LUMPOKOK MiATPUMKOL 3 GOKy
Ccy4YacHUX cMapTdOoHIB Ta onepauinHUX CUCTEM, @ TaKOoX BiHOCHO HEBUCOKO
BapTicTio anapaTHoi peanisauii. Lli nepesarv pobnsite BLE ogHuMm i3 HaibinbLw

nepcnekTUBHUX CTaHZapTIB Ans nobyaoBu cuctem 6e34poToBOI TenemeTpii Manoro
Ta cepefHbOro pagiycy faii.

OpHMM i3 LIMPOKO 3aCTOCOBYBaHMX anapaTHUX pileHb Anst nobynosu BLE-
cuctem € MikpokoHTponep CC2541 BupobHuutea Texas Instruments —
cneujani3oBaHWiA OQHOKPUCTaNbHUIA NPUCTPIN, O NOEAHYE B cobi
MIKpOKOHTpOnepHe sapo Ha 6asi apxitekTypu 8051 Ta NOBHOMYHKLOHaNbHMIA
pagiomoaynb ctaHaapty BLE 4.0. Ha 6a3i Lboro MikpokoHTponepa CTBOpeHO
3HaYHY KifnbKiCTb roTOBUX MOAYIiB, 30KpeMa LUMpoKo Bigomuin moayne HM-10
KnTancbkoi komnaHii Jinan Huamao Technology. Lien moaynb peanidye nosHWii
BLE-cTek Ha anapaTHOMY piBHi Ta Haaae PO3pOBHUKY 3pyUHUiA iHTepderic
KepyBaHHs1 Yyepes3 AT-komaHam no iHTepdpency UART, Lo cyTTEBO cnpoLyye
pO3pO6KyY KiHLIEBMX MPUCTPOIB | CKOPOYYE Yac BUXOAY NPOAYKTY HA PUHOK.
3aBasiku TakoMy Migxoay po3pobHUK MoXe 30CepeauTUCh Ha norili poboTtu
KiHLEBOro NPUCTPOIO, He 3arnubniouncs y Aetani peanisadii BLE-cTeky Ha
HM3bKoMy piBHi. Mogynb nigTpumye pexumu Begyyoro (Central) Ta BegeHoro
(Peripheral) npucTtpoto, o ao3sonse OyayBaTti sik NPOCTi TONOSOrii «TOYKa —
TouKay, Tak i GinbLu cknagHi Mepexi 3 Kinbkox By3niB. Hanpyra xuBneHHs Moayns
cknagae Big 3,0 go 5,0 B, cTpyM CNOXMBaHHS B aKTUBHOMY pexuMi — 6nmabko 9
MA, a B pexxumi cHy — Big 50 o 200 MKA, Lo NiATBEPAXKYE NOro NnpuaaTHiCTb Ans
aBTOHOMHWX PilleHb.

AKTyanbHicTb TeMu HakanaBpcbkoi poboTn 06yMoBneHa 3pocTaounm

MONUTOM Ha KOMNaKTHi, eHeproedeKkTUBHI Ta JOCTYMHI 3a BapTIiCTIO cucTemMu
6e3apoToBOi TENEMEeTpIi ANs 3agay aBTomaTuaalii Ta MOHITOPUHTY. Y cydacHUx
yMOBax po3BUTKY KoHLenuii IHaycTpii 4.0 Ta iHTepHeTY peyen cucteMmn TenemeTpii
HabyBatoTb CTPATErYHOrO 3HAYEHHS SIK IHCTPYMEHT 3abe3neyeHHs Npo30pocCTi

3m. Apk. No gokym. Mign. ata
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BMPOBHMYMX NPOLIECIB, CBOEYACHOTO BUSIBMEHHS BiAXWUMEHb Bif HOpMK Ta
NPUAHATTS YNpaBniHCbKMX PilleHb HA OCHOBI aKTyanbHUX AaHux. HesBaxatoum Ha
LUMPOKMI BUBIP rOTOBUX KOMEPLIMHMX PillieHb, 3Ha4Ha YacThHa NPOMUCIOBHKX i
[OCMIAHULIBKUX 3a4a4 BUMarae po3pobreHHs BMacHKX cnewianisaoBaHnx cuctem,

afanToBaHMX N KOHKPETHI yMOBW ekcnnyaTadii, Habip BUMiptoBaHMX napameTpis
Ta BUMOru [0 iHTepdency kopucTyBada. Po3pobneHHs cuctemun TenemeTpii Ha 6asi
Bluetooth-moayna CC2541 € npakTM4HO 3HaYyLLUMM 3aBAaHHSAM, LLO NOEAHYE B COBI
NPOEKTyBaHHS anapaTHOi YacTUHU, PO3pobKy BOYAOBaHOro NPOrpaMHoOro
3abe3neyeHHs Ta CTBOPEHHS KNIEHTCbKOro NporpamHoro 3acoby Ans npuitomy 1
BiJoOpaxeHHs TenemeTpuyHux aaHux. Kpim Toro, AaHa TemMa mae 4itky npuknagHy
CNPSAMOBAHICTb | MOXe CyryBaTi OCHOBO ANS NOAANbLUMX AOCHIMKEHb Y ranyasi
npomucnosoro 0T Ta po3nogineHnx cUCTEM MOHITOPUHTY.

MeToto 6akanaBpcbkoi poboTn € po3pobneHHst yHKLioOHaNbHOI cucTemu
TenemeTpii Ha 6a3i Bluetooth-moayna CC2541, wo 3abe3nevye 36ip AaHuX 3
nigknioYeHnx gaTyumkie, ix 6e3apoToBy nepefady 3a TexHonorieto BLE Ta
BifobpaxeHHs Ha nepcoHanbHoMy komn'toTepi abo MoBinbHOMY NPUCTPOI.



[ns LOCSArHEHHS NOCTaBneHol MeTn HeobXiaHO BUPILLMTY Taki 3aaaui:

- NpoaHani3ysaTu icHytodi TexHonorii 6e3apoToBOI Nepeaadi AaHnx Ta
ob6r'pyHTYyBaTV BMbip BLE sik ocHOBM Ansi cuctemm Tenemerpii;

- BUBYUTM apXiTeKTypy MikpokoHTpornepa CC2541 Ta TexHiuHi
xapaktepuctukm mopyns HM-10;

- po3pobuWTY anapaTHy CXemy CUCTEMU TeNeMeTPIi 3 MiAKMYEHHAM AaTumKIB
[0 MIKPOKOHTPOMNEPHOro By3ny;

- po3pobuTK NporpamHe 3abe3neveHHs MiKpOKOHTPONEPHOro By3ny ANs
360py, NepBUHHOI 06PO6KK Ta Nepeaadi TenemeTpuyHNX AaHnx vyepes BLE-kaHanm;
- po3pobuTY Nporpamy-KnieHT Ans nepcoHanbHoro komn'totepa Ta/abo
MOBINbHOrO MPUCTPOLO OIS NPUROMY | BilOOpaXKeHHs1 AaHUX;

- MPOBECTU TECTYBAHHSI CUCTEMMW Ta OLIHWUTY Ti OCHOBHI XapakTepuCcTUKu:
[anbHicTb 3B'A3KY, CTabiNbHICTb 3'€AHaHHS Ta €HEeProCrnoXMUBaHHS.

3m. Apk. No gokym. Mign. ata
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0O06'ekTOM JocnimKeHHs € npouec 6e3apoToBOI Nepeaadi TenemMeTpuyHnX

[aHuX y cucteMax aBTomaTuaauii Ha ocHoBi TexHonorii Bluetooth Low Energy.
MpeomeToM AocnigKeHHs € cuctema TenemMeTpii, nobyaoBaHa Ha 6asi
Bluetooth-mogynsa CC2541 3 BukopuctaHHsm iHTepdenicy UART Ta npoTokony
BLE 4.0.

MeToam gocnigXeHHs. Y poboTi BUKOPUCTAHO METOAM CUCTEMHOrO aHanisy

Npu NPOEKTyBaHHI apXiTEKTYPU CUCTEMU, METOAM CXEMOTEXHIYHOMO NMPOEKTYBAHHS
npu po3pobLi anapaTHOi YacTUHK, MeToan 06'eKTHO-OPIEHTOBAHOIO Ta
npoLeaypHOro NporpaMyBaHHsi Mpy po3pobLi NporpamMmHoro 3abe3neqeHHs!, a Takox
eKkcrnepumMeHTanbHi METOAN NPY TECTYBaHHI Ta OLIHLi XapaKkTepuUcTUK po3pobneHoi
cuctemu. lNig vyac aHanisy npeaMeTHoi obnacTi 3acTocoByBaBCSH METO,
NopiBHANBHOrO aHanidy Anst Bubopy ontuMarnbsHoi 6e34poToBOT TeXHONorii Ta
enemeHTHoi 6a3u.

MpakTnyHe 3Ha4YeHHs poboTK nonsirae B TOMy, WO po3pobrneHa cucrema
TenemeTpii Moxe ByTW BUKOPUCTaHa ANs MOHITOPUHTY (i3NYHUX NapameTpiB y
nabopaTtopHMXx yMOBaXx, Ha BUPOBHULTBI, y cknagi MobinbHUX po6oTU30BaHUX
nnatdopmM, a Takox Kk OCHOBa A1 NOAANbLUOrO PO3LLUMPEHHS DYHKLIOHANbHOCTI y
pamMkax GinbLU CKrnagHMX aBTOMaTU30BaHUX KOMMIeKciB. Po3pobneHi nporpamHi Ta
anaparHi pilleHHs € BiATBOPIOBaAHUMY i MOXYTb OyTV aganToBaHi Ans LUMPOKOro
Kona nNpakTU4HMX 3a4ad y ranysi aBTomatusadii Ta pobototexHiku. OTpumaHi
pesynbTaTti TeCTyBaHHS AO3BOMSAOTh OLHATY 3aCTOCOBHICTb Moayns CC2541 ans
3a4ad NPOMUCIIOBOI TeNIeMETPIl Ta BU3HAUYUTU MeXi Noro ehekTUBHOMO
BMKOPUCTaHHSA B pearnibHUX ymoBax ekcnnyarawii.

. Apk. No gokym. Mign. Jata Apk. 12
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1.1 TloHATTA TenemeTpii Ta il 3acTOCYyBaHHS B @aBTOMATU30BaHUX
cuctemax

TenemeTpis (Big rpeubkmx cnie «tele» - naneko ta «metrony» -

BUMIipIOBaHHS1) — Lie TEXHONOrisi aBTOMaTU30BaHOro 36opy BUMiptoBanbHOT
iHdbopmauii npo ctaH o6'ekta abo npouecy Ta ii Nnepegavi Ha BiACTaHb A0 MYyHKTY
npunomy 1 o6pobku. MNMOHATTS TenemMeTpii OXONOE BECh NTAHLIKXKOK NepeTBOPEHb -
Bil NEPBMHHOIO BUMIPIOBaHHSA (Di3NYHOT BENUYNHN AaTYMKOM A0 NPEeACcTaBneHHs
pesynbraTty y 3py4HOMY OS5t aHanidy BUMsiAi HAa CTOPOHI cnoxusada iHpopmadlii.
TakuMm YMHOM, TENEMETPUYHA CUCTEMA € KOMMNIIEKCHWM PILLIEHHSIM, LLIO BKIOYaE B
cebe BMMiptoBanbHi nepeTBoptoBadi, 3acoby nepBuMHHOI 06pobKK curHanis, kaHan
nepefadi 4aHux Ta nporpamHe 3abesneveHHst Ans npuinomy, 3bepiraHHs i
BifobpaxeHHa TenemeTpuyHoi iHdbopmadii [1,2].

ICTOPUYHO NOHATTS TenemeTpii BUHWKIO Y 3B'A3Ky 3 NoTpeboto 3aincHIoBaTh
BMMIpIOBaHHS Ha 06'ekTax, AOCTYN A0 Skux ByB isnyHO ycknagHeHui abo
HeMOoXnMBMIA. MepLui TeneMeTpuyHi cucteMm 3'aBunuch y KiHui XIX — Ha novartky
XX cTOniTTS | BUKOPUCTOBYBANUCh NEPEBAXHO B METEOPONOrii Ta eHepreTuli.
3Ha4yHOro MoLUTOBXY PO3BUTOK TenemeTpii HabyB y cepefuHi XX cToniTTa B paMkax
KOCMIYHMX Mporpam, Konm BUHKKINA HEOOXiAHICTb OTPUMYBaTK B peanbHOMY Yaci
[aHi Npo cTaH 6opTOBKX CUCTEM pakeT Ta cynyTHUKiB. Came KocMidHa ranysb
cdopmyBana OCHOBHi BUMOTY 0 TENEMETPUYHUX CUCTEM: BUCOKA HaAiHICTb,
MiHiMaribHe eHeprocnoXmBaHHs, 3aBafoCTIVKICTb KaHarny 3B'A3Ky Ta 34aTHICTb 40



po6oTK B yMOBax AMHaMI4YHOro cepeoBmia. 3roqom Ui npuHumunm ynm
nepeHeceHi B NPOMUCIIOBICTb, TPAHCMOPT, MEAMLIMHY Ta 6araTo iHLWWX ranysewn.
Y cyvacHoMy po3yMiHHI TenemeTpisi € HEBIA'EMHOIO CKadoBOO
aBTOMaTM30BaHMX CUCTEM KepyBaHHs TexHororiyHumu npouecamu (ACKTI),

3m. Apk. No gokym. Mign. Aata
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CUCTEeM ANCMETYEPCbKOro kepyBaHHs Ta 36opy AaHux (SCADA), a Takox
pO3noaifieHnx cMCTEM MOHITOPUHTY Ha 6asi koHUenuii iHTepHeTy peveit (IoT).

BoHa fo3Bonsie B pexuvMi peanbHOro Yacy oTpuMyBaTu akTyanbHy iHdopmaldito npo
CTaH obnagHaHHsi, TeXHONOrYHNX NapameTpiB abo HaBKOMNWLLHBOTO CepeaoBuLLa,

LLIO € HEOOXiAHOK YMOBOK AN NPUNAHATTS CBOEYACHUX | 0BI'pyHTOBaHUX
ynpaBniHCbKUX pilleHb. BigcyTHicTb abo 3aTpumka TenemeTpuyHoi iHdopmalii B
aBTOMAaTN30BaHNX CUCTEMAxX MOXe NPU3BOANUTY A0 BUHUKHEHHS aBapiiHUX
CUTYaLiiA, 3HWKEHHS IKOCTI NpoAyKLii abo CyTTEBUX EKOHOMIYHUX 36UTKIB [3].
CTpyKkTYypHO ByAb-sika cucTema TenemMeTpii CKnagaeTbes 3 TPbOX OCHOBHUX
yHKUiOHanbHUX BriokiB. MNepLunii 6ok — BUMIpIOBanbHWUIA, WO BKIOYAE AaTYUKN
i3NYHNX BeNWUUH (TemnepaTypu, TUCKY, BONOTOCTi, NPUCKOPEHHS, Hanpyru,
CTPyMy TOLLO) Ta aHanoro-undpoBi nepeTBoptoBadi ANs oundpyBaHHS aHanoroBnx
curHanis. [pyrui 6nok — nepefasanbHUi, WO 3abe3nedye hopmyBaHHS NakeTis
[aHux Ta ix nepefady no kaHany 3B'si3ky — npoBigHoMy abo 6eagpoToBomy. TperTiin
6ok — NnpuiManbHWiA, WO 34iNCHI0E NPUIAOM, AeKodyBaHHs1, 30epiraHHs Ta
BiJOOPaxXeHHs TeneMeTpuyHX AaHux y 3py4yHoMy Ans onepatopa abo
aBTOMAaTU30BaHOI cucTeMu BUMSAi. Y cydacHux peanisauisx Ui 6rnoku MoxyTb
6yTn peanizoBaHi ik Ha OKpeMUX anapaTHux nnatgopmax, Tak i iHTerpoBaHi B
€AMHUIA MIKPOKOHTPONEPHUIA BY301.

3acTocyBaHHs TeNneMeTPUYHUX CUCTEM Y rany3i NPOMUCIIOBOT aBToMaTuaawii

€ HaA3BMYaNHO WMPOKMM. Y HadTora3osii NPOMUCIIOBOCTI TeNemMeTpis
BMKOPUCTOBYETBLCH 4151 MOHITOPUHIY CTaHy CBEPANOBUH, Tpybonposoais Ta
HaCOCHWX CTaHLin y pexumi peanbHoro Yacy. B eHepretuui TenemeTpuyHi cuctemm
3abe3nevytoTb 30ip AaHUX 3 PO3MNOoAiNeHnX NiaCTaHLUin, NiYMNbHUKIB enekTpoeHeprii
Ta efleMeHTIB po3yMHIX enekTpomepex (Smart Grid). Y BUpobHMUMX npoLecax
TenemeTpis A03BONSE KOHTPOMOBATN NapaMeTpy TEXHOMOTIYHUX MiHiA, CBOEYACHO
BUSIBNSTY BiOXWNEHHS Big HOPMM Ta 3anobirat nornomkam obnagHaHHs 3aBAsiku
cmcTeMam NPOrHOCTUYHOTO TEXHIMHOrO o6cnyroByBaHHS. LLIMpoko 3acTocoByeTbCS
TENemMeTpis i B po6OTOTEXHILi — ANa nepeaadi AaHyx Npo cTaH NPUBOAIB, AATUMKIB

3m. Apk. No gokym. Mign. Oata
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Ta HaBirauiiHux cucteM MobinbHMX poboTiB A0 NynbTa onepaTtopa abo LeHTpanbHoi

CUCTEMM KEepPYBaHHS.
Y MeauuvHi TeneMeTpuyHi CUCTEMU 3aCTOCOBYHOTLCA ANs ANCTaHLINHOIO
MOHITOPUHIY CTaHy MauieHTiB — peecTpaLii enekTpokapgiorpamu, piBHSi HACUYEHHS
KPOBI KMCHEM, apTepianbHOro TUCKY Ta iHLWKX didionoriyHnx napameTpis 6e3
NpUB'A3KM NaLjieHTa Ao cTauioHapHoro obnagHaHHs. Lle no3Bonse cyTTeBo
niaBULLMTM KOMKPOPT NauieHTa Ta AKiCTb MeaANYHOT AOMOMOrK, a TakoX 3HU3NTU
HaBaHTaXXeHHS Ha MeNYHWIA NepcoHan. Y cinbCbKOMY rocnogapcTai cucteMm
TenemeTpii BUKOPUCTOBYIOTLCSI 411 MOHITOPUHIY MIKPOKMiMaTy B TEMMULSIX,
BOJIOTOCTi I'DYHTY Ha MOnsiX, CTaHy CiNbCbKOrocnoAapchkoi TEXHIKM Ta yMOB
36epiraHHs 3epHa. TenemaTuyHi CUCTEMU Ha TPaHCMOPTi J03BONSAOTL BiACTEXYBATU
MiCLIe3HaxOMKeHHs!, LWBUAKICTb, BUTPATY ManbHOro Ta TEXHIYHWIA CTaH
TPaHCMNOPTHMX 3acoBiB Y PEXUMi peanbHOro 4acy, Lo € OCHOBOI Cy4aCHWUX CUCTEM
ynpaeniHHSA aBTONapKOM Ta JOTiCTUKOIO.

BaxnunBoto TeHAEHLIE0 OCTaHHIX POKIB € iHTerpauisi TeneMeTpuyHmMX cucTem

Y KOHLENLto IHTEPHETY peyelt Ta NPOMUCIOBOrO iHTEpHETY peyeii (lIoT). B pamkax
L€l KoHUenLii okpeMi TeneMeTpuYHi By3nu 06'edHYI0TbCS y PO3MOAiNeHi Mepexi,
[ie KOXXeH NpUCTpil MoXe sik 3bupaTtu AaHi, Tak i nepegasaT ix 4O XMapHUX
nnatdopm Ansi NnoAanbLIoro aHanidy 3 BUAKOPUCTAHHSAM METOAIB MaLLUMHHOMO
HaBYaHHSA Ta BENUKMX gaHunx. be3gpoTosi TexHonorii nepegayi gaHux BigirparTb
KIOYOBY porb Y NobyaoBi Takmx Mepex, OCKiNbKv A03BONSIOTL NigknodaTn Ao
CUCTEMMN MOHITOPUHTY 06'EKTM, pO3TaLLOBaHi y BaXXKOAOCTYMHUX MicLsx abo Taki,
LLIO MOCTIHO NepemMiLLyoTbCsi B MPOCTOPI.

Takum YMHOM, TeNemMeTpisi € hyHAAaMEHTaNbHOK TEXHOSOTIE Cy4aCcHOI



aBToMaTu3aLlii, Wwo 3abesnevye iHpopMaLiiHWiA 3B'S30K MiXK isYHUM 06'eEKTOM
KepyBaHHS Ta CUCTEMOIO NPUNHATTSA pilleHb. EdekTBHICTL aBTomMaTnsoBaHoi
CUCTEMM B LIiNTIOMY 3HAYHOIO MipOIO BU3HAYAETHLCS SIKICTIO Ta CBOEYACHICTIO
TenemeTpu4HoI iHdopmaLii, Wo HaaxoauTb Bi4 NOMbLOBMX NpUcTpoiB. Came Tomy
po3pobneHHs HafinHUX, EKOHOMIYHUX Ta PYHKLOHANbHO PO3BUHEHUX CUCTEM

3m. Apk. No gokym. Mign. Oata
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TenemeTpii 3anvWaeTbCs akTyanbHUM HayKOBO-TEXHIYHUM 3aBOaHHsIM, a BUGIp
onTumarnbHoT TexHororii 6e34pOoTOBOI Nepeaadi AaHUX € OAHUM i3 KIOYOBUX eTanis
NPOEKTYBaHHS TakuX CUCTEM.

1.2 Ornsg TexHonorii 6e3apoToBOi Nepegadi AaHnx Ans cuctem
TenemeTpii

Bu6ip TexHonorii 6e3npoToBoi Nnepegadyi 4aHUX € OQHUM i3 HaVBaXIUBILLINX
eTaniB NPOeKTYBaHHsS CUCTEMU TeneMeTpii, OCKiNbky came Bif Lboro Bubopy
3anexarb KIo4OBi xapakTepUCTUKN BCIET CUCTEMU — AanbHICTb Aii,
€HEeprocnoXmBaHHS, NPONyCcKHa 34aTHICTb KaHany 3B'A3Ky, BapTiCTb anapaTHoi
peanisauii Ta CyMiCHICTb 3 iCHYt04O0 iIHPPaACTPYKTypoto. Ha CbOroAHiLLHIN AeHb
iCHye 3Ha4Ha KirnbKiCTb CTaHAAPTIB | TeXHONOori 6e34poTOBOro 3B'A3KY, KOXHA 3
SIKMX Mae CBOT Nepesarn Ta 0OMeXeHHSs | OpiEHTOBaHa Ha NEBHUI Knac 3acToCyBaHb.
[ina o6rpyHTOBaHOrO BUGOPY ONTUMAnNbLHOT TEXHOMOTrT HEOBXiAHO NPoBECTH
MOPIBHAMBHUIA aHarni3 OCHOBHMX NPEACTaBHYKIB LibOro Kracy pilleHb.

Wi-Fi (IEEE 802.11)

TexHonoria Wi-Fi € ogH1M i3 HanbinbLu NOLWMPEeHnX cTaHaapTiB

6e3apoToBOro 3B's3Ky Y CBiTi. BoHa 3abe3nedvye BUCOKY NPOMYCKHY 3AaTHICTb
KaHany — Bif, AecATKiB O COTEHb MerabiT 3a cekyHAy 3anexHo Bif Bepcii cTaHaapTy
Ta npautoe B gianasoHax vactoT 2,4 Ty i 5 My, JanbHicTb Aii y Bigkputomy
NpPOCTOpi MOXe AocsraTu KiflbkoxX COTEHb METPIB, @ B MPUMILLEHHI — SIK NpaBuo,
Bia 30 no 100 metpie. 3aBasku wmpokin nowmpeHocTi Wi-Fi-iHdpacTpykTypu
iHTerpauis TenemMeTpu4HOro NPUCTPOIO A0 ICHYKYOT MepeXxi € BiHOCHO MPOCTO
3agadeto [4, 5].

OpHak Ans cucteM TenemeTpii 3 aBTOHOMHUM XUBNEHHsIM TexHonoris Wi-Fi

Mae CyTTEBUIN HEAONMIK — 3Ha4YHe eHeprocnoxunaHHs. CTpym cnoxueaHHa Wi-Fi-
MOZyns B aKTUBHOMY pexumi moxe ctaHoBuTu Big 100 go 300 MA i Ginblue, Wwo
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pobUTb HEMOXNNBUM TpMBany aBTOHOMHY poboTy Big 6aTapeiHoro axepena
xuBneHHs. Kpim toro, Wi-Fi notpebye HasBHOCTi TOUKM JOCTYNy Ta BiANoBigHOT
MepexeBOi iIHPPaACTPYKTYpH, LLO He 3aBX/AN € MOXIMBMM B MOSIbOBUX YMOBAX.
Tomy Wi-Fi gouinbHO 3acTocoByBaTh NepPEBaXKHO Y CTaLiOHapHMX crucTemax

TenemeTpii 3 NOCTINHUM XXMBINEHHSIM BiA Mepexi Ta 3a HasiBHOCTI rotoBoi Wi-Fi-
iHppacTpykTypu.

ZigBee (IEEE 802.15.4)

ZigBee — ue ctaHaapT 6e34poToBOro 3B'A3Ky, po3pobneHunin cneuiansHo Ans
3aCTOCyBaHb 3 HU3bKUM €HEProcnoXMBaHHAM Ta HEBUCOKUMMW BUMOraMu 10
nponyckHOi 3aaTHocTi. BiH npautoe B AianasoHi yactot 2,4 Ty (a Takox 868 MI'y

i 915 MI'y y perioHanbHUX BapiaHTax) Ta 3abe3nevye WBMAKICTb Nepeaadi JaHnx
no 250 k6it/c. AanbHicTb Aii ogHoro By3na cknagae Big 10 go 100 meTpis, npoTe
3aBAsKM NIATPMMLI MepexeBoi Tononorii Tuny «mesh» 3aranbHe NOKPUTTS Mepei
ZigBee moxe 6yTv 3HAYHO BinbLUMM — OKPEMi By3nn pETPaHCIIOTb CUrHarn,
36inbLUyoYmM pagiyc Mepexi [0 Kinbkox KinomeTpis.

EHeprocnoxveaHHsa npuctpoiB ZigBee € 3Ha4YHO HYDKYUM MOpiBHAHO 3 Wi-

Fi— B pexvMi CHy CTpym CMOXMBaHHSA MOXe CTaHOBUTW OAUHULI Mikpoamnep, Lo
[03BONsiE 3a6e3neunT pokm aBTOHOMHOI poboTH Big HeBenukoi batapei. Came
ToMy ZigBee LUMpoKO 3aCTOCOBYETHLCSA B CUCTEMax aBTomMaTtusadii Oyaisens,
pO3yMHUX ByAMHKax Ta NPOMUCIIOBMX Mepexax AaTyukis. Pasom 3 Tum, TexHonoris
ZigBee mae obmexeHy nigTpuMKy 3 60Ky CMoXMBYMX NPUCTPOIB — 30Kpema,
cMapTdoHu, SK NpaBumno, He MatoTb BOyaoBaHoro ZigBee-aganTepa, Lo yCKnagHoe
6esnocepenHto B3aemogito 3 MoGinbHUMK NpucTposiMm 6e3 4oaaTkoBOro
Lunto3oBoro obnagHaHHs [6, 7).



LoRa / LoRaWAN

LoRa (Long Range) — TexHonoris 6e34poTOBOro 3B'A3Ky, LLO BUKOPUCTOBYE

MeToA Moaynsuii 3 poswmpeHnm cnektpom (Chirp Spread Spectrum) Ta npautoe B
HeniueH30BaHKX Aiana3oHax YacTtoT — 433 MI'y, 868 MI'y (Espona) Ta 915 MI'y,
(CLUA). l'onosHoto BiaMiHHICTIO LORa Bif iHLLXX PO3rASHYTUX TEXHOMOrIN €

3m. Apk. No gokym. Mign. Oata
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BMHSITKOBA AarbHiCTb 3B'A3Ky — B yMOBaXx NpsiMOi BUAUMOCTI BOHa MOXe Jocsiratu

15-20 k™, a B Micbkii 3abyoBi — 2-5 kM. [Mpu LbOMY eHeprocnoXxvnBaHHs
3anuLIaeTbCs BiGHOCHO HEBUCOKUM, WO pobuTb LoRa ineansHum BuGopom ans
cuCTeM TenemeTpii 3 BENMKOO KiMbKiCTIO PO3MoAineHnx By3niB Ha 3HAYHNX
BigcTaHaX.

MpoTe TexHonoris LoRa Mae cyTTeBe 0OMEXEHHS — Ay>Ke HU3bKY MPOMYCKHY
30aTHICTb kKaHany, Wwo ctaHoBuTb Big 0,3 Ao 50 KGiT/c 3anexHo Bif HanalTyBaHb.
Lle po6butb LoRa HenpupaTtHoto ans nepeaadi Benukux obesrie gaHnx abo
NMOTOKOBOTO Bil€0, OHaK LifiIkoM JOCTaTHBO AN nepeaadi KOPOTKUX MaKeTiB
TenemeTpuyHoi iHdopmauii. LoRaWAN sik npoTokon mepexeBoro piBHs Hag LoRa
[o4ae MOXINMBOCTI afpecalii, LWndpyBaHHS Ta NiATPUMKU BENNKOT KiNbKOCTi
KiHLEBMX MPUCTPOIB B OAHI Mepexi. 3acTocyBaHHsi LoRa € Haibinblu AouinbHUM
[ONS CUCTEM MOHITOPUHTY CiNbCbKOrOCNoAapChkuX Yrifb, TPYOONpOBIiAHMX MEPEX,
cucTeM obniky KOMyHanbHUX pecypciB Ta iHLWMX 3aCcToCcyBaHb, Ae NoTpibHa Benuka
AanbHiCTb Npy MiHIMansHoMy ob6csasi nepegaHnx aaHnx [8].

GSM/ LTE (cTinbHUKOBMIA 3B'30K)

BukopucTaHHS CTINbHUKOBUX Mepex ANd nepefadi TeneMeTpuyHuX JaHnx €
NOLUMPEHNM PILLIEHHAM Y BUMagKax, Konn HeobxigHo 3abe3neynTu 3B'A30K Ha
BENVKMX BiAcTaHaX abo B ymMoOBax BiACYTHOCTi fiokanbHoi 6e3apoToBoi
iHppacTpykTypu. Mogyni GSM/GPRS a6o LTE po3sonstoTb nepenasati AaHi
Yepes 3aranbHOAOCTYMHY Mepexy MOBINbHOro 3B'A3Ky NPaKTUYHO 3 Byab-aKol
TOYKM, A€ € MOKPUTTS onepaTopa. Taki pilleHHsI LUIMPOKO 3aCTOCOBYIOTLCS B
cMCTeMax MOHITOPUHIY TPaHCMNOPTHUX 3acobiB, aBTOMaTU30BaHNX cuctemax obniky
erneKkTpoeHeprii, rasy Ta BOAM, a TakoX y CUCTEMax OXOPOHHOI curHarnisadii.
OcHoBHMMU Heponikamu GSM/LTE-pilweHb € BiAHOCHO BUCOKe
€eHeprocnoXvBaHHs, HeobxigHicTb SIM-kapTu Ta onnaTy Nocnyr, 3anexHicTb Big
NOKPUTTS CTiNbHUKOBOT Mepexxi. TOMy CTiNbHUKOBUI 3B'AI30K € AOUINbHUM ANs
cMCTEM 3 NOCTiiHMM abo JOCTaTHBO MOTYXHUM [PKEPESIOM XKUBIIEHHS Ta TaM, Ae
iHWi TexHonorii He 3abe3nevyoTb HEOOXIQHOT AanbHOCTI 3B'A3KY.

3m. Apk. No gokym. Mign. Aata
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Bluetooth Ta Bluetooth Low Energy (BLE)

Knacuynuii Bluetooth (Bepcii oo 3.0) 3a6e3nevye IJJBI/I,EI,KiCTpe,Ela‘-Ii fanHux go 3 _M6it/c _Ha Biactani go 100 MeTpiB, OfHaK Mae BiJHOCHO BUCOKE
€HepProcrnoXvBaHHs Ta He € ONTUMaribHUM AJ1si CUCTEM TeneMeTpii 3 aBTOHOMHUM

XKMBMEHHsIM. [MpUHLUMNOBO HOBY MOXIMBICTb Bigkpuna cneuudikauis Bluetooth 4.0,
Lo BkMtouuna ctaHaapt Bluetooth Low Energy — TexHornorito, cnewjansHo
ONTMMI30BaHy Ansi 3aCTOCyBaHb 3 MiHiManbHUM_eHeprocrnoxveaHHaM. BLE
3abesneyye nepegavy faHux 3i WBWUAKICTIO A0 6it/c_Ha BiacTaHi 4o 100 MeTpiB y BiAKPUTOMY NMPOCTOPI  MpW CTPYMi CMOXMBAHHS B pEXUMI Nepeaavi
6nm3bKko

9-15 MA Ta B pexumi cHy — meHwe 1 MkA [7,8].

Kntovooto nepesaroto BLE Hag iHWMMK pO3rASHYTUMMU TEXHONOTIAMU €

Moro nigTpuMKa NpakTUYHO BCiMa Cy4acHUMK CMapTdoHamu Ta nnaHweTamu nig
ynpasniHHsam Android Ta iOS, Wwo 403BONSiE BUKOPUCTOBYBATU MOBINbHI NpMcTpoil
SIK 3pYyYHUI iHTEepdenc ans BigobpaXeHHs TenemMeTpuyHux daHnx 6e3 4ogaTkoBoro
obnafgHaHHsA. Lle cyTTEBO 3HMXKYE 3aranbHy BapTiCTb CUCTEMM Ta CrpoLLye ii
posroptaHHs. Kpim Toro, BLE niaTpumye wndpyBaHHA AaHnX Ha anapaTHOMY
piBHI, WO 3abe3nevye HeobXiaHWI piBeHb iHDopMaLiiHOT 6e3neku .

[Ins HaOYHOro NpPeAcTaBeHHs pesynbTaTiB NOPIBHANBHOMO aHanisy

PO3rMAHYTUX TEXHOMOTIN HAaBEAEMO X OCHOBHI XapakTepUCTUKN y BUrMNsAAI Tabnuui.
Tabnuus 1.1 — MNopiBHANBHA XapakTepucTuka TeXHonorin 6e3apoToBol

nepegadi gaHunx

TexHonoris JanbHicTb LWBnakicte

nepepadi

EHeprocno-



KMBaHHSA
MigTpumka

cMapTdoHiB

BaprticTb

mopayns

Wi-Fi go 300 m go 600

M6it/c

Bucoke Tak CepegHs

ZigBee go 100 m

(mesh - km)

0o 250

kbiT/C

Husbke Hi Cepepatsa

LoRa go 20 km go 50 k6it/c Husbke Hi CepegHsi
GSMI/LTE HeobmexeHa go 100

M6it/c

Bucoke Tak Bucoka

BLE 4.0 go 100 m fo 1 M6it/c flyxe

HU3bke

Tak Husbka

3Mm. Apk. No gokym. Mign. Oata
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3a pesynsratamu NOPIBHAMNBHOIO aHanidy MoxHa 3pobuTy BUCHOBOK, LLO AN
po3pobneHHs cucTemu TenemeTpii Manoro pagiycy Aii 3 aBTOHOMHUM XUBINEHHAM
Ta MOXNMBICTIO B3aeMogii 3i cmapTdoHoM TexHororist Bluetooth Low Energy €
ontumansH1um Bnbopom. BoHa 3abesnedye focTaTHIO AanbHICTb 3B'A3KY ANS
GinbLuocTi NabopaTopHKX Ta BUPOBGHUYMNX 3aCTOCYBaHb, MiHiManbHe
€HEeprocnoXmBaHHs, LUMPOKY NIATPUMKY 3 BOKY CNOXMBYUX NPUCTPOIB Ta HU3bKY
BapTiCTb anapaTtHoi peanisauii. Came ToMy B AaHii 6akanaBpcbkii poboTi sk
OCHOBY cucTemu TenemeTpii obpaHo Bluetooth-moaynb Ha 6asi MikpokoHTponepa
CC2541, wo peanisye ctaHaapT BLE 4.0.

1.3 MNpotokon Bluetooth Low Energy (BLE 4.0): apxiTekTypa Ta
NPUHLMIN poboTu

Bluetooth Low Energy (BLE) — ue cTtaHpapT 6e34p0oToBOro 3B'si3Ky Manoro
paaiycy aii, wo 6yB BBeAeHun y cknagi cneumdikadii Bluetooth 4.0, ony6nikoBaHoi
opraHisauieto Bluetooth Special Interest Group (Bluetooth SIG) y 2010 poui. Ha
BiAMiHY Bif knacuyHoro Bluetooth, sakuii opieHTOBaHWin Ha Nnepeaadyy BiAHOCHO
BeNuKux obcsriB aaHux (ayaio, dannu), BLE 3 camoro noyatky npoekTyBaBcs sik
TEXHOSOriA AN NPUCTPOIB 3 eKCTpeMarnbHO HU3bKUM EHEPrOCNOXUBAHHSIM, LWLO
nepefatTb HEBENWKI NakeTn AaHnX 3 NeBHOO nepiognyHicTio. Came Usi KoHUenuis
BM3HAYMNa apxiTeKTypHi pilleHHs NPOTOKOIY Ta 3yMOBMIIa MOro LUMPOKe
3aCTOCYBaHHS B cycTeMax Tenemetpii, MeguyHux NpucTposix, HOCUMI eneKkTPOoHiLi
Ta NPOMMUCIOBOMY iHTEpHETI peyeli [9, 10].

Baxnueo po3ymitu, wo BLE Ta knacuyHuin Bluetooth € oBoma pisHumun
npoToKonamu B pamkax eauHoro ctaHaapty Bluetooth 4.0. BoHn BukopucToByoTb
ofHaKoBWIA pagioaianasoH - 2,4 T, ane HecyMmicHi Mix coboto Ha piBHi
npotokony. MpucTpoi, Wo niaTpuMyoTb 06MaBa pexumu, HasmealoTbes dual-mode
i 30aTHi oAHOYaCHO NiATPUMYBaATK 3'€AHAHHS K MO knacuyHomy Bluetooth, Tak i no
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BLE. MpwucTpoi, wo nigtpumytote nuwe BLE, HadnBatoTbes single-mode i €
TUMNOBMMU ANst BOYAOBaHUX CUCTEM Ta AaT4uMKiB 3 6aTapeHnM XUBNEHHSM.
®i3nyHum piBeHb BLE

Ha disnuHomy piBHi BLE BukoprcToBye gianasoH vactot 2,4 - 2,4835 ITu,
po3againenuii Ha 40 pagiokaHanis 3 kpokoM 2 MI'y. 3 Hux 37 kaHanis
BMKOPUCTOBYIOTLCA ANA nepeadi gaHux, a 3 kaHanu — 3 Homepamm 37, 38 ta 39 —
npu3HayeHi Ans LULMPOKOMOBHOI peknamu (advertising), TOGTO Ans OronoLeHHs
NPUCTPOEM CBOET NPUCYTHOCTI Ta AOCTYNHOCTI ANS MigkntoveHHs, puc.1.1. Takun
po3noain kaHanie A403BONA€ MiHIMi3yBaTV B3aeMHi 3aBafmn MK NpoLeayporo



BUSIBNEHHS NPUCTPOIB Ta nepegaveto KOpUcHux aaHmx [11].

PucyHok 1.1 — ®isnyHuin piseHb BLE
[na moaynauii curdany BLE BukopuctoBye meToz rayccoBoi 4acTOTHOT
Hinynﬂui'@FSK - Gaussian Frequency Shift Keying) 3 inaekcom mogynsuii  0,5.
@éjsmnkicm nepegavi gaHmx Ha disnyHomy piBHi _ctaHoBuTb 1 MGit/cy Bepcii BLE
4.0, Toai Ak y nisHiwmx Bepcisx ctaHaapty (BLE 5.0 i Buwe) 6yna gogaHa
niaTpumka pexumy 2 M6it/c. ns nineuweHHs 3aBagocTiikocTi BLE

3m. Apk. No gokym. Mign. Oata
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BMKOPWUCTOBYE TEXHOSOTiK0 afanTUBHOIO CTPMGKOMNOAIGHOrO NepecTpooBaHHS
yactotu (FHSS - Frequency Hopping Spread Spectrum), Lo 003BOMSiE YHUKATU
3aHATMX KaHaniB Ta 3MEHLLYBaTV BNSIMB By3bKOCMYrOBUX 3aBaf.

BuxigHa noTyxHicTe nepegasaya BLE BignosigHo Ao ctaHAapTy MoXe
BapitoBaTuchb Big -20 Abm fo +10 aBM, LWo A03BOMSIE FHY4YKO perynioBaTu
KOMMPOMIC MiX AanbHIiCTIO 3B'sI3Ky Ta eHeprocnoxueaHHaM. Ons moayns HM-10 Ha
6a3i CC2541 foCTynHi 3Ha4YeHHs BUXiAHOT NOTy>HoCTi -23 aAbwm, -6 Abwm, 0 oBm Ta
+6 Abwm, Wo HanawToByTLCA NPpOorpamMHoO Yepes BianosiaHy AT-komaHay [12,13].
Crek npotokonis BLE

ApxiTekTypa nporpamHoro 3abesnedeHHs BLE opraHizoBaHa y Burnsiai
GaraTopiBHEBOro CTeKky NpOTOKONIB, KN NPUAHATO MNOAINATU Ha ABi OCHOBHI
YacTuHu — koHTponep (Controller) Ta xocT (Host), Mixx skuMK BU3HaYEHO
ctangapTHui iHTepdenic HCI (Host Controller Interface), puc.1.2.

PucyHok 1.2 — LE ctek BLE

3Mm. Apk. No gokym. Mign. Aata
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KoHTponep Bkntovae cisnyHuii piseHb (PHY) Ta piBeHb ynpaeniHHSA

noctynom o cepeposuua (Link Layer). PiBeHb Link Layer Bignosigae 3a
dopmyBaHHSA NakeTiB AaHWX, ynpaBniHHA 3'egHaHHAM, LUMGPYBaHHSA Ha anapaTHOMY
piBHI Ta peanisauito Nnpoueayp peknaMmyBaHHs i ckaHyBaHHA. Came Ha LiboMy piBHi
peanisyeTbca MexaHi3m cTpubkonofibHoro nepecTpoloBaHHs YacToTh Ta
ynpaeniHHSA napameTpamu 3'eqHaHHs.

XOCT BKMtovae kinbka piBHiB BULLOro nopsiaky. PiBeHb L2CAP (Logical Link

Control and Adaptation Protocol) 3abe3snevye MynsTunnekcyBaHHs AaHUX Bif
Pi3HMX MPOTOKOIB BEPXHBOTO PiBHS Ta oparMeHTaLito BENMKMX nakeTiB. PiBeHb
SM (Security Manager) BignoBigae 3a npoueaypu ayTeHTudikauii Ta wmudpyBaHHs
3'elHaHHS, BKOYalouM npoLeaypy cnonyyveHHs (pairing) npuctpois. PiBeHb GAP
(Generic Access Profile) Bu3Havae 3aranbHi npoueaypyt BUSBIIEHHSA NPUCTPOIB,
BCTaHOBIEHHS 3'€lHaHHA Ta ynpaBsniHHs pexumamu pobotu. PieHb GATT (Generic
Attribute Profile) e kntouoBum ana o6miHy AaHMMK MK NPUCTPOSIMM | BU3HaYae
MoZenb opraHisauii AaHunxX y BUrMsAi iepapxii cepBiciB Ta xapakTepucTyK.

Mopenb aaHux GATT

MpoTokon GATT Bu3Havae cTaHAapTU30BaHy MoAenb opraHisadii Ta 06MiHy
naHumm Mixx BLE-nprcTposiMu, WO € OCHOBOO Afsi B3AEMOCYMICHOCTI MPUCTPOIB
pi3Hux BUpobHUKiB. B pamkax mogeni GATT Bci AaHi opraHizoBaHi y BUrnsiai
iepapxi4HOi CTpyKTYpy aTpunbyTiB. KoxxeH aTpnbyT Mae yHikanbHun

ineHTudpikatop — UUID (Universally Unique Identifier), 3HayeHHs Ta Habip
[103BOJ1iB HA YMTaHHS | 3anuc.

PucyHok 1.3 — MNpotokon GATT

Ha BepxHbOMY piBHI iepapxii 3HaxoaaTbcsa cepicu (Services) — noriyHi
rpynv noB'si3aHnx Mixk coboto xapakTepucTuk. Hanpuknag, ctaHgapTHUiA cepBic
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«Heart Rate» 06'eqHye xapakTepucTuku, NoB's3aHi 3 BUMipHOBaHHSIM YacToTu



cepLeBMX ckopodeHb. KoxeH cepBic MicTUTb ofHYy abo kiflbka XapakTepucTuk
(Characteristics) — Le 6a30Bi oguHuLi AaHux y mogeni GATT. XapaktepucTuka
Mae 3HadeHHs (value), Habip BnactuBocTen (read, write, notify, indicate) Ta moxe
mictuTn aeckpuntopu (Descriptors) 3 fogaTkoBoto MeTaiHopMalLlieto.

Bluetooth SIG Bu3Havae ctaHgapTHi UUID ana Tunosumx cepsicie Ta
XapaKTepUCTUK, Lo 3abe3neyvye B3aeMOCYMICHICTb NPUCTPOIB Pi3HMX BUPOBHMKIB.
[ns BnacHux (KaCTOMHUX) 3aCTOCyBaHb, Takux sik mogyns HM-10,
BuKopuctoBytoTbes 128-6iTHi UUID, wo reHepytoTbesa BUpobHukom. Came vepes
KaCTOMHUI CEPBIC 3 OAHIEI0 XapaKTepUCTUKOK Ha YUTaHHSA Ta 3anuc mogyne HM-
10 peanisye npo3opwuit kKaHan nepeaadi AaHuXx, WO PyHKLIOHYE aHanoriyHo
nocnifgoBHOMY NopTy — Tak 3BaHa koHuenuis Serial Port Profile nosepx BLE.

Poni npuctpois y BLE

Cranpapt BLE Bu3Havae kinbka ponemn, siki MOXyTb BUKOHyBaTV NPUCTPOI B

pamkax 3'egHaHHs. Ha pisHi GAP npucTtpoi noginsitotecst Ha Peripheral
(nepudepinHunin) Ta Central (ueHTpanbHWIA). MepudepinHUn NPUCTPIN €, SK
npaemno, ManoMiyHUM JaT4nukoM abo BUKOHaBYMM MPUCTPOEM, LLIO peKnaMmye CBOK
NPUCYTHICTb Ta OMiKye MiAKNIOYeHHS. LieHTpanbHuin npucTpin — Le 3a3suyan
cMapTOoH, NnaHwet abo LUM30BUIA NPUCTPIN, WO ckaHye edip, BUSBNSE
nepudepinHi NPUCTPOI Ta iHILioe 3'€4HAHHS 3 HUMK.

Ha piBHi GATT npucTpoi MOXyTb BUCTYyNaTh B ponsix Server (cepsep) Ta

Client (knieHT). CepBep 36epirae aaHi y Burnsgi atpubyTis Ta Hagae 4o HUX JOCTyn.
KnieHT iHiLitoe onepauii YntaHHs, 3anucy Ta NignMcky Ha CnoBileHHs. Ak

npaeuno, nepudepinHnin NpUCTPI BUKOHYE ponb GAT T-cepBepa, a LieHTpanbHUn —
ponb GATT-knieHTa, xo4a cTaHAapT Aonyckae i 3BOPOTHY KoHdpirypadito. Moaynb
HM-10 3a 3amoB4yBaHHAM npadtoe B pexumi Peripheral/Slave, ogHak moxe 6yTn
nepemkHyTUin y pexxum Central/Master 3a nonomoroto AT-komaHan AT+ROLE1,

Lo fo3sonse byayBaTy cucTeMu 3 nepedadeto AaHux Mix ABoma mogynsamu 6es
yyacTi cmapTdoHa.
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[Mpoueaypa BCTaHOBMNEHHSA 3'€AHaHHSA

Mpouec BcTaHoBNeHHsA BLE-3'eaHaHHs cknagaeTbes 3 KinbKox eTanis. Ha

nepLuomy etani nepudepiiHnii NPUCTpI BUKOHYE NPOLEAYPY pekrnamyBaHHs — 3
neBHot nepioanyHicTio (advertising interval) BiH Hagcunae peknamHi nakeTu Ha
TPbOX BUAiINeHux kaHanax (37, 38, 39). Lli naketn MicTaTb ineHTudikatop
NPUCTPOIO, NOro iM'A, Nepenik NiATPMMYBaHNX CEepBICIB Ta iHLi napameTpu.
IHTepBan peknamyBaHHsa Moxe BapitoBaTuck Big 20 mc Ao 10,24 ¢ — ynm Ginbwinin
iHTepBan, TUM HKYe EHEProCcrnoXnBaHHS, ane TUM JOBLUE LeHTPanbHUA NpucTpin
BUTPaYae Yacy Ha BUSBMEHHA nepudepinHoro.

Ha gpyromy etani LeHTpanbHU NPUCTPIN BUKOHYE CKaHyBaHHSA edipy,
npuiMaroyy peknamMHi nakeTy Big 4OCTYMHUX nepudepiiHnx npucTpois. Micns
BUSIBIIEHHS MOTPIOHOrO MPUCTPOLO LeHTpanbHWI iHiLitoe Npoueaypy NiAKMIOYEHHS,
HaJcunaryy 3anuT Ha 3'eHaHHA 3 NapaMeTpamu — iHTepBarnom 3'eQHaHHs,
3aTpuMKoLo Ta TanmayToM. icnsa ycnillHOro BCTaHOBMEHHS 3'eAHaHHs obnasa
npucTpoi nepexoasTe 4o 0OMiHY AaHUMM BignoBiaHO Ao npoTtokony GATT. Ons
moayns HM-10 dakT BcTaHOBRNEeHHS 3'eQHaHHSA iHANMKYETLCS CBITNOAIOAOM Ha
nnari — BiH nepecTtae 6nymMaty i NoYnHae CBITUTUCS NOCTIHO, a Ha BuBoai STATE
BCTaHOBIETLCS NOriYHa OAMHULS.

EHeproedektmsHicTb BLE

Husbke eHeprocnoxwueaHHs BLE gocaraetbcsa 3aBaskv Komnnexkcy
apXiTEKTYPHUX pilleHb. Mo-nepLue, NpucTpin BinbLuy YacTuHy Yacy nepebysac B
pexumi rmmnboKoro CHy, MPoKMAaYMch NuLle Ha Yac nepefadi abo npunomy
nakety gaHux. Mo-gpyre, TpuBanicTe ogHoro nakety BLE € ayxe manoto —
NOPSIAKY KinbKOX MinicekyHA, Nicnsi Yoro NPUCTPI 3HOBY NEPEXOANTL Y PEXUM
cHy. [Mo-TpeTe, NapameTpu 3'eqHaHHS — iHTepBan 3'e4HaHHs, 3aTpYMKa BEAEHOTO
npucTpoto (slave latency) Ta TalimayT — MOXYTb FHY4YKO HanalTOByBaTUCh ANS
[OCSArHEeHHs onTMMarnbHOro 6anaHcy Mix 3aTPUMKOI nepeaadi AaHnx Ta
€HeprocnoXunBaHHaAM. 3aBAsKM LM MexaHiaMam npucTpin Ha 6asi BLE, wo
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nepefae AaHi pa3 Ha CekyHAy, MOXe CroXuBaTu B cepeaHbomy meHLue 10 MKA, o




3abeaneyye pokv aBTOHOMHOI po60TK Bif HeBenukoi nitieBoi 6atapei Tny CR2032.
Takum 4ynHom, npotokon BLE 4.0 € fobpe npogymaHoto i TEXHIYHO 3pinoto
TEXHOJSOTIE, WO NoeaHye B cobi edekTVBHY MoAerb opraHidauii AaHnx Yyepes
GATT, rHyYki MexaHi3mMu ynpaBsniHHS €HepProcroXnBaHHAM Ta WMPOKY NiATPUMKY

3 Boky cnoxwu4mnx npuctpois. Lli BnactmsocTi pobnate BLE onTumansHoto
OCHOBO Ans nobyaoBu cuctem 6e34poTOBOT TENEMETPII, A8 KPUTUYHO BaXIMBUMMN
€ aBTOHOMHICTb, HafiNHICTb 3B'A3KY Ta MOXIUBICTb B3aemopii 3 MOBinbHUMU
NPUCTPOSIMU.

1.4 MNopiBHANBbHWI aHani3 iCHylo4MX pilleHb Ha 6asi BLE-moaynis

CyYacHWn PUHOK ENEKTPOHHUX KOMMOHEHTIB MPOMOHYE LUMPOKUI CNEKTP

roToBMX MOAyINiB Ta Mikpocxem Ans nobyaosu cuctem 6e34poToBOro 3B'A3KY Ha
6a3i TexHonorii Bluetooth Low Energy. Bubip KoHKpeTHOro pilleHHs! CyTTEBO
BNIMBAE Ha XapaKTePUCTUKN KIHLLEBOrO MPUCTPOLO, CKIadHICTb PO3pobkM
nporpamHoro 3abe3neyeHHsi, BapTiCTb CEPINHOr0 BUPOOHMLTBA Ta MOXIMBOCTI
maclutabyBaHHS cucTeMu. Y fgaHomy nigpo3aini posrnsiHyTo HanbinbLW NowmnpeHi
BLE-mogyni Ta Mikpocxemu, Lo 3aCTOCOBYHOTLCS ANst No6yAoBU cucteM
TenemeTpii, NpoBeAeHo iX NOPIBHSANbHUIA aHani3 Ta 06rpyHToBaHoO BMGIp Moaynsi Ha
6a3i CC2541 sk anapaTHOi 0CHOBU po3pobntoBaHoi cuctemu [14].

Moayne HM-10 (CC2541, Jinan Huamao Technology)

Mogayne HM-10 € ogHuM i3 HalbinbL LIMPOKO 3acTocoByBaHMXx BLE-

mMopyniB y cdpepi nobuTenbCcbkoi Ta HaniBNpodecinHOT enekTPoHikK. BiH
nobynosaHui Ha 6asi MikpokoHTponepa CC2541 BupobHuuTBa Texas Instruments
Ta MiCTUTb y cobi noBHWI BLE-CTek, 3anucaHui y BHYTPILWHIO dneL-nam'aTs
MiKpOKOHTporepa, puc.1.4. Baaemopia 3 mogynem 3aificHI0ETbCS Yepes iHTepdeinc
UART 3a gonomoroto Habopy AT-kOMaHz, WO 3Ha4YHO CrpOLLyE NOro
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BMKOPUCTaHHSA — pO3poOHUKY He NOTpiGHO 3HaTK AeTani peanisauii BLE-npoTokony
Ha HU3bKOMY PiBHI.

PucyHok 1.4 — Mogyns HM-10

Mopynb niatpumye ctaHgapt BLE 4.0, 3abe3nevye aanbHIcTb 3B'A3ky o 100
METPIB Yy BiAKPUTOMY MPOCTOPI Ta CMOXUBAE B aKTUBHOMY pexuMi 6nmnsbko 9 MA.
Hanpyra xvBneHHs mogyns pa3om 3 nepexigHoto nnatoto cknagae Big 3,0 go 5,0 B,
Lo 3abe3neyye CyMmiCHICTb sik 3 3,3-BONBTOBUMMU, TaK i 3 5-BONLTOBUMU
MIKPOKOHTPOMepHUMM nnatcopmamu, 3okpema 3 Arduino. LLiBnakictb
nocnifoBHOIO MOPTY 3a 3aMOBYyBaHHAM cTaHoBUTL 9600 6of | Moxe ByTu 3MiHeHa
yepes AT-komaHay. Moaynb nigTpumye pexxrMn Bey4oro Ta Be/eHOro npucTpoto,
LLIO AO3BONSIE OPraHi3oByBaTh K 3'€AHAHHS 3i CMapTOHOM, Tak i 3B'A30K Mix
[BOMa MoAynsaMu.

Lo nepesar HM-10 HanexaTb: HM3bKa BapTiCTb, MPOCTOTA MiAKMIOYEHHS Ta
nporpamyBaHHsi, LUMPOKa JOKYMEHTALis Ta Benuka crirlbHoTa po3pobHuKiB,
HasiBHICTb NepexigHoi nnatu 3 perynsatopom Hanpyru. OCHOBHUM 0BMEXeHHAM €
Te, wo Yyepe3d UART-iHTepdenc AOCTYNHUIA NnLle OAMH KaCTOMHUIA CepBIC 3 OAHIED
XapaKTepUCTVMKO, Lo 0BMEXKy€e MOXNMBOCTI peanisaLii cknagHux NpOTOKOMiB
06MiHy fgaHumMu Ha piBHi BLE [15].

3m. Apk. No gokym. Mign. Aata
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Mopyne HC-08 / HC-10 (CC2540/CC2541)

Mopyni cepii HC-08 Ta HC-10 € 6nusbkumn aHanoramu HM-10 i Takox
nobyaosaHi Ha 6asi mikpokoHTponnepis CC2540 Ta CC2541 BignosigHo. BoHu
MatoTb CXOXUIA Habip AT-komaHa Ta aHanoriYHui NnpuHuMn po6otun yepesa UART-
iHTepderic, puc.1.5. OcHoBHa BiAMIHHICTb MiXX HUMU nonsrae y Bepcii
NiATPMMYBaHOrO CTaHAAPTY Ta HE3HAYHMX BiAMIHHOCTSX Y HABopi KOMaHz, i
napameTrpax 3a 3aMOBYYBaHHSIM.

PucyHok 1.5 — Mogyne HC-08



Mopyne HC-08 Ha 6a3i CC2540 nigTpumye ctaHgapt BLE 4.0 Ta mae cxoxi 3
HM-10 xapakTep1CTuK/ 3a AarnbHICTIO Ta eHeprocnoXxunBaHHAM. Ha npaktuui
mozyni cepii HC wnpoko 3acTocoBytoTbeCs sik OtogkeTHa anstepHaTuea HM-10,
OfHaK sIKICTb BUrOTOBMEHHSA Ta CTabinbHICTb NPOLUMBKY Y Pi3HUX NapTii MOXYTb
CYTTEBO BiPI3HATUCD, LLO € BAXTMBIUM haKTOPOM Npu BUGOPI KOMMOHEHTIB ANs
BiAMOBifanbHMX 3acTocyBaHb. [JokyMeHTaLis Ha Ui Mogyni € MeHLU MOBHO
nopiBHsiHO 3 HM-10, wo moxe ycknagHuT po3pobky [13].

Moaynb nRF52832 (Nordic Semiconductor)

Mikpocxema nRF52832 Bupo6HuLTBa HopBe3bkoi komnaHii Nordic
Semiconductor € ogHUM i3 HaNBINbLL TEXHIYHO JOCKOHaNVX pilleHb Anst nobynosu
BLE-npucTpoiB. BoHa siBnsie coboto ogHokpucTanbHy cuctemy (SoC), wo noeaHye

% -6iTHe npouecopHe siapo ARM _Cortex-M4 F 3 TakToBOW Yactotolo 64 My, 512
m- drew-nam'ati, 64 Kb onepaTMBHOI NaM'aATi Ta NOBHOMYHKLIOHANbHUIA

3m. Apk. No gokym. Mign. ata
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pagiomoaynb BLE 5.0 3 nigTpumkoto gogaTtkoBux npoTtokonis — ANT Tta 2,4 Ty,
proprietary, puc. 1.6.

PucyHok 1.6 — Mogynb nRF52832

Ha BiamiHy Big MmogyniB Ha 6a3i CC2541, ne BLE-cTek € npyxoBaHuM Bif
po3pobHuka, npu poboTi 3 NRF52832 po3pobHMK Mae NOBHUIA JOCTYN A0 BCIX
piBHIB NporpamMHoro cteky Yepes odiuiiHmin SDK Big Nordic Semiconductor. Lie
BiAKPUBAE 3HAYHO LUMPLLI MOXNMBOCTI ANs KacToMisauii — MOXHa peanisoByBaTtu
[OBINbHY KiNbKiCTb cepBiciB Ta xapaktepucTnk GATT, HanalToByBaTV napameTpu
3'eAHaHHA, peaniaoByBaTW CKNaaHi anroputMy eHepros3bepexeHHs Ta
BMKOPWUCTOBYBATM BCi NepudepinHi mogyni MikpokoHTponepa. Mikpocxema mae
BOynoBaHuii 12-6itHui ALIM, anapartHi iHTepdericn SPI, 12C, UART, PWM, wo
[03BOSISIE NIAKMIOYATY LUMPOKMIA CNEKTp AaTyumkiB 6e3nocepedHbo Ao Hei 6e3
30BHILLUHBOrO MikpOKOHTponepa [16].

OpHak Brcoka dyHkuUioHanbHicTb NRF52832 mae i 3BOpOTHilt 6ik — cyTTEBO
BULLMIA NOPIr BXOMXEHHS AN po3pobHMKa. HanalwTyBaHHsA Ta nporpamMyBaHHs Liel
Mikpocxemu Bumarae 3HaHHst ARM-apxitekTypu, gocsigy pobotu 3 SDK Nordic Ta
po3yMiHHS apxiTekTypu BLE-cTeKky Ha H1M3bkoMmy piBHi. BapTicTb rotoBux mogynis
Ha 6a3i NRF52832 € BuLoto nopieHsAHO 3 HM-10, xo4a i 3anuwaeTbest AOCTYNHO
ans GinbLocTi po3pobHMKIB. Lie pilleHHs € onTumanbHUM Ans po3pobku
KOMEPLiHUX NPOAYKTIB 3 BACOKMMW BUMOramun Ao PyHKLioHanNbHOCTI Ta
eHeproeeKTUBHOCTI.

3m. Apk. No gokym. Mign. Aata
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Mopynb ESP32 (Espressif Systems)

Mikpocxema ESP32 BupobHuuTBa KnTarcbkoi koMmnarii Espressif Systems e
HaA3BMYaHO NONYNSIPHUM PILLEHHSIM Y CriNbHOTI PO3POBHWKIB 3aBASAKN
noeaHaHHo nigTpumkn Wi-Fi ta Bluetooth (skntovatoun BLE 4.2) B ogHoMy
KOpMyci Npwv BiAHOCHO HEBUCOKI BapToCTi. ESP32 MiCTMT,quHMPl 32-6iTHun
_npouecop Xtensa LX6 3 TaktoBoto Yactototo Ao 240 My, 520 kb onepatuBHoi
nam'aTi, BGyaosaHuin 12-6itHuin AL, niaTpyMKy YncneHHux nepudepinHmx
iHTepdelciB Ta LWMPOKNIA HaBip IHCTPYMEHTIB po3pobKu, BKMHOHAOYM NIATPUMKY
Arduino IDE, MicroPython ta BnacHoro cdperimeopky ESP-IDF, puc. 1.7.

PucyHok 1.7 — Mogynb ESP32

BaBasaku nigTpumui Wi-Fi ESP32 moxe nepepasatu AaHi sik Yyepes BLE, Tak i
6esnocepeaHbO 4O XMapHUX NraTopm Yepes iHTepPHET, LWo pobuTb 1oro
npuBabnusum Bn6opom ans loT-3actocyBaHb. OgHak Lie NoeaHaHHsA Mae CBOO LiiHYy
— eHeprocnoxumBaHHa ESP32 € 3Ha4yHO BULLMM NOPIBHSAHO 3 crevjianisoBaHMm
BLE-mikpocxemamu, Lo pobuTb MOro MeHLL NpuaaTHUM 4151 CUCTEM 3 CYBOPUMU
BMMOramu Jo aBTOHOMHOCTI. Kpim Toro, ogHovacHa po6ota Wi-Fi Ta BLE moxe
Np13BOAUTM A0 B3aEMHUX 3aBaj Yepe3 BUKOPUCTaHHSI OAHOro pagioaiana3oHy 2,4
Mu,.
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Moayne RN4870/71 (Microchip Technology)

Mogyni cepii RN4870 Ta RN4871 BupobHuuTtea komnaHii Microchip

Technology € rotoBumu ceptudikoBaHnmm BLE-Mogynsamy npomMmncrnoBoro knacy,
Lo niaTpMMytoTb cTaHaapT BLE 4.2. BoHn matoTb BOYAOBaHWIA MIKPOKOHTpOIeEp,
BLE-cTek Ta ynpaenstoTbcs Yepe3 UART 3a gonomoroto Habopy ASCll-komaHg,
nogi6Ho no HM-10. Mogyni cepTudikoBaHi 3a ctaHgaptamu FCC, IC Ta CE, wo
cnpollye npoueaypy ceptudikadii KiHLEeBOro NpucTpoto.

PucyHok 1.8 — Mopynbs RN4870

OcHoBHa nepeBara moaynis RN4870/71 — Bucoka HagilHicTb, cTabinbHICTb
po6oTK Ta SKICTb AOKYMEHTaLii, L0 € BaXKNMBMM A1151 MPOMUCIIOBMX 3aCTOCYBaHb.
BoHu nigTpumytoTh WnMpokunii Habip cTanaapTHUX GAT T-npodinis, BKMtovaoym
UART Transparent Service, a TakoX MatTb BOYLOBaHWI CKPUNTOBUIA PyLLIl ANst
peanisauii npocToi norikv 6e3 30BHiLLIHLOro MikpOKOHTporepa. Pasom 3 Tum,
BapTICTb LMX MOAYNIB € CyTTEBO BULLOIO NOPIBHAHO 3 BIOMKETHUMM aHanoramu, LWwo
oBMexye X 3aCTOCyBaHHSI B €KOHOMIYHO YyTnMBKUX npoekTax [17].

[MopiBHANBHUI aHani3 po3rnsiHyTUX pilleHb

[na cuctemaTtusadii pesynesratis aHanisy po3rnsHyTux BLE-mogynis

HaBedeMo X OCHOBHI XxapaKTepUCTUKN Y NMOPIBHAMbHIA Tabnuui.
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Tabnuus 1.2 — MNopiBHANbHa xapakTepuctuka BLE-moaynis
Xapaktepuctuka HM-10
(CC2541)

nRF52832 ESP32 RN4870
CranpapTt BLE4.05.04.24.2
IHTepdenc

KepyBaHHS

AT-

KoMaHau

BnacHui

SDK

Arduino/ESP-

IDF

AT-komaHan

EHeprocnoxvBaHHa Husbke [Oyxe
HU3bke

CepenHe Husbke

Mopir BxogkeHHst Huabkuii Bucokuin CepeaHini Huabkuin
Baprtictb mogyns Lyxe

HM3bka

CepepnHst Husbka Bucoka
MoTpeba y 30BH.

MK

Tak Hi Hi YacTkoso

[okymeHTauis JoctatHs BigmiHHa BiamiHHa BigmiHHa
3acrtocyBaHHs DIY,

HaBYaHHS,

npoTOTMMN

KomepuinHi

npoayKTu

loT,

npoTOTMMN

[MpomucnoBicTb

O6rpyHTYBaHHsA BU6opy Moayns CC2541 (HM-10)

3a pesynbratamy NPoBeAEeHOro NOpPIBHANBLHOMO aHanisy Ans peanisadii

cucTeMun TenemeTpii B pamkax AaHoi 6akanaBpcbkoi pobotu obpaHo mogyns HM-10
Ha 6asi mikpokoHTponepa CC2541. Llei BMGip 06rpyHTOBaHWIM CyKyMHICTIO Taknx



hakTopis.

Mo-nepe, mogynb HM-10 mae Hag3BMYaHO HU3bKUIA MOPIr BXOMKEHHS —
ynpaeBniHHSA HUM 34iicHI0ETbCS Yepe3 npocTi AT-komaHau no UART, wwo He
BMMarae 3HaHHs AeTanein peanisauii BLE-cTeky Ta fo3Bonsie 3ocepeantuck Ha
po3pobui noriku poboTn cuctemmn TenemeTpii B Linomy. Mo-gpyre, Mogynb
3abesneyye JOCTYMHY CyMICHICTb 3i cMapTdoHamu Ha 6asi Android Ta iOS, wo
[03BOSIsiE peanidyBat MOGINbHWUI iHTepdENC MOHITOpUHry 6e3 4oaaTKoBOro
obnapHaHHs. MNo-TpeTe, HM3bka BapTICTb MOAYNS pobuTb po3pobreHy cnuctemy
€KOHOMIYHO [JOCTYMHOW Ta NPUAATHO AN TUpaxyBaHHs. [Mo-4eTBepTe, HasiBHICTb
BENVKOI KiNbKOCTI AOKyMeHTaLlii, NPUKNaAiB KoAy Ta akTUBHOI CMiNbHOTW
PO3pOBHMKIB CYyTTEBO NMPUCKOPIOE NPOLIEC PO3POOKM Ta HanarofKEHHsI CUCTEMM.

3Mm. Apk. No gokym. Mign. Aata
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Takum 4ynHom, mogynb HM-10 Ha 6a3i CC2541 € ontumarnsHum BUGOpom Ans

HaBYanbHVX Ta AOCMIAHWLBKMX NPOEKTIB Yy ranysi 6e3qpoToBoi Tenemerpii,
3abe3neyvytoun JocTaTHIN hyHKUIOHaN Npu MiHIManbHiA cknagHocTi po3pobku Ta
HEBWCOKi BapTOCTi anapaTHOi peanisadii.

1.5 MNocTtaHoBka 3afayi Ta BUMOrM 40 Po3po6rtoBaHOi cUcTeMU

MpoBeneHunin y nonepeaHix nigposainax aHania npegmeTHol obnacrti, ornag
TexHonorin 6e3ApoToBOI Nepeaadi AaHWX Ta NOPIBHAMNbHUIA aHani3 icHyto4mx BLE-
MopyniB [03BOMNSATL ChOpMynOBaTH YiTKy MOCTAHOBKY 3afadi Ans po3pobroBaHoi
cuUCTEMU TeneMeTpii Ta BU3HauYMTK KOMMIekc BUMOT Ao ii anapaTHOi Ta nporpamMHoi
cknagoBux. KopekTHa noctaHoBka 3agadi € HeobXigHOK YMOBOIO AMs YCNiLLIHOro
NPOeKTyBaHHSA CUCTEMMU, OCKINbKN CaMe BOHa BU3HA4YaEe MeXi po3pobku, Kputepii
OLiHKM pe3ynbTaTty Ta NpiopuTeETV NPU MPUAHATTI NPOEKTHUX PilleHb.

3aranbHa nocTaHoBKa 3adavi

B pamkax gaHoi 6akanaBpcbkoi poboTn HeobxigHO po3pobuTn cuctemy
TenemeTpii, Lo 3abe3neyye aBTomaTn3oBaHuii 36ip 4aHUX Bif 04HOro abo KinbKox
[aTynkiB PisUYHMX BEMUYMH, iX NepBUHHY 06POBKY Ha PiBHI MiKDOKOHTPOIIEPHOTO
By3ny Ta 6e34poToBy nepegadvy [0 NpUCTPoto-Npuiimada no kaHany 3B'a3ky Ha 6asi
TexHonorii Bluetooth Low Energy 3 BukopuctanHsim mogyns HM-10 Ha 6asi
MikpokoHTpornepa CC2541. Cuctema noBvHHa 3abe3neyyBaTi MOXIMBICTb
BifloBpaxXeHHs TENeMeTPUYHUX AaHNX SK Ha NepCcoHaribHOMy Komm'toTepi, Tak i Ha
Mo6inbHOMY npucTpoi nig ynpasniHHam Android ab6o iOS y pexuvmi peanbHOro
yacy.

Po3pobnioBaHa cuctema mae BignoBiaaTh KoHUenuii MiHiManbHOT cknagHoCTi

npW MakcumarbHil dyHKLUioHanbHOCTi — To6To 3abeanedyBaTyt BUKOHAHHS BCiX
HeoOXiaHUX PYHKLi TenemeTpii 3 BUKOPUCTaHHSIM [OCTYMNHOI Ta He[oporol
enemMeHTHoi 6a3un, 3 MOXXIMBICTIO MOAANbLUIOrO PO3LWMPEHHS Ta adanTauii nig

3Mm. Apk. No gokym. Mign. Aata
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KOHKPETHi NpuknazgHi 3agavi. Cuctema nosuHHa GyTu BiATBOpPOBaHoOW, Ao6pe

3a[J0KyMEHTOBaHOI Ta NPUAATHO ANS BUKOPUCTaHHS SIK Y HaBYanbHUX Linsx, Tak
i Ik OCHOBa AN NPaKTUYHUX 3aCTOCYBaHb Yy ranysi aBTomatuaauii t1a
pPOBOTOTEXHIKN.

PyHKLiOHaNbHi BUMOrK 0 CUCTEMM

CucTema noBuHHa 3abe3nedyBati 6e3nepepsHuii 36ip AaHWX Big

NiAKMIOYEHNX AaTyMKiB 3 HANaLWTOBAHOK YacToOTO onuTyBaHHA. MiHiManbHa
YacToTa ONUTYBaHHSA AaTYMKiB MOBMHHA CTAHOBUTW He MeHLwe 1 u, Wwo €
[ocTaTHIM Ans 6iNbWOoCTi 3a4a4 MOHITOPUHTY MOBINIbHO 3MIHIOBAHUX (I3UYHUX
napameTpiB — Temnepartypu, BONOrocTi, TUCKY. [Ina AaTyukiB, WO PeecTpyoTh
6inbLU AMHaMIYHI NpoLecy, YacToTa ONUTYBaHHS MOBKHHA ByTu 36inbLieHa
BiANOBIAHO O BUMOT KOHKPETHOrO 3aCTOCYBaHHS.

Cunctema noBuHHa 3abeanedyBaTti nepBMHHY 06pobky 3ibpaHnx AaHux Ha

piBHi MiIKDOKOHTPONEPHOIO BY3My, L0 BKMOYaE MacluTabyBaHHS CUPUX 3HaYeHb
AL oo disnyHnX ognHULIL BUMIpIOBaHHS, ycepedHeHHS AN 3MEHLLEeHHS BrnnBy
LyMiB Ta (hopMyBaHHSA NakeTiB AaHWX Ans nepegadi no BLE-kaHany. ®opmat
nakeTy AaHWX NoBUHEH ByTu dikcoBaHWM Ta Aobpe 3a40KYMEHTOBAHMM, LLO
3a6e3neynTb MOXNUBICTb NOAANBLIOTO PO3LLUMPEHHS CUCTEMM.



Cuctema noBuHHa 3abesnedvyBaTu HagiiHy 6e3gpoToBy nepegady

TenemeTpu4HUX AaHux no kaHany BLE Ha BigcTaHi He meHwe 10 meTpiB B ymoBax
npumilLeHHst. NMepegaya gaHWX NOBUHHA 34iNCHIOBATUCE Y PEXMMI peanbHoro Yacy
3 MiHiIManbHOI 3aTPYMKOO Bii MOMEHTY BUMIpIOBaHHS A0 BifobpaxeHHs Ha
npucTpoi-npuiMadi. ¥ pasi TuM4acoBoi BTpaTy 3B'A3Ky cucTeMa NoBUHHA
aBTOMaTUYHO BiQHOBMIOBATY 3'€AHaHHs 6e3 BTpyyYaHHs onepaTopa.

Cuctema noBuHHa 3abe3nedyBaTti BigobpakeHHs1 TENeMeTPUYHUX AaHuX Ha
nepcoHanbHOMy KOMMN'toTepi y BUMMAAI YCNOBMX 3HAYeHb Ta rpadikiB 3MiHN
napametpiB y yaci. MNporpama-knieHT Ans MK noBuHHa 3abe3neyyBaT MOXMUBICTb
36epexeHHst OTpUMaHux faHux y hann gns nogansiioro aHaniay. Kpim toro,
cucTeMa NoBrHHa 3abe3nevyBaTi MOXIMBICTb Nepernsgy NOTOYHUX 3HaYeHb
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TerieMeTPUYHKNX NapameTpiB Ha MOBGINIbHOMY NPUCTPOT 3 BUKOPUCTAHHAM

cTaHgapTHux BLE-gopaTkiB abo cneujanisaoBaHoro MoGinbHOrO 3aCTOCYHKY.
TexHiYHi BUMOr 10 CUCTEMM

TexHiYHi BUMOTV BU3HaYatoThb KirbKiCHI XapaKTepUCTUKM CUCTEMU Ta

obmexeHHs Ha ii peanisauito. Ha ocHOBI aHanisy LinboBOro Npu3Ha4eHHsi cucTeMu
Ta XapakTepucTuk obpaHoi enemMeHTHOI 6a3n cchopMynbOBaHO Taki TEXHIYHI
BMMOTW.

Hanpyra *uvBneHHs MiKpOKOHTPOEPHOro B3y NOBWHHA cTaHOBUTW 5 B Big
USB-axepena abo Bia aBTOHOMHOrO akyMynstopa 3 BiAnosigHWM ctabinisatopom
Hanpyru. CnoxvBaHuiA CTPyM BCbOrO By3ry B aKTUBHOMY pPexuMi poboTun He
noBuHeH nepesuilysatn 100 MA, Lo 3a6e3neynTb MOXNUBICTL TPUBANOI
aBTOHOMHOI po60TK Bif CTaHAAPTHOrO NOPTaTUBHOIO 3aPSAHOTO NPUCTPOID
emHicTio 2000 MAr npoTsarom He MeHLe 20 roauH.

[anbHicTb 6e30pOTOBOrO 3B'A3KY MiXX NepeAaBanbHUM By3roM Ta NPUCTPOEM-
npuimMavyem nNoBUHHA CTAHOBUTW He MeHLue 10 MeTpiB B yMOBaxX NPUMILLEHHS 3
TUNOBMMU NepeLLKogamMu y BUrnsiai Mebnis Ta neperoponok. Y BigkpuTomy
npocTtopi 6e3 nepeLukoa AanbHICTb 3B'A3KY NOBMHHA 3abe3neyyBaTuch Ha BiACTaHi
He meHwwe 30 meTpis. Lli BUMOru BignoBsigaTs TMNOBUM YMOBaM 3aCTOCYBaHHS
cuctemun TenemeTpii y nabopaTopHux Ta BUPOBHUYMX NPUMILLEHHSX.

Yac BcTaHoBneHHs1 BLE-3'eaHaHHs Big MOMEHTY BBIMKHEHHS!

nepefasarnbHOro By3ny A0 MNoYaTKy NPpUNOMy AaHUX Ha MPUCTPOI-NpuiiMadi He
noBuHeH nepesuilysat 10 cekyHa. 3aTpumka nepeaadi AaHWX Big MOMEHTY
BMMIpIOBaHHS A0 BifobpaxeHHs Ha ekpaHi npuiimada He NoBMHHA nepesuLLyBaTh 1
ceKyHAy npu YacToTi oHoBneHHst aaHux 1 'y, CtabinbHicTb 3'eQHaHHSA NOBUHHA
3abe3nevyBaTtun b6e3nepepBHy poboTy 6e3 BTpaT NakeTiB NPOTAroM He MeHLe 1
roAvHW B yMOBax TMMOBOro pagioedipy nNpuMILLEHHS.

Bumoru go anapartHoi yacTnHm

AnapaTtHa YacTvHa cucTeMu TernemeTpii noBuHHa GyayBaTuch Ha 6asi

[OCTYMHMX Ta LUMPOKO PO3MNOBCIOMXKEHNX KOMMOHEHTIB, LU0 3a6e3nednTb
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MOXIMBICTb BiATBOPEHHSI cucTemu 6e3 3anyyeHHs cneujanisoBaHoro obnagHaHHs.

MikpokoHTponepHuin By3on noBuHeH 6adyBatuck Ha nnatdopmi Arduino abo
cyMicHii nnati 3 mikpokoHTponepom AVR abo ARM, Lo 3abe3neuntb gocTaTHio
obumcnioBarnbHYy MNOTYXHICTb AN BUKOHAHHA BCIX (OYHKL 360py Ta 06po6ku
OaHUX.

Mogaynb 6e3apoToBOro 3B'A3Ky NOBUHEH ByTn NOByAOBaHWI Ha 6asi
MikpokoHTpornepa CC2541 Ta nigkniovaTucb A0 MIKPOKOHTPOMEPHOTO BY31y Yepes
iHTepdperic UART. Migknio4eHHs AaT4mKiB NOBUHHO 3AINCHIOBATUCH Yepes
cTaHpapTHi iHTepdeicn — aHanorosuii Bxia ALIM, 12C a6o SPI — 3anexHo Big
TMNy Aatyuka. MpuHUMnoBa enekTpuyHa cxema CMCTeMU NoBUHHA ByTH
po3pobrneHa 3 OTPUMaHHAM BUMOT eneKkTpoMarHiTHOT CyMiCHOCTI Ta
3abe3neyyBaTi 3aX1CT BXOAIB MIKPOKOHTpOrepa Bif NepeBULLEHHS AONYCTUMOI
Hanpyru.

Bumoru go nporpamHoro 3abeaneveHHs

MporpamHe 3abe3neyeHHs cuctemun TenemMeTpii NOBUHHO BiaMoBiAaTH
NpUHLMNAM MOAYSLHOCTI Ta po3LumpioBaHOCTI. Koa MiKpOKOHTpONEepHOro By3ny
NOBUHEH ByTW CTPYKTYpPOBaHMIA TaKUM YMHOM, W06 AOAaBaHHS HOBMX TUMIB



natyukis abo 3amiHa chopmaTy nakeTy AaHUX BUMaranm MiHiManbHMWX 3MiH y
nporpami. lNporpama-knieHT NOBMHHA MaTy 3pO3YMinunii Ta IHTYITUBHO 3pO3yMinuni
iHTepderic kKopucTyBaya, Lo He BUMarae crneuianbHoi NigroToBku Ans pobotu 3
CMCTEMOIO.

Becb nporpamHuin ko, NOBUHEH ByTn AeTanbHO NPOKOMEHTOBaHWIA Ta
CYNpOBOXXYBaTUCh TEXHIYHOK [JOKYMEHTaL€, Lo Onucye NpuHUMnmu poboTm
KOXXHOro MoAayns, hopmMat nakeTiB AaHMX Ta Npoueaypy HanawTyBaHHS CUCTEMU.
Lle 3a6e3neuntb MOXIMBICTb NOAANbBLUOT NIATPUMKM Ta PO3BUTKY CUCTEMM iHLUMMUN
pO3poGHMKamu.

CTpyKTypa po3pobntoBaHoi cuctemm

Ha ocHoBI chopmynboBaHUX BUMOT BU3HAYEHO 3aranbHy CTPYKTYpy
po3pobntoBaHOi cUCTEMM TENEMETPIl, Lo CKNaAaeTbCs 3 TPbOX OCHOBHMX
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nigcuctem. lNMeplua nigcuctema — BUMIpIOBanbHUIA BY30#T, WO BKIHOYAE
MiKPOKOHTPOMEepHy nnaty, Aatymku isnyHmnx BenudmH ta mogynb HM-10 sik 3acio

6e3apoToBoi nepedadi gaHux. [pyra nigcuctema — kaHan 6e3apoToBoro 3B'sA3Ky Ha
6a3i BLE 4.0, o 3abe3nevye nepenady TenieMeTpUYHMX NakeTiB Bif
BMMIpIOBanbHOro By3ny 40 NpUcTpoto-npuiiMada. TpeTts nigcucrema — nporpamHe
3abe3neyeHHs NpuiMansHOi CTOPOHM, L0 peanidye NpuinoM, AeKOAYBaHHS,
BifobpaxeHHs Ta 36epexeHHs TenemMeTpUYHNX AaHnX Ha NepcoHanbHOMy
komn'toTepi abo MoBiNbHOMY NPUCTPOI.

Takum YMHOM, NOCTaHOBKa 3aAadi Ta cpopMynbOBaHWUIA KOMMNIEKC BUMOT
BM3HAYaloTb YiTKi Mexi po3pobku Ta KpuTepii oLiHKK pe3dynbTaTy. BukoHaHHs BCix
chopmynboBaHMX BUMOT 3abe3neunTb CTBOPEHHS (OyHKLIOHaNbHOI, HadiiHoi Ta
NpakTU4YHO NpuaaTHoOi cucteMmn TenemeTpii Ha 6as3i Bluetooth-moayna CC2541, wo
BiANoBifae cy4acHUM BMMOram o cucTeM 6e34pOTOBOrO MOHITOPUHTY B ranysi
aBTOMaTM3aLii Ta poGOTOTEXHIKN.

3m. Apk. No gokym. Mign. Oata
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2 POSPOBJIEHHA ANAPATHOIO TA NMPOITPAMHOIO
3ABE3MNEYEHHA CUCTEMW TENEMETPII

2.1 MikpokoHTponep CC2541: apxiTekTypa, TEXHIYHi XxapakTepucTuKn

MikpokoHTponep CC2541 BupobHuuTBa koMnaHii Texas Instruments €
cneuianisoBaHo OfHOKpUCTanbHO cuctemoto (System-on-Chip, SoC),
po3pobneHoto Ans 3actocyBaHb 6e34p0oTOBOro 3B'A3Ky cTaHaapTy Bluetooth Low
Energy 4.0. BiH noeaHye B €AMHOMY KOpMyCi MOBHOMYHKLiOHaNbHUIA
MIKpOKOHTpoOnep Ha 6a3i apxiTektypu 8051, pagioyacTtoTHUiA NpuiMay-nepeaasay
nianasoHy 2,4 Ty Ta po3BUHYTY nepudepito, Lo pobuTtb NOro caMogocTaTHIM
pilleHHsM Ans NobyaoBM aBTOHOMHMX 6e34poTOBUX NPUCTPOIB 6e3 3aCTOCyBaHHS
[00aTKOBKX 30BHILLHIX MikpocxeM. 3aBAsiku ONTUMarIbHOMY NOELHAHHI0
(hYHKLiOHANbHOCTi, HU3bKOrO EHEPrOCMNOXUBaHHSA Ta AOCTYNHOI BapTocTi CC2541
HabyB LUMPOKOro 3aCTOCYBaHHS Y cUCTeMax TenemeTpii, MeaUYHMX NPUCTPOSIX,
NMOPTaTUBHIN eNeKTPOHILi Ta NPOMUCIIOBOMY iHTEPHETI peyei.

ApXxiTeKkTypa npoLecopHoro sapa

B ocHoBi CC2541 nexutb BOOCKOHANeHe S4po MiKpOKOHTponepa

apxitektypu 8051, Lo yHKLIOHY€E Ha TakToBIl YacToTi Ao 32 MI'u. ApxiTekTypa
8051 € ogHieto 3 HanbinNbLL NepeBipeHuX i LUMPOKO 3aCTOCOBYBaHNX y BOyAOBaHNX
cucTeMax — BOHA BifPi3HAETbCS YiTKOIO OpraHisauieto, AeTanbHO JOKYMEHTOBaHa
Ta Mae PO3BMHYTY EKOCUCTEMY iIHCTPYMEHTIB po3pobku. Y peanisauii Texas
Instruments knacuyHe sapo 8051 6yno cyTTEBO BOOCKOHANeHo: 36inbLieHo
NPOAYKTUBHICTb 3@ paxyHOK CKOPOYEHHS KiNMbKOCTi TaKTiB HA BUKOHAHHS BinbLUOCTi
iHCTPYKLUIV NOpiBHSAHO 3i cTaHAapTHUM sapom 8051, po3wmpeHo agpecHuii NpocTip
nam'aTi Ta gogaHo nigTpumky DMA-nepenay ans edpekTmBHOT po6oTn 3
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nepudepinHuMn moaynsmu. 3aranbHa CTpyKkTypa MikpokoHTponepa CC2541
HaBegeHa Ha pUCyHky 2.1.

PucyHok 2.1 — CTpykTypHa cxema MikpokoHTponepa CC2541

Ak BUAHO 3i CTPYKTYPHOT CXeMU, BCi pyHKLioHanbHi 6riokn

MiKpOKOHTporepa 06'efHaHi BHYTPILLHbOK CUCTEMHOLO LUMHOI, Yepes sKy
30iACHIOETLCA OBMIH A@aHMMM MiX MPOLECOPHUM SAPOM, Nam'aTTio, nepudepinHnmMm
mMoaynamMu Ta pagiomoaynem. Takui nigxin 3abe3nedye eheKkT1BHY B3aeMogito BCiX
6nokiB npu MiHiManbHOMY Yaci AocTyny Ta Ao3Bonsie peanizoByBat DMA-
nepepadi Mk nepudepieto Ta nam'aTTio 6e3 yyacTi npoLecopHoro sapa, Wwo
CYTTEBO NiABULLYE 3ararnbHy NPOAYKTUBHICTE CUCTEMU Ta 3HUXKYE
eHeprocnoxusaHHs [14,15].

OpraHizauist nam'ati

CC2541 mae po3BUHYTY CUCTEMY MaMm'siTi, WO BKIHOYAE B OCHOBHUX TUMK:
Flash-nam'aTb Ans 36epiraHHs nporpaMHOro KoAy Ta KOHCTaHT i onepaTuBHY
nam'atb (SRAM) ans 36epiraHHsa 3MiHHKX Ta CTEKy Nif Yac BUKOHAHHS Nporpamu.
[eTtanbHa kapTa po3noginy nam'sTi MiKpOKOHTporepa HaBefeHa Ha PUCYHKY 2.2.
O6csr Flash-nam'sati cknapgae 256 kb. AgpecHuin npocTip Flash

OpraHi3oBaHui TakMM YMHOM, Lo monoaLi agpecu (0x0000—-0x07FF)
3ape3epBoBaHi N TabnuL BEKTOPIB NepepuBaHb, OCHOBHMIA Aiana3oH (0x0800—

3m. Apk. No gokym. Mign. Oata
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OXEFFF) BukopucToByeTbCa Anst 36epiraHHsi kogy KOpUCTyBaLbKOT nporpamu, a
cTapLi agpecu BiaeeaeHi nig BLE-ctek (0xFOO0O—-OxF7FF) Ta cuctemHi perictpu
(0xF800—-0xFFFF). Ockinbkn agpecHuii npocTip npouecopa 8051 obmexeHuin 64
kB, ansa agpecauii Bcboro obesry Flash y CC2541 peanisoBaHo MexaHiam
6aHkiBcbkoi komyTauii (bank switching), wo ao3sonsie BigobpaxaTtu pi3Hi 6GaHkn
Flash y eanHnin agpecHuin npocTip npouecopa.

PucyHok 2.2 — KapTa po3snoginy nam'ati mikpokoHTponepa CC2541

O6csr onepatuHoi nam'ati SRAM cknapae 8 kb. Bona noginseTbcs Ha

Kinbka dyHKUioHanbHUX obrnacTeii: pericTpu cnewianbHoro npuaHaveHHs SFR (256
6aiT), obnactb Nam'sTi 3aranbHOro npuaHadeHHst (3,75 kb), obnacTb cTeky Ta
nokanbHUX 3MiHHUX (256 6aiT) Ta po3wnpera XDATA-nam'aTb (4 kB), gocTynHa
Yepes BignosigHi iHcTpykuii 8051. Okpim uboro, CC2541 mae 2 kb nam'ati IEEE
MAC-agpecy Ta yHikanbHoro iaeHTudikaTtopa NnpucTpoto, Lo 36epiraloTbes y
BUAINEHi 3axvLLEeHIn AingHui | He MOXyTb ByTU 3MiHEHI KOpPUCTYBaYeM.
PapioyacTtoTHuii mogynb

B6ynosanuii pagiomoaynb CC2541 € noBHOMYHKLiOHaNbHUM nNpuiMavem-
nepepasayeM ctaHaapty Bluetooth Low Energy 4.0, wo npautoe B
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HeniueH3oBaHOMY Aiana3oHi yactoT ISM 2,400-2,4835 I'Ty. Pagiomoaynb
nigTpumye Bci 40 kaHaniB BLE, Bkntovatoum Tpu peknamHux kaHanu (37, 38, 39) Ta
37 kaHanis AnsA nepefadi 4aHuX, a Takox peanidye MexaHiam aganTvBHOMO
cTpubkonogibHoro nepectpotoBaHHs Yactotv (FHSS) ans nigBuLeHHs
3aBafOoCTIVKOCTi 3B'A3KY.

[ns moaynsuii curHany 3actocoByeTbest MeTof, GFSK (Gaussian Frequency

Shift Keying) 3i wemnakicTio nepefadi gaHnx 1 M6it/c Ha isnyHoMYy piBHI.
YyTnueicTb npuiimada cknagae -93 abm npu BER (Bit Error Rate) 0,1%, o
3abesneyye HapinHUi 3B'A30K Ha BiacTaHi 4o 100 MeTpiB y BiAKPUTOMY NPOCTOPI
npu BUXIOHI NoTy>HOCTI nepedasava 0 obm. BuxigHa noTyxHicTe nepeaasava
nporpamHoO HanalwToByeTbCSA B Aiana3oHi Bia -23 abm o +6 abwm, wo fossonse
FHYYKO perynoBaTtii KOMMPOMIC MiX AanbHICTIO 3B'A3KY Ta piBHEM
€HEeprocrnoXmBaHHs.

Papiomogynb nigkntoyaeTbes A0 30BHILWHBOT aHTeH abo aHTEHHOro

3'eHyBava Yepe3 BOygoBaHuii 6anyH (6anaHcHo-HebGanaHCcHUIA nepeTBoptoBay) Ta
inbTp. Mikpocxema CC2541 nigTpumye andepeHLianbHe aHTeHHe NiOKIYEHHS,



LLIO MOKpaLLy€e 3aBafoCTIMKICTb Ta 3HWXYE BMAUB NapasnTHUX BUNPOMIHIOBaHb Ha
po6oTy NpUCTPOIO.

MepwudepinHi moayni

CC2541 ocHalleHWIn po3BUHYTOO Nepudpepieto, Lo 3abe3neyye MOXNMBICTb
MiAKMIOYEHHS! LUMPOKOTO CMEKTPY 30BHILLHIX KOMMOHEHTIB Ta AaTyukis 6e3
3acToCyBaHHsi JoAaTKOBMX MikpocxeM. AHanoro-undpoBuii nepetsoptoay (ALMT)
Mae po3AinbHy 3aaTHicTb 12 6iT Ta nigTpumye Ao 8 aHaNoroBux BXigHWUX KaHaniB.
AL moxe npautoBaTti K Y pexxumi oQMHOYHOTO NepeTBOPEHHS, TakK i Y pexumi
ABTOMAaTUYHOTO CKaHyBaHHS KiflbKOX KaHaniB 3 MporpamMHoO HanaliToBYBaHOK
YacToTot Bubipku. HassHicTe BOyaosaHoro AL € kntovoBoto nepesaroto
CC2541 gns 3actocyBaHb TENEMETpIi, OCKinbku Ao3Bonsie 6e3nocepeHbLO
nigknoyaTy aHanorosi AaTtymky TemnepaTypu, TUCKY, OCBITNEHOCTI Ta iHLIMX
PI3NHHUX BENNYUH.
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[ns opranisauii 38's3Kky 3 30BHiLWHIMK npuctposamn CC2541 mae aBa
nporpamoBaHi nocnigosHux noptn USART, KoxeH 3 siknux moxe bytu
HanawToBaHuit ik UART abo SPI 3anexHo Bif BUMOr 3acTocyBaHHs. AnapaTtHa

nigTpumka 12C go3Bonsie nigknoyaTi UMpoBi aT4nkn Ta Mikpocxemu nam'aTi 3
LUUM iHTepdercoM. HasiBHICTb BOX He3anexHuX NocnigoBHMUX NOPTIB € CYTTEBOKD
nepeBsarolo Ans cuctem TenemeTpii, Ae 0AWH NOopT BUKOPUCTOBYETLCSA ANS 3B'A3KY 3
[artymkamu, a iHWum — Ansa kepyeaHHa mogynem HM-10.

TanmepHa nigcuctema CC2541 Bknoyae YoTUpK TanMepwu pisHOro

npuaHayeHHs: Timer 1 € 16-6iTHUM TariMepom 3 nigTpumkoto pexumis LLUIM Ta
3axonneHHs/NopiBHSAHHS, Timer 2 € cneuianisaoBaHUM TaiMepoMm Ansi CUHXPOHi3aLii
po6otun BLE-npotokony (MAC Timer), Timer 3 Ta Timer 4 € 8-6iTHuMun

3aranbHoro npuaHadeHHs. OkpiM Lboro, € Tamep cHy (Sleep Timer), wo
(hYHKLIOHY€E HaBiTb Y pexumax rmmnboKoro CHy i BUKOPUCTOBYETLCS ANs
npobymKeHHs1 MIKPOKOHTpoOnepa y 3agaHuii vac.

KinbkicTb niHin 3aranbHoro npusHadeHHs GPIO cknagae 21, Wo € goctaTtHim

AN NigknioYeHHs 6inbLIOCTi NOLWMPEHMX AaTUYMKIB Ta BUKOHABYMX NpUcTpoiB. Bci
niHii GPIO matoTb NporpamMHO HanaluToByBaHi BHYTPILLHI MiATAryodi pesnctopu ta
niaTpUMKy nepepusaHb no ppoHTy abo cnagy curHany. KoHTponep npsimoro
poctyny o nam'ati (DMA) mae 5 He3anexHuX kaHarniB i 403BONsSE BUKOHYBATH
nepefavy faHux Mix nepudepieto Ta nam'saTTio 6e3 yyacTi npouecopa, Lo €
BaXIIMBUM AN NiABULLEHHSI eHeproedeKTMBHOCTI Npu poboTi 3 BENUKUMU
MacvuBamMu aaHux Big ALITM.

Pexunmmn eHeprocnoxmeaHHs

OpHum i3 kntoyoBux napametpis CC2541 € nigTpMmka po3BUHYTOI cuctemn
yrpaBniHHA XXUBMIEHHAM, LLO BKIIOYAE KiflbKa PEXUMIB 3 Pi3HUM piBHEM
eHeprocrnoxuBaHHs. MNopiBHANbHA XapakTepucTuka BCiX PeXXMMiB HaBeAeHa Ha
pUCYHKy 2.3.
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PucyHok 2.3 - PexvMmn eHeprocnoxuBaHHsi MikpokoHTpornepa CC2541

Y aKTMBHOMY pexuMi Npu ogHoYacHil po6oTi NpoLecopHoro sapa Ta
pagioMofyns 3aranbHUA CTPYM CMOXWUBaHHS CTaHOBUTL 6nn3bko 24 MA. Mpun
BMMKHEHOMY pajioMoayni Ta aKTUBHOMY SAPI CTPYM 3HMKYETLCA A0 9 MA. Pexum
PM1 3abe3neuvye 36epexeHHs BMICTy pericTpiB Ta onepaTuBHOI Nam'sTi npu
3yNMMHEHOMY NPOLIECOPHOMY SAPI, @ CTPYM CNOXMBaHHS cknagae 6nmsbko 0,5 MKA.
Pexum PM2 € 6inbLu rmmbokum cHom — 36epiraeTbcs nuile BMICT onepaTuBHOI
nam'aTi Ta NPoAOBXY€E NpavoBaTy Tamep peansHoro yacy (RTC); ctpym
cnoxmBaHHs 3HmkyeTbes Ao 0,003 MkA. Hanrnmbwunii pexxum cHy PM3 36epirae
NnwiLe BMICT pericTpiB crewianbHOro npuaHadYeHHs; NpodymKeHHs MOXIMBe nuLue
3a 30BHILLHIM NepepuBaHHAM, a CTPYM CMoXMBaHHSA cknagae 6nunsbko 0,0003 MKA,
Lo BignoBiaae piBHIO MeHwe 1 MKA.

Takui LWMPOKUIA Aiana3oH PeXUMIB eHEProcrnoXnBaHHS 03BOMSE FHy4KO
ONTUMI3yBaTV CMOXMBAHHSA CUCTEMU TENEeMEeTPIl 3anexXHo Bif BUMOT 40 4acToTh
BMMIiptOBaHb Ta AanbHOCTI 3B'A3Ky. Hanpuknaga, npu yactoTi nepeaadi



TerieMeTpuYHKX AaHnx 1 pas Ha cekyHay nNpucTpii Ha 6asi CC2541 GinbLuy
YacTuHy Yacy moxe nepebysatu B pexxvmi PM2, npokugatoumnch nuile Ha yac
BUMIipIOBaHHA Ta nepegadi nakeTy, Lo [03BOSISE 4OCAITU CEPeaHbOro CTpyMy
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CMOXWBAHHSA Ha piBHi 0AVHULL Mikpoamnep i 3a6e3neynT poku aBTOHOMHOT
po6oTu Big HeBenvkoi 6aTapei.

TexHiuHi xapaktepuctukn CC2541

[Ina 3py4HOCTi NOAANBLLIOIO BUKOPUCTAHHS Y NPOEKTYBaHHI CMCTEMM
TenemMeTpii 38e4eMO OCHOBHI TEXHIYHI XapaKkTepucTukn MikpokoHTponepa CC2541
no Tabnuui 2.1.

Tabnumus 2.1 — OCHOBHI TEXHIYHI XapaKTepUCTUKN MiKkpokoHTpornepa CC2541
MapameTp 3HayYeHHst

MpouecopHe siapo 8051 (BoockoHaneHe), 8-6iT

TakToBa yacToTa go 32 MIy,

Flash-nam'aTtb 256 kb

OnepatusHa nam'atb (SRAM) 8 kb

CranpapTt 6e3npoToBoro 3B's13ky Bluetooth Low Energy 4.0

PapiogianasoH 2,400 — 2,4835 Ty

LWBnakicTe nepenadi gaHux 1 Mo6it/c

YyTtnumeicTb npuimada -93 obm

BuxigHa noTyxHicTe nepegasava -23 ... +6 obm

AL 12-6iT, 8 kaHanis

MocnigosHi iHTepcdericn 2 x UART/SPI, 12C

GPIO 21 ninis

Tanmepwu Timer1 (16-6iT), Timer2-4, Sleep Timer

DMA 5 kaHanis

Hanpyra xvenenHsa 2,0 — 3,6 B

Kopnyc QFN-40 (6x6 mm)

[iana3oH pobounx Temnepatyp -40 ... +85 °C

Takum 4nHoMm, mMikpokoHTponep CC2541 e noBHOMYHKLioOHanbHNM SoC-
pilweHHsM ans nobynosu npuctpois BLE, o noegHye B cobi Bce HeobxiaHe ans
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peanisauii cuctemun TenemeTpii — NpoLecopHe SApo, NaM'ATb, aHanorosy Ta
undpoBy nepudepito, a Takox NoBHOMYHKLIOHaNbHWI pagiomodynb BLE 4.0. Lii
BracTMBocTi pobnate CC2541 ontumanbHUM BUOOPOM sik anapaTHy OCHOBY
po3pobntoBaHoi cucTeMu TenemMeTpii B pamkax AaHoi 6akanaBpcbkoi poboTu.

2.2 Mogynb HM-10 Ha 6a3i CC2541

Moaynbe HM-10 € rotoBMM anapatHUM pilleHHSM ANs opraHisauii

6e3npoToBoro 3B'A3ky 3a ctaHaapTom Bluetooth Low Energy 4.0, nobynosaHnm Ha
6a3i mikpokoHTponepa CC2541 BupobHuuTea Texas Instruments. Moaynb
po3pobreHnin kutacbkoto komnaHieto Jinan Huamao Technology i € ogHum i3
HambinbL nowmnpeHnx BLE-mopynie y cdepi BOygoBaHMX cnuctem, poboTOTEXHIKN
Ta cucTeM TenemeTpii 3aBAsKN NOEAHAHHIO HU3bKOT BapTOCTi, NPOCTOTH
BMKOPUCTaHHA Ta [OCTaTHBbOI PYHKLIOHANbHOCTI ANS LWMPOKOro KOMa NpakTUYHMX
3acTocyBaHb. KntovoBa KoHLenLis Modynsa nonsrae B TOMy, Lo Becb BLE-cTek
peani3oBaHuin Ha piBHi BOyA0BaHOro nporpamMHoro 3abeaneyeHHs1 MikpokoHTponepa
CC2541, a B3aeMopisa 3 30BHILLHIM MiKpOKOHTponepom abo Kommn'toTepom
30iCHI0ETBCS Yepes NpocTuii | Jobpe 3aA0KyMeHTOBaHWiA iHTepdeiic AT-komaHa
no UART. Lle go3Bonsie po3po6HMKY BUKOPUCTOBYBATN MOAYIb SIK KHOPHUI
SALWKMK», He 3arnmbntotodnch y aetani peanisauii BLE-npotokony [14,15].

Bynosa Ta KOHCTPYKTUBHE BUKOHaHHS MOAYyNs

KoHcTpykTueHo mogynb HM-10 sBnsie co6oto HeBenuKy ApyKkoBaHy nnarty
po3Mipamu npubnuaHo 27x13 MM, Ha Skl po3mileHo mMikpocxemy CC2541F256,
KBapLIOBUI pe3oHaTop, aHTeHy (8K NpaBumno, ApykoBaHy abo 4inosy), nacusHi
KOMMOHEHTW Ta CBITNOAIoA iHAuKauii cTaHy 3'edHaHHsA. Moaynb, sik npaBuno,
nocTayaeTbCs y BUMSAAI NepexiaHoi nnaTty 3 perynatopoM Hanpyru 1a bydepHumm



enemeHTamu Ha niHiax UART, o no3sonsie 6e3nocepeaHbo NigknoyaTy moro fo
nnat Arduino Ta iHWMX MIKPOKOHTPONEPHMX CUCTEM 3 PiBHAMU Hanpyru 5 B 6e3

3m. Apk. No gokym. Mign. Oata

ApkK.

45

KPB.I-10.00.00.000I‘I3

pU3NKY NOLLKOMKEHHST Mmikpocxemu CC2541, sika po3paxoBaHa Ha Hanpyry
xueneHHs 3,3 B, puc. 2.4.

PucyHok 2.4 — Mogyne CC2541

B6ynosanuit y npowmeky CC2541 BLE-cTek peanidye Bci HeobXiaHi piBHi
npoTokony — Big i3NYHOro piBHS A0 piBHA GATT, Hagarum Ha3oBHI OAUH
KaCTOMHMI CepBIC 3 XapakTePUCTMKaMMN YNTaHHS Ta 3anucy, Lo PyHKLIOHYE sK
Npo30pu1in NOCNIAOBHMI kKaHan nepedavi AaHux. Takvi Nigxig cyTTEBO CNpoLLye
po3pobKy, OCKiNbKK [03BONSE NepefaBaTy AoBiNbHI 6aToBi NOCNiAOBHOCTI Yepes
BLE-3'egHaHHs aHanoriyHo 40 3B1YanNHOro NocrifgoBHOIO NOpTY.

PosniHoBka moaynsi

Mogyne HM-10 mae WwicTb OCHOBHMX BUBOAIB, po3TallyBaHHS Ta

NPU3HAYEHHS SIKUX HABEAEHO Ha PUCYHKY 2.5.

Busig BRK/EN npusHaveHuii Ans npuMycoBoro po3pusy aktueHoro BLE-
3'€IHAHHS LUMNSIXOM NoAavi HU3bKOro MoriYHOro piBHsA. Cnif 3a3HaunTy, WO Us
yHKUist peani3oBaHa He y BCiX BEPCisiX NPOLUMBKA MOAYNs, TOMY nepes
BMKOPUCTAHHSAM PEKOMEHIYETLCS NEPEBIPUTY BEPCIHO NMPOLLUMBKM KOMaHA0
AT+VERS?. BuBig VCC € BXOLOM XVBMEHHA MOAYNS i NiAKMOYaeTbCa [0
[pkepena nocTiHoi Hanpyrv B giana3oHi Big 3,0 oo 5,0 B. Bueia GND € cninbHoto

3m. Apk. No gokym. Mign. Aata

Apk.
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LUNHOIO — 3araribHUM NPOBOAOM, SIKUIA MOBUHEH OyTu 3'eQHaHWN i3 3aranbHUM
NPOBOJOM KEPYHUOro MIKPOKOHTpOSepa Ta AxKepena XUBMEHHS.

PucyHok 2.5 — PosniHoBka moaynst HM-10 Ha 6a3i CC2541

Bueoamn TX ta RX peanisytotb iHTepdeiic UART gnst o6miHy AaHuMK 3

KepyunM MiKpoKOHTpornepom abo komn'totepomM. Baxnumeo BpaxoByBaTtu, LLO
BuBig TX Moayns nigkntovaeTbes Ao BuBogy RX kepytoyoi nnatw, i HaBnaku —
BMBiA RX Moaynsa nigkntovaeTbes Ao BUBoAY TX kepytoyoi nnatu, Wo €
CcTaHgapTHUM npasunom 3'eaHanHs UART-npuctpois. LLiBnakicTb nepeaadi 3a
3amoBYyBaHHAM cknagae 9600 6oa, ogHak Moxe B6yTu 3MiHeHa KOMaHAoH
AT+BAUD y gianasoHi Big 1200 go 230400 6oa. Busig STATE Binobpaxae
noTovHWI cTaH BLE-3'eaHaHHs: Npu BiACYTHOCTI 3'€AHaHHSI HAa HbOMY (hOPMYETBCSA
MeaHap 3 YacToTtor 1 'y (wo aybntoe MyuraHHs ceitnogioga), a npu
BCTAHOBIIEHOMY 3'€JHAHHI — MOCTINHWI BUCOKWI NOTYHNIA PiBEHb.

TexHiYHi xapakTepucTukn Moayns

Moaynbe HM-10 mae Taki OCHOBHi TeXHiYHi xapakTepucTuku. Hanpyra

XUBMEHHSA Moayns 3 nepexiaHoto nnatoto cknagae Big 3,0 go 5,0 B, makcumanbHuin
cnoxveaHuii ctpyMm — 50 MA. Y akTuBHOMY pexumi pobotu 3 BcTaHoBneHum BLE-
3'€IHAHHSIM CTPYM CMOXMBaHHS CTaHOBUTb Bnunsbko 9 MA, a B pexumi cHy — Big 50
10 200 MKA, o pobuTb Moaynb NpuaaTHUM Ans aBTOHOMHUX 3aCTOCYBaHb 3

3m. Apk. No gokym. Mign. Aata

Apk.
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6aTapeiHnM XuBneHHsM. BuxigHa noTyxHicTe pagionepenasaya moxe 6yTn
HanallToBaHa Ha OfiHe 3 YOTUPbOX 3HaYeHb: -23 Abwm, -6 nbm, 0 abm abo +6 gbwm,
LLO BiAnoBigae AanbHOCTI 3B'A3KyY Bif Kinbkox MeTpiB 4o 100 meTpiB y Bigkputomy
npocTopi.

Cxema nigKnioYeHHst 40 MiKpOKOHTPONepHoi nnatu

[ns nigkntodeHHs moaynst HM-10 go mikpokoHTponepHoi nnatu Arduino

UNO HeobxigHo 3'eaHaTV BiANOBIAHI BUBOAM 3rifHO 3i CXEMOLO, HAaBEAEHO Ha
PUCYHKY 2.6.



PucyHok 2.6 - Cxema nigkntodeHHs mogynsa HM-10 4o MiKpOKOHTponepHoi nnatu

Ak BuAHo 3i cxemu, BuBig VCC Moayns nigkntovaeTbes Ao Buxody 5 B nnatu
Arduino, BuBig GND — o 3aransHoro nposoay. Busoau TX 1a RX mogyns
NiAKMIYaTbLCs A0 NPOrpamMHMX NOCMiAOoBHMUX nopTiB Arduino — BiANoBiAHO A0
BuBogdis D2 (RX) ta D3 (TX). BukopuctanHs 6ibniotekn SoftwareSerial gossonsie
peanisyBaTtu NporpamMHuiA NOCNigoOBHUI NOPT Ha Byab-aKMX LMPOBUX BUBOAAX
Arduino, 3BinbHsAtoun anapatHuin UART (BrBogm DO/D1) ans BignaromkeHHs
Yepes MoHiTop nopTy. Busig STATE nigkntovaeTtbes Ao susogy D13 ana
MOHITOPUHIY CTaHy 3'€4HaHHs B Nporpami.

3m. Apk. No gokym. Mign. ata

ApK.
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Mpu Takomy nigkntoveHHi moayns HM-10 BucTynae B poni npo3oporo
6e34pOoTOBOro KaHany Mixx MiKkpokoHTporiepomM Arduino Ta 30BHiLLHIM NPUCTPOEM —
cmapTdoHom abo iHwum mogynem HM-10. OaHi, HagicnaHi MikpOKOHTPONepom no
UART go mopaynsi, aBTomaTuyHo nepefarotbes yepe3 BLE-3'egHaHHs oo
NiAKYEHOro NPUCTPOLO, | HaBNaku.

BapiaHTi Tononorin nigknoveHHs

Mogayne HM-10 nigTpumye kinbka BapiaHTiB Tononorii 6e3gpoToBoro

3'eQHaHHS, O CyTTEBO PO3LLMPIOE MOXKIMBOCTI MO0 3aCTOCYBaHHA B CUCTEMaXxX
TenemeTpii. YCi TpM OCHOBHI TONONOrii HaBeAEHi Ha PUCYHKY 2.7.

PucyHok 2.7 — BapiaHTu Tononorin nigkniodeHHs mogyns HM-10

Y nepuwin Tononorii Mogynb NiAKNo4YaeTbCsa 40 NepcoHanbHOro Komn'totepa

Yyepes neperBoptoBad USB-UART Ha 6a3i Mikpocxemu FT232 abo aHanoriyHoi. Lie
[03BONSIE KepyBaTN Moayrnem 6e3nocepenHbo 3 TepMiHanbHoi nporpamu Ha [1K,
Hagcunatn AT-komaHau Ta oTpuMyBaTy AaHi Yepe3d BLE-kanan Big nigkno4eHoro
cmapTdoHa abo iHworo moayns.

Y gpyrivt Tononorii moayns HM-10 nigkntoyaeTbest 4O MiKPOKOHTPONEPHOT

nnatv Arduino i 3a6e3neyye 6e34poTOBUIA 3B'A30K 3i cMapToHoM. CMapTdoH
nigKMIYaeTbca A0 MOAYNSA 3a 4ONOMOorot ctaHaapTHux BLE-gopatkis — BLE
Scanner, nRF Connect abo LightBlue — i MOXxe sik oTpuMyBaTV TENEMETPUYHI AaHi

3Mm. Apk. No gokym. Mign. Aata

Apk.
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Big Arduino, Tak i HagcunaTn komaHam KepyBaHHs. Lis Tononoris € ocHoBHOWO Ans
po3pobntoBaHOi cUCTEMU TeNieMeTpil.

Y TpeTiit Tononorii gsa mogyni HM-10 yTBoptotoTh npsime 6e3gpoToBe

3'elHaHHS Mix coboto, Ae oauH BUCTynae B poni Begyyoro (Master/Central), a
iHWwi — BeaeHoro (Slave/Peripheral). Ans Lboro oavH 3 MOAyniB NepeMmKaeTbcs B
pexum Master komaHgoto AT+ROLE1. lMicnsi BCTaHOBNEHHS 3'eéAHAHHS AaHi,
HagicnaHi yepe3 UART go 6yab-akoro 3 Moaynis, NPo30po nepeaarTbes Ao
iHWoro moayns Yepe3 BLE-kaHan, wo fossonsie peanisyBaty 6e34poToBy 3aMmiHy
NPOBIAHOIO NOCNIAOBHOTO 3'€QHAHHS MiX ABOMa NPUCTPOSIMU.

2.3 Intepdperic UART Ta cuctema AT-komaHng ans mogynst HM-10

B3aemogis Mix kepyroumm MiKkpokoHTponepom Ta mogynem HM-10

3piicHoeTbest Yepes inTepdeiic UART (Universal Asynchronous Receiver-
Transmitter) — ogwvH i3 HaWBINbLL NOLWMPEHUX CTaHAapTIB NOCNIAOBHOI Nepeaadi
naHunx y BbygoaHux cuctemax. UART € aCMHXPOHHUM iHTepdencom, Lo He
noTpebye okpemoi TaKkToOBOI MiHii: CUHXPOHI3aLis MiX Nnepefasadem Ta npunMadvem
3abe3neyyeTbCcs 3aBASKV 3a3aaneriab NOrofpKeHii WBUAKOCTI nepeaadi Ta
CTaHAApTHIV CTPYKTYpi Kaapy AaHux. [pocToTa, HadiiHIiCTb Ta MiHiManbHa
KinbKicTb curHanbHux nidin (nuwe TX 1a RX) pobnste UART igeansHum Bubopom
[ANs opraHisadii 3B'A3Ky Mk MikpOKOHTpornepoM i nepudepiiHium mogynem [15].
MapameTtpn UART-iHTepdericy mogynsa HM-10

Mogyne HM-10 BukopuctoBye UART 3 Taknumu napametpamu 3a

3amMoBYyBaHHSAM: WBMAKICTb Nnepefadi 9600 6oa, opmat kagpy 8N1 (8 6iT AaHux,
6e3 6iTy napuTtety, 1 cton-6iT). PiBHi Hanpyrn Ha BuBogax TX Ta RX Mikpocxemu
CC2541 signoeigatoTb ctangapty TTL 3,3 B, ogHak nepexigHa nnata mogyns



MiCTUTb piBHENepeTBOpIOBaY, Lo 3abe3neyye CyMiCHICTb 3 5-BONLTOBUMM
nnatcopmamu, 3okpema Arduino UNO Ha 6a3i ATmega328P. 3aBasku LboMy

3m. Apk. No gokym. Mign. Oata

ApK.

50

KPB.I-10.00.00.000I‘I3

BuBoam TX Ta RX mogynsi MmoxHa 6e3nocepedHbo MigknioyaTv 40 BignoBiaHMX
BmBoAiB Arduino 6e3 4oOaTKOBUX €lIEMEHTIB.

®opmat UART-kagpy Ta yacoBa giarpama obmiHy Mix Arduino Ta mogynem
HM-10 npu nepenadi AT-komaHau HaBegeHi Ha pUCyHKy 2.7. KoxHuii 6anT gaHmx
nepefaeTbCs y BUrMAAi NOCNIAOBHOCTI: CTapToBUIA BiT (HU3bKMIA piBeHb), 8 BIT
AaHux (MonoAwmi 6iT nepumm, LSB first), cton-6iT (Bucokuii piseHb). Mpn
wemnakocTi 9600 604 TpuBanictb ogHoro 6iTy cTaHoBUTL NpubnuaHo 104 MKc, a
TpuBanictb nepefayi ogHoro 6aty — 6rnmsbko 1,04 mc.

PucyHok 2.8 - dopmat AT-komaHng mogyns HM-10 ta giarpama o6miHy no UART

Baxnusoto ocobnusicTio po6otn mogynst HM-10 e Te, Wwo BiH Mae ABa
NPUHLMMNOBO Pi3HUX pexumu pobotn no UART: pexum komaHa Ta pexvm gaHux.
Y pexumi komaHa Moayrb He Mae akTuBHOro BLE-3'eqHaHHs i odikye
HagxooxxeHHs AT-komaHnz ANs HanawTyBaHHsi abo KepyBaHHS. Y pexuMi AaHnx
MoZayrnb Mae akTuBHe BLE-3'egHaHHs | npo3opo nepepae Bci 6anTy, Wo HagxoasTb
no UART, uepe3 BLE-kaHan o nigknto4eHoro NpucTpoto, i HaBnaku.
lMepemukaHHs Mix pexmmamu BiabyBaeTbCA aBTOMaTUYHO NP BCTaHOBMNEHHI abo
po3puBi BLE-3'eaHaHHs [23].

dopmat AT-komaHa

AT-komaHaum (Big aHrn. ATtention) — Lie TEKCTOBWIA MPOTOKOM KepyBaHHS, LLO

Oepe cBili NOYaToK B KOMaHA MoAeMiB cTaHAaapTy Hayes i wmpoko
3aCTOCOBYETLCS B Pi3HOMaHITHUX KOMYHiKaLiiH1X Moaynsix, 3okpema GSM, Wi-Fi
Ta Bluetooth. Yci komaHaun nounHatotbes 3 npedikcy «AT» i MOXYTb MaTu pisHUi

3m. Apk. No gokym. Mign. Aata

ApK.
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CUHTaKCUC 3anexHo Bif NpU3Ha4eHHs. ICHye YoTUpM OCHOBHMX hopmaTy KOMaHa,

K HaBeAEHO Ha PUCYHKY 2.8.

Mepunit bopmat — TecT 3B'A3ky: koMmaHaa «AT» 6e3 )XofHVX napameTpisB
HafcunaeTbcst A5t NepeBipkn HAsiBHOCTI 3B'A3Ky 3 MoZdynem. Y Bianosigb Moaynb
noseptae psgok «OK». Lito komaHay pekoMeHayeTbCa HaacunaTu Ha novaTky

po6oTV Anst NepeKOHaHHs y NPaBUMbHOCTI NiAKIOYeHHA Ta HanawTyBaHHA UART.
[pyruii dpopmaTt — 3anuT NOTOYHOTO 3HAYEHHsI NapamMeTpa: KomaHaa Buay
«AT+&It;CMD&gt;?», ge &lt;CMD&gt; - HasBa napameTpa. Moaynb noBepTae BianoBiab
«OK+&It;CMD&agt;:&lt;value&gt;», ne &lt;value&gt; - notouHe 3HayeHHs napameTpa. Hanpuknag,
komaHaa «AT+BAUD?» noseptae « OK+BAUD:0», L0 03Ha4ae NOTOYHY

weunakicte 9600 Goa.

TpeTin hopmaT — BCTAHOBMEHHS HOBOIO 3HAYEHHS MapameTpa: koMaHaa Buay
«AT+&It;CMD&gt;&lt;value&gt;» 6e3 posginbHyKa Mixx Ha3Boto Ta 3HaYeHHsiIM. Moaynb
niaTBepaXye BCcTaHoBNeHHs Bignosiaa «OK+Set:&lt;value&gt;». Hanpuknag, komaHaa
«AT+BAUD4» BctaHoBntoe weuakicts 115200 6oa.

YeTtBepTtuii hopmaT — BUKOHAHHSA Aii: komaHaa Buay «AT+&lt;CMD&gt;» 6e3
3HaYeHHs, WO 3anyckae NeBHy Ao, HanpyKknaz cCkMaaHHsA HanawTyBaHb
(AT+RENEW) abo nepesanyck moayns (AT+RESET).

MprHLUMNoBo Baxnueoto ocobnumeicTio AT-komang mogyns HM-10 € Te, wo

BOHW HaacunaTbes 6e3 cumBony 3aBepLueHHst psaka (\r\n), Wo BiapisHse ix Big
KOMaHZ Aesikunx iHWwux moaynis. Mogynb po3nisHae KOMaHAM 3a YacoBO

3aTPUMKOIO: AKLLO NiCNS OCTaHHLOrO NPUNHATOrO GanTy npowwno Ginbwe ~100 mc

i papok nounHaeTbes 3 «AT», BiH iHTEpnpeTyeTbcs 9K komanaa. Yac signosiai

MOAyns Ha KOMaHAay, sik Nnpasuno, ctaHoBuTb Big 50 go 200 mc.

MoBHWUIA Nnepenik oCHOBHMX AT-kOMaHA,

Yci AT-komanan mogyns HM-10 moxHa noginut Ha Yotupun

yHKUIOHaNbHI rpynu, Lo HaBeAeHi Ha PUCYHKY 2.9.

. Apk. No gokym. Mign. Aata Apk. 52
KPE..I-10.00.00.000E PucyHok 2.9 - OcHoBHi AT-komaHan mogyns HM-10
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(23w, Apk. No gokym. Mian. Jarta Apk. 53
KPE..I—10.00.00.000H_3
[o nepLuoi rpynu — 3aranbHUX KOMaHA4 — HanexaTb KoMaHau NepeBipku
3B'5I3Ky, OTPMMaHHS iHdopmaLii npo Bepcito npowwmskn Ta MAC-agpecy moayns, a
TaKOX KOMaHAW nepesanycky Ta BiHOBMNEHHs! 3aBOACHKMX HanawTyBaHb. Komanga
AT+ADDR? € ocobnveo BaxMBoo npu nobyaoBi cuctem 3 Kiflbkoma MoAymnsimu,
OCKinbku [o3BONsiE oTpUMaTK yHikanbsHy MAC-agpecy KOHKpETHOro MoAyns Anst
noganbLIoro BUKopuctaHHs B komaHai AT+CON ans agpecHoro nigknioYeHHs B
pexumi Master.
[o apyroi rpynu — komana HanawTyBaHHA UART — HanexaTtb KoMaHan
3MiHu wBuakocTi nepegavi. MiatpumysaHni wewmakocTi: 1200 (0), 2400 (1), 4800 (2),
9600 (3), 19200 (4), 38400 (5), 57600 (6), 115200 (7), 230400 (8). Micns 3miHK
LwBMAKoCTi koMmaHaoto AT+BAUDX HeobxiaHO Nepe3anycTuTi Moayrb KOMaHAo
AT+RESET, nicnst yoro UART 6yae npautoBaTi Ha HOBIl LWBUAKOCTI. Baxnveo
0OQHOYaCHO 3MiIHWUTY LWBWUAKICTb i B Mporpami kepyto4oro MikpoKOHTposepa, iHakLe
3B'130K Oye BTpayveHo.
[lo TpeTbOi rpynu — KoMaHA yNpasniHHA 3'€QHAHHAM Ta PeXUMOM —
HanexaTb KoMaHau nepeMukaHHsi poni Mmoayns Mix Master Ta Slave, ckaHyBaHHS
noctynHux BLE-nprcTpoiB Ta BCTaHOBMNEHHS 3'eaHaHHs 3a MAC-agpecoto.
Komanga AT+DISC? B pexxwumi Master noBeptae cnmcok 3HangeHux BLE-
npuctpoiB y doopmati «OK+DISC:0:MAC1», «OK+DISC:1:MAC2» i T.4. Micna
oTpumaHHs MAC-agpecy NoTpibHOro NpUCTpoto 3'€AHaHHS BCTAHOBIHETLCS
komangoto AT+CON&It; MAC&gt;, ne &lt; MAC&gt; — wecTnbaritoBa MAC-agpeca 6e3
pO3aiNbHYKIB.
[lo yeTBepTOi rpynu — kKOMaHA, HanawTyeaHHs BLE — Hanexats komaHan
3MiHu imeHi npucTpoto, PIN-koay, HanawTyBaHHSA CMOBILLEHb NPO CTaH 3'e€4HaHHSA
Ta BMXigHOT NoTyxHocTi nepeaasaya. Komanga AT+NOTI1 BMuKae pexum
cnogilLeHb, npu sikomy moaynb Hagcunae no UART psagkn «OK+CONN» npu
BCTaHOBIEHHI 3'eaHaHHs Ta «OK+LOST» npwu 1noro po3pwmsi — Lie 403BOMNSAE
nporpami MikpoOKOHTpornepa pearyBati Ha 3MiHy cTaHy 3'egHaHHs 6e3 HeobxigHOCTi
nocTiliHOro onuTyBaHHs BuBogy STATE [23].

3m. Apk. No gokym. Mign. Aata

ApK.
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AnroputM™ iHidianisauii mogyns

[ins kopekTHOi poboTK cucTemu TenemeTpii HeobXiAHO BUKOHATW NovaTKoBe
HanawTysaHHs moayns HM-10 3rigHo 3 anropuTMoM, HaBeAeHUM Ha pucyHky 2.10.
Anroputm nepefbdavae nocnigoBHe BUKOHAHHS KiflbKOX KPOKIB nicns nogadi
XUBMEHHS Ha MOayIb.

PucyHok 2.10 — Anroputm iHidianisauii mogyns HM-10 yepes AT-komanau

Micns BBIMKHEHHS XUBMEHHS HEOOXIAHO BUTPUMATY 3aTPUMKY HE MeHLLe

500 MC Ans 3aBepLUEHHsI BHYTPILLHBOMO 3aBaHTaXeHHsA Moaynsa Ta ctabinisauii
Hanpyru xueneHHs. MNoTiM HagcunaeTbcs TecToBa kKomaHaa AT Ansa nepesipku
3B'3Ky. KO MOoAynb He BignoBiaae, Le MoXe CBigYMTY NPo HernpaBuiibHe
nigknodeHHs niHin TX/RX, HesignosigHicTb weuakocti UART abo HecnpaBHiCTb
mopyns. Mpu ycnilwHomy oTpumaHHi Bignosiai «OK» BUKOHYETbCS MOCHiAOBHE
HanalTyBaHHA: CKMAAHHS [0 3aBOACLKVX HanawTyBaHb (AT+RENEW),
BCTaHoBneHHs waunakocti UART (AT+BAUD), BctaHoBneHHs poni Slave
(AT+ROLEDO), npusHayeHHs imeHi npuctpoto (AT+NAME).

3m. Apk. No gokym. Mign. Aata

Apk.
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HaBepneHwuit Ha pucyHky 2.10 kog iHidianisauii Ha C++ ana Arduino

[EMOHCTPYE NpakTU4Hy pearnisaLlito OnMcaHoro anropuTMy 3 BUKOPUCTAHHAM
6ibniotekn SoftwareSerial. Bibnioteka go3Bonse peanidyBaTtu nporpamuuin UART
Ha BmBogax D2 Tta D3, 36epiratoun anapathuin UART (DO/D1) ans BignarofxeHHs
Yyepes MoHiTop nopTy Arduino IDE. lMicna 3aBepLueHHa npoueaypw iHilianisawii
MoAynb rOTOBUI 0 PEKNamMyBaHHsA CBOET NPUCYTHOCTI Ta OYiKye MiAKMHOYEHHS Bif
cmapTdoHa abo iHworo Master-npucTpoto.

OcobnueocTi poboTn 3 AT-koMaHAamm y cknagi cuctemu TenemeTpii

Mpwv po3pobui nporpamHoro 3abe3neyeHHst cuctemu TenemeTpii HeobxiaHO



BpaxyBaTu psif NPakTUYHKUX ocobnuneocTel poboTtu 3 AT-komangamu. Mo-neplue,
KOMaHAW HanalTyBaHHS CNif BUKOHYBATW NuLLE Npuy BiACYTHOCTI akTuBHoro BLE-
3'e[IHaHHS1, OCKINbKM B PEXMMI AaHUX Moayrb irHopye AT-koMaHau i nepeaae BCi
BXiaHi 6anTn Hanpsamy vyepes BLE-kaHan. MNMo-gpyre, nicns KOXHOT komaHam
HeobxigHO BUTPUMYBATK 3aTpUMKy He MeHLe 100 Mc nepef HaacUnaHHAM
HacTynHoi ANs HaJaHHs MoAyrnio Yacy Ha obpobky Ta hopmMyBaHHs Bignosigi. [Mo-
TpeTe, Aesiki KoMaHau (3MiHa LWBMAKOCTI, 3MiHa poni) HabupatoTe YUHHOCTI NuLLe
nicnsi nepesanycky Moaynsa komangoto AT+RESET, Tomy ix cnig BUKopucToBYBaTH
nuLle Npy NepLIoMy HanawTyBaHHi abo npy HeobXigHOCTI 3MiHM KoHdirypadlii, a
He Npu KOXXHOMY YBIMKHEHHI cucTemu.

Takum ynHom, UART-iHTEepdeNc y noegHaHHi 3 cuctemotro AT-komaHg

3abe3neyye NoBHUI KOHTPOMb Hag Moaynem HM-10 Ta € goctaTtHiM Ansa peanisauii
BCiX HEOBXiAHMX pyHKLi cucTeMn TenemeTpii — Big NOY4aTKOBOrO HanalUTyBaHHS
[0 MOHITOPUHIY CTaHy 3'e€4HaHHA Ta nepefadi TeneMeTpuyHUX NakeTiB y pexumi
peanbHOro yacy.

3m. Apk. No gokym. Mign. Aata

Apk.
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2.4 Bubip Ta 06rpyHTyBaHHS faTyMKiB AN 360py TeNneMeTpUYHUX AaHuxX

Bunbip aaTumkiB € 0OHUM i3 KIOYOBMX eTaniB NPOeKTyBaHHS CUCTEMMN

TenemeTpii, OCKiNbKM caMme AaT4MKU BU3HAYaloTb Nepenik BUMiptoBaHUX isnyHmX
BEMWYMH, TOYHICTb OTPUMYBaHWUX AaHWX, CKNagHICTb anapaTHOi peanisadii Ta
3aranbHe eHeprocrnoxuBaHHs cuctemu. Mpu BUGOPI AaTumKiB Ans po3pobntoBaHol
cMcTEMU TeneMeTpii kepyBanuch TakMMU KpUTEPISIMU: BiANOBIAHICTb BUMOram
NMPOMWCIOBOrO 3aCTOCYBaHHs, HasiBHICTb LMdpoBoro abo aHanoroBoro Buxoay 3
[0CTaTHBbOK PO3AiNbHOI 30aTHICTHO, CYMICHICTb 3 MIKDOKOHTPOIEPHO
nnatcopmoto Arduino UNO, fOCTYMHICTb Ta 3a40KyMEHTOBAHICTb KOMMOHEHTIB. 3a
pesynsTataMmu aHanidy o6paHo YoTVMpW AaTyMKK, LLIO OXOMNMOKTh Pi3Hi i3NYHI
BENVYMHM Ta peanidyloTb TpU pisHKX iHTepdercn nigknodeHHs: 1-Wire,
aHanorosui ALIM Ta I2C. lMopiBHsiNbHa xapakTepucTrka 0bpaHnx gatymkis
HaBefileHa Ha puCyHKy 2.11.

PucyHok 2.11 — MopiBHsANbHa XxapakTepucTuka obpaHnx AaTymkis cuctemm
TenemeTpii

3m. Apk. No gokym. Mign. Aata

Apk.
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Sk BUOHO 3 pUCyHKy, 0bpaHuin Habip AaTyukis 3abeanevye BUMipIOBaHHS

TemnepaTypu, TUCKyY, Bibpauii Ta enekTpuyHmMx napameTpiB — TO6TO OCHOBHUX
i3NYHNX BENNYUH, LLIO XapaKTepu3yoTb CTaH NPOMUCIIOBOro obnaAHaHHsA Ta
HaBKOMNULLHLOTO cepefoBuLLa. Pi3HOMaHITHICTbL iHTepdeliciB NiaKNoYeHHs
[,03BOISIE MPOAEMOHCTPYBaTH poboTy 3 yciMa OCHOBHUMM TUNamu AaTyuKiB, WO
aCTOCOBYHOTbCS Y BOYAOBaHUX CUCTEMAX.

aTunk Temnepatypu DS18B20

atunk DS18B20 BupobHuMLTBa kKoMnaHii Maxim Integrated (HuHi Texas
Instruments) € undpoBMM TEPMOMETPOM NPOMUCIIOBOIO Knacy 3 iHTepdeincom 1-
Wire, Lo A03BONsSE NepeaaBaTyt BUMIpsiHI 3HAYEHHs1 TemnepaTypu 6eanocepenHbo B
undpoBomy Burnagi 6e3 HeobxiaHOCTI B aHanoro-umMdpoBoMy NEPETBOPEHHI Ha
CTOPOHI MikpokoHTponepa [18]. AaTumk BukoHaHui y kopnyci TO-92 abo y
BUMSAAI repMETUYHOTO 30HAY Y HEpXaBilo4oMy KOpMyci, Lo 3abe3nevye 1oro
3axuUCT Bif BOMOMM Ta XiMiYHO arpecuMBHUX cepenoBuLy, puc. 2.12.

PucyHok 2.12 — Oatunk DS18B20

janasoH BUMIiptOBaHHS TemMnepatypu CKnap,aq -55 go +125 °C, TouHicTb
@Aianasom Bia -10 go +85 °C craHoButb + 0.5 °C  6e3 Byab-sKOro 30BHiLIHBOIO
kanibpyBaHHs. Po3ainbHa 3gaTHICTb NporpaMHo HanawToByeTbes Big 9 Ao 12 6iT,
Lo Bianosigae kpoky BumMiptoBaHHs Bif 0.5 o 0.0625 °C. Yac nepeTBopeHHs

3m. Apk. No gokym. Mign. Oata
ApkK.
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3anexuTb Big 06paHoi po3ainbHoi 3gaTtHocTi: npu 9 6iT - 93.75 mc, npu 12 6iT —
750 mc.

MpuHumn poboTu iHTepdeiicy 1-Wire nonsirae B Tomy, Lo 0b6MiH AaHuMu

MDK MiKDOKOHTPONEpPOM Ta JaT4MKOM 3INCHIOETLCS MO OAHIN CUrHanMbHIN NiHii DQ
3 nigTarytounmM peauctopoM 4.7 kKOm fo niHii )kueneHHs. Koxex aatyuvk DS18B20
Mae yHikanbHuin 64-6iTHni ineHTudikatop ROM, Wwo fo3Bonsie nigknoyatn 4o
opHiei wuHn 1-Wire HeobMexeHy KinbKiCTb AaTYMKIB | aApecHO 34MTyBaTu AaHi 3
KOXHOIO 3 HUX. [laTumK TakoxX NiATPUMYE PEXMM NapasuTHOrO XUBMEHHS, Npu
SIKOMY BiH OTPUMYE XUBMNEHHst 6e3nocepenHbO Bif CUrHanbHOI NiHii 6e3 okpemMoro
NPOBOAY >XMBMEHHS, LLO CNPOLLYE MOHTaX Y BaXKOAOCTYNHUX Micusx. Ans pobotn
3 gatymkom B cepegoBuLli Arduino BrkopuctoByeTbes bibnioteka OneWire y
noefHaHHi 3 Gibniotekoto DallasTemperature.

Hatymk DS18B20 wnpoKo 3acTOCOBYETHLCSI B MPOMUCIIOBUX CUCTEMAX
MOHITOPUHIY TemnepaTypu TpybonpoBoaiB, pe3epsyapiB, eNekTpuyHmX wad Ta
HaBKONMMLLIHLOTO cepeaoBuLLa. V1oro BUCOKa TOUHICTb, LIMPOKWIT AianasoH
BMMIpIOBaHHS Ta CTINKICTb 0 3aBaj Ha CUrHanbHii NiHii pobnsTs oro
onTuMarnbHUM BUBGOPOM ANt CUCTEM TENEMETPIi 3 TPUBANUMM MiHISMU 3B'A3KY MK
[aTyYVKOM Ta MIKPOKOHTPONEPOM.

[atumnk Tcky MPX5700

Hatunk MPX5700 Bupo6HuuTea komnaHii NXP Semiconductors €
N'€30PE3UCTUBHMUM JATYUKOM HAATMLLKOBOIO TUCKY 3 aHaNOroB1M BUXOLOM
Hanpyru, Wo NponopuinHa BUMIpIOBaHOMY TUCKY. [JaT4nMK BUKOHAHUI y KOPMYCi
867B 3 ogHMM abo ABOMa nopTaMu MiaKMioYeHHs TPyOKku TUCKY Ta po3paxoBaHuii
Ha BMMIiptOBaHHs TUCKy B dianasoHi Big 0 go 700 klMa [19].

BuxigHa Hanpyra gatyunka niHiiHo 3miHoeTbes Big 0.2 B npy HynboBoMy

TUcky 8o 4.7 B npu makcumansHomy Tucky 700 klMa npu Hanpysi xueneHHs 5 B.
MepenaBanbHa dyHKLis gaTtymka onucyeTbest Bupasom: Vout = Vee x (0.0012858 x
P +0.04), ne P — Tuck y klMa. 3Biacu bopmMyna nepeTBOpPEeHHsS BUXIQHOT HAanpyru y
3HayveHHs Tucky Mae Burnag: P = (Vout / Vcc — 0.04) / 0.0012858. ToyHicTb

3m. Apk. No gokym. Mign. ata

ApK.
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nartymka cknapae +2.5% Big NOBHOro Aiana3oHy BUMIpIOBaHHS, Yac BiAryKy -
1.0 Mc, Wo € goctaTtHimM Ans 6inbLIOCTi 3acTOCyBaHb MOHITOPUHIY TUCKY B
rigpaBnivyHUX Ta MHEBMATUYHUX cucTemax, puc. 2.13.

PucyHok 2.13 — Oatunk MPX5700

MigkniodeHHa aaTymnka 4o MiKpokoHTponepa Arduino 3aiiCHI0ETbCS Yepes
aHanorosuii Bxig AO B6ynosaHoro 10-6iTHoro ALIM. Mpu Hanpysi xveneHHs 5 B
po3sginbHa 3gatHicte AU Arduino ctaHoBuTb 4.88 MB/oauHuMuto, WO Bignosigae
po3ainbHii 3gaTHoCTi No TMcKy 6nmabko 2.69 klMa Ha oguHuuto ALIM. Ons
NiABULLEHHS TOYHOCTI BUMIpOBaHb PEKOMEHYETHCS BUKOHYBATU YCEPEOHEHHS
Kinbkox nocnigosHux signikis ALIM. Aatumk MPX5700 wimpoko 3acTocoByeTbCS B
cuUcTeMax KOHTPOIIO TUCKY TigpaBniku, MHEBMATUKN, CUCTEM BEHTUSLIT Ta
KOHAMUIOHYBaHHS, @ TakoX y Mean4YHOMY obnagHaHHi.

Akcenepometp ADXL345

Matunk ADXL345 Bupo6HuuTBa komnarii Analog Devices € TpuBicHUM
MikpoenekTpoMexaHiyHum akcenepometpom (MEMS) 3 undppoBum iHTepdercom
12C abo SPI. BiH BUMIiptOE NPUCKOPEHHSI OAHOYACHO MO TPbOX B3aEMHO
nepneHankynsapHux ocax X, Y 1a Z y aianasoHax +2g, +4g, +8g abo +16g 3
NporpamMHO HanaLITOBYBaHOK PO34ifibHO 3aaTHICTIO 13 BiT Npu MakcumansHoMy
niana3oHi 169, Wwo Bignosigae po3aineHin 3gatHocti ~0.004g/oanHnuto, puc. 2.14.

3Mm. Apk. No gokym. Mign. Aata
Apk.
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PucyHok 2.14 — latumk ADXL345
[atyumk nigTpuMye nporpaMHoO HanalToByBaHy YacToTy Bubipku Big 0.1 oo

3200 Iy, Wwo [03BOSE 3aCTOCOBYBATU Or0 5K AN BUSBNEHHS NOBINIbHUX HAaXMNiB
Ta opieHTauii, Tak i Ana aHanisy Bibpauili 06rnafHaHHSA B LULMPOKOMY AianasoHi



yactoT. ADXL345 mae BOynoBaHi (hyHKLiT BUSIBNEHHS! OQMHOYHOTO Ta NOABIHOIO
yAapy, BUSBMEHHS BiflbHOrO NagiHHS Ta NepeBULLEHHS MOPOrOBOro 3HaYEeHHS
NMPUCKOPEHHS 3 hOPMYyBaHHSIM anapaTHOro NepeprBaHHS, Lo JO3BOSISE
peani3oByBaTV 3axMCHi pyHKLiT 6€3 NOCTINHOro ONUTYBaHHS AaTynka
MiKpOKOHTponepom [20].

MigkntodeHHsa ao Arduino 3airicHioeTbes Yepes iHTepdeiic 12C: BuBia SDA
nigknoyaeTbcs Ao aHanorosoro Bueoay A4, Bueia SCL — go A4, wo e
cTaHaapTHUM anapaTtHuM 12C-iHTepdericom mikpokoHTpornepa ATmega328P.
Agpeca gartymka Ha wuHi 12C Bu3HavaeTbest cTaHom Bueody SDO: npu
nigkntodeHHi no GND agpeca cknagae 0x53, npuv nigkntodeHHi go VCC - 0x1D.
Hanpyra xwvBneHHs gatyvka cknagae Big 2.0 go 3.6 B, Tomy npu nigkntoyveHHi oo
Arduino 3 Hanpyroto 3.3 B abo 5 B HeobxigHO BMKOpUCTOBYBaTW BOYLOBaHWIA
ctabinisatop 3.3 B nnatu Arduino. [ins po6oTn 3 4aT4MKOM BUKOPUCTOBYETHLCS
6ibnioteka Adafruit ADXL345 a6o SparkFun ADXL345.

B cuctemi Tenemetpii gatumk ADXL345 BUKOHYE (PYHKLIO MOHITOPUHTY

Bibpauii Ta opieHTauii obnagHaHHS, WO € BaXNMBMM NapaMeTpoM AN1s OLiHKWU CTaHy
MexaHi4HMX BY3niB — NiALIMMHMKIB, HACOCIB, KOMNPECOPIB Ta iHLWMX NPUCTPOIB 3

3m. Apk. No gokym. Mign. ata

Apk.
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obepToBMMM aeTansmu. MigBuLLeHWin piBeHb Bibpalii, ik npaBumo, cBiguYnTh Npo
3HOC abo HecnpaBHICTb MEXaHiYHNX KOMMOHEHTIB i € BaXMUBUM CUrHaNom ans
CMCTEMM NPOrHOCTUYHOTO TEXHIYHOTO OGCIYroBYBaHHS.

[atumk cTpymy Ta Hanpyr INA219

Latumk INA219 BupoGHMUTBa KoMnaHii Texas Instruments €

[BOHanNpaBneH1M LLYHTOBMM B/UMIpOBaYeM CTPYMY Ta Hanpyru 3 umdposum
iHTepdericom 12C. MpuHuun poboTn nonsarae y BUMIpOBaHHI NafiHHSA Hanpyrn Ha
LUYHTOBOMY pe3ucTopi (y po3pobntoBaHiit cuctemi - 0.1 OM) Ta Hanpyry Ha LWWHI
XKUBMEHHS 3 noganbLlUnM 0B4YMCNEHHAM CTPYMY Ta MOTYXHOCTI y BOyaoBaHOMY
obuuncntoBanbHomy 6noui 3 12-6itTHum ALM, puc. 2.15.

PucyHok 2.15 — fatumk INA219

[atunk 3abesnevye BUMIpIOBaHHSI Hanpyrv LWWHW y giana3oHi Big 0 o 26 B

Ta cTpymy Ao +3.2 A npu wyHTi 0.1 OM 3 TOuHICTIO +1% Big NOBHOrO AianasoHy.
B6ynoBaHuit o64mcnoBanbHUiA 6110k aBTOMaTUYHO PO3PaxoBYE MOTYXKHICTb 3
TOYHiCTO £0.5%, L0 3BiNbHAE MiIKPOKOHTPOMEP Bif HEOOXiAHOCTI BUKOHAHHS
[04aTKoBUX 064McneHb. [atuumk nigTpumye nporpaMHe HanalTyBaHHS
koediLieHTiB kanibpyBaHHs Yepes 12C, Wwo [o3BONSiE aaanTyBaTy MOro 40 LUYHTIB
pi3HOro HoMiHany.

Apnpeca gatuvka Ha wuHi 12C 3a 3amoBvyBaHHsM cknagae 0x40 i moxe 6yTn
3MiHeHa B gianasoHi 0x40-0x4F wnsxom nigkntoveHHsa susoais A0 ta A1 no GND
abo VCC, wwo Ao3sonsie nNiakniounT Ao oaHiel wuHmn 12C ao 16 HesanexHux

3m. Apk. No gokym. Mign. Aata

Apk.

62

KPB.(C)-10.00.00.000M3

natymkiB INA219 ogHovacHo. Ockinbku i ADXL345, i INA219 BUKOPUCTOBYHOTb
iHTepderic 12C, obuaea gatumky nigknioyarTbes 40 ofHiel WuHu Arduino
(A4=SDA, A5=SCL) npu ymoBi BiacyTHOCTi kKOH(niKTy agpec. [Ans pobotu 3
[aT4YMKOM BUKOPUCTOBYETbCS bibnioteka Adafruit INA219.

B cucremi Tenemetpii gatunk INA219 3abe3nedye MOHITOPUHT
€HeprocnoXmBaHHS NiAKMIOYEHOro HaBaHTaXeHHs y peanbHOMY Yaci, Lo €
Ba)IMBMM NapaMeTpoM siK ANsi OUiHKM edpeKTUBHOCTI poboTn obnagHaHHs, Tak i
NS KOHTPONIO CTaHy akyMynsTopHUX 6atapeit B aBTOHOMHUX cuctemax [21].
TakvuMm YnmHoM, 06paHuii Habip aatunkie DS18B20, MPX5700, ADXL345 Ta
INA219 3abe3neyye BUMIpIOBaHHSA YOTUPBLOX KIOHYOBMX (Di3NYHMX NapaMeTpiB
NPOMMCINOBOro 0bnagHaHHs 3 BUKOPUCTaHHSAM TPbOX Pi3HMX iHTepdenciB
nigKnoYeHHs. Takvin Nigxia 403BONSE NPOAEMOHCTPYBATH YHIBEpCanbHICTb
po3pobntoBaHoi cucTemu TenemeTpii Ta ii 3aaTHICTb IHTerpyBaTi 4aTumnky pisHmX
TUNIB Y €QVHY BMMIpIOBarnbHy Mepexy 3 nepegadeto gaHux vyepes BLE-kaHan Ha
6a3i moagyns HM-10.

2.5 ®yHKUioHanbHa cxema cucteMn Tenemerpii



®yHKUiOHaNbHa CXxeMa € OHVM i3 OCHOBHUX KOHCTPYKTOPCHKMX [OKYMEHTIB,

Lo Bigobpaxae cknag cuctemu, dyHKLii okpeMmx Brokis Ta 3B'A3ku Mixk HUMK 6e3
[eTanisauii KOHKPETHOI CXxeMOTeXHIYHOI peanisauii. Ha BigmiHy Big npuHUmMnoBoi
eneKkTPUYHOI cxeMu, yHKLioHarnbHa cxema OpieHTOBaHa Ha PO3KPUTTSA NOTik1
po6oTn cucTemu Ta B3aemogii ii CknafoBUX YaCTUWH, LLO € BaXIMBUM NS PO3YMIHHS
3aranbHoi apxiTekTypu po3pobrntoBaHoi cucteMmn TenemeTpii. 3aransHa
yHKLIOHanbHa cxeMa cUcTeMU HaBedeHa Ha pUcyHKy 2.16.

3m. Apk. No gokym. Mign. Aata
Apk.
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PucyHok 2.16 - 3aranbHa dyHKLioHanbHa cxema cuctemun Tenemerpii

Ak BUAHO 3i cxemu, cuctema TenemeTpii CKnagaeTbCs 3 ABOX OCHOBHMX

YaCTUH: BUMIPIOBarbHOro By3ry Ta NpuiiManbHOI CTOPOHM, 3'€QHaHNX KaHanom
6e3apoToBoro 3B's3ky BLE 4.0. BumiptoBanbHuWii By30r BUKOHYE pyHKLiT 360py
[aHuX 3 AaTymkiB, iX nepBMHHOT 06pobKKM Ta nepeadi Yepes BLE-kaHan, Toai sik
npuiimansHa cTopoHa 3abesneyye npuinom, BinobpaxeHHs Ta 36epexxeHHs
TenemeTpuyHux gaHux [9,12].

BumiptoBansHun By3on

BumiptoBanbHWi By30: € LeHTpanbHUM (OyHKLIOHaNbHUM €fleMEHTOM

CUCTEMM Ta CKMadaeTbcs 3 MikpokoHTponepHoi nnatn Arduino UNO, 4oTupbox
[atyukiB disnyHMX BenuymnH, Mopyns 6esgpotosoro 3s'a3ky HM-10 Ta 6rnoky
XuBneHHs. [letanbHa dyHKUiOHaNbHa cxema BUMIpIOBarbHOro By3rny HaBedeHa Ha
pucyHky 2.17.

3m. Apk. No gokym. Mign. Aara
Apk.
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PuricyHok 2.17 - ®yHKUiOHanbHa cxema BUMIpHOBanbHOro By3fy CUCTEMU TenemeTpii

MikpokoHTponep Arduino UNO Ha 6a3i ATmega328P BukoHye porb
LieHTpanbHOro ob4ncnioBanbHOro enemeHTa By3ny i peaniaye Taki qyHKLjii:
LMKNIYHE 34MTYBAHHS AaHUX 3 AaTYMKIB Yepes BiAnoBiAHi iHTepdencu, nepsuHHy
06pobKy oTpMMaHux faHux (MacluTabyBaHHsl, dinsTpadisi, ycepeaHeHHs ),
hopmyBaHHSA TenemeTp1MYHOro nakeTy dikcoBaHoro oopmMaty Ta Moro nepegady o
mopyna HM-10 yepes nporpamuuii nocnigosHuin nopt UART. Kpim Toro,
MIKPOKOHTpOIep 34iNCHI0E MOHITOpWHT cTaHy BLE-3'egHaHHs yepes BuBig STATE
mozaynst HM-10 Ta ynpaBnsie npoLecoM NigKMtoYeHHs.

[aTymkn nigknioyaTbea A0 MIKPOKOHTporepa Yepes Tpuy pisHUX

iHTepdericn, Wwo dopmMyoThb BIAMOBIAHI (PYHKLIOHAMNbHI LLUMHX BUMIPIOBANbHOIO
Byany. LLinna 1-Wire Ha BuBogi D2 3abesnevye 3B'30k 3 4aTYMKOM TemnepaTypu
DS18B20. LunHa 12C Ha BuBogax A4 (SDA) Ta A5 (SCL) o6'egHye akcenepomeTp
ADXL345 Ta gatunk ctpymy i Hanpyr INA219 — obuasa npucTpoi MatoTb PisHi
agpecu Ha WuHi (0x53 Ta 0x40 BignoBigHO), WO BMKNOYAE KOHMIKT Npu
ofHo4YacHin po6oTi. AHanorouii Bxig A0 NigknioYeHnid 4o BUXOAY AaTymKka TUCKY
MPX5700, Hanpyra sikoro nepeTBoptoeTbcsi BOyaoBaHum 10-6iTH1M AL

3m. Apk. No gokym. Mign. Aata

Apk.
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MiKpOKOHTpoOrepa y umdpoBuii Ko Ans noganswmx obumcnerb. LnHa UART Ha
BuBogax D2 (RX) ta D3 (TX), peanizoBaHa 3a gonomoroto 6ibnioteku
SoftwareSerial, 3abe3nevye 3B'A30K Mixx MikpokoHTponepom Ta mogynem HM-10.
LLinHa xuBneHHsa noctadvae Hanpyry 5 B Ta 3.3 B Big 6noky xwuBneHHs (USB abo
aKyMynaTop) A0 BCiX KOMMOHEHTIB By3ny [22].

Kanan 6e3gpoToBoro 3B'A3ky

Kanan 6e3gpoToBoro 3B'a3ky peanizoBaHuii Ha ocHoBi mogyns HM-10 3
MikpokoHTpornepom CC2541, wo 3abesnevye npo3opy nepefadvy 6antosmx
NoCniflOBHOCTEN MiXX BUMIpIOBarbHUM BY31OM Ta NPUCTPOEM-NpUIMadYemM vYepes
BLE 4.0 Ha yacToTi 2.4 ['Ty. Moaynb dyHKUIOHY€e B poni nepudepinHoro



npuctpoto (Peripheral/Slave) Ta ovikye nigknioveHHs Bif LeHTpanbHOro NpUcTpoo
(Central) — cmaptdoHa abo BLE-apgantepa K. Micna BcTaHOBNEHHS 3'eAHaHHSA BCi
6ariti, Wo HaaxoaaTb Ao moaynst no UART Big MikpokoHTponepa, aBToMaTuyHo
nepepatoTbes no BLE-kaHany o nigkntoyeHoro npuiimMadya i HaBnaku.
MpuimanbHa cTopoHa

MpuiimanbHa cTopoHa cucTemu moxe ByTv peani3oBaHa y ABOX BapiaHTax:
nepcoHasnbHuin komn'totep abo MobinbHMI cMapTdoH. Y BapiaHTi 3 NEpCOHanNbHUM
KoMn'toTepOM NiakntoveHHs 3aiicHioeTbest Yeped USB-UART agantep (skwo MK
nigkntoyeHo kabenem o Arduino) abo yepes BLE-USB foHMm (sKLLo
BMKOPUCTOBYETbCS Be3gpoToBe niaknodeHHst 6eanocepeaHbo Ao moaynst HM-10).
Mporpama moHiTopuHry Ha MK 3abe3nevye npuitom Ta AekogyBaHHS
TenemMeTpUYHUX NaKeTiB, BiJOOpaXeHHs NOTOYHUX 3Ha4YeHb napameTpiB Ta ix
AvHaMikn y Burnagi rpadikie, a Takox 3anuc gaHux y davin dopmaty CSV ana
noganbLUIoro aHaniay. Y BapiaHTi 3i cMapTOHOM MiAKMIOYEHHS 34INCHI0ETLCS
6es3nocepenHbo Yepes BbynoBaHuii BLE-agantep moGinbHOro npuctpoto 3a
[0MOMOrOl0 CTaHAapTHUX AoAaTkiB abo cnevjianisaoBaHOro MobifibHOro 3aCTOCYHKY.
AnroputMm po6oTi Ta hopmaT TENEMETPUYHOIO NaKeTy

AnroputM po60oTu BUMIiptOBaNbLHOro By3ny Ta hopmMat TeNneMeTpuyHoro

nakeTy HaBefeHi Ha pUCyHky 2.18.

3m. Apk. No gokym. Mign. Aata
Apk.
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PuvicyHok 2.18 - AnropuTm po60oTu cuctemm TenemeTpii

[Micnst nogaYi XXMBNEHHs1 MIKPOKOHTPOMEep BMKOHYE iHiljianidaLito BCix

nigknoyeHnx gatymkie Ta moayna HM-10 yepes nocnigosHicTe AT-komang. Jani
cucTeMa NepexoanTb y pexum odikysaHHa BLE-3'egHaHHa — moayns HM-10
peknamMmye CBOK NPUCYTHICTb Y edipi. [icnsa BcTaHOBNEHHS 3'eQHaHHA 3anyckaeTbcs
OCHOBHMI LMK 360py Ta nepedavi TeNnemMeTpudHMX AaHuX, WO NOBTOPHETLCS 3
3aAaHuM iHTepBanom onuTyBaHHSA (3a 3aMoBYyBaHHSAM 1 cekyHaa).
TenemeTpuyHMIA NakeT mMae ikcoBaHUn hopmat 3aranibHUM po3mipom 19

6anT. MNaket NnounHaeTbCcst MapkepoM noyatky (0xAA) Ta igeHTudikatopom By3na,
nicnsi Yoro po3MilLlyoTbCsi MONSt AaHUX Bif, KOXHOMO AaTyunka: Temnepatypa (2
6avitn, 3HaveHHs x 10), Tuck (2 6anTw, kMa x 10), npuckopeHHs no ocax X, Y, Z
(no 2 6anTu KoXHe, 3HaYeHHs1 B Mg), Hanpyra LwuHu (2 6anti, MB) Ta cTpym (2
6antun, MA x 10). 3aBepLuyeTbCs nakeT 6anToM KOHTpornbHOI cymu (XOR Beix
nonepefHix 6anT) Ta Mmapkepom kiHus (0x55). BUKOpUCTaHHS LinodmcenbHMX
3HaveHb 3 hikcoBaHMM MaclITaboM 3amiCTb YMcen 3 nnasakyol KOMOK [03BONSE
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CYTTEBO CNPOCTUTN (hOPMYBaHHs Ta po3bip nakeTy Ha 0BOX KiHUSIX kKaHany 3B's3KyY,

3MeHWNTN 0BCsr nakeTy Ta NiaBULLMTY HaginHICTb nepedadi. MakcumanbHa
YacToTa nepefadi nakeTiB Npu AaHoMy dopmaTi cTaHoBUTb 6rnmabko 10 My, Wwo e
[0CTaTHIM ANs BCiX PO3rMAHYTUX AaTUYMKIB.

Takum YnHoM, pyHKLiOHanNbHa cxeMa CMCTeMU TenemMeTpii YiTko Binobpaxae
po3nogin yHKLin MiXk KOMNOHEHTaMU CUCTEMU, NOTiKY iX B3aeMogii Ta MapLupyTu
NPOXOMKEHHS AAHWX Big AaTYMKIB [0 NPUCTPOLO BifobpaxkeHHsi. PospobneHa cxema
€ OCHOBOIO NS nofanbLuoi peanisadii nporpamHoro 3abesnevyeHHs cuctemn Ta
3abesneyye ofHO3HAYHE PO3YMIHHS MPUHLMMIB POBOTY KOXKHOTO (PyHKLiOHaNbLHOro
6noky.

2.6 ApxiTekTypa nporpaMmHoro 3abesneyeHHs Ta nporpaMmyBaHHs
MIKPOKOHTPOSIEPHOro By3na

MporpamHe 3abe3neyeHHs cucTeMu TenemMeTpii € HEBIA'EMHO CKNaaoBoto,

Lo peanisye noriky 36opy, 06pobkun Ta nepedadi AaHux. MNpy NpoekTyBaHHi
nporpamHoro 3abeanevyeHHs po3pobnoBaHoi CUCTEMU AOTPUMYBANUCH NPUHLIMMIB
MOAYNbHOCTI, po3LlapyBaHHs BiANOBIAaNbHOCTI Ta MiHIManbHOT 3B'A3HOCTI MixK
KOMMNoHeHTamu. ApxiTekTypa nobyaosaHa 3a NPUHLIMNOM pPo3LUapyBaHHA — KOXEH
piBeHb B3aeMofie BUKIIOYHO 3 6e3nocepeaHbo cyciaHiMu piBHAMU. MNporpama
MiKpOKOHTPOMEpPHOro By3fy MiCTUTb N'ATb PiBHIB: anapaTHuii piBeHb, PiBeHb



anapaTtHux iHTepdeiicis, piBeHb ApaiiBepiB AaTuMKiB, piBeHb 06pobKu AaHKX Ta
npuKnagHui piseHb. Mk MiIKDOKOHTPOMEPHUM BY31OM Ta NPUNMarnbHOK
CTOPOHOI0 po3TalloBaHuin BLE-kaHan Ha 6a3i moayns HM-10, wo 3abesnevye
npo3opy ABOHanpaeneHy nepepady aAaHux [18, 23].

IHiyianisayis cuctemmn

Mporpama MikpokOHTponepHoro By3ny po3pobneHa y cepenouLli Arduino

IDE moBoto C++. PyHkuis setup() BUKOHYETLCSI OAUH pa3 Npu 3anycky Ta 34iliCHIoe
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iHiLjiani3auito BCix nigcnctem — NocnigoBHUX MOpPTiB, AaTyukiB Ta mogyns HM-10.
Ha nouartky chariny nigkniovaTbes HeobxiaHi 6ibnioTeky Ta oronoLLyTbLCA
rnobanbHi 06'ekT Ans poboTu 3 nepudepieto.

#include &It;OneWire.h&gt;

#include &lt;DallasTemperature.h&gt;

#include &lt;Wire.h&gt;

#include &It;Adafruit_ADXL345_gt; #include &lt;Adafruit_ INA219. h&gt;
#include &lt;SoftwareSerial.h&gt;

/I — KoHdirypauist BUBOAIB Ta KOHCTaHT
#define ONE_WIRE_BUS 2 // DS18B20 — BuBig D2

#define BT_RX_PIN 2 //HM-10 TX — Arduino D2

#define BT_TX_PIN 3 //HM-10 RX « Arduino D3

#define PRESSURE_PIN A0 // MPX5700 — aHanorosui Bxig AO
#define SAMPLE_MS 1000 // iHTepBan onuTyBaHHs1, MC

#define PKT_SIZE 19 // po3mip nakety, 6ant

#define NODE_ID 0x01 // ineHTudpikaTop By3na

[ — O6'exTn nepudepii
neWire oneWire(ONE_WIRE_BUS);
DallasTemperature ds18b20(&amp;oneWire);
Adafruit_ADXL345_Unified accel(12345);
Adafruit_INA219 ina219;
SoftwareSerial BTSerial(BT_RX_PIN, BT_TX_PIN);
bool bleConnected = false; // npanopeup ctaHy BLE-3'egHaHHs
void setup() {
Serial.begin(9600); // nopt BignarogxerHs (DO/D1)
BTSerial.begin(9600); // 38'a3ok 3 HM-10 (D2/D3)
/I IHiuianizauis gaTyukis
ds18b20.begin();
if (laccel.begin()) Serial.printin("ADXL345 He 3HangeHo!");
if (lina219.begin()) Serial.printin("INA219 He 3HaigeHo!");
/I HanawTyBaHHs mogyns HM-10 yepes AT-komaHau
delay(500); /I ovikyBaHHsSI cTapTy Moayns
BTSerial.print("AT"); delay(100); // TecT 3B'A3Ky
BTSerial.print("AT+ROLEQ"); delay(100); // pexxwum Slave
BTSerial.print("AT+NAMETelemetry"); delay(100); // im'a npucTpoto
BTSerial.print("AT+NOTI1"); delay(100); / cnosiLieHHs Npo 3'eQHaHHS
Serial.printin("lHiyianisauis 3aBeplieHa. OvikyBaHHs BLE...");
}
Bibnioteka SoftwareSerial fo3sonse peanizysatu nporpamHuii UART Ha
BmBoaax D2 ta D3, 3anuwatoun anapatHuii UART (DO/D1) BinbHUM ans
BignaromkeHHs yepe3 moHiTop nopty Arduino IDE. Komanga AT+NOTI1 BMukae
pexum cnosiweHb Moayns HM-10 — npu BCTaHOBMREHHI 3'é4HaHHA MOAy b
Hagcunae no UART pagok «OK+CONN», a npu po3pusi — «OK+LOST». Lle
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[03BOSISIE NPOrpami BiACTEXYBaTW CTaH 3'eAHaHHs 6€3 NOCTIMHOro oNMTyBaHHS
BuBoay STATE.
[onoBHuiA umkn 36opy Ta nepefadi AaHUx

ﬁyHKuiﬂ loop() peanisye ocHoBHUI LK poboTu cuctemn. Ha novatky
KOXHOI iTepauii nepesipsieTbcs ctaH BLE-3'eqHaHHA Yepe3 HaaxomMKeHHs
cnosilleHb Big moagyns HM-10. Akwo 3'egHaHHA He BCTaHOBMNEHO — LMKI
NponyckaeTbCs i cucTeMa NPOAOBXKYE OUYiKyBaHHS.



void loop() {
/I Mepesipka cnogiweHb Bia HM-10 npo cTaH 3'egHaHHs
if (BTSerial.available()) {
String msg = BTSerial.readStringUntil("\n');
if (msg.indexOf("OK+CONN") &gt;= 0) {
bleConnected = true;
Serial.printin("BLE: 3'egHaHHsa BcTaHOBMNEHO"); }
if (msg.indexOf("OK+LOST") &gt;= 0) {
bleConnected = false;
Serial.printin("BLE: 3'eaHaHHs posipsaHo”); } }
/I Akwo BLE-3'egHaHHs BigcyTHE — nepegady He BUKOHYEMO
if (bleConnected) return;
/l — 34nTyBaHHA AaHWX 3 yCiX AaTYnKiB

float temp = readTemperature();

float pres = readPressure();

int16_t ax, ay, az;

readAccel(&amp;ax, &amp;ay, &amp;az);
float volt = ina219.getBusVoltage_V();
float curr = ina219.getCurrent_mA();

/l — BuBIA y MOHITOp NOPTY AN BiANaromkeHHst
Serial.print("T="); Serial.print(temp);
Serial.print(" P="); Serial.print(pres);
Serial.print(" AX="); Serial.print(ax);
Serial.print(" V="); Serial.print(volt);
Serial.print(" I="); Serial.printin(curr);

/| — dopMmyBaHHs Ta Bianpaeka nakeTy
uint8_t pkt[PKT_SIZE];

buildPacket(pkt, temp, pres, ax, ay, az, volt, curr);
BTSerial.write(pkt, PKT_SIZE);

delay(SAMPLE_MS); // 3aTpumka A0 HACTynHOTO LKy}

BvBeaeHHs NPOMiDKHMX 3HAYeHb Y MOHITOP NopTy Yeped Serial.print() €
BaXMMBWM IHCTPYMEHTOM BifNaro4XeHHs — BiH JO3BOMSAE KOHTPOOBATH
KOPEKTHICTb 34MTYBaHHS AaTymkiB 6e3 HeobXxigHOCTi BUKopucTaHHs BLE-
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3'eiHaHHs. MNpy po3ropTaHHi FOTOBOI CUCTEMMU Lii BUKINKU MOXHA BiAKOYUTY
AVPEKTUBOIO NpenpoLiecopa ANs 3MEHLUEHHA HaBaHTaXEHHSA Ha MIKPOKOHTponep.
3unTyBaHHs Temnepatypu (DS18B20)
Hatunk DS18B20 BukopuctoBye npoTtokon 1-Wire. MeTog
requestTemperatures() iHiLilO€E BUMipIOBaHHSI Ha BCiX AaTyvKax LUMHW, Nicisi Yoro
getTempCByIndex(0) noBepTae pe3ynbsraT NepLUoro 3HangeHoro gatymka y
rpagycax Llenbcisi. Mpu po3ainbHii 3gatHocTi 12 6iT Yac nepeTBOpPEHHS ckraaae
750 mc, Tomy BUKNUK requestTemperatures() po3milLeHunii Ha novaTKy uykny, a
34MTYBaHHS pe3ynbraTy — MiCns BUKOHaHHS iHLWIMX onepaLiit.
float readTemperature() {

ds18b20.requestTemperatures(); / 3anuT BuMiptoBaHHs (750 mc)

float t = ds18b20.getTempCByIndex(0); / 34nTyBaHHS pe3ynbraTy

if (t == DEVICE_DISCONNECTED_C) {

Serial.printin("Momunka: DS18B20 He Bianosigae");
return -999.0; // ko nomunkn }
return t; // Temnepatypa y °C}

3unTtyBaHHsa Tucky (MPX5700)
[atunk MPX5700 mae ananorosuin Buxia. BéyaoosaHuin 10-6itHun AL
Arduino nepetsoptoe Hanpyry Bia 0 4o 5 B y 3Ha4eHHs Big 0 go 1023. Ans
3MeHLUeHHs BnnmBy wymMiB AL BukoHyeTbes ycepenHeHHs 10 nocnigoBHMX
BiANikiB 3 Nay3oto 2 Mc Mk HUMW. MepeTBopeHHs Bianiky ALM y disnyHnii Tuck
BMKOHYETbCS 3a NepeaaBarnbHO MYHKLIE AaTymKa.
float readPressure() {

/I YcepenHeHnHs 10 BignikiB Ans ameHwweHHs wymy ALIM

long sum = 0;

for (inti=0;i&lt; 10; i++) {

sum += analogRead(PRESSURE_PIN);



delay(2); }

float adcVal = sum / 10.0;

/I MepeTBOpeHHs Bianiky ALIM — Hanpyra — Tuck

float vout = (adcVal / 1023.0) * 5.0; /I'B

float pres = (vout /5.0 - 0.04) / 0.0012858; // kMa

return pres; }
3unTyBaHHA npuckopeHHs (ADXL345)
AkcenepomeTtp ADXL345 nigkntovenun no wuHi 12C. bibnioteka Adafruit
ADXL345 nosepTae NpUCKOPEHHS y M/C2, TOMY AN nepefadi y nakeTi 3Ha4YeHHs
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nepeTBoptotoTbCs Y Mini-g (Mg), Ae 1g = 9.81 m/c2. Tun int16_t no3Bonse 36epiratu
3HayeHHs Bif -32768 go +32767 Mg, WO nepekprBae BeCb Aiana3oH gatyvka +16g
(£16000 mg).
void readAccel(int16_t *ax, int16_t *ay, int16_t *az) {
sensors_event_t event;
accel.getEvent(&amp;event);
/I TlepeTBOpeHHSA M/c2 — Mini-g
*ax = (int16_t)(event.acceleration.x / 9.81 * 1000);
*ay = (int16_t)(event.acceleration.y / 9.81 * 1000);
*az = (int16_t)(event.acceleration.z / 9.81 * 1000);}

3uutyBaHHs cTpymy Ta Hanpyrm (INA219)
LOatunk INA219 nigkntoveHuii no Tin camin wnHi 12C wo i ADXL345, ane
mae iHwy agpecy (0x40). bibnioteka Adafruit INA219 Hagae 3pyyHi meToam ans
6e3nocepeHbOro OTPUMaHHS Hanpyrn Ta CTpyMy y isnyHNX OANHULIAX —
getBusVoltage_V() noBepTae Hanpyry WwuHW y BorbTax, getCurrent_mA() - cTpym y
miniamnepax. [lonatkoBa yHKLisi 064MCNEHHS NMOTYXXHOCTI Noka3aHa y NiCTUHry
void readPower(float *voltage, float *current, float *power) {

*voltage = ina219.getBusVoltage_V();

*current = ina219.getCurrent_mA();

*power = (*voltage) * (*current)/ 1000.0; / BT

/I TepeBipka Ha Big'eMHUIA CTPYM (3apsiaka akymynsTopa)

if (*current &lt; 0) *current = O;

Serial.print("U="); Serial.print(*voltage); Serial.print("V ");

Serial.print("I="); Serial.print(*current); Serial.print("mA");

Serial.print("P="); Serial.print(*power); Serial.printin("W");}

dopMyBaHHs TeNeMeTPUYHOro NakeTy

®yHkuia buildPacket() dopmye naket cikcoBaHoro popmaty posmipom 19

GaniT. Ansa 36epiraHHa 3Ha4eHb 3 OAHUM 3HAKOM MICrs KOMM Y LiniouYmMcenbHoMy
dopmari 3acTocoByeTbCst MacluTabyBaHHs Ha koediuieHT 10. [1Bo6anToBi 3Ha4YEeHHS
3anucytotbes y nopsiaky Little-Endian (monoawwmin 6ant nepwmm). KoHTponbHa
cyma obuncnroetbes metogom XOR ycix 6anT nakeTy Big 0 o 16 BKIOYHO.

void buildPacket(uint8_t *pkt, float temp, float pres,
int16_t ax, int16_t ay, int16_t az,
float volt, float curr) {
/I MacwtabyBaHHsA 3Ha4YeHb X 10 — int16
int16_t iTemp = (int16_t)(temp * 10); // 24.5°C — 245
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int16_t iPres = (int16_t)(pres * 10); // 101.3 kla — 1013
int16_t iVolt = (int16_t)(volt * 1000); / 3.3 B — 3300 mB
int16_t iCurr = (int16_t)(curr * 10); // 12.5 MA — 125
pkt[0] = OxAA; /I START
pkt[1] = NODE_ID; //'\D By3na
/I Monsa paHwx (Little-Endian)
pkt[2] =iTemp &amp; OxFF; pkt[3] = (iTemp &gt;&gt; 8) &amp; OxFF;
pkt[4] = iPres &amp; OxFF; pkt[5] = (iPres &gt;&gt; 8) &amp; OxFF;
pkt[6] =ax &amp; OxFF; pkt[7] = (ax &gt;&gt; 8) &amp; OxFF;



pkt[8] =ay &amp; OxFF; pkt[9] = (ay &gt;&gt; 8) &amp; OxFF;
pkt[10] = az &amp; OxFF; pkt[11] = (az &gt;&gt; 8) &amp; OxFF;
pkt[12] = iVolt &amp; OxFF; pkt[13] = (iVolt &gt;&gt; 8) &amp; OxFF;
pkt[14] = iCurr &amp; OxFF; pkt[15] = (iCurr &gt;&gt; 8) &amp; OxFF;
/I CRC — XOR 6aiiTiB 0...15
uint8_t crc = 0;
for (inti=0;i &lt; 16; i++) crc = pkt]i];
pkt[16] = crc;
pkt[17] = 0x00; // 3ape3epBOBaHO
pkt[18] = 0x55; // END}

/| ®yHKUis gekodyBaHHs NakeTy (4Nns BianarogKeHHs)

bool parsePacket(uint8_t *pkt) {
if (pkt[O] != OxAA || pkt[18] != 0x55) return false; // nepeBipka mapkepis
uint8_t crc = 0;
for (inti=0;i &lt; 16; i++) crc = pkt]i];
if (crc != pkt[16]) return false; // nepeBipka CRC
/| Po3nakyBaHHS 3Ha4YeHb
float temp = ((int16_t)(pkt[3] &lt;&lt; 8 | pkt[2])) / 10.0;
float pres = ((int16_t)(pkt[5] &lt;&lt; 8 | pkt[4])) / 10.0;
Serial.print("Po3nakoBanuii naket: T=");
Serial.print(temp); Serial.print("°C P=");
Serial.print(pres); Serial.printin("ka");
return true;}

HassHicTb dyHKuUii parsePacket() € BaxxnvBoto Ans BignarogaxeHHs cuctemMmn —
BOHa [103BOIISIE NEPEBIPSTU KOPEKTHICTb (hOPMYBaHHs NakeTy 6e3nocepenHbo Ha
CTOPOHI MIKPOKOHTpoOsepa LWnsaxoM opMyBaHHS NakeTy Ta Oro HeramHoro
po3nakyBaHHsi i BUBoay Yepes Serial. Lisi pyHKUia Takox € ocHOBOW Ans peanisauii
aHanoriyHoi npoueaypu AekoayBaHHSA Ha CTOPOHi nporpamu-knieHTa ans MK.
Takum YMHOM, NporpaMHe 3abe3nevyeHHs1 MiKpOKOHTPONEPHOTO By 3y

peanisoBaHe y BUIMsAi Habopy YiTKO pO3MeKOBaHUX OYHKLIA, KOXHA 3 SKMX
BiAMNOBifae 3a 0fHY KOHKPETHY 3agady. BukopucTtaHHsa nepesipeHux 6ibniotek
Arduino ansa po6oTu 3 gatyvkamu 4O3BOMSIE 30CepeanTUCh Ha NOTiLi cucTemm
Tenemerpii. HaBeaeHi NiCTVHIM NOBHICTIO BigOOpaXaloTb KOYOBi anropuTMiyHi
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piLLEHHS, NPUAHATI NpK po3pobLi NporpamHoro 3abe3neyeHHsi BUMipoBarbHOMo
BYy3ny.

2.7 MNpoTokon nepepadi AaHvx Ta po3pobneHHs nporpamu-knieHTa gns MK

Mporpama-knieHT Ans nepcoHanbHOro Komn'totepa € KiHLEeBO NaHKoK

cuctemm TenemeTpii, Wo 3abe3nevye NpuUinoM TeNneMeTpUYHUX NaKeTiB Bif, MOAYNs
HM-10 yepes BLE-kaHan, ix gekogyBaHHs, BinobpaxeHHs y 3py4yHOMY Ans
onepartopa BuUrmnsai Ta 36epexeHHs y dain Ans noganblioro aHanisy [24].
Mporpama po3pobrnerHa moBoto Python 3 BukopuctaHHsaM Gibniotek pyserial ons
poboTu 3 nocnigoBHUM noptom, matplotlib Ans no6ynosu rpadikis Ta tkinter gns
rpadpiyHoro iHTepdency kopuctysada. ApxiTekTypa nporpamu Ta npoToKosn
nepefadvi 4aHUx HaBedeHi Ha pucyHky 2.19.

PucyHok 2.19 — ApxiTekTypa nporpamu-knieHta ans NK ta npotokon

nepegadvi gaHnx

[MpoTokon nepepayi AaHux

Mepenaya TeneMeTpuyHMX AaHUX Big MIKPOKOHTponepHoro By3ny Ao MK
Bin6yBaeTbCA Y Bicim KpokiB. MikpokoHTponep Arduino dpopmye naket
chikcoBaHoro po3mipy 19 6anT Ta Hagcunae oro no UART 3i weuakictio 9600 6oa
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no moayns HM-10. Moayns HM-10 npo3opo nepepae npuiiHsTi 6antm yepes BLE-
kaHan no GATT-xapaktepuctuui 3 UUID 0x0035. Mporpama Ha MK npuiimae aani
Yepe3 COM-nopT npw nigkntoyeHHi Yepe3a USB-UART apantep a6o yepes BLE-



cTek onepauinHoi cuctemun Windows npwu nigknoyeHHi yepes BLE-USB gowrn.
Micns npuitomy GawTiB Nporpama BUKOHYE NEPEBIPKY HASBHOCTI MapKkepiB noyaTky
(OxAA) Ta kiHus (0x55) nakeTy, nepeBipky KOHTporbHOT cymyn CRC meTogom

XOR, po3nakyBaHHsi NoniB AaHux Ta macwtabyBaHHs (gineHHst Ha 10 ans
BiJHOBNEHHS 3HA4YeHb 3 OAHUM 3HAKOM MiCns KOMW) | BUBE,EHHS Ha eKpaH Ta
36epexeHHs y CSV-cann.

CTpyKTypa nporpamu-knieHTa

Mporpama opraHidoBaHa y BUrnagi WecTn Moaynis BiANOBIAHO 4O PUCYHKY

2.19. Mogynb config.py MIiCTUTb YCi HanalToByBaHi napameTpu cuctemm — iM'a
COM-noprty, weuakicte UART, igeHTudikatop By3na Ta wnsaxv o dannis
36epexeHHs. BuHeceHHst KoHdirypauii 4o okpemoro chainy 4o3Bonsie aganTyBaTtu
nporpamy Ao pi3HUX anapaTtHux KoHdirypauin 6e3 3miH1 ocHOBHOro koay. JlicTuHr
nokasye CTPyKTYypy KOHdirypauinHoro danny.

python

# config.py — HanawTyBaHHs Nporpamu-krieHTa

# MapameTpu NocnigoBHOro NopTy

COM_PORT ="COMS5" # [lucnetuep npuctpois Windows — Moptu (COM i LPT)
BAUD_RATE =9600

TIMEOUT =10 #c

# MapameTpu nakety

PKT_SIZE =19

PKT_START = 0xAA

PKT_END = 0x55

NODE_ID = 0x01

# 36epexeHHa aaHnx

LOG_FILE = "telemetry_log.csv"

MAX_POINTS =60 # KiNbKICTb TOYOK Ha rpadiky

UPDATE_MS =100 # iHTepBan oHoBneHHs GUI, mc

YnTanHsa gaHux 3 COM-nopty
Mogaynb serial_reader.py peanidye noTokoBuii npuiiom GawTis 3
NocnifoBHOro NopTy. YutaHHs BUKOHYETbCSA y okpemoMy noToui (Thread), wo6 He
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6rnokyBaTu rpadivHmnii iHTepderic. Bydep Hakonuuye BXigHi 6ainTh Ta BUAINSAE 3 HUX
MOBHI NakeTu 3a Mapkepamu. JliCTUHT Nokasye peanisaLito MOAYyNsA YATaHHS.
python
import serial, threading, queue
from config import COM_PORT, BAUD_RATE, TIMEOUT, PKT_SIZE, PKT_START,
PKT_END
class SerialReader:
def __init__ (self):
self.port = None
self.running = False
self.pkt_queue = queue.Queue() # yepra roToBux nNaketis
self._buf = bytearray()
def start(self):
""BigKp1TM NOPT Ta 3anyCTUTK NOTIK YNTaHHSA
self.port = serial.Seria(COM_PORT, BAUD_RATE, timeout=TIMEOUT)
self.running = True
self._thread = threading.Thread(target=self._read_loop, daemon=True)
self._thread.start()
print(f"Migkntovero go {COM_PORT} @ {BAUD_RATE} 604")
def stop(self):
self.running = False
if self.port and self.port.is_open:
self.port.close()
def _read_loop(self):
"""®OOHOBUIA MOTIK: YNTAHHA GaNTIB Ta NOLUYK NaKeTIB
while self.running:
try:
data = self.port.read(self.port.in_waiting or 1)
if data:
self._buf.extend(data)



self._extract_packets()
except serial.SerialException as e:
print(f"Momunka nopty: {e}")
self.running = False
def _extract_packets(self):
"""BugineHHs nakeTiB 3 6ydepa 3a mapkepamu START/END"™"
while len(self._buf) &gt;= PKT_SIZE:
idx = self._buf.find(PKT_START)
if idx == -1:
self._buf.clear()
return
if idx &gt; 0:
del self._buf[:idx]
if len(self._buf) &gt;= PKT_SIZE:
if self._buf[PKT_SIZE - 1] == PKT_END:
pkt = bytes(self._buf[:PKT_SIZE])
self.pkt_queue.put(pkt)
del self._buf[:PKT_SIZE]
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BukopucTaHHs Yepru (queue.Queue) Ans nepeaadi nakeTiB MiXk NOTOKOM
ynTaHHA Ta ronoBHUM notokoM GUI 3abe3neyye noTokobe3neyHun obmiH gaHumm
6e3 HeobXiaHOCTI ABHOT CUHXPOHI3aLlii Yepe3 M'toTeKcH.
Po36ip Ta BepudikaLis nakety
Mopaynb packet_parser.py BignoBigae 3a gekogyBaHHsS NPUAHATOrO NakeTy,
nepeBipKy NOro LifiCHOCTI Ta NOBEPHEHHS CTPYKTYPOBaHWUX AaHWX. JTICTUHT
nokasye peanisauito napcepy nakeTis.
python
import struct
from config import PKT_START, PKT_END
def parse_packet(pkt: bytes) -&gt; dict | None:
Posibpatu TeneMeTpuyHuii nakert.
Mogeptae dict 3 faHumm a6o None npu nomuni.
# MNepeBipka mapkepis
if pkt[0] != PKT_START or pkt[18] != PKT_END:
print("Momwunka: HeBipHi Mapkepu nakety")
return None
# lMNepesipka CRC (XOR 6aTis 0..15)
crc_calc=0
foriin range(16):
crc_calc "= pki[i]
if crc_calc != pkt[16]:
print(f"Momunka CRC: ovikyBanock {pkt[16]:02X}, otpumaHo {crc_calc:02X}")
return None
# PosnakysaHHs nonis (Little-Endian, 3Hakosi int16)
_,node_id, \
raw_temp, raw_pres, \
ax, ay, az, \
raw_volt, raw_curr, \
crc, _ = struct.unpack('&lt;BBhhhhhhhBB', pkt[:18] + b'\x00')
# MacwTtabyBaHHsA [0 Di3UYHUX OONHULIb
return {
"node_id": node_id,
"temp": raw_temp /10.0, #°C
"pressure": raw_pres /10.0, #«klla

"accel_x": ax, # mg
"accel_y": ay, # Mg
"accel_z": az, # mg

"voltage": raw_volt /1000.0, # B
"current": raw_curr /10.0, # mA
"power": (raw_volt/ 1000.0) * (raw_curr/ 10.0) / 1000.0, # Bt }
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BukopuctanHs moayns struct 3i cneundikatopom dopmarty '&lt;BBhhhhhhhBB'
[,03BOIISIE KOMMAKTHO ONMCaTH CTPYKTYPY MakeTy Ta po3nakyBaTh BCi NONS OAHUM
BuknvkoM. Cumon '&lt;' Bkadye Ha nopsinok 6aiT Little-Endian, 'B' — 6e33HakoBui
6anT, 'h' — 3HakoBe 16-6iTHe Line 4ncno.
36epexeHHsi Tenemetpii y CSV-daiin
Mopynb data_logger.py Bignosigae 3a 3anvuc npuNHATX AaHnx y dann CSV
ans noganbLioro aHanisy B Microsoft Excel abo cneujianisoBaHux iHCTpyMeHTax
aHanisy ganux. JlicTUHr nokasye peanisadito norepa.
python
import csv, os
from datetime import datetime
from config import LOG_FILE
class DatalLogger:
FIELDS = ["timestamp", "node_id", "temp", "pressure",

"accel_x", "accel_y", "accel_z",
"voltage", "current”, "power"]
def __init__ (self):
self._file = None
self._writer = None
self.count =0
def open(self, filename: str = LOG_FILE):
""BigkpuTun chann Ta 3anncaTy 3arornoBoK
write_header = not os.path.exists(filename)
self._file = open(filename, "a", newline="", encoding="utf-8")
self._writer = csv.DictWriter(self._file, fieldnames=self.FIELDS)
if write_header:
self._writer.writeheader()
print(f"Jlor Bigkputo: {filename}")
def log(self, data: dict):
"""3anucatu psagok Tenemerpii 3 MiTKo Yacy!
row = {"timestamp": datetime.now().isoformat()} | data
self._writer.writerow(row)
self._file.flush() # HeranHui 3anuc Ha amck
self.count += 1
def close(self):
if self._file:
self._file.close()
print(f"Mor 3akputo. 3anucaHo psakis: {self.count}")

padiuHni iHTepderic kopucTyBaya

[onoBHWUI Moaynb Nporpamu peanidye rpadidHuii inTepdeiic Ha ocHoBi 6ibnioTeku tkinter

3 BGygoBaHum nonotHoM matplotlib Ans BinobpaxeHHs rpadikis y peansHomy Yaci. IHTepderic
nporpamu-krieHTa HaBegeHo Ha puUcyHky 2.20.
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PucyHok 2.20 - IHTepdeiic nporpamu-knieHTa Ans BiobpaxeHHs TeneMeTpudHmnX

OaHux

[licTMHr Nokasye peaniaaLito roNoBHOIO LIMKMY Nporpamun 3 OHOBIIEHHAM rpadikis.
thon

import tkinter as tk

from matplotlib.backends.backend_tkagg impogureCanvasTkAgg

import matplotlib.pyplot as plt

from collections import deque

from serial_reader import SerialReader

from packet_parser import parse_packet

from data_logger import DataLogger

from config import MAX_POINTS, UPDATE_MS

ass TelemetryApp:
__def __init__ (self, root): self.root = root self.root.title( "Cucrema tenemertpii BLE — HM-10 / CC2541")



self.reader = SerialReader()
self.logger = DatalLogger()
# Bydepu aaHux ans rpadikis (Kinbuesi yepru)
self.buf_temp = deque([0.0] * MAX_POINTS, maxlen=MAX_POINTS)
self.buf_pres = deque([0.0] * MAX_POINTS, maxlen=MAX_POINTS)
self.buf_curr = deque([0.0] * MAX_POINTS, maxlen=MAX_POINTS)
self.pkt_count =0
self.err_count =0
self._build_ui()
self._build_charts()

def _build_ui(self):
"""MobynoBa naHeni NOTOYHMX 3HAYeHb Ta KHOMOK™"
left = tk.Frame(self.root, width=200, bg="#F5F9FF")
left.pack(side=tk.LEFT, fill=tk.Y, padx=5, pady=5)
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self.lbl_temp = tk.Label(left, text="— °C", font=("Arial", 18, "bold"), fg="#856404",
bg="#F5F9FF")
self.lbl_pres = tk.Label(left, text="— k[a", font=("Arial", 18, "bold"), fg="#CC0000",
bg="#F5F9FF")
self.lbl_volt = tk.Label(left, text="—B", font=("Arial", 18, "bold"), fg="#1E5C1E",
bg="#F5F9FF")
self.lbl_curr = tk.Label(left, text="— mA", font=("Arial", 18, "bold"), fg="#1E5C1E",
bg="#F5F9FF")
for Ibl in [self.Ibl_temp, self.Ibl_pres, self.Ibl_volt, self.Ibl_curr]:
Ibl.pack(pady=8, padx=10, anchor="w")
tk.B (left, text="p Ctapt", bg="#1E5C1E", fg="white",
u@immand= self.start). pack(fill=tk.X, padx=5, pady=2)_
tk.Bﬂﬂ(@,w"n Cron",  bg="#CC0000", fg="white",
mmand= self.stop). pack(fill=tk.X, padx=5, _pady=2)_
tk.Button(left, _text=" 36epertn", bg="#4472C4", fg="white",
E‘Ljammand= self.save). pack(fill=tk.X, padx=5, pady=2)_
def _build_charts(_self):
"""CTBOpEHHS nonoTHa matplotlib™"
self.fig, (self.ax1, self.ax2, self.ax3) = plt.subplots(3, 1, figsize=(8, 6))
elf fig.tight_layout(pad=2.0)
i-,elf.canvas = FigureCanvasTkAgg(self.fig, master=self.root) self.canvas. get_tk_widget(). pack(side=tk.RIGHT, fill=tk. BOTH, expand=True)
def _update(self):
""Llmkn oHoBNEHHA — BUKNWK KoxxHi UPDATE_MS mc™™
while not self.reader.pkt_queue.empty():
raw_pkt = self.reader.pkt_queue.get()
data = parse_packet(raw_pkt)
if data:
self.pkt_count += 1
self.logger.log(data)
self._refresh_labels(data)
self.buf_temp.append(data['temp"])
self.buf_pres.append(data['pressure"])
self.buf_curr.append(data["current"])
else:

self.err_count += 1
# OHOBREeHHs rpadikis
for ax, buf, title, colorin [
(self.ax1, self.buf_temp, "Temneparypa (°C)", "#D4910A"),
(self.ax2, self.buf_pres, "Tuck (kla)", "#CC0000"),
(self.ax3, self.buf_curr, "Ctpym (MA)", "#1E5C1E"),

ax.clear()
ax.plot(list(buf), color=color, linewidth=1.5)
ax.set_title(title, fontsize=9)
ax.grid(True, alpha=0.3)
self.canvas.draw()
self.root.title(
f"Tenemetpia BLE | MakertiB: {self.pkt_count} | Momunok CRC: {self.err_count}" )



self.root.after(UPDATE_MS, self._update)
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def _refresh_labels(self, d):
self.Ibl_temp.config(text=f"{d['temp']:. 1f} °C")
self.Ibl_pres.config(text=f"{d['pressure']:.1f} k[a")
self.Ibl_volt.config(text=f"{d['voltage']:.2f} B")
self.Ibl_curr.config(text=f"{d['current']:.1f} mA")
def start(self):
self.reader.start()
self.logger.open()
self._update()
def stop(self):
self.reader.stop()
self.logger.close()
def save(self):
print(f"36epexeHo {self.logger.count} 3anucis y {self.logger._file.name}")
if _name__ =="__main__":
root = tk.Tk()
app = TelemetryApp(root)
root.mainloop()

MeTop root.after(UPDATE_MS, self._update) € knto4oBuM enemeHTom
apxitektypy GUI — BiH NnaHye NOBTOPHMUI BUKIUK (OYHKLT OHOBNEHHS Yepes
3agaHuii iHTepBan y ronoBHoMy Lukni nogin tkinter, wo 3abe3nevye Hebnokyove
OHOBIEHHS iHTepdency 6e3 HeobXiAHOCTI BUKOPUCTAHHSA A0OATKOBMX NMOTOKIB ANst
GUI. BukopucTaHHs KinbLeBux Yyepr deque 3 06MEXEHO JOBXMHOK
(maxlen=MAX_POINTS) aBToOMaTV4HO BUAansie HaucTapilli 3Ha4eHHs npu
[ofaBaHHi HOBUMX, 3abe3nevytoun BinobpaxkeHHst nuwe octaHHix MAX_POINTS
ceKyHA Tenemertpil.

3anyck Ta po3ropTaHHsi nporpamMm

[Ins BCTAHOBMEHHS 3anexHOCTe Ta 3anycKy nporpamMm HeobxigHO BUKOHATH
Taki komaHau y komaHgHomy psigky Windows:

bash

# BcTaHOBNEHHs HeobxiaHMX GibnioTek

pip install pyserial matplotlib

# 3anyck nporpamu-knieHTa

python main.py

Mepen 3anyckom y daiini config.py HeobxiaHO BKkasaTu npaBunbHe iM's
COM-noprty, go sikoro nigkntoveHnii USB-UART apantep a6o BLE-goHrn. Y
Windows im'st nopty mae surnsg "COMx" (Hanpuknag, "COMS"). MoTtouHmn
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nepenik AOCTYMHUX NOPTiB MOXHa nepernsaHyTy y Aucnetyepi npuctpois Windows
y po3gini «[opt (COM i LPT)».

Takum YnHom, nporpama-knieHT ans MK peanisye noBHWI Lmkn 06pobkm
TENeMEeTPUYHNX JaHnX — Bif Npunomy 6ainTiB 3 NOCAIAOBHOIO NOPTY A0
BifobpaxeHHs Ha rpadikax Ta 36epexeHHs y CTpykTypoBaHuin CSV-gaiin.
MopaynbHa apxiTekTypa nporpamu 3 YiTKuM po3noginom BignoBiganbHOCTI MixX
KOMMOHEeHTaMun 3abe3neyye 3py4yHiICTb il NoAAnbLIOro PO3LUMPEHHS — Hanpuknag,
ANS NiGTPUMKN KinbKoX By3niB TenemeTpii ogHodacHo abo nepepadi AaHUX Ao
XmapHoi nnatgopmu loT.

2.8 MoGinbHuii iHTepdenc moHiTopuHry (Android/iOS)

CyyacHi cMapToHM Ta NNaHLWIETY Nif yNpaBniHHAM onepauiiHnx cuctem

Android Ta iOS matoTb BOygoBaHuii BLE-aganTtep, wo no3sonsie 6e3nocepenHso
nigkntoyatcb Ao moayns HM-10 6e3 byab-sikoro 4oaaTkoBoro obnagHaHHs.
Po3pobnioBaHa cuctema TenemeTpii € Kpoc-nnaTtopMeHHO — nporpama-KnieHT
ans MK, Hanucana moeoto Python 3 BukopuctaHHam 6ibnioTek tkinter Ta matplotlib,



6e3 3MiH BUKOHY€ETbCS nig ynpasniHHam Windows, macOS Ta Linux. Mo6inbHuit
[ofaTok po3pobnenuin ansa nnatgopmu Android 3 BUKOPUCTaAHHSIM CTaH4APTHOMO
BLE API, ogHak 3aBasiku yHichikoBaHoCTi npoTtokony Bluetooth Low Energy Ta
ineHTn4HocTi GATT-cTpykTypu mogyns HM-10 BiH Moxe ByTu nopToBaHuWii Ha

iOS (Swift/SwiftUl) abo peanizoBaHuii ik Kpoc-nnaTtOpMeHuii 3acTOCyHOK Ha 6asi
Flutter un React Native 6e3 3amiHn npotokony obmiHy agaHumu [22, 25].
BLE-napameTpu mogyns HM-10 gns nigkntoyeHHs

[ns ycnilwHoro nigkntoyYeHHs MobinbHoro npuctpoto Ao mogyns HM-10

HeobxigHo 3HaTu oro BLE-igeHTudikatopu. IM's npuctpoto 3a 3aMoBHyBaHHAM —
«HMSoft», nicns HanawTysaHHsA komaHao AT+NAMETelemetry — «Telemetry».
UUID ocHosHoro cepicy — FFEOQ, UUID xapakTtepuctuku Ansa nepegadi gaHmx —
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FFE1. JanbHicTb cTtabinbHoro BLE-3'egHaHHsA y npuMilLeHHi cknaaae ao 30
MeTpiB, Yac BCTaHOBINEHHS 3'eiHaHHS - 2—5 cekyHp. MNicns nigknoyeHHs Bei 6aiiTy,
wo HagxoasTb Ao moayns no UART Big Arduino, aBTomaTnyHO nepeparTbes y
BUIMAAi HOTMdIKaLin Ao NiaknioYeHoro MobinbHOro NPMCTPOIO NO XapaKkTepuUCTULi
FFE1.

BapiaHTi MoGinbHUX goaaTkis

[nsi po6oTu 3 cuctemoto TenemeTpii Yepes MoBinbHUI NPUCTPI MOXHa
BMKOPWUCTOBYBATM Kinbka rotoBux BLE-gogatkiB 6e3 HeobXigHOCTi po3pobku
BracHoro nporpamHoro 3abeaneyeHHs. [logatok nRF Connect Big komnaHii Nordic
Semiconductor € HanbinbL (yHKLiOHANbHUM YHIBepcanbHUM iHCTPYMEHTOM AS
po6otu 3 BLE-npucTposimu. Bin goctynHuin ana Android Ta iOS, gossonse
CkaHyBaTV NPUCTPOI, NepernsaaTi NoBHWUIA Nepenik CepBiciB Ta XapakTepucTuk,
nignucyBaTuChb Ha HoTMdiIKaLii Ta BigobpaxaTtn NpunHATI 6anTn y
wicTHagusaTkoBomy a6o ASClI-popmari.

Hopnatok BLE Scanner (Android) 3abeaneuye 3py4Huin nepernsg cepsicis Ta
xapaktepuctuk moayns HM-10 Ta go3Bornsie nignucyBaTucb Ha HoTUdikawuii
xapaktepuctukn FFE1 Ana oTpuMaHHa TenemMeTpuyHUX AaHnX y peanbHOMYy Yaci.
Hopatok Serial Bluetooth Terminal goctynHuin ans Android Ta iOS i peanisye
KoHUenuito npo3oporo BLE-UART kaHany — BiH Binobpaxae ASCIl-psigku abo
HEX-6aiTw, WwWo HaaxoasaTh BiA MoAdyns, aHanoriyHo 4o MoHiTopa nopty B Arduino
IDE, wo € 3py4Hum Ans wemnakoi nepesipkvu pobotu cuctemu. ogatok LightBlue
(i0OS/Android) Hapae 3pyyHuii iHTepdeiic ans pobotn 3 GAT T-xapakTepuctukamm
Ta NigTPMMYE aBTOMATUYHWI 3annC NPUAHATUX AaHUX Y dann.
Kpoc-nnatdgopmeHicTe cuctemm

Baxnueoto nepeBaroto po3pobneHoi cuctemu € ii He3anexHicTb Bif,

KOHKPETHOT onepauiiHoi cuctemmn Yu anapatHoi nnatdopmu. OCKinbKv NpoToKon
BLE 4.0 € mixHapogHum ctaHaaptoM, a GATT-cTpykTypa moaynst HM-10
ofHaKkoBa Ha Bcix nnatdgopmax, NiaknioyYeHHs 40 cucTemu TenemeTpii Moxnuee 3
Oyab-akoro npuctpoto 3 nigTpumkoto BLE. Mporpama-knieHT ana MK Ha Python
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BUKOHYETbCA 6e3 3miH kogy Ha Windows, macOS Ta Linux — goctatHbo
BCTaHOBUTM BibnioTtekmn pyserial Ta matplotlib. Mo6GinbHuin Android-goaaTok npu
HeobxigHoCTi MoXe ByTn nopToBaHuii Ha iOS 3 BUKopucTaHHsAM Swift Ta
CoreBluetooth dperimBopky, 36epiratoumn ineHTUYHY Noriky 4eKoAyBaHHS MakeTiB.
AnbTepHaTUBO € po3pobka eAMHOro KpoC-nnaTtdopMeHHOro MobinsHOro
3acTocyHky Ha 6asi Flutter abo React Native, ne BLE-B3aemopis peanisyeTbcst yepes
BignosigHi nnarinu (flutter_blue_plus abo react-native-ble-plx), a norika po3bopy
nakeTiB 3anuLLIaeTbCA HE3MIHHOIO.

Po3pobneHHs BnacHoro mobinbHOro 4oaaTky

[nsi NOBHOUIHHOIO Bigo6pa)eHHs TENeMETPUYHNX JaHMX 3 aBTOMATUYHUM
[ekofyBaHHAM nakeTiB, NobyaoBoto rpadikiB Ta 36epexxeHHsAM AaHUX AOLiNbHO
po3pobutn BnacHuii MobinbHWn goaaTtok. MakeT Takoro gofatky Ans nnargopmu
Android HaBedeHO Ha pUCYHKY 2.21.

PucyHok 2.21 — MakeT MobinbHoro iHTepdecy MOHITOPUHTY Tenemerpii
Po3pobneHHs gogatky Ans Android 34ilCHIOETLCSH 3 BUKOPUCTAHHAM MOBU
Kotlin Ta ctangaptHoro API Android Bluetooth Low Energy. JlicTuHr nokasye



KIOYOBI (hparMeHTn Koay Ans ckaHyBaHHs Ta nigkniodeHHs o moayns HM-10.
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kotlin
port android.bluetooth.*
import android.bluetooth.le.*
import java.util.UUID
/I UUID cepsicy Ta xapaktepuctuku mogyns HM-10
valYERV _UUID = UUID.fromString("0000FFE0-0000-1000-8000-00805F9B34FB")
val CHAR—JUID = UUID.fromString("0000FFE 1-0000-1000-8000-00805F9B34FB")
val CLIENT_CHAR_CFG A UID.fromString(*00002902-0000-1000-8000-00805E9B34EB")
class BLEManager(private val context: Context) {
private val btAdapter = BluetoothAdapter.getDefaultAdapter()
rivate var gatt: BluetoothGatt? = null _private var targetChar: BluetoothGattCharacteristic? = null
/I 3anyck ckaHyBaHHs BLE-npuctpoiB 3 pinsTpom 3a iMeHeM
fun startScan(onFound: (BluetoothDevice) -&gt; Unit) {
al scanner = btAdapter.bluetoothLeScanner
d/al filter = ScanFilter.Builder()
etDeviceName("Telemetry") // inbTp 3a HanalToBaHUM iMeHeM
iId() val_settings = ScanSettings. Builder() .setScanMode(ScanSettings.SCAN_MODE_LOW_LATENCY) .build()
canner.startScan(IistOf(fiIter), settings;—object : ScanCallback() {
override fun onScanResult(callbackType: Int, result: ScanResult) {
onFound(result.device) // 3HaiiaeHo NoTpiGHWIA NpUCTpiiA
scanner.stopScan(this) // 3ynuHuTK ckaHyBaHHS

Ph}

/I TligKntoYeHHst 4O 3HaNAEHOro NpUCTPOoO

fun connect(device: BluetoothDevice) {
gatt = device.connectGatt(context, false, gattCallback) }
/I O6pobBHUMK nogdin GATT.
private val gattCallback bject : BluetoothGattCallback() {
override fun onConnectionStateChange(g: BluetoothGatt, status: Int, newState: Int) {
if (newState == BluetoothProfile. STATE_CONNECTED) {
g.discoverServices() // BUABNEHHsi cepBiciB nicns nigkntoyeHHs }  }
verride fun onServicesDiscovered(g: BluetoothGatt, status: Int) { _val service = _g_.getServic@ERVlCE_UUlD) ?: return
targetChar = service.getCharacteristic( CHAR_UUID)
/] YBiMKHEHHS HoTUdiKaui xapakTepucTuku FFE1
g.setCharacteristicNotification(targetChar, true)
val desc = targetChar?.getDescriptor(CLIENT_CHAR_CFG)
descialue = BluetoothGattDescriptor. ENABLE_NOTIFICATION_VALUE
g.writeDescriptor( desc) }
verride fun onCharacteristicChanged( g: BluetoothGatt,
char: BluetoothGattCharacteristic ) { val rawBytes = char.value /I macuB 6anT TeNeMeTpUYHOro nakety

val data = parsePacket(rawBytes) // nekogyBaHHsA nakeTy
data?.let { updateUl(it) } /| oHOBREHHS iHTepdency
m
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JTicTMHr nokasye peanisauito dyHKLiT AekogyBaHHSA NakeTy Ta OHOBIIEHHS
iHTepdericy Ha ctopoHi Android-goaaTky. Jlorika AekogyBaHHS € iBeHTUYHO A0
Python-peanisauii Ha cTopoHi MK — Toli camuin hopmat nakety, Te came
MacluTabyBaHHsi Ta nepesipka CRC.
kotlin
import java.nio.ByteBuffer
import java.nio.ByteOrder
data class TelemetryData(

val nodeld: Int,

val temp:  Float, // °C

val pressure: Float, // klMa

val accelX: Int, // mg

val accelY: Int, //mg

val accelZ: Int, // mg



val voltage: Float, // B
val current: Float, // MA
val power: Float //BT)
fun parsePacket(pkt: ByteArray): TelemetryData? {
if (pkt.size = 19) return null
if (pkt[0] != OxAA.toByte() || pkt[18] != 0x55.toByte()) return null
/I Mepesipka CRC (XOR 6anTis 0..15)
var crc: Byte =0
for (i in 0..15) crc = (crc.tolnt() xor pkt[i].tolnt()).toByte()
if (crc 1= pkt[16]) return null
/I Po3nakyBaHHsi noniB y nopsiaky Little-Endian
val buf = ByteBuffer.wrap(pkt).order(ByteOrder.LITTLE_ENDIAN)
buf.position(2) // nponyctutn START Ta ID
val rawTemp = buf.short
val rawPres = buf.short
valax = buf.short
valay = buf.short
valaz = buf.short
val rawVolt = buf.short
val rawCurr = buf.short
val volt = rawVolt / 1000.0f
val curr = rawCurr / 10.0f
return TelemetryData(
nodeld = pkt[1].tolnt() and OxFF,
temp =rawTemp/ 10.0f,
pressure = rawPres / 10.0f,
accelX = ax.tolnt(),
accelY = ay.tolnt(),
accelZ = az.tolnt(),
voltage = volt,
current = curr,
power = volt* curr/ 1000.0f )}
/I OHoBneHHs Ul y ronoBHoMy noTtoui (o6oB'siskoBo Yepesa runOnUiThread)

3m. Apk. No gokym. Mign. Aata

Apk.
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fun updateUl(data: TelemetryData) {

runOnUiThread {

tvTemp.text ="%.1f °C".format(data.temp)
tvPressure.text = "%.1f klMa".format(data.pressure)
tvVoltage.text = "%.2f B".format(data.voltage)
tvCurrent.text = "%.1f mA".format(data.current)
tvPower.text = "%.2f B1".format(data.power)
/I OHoBReHHs rpadpiky Temnepatypu (6ibnioteka MPAndroidChart)
chartTemp.addEntry(Entry(chartTemp.data.entryCount.toFloat(), data.temp))
chartTemp.invalidate() / nepemantoBatu rpacik }}

BapTo 3a3HaunTu, Wwo dyHKuia parsePacket() € noBHicTIO ineHTUYHO 3a

norikoto Ao aHanorivHoi dyHkuii Python-knieHta ans MK — ton camuii popmat
MapkepiB, Toi camuin anroputm CRC Ta Te came maclitabyBaHHS 3Ha4eHb. Lie €
npsAMUM NiATBEPAKEHHSAM YHichikoBaHOCTI NpoTOKONy nepeaadi AaHuX y
po3pobneHilt cuctemi TenemeTpii. Mpu noptyBaHHi Ha IOS HaBeaeHa norika
nepeHocuTbCs y Swift NpakTUYHO OAUH [0 OOHOrO, 3MIHIOETHCS NULLE CUHTAKCUC
MoBM Ta Ha3swu knaciB BLE API (CBCentralManager 3amicTb BluetoothAdapter,
CBPeripheral 3amicTb BluetoothGatt Towlo).

Mpoueaypa nigknoyeHHs cMapTgoHa A0 cucTeMmn TenemeTpii

[Ons nigkntoYeHHst MoGiNbHOroO NPUCTPOLO A0 CUCTEMU TenemeTpii HeobxiaHO
BMKOHATW TaKy NOCNiAoBHICTb Ain. Mo-nepLue, yBiMkHyTH Bluetooth Ha cmapTdoHi
Ta NepeKkoHaTUCb y TOMY, LLIO BUMIptOBarbHWUiA By30n yBIMKHEHWI | moagynb HM-10
peknaMmye CBOK MPUCYTHICTb — CBITNOAIoA Ha MoAyni 6numae 3 YacToTo
npmbnuaHo 1 pa3 Ha cekyHay. MNo-apyre, Bigkputn gogatok nRF Connect a6o BLE
Scanner Ta HaTUCHYTW KHOMKY «Scany. [No-TpeTe, y CNUCKy 3HaaeHVX NPUCTPOIB
3HanTV npucTpin 3 imeHem «HMSoft» abo «Telemetry» Ta HaTucHyTM «Connect».
[Mo-4yeTBepTE, Nicnsa BCcTaHOBMNEHHS 3'egHaHHA Biakputu cepaic 3 UUID FFEO Ta
3HanTu xapaktepuctuky FFE1. Mo-n'ate, HaTUCHYTW KHOMKY NiANUCKA Ha



HOTUIKaLii — Micnsa LbOoro TenemMeTpuyHi NakeTn HaaxXoaNTUMYTb aBTOMaTUYHO 3
4acTOTO OfMH NakeT Ha cekyHay. ®aKT BCTaHOBMEHHS 3'eQHaHHA BigobpaxaeTbcs
3MiHO0 pexumy cBitTnogioga Ha mogyni HM-10 — BiH nepectae 6numatm i

3Mm. Apk. No gokym. Mign. Aata

Apk.
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MoYMHae CBITUTUCL MOCTINHO, a Ha BuBoAi STATE BCTaHOBMNIOETLCA BUCOKUIA

NOTiYHUI piBEHb.

TakvM YMHOM, cucTema TenemMeTpii 3abeanedye NOBHOLHHY NiATPUMKY
MOBinbHMX NPUCTPOIB sik Ha 6a3i rotoBux BLE-gopaTkie 6e3 byab-sikoro
po3pobneHHs, Tak i Yepes BnacHuin Android-4oaaTok 3 aBTOMaTUyHUM
[eKkodyBaHHSAM NakeTiB Ta BigobpaxeHHsiM rpadikis. Kpoc-nnatdopmMeHicTs
cucTeMm Ha piBHi npoTokony BLE Ta yHidikoBaHuii hopmaTt nakeTy 403BONAIOTH
6e3 CyTTEBUX 3yCUrb PO3LIMPUTU NIATPUMKY Ha iIOS, macOS Ta iHwWi nnatdopmu,
L0 POBUTL PO3POBNEHY CUCTEMY TENEMETPI THYYKUM Ta MacluTaboBaHUm
piLlEHHSM AN NPOMUCIIOBOrO MOHITOPUHTY.

3m. Apk. No gokym. Mign. Oata
ApK.
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3 TECTYBAHHA TA OLUIHKA XAPAKTEPUCTUK CUCTEMU
3.1 MeToguka TecTyBaHHsi cuctemu Tenemetpii

TecTyBaHHS cuctemu TenemeTpii € 060B'A3kOBUM eTanom po3pobku, Lo
[,03BONSIE NiATBEPAMTM BiAMNOBIAHICTL po3pobneHoro pileHHst, puc. 3.1
copmMynboBaHUM Yy Nigpo3aini 1.5 BumMoram Ta BUSBUTY MOXIUBI HeJoMiku A0
BBEJEHHS CUCTeMU B eKcrnyaTaLito.

PucyHok 3.1 - ®oTo TecT-nnatu

MeToauka TecTyBaHHsS BU3HAYaE neperik nepesipok, LWo niansraTb
BMKOHAHHIO, MOCNIAOBHICTb iX NPOBEAEHHS, cknag HeobxiaHoro obnagHaHHsa Ta
KpUTEpIi OLiHKM OTpUMaHux pesynsraTis. [porpama Ta MeToauka TeCTyBaHHS
CUCTEMM HaBedeHi Ha pUCYHKY 3.2.

3m. Apk. No gokym. Mign. Aata
ApkK.
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PucyHok 3.2 — lMNporpama Ta MeTogmka TecTyBaHHA CUCTEMM TeneMeTpii

Ckrag Ta nocnigoBHICTb TECTIB

TecTyBaHHS cMCTeMU TenemeTpii NPoBOAMTLCSA Y BiCiM NOCNIAOBHMX eTanis,

KOXEH 3 SIKUX NepeBipse NeBHUI acnekT yHKUIOHyBaHHSA cuctemu. MocnigosHicTb
eTaniB obpaHa TakvM YMHOM, LLO KOXEH HACTYMHWUI eTan 6asyeTbcs Ha yCrilHoOMY
NPOXOOKEHHI NonepeaHbLOro — rnepeBsipka anapaTHoro NigKNiYeHHs nepeaye
TeCcTyBaHHIO AaTyukiB, a TecTyBaHHA BLE-3'egHaHHs BiabyBaeTbca nuwe nicns
NiaATBEPAXEHHS KOPEKTHOT po6oTn Mogyns HM-10 yepe3 AT-komaHau [3,7].

Ha nepLuomy etani BUKOHYETLCSA NEpEBipKa anapaTHOro MiaKMYeHHs —
KOHTPOSMOETLCA MPAaBUIbHICTb MOHTAXY BCIX KOMMOHEHTIB, PiBHI XXUBMEHHS Ha
BmBogax (5 B Ta 3.3 B), BiACYTHICTb KOPOTKMX 3aMUKaHb Ta NPaBUIbHICTb
NiKMIOYEHHs BUBOAIB AaTUMKiB. [NepeBipka 3AiNCHIOETBCA MyNBTUMETPOM Y
peXnMi BUMIpIOBaHHS NOCTIMHOI Hanpyru.

Ha gpyromy etani nepeBipsitoTbCs MOKa3aHHs BCiX YOTMPLOX Aatyumkis. [Ons
nartymka DS18B20 nepeBipsieTbCA BigNoBiAHICTb BUMiIpSHOT TeMnepaTtypu

3m. Apk. No gokym. Mign. Aata
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eTanoHHOMY TepMoMETpY (po3bixHICTb He Ginblue +1 °C). Ans MPX5700




nepeBipsSeTbCA BiANOBIAHICTb BUMIPSHOrO TUCKY aTMOCcepHOMY 3a AaHUMKU
mMeTeocTaHLUii (po3bixHiCTb He Ginblue +5 klMa). Ans ADXL345 nepesipseTbcs
HasBHICTb 3HAa4YeHHs npuckopeHHs ~1000 Mg no oci Z npy ropusoHTanbHOMy
po3TallyBaHHi AaTymka — Le BiAMNoBiAae NPUCKOPEHHIO BinbHOro nagiHHs 1g. Ans
INA219 nepesipseTbCs BiANOBIAHICTL BUMIPSHOI HAMNPYrn Ta CTPyMy NOKa3aHHAM
MynbTUMETPa.

Ha Tpetbomy eTani nepeBipsieTbest pobota mogyns HM-10 uepes AT-

komaHaw. MocnigoBHO HagcunatoTbes komanan AT (nepeBipka 3B'A3KY),
AT+VERS? (3anuT Bepcii npowmskn), AT+ADDR? (3anut MAC-agpecw),
AT+ROLE? (nepesipka pexumy Slave). BiacyTHicTb ovikyBaHVX Bignosige
CBiQYMTb NPO HeCnpaBHICTb MoAyns abo HenpaBuIbHE NIOKMTIOYEHHS.

Ha yetBepToMy eTani TecTyeTbcs BcTaHOBMNeHHsA BLE-3'eaHaHHs 3 MOBGinbHUM
NPUCTPOEM Ta NEePCOHanbHNM KoMn'toTepoM. NepesipAeTbes Yac Bif YBIMKHEHHS
XKUBIEHHS 0O BCTAHOBIEHHS 3'€AHaHHS, HAAXOMKEHHS TENEMETPUYHUX NaKETIB 3
YactoToto 1 'l Ta KOPEKTHICTb iX 4EeKOAYBaHHSI MPOrpaMo-KnieHTOM.

MeToawuka BUMiptoBaHHS AanbHOCTI 3B'A3KY

M'aTuit etan nepepbavae BUMiptoBaHHs fanbHocTi BLE-3'egHaHHs Ha

BigcTaHax 5, 10, 20 Ta 30 MeTpiB 5K y NPUMILLEHHI, TaK i Ha BiAKPMTOMY NPOCTOPI.
Ha koxHil BiacTaHi dikcyeTbCsi Yac 40 BCTAHOBIEHHS 3'€AHAHHS, KiNMbKiCTb
NPUAHATMX NakeTiB npoTsarom 60 cekyHA Ta kinbkicTe nomunok CRC. PiBeHb
curHany RSSI (Received Signal Strength Indicator) 3untyetbcs 3 goaatky nRF
Connect Ha cmapTdoHi. TecT BBaXaeTbCs NPOMAEHUM, AKLLIO Ha BiacTaHi 10 meTpis
Y NPUMILLIEHHI KiNbKICTb YCMILLHO NPUIHATUX NakeTiB nepesuLlye 99% Big
BiANpaBneHux.

MeTtoaunka ouiHkM cTabinbHOCTI 3'eaHaHHS

LWocTuin eTan nepenbayae TpmuBanuii TecT ctabinbHocTi BLE-3'egHaHHA

npotsirom 1 rognHun 6e3nepepsBHoi poboTu. Cuctema nepenae TenemMeTpuyHi nakeTu
3 yacToToto 1 I'u, Nnporpama-knieHT ikcye 3aranbHy KinbKiCTb MPUAHATUX NAKETIB

3Mm. Apk. No gokym. Mign. Aata
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Ta Kinbkictb nomunok CRC. MNapanenbHo peecTpyoTbes BUNaAKN MUMOBINIbHOMO
po3pwuBYy 3'€eHaHHSA Ta Yac Moro BiAHOBNEHHs. Peaynsrati 3anucytotecst y CSV-

hann ans noganbLioro aHaniay. Kputepiem ycnilliHOro NpoxXomKeHHs TeCTy €
piBeHb BTpaT nakeTiB MeHwwe 1% Ta BiacyTHicTb nomunok CRC GinbLue 0.1% Big
3aranbHoi KinlbKOCTi MakeTiB.

ObnagHaHHSA Ta yMOBU NPOBeAEHHS TeCTiB

BumiptoBanbHui By3on Bkntovae nnaty Arduino UNO, mogyns HM-10 Ta Bci
YOTUPW AaTYMKW, 3MOHTOBAHI BiANOBIAHO A0 NPUHLMMNOBOI cxemu, puc.3.1.
MpuimanbHa CTOpoHa BKIKOYAE NepCoHanbHUN KOMM'IOTep Nif ynpasniHHAM
Windows 10 3 nigkntoyeHum USB-UART agantepom CP2102 ta cmapTdoH
Android 3 niaTpumkoto BLE 4.0. [ins BuMiptoBaHb BUKOPUCTOBYETHCS LIMPPOBUIA
MYNbTUMETP, pyneTka Ta cekyHAoMIp.

TecTyBaHHS NPOBOAMMIOCH 3@ TakMX YMOB HABKOMULLHBOMO CEPEAOBULLA:
Temnepartypa nosiTps 20-25 °C, BigHocHa BonoricTb 40-60%, BiACYTHICTb iHLIMX
akTuBHUX BLE-npuctpoiB y pagiyci 5 meTpiB Big BUMiptoBanbHOro By3ny nig vac
TecTiB AanbHOCTI Ta cTabinbHocTi. [loTpumaHHs umnx yMoB 3abesnevye
BiATBOPIOBaHICTb Pe3ynbTaTiB Ta MOXUBICTb iX KOPEKTHOIO NOPIBHAHHA 3
BMMOramu TEXHIYHOTO 3aBAaHHS.

PucyHok 3.3 — Cxema TeCTOBOro CTeHAy cucTeMu TenemeTpii

3m. Apk. No gokym. Mign. Aata
Apk.
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KpuTepii ouiHku pesynbratis

3a pesynbratamu TeCTyBaHHS Ha BOCbMOMY eTani BUKOHYETbCS MOPIBHAHHS
OoTpUMaHuX NokasHukiB. CucTemMa BBaXXaeTbCsl TaKkoto, WO BiANOBiAaE TEXHIYHOMY
3aBAaHHI0, AKLLO BUKOHYKOTbCS Taki yMOBUW: AanbHicTb BLE-3'eqHaHHs y
npumiLLieHHi He meHwe 10 mMeTpiB, piBeHb BTpaT NakeTiB Npu TpuBanomy TecTi
MeHLwe 1%, 3aTpuMKa Bif BUMIpIOBaHHS A0 BifobpaxeHHs He Ginblue 1 cekyHam
npun YacToTi onuTyBaHHs 1 'L, CNOXMBAHWIA CTPYM Y aKTUBHOMY pexuMi He BinbLue
100 mMA, yac BctaHoBneHHs BLE-3'eagHaHHs He Ginblue 10 cekyHA Ta piBeHb
nomunok CRC He 6inbLue 0.1% Bia 3aranbHOI KiNbKOCTi MPUAHATAX NaKETIB.



Taknm 4YnHoM, po3pobrnieHa MeToaviKa TECTYBaHHS OXOMIIOE BCi KIKOYOBI
XapaKTepUCTVKM cucTemu TenemeTpii Ta 3abesnedye 06'eKTUBHY OLIHKY
BiAMOBIAHOCTI PO3PO6NEHOro pilLeHHsT CHOPMYSIbOBAHUM BUMOram.

3.2 lNepesipka 3B'a3Ky

MepeBipka 3B'A3Ky € NepwnM yHKLiOHANbHUM eTanoM TeCTyBaHHSI CUCTEMM
TenemeTpii, Lo NiATBEpAXYE KOPEKTHICTb pobOTM anapaTHOro NiAKMYEeHHS,
natywukis, mogyns HM-10 Ta kaHany nepefadi AaHux y BCix nependaveHnx
TONOMOriAX MiAKMOYeHHA. Ha gaHoMy eTani BUKOHYBanuch ABa B3aEMOMOB'A3aHNX
nigeTanv — nepesipka nokasaHb AaTyukiB Ta TecTyBaHHsA AT-koMaHa Moayns
HM-10 — nicnsa Yoro 3giicHioBanack nepeipka BLE-3'eqHaHHsA y TpbOX cLeHapisix.
Pesynbratii nepeBsipkun AaTyukis

MepeBipka nokasaHb AaTUYMKIB BUKOHYBamnach LUMSXOM MOPIBHSHHS 3HaYeHb,

Lo Bigobpaae nporpama-knieHT, 3 eTanoHHUMY BUMipaMu He3anexHUx npunagis.
Pesynstati nepeBipkv HaBedeHi Ha pUcyHKy 3.4.

[atunk Temnepatypy DS18B20 nokasas 3Ha4YeHHs 22.3 °C npu eTanoHHin
Temnepatypi 22.0 °C 3a pTyTHUM TepMoMeTpoM — noxubka cknana +0.3 °C, wo
3HaxoamTbCs B Mexax nacrnoptHoro gonycky +0.5 °C. Oatuunk Tucky MPX5700

3m. Apk. No gokym. Mign. Aata
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nokasas 101.8 klMa npu atmocdepHomy Tucky 101.3 klMa 3a gaHUMK MeTeocTaHLii —
noxubka +0.5 klMa Bignosigae 3asBneHii TO4HOCTI £2.5% Bia WKanu.
Akcenepometp ADXL345 npu ropusoHTansHOMy po3TallyBaHHi nokasas 997 mg
no oci Z (BiaxunexHs Big 1000 mg - 0.3%), no ocsix X Ta Y — BignosigHo +8 Mg Ta -
5 Mg, LLO € HYNbOBUM 3MILLIEHHAM Y Mexax Hopmu Ans MEMS-patymnka 6es
kaniopysaHHsi. Jatunk INA219 nokasas Hanpyry 4.97 B npu 4.98 B 3a
MynbTUMeTpoM (noxmbka -0.01 B) Ta ctpym 84.7 MA npu 85.0 MA 3a eTanoHom
(noxunbka -0.3 MA).

PucyHok 3.4 — Pesynstatu nepesipku gatyukis Ta AT-komaHg mogyns HM-10

Pesynsratn TectyBaHHst AT-komaHg mogyns HM-10

TecTyBaHHs AT-KOMaHz, BUKOHyBanoch Yyepes TepmiHan PuTTY,

nigknoydeHni oo mogyna HM-10 yepes USB-UART apgantep CP2102 Ha
wemnakocTi 9600 6o0a. Komanga AT nosepHyna Bignosigs «OK» yepes 82 mc, Lo
niaTBEPAMIIO KOPEKTHICTb MigkmntodeHHs. Komanaa AT+VERS? nosepHyna
«OK+VERS:HMSoft VV540», wwo Bignoeiaae Bepcii npowmeku 3 niatpumkoro BLE
4.0. Komanga AT+ADDR? nosepHyna MAC-agpecy moaynsa 74:DA:38:10:A2:B4.
Komanga AT+ROLE? nigTBepauna poboty B pexwumi Slave (3HaveHHs 0). Komanam
HanawTtyBaHHss AT+NAMETelemetry Ta AT+NOTI1 ycnilwHO BUKOHanNMch 3
Bignosigamu OK+Set. Micnsa BukoHaHHs komaHan AT+RESET Ta ouvikyBaHHs 500

3m. Apk. No gokym. Mign. Aata
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MC MOAYNb BIAHOBUB peKknaMyBaHHs, a nicns NigknioYeHHs cmapTdoHa Hagicnas no
UART psigok «OK+CONNDY, Lo niagTBEpAnIIo KOPEKTHY poboTy MexaHiamy
cnosilleHb. CepeHin yac Bignosiai mogyns Ha AT-komaHau cknas 80-120 mc [15].
Mepesipka BLE-3'eqHaHHSA y TpbOX CLeHapisax

Mepesipka BLE-3'eaHaHHsA BUKOHyBanach y TPbOX CLEeHapisX: NiAKMIOYEHHsS

o MK, nigknioyeHHs o cMapTdoHa Ta 3'edHaHHsA MK ABOMa MOAYNAMU.

Y nepwomy cueHapii (Mogyne — MK) nigknioyeHHs 3aiicHioBanock Yyepes
USB-UART apantep CP2102. lNMpoTarom 5 xBunuH 6e3nepepsHOi poboTtu
nporpama-knieHT npuitHsna 299 nakertis 3 300 BignpaBneHux, Wo ctaHoBUTb 99.7%
ycniwHoi goctaBku. OAnH BTpaYeHWin nakeT 3yMOBIEHWI 3aTPUMKOIO iHilianisauii
COM-nopty npu ctapTi. Momunok CRC 3adikcoBaHo He Gyro.

Y popyromy cueHapii (Mogyne — cmaptdoH) BLE-3'eaHaHHs 3 Android-
cMapTdOHOM BCTAHOBUIOCH 3a 3.2 CeKyHAU, Lo 3HAYHO MeHLue gonyctummx 10
cekyHA. PiBeHb curHany RSSI Ha BigcTaHi 1.5 metpa cknas -52 abwm, wo Bignosinae
BiAMIHHIN sikOCTi 3B'A3Ky. [MpoTarom 5 xBunuH npuiiHaTo 298 nakertis 3 300

(99.3%). [1Ba BTpayeHnx nNakeTu npunanv Ha MOMeHT akTuBaLii ekpaHy cmapTdoHa,
LLIO NPM3BESIO 4O KOPOTKOYACHOrO MiABULLIEHHSI HaBaHTaXeHHs Ha BLE-cTek



onepauifiHoi cucTemu.

Y TpeTboMy cueHapii (Mogynb — MOAYIb) OQVH MOAYNb NEPEBOAMBCS Y

pexum Master komaHgoto AT+ROLE1, nicnsi 4oro BiH aBTOMaTUYHO BUSIBUB i
niaKMioYMBCS A0 APYroro Moayns B pexumi Slave 3a 4.8 cekyHau. MpuiiHaTo 297
nakeTiB 3 300 (99.0%). 3adikcoBaHo ogHy nomunky CRC (0.33%), Lo BUHMKNa
npu ofHOYaCHOMY HafCUNaHHi AaHux B 060X HanpsiMkax — Lie Bianosigae HopMmi
MeHLe 1%. PiBeHb RSSI cknas -55 gbm.

AHani3 pesynesraTis

3BepneHi pesynstaTtu nepesipkv BLE-3'egHaHHS y BCiX TPbOX cLeHapisx

HaBefeHi y Tabnuui pucyHky 3.5. Y BCix TpbOX CLieHapisix piBeHb JOCTaBKW MakeTiB
nepeBuLMB BCcTaHoBMNeHy BUMory 99%, 4ac BctaHoBMNeHHst BLE-3'eqHaHHsA He
nepesuwme 5 cekyHa npu gonycky 10 cekyHa, 3aTpumka Big hopMyBaHHA nakeTy

3Mm. Apk. No gokym. Mign. Aata
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[0 BifobpaxeHHs1 Ha NpuMarnbHii CTOPOHI y BCix BUNagkax He nepeswuwmna 100
mc npu gonyctummx 1000 mc. PiBeHb nomunok CRC y Hawripiomy Bunagky
(cueHrapin mogynb—moaynb) cknas 0.33%, L0 3HaYHO HUXYE JONYCTUMOTO PiBHS
1%.

PucyHok 3.5 — Pe3ynbratu nepesipku BLE-3'egHaHHs

TakvM YMHOM, BCi TPU CLieHapil NigKMoYeHHs yCniluHO NponaeHi, a
OTpUMaHi NOKa3HWKN CYTTEBO NEPEBULLYIOTb BUMOMM TEXHIYHOIO 3aBAaHHS 3a
YacoM BCTaHOBIEHHS 3'€lHAHHSI Ta 3aTPUMKOIO NepeaaYi JaHuX.

3.3 BumiptoBaHHSA fanbHocTi Ta cTabinbHocTi BLE-3'egHaHHs

BumiptoBaHHs1 anbHOCTI Ta ouiHka cTabinbHocTi BLE-3'eaHaHHs €

KIOYOBMMMW EKCIEPUMEHTAMM, LLIO AO3BOMNSAOTb BUSHAYUTY NPAKTUYHI MEXi
3acTocyBaHHs po3pobneHoi cucteMun TenemeTpii Ta NigTBepAUTY BiANOBIAHICT
XapaKTepUCTVK KaHany 3B's3Ky BUMOram TEXHIYHOO 3aBAaHHs. BuMiptoBaHHs
BMKOHYBanuCb y BOX YyMOBax — y NPUMILLEHHI 3 TUNMOBUMM NepeLLKogamn y
BUrMAAi MebniB Ta CTiH i Ha BigKpUTOMy NpocTopi 6e3 nepeLukos.

MeToauka Ta yMOBU BUMIPIOBAHHSA AANbHOCTI

BumiproBaHHA fanbHOCTI BUKOHYBanucb Ha BiactaHsax 5, 10, 15, 20, 25, 30,

35 1a 40 meTpiB. Ha koxHi BiacTaHi npotarom 60 cekyHA dikcyBanach KinbkicTb

3m. Apk. No gokym. Mign. Aata
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BiANpaBneHnx Ta NPURHATUX NakeTiB, KinbkicTb nomunok CRC Ta piBeHb curHany
RSSI 3a nokasnukamu gogatky nRF Connect Ha cmapTdoHi. BumiptoBanbHuin
BY30I 3anuLIaBcst HEPYXOMUM, @ CMapTOoH nepeMilllyBaBcs Ha 3aaHy BiACTaHb
NPSAMONIHINHO. Y NPUMILLEHHI TECT BUKOHYBaBCS y KOpuaopi 3 6eTOHHNMK
CTiHaMK, y 30BHILLHIX yMOBaX — Ha BigKpUTOMY ManaaH4mky 6e3 byab-skmx
nepeLuKo Mix By3rioM Ta npuiMadem. Pe3ynstati BUMiptoBaHb HaBeAeHi Ha
pucyHKy 3.6.

PucyHok 3.6 — Pe3ynbTraTi BUMiptoBaHHs AanbHocTi BLE-3'egHaHHs

AHani3 pesynbsraTiB BUMIPIOBaHHS AarnbHOCTI

Ha BiactaHsix 4o 10 meTpiB y npuMiLLeHHi Ta Ao 20 MeTpiB Ha BiAKPUTOMY
npocTopi cuctema 3abesnevyyBana CTOBIACOTKOBY AOCTaBKY MakeTiB 6e3 Oyab-skunx
nomunok CRC. PiBeHb curHany RSSI Ha BigcTaHi 10 M y npumiLleHHi cknas -58
Abwm, Wo Bignosigae BigMiHHIN skocTi 38'A3Ky. Ha BiacTtaHi 20 M y npuMiLLeHHi
piBeHb RSSI 3Hu3mBCs o -71 abm, Npu LbOMY KinbKICTb NPUAHATUX NAKeTIB
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cknana 58 3 60 (96.7%), a kinbkicTb nomunok CRC — 1 (1.7%). Taki nokasHukn
3anuLIaTbCs NPUAHATHUMK ANs BiNbLIOCTI NPaKTUYHMX 3aCTOCYBaHb.



Ha BiacTtani 25 M y npumillenHi piseHb RSSI Habnusuecst 4o NOPOroBoro
3Ha4yeHHs -78 obMm, Npu SKOMY NOYMHAETLCA CyTTEBE 3POCTAHHS KiNbKOCTI
nomunok. KinbkicTe NpURHATUX NakeTiB 3HM3unace Ao 56 3 60 (93.3%), nomunkm
CRC cknanu 2 (3.6%), wo nepeBuLLye JonycTUMUiA pieHb 1%. TaknuM YMHOM,
edeKTBHA AanbHICTb 3B'A3KY Y NPUMILLEHHI 3 NepeLlKofamMn CTaHOBUTb Bnn3bko
20 meTpiB Npy 3agaHnx BUMOrax 4o piBHA NOMUIOK [4].

Ha BigkpuTOMy NpocTOpi kKapTUHa CyTTEBO Kpalla — CTOBIACOTKOBA AOCTaBKa
36epiraetbest 4o 20 M, @ NPUIRHATHUIA piBeHb nomunok CRC (meHwe 1%)
3abesneyyeTbes Ha BiacTaHsax Ao 30 M. Ha Biactani 30 M HaaBopi npuiiHaTo 58
naketiB 3 60 (96.7%), nomunka CRC cknana 1 naket (1.7%). PisHuus B
XapakTepucTmkax Mk MPUMILLEHHSIM Ta BiAKPUTUM NMPOCTOPOM MOSICHIOETLCS
BiACyTHicTio GaraTonpoMeHeBOro NOLNPEHHS cUrHany Ta 3aBaj Big CTiH i mebniB y
30BHILLHIX yMmoBax. BcTaHoBneHa sumora T3 — He meHLwe 10 meTpis y

MPUMILLIEHHI — BUKOHaHa 3 CYyTTEBMM 3anacom.

MeToguka Ta yMoBM TeCTy CTabifibHOCTI

Tect cTabinbHocTi BLE-3'egHaHHsA npoBoaMBCst NpoTsrom 60 XBUMWMH Ha

BigcTaHi 10 MeTpiB y NpuMiLLieHHi — ymMmOBaX, LLO BiANoBiAa0Tb TUMNOBOMY
nabopatopHomy abo BUPOBHWYOMY 3acTOCyBaHHI. BumiptoBanbHui By3on
6e3nepepBHO NepefaBaB TeNeMeTpuyHi naketn 3 yactototo 1 'y, nporpama-knieHT
hikcyBana KoXeH NpPUAHSATUIA NakeT Ta nepesipsina KoHTponbHy cymy CRC.
MapanensHo 3 CSV-aiiny 36upanuck AaHi Npo Yac NpuinoMy KOXHOro nakety Ansi
OLjiHKV 3aTPVUMOK.

AHani3 pesynbraTiB TecTy cTabinbHOCTi

3a 60 xBunuH poboTn BUMiptoBanbHWi By3on Bignpasus 3600

TENeMeTPUYHNX NaKeTiB, 3 AKMX Nporpama-knieHT npunHana 3584 naketw, Wwo
BignoBinae pieHio goctasku 99.56%. BrpadeHo 16 nakeTis (0.44%), WO 3HAYHO
Hwx4e gonyctumoro pisHa 1%. 3adikcosaHo 3 nomunkn CRC (0.084% Big
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3aranbHoi KiNlbKOCTi MPUAHATUX NAKETIB), WO TAKOX MEHLLE A0NyCTUMOrO PiBHS
0.1%.

Ha 38-11 xBunuHi TecTy BiabyBcst 0oavH MUMOBINbHWIA po3puB BLE-3'egHaHHs,

LLO CNPUYMHUB CTpUBKonodibHe 3poCcTaHHs KiflbKOCTi BTpaYeHUX NakeTiB.
MpuynHoo po3purBy, MMOBIPHO, CTaB TUMYaCOBUIA BNNMB pajio3asas Big
yBiMKHYyTOro nopy4 npuctpoto Wi-Fi. Mogyns HM-10 asTomatnyHo BigHOBMB
peknaMmyBaHHsi, @ cMapT(OH aBTOMATUYHO Nepeniaknounscs 3a 4.2 cekyHan — Wwo
BignoBigae BMMo3i T3 W00 Yacy BigHOBMEHHS 3'eqHaHHs meHwe 10 cekyHa. Micnsa
BiAHOBMNEHHS 3'e€AHaHHsA cucTema npogoBxuna ctabineHy poboTy A0 KiHUS TecTy
6e3 oAaTKOBUX BTpaT NakeTiB.

MinimanbHui piBeHb RSSI, 3achikcoBaHuin npoTarom TecTy, cknas -64 abwm,

Lo 3abe3neyye AocTaTHil 3anac BiAHOCHO rpaHMYHOro MNOPOry YyTHNBOCTI
npuiMava. MakcumarnbHa 3aTpyMKa MiX BinpaBKoK NakeTy MIKPOKOHTPONepom Ta
BifoGpaxXeHHsIM Ha ekpaHi nporpamu-knieHTa cknana 312 mc, Lo B TpW pa3u MeHLle
[onyctumoro 3HadeHHst 1000 mc.

Takum YnMHOM, po3pobrieHa cuctema TenemeTpii AeMOHCTpye cTabinbHy

po6oTy NPOTArOM TPMBANOTO Yacy, a OTPUMaHI XapakTePUCTUKM AanbHOCTI Ta
ctabinbHocTi BLE-3'eqHaHHA NOBHICTIO BiANOBIAaTL BUMOraM TEXHIYHOIO
3aBAaHHS, WO NiATBEPKYE NpMAATHICTL 06paHoro anapaTHoro pilleHHst Ha 6asi
mopyns HM-10 (CC2541) ans peanbHWX 3agay NPOMUCIIOBOTO MOHITOPYHTY.

3.5 AHani3 pesynbrartiB Ta NOPIBHAHHA 3 TEXHIYHUM 3aBAAHHAM

3aBepLuanbHUM eTarnom TecTyBaHHS CUCTEMU TenemeTpii € 3icTaBneHHs
OTpMMaHuX pesynbraTiB 3 BUMoramu, chopmynboBaHMMU y nigpo3aini 1.5. Takui
aHani3 4o3Bonsie 06'eKTMBHO OLIHUTU CTYNiHb BiANOBIAHOCTI po3pobneHoro
pilleHHs NOCTaBNeHUM 3afadam, BUSIBUTW HaNpsIMK s nofAarbLioro
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BAOCKOHAIEHHs Ta BU3HAYUTW NPaKTUYHI MeXi 3aCTOCyBaHHs cucTemun. 3sedeHi
pe3ynbTraTv NOPIBHSAHHA HaBeaAeHi Ha pUCYHKy 3.7.




PucyHok 3.7 - TTopiBHAHHA OTPUMaHUX pe3ynbTaTiB 3 BUMOraMmm TEXHIYHOro
3aBAaHHs

AHani3 BiaANOBIAHOCTI 3a KOXXHOK BUMOIOH

Bumora wopo aanbHocTti BLE-3'eaHaHHsA He MeHLwe 10 MeTpiB y NpUMILLEHHI
BMKOHaHa 3 IBOPa30BKM 3anacoMm - edpekTMBHa AanbHiCTb 3B'A3Ky Npu AOMYCTUMOMY
piBHi nomunok CRC meHLwe 1% cknana He MeHLwe 20 MeTpiB Y NPUMILLEHHI Ta He
mMeHLwe 30 MeTpiB Ha BigKpMTOMY NpocTopi. Lie cyTTeBO po3LUMpoe NpakTUYHy
30HY 3aCTOCYBaHHSI CUCTEMM MOPIBHSAHO 3 MiHIManbHUMKU BUMOramu i JO3BOSISIE
BMKOPUCTOBYBATM il AN MOHITOPUHIY 06rnafHaHHsA B NPOCTOPMX BUPOBHNYMX
NMPUMILLEHHSIX.

Bumora wopao piBHsi JocTaBky nakeTiB He meHLwwe 99% nigTBepa)keHa
pesynsratamu 60-XBUNUHHOTO TecTy cTabinbHocTi: 3 3600 BignpaBneHnx nakeTis
npuitHaTo 3584, wo Bianosigae piBHio goctasku 99.56%. PiBeHb nomunok CRC
cknaB 0.084%, wo B 11.9 pasiB kpalumin 3a gonyctume 3HaveHHst 1%. Hagitb 3
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ypaxyBaHHSIM MUMOBINLHOIO PO3puBY 3'€AHAHHSA Ha 38- XBUNWHI 3aranbHuii

piBEHb JOCTaBKM 3anULLIMBCS BULLE BCTAHOBIIEHOT HOPMMU.

Bumora wono 3aTpumku nepegadi gaHux MeHwwe 1 cekyHam npuv vacTtoTi
onuTyBaHHS 1 'l BUKOHaHa 3 TPMPa3oBMM 3anacoM — MakcuMarnbHa 3adpikcoBaHa
3aTpumka cknana 312 mc. Tunosa 3aTpuMka y LUTAaTHOMY pexumi poboTun He
nepesuLye 100 Mc, LWo 06yMOBIIEHO CyMapHUM YacoM hOpMYBaHHS NaKeTy,
nepegavi no UART Ha wemuakocTi 9600 6op Ta nepegadi no BLE-kanany. YactoTa
OHOBIEHHA AaHux 1 'y 3abe3neyyeTbes Y NOBHOMY 00CA3i.

Bumora wopo yacy BctaHoBneHHs BLE-3'eaHaHHs meHLwe 10 cekyHa

BMKOHaHa 3 3anacom y 2.5 pasu — pakTu4HuiA Yac nigknioyYeHHsa cknas Big 3.2 oo
4.8 cekyHA 3anexHo Bif TMny npunmada. Bumora Lwo[o aBToMaTu4HOro
BiHOBMNEHHSI NicNsi po3puBY 3'€AHAHHS TaKOX BMKOHaHA: 3adhikCoBaHWI po3puB
BiAHOBMBCSA 3a 4.2 cekyHAW npw gonycTumomy yaci 10 cekyHa.

KinbKkicTb BUMiptOBaHUX NapameTpis BABiYi NepeBuLLye MiHiManbHO

HeoOXxigHy: cucTema BUMIptoe 8 napameTpiB (Temneparypa, TUCK, TpK OCi
NMPUCKOPEHHS, Hanpyra, CTPyM, NMOTY>KHICTb) NP1 BUMO3i HEe MeHLe 4. ToYHICTb
BMMIipioBaHHs TemnepaTypu aatunkom DS18B20 cknana +0.3 °C npwu gonycky +0.5
°C, wo B 1.7 pasisB KpaLLuii 3a HOpMY. Hanpyra XuBneHHs By3ny Bianosigae BUMO3i
5B (USB).
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Y GakanaBpchbkit pobOoTi BUPILLEHO akTyarnbHy 3agady po3pobneHHs cuctemm
TenemeTpii Ha 6a3i Bluetooth-moayna CC2541, wo 3abe3nevye 6e3apoToBy
nepegavy TeneMeTpudHUX AaHuX Bif BUMIpIOBanbHOro By3ny 40 NepCcoHanbHOro
komn'toTepa abo MobinbHOro NpucTpoto 3a TexHonorieto Bluetooth Low Energy 4.0.
3a pesynsratamy BUKOHaHHS po6oTy 3po6rneHo Taki BUCHOBKM:

MpoBeneHo aHania npegMeTHOI obnacTi Ta BCTaHOBMEHO, Wo TexHororist BLE
4.0 € onTUManbHUM piLLEHHAM Ans CUCTEM TenemeTpii 3 TOMiPHOK 4YacToTO
OHOBJIEHHS AaHNX Ta OBMEXEHUM eHeprocnoXnBaHHAM. NopiBHANBHUI aHani3
ansTepHaTMBHKX TexHonorin 6e3apoTosoi nepepadi (Wi-Fi, ZigBee, LoRa,
GSMI/LTE) nigTBepamns nepesarv BLE 3a kpuTepisimMmn NnpocToTy NiAKMIOYEHHS,
[anbHOCTI 3B'I3KY B YMOBaX MPUMILLEHHSI Ta CyMICHOCTi 3 MOBinbHUMMN
NPUCTPOSIMU.

Po3pobneHo anapaTHy YacTuHy BUMiptoBanbHOro By3ny Ha 6asi
MikpokoHTponepHoi nnatdopmu Arduino UNO (ATmega328P) 3 mogynem HM-10
(CC2541) Ta yoTupma gatynkamu gisndHux BenuuunH: DS18B20 (Temnepartypa, 1-
Wire), MPX5700 (Tuck, aHanorosui Bxia), ADXL345 (TpuBicHe NpUCKOPEHHS,
12C) Ta INA219 (cTpym Ta Hanpyra, 12C). AnapaTtHa peanisauis 3abesnevye
BMMIipIOBaHHS1 BOCbMU Di3VYHUX MapameTpiB, WO B ABa pa3n nepesuLlye
MiHiManbHy BUMOTY TEXHIYHOIO 3aBAAHHS.

Po3pobneHo npoTokon nepeaadi TeneMeTpuyHuX AaHnx 3 ikcoBaHo
CTPYKTYPOIO NakeTy po3mipom 19 GaiT, Lo BKMOYae MapKkepy noyaTtky i KiHus,



ineHTudikaTop By3na, Nona 4aHux ycix BUMIptoBaHMX napameTpis y dpopmari Little-
Endian Ta koHTponbHy cymy CRC 3a anroputmom XOR. NpoTtokon 3abe3neyye
HagiviHy ineHTudikauito nakeTiB y noToui 6anT Ta BUSABNEHHSI MOMUIIOK Nepeaavi.
Po3pobneHo nporpamHe 3abe3neyeHHst MIKpOKOHTPOMEPHOTO BY3y MOBOIO
Arduino C++, Lo peanisye LUMKNiYHe 34MTYBaHHS AaTuKKiB, NepBUHHY 06pobky
(macwTtabyBaHHs, dinbTpaLito, ycepeaHeHHs), OpMyBaHHS TENEMETPUYHNX
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nakeTiB Ta ix nepegadvy Ao mogynst HM-10 no nporpamHomy UART. MNporpama
opraHisoBaHa 3a MoAynbHUM MPUHLMIOM 3 OKPEMUMU OYHKLISIMU A151 KOXKHOTO
[aTynKa Ta MEXaHi3MOM aBTOMaTUYHOrO BiAHOBNEHHsS1 BLE-3'egHaHHs.
Po3pobrneHo nporpamMy-knieHT Ans nepcoHanbHOro Komn'totepa MOBOK

Python 3 rpaciyHum iHTepdbericom Ha 6asi 6ibnioTek tkinter Ta matplotlib.
lMporpama peanidye noTokoBui npuiiom aaHnx 3 COM-nopty y hoHOBOMY NOTOL,
[ekodyBaHHs nakeTis i3 nepesipkoto CRC, BifobpaxeHHs NOTOYHUX 3HAYEHb Ta
rpacikiB y peanbHoOMy Yaci, a Takox 36epexeHHs1 Tenemetpii y cain CSV.
Po3pobneHo mMobinbHuiA iHTepdeiic MoHiTopuHry Ans nnatdopmu Android 3
BukopuctaHHam mosu Kotlin Ta ctanaaptHoro BLE API. 3aeasku yHicikoBaHOCTI
npoTokony BLE 4.0 po3po6neHuii MobinbHuii ogaTtok moxe 6yTv nopToBaHui Ha
iOS (Swift/CoreBluetooth) abo peanisoBaHuii ik Kpoc-nnaTopMeHUii 3aCTOCYHOK
Ha 6asi Flutter yn React Native 6e3 3miHV1 npoTokony o6miHy gaHuMmu.

MpoBeaeHO KOMMMEKCHE TECTYBAHHS CUCTEMM Yy CEMU eTanax BiAnoBiAHO A0
po3pobneHoi MeToamkun. 3a pesynsratamy TECTYBaHHS MiATBEPAXKEHO BiANOBIAHICTL
YCiX nepeBipeHnx BUMOT TEXHIYHOro 3aBaaHHs. EdekTneHa ganbHicTe BLE-
3'elHaHHS Y NpUMILLEHHI cknana He MeHwe 20 meTpiB npu BUMo3i 10 meTpi.,
piBeHb focTaBku nakeTiB — 99.56% npu B1UMo3i 99%, piBeHb nomunok CRC —
0.084% npu gonyctumumx 1%, MakcumarbHa 3aTpumMka nepefadi — 312 mc npu
BMMO3i 1000 mc, Yac BctaHoBneHHs BLE-3'eqHaHHsA — 3.2-4.8 ¢ npu Bumosi 10 c.
BcTaHoBRNEHo, Wo npakTUYHi OBMEXEHHS CUCTEMM 3YMOBIIEHI LUBUAKICTIO

UART 9600 604, Lo obmexye MakcrMarnbHy 4acToTy nepeaadi NakeTiB 3HaYeHHAM
6nmsbko 10 'y, Ta obumncnioBanbHUMU pecypcamm ATmega328P. [ins 3acTocyBaHb
3 BULLIOK YACTOTO OHOBJIEHHS abo cknafHiWMMKn anroputmamm o6pobku
pekoMeHayeTbCsi nepexia Ha 32-6iTHy nnatdopmy 3i 36epexxeHHsIM po3pobrneHoro
NpOTOKOMY NepefaYi AaHWX Ta NporpaMHoro 3abesnevyeHHs NpUMManbHOT CTOPOHU
6e3 3MiH.

MpakTnyHa LiHHICTb po3pobku nonsrae y Tomy, WO cucteMa Tenemerpii

Moxe ByTu 3acTocoBaHa Ansi MOHITOPUHIY CTaHy NPOMUCIIOBOro obnagHaHHs,
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aBTOMAaTU30BaHMX TEXHOMOTYHMX NPOLECIB, @ TaKOX Y HaBYanbHWX LiNax ans
[eMOoHCTpaLii npuHUMNiB Nobya0BM PO3MNOoAINEeHNX BUMIPIOBanbHUX CUCTEM 3
6e3apoToBoto Nepefayeto aaHux. Bigkputa anapatHa nnatcdopma Arduino ta
ctaHaapTHuin npotokon BLE 4.0 3abe3neyvytoTb AOCTYMNHICTb Ta BiATBOPIOBAHICTb
pesynsTatis po6oTy.
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Tema: Po3pobrnieHHsi cuctemu tenemeTpii Ha 6asi Bluetooth-mogyns CC2541

KPB.CI- 10.00.00.000 E2 — Cxema cyHKuUioHanbHa (apkywis 1); - KPB.CI- 10.00.00.001 — Anroputm po6otu cuctemm (apkyLwis 1);

- KPB.CI-10.00.00.002 — ®oT0 TecT-nnar pkywiB 1);

[laTta 3akiH4eHHS BUKOHaHHSA 6akanaBpcbkoi poboTu:
CTyOeHT-AUNNOMHUK Tumodpinuyk O.C.

OOJATOK A
JlicTUHr Nnporpamm MikpoKoHTponepa

/I — MipkntodyeHHs GibnioTtek

#include &It;OneWire.h&gt;

#include &lt;DallasTemperature.h&gt;

#include &lt;Wire.h&gt;

#include &It;Adafruit_ADXL345_gt; #include _&lt;Adafruit INA219. h&gt;
#include &lt;SoftwareSerial. h&gt;

/I — KoHdpirypauisi BuBoAiB Ta KOHCTaHT
#define ONE_WIRE_BUS 2 // DS18B20 — BuBig D2

#define BT_RX_PIN 2 //HM-10 TX — Arduino D2

#define BT_TX_PIN 3 //HM-10 RX « Arduino D3

#define PRESSURE_PIN A0 // MPX5700 — aHanorosuii Bxig AO
#define SAMPLE_MS 1000 // iHTepBan onuTyBaHHs, MC

#define PKT_SIZE 19 // po3mip nakety, 6ant

#define NODE_ID 0x01 // ineHTndpikatop By3na

/| — O6'exTn nepudepii
OneWire oneWire(ONE_WIRE_BUS);
DallasTemperature ds18b20(&amp;oneWire);
Adafruit_ADXL345_Unified accel(12345);
Adafruit_INA219 ina219;

SoftwareSerial BTSerial(BT_RX_PIN, BT_TX_PIN);

bool bleConnected = false;



void setup() {
Serial.begin(9600);
BTSerial.begin(9600);

ds18b20.begin();
if (laccel.begin()) Serial.printin("ADXL345 He 3HangeHo!");
if (!ina219.begin()) Serial.printin("INA219 He 3HaigeHo!");

delay(500);

BTSerial.print("AT"); delay(100);
BTSerial.print("AT+ROLEQ"); delay(100);
BTSerial.print("AT+NAMETelemetry"); delay(100);
BTSerial.print("AT+NOTI1"); delay(100);

Serial.printin("lHiuianisauis 3aBeplieHa. OvikyBaHHs BLE...

void loop() {
if (BTSerial.available()) {
String msg = BTSerial.readStringUntil("\n');
if (msg.indexOf("OK+CONN") &gt;= 0) {
bleConnected = true;
Serial.printin("BLE: 3'egHaHHsa BCTaHOBMNEHO");
}
if (msg.indexOf("OK+LOST") &gt;= 0) {
bleConnected = false;
Serial.printin("BLE: 3'egHaHHsA posipBaHo");
}
}

if (bleConnected) return;

float temp = readTemperature();

float pres = readPressure();

int16_t ax, ay, az;

readAccel(&amp;ax, &amp;ay, &amp;az);
float volt = ina219.getBusVoltage_V();
float curr = ina219.getCurrent_mA();

Serial.print("T="); Serial.print(temp);

Serial.print(" P="); Serial.print(pres);

Serial.print(" AX="); Serial.print(ax);

Serial.print(" V="); Serial.print(volt);
(

Serial.print(" [="); Serial.printin(curr);

uint8_t pkt[PKT_SIZE];

buildPacket(pkt, temp, pres, ax, ay, az, volt, curr);
BTSerial.write(pkt, PKT_SIZE);

delay(SAMPLE_MS);

float readTemperature() {
ds18b20.requestTemperatures();
float t = ds18b20.getTempCByIndex(0);
if (t == DEVICE_DISCONNECTED_C) {
Serial.printin("Momunka: DS18B20 He Bignosigae");
return -999.0;
}

return t;

}

@at readPressure() {_

_long_sum = 0; for (inti=0; i &lt; 10;.i++){_



sum += analogRead( PRESSURE_ PIN);
delay(2);
}
float adcVal = sum / 10.0;
float vout = (adcVal / 1023.0) * 5.0;
float pres = (vout /5.0 - 0.04) / 0.0012858;
return pres;

void readAccel(int16_t *ax, int16_t *ay, int16_t *az) {
sensors_event_t event;
accel.getEvent(&amp;event);
*ax = (int16_t)(event.acceleration.x / 9.81 * 1000);
*ay = (int16_t)(event.acceleration.y / 9.81 * 1000);
*az = (int16_t)(event.acceleration.z / 9.81 * 1000);

void readPower(float *voltage, float *current, float *power) {
*voltage = ina219.getBusVoltage_V/();
*current = ina219.getCurrent_mA();
*power = (*voltage) * (*current) / 1000.0;
if (*current &lt; 0) *current = 0;

}

#define NODE_ID 0x01

void buildPacket(uint8_t *pkt, float temp, float pres,
int16_t ax, int16_t ay, int16_t az,
float volt, float curr) {

int16_t iTemp = (int16_t)(temp * 10);
int16_t iPres = (int16_t)(pres * 10);
int16_t iVolt = (int16_t)(volt * 1000);
int16_t iCurr = (int16_t)(curr * 10);

pki[0] = OXAA;
pki[1] = NODE_ID;

pkt[2] =iTemp &amp; OxFF; pkt[3] = (iTemp &gt;&gt; 8) &amp; OxFF;
pkt[4] = iPres &amp; OxFF; pkt[5] = (iPres &gt;&gt; 8) &amp; OxFF;
pkt[6] =ax &amp; OxFF; pki[7] = (ax &gt;&gt; 8) &amp; OxFF;
pkt[8] =ay &amp; OxFF; pkt[9] = (ay &gt;&gt; 8) &amp; OxFF;
pkt[10] = az &amp; OXFF; pkt[11] = (az &gt;&gt; 8) &amp; OxFF;
pkt[12] = iVolt &amp; OxFF; pkt[13] = (iVolt &gt;&gt; 8) &amp; OxFF;
pkt[14] = iCurr &mp; OxFF; pkt[15] = (iCurr &gt;&gt; 8) &amp; OxFF;

uint8_t crc = 0;

for (inti=0;i &lt; 16; i++) crc = pkt]i];
pkt[16] = crc;

pkt[17] = 0x00;

pkt[18] = 0x55;

bool parsePacket(uint8_t *pkt) {
if (pkt[0] != OxAA || pkt[18] != 0x55) return false;
uint8_t crc = 0;
for (inti=0;i &lt; 16; i++) crc = pkt]i];
if (crc != pkt[16]) return false;
float temp = ((int16_t)(pkt[3] &lt;&lt; 8 | pkt[2])) / 10.0;
float pres = ((int16_t)(pkt[5] &lt;&lt; 8 | pkt[4])) / 10.0;
Serial.print("T="); Serial.print(temp);
Serial.print(" P="); Serial.printin(pres);
return true;

NOOATOK b



JlicTuHr nporpamu-knieHTa

# config.py — HanawTyBaHHS Nporpamu-kieHTa
# MapameTpu NocnigoBHOro NopTy

COM_PORT ="COM5"

BAUD_RATE =9600

TIMEOUT =1.0

# MNapameTpy nakerty
PKT_SIZE =19
PKT_START =0xAA
PKT_END = 0x55
NODE_ID = 0x01

# 36epexeHHsa aaHnx

LOG_FILE ="telemetry_log.csv"
MAX_POINTS =60
UPDATE_MS =100

import serial, threading, queue
from config import COM_PORT, BAUD_RATE, TIMEOUT, PKT_SIZE, PKT_START,
PKT_END

class SerialReader:
def __init__ (self):
self.port = None
self.running = False
self.pkt_queue = queue.Queue()
self._buf = bytearray()

def start(self):

self.port = serial.Serial(COM_PORT, BAUD_RATE,

timeout=TIMEOUT)
elf.running = True
@elf._thread = threading.Thread(target=self._read_loop,

daemon=True)

self._thread.start()

print(f"Migkntoyero go {COM_PORT} @ {BAUD_RATE} 60a")

def stop(self):
self.running = False
if self.port and self.port.is_open:
self.port.close()

def _read_loop(self):
while self.running:
try:
data = self.port.read(self.port.in_waiting or 1)
if data:
self._buf.extend(data)
self._extract_packets()
except serial.SerialException as e:
print(f"Momunka nopry: {e}")
self.running = False

def _extract_packets(self):
while len(self._buf) &gt;= PKT_SIZE:
idx = self._buf.find(PKT_START)
if idx == -1:
self._buf.clear()
return
if idx &gt; 0:
del self._buf[:idx]
if len(self._buf) &gt;= PKT_SIZE:
if self._buf[PKT_SIZE - 1] == PKT_END:
pkt = bytes(self._buf[:PKT_SIZE])
self.pkt_queue.put(pkt)



del self._buf[:PKT_SIZE]

import struct
from config import PKT_START, PKT_END

def parse_packet(pkt: bytes) -&gt; dict | None:
if pkt[0] != PKT_START or pkt[18] != PKT_END:
print("Momwunka: HeBipHi Mapkepu nakety")
return None

crc_calc=0

foriin range(16):
crc_calc "= pki[i]

if crc_calc != pkt[16]:
print(f"Momunka CRC: {pkt[16]:02X} / {crc_calc:02X}")
return None

_, node_id, \

raw_temp, raw_pres, \

ax, ay, az, \

raw_volt, raw_curr, \

crc, _ = struct.unpack('&lt;BBhhhhhhhBB"', pki[:18] + b"\x00")

return {
"node_id": node_id,
"temp": raw_temp /10.0,
"pressure": raw_pres / 10.0,
"accel_x": ax,
"accel_y": ay,
"accel_z": az,
"voltage": raw_volt /1000.0,
"current": raw_curr /10.0,
"power": (raw_volt/1000.0)*(raw_curr/10.0)/1000.0,

#data_logger.py

import csv, os
from datetime import datetime
from config import LOG_FILE

class DatalLogger:
FIELDS = ["timestamp", "node_id", "temp", "pressure",

"accel_x", "accel_y", "accel_z",

"voltage", "current”, "power"]

def __init__ (self):
self._file = None
self._writer = None
self.count =0

def open(self, filename: str = LOG_FILE):
write_header = not os.path.exists(filename)
self._file = open(filename, "a", newline=""
self._writer = csv.DictWriter(self._file,
fieldnames=self.FIELDS)
if write_header:

self._writer.writeheader()

, encoding="utf-8")

def log(self, data: dict):
row = {"timestamp": datetime.now().isoformat()} | data
self._writer.writerow(row)
self._file.flush()
self.count += 1

def close(self):
if self._file:



self._file.close()
print(f"Ilor 3akputo. 3anucaHo psigkis: {self.count}")

ain.py

import tkinter as tk

from matplotlib.backends.backend_tkagg impoigureCanvasTkAgg
import matplotlib.pyplot as plt

from collections import deque

from serial_reader import SerialReader

from packet_parser import parse_packet

from data_logger import DataLogger

from config import MAX_POINTS, UPDATE_MS

@ass TelemetryApp:
__def __init_ (self, root): self.root = root self.root.title( "Cucrema Tenemetpii BLE — HM-10 / CC2541")

self.reader = SerialReader()
self.logger = DataLogger()
self.buf_temp = deque([0.0] * MAX_POINTS, maxlen=MAX_POINTS)
self.buf_pres = deque([0.0] * MAX_POINTS, maxlen=MAX_POINTS)
self.buf_curr = deque([0.0] * MAX_POINTS, maxlen=MAX_POINTS)
self.pkt_count = 0
self.err_count =0
self._build_ui()
self._build_charts()

def _build_ui(self):
left = tk.Frame(self.root, width=200, bg="#F5F9FF")
left.pack(side=tk.LEFT, fill=tk.Y, padx=5, pady=>5)
self.lbl_temp = tk.Label(left, text="— \u00bOC",
font=("Arial", 18, "bold"), fg="#856404", bg="#F5F9FF")
self.Ibl_pres = tk.Label(left, text="— \u043a\u041fi\u0430",
font=("Arial", 18, "bold"), fg="#CC0000", bg="#F5F9FF")
self.Ibl_volt = tk.Label(left, text="— \u0412",
font=("Arial", 18, "bold"), fg="#1E5C1E", bg="#F5F9FF")
self.Ibl_curr = tk.Label(left, text="— \u043c\u0410",
font=("Arial", 18, "bold"), fg="#1E5C1E", bg="#F5F9FF")
for Ibl in [self.Ibl_temp, self.Ibl_pres,
self.Ibl_volt, self.lbl_curr]:

Ibl.pack(pady=8, padx=10, anchor="w")
tk.Button(left, text="\u25b6 \u0421\u0442\u0430\u0440\u0442",
="#1E5C1E", fg="white",
[ﬁammand= self.start). pack(fill=tk.X, padx=5, pady=2)_
tk.Button(left,_text="\u25a0 \u0421\u0442\u043e\u043f",
="#CC0000", fg="white",
@ammand= self.stop). pack(fill=tk.X, padx=5, pady=2)_
tk.Button(left,_text="\U0001f4be
\u0417\u0431\u0435\u0440\u0435\u0433\u0442\u0438",

bg="#4472C4", fg="white",
command=self.savey—pack(fill=tk.X, padx=5, _pady=2)_

def _build_charts( self):
self.fig, (self.ax1, self.ax2, self.ax3) =\
plt.subplots(3, 1, figsize=(8, 6))
elf fig.tight_layout(pad=2.0)
eIf.canvas = FigureCanvasTkAgg(self.fig, master=self.root) self.canvas. get_tk_widget(). pack(
side=tk.RIGHT, fill=tk. BOTH, expand=True)

def _update(self):
while not self.reader.pkt_queue.empty():

raw_pkt = self.reader.pkt_queue.get()

data = parse_packet(raw_pkt)

if data:
self.pkt_count += 1
self.logger.log(data)
self._refresh_labels(data)



self.buf_temp.append(data["temp"])

self.buf_pres.append(data['pressure"])

self.buf_curr.append(data["current"])
else:

self.err_count += 1

for ax, buf, title, colorin [
(self.ax1, self.buf_temp, "Temneparypa (\u00bOC)",
"#D4910A"),
(self.ax2, self.buf_pres, "Tuck (kMa)",
"#CC0000"),
(self.ax3, self.buf_curr, "Ctpym (MA)",
"#1E5C1E"),
1:
ax.clear()
ax.plot(list(buf), color=color, linewidth=1.5)
ax.set_title(title, fontsize=9)

ax.grid(True, alpha=0.3)

self.canvas.draw()

self.root.title(
f'"Tenemertpis BLE | Makertis: {self.pkt_count}"
f* | Momunok CRC: {self.err_count}"

)
self.root.after(UPDATE_MS, self._update)

def _refresh_labels(self, d):
self.Ibl_temp.config(text=f"{d['temp']:. 1f} \uOObOC")
self.Ibl_pres.config(text=f"{d['pressure']:.1f}

\u043a\u041f\u0430")
self.Ibl_volt.config(text=f"{d['voltage']:.2f} \u0412")
self.Ibl_curr.config(text=t"{d['current’]:.1f} \u043c\u0410")

def start(self):
self.reader.start()
self.logger.open()
self._update()

def stop(self):
self.reader.stop()
self.logger.close()

def save(self):
print(f"36epexeHo {self.logger.count} 3anucis")
if _name__=="__main__":
root = tk.Tk()
app = TelemetryApp(root)
root.mainloop()

# BcTaHoBNEHHS HeobxigHUx GibnioTek
pip install pyserial matplotlib

# 3anyck nporpamu-knieHTa
python main.py



