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MWKPOKOHTPOJITEPBI U MUKPOMNMPOLECCOPbDI

CMELWEHWE UBETOB
CBETOAMNOAHOIO U3NTYHEHNA
C UCIMOJIb3OBAHNEM
BLUETOOTH-CBA3W

CBATW WUPUOXAP (SWATHI SRIDHAR), HAMPATA AANIBUA (NAMRATA DALVI), Microchip Technology

B cmameoe onucvieaemca memoo cmeuwieHus yeemos RGBA ¢ ucnonb3osaHuem

6ecnposodHoli mexHonozuu Bluetooth Low Energy.

TouHoe ynpaBneHue UBeTOBbIM 6aNaHCOM CBETOANOAOB
C nomoLblo 6eCNPOBOAHON CBA3M OCYLLECTBNAETCA C NCMOSb30-
BaHVeM 8-pa3pAgHOro MUKpOKoHTponnepa u moayna Bluetooth
4.1 Low Energy. Mpwv 3Tom 06ecrneunBaetcs ynpasieHne KpacHbIM,
3e/1eHbIM, CMHUM 1 anbda-KkaHanom (RGBA).

Ha makeTHOM nnarte, CTPYKTYpHaa cxema KOTOpOW NnokasaHa
Ha prCyHKe 1, uMeeTcA YeTbipe CBETOAMO/AA KPACHOTO, 3eJIEHOTO,
CUHEero 1 AHTapHOro LBeTa. ApPKOCTb KaxJoro 13 3TUX CBeTOAN-
O[l0B perynmpyeTca nytem Bblbopa COOTBETCTBYOLEro Koadou-
umeHTa 3anonHeHusa WWM-mogynauunn.

YnpaBneHve CBeTOAMOAAMU OCYLLECTBIACTCA C MOMOLLbIO
MUKpoKoHTponnepa PIC16F1579 komnaHun Microchip, y kotoporo
umetoTca YeTblpe 16-6uT LUIMIM-KaHana. Mpu sTom obecneumnsaetcs
TOYHasA perynnpoBKa LiBeTa BO BCEM AUana3oHe APKOCTU Kaxaoro
CBETOAMOAA, a TaKXKe OCYLLEeCTBNAETCA CMeLLeHMe PasHbIX YPOB-
Hen ApkocT RGBA ans co3gaHna pasHbIX LBETOBbIX KOMOVHALMWIA.

MpumeHeHne eMKOCTHOW CeHCOpPHOI TexHonorum mTouch
no3BonAeT NCNONb30BaTb ABa NON3yHKa (cnanpepa). Bctpo-
eHHbI Bluetooth-mogynb RN4020 npumeHnaeTcs gna nony-
yeHus WNM-3HaueHUn oT mobunbHoro npunoxexHua Android
WNN OT NPOFrPamMMbl Ha HAaCTOIbBHOM KOMMblOTepe C MOMOLLbI0
TexHonoruu Bluetooth Low Energy. MnaTta nonyuyaeT nuTaHue
oT 1,5-B 6aTapen AAA.

OCBELLEHUE

BapuaLum cBeToano[HOro ocBeLLeHUsA NPOUCXOAAT MO HECKOSTb-
KUM NpuymHam. ApKOCTb, M3Mepsiemas B €AUHULLAX M, BapbupyeT
B 3aBYICMMOCTH OT WCMOJb30BaHWA CBETOANOAOB Pa3HbIX TUMOB,
a Tak»Ke CBETOAMOLOB OfHOrO TUMa. LIBET u3nyueHns onpegenseTcs
3HaYEeHVIAIMU LIBETHOCTU, KOTOPasi Pa3Has Yy pasHbiX CBETOLNOAOB.

MN3mepeHHble 3HaUeHUsA APKOCTU 1 LBETHOCTY HeGoNbLLON
napTUn CBETOANOLOB OLHOMO MPON3BOANTENA NCMONb3YIOTCA
B KauecTBe TUMOBOro Habopa Npu NPOeKTMPOBaHNK 060pyaoBa-
HWA 1 B pacyeTax C NoOMOLLbIO MPOrpamMmmMHOro obecneyeHms. 3ToT
NPOLECC Ha3blBAIOT LIBETOBbLIM PEryIMPOBaHNEM.

BennurHa conpoTuBieHnA pe3ncTOPOB, BKIKUEHHbIX NoCse-
JOBaTeNlbHO CO CBeTOAMOaMu, BbiOMpanach Takum obpasom,
uTOObI CBETOBOW NMOTOK CBETOAMOAOB OblN 0fMHaKOB. Mpn 3TOM
BeNIMYMHA CONPOTUBNEHNA COCTaBMNA: ANA ANOAA C KPacHbIM
cBeyeHnem — 820 Om, ¢ cMHMM cBeyeHreM — 400 Om, € 3efieHbIM —
500 Om, a gna AHTapHoro ceeyeHmsa — 500 Om.

PABOYME PEXXUMbI

CywwecTByOT ABa paboumx pexkunma: 1) TOH, HaCbILLEHHOCTb, 3Ha-
yeHwe nntoc 6enbiii uBeT (HSVW) 1 perynipoBKa AspKoCTU € MOMO-
L0 MON3YHKOB; 2) PErynnpoBKa LIBETHOCTH C NCMOJIb30BaHNEM
cBA3u Bluetooth Low Energy.

VDD

PIC16F1579

MO mTouch

S
X
X
X

4x16-6uT LUIM

>

Caetoanosbl

XQ-E ot Cree YnpasneHnve

cMmelweHnem

useta
*Mon3yHKOoBbLIV BBOA
*Beop no Bluetooth-ceasn

WHTepdeiic
EUSART

I'IonayHKosoe ynpasreHne eMKOCTHbIM
CEHCOpHbLIM BBOAOM B pexume 1

ol

MonayHkoBasi perynmpoBska sipkocTu nyTem
©MKOCTHOTO CEHCOPHOro BBOAA B pexume 1

W

WHTepdeiic

Puc. 1. MakeTHas nnata ana cmewenns RGBA-uetoB
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MNuTaHne Ha Nnaty nogaeTcA B nepBom pexkume. OHa ocHalle-
Ha ABYMA CEHCOPHbIMU MONI3yHKaMN €MKOCTHOrO TuNna: NepBbii
13 HNX NO3BOMIAET PerynnpoBaTh LBET, a BTOPOM NCnosib3yeTca
ANA ynpasieHnA APKOCTbIO.

Ecnn npnkocHoBeHVe K NepBOMY MON3YHKY OCyLieCTBAAET-
cA B pexume cnanpepa, nsnyyeHme CBeToAMOA0B NPMHUMaeT
BbIOPaHHbIV LIBET, KOTOPbI HE MEHAETCS, NMoKa He 6ylyT BBefieHbl
HOBble AaHHble. APKOCTb ONpefeneHHOro uBeTa perynmpyeTca
C NOMOLLbIO PYrOro NoA3yHKa.

Bo BTOpOM pexume 3HaueHus useta (LUMM) BoibupatoTca
C NoMoLL bl MOGUNIbHOTO NpunoxeHna Android unu npunoxe-
HUS Ha HaCTONbHOM KoMrbloTepe nof ynpasneHvem Windows.
CooTtBeTcTBYyloWwMe WNM-3HaueHnAa oTNpaBnAOTCA Ha MaKeT-
Hyt0 nnaTy ¢ nomouwbto Bluetooth-cBsa3n. 310 npunoxeHue
ncnonb3yet Tabnuuy usetHoct CIE 1931 XY (cm. puc. 2). TouHble
LUMM-3HaueHuUs BbIGPAHHOTO LiBETA U YPOBHMW APKOCTM paccuu-
TbIBAOTCA W OTNpaBnATCA Ha nnaTy RGBA no Bluetooth-kaHany.
LWNM-3HaueHuns, nonyyeHHble moaynem Bluetooth Ha nnaTe,
MNCNONb3yTCA MUKPONPOrpaMMHbIM obecrneyeHrnem RGBA gns
OTOOpaKeHNA BbIGPAHHOIO LiBETA.

LiseToBoe npoctpaHcTBo CIE 1931 xy onpepensaeT WUpoKni pag,
3HaYeHN ¢ KooparHaTamu X (LBETHOCTb) U y (APKOCTb). YPOBHM
LiBeTa 1 APKOCTM CBETOAMOAOB C KPACHbIM, 3e/1eHBIM U CUHWM U31Y-
YyeHneMm, oTobpaxaemble B 3Tom npocTtpaHcTtae CIE, onpepensioT
TPEYroNbHUK (NanuTpy), B KOTOPbIV 3aK/TIOYEHbI BCE BO3MOXHbIE
OTTEHKW, FeHeprpyeMble STUMU TPEMA NCTOYHUKAMU CBETa.

UYTo6bI paclumpmnTb AaHHbIN AanasoH, B Hero 6bino fobasneHo
AHTapHOE CBETOAMOAHOE U3fyyeHye. [laHHble X 1 y AHTapHOrO CBETO-
Zvnopa, oTobpakeHHble B LiBeToBOM npocTpaHcTae CIE 1931 xy, onpe-
LensioT pYroWi TPeYrofbHYK C KOOpANHATaMU KPacHOTO, AHTAPHOTO
1 3eneHoro useta. CMelleHne N3nyJYeHns STUX TPeX CBETOAMNOA0B
B Pa3HbIX MPOMNOPLMAX PacLUMPAET LIBETOBYIO NANNTPY (CM. puUc. 2).

Mpaduuecknin nHtepdeiic nonbsosatens (GUI) nepcoHanbHoro
komnbioTepa (MK) n npunoxeHus Ha 6a3e Android B 3Tom pexxume
MCMONb3YIOT aNrOPUTM CMELLEeHNA LBeTa A1A pacyeTa 3HauyeHun
ko3dduumeHTa 3anonHeHua LUKVIM, c nomoLbio KOTopbix obecrne-
ynBaeTca Tpebyembii LBeT.

MpunoxeHua ana Boibopa ueTa otnpasnsAtoT LUMM-3HaueHuA
yepes Bluetooth-mogynb, KOTOPbIN B3aMOLAENCTBYET C MOBUIIb-
HbiMU TenedoHamu u MK, noaaepKMBaoLWUMK CBA3b MO NPOTO-
kony Bluetooth 4.0 n npoTtokonam 6onee NO3aHNX BEPCUIA. ITOT
MOAY/b, B OCHOBHOM, MPUMEHAETCA ANA nepegayn 3HaueHuin
Ko3bdrLMeHTa 3aN0NHEHNA OT YCTPOWCTB YNpaBneHnsa Npunoxe-
HUAMYK Mo BbI6opy LBeTa. Ha prcyHKe 3 nokasaHo NofK/oueHne
BLE-mopyna k mukpokoHTponnepy PIC16 A1579.

BLUETOOTH-NMOAKJ/IIOYEHUE

Bluetooth-ycTpoiicTBa 6bIBalOT ABYX TMMOB: KNAacCUYeCKOro
1 Bluetooth Low Energy (BLE). BLE-ycTpoiicTBa B3anmopencTay-
10T TOJIBKO C YCTPOWCTBAMM TOTO XKe TWMNa Ui C ABYXPEXNMHbBIMY
Bluetooth-ycTpoicTeamu. CnegoBatesibHo, UTOObI YCTaHOBUTb
cBa3b ¢ moaynem RN4020 Ha nnate co ceetoguogamu RGBA, xocT-
YCTPOMCTBO JAOMKHO 6bITb BLE-TMMNa nnn noaaepkmBaTh fiBa pexvma.

Mopynb RN4020, oTBevatowwmin TpeboBaHusaM cneundurkalnm
Bluetooth Core v4.1, ynpaBnseTcs nonb3oBaTesiemM C MOMOLLbIO
BXOJHOW 1 BbIXOAHOW LWWH, a TakKe nHtepoeinca UART. dToT
nHTepdeic noaaepxnsaeT komaHabl ASCIl ana ynpasneHus unm
HaCTPOWKM MOAYSIA B 3aBUCMOCTU OT TPEOOBAHMNI MPUSTOXKEHNA.

NMPUKNAQHAA MPOrPAMMA

Mpwn paboTe NnaTbl BO BTOPOM peXxumMe Tpebyemblil LBET
BbIOVIPAETCA U3 TabnuLbl COOTBETCTBYIOLLErO NPUIOKEHNS, YCTa-
HOBJIEHHOTO Ha NEPCOHANbHOM KOMMbIOTEPE NN MOOUTbHOM
Android-ycTpoincTBe. DTO NPUSIOXKEHME PacCUnNTbIBAET KO3bdu-
umeHTbl 3anonHeHuna LM gna KpacHoro, 3eneHoro n AHTapHo-
ro uBeta. 3HaueHVA 3TX KO3 PMLMEHTOB NepeatoTCcA Ha nnaTy
no BLE-kaHany. HactonbHoe npunoxeHne, oTBevatoLee NpuHLmny
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Puc. 2. Manutpa RGBA-cBeToanoa0B B uBeToBoM npoctpancrse CIE 1931

RN4020 PIC16F1579
_  3|33B UART TX (5) »| UART RX
» GND UART TX (6) |« UART TX
CTS (14) |« RTS
RTS (18) » CTS
CMD/MLDP (8) | 110
WAKE_HW (15) | 110
WAKE_SW (17) [« 110

Puc. 3. Untepdeiicyl mexay mopynem Bluetooth Low Energy (cnesa)
1 MUKPOKOHTpOANEpom

MVC (Model-View-Controller — mogenb—-npeacTaBneHne—KoH-
Tponnep) AN pasHbiX KNaccos, 6b110 CO3jaHO C MOMOLLbIO Cpea-
cTBa paspabotku Visual Studio C#.NET.

RGBA-knacc «<npepcTaBneHmne — koHTponnep» (View Controller)
NpUMeHAEeTCA ANA peanvsauum rpadpryeckoro nonb3oBaTesibCko-
ro nHtepdelica, nnm cpeacTea NPOCMoTPa, U GYHKLUIA KOHTponie-
pa NPUNoXeHnA. ITOT K/acc, OTHOCALMIACA K BEPXHEMY YPOBHIO
nepapxum, OTBEYAET 3a CO3aHNE HOBbIX O6EKTOB K/acCoOB U BHE-
LpeHune 3aBncuMocTein. Kpome Toro, oH ynpaenseT BceMu cobbil-
TmAMn GUI 1 Bbi3bIBaeT COOTBETCTBYOLME METObI.

Knacc gna pacyeta RGBA no3ssonsert onpefenntb, rae Haxo-
AMTCA BbIOpaHHaA TOUKa, — BHYTPU TpeyronbHkos RGB, RGA nnu
3a X nNpefenamu, N paccunTatb KO3GOULMEHT 3anoNHeHNs ana
Ka)[oro uBeTa 13NyyeHuns BCeX CBETOANOO0B.

Knacc matpuubl 3X3 no3BonaeT ocywecTBAATb BCe MaTemMaTu-
YecKune onepawmm 3To MaTpuLibl, K KOTOPbIM OTHOCATCA 06paTHas
dyHKUMA, BblUMCTIEHWE onpelenmnTens U KoPpakTopoB, TPaHCMOo-
HUpOBaHWe, ymHoXeHue. Knacc Vector 3 no3sonAeTt peannso-
BaTb BEKTOP-CTONOEL 13 TPeX YIEHOB, KOTOPbIE NCMOMb3YTCA
B onepauuax ¢ matpuuamu 3x3. Knacc gaHHbix RGBA — nonb3o-
BaTeNIbCKUA TN JaHHbIX AN1A XpaHeHNA 3HaYeHn KoaddrumeHTa
3anofiHeHNs 4A BCEX LIBETOB.

B knacce-obonouke 6ecnpoBoaHoON CBA3U UHTepdelc coaep-
XKWT BCE TPU MeTOa, HeO6X0AMMbIX AnsA 6ecnpoBOgHON CBA3N NpY
peanunsauunm RGBA-cuctembl. 3TOT MHTEpPHENC MOXKHO UCMONb-
30BaTb B Nl060M MeTofe HecnpoBoAHON CBA3N, Hanpumep B BLE
n Knaccuyeckom tune Bluetooth. CaAsb BLE ocyuwectBnseTca
c nomoLbio goyepHei nnatbl RN4020 PICtail no ctaHgapTty RS-232,
no3posifAlLLen peannsoBaTtb 3TOT nHTepdeiic ana RGBA-nnatbl.

MporpamMmmMncT MOXeT CO3A4aTb HOBbIN Knacc ANA NCNoNb30-
BaHUA 6ecnpoBoAHON CBA3M C noMoLybio 6ubnmoTek Bluetooth

SneKTPOHHbIe KOMMNOHeHTbl N5 2017

I [9d0223INMOdUOdHNIN M 19dIULOdLHONOdHNIN
~J




E MWKPOKOHTPOJITEPBI U MUKPOMNMPOLECCOPbDI

Low Energy B cpeacTtBe npoektupoBaHua Visual Studio nnn
6MONMOTEK HE3aBMCUMBbIX Pa3pPaboTUNKOB. [laHHbIN UHTepdenc
yCTpaHAEeT COefiIMHEHUA C [eliCTBYIOLWMM KOHTPOIEPOM, MO3TO-
My €CN1 YCTaHOB/EHbl HOBble COEAMHEHUA, KNAcC «npeacTaBIe-
HUEe—-KOHTpONNep» 1 APyrme Knaccbl He N3MeHATCA.

TexHonorua Bluetooth Low Energy B RGBA-npunoxeHun
c ucnonb3oBaHnem knacca ycrponcts RN4020 nossonset pea-
nn3oBaTtb MHTepdelic-060n04Ky AnsA cBA3n BLE ¢ nomouwbio
nnaTtol RGBA. [louepHaa nnata PICtail nogknioyaeTcs K nep-
CcoHaNlbHOMY KomnbloTepy yepes uHtepdeiic UART unm nopt
RS-232.

Knacc yctpoicTtea BLE oTBeuaeT 3a xpaHeHve 6a30BbiX AaH-
HbIX 06 YyAaneHHOM MOAKIOUYEHHOM YCTPONCTBE — €70 IMEHHU,
ajpeca v noafepXrnBaemMoi cepBepHoin cnyx6bl. 3Ta uHGopma-
UmMA NpuMeHaeTca ana naeHTndrnKauum n cBAsmn C yaaneHHbIM
YCTPOWNCTBOM.

[LeneraT-knacc o6cnyKnsaeT cobbITVA, NOCTYNUBLUME U3 KNac-
ca Bluetooth Low Energy, korga 3akaHu/BaeTCs NMoUCK YyCTPONCTB
1 OHV NOABMAIOTCA B CNMCKe, NPeAoCTaBAAEMOM MOosb3oBaTento.
Ha stoT nonck oteogatca 10 c.

[eneraT-knacc, oTBeyaoLWnin 3a U3SMEHEHNA B COCTOAHNN
CBA3W, 06CNYKUBAET COObITUA, MOCTYNUBLUIME M3 Knacca Bluetooth
Low Energy, n onpepensaet Hannuve noaknoueHmns nnatol PICtail
K y#aneHHOMY yCTPOICTBY, a Tak»Ke 0TOOpakaeT TeKyLLUiA cTaTyC
coefjMiHeHVA ANA Nonb3oBaTens.

Knacc KOHCTaHT XpaHWT BCe KOHCTaHTbI, UCMOJib3yemMble B Npu-
NOXEHUN, HanprMep KoMaHabl 1 oTeeTbl Moayns RN4020, ciy6bl
1 yHUBEpCanbHble YHNKanbHble ngeHtudukatopsl (UUID) n T.4.
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Knacc npunoxeHun Java gna onepaynoHHON CUCTEMDI
Android ToXe B TOUHOCTU COOTBETCTBYeT NpuHuuny MVC.
B 3TOM npepcTaBneHUn ncnonb3ytotca Knaceol Activity, Koto-
pble Mo CBOEN CTPYKTYPE CXOXKMW C HACTOJNIbHLIM MPUNOXKEHNEM.

OpHako B Android-cncteme nprmeHaeTcsa BCTpoeHHoe BLE-
o6opyanoBaHue TenepoHoB Android. ITa onepaLnoHHas cuctema
obecneumnsaeT Bce Heobxoaumble casu Bluetooth Low Energy
co Bcemu TpebyeMbiMU COOBLITUAMUN N OTBETHbIE COOBLWEHUNA
OT HUX.

RGBA-knacc View Activity cxox ¢ knaccom View Controller,
KOTOPbIN MCNONb3yeTCcA B NPUIOKEHNAX HACTONBHOIO KOM-
nbloTepa, 3a NCKIYEeHeM CPeACTB yNpaBaeHus rpadpuyeckmum
NnoNib30BaTeNbCKUM UHTepdeicom, KoTopble onpeaenatTca
B XML-¢aline, a He B Knacce.

BbiBOAbI

Mbl paccmoTpenu 16-6ut LUIMM-mogynauuio, KoTopas npu-
MeHAeTCA A1 TOYHOTO YyNpaBneHnsa APKOCTbIO CBETOANOMOB.
OnucaHHaA nnata Ansa UBETOBOro cMelleHua nsnyyeHuns RGBA-
CBETOAMOAOB OCHALLEHA CEHCOPHBIMU KHOMKaMN eMKOCTHOTO
TUMa, NO3BONAOWVMMN U3MEHATD LiBET U APKOCTb OCBELLeHUs.
MockonbKy ans 6ecnpoBOAHON CBA3M NPUMEHAETCA MOAY b
Bluetooth 4.1 Low Energy, y nonb3oBarens umeeTcsi BO3MOXXHOCTb
oTnpaBnaTb LUMM-3HaueHnsa Ha nnaTy RGBA, utobbl 06ecneumnTb
Tpebyemblii LBET OCBELLEHUA. DTOT LiBET BbIOMPAETCA C MOMOLLbIO
NPUSIOXKEHUA, KOTOPOE YCTaHOBJIEHO Ha HACTOSbHBIN KOMMbIOTEP
nog ynpasneHnem Windows unu Ha TenedoH nof ynpaBneHmem
OC Android. =




