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Abstract:

Okhrimenko M., Zinchenko Y. Architecture of the remote control subsystem of household
appliances for the “Smart Home” system. The article describes a brief information about the
architecture of the subsystem and the selected models of Arduino. The principle of functioning of
the subsystem is considered. The development involved an infrared transmitter, Ethernet
technology. Regarding existing devices, the device offered by the authors is highly reliable and
versatile.
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Beenenue

B HacTosiee Bpemsi CyIlIecTBYeT MHOXKECTBO MHUKPOKOHTPOJUIEPOB M IIaTGopM JUis
OCYILIECTBIICHHs! YIpaBieHUsl GU3NUECKUMHU MPOLIECCAaMU MPUMEHHUTEIBHO K MUKPOIPOLIECCOPHBIM
KOMIUIEKcaM. BOJBIIMHCTBO 3THX YCTPOWCTB OOBEAMHSIIOT PpPa3pO3HEHHYIO HH(OpMAIMIO O
IIPOrpaMMUPOBAHUM U 3aKJIFOYAIOT €€ B IPOCTYIO B UCIIOJIb30BAHUH COOPKY.

®upma Arduino (Mramus), B CBOIO ouepenb, TOXE YIPOIIAET MpoIecc pabdoThl C
MHUKPOKOHTPOJUIEPAMH, OJHAKO OOECHeunBaeT psij NPEUMYLIECTB Mepea APYTUMH yCTpOHCTBaAMHU
u3-3a MPOCTOM M MOHATHOW Cpeapl MPOTrpaMMUPOBAHMSI, HU3KOM LIEHBI M MHOXECTBOM ILIAT
pacupenus. Takue CHCTEMBI, B CBOIO OYe€pelb, MOTYT YIpPaBIATh pPabOTOM pa3NUYHBIX
WHJIMKATOPOB, IBUTATENIEH U APYTUX YCTPOMCTB.

ITpoexTbl Arduin0 Morytr OBITH Kak CaMOCTOSTEIbHBIMH, TaK W B3aHMOJCHCTBOBAThH C
MIPOrpaMMHBIM oOecrieueHrueM, paboTaroIeM Ha TEPCOHATBHOM KOMITBIOTEPE.

ApXHTEKTypa NOACHCTEMBI

OcHOBHOH 3ajaueli IpeIaraéMoi oACUCTEMBI SIBIISIETCSA JUCTAHIIMOHHOE YIIPABJICHHE
JO0BIM JJOMAITHUM MPUOOpOM, T1ie mpucyTcTByeT uHpakpacHsiii npuemuuk (MK). B coctas
npeyiaraemoit mojacucreMsl Bxoaut: miarta Arduino UNO R3, Arduino Ethernet W5100, miata
pacmmpenus, uHbpakpacHsie (UK) ceTonnonst, mxammepst 1 Arduino, kadens RG4S,
MOOMIJIBHOE YCTPONUCTBO, MAPILIPYTU3ATOP U OBITOBBIE IPUOOPHI.



C tenedoHa MOKHO OTHPABIATH KOMaH/IbI HAa Hallle YCTPOMCTBO B BU/E 3aIIPOCOB B
aZipecHoi cTpoke Opay3epa. B cBoro oueper MapiipyTH3aTOp MPUHUMAET KOMaHIbl,
OTIMpaBJICHHBIE C TeJiePOHa, 3aTeM mepechburaeT ux Hamie ycrpoictBo. C momortisto kadens RG-45
YCTPOMCTBO COEIMHEHO C POYTEPOM, KOTOPHIM B CBOIO OYEpE/ib aBTOMATHUUECKH Ha3HayuT IP u
MAC anpec st Halero ycTpoicTBa. Y cTpoCTBO MPUHUMAET KOMAH/Ibl, OTIIPABJICHHBIE C
TeneoHa, 3aTeM NOChIIaeT KOMaH Iy Ha ObITOBOW puOOp (K mpuMepy, KOHAUIIMOHED) C MOMOIIBIO
nHpakpacHoro nepeaatanka [1].

B pomu UK nepenarunka BeicTynaer nH(ppakpacuslii auoa. Ilpu 3Trom B mamsitu
YCTPOMCTBO 3arpy>KeHbl KOMaH/Ibl MyJIbTa OT KOHIUIIMOHEPA, YTOOBI yCTPOWCTBO MOHUMAJIO, YTO
OHO YIIPaBJISIET KOHJUIIMOHEPOM, a HE KaKMM-JIM00 APYyTrUM ycTpoicTBOM. Tak ke B namsTh
yCTPOMCTBAa MOTYT OBITh 3arpy>Ke€Hbl KOMaH bl OT JPYTUX OBITOBBIX MPUOOPOB, YTOOBI MOKHO OBLIO
JIETKO MEPEKIII0YATHCS Ha TUCTAHIIMOHHOE YIIPABJICHHE C OJIHOTO pudopa Ha Jipyroii [2].

06 Arduino

Arduino — 9to  oTkpeitas  iatgopma,  KOTOpas ~ IO3BOJIIET  COOHMpPATh
BCEBO3MOXKHBIE 3JIEKTPOHHBIE YCTPOHCTBA. Y CTPOHCTBA MOTYT pab0TaTh Kak aBTOHOMHO, TaK U B
CBSI3KE C KOMIIBIOTEPOM M JPYyTUMH YycTpoiictBamu. llmargopma cocTtouT w3 ammapaTHOW U
IIPOrpaMMHOM yacTeil, 00e upe3BblYaiiHO TMOKH U IPOCTHI B UCIIOJIb30BAHUU.

B yCTpoOHCTBE paccMoTpeH MHUKPOKOHTPOJLIEP bupMeI Arduino
mozaenb Uno Rev3 (puc. 1) Ha Gaze mpoueccopa ATmega328 ¢ takToBoil wactoror 16 M,
obunanatoruii mamsaTeio 32 Kb 1 20 KOHTPOJIIMPYEMBIX KOHTAKTOB BBOJIA U BbIBOIA [4].

s  B3aumopneicTBus c JOpyrumu  ycTpoiictBamu, ATmega328 wumeer crenyromue
XapaKTEePUCTUKHU:

- 8-pa3psaHblil BeICOKOTpon3BoAuTeIbHBI MK ¢ HU3KUMAIHEPromoTpebIeHIEM;

- 32 KoGaiit BHyTpUCHCTEeMHO-TIporpammupyemoii Flash-namsitu;

- 1024 6aiir EEPROM;

- 2 Koaiit BctpoerHori SRAM;

- nepugepus "Ha 60pTy":

- 1Ba 8-pa3psIHbIX TaliMepa/cueTunka;

- ovH 16-pa3psiHbIN TaltMep/CUETUHK;

- CUETYHK PEaJHbHOTO BPEMEHH C OTACITHHBIM T€HEPATOPOM;

- 5 xananos [1IUM (PWM);

- 6-xananpHbIN AL,

- nporpamMMmupyemsiit mociegosatensHelii USART,

— nocneaoBareabHbId nHTEpdeiic SPI;

- nojJepKKa 0aiT-OpUeHTHPOBAHHOTO OOMEHA T10 IBYIIPOBOAHOMN IIMHE;

— nporpammupyemsiii cropoxeBoit Taiimep (WATCHDOG) ¢ oTnenbHBIMBCTPOSHHBIM
TeHEpaToOpOM;

- aHAJIOTOBBIN KOMIIApaTop;

- MpepbIBaHKe U MPOOYKIACHHUE ITPU U3MEHEHUH COCTOSHUS BBIBOJIOB;
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Pucynok 1 - Arduino Uno R3

K mnare ArduinoUno Oyner mnoxakmodarees tuiata Arduino Ethernet W5100. Ee
MOJIKJTFOYCHHUE MTOKA3aHO HAa PUCYHKE HIKE, KaK BHIUM, TUIaTa CPAaBHUTEILHO HEOOIIbIIIAS.

Pucynok 2 — INoakirouenue miatel Ethernet k UNO R3

ITnara pacmmpenus ArduinoEthernetShield mo3Bosser minare Arduino MOAKITIOYATHCS K
uHTepHery. OHa mocTpoeHa Ha 0Oase ethernet mmxpocxemsl Wiznet W5100. Wiznet W5100
obecrnieunBaet cereBoit (IP) crek, cmocoOHbIi padotats u ¢ TCP, u ¢ UDP [4].

[Inara pacmmpeHust BKIOYaeT B ceOs KOHTposulep cOpoca, Ciay amuil JUis MpaBUIBLHOTO
copoca ethernet momyns WS5100 mpu BrmroueHun nurtanHus. llpeapiayimue BepcuM IIaThl
pacuipenus OblTH He coBMecTUMBI ¢ ArduinoMega u Hy»/1al0Tcsi B py4HOM cOpoce 1ociie nojauu
nutanus. Tekymas Bepcus miatel  obmamaer  moxmyiem  PoweroverEthernet  (PoE),
NpeJHa3sHAuYEHHBIM Ui TIOJIy4eHUs] MUTaHusd uepe3 oObuHBIN ethernet kabenb BUTONW maphl
KaTeropuu 5:

e coBmectuM co cragaaptom [EEES02.3af;

e HM3KHE IyJbcaluu U uryM Ha Beixojie (100 MB nuk-nuk);



e JIMAna30H BXOJHBIX HampspkeHus: ot 36B no 57B;

e  3aIIMTA OT MEPErPy3KH U KOPOTKOTO 3aMbIKAHHSI;

e  BBIXOJHOE HampspkeHue: 9B;

e BBICOKOA((EKTUBHBIN MPeoOpa30BaTENb MOCTOSHHOTO HAIPSKEHUS,

o wu3ossanus 1500B (Mexy BXOAOM U BBIXOJIOM).

Arduino Bzaumogeiicteyer u ¢ W5100, u SD kaptoii ¢ momoisio mmHbl SPI (uepe3 pazbem
ICSP). On pacnonoxen Ha nmudposbix BeiBogax 10, 11, 12 u 13 na mnarax ArduinoUno u Ha
BeBosax 50, 51 u 52 na mnatax ArduinoMega. Ha o6enx miuatax BeiBoj 10 ucnomb3yeTcs uis
BbiOOpa W5100, a BeiBox 4 — mns SD kapTel. DTH BBIBOJBI HE MOTYT HCIOJB30BATHCS B
KayecTBe OOBIYHBIX BX0J0B/BhIX0A0B. Ha ArduinoMega anmapathsbiii BeiBog SS (BeiBoA 53) He
ucnonb3yercs ans Beibopa W5100 mnmm SD kapThl, HO TOMKEH MPOAODKATh paboTarh, Kak
BbIxoA, nHaue SPI unrtepdeiic e Oyaner padorars. M3-3a Toro, utro W5100 u SD kapra nenst
muHy SPI, B kakoii-1100 MOMEHT BpEMEHH MOXKET ObIThb aKTUBEH TOJbKO OJUH U3 HuX. Eciu
UCHOJIb3yeTCsl B IporpamMMe o0a mnepudepuilHbIX yCTpOMCTBa, OTBETCTBEHHOCTb 3a
B3aUMO/JICIICTBUE ¢ HUMHU OepyT cooTBeTcTBYIolIMEe Onbnuoreku. Ho ecnin He ucnosbiyercs
TOJIBKO OJIHO U3 3TUX MEPUPEPUNHBIX YCTPOUCTB, TO HEOOXOIUMO SIBHO OTMEHUTH €0 BHIOOP.

JIocTOMHCTBA M HEIOCTATKH

K nocTonHCTBaM MOKHO OTHECTH CIIEYIOLIHE.

1) IIpocras u ynoOHas cpena mporpaMMHUpPOBaHHUSL.

Cpena mporpammupoBanus Arduin0 MOHSATHA W MpOCTa Uil HAYMHAIONIMX, HO IIPU 3TOM
JOCTaTOYHO THOKa I MPOABUHYTHIX MONIb30BaTeseil. OHa OCHOBaHA Ha Cpefie MPOrpaMMHUPOBAHUS
Processing, uro Moxer ObITh YHAOOHO Al mpenogasarenel. bmarojgaps 3ToMy, CTYIEHTHI,
U3yYarle MporpaMMUpoBaHie B cpene Processing, cMmoryt jerko ocBoutb Arduino. XpaHeHue
JAHHBIX B SHEPrOHE3aBUCUMOM MMaMSATH.

2) YHUBEpCaJIbHOE YCTPOWCTBO AUCTAHIIMOHHOTO YIIPABJICHUSI.

C nomoipio HHGPAKPAaCHOTO IMeperaTinKa, MOXHO YIPaBIATh JIIOOBIM YCTPOICTBOM B
KOTOPOM €CTh MH(paKpaCHBI NPUEMHHK, JOCTATOYHO MPOCTO BBITOIHUTH AMYJISIIHIO MyJIbTa IS
KOHKPETHOH MOJIeIH.

3) KpoccmnarhopMeHHOCTS.

[Tporpammuoe obecriedenre Arduin0 paGoraetr Ha oOmepalHOHHBIX cucTemax Windows,
Macintosh OSX u Linux, B To BpeMs, KaKk OOJBIIMHCTBO MOJOOHBIX CHCTEM OPHUEHTHUPOBAHBI Ha
paboty Tonbko B Windows.

OTpunatrenbHBIMI CTOPOHAMH SIBIISTFOTCS:

- HUINYKME IPSIMOM BUJMMOCTH C YIPABIISIEMbIM YCTPOUCTBOM;

- YCTPOHMCTBO COENMHEHO C POYTEPOM C TIOMOIIBIO Kalest, COOTBETCTBEHHO €CIIA POYTEp H
YCTPOMCTBO HAaXOJATCS OTHOCUTENBHO JalleKo Ipyr OT Jipyra, TO Takoro poja COeIWHEHHE
OKa)ETCsl BeCbMa HEYJJOOHBIM;

- HE CMOTps Ha TO, YTO YCTPOMCTBO SIBJISI€TCSI YHUBEpPCAJIbHBIM, JJIS Pa3HbIX MOJeNeil
YIPaBISIEMBIX YCTPOMCTB TPEOYETCsI TOTTOTHUTENBHAS SMYJISIIHS ITyJIbTA.

Paspaborka I1O q1ucTAaHIIMOHHOIO YIIPABJICHUS
Cpena pa3zpabotku Arduino coOCTOUT U3 BCTPOSHHOT'O TEKCTOBOTO PEIaKTOpa MPOTrPaMMHOIO
KoJ1a, 00J1aCTH COOOIIEHHH, OKHA BBIBOJIAa TEKCTA(KOHCOJIN), MAHEIN HHCTPYMEHTOB ¢ KHOITKaMU
4acTO MCMOJIb3yEMBIX KOMAaH] M HECKOJIBKUX MEHIO. [lJIs 3arpy3Ku nporpaMm u CBsI3U cpelia
pa3paboTKH MOAKIIOYAETCS K anmnapaTHoi yactu Arduino.
IIporpamma, HanucanHas B cpeae Arduino, Ha3piBaeTcs ckeTd. CKeTY MUIIETCs B TEKCTOBOM
penaKkTope, MpeI0CTaBIIAIONIEM IIMPOKHUE BO3MOKHOCTH /ISl HAITMCAHUS CKETUEH.



st yno6erBa pabotsl ¢ MK curaamamMu HeoOX0AMMO BOCIIOIB30BAThCS OMOINOTEKOM
"IRremote.h, xoropas cnocoOHa npaBmIBLHO pacno3Hath 95% nporokonos UK mynbToB.

[Tocne Bcex MOATrOTOBOK MOKHO MPUCTYINUThH K CYMTHIBAHUIO cUTHaia. B camoil Oubnuoreke
€CTh MPUMEDP ISl CYUTHIBAHUS CUTHAJA. [1oCie OTKPBITUS CKeTYa, HAXKMMAeM Ha KHOTIKY 3arpy3HTh,
€CJIM BCE XOPOUIO, TO HAXKMMAaeM Ha KHOIIKY MOHUTOP MOPTa B IPAaBOM BEPXHEM YTy MPOTPAMMBbI
arduino. OTKpoeTcst MOHUTOP MOPTA, HAKMUMAEM Ha MYyJIbTE KHOIKH, HA MOHUTOPE OYIyT
0TOoOpaKaThCs 3HAYEHHUS KHOIOK (pHC. 3).

Pucynok 3 — 3nauenus kaomnok ¢ UK mynbera

@ COM3 (Arduino/Genuino Uno) = O X
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ABTONPOKPYTKa HeT KoHua cTpokm ~ | 19600 6oa v O4YnCcTUTL BbIB0A

[Tpu 3arpy3ke ckerda ucrnoinbdyercs 3arpy3uuk (Bootloader) Arduino, HeGombIas
nporpaMma, 3arpyaemMasi B MUKpOKOHTpoJIiep Ha rutate. OHa IMO3BOJISET 3arpyKarth
MPOrpaMMHBIN KOJ 6€3 HCIOIb30BaHUs TOTIOJHUTEIbHBIX alllapaTHBIX CPEACTB. 3arpy3unK
(Bootloader) akTuBeH B Te4eHUU HECKOJIBKUX CEKYH/I IIPU Tiepe3arpysKe miat(opMbl U Ipu
3arpyske J1if000ro U3 CKeTuei B MEKpoKoHTposuiep [3].

13380:11)118H

PazpaboTtana apxutekTypa u yCTpOMCTBO, H3rOTOBIIEHBI MaKETHBIE 00pa3Iibl, pa3padoTaHO
[1O, BeITIONIHEHA aBTOHOMHAS OTJIa/IKa. B nanpHeieM mianupyeTcst pa3paboTka MPUII0KEHUS IS
MOOUITBHBIX YCTPOUCTB, a TAaK)K€ KOMIUIEKCHASI OTJIaJIKa MOJICUCTEMBI.
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