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Anomayin— OO0rpyHToBano BUKOPUCTAHHS
MmikpoxkoHTpoiepa PSoC 4 BLE, sxuii no3Boisie 36iapmuTH
crneKkTp 3acrocyBanHHsi TexHouaorii Bluetooth 3 nu3bkum piBHem
€Heprocrno;KHBaHHS. 3anponoHoBaHo 3aCTOCYBaAHHS
MiKpPOKOHTpOJIepa /Ulsi BHMMIpPIOBAHHSI €MHICHMUX CEHCOpIB.
TIpoBeneHo TecTyBaHHS POGOTH MiKPOKOHTpOJepa NMpH Pi3HUX
yMoBax.

Abstract—Microcontroller PSoC 4 Bluetooth Low Energy
used to increase the Bluetooth technology using range. Capsense
position measurement method proposed and tested in different
conditions.

Knrouosi cnosa—mikpoxkonmponep, komnonenma, Bluetooth 3
HU3LKUM PIGILeM CILePZOCNONCUBAILIA, PENCUMU IHCUBIIEIILA,

Keywords—microcontroller, Bluetooth  Low
Energy, energy modes.
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[Monpn 3HauyHe TOMMpPEHHS TEXHOJOTIT Oe31pOTOBOT
nepenaui ganux no kanainy WIFL, e s oOminy nudpoBux
[IOTOKIB BUKOPUCTOBYEThCS pajiiokanan, Texxonorist Bluetooth
He BTpaTHJIa CBOIX MO3WLH Ha PUHKY OE3IpOTOBOTO 3B’S3KY
KOpPOTKOro pajiyca jii. 3i 30LIbIUSHHSIM KiUIbKOCTI HAPYYHUX
Ta KHUINCHHKOBUX MNpUIaAiB morpeda y HE IIKiUIUBOMY JLIS
3II0pOB’Sl Ta EHEPrOeKOHOMHOMY CIOCcOOY Tepenadi JaHux
Tinbky Bupocia. Tomy 3apa3 mocrae 3aBJaHHs 3HAXO/KECHHS
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AKOMOra MEHII BHTPATHOI TEXHOJOrii JUId  mepeadi
iH()opMaLil HA HeBeNMKI BiACTaHi.
Bluetooth 3 Hu3bkuM  piBHEM  CHEPIOCIIOXKHMBAHHS

(Bluetooth low energy, BLE) e crammaprom mist 6e31poToBOT
nepesayi  JaHMX 3 HU3bKMM  EHEPrOCIOXMBAHHIM  Jisl
«inTepHer peuei» (amrm Internet of Things). Ils Bepcis
Bluetooth Oyira crBopena urs MaJyOMOTY)KHUX TPOLYKTIB 3
OararbMa CEHCOPaMM TAKUX SIK HAPY4YHI, MEIUYHI Ta jA0MallIHi
npuctpoi. Tenep Bluetooth € y cmaprdonax, miaumerax,
HOYTOYKaxX Ta CTalliOHapHUX KOMII'IoTepaX, sKi pa3oM
YTBOPIOKOTH 11y CUCTEMY HOPTIB Jisl IIPOCTOrO [iAKAIOYCHHSL.

II.  MIKPOKOHTPOJIEP PSOC 4 BLE

3aBnsgkn  CBOTH  apxiTekTypi MikpokoHTponepu PSoC
MiATPUMYIOTh B3a€MOZIIO 3 MAJOMOTY;KHUMU HeTamsMu. PSoC
€ MEPLIOO Y CBITi BOY/0BAHOIO IIPOrPaMOBaHOIO MIAT(HOPMOLO,
sKa BKJIIOYae B cede Mpolecop, HAMpHKIAX 32-po3psitHuil
ARM Cortex-M0O, ceHcopy, TIUYWIBHAKH, aHAJOTOBi Ta
uudposi nporpamoBani 0j0ku. Hepes 1ie MIKPOKOHTposepu
PSoC mpuCcKOpIOIOTh TIPOSKTYBAHHS HANIMHMX 1 MpPOCTHX Y
BUKOPUCTaHHI CHCTEM, TaKHX SK BUMIPIOBaHH: Ta Iepeaya
CCHCOPHUX JIAHUX.

IpoekTyBaHHst O€3/POTOBAX CEHCOPHUX CHCTEM JUIst
CYUIACHHX MIPHCTPOIB HE € MPOCTOIO 3axaueto. Lle moscHIOETbCs
THM, 100 CTBOPCHHS TAaKWX CHUCTEM BHMAarae B IH)XXCHEPIB
TPAIfOBATH 3 KITbKOMA IHCTPYMEHTAMH TPOEKTYBAHHS BiT
pI3HHX BHPOOHHKIB MikpocxeM. IIpm po3pobLi Hapy9IHHX
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JATYNKIB HEOOXiJHI aHAIOroBi iHTepelicH JUII CEHCOpiB,
mudposa Jorika A ynpaeninag, Bluetooth mms mepemadwi ta
cam MikpokoHTponep. Lli cucremu wacro mpAIFOIOTH Bil
3BUUAHHOI MOHETHOT OaTapeiku 1 MoTpeOyIOTh pPO3YMHOTO
BUKOPUCTAHHS PEXUMY Majiol MOTYXKHOCTi. MiKpOKOHTpoiep
PSoC 4 BLE Bupintye 11i 33/1a4i 3a JIOOMOIOO:

o Copomenust Kou(irypaiii CreKy IpPOTOKOJIIB Ta
npo¢inis  Bluetooth 3a  ngomomoroio mpocroi y
BukopuctanHi BLE KOMIOHEHTH.

e [urerpauii  nporpamoBaHoi  uudpoBOi  JOriKy,
€MHICHMX ceHcopiB, Bluetooth ta mpomecopa ARM
Cortex-M0

OpHiero 3 rosopHux nepesar mikpokonrtponepa PSoC 4
BLE € MOXnMBiCTE poOOTH 3 BHCOKO CHEPrOOIIaTHUMU
CHCTEMaMH, 5KI 3JaTHI TNpaIoBaTH NPH DPI3HUX PpEeKIMax
skuBiieHHs. 1l pe)xumMu MarOTh Ha3BU aKTUBHHUN, COH, PEKHUM
TITMOOKOTO CHY, O€3NiSUTBHUI PEXHM Ta PEXHUM 3YIMHKH.
JeranapHuii ompc XapaKTEpHCTHK EHEPreTHYHHX pPEKUMIB
300pakeHuii y Tabuuui 1.

TABJIMILSIL 1. OCHOBHI XAPAKTEPUCTUKH EHEPT ETUYHIX PEXXIMIB POBOTI
MIKPOKOHTPOJIEPA PSOC 4 BLE

XapakrepucTukn
Peskum Ilomoune | Axmuena Axmugna Yac Ha
cnoxcuea | wugposa anaioz06a npooyo
HHS nepudepis nepudghepin JceHHst
AKTHBHUIT 2.2 MA Bei npumagu | Bei npriagn h
Con 1.3 MA Bei npunagu | Bei npunaan 0
WTD, LCD, | Kommapatop, 25 MKC
I'muGokwmii corn | 1.3 MKA Kananbauit Oneparriitai
piBeHb ITICHITIOBAYL
Besnisannunit 150 HA JKomxuoro Kommapartop 2 me
3ynurkn 60 HA Koxnoro Kognoro 2me

Ilig yac nepexioYeHHs 3 OJHOrO CTaHy B IHIIMIA Ta B
iHTepBaii  3’€qHaHHSA  cuctema Bluetooth criokuBae B
cepenHboMY 19 MKA cTpymy.

Mikpokourponep PSoC 4 BLE BuUKOPUCTOBYEThCS SIK
KITIEHT JUIsl Tiepeniati JaHux 1o kaHaiy Bluetooth mprctposm,
AKi  migkmodeHi  go  Hporo.  Ilicma  BBIMKHEHHS
MIKPOKOHTPOJIEpa MOYMHAEThCS BLLTIK 4acy (3a3Buuaii 30
CeKyHII), MPOTATOM sikoro Bluetooth xomIToHeHTa 3HaXOANTBCS
Y BiIKpUTOMY CTaHi (BUIbHA ITA 3’€AHAHHA 3 cepBepoM). SKIIo
el 4ac CIUIMHYB 1 KOJCH MPHUCTPiit He mij’ejHAaBCs, BOHA
MEPEXOMTH y CTaH TIIMOOKOTro CHY Juis ekoHoMiT eHeprii. [1{o6
KoMmoHeHTa Bluetooth 3HOBY crama BigKpHUTOIO, MOTPiOHO
[ICPE3aBAHTAKUTH LPUCTPiii HarucHyBuM kHOnky “RESET”
Ha MikpokoHTposepi [1, 3].

III. MosuibHUl TEJE®OH K ITPUCTPLA JJ151 B3AEMOLT 3
PSoC 4 BLE

Jns poboru 3 MIKPOKOHTPOJIEPOM HEOOXiaHO, 11100
npucTpiif, skui Oyne BHKOHYBaTH pOJIb cepBepd, MaB
Bluetooth 4.0. IHmoro HeoOXiTHOIO YMOBOIO € HasBHICTh

TIPOrpaMHOTO 3a0e3NeueHHs Ha CEPBEPHOMY TIPHCTPOI, SKe Mae
OOCTYNl OO MHOTPiOHMX (GYHKIIH Ta BIACTHBOCTEH KIi€HTa
(mikpoxonTporepa). s cmaprdoniB Ha 06a3i omepariiitHol
cucremn Android Ta cmaprdonis xommanii Apple dipma
Cypress cTBopuiia MooOiUTbHHH fogaTok CySmart. L nporpama
JI03BOJISIE KOPUCTYBAaUy OTPUMATH JIOCTYII 10 JAaHHX, sIKi Oyiu
OTpUMaHi 3 MIKpOTIpOIIecopa, y 3pyJTHOMY Ta 3pO3yMiIOMY
puraai. CySmart minTpumye Taki mpodini Ta cepsicu BLE sx:
npodisib YACTOTH CEPIEBUX CKOPOYCHb, CepBic Oartapei,
npoputs HaOyvkeHHs, NpoduTh THCKY KpoBi Ta iHmn. Taxi
JOMATKOBI MOXJIMBOCTI AK PEecTpaTop JAaHUX, 0a3a JaHHX
renepabuux atpubyris (aurn. GATT DB) ta emymstop
JVCTAHIIHHOTO ~KepYBaHHS JAIOTh KOPUCTYBauy [IOBHY
1H(OPMAIIIO TIPO CTaH Ta MOMJIMBOCTI CUCTEMH [2].

IV. TIPAKTUYHE BUKOPUCTAHHS MIKPOKOHTPOJIEPA

Ockinbkn Mmikpokoutposiep PSoC 4 BLE Bxe Mictuth
KiJIbKa BOYIOBaHHX CEHCOPIB (TATYHK HAOIFDKEHHs, €MHiCHHN
CEHCOP), BiH BXKE MOKe OyTU BUKOPUCTAHUIA /1J1sl BUMIPIOBAHHS
JaHUX TIpH B3aEMOJIl KOpUCTYBa4a 3 MiKPOKOHTPOJICPOM.
OnmHUM 3 TaKUX BapiaHTIB € BUMiPIOBAHHS MTOTOMKEHHS TIAJbLI,
BUKOPUCTOBYIOYM JIIHIHHMI €MHICHHMIA CEHCOp, Ta Mepejaya
1poTo ToJIokeHHs uepe3 Bluetooth 4.0 va cmaptdoH.

Ilicns i A’ € THAHHS IKepera JKUBIICHHS 1o
MikpokoHTponepa (uepe3 miniUSB uu 3a jponomorow aBox
Garapeiiok o 1.5 B, nix’exnanux go moprie VDD ta GND)
BiH CTa€ [OOCTYIIHUM UI1 IMiAKIIOUEHHS MPHUCTPOIB, SKi
orpumyBatumyTh jadi. Komnonenta BLE nepebysae y
Bigkpuromy ctani 30 cekyHnm, TOOTO TINBKM B Leil uac
TIpUCTpiii-cepBep MoKe MiAKIIOUUTHCA 00 Hel. [nsa Toro, 1mob
MIAKIIOYUTHCSA A0 MIKPOKOHTpOJEepa HEOOXiAHO BKJIIOYMTH
Bluetooth i Bubparu npuctpiit «Caps» mwist 3’€IHAHHS 3 HUM.
ToTpiOHO TakoXK 3a3HAYMTH, 1O IepeJaya BUMIPSHIX 3HAYCHD
Ha [OpUCTpili-cepBep MOXKJIMBA JIMUIe [OPU CTAOLIbHOMY
3’€IHAHHI Ta TIPAIIOE OJIHAKOBO, SIK HA BIJUIaii 5 M, Tak i Ha
Bimmami 20 M BiJ MiKpOKOHTpoJIepa.

BucHOBKM

3anporoHoBanuii Ta peanizoBaHui Meron 0e31pOoToBOL

nepesadi  JAHWX ~ E€MHICHMX  CEHCOpPIB  3a  JIOTIOMOTOIO
mikpokoHtponepa PSoC 4 BLE nokasaB  BUCOKY
e(heKTUBHICTb.
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