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NpeaucnoBue

Ins Koro u o Yem 3Tta KHura?

[Mpeiaraemas KHHra OPUEHTUPOBAHA HA YMTATENICH, KENAIOMX OBICTPO BOITH B TEMBbI
NPOrpaMMHPOBAHHA MHKPOKOHTPOJIEPOB H MCMOJNB30BAHHA MHKPOKOHTPO/UIEPOB A
CBAI3H C BHEUIHUMH CUCTEMAMH B MPOEKTAX ABTOMATH3ALIMH H PODOTOTEXHHKH.

Kuura cogepxut onucanue azbika nporpaMmmuporanua naat Arduino B cpeae Arduino
IDE m npejnaraer v3vyeHHe npeamera Ha peajibHbIX NMPOeKTax, UMEIOUIHMX NpakTHye-
ckoe 3Havenue. B Heil Bbl Haiinere MHOKECTBO NMPUMEPOB H MPOEKTOB HUCNONbL3OBAHUA
Arduino, npejgcTaBnsiommx cob0i 3aKOHUCHHBIC PEIICHUS, NPHIOAHBIC JUIA HCNOAL30BA-
HHUSA B BALIMX MPOEKTaXx.

Jia Tex, v koro wer onwita paspaborkn npoexktos Arduino, a Takke HanucaHus
NPOrpaMMHOIO KoAa UIA MMEKTPOHHBIX YCTPOHCTB, K KHHIE NpeiaraeTca crneuHanbHbii
Habop AeTancit M KOMINOHEHTOB, € MOMOILIO KOTOPOro Bbl CMOKETE OLICTPO alanTHpo-
BaTLCA B Mupe Arduino u noayuyuTh YA0BOJLCTBUE, BUIA, KAK OJKHBAIOT BalLK TBOpeHus'!
Ypoku yuebnoro nabopa (mpuwiosxcenue 2) TeMaTHUECKH TMPHBA3AHBI K COOTBETCTBYIO-
UMM 11aBaM KHHIH, M Bbl Haiiiere B 9TUX rasax HeoOxoaumbie cehuikd. Menoansys
AETAIH M KOMITOHEHThl HAbopa, Bbl CMOMKETE pealu3oBaTh Oo/lee CAOKHbIE NPOEKTHI,
OMUCAHHE KOTOPBIX TAKIKE COACPAKNTCH B nputodxceniu 2.

KHura conpoBokIaeTca 31€KTPOHHLIM APXHBOM, COAEPMKALLUM MCXOAHBIH KO BCex
PACCMOTPEHHBIX NPUMEPOB M [IPOEKTOB, & TAKIKE HCNOJIb3YeMbIEe B [POEKTax HeoOXo-
AuMbIe OHONIHOTEKH (e npurosicenue 3). DTOT INEKTPOHHLIH APXHB MOXKHO CKa-
uate ¢ FTP-cepsepa wsnarenscrsa "BXB-IlerepOypr" no cewuike ftp://ftp.bhv.ru/
9785977535502.zip. a Takie CO CTPAHMLILI KHUIM Ha caitte www.bhv.ru.

CTpyKTypa KHUrun

Kuura coctouT 3 Tpex yactTei M BKIIOYACT NPEANCIOBHE, TPHALATL TJIAB M TPH NPHIO-
HKEHHA.

Yacm I copepamnt onucanune Arduino, o63o0p konTponnepos cemeiictsa Arduino u naar
pactumpenns uis Arduino.

" Onmcanme nabopa em. na www.bhv.ru/books/192858.



16 lpeducnoeue

B wacmu IT kHuru paccMOTpeHbl cpefia pa3paboTKH U A3bIK MPOrpaMMHPOBAHUA UIS KOH-
Tpomsiepos Arduino,

Yacme [ll noceaimena co31aHMi0 KOHKPETHBIX YCTPOHCTB Ha OCHOBE KOHTpojsepa
Arduino. TTpoekTsl coaepKaT MEKTPHUCCKHE CXEMBI H TMCTHHIH nporpams. PacemoTtpe-
HO MCMONbL30BAHKME UIAT pacluupeHds (WKAIoB). B kHure wHpoko ucnonb3yrores OHO-
Jsmorekn Arduino.,

B mpuroncenusx npusejeHsl nepedeHt MCNONL3OBAHHON JIMTEPATYphl W HHTEpHET-
pecypcoB, YPOKH M npoekThl yueOHoro Habopa M onMcaHHe 3MEKTPOHHOIO apXHBa, co-
NPOBOKIAAIOUIETO KHHTY,

bnarogapHocTu

XD‘{}" noﬁnaru.uapmb POAHBIX H 6HH'3KH?E.. KOTOpPBIE C NMOHHMAHHEM OTHOCH/THCE K NMOTPa-
HEHHOMY HaA KHHTY ('3.?1 cyer oduenmns ¢ IIHMH} BPEMCHH.

bonbwas Gnaroaapuocts wigarenwetsy "bXB-IletepOypr”, rae nosepuan B Heobxoam-
MOCTh TOI KHHIH, H BCEM COTPYJAHHKAM H3JATENBCTBA, KOTOPLIC MNOMOrajlid MHE B €€

CO3TaHMN.

bnarogapio Takke Bcex uMTaTeNeil, KYMMBIIHKX 3TV KHHIY. — HaJ€KCh, OHA TIOMOMET
BaMm B paspadoTke cODCTBEHHBIX NPOCKTOB HA ocHOBE Arduino,
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rmABA 1

BeBeneHue B Arduino

1.1. Arduino — 410 3710?

[TossneHue nepebiX MUKPOKOHTPONICPOB 03HAMEHOBAJIO HAYANO HOBOH Ipbl B PA3BHTHH
MHKpOnpoueccopioit Texuukn., Hanmume B oaHom Kopriyee OOJLIIMHCTBA CHCTEMHBIX
VCTPOMCTB CIe1aJ10 MUKPOKOHTpO/UIEp Moa00HbIM 00bIMHOMY KOMITbIOTEPY. B oTeuect-
BEHHOM JMTEpaType OHHU Jlaxke HAa3bIBAIMCh OJHOKpHCTanbHBIMH MHKpODBM. Cooteer-
CTBEHHO M JKEJIAHHUE HUCIOABL30BATH MHKPOKOHTPOMIEPL! KAK OOBIUHBIC KOMIBIOTEPHI 10~
ABHJIOCH TNMPAKTHUCCKH ¢ MX nossienvem. Ho skenanume 710 caepikusanoch MHOMHMM
thaxropamu. Hanpumep, urobel cobpare yeTpoicTBO Ha MUKPOKOHTpO/UIEpe, HeoOX0anMo
3HATh OCHOBBI CXEMOTEXHHKH, YCTPOHCTBO M padoTy KOHKPETHOIO Mpoleccopa, yMeTh
NPOrpaMMHpOBaTL Ha acceMOIepe M M3rOTABIMBATL MICKTPOHHYIO TeXHHKY. [loTpeby-
IOTCA TAKKE NPOrpaMMaTtopbl, OTIAAYMKH H APYTHE BCIIOMOrare/ibHble YCTPOHCTBA.
B urore 6e3 orpomuoro obbeMa 3HaHHit M aoporocrofiero odopyaoaHua He 00OHTHCE.
Takas cuTyaums A0Aro He NO3BOMAANA MHOMHM MHOOHTENAM HCNONL30BATH MHKPOKOH-
Tpoanepsl B cBOUX npoexTax. Celvac, ¢ NOABJICHHUEM YCTPOHCTE, AaKOUIMX BO3ZMOKHOCTH
paboTarh ¢ MUKPOKOHTpO/LIEPaMH Oe3 HaIMuMs cepLesHod MarepHaibHoii 0asbl M 3na-
HHA MHOIMX MPEAMETOB, BCE WIMEHWI0Ch., [IpUMepoM Takoro yerpoilcTBa MOKET ciy-
AHTE NPoeKT Arduino HTAILAHCKHX pa3pabOTHHKOB.

Arduino 1 ero KI0HbI NpeACTaBAAIOT o000t HAOOPBI, COCTOALIME U3 FOTOBOIO IEKTPOH-
Horo BG10Ka M nporpaMMmHoro obecrieveHms. INEKTPOHHBIH ONOK 31eCh — 3TO rnevyaTHas
naaTa ¢ YCTaAHOBJICHHBIM MHKPOKOHTPOUIEPOM H MHHHMYMOM 3/1EMEHTOB, HEODOXOAHMMBIX
s ero paboTel. MaKTHYCCKH MEKTPOHHBINH /10K Arduino ABIACTCA aHANOrOM MaTepHH-
CKOH MmiaTel COBPEMEHHOr0 KomnbioTepa. Ha Hem HmeloTes pazbemsl 1A NOAKTIOMEHHA
BHEIIHHX YCTPOHCTE, @ TAKXKE Pa3beM /1A CBA3H C KOMITBIOTEPOM, M0 KOTOPOMY H OCY-
IECTRAACTCH NPOrPAMMHPOBAHME MHKPOKOHTpoepa. OCODEHHOCTH HCNONBIYEMbIX
MukpokonTpossiepos ATmega gupmul Atmel n03BOARIOT NPOUIBOANTH NPOrPAMMHPOBA-
Hue Gel npUMEeHEeHHs CNeuHaILHBIX NporpaMMaropoB. Bee, 4To HYXKHO 18 CO3aaHMA
HOBOIO /IEKTPOHHOIO ycTpoiicTBa, — 310 miaata Arduino, kabenb CBAM W KOMNBIOTEP.
Bropoii vactsio npoekta Arduino agnserca nporpammuoe obecrneyueHHe s Co3JaHus
yipagasiowmx nporpamm. Ono obbeannnio B cebe npocreiyio cpeay paspaborTku
A3LIK [POrPAMMHPOBAHMA, TTPeACTaBIMIOWKHIT coboii BapuanT s3bika C/CH++ ans Mukpo-
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KOHTpOJLIEpoB. B Hero 100asieHsl 3EMEHTLI, NMO3BOISIONIHE CO3AABATEL Nporpamme 6e3
Hiyuenus annapatnoii yactu. Taxk uro ana pabotel ¢ Arduino npakTHYecKH 10CTaTOMHO
IHAHMA TONLKO OCHOB nporpamMmupoBanus Ha C/C++, Coznano ans Arduino u MHOXKeCT-
BO OMOHOTEK, coaepKalKX Ko, paboTaloluii ¢ pazIMMHBIMH YCTPOHCTBAMH.

1.2. B yem npeumywecteo Arduino?

[lonb3oBarens COBPEMEHHOIO KOMMNBIOTEPA HE 3aAyMBIBACTCA O (PYHKUHOHHPOBAHHH OT-
neneHblx yacTei 1K, OH npocto 3anmyckaer HY:KHbIE NPOrpaMMbl H padoTaeT ¢ HHUMH,
Touno Tak xe u Arduino no3ponser MojJb30BATENIO COCPEIOTOMHTLCA Ha paspaboTke
MPOEKTOB, a HE HA M3YYEHUH YCTPOICTBA M NPHHUMNOB (YHKLMOHHPOBAHHA OTAE/bHBIX
eMeHToB, Het Hajlo0HOCTH M B CO3/1aHMH 3AKOHUECHHBIX M1aT W Moayneii. PaspaboTumk
MOYKET HCMOJIBL30BATH INOTOBLIE MJIATHI PACIUMPEHUA WIH NPOCTO HANPAMYIO NOAKIOUYHTH
K Arduino HeoOxoaumbie anemenTsl. Bee octanbhbie yeuans OyyT Hanpas/icHs! Ha pas-
paboTKY M OTNAAKY VIPaBAAIOWER NporpaMmMbl Ha S3blKe BLICOKOIo yposhs. B urore
AOCTYI K pa3paboTke MUKPONPOLECCOPHBIX YCTPOHCTB MOJYUHIH HE TOALKO npodec-
CHOHA/IbI, HO M NPOCTO JMOOKUTEAN YTO-TO CaenaTh CBOMMM pyKamu. Hanuuwe rotoeeix
Moaynei B OubaHoTeKk nporpaMM no3eondeT HenpodeccHoHanaM B WEKTPOHHKE CO3/1a-
BATH IOTOBbIE paboTaIOLLHE YCTPOHCTBA U1 PELIEHHs CBOUX 3a1a4. A BAPHAHTLI HCTIOb-
30BaHHA Arduino orpaHH4eHbl TONBKO BO3MOMKHOCTAMH MHKPOKOHTPOJUIEPa H MMelolle-
rocs BAPHAHTA IUIATHI, HY U, KOHEUHO, (haHTasueil pazpaboTunka.

1.3. UcTtopusa cozpganusa Arduino

B 2002 roay nporpammuct Maccumo banuu (Massimo Banzi) 6bu1 npuusat wa pabory
B J0DKHOCTH joueHta B MHCTUTYT npoektupoBanus BiaumojeicTsuii ropoaa Mepea
(Interaction Design Institute lvrea, IDII) ans npoagumenus HOBbIX criocoboe pazpaboTku
HHTEPAKTHBHBIX NPOEKTOB. OHAKO KPOIICUHBIH OIO/UKET H OrpaHHYEHHOE BpeMsa J10CTY-
na k nabopaTopHoii 0a3e CBOAMIM €ro YCHIHS NpakTHUeCKH Ha HeT. B npoektax banum
Henonssosan yerpoiicteo BASIC Stamp, paspaborannoe kanudopHuiickoit komnasuei
Parallax. Stamp npeacrasisin coGoit HEOONLIIYIO NEYATHYIO JIATY € Pa3MELIEHHBIMH Ha
HECH MCTOUHMKOM THTAHUA, MHKPOKOHTPOIICPOM, NAMATHIO W MOPTAMH BBOA/BbIBO/A
VIR COeMHenns ¢ paminunoi annapatypoit, llporpammuposanme MukpokonTposuiepa
ocyutectsiasiock Ha aspike BASIC, BASIC Stamp usmen ase npobiiembl: HEAOCTATOK Bbl-
YHCJIUTEILHOH MOLIHOCTH M JIOCTATOYHO BLICOKYIO LEHY — IUIATa ¢ OCHOBHBIMH KOMIO-
HeHTamu crorna okono 100 nonnapoe. M komanaa banum pewmina caMocToaTeIbHO CO3-
AaTh MIaTy, KOTopas yAoBaeTBopsaa Obl BeceM UX notpebHocTam.

EHIII.I.H H Ero COTPYJIHHKH NOCTABHITH cebe HCJILIO CO3IATE }'L‘Tpﬂﬁt’:‘ rBO, NpeiicTapisionec
co0o0ii NPOCTYIO, OTKPLITYIO W JIErKOJAOCTYNHYIO maatgopmy LA pazpaboTKH, ¢ UEHOH —
ne donee 30 AOJI1ApoB — ll])HEMJIEMUﬁ VTR CTYACHYCCKOIO KapMaHa, XOTe/JIH OHH H Bbl-
AEIMThL YeM-TO CBOE YCTpoiicTBO Ha doHe npounx. [ToaTromy B nporuBoBec ApyruM npo-
HI3BOAHUTENAM, IKOHOMALLMM HA KOTHYECTBE BLIBOJAOB nevaTHoi M1aThl, OHH pPEUIHIH 00~
OaBHTE MX Kak MOKHO Oofblie, a TAKKe CACNAIM CBOK MJIATY CHHEH, B OTJIHYHE OT
OOBIYMHBIX 3€/ICHBIX MAT.
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[1poayKT, KOTOpBIH CcO3/1aNa KOMaHa, COCTOA M3 JCLIEBBIX H JIOCTYIHBIX KOMIOHEH-
TOB — Hanpumep, 6azuposasics OH Ha MUKpokoHTposuiepe ATmega328. Ho rnasHas 3a-
Jlaua cocTos/ia B TOM, 4ro0bl rapanTtuposarts pabory yerpoiicrea no npuaumny plug-and-
play, — 4To0bl nonk3oBaTENb, JAOCTAB MATY W3 KOPOOKH H NOAKIIOHHE K KOMIBIOTEPY,
MO HEMEIEHHO NPHCTYNHTE K paboTe.

[epewii nporoTun naarel 0w caenan B 2005 roay, oHa umena npocreiiunid an3aiin 1
ewte He nasvisasiack Arduino. YUyte nosxe Maccumo banumn npuayman nassath ee Tak —
Mo MMEHH nNpuHaIeKauero emy Oapa, pacnoaokennoro B ropojae HMepea. bpena
"Arduino” 6e3 Kako#-IMO0 peKnaMbl U NPHBJIEYEHHS CPEACTE MAPKETHHIA OLICTPO NpH-
obpen Beicokyto nonyaspHocts B Untepuere. C navana pacnipoctpaHenus npojaHo 6o-
nee 250 Teic. KoMIUIeKTOB Arduino, u 9T0 He YUHTBIBasS MHOXKeCTBa K1oHOB. B Mupe Ha-
cuMTbiBaeTca Oosee ABYXCOT AMCTPHOBIOTOPOB npoaykuud Arduino — oT KpYIHBIX
thupm, Takux kak SparkFun Electronics, 10 menkux komnauuii, padotaiommx Ha mect-
Hblil peiHOK. Ha ceroansa naardopsa Arduino npeacragneHa He 0AHOM NIaToM, a LeNbIM
MX cemeiicTeoM. B 1ononHeHHe K OpUrHHAIBHOMY NPOEKTY, HassiBaemomy Arduino Uno,
HOBBIE MOJIE/IH, UMEIOLLHWE Ha TuiaTe Bofiee MOLLHBbIE cpeacTBa, HOCAT Hassanue Arduino
Mega, komnakTHeie mMoaean — Arduino Nano, niarsl B BOJAOHENPOHHIIAEMOM KOpIy-
ce — LilyPad Arduino, a wosas nnara ¢ 32-paspaaubim npoueccopom Cortex-M3
ARM — Arduino Due,

Croum yenexom npoekt Arduino o0s3aH cylIecTBOBABIIMM 70 HEro A3biKy Processing u
maardgopme Wiring. Or s1ux npoektos Arduino yHacae0san 0JiHY CHILHYIO YepTy —
yA00HYI0 1A noaws3osartens cpeay paspaborku. [lo nossacuus Arduino nporpammupo-
BAHHE MUKPOKOHTPOLIEPOB TPeOOBAJIO CIOKHOIO U PYTHHHOIO NpeBaAPHTEILHOIO 00y~
yenusa. A ¢ Arduino aaxke Te, KTO He MMEET OnbITa paboThl ¢ MEKTPOHHLIMH YCTPOICT-
BAMH, TEMEPb MOIYT MPHOOIIMTBECA K MUPY 71EKTPOHUKH. HaunHaiommm yxe He npuxo-
JHTCA TPATHTL MHOIO BPEMEHH HA H3YHCHHE CONYTCTBYIOLIErO MATEPHAIA — OHH MOTYT
OptcTpo pazpaborarh NPOTOTHI, KOTOPLIA OYAET NOJMHOLUEHHO paboyuHM.

[Mo cnosam Maccumo banumn, nSTLACCAT JIeT Haszaj, 4ToObl HANMCATL MPOrPAMMHOE
obecnieyenme TpeboBasach KoMania et B 0eapiX xajnatax, KOTOpbie 3HaAM Bce 00
MEKTPOHHBbIX Namnax. Teneps ke, ¢ noseaeHneM Arduino, MHOXKECTBO JIIOAEH NOAYYHAH
BO3ZMOMKHOCTb CO3/IaBaTh IEKTPOHHBIE YCTPOiCTBA camocTtosTenbHo. Kak yreepiknaer
OAMH M3 wieHOB KoMauabl banum, uuxkenep no Tenekommynukaumam Jeua Kyap-
THAAL3, unocopus Arduino kak pas M COCTOHT B TOM, UTO KENaloLMi pasodpaTbes
B WICKTPOHHKE MOKET Cpasy ke NPHCTYNHTH K €€ H3YUCHHIO, BMECTO TOro 4rodbl cHavana
yuuThes anrebpe.



rMABA 2

OG30p KOHTpONNEeposB
cemeuncrTBa Arduino

OcHoBHBIE BEPCHH NAaT Arduino NpEAcTaBaCHbl CACAYVIOUIHMHA MOICTAMH,

O

QQo0Qa

J

Due — nnara na Oaze 32-6GutHoro ARM mukponpoueccopa Cortex-M3 ARM
SAM3UA4E;

Leonardo — naara na mukpoxkonrposiepe ATmega32U4;

Uno — camas nonyasphas sepeus 6azopoi naargopmer Arduino:
Duemilanove — nnara na Mukpokontposnepe ATmegal 68 win ATmega328,;
Diecimila — pepcus Gazoroii naardopmbr Arduino USB;

Nano — komnakTHaa ruardopma, ucnonb3yeMas kak MakerT. Nano nojakmouaercs
K KoMnbioTepy npu nomouw kadeas USB Mini-B;

Mega ADK — sepeus mnaret Mega 2560 ¢ nouepxkoit unrepdeiica USB-host s
casu ¢ reaedonamu na Android m npyrumu yerpoiictsamu ¢ nnrepdeiicom USB;

Mega2560 — nnara va 6aze mukpokoutposnepa ATmega2560 ¢ ucnonbiopaHuem
yuna ATMega8U2 ana nocnenoparensHoro coeaunenus no USB-nopry:

Mega — sepcus cepun Mega Ha 6ase mukpokonTpoiepa ATmegal280;

Arduino BT — nnardopma ¢ moaynem Bluetooth ans Gecnpooanoit ceasu u npo-
IPaMMHPOBAHMS;

LilyPad — nnardgopma, paspabotanHas U1 NEPEHOCKH, MOKET 3aLIHBATLCA B TKAHb,

Fio — nnardopma paspaGorana ans Gecnposoansix npumenenuii. Fio copepaxur
passem s paaumo XBee, pazsem aaa Garapen LiPo M BCTPOCHHYIO exemy nojza-
PAAKM:

Mini
Pro — nnardopma, pazpaborannasn Ui ONbITHBIX NOJb3OBaTENEH, MOKET ABIATHCH
4acThio OOMNBILErO NPOEKTA;

camas majsenvkas miardopma Arduino;

Pro Mini — kak u naardopma Pro, pazpaborana 18 ONeITHLIX MNOAL3OBATEICH, KO-

TOPLIM TPeOYETCH HH3KAS ICHA, MCHBLLUIME Pa3sMepbl M JONOJHHTEAbHAS (DYHKUHO-

HAIBHOC T,

PEICCMOTPHM Donee ﬂﬂﬂp@ﬁliﬂ HCKOTOPBLIC M3 OTHX ILJ1AT.
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2.1. Arduino Pro Mini
Arduino Pro Mini (puc. 2.1) noctpoeHa Ha MukpokoHTpoanepe ATmegal 68.

s@0000e;,

F oD ORT ANl TxD

Pwuc. 2.1. NnaTta Arduino Pro Mini

Xapakrepuctuku miaarel Arduino Pro Mini npeacrasnenn B tada. 2.1.

Tabnuua 2.1. Xapakxmepucmuku nnamest Arduino Pro Mini

MukpokoHTponnep ATmegai68

Pabouee HanpsaxeHune - 3.3 B wnu 5B (8 32aBMCUMOCTH OT MOQENK)

BxogHoe HanpaxeHue . 3,35-12 B (mogens 3,3 B) wnu 5-12 B (mogens 5 B)
LUudpoBsie BxoaL/BLIXNOAL! . 14 (6 13 KOTOPBIX MOTYT MCNONL30BATLCA KaK BeixoAsL! LLIMM)
AHanoroeble BXoAbl ' 6

"ﬂtl'l:Tﬂ!IHHblﬁ TOK ‘ 40 mA |
yepes exoa/esixon

" Dnew-naMaTh - 16 KBalT (2 — WCcnonb3ylTes Ana 3arpy3unka)

03y | 1 KGai

EEPROM | 512 Gairos

‘Taxvosas vacrora l 8 My (moaens 3.3 B) unwn 16 My (mogens 5 B)

Arduino Pro Mini moxker nosayuars nuranue: uyepes kadeas FTDIL wam or maarw-
KOHBEpPTEpPa, MK OT peryJiupyeMoro uctouHuka nuranus 3,3 B wam 5 B (zaBucut ot

mosenn taropmet) uvepes suiog VCC, win o1 HeperyJmpyemMoro MCTOMHHKa 4epes
BbiBOA RAW.

Buisoab nuTanus:

0 RAW — 115 noAKMOYEHHS HEPErYIHPYEMOro HaNpsSKeHU:
0 VCC — ana noaximoueHus peryiaupyemsix 3.3 B wim 5 B:
O GND — BbIBO/BI 323¢MJICHHA.

2.2. Arduino Duemilanove

Arduino Duemilanove (pue. 2.2) nocrpoena Ha OAHOM W3 MHKPOKOHTPO/JIEPOB:
ATmegal 68 uan ATmega328.

Xapakrepuetuku miaarst Arduino Duemilanove npeacrasnenst s tabn. 2.2,



24

Yacme |. Arduino — obwuii ob3op

ﬁrduinq" PUR |

Duemilanove

b ap wuwbH Sl
=
q-p »

.

o p VWl arduine.cc

7, '
“ L‘; POUER ANALOG IN .

r M5 Gnd VUin 0 1

Pwuc. 2.2. Nnarva Arduino Duemilanove

Tabnuya 2.2. Xapakmepucmuxu nnames Arduino Duemilanove

MukpokoHTponnep
PabGouee HanpaxeHwue

Bxoanoe HanpaxeHwe
(pexomenayemoe)

Bxoaxoe Hanpaxexue
(npepensHoe)

Uncpoawie exoabl/ebixoab
Ananoroasie BXofibl

NocToAHHBLIA TOK
uepel exon/Beixon

NocToAHHLIK TOK ANA BLIBOAA
338

Dnew-naMaTL

o3y
EEPROM

Takropan wacrora

50 mA

ATmega168 unu ATmega328
5B
7-12 8B

6-208

14 (6 W3 KOTOPLIX MOFYT UCNONbL3OBATLCR KaK Bbixoab: LLWM)
6
40 mA

16 KBaint (ATmega168) wnu 32 KBair (ATmega328s),
npu atom 2 K6aAT MCNONbLayKTCH ANA 3arpy3ymka

1 KGaitr (ATmega168) unu 2 KGailt (ATmega328)
512 Ganroe (ATmega168) nnn 1 Kbant (ATmega328)

16 My
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2.3. Arduino Nano

[Trardopma Nano (puc. 2.3), nocrpoeHHas Ha MUkpokoHTpoiepe ATmega328 (Arduino
Nano 3.0) win ATmegal 68 (Arduino Nano 2.x), umeer HeGonblme pazMepbl H MOXKeT
MCIIOIL30BATLEA B 1a00opaTopHbIX paborax.

Pwuc. 2.3. lNnata Arduino Nano

Arduino Nano moxeT nonayyarts nutasue vepes noakmodenne USB Mini-B, wau ot ne-
peryaupyemoro 6-20 B (Beigoa 30) uan peryaupyemoro 5 B (BeiBoa 27), BHELIHEro Mc-
TOUMHHKA NMUTAHUA. ABTOMATHUYECKH IIhIGHpﬂL"]‘CH HCTOUMHHUK C CAMBLIM BBICOKHM HHIIPHH{L‘-
HHEM.

Xapakrepuctiku naarel Arduino Nano npeacrasnensi B Tabn. 2.3.

Tabnuuya 2.3. Xapakmepucmuku nnamst Arduino Nano

MukpokoHTponnep ATmegal168 nnu ATmega328

PabGoyee HanpaXeHue 5B

BxoaHoe Hanpaxenue -128

(pexomenayemoe)

BxonHoe HANpAXEeHUE 6-20B

(npepencHoe)

Undpoabsie Bxoabl/BsIX0OALI 14 (6 w3 KOTOPbLIX MOTYT UCNONL2OBATLCA Kak Beixoaw! LLUMM)
AHanoroBsie BXol 6

MocToAHHBLIA TOK 40 mA,

yepes exon/asixon

MocToAHKbIK TOK ANA BbiBOAA 50 mA

33B

Dnew-namaTh | 16 K6aiT (ATmega168) wnwn 32 K6aiT (ATmega328),

npwu atom 2 K6alT ncnonbayloTca ANA 3arpyayvka

o3y . 1 K6air (ATmega168) unun 2 Kbant (ATmega328)
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Tabnuuya 2.3 (okonuaKue)

EEPROM

TaxTopas yactora

512 Bauros (ATmega168) wnn 1 Kbair (ATmega328)
16 My,

2.4. Arduino LilyPad

Inardopma Arduino LilyPad (puc. 2.4) pazpaborana ¢ ue/bi0 MCNOABL30BAHMA B Ka4ecT-
BE HacTH oaexabl. OHa MOXKET ObITh 3alIHTA B TKaHb CO BCTPOEHHBIMH HCTOYHHKAMM NH-
TAHWA, JATYUKAMH H NpHBOJAaMH ¢ npoeoakoit. [lnardopma noctpoena Ha MHKPOKOH-

Tpoanepe AlTmegal68V.

- . -
(@)

S TY 1
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A ¥ i

Puc. 2.4. MNnata Arduino LilyPad

Xapakrepuceruku naatst Arduino LilyPad npejncrasnens: g tabn. 2.4,

Tabnuya 2.4. Xapakmepucmuxu nnamst Arduino LilyPad

MukpokoHTponnep ATmega168 wnn ATmega328
Pabouee Hanpaxenue 27-558B
Bxoanoe Hanpaxenwe 27-55B

Lingpossie exoasl/BuIX0AbI
AHanoroesle BXoAbl

MocToAHHBLIK TOK
yepes exon/asixon

Pnew-namMATL

o3y
EEPROM

TakToBan vacToTa

512 Ganros (ATmega168) nnn 1 KGant (ATmegald28)

14 (6 13 KOTOpPBIX MOrYT UCNONLIOBATLCA KakK Bbixoaw LLKWM)
6

40 mA
16 KGait (ATmega168) unu 32 KBait (ATmega328),

npn atom 2 KGanT HcnoneayloTcR ANA 3arpy3dvMka

1 KGawT (ATmega168) unun 2 Kbant (ATmega328)

16 MMy
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2.5. Arduino Uno

Koutponnep Arduino Uno (puc. 2.5) noctpoen Ha MHKpokouTpomnepe ATmega328.
B otanume ot Beex npeablayiIMX TUIAT, HCMOAL30BaBIIKX 1714 cBa3u no USB mukpokouT-
posaep FTDI USB, noswiit Arduino Uno uenonssyer mukpokonrpoiep ATmega8U2,

MADE

l'-nﬂ.nh"l""f'd

® . BIGCITAL LFMe—) |

O@ UNO),,

ARDUINO

||}
1[-..1-.41-#1-]'.‘1

——
-
-
-
= -
L

Puc. 2.5, MNnata Arduino Uno
Xapakrepuerukn naars Arduino Uno npeacraegnenst B rabn. 2.5,

Tabnuuya 2.5. Xapakmepucmuku nnamel Arduino Uno

MukpokoHTponnep ATmega3d28

Pabouee HanpaxeHue 5B

BxogHoe HanpaxeHue 7-12B

(pexomenayemoe)

BxoaHoe HanpaxXeHue 6-20 8B

(npepentHoe)

UndpoBsie Bxoasi/BsIXoab 14 (6 »3 KOTOPBIX MOMYT MCNONL3OBATLCA Kak BeixoAs! LUMM)

AHanorosbie BXOAbI 6

NocToAHHLIA TOK Yepes 40 mA

Bxoa/BbLIXon

MocToaHHLIA TOK ANA BLIBOAA 50 mA

338

Dnew-namMaTes 32 KGanr, npu arom 0,5 KBair ucnoneayoTcs
AN/ 3arpyayuvea

03y 2 Kbanr

EEPROM 1 Kbawr

Takroman wacrora 16 My
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2.6. Arduino Mega2560

Arduino Mega (puc. 2.6) nocTpoeHa Ha MHKpoKOHTposiepe ATmega2560.
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Puc. 2.6. Nnara Arduino Mega2560

Xapakrepuctuks naatel Arduino Mega2560 npeacrasnensi B Taba. 2.6.

Tabnuua 2.6. Xapakmepucmuku nnams! Arduino Mega2560

MukpokoxTponnep
Pabo4yee HanpaxeHue

BxoaHoe HanpameHne
(pexomenayemoe)

BxoaHoe Hanpaxeunue (npepensHoe)

Undpoabie exoabl/BsIXoak!

AHanoroesle BXoakL!
MocTosHHbIA TOK Yepes Bxoa/Bbixon
MocToAHHLIA TOK ANA Beiaona 3,3 B

Dnew-namaTes

o3y
EEPROM

Takrosan vacrora

ATmega2560
5B
7-128B

6-208B

54 (14 wa xoTopeix MoryT pafoTar Tak xe, KaKk BeIXOAL!
LUHM)

16
40 mA
50 mA

256 KGanr, na xoropeix 8 KBahT vcnoneayoTca
ANA 3arpyaymnka

8 Kbanr
4 Kbanr
16 MMy
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2.7. Arduino Leonardo

Arduino Leonardo (puc. 2.7) — kouTponsnep Ha 6aze mukpokonTpoiepa ATmega32U4.
B omimume or Beex npeabiayumx maar ATmega32U4 umeer BCTPOCHHYIO MOICPKKY

ana USB-coeauHeHus.

o0

ARDUINO

I

-_—
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—
—
—
-
—
—_—
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®

TETTRTneeT

r

L
LND i
vin|®

41
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Puc. 2.7. MNnata Arduino Leonardo

XapakrepucTHku maatel Arduino Leonardo npeacrapnens B Tadn. 2.7.

Tabnuua 2.7. Xapakmepucmuku nnamst Arduino Leonardo

MukpokonTponnep
Pabovee HanpaxeHue

BxoaHoe HanpaxeHue
(pekomenayemoe)

Bxoanoe Hanpaxenue (npeaensHoe)
Uncppoasie exoabl/BbiXxoab!

AHanoroBble BXoabl
MocToAHHLIA TOK Yepes exon/asIixon
MocroauKeIA TOK AN BeiBona 3,3 B

Pnew-namaTe

o3y
EEPROM

ATmega32U4
5B
7-12B

6-208B

20 (7 13 KOTOPBIX MOFYT UCNONL30BATLCA
Kak ebixoasl LUMM)

12
40 mA
50 mA

32 KBanT, va koTopeix 4 KBauT McnoneayloTca
ANRK aarpyavmka

2 Kbaar
1 Kbaur

Takrosan yacroTa

16 My
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2.8. Arduino Due

Arduino Due (puc. 2.8) — rmumara MukpokoHTpoiiepa Ha 0Oasze npoueccopa Atmel
SAM3X8E ARM Cortex-M3. Iro nepeas mnara Arduino na octose 32-0HTHONO MHKpO-

KoHTpo/Liepa ¢ ARM-aapom.

B oramume or apyvrux naar Arduino, Arduino Due paboraer or 3.
HANpPAXKEHHE, KOTOPOE BbIJIEPKHBAIOT BXO/bI/BLIXObI, COCTABJIACT 3,
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Pwuc. 2.8. Mnara Arduino Due

Xapakrepuctuku naarsl Arduino Due npeacrasiensi B Tabn. 2.8,

Tabnuuya 2.8. Xapakmepucmuku nnamet Arduino Due

MukpokouTponnep
PabGouee Hanpaxenue

BxoaHoe HanpaxeHue
(pexomenayemoe)

Bxonxoe Hanpaxexue (npeaensHoe)
Undpoewie exoasl/asixogs
AHanoroBsle BXofkl

AHanorosble BbIXOAbLI

NocToAHKHBLIK TOK Yepes exon/esixon
MNocToAHKHLIA TOK ANA BLIBOAa 3,3 B
Mocroaxuubin TOK AnA BuiBoaa 5 B
Dnew-naMaTbL

03y

Takroran yacrora

AT91SAM3IXBE
338
7-12 8

6-20 B

54 (va 12 w3 koTopbix peanuayeTcs esixog WWM)
12

2 (LAM)

50 mA

800 mA

800 mA

512 KBanur

96 K6aiT (apa Ganka: 64 KGant n 32 KGanT)

84 My
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lNnaTtel pacwupeHunsa Arduino

boabwyio nonyagpHocts wiata Arduino npuodpena He TONBLKO H3-3a HH3KOH CTOMMOCTH,
NErKOCTH paspaboTKM M NPOrpaMMHPOBAHMs, HO, IJIaBubiM o0pazoM, Onaroaaps HaiM-
YHIO TUIAT pacluMpenus (Tak HasbiBaeMbiX wiwidoes), nobapnsiommx Arduino gonoamu-
TensHYIO (GyHkuHoHanbHOCTb. Lnnasl (kpome maneHbkux moayiei w muaret LilyPad)
noaKmoualoTes K Arduino ¢ noMouwpilo HMEIOLIMXCA HA HHMX LUTBIPEBBIX PazbeMOB
(puc. 3.1).

C}'UIEC'I'B}'ET MHOMKCCTBO PA3JIHYHEBIN 11O [l]}"HHLI,HCJIIHJILHUE'I'H IHIA0B — OT IIpDQ’E'Eﬁ-
HIHX, NMPCAHATHAYMCHHBIX UIA MAKCTHPOBaAHHA, 10 CA0KHBIX, NMPEACTARIAIOIIHX coboii
OTAC/IbHBIC MHDFD(b}"I{Hu}IDHHﬂ bBHbIC }"CT[JDﬁCTEH.

Puc. 3.1. MogynsHan CTpysTypa YCTAMOBKU NNAT pacluvpenna Ans Arduino
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PacemMOTpHUM npUMEpLl HEKOTOPBIX LHJILL0B:
O Ethernet Shield (puc. 3.2) — obecneunsaer noakmouenue k Murepuery:

O XBee Shield (puc. 3.3) — oOecneunsaer npu nomomm moayas Maxstream Xbee
Zigbee GecnpoBoAHYIO CBA3L HECKOJILKHUM YeTpoitcTeaM Arduino;

Pwuc. 3.2, Ethernet Shield

Puc. 3.3. XBee Shield
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O MicroSD Shield (puc. 3.4) — obecneunsaer 3anuch JaHHbiX Ha KapTol microSD;

O MP3 Shield (puc.3.5)— nnata ans BocripowsBeaeHus 3Byka B ¢opmarax Ogg
Vorbis/MP3/AAC/WMA/MIDI u 3anucu B Ogg Vorbis:

Puc. 3.5. MP3 Shield
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O Motor Shield (puc. 3.6) — obecneunsaer ynpasieHue ABHraTeJIsMM MOCTOAHHOIO
TOKa;

0O GSM/GPRS Shield (puc. 3.7) — nossoaser ornpasinare SMS-coobuienns, nenars
3BOHKH, 0ODMEHHBaTLCA AaHHbIMH 110 GPRS;

Puc. 3.6. Motor Shield

Puc. 3.7. GSM/GPRS Shield
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0O Cosmo WiFi Connect (puc. 3.8) — naara npeavasHadena Ais opranusaumn 6ecnpo-
BoAHO#M ceTn cranaapra IEEE 802.11b/g.

Cymecreyior Takke wunisl: Video Overlay Shield — ans HanokeHus Tekcra Ha aHa-
noroeoe euaco, EasyVR Arduino Shield — muorouenesoit Moayns pacnosHasaHus
peun, Music Shield — npodeccHonanbhbiil ayiHOKOAEK H Ap.

Puc. 3.8. Cosmo WiFi Connect

KoauuecTso niaar pacuvpenusa (LWHWILOB) NOCTOAHHO pacTeT. O3HAKOMHTBLCA ¢ HX CIIHC-
KOM MOXHO Ha ouumHansiom caiite npoekta Arduino no aapecy http://www.arduino.cc/
playground/Main/SimilarBoards#goShie. Mmeercs takke u ewme oamn uuTepecHblii
pecype: http://shieldlist.org/. rie npeacrasineno onucanune 244 wmnaos s Arduino.
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Cpepa pa3paboTku
U A3bIK NpOorpaMmMmupoBaHus
KoHTponnepoB Arduino

masa 4. Cpepa nporpammuposanns Arduino IDE

Nmaea §. [porpammuposaHue B8 Arduino
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Cpena nporpamMmmMmumpoBaHus
Arduino IDE

Paspaborka cobcTBennbix npuiokennii Ha Oa3e mar, COBMECTHMBIX C APXMTEKTYpPOIi
Arduino, ocymecTteaserca B ojHMUMaILHOH OecniaTHOH cpeae NporpaMMHpPOBaHHA
Arduino IDE. Cpeaa npeanasHaueHa Q1A HanMCaHHA, KOMIWIALMM H 3arpy3kd cod-
CTBCHHBIX MPOrpaMM B NaMATh MHKPOKOHTPOJLICPA, YCTaHOBICHHOro Ha muate Arduino-
copmecTUMoro  yerpoiicrsa, OcHopoit  cpeasl paspaborku  apasercs aselk  Proces-
sing/Wiring — st1o dakrinuecks o0biunblit C++, 10M0JHEHHBI NPOCTBIMH H NOHATHBIMH
(YHKUMAMH [UIS yNpaBieHHs BBOJOM/BBIBOJIOM Ha KoHTakTax. CyllecTBYIOT BepcHH
cpe/ibt Ui onepaunontbix cuerem Windows, Mac OS w Linux.

[Mocaeanoto Bepeuio cpeast Arduino 1.0.5 u 6era-eepeuio Arduino 1.5.2 (¢ noaaepxkoii
Arduino Due) MOKHO cKauaTh €O CTPAHMUBLE  3arpy3kd  opuuManbHOrO  caiira
http://arduino.cc/en/Main/Software,

4.1. YctaHoBka Arduino IDE B Windows

Ornpasasemcs Ha crpanuiy http://arduino.cc/en/Main/Software (puc. 4.1), seibupaem
BEPCHIO JL18 onepaunonnoii cucremsl Windows v ckaumsaem apxusubiii daiin. On zanm-
MaeT 4yTh Gonee 80 MOaiiT u coaepkuT Bee HeoOX0aHMOE, B TOM Yucie M apaiisepsl. [lo
OKOHYAHHM 3ArPY3KH PACNAKOBLIBAEM CKauaHHblii (aiin B yanoOHoe ans ceds meco.

Teneps Heobxoaumo veranoButs apaiisepsl. [loakmouaem Arduino k komnsiorepy. Ha
KOHTPOJLIEPE J0/IKEH 3ar0peThbc HHAMKATOP NUTaHHA — 3eneHblii ceeToanoa. Windows
HAYHHACT NONBITKY YCTAHOBKM Jpaiisepa, koropas sakanuusaercs coobutennem Hpo-
rpammuoe obecneqenne apaisepa ne 6LLI0 YCTAHOBJEHO,

Orkpoisaem Jlucneruep yerpoiicts. B cocrase yerpoiiers naxoamm 3nauok Arduino
Uno — yeTpoHeTBO OTMEHEHO BOCKIHUATENLHBIM 3HAKOM, Llleakaem npapol KHONKOMH
Mbitin Ha 3Hauke Arduino Uno u B oTkpbiBuieMcs okue soibupaem nyukr ObuoBurs
Apaiisepsl 1 aanee NYHKT BuINOAHATE NOUCK ApaiiBepoB Ha ITOM KoMObloTepe. YKa-
IBLIBACM MMYTh K JApaiBepy — TY NANKy Ha KOMMBLIOTEPE, KY/1a PACMNAKOBLIBAIH CKAYAHHBII
apxus. Ilycrs a1o Gyaer nanka drivers karajzora ycranosku Arduino — mnanpumep,
C:\arduino-1.0\drivers. Mrnopupyem see npeaynpexiaenns Windows u nonyuaem B pesyiib-
Tare coobuienne ObroBACHHE NPOrPaAaMMHOTO odecneuenus s JaHHOr0 YCTpoiicT-
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Ba 3aBepmeno venemno. B zaronoexke oxkua Oyaer ykazan u COM-nopr, Ha KoTOpbIi
VCTAHOBJIEHO YCTPOHCTBO.

Ocranock 3anveTuTh cpeay paspadorku Arduino IDE (puc. 4.2).

4.2. YctaHoBka Arduino IDE B Linux

B Linux Ubuntu cpeaa Arduino IDE ycranagauBaerca npocto — oHa HAXOAMTCA B JAENO-
IMTAPHH CTanaapTHbIX npuiokennit Linux, Buibupaem Arduino IDE w3 cnmcka aocryn-
HuIX nporpamm B MeHio Ubuntu Mpuaokenns | Hentp npuaoxennii Ubuntu | 3arpy-
3IMTh npuaokenne. B cnucke pazgenos suibupaem Huerpymentsl paspaGorumka,
B CIIMCKE CJEAYIOWEero yposus — Bee npuioxenust ¥ B CleayiOWeM OTKPbIBIIEMCH
cnucke — Arduino IDE (puc. 4.3). lllenkaem neBoit KHONMKOH MbILIH HA 3HAYKE TOH
MPOrpaMMbl, CrpaBa OT Hee NOABNASTCH KHOMNKA YCTAHOBHTL, HAKUMAEM HA HTY KHOI-
KY, M Cpe/la YCTAHABIMBACTCA ABTOMATHYECKH.

LasTy sz s g by riy

Arduino IDE
m Lol anme ﬂ;-':lﬂ!ﬂrh ﬁF!ﬂ'll‘.'(l MR Rl HEHH‘:!

BecrnnaTHo bim TN T e

Ardulneg B an opei-source clectionics prototyplng platform based on Rexlble, easy to-use hardware
and software, it's intended for artists, designers, hobbyists, and aryane interested in creating
rief aCtire ohjects or emdranments

This packacs will ingbal the Integrated Jevelonment envieorment that allows Por Program witting,
code verfication, compiling. and uploading to the Ardulno development board, Libraries and
exvample code will 3lso be installed :}

Puc. 4.3. BuBop nporpammb! U3 yenTpa npunoxexnin Ubuntu

4.3. HacTtpouka cpeab! Arduino IDE

Cpena pazpaborkn Arduino cocToMT H3:

O peaakTopa nporpaMMHOro Koja;

O obnacti cooOUIEHHIH:

) OKHa BLIBOJA TEKCTA,

0 naHeny HHCTPYMEHTOR € KHOMKAMH YACTO HCMONBLIYEMBIX KOMAH/L:

3 HECKOJIBKHX MCHIO.
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[Iporpamma, HanucanHas B cpeae Arduino, HocHT Hazanue ckemy. CkeTy nUiIeTCH B
TEKCTOBOM PelakTope, KOTOPbIH HMEET LBETOBYIO MOJICBETKY CO3AABAEMOro MporpaMm-
Horo kojaa. Bo Bpems coxpaneHus M 3Kcnopra npoekta B odnacTH coobuieHHil NOABIA-
loTeA noacHenua M uHdopmauna o6 owmnbrax. OKHO BbIBOAA TEKCTa NOKa3biBaeT cood-
menus Arduino, BKAKOUAOUIHE NMOJHBIE OTYETHI 00 OWMOKAX W ApPYTYI0 HHpOpMAaLHIO.
KHOMNKH naHenu WHCTPYMEHTOR MO3BOJISNKOT NMPOBEPHTE M 3AMUCATH MPOrpaMMy, CO3AaTh,
OTKPBITb H COXPAHHTB CKETH, OTKPbITh MOHHTOPHHI MOC/IEA0BATENBHOMN LIHHBI.

PaspabarbiBaeMbIM CKETHAM JOMONHHTENbHAA (PYHKUHOHANBHOCTE MOKET ObITh J00aB-
JIeHa ¢ NMOMOUILIO OuOAuONex, NPEACTABIAIONIHX cO0OH cneuMaibHbiM 00pasoM odopm-
JIeHHBII MpOrpaMMHBIH KO, peanH3VIOlHii HEKOTOPbIH (PYHKLHOHA, KOTOPbIH MOMKHO
NOAKMOUHTE K co3laBaemomy npoexty. Cneuranusnposannpix Oubianorexk cyuecrsyer
MHOAeECTBO. OObIMHO OMOIHOTEKH NMHUIIYTCA Tak, YTOOBI YNPOCTHTHL PELICHHE TOMH WM
MHOM 3a2a4M M CKPbITh OT pa3padoTunka AeTain NporpaMMHO-annapaTrHon peaansalmuH.
Cpena Arduino IDE nocrasnsercs ¢ nabopom crangaprunix OnOamorex: Serial,
EEPROM., SPI, Wire u ap. Oun HaxoasTca B nojaxkarasore libraries Kataaora VCTaAHOBKH
Arduino. Heobxoaumbie OubanoTekn MOryT ObiTh TakiKe 3arpyKeHbl ¢ paiiHuHbIX pe-
cypcos. INanka OubanoTEKH KONMMpyYeTCa B KaTalor craHjapTHeIX OubanoTek (noakara-
nor libraries katanora ycraHoBkd Arduino). Buyrpu karanora ¢ umeHem OMOIHOTEKH Ha-
xoaares daian *.cpp, *.h. Muorue OubAHOTERH CHADKAIOTCA NPUMEPaMK, PACTIONOKEH-
HBIMH B nanke examples. Eciin OMGMOTEKA YCTAHOBACHA NPABHIBHO, TO OHA MOABAAETCS
B MeHio Sketch | Import Library. Buibop 6ubanoreku B MeHIO npuBejeT K 100aBIeHHIO
B HCXO/IHBIH KOJL CTPOYKH:

finclude <mua GuGnuorTexn.h>

DTa JIMPEKTUBA NOAKMIOYaeT 3arososouniit daiitn ¢ onucanuem obvextos, gyHkumii u
KOHCTAHT OMOAMOTEKH, KOTOpBIC Teneph MOryT ObITh MCNOsb3oBaHbl B npoekte. Cpena
Arduino Ovaer KOMMHAHPOBATE CO3JABAEMbIH MPOEKT BMECTE ¢ YKalaHHOH OuOnHo-
TEKOM.

[lepen sarpyskoit ckerua Tpebyercs 3anars neodxoaumble napamerpst 8 Menio Cepsuc |
Iaara (Tools | Board) — kak nokazano Ha puc. 4.4, u Cepsnce | [Tocaeposarenbuniii
nopt (Tools | Serial Port) — kax na puc. 4.5,

Cospemennbie miatdopmbl Arduino nepezarpykalorcs aBTOMaTHUECKH Mepe 3arpysi-
koi. Ha crapuix naardgopmax HeoOXOAMMO HasKaTh KHONKY nepesarpyikn. Ha Gonbuimn-
CTBE /1T BO BPEMSA Mpouecca 3arpyiku OyayT Murats ceetoanoast RX u TX.

[Ipu 3arpy3ke ckeTva uenonbsyerca zarpy3uuk (bootloader) Arduino — nvebonbiias npo-
rpamMma, sarpyzkaemas B MUKpOKOHTpoiep Ha miate. Ona no3spoaser 3arpyxarb npo-
rpaMMHBINH KO 0€3 MCroAb30BaHHA JIONOIHHUTEILHLIX annapatHeiX cpeacts. Paborta
3arpvivuMKa pacro3HaeTcs 1o MHraHHio CBeTOAM0Aa Ha uHgporom Beigoae DI3.

Mouutop nocnegosarenstoro nopra (Serial Monitor) orodpaskaeT aanubie, nocel1aeMmbie
B rnardopmy Arduino (naary USB wam nuaty nocneposarensnoit winuet). Jis ornpasku
JAHHBIX HEOOXOAMMO BBECTH B COOTBETCTBYIOUIEE MOJE TEKCT M HaxaTh kKHonky Ilo-
caars (Send) wan knasuwy <Enter> (puc. 4.6). 3aTem cieayer U3 BbINAAAIOLWEro CnHCKa
BLIOPATh CKOPOCTH MEPEaay i, COOTBETCTBYIOULYIO 3HAUEHHIO Serial.begin B cKerve. Ha
OC Mac wan Linux npH noAkmo4eHnt MOHHTOPHHIA 10CAEA0BATENLHON IWHHBI f1aT-
thopma Arduino Oyzer nepesarpysxeHa (CKeTH HAMHETCA CHavana).
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HAYANBHARA WKONA

Obnaparenw Habopa C KOMNNEKTOM AeTanei W KOMMNOHEHTOB (CM. NPUMoOXeHue 2) MoryT
notpeHupoBaTtsca 8 obpawenun ¢ Arduino, suinonHue Ypox 3 "Paboma ¢ MOHUMOPOM
nopma”,



rMABA 5

[MporpammMmupoBaHue B Arduino

Marepuan 1ol rasbl OCHOBaAH Ha nepepoje ¢ ouumaabHOro caira npoexkra Arduino
(http://arduino.cc) u npeacrasned no snuuensuu Creative Commons Attribution-
ShareAlike 3.0 License (http://ereativecommons.org/licenses/by-sa/3.0/deed.ru).

5.1. BazoBble 3HaHUA

5.1.1. UndpoBble BbIBOALI

Buisoawr ruiardopmer Arduino moryT pabotark Kak BXO/IbI MM Kak BLIXOALL. Takke ana-
noroebie BXxoabl Arduino (ATmega) MmoryT KoH(HUrypHpoeaTbcs U padoTaTh TaK e, Kak
M UH(pOBLIE NOPTHI BBOIA/BLIBOIA,

Beigoas Arduino HacTpoeHsl Kak noprsl BBOAA, MOITOMY HE Tpedyercs JcKiapaimu
B QyHKUMK pindode (), CROHQUIYPUPOBAHHBIE TIOPTHI BBOAA HAXOATCH B BLICOKOMMIIE-
JAAHCHOM COCTOAHMH. DTO O3HAYAET, YTO NMOPT BBOJA JAET CAMILIKOM MaJYIO Harpy3Ky Ha
CXEMY. B KOTOPYIO OH BKoueH. Jing nepesojia nopra BBOJIa U3 O/IHOTO COCTOAHMA B ApY-
roe TpedyeTca MAJeHbKOE 3Ha4YeHHe ToKa. Ecam K BBIBOIY HMYEIO HE MOAKIIONEHO, TO
3HAYCHHA HA HEM OYAYT NPHHUMATH CAYUYANHBIC BEIHYMHBI, HABOJAMMBIC MICKTPHYECCKH-
MH [TOMEXaMH,

Ecau na nopr BBoAa He NOCTYNAET CUIHAJ, TO PEKOMEHAYETCH 34J1aTh NOPTY HIBECTHOE
cocTosHKe. 10 jenaerca aobapnenvem noararusaowmux peamcropor 10 kOm, noakmo-
YAIOWMX BXO JIH00 K nutanmio +5 B, aimbo K semie.

MukpokonTpomiep ATmega umeer nporpaMMHpyeMblie BCTPOCHHBIC NOATATHBAIONUIHE
peauctopbl 20 kKOwm. [IporpaMMupoBaHie JaHHBIX PE3HCTOPOB OCYLUECTBIACTCA TaK:

pinMode (pin, INPUT); // HazmHauYMTE BWROZY NOPT BBEOMA

digitalWwrite (pin, HIGH):; S BRIICHUTE NOATADMMBAXUMEA peaucTop

Buisozas, ¢CkOnGUIypHpOBAHHLIE KAK TOPTHI BLIBOAA HAXOMATCH B HHIKOHMIIEAAHCHOM
cocToaHuu. JlaHHBIC BBIBOABI MOTYT NpONycKaTh vepes ceds AoctatouHo HonbLION TOK.
Brisoas mukpocxemsr ATmega MoryT Obite HeTouHHKOM Toka 10 40 MA. Takoro 3nave-
HHA TOKA HEJA0CTATOHO JL1 GONBLUIMHCTBA pPejie, CONCHOHI0B H IBHraTeei,
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Kopork#e 3ambikanus BoIBOA0B Arduino MM nonbiTky MOJAKIIOYHTE IHEProeMKHe YCT-
poiicTBa MOTYT MOBPEANTL BLIXOAHBIC TPAHZHCTOPBI BHIBOAA WIH BECH MHKPOKOHTpOLIEP
ATmega.

5.1.2. AHanoroBbie BXxoabl

MukpokouTpomnepsl ATmega. Henonbzyembie B Arduino, coaepxar 1€CTHKAHAbHbIH
ananoro-undpoeoii npeodpazoearenn (ALT). Paspewenne npeobpazorarens coctapnseT
10 GuToR, 4TO NO3BONAET HA BhIXOAE moay4are 3HadeHua ot 0 go 1023. Ananorossie
BXOJIbI MOTYT MCIOJB30BATECA KAK LIMQPOBLIC BLIBO/ILI MOPTOB BBOAA/BBIBOJIA, NPH ITOM
OHM MMEIOT HoMmepa ot 14 o 19:

pinMode (14, COTPUT) ;

digitalWrite (14, HIGH):;

Jina BoiBosa, paboraBluero paHee Kak UM(ppoBoOi NOPT BbLIBOAA, KOMAHAA analogRead
Oyaer paborars HekoppekTHO. B 5TOM Ciiyyae pekoMeHayercs CKOH(pHIypHpoBaTh ero
KaK aHAIOroBbIi BXO.

5.1.3. lWupoTHO-UMNynbCHas Mmoaynsuus

[HupoTHo-umnynbcHas moaynauus (LLHIMUM) — sto onepauma noayveHus viMeHsolle-
rocs aHaJoroBOro 3HaueHHa nocpeactsoMm uudporsix yverpoiicts. [logasas Ha BbIXOJ
CHIHAN, COCTOSUIMIA W3 BBICOKHX H HU3KMX YPOBHECH, Mbl MOJIC/IMPYEM HANPAKCHHUE MEKIY
MAKCHMANBHBIM 3HaueHueMm (5 B) v munumansHeiM (0 B). JIHTENBHOCTE BRAKOUCHHS
MAKCHMAILHOIO 3HAYEHHUA HA3BLIBACTCH WHPHHOI uMmnyabea. JUis nosyyenus pasinuibix
AHAJIOTNOBBIX BEJMYHH W3IMEHAETCH WHpHHA uMmnyibea, B pesyabrare na peixoae Oyaer
BE/IHYHHA HANPAKEHUA, paBHas MJIOLLANH M0 UMITYabcaMH (puc. 5.1).

Boizop (yHkuMM analogirite() ¢ Macwrabom 0-255 o3navaer, HTO 3HAYEHHE
analogirite (255) Ovaer cooreercTeoBath S B (100 % paGoumnii umkn — nocrosHHoe
BKAOMeHHe 5 B), a 3HaueHue analogwrite (127) — 2.5 B (50 % paGoumit umkn).

5.1.4. Namare B Arduino

B mukpokontpoanepax ATmegal 68, ATmega328, ATmegal280, ATmega2560, ucnosns-
3yembIx Ha nargopmax Arduino, cymecTsyer Tpu BUAA NamMsTH:

O daem-naMaTh — HCMONb3YETCH VIS XPAHEHHS CKETYEH;

0 O3V (craTHueckas OnepaTHBHAA NaMATh) — CAYKHT 1A XpaHeHHs W padoTel nepe-
MEHHBIX;

0 EEPROM (aHeproHe3zaBHCHMAas NamMATh) — MPUMEHACTCA U1 XPaHEHHA NOCTOAHHOM
HHpopMatmm,

Onew-namate ¥ EEPROM  apnsiores SHeproHezaBHCHMMbIMH BHIAAMH rNaMaTH (JaaH-
HBIE COXPAHAIOTCA NPH OTKMOUCHHH nuTaHuda). O3Y gsasercd HEpro’asHCHMONH na-
MATHIO.
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Puc. 5.1. WwpoTHO-UMNYNBCHAA MOAYNALYWA

Mukpokoutpoep ATmegal 68 umeer:

O 16 Kbaiit ¢ew-namatu (2 KOaiiT uenonsiyercs s XpaHeHHs 3arpy3unKa);
O 1024 Gaiira O3Y;

O 512 Gaiit EEPROM.

Ja ATmega328 s1n nokasaresn caeayioumme:

O 32 Kobaitr dnew-namaru (2 KGaifr Henonb3yercs s XpaHeHns 3arpy3snKa);
0 2 KGaiir O3VY:
3 1024 Gaiir EEPROM.
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Jina ATmegal 280 3Tu nokazatenu cieayouue:

O 128 Kbaiir daew-namaru (2 KOalT Henonb3yeTea 1 XpaHEeHHA 3arpy3uHKa);
O 8 Koaiir O3V,

3 4096 daitt EEPROM.

Jna ATmega2560 >Tu nokaszatenu cieayioume:;

O 256 Kobaiit dnew-namaT (2 K6aiT ucnonb3yvercs 118 XpaHeHHs 3arpy34uHKa);
O 16 Koaiir O3V:

3 9182 Gaiir EEPROM.

[pu orcyrersun ceoboanoro mecra B O3Y moryr npousoiiti cOoH nporpaMmbl.

5.2. CTpyKTypa nporpamMmmsbl

Arduino nporpammupyerca Ha a3bike Wiring, KOTOpPOro Ha caMoMm JIefle He CVILIECTBYET,
KaK He cywecrsyer ¥ koMnuwigaropa Wiring — nanucanusie na Wiring nporpammel npe-
oOpasylorcs B nporpamMy Ha sspike C/CH++ M 3aTeM KOMOWIMPYIOTCA KOMITHIATOPOM
AVR-GCC. dakTHYeCKH HCIOAB3YETCA CNELHATH3IHPOBAHHBIN U1 MHKPOKOHTPOJLIEPOR
AVR papuant C/CH++,

5.2.1. ®yHkuum setup() v loop()

basoeas cTpykTypa nporpaMmetl s Arduino COCTOMT, Mo MEHbILEH Mepe, W3 JBYX 004-
3aTENLHBIX vacTei: PYHKUMIE setup() U loop(). IMepea pyHkumeil setup() waer oobae-
JICHHE NEPEMEHHBIX, NOAKMOUCHHEe OHOAHOTEK, DYHKUMA setup () 3ANYCKACTCA OJIMH pa3s
NOC/E KAAKA0ro BKIOUEHU nuTanus win cOpoca naatel Arduino. Ona uenoassyercs s
HHULIHAIM3ALMH NEPEMCHHBIX, YCTAHOBKH pexkuma paboTsl NMOPTOR W NPOMHX MOAroTO-
BUTE/IBHBIX JUIS OCHOBHOIO UMKIA nporpamMmbl zeicTBuit, Ona oba3arenbHo 10/KHA
ObITH BKJIIOYEHA B IPOrPaMMY, JAKE €C/IH HE BLINOIHACT HUKAKHX JeHCTBHH.

DYyHKUHA loop() B DECKOHEMHOM LMKIE MOCIEA0BATENBHO HCTMOIHAECT KOMAaH/ALL, KOTO-
pele OnucaHbl B ee Tene. I1a pyHKUMA BLINOJHAETCH LUMKIMHMECKH, OHA BBINOJIHAET
OCHOBHY10 paboTy.

[Tpumep npocreiweii nporpaMMmsl NPEACTABIEH B IMCTHHIE 3.1,

Nuctuur 5.1

void setup()

[

Serial.begin{9600):

}
veid loop ()

{
Serial.println{millis{));
delay (1000} ;

}
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5.3. CuHTaKcuc 1 onepartopsl

5.3.1. YnpasnsawLliue oneparopsbl

5.3.1.1. Oneparop if (ycnosue)
M oneparTopbl CpaBHEHUA ==, I=, <, >

Oneparop if HCNOAL3YETCH B COUCTAHHH € ONEPATOPAMH CPABHEHHA, OH NPOBEPIET, J10C-
THIHYTA JIK HCTHHHOCTL YCJIOBHA — HANpUMEP, NPEBLILIAET JIH BXOAHOE 3HAYSHHE 3a-
JanHoe unceno. Gopmart oneparopa it CaeAyOUIHI:

if (som=Variable > 50){
J/ BunonHaTs nelicTexsa
I

[Iporpamma npoepsier, 3Ha4YeHHe someVariable Gonblue wem 50 wau wer. Ecam aa, 1o
BBITIOJIHAKOTCA OMpeaeneHHble neicTBuA. ['oBops HHaue. €C/IH BBIPAKEHHE B KPYIJIBIX
CKOOKax MCTHHHO, BBIMOHAIOTCA OnepaTopbl BHYTPH durypHeix ckobok. Eciu Her, npo-
rpaMma npornyckaet 3ToT Kojl.

Buipaxkenus, KOTOPbIE BbIYHCAAIOTCA BHYTPH KPYIJIbIX CKODOK, MOTYT COCTOATH H3 O/IHO-
ro WK HECKO/ILKHX ONepaTopos.

Oneparopsbl CpaBHEeHH:

O x == y (X paBHO Y).

O x != y(X He paBHO ¥);
O x < y (X MCHBIUEC YeM V),
0 x
O x <= y (X MEHBLUE YeM WIH PABHO V):

v (X Gosbiue uem v):

'\"'n'

O x >= y (X 0onblue YeM HIH PaBHO V).

5.3.1.2. Oneparop if..else

KOHCTpYKUMSA i£. . else npeaocTasnseT O0abHH KOHTPOIL HA NPOLUECCOM BhINOJIHECHUS
KoJ1a, 4eM Oa3oBblii onepartop if, nozeonger ¢aenath uidbop "nubo, mubo”, Hanpumep:
if (pinInput==HIGH)
{doFunl () :)
else
[doFun2 () ;)

Else MO3BOJMAET AENaTh OTIHYHYIO OT YKA3aHHOH B Lf NMPOBEPKY, 4TOOBI MOAKHO ObLIO
OCYUIECTBIATH CPa3y HECKOJLKO B3AHMMOMCKIIOMaAOUMX nposepok. Kakjaas nposepka
MO3BOJACT NEPEXOANTE K CACAVIOUIEMY 3a HEeil oneparopy He paHbllue, YeM MOJVUHT J10-
ruueckuit pesyastar HCTHUHA. Korpa nposepka ¢ pesyavrarom HCTHHA naiiiena,
JAMYCKACTCA BAOKEHHBII B Hee OJIOK ONnepaTopoB. W 3aTeM MporpaMMa MrHOpHpyeT Bee
CACAYIOUIHE CTPOKH B KOHCTPYKUHHM Lf, .else, ECIM HH OJHA W3 NPOBEPOK HE NMOJYYMJIA
peavabtar HCTHHA, no ymMon4anuio suinosiHaeTca O/I0OK OneparopoB B else, €C/IH M0-
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CJAC/HMIA NPUCYTCTBYET, W YCTaHaBAMBacrTes JieiicTeue 1o ymonuanuio. KoHcTpykims
else if MOXKeT ObITh HCMONL30BaHA ¢ HAHM 03 3aKMIOYMTENBHOrO else W HaobopoT. [o-
NYCKAETCA HEOrPAaHHYEHHOE YHCIIO TAKHX NEPEX0/IoB else if (IMCTHHT 5.2).

Nuctunr 5.2

if (pinAnalogInput < 100)
{doFunl():)

else if (pinAnalogInput >= 150)
{doFun2 () ; ]

else
{doFun3 () :}

I[p}’l"ﬂﬁ cnocod cozaaHus MEPCXOJOB CO BIAHUMOHCKIKYAKOLIHMH TMPOREPKAMH HCNMOJIb-
3YCT Ooneparop switch case.

5.3.1.3. Oneparop for

KoHeTpykums for MCMONb3YeTCA AAA MOBTOPeHHs OJIOKA ONMEpaTopoB, 3aKIHOYEHHBIX
B (purypreie ckoOku. CueTunk npupaimennii o0bIMHO MCNOABL3YETCA IS NPHPALICHHS
H 3asepuicHUd unkna. OnepaTop for MNOAXOANT AN JTHOOLIX MOBTOPAIOLIMXCA JICHCTBHI
M HacTO MCNOJB3YETCA B COMETAHNH ¢ MACCHBAMH KOJUTEKLMIT TaHHBIX/BbLIBOOB,

3aroN0BOK UMKJIA for COCTOMT M3 TPeX vacTeii:

for (initialization; condition; increment} (onepaTopsi, BHNOMHACUMECA B 1BMKNe}

Hunumanusaums (initialization) BLINOAHAETCH camoil nepsoil n oaun pas. Kaxusiii pas
B LIMKJIC MPOBEPAETCH YCJIOBHE (condition), €C/IM OHO BEPHO, BbINONHAETCH ONOK onepa-
TOPOB M NPUPALICHHE (increment), 3aTEM YCJIOBME npoeepsercs BHoBb. Koraa noru-
YEeCKOe 3HAYEHHE VCIOBMA CTAHOBHTCA JIOKHBIM, UMK 3apepuiaercd. B naucrumre 5.3
NPHBEIEH NPHMEp 3aTeMHEHHA CBETOAHOAA ¢ ucnoab3oeanuem LIIMM-eriBoaa.

Nuctunr 5.3

{// BaresmHeHue ceeToOMOma ¢ MCnodk30BaHitieMm IIM-puBOaa
int PWMpin = 10; // Ceerosuon nocnenoparensHe ¢ R=470 Om ra 10 pemone
void setup()

{7}
void loop()

|

for {int i=0; i <= 255; 1++)

|

analogWrite (PWMpin, i);

delay(10);

|

I
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5.3.1.4. Onepatop switch

KOHCTPYKUMSA switch. .. case YIPABIAAET MPOLECCOM BBIMOIHEHHS MPOrpaMMBbl, MO3BOMAA
NpOrpaMMHCTY 3ajaBaTh albTePHATHBHBIH KOJ. KOTOPBIii OyaeT BbINOIHATBLCA NMPH pas-
HBIX yeaoBuax., Onepatop switch CPABHHBACT 3HAYCHHE MEPEMEHHON CO 3HAYEHHEM,
onpejiesIeHHOM B oneparopax case. Korjga waiiaen oneparop case, 3Ha4eHHE KOTOPOro
PaBHO 3HAYEHHIO TNEPEeMEHHON, BBINOJHACTCH NPOrpaMMHLIH KOI B TOM Orneparope.
Knmouepoe coBo break ABIAETCS KOMaHI0H BBIXOAA M3 onepatopa case M 0OBIMHO HC-
NOAL3YETCH B KOHLE KaXK10ro case. bes oneparopa break oneparop switch Oyaer npo-
JOKaTh BLIMHCIIATE CAEAYIOLUIME BbIPAKEHHA, NMOKA HE JOCTUIHET break WIH KOHEL one-
patopa switch. CHHTAKCHC KOMAH/IbI switch. .. case NPEJACTABICH B IMCTHHTE 5.4,

Nuctuur 5.4

switch (var)
{
case labell:
// xon ana BRNONHEHUA
break;
case label2:
// xon mpna BRNORHEHKA
break;
case label3:
// xon ansa BuNOnHeHMSA
break:;
default:
// xon ana BNONMHEeHWA
break;
}

[lapamerpst:
O var — nepeMeHHas, KOTopas BLIMHCIAETCA /19 CPABHEHHUS C BAPHAHTAMH B case!

0 label — 3HA4YEHHE, C KOTOPbLIM CPABHHBACTCA 3HAYEHHE NEPEMEHHOM.

5.3.1.5. OnepaTtop while

Oneparop while OYAET BBIMHCIATL B LIMKIE HENPEPLIBHO W OECKOHEHHO JI0 Tex nop, no-
Ka BblpakeHHe B KPyribIX ckoOkax He crawer pasHo aormdeckomy JIOXKHO. Yro-to0
JIOJKHO M3MCHATE 3HAUYCHUE NPOBEPACMON NEPEMEHHOM, HHAYC BLIXOA M3 LMKIA while
HUKOr1a He OYeT JOCTHIHYT, DTO WIMEHCHHE MOKET NPOHCXONTEL KAK B MPOrPAMMHOM
KOJIe, HAnpUMep, NMPH YBEIHUCHHH NEPEMEHHON, TaK M BO BHELLHUX YCIOBHAX, HanpH-
Mep, NpH TECTHPOBAHMH AaTYHKA. CHHTAKCHC KOMAH/Ib! CAEAYIOLLHIL:

while {Bupaxenue)
{
// onepatTopsl
}
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[Tpumep HCNONB30BAHKA ONEPATOPA while NPEACTABICH B JIHCTHHIE 5.5,

NucTHHr 5.5

var i=0;
while ($i<100)
{
// onepaToptl
i++4;
1

5.3.1.6. Oneparop do ... while

[lukn do paGoTaeT Tak ke, Kak ¥ UMK while, 38 HCKIIOYEHHEM TOrO, YTO YCIOBHE Npo-
BEPACTCH B KOHIIC LIMKTA. Takum OﬁpBEDM. HHEN do ﬁ}“}lET BCCr/J1a BLINOJIHATECH XOTH ﬁbl

pas. [Ipumep HCNOAL30BAHHA ONEPATOPA do ... while NPEACTABICH B IHCTHHIE 3.6.
Nuctunr 5.6

do {

delay({50) ; // nopoxpaTL, NokKa DATUMKM CTaCHMAM3IMDYOTCA

X = readSensors(); // NpoBepuUTh INATYMKH

} while (x < 100);

5.3.1.7. Oneparop break

Oneparop break HCNOAL3YETCH JUIA NPUHYHTEILHOTO BLIXOAA H3 UHMKIOB do, for WM
while, HE IO/KHAACH 3ABEPLICHHA HMKIA MO YCA0BHIO. OH TakkKe HCMONb3YETCA VIS Bbi-
X0/1a M3 oneparopa switch. [Ipumep npuseacH B nuctuure 5.7,

Nuctuur 5.7

for (x = 0; x € 255; x ++)

{

digitalWrite{PWMpin, x);

sens = analogRead (sensorPin};
if (sens > threshold)

| /! BuxXommM M3 LMegia, €GNy eCThE CHMTHall © HaTHMEA
X = 0;

break;

}

delay{50);

}

5.3.1.8. Oneparop continue

Oneparop continue NPONYCKACT OCTABLIMECH ONEPATOPbLI B TEKYILEM 10are LHKIA,
BmecTo HHX BBINOAHAETCH NPpoORCpPKa YCIOBHOIO BBIPAACHHA LIHKIA, KOTOPad NMpoOHCXO-
JIHT NPH KaK10i caeayioweit urepaund, [IpuMep npueeaeH B aMcTHHre 5.8,
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NucTunr 5.8

for (% = 0; x < 255; x ++4)

{

if (x > 40 && x < 120)

{ f/ ecmm mcTMHA TO nperaem cpasy Ha CIeOYRIVD WTEpauMn UMKna
continue;

|

digitalWrite{P¥WMpin, x):

delay(50) ;

}

5.3.1.9. Oneparop return

Oneparop return NPeKPaLIAET BHIYHCIEHHA B (PYHKUHH ¥ BO3BPALLLAET 3HAYEHHE W3 npe-
pPBAHHON ()VHKUHHM B BbIZLIBAIOLLYIO, €CJIH 9TO HYXKHO. [lpumep Bo3Bpata 3HaueHHs W3
(pYHKUMM B 3aBHCHMOCTH OT 3HAYCHMS HA BXOJIC AHAJIONOBOIO BXO/A MPE/CTABICH B JIMC-

THHre 5.9,

Nuctuwr 5.9

int checkSensor()
{
if (analogRead(0) > 200)

return 1;
else|
return 0;

}

5.3.2. CuUHTaKcmUcC

5.3.2.1. ; (Touka c 3anaToun) ; (semicolon)
; {TD'-IHﬂ C 3¢1ﬂHTDﬁ} HCIOJIBIYETCA [LIA 0003HAYEHHA KOHLIA oncparopa.

int a = 13;

5.3.2.2. {} (dburypHbie ckobku) {} (curly braces)

(DuUrypHble CKOOKH { )} — BasKHbII 31eMeHT A3blika nporpamMmuposanus C. OTKpbiBatowas
CKOOKa ( JIO/KHA BCerja CONpOBOXKAATLCA 3aKpbiBatolleii ckoOKoi |. DTo yclosue, Hi-
BECTHOEC KAK NAPHOCTL (CHMMETPHUHOCTD) (PHIYPHBIX CKODOK.

OcHoBHBIE CNOCODLI HCNOAL30BAHUA (PUIYPHBIX CKODOK!

O dyHkumu:

o void HaspaumedyHKIMKM (THMN DaHHLK apryMeHTa) ( onepatcp(el) |;
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O uMKIabL:
e while (normueckce BupaxeHke) | onepatTop(sl) };
e do | oneparcp(u)} while (normMuecxkoe pupaxerue);

e for (MHMIMaIM3aUMR; YCAOBME OKOHYEHWA WMKNa; NpMpamleHMA UMKia)
{ onepaTop(w) };

0 vCa0BHBIE ONEPATOPSI;

e 1if (normueckoe eupamexnue) {oneparop(w) ).

5.3.2.3. KommeHTapum /#/ (single line comment),
/* */ (multi-line comment)

KoMMEHTapHH — 9T0 CTPOKH B NPOrpaMme, KOTOPLIE HCMONL3YIOTCH VIS HH(POpMHpOBa-
HHS BAC CAMUX MJIH JIPYTHX O TOM, Kak paGoraer nporpamma. OHH HIHOPHPYIOTCS KOM-
NWISTOPOM M HE 3aHHMAIOT MECTO B NAMATH MUKPOKOHTPO/LIEpA.

Ectb aBa cnocoba noMETHTh CTPOKY KaK KOMMEHTapPHI:
O 0AHOCTPOYHBLIH KOMMEHTaApHH — // |
3 MHOroCTpOMHBbIH KOMMEHTApHH — /= ... */.

[Tpumep npusenen s anctunre 5.10,

Nuctunr 5.10

X = 5; // 210 xomMeHTapuit B omHoM cTpoke. Bce nocne nsoiHOTo
// cnswa - KOMMeHTapMi 00 KOHUA CTPOKM

/* 3ro I«HDPOCTPG“HT'MT.! WC*:‘«':I'JEHTHPHI-;I = UCNOIR3IVHTE era nA ZaHOMMEHTHPOBaHMA LeJhiX
KYCKOB KOfa */

5.3.3. ApucpmeTuyeckue oneparopbl
5.3.3.1. = (assignment) = onepaTop npucBanBaHuA

[TpuceanBaeT nepeMeHHON ciieBa OT onepaTropa 3HAMeHHE NEPEMEHHON HIIH BbIPAKEHM,
Haxoafweecs cnpaga (MceTHHr 5.11).

‘ Nuctnnr 5.1

int sensVal; // oteaBnexue nepemeHHo# TMnNa integer
senVal=analogRead(0); // npucransadme nepemeHHoll sensVal axauexue,
[/ cuuTaMHOEe C adanoroecoro sxoma 0

[lepemennas ciesa oT onepaTopa npUcBaMBaHus (=) JojkHa ObITh CrocoGHa COXPaHUTh
npHcBanBaemoe 3navenue. Ecau oHo BBIXOANT 3a MAnason JONYCTHMBIX 3HAYEHMil, TO
COXPAHCHHOEC 3HAYCHHEC G}U.I.E"I" HC BCPHO. HEOﬁEUﬂ;HMD PasIHYaThL onepaTop npHcsaHBa-
HHA (=) U ONEpaTop CpaBHEHUS (== JIBOHHOI 3HAK PABEHCTBA), KOTOPBLIH OCYIECTBASCT
NPOBEPKY HA PABEHCTBO.
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5.3.3.2. + (cnoxeHue), - (BbluuTaHue), * (yMHOXeHue) , / (AeneHue)

Oneparopsl +, -, * U /, COOTBETCTBCHHO, BO3BPALIAIOT PE3YALTAT BHIMOJHCHHA apH(me-
THYECKHX JICHCTBHI Haj ABYMA onepaniamu. Bosspauaemslii pesynstar OyaeT 3aBUceTh
OT THNA JAHHLIX ONEpaHaos, HanpuMmep, 9 / 4 posspatur 2, 1. K. onepansl 9 u 4 umeror
THIN int. Takke cneayeT CleAHThb 3a TeM, YTOObI pPe3yNbTaT He BbIlLEl 3a AHarna3zoH 10-
MYCTHMBIX 3HAUEHHIH 18 HMCMONB3IVeMOro THNa jaHHeiX. Tak, Hanpumep, cloxkenue |
C repeMeHHol THNa int W 3Havennem 32 767 sossparut 32 768. Ecin onepanasi ume-
IOT pa3Hble THIBL, TO THI ¢ Dostee "lWwnpokuM” auanazonom OyaeT HCroabL3oBan Ui Bbl-
uucieHnii. Ecan oaMn W3 onepanios WMeer THII float WAM double, TO apHpMeTHKa
"¢ naasaouei sangaroi” OyaeT HCnoab30BaHa [UIA BLIYHCICHHI.

5.3.3.3. % (modulo)

BosppawaeT octatok o1 AeeHus 0AHoro uenoro (int) onepadaa Ha apvroi. | lpumepst:

X=9% 5 // x veer 3Ha4eHue 4
x=5%5; // » meeer aHauesHue [

Henbzs NPHUMEHHTL K THNY float,

5.3.4. OnepaTopbl CpaBHEHUA
Onepatopbl CpaBHEHHA:

% == y (X paBHO Y):

% != y (X HE paBHO Y).

% < y (X MEHbLUE YeM Y),

% > y (X Donblue yem y);

® <= y (X MEHbLIE YeM WIH PaBHO Y);

QA QoA

% = y (X 00NBLIIC YeM HIIM PABHO ).

5.3.5. Jlornyeckue oneparopbl

Jloruveckue ONepaTopb! Halle BCEro HCNoOJb3YIOTCA B MMPOBEPKE VCIIOBHA onepaTopa L.

5.3.5.1. && (norn4yeckoe W)

Hctuna, ecnin oba onepanja uctuua (true). [pumep:

if (digitalRead(2) == HIGH && digitalRead(3) == HIGH)
Serlal.println("ok"}:;

5.3.5.2. || (nornyeckoe UJTN)

McTuna, ecnun Xots Obl OJIHH OMEpaHa HCTHHA. I‘Ipu MCp.

if (digitalRead(2) == || digitalRead(3) == HIGH)
Serial.println{"ok"};
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5.3.5.3. ! (nornyeckoe oTpuyaHue)

HMcruna, ecnn onepana false, u Haobopor. [pumep:

if (!{digitalRead(2)== HIGH)}
Serial.println("ock");

5.3.6. YHapHble onepaTtopsl

5.3.6.1. ++ (yBenuyeHue 3Ha4YeHUA) / -~ (YMEeHbLWEHNE 3HAYEHHUA)

YHapuble (MMelOLHe 0HH onepaH) oneparopbl ++, — yBEIHUHBAIOT, YMEHbIIAIOT 3HA-
YeHHE NepeMeHHOH COOTBETCTBeHHO (JIMCTHHT 5.12),

| Nuctunrr 5.12 ‘

¥t++; [/ VBeIMUMBAET IHAUSHME X Ha eIOVHMUY M BOZERSlaeT CTapOg IHaYeHHe X
++x; [/ ymenuuupaer aHAUGHME X Ha eyl 4 B03EBpallaeT HOBOe 3IHAYeHHe X
K==  f/ YueHblIZET 3HAYEeHHMEe X Ha eOMHMUY M BO3BpallaeT CTapoe 3Ha4YeHMe X

-=X 3 I/ YueHbIIAST IHAWEHHME X Ha eOMHMUY M BOo3IBRpallaeT HOBOE 3HAUESHHE X

5.3.6.2. +=,.-=,%=, /=

KopoTkuit crnocod 3anucH apHpMETHUECKHX JCHCTBHI HAA NEPEMEHHOH H OJHHM one-
pasaoMm (aucTrHr 5.13).

|numnr5.13

® += y: [/ SkBuBaneHT 2anUcH X = X + V3
X == ¥ // SKBMBANEHT 3aNMMCH X = X = y;
x *= y; // skeupanenT zanmucu X = x * y;
X /= y; // 3xkBMBaneHT 3anMcH X = X / y;

5.4. [1aHHbIE

5.4.1. Tunbl AaHHLIX

Komnmastop Arduino onpeaensier caeayionme THIbl JaHHbIX:

O boolean; 0 unsigned long;

. char, 0 float,

0 byte, 0 double:

O int: 0 string;

O unsigned int: O maccus (array),
long; O void.

PEICCMOTPHM THNEI JAHHBIX donee I'ID.EI,[]CIﬁ'HCI.
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5.4.1.1. boolean

Jlornueckuii (OysieBblif) THIN JAHHBIX — boolean. MOKET NPHHAMATE OJIHO W3 JIBYX 3HAa-
UEHMI: true MM £alse. JIaHHBIE TUNA boolean 3AHUMAIOT B NAMATH OJMH DaiiT.

5.4.1.2. char

Ilepemennas THna char 3aHumaet | GaiiT naMaTH ¥ MOXKET XpPaHHThL OIMH andaBuTHO-
undporoii cumeon (aurepy). Ilpy 0OBABIEHUH TUTEPEI HCTIONBL3YIOTCA OJMHOYHBIE Ka-
BHIUKH: 'A' (ABOMHBIC KaBBLIUKH HCTIONBL3YIOTCH NpH OOBABICHHH CTPOKH CHMBOIOB —
THN string: "ABC"].

CHMBOJI XpaHHUTCH B NaMATH KaK YMCJIO. COOTBETCTBYIOLEE KOAY CHMBOIA B TabnMue
koaupoeku cumeonioe ASCIL. Tak kKak CHMBOJI XPaHHUTCA KAk YMCAO. B MaMATH HAJ HHM
BO3MOKHO NPOU3BONTEL apumeTnueckue aeicteus (Hanpumep, ‘A" + | Gyaer 66, T. k.
ASCII koa ans 'A’ — 65).

Tun char 3nakoBulid THIL, T, €. YKCI0 (KOJ), XPAHALUMACH B NAMATH, MOKET IIPHHUMATL
suavenns ot —128 a0 127. Ecnin veobxoauma 3naxkoBas oaHobaiTOBasi nepeMeHHas, Mc-

Ilﬂﬂlﬁ}’ﬁTE THII byte.

IMpumep:

char myChar = 'A';

char myChar = 65; // BapuaHTh SKBEUBANEHTHL
5.4.1.3. byte

xpaHHT 8-6uToroe uKcnoOBOE 3HAueHHe De3 necaTHyHol TodukH. MMeer auanazon ot 0
no 255. lpumep:
byte someVariable=150; // ofwarneHue nepeMeHHoi someVariable,

/] weerueft Tun byte

5.4.1.4. int

Tun JAHHBIX 1int ({}T dHIJl. infegar — HEJI0C HI1C.‘lﬂ} — OJIHH H3 Haubosnee YacTo HENoJib-
AVCMBIX THIOB JAHHBIX U XPAHCHHA “HMCC]. int saHumaect 2 Oaiita naMATH B MOXKET
XpaHuTh unena ot —32 768 no 32 767.

JUis pasMeleHHs OTPHLATE/ILHBIX 3HAYCHUI int HMCIONBL3YET TAK HA3BIBACMBIH donoi-
Humeabnuiil Koa npeactapienus uucna., Crapwmii OMT VKasbiBaer Ha oTpUUATEbHbIA
IHAK YHCAA, OCTAIbHBIE OUTBI HHBEPTHPYIOTCA ¢ aobasiennem |,

J'*.rduimwcmmmmmp Cam 'SHG(}THTEH 0 pil’!MEluEIIHH B INNaMATH H llpEﬂtTaBﬂEHllH (}T]:IH-
HATC/IBHBIX YHHCEI, "D?TDM}" ﬂpHdJMBTH‘lEEEHE ﬂEﬁCTBHH Hal UEebiIMH YHCITAMH HPDH']BO-
IATCA Kak 00BIMHO.

Korpna NnepeMeHHas THNa int BCACACTBHE Hpil[pMETHtiEcRDﬁ ornepalHl A0CTHraceT ceocro
MAKCHMAJIBHOIO 3HAYeHUA, OHA "NepeckakupaeT” HAa camMoe MHHHUMAJbHOE 3HAYMEHHE W
Haobopot (aucTHHr 5.14),
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Nuctunr 5.14

int x:

X = =32,768;

Xx=x-1; /f ®x Tenepk pasMo 32,767
x = 32,167;

x=x + 1; /f x menepe pasxo -32,768

5.4.1.5. unsigned int

Tun gaHHBIX unsigned int — OE33HAKOBOE LIEJIOE YHMC/I0. TAK € Kak U THN int (3HaKo-
BOE), 3aHHUMaceT B naMaATH 2 Daitta. Ho B OT/IHUME OT int. THMN unsigned int MOMKET Xpa-
HHTE TOJIEKO NONOXKHUTENRHBIE LIENBIE YHCIA B JuanazoHe ot 0 oo 65 535.

Oranume Kpoercs B TOM, KaK unsigned int HCMNOJAL3YET cTapiumii OMT, HHOrA Ha3bIBae-
MbIH 2naxoesiv Oumonm. Ecan crapumii Out pasen 1, To anA THNA int KOMITWJIATOP
Arduino cumraer, 4To HT0 YKMCI0 OTpUUATENbLHOE, a ocTanbhbie 15 Ouros necyt undop-
MALHIO O MOJY/IC LEIOr0 YHCIA B JONOJHHTEIBHOM KOAC NPEACTABICHHA YHCIa, B TO
BpeMA Kak unsigned int MEnojbyet Bee 16 OHTOB 1A XpaHeHHs MOILYJIA YHCA.

Koraa nepemeHHas THMNA unsigned int BCAEACTBHE apHM(METHUECKOM OnepaurH A0CTH-
raer CBOEro MakKCHMA/ILHOIO 3HAYE€HHA, OHA "NepecKakHBaeT" HA caM0€ MHHHMMAJIbHOE
HaueHHe W HaodopoT (aucTuur 5.15).

Nuctunr 5.15

unsigned int Xx;

Xx = 0;

X =x =1; // ¥ Teneps paBHa 65535
X=x+ 1; // % Tenepes 0

5.4.1.6. long

Tvn aannbIxX long HCNOAB3VETCH JUIA XPAHEHHA LEIBLIX YHCE/T B PACLIHPEHHOM JHanalone
ot -2 147 483 648 10 2 147 483 647. 1ong 3auumaert 4 Gaiita B namatu. [pumep:

long varl = =178000;

5.4.1.7. unsigned long

Unsigned long MCNOJB3VETCA U1 XPAHEHHUA NMOJOKHTC/ILHBIX LIE/ILIX YHCEN B JIHANAZOHE
o1 0 10 4 294 967 295 w 3anmmaer 32 Gura (4 Gaiira) B namsiti. [lpumep BuiBosa B MuI-
JIHCCKYHAAX (MC] C HAYANA BBINMOJHCHHA NporpaMMel MPpHBE/ICH B JIHCTHHIC 5.16.

Nwuctunr 5.16

void leoop()
{
Serial.print{"Time: ");
time = millis():
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//BhBOOMT Bpemda, Npouemuee C MOMEHTa HaYala BHIONHEHMA NPOTPaMMb
Serial.printin(time)};

functionl():

I

5.4.1.8. float

Tun gaHHBIX float CAYIKHT U1 XPAHEHHs MHCE ¢ MUIABAIOLLIEH 3anaToi. ITOT THI 4acTo
HCMONB3YETCA /1714 ONepalHii ¢ AaHHBIMH, CUYHTLIBAEMBIMH C aHATIONOBBLIX BXO/10B. JlHana-
30H 3Ha4YeHHnit — oT —3,4028235E+38 no 3,4028235E+38. [lepemennas Tuna flcat 3a-
Humaet 32 Gura (4 Oaiira) B namsaTH.

Tun fleat umeer TOYHOCTL 67 3HAKOB, HMEIOTCH B BHJLY BCE 3HAKH, 4 HE TOJILKO MaH-
THcca. OOBIMHO AN YBEIHYEHHA TOYHOCTH HCMOJb3YIOT APYToi THIT — double, HO Ha
mnatopme Arduino deuble H float HMEIOT OJIHHAKOBYIO TOYHOCTB.

5.4.1.9. double

Tun aaHHBIX double, B OTJHYHE OT OOJILIIHHCTBA A3LIKOB NnporpaMMHpOBaHHA, HMECT TY
7K€ TOYHOCTB. MTO H THI £1loat H 3aHHMaeT Takxe 4 GaiiTa naMaTh.

Tun double noanep:kusaerca B Arduino U1a COBMECTHMOCTH KoAa ¢ ApYrumu riardop-
MamH,

5.4.1.10. string — TeKCTOBble CTPOKH

Tekcroebie cTpokn B Arduino oOBLABAAIOTCA KaK MACCHB (array) THNA char (CHMBOJIOB,
JTUTEP), OKAHYHBAIOWIMICA CHMBOJIOM "KOHUA cTpokH". BoaMOXHBI cneayviouye papHaH-
Thl OOBABJICHHUA TEKCTOBLIX CTPOK;

0 o0BABUTL MACCHB CHMBOJIOB O3 NMpHCBAHBAHHA THAYEHHH,

O o0BABUTL MACCHB CUMBOJIOB H IMPHCBOHTL IHAYEHHA BCEM IEMEHTAM, KPOME nociea-
Hero, komnuaaTop Arduino aBToMaTHYECKH A00aBHT CHMBOJI KOHLA CTPOKH:

O aBHO 00BLABHUTDL 3aBEPLUAIOLLINIT CUMBOJT;

0 HHHIHATHIHPOBATL MACCHB CTpﬂKﬂBﬂﬁ KOHCTAHTOMH B ABOHHLIX KaBbiukax. Komnuas-
TOP ABTOMATHYCCKH 3aj1acT Tpﬂﬁ}"ﬂh’lhlﬁ pasMcp Ha MAcCHB, paBsH bIH KOJIMYCCTBY CHM-
BOJIOB TUNIOC 'JEIHEPUJEHUH.IHH CHMBO/T,

O HHHUHAJIHIHPOBATH MACCHB C ABHLIM 33JIlaHHEM pasMepa U NpHCBOCHHEM CT]J{‘I'HDHUﬁ
KOHCTAHTBI

0 HHHUHAIHIHPOBATE MACCHB € ABHBIM 3JAHHCM JIONOJHHTC/IBHOTIO pasMepa (¢ 3ana-

COM), d)ilHTH'-IECI{H NPEBLILIAIOLIETO pa3MEp C'T'PUHDBUﬁ KOHCTAHTHI MPH HAYTBHOM
NPHCBOCHHH.

B amctunre 5.17 npusesens BapuanTel O0bABICHHA W NPUCBOCHUA CTPOK.

Nuctuur 5.17

char Strl[15];
char Stexr2(8] = {‘a', "', 'd","u','4i"."n*.'a"};

char Str3[8) {*a’, 2", 'a’',"v', ', "n" 0", "\O"}]2
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char Str4[ ] = "arduino";
char Str5[8) = "arduine";
char Str6[l5] = "arduino";

OObIMHO CTPOKH OKaH4YHMBAIOTCA HyJeBbiM cHMBojoM (Koa 0 B ASCII). Dro nosponser
(hyHKUMAM (TAaKUM KakK Serial.print()) BbIABIAATD OKOHHaHHME CTPOKH. B mpoTHBHOM
CJIyHae MOTYT CHHTATLCA DalThl NAMATH, HE NPHHAUIEKALLHE NTEPEMEHHOM,

Maccue CHMBOJIOB, BBIAEIAEMBIH Moa CTPOKY, AJOJGKEH HMETH OJHH AOTNOJHHTE/IbHBIH
EMEHT JUIA CHMBOJA KOHUA cTpoku. Ecan oObasuth cTpoky 0ez cHMBONa OKOHYAHMA
CTPOKH, TO 3TO MPHBEAET K HEKOPPEKTHOM paboTe PYHKUMIA, ONEePHPYIOLNX CTPOKAMH.

Ctpoku Bcera o0ObABNAIOTCA BHYTPH ABOHHBIX KaBblYeK ("Abc").

[Ipu padore ¢ Sonbmmu obbeMaMH TEKCTOBOH HHpOPMALIMH ObiBaeT YA00HO HCMONL30-
BaTh MACCHBBI CTPOK. Tak Kak CTPOKH caMH 1o cede MacCHBbI, MACCHB CTPOK OyaeT aBy-
MEPHBIM MAacCHBOM.

B npumepe. npueeaeHHOM B THCTHHIE 5.18, CHMBO 3BE€310MKH Nocie 0ObABICHHA THIA
"char*" YKasblBa€T HA TO, YTO 3TO MAcCHB ykasatenei. DTo HeoOXoAMMO AnA 3aMaHHs
JIBYMEPHOI'0 MaccHBa.,

Nuctunr 5.18

char* myStrings|[)=("string 1", "“string 2%, "string 3","string 4",
"string 5","string 6"};
void setup()
(Serial.begin(9600); )

void loop()

|

for {int i = 0; 1 < 6; i++){
Serial.println(myStrings(i]);
delay(500);

}
}

5.4.1.11. Maccusbl

MaccuBbl (arrays) — HMEHOBAHHBII HAOOP OJAHOTHMHBLIX MEPEMEHHBIX € JOCTYNOM
K OTAEIbHBIM WIEMEHTaM 110 X HHAeKeY. CylecTByer HECKOILKO BAPHAHTOB 00bsBIe-
HHS MACCHBA;

O maccue Moker ObiTh 00baABIEn Oes IIEI‘III}C]JEJ]L‘TBEHEIGE HHHUHATHIAUHH WIEMEHTOR
MaCCHBA:

int myInts[6];

O smaccue MoxeT ObiTh 00bABNEH Oe3 ABHOro 3aaaHus pasmepa. Komnuwasrop cam no-
cunTaer (paKTHHECKOe KOJIMHMECTBO IEMEHTOB W CO3/1AaCT B MAMATH MAaccHB HeoOXo-
JAUMOTo pasmepa:

int myPins([] - {2, 4, 8, 3, 6);
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0 I'IPH O0BABJICHHM MACCHRBA I)H.']Ml':p MOKET OBITh 34/1AH ABHO, ﬂﬂHDHpEMEHHD ¢ HHH-
HanM3auMed 3M1eMeHTOB MACCHRA, MnpH cO31aHHH MAacCHBA THMNA char HEDﬁKﬂﬂHM
aomnon HHUTEILHBIN 271IEMEHT MACCHBA AJIA HYJICBOIO CHMBOJIAL
int mySensVals(é] = {2, 4, -B, 3, 2};
char message([6] = "hellc";

Munekcaums maccusa HaumHaercsa ¢ (. TlpucBamBaHMe 3HAYEHHA IEMEHTY MaccHBa
NPOMCXOINUT ClIeLYIOIHM 00pazom:

mySensVals (0] = 10;

MonydeHMe sHaAYeHMA MACCHBA:

X = mySensVals[4];

Yawe seero s [Iﬂpﬁﬁﬁpﬂ JIEMEHTOB HHKJIA HCIIONL3IVETCH UMK for, CHCTUYHK LIHKIA
MCMOMb3YETCA KaK MHAEKC A4 A0CTYNAa K KaxJAoMy 37eMeHTY MaccuBa. Hanpumep, ans
BbBIBOJa MaCCHBa HCpC3 HDCJ]E.'IDBHTE.’IBHBIFI nopt (Eﬂriﬁl) MOGKHO HCMIOMWIB3OBATE CJIC-
JVIOIMA Ko
int i;
for (1 =0; 1 <5; 1i=1+ 1)

{ Serial.println(myPins(i]): }

5.4.1.12. void

Knrouepoe clnoBo void HCNONb3veTca npH o0bABIEHHH PYHKUHI, ecliH QYHKUHA He BO3-
BPALLLAET HUKAKOI'O 3HAYCHUA NPH €e BbI3OBE.

5.4.2. KOHCTaHThI

Koncrantel — npegonpenenetnsie 3HaueHns. OHM HCoNb3yioTes, utobsl Aenars npo-
rpammbl Gonee aerkumu s urenns, O0basnenne Konetant (a Taoke 0a3oBLIX MaKpo-
coB M Gynkumit) moxHo nocmortpers B aiine \hardware\arduino\cores\arduino\
wiring.h. PaccMOTpHM HEKOTOpPBIE KOHCTAHTBI.

true/false — 3T0 OyAE€BbI KOHCTAHTBI, ONPEACIAIOUHE IOTHHECKHE YPOBHH. false Jier-
Ko onpeaenserca Kak 0 (Honw), a true, Kak 1, HO MOKET ObITH H HEM-TO JAPYTHM, OT/IHY-
HbIM OT Hyss. [Toaromy 1, 2 1 200 — 5710 BCe TOXKE onpeaensercs Kak true,

fidefine true (0xl
fdefine false 0Ox0
HIGH/LOW — }'pI‘JHHH CHIrHaAnoBp I'ICIpTﬂ HIGH B LOWK.

fdefine HIGH 0Oxl
fdefine LOW Ox0O

INFUT/OUTPUT = HACTPOHKa UH(POBBIX NMOPTOB HA BBOA (INPUT) M BBIBOA (CUTFUT) CHMr-
HAJIOB:

Hdefine INPUT Ox0
fdefine OUTPUT Oxl
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[lupposbie NOPTEI MOIYT MCNOABL3OBATLECA HA BBOJA WM BbIBOJA curHanos. M3menenue
nopTa ¢ BBO/Ia HA BLIBO/ NPOU3BOJANUTCH NPH NMOMOLIH (PYHKUHH pinMode () !

pinMode (13, OUTPUT): // 13 BuBOn CyneT BEXONOM
pinMode (12, INPUT); // 12 - exomom

B nporpamme M0HO co3aaBaTh COOCTBEHHbIE KOHCTAHTEI:

ffidefine LEFT 0x95
fdefine MESS_LEFT "noropoT Bnepo"

5.4.3. [lepemeHHbIe

[lepemennbie — 3T0 €nOcod HMEHOBATH H XPAHWUTH YHCIIOBLIC 3HAUCHUA 1A NOCACAYIO-
LIEr0 MCTNOoNb3oBaHuA nporpammoii. [lepemMenHble — 3TO 3HAYEHHMA, KOTOpPbIE MOTYT MO-
C/IEI0BATEILHO MEHATHLCA, B OTJIHYHE OT KOHCTAHT, Ybe 3HAUCHHE HHKOT/a HE MEHAETCA.
[lepemennbie nyxuo aexknapuposats (00bsapaTs). Cheaylowmii koa obbasnser nepe-
MEHHYIO inputVariable, a 3aTEM NPHCBAMBACT €l 3HAYEHHE, NMOJYHEHHOE OT 2-r0 aHalo-
roBoro nopra:

int inputVariable=0;

inputVariable=analecgRead (2);

ﬂepeueuume MOIyT ObITE Ha3BaHBLI JIOOLIMH HMEHAMM, KOTOPBIC HE ABIAIOTCH KJIIOYC-
BBIMH CJOBAMH A3bLIKA NPOrpaMMHPOBAHHA Arduino.

5.4.3.1. O6bABnNeHMe nepeMeHHbIX

Bee nepemennbie 100AHBI ObITE 3a/ICKIAPHPOBAHBI 10 TOrO, KAK OHH MOTYT HCMOAL30-
parbes. OObABACHHE NEPEMEHHON O3HAYACT ONPEACICHHE THINA €¢ 3HAYCHHA: int, long,
float M T. /I, 3a/IaHHC YHUKATLHONO MMEHH MEPEMEHHON, M JIONOJHUTENBHO el MOKHO
NMPHCBOMTL HauanbHoe 3HaveHue. Bee 910 cneayer aenarth TONBKO OMH pa3 B Nporpam-
M€, HO 3HAYEHHE MOKET MEHATLCA B 1I000€ BPeMsA NMPH HCIOAb30BaHHH apH(METHUECKHX
WM JIPYTHX Pa3HBIX ONepaumii,

Creayiowui npuMep nokasbiBaeT, vTo 00bABIEHHAA NEPEMEHHAA inputVariable HMEET
THIT int, H €€ HAYAJILHOE 3HAYEHHE PABHO HY.IO. ITO HA3BIBASTCH MpoOCTLIM NMPpHCBaAHBA-
HHEM.

int inputVariable = 0;

[Tepemennas MokeT ObITh OOBABICHA B PA3HBIX MECTAX NMPOrPaMMbl, U TO, [JI€ TO ¢e-
JIAHO, ONPEACACT, KAKHE HacTH NporpaMmbl MOIyYT HCIIOJIL30BATH TNMEPEMEHHYIO.

5.4.3.2. NpaHuUbl NnepeMeHHbIX

[lepemennbie MoryT ObiTh 00BABIEHDI B HAYaIe NMPOrPaMMbl fepea void setup(), /10-
KaIbHO BHYTPH (pyHKkumiit v unorjaa B Gsioke BbIpaKenuil, TakoMm Kak umkn for. To, rae
o0bABIeHa NepeMenHas, onpeaeiseT ee rpaHuisl (001acTh BUAMMOCTH), T. €. BO3IMOK-
HOCTH HEKOTOPBIX HACTEH NMPOrPaAMMBI €€ HCNOJILIOBAT,
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[nodanbHble NepeMeHHBIC TAKOBBI, 4TO X MOTYT BHCTH M UCINOAL30BATH MOObIe QyHK-
WK M BBIPAKEHHA NporpaMMbl. Takue nepeMeHHbIE JCKIapHPYIOTCA B HA4ale nporpam-
Mbl nepea pyHKuHeit setup (),

JIOKanLHBIC NEPeMEHHBIC ONPEACSIOTCS BHYTPH (DYHKUMI MAM TAKMX YacTei, KAK LMK
for. OHH BUAHMBI M MOTYT MCIONBL30BATLCA TOJILKO BHYTPH PYHKUHH, B KOTOPOii 00bAB-
Jensl. Takum 00pazoM, MOIYT CYUIECTBOBATL HECKOJBLKO MMEPeMEeHHBIX ¢ OJHHAKOBLIMH
MMEHAMM B PasHBIX 4acTAX OJHOI NMporpamMMmbl, KOTOPLIE COAEP/KAT pa3Hbie 3HAYCHHA.
YBepenHocTs, 4TO TOJALKO OAHa (PYHKUMS MMEeT J0CTYN K ee nepemMeHHoil, yrpouaer
MPOrpaMMy M YMEHBIIAET NOTEHUHAIBHYH OMACHOCTL BO3HHKHOBEHHS OLLHBOK.

5.4.4. Npeobpa3zoBaHue TUNOB AaHHbIX
5.4.4.1. char()

char () NPHBOAMT 3HAYEHHE K THUITY char,
CHHTaKcHe:
char (x);

rje x — lnepemeHHas modoro THna.

5.4.4.2. byte()

byte () NPHBOAMT 3HAUCHHE K TUITY byte,
CuHTakcuc:

byte (x);

rjac = — lNcpcMCcHHaA moboro Tuna.

5.4.4.3. int()

int() MPHBOIMT 3HAYEHHE K THITY int.

Cunrakcuc:
inti(x):

rAe x — rnepemMeHHas modoro Tuna.

5.4.4.4. long()

long () NPHBOAWUT 3HAYCHHE K THIY long.

CHnrakcHc:
long (%) ;

riac x — rnepcMcHHan moboro Tuna.
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5.4.4.5. float()

float () NPHBOMAMT 3HAYEHHE K THNY float.

CuHTaKCHC:
long ()

rae x — lnepeMeHHasn moboro THna.

5.5. ®DyHKUUM

5.5.1. UndbpoBon BBOA/BLIBOA

Pacemorpum dynkumn undpoporo BBoj1a/BuiBojaa:
O pinMode():
O digitalWrite();

00 digitalRead().

5.5.1.1. ®yukuusa pinMode

Ycranasnupaer PEAHM pﬂﬁﬂTH 3aJJaHHOTO BKGJ]_EIJ"‘BE:IKDIIE {pll‘l) Kdk BXOJa WIH KaK Bbl-
NOJia.,

CHHTaKCHC:

pinMode (pin, mode);

[Tapamerpsi:

O pin— HOMEP BXOAA/BBIX0/A (PIin), KOTOPLIA Bbl XOTHTE YCTAHOBHTD,

O mode — PEAHM. Onxo u3 ABYX JHAYEHHH: INPUT WIM CUTPUT YCTAHABIHBACT Ha BXOJ
HJIH BLIXO/1 COOTBCTCTBCHHO.

I 1pumep:
int ledPin = 13; // Creroguon, noakmodeHdelt k Bxony/suxony 13
vold setup()

{

pinMode (ledPin, OUTPBUT); /{ ycranHarnueaerT pexum paboTH - BHXOA
t

5.5.1.2. ®yukumsn digitalWrite()

[lopaer HicH waM LOW 3HaueHHe Ha urdpoBoii BXo/BbIX0 (pin).

Ecnu Bxoa/Bbixo/1 (pin) OblT YCTAHOBIIEH B PEKHM BbIXOA (OUTPUT) (PYHKUHEH pinMode (),
TO JUIA 3HAYCHUA HIGH HANPSKCHHE Ha COOTBETCTBYIOLIEM BXO/e/BbIx0AE (pin) Oyaer 5 B
(3.3 B ansa nnar 3.3 B)u 0 B (3emna) ana vow.

Ecan pxoa/Beixon (pin) Obin veranopsien B peskum  Bxoa (Ineor), 10 (pyHKUMS
digitalWrite CO 3HAMEHHEM HIGH OV/JET aKTHBUPOBATL BHYTPEHHHI HArPY30MHBIH peiu-



[naea 5. [pozpammuposanue 8 Arduino 65

crop 20 K. llogava Low B CBOIO O4epeb OTKIIOHAET ToT pe3uctop. Harpy3zounoro pesn-
CTOpa J0CTATOYHO, YTOOBI CBETOAMO/, MOAKIIOUEHHBIH K BXOAY, cBETHA Tyckino. Ecau
BAPYI CBeToauoa paboTaer, HO O4HeHb TYCK/IO, BO3MOKHO HeOOXOAMMO YCTAHOBHTH
peKuM Bbixo (0UTPUT) pyHKUMEH pinMode ().

Cunrakcue:

digitalWrite(pin, wvalue);
[Mapamerpsi:

0 pin— nomep Bxoaa/seixoa (pin);
O value — 3HaueHHE HIGH HIH LOW,

[Ipumep npeacrasieH B AMCTHHTE 5.19.

Nuctuwr 5.19

int ledPin = 13; [/ Ceeromvon, NOAKAMMEHHEN K BXORY/Buxomy 13
void setup()

{

pinMcde (ledPin, OUTEUT); // ycTaHapmMBaeT pesMM paCoTh = BLXOK

}
void loop()

{

digitalWrite(ledPin, HIGH); // BrmouaeT CBReTOAMON

delay (1000} ; // ®mneT cexkyHmy
digitalWrite{ledPin, LOW); // BuxnouaerT CReTOMMOR
delay(1000); !/ mner cewyHmy

I

5.5.1.3. ®yHkuusa digitalRead|)

DYHKUMA CUMTHIBACT 3HAYCHHE C 3a/IaHHOIO BXOJ1A: HIGH WM LOW.
CHHTaKCHC:

digitalRead(pin);

[Mapamerp: pin— HoMep BXOAA/BBIXO/A (PIN), KOTOPBLIA BBl XOTHTE CUMTATD,
[pumep npeacrasineH B aucTrare 5.20.

Nuctunr 5.20

int ledPin = 13; // Ceerommon, nNORKNOMEeHHLBl K Bxoay/seixomy 13
int inPin = 7; // wkHonka Ha Bxone 7

int val = 0; // nepemexHan nna XpaHeHWs SHaYeHUA

void setup()
{
pinMode (ledPin, OUTPUT); // ycranaBnaupaeT pes paloThl - BuXod mns 13
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pinMede (inPin, INPUT); // ycranasnupaer pexos pafoTta — BxXon zna 7
}
veid lcop()
{
val = digitalRead(inPin)}; // cuuTHBaeMm 3HaueHue C BXOOa

digitalWrite({ledPin, wval); // ycradapnueaeM 3HadeHUe Ha cBeTOIMONe

Iy pabHbkM 3IHaYeHMid BXONA KHOIKM

3AMEYAHHE

Ecnu Bxoa He noaknioMeH, TO digitalRead MOXET BO3IBpPALWATE 3HAYEHMA HIGCH wnu LOW
cny4yaiusiM obpasom. AxanoroBeie BxoAsl (analog pins) MoryT ObiTe MCNONLIOBaMBI Kak
uucpossie exoasl/seixoabl (digital pins). ObpaweHnune Kk HUIM MaeT no Homepam ot 14 (ana
aHanorosoro sxoaa 0) go 19 (ans aHanorosoro exoaa 5).

5.5.2. AHanoroesi BBoA/BbIBOA

PaccmoTpum yHKLIMH aHAIOrOBOr0 BBO/IA/BBIBO/IA:
) analogRead();
O analogReference():

() analogiirite().

5.5.2.1. ®yHkumuna analogRead()

(DYHKLUMA CUMTHIBAET 3HAYEHHE C YKA3aHHOrO aHANoroBOro Bxoja. bonslwmMHCTBO naar
Arduino umeror 6 kananos (8 kananoer y maaret Mini w Nano, 16— y Mega)
¢ 10-6urHbiM ananoro-uudpossiM npeodbpazoparenem (ALT). Hanpsikenue, noganHoe
Ha asasorobiii BXoa (00b4HO o1 0 10 5 BOAKT), Oyaer npeobpazosano B 3HaueHue or 0
10 1023 — st1o 1024 wara ¢ pazpewenmnem 0,0049 sonbt. Pazbpoc HanpsxeHus u war
MOKeT ObITh M3MeHeH DYHKUMEH analogReference (). CHHTBIBAHHE 3HAYEHUA C AHAIOTO-
BOro Bxoja sanumaer npumepro 100 mukpocekyua (0,0001 cek), T. e. MakcHmaabHas
qacToTa cuuThiBanus npudamsureasto 10 000 pas B cekynay.

CHnrakcHc:

analogRead (pin) ;

[MapameTp: pin— HOMEp MOPTA AHAOIOBOrO BXO/A, ¢ KOTOPOro OYAeT NpoH3BOAHTLCA
cunteisanue: 0..5 s doasmuersa maar, 0.7 g Mini v Nano w 0..15 s Mega.

Bosppamaemoe snavenne int (0 to 1023).

3AMEYAHHE
Ecnu awanoroBeiii BXx04 HE MNOAKNIOWEH, TO 3HAYEHWs, Bo3Bpawaemsie QyHKUMER
analogBRead (), MOTYT NPUHAMATL CNyYanHbIe 3HAYEHWA,

[pumep npeacrasien B ancrunre 5.21,
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hnllml-ll" 521

int analogPin = 3; // HOMep nopTa, K KOTOpOMY MOOKTIOYEH MNOTEeHLMOMEeTR
int val = 0; // nepeMeHHaA NNA XPaHEHMA CUMTHBASMOIO 3HaAUeHUA
void setup()

{

Serial.begin{9600); // ycrauoska cBaau no serial

}
void loop()

l

val = analogRead(analogPin}; // cumThiBaeM 3HaUYeHKe
Serial.printlnival); /7 puBomim nonyuyeHHoe SHAYeHUEe

}

5.5.2.2. ®yHkuua analogReference()

(D}*HI'CU.HH OMPEACHACT OMOPHOC HANPAKCHHE, OTHOCHTCIBHO KOTOPOro NMPOHCXOAAT aHa-

soropbie M3Mepenua. MYHKUMA analogRead() BO3BPALAET 3HAYEHHWE C paspelieHHEM
8 Guros (1024) nponopuvoHanbHO BXOAHOMY HAMpPAXKEHHIO HA aHAJONOBOM BXOJIE M B
3ABHCHMOCTH OT ONOPHOTO HANPAKEHHA.

Boasmoxkubie HEICTpﬂﬁHH :

O DEFAULT — CTAHZApPTHOE OMOpPHOE HanpaxeHue 5 B (Ha nnatdopmax ¢ HanpaKeHHEM
nutanua 5 B) uan 3.3 B (Ha nnardopmax ¢ HanpszkeHHeMm nuranus 3.3 B);

) INTERNAL— BCTPOCHHOE omnopHoe Hanpsokenwe 1.1 B Ha MHKpPOKOHTpoMIepax
ATmegal68 n ATmega328 u 2,56 B na ATmega8;

0 EXTERNAL — BHEWHHI MCTOMHHK OMOPHOIO HANPSIKEHWA, MOAKIIOYEHHbIH K BBIBOY
AREF.

CHHTaKCHC!

analogReference (type);

[Mapamerp: type — onpeaeiser Uenoib3yemMoe onopHoe Hanpsskenue (DEFAULT, INTERNAL
HJIH EXTERNAL).

Buewnee nanpsikenue pekomenayercsa noaxmodate K Bbieoay AREF uepes pesucrop
5 kOm.

Pekomenayemoit Hactpoiikol aas seioga AREF asnserca exrtzrnan. [lpu atom npo-
MCXOAUT OTKIIOUeHHEe 00OHX BHYTPEHHHX MCTOYHHMKOB, M BHEUIHEE Hanpskenue Oyiaer
ABAATHLCA onopHbiM ana ALLLL

5.5.2.3. ®yHkuuna analogWrite()

Buipaer ananorosyio sennunny (LLIMM-sonny) Ha nopr sxoaa/suixosia. OyHKUHMA MOXKET
OBbITH MONE3HA JUTA YOPABJACHHA APKOCTBIO NOAKIOYCHHONO CBETOAHOAA HIH CKOPOCTBIO
BPALUCHHA MWICKTPOIBHIATCIIA, ITocae BuizoBa analogWrite() Ha BbIXOIEC 5}’,11':"[‘ I'CHEPpH=-
POBATLCA NMOCTOAHHAA NPAMOYTO/IBHAAR BOJIHA C '.!HJIHHH(‘Iﬁ ualHHﬂﬁ HMIYJIsCa 10 Clic-
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OYIOWEro BbI30Ba analogWrite (MM BbI30BA digitalWrite WM digitalRead Ha TOM e
nopty Bxoaa/eeixosa). Hacrora LLUUM-curuana npubanzurensho 490 [

Ha Oonabmmucree naar Arduino (na 0Oasze mukpokontponaepa AlTmegal68 wam
ATmega328) UM noanepxueator noprel 3, 5, 6, 9. 10 u 11, Ha naare Arduino
Mega — noptei ¢ 2 no 13. Ha Gonee pannux pepcuax muat Arduino analogirite() pa-
Doran Tobko Ha noprax 9, 10w 11,

JIna BbI30Ba analogdirite(] HET HeOOXOJMMOCTH YCTAHAB/IMBATBL THI BXOJa/BbIXOjAa
thyHKUHE#H pinMode (), MYHKUMA analogWrite () HHKAK HE CBA3aHA C aHAIONOBBLIMH BXO-
namu 1 ¢ PyHKUHeH analogRead ().

CHHTaKCHC:
analogWrite(pin, value);
[Mapamerpoi:

0 pin— nopr BXOJa/BLIXOA, HA KOTOPLIT noaaercs LIHUM-curnan;

O value — nepuoa pabouero uukia: 3HadeHde Mexay 0 (MOMHOCTBIO BBIKJIIOMEHO) W
255 (cHrHan nojiaH NnocToAHHO).

3AMEYAHHUE

MNepuoa WKMM-curvana wa noprax exoga/eeixoga 5 u 6 Byaer Heckonsko AnuHKee. 3TO
CBA3AHO C TeMm, 4TO TalMmep ANA AaHHBLIX BbIXOAOB Takxe 3aeNCTBOBaH YHKUMAMMK
millis () mdelay(). JanHbii achbchpekt Gonee sameTeH Npu yCTaHOBKE KOPOTKMX NEPHOAOB
LWM-curnana (0-10).

anMEp 3a0aHHA HPKOCTH CBETOAHOOA TNPONOPUHHOHATBHO 3HAYMCHHIO, CHHMACMOMY
€ MOTEHUHOMETPA, NPEACTaBIEH B JIMCTHHIE 5.22,

NucTtuur 5.22

int ledPin = 9; // CpeTommon nNoaKmoueH K Boxoay 9
int analogPin = 3; // noTedHuMoMeTp NOAKMONEH K Buxomy 3
int val = 0; // nepemenHas ANA XpaHeHMA 3HAUSHMS
veid setup()
{
pinMode (ledPin, OUTPUT); // ycraHoBKa nopTa Ha BhIXON
}
veoid loop()
[
val = analogRead({analogPin); // cuuTeBaeM BHaveHMe ¢ nopra,
// NORKMOMeHHOrO K MNOTeHUMOMEeTPY
analogWrite (ledPin, val / 4); // analogRead BoappamaeT 3Ha4YeHHA ot 0
// no 1023, analeogWrite ponzHo GuTh

// B mvManazcHe or 0 go 255



lnaea 5. [lpozpammuposanue e Arduino 69

5.5.3. [lononHuTtenbHble pyHUUU BBOAA/BbIBOAA
5.5.3.1. ®yHkuua fone()

['enepupyer Ha nopry BXOAA/BLIXOJA CHIHAA — MPAMOYTOALHYIO "BOsIHY" 3a7aHHOMN
yactorbl U ¢ 50 % pabouum uuknom. nuTenbHoCcTh MOXKeT ObITh 3aJaHa NapaMeTpoM.
B MPOTHBHOM C/ly4ae CHIHa/l FEHepHPYETCA A0 TeX nop, noka He OyaeT Bbi3BaHa (PyHK-
ums noTone (). K nopry Bxoaa/seixona MokeT ObITh NOAKAIOUEH NMbE30- AN HHOM JAMHa-
MHK U1 BOCTIPOH3BEACHHA CHIHANA,

Bocnpou3BoanTLCA OTHOBPEMEHHO MOKET TONBKO OJWH curHan. Eciu curnan yke Boc-
MPOM3BOANTCA HA OJHOM MOPTY, TO BLI30OB tone () ¢ HOMEPOM JAPYroro nopra B KavecTse
napamMeTpa HH K UeMy He MPHBE/IeT, eC/iH ke tone () OY/AET BHI3BAHA C TEM K€ HOMEPOM
nopra, To Oy/IeT yecTaHoB/IeHa HOBAs YacTOTa CHIHAlIA,

Hcnons3opanne (yHKUMH tone() nomewaer wucnoaszosars [IIMM na noprax exo-
na/seixona 3 m 11 (kpome rnarst Arduino Mega).

CuHTaKCcHC:

tene (pin, fregquency);

tone (pin, frequency, duration);
[Mapamerpsi:

0 pin— HOMEDP nopTa BXOA/BLIXO/1A, HA KOTOpOM 6}',112"[‘ FMEHEPHPOBATLCH CHIHAL
0 frequency — YacTOTa CHrHANA B repiax,

0 duration — JUIHTEJILHOCTbL CHIrHaAMA B MHLTHCEKYHIAX,

5.5.3.2. ®yHkuua noTone()

OcraHaBauBaeT CHIHAI, reucpupycmmﬁ Ha 1opry thﬂlﬂfﬂhlxﬂilﬂ, BbIZTOBOM (.IJ}’HI'CIIHH
tene (). Ecin curnan He FEHEPHPOBAJICA, TO BBIZOB noTone (| HH K HEMY HE MPHBOIHT.

3AMEYAHHE

Ecnu HeobxoaumMbl CUrHansi Ha pasHbix NOprax, To cneayer cHavana OCTAHOBMTL OAMH
curHan gyHkunen noTone (), a NUWL 3aTeM Co3nasaTh HOBLIA CUrHan Ha ApPYrom nopry
yHKumMen Tone ().

CHHTaAKCHC:
noTone (pin) ;

l'lapamc"rp: pin— HOMCP nopra BXDJ'I&:‘IHbIKﬁﬂﬂ. Ha KOTOPOM NPCKPatacTes CHIrHal,

5.5.3.3. ®yHkuua shiftOut()

BuigoauT GaiiT HHdopMaLIMK HA NMOPT BXOAA/BLIXOA MOCAe0BaTeNbHO (NOOHTHO). Bhi-
BOJL MOKET OCYIIECTBAATHCA KaK C MNEPBOro (JIEBoro), Tak M ¢ MOCieAHero (npasoro)
Oura. Kaxabiit OUT nocae1osareNbHO NojaacTes Ha 3aJaHHBIH NOPT, MOCIE YEro nojaacTcs
CHIHA/I HA CHHXPOHH3HPYIOWMI MOPT BXOAA/BLIXOAA, HH(POPMHPYS © JIOCTYIHOCTH
K CUMTBIBaHHIO OHTa,
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Takoit cnocod nepesayun JaHHBIX HA3LIBACTCHA NOCACIOGAMENLIHBIM NPOMOKOIOM € ClH=
xpontzayueti. OH H4aCTO KCMONL3YETCA 1A B3aUMOICHCTBHA MHKPOKOHTPOJLIEPOR C AaT-
YHKAMM M CEHCOpaMM, @ Takike APYrUMH MuKpokonTpomnepamu. IlocnenoearensHas
nepejaya ¢ CHHXPOHM3ALMEH MO3BOJIAET YCTPONCTBAM CBA3BIBATLCA HA MAKCHMAIbHON
ckopocTH. CMOTPHTE TaKKe JOKYMEHTALMIO (HA aHIIL. A3BIKE) M0 APOTOKOAY Mocie 08a-
TenbHoro nepudepuiinoro unrepdeiica (SPL. Serial Peripheral Interface Protocol).

CHHTaKcHc:

shiftOut (dataPin, clockPin, bitOrder, value);

[Tapamerpsi:

O dataPin— HOMEp NOPTA BXOAWBBIXOA, HA KOTOPBLIH BEIBOAATCH OUTHI (int);
O clockPin — HOMEp MOPTA, MO KOTOPOMY MPOH3BOAWTCA CHHXPOHH3AUHA (int):

0 bitOrder — MUCMNOABL3YEMAA TOCACAOBATEALHOCTL BuIBOAA OuToB, MSBFIRST (Most
Significant Bit First) — caesa unu Lser1RsT (Least Significant Bit First) — cnpasa;

O wvalue — 3nauenne (Oair) ans BuiBoja (byte),

3AMEYAHHE

MopT BiBOAA (dataPin) M CUHXPOHWIUPYIOWKWIA NOPT (clockPin) AOMKHE! DBITE NpeaBapw-
TeNbLHO CKOHMUIYPUPOBAHbLI KAK NOPTEI BLIBOAA C NOMOLLLID (DYHKUMKA pinMode ().

Tekywmas peanuzaums GYHKUHH shiftout () MOKET BBIBOAMTE TOABKO oauH Oaiit (8 Ou-
TOB) MH(OPMALMM, MOITOMY HEOOXOAHMO NPOM3BECTH HECKONBKO AeHCTBHH, 4TOOBI
BLIBECTH 3HauUeHHs Ooabie 255, Tpumep BuiBOAA NPHBEIEH B JIMCTHHIE 5.23.

Nuctuur 5.23

// BuBon Oyaner MSBFIRST ¢ nepporo (nesorc} OuTa
int data = 500;

// BuBOmmM crapumii GaiT

shiftOut (dataPin, clock, MSBFIRST, (data >> B));
// BLIBOIMM MIaDUMA OMT

shiftOut (dataPin, clock, LSBFIRST, data):

// BuBOmMM cTapamMit GMT

shiftOut (dataPin, clock, LSBFIRST, (data >> B)}:

[Ipumep BbiBoaa cueruuka or 0 10 255 Ha CABMrOBBIH PErHCTP € MOCAEA0BATEILHBIM
peoaom 74HCS95 npencrasaen B amctunre 5.24,

["nucmur 5.24

// Nopr, nonkmouenusdt x ST CP 74HC595
int latchPin = B;
// Topr, nomxmouenHedt k SH CP 74HC595

int clockPin = 12;
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// Topr, nopwmouenHzit x DS T4HC595
int dataPin = 11;
void setup()

{

// ycranasnMBaeM pexvM NMOpTa BsXONa
pinMode (latchPin, COUTPUT) ;

pinMode (clockPin, CUTPUT);

pinMocde (dataPin, OUTPUT);

}
void loop()

{

for {(int 4 = 0; § < 256; j++)

|

/{ ycramasnueaem LOW Ha latchPin, noka He okoHYeHa nepenaya Gafita
digitalWrite{latchPin, LOW);

shiftOut (dataPin, clockPin, LSBFIRST, j):
// ycranaenueaen HIGH Ha latchPin, urofed npoMHPOpMMPOBATE PErMCTR, YTO
// nepenaua oxoHueHa.
digitalWrite{latchPin, HIGH):;

delay (1000} ;

}

I

5.5.3.4. ®yHkuusa pulseln()

CyMTbIBACT JUITMHY CHIHAIA Ha 3a2auHOM NopTy (HIGH wium Low). Hanpumep, ecan 3anauno
CUNThIBAHME HIGH (PYHKLMEH pulseln (), (PYHKUMA OXKHIAET, NOKA HA 3a/laHHOM NOPTY He
NMOABHUTCA HIGH. [{Ol",ﬂﬂ HIGH I'lOJ'I}“I'EI-I. BEJIIOYACTCAH TﬂﬁMEp, IEGTD]]I:Iﬁ ﬁ}-’ﬂET OCTAHOBJIEH.,
Korja Ha nopry Bxoja/seixoaa Oyaer now. OYHKUMA pulseIn() BO3BPALLACT JUIHHY CHI-
Ha1a B MUKpocekyHaax. Oyukumua sosppauaer 0, ec/iv B TEUEHHE 34aHHOIO BPEMEHH
(Taiim-ayTa) He Obi 3aPUKCHPOBAH CHIHAJ HA MOPTY.

Bo3MOKHBI HEKOTOPBIE MOTPELIHOCTH B H3MEPEHHH UITHHHBIX curHanoB. OyHKuua Mo-
JKET HIMEPATH CHIHAMLI JUTHHOM 0T |10 MHKPOCEKVH/ 10 3 MHHYT.

CHHTaKCHC:

pulseln(pin, value);
pulseln(pin, value, timeout);

[Mapamerpbi:

O pin— HOMEp NMOPTa BXOJAA/BBIXOAA, HA KOTOPOM OVIET OKHAATBCA CHIHAJL,

O value — THIN OXUAAEMOrO CHIHANA! HIGH WIH LOW,

O timeout — BpeMs OKHAAHHA CHrHaza (TaiiM-ayT) B CeKYHAAX (unsigned long).

Bosppauaempie 3nadenmns: UHHA CUIHAIa B MUKpOceKyHaax win (), eciin curnan we no-
JIYUEH 10 HCTeveHHs TaiM-ayTa (THI unsigned long).

[pumep ucnonszoBanusa hyHKUMK nNpeacTaBieH B aucTuHre 5.25.
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| NucTtHHr 5.25

int pin = 7;
unsigned long duration;
void setup()

{

pinMcde (pin, INPUT);

1
void lcop()

l

duration = pulseIn(pin, HIGH);
}

5.5.4. Pabora co BpemeHem
5.5.4.1. ®yuxkuma millis()

Bozepauaer KOMHYECTEO MHJUTMCEKYH/L ¢ MOMEHTA HAYasa BbINOJHEHHA TEKYLLEH npo-
rpamMmbl Ha nuate Arduino. 91o konmuecTBo cOpachiBaeTes Ha HOJIL BCJACIACTBHE Mepe-
NOJAHECHUA 3HAUYCHUS NPUOIMIHTENBLHO yepes SO aHeit.

[TapameTtpos Her.

Bosspamaemoe 3HaUEHHE — KOIHYECTBO MHIJIHCEKYHL ¢ MOMEHTA HAYAIA BBLINOIHEHHA
nporpaMmel (THI unsigned long).

[Tpumep uenoassopanus GyHKUMM NpejiCcTaBien B incTunre 5,26,

NucTunr 5.26

unsigned long time;
void setup()
{
Serial.begin(9600);
}
void loop()
|
Serial.print("Time: "):
time = millis();
// BHBOIMT KOMMUYECTEO MAMIMMCEKYHA C MOMEHTA HAYana BHMOMHEHWA NMPOTDaMVEH
Serial.println(time);
// xneT cCexkyHoy nepen clemyiouen uTepauMei UMKIa.
delay(1000);
}

5.5.4.2. ®yHxuuna micros()

Bozspauaer KONMYECTBO MHKPOCEKYHL € MOMEHTA HAYANA BLINOJHEHHS TEKYWE npo-
rpammbl Ha naare Arduino. 3nauenue nepenoaHsercs u coOpachiBaeTcs Ha HOAL NpUOIH-
aurenbHo vepes 70 munyt. Ha nnarax Arduino ¢ 16 MI'u (Duemilanove s Nano) ymuk-
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UMA micros() WUMeEeT paspelieHue 4 cexyH/bl (BO3BpallaeMOe 3HAYCHWE BCerja Kpar-
HO 4). Ha nnarax ¢ 8 MI'u (Arduino Lilypad) — pazpemenne ¢pyHkumun 8 cekyvha.

[TapameTpoB Her.

BD?.BpaI.I.I,EEMGE 3HAYCHHC — KOJHYMCCTBO MHKPOCCKYH/I € MOMCHTA HaYasla BBINOIHCHHA
nporpamMMsl (unsigned long).

[Tpumep uenons3oBaHKA (hYHKLMM NPEACTABIEH B THCTHHIE 5.27.

Nuctunr 5.27

unsigned long time;
void setup()

{

Serial.begin{9600);

}
veld loop()

{

Serial.print{("Time: ");

time = micros();

// BHBOIMT KONMUECTRO MUKPOCEKYHH C MOMEHTA Hadyana BENOJNHeHHUA
// nporpass

Serial.printlni{time);

// ®neT cexkyHmy nepean cASOVEUWESN MTepauren umkaa.
delay (1000} ;

}

5.5.4.3. ®yHkuuna delay()

OcTanasInMBaeT BLINOJHECHHE NMPOrPaMMbl HA 3aJlAHHOE B MAPAMETPE KOJIHYECTBO MHILIH-
cexynL (1000 mumcekyna B | cekynje).

CHHTAKCHC!

delay(ms) ;

HHPHMETP: ms = KOJIHYECTBO MHUTHCCKYH/[, Had KOTOPOC NMPHOCTAHAB/IHBACTCA BbBINOA-
HEHHE NporpaMmsl ( THN unsigned long).

ITpumep uenonpzoBanua (pYHKLMHM NpeacTaBieH B JHCTHHIe 5,28,

Nuctuur 5.28

int ledPin = 13; // cmeronmon nogxsmdedH Ha nopr 13
void setup()

{

pinMode (ledPin, OUTPUT); // ycTaHaBRmMBAeTCA PeAMM NOpPTa — BRIXON
}
void loop()

{

digitalWrite{ledPin, HIGH):; // BrmouaeMm CReTOIMON
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delay (1000} ; // ommnaem cexyHay
digitalWrite{ledPin, LOW); // BeKmOdMaeM CBeTOOMOXN
delay (1000} ; // ommpaeMm CexvHIOY

}

He pexomenayercs Mcnonb3oeaTh ATY QYHKUHIO 1718 coObITHI AnvHHee 10 munauce-
KYHJL, T. K. BO BPEMs OCTAHOBA HE MOTYT OBITh NMPOH3BEACHBI MAHHMYJIALHH C MOPTAMMH,
HE MOTYT ObITb CHMTAHblI CEHCOPbI HJIM NMPOH3BEAEHbI MaTeMaTH4YeCKHe onepaunn. B ka-
YECTBC AILTEPHATHBHOIO MOAX0/1a BOSMOKHO KOHTPOAHUPOBAHHE BPEMCHH BLINOIHCHHUA
TeX WIH MHBIX PYHKUMI ¢ noMoOUbiO millis (). [Ipu Henons3oBaHuu PYHKUMK delay ()
paboTa npepbiBaHHii HE OCTAHAB/IHBAETCH, MMPOJMIKAETCA 3anMCh [OC/IE10BATEIbHO
(serial) nepeaasaembix aannbix Ha RX-noprty, LLIMM-curnan (analcgWrite) npoaonaxkaer
reHEPHPOBATLCA HA MOPTaXx.

5.5.4.4. ®yHkuua delayMicroseconds()

OcTaHaBNHBACT BLIMNOJHEHHE MPOrPaMMbl HA 3a/1aHHOE B NApaMETPe KOIHYECTBO MHKPO-
cexyna (1 000 000 mukpocekyua B 1 cexynae).

B naumoii Bepcun Arduino MakcuMaibHas naysa, BOCNPOH3BOAHMAA KOPPEKTHO, —
16 383. Bo3mokHo, 310 OyaeT H3MEeHEHO B cneaytomux sepeusax Arduino. Jlng ocranos-
KH BbINOJIHEHHA NPOrpaMMbl, §0/1€e YeM Ha HECKOIBKO ThICAY MHKPOCEKYH/I, PEKOMEH-
AYETCA HCNONBL30BaTh PYHKUHIO delay ().

CHHTAKCHC:

delayMicroseconds (us) ;

[lapamerp: us — KOJNMYECTBO MHKPOCEKYH/, Ha KOTOPOE MPHOCTAHABJIMBAETCA BbINO/-
HeHHEe nporpaMmbl (unsigned int).

[pumep ucnoneszoBanmus GyHKUHH NpeacTaBieH B IHCTHHIE 5.29.

Nucrtunr 5.29

int outPin = 8; f// umdposoit nopr mxona/pmxona B
void setup()

{

pinMede (outPin, OUTPUT); // yoTaHarmMBaAeTCA pPEXMM NOpPTa — BHXON
}
void loop()

l

digitalWrite({outPin, HIGH); // nonaem HIGH Ha Beon
delay(50); // oxmpaem 50 mmkpocekyHn
digitalWrite{outPin, LOW); // ycrasarnueaem LOW Ha Bexone
delay(50) ; f/ omupaen 50 MMEpOCeKYHN

}
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5.5.5. Matemarnyeckue pyHKLUMU

B sa3bike MPEACTABICHBI CICVIOUIHE MATEMATHYCCKHE d)}-’HKIlHH:

O min(); O map();
O maxi): O powl();
0O absi): O sq();

O constrain(); O sqre().

5.5.5.1. ®yHkuuna min(x,yx)
Bozppauaer HauMeHbLIee W3 1BYX 3HAUEHHI.
[Mapamerpsi:

O x — nepBoe Yucno, MoboH THI:

0 vy

BU']BPHIU.HEMDE AHAYEHHE —— BOIBPALLACT MEHLLUCE M3 JIBYX CPABHHBACMBIX IHAYSHHH.

BTOPOE YME0, OGO TH,

[Ipumep ucnonw3opanua hyHKLMM;

sensVal = min(sensVal, 100);
// npceepaeM, ecnau sensVal Comswe 100, T0 senseVal Oyvoer npucsoexc 100

5.5.5.2. ®yHkuuna max(x, y)

Bosspaumaer Sonbiuee w3 asyx sHaueHui.

[lapamerpui:

0O x — nepsoe uuceno, Modoii Thn;

O y— eropoe uucao, moboit THI,

Boippamaemoe 3Hauenne — Bo3ppauiaet Donbluee U3 ABYX CPaABHHBAEMBIX 3HAYECHUIA,
[pumep uenoawzopanua GyHKUHHK:

sensVal = max(sensval, 20);

// nposeparem, ecnu sensVal seuswe 20, To senseVal Gyner npuceoexo 20

MYHKUMA max () 3a4ACTYIO HCMOABL3YETCA LTS OFPAHHUCHHS HHXKHEH rpaHdibl 3HAUeHHI
nepeMeHHoil. MYHKIUMEH min () OrpaHHUYMBAIOT BEPXHIOD rpaHMily nepemenHoit. B cuny
cneuuuKkn  peanmlaund PYHKUMH max () caeayer Hiderats MCNoib3OBAHMA JPYIHX
(hynkumii B kauecrse napamerpos. Hanpumep:

max (a=-, Q); // Mo®eT NpMBECTH K HEKOPPeKTHbM pesy/bTaTam
A==}

max(a, 0); // Tak KOppeKTHO

5.5.5.3. ®yHkuun abs()

Bosspamaer moayis umcna,

[Mapamerp: x — umncno.
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Bozepamaemsie 3HaueHHA:
O x — ecan x Sonbiue win pasen 0;
0 -x— ecnH x MeHbiue ().

B cuny cneumukn peanusanmu GYHKUMH =bs () caeayer uiderars HCNONb30BAHHUA JIpY-
rux YHKUMIT B KauecTBe napaMeTpos:

abs (a++); // MOXeT NMPMBECTM K HEKOPPEKTHEM Pes3yNbTaTaM
a++;

abs(a, 0); // Tak KOpPpPeKTHO

5.5.5.4. ®yHkuua constrain(x, a, b)

d’}"lllﬂl”ﬂ NPOBEPACT H, CCIAH HAL0, 3AJ1a€T HOBOEC IHAYCHHE TAK, y1o0BI 0HO OBLIO B 00-
JIACTH JONYCTHMEIX JHAYCHHH, 3a1aHHOH napaMcrTpamH.

[MapameTphi:

O x — nposepsemMoe 3HaveHue, Mo00i THII;

O & — HHKHAA rpaHHLa 001aCTH JOMYCTHMBIX 3HAUEHHIH, MO00H THII;
0 b — BepxHas rpaHuua obJacTH JA0NYCTUMBIX 3HAYCHHH, 11000 THI.
Bosspauaemoe 3nauenme;

O x — ecau x BXOAMT B 00/1aCTh JOMYCTHMbIX ZHAYMEHHH [a..b)!

O a-—ecau x MeHbLUE &;

O b— ecau x bonblue b,

IIpumep:

sensVal = constraini{sensVal, 10, 150);
// orpauMumpaeM 3HadeMma sensVal mManazodom or 10 mo 150

5.5.5.5. ®yukuuna map(value, fromLow, fromHigh, toLow, toHigh)

(DyHKUHA NPONOPUHOHAIBLHO NMEPEHOCHT 3HaYeHHe (value) U3 TEKYLLEro AHanasoHa 3Ha-
YeHHH (fromLow .. fromHigh) B HOBBIH AMana3oH (tolow .. toHigh), 3aJaHHBLIA napa-
METPaMH.

DYHKUMA map () HE OrPAHHYMBACT IHAYEHHE PAMKAMM JHanaloHa, Kak 3To aenaer (yHk-
LIHA constrain(). di}’HICI.lHH contsraini(} MOMXET OBITH HCNOJIBIOBAHA A0 HIH MmOoChe Bel-
30Ba map (), €CJIH HEODXOAMMO OrpPaHHHMHTL A0MYCTHMbIE 3HAYEHHA 3aJaHHbIM AHana3o-
HOM.

Obparure BuuManmne, 41o "HuAHAA rpanuua’ Moker OpITh Kak Menblue, Tak u Sobiue
"epxueil rpannub”. D10 MokeT ObITh HCMOIL30BAHO, YTOOL! "NepeBepHyTh" AHANA30H:

Y - map(}:- 1, 50, 50, 1);
BoamoxkHO HCnoOb30BaHHE OTPHUATEIbHBIX JHAMCHHN:
y = map(x, 1, 50, 50, -100);

DyHKUHA map() onepupyer ueisiMn udeaamu. Tlpu nponopusonasniom nepenoce
ApobHas YacTk He OKPYIIIAETCA MO NPABHIAM, & NPOCTO OTOpachIBACTCA.
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[Mapamerpsi:

0 value — 3HAYEHHE JUIS NEPEHOCA;

O fromLow — HHAHAA IPAHHLIA TEKYLIEro AWanasoHa,

O fromiigh — BEPXHAA IPAHKLA TEKYLLEro AHANA30Ha;

O toLow — HWKHAS rPaHULIa HOBOTO HANAa30HA, B KOTOPbIH NMEPEHOCHTCA 3HA4EHHE;
O toHigh — BEepXHAA rpaHKHLIA HOBOIO J1HANAZ0HA.

Bosspauaemoe sHaueHHe — 3HaUCHUE B HOBOM /1HalasoHe.

[Mpumep Hecnonws3opanus GYHKUMH NpeacTaraeH B aueTHHre 5.30.

_nun'mur 5.30 J

// TNepedocHM 3HayYeHMe ¢ aHanoroBoro Bxona
// (posMoxHHe 3HadenuA oT 0 mo 1023) B 8 Gur (0..255)
veid setup()
17}
void locop()
{
int val = analogRead(Q);
val = map(val, 0, 1023, 0, 255);
analogWrite(9, wval);
}

5.5.5.6. ®yHkuuna pow(base, exponent)

Buiuucnger FHAYEHHE, BOIBEIACHHOE B 340aHHYIO CTENEHD. '[D}-'HI{I.I,H!I pow () MOXKET BO3-
BOJIHTL U B ,[I_pOﬁH}’E{) CTCNCHb.

[TapameTpsi:

O base — vyucao (THN fleat);

O exponent — CTENEHb, B KOTOPYIO OVAET BO3BOAHTLCA HHCIO (THIT £1loat).

Bo3sppauaeMoe 3HaUCHHE — PE3YIbTAT BO3BEJACHHA B CTENEHb, YHCI0 (THN double).

5.5.5.7. ®yHkuua sq(x)
DYHKUMA BOIBPALLACT KBAAPAT YHCIA, 30JAHHONO NAPaAMETPOM.
[Mapamerp: x — uncno, moboi THr.

BD']BIJHI.I.IREMDE FHAYCHHE — KBa1paT "YHc.aa.

5.5.5.8. ®yHkuua sqrt(x)

DyHKUHA BLIYUCAAET KBAAPATHLIH KOPEHL YHCIA, 3aaHHOTO NMapaMeTpoM.
[Mapamerpbl: = — uncno, moboit THN.

Bosspamaemoe 3HaUCHHE — KBAJIPATHBIH KOPEHb uKeaa (THN double).
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5.5.6. TpuroHoMeTpuyeckue hpyHKUUHK

B a3bike NPEACTABACHBI CACAYHOUIHE TPHIOHOMCTPHUCCKHE rb}'HI\‘.ILHH:
O sini);
O cost);
O tani).

5.5.6.1. ®yHKuua sin(rad)

Bosspaiaer cuuye yria, 3alaHHOrO B pajiMatax B nepeaasaemom napamerpe. Pesyasrar
thynkumm Beeraa B ananaszone -1 .. 1.

[lapamerp: rad — yron B paanaHax (£loat).

Bozppawaemoe 3Ha4eHHEe: CHHYC yria (THI double).

5.5.6.2. ®yHKuua cos(rad)

HL‘HBPHIH&C‘T KOCHHYC VIJIA, 33JIaHHOIO B paj/iMaHax B Nepe/laBacMOoM napaMcrpe. PC.'!}'JII}-
TarT (1)}"!IHI.I,HH BCEr1a HAXOAHTCs B aHanaszone ~1 .. 1.

[lapamerp: rad — yrou B paanadax (T f£loat).

Bosspamaemoe 3HaueHHE: KOCHHYC yria (THN double).

5.5.6.3. ®yHkuua tan(rad)

Boappawaer TaHreHc yraa, 3aJlaHHOroO B pajMaHax B nepejaasaemom napamerpe. Pesyib-
TaT (PYHKUHH B AHATIA30HE OT MHHYC DECKOHEYHOCTH 10 NIOC OECKOHEMHOCTH.

[lapamerp: rad — yron B paguMaHax (THII £ loat).

Bosepaumaemoe 3HaUeHHE: TaAHreHe yria (Tun double).

5.5.7. NleHepaTOopbl CNy4YaMHbIX 3HAYEHUN

(I?}"HKLIHH (l]DpMHpﬂ'BHHHH C.‘I}“IEHHHK YHUCEC:
0 randomSeed (),

0 random().

5.5.7.1. ®yHkumna randomSeed(seed)

DYHKUMA randomSeed () HHHLMAIHIMPYET FeHEpaTop neepaocayyaiineix uucen. I'enepu-
pyemas nocjae0BaTeIbHOCTh CAYUANHBIX YHCE OUEHBb JUIMHHAS, H BCEr/1a O/1HA M Ta XKe.
Touka B 9T0i NOCACAOBATENLHOCTH, ¢ KOTOPOH HAUMHACTCH FEHEPALIMA YMCEI, 3ABUCHT
OT NAPaAMETPA seed.

[lapamerp: seed — napameTp. 3aJal0UHIH HAYATO BLIIAYH NCEBAOCAYHANHLIX 3HAYEHHI
Ha NoCaea0BaTeILHOCTH (THI int, long).
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5.5.7.2. ®yHkuyua randomy()

(DVHKUMA random() BO3BPALLAET MNCEBAOCTYUAHHOE YHCIO.

CHHTaKCHC:

random(max) ;

random(min, max);

[TapameTpsi:

O min— HUAKHAS FPAHULA CAYYAHHBIX 3HAYCHHH, BRIIOYHTEILHO (ONUHOHAIBLHO),
O max — BEPXHAA rPaHHLA CIVYAHHBIX 3HAYEHUH, BKIIIOYUTENILHO.
Bozppauaemoe 3Ha4eHHE: CIVHAHHOE YHCI0 MEKAY min M max — | (THN long).

Ecan npu kaxaoMm sanycke nporpaMmbl HeOOX0AMMO MOJYYATh pa3Hble MoC/iea0BaTelb-
HOCTH 3HAYECHHH, redepupyeMbix GYHKUMEH random(), TO HEOOXOAUMO MHHLIHAIH3IMPO-
BaTh I'eHEpaTop MCcepaoCayHaiiHbLIX YHCE CO cayuaiiHbIM napameTpom. Hanpumep, Moxk-
HO MCHOJIB3OBATHL 3HAYEHHE, OT/aBaeMoe (PpyHKUMeH analogRead () ¢ HENOAKIIOMEHHOTO
nopTa BXOAA/BLIXOAA. B HEKOTOPBIX CAYYasX HEOOXOAMMO MOAYHATE OJHHAKOBYIO M0-
CHCAOBATEALHOCTD PH KAZKAOM 3anycke nporpammbl Ha Arduino. Toraa nHHUHaNM3Hpo-
BaThH TEHEPATOP MCEBAOCAYUANHBIX YHCE) CICAYET BBIZOBOM (PYHKUMM randomSeed ()
¢ (PMKCHPOBAHHBIM MapaMeTpoM.

[lpumep ucnoneszoBanus hyHKUMKM npeacTaBieH B aucTudre 5.31.

NucTtuur 5.31

long randNumber;

veid setup()
{

Serial.begin(9600);
}

veid loopl)
{

J/ pumosum cnyuafiHoe YMono ®2 nuanasoda 0. .299
randNumber = random(300);
Serial.println(randNumber);
// BHBOmMM cnyyaiiHoe YMCNCO M3 mManasoHa 0..19
randNumber = random(10, 20);
Serial.println({randNumber) ;

delay (50) ;
t

5.5.8. Onepauuun c Outamm u GantTamm

DOyHKUMH — onepauuu ¢ Guramu 1 Gaitramu:

O lowByte(); O bitset();
O highByte(); O bitClear();
0 bitRead(): O bic().

0 bitWrite():
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5.5.8.1. ®yHkuuna lowByte()

Hapnekaer maaaumii (cambiii npaswiii) 6ailT nepemMeHHO (Hanpumep, THNA word).
CHHTaKCHC:

lowByte(x);

[Mapamerp: x — Besnunna moboro Tuna.

Bosepawaer Oaiir.

5.5.8.2. ®yHkuua highByte()

Hapnekaer crapuuid (KpaiHHi 1eBblil) OalT cioBa (WK BTOPOH Miaaawuni OaiT Oonblue-
ro THNa JaHHLIX).

CHHTaAKCHC:
highByte (x);
[Mapamerp: x — BenuurHa moboro THNa,

Bozspauaer Oaiir.

5.5.8.3. ®yHkuua bitRead()

Yuraer onpeaeneHHblit OHT nepeMeHHOI.
Cunrakcuce:

bitRead(x, n);

[Tapamerpsti:

O x — 4HCI0, H3 KOTOPOro HeoOXO0AMMO NMPOYHTATE,

O n— yKkaspiBaetT OMT, KOTOPbIH HEOOXOAMMO NMPOUHTATL, HaYHHas ¢ 0 ans muaawero
(npasoro) 6ura,

Bosspamaer: sHauenue 6ura (0 man 1).

5.5.8.4. ®yukuusn bitWrite()

3anuceiBaeT OUT YMCIIOBOI NepeMEHHOIA.

CHHTaKCHC:

bitWrite(x, n, b);

[Tapamerpsi:

O x — uKCcA0BaA NEPEeMEHHAsA, B KOTOPYIO HEOOX0AHMO 3anucarh;

O n— nomMep OHUTA, KOTOPBLIH HEODXOAMMO 3anucaTh, HaunHa ¢ 0 ana maaawero (1eeo-
ro) omra;

O b— 3HaueHue, Kotopoe HeoOXoaumo 3anucats B OuT (0 man ).
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5.5.8.5. ®yHKuun bitSet()

Yeranasnupaer (3anuceiBaet 1) OMT YHCIOBOH NnepeMeHHOiH,
CHHTaKCHC:

bitSet(x, n)

[lapameTpsi:

0 x — yucAoBasA NepeMeHHas. KOTOpYIO HeoOX0AMMO 3aMucaTh;

O »— HoMep OWTa. KOTOPBI HEOOXOAMMO YCTAHOBMTH. HauuHas ¢ (0 Ana Maaguwero
(nesoro) Gura.

5.5.8.6. ®yHkuyua bitClear()

CoOpacbiBaer (2anuceipaer 0) OMT YHCIOBOH NepeMeHHOIA.
CuHTaKcHC:

bitClear(x, n):

[Mapamerpoi:

O x — 4KCIoBaA NepeMeHHas, KOTOPYH HeOOXOAHMO 3aIHCcaTh;

O n— Homep OMTA, KOTOPBIA HEOOXOAMMO YCTaHOBUTHL, HayuHad ¢ 0 ana maaawero
(nesoro) Gura.

5.5.8.7. ®yHkuua bit()

Buiyucnser snavenue yvkasannoro omra (our 0 — asro 1, our 1 — sro 2, 6ur 2 — 710 4
MT. L)

Cuurakeue:

bit(n);

[lapamerp: n — Homep OHTA, KOTOPBIH HEOOXOANMO BLIMHCINTD.

Bozepawaert: 3HaueHue Oura.

5.5.9. BHewHue npepbiBaHnA

[lpepbiBanue (aurn. inferrupt) — curian, coodIAIOWHIT NPOLECCOPY O HACTYIUIEHHH
Kakoro-nubo cobbitua. TIpy 5TOM BBINOAHEHHE TEKYLIEH NMOCIEA0BATEILHOCTH KOMAaH/
NMPUOCTAHABIMBACTCA, W VIIPABICHHE nepeaercs oOpaboTuHKy npepbiBaHUA, KOTOPLI
BuiInoanseT padory 1o oGpaboTke coOOBLITHS M BO3BPALLACT YIPABJICHHE B NpepBaHHbIii

KOA. Arduino Tak ke npejocTapiser CEBOH (PYHKUMK A paboTel ¢ NPepbIBAHHAMH.
Hx Bcero ape:

O attachinterrupt():

O detachInterrupt(}.
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5.5.9.1. ®yHkuua attachinterrupt

3anaet ¢gyHkUHIO 0OpabOTKH BHELIHEro MNpepbiBaHHA. T. €. (PYHKUMIO, KoTOpas Ovaer
BBLI3BAHA 110 BHELIHEMY npepbiBadvio. Ecau ao atoro Owina 3agana apyras (pyHKUMA, TO
Haznavaercs Howas. Bolumcaser snavenme ykaszanvoro omra (our 0 — sro 1, Our 1 —
310 2, Our 2 —3ro 4 uT. 1.).

CHHTaKkcuc:
attachlInterrupt (interrupt, function, mode};
[TapameTtpnbi:
O interrupt — HOMEP IPEPLIBAHMA:
® 0 — Ha uudppoBom nopry 2;
* 1 — Ha uudpoBom nopry 3,
e 2 — Ha unpposom nopry 21 (s Arduino Mega);
e 31— Ha undpporom nopty 21 (ana Arduino Mega);
® 4 — Ha undporom nopry 21 (ana Arduino Mega);
e 5 — Ha uudpporom nopty 21 (aaa Arduino Mega):

O function (pyHKLMA, BbIZBIBACMAA NpepeiBaHUEM (A0/kHA ObiTe O3 napaMeTpos u
HE BO3BpallaTh 3HAYCHHH);

0 mode — 3a1aeT pekHM 00paboTKH npepuiBaHus, JONYCTHMO HCNOAB3OBAHHE Clie-
JYHOUIHX KOHCTAHCT!

® LOW— BbI3bIBAET NPEPLIBAHHE, KOTA HA MOPTY LOw!

® CHANGE — MpepbIBAHHE BbIZbIBACTCA NMPH CMEHE 3HAYEHHA HA MOPTY C LOW HA HIGH
u naobopoT:

e RISING— NpPepbIBAHHE BBIZLIBACTCH TOJLKO MNPH CMCHE 3HAYCHHA HA NOPTY € LOW
Ha HI1GH;,

® FALLING — NpepbIBAHHE BLIZLIBACTCH TONLKO MPH CMEHE 3HAYUCHHA HA NMOPTV € HIGH
Ha LCW.

Bﬂ"iﬁpﬂ HAEMOro IHAYCHHA HET,

Buytpu dyukunn obpaborku npepbiaiua He paboraer QyHKUMA delay (). 3HAMEHMA,
Bo3BpatacMble GYHKIMEH millis (), HE H3MeHAOTCeA. Bo3MoiKHa noTeps JlaHHBIX, nepe-
AABAEMBIX MO NOCAeAoBATEIbHOMY coeuHeHHIo (Serial data) B MOMEHT BHINOMHEHUS
yukuun obpaborku npepoisanus. [lepemenHsie, uimeHsemble B (YHKUMH, J0/KHbBI
ObITh OOBABICHBLI KAK volatile.

5.5.9.2. ®yukyun detachinterrupt

Bruikmouaer obpaboTKy BHELIHEr0 nNpepbiBaHKA.
CHHTaKCHC!

detachlnterrupt (interrupt);
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[Tapamerp: interrupt — Homep npepeiBanus (0 wam 1), a1 Arduino Mega ewe 2, 3, 4
HJIK 5.

Bo3 BpallacMoro 3Ha*4cHHA HCT.

B nuctunre 5.32 npuBeeH npuMep HMCNonb30BaHUA npepbiaHda (0 npu HacTYIUIEHHH
coObITHA cHANGE Ha nopty 2. [lpu 3TOM cBeToanoa Ha BeiBoae 13 Arduino npu kaxaom
NnpepuiBaHUK MeHseT craryc (ropur ambo racuer).

NucTtunur 5.32

int pin = 13;
volatile int state = LOW;

void setup()

|

pinMede (pin, OUTPUT);
attachlnterrupt (0, blink, CHANGE);
}

void loopl)

{

digitalWrite(pin, state);

}

// QyHxuma obpadorxy NpephBaHKA
void blink()

{

state = lIstate:

!

5.6. YnpaBneHue noptamu
yepes pernctpbl ATmega

Hcnonbiopanue BeTpoeHHbIX GyHkumii Arduino ans paboTel ¢ BbIBOAaMH OMEHb Y100HO.
Onnako 3a ya00CcTBO NpUXOAMTCHS TWIaTHTL ObicTpoeiictenem. B Soaswimuerse npo-
rpaMm 35T0 HE NPHHUMMHAIBHO, HO HHOAa 5TO HMCECT pCllalollec 3HAYCHHCE. B Trakux
cay4yasx HeoOxoaumMo ynpaeaats nopramMu Arduino Hanpsmyio byepes peructpbl ATmega.
l'Ipu ITOM MBI HC TOJIBKO VBCIITHYHBACM ﬁhICTpD}],CﬁCTBHC. HO CHIC YMCHbLIACM pasMcep
NporpamMmbl.

Pacemorpum tabamiy  coorsercTsus  suisojgos Arduino nopram  MHKpOKOHTpO/UIEpa
ATmega 168 (cMm. puc. 5.2).

Uro Mb1 BHANM:
O porTD — umdpoesie BpiBoaAb Arduino ot D0-D7;
O porTE — wn(posbie BuBOAL Arduino o D8-D13;
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Atmega168 Pin Mapping
Arduing: Arduino:
cOpoc (PCINT14/RESET) PCSL ] PCS (ADCS/SCLPCINT13) BH310TOBLIA BOIEOR 5
usdposoi Boiaog 0 (RX) (PCINT16MRXD) PDOL ] PC4 (ADCA/SDAPCINT12) BMANOTOBLIT BRIBO] 4
yndpadod suman 1 (TX) (PCINT17/TXD) PD1 ] PC3 (ADCAPCINT11) AMANGTOB LI BiBas 3
WMDPOBOH BRBOS 2 (PCINT1RANTO) PD2LC ] PC2 (ADC2/PCINT 10) BRANCTOBEA BB 2
wedpoacd sseog 3 (PWM) (PCINT1S/OC281NTY) PD3 [ L) PC1 (ADC1/PCINTS) BMDNOTOBEIN BiBOg 1
uUnpoBit BbiBca 4 (PCINT20/XCHITO) PD4 L ol ] PCO (ADCO/PCINTE) BmBNOroBLA BuiBoA O
VCC vec 2] GND GND
GND GND ) AREF BHANOrCB LA ONODHLIA CHTHAN
Kespusssii peaoHaTop {PCINTB/XTALY/TOSC1) PBSC ] AVCC VCC
Kaapyeasit paaoHaTop (PCINT7/XTAL2/TOSC2) PBT 1] PBS (SCK/PCINTS) yudposod emsog 13
unppoBow BeiBoa 5 (FVWM) (PCINT21/0COB/T1) POS ] PB4 (MISO/PCINT4) uMPposok Bweoa 12
yishpoaod axpcg 6 (BWM) (PCINTZ22/0COA/AING) PDS () PB3 (MOSVOCZAPCINTI) wchbpoaci aaisa 11 [PWM)

() PB2 (SSIOCIBPCINTZ) | “dposci exsad 10 (FWM)
) PB1 (OCIAPCINT 1) uwidposon B6is0g 9 (PVWM)

yrQPOBLH BIBS] T (PCINTZ3/AINT) POTC
upposoit axaoa 8 (PCINTO/CLKOACP1) PBO

UpdpoBeé BxB0as 11,12 # 13 (B=80060 MACDOCKEME
AlmagaiBB Ni 17, 18 u 19) ncnansayotea nopram CSP anna
nogeniowsina MISO, MOSI, SCK. MaGeraite Hitanoonmmsi
HADYIKN KO 3THX BRBOJAX NEe WCNONE3ICE8aHMK NopTon CSP.

Puc. 5.2. CooTeeTcrane Boigogoe Arduino nopram MmukpokoHTponnepa ATmega

O porTC — anaiorosblie BuiBoAbl Arduino AO-AS (A6-A7 aoctynubl B Arduino Mini,
Nano).

J14 yCTAaHOBKH BBIBOJIOB M YTCHHA 3aMMCH AAHHBIX HCMOMB3YIOTCA CIEAYIOLUHE KOMaH/bI:

O porD, DDRE, DDRC — JUIS YCTAHOBKH HA3HAYEHHSA BLIBOAOB (HanpaBjieHHs nepenayu
JAHHBIX) COOTBETCTBYIOWHX noptoB () — INpUT, | — OUTEUT);

) PORTD, PORTB, PORTC — PErHCTP YCTAHOBKH JI@HHBLIX HA BHIBOJAX COOTBETCTBYIOLIETO
NopTa;
O PIND, PINB, PINC—— CHYHTBIBAHME JAHHbLIX BCEX KOHTAKTOB COOTBETCTBYIOLLIErO MOPTA.

Henonpays 5TH KOMaHabl, MOJKHO 3aMEHHTL cTavaaptubie ¢pyukumn Arduino ais ynpae-
neHus eoiBojamu. Hanpumep:

// pinMode (13, INPUT)

DDRB = DDRE & B11011111

// pinMode (5, 0UTPUT)

DDRD = DDRD | BOOLOOOCO

f// digitalwrite(7,HIGH)
PORTB= PORTB | B100000QD

// digitalRead (10, HIGH)

PINE = (PINB & B0O0000100)>»2

Komanaa analogWrite () seiaer LIIMM-sonny Ha nopr sxona/seixoaa. Yacrora LHIMM-
curnana npubamsurensio 490 I'u. Ecan sam xoueres usmers MM ¢ Goabiumm paspe-
IWEHUEM WK JIPYrOH HacTOTOH, 4YeM MO3BOMAeT CTanaaprHas (PyHKUMA analoghrite (),
Hin BBl Kesaere opranmsosars IIUM wa apyrux spojgax, MOKHO Hanucarn 3ameny
(DYHKLUNM analogirite (), HCNOAb3YS MPAMOIH BBIBOJ HA MOPTHI:
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int P‘n‘!*-!_tizr.-3=32;
for (int k=0;k<PWM time) PORTA=B000000O0L;
for (int k=0;k<256-PWM time) PORTA=BO0O0Q00D00;

Tenepb MOXKHO NepexoanTbh K H3y4eHHIO Arduino Ha NMpaKTHHYECKHX MpHMepax. JToMmy
OyayT nocesueHs! 2rassr 6—30).

HAYANBLHAS WKONA

Obnapatenn Habopa ¢ KOMNNEKTOM AETanem W KOMNOHEHTOB (CM. NPUMOXeHue 2) MoryT
noTpeHupoeaTthca B obpawenun ¢ Arduino, Beinonuue Ypox 1 "Ynpaenenue ceemoduodom.
Brkniovenue/ssikmovenue. [Tnasnoe pezynupoeanue apkocmu”.
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Arduino u Habop dyHkumn Seral

Arduino ¥ 3HaKOCWHTE3UPYIOLWWE XUAKOKPUCTaNNNYECKNe MHANKATOPbI
Bubnuoreka EEPROM

Wcnone3oeanue Arduino Leonardo B kavectee USB-ycTpoiicTea
Arduino u 1-Wire

Arduino v yudposoi gatumk TemnepaTtypsl DS18B820
Arduino u gaTynkM Temnepatypbl M BnaxHoctn DHT
Ceteson obmeH ¢ nomoLbo Arduino

Arduino u kapra namatu SD

Arduino u ceeTognogHbLIe MaTpuLbl

Arduino n ynpaensemMsie ceetognoaHsie neHtel RGB
Pabota Arduino ¢ BeHAWHIoOBLIMKM annapaTtamm

Arduino n paguovactoTHas naeHTudukauua (RFID)
Arduino u gaTyMKN PpaccToAHNA

Arduino n nepegaya gaHHbIX B UH(PpakpacHoM guanasoHe
Cospaem poborta

Arduino u warosbie gBUraTtenn

Arduino u cepBonpuBoAbl

Arduino u Bluetooth

TV-sbixon Ha Arduino

Arduino u paguoynpaenexsve

Arduino un 6ecnposoaHoit pagnomogyns NRF24L01
Pabota Arduino ¢ USB-ycTpoitcTeamm

Arduino n ROS

FonocoBoe ynpasneHue
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Arduino n Habop dyHKuun Serial

HaGop dynkumii serial cnykuT ana ceasu yerpoiictea Arduino ¢ KOMNbIOTEPOM WM
APYIHMH YCTPOHCTBAMMH, NOMIEPKHBAIOLIMMHA MOCHEA0BATENBHbIH HHTEpdeiic oOMena
naunbiMu. Bee naars Arduino umeror xors Oul oaun nocaenoparenshbtit nopr UART.
Jlas oOmena aanupiMK Serial cavaar uudposeie noprel Beoaa/seisojsa 0 (RX) u 1 (TX),
a Takke nopr USB. BaxkHo yuuTeIBaTH, MTO €C/IH Bbl HCMOIb3YETE (PYHKUMH Serial, TO
HEJIb35 OJHOBPEMEHHO ¢ 9THM 3ajieiicTeoBats noptel O 1 1 s Apyrux uenei.

Cpena paspaborkn Arduino umeer BCTPOCHHBIH MOHUTOP MOCACAOBATEILHOIO HHTEP-
theiica (Serial monitor), nokasaxubiit Ha puc. 6.1. J11a Havana oOmeHa 1aHHBIMH HeOoDXO-
MO 3alyCTHTh MOHHTOP Ha)KaTHEM KHONKH Serial monitor u BbICTABHTL TY ke CKO-
POCTL CBA3M (baud rate), C KOTOPOIl BbI3BaHA (DYHKUMA begin ().

Jdev tby ACMD

|| | Megnats

Iprg ready

A

B AaronporpyTea Ees oroHYAHHE CTPOKKW 9600 604 v
i

Puc. 6.1. MoxuTOp nocneAcBaTENLHOro nopTa
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[lnarta Arduino Mega umeer TpH JIONOJIHHTEILHBIX MOCJIEA0BATE/ILHBIX MOPTA: Serizll
na noprax 19 (RX) u 18 (TX), seria12 na noprax 17 (RX) u 16 (TX), serials na noprax
15 (RX) u 14 (TX). HroObl Hcnonb3oBaTe 3TH MOPTH U1A CBA3H C KOMITBIOTEPOM, MOHA-
nobarca aononuutensbusie agantepsl USB-to-serial, 1. K. oHM He noakmoyensl K BCTpo-
CHHOMY ajanTtepy niarel Mega.

6.1. PyHKkuumn 6ubnuortekn Serial
6.1.1. ®yHkuun Serial.begin()

MYyHKUMA Serial.begin() HHULUMHPYET TMOCAEA0BATE/ILHOE COC/AMHEHHE M 3a/1aeT CKO-
pocTh nepeaayu aaHHeiX B Out/c (boa). Jlna oOMeHa JaHHBIMH C KOMITBIOTEPOM HCIOJIb-
ayiire caeaviouwue suayqenus: 300, 1200, 2400, 4800, 9600, 14400, 19200, 28800, 38400,
57600 uan 115200. Tlpu coeauHeHnn yepes noptel BXoaa/Beixoaa 0 u | MoryT ObITh He-
MOMb30BaHbl APYIHE 3HA4YEHHMA CKOPOCTH. Tpebyemble YCTPOHCTBOM. ¢ KOTOpbIM Oyaer
OCYUIECTBAATHCA ODMEH JIAHHBIMH.

CunrakcHe GpyHKUHH Serial.begin():
Serial.beqgin(speed)

Jlna Arduino Mega u Arduino Due:
Seriall.begin(speed)

Serial2.begin{speed)

Serial3.begin{speed)

[Tapamerp: speed — ckopocTb B OHT/C (001) (Long).

Boz BpallacMoro 3Ha41CHHA HCT.

6.1.2. DyHkuun Serial.end()

DYHKUMA Serial.end() 3aKpeIBAET nocneaosarenbHoe coeauHenue, noptel RX u TX
0cBOOOKAAKOTCH U MOTYT ObITH HCNOJNBL30BAHBLI U151 BBOJIA/BLIBO/IA.

Cunrakcue PyHKUMKM Serial.end ()]
Serial.end()

Jlia Arduino Mega u Arduino Due:

Seriall.end()
Serial2.end()

Serial3.end()

[Mapametpa Her.
Bozspauaemoro 3Ha4ueHus Her.

6.1.3. ®yHkuuna Serial.available()

DyukuMa Serial.available() NOJAYYaET KOJAM4ECTBO OaiiToB (CHMBOJIOB), JOCTYIIHBIX
JUIS UTCHHMSA M3 T0CACA0BATENLHOrO HHTepdeiica caasn. 1o Te DailTel, KOTOpBLIE YiKE N0-
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CTYNHAH K 3anucanbl B Oydep nocaenosaresbHoro nopra. bydep moxer xpanure 10
128 GaiiTon.

CuHTakcHc PYHKUMH Serial.available():
Serial. available({)

Jlna Arduino Mega u Arduino Due:

Seriall.available|()
SerialZ.available()
Serial3.available()

[TapameTtpa Hert.

Bosspauaemoe 3HaueHHE — KOJHUECTBO DAHTOB, IOCTYIHBIX /1A uTeHHs (int).

6.1.4. ®yHkuuna Serial.read()

(DyHKUNA Serial.read() CYMTBIBAET O4epeaHON JocTynHbli Oaiit n3 Oydepa nocneso-
BaTCNLHOMO COCAMHEHHA.

CHHTAKCHC QYHKUMH Serial.read():
Serial.read()
Jna Arduino Mega 1 Arduino Due:

Seriall.read()
SerialZ.readl()
Seriali.readl()

[Mapamerpa Her.

Bosppautaemoe 3navenne — cneayloumii 1ocTynuplii OaiT wiu -1, ecim ero Her (int).

[Npumepsl Hcnonb3oBaHus (PYHKUMIE Serial.available() M Serial.read() npejacTasie-
Hbl B IMCTHHIE 6.1.

TNHeTHHr 6.1 |

int in=0; [/ nepemeHHas ONA XpaHeHMA NonydeHHoro bGadTa

void setup() |
Serial.begin(9600); // ycranaBnusaem nocnenopaTenkHoOR COGNMHeHMe
b

void loop()
{
Lf (Serial.available() > 0) // ecnu ecTs NOCTYNHHE RAHHLE
{
// cunmTHBaeM GauT
in = Serial.read();



92 Yacme I, MNpakmuveckoe npuMeHeHue Arduino

// orcmaem TO, UTO NOMYYMIM
Serial.println(in,DEC);

6.1.5. DyHkuuna Serial.flush()

MDYHKIMA Serial.flush() OKHAACT OKOHYAHHA TICPE/laul UCXOAAIIMX JaHHBIX (J10 Bep-
cuu Arduino 1.0 gyuxums ountana Sygep nocneaoBaTeIbHOro COSAMHEHN).

CunTakcue QyHKUMH Serial.flush()]
Serial.flushi()

Jls Arduino Mega u Arduino Due:
Seriall.flush()

SerialZ2.flush{)

Serial3.flushl()

[Mapamerpa Her.
Bosspamaemoro sHaueHus Her.

6.1.6. ®yHKkuua Serial.print()

DyHKUHA Serial.print() NepeaaeT JaHHbIE Yepe3 MocjeJ10BaTeNbHbIIl MOPT KAK TEKCT
ASCIL DT1a dyHKUMA MOKET NPUHHUMATDL Pa3/IHYHBIE THITbI AaHHBIX. C MOMOLUBIO BTOPO-
o ONUHMOHAJILHOIO NApaMeTpa MOKHO 3a1aTh 0A3HC (CHCTEMY CUMCIICHMA ) JUIA YHCe.

CuHTakcuc (pyHKUHM Serial.print():

Serial.print(val)

Serial.print(val, format)

Jina Arduino Mega v Arduino Due: seriall, Serial?, Seriall,
[Tapamerpoi:

O val — JaHHbIE 18 MEPEadu vepes Nocae 0Bare/bHOE COeIHHEHHE:,

O format — 0a3uC VA LCJABIX HUCE HIH KOJHYECTRO 3HAKOB NOCJE 3anAToi s BeLe-
CTRCHHbIX .

® BYTE;

® GIN(ABOHYHBIH)

e  OCT (BOCHMEPHUHBIN);

e DEC (AecATepHUHBI);

e uex (lIeCTHAAUATEPHUHBIN):

® JUlf BEWECTBEHHBIX (APOOHBLIX) “KHCe] BTOPOI napaMerp 3ajaeTr KOJIMHMeCTBO 3Ha-
KOB NOCJIE 3anaToM.

BosspaumaemMoro sHaueHHus Her.
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6.1.7. ®yHkuua Serial.printin()

MyuKuMA Serial.println() NEpeAaeT JaHHbIE YePes NOCAS0BATE/ILHLIA NOPT KAK TeKCT
ASCII BmecTe co cleayiolMM 3a HUM CHMBOJIOM nepeHoca cTpokH (cumeon ASCIL 13
Hian "\:') u cumpoaom HoBoi cTpokH (ASCIL 10 wau '), IlepameTpbl U THNBI AaHHBIX
JU1A 9TOH (PYHKUHH TAKHE 7K€, KaK M 1A (PYHKUHH Serial.print(}.

6.1.8. ®yHkuua Serial.write()

MYHKUMA Serial.write() MEPEAAeT JaHHbe Kak OMHAPHBII KO Yepes nocieaosareib-
Hoe coeaunenne. Jlanuble nockualoTes eaMuuyHbIM Oaiitom win cepueit Oaitros. [lns
Toro, 4Tobbl MEpeAaTh AAHHbIE KAK CHMBOBL, CAEAYET HMCMONbL30BaTh APYryH (yHK-
UMUK — print ().

CHHTaKCHC (PYHKUMH Serial. write ()]

Serial .write(val)

Serial.write(str)

Serial.print (buf, len)

Jina Arduino Mega: seriall, Serial2, Serial3i.
[Mapamerpoi:

O val — onuu Gaiir;

O str— cTpOKa Kak cepus OaiToB,

O buf — MaccHs OaiToOB:

O len — A7MHA MACCHBA.

Bos BpallacMoro 3Ha1CHHA HET.

6.1.9. ®yHkuua Serial.peek()

MYHKUMA Serial.peek () BO3BpALLAET CACAVIOWMIT aocTynHbii OaiT (cumBoa) na Oydepa
BXOAALLErO MOC/AEA0BATEILHO COCMHEHHA, HE yaanas ero w3 storo Oydepa. To ectsb
YCMELHbI BbIZ0B 9TOH (PYHLUMH BEPHET TO KE 3HAMCHHE, YTO M CICAYIOULHIT 3a HUM Bbl-

30B QYHKUMH read ().

CuHTakcHe QYHKUMH Serial.peek()!
Serial.peeki)

Jlis Arduino Mega u Arduino Due:

Seriall.peek()
Serial2.peek()

Seriali.peek()
[lapameTtpa ner.

Bosepamaemoe 3HaueHHe — CAeayOUMA 10CTYNHBIA OalT win -1, ecan ero Het (int),
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6.2. Bubnuorteka SoftwareSerial

bubnmoreka SoftwareSerizl MNO3BOANET OCYWIECTBUTH MMOCICAOBATENILHYIO [Epelaqy
JAHHBIX Yepes apyrue uudposbie kKoHTakTH Arduino. MOXKHO UMETE HECKONIBKO MNpo-
rpaMMHBIX NMOCASAOBATENLHBIX NOPTOB ¢O CkopocThio A0 115 200 duros. IlporpammHoe
obecneveHHe SoftwareSerial KOMHPYET (PYHKUMOHANIBHOCTE OMONIHOTEKH Serial (OTCHO-
na u Hazsanue "SoftwareSerial"), HO ¢ HEKOTOPLIMH OrpaHHUEHHAMM!

0 INPH HCNOABL30BAHHH HECKOIBKHX TIPOrpAMMHBIX TNMOCACA0BATC/IBHBIX TIOPTOB TOABKO
O0JHH MOMKET NPHHHUMAaTL JaHHBLIC OJHOBPEMCHHO!

O ua naatax Mega u Mega 2560 ans RX Moryt OvITh HCMOMB30BAHBI TONABKO CNEAYIO-
wue koHTaktel: 10, 11, 12, 13, 14, 15, 50, 51, 52, 53, A8 (62), A9 ( 63), A10 (64).
All(65). A12 (66), A13(67), Al4(68). Al5 (69);

O wua nnare Leonardo ana RX MoryT ObiTh HCMOJIB30BaHbI TOJIBKO CEAVIOUIHE KOHTaK-
Tei: 8. 9, 10, 11, 14 (MISO), 15 (SCK). 16 (MOSI).

budnuoTeka SoftwareSerial BKIIOUACT CACAVIOLIHE (PYHKIUHH:

O softwareSerial(); O read{():
0 available(); D print{);
O begin(); 0 println();
O isListening(); O listent):
O overflow(); 0 writel().

O peek():

B uesnom a1 pyHKUMH aHATOTHYHEB!L (PYHKUIHAM OHDIMOTEKH Serial, MOITOMY Jla/1ee Mbl
PACCMOTPHM TONILKO (PYHKLMH, YHHKAIbHBIE 4718 OHOIMOTEKH Softwareserial.

6.2.1. ®yHkuun SoftwareSerial()

DYHKUMA SoftwareSerial () CO3A4ET IKIEMMIAP OOBEKTA MOCAEA0BATE/ILHOIO MOpTa
SoftwareSerial. Jlng 3anycka nocaejgosarensHoro nopra Ha seisoaax rxPin, txPin neod-
XOJIMMO BBINOJINNTL (PYHKLMIO SoftwareSerial.begin ().

CuHTakcHe QYHKUMM SoftwareSerial ()

SoftwareSerial (rxPin, txPin)

[lapamerpsi:

0O rxPin — BBIBOJ VA NOJYUYEHHA MOC/ICA0BATEALHBIX JTAHHBIX;
) txPin — BLIBOJ 1A OTNPABKH MOCACAOBATEILHBIX JJAHHBIX,

BD'!BPEIIJI&EMUE JHAYCHHE — 3K3EMILNAP 00BeKTa SoftwareSerial,

6.2.2. DyHkuua SoftwareSerial.listen()

Dynkums softwareSerial,listen() HasHavaer suiOpannblil NOpr B Kavecrse "ciyinare-
A" JAHHBIX, TIPH 9TOM TOJILKO OJIMH T10CJIEI0BATE/ILHBII NOPT nporpammtoe odecneye-
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HHUE MOJKET CAYIIATE OJHOBPEMEHHO — AAaHHBIC, KOTOPLIC NPUOBIBAIOT LIS JAPYIHX Mop-
TOB, OyAyT orBeprHyThl. JItoOble naHHbIC, KOTOpBIC YiKE MOAYYEHBI, BO BpPeMs BbI30Ba
listen() oTOpackIBalOTCA (€C/IH JaHHBIH IK3IEMILIAP y7Ke HEe CAVILAET).

CuHTakcHc PYyHKUHH SoftwareSerial.listen():
SoftwareSerial.listen (port)
[Tapamerpa Her.

BD’SEPRU.I,HGM'DFD JHAYCHHA HET,

6.2.3. ®yHkuua SoftwareSerial.isListening()

DyHKUHA SoftwareSerial.isListening() NPOBEPHET, BLICTYNAET jiM BbIOpaHHbIH MopT
B JIAHHBII MOMEHT B KauecTse "cayiarens” aHHbIX,

CunTakcHe PYyHKIUMH SoftwareSerial.isListening():
SoftwareSerial.isListening()

[lapamertpa ner.

Bosppauaemoe 3HaueHHe — boolean: false WM true,

[MpuMepsl Ha3HAUCHHS TIOPTA CAYUIATEIEM W TIPOBEPKH €r0 COCTOSAHHA MNPEACTABICHBI
B JIMCTHHIE 6.2,

Nuctunr 6.2

#include <SoftwareSerial.h>

// software serial : TX = digital pin 10, RX = digital pin 11
ScftwareSerial portOne (10, 11);

// software serial : TX = digital pin 8, RX = digital pin 9
SoftwareSerial portTwo (B, 9):

void setup()
{
Serial.begin{9600);
// Start both scoftware serial ports
portOne.begin (9600) ;
portTwo.begin (9600) ;

void loop()
{
portOne.listen();
if (portOne.isListening())
{Serial.println("Port One is listening!"};}
else
{Serial.println("Port One is not listening!"):)
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if {portTwo.isListening())

{Serial.println("Port Two is listening!"):}
else

{Serial.println{“Port Two is not listening!"™);}

6.2.4. ®yHkuuna SoftwareSerial.overflow()

MYHKUNA SoftwareSerial.overflow() NMPOBEPAET, NPOH3OLLIO JIK nepenonnenue dydepa
A4 JAHHOTO SK3eMIVIApa nocneaosartenbHoro nopra. Pazmep Oydepa 64 Gaiita. Beizos
3TOH (PYHKUHH ouHLLaeT ar nepenojiHeHHs.

CuHTakcHe PYHKUMH SoftwareSerial .overflow()!
SoftwareSerial.overflow()
[Tapamerpa ner.

Bosspauaemoe 3HaUe€HHe — boolean: false WM true.
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Arduino
U 3HAaKOCUHTEe3upyruwime
XUOKOKpUCTannmyeckme MHANKaTopbl

[lonsTHO, 4TO MCNONL30BATHL MOCNENOBATE/IbHLIH MOPT B KA4ECTBE MOHMTOPAa BbIBOJA
JAHHLIX HE COBCEM )",HDGHD.. a 114 aBTOHOMHBIX I]]_'.'IDEICT{]B H HEBO3MOMKHO. Pﬂ?.}’MH[} AJIA
ITOH HCIH, a4 Takyke 14 BBIBOA HH[IJDPMEI_EHH HpH OTJadke CO3JaBacMblix HPDEETDB
MPUMEHHTb JKHAKOKPUCTAILUIHYECKUH HHAHKaTOp. AHAKOKpUCTAIUIHYECKHE HHAMKATOPbI
(KKH) paznuunsix upm (POWERTIP, MICROTIPS, WINSTAR, Fordata, Anshan Yes,
Data Vision, Newtec Sunlike) yBepeHHO 3aBOEBBIBAIOT MHPOBOH PLIHOK IEKTPOHHKH
CeroJHAWHEro AHAd H NMOCTENEHHO BLITECHHAKYT C'[H[JHE ,H,UGI}I:]E CT]JEH{}'-[HE:]E [lpHﬁ{}pH.
CoepemeHHoMy pa3paboTuuKy annaparypbl i (PU3HUECKHUX IKCHEPUMEHTOBR MU IPO-
MBILITEHHOCTH HE{}SJLD,LI,HMD 3HATL OCHOBHBIC NPHHLHKITLI paﬁon ITHX }’,JOGHI:[K H o=
NIE3HBIX YCTPOHCTB. Bee KMAKOKPHUCTAINIMYUECKME MHAMKATOPLI, BLINYCKAEMBIE B pa3jiuy-
HbIX cTpaHax U B Poccum B TOM YMcie, ¢ TOYKM 3PEHUS NporpaMMMucTa oaHOTHIHBL. Ho
PYKOBOACTBA, JaBacMmbie pa3zpadOTYUKaMH, OOBIMHO HANMCaHbl HA AHITIMHCKOM S3bIKE,
CKYIBI M TPY/AHBI Ul MOHUMaHKUA. Tem He MeHee clie/lyeT y4ecTb, 4TO B YCTPOHCTBaXx,
BbiIIYCKACMbIX B pﬂlf]H'-lelK CTPE[HEK.. HEGJ]IG,EI,HETCH ABHAd TEHACHLUHA K CTEIH,I[EPTH']EI*
IMH, K NpaKTHYeCKH Bee Bbinyckaemble KK-MHAMKATOPLI OPHEHTHPOBAHBI HA NIPUMEHE-
Hue konTposepa HD44780.

[Tonbepem Heao0poroi, HO B TO e BpPeMsA HAACHKHBIH, CHMBOJIbHBIH MHAMKATOP A0CTa-
TOYHO OOABLIIOrO pasMepa A BbIBOJAA NpH OTaaake O00aboro odbema HHPOPMAaLIHH.
B npoekrax Arduino 4acTeHbKO HMCMNONBL3YIOT HEAOPOrHe HHIAMKATOPLI  (PHPMBI
WINSTAR Display Co., Ltd. — oanHoro u3 kpynHeiliunx MHpPOBLIX pa3paboTUHKOB H
NPOM3BOANTE/ICH BLICOKOKAYECTBEHHBIX CHMBOJIBHLIX M rpadmyecknx (B T. 4. UBETHLIX)
KK-unaukaropos. [lltab-ksapTupa koMnanud Haxoautes va Taiipane, a npoM3BoaCT-
BEHHBIE MOLIHOCTH, PacrojioeHHbie Ha ruiomaaax 6onee 3000 ks, merpos, obdecnevu-
BAIOT BBIMYCK CBBILIE MH/UITHOHA PA3IMUHBIX UHAMKATOPOB B roj. Ilpon3soacTso cepru-
(puumposano no cucreme 1SO 9001 .

[onaraw, unaukarop WINSTAR 1604A-NGG-CT (puc. 7.1) — crader yaaunsim Boibo-
POM Ui HAMEYEHHBLIX HaMH 3aaa4. KoJMuecTBO BbIBOAUMBLIX CHMBOJIOB 16x4 npu uene
oko10 300 pyd. — BnosiHe npueMIeMblil BApUauT,
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Puc. 7.1. XK WINSTAR 1604A-NGG-CT

7.1. NMpuHuun pa6otbl Mmoayneun XKW
WINSTAR WH1604

Hasuauenue soiBogoB JKKHM WINSTAR WH1604 npeacrapieno B tadbn 7.1.

Tabnuuya 7.1. HasHaveHue asigodos WH 1604

Ne BbiBOA Haszsanue - DyHKUMA
1 Vss OBwwmn (GND)
2 Vdd Hanpsxexue nutauma (3 unu 5 B)
3 Vo . KoHTpacTHOCTb
4 RS KomaHgsl/daHHble
5 RW 1 Yrenune/3anuce
6 E . PaspelweHne yteHua/sannucu
7 DBO 1 NuHuA paHHex 0
8 DB1 . NTuHKa aaHHeIx 1
9 DB2 1 JIMHWA aHHbIX 2
10 DB3 ‘ JInHua panHbix 3
11 DB4 . NuHua aaHHLIX 4
12 DB5 JInHKuA paHHeIx 5
13 DB6 1 TNnHua haHHblx 6
14 DB7 ‘ JluHua gaHHbIX 7
15 A . HanpaxeHune NnoACBETKN (+)
16 K . HanpaxeHwe nogceeTkn (=)

3necs 8 nmumii (DBO0...DB7) — cranpaprias mwwHa JanHbiX. YpPOBHM Ha BbIBOJAX
DB0...DB7 — koae!l onepaumid uan aauusie. Umerores tpu ynpasiasiommx auHuu (RS,
R/W, E). Ypoeuun na exonax RS, R/W, E onpeagenstor pexumsi (taba. 7.2).
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KonTtponnep ’KKH moxker cOBMECTHO ¢ BHEITHHM KOHTPOJIJIEPOM BBITIOTHATH pa3/M4HbIC
NeHCTBHA: MepeaaBaTh AaHHbIE MO NapaiieabHOMY HHTepdeHcy B 000HX HanpaBIeHHAX,
MEHATHL HamnpapieHHs 3anoiHeHys 3Hakomect JKK-aucnies, MaHUNyIMpOBaTh CTPOKAMH
u 1. 4. [Tocne Brmouenus nuranus padora XKK-mMoayis Beerja HaYMHAETCA € MPOLEAYpPbI
€ro MHULMAIW3AaLNH, YCTAHOBKH KOTOPOH COXPAHAKTCA 0 BbIK/JIKOUYEHHS MHTAHHMS YCT-
poiticTea. K koHuy npoueaypbl HHHUManu3aumu moay.ie JKKHW npusoaures B coctosnmne
rOTOBHOCTH K pabote ¢ AaHHbIMU. Ecan nunumannzauua JKK-moaynsa npowna ycneurHo,
MO/IYJIb TOTOB K paboTe — U1 HEero 3ajJaHo YHCJI0 CTPOK M pa3Mep 3HakomecTa (riae 3Ha-
KOMECTO — 3TO MaTpHua 5x7 uiau 5x10 Touek).

Tabnuya 7.2. Ycnosua ebinondeHus onepayuld ymexus/3anucu

RS RW | E Onepauws
0 0 : 1-=0 3anvck B perncTp KomaHg,
1 0 1-=0 - 3anuck B perucTp AaHHsbIX
1 1 | 0->1->0 YreHune 3 perncrpa gaHHbIX
0 1 0->1->0 YreHue chnara sanaTocTu (DB7) u cueTyuka agpeca
. (DBO-DB6)

Bribop mMaTpuiBl NPOM3BOAMTCA OJMH pa3 B Xoje npoueaypsl vHuuuanuzauun KK-mo-
AyA8, HO MOKHO CMEHHMTh THI MATpHLIbl M B Xo/e padoThl. "BeiceeunBanmne” Touku npo-
MCXO/IMT MpPH NMojiavue Ha Hee €IMHHLLBI, €C/TH HA TOUKY MOJiaH HOJb, TO OHa "noraituexHa”.

B oboux tHnax marpuil umeercs aonojuurenbHas (8-a wamn 11-4) ctpoka Touek — Tak
HaseiBaeMas xvpcopuad. [1pH BKIIOYEHHH Kypcopa (MporpaMMHO) BCE 5 TOYEK ITOH
CTPOKH "BbiCBEYMBAOTCA" MO TEM CHMBOJIOM, KOTOpPbIH Oy/JeT BblBEAEH B MOCIEAYIO-
LeM LMKIE BBIBOJA HA HHAMKALMIO (KYpCOp — 2JIeMEHT yA00CTBA H HYKEH He BO Beex
yerpoiicTBax). CoceiHHe 2JIEMEHTBI MATPULILI OTAENIEHbI ApYr OT Apyra 3asopoM 0,7 mm.
Yawe npumenuma marpuua 5x7 Touek, BLIOOP CHUMBOJIOB B 3TOM cjiyyae Oouiblue, yem
MPH UCNOJBL30BAHUM MATPULILL 510 TOuek.

CuMBOJIBI LT OTOOpaKeHUs pasMellaloTes B 00J1aCTH YHeProHe3aBUCHMOI naMaTH 3Ha-
koreHeparopa. Ilockonbky 31o [13Y, HaGop cuMBOIOB nosib30BaTelb H3MEHHTL HE MO-
#er. Onnako kpome obsacTn 3HEProHe3aBUCUMON NAMATH 3HAKOTEHEPATOP HMEET B CBO-
em coctase obnacte onepatupHoi namath CG RAM, kyna moxkHo 3anucath "CKOHCT-
pyHpoBaHHbie" MpPOrpaMMHCTOM CHMBOIIBL. Pa3paloTuuMKH OCTAaBRISIOT NMPOrpaMMHCTY
BO3MOKHOCTH CO31aBATh CBOM CHMBOJIBI: 10 8-MH CHMBOJIOB /I MaTpHLbl 5x7 TOuek
B 01HOH Aueiike CG RAM wim 10 4-x cuMBonioB s Matpuiibl 5x 10 Touek (0JHH CHM-
Bon — B aAyx aueiikax CG RAM). Bnpouem, konmuectso "wrarHpix" CHMBOIOB Ha-
CTOJILKO BEJIHKO H pa3Hoo0pa3Ho, YTO UX XBATAET ¢ H30LITKOM.

3HAKOreHepaTop — 9TO NPOrpaMMHpYeMblil cueTuHK, yrnpasasiomui padboroi 00bIvHOMN
Mukpocxemsl [13VY, Yucna B ABOMYHOM npeacTaB/IeHHH 3HAKOreHepaTopa BLIBOAATCH W3
sueek [13Y sanpowennbix aapecos. TabGnunua 3nakoreweparopa pa3dMTa Ha AYEHKH,
B KOTOPBIX 3aMUCcaHbl CHMBO!IbI 110 YKA3aHHBIM aj/ipecaM.

II"I“

Yrolb1 "3anycTuth" peKMM 3anMcH JaHHbIX, HEOOXOAMMO CHauyala BbICTABHTHL Ha
Bxoae RS moayna JdKKH (R/W — na kopnyce), a nocne aroro copmuposath Ha Bxoje E
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moavisa KKH crpobupyrommii nepenaa or "1" k "0", MHuumanu3vpyommii kKoManay.
[Tocae cmennl Ha BeiBoae E "1" na "0" coaepmumoe u3 3apanee BbiOpanHOro ajapeca
AYeHKHM 3HAKOreHepaTopa BbiBeeTes B TeKyllee 3HakomecTo sugeonamati KK-aucrnnes.
Tabnuua anpecos BuaeonamaTh JKK-aucnies npeacrasiena B Tada. 7.3.

Tabnuua 7.3. Tabnuua adpecoe sudeonamamu XXK-ducnnes

3HakomecTo 1 2| 3 | 4 5|6 |7 8|9 101 |12 |13 14 15 16
Appeca 1 |00(01|02{03|04|05|06 |07 | 08|09|1A 1B |1C | 1D |(1E | 1F
no cTpokam i

20 |21 |22 |23 |24 |25 | 26 | 27

2 40 |41 42 |43 44 |45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C 4D  4E | 4F

28 (29 ([2A | 2B | 2C | 2D | 2E | 2F

4 |50 )51 |52|53 (54|55 56|57 |58|59|5A(|5B|5C|5D |5E | S5F
38139 |3A | 3B |3C (3D | 3E | 3F

K paGore BuaeonamaTi npussasan kypcop. Takas npussaska npu padore ¢ nogodbHoro po-
na ycTpolcTBaMH oueHb nonesna. Kypcop oTmevaer To 3HAKOMECTO, B KOoTopoe Oyaer
BbIBE/IeH HA MHIAMKALMIO chejayiowuii cumeoi. Tekyuee 3HakomecTo BuaeonamaTH KK-
aucriea onpenenser cuetTunk AC — peBepcHBHBII CHETUMK € MPOrpaMMHOIl yCTaHOB-
KOH aBTOMHKPEMEHTA M aBTOJEKPEMEHTA M C NpPeayCTaHOBKOH uucna cuera. Ecin ke no
A0y 34NOJIHEHHA CTPOKH CHMBO/IAMH BO3HHKACT HEUSXDHHMDCT]: B YBC/IHYMCHHH HJIH
yMeHbLIeHHH 3HaueHus ajapeca, popmupyemoro cueruukom ajapeca AC, TO nporpaMmHo
HeoOX0AuMO chOPMHPOBATH COOTBETCTBYIOLLYIO KoMaHay. MucTpykuuu no dopmuposa-
HUIO KOMaH/1bl H3MEHEHUS TEKYIEro NnoaoxKeHus npeacrasienst 8 Tabn. 7.4. B tabn. 7.3
OesbiM (POHOM BbIJIEIEHBI aJipeca SueeKk BHICONaMATH, COAEPIKUMOe KOTOPBIX BHIUMO Ha
IKpaHe aucnies cpasy (agpeca B Tabnuue nokasassl ¢ npuBazkoi k crpokam JKKH), ce-
PBIM — AYEHKH, COACPKHUMOE KOTOPBIX cTaHOBUTCA BHaMmbIM Ha JKKH Tonsko nocie
uuKkanydeckoro casura. [pu atom anpeca B obnactv BuaeonaMaTH He casuratotes. [ocne
MCTIOJTHEHHMA KOMAaH/bl CABMIa C/ABHUraeTcsi COAEPIKMMOE BCeX AueeK, rnepeMeliasch W3
AYCHKH B AYCHKY.

Tabnuya 7.4. MHcmpykuyuu ebieoda cUME0N0e U 3adaHus 3HaKkomecma Ha akpaHe XKH

Pexum OBeoMYHBIR KOO MHCTPYKLUUK
RS RW |DB7 DB6 DBS5 DB4 DB3 jDBZ DB1 DBO

MHCTpYKUMA

YcraHoBeka aHakomecra

XKW pucnnes 0 0 1 Afpec auelkn BuaeonaMaT

Beibop agpeca BeIBOAUMOTD
w3 MN3Y snakoreHeparopa cMMBO- 1 0 Aapec AYenkn 3HakoreHeparopa
na B BWAEONAMATH
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Cnucox komana ynpasnenua KKH npeacrasnen B 1ada. 7.5. B tabnuue He npuBeacHbl
KOMaH/Ibl, CBA3aHHbIE ¢ YyTeHHueM M3 namsaTH koutposiepa JKKH, Ho ux ucnonszopanue
PALMOHAILHO NPH KOHCTPYMPOBAHHH CIOXKHBIX (PUPMEHHBIX CHCTEM MHIMKALMH U BPAJL
1 oTpedyeTes B OTHOCHTENILHO MPOCTBIX MPOEKTax ¢ uenosbiosanuem Arduino.

Tabnuua 7.5. KomaHOe! ynpasneHus

8-DL =1,
4-DL=0

TUN MaTPUUbI
F=0—5x7
F=0—5x10
Yucno cTpok
N = 1 4 cTpoku

ABOVYHBLIN KOO WHCTPYKLUMK 16-p
MHCTpYKuMA .
RS RW DB7 DB6é DB5 DB4 DB3 DB2 DB1 | DB0 KOA
Oumcrka aucnnes, oo | o | o] o | o o] o] o 1 | 01
cbpoc gaHHbIX, Kypcop
B Ha4ano
BoaepaT kypcopa 0 0 0 0 0 0 0 0 1 X 02
8 Ha4ano Ges cbpoca
OaHHbIX
Yecranoeka Hanpasne- 0 0 0 0 0 0 0 1 I/D SH 04
HWUA caeura kypeopa I/D 05
awvcnnea SH 06
07
Owucnnei 0 0 0 0 0 0 1 D C B 08
exn/otkn D = (1/0) 09
DA
W3obpaxenue kypcopa 0B
B oC
B Buge nogyepkiBaHUA oD
C OE
WNK MepuaLero OF
3HakomecTa
Caewr kypcopa nnun 0 0 0 0 0 1 S/IC | RIL X X 10
AWcnnes BNpaso MNu 18
BNEeB8o
14
Caswur gucnnes v Kyp- 1C
copa S/IC =1
Cpaeur ToneKO Kypcopa
SIC=0
R/L = 1 enpaso
R/L =0 eneso
Yecranoeka pa3psa- 0 0 0 0 1 DL N F X X 40
HOCTW uHTepdenca 60
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Paccmotpum Oonee netanbHo padoTy 3THX KOMaH H (iaroBbiX OHTOB.

O Ouncrka anciviess co cOpocoM AaHHBIX — 3TO MPHHYAWTE/IbHAA 3aMuch BO BCe
AYEHKH BHIeOnaMATH cuMBosa "npoben" (aueiika ¢ aapecom 20h tabnuupl 3Hakore-
Hepartopa).

O Bosspar kypcopa B Hava/o 0e3 cOpoca JaHHBIX — O3HAYAET, YTO MPOHCXOAHT
cOpoc cuerunka AC B 0, Kypcop ycTaHaBJIMBAETCA B KpaiiHee JIEBOE€ 3HAKOMECTO nep-
BOH CTPOKM M KT BbIBOA CUMBOJIA.

O ¥Yceranwoeka HanpasjeHuii casuros kypecopa (/D) u aucnues (S) — sT1o kacaercs
CABHI'a MpPH BbIBOIAC TCKVLICIO CHMBO/IA Ha HHIWKALHHO. ”D. S — YHpasjiaaroLiHe
thnaru:

e I/D— dnar pepepca cuerunka ajapeca (NpH HHKpeMEHTe Kypcop C/BHraetcs
BIIPABO HA OJIHY MO3ULMIO, & NPH JIeKPeMEHTe — BJIEBO HA OJIHY MO3ULINIO):

o /D ="0" — nekpemeHT cueTunka ajipeca AC;
o I/D="1" — HHKpeMeHT;

e S — dnar caBura Beero aucnies:
o §="0"— caur aucnies He Mpon3BOJAHTCH;

o §="1"— npou3BOAMUTCA CIABHUI BCEro JMCIIEA HA OIHY MO3HLMHIO BIEBO (MPH
I/D = 1) unm enpaso (npu 1/D = 0).

O Brawvuenue/BbIKIOYEHHEe H300pakeHHs Kypcopa B BHAE NOAYEPKA HJIAH Mep-
HALIEr0 3HAKOMECTA — B COCTAB 9TOMH KOMaH/1bl BXOAAT 3 (para:

e D — BKJ./BBIKJ. H300paskeHHs (aucriies):
o D="1"— uzobpaikeHue BKIIOYEHO (OCHOBHOH PEKHM);

o D = "0" — wn3o0paxeHue BLIK/IIOYEHO, OJIHAKO BBIKIIOYAETCA TONBKO W300pa-
JKEHHE, U B 9TOM CIyHae MOKHO NMPOH3BOAUTE KAKHE YIOIHO JCHCTBHA, a 3aTeM,
B HYKHBIH MOMEHT, BKJIIOYHTL H300parkeHHe,

e ( — BKJI/BBIK/I. BU3YAJILHOTO OTOOpaKEHHUs Kypcopa B BH/E MOA4EpKa:
o C="1"— Kypcop B BUJ€ MOAHEPKA BKIIOHEH;
o C="0"— Kypcop B BH/E NOJAYEPKA BIK/TKOYEH;

e B — BK/I/BBIKI. BU3YAILHOIO OTOOpPAKEHHA KYpCcopa B BH/E MEPLAIOLLErO 3HAKO-
mecTa:

o B="1" KYPCOp B BHAE MEPLAKOLIETO 3HAKOMECTA BKJIKOYCH:
5 B=")"— KYypCOp B BWJAE MEPLAKILETIO THAKOMECTA BbIKJIHOYCH.

Jis BBIKIIOYEHMS BH3YAILHOrO otobpaxeHus kypcopa (npu D = 1) neobxoaumo
B Ourax C u B "BoicTraButs" Hyn.

O Casur Kypcopa Wi AMCIUIes HA 0/IHY NOIHIHI0 BIPABO HJIH BJEBO:
e S/C — ¢mnar ykazarens o0bekra ciBura;

o S§/C ="1" — capuraerca AUCIIEH BMECTE C KYPCOPOM B HAMpaB/JIeHHH, YKa3aH-
HoMm (rarom R/L;
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o §/C = "0" — capuraerca kypcop (0e3 capura aucruies) B HanpapjieHUH, yKa-
saHHOM (uiarom R/L:

e R/L — dunar ykaszarens HanpaBieHHA CABHra:

= R/L ="1"— capur obbekTa casura (onpeaenserca gnarom S/C) Ha oaHO 3Ha-
KOMECTO BIPaBO;

= R/L ="0" — capur obbekra casura (onpeaensercs ¢arom S/C) Ha 0HO 3Ha-
KOMECTO BJIEBO.

O Yeranwoska paspsadoctTu uatepdeiica, THIA MATPHIIBI H KOJIHYECTBA AKTHBHBIX
CTPOK:

e DL — dnar, onpenensaomuii pa3paiHOCTh napaiienbHoro uHrepdeiica, coeau-
Hsrowero koHtposiep ¢ AKK-moaynem B yactu kacaroweiics anauii DB0...DB7:

o DL =1— 8 pa3psaaos;
o DL ="0"— 4 pa3psana.
e N — (pnar, onpeaensommii KOJIMYECTBO AKTUBHBIX CTPOK:
o N="1"— paboraioT 4 cTpoKH:
= N="0"— paboraior 2 cTpoKH.
e F — ¢nar, onpeaensiommii THI MaTPHLbL:
o F="]"—5x10 Touek;
o F="0"— 5x7 Touek.

HeoOxoaumas UIHMTENLHOCTL BpPEMEHHBIX 3ajiepskeK (He MeHbllue 3aJaHHOro TexXHHue-
CKHMH YC/IOBHAMM) yCTaHOBKM Oaiita aaHHbIX WM komauael Ha nuuuax DBO0..DB7 no
OTHOLIEHHIO K MOMEHTY aKTMBHOIO rnepenaja Ha seigojie E obecneunsaercs nporpamm-
HBIMH CPEJICTBAMH.

7.2. Bubnuoteka LiquidCrystal

Ynpasaars KK-unaukaropamu, pabotaommmu va konrpostepe Hitachi HD44780 (uam
COBMECTHMOM YMIICETE), KOTOPBLIA HaXoAUTCs B OOJBLLIMHCTBE CHMBOJIBHBIX JKHIKOKPH-
CTATHYECKMX MHIMKATOPOB, No3sojser OubanoTeka LiquidCrystal, BXOAALIAS B CTAH-
JapTHbIA KoMiutekT noctasku Arduino. bubnunoreka Liquidcrystal padotaer B 4-X WiH
B 8-paspsaaHoMm pekume (T. €. ucnoab3yer 4 Uik 8 JIMHUH JJaHHBIX B IONOJHEHHE K JIHHHAM
ynpasienns RS, ENABLE u onumonansno RW). B 6ubnuoreke peannsoBansl cieuyio-
e PYHKLHM:

0 LiquidCrystal(); 0O write();
O begin(); O print();
O clear(); O cursor!();
O home(); O noCursor();
O setCursor(); O blink();
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O noBlink(); O autoscroll();

O display(); O nolutoscroll();

O nobisplay(); O leftToRight();

O scrollDisplayleft(); O rightToleft();

(3 scrollbisplayRight (); O createChar().

Pacemotpum Bee 9TH pyHKLMK noapodHO.

7.2.1. ®yHkumna LiquidCrystal()

DyHKUMA LiquidCrystal() cO3ZaeT MEPEMEHHYI0 THMA LiquidCrystal. MHAWKaTOpom
MOJKHO VIIPaBIfaTh, HCMONB3YS 4 wiaK 8 nUHMA JaHHbIX. 18 nogkmoyeHus no 4-M JTHHH-
am nponyctuTe KoHTakThl oT D0 10 D3 m ocTasbTe 5TH TMHNKM HenoakaoueHHbIMH. Kon-
TakT RW MoxkeT ObITh coeamHeH ¢ "3eMneii” BMECTO COEJIMHEHHMA ¢ KOHTAKTOM TUIaThl
Arduino. Ecnu B Baweii cxeme Tak — MpOMyCTHTE ITOT napaMeTp PyHKIHH.

CuHTaKCHC PYHKUMH LiquidCrystal ():

LiquidCrystal (rs, enable, d4, d5,
LiquidCrystal (rs, rw, enable, d4,
LiguidCrystal (rs, enable, d0, di,
LiquidCrystal (rs, rw, enable, d0,
[Tapametpsi:

a

0

dé,
d5,
dZ,
dl,

d7)

de, d7)

d3, d4, 45, deé, d7)
d2, d3, d4, d5, de, di)

rs — HOMep KOHTaKTa nnarsl Arduino, Kotopslit coeauusiercs ¢ koHtaktom RS sxma-
KOKPHCTAUIHHECKOTI0 HHAHKATOPA:

rw — HOMEp KOHTAKTa 1jiarThbl Arduino, KOTOpbII coeuugeres ¢ Koutaktom RW sxua-

KOKPHCTAUTHHECKOI0 HHIAHKATOpA {DHL[HGHBJ'II:HD);

enable — HOMEP KOHTAKTa IL1ATLI Arduinn, I{OTI’.}]JI:-Iﬁ COCOAHHACTCH C KOHTAKTOM

ENABLE x)uakokpucTaiiMueckoro HHAMKaropa:

d0, dl, 42, d3, d4, d5, dé, d7— HOMEpa KOHTAKTOB IJIaThl Arduino, KOTOpPLIE CO-

€/IMHAIOTCH COOTBETCTBEHHO C KOHTAKTAMM JIAHHBIX JKHKOKPUCTAIIHYECKOrO MH/IH-
katopa. D0, D1, D2 H D3 onunoHalibHbl — €CJ/IH OHU He 3a/1eCTBOBAHBI, HKHIKOKPH-
CTALITMMECKHI MHAMKATOp OyaeT ynpaBiasaThes TOJNLKO Yepes 4 nuHuu aanHbix (D4,

D5, D6, D7).

[Tpumep ucnonb3oBaHua (PYHKIUMH LiquidCrystal ()

#include <LiquidCrystal.h>

LiquidCrystal led(12, 11, 10, 5,
void setup()
{lcd.print ("hello, world!") ;|

void loop() (i1}

4y

3y

2);
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7.2.2. DyHKkuyus begin()

MYHKUHA begin () onpeaenseT pasMepHoCTb (KOTHYECTBO CHMBOJIOB B LUMPHHY H BbICO-
TY) HHAHKATOpA.

CHHTaKCHC PYHKIMH begin():
lcd.begin(cols, rows)

[Tapamerpsi:

O lcd— nepeMeHHas THNA LiquidCrystall
O cols — KOJHYECTBO CHMBOJIOB B CTpOKE.

O rows — KOJMHYECTBO CTPOK.

7.2.3. ®yHKUun clear()

DOYHKUHA clear () OYHINACT KPaH KHUAKOKPUCTATHYSCKOTO HHANMKATOPA W pacnonaraer
KYpCOp B BEpPXHEM JIEBOM YIITy.

CuHTakcHe QYHKIMH clear ():

lcd.clear () ;

[Mapamerp: lcd — nepemMeHHas THNA LiquidCrystal.

7.2.4. PyHKkuns home()

MYHKUKA home () pacnoNaraeT Kypcop B BEPXHEM JIEBOM YIUIY HKHIAKOKPHCTATMYECKOTO
uuaukaropa. Mcnonbiyercs id onpejeneHus Ha4a bHOrO MOJ0KEHHA MPH BbIBOJE M10-
CACIOBATE/ILHOI'O TEKCTA HAa SKpaH HHHKaATOpAa, Y100kl ellie U OYHCTHTH IKPAaH HHIAHKA-
TOpa, HCTIONBL3YHTE BMECTO 3TOH (PYHKLMK (DYHKLMIO clear ().

CHHTAKCHC (DYHKLUMH home ()

led. home ()

[TapameTp: lcd — nepemMeHHas THNA LiquidCrystal.

7.2.5. ®yHkumua setCursor()

'I'}'HICI_I,HFI setCursor () MNOSHUHOHHUPYET KYpCOp HKHAKOKPHCTAUIHYECKOrO HHIAHKATOpPA,
T. €. YCTAHABIHBACT NMOJOMKCHHE, B KOTOPOM Ha €ro 3KpaH ﬁ}“II,ET BbLIBCICH I'IDEH&D,}’I'DUIHﬁ
TEKCT.

CuHTakCHC (PYHKUNK setCursor ()]
led. setCursor(col, row)
[Mapamerpsti:

O lcd

nepeMeHHas THNa LiquidCrystal;
O col — HOMmep 3HakoMecTa B psy (Haunnas ¢ 0 uis nepeoro 3HakomecTta);

O row— HOoMep pana (HaunHas ¢ 0 s nepBoro paja).



106 Yacme lll. MNpakmuyeckoe npumeHeHue Arduino

7.2.6. ®yHKUunA write()

MyHKLNA write () 3aMUCHIBAET CHMBOJII B )KH/IKOKPHCTAJUTHYECKMI HHAMKATOP.
CuHTakCHC PYHKUHH write ():

lcd.write (data)

[lapameTtpst:

0O 1cd— NMnEpEMEHHAA THINA LiquidCrystal]

O data — CHMBOJI, 3aMHCLIBAEMBIH B HHIHKATOP.

anMEp HCINOJIL30BAHHUA {I]}'HI{U,HH write().:
#include <LiquidCrystal.h>

LiquidCrystal led(12, 11, 10, 5, 4, 3, 2});
void setup()

{Serial.begin(9600) ;}

vold loop()

{

if (Serial.available())
led.write(Serial.read());

}

7.2.7. ®yHKkuua print()

MDyHKUMA print () MEUYATAET TEKCT HA JKHUIAKOKPUCTAIIIMUECKOM HH/IHKATOpE.
CuHTaKCHC PYHKUMM print ():

led.print (data)
led.print (data, BASE)

[TapameTrpsi:
O lcd — nepeMeHHas THNA LiquidCrystal,
0 data — AaHHbIE IJIA NMeYaTH (THN char, byte, int, long HJIH string);

0O sasE (ONMUMOHANILHO) — OCHOBAHHUE, 110 KOTOPOMY Me4aTardTca YMucia: BIN s J1BO-
MYHBIX (OCHOBaHMWe 2), DEC 1A AeCATHUYHBIX (ocHoBanue 10), ocT aas BOCBMEPHUHBLIX

(ocHoBanue 8), HEX 1A WIeCTHAAUATEPHYHBIX (OcHOBaHKe 16),

[lpumep ucnonwzoBannsa PYHKUMK print ():

#include <LiquidCrystal.h>
LiquidCrystal led(12, 11, 10, 5, 4, 3, 2);

void setup()

{led.print ("hello, world!"™):}

void loop() (:}
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7.2.8. ®yHKuua cursor()

(D)’HICIIHH cursor () BBIBOJAWT Ha YKpaH MKHIAKOKPHCTATHYCCKOro HHAHKATOpa Kypcop —
MNOJYCPKHBAHHUE 3HAKOMECTA B NMO3HIIHH, B KOTOPY1O 6}",[[ET 3anucaH C.TIE,E[}"IDUJ,HE CHMBOJ.

CHHTaKCHC (b}'HKllHH cursor().:
led.cursor ()

[MapameTtp: 1cd — nepeMeHHas THMAa LiquidCrystal.

7.2.9. ®yHKuua noCursor()

MYHKUHA noCursor () CKPbIBAET KYPCOP € IKPaHA HKHIKOKPHCTAIMYECKOTO HHAMKATOpa.,
CuHrakcuce QYHKUHH noCursor () :

led.noCursor ()

[Napamerp: lcd — nepeMeHHas TUNA LiquidCrystal.

7.2.10. ®yHkuus blink()

q)}"HKI_IHH blink () BBIBOAMT HA IKpaH *KKHUIKOKPHCTAJUIHHYECKOI0 HHAHKATOpa MUIalOLLHH

Kypcop. Eciin oHa ucnonesyerca B KoMOMHALMK ¢ QyHKUMEH cursor (), pe3yibTar Oyaer
3aBMCETh OT KOHKPETHOIO MHIMKATOpA.

CuHTaKCHC PYHKIMHM blink():

led.blink ()

[TapameTp: lcd — nepeMeHHas THMNAa LiquidCrystal.

7.2.11. ®yHkuma noBlink()

(D}'HI{I.I.HFI noBlink () BBIKJOYAET MUTaKOUMA KYypCop Ha 3KpaHE MKHIAKOKPHCTA/UTHYECKO-
o HHIAHKATOpAa.

CuHTakcHC PYHKUNM noBlink () !

led.noBlink ()

[Mapamerp: lcd — nepeMeHHas TMNA LiquidCrystal,

7.2.12. ®yHkuus display/()

DyHKUMA display () BKIIOYACT KHIAKOKPHCTAUTHYECKHI HHAMKATOP MOCae TOro, Kak OH
Ob11 BBIKITIOYEH (PyHKUMEH noDisplay (). DTa (YyHKUHA BOCCTAHABINBACT TEKCT (M Kyp-
Cop). KOTOpbIi ObLT Ha JHUCIIee.

CuaTakeHe PyHKUMK display ()
led.displayl()

[Mapamerp: 1cd — nepeMeHHas THNA LiquidCrystal,
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7.2.13. ®yHkuua noDisplay()

MOYHKUMA noDisplay () BBIKJIKOYAET HKHAKOKPHCTA/UTHYECKHH HHAMKaTOp 0e3 noTepH oTo-
Opaxaemoii Ha HeM HH(pOpMALIMH.

CunTakcuc YHKIMH noDisplay():
lcd.noDisplay ()

[Tapametp: lcd — mepeMeHHas THNA LiquidCrystal.

7.2.14. ®yHkuusa scrollDisplayLeft()

MVHKUMA scrollDisplayLeft () NPOKPYUHMBaeT MH(OPMALMIO HAa JKpaHe MHIMKATOpa
(TEKCT M Kypcop) Ha OIHO 3HAKOMECTO BJIEBO.

CuHTakcHe QYHKUMH scrollDisplayleft():
led.scrollDisplayLeft ()

[TapameTp: lcd — nepemeHHas TMNA LiquidCrystal.

7.2.15. ®yHkuus scrollDisplayRight()

MVYHKUMA scrollDisplayRight () NPOKpPYYHBaeT MH(OPMALHMIO Ha IKpaHEe MHIAHMKATOpa
(TEKCT M KYpPCOpP) Ha OJIHO 3HAKOMECTO BIPaBo.

CuHTakcHe PYHKUMH scrollDisplayRight ():

lcd.scrollbDisplayRight ()

[Tapamerp: 1cd — nepemeHHas THMNAa LiquidCrystal,

7.2.16. PyHKuus autoscroll()

MyHKUMA autoscroll () BKJIIOYAET aBTOMATHYECKYIO MPOKPYTKY IKpaHa KHIAKOKPHCTA-
JIMYECKOr0 HHAHKATOPAa M 3aCTaB/ACT KaK/blH BBLIBO CHMBO/IA HA JKpaH HHAHKaTOpa
nepemMelarTsh rnpeibUlyuiMe CHMBOJIBI Ha 0J1HO 3HakomecTo. Eciin Tekyluee nanpasieHHe
BLIBOJA CHMBOJIOB CJIEBA HAINpPaBo (3HAYEHHE 110 YMOJYAHHIO) — 3KpaH HHAMKATOpa
MPOKPYYHUBAETCA BJICBO. €CJ/IM TEKYLIEEe HAlpaB/ICHHE BbIBOJA CHMBOJIOB ClipaBa Hajie-
BO — 9KpaH HHAMKATOpa MPOKPYYUBAETCHA BMPABO. DTO NPOM3BOAUT AP(PeKT BbIBO/A
Kaz/10ro HOBOTO CHMBOJIA B OIHO M TO K€ 3HAKOMECTO HAa JKpaHe KHIKOKPHCTA/UIH-
4ECKOro HHAMKaTopa.

CHHTaKCHC PYHKIMHM autoscroll ()
lcd.autoscroll ()
I'[apame'rp: led — NEPEMEHHASA THIIA LiquidCrystal.

7.2.17. ®yHKuusa noAutoscroll()

MYHKUMA noAutoscroll () BBIKIIOMAET aBTOMATHHECKYIO MPOKPYTKY IKpaHa IKHIAKOKPH-
CTA/JIHYECKOr0 MHAMKATOPA,
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CHHTaKCcHC d)}'HKuHH noAutoscroll ():

led. noButoscroll ()

[lapameTp: 1cd — nepemeHHas THMNa LiquidCrystal.

7.2.18. ®yHkuun leftToRight()

m}’H[{L[HH leftToRight () YCTaHaB/IHBACT Hﬂ]'lpﬂBflEHHE BBIBOJAa CHMBOJIOE Ha SKpdaH “wH-
KOKPHCTAJLTHYECCKOIO HHAHKATOpPa ClieBa Harpapo {'3HEI‘-IEHHE rno ymonqaﬁnm]. 2710 03Ha-
HYacT, HTO NOoCACAYHOLUIHE CHMBOJIBI, BBIBOJHMBIC Ha DKpaH HHIHMKATOpPAa, ﬂDﬁI{}"T ClicBa
HAMPAaeo, HO HE MOBJIHAIOT HA BhI BeJeHHbIH paHee TCKCT.

CuHTakcHue PYyHKUMH leftToRight ():

lcd.leftTorRight () ;

[MapameTp: 1cd — nepeMeHHas THNA LiquidCrystal.

7.2.19. ®yHkumn rightToLeft()

MOYHKIHA rightToleft () YCTAHABJIMBAET Halpap/ieHHe BbBIBOJA CHMBOJIOB Ha 5KpaH
AKHIKOKPHCTAUTHYECKOTO HHMKATOPA CrpaBa HAJIEBO (3HA4YEHHE M0 YMOIYaHHIO — Cclie-
Ba HAMpapo). ITO 03HAYAET, YTO MOCACAYIOUIHE CHMBOJIBI, BLIBOJHMBIC HA IKpaH HWH/IH-
KaTopa, NOH/YT Cripasa HaJIEBO, HO HE TMOBJIHAIOT HA BbIBECHHbIH paHee TEKCT.

CHHTaKCHC (PYHKUMH rightToLeft ():
lcd.rightToleft ()

“ﬂpﬂMET‘pf lcd — NEepeMEeHHaA THNAa LiquidCrystal.

7.2.20. ®yHKumua createChar()

DYHKIMA createChar () CO3/IAET NOAb30BATENLCKMIH cuMBOI (rud) s Menonb3oBaHKA
Ha JKUAKOKpUCTAIMYeckoM auciuiee. [lomiepkueaiores 10 BOCBMH CUMBOJIOB 5x8 nuk-
cenoB (Hymepaums ¢ 0 no 7). Coznanme Kam/10ro nojab30BaTe/IbCKOro CUMBOJIA onpe/e-
NACTCA MACCHBOM M3 BOCBMH DAMTOB — OIMH DalT ana KaxkaoH cTpoku. IlaTe maaammx
JHAYaLMX OUTOR KaxKaoro dDalTa onpeaensioT NUKcelbl B 9Tol cTpoke. YToObl BHIBECTH
NOJAL30BATENILCKHIH CHMBOJI HA KPAH, UCNOJB3YHTE (PYHKIMIO write() ¢ HOMEPOM CHM-
BOJIA B KAYECTBE napamMeTpa.

CHHTaKCHC (PYHKLMM createChar ()]
lcd.createChar (num, data)

ITapameTtpsi:

0 lcd— NMepeMEeHHas THNAa LiquidCrystal;

O num — HOMep coznaaemoro cumsona (0 to 7);
0 data — JaHHBLIE CUMBOJILHBIX NMKCENO0RB,

Ipumep cozpanmns cMmBOIa NpuBeaeH B aucTuure 7.1,
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#include <LiquidCrystal.h>
LiquidCrystal lcd(12, 11, 5, 4,
byte smiley[8]={
BOOOOO,
B10001,
BOOOOO,
BOOOOO,
B10001,
BO1110,
BOOOOO,
}i
void setup()
{
lcd.createChar (0, smiley);
led.begin(le, 2);
led.write(0) ;
}
void loop() {:}

3y &7

Custom Character Creator

e

dear/paint all m sample 2

Ligquid Crystal Display

‘ ‘ . Sketch Code:

#include <LigquidCrystal.hs
LiquidCrystal 1de(12, 11, 5, 4, 3, 2);

byte neanChar (B8] = {
B10001,
801040,
Boo100,
BO1110,
Biiidii,
810001,
810001,
B10001

H

void setupl) {
lcd. createChar (0, newChar});
Tcd. begin(is, 2);
Ted.write(0);

¥

voild Teopil) {}

Puc. 7.2. Co3gaHve koaa NoNb3oBaTENLCKAX CUMBONOB ANA LiquidCrystal
€ nomowybio WHTepHeT-pecypca LiguidCrystal Display
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C nomoubio uHTepHer-pecypca http:/mikeyancey.com/hamcalc/led _characters.php
B peskume online MOKHO HapHUCOBATH TMOJIL30BATEILCKHE CHMBOJIBI H MOJAYYHTh COOTBET-
CTBYIOLMH UM NporpaMmHblii koj (puc. 7.2).

7.3. Bubnuorteka LiquidCrystalRus

Jucnnesm WINSTAR npucyiia onpeaeneHHas npodiaeMa ¢ nojaepKKOd KHPHIUTHLLL.
Jeno B ToM, 4TO KHTaHUBl peluan, OYATO BKIOYWTh MOAJAEPAKKY KHPHIUTHIBI — 3TO
3HAYUT MPOU3BOJIBHBIM 00pa3oM packHaaTh Mo Tad/IHIE 3HAKOB KUPHITHYECKHE CHMBO-
bl 0e3 cooTBeTcTBHA Kakoil-mnbo koaupoBke. B 2010 roagy HMnea lanunoe wanwmcan
OMOMMOTEKY LiquidCrystalRus, KOTOpas YMEJ0 CTpaBAAeTCA ¢ KUTANCKOH KHPHWIHIIEH,
nenas ee nojaaep:kky npospavHoi. Co3aaaum npumep, MoKasbiBaloOUIMH BO3MOKHOCTH
OMONHOTEKH LiquidCrystalRus.

Cxema noaxmouenus aucruies WINSTAR k nnate Arduino npeacrasnena va puc. 7.3.

Arduino
wh1604 —] Rx
— Tx Al —
D7 D2 Al —
D& D3 A2
05 D4 A3 =
D4 05 Ad
LCD —1 DB AS |—
Vss D7 A6
Wdd — 08 AT f—
Vo — D8
RS — D10
EI’W * | 31; SRV — 'S
1 \
—1pna SV [—» L |
GND R1 10k

1

Puc. 7.3. Cxema nogkniovenna gucnnes WH1604 k nnare Arduino

Jucnaeit WINSTAR, kak u npoune aucrnien Ha koutposnepe HD44780, noanepxunsaer
J1BA BAPHAHTA napaiienbHoro nurepdeiica:

O 8-OurHblii — BbiBOALI DB0-DB7, 3a oauu takT nepeaaercs | Gaiir (8 6ur):
O 4-OurHblii — BbiBOJABI DB4-DB7, 3a oauH TakT nepepaercs nonosuHa Oaiira (4 Oura).

CMmbic/1a MCNOIL30BaTh 8-OMTHLIH BAPHAHT HET, NMNOTOMY 4TO OH Tpedver 3aneicTBOBATD
00JIbLIE KOHTAKTOB, @ BLIMIPLILLIA B CKOPOCTH BCE PABHO HE JAaeT — 4acTtoTa 0OHOB/ICHHS
aucnies He 6onee 10 pa3 B ceKyH1y, TaK 4TO Mbl B JIKODOM Cliyyae He CMOKEM YBHIETb
yacto obHosagemble fadubie. [lostomy BeiBoasl DB0-DB3 ocrasnsem HenoakioveH-
HBIMH.
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VYnpapineHne KOHTPACTHOCTBIO H300payKEHHA HANpPAKEHHEM OCYUIECTBIAET MOTEHIIHO-
meTp. B nanHoMm ciyuae HopManbHoe H3oOpaxkeHHe HaG/IoAa/IoCh MPH 3HAYEHHAX Ha-
npskeHus Ha Bxoze Vo B npenenax 0,45-1,2 B.

[IpucTynaem K nporpaMMHpOBAHMIO M MOCTAPAEMCA HA NMPAKTHYECKOM MPHMEpe MoKa-
3aTh BO3MOKHOCTH auciuies. CHavana noakimouvaeMm OMONMOTEKY LiguidCrystalRus /1M
paborsl ¢ JKKH (LCD). Jlanee cosznaem obwext LCD-aucnnes, ucnoib3ys KOHCTPYKTOP
Kjlacca LiquidCrystalRus ¢ 6 aprymeHTamu. buOnHoTeKka MO KOJAWYECTBY apryMeHTOB
caMa Onpeie/HT, YTO HYKHO MCNoJb3oBaTh 4-0UTHBIM HHTepdeiic. YKa3biBaeM, K KaKHM
nuHaM (kontaktam) Arduino noawmnouvenst BeiBoabl aucivies: RS, E, DB4, DBS, DB6,
DB7. Jlanee B GpyHKuMH setup () HHUUMAIW3HPYeM aucniei (4 ctpoku no 16 cumsonos)
M 3anMChIBAEM BBLIBOJAMMYK Ha aucruieit ¢pasy. Jlauubiii Koa npeacraeieH B JTUCTHH-
re 7.2.

Nuctuur 7.2

// Topxmouenne CUOIUMOTEKM
#include <LiquidCrystalBus.h>
// Coapaem oOGBLEeKT, MCIOONL2YA KOHCTPYKTOp Kinacca LiquidCrystal
// 12 - R5,11 - Enable,5 - D4, 4 - D5,3 - D6,2 - DV
LiquidCrystalRus led(12, 11, 5, 4, 3, 2):
// HayanbHas yCTaHOBKa
void setup()

{

// pa3mepHOCTL MHOMKATOPA

led.begin(16, 4);

// HauyaneHoe coobueHue

led. setCursor (0, 0):

led.print ("Iemo k kHure");

led. setCursor (0, 1)

led.print ("Arduino") ;

led. setCursor (0, 2);

led. print ("BoamoxHocTH" ) ;

led. setCursor (0, 3);

lcd.print ("WH1604");

led.cursor|() ;

delay (10000) :

}

CHauana nocMOTpPHM, KakK JEHCTBYIOT METOAbl display() M nobisplay(). 3arem npoje-
MOHCTPHPYEM BBIBOJL CHMBOJIOB Ha 9KpaH jaucruies. Meroasl leftToright () M
rightToLeft () YCTAHABAWBAIOT HAINPAB/IEHHE BbIBO/A TEKCTA — CJIEBAa HANpPaBO M Crpasa
HAJIEBO COOTBETCTBEHHO. [l HarnsaAHOCTH Oy/1eM BBIBOJIUTEL CTPOKH NMocHMBoabHO. Tlpu
ITOM TOKaxeMm W pasHbie Gopmbl Kypcopa. [lepeyio CTpOKY BBIBOJAMM C/ieBa HaNpaso
C OOBIYHBIM KYPCOPOM (B BHJIE MOJAYEPKUBAHUSA), BTOPYIO — € HEBHIHMbBIM KYPCOPOM
C/ICBA HAMNPABO, TPETHIO — CIPaBa HaJEBO C OOMBLUIMM MHUTAIOLIMM KYpPCOpoM. 3aTtem me-
TOJAOM clear () OUHLIAEM JKpaH M repeBoauM Kypcop B nozuumio 0,0. Koa gannoro or-
pe3Ka npeacTaBieH B JIMCTHHIE 7.3,
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Nuctuur 7.3

void loop()

{

// BeHKmOUMTE oucnneit 6e2 norTepu oToOpaxaeMol Ha HeMm MHbpopMalMu
led.noDisplay() ;

delay(3000) ;

// BrmouwnTe mmcnnei Ge3 norepu oTobpaxaeMoi Ha HeM MHGOpMALMHM
lcd.display() ;

delay (3000) ;

J/***** BupoJN CleBa Hanpapo **rxwi*
led.clear() ; // ouMcTUTE SKpaH
lcd.leftToRight () ; // cneea Hanpaso
led.cursor() ; // wypcop - noguepKMBaHMe
lcd. setCursor {0, 0); // nozmuma 0,0
String textl="Cnepa Hanpaeo";

for(int i = 0; i < textl.length(); i++)

{

lcd.write(textl([i]); // NMOCHMMBONBHEI BHBOI
delay (300) ; // Banepxra

}

led.noCursor () ; // xypcop - cnpsaTaH
lcd.setCursor (0, 1); // nosuuma 0,1
for(int i = 0; i < textl.length(); i++)

{

led.write(textl[i]); // NOCHMMBONBHEN BHBOI
delay (300) ; // sanepxra

}

J/***%* Bupon CnpaBa HaNeBo *Wr¥kii
led.rightToleft () ; // cnpaea Hanero
led.blink () : // Kypcop - MMIamoumi
led.setCursor (15, 2); // nosuuma 15,2
String textZ="openaH opapnC";

for(int i = 0; i < text2.length(); i++)
{
led.write (text2([i]); // NOCHMMBONEHEIT BHBOL
delay (300) ; // sanepxka
}
led.clear();

}

Teneps npojaeMoHcTpupyeM (PYHKUMIO autoscroll() MPH BBIBOJE CHMBOJIOB HA HKPaH
HKHJIKOKPHCTAIMYMECKOTO HHAKMKATOPA, DTa (DYHKIMS 3aCTABIACT KAXK/IbIH BLIBOJI CHMBO-
J1a HA HKPaH NepemMeLiaTh Nnpeibliyliue CMMBO/IbI HA OJIHO 3HAKOMECTO, YTO NPOH3BOAUT
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3¢ dexT BLIBOAA KaKI0r0 HOBOrO CHMBOJIA B OHO M TO K€ 3HAKOMECTO Ha skpane. [lpu
ITOM MpebIyLIHe CHMBOLI OyAYT cMelarses MO0 BiIeBO (HanpaejieHHe BLIBO/A clleBa
Hanpago), nubo BrpaBo (HampaejieHWe BbIBOJA cripaBa Hainero). JlaHHbIi koa npeacrae-

7eH B THCcTHHTE 7.4.

Nuctuur 7.4

J/***** gutoscroll cnepa Hanpapo **kraxs
led. leftToRight () ;

lecd.autoscroll () ;

String text3="autoscroll";

led.blink();

lcd. setCursor (7, 1):

for(int i = 0; i < text3.length(); i++)
{

led.write(text3([i]);

delay(300);

}

// cnpaBo Haneso

lcd. rightToleft () ;

lcd. setCursor (7, 2);

for(int i = 0; i < text3.length(); i++)
{

led.write(text3[1]):

delay(300);

}

lcd.noAutoscroll() ;

led.clear():

Teneps paccMOTPUM METO/1 YCTAHOBKH TOJIOKEHHUA Kypeopa — setCursor (). B npumepe
Oy/IeM Kak/Iylo CEKYH/Y MepeycTaHaB/IMBaTh Kypcop B CIyHalHYIO MO3HLIMIO HAa IKpaHE.
Koa nannoro orpeska npejacrasieH B IMCTHHIE 7.5,

NuecTtunr 7.5

J/***%* nepeMelleHMs Kypcopa ***+**&#
led. leftToRight () ;

led.cursor|();

led.blink () ;

for{int i=0;i<10;i++)

{

int randl=(micros()+millis())%1000;
led. setCursor (randl1%15, randl%4) ;
delay (1000) ;

}

led.noBlink () ;

for(int i=0;i<10;i++)

{

int randl=(micros()+millis()):;
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led.setCursor (randl%15, randl%4) ;
delay(1000) ;

}

delay (1000) ;

lcd. home () ;

B 3akiioueHne paccMOTpUM MpUMEp CO3aHusA MOJMb30BaTeIbeKUX cHMBOIOB. Jlna pe-
AHMa 5x7 MOKHO c031aTh 8 nonb3oBaTe/lbCKUX CHMBOIOB ¢ HomepaMH ot 0 no 7. s
BBIBOJIA HA JKPAH JMUCIUIEs HUCTIONBL3YETCH METOM write (N), rie N — HOMep cO3/1aHHOTO
cumBoaa. CoznaanuMm 8 cumBosioB. OnHckiBaeM Hallld cOOCTBEHHbIE CHMBOJIBLI B BHIE Mac-
cHBOB OMTOBBIX MacoK. Kasablii CHMBOJI — 3TO BOCEMb MACOK 110 NATL OUTOB. BBIBOIHM
CHMBOJIBI Ha auciieit ¢ uHtepeaiom | cex. Koa npeacraeien B iMctunre 7.6.

Nuctuur 7.6

byte sl[8)=(B11111,B11111,B11111,B11111,B11121,B11111,B11111};
byte s2[8]={B00000,B0O0000,B11111,B11111,B11111,B11111,B11111};
byte s3[8]={B00000,B00000,B00000,B0O0000,B11111,B11111,B11111};
byte s4(8]={B00011,B00011,B00011,B00011,B00011,B00011,B00011};

void loop()
{

for(int i=0;i<4;i++)

{

}

lcd.createChar (0, s1);
led.createChar (1, sl);
led.createChar (2, sl);
lcd.createChar (3, sl):

lcd. setCursor(0, 0);
led.write(0) ;lcd.write("");
led.write(1) ;led.write("");
led.write(2) jlecd.write("");
led.write(3) ;lcd.write("");
delay (10000) ;

}

[Monnwiii BapuaHT paccMOTPEHHOrO CKETHa HAXOAMTCA B narnke examples\_07_1 conpo-
BOK/IAIOWEr0 KHHIY 3JIEKTPOHHOIO apxuBa. HanoMmuHuaio, 4to 5TOT IEKTPOHHBINA
apxue MOxkHO ckauatk ¢ FTP-ceppepa wznarenscrsa "bXB-lIlerepOypr" no ccbuike
ftp://ftp.bhv.ru/9785977535502.zip, a Takke co cTpaHULbl KHHUIH Ha caiite www.bhv.ru.

HAYANBHAS WKONA

O6napatenu Habopa c kKOMNNeKToMm getanel W KOMNOHEHTOB (CM. npunoxeHue 2) moryT
noTpeHuposaThca B obpawenuu ¢ Arduino, eeinonHue Ypok 6 "Paboma ¢ xudkokpucman-
NUYECKuUM 3KpaHom",
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buonuoreka EEPROM

Muxkpokoutposuiepst ATmega umetor Ha bopty aHeproneszasucumyto namsate EEPROM,
HE MOTEPAIOULYH) 3alMCaHHBIE B HEe JIaHHbIE JlakKe M0C/e OTKAKYEHHSA [MHTAHHA.
512 GaiitoB Takoit namsati HecyT ATmega8 u ATmegal 68, 1024 Gaiita — ATmega328,
4096 Gaittos — Arduino Mega. Ilamare Tuna EEPROM jonyckaer HECKO/IBKO JECATKOR
THICHY UHMKJIOB 3alUCH M CTHPaHUs AaHHBIX. OHA MOXKET MPUroJAMTLCH U8 COXPAHEHHH
M3MEHAIOLMXCH HACTPORK MPH OTKJIIOUEHHH nuTanus ot yerpoiiets Arduino. s paGo-
Thl ¢ 3TOi1 naMsTeio B coctaBe Arduino IDE umeercs yaoGuas Gubaunoreka E2proM,

8.1. ®yHKuum oubnuorek EEPROM

bubanoreka EEPROM COJIEPHHUT JIBC (IJ}’HKI.I,HH: YTECHHUA H 3aITHCH B NaMATE JIAHHBIX.

8.1.1. ®yHkuua yreHua EEPROM.read

DyHKUHMA EEPROM. read CUMTbIBaeT OalT M3 sHepronesasucumoii namaty EEPROM. Ecau
OaiiT 20 TOro HUKOI/1a He Nepe3alntcbIBAIC] — BepHeT 3HaueHHe 255.

CuHTakcue (PYHKUMH EEPROM. read:
EEPROM. read (address)

[TapameTp: address — NOPAIAKOBBIA HOMEP AYEHKHM naMaTH 114 uteHus ot 0 go 512 (uam
1024) (int):
Bosspamaemoe 3nauenmne — OaiiT, XxpaHUMMBIH B fiUeiiKe namaTw.

[Mpumep cumTbiBanus 3HaueHus Bcex OalrTor sHeproneszapucumoi namstn EEPROM
u BbiBoa UX B COM-nopr npeacrasne B aucTuure 8.1,

Nuctuur 8.1

f#include <EEPROM.h>
// HavanoHel anpec namAaTy EEPROM

int address = 0;
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byte value;
void setup()

{
Serial.begin(9600) ;

}
volid loop()

{
// cuMTHBaeM IHaUeHMe [0 Tekyuemy anpecy EEPROM
value = EEPROM.read (address) ;

Serial.print (address) ;
Serial.print("\t");
Serial.print(value, DEC);
Serial.println();

J/ vcTranaBmMBaeM clelyviolvio AYeiky DamMaTH
address = address + 1;
// EEPROM conepsxuT Bcero 512 (1024) BGair
// ecrm agpec pgoctur 512 (1024), To cHoBa nepexonums Ha 0O
if (address == 512)
address = 0;
delay(500) ;
}

8.1.2. ®yHkuuna sanucu EEPROM.write

(DYHKIMA EEPROM. write 3aMHCHLIBACT OANHT B YHEPrOHE3aBUCHMYIO NMAMATh.
CHHTaKCHC (PYHKIMH EEPROM, write!

EEPROM.write {address, value)

Iapamerpsi:

O address — NOPAAKOBbIA HOMep fueitkn namsiti uis 3anucn — ot 0 1o 511 (int):
O value — OalT ang 3anucu — ot 0 10 255 (byte).

BosepamaemMoro sHaueHua HET.

Bo3smoxknoe konuuectso umiioB nepesanucu jgadHHbiX (Write/Erase Cycles) B namsatn
orpanndeno 100 Teic, pa3s — 3T0 C/IeAYET YHUTBIBATH MPH UCTIONL30BAHHH JIAHHOMH nams-
TH. Bpema, Tpebyemoe s 3aBepiueHus UMKIA 3anvcH, cocrapaser 3,3 ms. /lannaa 3a-
AepAKKa yiKe yuuTbisaercs OMGanoTekoi EEPROM,

[Tpumep coxpanenus B sHepronezasucumoi namati EEPROM 3nauennii, cunmtaHHbIxX
C AHAJIOrOBOro BXO/IA analog input 0, NpejacTaBieH B aucTHHre 8.2, JlaHHbie 3HAUCHHA
OCTAHYTCA B MAMATH W 10C/IE OTKIIOUEHHUS MUTAHUS OT NIaThl U B OyayieM MoryT ObITh
JAOCTYIHBI JUIA JIPYToro cKeTya.
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Nuctunr 8.2

finclude <EEPROM.h>
I’/ Texyvilee HadeHMe agpeca EEPROM
int addr = 0;
vold setup()
{:}
void loop()
{
if {addr < 512)
{
// EEPROM MOXeT XpaHMTBE TONBKO 3HaueHua oT 0 mo 255.
int val = map(analocgRead(0),0,1024,0,256);
// sanMcHBasM 3HAYEHME B SHEPIOHESaBMCHMMYIO NaMaTh
EEPROM.write (addr, wval);
// ycraraBmMBaeM cleoyouyn AYefKY NamMATH.
addr = addr + 1:;
}
}

8.2. NMNpumepbl ucnonb3oBaHusa namatm EEPROM
8.2.1. BocnpousseaeHue 3ByKa

Co3a1uM NIPOEKT, B KOTOPOM yCTpoicTBO Arduino uenoibzyercs sl reHepaluu 3ByKa.
Menoauu xpansarca B namatn EEPROM u eeiBoaaTCa Ha auHamuk. JLis aToro Ha auHa-
MHK CJI€IYET MOJAaTh CHIHAN COOTBETCTBYIONIEH YacToThl. B KayecTse AMHAMMKa HCTIONb-
3VeM JIHHAMHYECKYIO rojioBky 8 OMm, noakmovaemyo K seiBoay D8. Cxema noakmove-
HHA npejcTasieHa Ha puc. 8.1,

Puc. B.1. Cxema BrnioyeHms
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Bumecto conporupinenus ¢ HomuHanom 220 OM MOKHO MCnonb3oBaTe W Oonbluee, Ha-
npumep, S10 Om wamn | kKOm. HegoctaTkoM Takoro nogkaOUYeHHs ABASETCA TO, YTO 3BYK
nosy4aeTcs o4eHb-04eHb THXHH. [ToaToMy, YTOOBI MOAYYHTE FPOMKOCTE DONee NpHInY-
HOrO YPOBHA, JIMHHAMHK MOJKHO MOJKIKOYHTE K BBIBOAY HE HAMPAMYIO, a4 Yepes TpaH3u-
CTOp, KaKk Mmoka3aHo Ha puc. 8.2.

Puc. 8,2. Cxema BKNIOYEHWUA C TPAHIUCTOPOM

['POMKOCTB 1pH 3TOM MOJy4aeTcs BecbMa 00/bIIOH, MOITOMY B CXEMY B KAYe€CTBE pery-
naropa rpoMkocTH aobasieH noreHunomerp R2. Tpansuctop BrmoveH 1o cxeme ¢ 00-
LIHM SMHUTTEPOM, M B JIAHHOM CJIyYae BBLICTYIAET HE B POJIM YCHIMTENS, a B KauecTse
EKTPOHHOTO KJIKOYA VISl COMJIACOBaHMS Harpy3ok. Jlesio B TOM, 4TO Yy JIMHAMHUYECKOM
rOJIOBKH CONPOTHBIIEHUE OYEHbL MAJICHLKOE, W NP Nojlaue Ha Hee Hanpskenus +5 B ve-
pe3 Hee CTAHeT MpoTeKaTh TOK OKOM0 625 MA. OJHAaKO MakCHMMalIbHbIH TOK, KOTOpBIi
MOryT obecrnedyuTs BCe BbIBOJBI MHUKPOKOHTpOJUIepa, coctasiser scero 150 mA, T.e.
B 4 pa3a menbiie. H takum oOpaszom, nojknrouas AMHAMHK K MHKPOKOHTPOJUIEPY HE Ha-
NPAMYIO, a Yepes TPaH3HUCTOP, CnocoOHbINA Nponyckars Yepes ceda Donblee HanpsKeHue
M TOK Oonbuied cuibl, Mbl obecnieunBaeM MIEKTPHUYECKOE COIIACOBAHME — B JIAaHHOM
CJy4ac corjlacoBpaHHc 1no Toky.

CHavana cOCTaBUM CKeTY JUIS BOCIIPOM3BEACHUS OJIHOM Menoann. Menoanus CoCTOUT M3
,I],B}"."i MACCHBOB: MACCHEBA C NOCNCA0OBATC/IbHBIM CITHCKOM HOT M MAaCCHRBA CO 3HAYCHHAMH
JUTMTEIBHOCTH BOCHPOM3BEAEHUA Kax/10i HOTBE. Jlns BOCponsBeieHus OIHOH HOTBI 110-
aeM Ha JIMHAMMK CHTHAJ ONpeeneHHON YacTOThl W UTHTEILHOCTH. 3aTeM BOCTIPOM3BO-
auM caeayiomyo Hoty, M rak panee 10 okonvanus menoauu. Ilepemennas tempo oTBe-
4aeT 3a CKOpPOCTh BOCIIpOM3BeAeHUs, PacueT TOHOB /Ul HOT OJIHOI OKTaBbI NpeACTaB/IeH
B Tadn. 8.1.
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Jna nojayn 4acTOTHOrO CHIrHajla Ha JAMHAMHK BOCMOJb3yeMca (pyHKUHEH tone (). CkeTy
JUIS BOCMIPOM3BEAEHNS MEJIO/IMM NPEICTAB/IEH B JIMCTHHIE 8.3, a TakKe HaXOAHTCA B nan-
Ke examples\_08_1 CONpPOBOMKAAKOIIErO KHHIY 3JIGKTPOHHOIO apXHBa.

Tabnuya 8.1. Tabnuuya pacyema moHoe Gna Hom o00HOU OKmMaesk!

Horta Obo3HaveHue _ YacroTa, Ny Mepwop
Ao c | 261 3830
pe d | 204 3400
M e | 329 3038
da f | 349 2864
cons g | 392 2550
A a | 440 2272
o b | 493 | 2028
Nuctuur 8.3

J// HOTH MenonMmM

char notes|[]="GECgabCaCg DGECabCDED EFEDGEDC CECaCag gCEDgCEDEFGECDgC "; //
npoben - 3TO naysa

// mmMTeneHOCTE IUIA KamOoM HOTH M naysH

int beats|] = { 4, 4, 4, 4, 1, 1, 1, 2, 1, 4, 2, 4, 4, 4, 4, 1, 1, 1, 2,
L, 25 33 i 3 X 2 X 18 250 Y 2 1 & i X W5 25 ),
2 Y de a2 X5 @5 Y L Ay L Ay @ Xy 4 4y &) 2

// nomwmouuMTe mDMHaMMK K pin 8

int speakerPin = §;

int length = sizeof (beats); // umcno Hor

// TemMn BoCnpoMaBeneHMA

int tempo = 400;

// npoMrpaTtThb HOTY

void playNote(char note, int duration)

{

// maccue mnsa HaMMEeHOBAHMIA HOT (0O pe MM ... M T. H. B Npelenax nByx
// okrras)
Chﬂ.r namesl]=llc_.|' Id-fle‘;-flriq';lair'bl' Ic!rlDlrlEl’ IE‘lrlglriﬂlrIBI}:

int tones([]={3830,3400,3038,2864,2550,2272,2028,1912,1700,
1518,1432,1276,1136,1014 };

// npourpaTs TOH, COOTEBETCTBYIUMHA HOTe
for (int i = 0; i < sizeof (tones); i++)

{

if (names[i] == note)

tone (speakerPin, tones|[i],duration * 1000L);

}

}
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void setup()
{pinMode (speakerPin, OUTFUT) ;}

void loop()
{
for (int i = 0; i < length; i++)
{
if (notes[i] == ' "}
tone (speakerPin, 0, beats([i]*tempo* 1000L); // naysa
else
playNote (notes[i], beats[i] * tempo):
}
// nayza mexmgy HOTaMM
delay (tempo / 2);
}
delay (3000) ;
}

8.2.2. 3BOHOK C MenogusiMmm

[pourpeiBaTe MeNOAMIO uepe3 JAWHAMHMK Mbl yike ymeem. Temeps HanuineMm cketd
3arpy3ku menoaui B namate EEPROM. 3apesepeupyem tam mecto mns 10 menoamii,
KOTOpBIC CMOKEM MPOMTPLIBATH B HYKHBIH MOMeHT. KapTta aapecos namaTh OyaeT HMeTh
CAeAYIOUIHH BU/L:

O 0-9 — yKasaTe/lb Ha aJIpec MEeJIOANH;
0O 10-511 — MecTO A1 MeJIOAHIA.
Kanas menoaus Oyaer npeacTapisaTh CeAYIOULYO 0C/e10BaTe/IbHOCTb JaHHbIX:

tempo (2 Ga#Ta), HoTal, mmT.l, HOTaZ, MMMT.Z2 ,..., HoTaN, omdaT.N, end

rae:

O tempo — TEMIT MPOUIPLIBAEMOH MENOIHH;

O uworal, Hora2 ,..., HoTaN — HOTBI;

0 aomurl, wmr2 ,..., ooatN— JIHTEIBHOCTH MPOUTPLIBAHHA HOT,

O end — OaiT KoHua meaoauu (3navuenme 0).

3anuck MOC/AeN0BaTeIbHOCTH HOT M UIMTE/ILHOCTH MX BOCIPOM3BEACHHA Ul KaxK10ii
MEJIOJIMH XPaHATCH B MaccuBax. B Hawem ckerue Mbl noc/ie 3anucu Meloauil B namsrs
EEPROM ebieesem cogepaxumoe namaty EEPROM. ®parmenTt coaepkumoro ckerua
npejacrasiedH B JaucTHHre 8.4. TekcT paccMOTPEHHOrO CKETHA HAXOAWTCA B Manke
examples\_08_2 CONpOBOKAAIOMIETO KHUIY JIEKTPOHHOIO apXHBa.
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TNuctunr 8.4

// Wicnone=oBaHue Gubnmorexu EEPROM
// sanmce menommit B EEPROM
// nogwmouenmue GuGmMoTexu EEPROM
#include <EEPROM.h>
// HOTH Menomm
String notes[] ={ "ccggaagffeeddec ",
"GECgabCaCqg DGECabCDED EFEDGEDC CECaCag gCEDgCEDEFGECDgC "};
// npoBen - arTo nay=a
// DMTensHOCTE IVIA KaXOod HOTH M NaysH
String beatsf}={"1,1,1,1,1,1,2,1,1,1,1,%,;1.,4,4",
W (O s [ O R S YT PR [T D S R i JSL OR R O D IR R O R T I
gt B W B oo B T W 25 o BBt Mo O Ity U 2 A e oy S0 2
int tempo[]= {300,400};
int addrl=0;
int addr2=10;
void write_melody(int num)
{

EEPROM.write (addrl, addr2) : // yrkazarTene Ha MenomMo
EEPROM.write (addr2, tempo [num]>>8): // nna tempo - 2 Gaitra
addr2++;

EEPROM.write (addr2, tempo[num] ) ;

addr2++;

for (int j=0;j<notes[num).length();j++)
{
EEPROM.write (addr2,notes[num] [§])2 // Hora

addr2++;

EEPROM.write (addr2,beats(num] [§*2]); // mnuTensHoCTh
addr2++;

Serial.print (notes[num] [j]):Serial.print(™ ");

Serial.print (beats[num] [j*2]-48);Serial.printin(" ");
}

// zammcatrs 0 - end

EEPROM.write (addr2,0);

addr2++;

addrl++;

}
void setup()

for(int i=0;i<sizeof (tempo)/2;1i++)
{write_melody (i) ;}
Serial.println("end..."); Serial.println("controcl..."):
for(int i=0;i<511;i++)
{
Serial.print(i);Serial.print(" - ");
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Serial.println (EEPRCM.read (i) ,DEC) ;
}
}
void loop()
{1}

B npumepe mbi 3arpyskaem B namaTh 2 MenoauM. S 1ymato, y Bac He BO3HMKHET TPY/IHO-
cTel U1 M3MEHEHHS CKeT4a JUIsl 3arpy3Kn OOMbIIEro KOJTHYECTBA METOIHII.

A Tenepb HarnHIeM CKeTY, IPOMIpbIBAOLLHH ciyyaiiHyio Menoauto w3 namatd EEPROM
MPH HAKATHH KHOMKH. CXeMa MpH 5TOM H3MEHAETCAs He3HAYuTelbHO. OQHH KOHTAaKT
KHONKH mnojacoeavusiem k D9, K Hemy ke noawaoyaem MoATArHBAIOWMKI pesHCTOp
10 kOMm, KOTOpBIi B CBOKO Ouepe/lb coejiMHseM ¢ 3emiieid. JIpyroii BbIXOJ4 KHONMKH COeaH-
HseM ¢ nuranuem 5 B. [lpu Britouenuu B nporpamme setup () MOACYHUTAEM KOJIHWYECTBO
3AMUCAHHBIX MEeJIOIHM. 3arem B LHHKJIE Ha THHAMMK BblLOdaeTCd MeET10QHA. ,H.EIHHI:-IE MEo-
UM (TEMII, CIIMCOK HOT M MX NMPOAOKUTENBHOCTB) OepyTes u3 namath EEPROM. [Jlna
KOHTPOJISl JIaHHBIE BBIBOJAATCS B MOHHTOp nociejaopartesnbHoro nopra. Coaepxumoe
CKETHa NpeAacTasB/JICHO B JIMCTHHIC 8.5. Tekcr PACCMOTPEHHOI0 CKETHAa HAXOAMWUTCA B nar-
Ke examples\_08_3 CONpOBOXK/IAIOMIET0 KHUTY AIEKTPOHHOIO apXHBa.

Nuctunr 8.5

/[ ***** BocnpousBeleHMe MenolMu, =anMcaHHod B EEPROM
// nopkmoueHme Gubmuorexn EEPROM
finclude <EEPROM.h>
// nopxmounTe DIMHamuk K pin 8
int speakerPin = 8;
// NomkmouMTE KHONKY K pin 9
int buttonPin = 9;
// TeMn BOCNpOM3BeNeHMA, HOTH, LIMTeNbHOCTH
int tempo,notes,beats;
// anpec yrasz=arens MeNoIOMM, claydalHas MeJoiMsa, KONMWMUYEeCTBO MEesloamhi
int addrl;
int randl;
int count=0;
// npourpaTe HOTY
void playNote (char note, int duration)
{

{/ MaccuB Ona HaMMeHOBaHMit HOT (0O pe MM ... M T. O. B Npenenax OBYX OKTAaB)
char names[] = { ‘¢', '4d*, 'e', *‘f', 'g', 'a', 'b',

YD TR YR GG LR YRY 3

int tones[] = { 3830, 3400, 3038, 2864, 2550, 2272, 2028, 1912, 1700, 1518,

1432, 1276, 1136, 1014 };
// npourpaTe TOH, COOTEETCTEYIUMHA HOTe
for (int i = 0; i < sizeof(tones); i++)
1

if (names[i] == note)
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{
tone (speakerPin, tones(i],duration * 1000L);
}

}

}

void setup()
{
pinMode (speakerPin, OUTPUT);
pinMode (buttonPin, INPUT):
Serial.begin(9600) ;
for(int i=0;i1<200;i++)
{
Serial.print(i);Serial.print(" - ");
Serial.println(EEPROM.read (i), DEC);
}
int i=0;
while (EEPROM. read (i) <255)
{count++;i++;:}
Serial.print("count=");Serial.println(count);
}

void loop()
{
if (digitalRead (buttonPin)==HIGH)
{
Serial.println("click");
// nonyuuTs cnyudaiHoe
randl=random(0, count+1) ;
addrl=EEPROM. read (randl) ;
Serial.println(addrl);
/f
tempo=EEPROM. read (addrl) ;
addrl++;
Serial.print (tempo,DEC) ;Serial.println("");
tempo=tempo*256+EEPROM. read (addrl) ;
addrl++;
Serial.print (tempo,DEC);Serial.println("");
while (EEPROM. read (addrl) >0)
{
notes=EEPROM. read (addrl) ;
addrl++;
beats=EEPROM. read (addrl) ;
addrl++;
Serial.print (notes);Serial.print(" ");
Serial.print (beats,DEC);Serial.println(" "};
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if (notes = ' ')

tone (speakerPin, 0, beats*tempo*1000L); // nay=a
else

playlote (notes, beats*tempo);

/[ naysa mexny HOTaMmM

delay(tempo / 2);

}
Serial.println("end");

}

}
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rmaABaA 9

Ucnonb3oBaHue Arduino Leonardo
B KayecTtBe USB-ycTtpoucrtea

Bosmoxkno, nanbonee BakHbIM MOMEHTOM A14 1000 naatel Arduino seasercsa ee cno-
coOHOCThL OBITH 3amporpaMMHpoOBaHHON 4Yepes nocienopatenbHbid nopt USB. Dto
noszponser nporpammuposath Arduino 6e3 cneunansHoro 0dopyaoBaHus — Takoro, Ha-
npumep, kak nporpammarop. B ciyuae Arduino nporpamMmaTtop y:Ke BCTPOEH B ruiarty.
K Tomy ke 3Ta BO3MOKHOCTH 0OecrneurBaeT npaMoe NnoAKIO4YeHHe K HHTErPUPOBAHHOMY
YHUBEPCAILHOMY CHHXPOHHO/aCHHXPOHHHOMY TNpPHEMHHUKY M nepeaatyuky ATmega
(USART). Hcnoawpzys stor mHTepelic, Bbl MOKeTe OOMEHMBATBCA JAAHHBIMH MEKIY
Arduino ¥ KOMINBIOTEPOM.

Y pazueix maar Arduino BO3MOKHOCTH TOC/IEA0BATE/ILHOIO COCAWHEHHS Pa3IHYHBI —
KaK ¢ TOYKH 3peHus annapartHoi peanusaumu aganrtepo USB-to-serial, Tak M ¢ TOukM
IpeHHs NPOrpaMMHOI NOAIEPIKKH TeX WIN MHBIX (DYHKLIMIA.

Jlna navana HeoOXOAMMO MOHATH Pa3sHMILY MEXKIy nocieaoBatenbHbiM noptom v USB.
MukpokoHuTponnepsl ATmega328, koropeimu ykomiuiektoBansl Arduino Uno, umetor
OJIUH annapaTHbeli nocieaoBaTenbHbid nopt. OH BKIOvaeT BuIBOALI I'X (nepenaua) u Rx
(noayueHue), K KOTOPbIM MOKHO MOJAYUYNTE J0CTYN Ha uudposbix Beisoaax 0 u 1. Ilnara
Arduino obopy/aoBaHa 3arpy34uHKOM, KOTOPbIH MO3BONAET MPOrpaMMHpOBaThL €€ Mo mno-
cieoBaTe/IbHOMY MHTepdeicy. DTo Te BbIBO/IbI, KOTOpbIE "MYIbTHILIEKCHpOBaHb" (T. €.
BBIMOMHAIOT OoJsiee 0AHOH (PYHKIMMK), — OHM CITYKAT U U1 JIMHWI npueMa/nepeaavn Ka-
oensa USB. Ho nocaenosarenbubiit nopt u USB He comectumsbl. JIng yerpaneHus 3o
npobaembl Ha Arduino umetorca aga cnocoda. Ilepsbiit criocod — uenonb3oBaHue BTO-
PHYHOI MHKpOcXeMmbi-npeolpa3opare/ia, 4YTO MNPHUMEHACTCA, HANpUMep, Ha naTax
Arduino Uno. Bropoii — 3aaeiicTBOBaHHE MHUKPOKOHTPO/IJIEpa, HMEIOLIETO BCTPOCHHbIH
USB (nanpumep, mukpokoutponaep 32U4 B Arduino Leonardo).

[nara Arduino Leonardo Obuia nepsoit niaroil, HMEIOWIEH TONILKO OHY MHKPOCXEMY,
KOTOpaA BbINOJAHAET (PYHKUHH M NPOrpaMMHPYEMOTO MOJIb30BATENEM MHKPOKOHTpPOJUIE-
pa. u uurepdeiica USB. Arduino Leonardo (v noaoOueie naatel Arduino) ykomiiekro-
BaHbl MUKpoKoHTpoanepoM 32U4, B kKotopselit BecTpoena npsamas nepeaavya USB. B pe-
3yJbTare miara Moxker 0oJiee JIErKo HCnoib30BaThes A dSMyasuun (Mmutauun) USB-
YCTPOHCTB (TAKHX KaK KJIaBHaTypa, Mblllb WK JDKOHCTHK). A oObiunbiit nopr USART na
ATmega He MyJIbTHIVIEKCHPOBaH ¢ BbiBOoAamu unrepdeiica USB, nosromy ceasb ¢ rias-
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HBIM KOMMBIOTEPOM H BTOPHYHBIM MOC/IE/10BAaTENbHBIM YCTPONCTBOM (TAKMM KaK MOJY/1b
GPS) MoxkeT npoMcxXouTh OAHOBPEMEHHO.

8.

1. Umutauumsa knaematypsl Ha Arduino Leonardo

Jlnsa nuar Arduino ¢ npamoii nomaepxkkoit USB B Arduino IDE, Haunnas ¢ sepcuu 1.01,
BKJIKOYEHBI JIBAa Kiacca, obecrnieunBarolite noAep Ky MbIIM U KiaBHaTypbl. DyHKUMKA
KraBHaTypbl no3ponAtoT miare Arduino (Leonardo, Micro unn Due) otnpaBnath Haxka-
THA KJIaBHLI Ha MOAKIIOYEHHbIH KoMmnbioTep. BoT cnucok (yHKkmii:

a
a
O

O

Keyboard.begin () — 3alyCcKaeT MYJALMIO KJaBHATYPbI:

Keyboard.end () — 3aBEPLUIACT SMYJISLHIO KJIABHATYPBIL,

Keypoard.press () — HMHTALHA HAKATHA H YICpKHBAHHA (.J[)yHI{l.li-lﬂHa.lTb}lbIX KJIABHLI
K/1aBHATYPbI,

Keyboard.print () — OTHPABJIAET MOCACAOBATEILHOCTE KOAOB HAaXKATHIX KJABHLI Ha
KOMIIBIOTEP:

Keyboard.println() — OTHPABIACT NMOCACAOBATC/ILHOCTE KOJOB HAMKATHIX KJIABHLI Ha
KOMMNBHOTEP C nobaBneHNEM KOI0B HOBOH CTPOKH H BO3BpaTa KapCTKkH,
Keyboard,release () — 3aBeplIacT UMHTALMIO YAepKUBaHUA 1A (PYHKUMOHAIBHOM
K/IABHIIH KJIaBHATYPbI;

Keyboard.releaseAll () — 3daBEpLIACT HMHTALUHK HAXKATHA H VICEPKHBAHHA BCEX
HaKATBIX (byHKuHDHaJ]hHHX KJIABHLI KJIABHATYPBI,

Keyboard.write () — OTNPaB/feT KOJAbl HAXKATHA W OTIYCKaAHMUA KJIABHLI HA KOMIIbIO-
Tep.

[Moanepxupaercs Takie Mynsauus Kiasdw-moaudukaropos (tadiu. 9.1).

Ta6nuuya 9.1. Cnucok knasuw-modugukamopoe obbekma Keyboard

Kniou ll]ec*rr;::::t::i;:uqnne OecaTtuuHoe 3HaveHHe
KEY LEFT CTRL 0x80 128
KEY LEFT SHIFT ‘ 0x81 129
KEY LEFT ALT 1 0x82 130
KEY LEFT GUI ‘ OxB3 131
KEY RIGHT CTRL ‘ 0x84 132
KEY RIGHT SHIFT ‘ Ox85 133
KEY RIGHT ALT OxBé 134
KEY RIGHT GUI ‘ Ox87 | 135
KEY UP_ARROW 0xDA 218
KEY DOWN ARROW 0xD9 217
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Tabnuua 9.1 (okoHyaHue)

Knioy mecﬂ:ﬁﬂ::i';“q“e OecaTtu4yHoe 3HavyeHue
KEY LEFT ARROW 0xD8 216
KEY RIGHT ARROW 0xD7 215
Key Backspace OxB2 178
Key Tab 0xB3 179
Key Return 0xBO 176
I KEY ESC 1 DxB1 I 177
Key Insert 0xD1 209
Key Delete OxD4 212
KEY PAGE UP 0xD3 211
KEY PAGE DOWN 0xD6 214
KEY HOME OxD2 210
h Key End - 0xD5 213
KEY CAPS LOCK OxC1 193
Key F1 OxC2 154
Key F2 0xC3 195
Key F'3 0xC4 196
Key P14 0xC5 197
Ke*_-.r;FS il OxCé I 198
Key F6 OxC7 199
Key F7 OxCB 200
Key F8 OxC9 201
Key F9 OxCA 202
Key F10 OxCB 203
Key F11 OxCC 204
Key F12 0xCD 205

Cosaaaum npocToil NpUMep UCNoJib30BaHUA 00BEKTA Keyboard — HANpUMEp, peanusyem
ONOKMPOBKY KJaBHATYphl KOMMBIOTEpa MpH HacTyniaeHun Temuothl. [loacoeamnum
K ananorosomy Bxoay A0 rartel Arduino Leonardo dotopesnctop, n npu nactynienum
TEMHOTBI Oy/leM OTMpaBAATL HA KOMMbIOTEP KOMOMHALMIO KAaBHLI A1 OJOKMPOBKH
komnbiotepa (s Windows ato komOunaums <Windows>+<L>). Conepikumoe ckeTua
npejacTapieHo B iMeTuHre 9.1,
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{l’lumﬂr 9.1
const int LIGHT =A0; {/laruMk ocBelleHHOCTH Ha BeBoO 1
const int THRESHOLD =200; /f/SHauedue C JAaTUMKA OCBeM@HHOCTH

//nna GNOKMpOBKM KOMNBOTEpa

volid setup()

{

Keyboard.begin() ;

}
void loop()

{

int brightness analogRead (LIGHT) ; //YTeHMe NAHHEX IAaTYMKA
if (brightness < THRESHOLD)

{

]

Keyboard.press (KEY LEFT GUI);
Keyboard.press('1");

delay (100);
Keyboard.releaseR11l();

DTOT CKETY Bbl MOKETE HAalTU B nanke examples\_9_1 COMPOBOXKAAIOLIEr0 KHHUIY 3JIEK-
TPOHHOIO apXHEa.

9.2. UMUTaumsa KOMNLITEPHON MbILLK
Ha Arduino Leonardo

OyHkuuu Muitu noseonsioT naare Arduino (Leonardo, Micro waun Due) ynpasnsts no-
JIOKEHHEM MBILLH Ha NMOAKIIOYEHHOM KoMmIibloTepe. BoT cnucok hyHKumi:

0 Mouse.begin () — 3anyYCKAeTCA SMYJIALMA MBILLH HA NMOAKIKYEHHOM KOMITBIOTEPE,
O Mouse.click() — IMYITHPYET HAKATHE H OTNIYCKAHHE KHOTTKH MBILITH

® MOUSE LEFT (nmo }’MDJ’T‘IHHHI{}} — JICBasd KHOITKA,

® MOUSE RIGHT — NnpaBaf KHOTIKAa.

® MOUSE MIDDLE — CpPEAHAA KHOIIKA,

a

Mouse.end () — 3dBEpPLIACTCA IMYJIALUHA MBILITHA HA NOJAKIHYEHHOM KOMITBHOTEPE,

0 Mouse.move () — MEpPEMELICHHE Kypcopa Ha MOAKIIOYEHHOM KOMIbloTepe (OTHOCH-
TE/ILHO TEKYIIEro MoJOKEHHA Kypcopa);

0 Mouse.press () — IMYJAUMA HAKATHA W NOCTOAHHOIO YAEPKHBAHHA KHOMKH MBILIH,
P
HaKaTHe OTMeHAeTCA PYHKUHEH Mouse . release ():
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® MOUSE_LEFT (MO yMOI4aHHIO) — JieBass KHOMKa;

® MOUSE RIGHT — MpaBas KHOMKa;

¢ MOUSE MIDDLE — Cpe€IHAA KHOIKa,
O Mouse.release () — OTMEHA HaYKaTHA U MOCTOAHHOTO YAEP/KHBAHHA KHOMKH MBILLIH;
O Mouse.isPressed() — MPOBEPAET TEKYIEE COCTOAHHE KHOMOK MBILIH,

Hcnonb3ys asyxoceroil JKoMcTHK (puc. 9.1) W HECKOJIBKO KHOMOK, ¢ noMoLlbo Arduino
L.eonardo moxHO cenath cBOKO coOCTBEHHYIO MbIllb! J[KoHCTHK OyaeT KOHTPOIHpOBaThL
MECTOMNOJIOKEHHE MbILIH, @ KHOMKH — BBINOJHATL (DYHKLUHMH JIEBOIL, cpeaHel U npaBoi
KHOIMKH MBILIH.

Cxema samynstopa KoMnbroTepHoit Mein Ha Arduino Leonardo npeacrasnena va puc. 9.2,

Puc. 9.1. [leyxocesoil AXOWCTHK

Arduino Leonardo OxoncTuk
—1 Tx Al har
D2 A1 vert
D3 A2 |— +5B
Right B — D4 A3 f— GND
— D5 Ad —
- = — D6 AS |—
— D7 AB —
— D8 AT —
Middle I — g?ﬂ
Il P )| L& +33V|—
— D12
+5V f——u
— D13 GND
2201 220| 220
°

Puc. 9.2. Cxema aMmynAToOpa KOMNbIOTEPHOM MbILUN
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ConepKuMoe CKeT4a 3MYJITOpa KOMIbIOTEPHOI MBILIH MPEACTABIEHO B JIUCTHHIE 9.2,

Nuctunr 9.2

const int LEFT BUTTON=4; //Bxon nns NeBod KHOMKM MblM

const int MIDDLE BUTTON=3; //Bxon mna cpenHeil KHOMKM MbIIM

const int RIGHT BUTTON =2; //Bxon nna NpaBoi# KHOMKM MBI

const int X AXIS=0; / /AHANOTOBRIT BXON ONfA OCHM X IEOMCTHMKA
const int Y AXIS=1; J/ /AHANOTOBEIT BXON HNIf OCH Y IXOMCTMKA

void setup()
{
Mouse.begin();
}
void loop()
{
int xVal=readJDy5tickEK_AXIS}:ff [MoNYyYMTE OTHKIIOHEeHHe
// mEocTHKa No ocu X
int yval=readJoystick{Y_AKIS};ff [lony4nTe OTKIOHEeHKEe
// mmotcTMKa nNo ocu y
Mouse.move (xVal, yval, 0); / /TMepemenaeM MuIlb

readButton (LEFT BUTTON,MOUSE LEFT); //YreHuMe cCOCTOAHMA NEBOW KHOMKM

readButton (MIDDLE _BUTTON,MOUSE_MIDDLE) ; //YreHue cocTOAHMA CpenHei
readButton (RIGHT BUTTON, MOUSE RIGHT); //UTeHne cocTosHMA npasof
delay(5);

}

//YTeHue 3HaUYeHMA IFOMCTMKA, MacuraSupoBaHHWe

int readJoystick(int axis)

{

int val = analogRead (axis): //UreHne aHanoroBoro sHadeHUs
val = map(val, 0, 1023, -10, 10); //MacwratupoBaHue SHaYeHUS
if (val <= 2 && val >= -2) //Y¥YBpare npeid Memmng
return 0;
else / /BepHyTh 3HaueHue

return val;
}
//YreHue COCTOAHMA KHOMOK M OTNPaBKa KOMAHI MbI
void readButton(int pin, char mouseCommand)
{
// Ecnm kKHONKa HaxaTa, SMyNMpyeM HaxaTMe, eciM OHa euwe He Owna HaxaTra
if (digitalRead(pin) == LOW)
{

if (!Mouse.isPressed (mouseCommand) )
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Mouse.press (mouseCommand) ;

}

// OTnyCcTUTE HaxaTHe MEIM
else

{

if [(Mouse.isPressed |mouseCommand) )

{

Mouse, release (mouseCommand) ;

MDyHKUMA readloystick () CO3/IaHA JUIA CUHTBIBAHUA 3HAYEHHUH /UKOMCTHKA M MacluTabu-
poeanua ux. Kaxaas ock JGKOHCTHKA MMeeT psajl 3HaueHHit ot 0 1o 1024, nonyueHHBIX OT
BXxoja aHanoro-uudpororo npeodbpazosarens (ALLI). 3navenuns or 0 go 1023 macwira-
Oupyem Kk 3Havenusm ot —10 go 10. DroT ckeTy BB MOKETE HAHTH B nanke examples\_9_2
COMPOBOKAAIOUIEr0 KHUTY MIEKTPOHHOIO apXHBa.



rmABa 10

Arduino n 1-Wire

B 510ii rnaee Mbl pacCMOTPHM TNPHMEPLI HCNOAB30BaHUA Arduino B CBA3KE ¢ YCTPOMCT-
BaMH, HCNOJB3YIOWMMH nipotokon |-Wire,

10.1. Yto Takoe 1-Wire?

1-Wire (aHrn. — 0HH NpoOBOJ) — 3aperucTpUpoBaHHAs TOPropas Mapka KOpropaluu
Dallas Semiconductor /18 cHCTEeMOTEXHHKH IWHHBI yeTpoicTe ceasu Dallas Semicon-
ductor. ObecneunBaeT HU3KOCKOPOCTHOH HHTepdeic s aannbix (00buno 16,4 Kout/c,
makcumyMm 125 Kour/c B pexxume overdrive). Jlna ceazu ¢ ycTpoiicTBoM HeoOX0aMMO
JMLLB J1BA NPOBO/A: HA JaHHbIe M 3a3emiieHue. [l 5Toro uHTErpaibHas cxema BKIKouaer
KOHACHCATOp €MKOCTBHY 800 nd A4 1MHTadHud OoT JIMHHHKY JaHHBIX (TEIK HA3BIBACMOC Hif-
mare om napaumuoco UCIMOYHUKA). DNeKTPONUTAHUE OCYILECTBIACTCS 3a CUET 3aps/ia
KOHJICHCATOPA, KDTUpblﬁ 'IEIPHH'EEETCH BO BPEMH HAJIHYHA BBICOKOTIO YPOBHA HaNpaAKCHHA
Ha JIMHWK JaHHBIX. 31eCh Ce/lyeT YYHTBIBATh, YTO CBA3L C YCTPOHCTBAMM, HCTONB3YIO-
UMMM [1apa3UTHOE TNUTAHHE, BO3MOMKHA TOJBKO Ha KOPOTKMX nuHusX. Ha anuHHbIX
JIMHHAX TTPUXOAHTCH [PHMEHATD ,’.lDIIUJ]HHTEIthbIﬁ NpoBoa NATAHWA.

[IpoTokon pernameHTHpoBaH pa3zpalOTYMKaAMH UIA NIPUMEHEHHA B YEThIPEX OCHOBHBIX
chepax-npHIoKeHHIX:

3 npubopel B cneunanbhbix koprnycax MicroCAN ans pewenus npoGiem uaeHTH(pHKa-
LMK, nepeHoca win npeodpazoBanus HHGopmauuu (TexHonorus iButton);

0 NnporpaMMHpoBaHHe BCTDUEHHDﬁ NaMATH HHTEIPAIBHBIX KOMITOHCHTORB,

O waeHTUdUKALMA 21eMeHTOB 000PYA0BAHMS M 3aALLMTA J0CTYNA K pecypcaM 3/1eKTpoH-
HOH annapartypsl;

O cucTreMbl aBToMaTH3aLMK (TexHo0rus ceteit 1-Wire).

[Tepeoe u3 HTHX HanpaBieHU WHPOKO U3BECTHO HA MUPOBOM PLIHKE M YIKE JaBHO 110/1b-
3YETCH 3aC/IVKEHHOH nonyaspHocTeio, Bropoe ¢ yenexom obecneunBaer BO3MOKHOCTD
Nerkoil nepecTpoitku (PYHKUMH MOJYIIPOBOJAHHMKOBBIX KOMITIOHEHTOR, [MPOM3BOHMBIX
(pupmoii Dallas Semiconductor ¥ MMEOLIMX MaJIOE KOJIMYECTBO BHEWIHHUX BbIBOJIOB,
Tperbe nozponser obecneynTh HEJAOPOIYIO, HO AOCTATOYHO HPPEKTUBHYIO HACHTH(HKA-
HUMIO M HAJEKHYIO 3aLMTY camoro pasnooOpaszvoro obopynosanuns. Yro kacaercs uer-
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BEPTOro NMPUMEHEHHA, TO pealiu3aliis JOKAJIbHBIX pacnpe/ie/ieHHbIX cHCTeM Ha Dase uim-
Hel |-Wire aBnserca Ha ceroausa ae-gaxkto Haubonee ONTHMAILHBIM pelLIeHHEM A4
OONBIIMHCTBA [PAKTHYECKUX 3ajauy  apromatu3auud. B wnacroswee ppems Dallas
Semiconductor MOCTaBAfSET WMPOKYID HOMEHKIATYPY OAHOMPOBOAHBIX KOMIIOHEHTOB
PazIHYHbIX (DYHKUHOHAIBHBIX HA3HAYEHWH [UIS peajli3alMH caMbiX pa3zHOO0Opa3HbIX
CeTeBbIX NpuaokeHHuil. [1oaToMy HMeeTcs OrpoMHOE YMCI0 KOHKPETHBIX NMPHMEPOR MC-
nonas3oBanus uHTepdeiica 1-Wire nis ueneil aBToMatH3alMd B CaMbIX pasiH4HbIX 00-
nacTax, v Bee Oosibie pa3paboTUMKOB NPOSBJIAKT MHTEPEC K 3TOH TEXHOIOTHH.

Tak B uem ke 0COOEHHOCTE 3TOrO ceTeBOro cravaapra? Beaws B kauecTBe cpeibl A4 me-
peaauu MHGOPMALIMK 110 OAHONPOBOHOM JIHHHM Yallle BCEro BO3IMOMKHO MCIO/b30BAHKE
00bvHOrO TesepoHHOrO kabens u, clie0BaTe/bHO, CKOPOCTH OOMEHa B 3TOM cllyyae He
Besnka. OHAKO €C/IM BHHUMATE/IbHO MPOaHaIU3MpoBaTh OOJLUIMHCTBO OOBEKTOB, Tpe-
OvIOlMX aBTOMaTH3aUMK, TO Oonbiue 4vem s 60 % w3 HUX npeaesbHas CKOPOCTh
obcnykueanma B 16,3 Kbut/c Oyaer Donee yeM yvaosneTBopuTebHON. [Ipyrue npenmy-
uecTBa TexHoaorum 1-Wire:

O npocToe U OPHTHHAILHOE PellieHHE a/IpecyeMoCcTH aDOHEHTOB;
0 HeCH0XKHBIH MPOTOKOJI,

MPOCTas CTPYKTYPA JIMHUM CBA3M,

Masioe norpebieHne KOMIIOHEHTOB:

JIerkoe u3MeHeHHe KOHPUIypaLnuu ceTH;

FHAYHTCIBHAA NMPOTAMKCHHOCTL JIMHHH CBA3ZH;

aaaa

HCKJIIOYHTEILHAA JICHICBH3HA BCEH TEXHOJIOTHH B LICJIOM.

Bce 311 npuemylliecTBa 0TpakalOT OUEBUIHYIO PALIMOHATIBHOCTh M BBICOKYIO 3((hpeKTHR-
HOCTb 3TON0 MHCTPYMEHTA MPH PEIICHHH 3a/1a4 KOMIUIEKCHOH aBTOMaTH3alluKd B caMblX
pa3IHYHBIX 00N1AaCTAX ACATENBHOCTH,

Cerb 1-Wire npeacrapnger coboi MHGOPMALIMOHHYIO CETh, HCMOJL3YIOULYIO [U1S OCVIIie-
CTBJICHHS UM(POBOH CBA3M OAHY JIMHHIO JAHHBLIX (DATA) M OJIMH BO3BPATHBINH (KK 3eM-
naHoi) nposoa (ReT). Takum obpaszom, 18 peanusatuu cpejibl oOMeHa YTOH ceTH MOryT
ObITh MPUMEHEHBI JIOCTYIHbIE Kabesu, colepiKalie HeIKPAaHUPOBAHHYIO BHUTYIO napy
TOW WK HHOI KaTeropuu, v jlaxe o0bluHblit TeneoHHbIi nporoa. Takue kabenu npu ux
NPoKJaAKe He TPeOYIOT HAMUUA KaKOro-1ubo crietmanibHoro o0opyaoBaHus, a orpaHm-
YEHHE MAKCHMAJILHOM JUTMHBI OJIHONPOBO/IHON JIMHUM PerjiaMeHTHPOBAaHO pa3zpadoTym-
Kamu Ha ypoeHe 300 m.

OcHoBo# apxutekTypbl cereit 1-Wire sapasercs Tononorus oduei wHHel, Korjaa Kaxioe
M3 YCTPONMCTB MOJAKIIOMEHO HENOCPEACTBEHHO K €JMHOH MarucTpanu, 0e3 kakux-nubdo
KACKAJHBIX COE/IMHEHUH uau BeTrieHui. [lpu sTom B Kauectee DazoBOH MCnoabIyeTCs
CTPYKTYpa CETH C OJIHUM BEAYUIHM (M/IH MACTEPOM) H MHOTOYHMCIICHHBIMH BEIOMbIMH.
XOTs cyuecTByeT pajl crnetnpuueckux npueMoB opraiusatmu padoTsl OAHONPOBOAHBIX
CHCTEM B peKMME MYJILTHMAcTEpa.

Koudurypauma moboii cetn 1-Wire MoKeT Npou3BoILHO MEHATLCA B npoliecce ee pabdo-
Thl, HE CcO3/laBas MoMexX JajbHeren sKemyaTaluu 1 padoTocnocoOHOCTH BCEH cHeTe-
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MBI B HETOM, CCITH I'l]JH ATHX HIMCHCHMWAX CO‘E.I'I[{},EI,HK]TCH OCHOBHBIE l'lpHHLlHl'lbl Dp]’ﬂli“'}ﬂ-
LMK OJIHOTIPOBO/IHOH WIMHBL. Ta BO3MOKHOCTL JIOCTHraeTca Onaroiapa NpUCYTCTBHIO B
npotokone uHTepdeiica [-Wire cneuuanbHOil KOMaHIbl MOWCKA BEJOMBIX YCTPOHCTB
(IMowck I13VY), koTopas no3posngeT OLICTPO ONpeAeIHTh HOBBIX YHACTHHKOB HH(hOpMaliH-
OHHOro odMeHa. bnarojapsa Ha/lHuHIO B cocTaBe JH0OOro0 yeTpocTBa, CHabKEHHOrO HH-
Tepdeiicom 1-Wire, HHAMBHAYAIBLHOIO YHUKAIBHOIO ajpeca (OTCYTCTBHE COBMAJEHHs
aapecoB /I KOMIOHEHTOB, Koraa-1ubo seinyckaembix Dallas Semiconductor. rapanTu-
pyercs camoii (pUpMOii-npou3BOAMTENEM), TAKad CEThb MMEET MPAKTHYECKH HEOrpaHH-
YeHHOe ajpecHoe npocTpaHcTro. IIpu 2TOM Kakabli M3 OJHONPOBOAHBIX KOMIIOHEHTOR
cpa3y roToB K MCMOJIb30BAHHIO B cocTaie ceTH |-Wire Oe3 kaknx-nubo A0NOIHUTENBHBIX
annapaTHO-NPOrpaMMHBIX MOAN(DHUKALIMH,

OaHONPOBOHBIE KOMIIOHEHTHI SABISIOTCS CAMOTAKTHUPYEMBIMH TOJIYIPOBOJIHHKOBBIMH
YCTPOMCTBAMHU, B OCHOBE 0OMeHa uudopMmalmeit MeKay KOTOPBIMH JIEKHUT yrpaBjieHHe
JUIHTEJIHOCTBIO MMTIYJIbCHBIX CHIHAJIOB B OJIHOMPOBOAHON cpejie U uX uimepenue. lle-
penada curHanoB ana mutepdeiica 1-Wire — acMHXpOHHas M NMOAYAYIMJIEKCHAA, a BCA
HH(pOPMaLKA, HUPKYJIHPYIOLIAA B CETH, BOCIIPUHUMaeTea aDoHeHTaMHM JIHOO Kak KoMaH-
abl, b0 kak aanHble. KoMaHael cetH FEHEPHPYIOTCA MACTCpOM H obecrneynBaloT pas-
JJHYHBIC BAPHAHTEI MOHCKA H aJpcCallHH BCIOMBIX }"CTI}DHCTB. OnpeacjiaT aKTHBHOCTE
Ha JIMHUK Aaxe Oe3 HernocpeiCcTBEHHOH ajipecaliyi OTAe/IbHBIX KOMIOHEHTOB, YNpaB/is-
IOT OOMEHOM JIAHHBIMH B CETH.

CravnaptHas ckopocth padbotel cetH |-Wire, M3HavaabHO HOPMHpPOBaHHAA HA YPOBHE
16.5 KOur/c, Obia BbiOpaHa, BO-nepBbIX, UCX0A8 H3 oDecrnevyeHUs MAKCHMa/IbHOH Ha-
ACKHOCTH NMepelayr AaHHbIX Ha OOJbLIME PACCTOAHMA, H, BO-BTOPbLIX, € Y4ETOM ObICTPO-
neiicteua Hauboslee LWMPOKO PacHpOCTPAHEHHBLIX THUIIOB YHHUBEPCAJIbHBIX MHMKPOKOH-
TPO/LIEPOB, KOTOPbIE B OCHOBHOM AOJIZKHBI HCIOJIB30BATLCH [PH PEeAIM3alHKM BEeAYLLHX
yerpoiere wunbl 1-Wire. Dta ckopocts 0OMeHa MoxeT ObITh CHUKEHA 0 11000it BO3-
MOKHOI Onarosaps BBEICHHIO NPUHYIMTE/ILHON 3aePAKKH MEXILY rNepeadeil B JTHHUKO
OT/EbHBIX OUTOB JaHHBIX (PACTArMBAHUIO BPEMEHHBIX CJIOTOB MPOTOKOJA). Y BEIHYEHHE
ckopocTH obmeHa B cetH |-Wire Boie 3Havenusa 16,3 Kour/c npuBoaut k cbosam u
owmdkam npu padbore va marucrpann 1-Wire anumnoi 6onee | m. Oanako ecnu aimna
nuaun 1-Wire ve npespiaet 0,5 M, TO CKOpOCTE 0OMEHa MOKET OBIThH 3HAYHTETLHO YBe-
JIMYEHA 3a cYeT Mepexoa Ha crneuHalbHbIi pekuM YCKopeHHoH nepeaauu (overdrive —
no 125 Kout/c), kotopslii jonyckaercs Ui OT/ENbHBIX THIOB OAHOMPOBOAHBIX KOMIO-
Hentop. Kak npaswio, Takoil pexkum oOMeHa annapaTtHo peajin3oBaH s OAHONPOBO/-
HBIX KOMIOHEHTOB, HMEIOUMX 00bLIOH 00BEM BCTPOECHHOM MaMATH, NpeaHazHaYeHHbIX
UM IKCIUIyaTauMu Ha HeOOo/IbLIOH, HO KAYeCTBEHHON M HE MeperpyKeHHOH ApyruMu
yerpoiictBamu JiMHUKM 1-Wire, THNHYHBIM NPUMEPOM TAKHX KOMIIOHEHTOB SBJSIOTCS
MHUKpOCcXeMbl cemeiicTea iButton,

[pu peanuzaumn unrepdeiica 1-Wire ucnonsaytores crangaprusie KMOITTTII noruve-
CKHE YPOBHM CHIHAJIOB, a NUTaHUe OOJILIIMHCTBA OAHONPOBOAHLIX KOMITIOHEHTOB MOXKET
OCYHIECTBISTLCS OT BHEUIHEro UCTOMHUKA ¢ pabouuM HanpskeHdem B auanasone ot 2,8
no 6,0 B. Ilpuuem Takol MCTOUHHK MOKET ObITH pacnonoxeH JMOO HENOCPEACTBEHHO
BO3IE KOMNoHeHTa (Hanpumep, Oarapes B coctage Mmukpocxem iButton), n1udo sxeprus or
HEro MOXKET MOCTynath Mo OTAEAbLHOH JuHWUK maructpanm 1-Wire, AnbTepHaTHBOMH
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K MPHMEHEHHIO BHELIHErO MHTAHHA CIYKHT TAK Ha3bIBAEMbIH MeXaHuzM Napasumuozo
numanun, 1eUCTBHE KOTOpPOro 3akiovHacTcea B HCNOIBIOBAHHH KaXKIBIM H3 BCAOMBIX
KOMITOHEHTOB JIHHHH 1-Wire 2/IeKTpHYeCKOH HEepPruM HMITYJILCOB, [epejaBaeMbiX [0
IIHHE JIaHHBIX, AaKKYMYJIHPYEMOH 3aTeM CleLHaibHOH, BCTPOEHHOH B MHKPOCXEMY. €M-
KocThiO. Kpome Toro, orjenbHble OAHONPOBO/HBIE KOMIOHEHThl ceteil 1-Wire moryr
MCMOb30BaTh OCOOBINA PEKUM MHUTAHUA MO LIMHE JAHHBIX, KOI/1a 3HEPrUa K NPHEMHHKY
MOCTYNAET HEMNOCPEACTBEHHO OT MacTepa [0 LUMHE DATA MarucTpald, Mpu 3TOM 00OMeH
HH(OopMaLIHeil B CETH NPUHYUTENBHO NPEeKpallaeTcs.

10.2. NpumeHeHue 1-Wire

O npuzHanuu wiKHel 1-Wire B kauecTBe MEXIYHAPOAHOrO CTAHAPTA M CEPLE3HOCTH OT-
HOLLIEHUS K TOMY MHTEpdeicy co CTOPOHbI MACTHUTHIX pa3padOTYUKOBR W NMPOU3BOIMTE-
neil 3MEKTPOHUKM TOBOPAT MHOrouyMciieHHble (akTsl. Hanpumep, HeT npakTHYecKH HH
OJIHOTO YHHBEPCATBHOTO MHKPOKOHTPOIIEPA, B JIUTEPATYPE MO NPHMEHECHHIO KOTOPOTo
He obcyKaanuck Obl cnocodbl opranu3aikm Ha ero Oasze mactepa nuHnn 1-Wire,

PaunonaneHo ucnonk3oBaHue TexHonorun [-Wire npu nocTpoeHnn cucTem apToMaTH3a-
LMH KOHTPOJIS M YNpaBJeHUs U1 pazHooOpa3HOro paccpeaoTouyeHHOro odopyaoBaHms,
Korja He TpebyeTcs BbICOKas CKOPOCTh MpH 0OCTYKHBAHWH, HO HeOOXOAMMa CyuIecT-
BEHHas rHOKOCThL W HapalMBAEMOCTh MPH HEBBLICOKHX 3aTpaTtax Ha peanusaumio. [lpuse-
J1€M HEKOTOpPbIE NMPHUMEPBI AKTUBHOIO NMpUMeHeHus yetpoiicTs [-Wire:

0O aBTOMaTH3allHA;
O MeTeoCTaHIIMM;

) MHOrOTOYEYHbIE CHCTEMblI KOHTPOIS TEMIEpPATYpPbl — MNPHUMEHAKOTCH TPH MOHHTO-
PHHIE MHUKPOK/JIMMATA CaMbIX Pa3s/IMYHBIX OOBEKTOB, MPH PEBH3IUM JIOOBIX OrnepauMii
Mo nepepaboTKe W XPaAaHEHHIO MHLIM U MEAMKAMEHTOB, /UTA KOHTPOJIA TEMIEPATYPbl BO
MHOTHUX 00J1aCTAX MPOMBILIZIEHHOTO NMPOU3BOJICTBA, B XOJOAMABHONH TEXHHKE M T. 1.

O ymubli goM (Home Automation) — KOMIJIEKC aBTOMATHKH, KOTOPbIH YIpaBiseT HH-
AKEHEPHBIMH CHCTEMaMH MM (OCBEIICHHEM, OTOMICHHEM, BEHTHAALIMEH, KOHIH-
LIHOHUPOBAHHEM, SHeprocHab:keHHeM, BOAOCHAOKEHHEM, SIeKTPONpPHBOAAMH, 000-
PYJOBAHHEM TOKAPHBIX H OXPAHHBLIX CHCTEM M 11P. ).

O waeHTHUKALMA M 3alIMTA NEKTPOHHBIX M3ACAHI — HaNpuUMep, MapKHpOBaHHE M
3aUIMTA KapTPHIKEH U8 MPUHTEPOB H KOMMPOBAILHBIX annapaToB, a Takke J00bIX
TPeOYIOIMX HTOrO MEKTPOHHBIX W3ACIHIA;

0 MEHE/LKMEHT aBTOHOMHBIX MCTOYHHMKOB SHEPrHH — CTporas W nojaxas wieHtuduka-
M HCTOUHMKOB YHEPTrHH, COXPAHEHHE B MAMATH BCTPOEHHOTO B DaTapeio H1eKTpoH-
HOTO ycTpoiicTBa ocobeHHOCTEelH ee NIrOTOB/ICHHA W HMHIAMBHAYAILHBIX TEXHHYECKHX
XapakTepHCTHK, Haubosiee NOJIHbIA MOHMTOPHHI MX OCHOBHBIX IKCIUIYATALIHOHHBIX
napaMeTpoB Ha MPOTHKEHUH BCEro cpoka ciaykObl, a Takke (pOPpMHPOBAHHE KOPPEKT-
HOTO YNpPaBifioOUero BO3ACHCTBMS, CBA3AHHOIO ¢ BOCCTAHOB/ICHHEM 3apsijaa odcay-
AMBAEMOIO aKKYMYJISTOpA;

0 OrpaHHYCHHA M CONPAMKKEHHE C TTPOMBILLIEHHBIMH H rnodaNbHLIMH CETAMM,
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Pycckoasbraayto mHpopmaunioo o0 0HONPOBOHBIX KOMMOHEHTaX, Hanboaee Moaxoad-
IWHMX A7 opraHM3auvu cerei 1-Wire, MokHO nocmotpeTh B ceTH MHTepHeT mo aapecy
http://www.elin.ru/1-Wire/?topic=component. [lo/iHble CMMCKH BCeX OJAHOMPOBOAHBIX
YCTPOHCTB U NPUCTIOCOONEHHI 11 MX MOIAEPIKKH MOKHO MOJIYYHTH HA HHTEPHET-CaiiTe
komnanuu-npoussoaurens Dallas Semiconductor http://www.maxim-ic.com

Yerpoiicrea 1-Wire [0CTATOMHO WIMPOKO MPEACTABIE€HbI B POCCHHCKHMX HHTEPHET-
MarasMHax rno npHeMJIeMbIM, JOCTATOYHO HH3KHUM, LIEHAM.

10.3. NMpoTokon 1-Wire

10.3.1. OnucaHue nHtepcenca 1-Wire

Hurepdeiic 1-Wire pazpaboran dpupmoii Dallas Semiconductor (Heine MAXIM) B koHILE
1990-x ronos. Dt1oT uuTepdeiic HHTEpeceH TeMm, YTO s ABYCTOpOHHero odOmeHa Tpedy-
ercs Bcero oana auuus. [lpaesaa, ewe tpedbyercs obuiuil nposoa (3emi4) U NpoBoJ NUTa-
HHA (He Bcerja). [Ipuuem, Ha 5Ty OJHY JIMHHIO MOKHO MOBECHTB HECKOJILKO YCTPOHCTB.
IlpoTokon o4eHBs MPOCT M JIETKO peasin3yeTcss Ha MUKPOKOHTposuiepe nporpammuo. Ha
puc. 10.1 npeacrapaena 61ok-cxema annaparHoi peanusaumun 1-Wire.

T
MukpokoHTponnep

VDD
47K DQ YCTPOWUCTBO 1-Wire
LWuHa 1-Wire
R.—0<] : R,
SuA
8 -
Ts
100 0
R, = NPUEM MOSFET
_____ T,= NEPEQAYA

Puc. 10.1. Bnok-cxema annapatHon peanusauuu 1-Wire

Buisoa po yerpoiictea npeacrasaser coboit xoa KMOII-noruueckoro anemenTa, Koto-
pblii MOXKeT OBITh 3aLIYHTHPOBAH (3AMKHYT Ha OOLIMI MPOBO/1) MOAEBBIM TPAHIHCTOPOM.
ConpoTHpieHHe KaHajla Toro TPaH3MCeTopa B OTKPLITOM COCTOSHHH — okosio 100 Om.
Koraa tpausucrop sanept — umeercs HeOONbIOH TOK yTeukn (npumepHo 5 MKA) Ha
o0uuii nporo.

Hluna 1-Wire no/pkHa ObITh NOATAHYTA OTAEMBHBIM PE3UCTOPOM K HAIPSKEHHUIO MHTA-
Hus (MOsKeT ObITh 0T 3 710 5 B — HYXHO YTOUHATH MO XapaKTEPHCTHKAM TOAKIIOYaEMO-
ro yerpoiicrea). Conporupienune atoro pesucropa 4,7 K, oHako 310 3Ha4eHHE MOAXO-
JANT TONBKO /U1 A0CTATOYHO KOPOTKHX JNHHUA. Ecin mMHa uenonbiyerca uis MoaK/Io-
YEHHA YCTpoHcTB Ha OoJibliee paccTosiHHe, TO CONMPOTHBICHHE TMOATATHBAIOLIErO
pe3ncTopa HeOOXOAUMO YMEHLIIHTH (CONPOTHBIEHHE 3aBHCHT OT BEJHYMHBI MAKCH-
MaJIbHOIO BTEKAIOLIEro TOKA IMHUKM DO KOHKPETHOro yetpoiiersa 1-Wire).
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[IpumeyaTenbHbIi MOMEHT — KaK YiKe OTMeualoch, HeKOTopblie yeTpoiicTea 1-Wire mo-
I'YT HCNOJAB30BATE TdK HA3BIBEAEMOC HCIPHRIHHHUEK"I(!JHIHHI’}_UHHE numdaHue {PEFES“E
power) — MpH KOTOPOM TMHTAHWE YCTPOHCTBA OCYLIECTBIAETCA OT JIMHWUH JAHHBIX 3a
CHET 3apAaa BCTPOEHHOrO KOHAEHCATOpa, KOTOPbLIH 3apA/KaeTcs BO BPpeMs HAJIHYHA BbICO-
KOro YPOBHS HANpsyKeHHs HA JIMHUHK JaHHLIX. 3/1eCh ClleyeT YYMTBIBATbL, YTO CBA3b
C YCTPOHCTBAMM, MCIOJIB3YIOLUIMMH Mapa3zHTHOE NMUTAHHE, J0MYCTHMA TOJIBKO Ha KOpPOT-
KHX JTHHHAX. Ha JTHHHBIX JIMHUAX MOTYT MPHCYTCTBOBATh HEMOHATHBIE NMOOOYHBIE -
(ekTbl. [ToaTOMY, €C/IH BO3MOKHO, TAKOIO THIA MUTAHHA YCTPOHCTB ClieayeT H3derarTs.

10.3.2. ObmeH uHcpopmayumen no 1-Wire

PaccmoTpum, Kak npoucexoaut odmeH nadopmauueii no 1-Wire,

O Ilepenaya uHQopMaLMKU BO3MOKHA TOJILKO BbIAaYeld HU3KOIO YPOBHS B JIMHMIO, T. €.
3aMbIKaHHeM ee Ha obwmii nporoa. B BeicOkMit loruueckuii ypoBeHb JIMHUA BEPHETCH
cama M3-3a HaJTHYMA NMOATATHBAIONIErO pe3ucTopa (Tenepb CTAHOBUTCA MOHATHO, YTO
HaJlHYHe BHELIHero MOJATATHBAIOLIEr0 pe3HcTopa — obg3arenbHoe yeaoBHe padoThl

1-Wire).

O OOMeH NMPOMCXOAHT 110 HHHLIMATHBE BEAYLIEro ycTpoicTsa (00bIMHO — MHKPOKOH-
Tposuiepa).

O OO6men uHdopMmauMe HauMHAeTCsd C Mojaud uMmnyiabca cOpoca (RESET pulse) Ha
JIHHUIO.

d

Yerpoiictea 1-Wire npeaycmarpusator "ropsuee” noakiodeHue.

d

[lpu noakmouenun yerpoiictso [-Wire BblLIaeT B JIMHHIO DO MMITYJILC NPUCYTCTBHA
(PRESENCE pulse). ITOT e UMITYJIBC BbIAAETCS MPU 0OHAPY/KEHUHM CHIHAJIA RESET,

O OOmen mHdopmaumeil BeeTca Tak Ha3bIBACMBIMU MAM-CIOMAMU — OJIMH CJIOT CO-
NEPKUT OAMH OUT MHpOpMALIHH,

0 Jlanubie nepeatoTca nodaiTHo — OWUT 3a OMTOM, HaunHaa ¢ Maaawero Oaira. [loc-
TOBEPHOCTH JIAHHBIX (MPOBEPKA OTCYTCTBHA MCKAKECHHIT) rapaHTHpYeTCs MyTeM Moj-
cyeTa UMKIHYeckoit kouTpoasHoi cymmel (CRC).

MukpokonTponnep (MK) ¢opmupyer uMnysibe RESET, nepeBos B HH3KHH JOrHYeCKHi
ypoBeHb wHHy 1-Wire u yaepxusas ee He meHee 480 mukpocexkyna. 3atem MK "ornyc-
KaeT" LWHHY M HanpsiKeHHe BO3BPALIAETCS K BBICOKOMY JIOTHUECKOMY YPOBHIO (Bpems
3aBMCHT OT €MKOCTH JIMHHHM W COMPOTHURIIEHUS MOATArMBalollero pezucropa). Ilporokon
I1-Wire orpanuumnBaet 310 BpeMs ananazoHoM oT 15 1o 60 MHKpPOCEKYH/I, YTO M BIAHACT
Ha BLIOOP MOATArMBAIOWIErO pe3HCTOpa (Ha BpeMs BO3BpaTa JIMHHH K BLICOKOMY YPOBHIO
Oofblee BIHAHHE OKA3BLIBACT €MKOCTh JIMHHH, HO, Yallle BCero, Mbl H3MEHHTDL €€ He MO-
AKeM)., OOHapYKMB UMIYJILC RESET, BEJAOMOE YCTPOHCTBO (DOPMHUPYET OTBETHBIH HMIYJILC
PRESENCE. Jlng aToro yerpoceTBo npuuMaer JHHUIO DO K "3emue” u yaepxkusaer ot 60
no 240 mukpocekyHa. 3arem ycrpoiictBo Tak ke "ornyckaer" wmny. Ilocne aroro yer-
pOHCTBY €lle AaeTca BpPEeMA JUIA 3aBEpUICHHA BHYTPEHHUX MPOLEAYP HHHUMAIH3ALMH.
Takum obpasom, MK fo/mken npuetynuTh k 1000My 0OMEHY ¢ YCTPOHCTBOM He paHee,
yem uepes 480 MukpocekyH1 noce sapepuieHus umnyabca RESET. COOTBETCTBEHHO MPO-
Leaypa HHHLHAIM3ALMK, C KOTOPOH HaunHaeTcs OOMeH JaHHBIMH MENJLY YCTPOHCTBAMM,
ANUTCA MUHHUMYM 960 mukpocekyua (puc. 10.2).
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MK nepenaet wmnynsc RESET
480 ps MUHMMYM

MK HaxoauTca B COCTORHAW NpUema

480 pus MUHMMYM

YcTpoicTso nepeaaer

umnynsc PRESENCE

Bpems peaxuwmm |15-60 us 60-240 ps

WuHa
1-Wire

GND

MK yoepxuBaeT HU3KUA
ypPOBEHb

YCTPOWCTBO yoepKuBaeTr

HU3KMIA YPOBEHB

YpoeeHb B nWHWK obecneyneaeT
pPe3ucTop “noaTAXKKM"

Puc. 10.2. Npoueaypa vHMLMannIaumm

Teneps pacemorpum npoueaypst odmena Ouramu MHpOPMALIMK, KOTOPLIE OCYLIECTRIA-
FOTCA ONpee/IeHHBIMH TalM-C/I0TAMHM — KECTKO JIMMUTHPOBAHHBIMH 110 BPEMEHH M0-
cJle/IOBATEILHOCTAMHM CMEHbI YpoBHEe# curnaia s imnuu 1-Wire (puc. 10.3).

Hayano Havano
Tanm-cnota Taum-cnora
Tawm-cnot nepepaqm “0" TaAm-cnoT nepenaym “1"
T U S Tpe < =
B0us<T,"0"< 120 | >1ps
Vaq | -
LnHa
1-Wire
GND
3oHa BBOAA 3HAYEHWUA B 3oHa BROAA IHAYEHWA B
YCTPOWCTEO yCTPOWCTBO
MHWH. THIMWYHO MaKCc. MUH.  TUNWYHO MaKC.
15 us | 15 us | 30 us 15 ps I_15p.15 | 30 ps
{ Ll - i ol -
Taim-cnoT Nnpuema
YcTpowcTeo nepeqaert “0" Ycrpoicreo nepenaer “1"
| THUS € T < =
Vg T [ =
WwnHa 3 ARERRR S
1-Wire N NN N
GND b .
3oHa BBOAA 2ps 30Ha BBOAA
ﬂ'_+ | | aHaveHns B MK aHaveHus B MK
15 us 45 us ‘ 15 us

Pwuc. 10.3. Npoueaypa obimena Guramn nHdpopmaumm
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Paznuuaior 4 THna taiM-Cl10TOB:
O nepenaua "1" or MK;
O nepenaua "0" or MK;

'"'Ill

O npuem OT YCTpOHCTBA:

O npuem "0" o yerpoicTsa.

Taiim-cnot Becerja HauUMHAET MUKPOKOHTPOJUIEp, NpHkUMasa WHHY K "zemne”. [nurens-
HOCTh TaiiM-cioTa Haxoautcs B npenenax or 60 gao 120 mukpocekyna. Mexay Taiim-
CO0TaMM BCErja J0/KeH ObITh MHTEPBANI HE MeHee | MUKPOCEKYH/bI (onpeaensercs na-
pameTpamMM BeIoMOro yctpoiictea). Talim-cioThl nepeiaum OTIMYAKOTCS OT TAlM-CJIOTOB
INpHEMaA NOBCACHHCM MHKPOKOHTPOJLICPA.

O npu nepeaave MK tonbko hopMHUpyeT CHrHANBI,
O npu npueme MK ewue 1 onpatuusaeT ypopeHb cUriana B 1iHuu 1-Wire,

Taiim-cnoT nepenaun "0" 3akniouaercs NpocTo B NpUAKHMAHHH WHHLL [-Wire k "3emae”
B TeYeHHe BCeH JUIMTeNbHOCTH Taiim-ciiora. Ilepenaua "1" ocywecrsasercs nyrem "or-
nyckanus" wuHel 1-Wire co cropoust MK He panee ueMm uepe3 | MHKpOCEKYHIY nociie
Hauajna TaiM-cioTa, HO He MnoLKe uveM 4vepe3d 15 mukpocekyHa. Beaomoe ycrpoiictso
onpaiuMsaeT yposeHb B wwinHe 1-Wire B TeueHHe BpeMEHHOro HHTEpBaia (MOKa3aHHOIro B
BHJIE CEPOro MPAMOYIrOibHHKA), T. €. HauUMHasA ¢ 15-if MUKpOCeKyH/IbI OT Hauana Taiim-
cjaota ¥ 3akaHumpas 60-it MukpocekyHa0i oT Havana (aas GOJbIUMHCTBA YCTPOHCTB —
0K0/10 30-ii MHKPOCEKYH/Ibl OT Ha4ajla TaiM-ciioTa).

3amwTpuxoBanHaa Ha puc. 10.3 obnacte — 510 obnmacTh "HapactaHus" YpoOBHA B LIHHE
I-Wire, KoTopas 3aBHCHT OT €MKOCTH JIHHHH U COMPOTHBICHHA MOATATHBAIONIETO PE3H-
cropa. Taiim-cnoTel npuema nHdopmaunn otanyaiores teM, uto MK dopmupyet Tonbko
Ha4an0 TaiiM-cioTa (Tak e, Kak npu nepeaade "1"), a 3aTem ynpasjieHHe YPOBHEM LIIH-
Hbl 1-Wire Oepet Ha cebs ycTpoiicTo, a MK ocyliuecTBaser BBO/ 3TOro YpoBHA TaK Ke B
onpeeIeHHOH 30He BPEeMEHHBIX HHTepBaIoB, 30Ha JTa, Kak BUAHO u3 puc. 10.3, noponb-
Ho mana. Ilockonbky 3amTpuxoBaHHas obnacTb — 001acTh HEONpeaeIeHHOCTH, TO U
BBO/1a MHUKPOKOHTPOJIJIEPY OCTAeTCH Jla’Ke HEe MPOMEKYTOK, 4 CKopee KOHKPeTHBIH MO-
MEHT, KOIJla OH J0/IKEH BBECTH YPOBEHbL CHIHAMA U3 JIMHHHK. DTOT MOMEHT BPEMEHH —
[4-2 mam 15-2 MUKpOCEKYHIA OT Havana TaiiM-ciaoTa.

Pesromupyem:

O MHKPOKOHTPOJLIEP HAYHMHAET TalM-CII0T, npukumas wuHy |1-Wire k soruueckomy "0"
B TeYEHHE | MHKPOCEKYH/1bI;

O nocneayiowMii ypoBeHb 3aBUCHT OT THINA TailM-ciloTa: A4 rnpuema v nepepaum "1"
VPOBEHb JIOJIKEH CTATh BLICOKMM, a juist nepeaun "0" — octaBaTbes HH3KMM BIUIOTH
JI0 KOHUa TaimM-ciora, T. €. o1 60 10 120 MUKpOCeKYHL;

O npununman aauusie, MK nosken cuurath yposeHb B winHbl 1-Wire B npomexyTke
or 13-i no 15-it MukpocekyHe Taiim-ciora;

O MHKPOKOHTPOJLIEP OJIZKCH obecnevumTh HHTEPBAJ MCALY TAMM-CJIOTAMH HE MEHee
1 MHKPOCEKYH/LI {Jl}'lIlLlE — DosbLIE, MAKCHUMAJILHOE 3HAYEHME He UI*pHHHlIEHD}.
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Jlna noctwenus TpeOyeMbIX BpPEeMEHHBIX HHTEPBAIOB HAZO CJeA0BaTh MPOCTHIM Mpa-
BHJIAM:

O Bce cHrHaabl, KoTopbie aAomkeH Gopmupoats MK, cneayer dhopmupoBaTe no npHH-
LHITY HEOOXOIMMOro MHHHMYMA JUTMTEILHOCTH (T. €. HEMHOro Ooliblle, YeM yKa3aH-
Hada MHHHMaAIbLHaAdA ,EU'[!-ITEJ'IbHDCTh};

0 oT yCTpOHCTBA ClIeAYET 0KHUAaTh CUIHAJOR MO MPUHLMIY HAaUXy/lero (T. €. OpHeH-
THPOBATHCH Ha CaMBI€ XYIIITHE BAPUAHTEI BPECMCHHBIX ITAPaAMETPOB curHa.na),

10.3.3. NMpoTokon o6meHa nHpopmaumen 1-Wire

Teneps paccmoTpum nmpoTokoa obmeHa nHdopmaumeii 1-Wire.

Kaxnoe yerpoiicteo 1-Wire obnanaer yHUKaIbHBIM HASHTH(HKALIMOHHBIM 64-0UTHBIM
HOMEPOM, NMPOrpaMMHPYEMBIM Ha 2Tarne NMpoM3BOACTBA MUKPOCXEMBbI:

O nepsbie 8 OUTOB — HOMEpP CEpPUHM YCTPOMCTBA (CMHCOK HEKOTOPBLIX KOJOB CEMEHCTB
1-Wire-yctpoiicTs npuseex B Tabn. 10.1):

O caeayioure 48 OUTOB — YHHKANbLHbLIA cepUiHbIA HOMEp:
O nocneauue 8 OuroB — CRC-koa npeapiayuux 56 OUToB HH(OpMaLIHK.

Tabnuua 10.1. Cnucok HekomopbIx kodoe cemelicme ycmpoucme 1-Wire

; c}:’ﬁi;’::ri . YctpoWicTea | Onmcaxwe
01 DS1990 YHUKanbHbIA cepuiHbln HOMEP-KNIOY
04 DS1994 4 Kba#r aHeprnﬁeaaBmcmMﬂrd O3Y + yackl, Taimep ¥ BYAUNBHUK
05 DS2405 OAWHOYHBLIA agpecyemMelit KoY
06 DS1993 4 KBawt aHeproHesasucumoro O3Y
08 DS1992 1 KBaiT avepronesasucumoro O3Y
09 DS2502 1 KBanT anexktpuy4eckn nporpammupyemoro N3y
0A DS1995 16 KGauT anepronesasmcumoro O3Y
0B DS2505 16 Kbawt EEPROM
OF DS2506 64 Kbait EEPROM
10 DS18520 Undposoin gatyvk TeMnepaTtypsl
12 DS2406 1 Kbant EEPROM + psyxkaHaneHbIA agpecyemblid KoY
1A DS1963L 4 Kbawt aseproHesasucumoro O3Y co CHETYMKOM YUCNA LUMKNOB 3anucK
1D DS2423 4 KBawt aHeproneszaencumoro O3Y ¢ BHEWHWM CHETYUKOM
20 DS2450 YeTeipexkanansHeid ALMN
24 DS2415 Yackl peansHoro BpeMeHun
28 DS18B20 Uudposoi aaTtunk TemnepaTtypbl
2C DS2890 OpHokaHankHeIA UWDPOROA NOTEHLWOMETD
30 DS2760 [Jatumk Temnepatypsl, Toka, AL|M
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Cka3zaHHOE OTHOCHTCA HE TOJMLKO K HAlIEMY KIHO4y-TaOleTKe, a KO BCeM YCTpOHCTBaM
1-Wire. ®upma-npou3BOAUTENL FAPAHTHPYET, YTO He HAHJETCA ABYX MHKPOCXEM C OIH-
HAKOBBIM MIEHTH(HKALMOHHBIM HOMepOM. HeTpyaHO nocuuraTth, 4TO YCTPOHCTB OJIHOIO
THna MoxeT ObiThb BbinyweHo 281 474 976 710 655 (aecaruuHoe npejicTaBieHHe
OxFFFFFFFFFFFF — 48 Out, uaun 6 0aiiToB HaeHTH(PHKALIHOHHOTO HOMEpa).

[Mpeanonoxkum, uto Ha mmHe 1-Wire umeetca Gosee oiHOrO yeTpoiicTea. B atom ciayuae
nepea MHKPOKOHTPOJIJIEPOM BCTAalOT ABE MPOOJEeMbl: OMpeie/ieHHe KOMHYECTBa HMEl0-
IIMXCA YCTPOHCTB M BBIOOP (aapecalva) OIHOTO KOHKPETHOrO W3 HHMX 17 oOMeHa naH-
HeiMH. HoMepa HeKOTOpBIX YCTPOHCTB HAHOCATCS NMPAMO Ha KOPITYC MHKpPOCXeEM (HanpH-
Mep, A Kaoded-Tabnerok — iButton), a HoMepa JApyrux MOKHO OMNpeAe/IHThb MPH No-
MOLILM CMELHANBHBIX MPOrpaMM HIH YCTpPOHCTB. HMTak, mpeanosiokum, 4TO Mbl 3HAEM
HoMepa Bcex yeTpoiicTs 1-Wire Ha miiHe. AnropuT™ padoThl ¢ HUMM CeIVIOLIHIL:

1. MMKpPOKOHTPOJUIEP MOCbUIAET UMITYJILC RESET, H BCE MMEIOLLMECH YCTPOICTBa Bblja-
IOT PRESENCE.
2. MMKPOKOHTpOJIEP MOChIIAET B HHY KOMaHIY, KOTOPYIO MPHHHMAIOT BCE YCTPOHCT-

Ba. OnpeseneHo HECKOIbKO OOLIMX KOMAaH/ A4 BCeX THMOB yeTpoiicTe 1-Wire, ecTh
TaK/Ke U KOMaH/ibl, YHHKQJIbHBIC U1 OTACIBHBIX THIIOB YCTPOHCTB,

3. Tlocne Toro KaKk MMKpPOKOHTPOJLIEP BbIJIACT KOMAHIY READ ROM, OT VCTPOHCTRA MOCTY-
nuT 8 OaiiTOR ero coOCTBEHHOTO YHHKAJIBLHOTO ajipeca — MHKPOKOHTPOIEP JIOMKEH
MX NpuHATE. JIobas npouenypa oOMeHa JaHHBIMH C YCTPOHCTBOM 0JKHA ObITh 3a-
BCPLUCHA NMOJIHOCTBHY nubo NnpcpeaHa MOCLUIKON CHI'HAJIA RESET.,

4. Ecam ornpapieHa koMaHaa MATCH ROM, TO MOC/E Hee MUKPOKOHTPOJLIEP JOJIKEH Ile-
penars 8 GaliToR ajpeca KOHKPETHOrO YCTPONCTBA, € KOTOPBIM OYy/1€T OCYIIECTBAATh-
csl noc/AeAyoLUHii 00MeH NaHHBIMH.

5. Tlpuuas 5Ty KOMaHay, Kaxaoe YCTPOHCTBO CpaBHHBAET NnepeaaBaeMblii aapec co CBo-
MM coOcTBeHHbIM. Bee yeTpoiicTBa, aapec KOTOpPbIX HE COBMAJ, MPEeKpallaloT aHalIu3
M BblJa4y CHrHaloB B HHUK |-Wire, a onosHasLlee ajapec YCTPOIHCTBO MPOAOIKAET
padoty. Tenepb Bce nanneie, nepeaasaembie MK, OyayT nonaaate TONBKO K 2TOMY
"anpecoBaHHOMY" YCTPOMHCTBY.

6. Ecin yeTpoHCTBO OJJHO Ha LIMHE — MOJKHO YCKOPHTBL MPOLIECC B3aUMOJICHCTBHA
C HUM MPH MOMOLIKM KOMaH/bl SKIP ROM. [Tomyuus 5Ty KOMaHay, YCTPOHCTBO cpa3sy
CYUMTAET aJIpec COBIMABIIMM, XOTA HHUKAKOrO ajpeca 3a 3TOH KOMaHJI0H He clienyer.
HekoTopeie npoueypsl He TpeOyIOT npueMa oT YCTPOHCTBA HUKAKMX JIAHHBIX, B 9TOM
clly4ae KOMaHIy SKIP ROM MOMKHO MCIMONBIOBATH JUIS Nepeavu Kakoii-to uHdopma-
IIHH Cpasy BCEM YCTPOMCTBAM — Hanpumep, Ul OJHOBPEMEHHOIO 3arycka LUKIa
M3MEPEHHA TEMIEPaTypbl HECKOIBKMMHM JaTunkamu-Tepmoctatamu Tuna DS18520.

OO0wme KoManabl Ui BeeX THIOB yerpoiicte 1-Wire npeacrasienst 8 Tadn. 10.2.

[MTpuem u nepenava GaiiTor Becerna HauuHaercs ¢ maaawero 6ura. lNopangok caeaosanus
OaiiToB nNpu nepeaave W npueMe ajapeca YCTPOHCTBA Tak ke Beaercs OT MJaAIero
K crapwemy. [Topanok nepeaaun aApyroi MH(GOpPMALMK 3aBHCHT OT KOHKPETHOIO YCTPO#i-
CTBa.
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Tabnuya 10.2. Obuwue komaHOb! Ons ecex munoe ycmpolicme 1-Wire

3HayeHue

Komanpa GaiiTa Onucanue

SEARCH ROM OxFO Mownck anpecoB — UCNONLIYETCA NPU YHUBEPCANkHOM anropuTtMe
onpegeneHua Konu4ecTea v agpecos NOAKNKYEHHbIX YCTPOUCTB

READ ROM 0x33 YTeHne agpeca yCcTpOMCTBa — MCNONL3YETCA ANA onpeaeneHns
agpeca eJWHCTBEHHOrO YCTPOWCTEA Ha LUMHE

MATCH ROM Ox55 Ewlbop appeca — vcnonbayeTca AnA obpaweHns K KOHKpeTHOMY
appecy YyCTPOWCTBa U3 MHOMMX NOAKMHYEHHBIX

SKIP ROM OxCC WrdopupoeaTe agpec — ucnone3yerca gns obpaweHus K eAuHCT-
BEHHOMY YCTPOWCTBY Ha LUMHE, NpW 3TOM agpec ycTpoicTea
UrHopupyeTcs (MoxHO obpawaTecs kK HEM3BECTHOMY YCTPONCTRY)

Anropur™ noucka ycrpoicts 1-Wire cieayommii:

-

Ilonck HauuHaeTcs ¢ HMITYJIBCA ERESET OT BEIAYUIETO }’CTPOHCTBE H TPHHATHA
FRESENCE OT BEAOMBIX.

. 3arem nockuiaerca | OaiT kKoMaH/AbI:

® (xF0-— OCYUECTBIAACTCA NOHUCK BCEX }-’CTPGF.IGTB Ha JIHHHH,

® 0xEC— [OMCK CPEeM YCTPONCTB, HAXOMAIIMXCA B COCTOAHHWH TPEBOTH (alarm
state).

. YcTpo#cTBa OTIPaBifioT nepeblii OUT CBOEro YHUKaAbHOro Homepa. Ecim Heckonbko

YCTPOHCTB nepeaatoT cBoii OMT OJIHOBPEMEHHO, Pe3yJIbTHPYIOLNH OUT HAa TMHUM TOo-
JIYUUTCA KaK pe3y/ibTar onepauun Joruueckoro M (anp).

. Cneayiowmmii OWUT, KOTOPBIH OTNPABAAIOT YCTPOHCTBA, — 3TO JIOMOJIHEHHE MEPBOTO

Outa (ecnm nepeblii OuT 6611 1, TO Oyner 0 u waobopot: ecamn Obu1 0 — Tenepn Oy-
ner 1). Ha ocHoBaHuH HTUX ABYX OMTOB BeyUIEE YCTPOHCTBO MOKET CJE/1aTh BbIBO/L
0 nepeoM OUTE YCTPOHCTE HA JIMHUM,

. Jlanee MUKpOKOHTpoO/UIEp OoTnpaBiser NpuHATHIH OMT Hazan. M teneps npoposkar

paboTy TONBKO Te BEJAOMBIC YCTPOHCTBA, ¥ KOTOPBIX 3TOT OMT yctanoriaeH. Ecan xe
VCTPOHCTBO TAKOro OHTA HE UMEET, OHO JIOJZKHO NEPEHTH B PEIKHM OXKHIAHHS 110 Clie-
JIYIOLIErO CHIrHAMA RESET,

. Jlannas "asyOurHas nepenava” nopropsercs g Beex caeayiowmx 63 duros ROM.

Bee yerpoiicTea Ha JIMHKUK, KPOME OJHOIO, NEPeiIyT B COCTOAHHE OMHAAHHA, a KOJ
ROM 3T0ro e AMHCTBEHHOrO YCTpoiicTBa Oy €T U3BECTEH.,

10.4. Bubnuorteka OneWire

B pepcun Arduino 1.0 npouszownn uaMeHeHHs — (PYHKUHH send() W receive() ObUIH
3aMEHEHbl HA (PYHKUMH read () M write (),

Habop gynkumii OHOIHOTEKH OneWi re:

0
0

begin (),

requestFrom().
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beginTransmission(),
endTransmission().
write(),

available (),

read().

g O O o Qa

onReceive ().
onRequest ().

bubnuoreka CneWire HaxoaMTCa B nanke libraries\OneWire CONMPOBOKAAIOMIErO KHHIY
NEKTPOHHOIO apXHea.

10.4.1. ®yHKkuun begin()

DOYHKUMA begin () HHHUHAIH3IKPYET OMOIHOTEKY OneWire W MPHCOEAHHAET YCTPOHCTBO
K mwuHe 12C kak master HiH Kak slave.

CuHTakcHC PYHKIHMM begin():

begin()
begin (address)

[Mapamerp: address — 7-OuTHblil aapec slave-ycrpoiictsa. Ecan napamerp He ykasaw,
VCTPOHCTBO NMOJACOEIMHAETCA K LIMHE KaK master.

BDBBPHUIHEMDFD JHAYMEHHA HET.

10.4.2. ®yHKUUA requestFrom()

DOYHKUHA requestFrom() 3anpamwusaeT 0alTbI ¢ Apyroro yerpoicrsa. baiTel MOryT ObITh
MOJIYHEHBI NMTPH NMOMOLILH Cb}'HH:I.I,Hﬁ available() U receive().

CHHTaKCHC (b}JchllHH requestFrom().

requestFrom(address, quantity)

[MTapameTpni:

O address — 7-OMTHBII ajipec yCTPOICTBA, Y KOTOPOro 3anpaiiuBaeM JaHHbIE:
O guantity— 4KC0 3anpaimBaeMsiX OaifToe.

Bﬂ']BpﬂllJ,ﬂﬁMﬂl*(] FHAYMCHHA HET.

10.4.3. ®yHkuua beginTransmission()

MOVYHKUMA beginTransmission() HauMHAET nepegavy Ha slave-ycTpoHCTBO ¢ yCTaHOR-
JIEHHBIM a1pecom. BIIUEJ]E,U,{:TEHH HEUGK{]L[HM(J [MNOCTABHTE B OHepe/lb OaiTel ¢ NOMOLLBHO
L]}}-'HIELIHH write () H Nepeaarb UHX BbI30BOM endTransmission ().

CHHTaKCHC QYHKUMH beginTransmission ()

beginTransmission (address)
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Iapamerp: address — 7-OUTHBII agpec yCTPOICTBA, K KOTOPOMY MepelatoTcs JAaHHBIE.

BD?.BI]ELIJ,EEM(}FD JHAYCHHA HET.

10.4.4. DyHkuun endTransmission()

DyHKIMA endTransmission() 3aBepilaeT nepeaavy Ha slave-ycTpoiicTBo, kKoTopas Oblia
HayaTa KOMaHI0#M beginTransmission(), W TiepeaaeT ouepeib OAHTOB, YCTAHOBACHHBIX
(pyHKUHEH write ().

CHHTaKCHC (t)}fHKuHH endTransmission():
beginTransmission|()
napaMETpDB HET.

BDEB'}HLHHEMUFD JHAYEHHUA HET.

10.4.5. ®yHKUUA write()

DYHKUHA write () OTNpABAAET AaHHBIC CO slave-yCTpolcTBa B OTBET Ha 3anpoc master
WJIH CO3/aeT ouepelb VIS nepenadyd oT master K slave-ycTpoiicTBy (Mexay BbI3OBAMH

beginTransmission() H endTransmission|() ]
CHHTaKCHC CIJ}“HHI.I,HH write():

write(value)
write(string)

write (data,quantity)

[Tapamerpoi:

0O value — bait ana nepeaaun (byte),

0 string — cTpoKa Ana nepeaayu (char*),

O data— maccus Oaittos s nepenaun (byte®);
O quantity — KoJuuecTBo OaliTOB 1 nepeaavu.

BD?BPH[IIHE.MGI"D JHAYMCHHUA HCT.

10.4.6. dyHKuuna available()

DyHKUMA available () BO3BpAIaeT yucio 0AMTOB, JOCTYIHBIX Ul NOJyYeHUs (yHKLN-
el receive(), KOTOpas A0JKHA ObITh BBI3BAHA MAaster-ycTpoHCTBOM 110C/I€ BbI30Ba
requestFrom() WIH slave-yCcTpoiicTBOM BHYTPH onReceive ().

CHHTakcHe PYHKUMH available ():
available()
ITapamerpos Her.

Bﬂ?Bpﬂ[llﬁEM{}E JHaveHue: unucio daiTos, JAOCTYIHBIX LT YTCHHA.
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10.4.7. ®yHKUuA read()

DYHKUKA read () noayvaer OaiThl, KoTopble ObUIK NnepeaaHbl oT slave K master nocle
BbI30BA reguestFrom() WM NepeiaHsl oT master k slave.

CHHTaKCHC (PYHKLIMH read():

read()

[lapameTtpoe Her.

Bosepalaemoe 3HaueHHe: CAeAYIOUMIA nepeaHHbiii Oaiir.

10.4.8. ®yHKkUnn onReceive()

DYHKUHMA onReceive () perHcTpUpyeT (PYHKUMIO, KOTOpas J0/:KHa ObITh BbI3BaHA, Korja
slave nonyuuT laHHBIE OT master.,

CHHTAKCHC (DYHKUMM onReceive () !

onReceive (handler)

ﬂapamrﬂ'p: handler — BLEIRBIRACMAH [1OCJSIC ﬂ{]ﬂ}“—IEHHH JaHHBIX CIJ}“IIKLI,HH, OHa JOJIKHa
HMETE ‘lHEﬂEHHbIﬁ l'lapaMET]'J int H HHYEro He BD'SBP&[].I,E[TI:.

Bo3spaiaemMoro 3Ha4eHHs HeT.

10.4.9. ®DyHkynn onRequest()

MYHKUMA onRequest () perHeTpupyeT GyHKIMIO, KOTOpas J0/KHAa ObITh BbI3BaHA, KOria
master 3anpocuT JaHHbIC OT slave.

CHHTaKCHC (PYHKIIMH onRequest ()

onRequest (handler)

[MapameTrp: handler — QyHKUMA, KoTOpas Oyaer Bui3BaHa. OHa He J0/DKHA HMEThL napa-
METPOB M HE JI0JIZKHA HHYETrO He BO3BpallaTh.

Bosspauaemoro 3naueHus Her.

10.5. YcTpoucrteo iButton
U nporpaMmMmmpoBaHue 3NEeKTPOHHOIro 3amMka

[lpuctynum K paccMOTPEHHIO NPAKTHUECKUX TIPUMEPOB  UCIIONBL30BAHUA VCTPOIHCTB
I-Wire B cazke ¢ Arduino. Co3aaauM OTKpbIBaTE/lb MEKTPOMATHUTHOrO 3aMKa, B Ka-
YecTBE KJIIOYEH KOTOPOro MCnoibiyem Kaouu-tabnetku ot aomodona (puc. 10.4). Do
yerpodictea w3 cemeiicrsa |-Wire — iButton DS1990. B cuiy HeBbICOKOH CTOMMOCTH,
HAJIEKHOCTH W NPOCTOTHI  CUNTHLIBAKOUIMX YCTPOHCTB HTOT THN yeTpoicTs  iButton
(DS1990) noayunsi MaccoBoe BHeJApeHHE B KauecTBe MNICKTPOHHOIO KJIKOUYa B CHCTEMax
OXPaHHOI CHIHAJIM3ALIMK, pazrpaHHyYeHns aocTyna K HHopMauuu U PU3HYECKUM 00b-
€KTaM, IEKTPOHHBIM MPOXOJAHBIM, JIEKTPOHHBIM 3aMKaM H B cHMCTeMax 0e30MacHOCTH
ana 6ankoB W ofucon. [lpumenaercsa oHO Takke 1A MAPKHUPOBKH 00HLEKTOB W Mapiipy-
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TOB B CHCTEMax KOHTPOJA NATPYJbHO-MOCTOBOH CYkObI, KOHTPOJS TNEpeABHKCHHSA
TpaHCMOPTA, CHCTEMAX HHBEHTAPHOIO M CKJIAACKOTO YYETA H B KAYECTBE KPEAHTHRIX KapT
B JIOKAJIbHBIX MJaTeKHBIX cucTemax. HMrak, Haw kmou xpaHur 64 6uta YHHKaIbHOH WH-
(popMaLHK, KOTOpbIE HAHECEHBI HAa caMOM Kioue (eM. puc. 10.4):

O kon yerpoiictea 01
O yHukanbHbIH 48-0UTHBIH KO yeTpoicTBa;
0 CRC-koa npeapiaymmx 56 OUTOB HH(OpPMALIHH.

ITuraercs Haw oTkpeiBaTeNb OT Hanps:keHus ot 2.8 no 6,0 B. K uenrpanbHol KOHTaKT-
HOH TUTOIAIKe NMOJAKI0YaeTcs JHHHA JaHHBIX, a K 00KOoBOH kaemke — "3emna”. Cneuwm-
anbHO /1718 Hallero npoekra npuodpeTeHa KoHTakTHas nuioiwanka (puc. 10.5). Kmoy mo-
seT paborars B auanaszone temneparyp ot —40 °C go +85 °C. BeanuuHa noararueaio-
uiero pesucropa pekomerayercs B 2,2 kOm.,

Puc. 10.4. Kniouw iButton

Puc. 10.5. KontaktHas nnowaaka ana ycrpoicte iButton

OauH U3 Knoveil npeHazHayeH Ui UCoJIb30BAHUS B KAYECTBE KJIOYA a/IMHHHUCTPATO-
pa, ¢ ero NOMOoIIBIO Mbl CTAHEM J00aBNATL WIM YAANATH KJIKOYK B CITUCOK pa3peilieHHbIX
kmoueit. Koawr xmoueit 6yayr nobGasnarses B namate EEPROM. Tlpu noawecenum
K KOHTAKTHOH IJIOLIA/IKE KIHOHA M3 CIHUCKA JIEKTPOMArHHTHBIH 3aMOK Ha JIBEPH OTKpO-
erca. [lpeayeMOTpUM NpoMrpeiBaHUe ABYX pa3/iduHbBIX METOAHM NPH CHUTBIBAHHH KOIOB
Ktoua (OHY — NpPH OTKPBIBAHMM 3aMKa, BTOPYIO — MpH OoTKasze B joctvne). g npo-
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BEJICHMA OMepauurii B peskuMe aaMUHUCTpaTopa (nodaBlieHHe WM YaleHHe KTo4eH W3
namMaTH) A0DaBHM aBe KHOMKH. BHewnwit BUA ycTpoiicTBa B cOOpe mnpeacTaB/ieH Ha
puc. 10.6.

Pwuc. 10.6. Bua yctponcTtea e cbope

10.5.1. NMowuck yctpoucte 1-Wire
M Nony4YeHue YHUKanbHoOro koaa

Jlns Hauana HanMIIEM CKeTY., KOTOPbIA MOCTOAHHO ONpaLIMBAET JIMHUIO UTA NMOAKIIOYe-
HHA KmoveH 1Button (KOHTaKTHYIO MUIOIAAKY) H B C/ly4ae MPHKOCHOBEHHA K/lOva-
TabNeTKH K YCTPOMCTBY CHMTBIBAET YHHKAJBHBIH KOJA W3 YCTpOMHCTBa, MpOBEpAET €ro
CRC (KOHTPONBHYIO CYMMY) H BBIBOAWT 64-OMTHBIN KO NOGAHTHO B MOHHTOP NMOCAEA0-
paTesJbHOro nopra. B ckerue ucnonab3yercs OuOAHoTeKa 1-Wire (OMOAHOTEKA OneWire
HaAXO/AMTCA B narnke libraries\OneWire CONpPOBOMKAAIOIErO KHUIY JIEKTPOHHOIO apXuBa).
Kon nannoro parmenra npejacrasien B auctunre 10.1.

NucTunr 10.1

finclude <OneWire.h>
OneWire ds(10); // ucnone3ayem pin 10

vold setup(void) |
Serial.begin(9600) ;
I

void loop (void) |

byte i;
byte present = 0;
byte data[l2];

byte addr(8);
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// nouck ycrponcTm

if ( !ds.search(addr)) ({
Serial.print ("No more addresses.\n");
ds.reset search():

return;

}

// BuBOm kopma

Serial.print{("R=");

for( i = 0; i < 8; i++) {
Serial.print (addr[i], HEX);
Serial.print("™ "):

}

// npoeepka CRC

if ( OneWire::crc8( addr, 7) != addr[7]}

Serial.print ("CRC is not walid!\n");
return;

}
// npoeepkxa Koma yCTpoicTBa

if ( addr([0] != 0x01) ({
Serial.print ("Device is not a DS51990A family device.\n");
return;

}

Serial.println();

ds.reset () ;
delay (1000);

addresses.
more addresses.

more addresses.
|Ho more addresses.
Ho more addressaes.
Ho more addresses.
Ho more addresses.
Rﬂlibi!iiﬂﬂﬂ!‘?

Ho more addraesses.
Nz more addresses.
B=1 €3 75 D7 0 0 0 SF
Ho more addressas.
Hoe more addresses.
He more addresses.
He more addresses.
Ho more addresses.

Nolneendng v 9600 baud

“

Puc. 10.7. Boigaya B nocnefoBaTensHein nopT
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31ech MPOMCXOAHT MOCTOAHHBLIH MOMUCK YCTpoHcTB Ha nuHMH 1-Wire, [Toka kmou He
NoJAHEeCeH K KOHTAKTHOH MJolajke, B MOHMTOP MOCIEA0BATE/ILHOrO MOpTa BbIAAeTCA
coobuenune: No more addresses.

[Tpu noakoveHHn Knto4a-TabieTki K KOHTAKTHOH MJI0LIaJKe — €€ HOMep CUHTLIBAeTCH
M BblaeTcsa B nocaeaoparenbHbiid nopt (puc. 10.7). Tonsko BbiBeAEH 3TOT HOMEp Haobo-
pPOT — KakK H 1nojoxkeHo no nporokony 1-Wire — Haunnas ¢ mnaawero Oafira. Cpasuure
BblJ1aBa€Mblil KO ¢ KOJOM, HAHECEHHBIM Ha KOPIYCE KIOYe.

10.5.2. Pexxumbl paboTbl

B Hawem ycTpoiicTBe npeaycMOoTpeHo ABa peskHMa padoThl:

0 PEAHM NMOJB30BATENA — JAAacT NOJB30BATC/IKO BOIMOMKHOCTE OTKPBITE 3aMOK, TPHJI0-
JKHB K CUMTBIBAIOLIEH MoaaKke yc'rpoﬁcma Ko ibutton M3 cnucka JOIMyCKa;

5B
L7808 L7805
12B 22 wed lZE MK 22 mkd 5B
o 1 1 ° 4,7K
DQ nnowapaka ans
5'1 | il GND  Button
FvV 3Vv3
D13 lod
Arduino D12
D11 —{ D60 1602
1K D10 —{ D61
. D8 |— — D63 Vee -
| — A0 D7 D64 Vo
— A D6 D65 Ré
— :‘; D5 D66 R/W}-+
D4 DE&7 E
K anekTpo- [ — A4 D3 |-
MarHUTHOMY \"E:.-J AS D2 LED- LED+
HMWCEB_I —1 A6 D1 — - 3eneHas
Bnok pene —{ A7 | GND |DO |- | i
— - I
-~ KpacHasn -5B 10K
ammsa -i..’
10K
ey
10K
—{Y___}—

Puc. 10.8. Cxema nogknioYeHun
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0 PEAHM AAMHHHUCTPATOPA — MO3BOJIACT YIAJATH KJITHOYH H3 CITUCKA NOINYCKA H BHOCHTB
K/IHOYH B CIMHUCOK J10MYCKa.

Jnsa annapatHoil peanM3auMH peKUMa aJMUHUCTPATOpPA NPUMEHHM JIBE€ KHOMKH M KM/-
KokpucTasimueckui aucrned WHI602. [lna noaxmoueHus aucruies 3aaeHCcTBYEM Bbl-
Bojbl Arduino 4-7, 11, 12. JIna noakaoveHHs KHOMOK MCMOJb3yem BbIBOALI 8 u 9. Dnek-
TpHueckad cxema npejcrasiena Ha puc. 10.8.

Cnucok kmoveit nonycka Oyaem xpanuth B namsti EEPROM. Kapra pacnpenenexus
namath EEPROM B Hawem ckerye TakoBa: BCs namsaTh pacripejeneHa Ha OJ0KH mno
8 DaitroB. B nepsom DaiiTe XpaHHUTCA KOJHYECTBO KJIKOUYEH B CHCTEME, clielyrouie 7 Dai-
TOB He uenoab3viored. Jlanee kaxasie 8 OaiiTos oTROAATCH M0 64-OHTHLIH YHHKANBLHBIH
KOJ Kaxkaoro kmoua. baiter 8—15 orBoadrca noxa kiaou agMuHucTparopa. Creayioime
OaiiTel — moa Kokl Kmouei ang aoctyna. [Tycteie 0aiThl 3aMmoaHe bl 3HAYEHHEM 0xFF.

10.5.3. Pexxum nonb3oBarens

B pexume nosb3oBaTens OcyleCTBAAETCS MPOBEpPKa KJIOYa Ha HajlW4He B CMIHCKe pa3-
peweHHbIX. [TpoBepka noaKIOYeHHs KIIFO4a MPOUCXO/INT B LMKIIE loop (). I1pH moanece-
HHH KJII0Ya K TUIOLAJKe CBEepsAeM ero KoJ ¢ KOJAaMH pa3’pellieHHbIX KIoueil U3 maMsaTH
EEPROM. ®yHkums prov key () (incturr 10.2) Bo3epatuaer MO0 HOMEp KJIH04a B CITHCKE,
nubo 0 mpu ero orcyrcrBun Tam. CooOuieHue O pesyabTaTe NMPOBEPKH BBIBOJMTCHA HA
JIHCILIEH.

Nuctuur 10.2

[[ FEEkEkkkkdEd* npopepka HanmMuMa Kmouda B EEPROM
int prov key()
{
byte 11; byte 12;
int countll;
for( il = 1; il <= count; il++)
{count11=0;
for( 12 = 0; i2 < 8; 1i24+) {
if (addr[i2]|==EEPROM.read (i1*8+i2))
countll++;
}
if (countll==8)
return il;
}
return 0;

}

10.5.4. NepBoOHaYanbHbLIW BBOA KNKOYa B NycTyro 6a3sy

[Ipoueaypa setup () npoeepsaer namats EEPROM ans onpejenenuns konmuecrsa Kioyei
B cucteme (imetunr 10.3). KonnuecTBo K/TOUeH BHIBOJAMTCA HaA JNCIUICH.
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Nuctuur 10.3

void setup(wvoid) |
byte vall;

for(int i1=8;i1<512;)

{ vall=EEPRCM.read(il});
Serial.println(vall,HEX);

if (vall==0xFF)

break;
else

count++;;

il=i1+8;}

EEPROM.write (addressl, count);
if {count==0)

{admin=2; typel=1;}
lcd.begin(16, 2);
lcd.clear();

// CooCmenne npu 3arpyske
led.print ("iButten v0.1");

lcd. setCursor(0,7):
lcd.print ("act keys=");
lcd.print (EEPROM. read (addressl) ) ;

[lpn neppoHavasLHOM 3anMycke YCTPOMCTBA CIMUCOK KIIIOYEH B CHCTEME MYCT, W NepBblii
BBEJICHHBIH K04 Oyaer kmodyoM aaMuauctparopa. [pu atom 64-0MTHBIH KOA 3aHOCHTCA
B namate EEPROM (8 GaiitoB), cuerunk KonuuecTBa Katouei yeenuyuBaerca Ha |, u Ha
AUCIUIEH BBHIBOAMTCA cooOLIeHHe 0 HOBOM KJIIOYe W KOA HoBoro katoya. Jlanueie aeicr-
BHA BBIMOJIHACT MPOLEAYPA add new key (), COAEPKHUMOE KOTOPOH MPEACTABICHO B JIMC-
TuHre 10.4.

Nuctunr 10.4

/] ***k** noBGasnedHue xmoua B EEPROM
void add new key(int nnew)
{

byte il;

if ( OneWire::crc8( addr, 7) != addr(7]}) |
Serial.print ("CRC is not wvalid!\n");
return;

}

if ( addr([0] != Ox01) {

Serial.print ("Device is not a DS1990A family device.\n");
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return;

}

count++;

led. setCursor (0,0) ;

led.print ("key new = ");

led.print (count, HEX) ;

for( il = 0; 11 < 8; 1il++) {
led.setCursor((7-i1)*2,1);
led.print (addr[il],HEX) ;
EEPROM.write (nnew*B8+il, addr([il]);

}

ds.reset ():

delay(1000) ;

}

10.5.5. NpocmoTp, 3anucb U yaaneHue KoaoB KNyeu
B peXume agMUHUCTpaTopa

[lpu BXOE ¢ KIOYOM aJIMMHMCTPATOpa Mbl MOJIYHaEM MpaBa aaMuHUcTpaTtopa. Beibop
pekuMa M MNpoBeJieHHe Olepaluii B pekuMe aJMHHHCTpaTopa OCYLUECTBISETCH ¢ M0-
MOILBIO JIBYX KHOMOK (cM. puc. 10.6): kpacHO# (HHAKHAA) W 3eeHOH (BepxHAsA). KHonku
nojcoeMHensl K Bxojgam Arduino 8 w 9. [lpoeepka KHOMOK Ha Ha)kaTwe MPOXOANT
B npoueaype loop(). Ilpoepka na apebGesr npowspoaures nporpammuo. Koa nanHoro
(¢parmenTa npejacrasieH B auctuure 10.5,

Nuctunr 10.5

void loop(void) {

byte i;

int resl;

// 4drenue pin8

if (digitalRead(8) !=clickll) // u3aMeHeHMe NOJOXEHMS KHOMKM
{clickll=1l=clickll;

endmillisll=millis();)

// dreHue pind

if (digitalRead (9) !=clickl2) // uameHeHue noNoOxEeHMA KHOMKHU
{clickl2=1-clickl2;

endmillisi2=millis{();)

if(clickll==1 && millis()-endmillisll>5000) // naxara Gonee 5 cek
{

clear EEPROM();

led.clear();

led.print ("iButton v0.1");

led.setCursor(0,7);

led.print ("act_keys=0");

admin=1;typel=1;

}
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if (admin==1)
{// pexm nporpaMvMpoBaHMA - MpOoBepseM KHOMKMH
// urenue pins
if{clickll==1 && millis{)-endmillisl1>1000 && count>Q) // Gonee 1 cekr
{typel=0;
endmillisll=millis();
posll++;
if (posll>count)
posll=min (2, count);
led.clear();
lcd.setCursor (0,0);
led.print (" tekkey= ");
view keyl (posll);
}

else

// urenme pinY

// HaxaTa Gomee 1 cex

if(clickl2==1 && millis()-endmillisl2>1000 && typel==2)
// nonTeepxneHue yIaNeHWA

{if (posll>1)

delete_key(posll);

else

admin_display (" empty ",0);:

typel=0;

endmillisl2=millis();

admin display ("admin = ",0);

view keyl(1l);

}
else if(clickl2==1 && millis()-endmillisl2>1000 && typel==1)
// pex - ynanuTs?

{

typel=2;

endmillislZ=millis();

admin display("delete ? ",0);

view keyl (posll);

}
else if(clicklZ==1 && millis()-endmillis12>1000 &£& typel==0)
// Bxon B pexum noBaBleHMA KIIOYER

{

typel=1;

endmillislZ2=millis():

admin display("add key ",0);}
else

}
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Ilpy HaxaTHM Ha KHONKY, MOJCOEJAMHEHHYIO K BXOJy 8, Bbi3blBaeTcs Mpoueaypa
view keyl() MOCJIEA0BATEIbHOIO MPOCMOTPa KOJAOB BCeX BBeAcHHBbIX Kmoveir. Coaep-
FKUMOE npoueaypsl npeacrasiieHo B aucTrHre 10.6. Kojel BeIBOAATCA HA THCILICH.

Nuctuur 10.6

J/ ¥****% ppmon wpoua m3 EEPROM
void view keyl (int rr)
{
byte i;
led. setCursor (8,0) ;
led.print(rrx);
for( i = 0; 1 < 8; i++) {
lcd.setCursor((7-i}*2,1);
led.print (EEPROM. read (rr*8+1) , HEX) ;
}
delay(1000) ;
return;

}

Haskatse Ha KHOIMKY, MOACOEAHHEHHYIO K BXOAY 9, NEPeBOANT mporpaMmy rocjenosa-
TEJBHO B pEKHMBI BBO/Jd HOBBIX KJI[-UHEﬁ, Bh[ﬁﬂp& KIIHOoYa J18 YAAJICHHA H NTOATBCpAC-
HUs yaanenus kimoua. Ha aucnneii BoiBoauTes coobuienue o tekyiem pexume. Eciu
YCTPOHCTBO HAXOAMTCH B pekume J00aBieHUs KIKOUYeill B CIIMCOK paspellieHHbIX, MpH
CYMTBIBAHHUM KJIHOYa ero Koj 3aHocurcd B naMmate EEPROM, cuerunk konuyecTBa K-
yeil yBenmuMBaeTcs Ha |, M Ha AWCIUIeH BBIBOAMTCS coodleHne o 100aBNeHHH H KO J10-
Gasnennoro kmova. Koa dyHKimMK add new key (), oTBeuatouiei 3a gobapineHue Kiova
B CITHCOK pa3pelieHHblx, npeacrasnen B anctuure 10.7.

Nuctunr 10.7

// poBaenenre wmoua B EEPROM

void add_new_key[int TNew )

{

byte il;
if ( OneWire::crc8( addr, 7) != addr(7]) ({
Serial.print ("CRC is not walid!\n");
return;
}
if ( addr[0] != Ox01) ({
Serial.print ("Device is not a DS1990A family device.\n");
return;
}
count++;

Serial.print ("new=");

led. setCursor (0,0);
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led.print ("new=") ;

led.setCursor(4,0);

led. print (count, HEX) ;

for( il = 0; il < 8; il++) {
Serial.print (addr[il], HEX);
Serial.print (" "};
lcd.setCursor((7-i1)*2,1);
lcd.print (addr[il] , HEX) ;
EEPROM.write (nnew*8+il, addr(il]);
}

ds.reset ();

delay(1000) ;

}

Eciu yeTpoiicTBO HAXOAUTCA B pesHMe YAAaJIeHH, NMPH MOATBEPMIeHHH YaleHus yia-
nseres koA BeiOpanHoro knova w3 EEPROM, npousBoauMTes ¢ABHI KOJAOB HA MECTO V/a-
JIEHHOT0, CYETYMK KOJMYECTBa KJIKOYed yMeHbluaeTcs Ha |, u Ha JMCIUIeH BBIBOAMTCH
coobenue 0b yananenuu. Koa pyHKIMHK delete key (), OTBeYaroLle 3a ylaJleHUe KIHOYa
M3 CITMCKa pa3pelleHHbIX, npeacrasieH B aucrunre 10.8.

Nuctunr 10.8

// ynaneume wkmoua u3 EEPROM
void delete key(int nn)
{
byte vall;
for(int il=nn;il<=s=count;il++)
{
for(int i2=0;i2<8;1i2++)
{
vall=EEPROM.read( (il1+1) *8+1i2);
Serial.print (i1*8+1i2,DEC) ;
Serial.print (" ");
Serial.print (vall, HEX) ;
Serial.println();
EEPROM.write (il*8B+1i2,vall);
}
}
count-=;
}

10.5.6. Bnok-pene. OTKkpbiBaHUe 3amMKa

B kawecrBe verpoicTBa A0CTYNA  MCNOJBL3YETCS  IEKTPOMEXAHHYECKas 3alueska
AT-ESOI1, koropasi OTKpbIBA€TCH 1PH 101a4€ Ha KOHTaKThl Hanpsukenus 12 B, B kauecr-
BE KOMMYTHpYlouero yerpoiicrsa s3st 6nok-pene (puc. 10.9): nuranue 5 B, kommyTa-
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uua 10 250 B, 10A. baok umeer 4 kontakta: GND, Vee, NG, CSI. /Ina 3aMmbIkaHHA KOH-
TaKTOR pesie HeoOXoaumo noaatk 1 Ha Beieoa SCI.

Ynpasaate pene Oyaem ¢ Beioga Arduino AS, KOTOpblii B JaHHOM Clyyae HCMoab3yeTcs
B KauecTBe LH(pOBOro BLIBO/A:

int relayPin = 18;
pinMode (relayPin, OUTPUT);

Jlnsa oTkpbiBanKus 3amka nojaem Ha Beieoa 18 — 1, ans 3akpeiBanus — 0.

Puc. 10.9. Bnok-pene

10.5.7. MNpourpbiBaHue menoaumn

Co3aanm 3BYKOBOE CONMPOBOK/ICHHUE /U1 BAPHAHTOB YAa4HON W HEY1auHOH ayTeHTH(H-
KalMK ¢ MOMOLILIO Koua. BeIBO MeNoaHii Ha JHHAMMK Mbl PACCMOTpPEIH B npUMepe
K 21ase 8. Ha nuMHamMuK nojaeTcs CHrHaja COOTBETCTBYIOWIeH 4dacToThl. Mcrnonbiyercs
Bpix0a Arduino 17.

// nogkmouMTe OMHaMMK K pin 17
int speakerPin = 17;
pinMode (speakerPin, OUTPUT);

Koa ¢yHKuMit BocnponseeaeHns 3ByKa npejacrasieH B auctuure 10,9,

| Nuctunr 10.9

!/ menomia YES

void playYES()
{
for (int 1 = 0; i < sizeof(notesl); i++)
{

AR

if (notesl[ili] ==
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/ ftone (speakerPin,0, beatsl[i]*tempol* 1000L); // nmav=a
delay(beatsl[i] * tempol); // nayza

else
playNote (notesl[i], beatsl[i] * tempol};

}

}
/[ menomsa NO
void playNO()
{
for (int i = 0; i < sizeof (notes2); i++)
{
if (notes2[i] == " ")
//tone (speakerPin, 0, beatsl[i]*tempo2* 1000L); // naysa
delay (beats2[i] * tempo2); // naysa
else
playNote (notes2[i], beats2[i] * tempo2);
bl
// npourparte HOTY
void playNote(char note, int duration)

{
// maccuB onA HaMMEHOBaHMIA HOT (OO pe MM ... M T. L. B Npegenax AByX

// oktas)
char names[]}={'c','d",'e','£','qg', 'a', ', 'C"','D",'E',"F','G",'A','B'};
int tones[]={3830,3400,3038,2864,2550,2272,2028,1912,1700,
1518,1432,1276,1136,1014 };
// npourparTe TOH, COOTEETCTEYKWMA HOTe
for (int i = 0; i < sizeof (tones); i++)
{
if (names[i] == note]
playTone (tones[i], duration);
}
}
void playTene(int tone, int duration) |
for (long i = 0; 1 < duration * 1000L; i += tone * 2) |
digitalWrite (speakerPin, HIGH):;
delayMicroseconds (tone) ;
digitalWrite (speakerPin, LOW);
delayMicroseconds (tone) ;
}
}

[ToAHOCTBIO CKEeTY AJIA PACCMOTPEHHOIO NPOEKTa HAXOAKTCH B nanke examples\_10_1 co-
MPOBOKAAIOUIETO KHUTY 3J1EKTPOHHOIO apXHBa.
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Arduino n uncpoBon gaTuyUK
TemnepaTtypbl DS18B20

Paccmotpum B3aumojeiicteue Arduino ¢ uudgporbsim gaTumkom temnepatypel DS 18B20.
pabdoTatowum no npotokony 1-Wire. Ero mbi Oyaem ucnons3oBate npu paspadboTtke ao0-
MaiHei meteoctaHumu Ha Arduino (cm. erasy 13).

11.1. Onucanue patumka DS18B20

DS18B20 (puc. 11.1) — umdporoit TepMomeTp ¢ NMporpaMMHpyeMbiM paspetienuem ot 9
no 12 6uros, kotopoe MoxkeT coxpanarhes B namath EEPROM npuGopa. DS18B20 06-
MEHHBAETCA NAaHHBIMH IO wMHe |-Wire M npu 3TOM MOKET ObITh KAK €AMHCTBEHHLIM
YCTPOHCTBOM Ha JIMHWK, Tak W pabotartk B rpynrne. Bee npoueccsl Ha mimHe yrnpasiasioTcs
HEHTPabHBIM MHKPOTPOLIECCOPOM,

Jlnanazon wamepenuit gatuuka: or =55 a0 +125 °C u rounocteio 0.5 °C B avanasone ot
—10 no +85 °C. B nononxenne DS18B20 MokKeT NUTaThCA HANPAKEHHEM JIHHHH JIaHHBIX
(Tak HazLIBAEMOE NUMANHUE OM NAPA3UMHO20 UCMOYHUKA — CM. 21aey 1(0)) npu oTeyTCT-
BHH BHELLHEIO HCTOMHUKA HATIPSHKEHUS,

Kaxobiit parumk tuna DS18B20 umeer yHukanbHbiil 64-0MTHBIH nocieaoBarebHbli
KOJ1, KOTOpbIi nosposser odwarses ¢ MHoxkecTBoM Jatunkos DS18B20, yecranorieHHbIX
Ha oaHOH wnHe. [leperie 8 OuTor — kon cepun (s DS18B20 — 28n), 3arem 48 Ouros
YHHKQJILHOTO HOMepa, U B KoHule 8 6Gutor CRC-kona. Takol npuHUMn no3Boaser Mc-
NOJb30BaTh OAMH MHMKPONpoOLEccop, 4TOObI KOHTPOJIMPOBATH MHOMKECTBO JAaTYMKOB
DS18B20, pacnpenesneHHbIX 110 O0JBLIOMY Y4aCTKY.

XapakrepucTuku natuuka DS18S20:

O unrepdeiic 1-Wire:

O w3amepsemas temneparypa ot —55 no +125 °C;

O rounocts 0.5 °C B auanazoue ot —10 g0 +85 °C;
0 Temnepartypa cuuTbiBaeTea 9-10 OUTAMHU NaHHBIX!

O Bpems Ha KOHBEPTALMUIO TeMreparypbl — 750 ms (MakcHMalibHOE),
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DALLAS
18B20

1 2 3

GND [
DQ |
Vop [

(BOTTOM VIEW)

TO-92
(DS18B20)

Puc. 11.1. Jamuug DS18B20

Jlanneie 0 TemniepaType XpaHaTcA B ONMepaTHBHOW maMATH natudka (puc. 11.2). [lamare
COCTOMT M3 onepaTusHoit ROM u sueproneszasucumoit EEPROM:

O nepebie ABa OaiiTa — cojepkaT JaHHbie 00 HIMEPEHHOH TeMnepartype;

O TperHii U yeTBepThIi OalTLl XpaHAT BepXHHMil (TH) U HUIKHHMIA (TL) npeaeibl Temnepa-
TYPpHl,

O naTblii ¥ WECTOH — He UCNOJb3YIOTCH:

O ceabMO U BOCBMON — OalThl-CueTUMKH. OHH MOryT MCHoAb30BaTLCA A8 Oonee
TOYHOIr0 H3IMEPCHHUA TEMIIEPaTYphbl;

O aearbiid OadT xpanut CRC-koa npeabiayHx BOCbMH.

SCRATCHPAD (Power-up State)
byte 0 | Temperature LSB (50h) } (85°C)

byte | | Temperature MSB (05h) EEPROM

byte 2 | Ty Register or User Byte 1* <4+—»| Ty Register or User Byte 1
byte 3 | T, Register or User Byte 2% 4—p| T, Register or User Byte 2
byte 4 | Configuration Register® < > Configuration Register

bvie 5 | Reserved (FFh)
byte 6 | Reserved (0Ch)
byte 7 | Reserved (10h)
byte 8 | CRC*

'CoCTOoRHIE NOCNE BEMIOYEHRA NHTAHWE IABWCHT OT 3HadveHwi, coxpadenxoro 8 EEPROM

Puc. 11.2. Kapta namatu DS18B20
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Kpome obummx komanz ans scex tunoe ycrpoicts 1-Wire, npeacrasienusix B tabn. 11.2,
AATHUK MOMKCET BbINMOJHATL CICAYHOLIHEC KOMaHAbI:

O Alamm Search [ECh] — oncpauuA 3TOH KOMAaH/1bl MAEHTHUYHA OonepauMH NoUCKa ajape-

O

COB [FOh]. 3@ UCKJIKOYEHHEM TOI0, YTO B JAHHOM CJIYy4ae OTBETAT TOJILKO T€ JaTYHKH.
YV KOTOPBIX MPH TOCIEJAHEM W3MEPEHHH TEMIIEPATYPa BbILLIA 34 YCTAHOB/ICHHbIE Tpe-
Jensl (BbILIE TH MK HUKE TL);

Convert T [44h) — KOHBepPTHpOBaThL Temrnepatypy. Jlaruuk npouszseaer usmepeHue u
3aMuch JaHHBIX O Tekyuwei Temneparype. Ecniu Beayuwee yerpoiicteo Oyaer 3a 31oi
KOMaH10il cnath TalM-C/I0Thl YTEHHMS, TO NOKA KOHBepTauMs He 3akoHdeHa, DS18S20
OyaeT Bbiaasathb B anHMK0 "0", a nocse 3aBeplueHus koupepraumnmn 1",

Write Scratchpad [4Eh]— 3anKMChb B NaMATh. JTa KOMaHJa MO3BOJIAET 3alHcaTh
3 Daiita B namaTh garuuka. Ilepbiii GaiT 3anuwercs B TH, BTOPOil — B TL, a TPETHi
OaifT 3anuwercs B naTLli OaiiT namsaTH — 3710 OaiiT KOH(pUrypaLKrn;

Read Scratchpad [BEh] — 4uTeHHe naMaTH. KoMaH1a no3BoJISeT HaM CUHTATEL NaMATh
aaryvka. B oTBer Ha 3Ty KOMaHay AaTYHK BepHET 9 DalTOB CBOEH nMamMaTH, HAYMHAA
¢ 0-ro Daiita TEMPERATURE LSE W 3aKkaH4YMBas BocbMbiM — CRC:

Copy Scratchpad [48h] — KOMWpOBaTh NaMAThb. JlaTuMK cKOMMpyeET coaepxkumoe
O3Y — i 7L B EEPROM.

IlocnenoBarenbHOCTh KOMaHI A4 MOJYYCHHA JaHHBIX OT JaTYHKa O TEMIIEpaATypE:

1.

2

2

[TpouspecTn RESET M NOMCK YCTPOHCTB Ha inHuun 1-Wire,

Boiiath koManay 0x44, 4To0BI 3aNYCTHTL KOHBEPTALIHIO TEMIIEPATYPbI JATYHKOM.
[Monoxknare He menee 750 ms.

DS18B20 Arduino
—{ Rx
GND DQ VDD — Tx AQ —
— D2 Al b—
1| 2| a3 — D3 A2 —
— D4 Ad —
-1 D5 A4 —
RY — D6 AS |—
47k el DT Aﬁ A
— D8 AT F—
— D9
D10
— b1 +3.3Vl—
D12
+5Y

Puc. 11.3. Nogkniovenune gatunkaDS18B20 k Arduino
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4. Beigate koMaHay 0xBE, yToOBI cudTaTe O3Y aatumka (naHHble 0 TeMmrneparype OyayT
B MepBbLIX ABYX OaiiTax).

JlaTuMK MOJKET 3anHThIBaTLCA ABYMS crioco0aMH: BHEUIHMM MHUTaHWeM (3 mpoBoaa) WK
napa3MTHLIM (MUTaHKWE OT LWHHLIL, 2 npoeoja). CxeMa NnoaKIHYeHHs JaTYHKa OT BHEllIHe-
ro nuranus Kk Arduino npeacrasnena Ha puc. 11.3.

11.2. UIcnonb3oBaHue oubnuorekun OneWire

Jlna paGotel ¢ aatunkamu ¢ uHTepdeiicom 1-Wire MOMKHO HCMONL30BaTh OMOMHOTEKY
OneWire (cMm. 2ragy [10). HanomHio, uto OHMONMOTEKA OneWire HAXOAWTCA B Manke
libraries\OneWire CONpOBOXIAKOLIENO KHUIY 2JIEKTPOHHOIO apXHBa.

Ckety nony4eHus aaHHbiX ¢ naruvka temnepatypbl DS18B20 u BhiBo1a 1aHHBIX B 10-
C/Ie/I0BATEbHBIA NOPT ¢ NOMOLILLIO OHOIHOTEKH OneWire NpeacTasieH B auctuure 11.1.

Nuctunr 11.1

finclude <OneWire.h>
OneWire ds(10); // nuuua 1-Wire Gymer Ha pin 10

void setup(void)

{
Serial.begin(9600) ;
}

void loop (void)

{

byte i;

byte present = (;
byte data[12];
byte addr(8];

if ( !ds.search(addr)) |
Serial.print ("No more addresses.\n");
ds.reset search();
return;

}

if ( OneWire::crc8( addr, 7) != addr[7]}) {
Serial.print ("CRC is not wvalid!\n");

return;

1f ( addr([0] != O0x28) |
Serial.print ("Device is not a DS18B20 family device.\n");
return;
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ds.reset () ;
ds.select (addr) ;
ds.write (0x44,1); // sanyckaeM KOHBEpPTAaLMD

delay(750); // =pmem 750ms

present = ds.reset();
ds.select (addr) ;

ds.write (0xBE) ; // cunTEmaem 03V maTuMra
for ( 1 =0; i € 9; i++) { // ofpabGarueaeMm 9 Gaur
data[i] = ds.read();

Serial.print (data[i], HEX);
Serial.print(" ");

}

// BHCuUMTHBaeM TeMnepaTypy :)
int HighByte, LowByte, TReading, Tc_100;
LowByte = data[0];

Serial.print ("LB= ");Serlial.print (LowByte, HEX);
HighByte = data[l];
Serial.print ("™ HB= ");Serial.print (HighByte, HEX) ;

TReading = (HighByte << B) + LowByte;
Tc_100 = TReading/2;

Serial.print(" T = ");Serial.print(Tc_100);
Serial.println();

11.3. bubnuoreka DallasTemperature

CreumnansHo ans temneparyphbix gatuukos Dallas (DS18S20, DS18B20, DS1822) cos-
nana Arduino-6mbnunoreka ballasTemperature, CKa4aTh KOTOPYIO MOMHO €O CTPaHHILbI
https://github.com/milesburton/Arduino-Temperature-Control-Library.

bubanoreka pallasTemperature HaXOAMTCA B nanke libraries\DallasTemperature conpogo-
AAAKOLIET0 KHUTY JIEKTPOHHOIO apXxHBa.

Ckeru nojy4yeHus JaHHbiX ¢ garumka remneparypst DS18B20 u BbiBOAa JaHHLIX B 10-
CJIe/IOBATENILHBIH MOPT C NOMOLLBIO OHOIMOTEKH DallasTemperature MPEACTABIEH B JIMC-
THhre 11.2.

Nuctunr 11.2

#include <DallasTemperature.h>
DallasTemperature tempSensor;

void setup(void)
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{

Serial.begin(9600) ;

tempSensor.begin(10); // HJatumk Ha 10 nopt
}

void loop (void)

{
switch (tempSensor.isValid())
{

case 1:
Serial.println("Invalid CRC");
tempSensor.reset (); // cOpocure mesafic
return;

case 2:
Serial.println("Invalid device");
tempSensor.reset(); // cOpocuTe meBamc
return;

}
Serial.print(" T = ");Serial.print (tempSensor.getTemperature()); // ornpaeBuTe

TeMnepaTypy
Serial.println(); // nepeHoc cTpoku
|



rMABA 12 %

Arduino n paTyMkm TemneparTypbl
u BnaxHoctu DHT

PaccMmoTpuMm 31€ech AaTumki BiaaxuoctH M temneparypel DHT (BPI11 u DH22), koTopbie
Oy/eM MCnoib30BaTh B [IPOEKTE J0MAaLIHel MeTeocTaHUHH (eM. 2aagy 13). OaHoBpemMeH-
HO M3MEPATH TEMIEPATYPY H OTHOCHTEJIBHYH) BJIIAKHOCTL BBIMIAJHT JIOMHYHO, MTOCKOJIBKY
BTOPOE HANPAMYIO 3aBHCHT OT nepporo. Tak, nopsiwieHue temneparypel Oatapeil ueH-
TPAJILHONO OTOIUIEHHUS NPHBOAHUT K YMEHBLUEHHIO OTHOCHTEIBHOH BIAXKHOCTH BO3YXa.
Hackonbko BaiHa BAaKHOCTb B noMelieHMH? CunTaeTcs, YTO ONTHMA/IbHOE €€ 3HaYeHHe
0K0110 50 % — HMEHHO NPH TAKOH BIAMKHOCTH PacTEHH, JIIOAH U JKHBOTHBLIE YYBCTBYIOT
cebs komdopTHo.

12.1. Xapaktepuctukm gatymkos DH11, DH22

Jatunku DHI1 (puc. 12.1) u DH22 (puc. 12.2) He oTaM4aOTCs BHICOKHM ObICTpOAEHCT-
BHEM M TOYHOCTBIO, OJIHAKO MOTYT HAHTH CBOE NMPUMEHEHHE B PAJHOJOOUTENBCKHX NPO-
€KTax M3-3a CBoeH HeBblCOKOM cTtommocTH. Jlatumku DHT cocrosar w3 emkocrHoro aar-
YMKa BIAKHOCTH M Tepmuctopa. Kpome Toro, garuuk coaepxkur B cebe npoCTeHbKHIA
AL ans npeoGpa3oBaHms aHANOTOBBIX 3HAYEHHI BIAXKHOCTH U TeMIIEpaTyphl.

JaTtuuk umeer 4 BeiBoja crangapra 2,54 MMm:

O | — VCC (nuranue 3-5 B);

0O 2 — DATA (BbIBOA JAHHBIX);

0 3 — He HCNONB3YETCH;

O 4 — GND (zemnsn).

[lporokon oOmena — OAHONPOBOAHLIA, 1O CTPYKTYpe BecbMa noxox Ha DS18B20, no
€ BAXKHLIMH OI'OBOPKAMM:

O DHT ue ymeer paboTath B "napasurtaom” pesxume (MUTaAHUE MO JIHHHH AaHHBIX);

O kamasiit DS18B20 umeer nepcoHanbHbI HACHTU(UKATOP, HTO JA€T BOIMOKHOCTH
MOAKMIOYEHUA HECKOIBKMX TAKUX AaTUMKOB K ojiHOMY nuHy Arduino. Onnako y DHT
TAKOH BO3MOKHOCTH HET — OJIMH JIaTYuK OyJIeT UCMOJIb30BaTh CTPOro OAuH UHdpo-
BOH MUH.
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Puc. 12.1. Jatyuk DH11 Puc. 12.1. famiuk DH22

OO1Me XxapaKTepUCTHKH 1aTYHKOB!
0O DHTI1:
® OYEHb HU3KAs CTOMMOCTD;
e qnuranue u 1/0: 3-5 B;
e onpeaenenue pnaxkuoctn 20-80 % ¢ TounocTsio 5 %:
e onpeaenenue temnepartypsl 0-50 °C ¢ Tounoctsio 2 %:
e yactoTta onpoca He 6onee | I'u (ne bonee oanoro pasza B | cek.);
e pasMepbl 15.5x12x5,5 mm;
0O DHT22:
® HH3Kafg CTOMMOCTb;
e nuranue u 1/0: 3-5 B:
o onpeaenenune rakHoetH 0-100 % ¢ Tounoctsio 2-5 %:
o onpeaenenune temneparypel —40...+125 °C ¢ rounocrsio £0,5 °C;
e yactota onpoca He 6onee 0,5 I'u (He Gonee oanoro pasa B 2 cex);
o pasmeps! 15,1x25x7,7 mm.

Cencop DHT22 umeer nywiume, vem y DHTI 1, xapakrepuctukmu, Ho Gosiee BBICOKYIO
CTOMMOCTb.

12.2. NoaknoyeHume K Arduino

Pekomenayemas cxema noakmouvenus k Arduino (puc. 12.3) cogepxur obszaresibHblil
JUIA OAHONMPOBO/IHBIX JIMHHA pe3HCTOP-noATAKKY K VCC H, B KauecTse ONuMH, peKoOMeH-
ayerca kouaencarop (Guabtp no nuranuio mexay VCC u GND).



naea 12. Arduino u damyuku memnepamypsl U enaxHocmu DHT 167

VDD VDD

| LS 1Pin

MCU |—l2aa__222] DHT

4Pin

GND

Puc. 12.3. Cxema nogrnwodeHns k Arduino

Ecan k Bam B pyku nonasv DHT11 wnnw DH22 na nebGonbliok naare, MOKHO NOAKIIO-
4aTh X HANPAMYIO K Arduino — pe3ucTop U KOHAEHCATOP TaM YiKe M TaK ecTb.

12.3. Bubnuorteka DHT

Jlnsa padotel Arduino ¢ naruukamu DHI11 w DH22 yike ecthb rotoasi OM0/IHOTEKA — DHT,
CKauaTh KOTOPYIO MOXKHO co crpaHuusl B Murepuere https://github.com/adafruit/DHT-
sensor-library. Dra 6ubnuoreka Haxoaurtcs B nanke libraries\DHT conposoxaatowero
KHUT'Y JIEKTPOHHOIO apXxHBa

Jna ucnone3oeanus garurka DHT11 Heobxoaumo 3akoMMeEHTHPOBATE CTPOKY:

//#define DHTTYPE DHT22 // DHT 22 (AM2302)

H PACKOMMEHTHPOBATE:

f#define DHTTYPE DHT11 // DHT 11

Ckerd nosy4eHus JaHHbIX € JlaTyuKka TeMnepatypsl ¥ BaaxkHoctd DH22 u BoiBoaa nau-
HBIX B nocienaosateabHbiil nopt (puc. 12.4) npeacrasnen B aucrunre 12.1.

Nuctuur 12.1

#include "DHT.h"

#define DHTFPIN 2 // nuH nOogKMoUYeHMA
//#define DHTTYPE DHT11 // DHT 11

#define DHTTYPE DHTZ22 // DHT 22 (AM2302)
//4define DHTTYPE DHT21 // DHT 21 (AM2301)

DHT dht (DHTPIN, DHTTYPE):

void setup() |
Serial.begin(9600);
Serial.println("DHTxx test!");
dht.begin() ;

}
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void loop() {
// Reading temperature or humidity takes about 250 milliseconds!
// Sensor readings may also be up to 2 seconds 'old' (its a very slow sensor)
float h = dht.readHumidity () ;
float t

dht . readTemperature () ;

// check if returns are wvalid, if they are NaN (not a number) then something
went wrong!

if (isnan(t) || isnan(h)) {
Serial.println("Failed to read from DHT"):
} else |

Serial.print ("Humidity: ");
Serial.print (h};

Serial.print (" %\t");

Serial.print ("Temperature: ");
Serial.print(t};

Serial.println(™ *C");

B comz7

DHTzx cesci
32.70
3. 70
32.70
3z2.70
3Z2.60
32.60
3Z.60
32.60
32.60
32.60
32.60

: 32.60
32.60
32.60
3z.60
32.60

Tampearaturea: 2Z5.70
Temperature: ZI5.70
Temperature: 25.70
Temperacure: 25.70
Temparacurs: Z5.70
Temparature: Z5.70
Temperature: Z5.70
Tempearature: Z6.70
Temperature: 25.40
Temperature: I5.40
Temperature: 2Z5.40
Temperature: Z5.40
Temperature: I5.90
Temparature: I5.20
Temperature: 2Z5. 90
Temperature: 25 50

L]
L]
]
i
¥
¥
¥
L]
L]
¥
¥
'
L]
L]
L]
L]

Puc. 12.4. BeiBog AaHHbIX € AaT4YMKa B MOHMTOP NOCNeAoBaTeNLHOro nopra
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CeteBOM OOMEH
Cc nomouwbio Arduino

13.1. YcTtpoucrteo Arduino Ethernet shield

Arduino Ethernet shield (puc. 13.1) no3eonser noakmounts maary Arduino k cetn. Ona
ocHoBaHa Ha ethernet-mukpocxeme Wiznet W5100. Wiznet W5100 noanepkuBaer cTeku
TCP u UDP B IP-ceTn, a Taixke /10 4EThIpeX OJAHOBPEMEHHBIX MOJAKTIOYEHHH K COKETaM.
Jlns co3nanma ckeTyed, KOTOpbie MOJAKIHOYAIOTCS K CETH MPH MOMOLIM JaHHOH NniaThl,
ucronb3yire OMONMOTEKY Ethernet Library. [lnara Ethernet shield coeaunsiercs
¢ miatoil Arduino npy NMOMOIH JUIHHHBIX LUTBIPLKOB, MPOXO/ALIMX Yepe3 Hee. ITo no-
3BOJIAET HE M3MEHATH PAcrofiokeHHe BLIBOJOB M YCTAHABIMBATL APYTHe MJaThl MOBEpPX
Hee (puc. 13.2).

[lnata Ethernet shield umeer cranmaptubiii pazvem RJ-45 co BCTpOeHHBIM JTHHEHHBIM
Tpanchopmaropom u onuueit PoE (Power over Ethernet) ans nonyveHus nutanus or
00bLIMHOMH BUTON napel 5 kateropuu. [locneanne Bepecun nNaaTel HMEIOT TAKIKE pasbeM /Ui
Kapt THna microSD, KoTOpble MOryT MCIOJIL30BATLCA U1 XpaHenus aiinos v pabotsl

Pwnc. 13.1. Arduino Ethernet shield
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Puc. 13.2. Nogrnwoyenne Ethernet shield k Arduino

¢ HuUMH 1o cetH. Ilnata coemectuma ¢ Arduino Uno u Mega (npu ucnons3oBaHuu OMO-
JIHOTEKH Ethernet Library). Kaprpuaep microSD nocrtyned npu nomoiuu OHONHOTEKH

SD Library. [lpu npumenenuu >T1oii OMOnMOTEKN BLIBOA 4 HCNONb3YeTCa /1A cHrHana SS
(Slave Select).

[Nocneanue BepcHu nuaTel TakiKe HMEIOT KOHTposuiep cOpoca, KOTOpbIi NMo3BonseT ObITh
YBEpPeHHBIM B npasuibHOM nepesanycke WS5100 npu 3anycke. [lpeasyiymme sepcum
naatel ObiiM He coBmecTumbl ¢ Arduino Mega u TpebGopanu pyunoro cOpoca nocie
BrodeHua. [Ipeapiymas sepeus niaarsl MMena pasbeM JUls MOJHOpPa3sMEpHOH KapThl
SD, uro B HacTodALLee BpemMA HE MOJIepKHBACTCA.

6-KOHTAKTHBII pazbeM JUif MOCAEA0BATEILHOIO MPOrpaMMHUPOBAHHA COBMECTHM ¢ Kabe-
namMu KU nnaramu-nepexoauukamu FTDI-USB. On noaaepixupaer aBTOMaTHUECKHI
cOpoc, uTo NMO3BOJIAET 3arpy:Kath ckeTuu Ge3 HakaTus KHonku cObpoca Ha naare, llpu
noakmoueHnn yepes aganrep FTDI-USB, Arduino n Ethernet shield nonyuator nuranue
OT aaanrepa.

Kak yke orMeuanock, TeKyllas BEpCHs IUIaThl NMOAAEPIKMBAET MOAKIIOYEHHE ajanrtepa
Power over Ethernet (PoE) ans noayuenus nuranus ot oObIMHOM BHTOI napel 5 kartero-
pHH, a Takke odecnevusaer:

copmecTumocts ¢ EEE802.3af;

HU3KHE MyJbcaumu M wym Ha seixosae (100m Vpp):

JIHANa3oH BXOJAHOTO HanpsaxeHus ot 36 a0 57 B;

JAUHTY OT NEPErpyikH H KOPOTKOTO 3aMbIKAHHA,

BLIXOAHOE HanpsxKeHue 9 BY:

poicokoappexTHrubii DC/DC-npeobpasosarens: 75 % npu narpyske B 50 %;

QOO0 000Qa0

Hanpsaxerue npodos uzoasaumnn 1500 B (Ha Bxoje v BbIXOE).
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Arduino ocyuwectsasier ceazb ¢ W5100 u kaproit SD nocpeacrsom mmubl SPI (uepes
pa3zbem ICSP header). Ona pacnonoxena Ha eeioaax 11, 12 u 13 nnarer Duemilanove u
BeiBOAax S50, 51 v 52 nanatel Mega. Ha obeux nnarax seisoa 10 ucnonwsiyercs ais Beido-
pa W5100 v Beoa 4 — g kaprel SD. DTH KOHTAKTBI HE MOTYT OBITEH HCIOJIL30BaHbI JUTA
apyroro Beoja/BeiBojia. Ha nnate Mega annapatbiil BeIBOJ SS 53 He ucnonb3yercs s
Bibopa vt WS5100, uu kaptel SD, HO OH J07KeH ObITH CKOH()MIYPUPOBAH Ha BbIBOJ,
uHaue uuTepdeiic SPI e Oyaer padborars.

IMockoneky W5100 u kapra SD paszpenstor mmny SPI, oaHoepemenHo paborats oHM He
moryT. Eciin Bel Henonb3yere 0ba 3TUX nepudepHiiHbIX YCTPOICTBa B CBOEH nporpamme,
BaM cJIelyeT no3aboTUThes 0 COOTBETCTRYIOMMX Onbnuorekax. Ecnu Bel He ucnonesyere
OJIHO W3 ITHX nepudepHiHBIX YCTPOHCTB, BaM CJEIYET ABHO OTKIIOYHTHL ero. Yroldsl
c/leNaTh 3T0, CKOH(MHUIrypupyiTe BhIBO M1aThl 4 Kak BbIX0A M 3anuiuute B Hero 1", Jlna
W5100 ycranosute Ha Bbirosie 10 BhICOKHI YpOBEHB.

Knonka cOpoca miarsl nepesanyckaer U 04epHIO niary., v miary Arduino.
[Tnata uMeeT HECKONBKO HHAMKATOPHBIX CBETOAHO/10B:
0O PWR — HHIHKAlIHA HATTHYHA NMUTAHHWA THUaThIL,

0O LINK— HHIHKALHA HAJIHYHA CETCBOIO JIMHKA, MHIAHHE [IpH OTIHIpABKE HWIH 110J1Y4e-
HHH JaHHBLIX:

a

FULLD == HHJHKAUHA MOJHOAYIVICKCHOIO COCAMHCHHA,

d

100M — MHAMKAUMA coe/IMHeHus Ha ckopocTr 100 MOuT/c (B OTIHYHE OT COeIMHEHMA

Ha |10 Mbaiit/c);
O &x — MUraer 1npH noJy4eHHH 1JaToi JaHHbIX;
0 TX — MHUraeT npyv OTNpasKe MaaTo JaHHbIX;
0 COLL — MHIraer Nnpu ceTeBoH KOJLTH3HM.

3anaupaemas nepembiuka "INT" moxker ObITh 3aMKHYTaA, 4TO NMO3BOAMT njare Arduino
noJyyaTh yBeJAOMIeHUs (depe3 npepbiBanns) o cobbiTHax ot W5100, HO B HacTosee
BpeMs 3TO He nojyiep:kuBaerca OMONHOTEKOM Ethernet library. [lepeMbruka coeaunser
BbiBOJ INT mukpocxemsl W5100 u undporoii esisoa 2 naare Arduino.

13.2. bubnuoteka Ethernet library

Jna padoret ¢ Ethernet shield wcnonezyerca cranpaprias  Arduino-Oubnuoreka
Ethernet library, OHa nocrasasercs B coctase Auctpudytuea Arduino. Pacemorpum ee
noapodHee.

13.2.1. Knacc Ethernet (Ethernet class)

Knace Ethernet nuuumanuznpyer Oubaunoreky u cereBblie HacTpoiikn, Hauunas ¢ Bepcun
1.0, oubnuoreka nopnepxusaer DHCP. Menonk3osanue Ethernet.begin (mac) no3so-
nfeT apTromMaTHyeckH noayyare IP-anpec.
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dyukumu kinacca Ethernet:
O begin();
O locallP().

®yHkuua Ethernet.begin()

DyHKUHA Ethernet.begin () HHHLHAIU3UPYET OMOIHOTEKY U ceTeBbie HAcTpOikH. CHH-
TaKCUC (PYHKLIMHK:

Ethernet.begin (mac)
Ethernet.begin (mac, ip)
Ethernet.begin(mac, ip, gateway)

Ethernet.begin(mac, ip, gateway, subnet)

[TapameTpbi:

O mac — mac-anpec (Media Access Control) ycrpoiictea (MaccuB U3 6 OaiitoB). 10
annapaTtHelii aapec amanrepa pawero ycrpoiictea. Hoesle Arduino Ethernet shield
BrovaloT Hakneidky ¢ MAC-anpecom ycrpoiictsa. [lna Gonee crapbix €ro HyKHO
HAITH CAMOCTOATEITLHO;

O ip— IP-aapec yerpoiicTsa (Maccus u3 4 baiiTos);

O gateway — IP-agpec cereBoro uwiosza (maccuB w3 4 Gaiitos). OnuHoHaIBHO — MO
ymoaganuio [P-aapec yerpoiicTsa ¢ nocne/iHero okrera ycraHoslien B 1;

0 subnet — Macka nojceTH ceTH (MaccHp u3 4 Gaiitos). OnMUOHANEHO — MO yMOTYa-
HHIO 255.255.255.0.

BD‘SHPH[HHEMUI"D JHAYCHHA HCT.

®yHkuuna Ethernet.locallP()

MOyHKUHA Ethernet. locallP () Bo3spaiaet IP-aapec Ethernet shield.
CuHTakcHe PYHKLIMMK:

Ethernet.locallIP()

Bosspamaemoe 3nauenne: |P-ajpec yerponcersa.

13.2.2. Knacc IPAddress (/IPAddress class)

Knacc IPAddress paboTaeT ¢ lokanbHbIMH H yaaneHHbIMH [P-anpecamu,

®yHkuuna IPAddress()

OyHKUMA TPAddress () onpenenser IP-aapec. OH MokeT ObITH HCNOB30BAH JUIA 00BAB-
JICHHUA JIOKAJILHBIX H VIAJIEHHBIX a/IpeCoB.

CunTakcue:
IPAddress (address)
Ilapamerp: address — nasnadaembiii [P-anpec.

BD?HleIlﬂEM{}I'D FHAYCHHUAH HET.
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13.2.3. Knacc Server (Server class)

Knacc Server co3naer cepsep. KOTOpPbIH MOKET NepeaaBaTh JaHHbIC W MOJYYATh JaHHbIE
OT MNOJAKIIOYEHHBIX KJIHEHTOB.

(DyHKUMH Kacca Server:
ethernetServer|),
begin(),
available():
write(),

print();

Qaoaad

println().

®yHkuun ethernetServer()

DyHKIMA ethernetServer () CO3AaeT CEPBEP, KOTOPBIH MPOCTYIIHMBACT BXOAAUIHE COCH-
HEHHA Ha YKa3aHHLIH MOpT.

CHHTAKCHC:

ethernetServer (port)

[lapameTp: port — Ha3HaAYaeMbIH 118 MPOCTAYUIHBAHUA MOPT.

BGSBFEIHHEMOFO FHAYCHHWA HET.

®yHKkuuna begin()

DOYHKUMA begin () 3aMyCKaeT NPOCAYIIHBAHHE BXOAUMX COCAHHEHHH.
CHHTaKCHC:

server.begin()

[TapameTpos Her.

BDBBPHUIHEP«IUFG FHAYECHHUH HET.

dyukumna available()

DyHKUMA available () NOAYYAET CCLUIKY HA NMOAKTIOYEHHOrO K cepBepy KJIHeHTa Juis
oOMeHa TaHHBIMH.

CuHTaKkcHc:
server. avallable()
ITapameTpos Her.

BDEBDEUIHEM{}E FHAYCHHE! CChUIKA Ha NOJAKJIHOUEHHBIH K CEPBEPY KIIHEHT
(EthernetClient client = server.available():).

[Mpumep uenonb3opanus PYHKUHK available () NpeACTaBJeH B JHcTHHrE 13.1.
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Nuctunlr 13.1

#include <Ethernet.h>
#include <SPI.h>

// mac-agpec Ethernet shield:

byte mac[] = { O0xDE, OxAD, OxBE, OxEF, OxFE, OxED };
// IP-ampec, Has3HadaeMelt Ethernet shield:

byte ipl[] = { 192, 168, 0, 177 };

// ampec wmosza:

byte gateway([] = { 192, 168, 0, 1 };

// macka:

byte subnet[] = { 255, 255, 0, 0 };

// nopr nna cepeepa
EthernetServer server = EthernetServer (23);

void setup()

{
// mamumanmzaums Ethernet shield
Ethernet.begin(mac, ip, gateway, subnet);
// =anyck cepeepa
server.begin();

void loopl)
{
// nonyuyeHMe CCHUIKM Ha NOOKIIOYEHHOTO KIMEeHTAa
EthernetClient client = server.available();
// noka noakmoYeHUe aKTMBHO
if (client == true) {
// ummaem naHHHe, OTNpabBlgeMule KIMEHTOM,
// u ornpaBnaeM MX OODPATHO KIIMEHTY:!
server.write(client.read());

DyHkumna write()

MDYHKUMA write () OTNPABIAET JAHHbIE BCEM KJIMEHTAM, NOJKIOUYEHHBIM K CEpBEpY.
CHHTaKCHC:

server.write(data)

[Tapamerp: data — ornpasiasemsbie gaHHble (0aiT MK CUMBOI).

BOEBPHHJ,EEMDFO AHAYCHHA HET.
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DyHkuua print()

DyHKUMA print () OTOPABIAET JaHHBIE BCEM KJIHEHTaM, NMOJKIOYEHHBIM K cepiepy. Ilpu
3TOM YMCJIO OTTIPABIISETCA KaK MOCe/I0BaTeIbHOCTE UM(P JaHHOro Yuca.

CHHTaKCHC:

server.print (data)

server.print (data, BASE)
[Tapamerpsi:
O data — ornpaeisemble AaHHble (OaiT, CHMBOJ, YHCIO, CTPOKA).
) BASE — BH/I NepelaBaeMbIX CHMBOJIOB!
® BIN— JBOHYHBbIH;
® DEC — JECATHYHbIH:
® OCT — BOCBMEPHYHBIH;
® HEX — LIECTHAJALATePHHHBIH.

Bosepauaemoe 3HaueHHe: KOJIMYECTBO NepelaHHbIX OalnToB.

@yHKUuA printin()

d}ynxunn println() DTFI]J&B.T]HET JAHHBIC BCEM KIIMEHTAaM, MOJAKITHOYCHHBIM K CEpB&p}’.
Ananoruuna (pyHKuMM print () ¢ AodaBieHMEM B OTMPaBKY CMMBOJA MEpexoaa Ha Ho-
BYHO CTPOKY.

CHHTAKCHC!

server.printlin()
server.println(data)
server.println(data, BASE)

ITapameTpni:
0 data— oTnpapisemble JaHHbie (OaiT, CHMBOII, YHCI0, CTPOKA).
O BASE — BH/ NepelaBaeMbIX CHMBOJIOB!

® EIN-— JIBOHYHBIH;

® DEC — JECATHUHbIH:

® OCT — BOCBMEPHYHBIN;

® HEX — IIECTHA/ILATEePHUHBIH,

anpamaemn& FHAYCHHE. KOJIHHECTBO NEPelaHHbIX GaiiToB.

13.2.4. Knacc Client (Client class)

Knace Client co3aer KIHEHTOB, KOTOPbIE MOIYT MOJK/IIOHATLCA K cepBepaM U oOMeHH-
BATLCA JAAHHBIMH.



176 Yacme lll. Npakmuyeckoe npumeHeHue Arduino

Mdyukunu knacca Client:

O client: O println();
O EthernetClient(); O available();
O connected(); O read();

O connect(}); O flush();

O write(); O stopl).

O print();

®yHkuua client()

DyHKUMA client () CO3JAET KIMEHTA, KOTOPBII MOAKIIOYAETCA K CEpBEPY MO YKazaHHO-
my B napametpax IP-aapecy n nopry.

CuHTakcuc:

client (ip, port)

ITapamerpsi:

O ip— IP-aapec noakimoyeHus Kauenrta (Mmaccus u3 4 6aiToB);
O port — NOPT NOAKJIKOYEHHS KIHEHTA.

BosspaaemMoro 3HaueHus HeT.

®yukuuna EthernetClient()

DyHKIMS EthernetClient () CO3/aeT KJIHEHTa, KOTOPLIH nojakiovaercs K cepsepy. [la-
pameTpbl noakmouerus (IP-aapec n nopr) onpeaensitores B (PYHKUMM client . connect ()).

CuHTaKCHC:
EthernetClient ()
Ilapamerpos Her.

BDEBPHLHHEM{}I"U JHAYCHHA HET.

®yHKuma connected()

‘:D}’HI{IIHH connected () ONpeacadacT, NMOAKIIOYMEH KIHEHT HIIH HET. KnueHnr cumtaetcs
NOAKMOUYMEHHBLIM, €CJIH COC/IHHEHHE 3AKPLITO, HO ECTh HEIMPOYHTAHHBIC JIAHHLIC.

CuHTaKCHC:
client.connected()
[Tapamerpos Her.

BU'.’.EPHLHHEMI}IE JHAYECHHA: true — €CJIH KJIMEHT NOJAKJIKOUYEH, U false — €CJIH HET.
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®yHkuua connect()

MDyHKUMA connect () NMOJAKIIOYAETCA K cepBepy no ykazanHomy IP-agpecy u nopry.
CuHTaKCHC:

client.connect ()

ITapameTtpsi:

O ip— IP-aapec noakimovenus kauenta (Maccus M3 4 Gaiitos);

O port — NOPT NOAKIAOYEHHA KJIIHEHTA.

BDSBPHU},&EMHE 3HAYEHHA: true — €CJIH KTHEHT NMOJAK/IKOYEH, U false — €CJIH HET.

®yHKuua write()

DyHKUMS write () OTNPABIAET HA CEPBEP JAHHBIE C MOAKIHOUEHHOTO KIMEHTA.
CHHTaKCHC!

client.write(data)

[lapamerp: data — ornpasnsemsle JaHHble (OaiT MM CHMBON).

BDSBPHMHEMDI"D JHAYCHHA HET.

DyHKumnA print()

DyHKUMS print () OTOPABISET JaHHBIC HA CEPBEP C MOAKIOUYEHHOro KanenTa. [1pu sTtom
YHCII0 OTMPABAAETCH KaK Moc/ae/10BaTeIbHOCTh LHGP AaHHOTO YHCa.

CHHTAKCHC:

client.print (data)
client.print (data, BASE)

[lapameTpsi:
O data— oTnpasjisemMblie JaHHble (0alT, CHMBOJI, YHCI0, CTPOKA).
0 BASE — BMJL NEPE/IaBACMbIX CHMBOJIOB!

® BIN-—— JABOHYHbIN;

® DEC — JI€CATHYHBIH;

® OCT — BOCBMEPHYHbIH;

® HEX — LIECTHAALATEPHUIHBIH.

B{}SBPHLI.I,HEMOE FHAYCHHE. KOJIHHECTBO NEpCAaHHbIX daiToB,

DyHKkuua printin()

(MDYHKUMS printin() OTNPaBISET JAHHLIE HA CEPBEP C MOJAKIIOUEHHOrO KjiueHTa. AHa-
nornyHa GpyHKUMM print () ¢ aobaBjaeHnemM B OTIIPABKY CHMBOJIA [1E€PEX0Ia HA HOBVIO
CTPOKY.
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CHuHTaKCHC:

client.println()
client.println(data)
client.println(data,BASE)

IlapameTtpsti:
0 data— oTnpaeisemMblie JaHHble (0aiT, CHMBOII, YHCII0, CTPOKA).
O BASE — BHI nepeJaBaeMbIX CHMBOJIOB:

® BIN— JIBOMYHBIH;

® DEC — JAECATHYHBIN,

® OCT— BDE]:MEPH‘]HBIF‘];

® HEX — LIeCTHa/LATePHYHbIA.

B{}SB]}H HAEMOE€ 3HAYCHHE. KOJTHYECTBO NEpE1aHHbIX DainToB.

DyHKUuuna available()

DYHKUMA available () BO3BpallaeT 4MC/10 DAHTOB, JOCTYNHBIX /18 uTeHHs (T.e. o0beM
JaHHBIX. KUTﬂpb[ﬁ ObL OTHpapjcH CCpECpPOM LA KJIMEHTA).

CHHTaKCHC:
client.available ()
[lapameTpoe Her.

Bosepawaemoe 3HaueHHe: KOJIMYECTBO JOCTYIHBIX JUIS YTeHus DaiToB,

DyHKUUA read()

(DYHKIMA read () MoayyaeT ciAeAyHOUMH (nmocjae nocjiegHero, noJy4eHHOro KoMaHaou
read () ) OaHT OT cepBepa WK —1, eciH JaHHBIX DOJbLIE HET.

CHHTaKCHC:
client.read()
Ilapamerpos Her,

Bosspamaemoe 3nauenue: daint uam 1,

®yHkumua flush()

MDyHkuMs £lush() cOpaceiBaeT nojyyeHHble OT cepBepa, HO ellle He NMPOUYMUTAHHbIE JaH-
HbIE.

CHHTAKCHC:
client.flush{)
ITapamerpos Her.

BDEBPHUIEEM{}I'D JHAYCHHUH HET.
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®yHKUuMA stop()

DyHKUMS stop () OTKJIIOYAET KIMEHTa OT cepBepa.
CHHTaKCHC:

client.stop()

ITapamerpoB Her.

Bo3sgpauaemMoro 3HaueHus Her.

13.2.5. Knacc EthernetUDP (EthernetUDP class)

Knacc EthernetUDP nossonser ornpaeigars v noayyats UDP-coobenns.

MDyukumu knacca EthernetUDP:

O begin(); O parsePacket ();
O read(): 0O available():
O write(); O remotelIP():

0 beginPacket(}; O remoteFort ().
O endracket ():

®yHkuuna begin()

MDyHKUMA begin () HHHIHAIH3UpYeT OMbanoTeku Ethernet UDP u ceTeBbie napameTphl.
CuHTaKCHC!

client.begin(port)

[Tapamerp: port — NOKaNBLHBIH MOPT MU MPOCIYLIHBAHUS.

BO3BDHUIHEM{}FD JHAYCHHA HET.

DyHKUMuA read()

OyHkuna read () unraer UDP-nannbie w3 ykasannoro Oydepa. Eciu aprymenTsl He 3a-
JaHbl, TO OHA BEPHET CleAYIOUIHii cumBOa B Oydepe.

CuHTaKCHC:

UDP.read()

UDP.read (packetBuffer,maxSize)

[Tapamerpsi:

0 packetBuffer — 6}-’{|'J'Ep JUTA XPAHEHHWA BXOAALLHX MNaKETOB,
O maxsize — MakCHManbHbIH pa3smep Oydepa.

Bosspamaemoe 3Hauenne: cumsosisl w3 Oydepa.
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DyHkuma write()

OyHkuMA write () 3anuceipaer UDP-nanubie B yaanenHoe coeaunnenue. Jlanusie 1omxk-
Hbl OBITh 3aKJIIOYEHBI MEKY beginPacket () W endPacket (). beginPacket () WHHIIHAJIH-
3UPYeT NaKeT JIaHHbIX, JAHHBIE HE OTNPABJIAIOTCS /10 BbI30Ba endPacket ().

CHHTaKCHC:
UDP.write (message)
[MapameTp: message — oTnpaBiaseMoe cooduieHHe.

BDBH[}HLII,HEMOE JHAYCHHCEC: KOJIHYECTBO BO3BpallacMbIX CUMBOJIOB.

Ilpumep wcnonbszoBaHns (PYHKUMH write () MpeAcTaBieH B aucTuhre 13.2.

Nuctuur 13.2

// mac-agpec Ethernet shield:
byte mac[] = { OxDE, OxAD, OxBE, OxEF, OxFE, OxED };

// IP-ampec B NMOKaNkHOM CeTH:
IPAddress ip(192, 168, 1, 177);

// nopr
unsigned int localPort = EBB88;
EthernetUDP Udp;
void setup() |
// manycrure UDP-coemMHeHWe
Ethernet.begin (mac, ip) ;
Udp.begin(localPort) ;
}
void loop() |
Udp.beginPacket (Udp.remoctelP (), Udp.remotePort());
Udp.write("hello");
Udp.endPacket () ;

®yHkumua beginPacket()

DyHKUMA beginpPacket () MHUUMUpYeT UDP-noakiouenue Ha OTNpaBky JAHHBIX B ya-
JICHHOE COe/IMHEHHE.

CHHTaKCHC!

UDP. beginPacket (remoteIP, port)

[TapameTpbi:
O remote1r — IP-aapec yaaaeHHOro coeIMHEHH,
0 port — NOPT YJAIEHHOTO COE/IMHEHMUS.

Bﬂ'iﬂpﬂlll,EEMOFU FHAYCHHSA HET.
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®yHkumusa endPacket()

MOYHKIHA endPacket () Bbi3biBaeTca nocne 3anvck UDP-panHbiX ynanewHoro coeau-
HEHHS.

CHHTAKCHC:
UDP. endPacket ()
ITapameTpos Her.

BD’EBP&].H,HE MO0 3HAYCHHA HET.

®yHkumna parsePacket()

DOVHKUHA parsePacket () nposepsaer Halavuue nakera UDP u ero pasmep. OyHkuus
parsePacket () J0JZKHA BbI3bIBATLCA Nepea ureHHem Oydepa ¢ UDP. read ().

CHHTaKCHC:

UDP. parsePacket ()

ITapameTpos Her.

Bo3spaulaemoe 3HaueHHe: pazMep MoJTyYeHHBIX JIAHHBIX.

IIpumep uenonbzoBanus PyHKLHH parsePacket () PeACTABIEH B JIMCTHHre |3.3.

Nuctuar 13.3

// mac-ampec Ethernet shield

byte mac|[] = { OxDE, OxAD, OxBE, OxEF, OxFE, OxED };
// ip-ampec

IPAddress ip(192, 168, 1, 177);

// nopt

unsigned int localPort = BBES;

EthernetUDP Udp;

void setup() {
/[ smanycrure UDP-coemmMHeHMe
Ethernet.begin (mac, ip);
Udp.begin(localPort) ;
Serial.begin (9600) ;

void loop() |

// nomyunuTs pasMep NaHHLIX

int packetSize = Udp.parsePacket();

if (packetSize)

{
Serial.print ("size=");
Serial.println(packetSize);

}

delay(10);
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@yHKuuA available()

DyHKUMA available () NOJAYYAET KOMMUYECTBO JAHHBIX, JOCTYMHBIX A/ YTeHUs 13 Oydepa.
CHHTaKCHC:

UDP. available()

[TapameTpoB Her.

Bﬂ?.BpﬂLllﬂﬂM{}E FHAYCHHEC. KOJTHYECTBO GaﬁTCIB, JOCTYIHBIX 114 YTCHHA.

®yHkumua remotelP()

DOyHkums remote1r () noayuvaer IP-aapec yaanennoro coeauHenus. 9ra GpyHKUMs 1071K-
Ha ObITh BbI3BaHA NOCJIE UDP. parsePacket ().

CHHTaKCHC:
UDP. remotelIP{i)
[TapameTpos Her.

Bosspamaemoe snauenne: IP-aapec ynanensoro coeauHenns (4 daiira).

®yHkuua remotePort()

DyHKUMS remotePort () noayyaet [P-aapec yaanennoro coeaunenus UDP.
CHHTAKCHC:

UDP. remotePort ()

[Tapamerpoe Her.

BUBEPHIIIHEMDE JHAYCHHE. NOpPT COCJAHHEHHA C Y/IAJICHHBIM XOCTOM.

13.3. loMmawHAA mMeTeoCTaHUUNA
C AoCTynom 4yepe3 UHTepHeT

13.3.1. YCTPONCTBO, HAaCTpOMKa M OTNnagka MeTeocTaHuum

PaccmoTpum 3z1ech, Kak MoxHO ucrnosbizoBath Ethernet shield B caske ¢ Arduino B ka-
yecTBe BeD-cepBepa, npu oOpalleHHH K KOTOpoMY OYIET BbIABaThCHA CTPAHMLA C JaH-
HeIMH naTyuka temnepatypel DS18B20, natuvka snamuoctd DHIT w umdposoro
natuvka armoctepHoro aapnenus BMPO8S (puc. 13.3), noakmouenHsix Kk Arduino.
DneKkTpuUeckas cxema yCTpoHCTBa npejcrasieHa Ha puc. 13.4.

Haw sebG-ceprep noaxmouen k cetu Mureprer vepes mapuipyruszarop TL-WR743ND u
ADSL-monem D-Link 2640NRU. Ilpucsoum emy cratnueckuii IP-aapec — 192.168.1.111.
Kpome 3roro nam HeoOXoauM locTyn K Hemy w3 BHeluHei cetw Mutepuer. Mockoneky
nopt 80 y MeHs yiKe 3aHAT A4 J10CTYNa M3 BHEUIHEH CeTH K BeO-cepBepy, Ha KOTOPOM
HAXOMATCA MOM CailThl, OTKPOEM JIOCTYI K Hauemy BeO-cepeepy Arduino no nopry
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BMPB8S
PRESSURE

Puc. 13.3. Bnok
AaTtyuka BMPO8S

DS18B20 DS18B20 DS18B20
GND DQ vbD||GND DQ VvDD| [GND DQ VDD
1 2| 3 1 gl 3 1 2 3
R4 R5 R6
4,7K 4, 7K 47K
Arduino
—R,
= AO
—D2 A1
—D3 A2
—D4 A3
—{D5 Ad
— D6 A5
D7 A6
D8 AT
— D10
—D11 +3.3B
—D12
—D13 +58
GND
Q< - x O GND § VCC
@]
833832
>
BMPO85 DHT11

Puc. 13.4. OnexkTpudyeckan cxema ycTponcrea
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| € | 19216811/
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Puc. 13.5. Hactpoika BupTyansHoro cepeepa

MesceTesnid 3Kpad f BUPTYaSsHBE CepBepb

b O BT AN LR C R PR
Taeos Biy MOWETE BTN ERTREOO0ATE ¥ (OAMETE FETYAN T CEDEEDA

TR S b= 8.5 ) an [T TRT ]
bkl (UL TCROR 2 = 133 MEAL 151
L] TR0 Ak 5133 I 18AE 102
s e & M 5 TCRLOP w84y L _TE 109G WA 10
O] o §_36 TCRAUDR L EE Fi 1
ikl 8 5 TCPDM JA000 Mons JR3G0 1800C IR INRY D
Aine_ el posoe B X 9 TCRUDE 1001 15001 OO0 10001
wd _ﬁ_ﬂ TERUOR M T o T 1A WD
L] oo 8 X 9 TCHP R 2 e
k- | 1CROE AT AR AP AT 199 1Sl e
avimdeqr BRI pesoe 8 3 3 TCRLDP e R ] T 18]
i 8, el el
Bl AL M bl Aed Wl H .
pEbyid Finge ] ] #] 1 i
Skgyen LIl 100 108 £.2ALOTY [24TR) r :
St TCF B 190180 1.2 50071 (237 oot 3 36 2 ce SUOTRHENT ALITABINNY AN il
Bptamrs.|

Puc. 13.6. BupTyanbHelid cepeep coagaH

10001. Hacrtpoiika poctyna ans ADSL-mogema Dlink 2640NRU npeacrasnena Ha
puc. 13.5 u 13.6. He 3a0biBaem /18 cOXpaHeHHsS HACTPOEK MEPErpyxkarsk MOJIEM.

[lpucrynum K cos3panmio ckerya. CHavana sanyckaem eb-cepeep Arduino ¢ IP=

=192.168.1.111 na nopry 10001. Conepikumoe aaHHOro (hpparmMeHTa CKeTHa npejicras-
NneHo B aucTunre 13.4,

Nuctunr 13.4

// mac mna HOBHIX nnmaT yxkazaH Ha Oupke
// nna crapux nUeM Npou3BOJbHL
byte mac[] = { OxAA, 0xBB, OxCC, OxDD, OxEE, OxFF };
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// IP-anpec, HaszHauaewmdt Ethernet shield:

byte ip[] = { 192, 168, 1, 111 };

// Mwmumamsaumua OuGnmotrexu Ethernet server library
EthernetServer server (10001):

void setup()

{

/[ sanyck cepsepa
server.begin() ;

Oskuaanue obpalieHHA K cepBepy MPOMCXOAWT B mpoueaype loop (). [lpu obpainennn
K BeO-ceppepy Arduino HeoOXOAHMMO NMOAYHHTH NMOKA3aHHA ¢ TPEX JaTHHKOB: TeMnepaTy-
pei DS18B20, Temneparypbl ¥ BaaxkHocT ¢ aatuuka DHI 1, temnepatypbl ¥ JaBieHus
¢ aaryuka BMO8S wu ewiaate oteer B (popmate JSON. Kopa storo ¢parmenra npen-
crapneH B nuctiHre 13.5. HTML-crpanuua, BbiiaBaeMmas KIHEHTY, MpeacTaBlieHa Ha
puc. 13.7.

Nuctunr 13.5

void loop()
{
// ommpaumMe s3anpoca
EthernetClient client = server.availlable();
if (client)
// an http request ends with a blank line
boolean currentlinelsBlank = true;
while (client.connected()) {
if (client.available()) /{
char ¢ = client.read():
// KOHel CTpOKM 3anpoca
if (c == '\n' && currentLineIsBlank) |
// oTnpaBka CTAaHNAPTHOTO SanNoNIOBKA
client.println("HTTP/1.1 200 OK");
client.println("Content-Type: text/html");
client.println();
// popmitpoBaHMe orTBeTa JSON
client.print('{'");client.print("'"');client.print ("metec");
client.print ('"');client.println(":");client.print('{");
// 3 naTumxa TeMnepaTyphl
for(int 3=1;j<4;j++)
{
int Temp=get temp(]);
client.print('"'");client.print ("temp”);client.print(j);
client.print({'"');client.print(":");
client.print('"')iclient.print (Temp/16) ;jclient.print (".");
client.print(( (Temp%16) *100) /16) ;client.print ('"');client.print(',");
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// paTumx DH11

float h = dht.readHumidity();

float t = dht.readTemperature();
client.print('"'):client.print ("temp4");;client.print("'"");
client.print(™:");

client.print('"');client.print(t);;client.print{'"");client.print("',"');
client.print ('"');client.print ("humidity4") ;client.print('"*);

client.print (":");client.print ('"")iclient.print{h);client.print('"");

client.print(',");
// naTunk bmp085
dps.getTemperature (&§Temperature085) ;
dps.getPressure (&PressurelB3) ;
dps.getAltitude (&Altitudel85);
client.print('"'):client.print("temp5") ;client.print(""');
client.print(":"):
client.print('"');client.print (Temperature085*0.1);
client.print('"')i;client.print(',"');
client.print (""')iclient.print ("pressure5") ;client.print(""");
client.print (":");
client.print ('"');client.print (Pressure085/133.3);client.print('"");
client.println("}");client.print ("}");

break;

}

if (¢ == '\n') {
currentLinelsBlank = true;

}

else if (c l= *\p') {
currentLineIlsBlank = false;

}

delay(l):

// 3aKpHTE CoOeOMHEeHKe
client.stop();

- € | [h 192.168.1.111:10001
{ " metea™: ':"'m Fz.uﬂ&ﬂﬁmr:“B"G-'HM“FT:.I?*E“-"‘““P‘“1'23-‘1}"-"hllmilﬁ}'ii":”H.M“."mlﬁ';“33.30"1-Fm5~:wm3m-I )

Puc. 13.7. Ctpanuua B Gpaysepe npu obpalleHnu k cepeepy 13 ceTu
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ITonHOCTBIO 3TOT CKeTY HAXOAMTCA B manke examples\_13_1 CONMpoOBOMKIAIOLIEr0 KHHIY
JIEKTPOHHOTO apXHBa.

13.3.2. Co3paHue Bugxerta ansa nnaHwertoB ¢ OC Android

Tenepb Hanuwem BukeT 118 Android, uyToObl Npu HaNHUMKM coeauHeHHs ¢ MHTepHeTOM
BEHACTE INMNOK4A3dHHA JaTYHKOE Ha TEJ'[EEI)DH'E., rae Obl MbI HH HAXOIHW/IHCE.

[MTOSSCHEHMUE

BuaxeTsl — 3aT0 ManeHbkue NpunoXeHws, KoTopbie MoryT ObiTe pasmelleHbl Ha paboyem
crone sawero Android-ycTpoicTea. BumpkeT nepuoguyeckm nonyyaet HoBble AaHHbIe U 0D-
HOBNSAET CBOW BUA.

Jlna co3ianma BHKeTa He0OX0AMMO:

. Cozpars daitn XML-layout co cinoem, B KOTOPOM ONMHUCHIBAETCA BHELLIHHH BH/1 BUKE-
Ta.

-

. Coznate XML-paiin MeTagaHHbIX, B KOTOPOM 3aal0TCA pa3/IM4HbIC XapaKTEPHCTHKH
BH/LKETA:

e layout-cpaiin (43 n. 1) — 4r00ObI BUKET 3HAN, KaK OH OyAeT BbIrAAETh;
® pasmep BHIKETa — 4TOOBI OH 3HAJ, CKOJIBKO MECTA JIOJKEH 3aHATh HA YKpaHe:;

® HHTEpeal oOHOBJIEHHS — 4uTODBI CHCTEMA 3HA/1A, KAK 4acTo e Haao ﬁ}’,ﬂﬂ’f o0OHOB-
JIATE BHIKET.

3. Co3narb NPUEMHHUK BroadcastReceiver. KOTOpbIH OyaeT ucnoib3oBaH 118 oOHOBE-
HHA BHIKETOB. DTOT NPHEMHHK paclUMpseT AppWidgetProvider, KOTOpbIH obecneuu-
BAET KUIHCHHbLIN LMK BHOWKETA.

4. Buectu namenenus B daiin AndroidManifest.xml.

Puc. 13.8. BHewxuni sug suaxera Ha akpade Android-ycTpoicrea
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[Tpu 3anycke BHKETA OH MBLITAETCA COSAMHHUTECA ¢ BHYTpeHHEH ceTeio 192.168.1.111:10001
(Ha TOT cJyyail, eciii A HAXO0XKYCh JIOMa, WIM [P Heyaaue ¢ ajapecom B cetH MuTepher
XX XX XX.XX:10001). Ecnn coenunenue yaauHo — napeum JSON-oTBeT, BhIBOJAMM
JNaHHble BHIDKeTa U 00HOBsieM BuKeT. Kaxabie 2 MUHYTHI BUIKET o0paluaercs K cep-
BEPY JIOMALIHEH METeoCTaHUMK M OOHOBISET nokaszaHua. BHelwHHi BUA BHIKETA npe-
crasjieH Ha puc. 13.8.

[Mporpammuposanue Ha Android specs pacemarpuparh He Oyaem, 5TO Tema uis ApYy-
roi kHuru. Apxup c daiinamm npoekra ans cpeasl Eclipse Haxoautes B aiine
examples\Android\_13_1.zip CONMpOBOKAAIOLIEr0 KHHUIY 3JIEKTPOHHOIO apXHBa.

13.3.3. PaaMmelwleHue AaHHbIX MeTeoCTaHLIMM Ha cauTe

Pazmectum JIAHHBIE ¢ Hallel aoMailllHeH MeTeocTaHLIMM Ha caMre. anMEP pasMELICHHA
JlaHHbIX Ha caiite http:/www.lermontov-Kmv.ru nokasau ua puc. 13.9.

= C | lermontov-kmv.ru

L

__\r-.f Meteo-oniine
-a)r NepmoHTOR r.

. OkTRO 35-3

'2013.07-08 10.05.05 Bnpeanpusmia Nepmontosa 4

27.25°C ey
Mo
390.00 % : B ;
705.79Mm pT.CT ’

Kypcol BANKT

Kopauna (0) l

COoKpoBMWHULE MbICTIER

ObbABnNeHUA

Puc. 13.9. BoiBog AaHHbIX fATHUKOB JOMAELLHER METEOCTAHUWKW HA calnTe

Jis nonyvenus naHHbIX ¢ ceppepa AoMalllHeH METeOCTaHLUMM Ha calTe 1o cron KawK-
AblE S MMHYT 3anyckaem cCKpunrt getmeteol.php, kotopblii oOpawaercs no aapecy
77.39.66.172:10001, nonyyaer aauubie B (opmare JSON, obpabareiBaer M 3aHOCHT
yacTh AaHHbiX B Oasy ganueix MySQL. Coaepxumoe ckpunrta getmeteol.php npeacrae-
neHo B aucTunre 13.6.

Nuetunr 13.6

%! /usr/bin/php
<?php
require once("../mybaza.php"):
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// nonyyeHue CTPaHMLUE
$Scontentall=file get contents("http://77.39.66.172:10001");
/[ dain

$data = json_decode (Scontentall);

Stext="":

Stemp=Sdata->meteo->temp3;
S$humidity=$data->meteo->humidity4;
$pressure=5$data->meteo->pressure5;

$data=getDate () ;

Shours=5data [hours];

Smday=Sdata[mday] ;

Smon=5%data[mon] ;

Syear=5data|year];

$queryl="INSERT INTOC temperatura SET
temp="".5temp.""',

humidity="'".S$humidity."',pressure="'".$pressure."',
year=""_Syear."', mon="".5%mon.""',
mday="".Smday.""',hours="".5hours."’,
data="".date("Y-m-d H:i:s")."' ";

>

Jlanee Ha ctpanuie caiita www.lermontov-kmv.ru npu eeidope MyHKTa MEHIO BHI3bIBA-
erca AJAX-pyHkuus, koropas noaydaer u3 6a3sl MySQL nocneanue nokasanusa aaTum-
KOB W BLIBOJMT UX HA CTPAHMILLY.

Jlannesie u3 6a3bl MOKHO HCIOIBL30BATH UIA NMOCTPOSHHA HA caiiTe rpagHMKoB H3MEHEeHH
B TeHeHHe JIHA MOKa3aHWH TaTYMKOB TeMIEeparTypbl, BAGKHOCTH, 1aBICHHS.

HAYANBHASA WKONA

Obnapatenu Habopa ¢ KOMNNEKTOM AeTaneW ¥ KOMNOHEHTOB (CM. npunoxeHue 2) moryrt
noTpeHupoBatsca B obpawennyn c Arduino, esinonuue Ypok 4 "MModknwoverue damuyuka
memnepamypsl U enaxHocmu, paboma ¢ MoHUMopoMm nopma".
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Arduino u kapta namatu SD

Kak ynomunanocsh B 2raee 13, nocnennre Bepcuu miaatel Ethernet shield umeror pazsem
JUIA KapT Tuna microSD, koTopblit MOKET HCMOb30BaThCA /1A XpaHeHHs (ainos U pa-

ootbl ¢ HUMH no ceTu. Kaptpuaep microSD poctyned npu nomomu OMOAHOTEKH SD
Library.

bubaunoreka sp npeaHazHaueHa Ui YTeHUs W 3anvcH vHdopmaumu kapt namatu SD.
bubanoreka nopaepxusaer ¢aiinoesie cucrembl FATI6 um FAT32 ma cranaaprhbix
SD-kaprax u kaprax namaty SDHC. Ilpu 31oM HEOOX0AMMO NOMHHTB, YTO KOPPEKTHO
Oubnuoreka nojiep:kuBaer paboTy TOJNBKO ¢ KOPOTKMMM MMeHamH (ailoB no cxeme
8.3. Hauunas ¢ gepcun 1.0, Gubimoreka nouiep:KHBaeT OTKPLITHE HECKOIBKHX (haiif1oB.

bubanoreka ncnonbayet Beieoabl 11, 12 u 13 (na GonbimncTee mnar Arduino) wam 50,
51 n 52 (Arduino Mega). [1pn ncnonbzoBanuu 310l OMOIMOTEKH BBIBOA 4 3a1€HCTBYETCA
ana curnana SS (Slave Select). Pacemorpum nospobuee 6ubnmoreky sp library (oHa
TAKKE HaxoauTcs B nanke libraries CONMpPOBOWAAIOLIETD KHUTY MNICKTPOHHOIO EPKHBH}.

14.1. Arduino-6ubnuorteka SD
14.1.1. Knacc SD

Knacc so npenocrasiaser GpyHkUMM A1 aoctyna K kapre namati SD u manunyauposa-
HUA (hainaMH H KaTaloramm.,

{D}’HKHHH KJjlacca sD:
begin().
exists(),

mkdir (),

open().,

remove (]

COaQoaaf

rmdir().
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®yHkuua begin()

DYHKUMA begin() HHUUHAIM3ApYET OMONMOTEKY SD, Ha3Havas BLIBOJ JUIA CHrHasa SS
(Slave Select).

CHHTaKCHC

SD.begin();
SD.begin(pin)

[Tapamerp: pin— BBIBOA A1 cHrHana SS.

BO?.B]JEUIHEMI:IE 3HAYEHHA: true — B Cly4yae yIa4HOro COeJHHEHHS, false — B Cly4ae
HEVY1a4H.

DyHKUUA exists()

DyHKUMS exists () nposepseT, cyulecTryeT Ha kapre SD daitn win karanor.
CuHrakcuc:

SD.exists (path)

[Napamerp: path — ums daiina wim karaaora.

Bo3sBpaiiaemsbie 3HAUEHHA: true — B CJy4ae YAaUHOr0 COEJAMHEHHs, false — B Cllyyae
Hey/1auM.

®Oyukuma mkdir()

DyHKIMA mkdir () CO3Aa€T Manky Ha kapte namatd SD,
CuHTaKCcHC:
SD.exists (dirpath)

[MTapamerp: dirpath— UMA co3laBaemoro katanora (nanku). Ecau napamertp 3anaercs
B BHJIC MYTH C HECYILECTBYIOLUIMMH MPOMEKYTOUHBIMH KaTaJIOraMH, TO CO3/1al0TCA W BCe
NPOMEKYTOYHbBIE KaTAJIOTH,

BD':"'.BPH LHIAEMBbIC 3HAYCHHA true — CCJIK NArkKa co3/laHa, false — B ClIy4ac HEY/1a4H.

®yHkumna rmdir()

OyHKUMS rmdir () yianger nanky ¢ kaprsl naMsaty SD, nanka nonkua ObiTh NyCcToi.
CHHTaKCHC!

SD.exists (dirpath)

[Mapamerp: dirpath — MUMSA yaaIgeMoH Nanku.

Bo3sspauaempie 3HaUeHHA: true — ECJIM NAnka yjaaneHa, false — B CJyvyae Hey/1auH.

®yHKuua open()

MyHKUKA open () OTKpbiBaer (aiin Ha kapre namstu SD. Ecnn ¢aiin He cywecrsyer u
OTKPBIBAETCA JUIS 3a1TMCH, TO OH OyeT co3/aH.
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CUHTAaKCHC:

SD.open(filepath)
SD.open(filepath, mode)

[Tapamerpst:
O filepath — MMH OTKpeIBaemoro (aiina;
O mode — peHM OTKpLITHA (aiina:
® FILE READ — OTKpPbITh (haiinn ans uteHus, HauMHas ¢ Havana daiina;
® FILE WRITE — OTKPbITH (haitsl /U1l 4TEHHUs W 3alMCH, HaYMHAas ¢ KoHa (aiina.

BGBBPHUIEEMHE 3HAQYEHHA: true — B CJIy4ae yvaauH, ftalse — B CJIydae HEY1auH.

DyHKUMAa remove()

MyHKUMA remove () yaanseT daiin ¢ kapTel namatu SD.
CuHTaKCHC:

SD.remove (filepath)

[Mapamerp: filepath— uma yaansemoro aiina.

BD?-BPH[HH&MI:[E 3HAYEHHA: true — B ClIy4ae Y1a4H, false — B CJIyHae HEY1a4yH.

14.1.2. Knacc File

Knacc File npenocraBnseT GyHKLMK U1 YTEHHS W 3aMUCH OTAENbLHBIX (haiioB Ha kapTe
namaTy SD.

DOVHKIMK Knacea File:

0O available(); 0O seek():

O close(); O size();

O flush(): O read();

0 peek(), O write():

O position(); O isDirectory();

O print(); O openiextFile();

0 println(), 0 rewindDirectory().

DyHKuuna available()

DyHKIMA available () NMPOBEPACT, €CTh JH JOCTYMHbIA A8 YTeHUA OalT B OTKPHITOM
(haiine.

CuHTakcuce:
myFile.available ()
[Mapamerp: #ile — sk3zemmsp (aiina rile, BO3BpalaeMsblii 5D, open ().

BDEB[JHUIHEM{}E FHAUCHHE, HHCIIO JOCTYITHBLIX JUIH YTCHHA OaiitTos.
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[pumep ucnonb3zoBanus PyHKUMM available () npeacTasieH B iucTuure 14.1.

Nuctunr 14.1

// OTKpHTE Qain oA YTeHUA
myFile = SD.open("test.txt",);
if (myFile)
{
// dTeHMe U= daiyia M OTHNpaBKa
// B nocnenoBaTencHLHl! nopT
while (myFile.available())

{
Serial.write (myFile.read()):

}
}

/[ saxpurs dain

myFile.close();

®yHkuua close()

DYHKUMA close () 3aKpbiBaeT (haiin u coXpaHseT 3anucaHHbe HAa Hero JaHHelie Ha kapty SD.,
CHHTaKCHC:

myFile.closel()

[Mapamerp: File — 3k3emmusp daiina #ile, BO3BpallaeMbli SD.open ().
Bo3sepauaemMoro 3HaueHus Her.

®yukuma flush()

DOyHKUMA flush() rapaHTpyer, 4To ao0bie OaiThl, 3anucanubie B Qain, Qulnueckn
coxpauatcs Ha SD-kapre (npu 3akpbiTuu (aitna 9To aesnaercs aBTOMATHYECKH ).

CHHTaKCHC!
myFile.flushi{)
[Mapamerp: File — sk3eMmsp aiina rile, BO3BpaLaeMbli sD.open ().

B'DBBPEU.I.HEMDFD FHAYEHHSH HET.

DyHkumna peek()

DYHKUNA peek () cuuTbIBaeT OaiT U3 Qaiina U3 Tekyuled No3uiMK, He NMPOABHIasch K
cleaviomei no3HLmnM,

CHHTaKCHC!
myFile.peek()
[MapameTp: File — aksemmuap aiia File, BO3BpALLAEMBII SD.open ().

Bosspauwaemsie 3nauenmns: Oaiit u3 daitna mam —1, ecnu Gaiir ne cumran.
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®yHKUMA position()

DOYHKUMA position () BO3BpALLAET TEKYULYIO MO3MUKIO B (aiise, Kyaa caeayiomui dair
6}‘,IIET 3ANHCLIBATBCH HITH OTKY 1A CUHHTHLIBATHLCH.

CuHTaKCHC:
myFile.position()
[Tapamertp: File — ak3emnusp aiina rile, BO3Bpallaemblii SD.open ().

Bosspamaemoe 3HadeHne: TeKylas nosuuusa B aiine.

@yHKUMA print()
MYHKUMSA print () 3alUCBIBAET AaHHbIe B (ain, KoTopblH OblI OTKPBLIT IS 3a1MHCH.
CHHTAKCHC:

myFile.print (data)
myFile.print (data, BASE)

[Tapamerpst:
0O File — 3K3emnaap aina File, BO3BpaLlaeMblii SD.open();
O data — naHHbIe 4714 3aMUCH B (paiin;
) BASE — BH] nepciaBacMbix CHMBOJIOB!
® BIN— JABOHYHBIH:
® DEC — JIECATHYHBIH:
® OCT — BOCBMEPUUHBII:

® HEX — IIIﬂCTHﬂHIlﬂTEPH‘JHHﬁ.
BO‘SBPEUIH.EM{}FD FHAYCHHA HCT,

®yHKuua printin()

DyHKUMS println() 3anucbiBaeT AaHHble B (haiil, KOTOpbIA Obl1 OTKPBLIT VIS 3arHCH,
AAHHBIC JIOTNTOTHAKTCA CHMBOJIAMHA NEPEBO14 CTPOKH.

Cunrakcuc:

myFile.println()

myFile.println(data)

myFile.println(data, BASE)

Ilapamerpsi:

O rile—3k3emnasp Qaiina rile, BO3BpallaeMslii SD.open ()]
O data— JaaHHble U1 3aMKCH B (haiin;

0 BASE — BHJL NepelaBaeMbIX CHMBOJIOB!

® EIN— JABOHYHBIH,

® DEC — JIECATHUHBIM;
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® OCT — BOCBMEPHUHBIN;

® HEX — UIECTHH,II[LHTEPH‘IHHF!.

B{}‘?.B[}HHI,EIEMOFD FHAYCHHA HCT.

DyHKkuuAa seek()

DYHKIMA seek () YCTAHABIMBACT HOBYIO MO3UILMIO B (paiisie 11a uTeHUs WK 3anHcH OaiiTa.
CHHTaKCHC!

myFile.seek (pos)

[TapameTtpsi:

O rile — 3k3eMmusp ¢aiina rile, BO3BpaLlaeMblii SD.open();

O pos — HOBaA yCTaHaB/IMBaeMas Mo3HLIKHA B (daiie 11a YTeHns MK 3anucH B daiine.

BD?BPHUIEEMHE 3HA4YCHHA: true — B CJIyyae yJauH, false — B CJIy4yac HEYdauH.

DyHKUUA size()

DOyHKUMA size () BO3Bpawaer pasmep Qaiina B baHTax.

CuHTakcuc:

myFile.size()

[Napamerp: File — 3k3emrmudap daiina 7ile, BO3BpalaeMblii SD.open ().

Bosepauiaemoe 3Hauenue: pasmep (aiina B Oaiirax.

DyHkumAa read()

DOyHKIMA read () BO3BpalnaeT 6aiT w3z oTkpeiToro (aiina.

CuHTaKCHC!

myFile,.read()

[Mapamerp: rile — sKk3emiusp Qaiina #ile, Bo3BpalaemMsblii so.open ().

Bozgpawaemoe 3nauenue: nosyueHHbli u3 daiina Oaiir.

®yHkumua write()
MYHKLMA write () 3aNUCHIBAET JIAHHBIE B OTKPBITHIN JU1s 3anucK (aii,
CHHTAKCHC:

myFile.write{data)
myFile.write(buf, len)

Ilapamerpsi:
0O rile — ak3emmsp aiina File, BO3BpaLlaeMblit SD.open ()]

0 data— NnepeaBacMblie JJaHHbIC,



196 Hacme [ll. Npakmuveckoe npumeHexue Arduino

O buf — MACCHB CHMBOJIOB WM DAWTOR:
O len — pa3Mep cHMBOIIOB B Oydepe s 3anucH.
Bo3sppaiiaemMoe 3Hau€HHe: KOTHYMECTBO 3aMHCaHHbIX 0aHTOB.

®yHkuma isDirectory()

DOyHKUHA isDirectory() TPOBEPAET, ABAACTCH JU TEKYLIHMH (ail KaTaJoroM HiH HET.
CHHTaKCHC:

myFile.isDirectory()

[MapameTp: File — ax3emruisap (aiifia File, BO3BpALIaeMblii SD.open ().

BO?B[}HUI.HEMD{: 3HAYCHHE: true — €CJIK 1A, false — €CJIH HET.

®yHkuusa openNextFile()

DYHKUMA cpenNextFile () BO3BpALLAET UM CIEAYIOLIETO M0 no3uumu (akna us karanora.
CHHTaKCHC!

myFile.openNextFile ()

[lapameTp: File — ak3emmuap gaiina rile, BO3BpalllaeMbli SD.open ().

Bo3sppamaemoe 3naveHue: uma caeayloulero (akina u3 karanora.

®yHkuuna rewindDirectory()

DyHKUMA rewindDirectory () NpUBEET Bac oOpaTHO B nepeblii (aiin B kKaranore. OyHk-
LIS UCTIOJIB3YETCH B COYETAHHUM C openllextFile (),

CHHTaKCHC:

myFile. rewindDirectory()

[Mapamerp: File — 3Kk3emmuAp daiina File, BO3BpallaeMbii SD.open ().

Bo3sspauaemoe 3nauenue: uma nepeoro aiisia katanora.

14.2. 3anucb nokasaHun gaTtyukoB Ha SD-kapTy

Cosnaaum cketd Ha Arduino, no3BoasIONMIi KakKAYI0 CEKYHY 3anMCbiBaTh MOKAa3aHUA
C HECKOJILKHX 1aTYHMKOB Ha SD-kapty. Cxema nojakaodeHus npeiacrasieHa Ha puc. 14.1.
Bocnoneszyemca naaroii Ethernet shield, umeroweit pazsem s kapr tuna microSD. Jlna
cHrHazsa SS ucnonessyercs BoiBoj 4.

[lokazanus ¢ natumkor Temnepatypel Oyaem cHumate | pasz B 60 cek. [lna nonyuenus
BPEMEHH TNpUMeHUM OnOAMOTEKY RTClib, KOTOPYID MOMKHO CKauyaTh [0 CChIJIKe
https://github.com/adafruit/RTClib. bubanoTeka ra Takike HaxoauTcs B nanke libraries
COMPOBOMAAIOWIEr0 KHHIY IeKTpoHHoro apxupa. Knace RTC Millis Henosbsyer
Arduino-gpyHKumio millis (), 200aBASIOULYIO CMELIEHHE K MEPBOHAYAIBHO YCTAHOBIICH-
HOMY BPEMEHH — OHO YCTAHAB/IMBACTCH B MOMEHT KOMITHISILIMH CKETYa M3 CHCTEMHOTO
EP'CML‘HH ED.\'[I'II:IDTCFI'B.
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Puc. 14.1. Cxema noaknoueHUs

DS18820 DS18B20 DS18B20 Arduino
R
GND DQ vDD||GND DQ VDD| |GND DQ VDD T, AD
D2 A1
1 2| 3 1 2| 3 1 2| 3 B Al
D4 A3
D5 A4
- D6 A5
D7 AB
R4 RS R6 D8 A7
4.7K 4.7K 4.7K D9
D10
= b D11 +3.3B
D12
D13 +5B8
GND

Crayana HeoOX0AMMO NMOJAKIKYNTE HeoOXOAMMbIE OUOIHOTEKH, MHULIMAJIM3UPOBATL MX
M YCTAHOBHTH HauasibHOe Bpems (mcTuHr 14.2).

NucTtuur 14.2

#include
#include
#include
#include
f#include

<Wire.h>
"RTClib.h"
<5D.h>
<S5PI.nh>
<OneWire.h>

// Bxon lwire paTumkoB
OneWire ds(7):

// lwire

byte my addr(3)] [8)={{0x28,0x81,0xC4,0xBA,2,0,0,0x3B},

KOION NaTUHMEOB

{0x28,0x67, 0xES, 0xC7,2,0,0,0xA0},
{0x28,0xFe,0x98,0xBA,2,0,0,0x92}};
[/ Teryumit maTuMK

int tek sensor=0;

File myFile;
RTC Millis RTC;

DateTime

unsigned int gettemp=0;

dt;

// wma gaiina rekywero nHa ymd

String sfilename;

char filename[20];

// memneparypa, nonydeHHas C JaTyYMKa

String sTemp;
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// crpoka mnna szanmcH B dain
String record;

void setup () {
Serial.begin(9600);
Wire.begin();
RTC.begin(DateTime(_DATE , _TIME ));
if (!SD.begin(4)) {
Serial.println("initialization SD failed!"™);
return;
}

Serial.println("initialization SD done.");

3anuck JIaHHBIX O COCTOAHUH JIATUHKOB MPOMCXO/IMT B LIMKJIHYECKOH npoueaype loop ().
Kaxabie 60 cekyna nojayudaem tekyuiee spems (B ¢popmare H:s) ¥ Temneparypy s re-
Kyuiero aarudka v (opMHpyeM CTPOKY 1as 3anucd B Qaiin tekyuwero aHa (¢gopmar
y-m-dtxt). Jlas npoeepkd BBIBOJAMM CTPOKY B MOHHTOP [OC/IEA0BATENLHOIO [OpTa
(puc. 14.2). Conepxumoe QyHKuUMM loop () npeactasieHo B avetunre 14.3. [posepsem
Ha KoMmnbloTepe cosepxumoe daittor Ha SD-kapre (puc. 14.3).

inictialization SD done. -
14:14 1 23.12 _EJ
14:15 2 22.87
l$11:1s 3 23.43
14:17 1 23.37 ﬂ
14:18 2 23.258
H14:195 3 23.68
14:20 1 23.62
14:21 2 23.37
14-22 3 23.87
“14:23 1 23.62
14:24 2 23.43
14:25 3 23.93
14:26 1 23.81
14-27 2 23.62

Puc. 14.2, BoiBoa AaHHbLIX B MOHWTOP NOCNeAOBaTENLHOrO NopTa

Nuctuur 14.3

void loop ()
{
// npoeepka, npouwno 60 cek?
if(millis()/60000!=gettemp)



naea 14. Arduino u kapma namamu SD 199

{
gettemp=millis () /60000;

/[ nonyunuTe vmMa dalina WA TeKywero mOHA
sfilename=get file name();
sfilename.toCharArray(filename, 20) ;
if (SD.exists(filename) )
{Serial.printiln("file exists."); }
else

{Serial.println{"file not exists."); 1}
// oTKpHTE Gain MMM CO3OaTh
myFile = SD.open(filename, FILE WRITE);
// nonyuuTs TeMnepaTypy

int Temp=get temp(tek sensor+l);
sTemp=String (Temp/16) ;

sTemp+="_";
sTemp+=String (( (Temp%16)*100) /186) ;
// nonyuuts Bpemsa H:m

// cospaTe sanuce mna daina
record=get time();

record+=" ";
record+=5tring(tek_sensor+l);
record+=" ";

record+=sTemp;

record=get time();

record+=" ";
record+=String(tek_sensor+l);
record+=" ";

record+=sTemp;
Serial.println(record);
myFile.println(record);
myFile.close();

// ykazarTene Ha CHeIyOUMPA CeHCop
tek sensor=(tek sensor+l)%3;

}

OyHKUMK nosydeHus nMeHn Qaiina get file name() M TEKYILErO BPEMEHH get time()
npe/cTaeieHsl B IMcTHHrE 14.4,

Nuctunr 14.4

// nonydeHue BpeMeHM IHA
String get time()

{

String timel;

dt = RTC.now();



200 Yacme Ill. Npakmuyeckoe npumeHeHue Arduino

if (dt.hour () <10)
timel="0"+String(dt.hour(),DEC);

else
timel=String (dt.hour (), DEC) ;

if (dt.minute()<10)
timel+=":0"+String(dt.minute(),DEC);
else
timel+=":"+String(dt.minute (), DEC) ;
return timel;

}

// nonydeume mMeuu daltna nna Tekywero OHA
String get file name()

{

String filenamel;

dt = RTC.now()};
filenamel+=String(dt.year()-2000,DEC) ;
if (dt.month()<10)
filenamel+="-0"+4String (dt.month(),DEC);
else
filenamel+="-"+String(dt.month(),DEC);
if (dt.day()<10)
filenamel+="-0"+String(dt.day(),DEC);
else
filenamel+="-"+String(dt.day(),DEC);
filenamel+=".txt";

return filenamel;

21:07 3 22.81 -
21:08 1 22.75
21:09 2 22.50
21:10 3 22.75
21:11 1 22.75
21:12 2 22.50
21:13 3 22.75
21:14 1 22.75
21:15 2 22.50

ki
[y
=
[=2]
A B P B B R B g P D )
Pt
[
F 9
w

Crpl, el |

Puc. 14.3. Copgepxumoe hainos ¢ AaHHBIMK AaTYMKOB TEMNEPATYPbI
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ITonHocTeiO NpeAcTaBaeHHbIH 3/1€Ch CKETY MOKHO HalTH B nanke examples\_14_1 conpo-
BOKJIAKOLIEr0 KHUIY 37eKTpoHHOro apxusa. Hanowmnio Takike. uto OmbOnamorekm so m
RTClib HaxoasTcs narnke libraries 5TOro ke apxmea.

PaccMoTtpenHblii npuMep HMEET OAMH HELOCTATOK — MPH MPONajaHui NHTAaHHA TepaeT-
ca TouHoe Bpemd. [losToMy, Kak BapHaHT, MOKHO HCIONbL30BaTh MUKpocxemy DS1307,
rae Oyaer coXpaHaThCA TOYHOE BpPeMs M B OTCYTCTBHE NMUTAaHMA Ha naare Arduino (npu
NOAKIIOYEHHH K DaTapeiike).



rmABaA 15 %

Arduino
U CBeTOAMOOHbIe MaTpULUblI

15.1. CBeTtoamoabl u cBeTOAMOAHLIE MAaTPULbI

Ceeroanoa, win LED (LightEmittingDiode), — 510 251eKTpoHHbBII HCTOUHMK CcBeTa,
npeacTaBisiouMii coboi nonynpoBoAHUKOBLINH 1pubop, npeodpa3yrouUMii nponyckae-
MBbIH Yepes HEro 1EKTPUYECKHI TOK B CBETOBOE M3jyuyeHHe. CBETOBOE M3/IYUYEHHE BO3-
HUKAET NPH pPeKOMOMHALIMK HOCHTENIEH UIEKTPHUYECKOro 3apaja (3/1EKTPOHOB H JIbIPOK)
B oOnactu p-n-nepexoja. [lpu nepexojie 3/1€KTPOHOB € OJIHOIO 3HEPreTHYECKOro YPOBHS
Ha JIPYroi OCYILECTBISAETCH BbIJE/IEHHE JYHEPruu B BUJE W3ITyYeHHs KBaHTa CBeTa —
(porona. Ilpu 3T1OM, Kak M B OOBIMHBIX JHOIAX, WIEKTPHYECKHH TOK JIOJDKEH MPOXOANTH
Yepes CBETO/MO/1 B MPAMOM HArpas/IeHHH, T. €. OT P-CTOPOHbI (aHO/a) K n-cTopoHe (Ka-
TOAY).

CBEeTOIHO COCTOHT H3 OJIHONO WIH HECKOJBKHX MOJYNPOBOJAHHKOBBIX KPHCTAIIOB,
MPOMHTAHHBLIX HW/IH JJAKHPOBAHHBIX TMPUMECAMH U4 CO3[IaAHHA p-n-nepexojia, pasMmelleH-
HBIX B KOpIYyce ¢ KOHTAKTHBIMH BBLIBOJAMHM H ONTHYECKOH cHCTeMbl, (hDopMHpYyIOLLEeii cBe-
ToBOH norok. M3anyuaemsiii nosynpoBoAHMKOBEIM KPUCTAJLJIOM CBET [10M1a1aeT B MUHHA-
TIOPHYIO ONTHYECKYIO CHCTEMY, COCTOSALLYI0 M3 pediekTopa M Npo3pavyHoro Kopryca
(nuu3bl) ceeroanona. Takum oOpazom, wimeHss KOHQUrypauuo peduiekropa W JIMH3bI
MOKHO JIOOHTBCA HEOOXO0/IMMOrO YIU1a U HANPABJIEHHOCTH H3/IYYEHHA CBETOMO/A.

CrnekrpajibHble XapakTepUCTHKH H31y4aeMoro CBETOAMOAOM CBETa HANpPAMYIO 3aBHCST
KaK OT THIA U XUMHYECKOIro COCTaBa MCIOJIb3YEMBIX B HEM IMOJIYNPOBO/IHUKOBBIX Mare-
PHAJIOB, TaK M JIEFMPYIOWMX npuMeceil, oOpasytotmx p-n-nepexos. Ceeroamoanoe pas-
BHTHE HAYAJI0Ch ¢ HH(PAKPACHBIX YCTPOHCTB, H3rOTOBJIEHHBIX HA OCHOBE apceHH/1a ras-
nus. B nacroduee BpEMA CBCTOAHOALI U3IOTABJIHBAKOTCA U3 PA3JIHYHBIX HCOPIraHHYCCKHX
MOJAYNPOBOJHHKOBBIX MaTEPHAJIOB, H3/Jy4as CBET padinuHbIX upsetos. Ho He Bce noay-
NPOBOAHHKOBBIE MaTEpPHaIbl MOIYT ObITh HMCIO/IL30BAHBI JUIS CO3/IAHHA CBETOHO/I0B,
MOCKOJILKY HE BCE M3 HUX MpH pekoMOMHAUMM MOryT 3(PQeKTHBHO HIIyuaTh CBeET.
K nyummm uanyvartensm cBeTa OTHOCATCS NMPAMO3OHHBIE Noaynporoanuky tHna AllIBY —
Hanpumep. apcenna raanus (GaAs) wam pochua muama (InP), u Tuna AlIIBVI — Ha-
npumep, cejienn uuHka (ZnSe), a Takve HENPAMO3OHHBIE MOJYNPOBOIHHKH, Kak, Ha-
NpUMEpP, KPEMHHIA M repMaHuii, NPaKTHYECKH He WaydaloT ceeT. Baxkueimmmu noy-
NPOBOAHHKOBBIMH MaTepHAIAMU JUIA CO3AAHHUSA CBETOANOA0B ABIAIOTCH: aloMUHKit (Al),
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razuinii (Ga). uaauii (In) u docdop (P). cozpatoiime ceeveHne B AHaNazoHe OT KPACHOTO
210 Kenroro ugera: uHAMHK (In), ranamii (Ga) u azor (N), ucnone3zyemsie U1 MOJIYYEHHS
roayboro u 3enedoro ugeta. s nonyuenus 0enoro LBeTa KpUCTALI, M3IYUYalOLMiA ro-
ny0oil LBET. NOKPLIBAIOT cjloeM JitoMuHopopa — docdopom. Takum obpazom. BapsHpys
COCTaB MOJYTNPOBOJHHKOB MOMKHO W3rOTaBJINBATh CBETOAHO/bI PA3/IMYHBIX UTHH BOJIH OT
yasTpaduonera (GaN) 1o ecpeanero uagpakpacHoro ananasona (PbS).

RGB-cBeToamoa — 310 Tpu O1IM3KO pacnoioKEHHbIX CBETOAMO/1a (KpacHbIH, 3eeHbIH W
CHHMIT moa oaHOH obwei AMH30#, YTO COOTBETCTBYET ero HazpaHuio. OOBIYMHO Y ITHX
TpEX CBETOAHOJOB 00beJAHMHEHbI IUIIOCOBbIE (T. €. ¢ OOLIMM AHOAOM) WM MHHYCOBbIE
(c o0wmM KaTo10M) BBIBO/ILI — cOOTBeTCTBEHHO, Beero v RGB-ceetoanona uersipe Bbi-
Boja. Pakruuecku, ynpaeieHne RGB — 310 ynparnenue Tpems cBETOAMOaMH, YTO MO-
3BOJIAET MOJYYaTh MPOU3BOJILHBIH LIBET,

B nocneaHee BpeMs 1IMPOKOE NMPUMEHEHHE TTOJTYYHIN CBETOAHOHBIE MATPHLIbL, I/1€ CBe-
TOJAHO/IbI PACTIO/IOKEHB B OMNPEAC/ICHHOM TOPAJKE, a BBIBO/bI C/EJaHbl B TMOPSIKE,
yao0HOM uis MoHTaxa. CBeToaHO/AHbIE MaTpHLLbl ObIBAKOT OJHOLIBETHBIMM, /IBYXLIBET-
HeiMH U RGB (nossoasior noayyars 110006 user). PaccMoTpum npHMepsl HCNOIb30Ba-
Hust Arduino ans ynpaeieHus CBETOAHOAHBIMH MATPHLIAMM.

15.2. CBeToamogHas marpuua
FYM-23881BUG-11

B paccmatpuBaeMbIX aanee npoekTax Mbl Oy/JeM HCMOAb30BaTh CBETOAHOAHYIO MATPHILY
FYM-23881BUG-11, kotopaa npeactasaser codoit Habop H3 64 CBETOAHOI0B 3€1€HOr0
upeta, cobpanHbix B MaTpuly 8x8. BHewnuil Bua MaTpuiel n3o0paxen Ha puc. 15.1.

Puc. 15.1. CeeTognogHas matpuua FYM-23881BUG-11

AAPAKTEPUCTHKH ITON MATPHLILI:
O user ceevenus 3enennlit yastpa (UltraGreen):
O anuua BOaHLE 570 HM;
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O wunTreHcuBHocTh 60110 MK

O cxema ¢ o0LMM aHOIOM:

O pasmepsl (BxILxI") 60,20 x 60,20 x 9,20 mm:
O paszmep Touku 5,00 mm:

O paccrosuue Mexay Toukamu (X/Y) 7.62/7,62 mm;

O KoauuecTBO BLIBOAOB (puc. 15.2) — 16 (8 anopnoe, 8 kato108).
COL. 1 2 3 4 5 & 7 8
BOOOOOO OO

S I AP IR IR I IR INY
, o A K| XXX T]X]F]
. o K| K| K| & & K& F
. o k| K| & &|&| &4 &
. okl E| £ & £ &1 &|F
. o k| K| K| & & & &]F
, o | A& &|&| | & &
ca bELEELE T

Puc. 15.2. PacnonoxeHue BelB040B MaTpuusl FYM-23881BUG-11

15.3. SPl-pacwuputens Bbixoaos 74HC595

YUrolbl ynpaenats OOJBLIMM KOJWYECTBOM MMHMHOB CBETOAMOJHOH MaTpHiubl, He o0s3a-
TEJLHO HCNOb30BaTh D0JbLIIOE KONHUECTBO BbIX0A0B Arduino. MoxHo 000HTHCL Beero
Tpems. Hpumennm s sroro casurosetii peructp. Pacemorpum Mmukpocexemy 74HCS95 —
BOCBMHPA3PAAHLIA CABUIOBBIH PErdcTp ¢ MOCIEI0BATE/IbHLIM BBOAOM, MOC/IEA0BATE b=
HbIM WM NApaie/IbHBIM BBIBOJOM MH(OPMALIMM, C TPUITEPOM-3aLLE/IKON U Tpems co-
CTOSSHHAMM Ha BbIxoje (puc. 15.3).

Haznauenue BeigoioB Mukpocxemsl 74HC595 npuseneno B tabna. 15.1.

Tabnuuya 15.1. HasHaveHue ebie0doe Mukpocxemsl 74HC595

KowTakT OBoiHaueHue HaiHauenne

1=7, 15 Qo0-Q7 MapannensHele BeIXOAL!
8 GND 3emnA

9 Qr' Beixog Ans nocnegoBaTenbHOro COBANHEHWA PErMCTPOB
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Tabnuuya 15.1 (okonuaHue)

KouTakr O6o3HaueHne HasHauenue
10 MR CBpoc 3HayeHuin pernctpa. COpoc NPOMCX0AnT Npu nony4eHun LOW
11 SH_CP Bxoa ANA TakTOBLIX UMNYNLCOB
12 ‘ ST_CP ! CuHxpoHu3aums ("3awenkneadue”) BeIXOQ0B
13 - OE | Bxoa ANA nepeknioyeHns COCTOAHUA BbIXOA0B U3 BLICOKOOMHOMO
B pabouee
14 DS | Bxopg anA nocneaoBaTeneHbiX QaHHbLIX
16 . Vcc T HH.TEH.HE 2-6 B
a1 1] O [l vee
Q2[2] 15] @0
Q3[3] 14] os
Q44 13] OE
Q5[5 12] ST_CP
Q6 [ 6 | [11] SH_CP
Q7 [ 7] 10| MR
GND [ 8| By

Puc. 15.3. Mukpocxema 74HCS595

JUia ynpapneHus Ham BroOJHE J0CTATOYHO BCEro JIMIIL TPeX BBIBOJOB: SH CP, ST CP
u ps. Korja Ha TakTOBOM BXOJi€ SH CP MOABAAETCA JIOrHyecKkas eMHMIIA, PerucTp cuM-
ThiBAeT OMT CO BXOJ1a JIJAHHBIX DS U 3aMUCHIBACT €ro B caMmblid muaawmmii paspsa. Hpu no-
CTYIUICHHM HA TAKTOBBIM BXOJ CJEAYIONIEr0 UMIMYJIbCa BCE MOBTOPAETCHA, TOJIBKO OMT,
3aMMCaHHbIA paHee, CJBHUraeTcs Ha OJIMH pasps/l, a €ro MeCTo 3aHUMAaeT BHOBL MpHIIE/I-
wmii OuT. Korjpa sece Bocemb OMTOB 3arno/IHHIMCE, U MPHUXOJNT JIEBATHIH TAKTOBBIH HM-
MYyJILC, PETMCTP CHOBA HAYMHAET 3AMOJHATHCH ¢ MIALIIETO pa3psia, U BCe MOBTOpAETCS
BHOBb. YUT0OBI JaHHBIE MOSABMIMCH HA BBIXOAAX QO...07, HYMKHO MX "3awenkuyrs". Jls
ITOro HEOOXOAMMO NMOJIATH JIOMMYECKYIO €/IMHMLLY HAa BX0 ST CE. Yo Obl MbI HH Ji€naiu
C PErMCTPOM, JIAHHBIC HA BBIXO/1aX HE M3MEHATCA, MOKA Mbl BHOBL He "3alleikHeM" HX.

BeiBoa 07" npeaHas’HaveH A MN0C/IE0BATENLHOIO (KaCKaJHOro) COeAMHEHHs CABHIO-
BbIX peructTpos. Ilpu Takom noakioueHuu OUTBI M3 NepBOro peruetpa OyAyT NpoTaiKu-
BATbCA B CIEAYIOUIMIA B KACKA/IE PErHCTp. U3 HEro — B clieayrowni, u 1. a. Takum oOpa-
30M, Kackaj u3 aByx 8-OutTHbiX peructpos Oyaer paborath Kak oauH 16-0uTHbIi. MokKHO
COCIMHHUTL XOThb JECATH LUTYK.
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15.4. Urpa "TeTpuc"
Ha cBeTOoAMOAHLIX maTpuuax FYM-23881BUG-11

Coznaaum HeOOIBLIYIO HIPOBYIO MPUCTABKY. JIMCIUiel ee COCTOMT M3 ABYX CBETOAMOM-
Heix Matpul FYM-23881BUG-11 pasmepuoctbio 8x8. [lna ynpapiieHus 1AByMS MaTpH-
uamu (128 ceeroamonos) saaeiicTsoBanbl TpH Bbixoaa Arduino (8, 11, 13) u uersipe
mukpocxembl 74HCS95. B kauecTBe KIaBHATYpbl BO3bMEM aHANOMOBYIO KIABHATYPY
(puc. 15.4). nns noakmoueHus kKotopoi K Arduino tpedyeTcs OJMH aHAJIOrOBbIH BXOJ
(puc. 15.5). Dnekrpuyeckas cxeMa MpUCTaBKH MpejicTaB/IeHa Ha puc. 15.6.

Puc. 15.4. AHanoroean knagwartypa ANA MIPOBOA NPUCTABKW

SV

RY
4Tk

1 1 1 1 1 1

}\mmf\ﬂm}\mm}\mm}\ﬁ%f\ﬁ

1.5k 1,5k 1,5k 1.5k 1,5k 1.3k

Puc. 15.5. Cxema aHanoroeow knasnatypsel gna Arduino

[ IpeapapurenbHo HeoOX0AMMO KaaBuaTypy oTtkanaubposats. Lican He HaxaTa HM O/1HA W3
KHOIMOK, Ha BX0j AS vepes pesuctop 4,7 kOm nojgaercs nanpsxenune 5 B. Jlis sroro Ha-
nuuem HeOoNbIoi ckety (ucTunr 15.1). byjeM BIBOAHTE B NOCHEA0BATEbHBIH OPT
FHAYCHHUA, CYHTHEIBACMELIC HA BXO/IC AS. INpH HAKATHH HA Pa3sHbIC KHOIKH.
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Puc. 15.6. nekTpuueckan cxema NpucTasku

Nuctunr 15.1

void loop() ({
int valbutton;
gamel () ;

valbutton=analogRead (keyboardPin) ;

Serial.println(valbutton]);

}

Buewnuii Bua npuctaBku B pa3o0paHHOM COCTOSHUM NpeacTaBieH Ha puc. 15.7.

Teneps MOKHO NPUCTYIIATL K HATTMCAHUIO NIPOIPAMMBI.
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Puc. 15.7. Bug urposoi npucraskm

15.4.1. YnpaBneHue nsobpaxeHmem
Ha CBeTOAMOAHbIX MaTpuuax

JlanHble 115 BLIBO/IA HA YKPAH XPAHATCH B MACCHBE byte displayArray[24], I/le BepXHHE
U HukHHe 4 Oaiita cayxkeOHbie (OyayT mcnonb3oBaThesa B urpe "Terpuc"), a cpeanwe
16 GaiiTOB M ecTh AaHHBIC A7IA ABYX MaTpHIL.

Jlna peanu3zaumu AMHAMMYECKON MHAMKALIMK HA BbIXxojaax | U 3 MUKpocxembl OyaeT Bbi-
Ouparbes 01MH M3 cTONIOLOB, NOJAaBAEMBIX HAa BbIXOABI 2 U 4 MuKpocxembl. ODHOBIEHHE
nudopmaumu npoucxoaut | pas B 1000 mkc. lpu sToM MenbkaHus HeT.

YnpasneHue CBETOAHOAAMH OCHOBAHO Ha BHYTpeHHem oOpaboTuuke npepbisanuii. [lpu-
MeHeHue o0paboTymka npepeiBaHnit No3posseT HaM OOHOBJIATE MATPULLY BHE OCHOBHOIO
LUMK/1a nporpaMmel, Kak Obl B napa/uiensHom npouecce. Jlns pabotel ¢ npepbiBaHuAMH
Bocnonbzyemess Arduino-Oumbnunorekoi Timerz. @aiinbl 1ol OMONIMOTEKH Bbl MOMKeTe
HalMTH B nanke libraries\MsTimer2 COMPOBROAAAIOLICTO KHHI'Y JICKTPOHHOI'O apXxHea. Kon
JaHHOro (pparmMeHTa npeacTas/ied B AUCTHHre 15.2,

[ NuctUHr 15.2

// Gubnuorexa N8 NpepelBAHUN No TaiMepy
#include <MsTimer?.h>
byte displayArray(24] = {
v,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
volid setupl()

// wmaMumanusauma SPI:

pinMode (displayPin, OUTPUT) ;

SPI.begin():

// sBanyck npepnBaHMa nNo TanMepy

MsTimer2::set (2, showDisplay);

MsTimerZ::start():
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// oumMcTka mMcnnes
clearDisplay()
}
void loop() {:}
// obpaboTka NpHpEBaHMA MO TaiMepy
// maHamMMYeckas MHIOMKaLMA
void showDisplay() f{
for(byte i=0;i<8;1i++)
{
// 855=0 - samenxkHyT: BHEOHOH
digitalWrite(displayPin, LOW) ;
fr 4,3
byte bhigh=displayArray[(i+OFFSET DISPLAY1.offsetY+8+16)3%16+4];
bhigh=circleShift (bhigh, OFFSET DISPLAYl.offsetX);
SPI.transfer(255-bhigh);
SPI.transfer (BO0O000001<<i) ;
/2,1
byte blow=255-displayArray|[ (i+OFFSET_ DISPLAYl.offsetY+16)%16+4];
blow=circleShift (blow,OFFSET DISPLAY1.offsetX);
SPI.transfer(blow) ;
SPI.transfer (B0O0000001<<i) ;
// §5=1 - BHBeCTM OaHHEE Ha BHBOOH 74HCS595
digitalWrite(displayPin, HIGH) ;
// 1000 mxc
delayMicroseconds (1000) ;
}

1
/) wrwmmueckmit copur BaiTa
byte circleShift (byte var,int offset)

{

byte varnew;

for(int i=0;i<8;i++)

bitWrite (varnew, i, bitRead (var, (i+offset+B8)%8));
return varnew;

}

// ouMcTKa mUCnnes

void clearDisplay() {
for(int i=0;i<sizeof (displayArray);i++)
displayArray(i]=0;

15.4.2. ®urypsbl urpsbl "Tetpuc”

Jlis peannsauMu Mrpbl cO3/1a1MM MAccHB co BceMH M300pakeHuamu Guryp mia "Terpu-
ca" arrFigure[][], MACCHB YKa3aTeJieil Ha HOBYIO GUIypy 1PH MOBOPOTE transFigurel],
a TakKe CTPYKTYpPY FIGURA Juls coxpaHeHus uudopmaumu o Tekyuwei ¢urype (Jimc-
THHT 15.3).
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Nuctunr 15.3

byte arrFigure[16] [5]={
{0,0,0,0,0},{15,0,0,0,4},¢1,1,1,1,1},{3,3,0,0,2},
{7,1,0,0,3},4{7,4,0,0,3},{1,7,0,0,3},{4,7,0,0,3},
{3,,1,0,2},{3,2,2,0,2},{1,1,3,0,2},1{2,2,3,0, 2},
{7,2:0,0;3},42,3:,2,0,2%,42;1,0,0; 3}, 41,:3; 1,021}
byte transFigure[l6]={0,2,1,3,9,8,10,11,5,7,4,6,13,14,15,12};
struct FIGURA // cTpykTypa IOnA XpaHeHMA QUMIYPH Ha 3KpaHe
{
int driving; // 1 - B neMEeHuuH
int offsetX; // cmemenne no x
int offsetY; // cMmewenue no y

int dX; // wmaMeHeHue BJIeBO-BNPaBO
int dY; [/ dy
int dT; f// 1 - nosopor 90 rpanmycos

int ¢; // uHomep durypm

int length; // mwpuua durypu

long millisl;

bi
FIGURA FIGURAl=(0,3,20,0,0,0,0,0,0};

B Maceupe arrrigure(] [5] — nepsble yeTbipe GaiTta UCNONB3YIOTCH JUIS NIPOPHCOBKH
u3oOpaenus GUrypel, nateiii GaiT — wMpuHa Gurypsl.

Jlobasnenune (urypel Ha nose BLINOJAHACT MpouUeaypa add figura() (aucTuur 15.4).

Qurypa BeiOHpaeTca ¢ NOMOLILIO PYHKUMH random(). B cTpykTypy FIGURA 3aHOCATCA
CIeAYIOLIME HAYAIbHbIEC 3HAYEHH:

offsetY — HOMEp (PUrypbl, BblJaBaeMblid (pyHKUHEH random():
offset¥=3;

int offsetY=20 — Bepx Oyd¢epa skpaHna;

c — HoMep (pUrypsi:

length — IUHPHHA;

QQaQaaa

0O FIGURAl.driving=1— ()Hrypa JABHMETCH.

u n3o0paxkenue Qurypsl BoiBoautTes B Oyvdep skpana. Jlanubie npu 31om 3aHocsTes
B BEPXHIOIO HEBUAUMYIO yacTh Ovepa skpana (OaiiTer 20-23 maccuBa displayirray).

Nuctnur 15.4

void add figura()
{
FIGURAl.figqura=random(1l, sizeof (transFigure));
FIGURAl.figura=millis()%sizeof (transFigure);
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FIGURAL.dX=0; FIGURAL.dY=0; FIGURAL.dT=0;

FIGUBRAl .offsetX=3; FIGURAl ,offsetyY=20;

FIGURAl.millisl=millis();

FIGURAl. length=arrFigure[FIGURAl.fiqura] [4]:

for(int i=0;i<4;i++)
{displayArray[FIGURAl.offsetY+i]=

arrFigure[FIGURAl.figura] [1]<<FIGURAl.offsetX;}
FIGURAl.driving=1;
}

PaccMOTpHM, Kak OCYLIECTBAAETCA ABWKEHHE (DUTYPbI BHH3.

Yepes BpeMs. YCTAHOBJIIEHHOE B MEPEMEHHOM speed? (MEHSIETCS HakaTHeM Ha Oenyio
KHOMKY), NPOHCXOAMT cTUpaHue H3 Oydepa skpana d¢urypsl (npouenypa tigura
clear()), BBIYMCIIEHHE HOBOIO MoaoxeHus (Urypsl M npopucoska (3avecenue B Oydep
JKpaHa) puUrypsl B M3MEHEHHBIX KOOpAHWHATaX (mpoueaypa figura driving()). JlaHnas
4acTh CKeTHa Npe/acTaBieHa B TUcTHHre 15.5.

Nuctuur 15.5

{/ ouMmenue W3achpaxeHMa GUTYPRE

void figura clear(int y,int x)
{
for(int i=0;i<4;i++)
displayArray|[y+i]l=displayArray(y+i]-(arrFigure[FIGURALl.figura] [i]<<x);
}

// nepememeHne OUTYPH

void figura driving(int y,int x,int figura)
{
for(int i=0;i<4;i++)
displayArray([y+il=displayArray[y+i]l+(arrFigure[figura] [i]

<<FIGURAl.offsetX);

15.4.3. YnpaBneHue cpurypamu urpsol "Terpuc"
Hasnauenue KHONOK KJIABHATYPbI:

O 3enexas nepas/npasas — (QUrypa BJieBo/Brnpaso;
O 3eneHas BBepxX — noopot Gurypsl Ho 90 rpaaycos;
0 Oenas — yBeaHYEHHE CKOPOCTH HA 25 NMYHKTOB;

0 KpacHas — BbIXO] H3 MI'PbI.

Coaepxumoe ckerya s 00paboTKM HaKaTHI KHOTIOK NPEACTABICHO B IMCTHHTE 15,6,
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Nuctuur 15.6

// ofpaboTka HaXaTHUa KHONKM
int buttonClickl (int wval)
{
if (val>650) {KEEYSl.button=1;return
if (val>e00) {KEYSl.button=2;return
if (val>530) {KEYSl.button=3;return
if(val>450) {KEYS1l.button=4;return
if (val>300) {KEYSl.button=5;return
if (val>200) {KEYSl.button=6;return
return 0;
}
void buttonClick2(int wval)
{
if(millis()-KEYS1l.millisbutton[val]<100)
return;
EKEYSl.millisbutton[val]=millis{();
KEYS1.button=val;
switch(val) |

-

o T S~ PC I 6 T

-

-
[ VR S T fy

case 1:
FIGURAL .dX=FIGURAl .dX-1;
break;
case 2:
FIGURAL.dT=1; // (nosopor 90)
Serial.println("up");
break;
case 3:
break;
case 4:
FIGURAL .dX=FIGURAL.dX+1;
break;
case 5:
// nepexmouyeHne Ha IpYyTryL NporpamMdy
speedZ=max (speed2-25,5);
break;
case 6:
clearDisplay () ;
tekgame= (tekgame+1)%3;
break;
default:
break;
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15.4.4. NpoBepKa cCTONKHOBEHUSA puUryp

[Mepea u3menenneM nonokenus GUrypsl (BHH3, BIEBO, BOPABO, MOBOPOT) HEOOXOAHMO
MPOH3BOANTL NPOBEPKY Ha CTOKHOBEHHE C APYTHMH (y7Ke HENOABHKHBIMH (HIypamMu) 1
BBLIXOJ M3 rpaHull. [{nsa ABHIKEHWsl BIIEBO, BMIPABO W MOBOPOTA M3MEHEHHE MOJIOKEHHA
NPOU3BOAUTCA 10 JABHKEHUS BHHU3. JIns ABMIKeHHS BHH3 NPH NOJIOKHTENBHOMH NpoBepke
Ha CTOJIKHOBEHHE NPOMCXOAHUT OCTaHOB (Urypwl (FIGURAL.driwing=0). Coaepkumoe
npoueayp MNpPOBEPKH HA CTONKHOBEHHE collisionl() M collision2() MNpPEeACTABIEHO
B JIMCTHHre 15.7.

NucTunr 15.7

// KOHTPONE CTONKHOBEHMA C KMPIMYMKaMM NOpKM [IOBOPOTE
boolean collisionl (int yd, int figura, int figurapr,int d«,int ddx)
{
byte opand,disp;
boolean collision=false;
for(int i=0;i<4;i++) // no smicore ¢urypu - 4

{
disp=displayBArray|[yd+i];
disp=disp- (arrFigure[figurapr] [1]<<dx) ;
opand=disp & (arrFigure[figura] [i]<<ddx):
if (opand>0)
{collision=true;}
}
return collision;
}
J"r;'"l KOHTPOJbE CTOJNKHOBEHMA C EKMPpIMWYWME4IMK BHMZ
booclean collision2({int yd, int figura, int fiqurapr, int dx,int ddx)
{
byte opand,disp:;
boolean collision=false;
for(int i=0;i<4;i++) // no smicore durypu - 4
{
disp=displayArray[yd+i];
if(1>0)
disp=disp- (Figure[figurapr] [1-1]<<dx);
opand=disp & (arrFiqure[figqura][i]<<dx);
if (opand>0)
{collision=true; |
}
return collision;
}

H Ko/ rnaBHO# noueaypsl — game? () — npeAcTaplieH B aucTuure 15.8.
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NucTunr 15.8

// wurpa TeTpuc
boolean game?2 ()
{
if (FIGURAL.driving==0)
add figura();
if((millis()-FIGURAl.millisl)>speed2 && FIGURAl.driving>0)
{
//figura clear (FIGURAl.coffsetY);
// no X
if (FIGURAL.dX!=0)
{
int dxpr=FIGURAl.dX;
int offxpr=FIGURAl.offsetX+dxpr;
offxpr=max (cffxpr,0);
of fxpr=min (offxpr, 8-FIGURAl. length) ;
if('collisionl (FIGURALl.offsetY, FIGURAL. figura,
FIGURAl.figura, FIGURAl.offsetX,cffxpr))
{
figura clear (FIGURAl.cffsetY, FIGURAL.offsetX);
FIGURALl .offset¥=FIGURA]l .of fsetX+FIGURAIL .d4dX;
FIGURAL .offsetX=max (FIGURAl.offset¥,0);
FIGURAl .offsetX=min (FIGURAl.offsetX, 8-FIGURAl. length);
FIGURAL .dX=0;
Serial.println(FIGURAl.offsetX);
figura driving (FIGURAl.offsetY, 0, FIGURAL. figura);
}

//figura clear (FIGURAl.offsetY);

}
// nomopor 90 rpamycos
if (FIGURAL.dT>0)

{

if(!collisionl (FIGURAL.offsetY,transFigure [FIGURAL. figura],

FIGURAl.fiqura, FIGURAl.cffsetX, FIGURAL,.offsetX) )

{

figura clear (FIGURAl.cffsetY, FIGURAl.offsetX);

figura driving (FIGURAl.offsetY,0,transFigure[FIGURAL.figura]);

FIGURAl.figura=transFigure [FIGURALl. figural;

FIGURAL. length=arrFigure [FIGURAL.figura] [4]:

}

FIGURAL.dT=0;

//figura clear (FIGURAl.offsetY);

}
// BHM3 no BpeMeHM
if(collision2 (FIGURAl.offsetY-1,FIGURALl, figura, FIGURAL. figura,

FIGURAl.offsetX, FIGURAl.offsetX))

(FIGURAl. .millisl=millis();FIGURAl.driving=0;
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if (FIGURAL.offsetY==20)

return false;

else

return true;

}

figura clear (FIGURAl.offsetY, FIGURAL.offsetX);
figura driving (FIGURAl.offsetY-1,0,FIGURAL.figura);
FIGURAL.offsetY=FIGURAl.ocffset¥-1;

if (FIGURAl.cffset¥<5)

FIGURA]L .driving=0;

FIGURAL.dX=0; FIGURALl.dY=0; FIGURALl.dT=0;
FIGURA]l .millisl=millis{):;

I

return true;

}

Bce — HI'pa TOTORA. [TonHOCTBIO JAHHBIH CKETY MOMKHO HAMTH B nanke examples\_15_1
CONMPOBOAAANOUIETO KHHT'Y JICKTPOHHOI'O apXHBAa.

15.5. CBeTtoamogHas matpuua RGB

I'opazno Gonee uHTEpeCHbI CBETOAHOAHBIE MaTpHIlbl RGB — oHM no3BoasAoT Bocnpous-
BOAHTEL J11000i1 uset. Pacemotrpum ceetoamnoanyio marpuy RGB tina GTM2088 pas-
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Puc. 15.8. Pacnonoxenwe BeiBogoe RGB-matpuusl GTM2088
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mepHOoCcTH 8x8 ¢ obumnum anogoM. Cxema pacnonosKeHHsA €€ BBIBOJAOB Npe/ACTaBieHa Ha
puc. 15.7. Cama martpuua umeer 32 Bxoja: 8 aHoaoB, 8 karooB KpacHOro usera, 8§ —
3eJ1eHOro U 8 — cHHero.

15.6. RGB-HO4HuUK,
ynpaensieMbIX C NOMOLLLIO ABUXEHUA PYK

Co3naauM MpoeKT ¢ MCMOJIb30BaHMEM CBeTOAHOAHONH MaTpuubsl RGB thna GTM2088.
Ilyers 310 Oyaer RGB-HOUYHHK ¢ BO3MOKHOCTLIO VIIPABJIEHHA €ro LBETOM JIBHKEHHSIMH
pyk. SApkocTe Kaxa0i u3 Tpex cocrarisiomnx RGB-ugera Oyner u3mMeHATHCS NpH NpH-
Onmkenuu/yaanenun pyku. [lomoryt vHam B aTom Tpu aatuuka paccroanus HC-SR04.
B kauectse MHKpokOHTpomsiepa BosbMeM nuaty Arduino. i ynpasnenus matpuuei
OvayTt wucnonb3oBaTees TpH Beixoga Arduino (8, 11,13) M ueTbipe MHKpPOCXEMBbI
T4HCS595. Dnekrprueckas cXxeMa HOYHMKA fpejacTasieHa Ha puc. 15.9,

Jlnsa npoekra norpeGoBaiuch ClEAYIOLIME IeTAH:

O koutpoinep Arduino — 1 wr;

O 8x8 RGB-marpuua — | wr;

0O yastpa3BykoBoii gatunk pacctoaHus HC-SR04 — 3 it
O cauroselii peructp — mukpocxema 74HCS95 — 4 wit;
O pesuctop 220 OM — 24 wir (12 pyo.):

O oaok nutanuua 5 B 3A (Kuraii) — | wir.;

O nnadon ¢ nojcTaBKoM;

0 npoBojaa, NpUIOH H Mp.

Buemnnit Bu Hounuka npejacrapied Ha puc. 15.10.
[Ipu paszpabotke ckerya ObUTH 3a/1aHBI CCIYIONINE NapaMeTphl:
O paccrosuue 1-20 cm, | — makcumanbHasa ApkocTb, 20 — HyeBas;

0 naT4MKM PacCTOSHHMA B LMKIIE CUMTBIBAIOT JIAHHBIE W IPHUMEHSIOT MOJyYE€HHOE pac-
CTOAHME /U1 YCTAHOB/ICHHUA APKOCTH;

0 ecnu 3a UMK paccTosHue meHseTca Oonbuie, yem Ha 20 cMm (pyka yXOAMT B CTOpO-
HY) — 9Ta APKOCTL (PUKCHPYETCA /1A JAHHOIO LIBETA.

Apkocte 3anaerca nogaveil LHIMM-curnana na seisoasl marpuust aig rpynn R, G u B.
Yacrora HIMM-curnana npumepro 60 I'u. Curnan ILIUM dopmupyerca creayioumnm
obpazom.

Hanpumep, paccrosuue pasuo 5 em. Torna curuan LLIUM:

O 15-(5-1)= 11 uuxnoe npepelBaHHA, CBETOAHO/IbI JAHHOIO LIBETA FOPAT;
0 5 UMKIOB — CBETOAHO/IbI JAHHOIO LIBETA HE IropsT:

O wua aHop Beeraa nojgaercs 1.

Ynpasnenne CBETOAMOAAMH OCHOBAHO Ha BHYTpeHHeM oOpaborunke npepbiBanuii. [Lis
paGoTel ¢ npepbiBaHUAMH BoCnonb3yemes Arduino-Oub1noTekoi Timer?2.
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Arduino
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Puc. 15.9. 3nekTpuyeckan cxema HOYHWKA
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Puc. 15.10. BHewHnit eug RGB-HouHuka

Conepaumoe ckeTHa Npe/ICTaBAeHO B JIMCTHHTE 15.9.

i Nuctunr 15.9

iy
e )

// GubBmmoTexa |
finclude "SFI.h"

const int displayPin = B;

'/ GuGnMoTera INA NpepHBaHMHA MO TalMepy
#include "MsTimer2.h"

int offset=0;

// BuBmMoTera ONA YWIbTRPAa3BYKOBODO IaT4yMKA
#include "Ultrasonic.h"

Ultrasonic ultrascnicl (4,5): // xkpacHBb
Ultrasonic ultrasonic2(9,6); // seneHui
Ultrasonic ultrasonic3(2,3); // cuHui

// crTpyxkTypa ana xpaHeuua aHauenupt R, G, B

struct RGB

int r; // nosuuma R
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int g; // nosuuma G

int b; // nosmumsa B

int offset; // xon-eo IMM-LMKNOB
bi
RGE RGBE1={0,0,0,0};

void setup() {

// set the slaveSelectPin as an output:

pinMode (displayPin, OUTPUT):

// initialize SPI:

SPI.begin();

// sanyck npepHBaHMA MO TaliMepy
MsTimer2::set (1, showDisplay): //
MsTimer2::start();
//clearDisplay|();
Serial.println("led matrix");

}
int dist=0;
void loop() |
delay(100) ;
// nna xpacHoro

dist = (int)ultrasonicl.Ranging(CM); // cumrare mna R

if (dist>0 && dist<20)
[RGEBl.r=dist;)
// nna seneHoro

dist = (int)ultrasonic2.Ranging(CM); // cumrare mna R

if (dist>0 && dist<20)
{RGB1.g=dist; }
J/ nna cuHero

dist = (int)ultrasonic3.Ranging(CM); // cumTaTe mna R

if (dist>0 && dist<20)
{RGBl.b=dist; }

}

// ofpaGoTka npelpeBaHMa No TaliMepy

// mmHaMmueckas MHOMKAUMA
void showDisplay() |

// MHKpeMeHT cueTuMKa
RGBl.offset=max (2, (RGBl.ocffset+l)%15);
digitalWrite(displayPin, LOW) ;

// BHBON nAaHHBIX

if (RGBl.b menrme RGBl.offset) [/ cuumi

SPI.transfer (BOOOOO00O) ;
else

SPI.transfer(B11111111);
SPI.transfer(B11111111); // aHon
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if (RGBl.g meHeme RGBl.offset) // BeneHwm
SPI.transfer (BO0OD0O0000O) ;

else

SPI.transfer(B11111111);

if (RGBl.r meusme RGBl.offset) // kpacHuit
SPI.transfer (BOOOOOOOO) ;

else

SPI.transfer(B11111111);

// take the SS pin high

digitalWrite(displayPin, HIGH);

[TonHOCTBLIO JaHHBIH CKETY MOMKHO HAWTH B narnke examples\_15_2 CONpoBOKAaloLero
KHHI'Y JICKTPOHHOI'O apXHBad.



rmABA 16 w

Arduino 1 ynpasnsemble
cBeToamoaHble neHTol RGB

B npeapiaviieil riaBe Mbl pacCMaTpHUBalM CBETOAMOJAHbIE MaTpuubl. CBeToAMOIHbBIE
nentol RGB npeacrasnsior coboit rpynnel RGB-ceeroanonos, codpaHHbiX nocieaosa-
TeJbHO Ha rMOKOM JIeHTe ¢ HAHeCeHHLIMHU Ha Heil NpoBoAHMKaMH. CBETOAMO/AHBIE JIGHTHI
ObIBAIOT [IBYX THIIOB: aHAJIOrOBble W LUM(poBbIe. B aHANOrOBBIX JIEHTAX BCE CBETOAHO/IbI
BKJIIOYEHbI B napajienb. Cleaosare/ibHO, Bbl MOJKETE 3a1aBaTh LBET BCEH CBETOAMOAHOIM
JIEHTBbI, HO HE MOJKETE YCTAHOBHUTH OMNpEAesIeHHbIH LBET IS KOHKPETHOr0 CBETOAMO/IA.
DTH JIGHTBI NPOCTHI B NOAKIOUEHHH U He J1I0pord. Lindpoesie cBeTOAHOHbIE JIEHTBI YCT-
poeHbl HEMHOTOo ciloskHee. K KamaoMy CBETOAMOY JOMOJHUTEIBHO YCTAHAB/IMBAETCH
MHKpOCXeMa, 4TO Je/laeT BO3MOKHBIM VIIPARIATEL JIHO0OBIM U3 HHX pa3jenbHo. Takue JeH-
Thl J0poxkKe OOBIYHBIX, HO MMEIOT GOJIbLIME BOZMOKHOCTH 110 [IPUMEHEHHIO, — HAlpH-
Mep, B LIBETOMY3bIKE, CBETOBBIX LIOY, AHHAMHYECKOH (JOHOBOMH NoOJACBETKE.

16.1. RGB-cBeTtoguoanHasa neHta WS2812

Kak yxke ckaszano, kK Kamaomy ceeroanoay uudpopoit RGB-nenrs nononuurensho
yeTaHapaupaerca MUKpocxema (rTpexkaHaibHblii  LLIMM-konTponnep) — nanpumep:
LPD6803, WS2801, WS2811., WS2812. V mens B Haanuun umenacs RGB-ceeto-
auonnas nenta WS2812 nunoii 5 merpos (puc. 16.1). Kaxabiii MeTp A€HTBI COCTOMT H3
30-tu SMD-ceeroanonos WS2812 tunopaizmepa 5050,

Pwuc. 16.1. RGB-ceeToanoaHas neHta WS2812
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Ha nenTe Bcero TpH wiMHLE "3eM4", nUTaHHe W ynpaepienue, Ynpapienue paboraer Tak:
B TeueHHue nepebix 50 MC NPOMCXOANT HHULIHAIM3ALIUSA JIEHTHI TYTEM 3a3eMJICHUs YIIPaB-
nsouei wuHel. [locne 3Toro KOHTPOIEpOM OTNpaBIAETCA NauKa U3 nakeros no 24 ou-
Ta (8 OMTOB Ha KaKablii LBETOBOM KaHall), coaepiKaumx HHPOPMALMIO O SPKOCTH, —
Kax/1blil AKeT npejHa3HavaeTcs Juis oHoro auoja. JlanHelie B nauke HH4YeM He pasje-
NAKOTCH, T. €. Kad/bli CAEAYIOUIMA NaKeT WIET HENMOCPEACTBEHHO 3a npeabiaymmm. |lo-
JIYYMB BCIO Mauky (A1MHA navykd pagHa 24 OMTa X KOJIM4YECTBO JMOJOB B JIEHTE), KOH-
TpoJuUlep nepeoro auoja Oeper nepebie 24 OUTa, UCnonb3yeT HHGOpMALMIO NO HazHaue-
HHIO, a4 OCTAJILHYK) TauKy peTpaHciaupyer Brnepea. Takum obpazom, 10 mocieaHero
Mo/1a JOXOAMT Nnadvka U3 oHoro 24-06MTHOro nakera.

Cxema noakmouenns JeHTsl K Arduino npejcraenena Ha puc. 16.2,

Ha pasnuuubIx nedrax
pacno/ioMeHne KOHTAKTOB
oTNu4aeTca

Puc. 16.2. Cxema nogkniouveHna RGB-nentel WS2812 k Arduino

Kaxabiit RGB-ceetoamon norpebnser 1o 60 MA npu MakcuMalibHOH gpkocTH Genoro
(KpacHsblii + 3enenslilt + cCHHUiA). B peanbHblx yenoeuax Tok Oyaer mensiue. Ho B mobom
ciyyae HeoOXOAMMO MCNoib30BaTh BHewHUA 0ok nuranus. llepen noakaoueHuem
JIEHTBI K UCTOMHUKY TOKa cieayer noakmounts konjaencarop (1000 pk, 6,3 B win eoi-
Ie) — 3TO 3aUMTHT CEKLIMM OT HAYalbHOIO Bersiecka Toka. Kpome Toro, Mexay BbIBO-
JA0M Arduino u BROJOM aHHBLIX Ha I'IE[}BCIM JHOOC MKCEJIATCIBHO ,EIDSEIBHTI: pE’iHETDp
ot 300 no 500 OM — ans npeaoTBpalIieHUs BCIUIECKOB HANpPSAKEHUSA, KOTOpPLIE MOryT
MOBPEAHTH MEPBYIO CCKIMIO JICHTHI.

Jlas  ynpaenenus Takoit aeHtod w3 Arduino  mel Bocnonbiyemcs  OmGIHOTEKOI

Adafruit Neopixel.
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16.2. Arduino-6ubnuorteka Adafruit_Neopixel

bubnunoreka Adafruit Neopixel npennasHaveHa s ynpasieHus ajapecyembimu RGB-
CBETOJAMO/AHBIMH JIeHTaMK Ha koHTpossiepax WS2811 b WS2812. bubnunoreky moxkHo
ckauathb co cTpanuibl” https:/github.com/adafruit/Adafruit_NeoPixel.

Jns uenone3oBanus B ckeTye OMONHOTEKY HEOOXOAMMO MMO/IK/IIOUYHTD!

#include <Adafruit NeoPixel.h>

3aTeM HYKHO HHHUMAIU3HPOBATE O0BEKT Adafruit NeoPixel. DYHKUMA HHHLIMAIH3ALIUH
uMmeeT TpH aprymenTa. [lepBblii apryMeHT — KO/IMYECTBO CBETOAHOJOB B JIEHTE, BTO-

poii — KoHTakT Arduino ais noaKIoYeHus (1Mo yMOMYaHUIo 6), TPeTHIl — THIT HCIO/Ib-
3yeMOii JIeHThI (ONHCaHKE MOKHO MOCMOTPETh B NpuMepax OHOIHOTEKH):

Bdafruit NeoPixel strip = Adafruit NecoPixel (60, PIN, NEO GRB + NEO_KHZ800);

B GyHKUHH setup () HEOOXOAUMO BbIZBATH (PYHKUMIO 00BEKTA strip.begin() A4 MOArO-
TOBKH K BbIBO/Y JAHHBIX H (PYHKUMUIO strip.show() A/ OTIIPABKH JAHHBIX B JICHTY:

void setup()

{

strip.begin();

strip.show();

}

CymecTeyroT JBa cnocoba YCTAHOBKH LIBETA KOHKPETHOIO CBETOAHO/1a B nieHTe. | lepBhiii:

strip.setPixelColor(n, red, green, blue);
rac.
O n— Homep ceetoanoaa (orcuer seaercs ot 0).

O red, green, blue— YpPOBHH spkocTH (0-255) kpacHOi, 3eneHOH M CHHEH cocTas-
NAIOMEH LBETa CBETOAHO/A.

Hanpumep:
strip.setPixelColor (11, 255, 0, 255); // YcraHoBKa KpaCHOTro uBera

[/ ona 12-ro creTomMoma

DyHKUMA setPixelColor () HE MMEET HENOCPEACTBEHHOTO BJIMAHWA HA CBETOAHO/IbI.
Yr1o0pl oTnpaBuTh UBETOBBbIE JaHHbIE HA JIEHTY, HEOOXOAHWMO BbI3BATHL (PYHKLHIO
strip.show() — 2T0 OOHOBIIAET BCIO MOJIOCY Cpa3y.

ANIBTEPHATHBHBIH CHHTAKCHC UMEET TOJILKO [IBA apryMeHTa:
strip.setPixelColor(n, color);
rne: color — 32-OMTHBIH THIN, ODBEJMHAIOLIMHA KPACHBIH, 3€ICHbIH W CHHHH LIBETA B OJ1-

HO 4Hucno. KoHeepTHpoBaTh OT/AC/IbHBIE 3HAYEHHS KPACHOTO, 3€JICHOTO H CHHEro B €/1H-
HBIA 32-0UTHBIA THI V1A JalibHERLIEro UCTOIb30BAHWS MOMKHO CIEAYIOUMM 00pa3om:

uint3Z t magenta = strip.Color (253, 0, 233):
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3ateM BBl MOXKETE HMCMOJL30BATBH JTO 3HAYEHHE A VCTAHOBKH LIBCTA d)}’HH[lHEﬁ
setPixelColor(). MOXKHO Takxe JANMPOCHTE LUBET paHCC YCTAHOBJICHHOIO IMHKCENA € HC-
NoOJAL30BaHHEM {i]}’HI{LlHH getPixelColor ():

uint32 t color = strip.getPixelColor(ll);

Dyukuua so3spawaer 32-0uTHoe 00beAHHEeHHOEe 3HaYeHHe uBeta. KosmuecTso 3asBiieH-
HBIX CBETOIHO0B MOKHO 3aMPOCHTE C MOMOLLBIO (PYHKLMH numPixels ():

uint32 t color = strip.getPixelColor(ll);

OO0y SpKOCTb BCEX CBETOAMOAOB MOYKHO OTpPeryjMpoBaTb ¢ MOMOLBH (DYHKUHH
setBrightness (). OHA NPUHUMAET OJMH apryMeHT — YMCIIO B AMana3zoHe oT 0 (BbIKIHO-
4eHo) 710 255 (MaKkcHMabHas spkocTs). Hanpumep, utoGbl yeTaHOBUTL moaocy ¢ /g sip-
KOCTH:

strip.setBrightness(64);

Tak xe, kak M N9 (QYHKUMH setPixel (), 3€Chb HEOOXOAMMO BbI3BaTh (PYHKLHIO

strip.show().

Jlns xpaHeHHus JaHHBIX Kaxa0ro ceetoanona HeoOxoaumo 3 Oaiita onepaTHBHOI nams-
4. Koraa neHra coctout M3 cotel ceeroanoaos, a Arduino Uno umeer toabko 2 Kbaiir
ONnepaTHBHON NaMaTH (YacTb U3 KOTOPLIX MCMOJL3YIOT Apyrue OMOIHOTEKH), ITO MOKET
cTaTh peanbHoit npobdaemoit! TloaToMy aas ynpaeneHus AeHCTBUTENBLHO DOBILINM KO-
4E€CTBOM CBETOAMOOR JIyylle Henoib3zosarsk Arduino Mega uiau Due,

3HKPEHHM MNOJAYYCHHBIE 3HAHHA NMPH CO3JaHHH NMPpOCKTA.

16.3. Co3paHue Tabno pesynbtatoB YM-2018
no ¢pytoony Ha RGB-nente WS2812

PaccMmoTpum npoekt cozpanus 1ab/10, OTPaKAIOWEro pe3y/ibTaT TEKYIIEro Matya 4em-
nuoHara mupa no ¢yrdony 2018 rona ¢ ucnonszosanem RGB-ceToamoaHo neHTsbl
WS2812. Ha Tabno noouepenno orobpaxarorcs diarv yHacTHHKOB MaT4ya M TeKYILLHIA
PE3yiibTar. Hamenenue YHACTHHKOB Matvad M cHeTa IMPOH3SBOAWTCH C TUIAHLUCTA WJIH Te-
nedona va OC Android, dnaru Beex yyacTHHKOB yemnMonaTa xpausrces Ha SD-kapre.

CHavana pexeMm JIEHTY Ha oTpe3kH no 15 wryk — noayuaercs 10 oTpe3kor, oTpe3ku
kiaeum Ha naactuny JICITL cobmonas paccrosiue mexy orpeskamu 3 cm (noadupanocs
MO PACCTOSHHIO MEKJLY CBETOJMOIaMU Ha JieHTe). B pesyabrare nonyyaem npsaMoyroib-
HHK 15x10 em (puc. 16.3). Coenusem oTpe3kH NpoBoJaMH. DNEKTPHUECKan CXeMa yCT-
poiicTea npejacraenena Ha puc. 16.4. Ing cesazun Arduino ¢ niavwetom (M Tenedonom)
Ha OC Android ucnonszyercs Bluetooth-moayns HC-05, paGory kotoporo met noapoGHo
PAccMOTPHUM B 2iace 24,

Jlna npoekra HeoOX0aMMBbl M300pakeHus ¢aaros Bcex crpaH-yvyactHukos YM-2018
pazmepom 15x10. M3yuenne gopmaroe GIF, PNG, JPG u BMP npuseno k BbiBoay, 4to

cambiM yA00HLIM (popMATOM [UIS NMepeBoia CoAepHUMOro (Qaina KapTHHKH B JlaHHble
JU1S TTHKCEIOB CBeTOAHOAHON NenTol Oyaer 24-Outuplii (popmar BMP (BMP-24). TTocne
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Pwuc. 16.3. Bua Tabno
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Puc. 16.4. JnekTpuyeckan cxema ycTpoicTea
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CyKeOHBbIX 3aro/IOBKOB B HEM MIET MAcCHB pacTpa, rle Ha KaKIbli nUKcen nodpaxe-
HuA oTBoaATcs 3 Oaiita, kortopble onpenenstor 3 komnodenta usera: Blue, Green,
Red, — onu uayt umenHo B takom nopsjake. Ho 31o ewe ne Bce! Bo-nepeeix, cTpokH
MYT OT HHAKHEH K BEpPXHEid, BO-BTOPBIX, EC/IM Pa3Mep CTPOKH He KpaTeH 4, TO OH Jlono-
uaerca Oadramu 0xrFr. M3oOpaxenus duaros 15x10 B gopmare BMP-24 Boi moxkere
HalTH B nanke examples\flags_16_1 CONpoBOK/AAIOLIEro KHHTY 2JIEKTPOHHOIO apXHBa.

Teneps cam ckery. Mcnonszyem oubnmorexkn SD (s pabotel ¢ daiinoBoit cuctemoii
SD-kaprtei) u Adafruit_ Neopixel. Oaun paz B 200 mc Bbi3bIBacTCs nporpamMma Bbl-
BO/Ja MH(popMalMK Ha JIEHTY (JlaHHBIE XpaHATCA B 2-X MaccuBax: byte flagl[150] (3]
M byte f£lag2([150]1[3]) M MacCHBbl 1 XpaHeHUs wu3zo0paxkeHus uudp 0-9 (byte
figure[10](180]). EcTe 9 pekuMOB BbIBOMA, KOTOPbIE MAYT MOC/IEN0BATENBHO OIMH 3a
APYTHM:

|. AHumaums Bbe3a nepsoro gaara CHU3Y.

2. Orobpaskenne nepporo (aara HECKOJIBLKO CEKYHII.

. AHHMalHA yX0/1a neproro d¢uiara BHU3.

. Anumaums Bwe3a BToporo guiara ceepxy.

. OroGpaskenune BToporo (iara HECKONIbKO CEKYH/I.

3

4

5

6. Anumaluus yxoja BToporo ¢uiara Beepx.

7. Aunmaums Bbe3aa cueTa (oaHa undpa criepa, apyras cripasa).
8

. OrobpaskeHHe cueTa HeCKOIbKO CEKYH/L.
0. VaaneHnue cueta (TeMHbII 9KpaH HECKOJIBKO CEKYH).
10. Tlepexoa na war 1.
Jlannbie TeKylero pekuMa H COCTOAHHUSA aHUMALIMK XPAHATCA B CTPYKTYpe ANTM:

struct ANIM
{
int posl:; // Texyumit pexim
int offsetx; // Texkymee cMemeHMe X NpM aHWUMALMK
int offsety; // Texkyuee cMemeHMe y NpW aHMMaUMmM
int timeview; // nponomsuTenbHOCTE pexuMa
int fiqgl; // cuer - 1
int fig2; I 5
)i
ANIM ANIM1={10,10,6,0,32,1,3,0};

[pu nonyuenuu ganubix no Bluetooth no nocnenoparensHomy nopty Seriall npouexo-
JUT NMOArPY3Ka JaHHLIX B MACCHBBLI M3 (haiiios Ha SD-kapre u cuerta (nuerunr 16.1).

Nuctunr 16.1

byte serdata(6]={(0,0,0,0,0,0}; //Oydep nmauHux Bluetooth hc-05

int offserdata=0;
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void loop()
{
if (Seriall.available())
{
byte c=Seriall.read();
Serial.write(c);
if (c==46)
offserdata=0;
if (c==47)
{
String filel="file "+String(serdata[2]-48)+".bmp";
download flag(filel,l);
filel="file "+String(serdata[3]-48)+".bmp";
download_flag(filel,2);
ANIM1.figl=serdata[4]-48;
ANIM1.fig2=serdata[5]-48;
}

else
{offserdata=(offserdata+l) ¥6;
serdata[offserdatal=c;}

}

if(millis()=-millisflash>200)

{

flash();

millisflash=millis();

}

& @

void download flag(String filestr,int num)
{
Serial.println();
Serial.println(filestr);
filestr.toCharArray (filename, 20);
myFile = SD.open(filename, FILE READ);
if (myFile)
{
myFile.seek(54); //cMmewenue npanHux B Qaine bmp
for(int i=1,k=0,5=9;1<160;1i++)
{
if (i%16>0 && num==1)

{
flagl [s*15+k] [2]=myFile.read(};//Serial.print(flagl (k] [0],HEX);

flagl [s*15+k] [1]=myFile.read(});//Serial.print(flagl (k] [1]),HEX);
flagl[s*15+k] [0)=myFile.read();//Serial.print(flagl (k] [2],HEX);
//Serial.print (" ");

k=(k+1)%15;
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else if(i%16>0 && num==2)
{
flag2[s*15+k] [2]=myFile.read();//Serial.print (flag2[k] [0], HEX) ;
flag2[s*15+k] [1]=myFile.read();//Serial.print(flag2[k] [1], HEX);
flag2[s*15+k] [0]=myFile.read();//Serial.print (flag2[k] [2],HEX);

//Serial.print ("™ ");
k=(k+1)%15;
I

else

{ // nponyckaem GaiTh DONONHEHMA
myFile.read(); myFile.read() jmyFile.read();
S—=i
}

}

myFile.close();

}

Bech ckeTd NpUBOAXTD 3/1€Ch 1 HE CTaHY, T. K. KO/ COAEPKHMOro MacCHBOB H KO/1 3aroJi-
HEHHA MACCHBOB MPH aHHMALIMM 3aHUMaloT mMHoro mecra. lloaHbii koa HaxoauTes
B ranke examples\_16_1 COMpOBO/IAIOLIETO KHHTY AIEKTPOHHOIO apXHBa.

B npouecce skennyarauuu Tabio BO3HUKIA HenpuaTHAA npodiiema — cropesliHe cpe-
TOAHO/IbI. 3a Mecsll cropeno 4 WTYKH, a KA/l CropeBUIHii ¢BeTOIHO/ He MpOoITycKal
nakersl 4vepe3 cedsa. llpuxoaunocs KWAATh NepemMblMKY Ha CHeAYIOLIHH CBETOAHO/L,
HO MPH ITOM CMellanochk uWiodpaxenne. B ckerye (cMm. ero nojaHeld Koa) co3nan mac-
CHB C TMO3HLMAMH CTOPEBLIMX CBETOAMONOB int badleds[] W HanucaHa (GyHKUMA

correctstrip().

Jlna ynpaenenus ganHbIMH 04 Tabno: BeIOOp KoMandbl |, KoMaHabl 2 W TEKYLIEro cyeTa
HamMcaHa nporpaMma uia Teedona Hian niaHieTa ¢ onepauHoHHoi cucremoit Android
(puc. 16.5). TlporpaMma MakcHMaabHO MAPOCTA W MpeaycMaTPHUBAET COEJAHHEHHE [0
Bluetooth ¢ konkperubim moayaem HCOS, peiGop koman, cuera H OTNPABKY JaHHLIX HA
moayaes HCOS.

Apxue ¢ (aiinamu npoexkra ans cpeasl Eclipse naxoaurtes B (paiine examples\Android\
16.zip CONPOBOAAAIOLIEIO KHUT'Y 2JIEKTPOHHOIO apXHEa,

HAYANBHAS WKONA

Obnaparenu Habopa ¢ KOMNNEKTOM AeTanel W KOMNOHEHTOB (CM. Apunoxexue 2) moryt
norpeHuposatsca 8 obpawenuu ¢ Arduino, eeinonHue Ypok 7 "Modknwyenue RGB ceemo-
duoda, ucnonb308aHUe WUPOMHO-UMNYNLCHO Modynauuu”.
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Puc. 16.5. MuTepdeic nporpammel Ha Android gna HacTpoilku Tabno



rmABA 17

Paborta Arduino
C BEHAMHIroBbIMM annapatamu

[Iponaixka ToBapoB M YCIYTr ¢ MOMOLIBLIO ABTOMATH3HPOBAHHBIX CHCTEM (TOProBbIX aBTO-
MAaToB) Ha3bIBAETCA éenounzom. Benauur MNOJYYHJ WHPOKOC paCpOCTpaHCHHE B MHPC
Kak ya00HbIH M He oueHb Tpe(oBare/bHbIi croco0 BecTH TOProB/I WIH OKa3blBaTh
veayru. Ha peivke npejacraenen 0onboi Beibop TOpropsix asromartoB. Eciu Bac He
YCTpaMBaeT 11€Ha, WIH Bbl esaeTe j100aBuTh (pyHKIMOHAIA JeHCTBYIOIIEMY aBTOMATY,
HJIH peliIn cobparh 4YT0-T0 HOBeHbKOe — Arduino B KauecTsBe MHKPOKOHTpoOJUIEpa /U1
VIpae/JICcHHA OTAC/IBHBIMH OJloKamMu }'CTPDHCTBH BaM B 5TOM IMOMOKET.

Pacemorpum padory Arduino ¢ KymoporpueMHHKOM H MOHeTonpHeMHHKoM. Kymopo-
NPHEMHHK (TOT e OAHKHOTHHK, KYIIOPHHK, BAIMAATOP, OW/LIaKLENTOp) — YCTPOHCTBO,
Npe/IHa3HAYEHHOE JUIA NPUEMA HAIMUHBIX niatekeit OankHotamu, Kymoponpuemuukn
OCYUIECTBAAIOT MPHEM KYMIOp, pacro3HapaHHe HOMHHAIA M (NPH HATHYHH MEXaHH3Ma
VKJIQIKH M KacceTbl) XpaHeHHe MPHHATBIX Kymop. MOHeTONpHeMHHK — YCTPOHCTBO,
peaHazHaYeHHoE /UIs PHEMa TUlaTexked MOHETaAMH HITH JKETOHAMH.

K}-‘]'IIDP{JHPHEMHHKH H MOHETONPHEMHHKH YCTAHABJIHBAKOT B IUIATCHKHBIC TECPMHHAJILI,
pPasBACKaTC/ILHEIC, Jlﬂ'l'ﬂ]}t‘:ﬁllblt‘: H MIPOBLIE ABTOMATBI, B BEHAHHIOBLIE (TOProBbI€) aBTO-
MATHI.

17.1. KynroponpuemHuk ICT cepun A7 n V7

Kymoponpuemuuku ICT cepuit A7 n V7 (MDB-Bepcua) no-HacrosuieMy npoBepeHbl
BpeMEHEeM — Ha POCCHHCKOM pbIHKE 9Ta Mojeib nossunack ewe B 2003 roay u ¢ yene-
XOM IKCIUIYATHPYETCSH 10 CHX MOP KAK B HHAYCTPHH HIOPHOro OM3Heca, TAK M B BEHIMH-
re H CHCTeMax MOMEHTaNbHLIX niarexkeid (puc. 17.1). [lpeagocrasaser BOIMOKHOCTL Obl-
CTPO# 3aMeHbl MUKporiporpaMmmel ¢ nomousio K. Moaens nocrasnsercs ¢ MeXaHH3MOM
ykaaakn Ha 200, 400 u 800 kymiop.

OcHOBHBIE BO3MOKHOCTH:

0 OCYUICCTBIACT NPHEM KYITHOPLI, MNoJJAHHOHW B modom HAlpPaBJICHHH,
T3 ypoBeHb pacrnosHasanus Kymop — donee 96 %:

O Bpems onepaimy — 3 CeKyH/1bl (BKIIOYas BpeMs YKIAAKH);

O obecneunsaer pabory no nporokony PULSE, RS 232, MDB:
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O kodTeiHep viaaaunka Ha 300 kymop:
O nanpsokeHue nutanus — 12 B;
O no3gonset oOHOBNATE MUKpornporpammy B Flash Rom;

) MMeeTCA MOJIENb C rOpH30HTaNbHBIM MEXAHHWU3IMOM YEKJIAIKH.

Puc. 17.1. KynioponpruemHuk
ICT V7

T g

. m:""._;t""'“ T |

Lokt o 3 16
. S 28 ha |

Hemanopamubiii pakt — B MUureprere Mmoxkuo npuobpectu padoratomme 0/y sx3emnis-
poi no tene a0 1000 pyoaei (nuuHo 1 npuobpen ABa y pasHbIX MPOJaBIOB).

JL1s HacTpoHKH KYMOpONpHeMHHUK UMeeT Tpu Onoka nepexmouartenei. [lepsblii u BTO-
poii Onoku nepexntouatenei HaxoaaTca ¢ OOKOBOM CTOPOHBI KYMIOPONPHEMHHKA
(puc. 17.2). Tpernii OGaok cnpsatan. PazBopaunBaeMm KymopolnpHeMHHUK K cede JIMLeBoii
CTOpOHON M KacceToi BBepX. Haa Juuesoil naHenbl0 HaXOAMM IUIACTHKOBYIO KPbILLKY.
Urobbl 0HA OTKPLUIACH, JOCTATOYHO MOTAHYTH €€ HEMHOro BeBepx. Bbl yBHAMTE nnaty w,
NOUCKAB, HallIeTe KOJMOAKY C YeThipbMs nepexmouarensamu (puc. 17.3).

Kaxapiit nepexntovarens (B npoctopeund "aun") umeer asa nonoxkenus: on u off. Pac-
CMOTPHM Ha3HAuYeHHE NepeKaovaTesei.

3 Tlepswiii 610K:
¢ sw |5 — HacTpoiika npuemMa 1o HOMHHaIAM KyTop;

e sw O — KauecTso [IpHEMA. Ecau YCTAHOBHUTL HighAcceptance, TO KYITIOPOIIPHEM-
HHK [PHHUMACT J14MKE NOMATHIC KYTTHOPbIL
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® SW7 — OTKJIIOYAeT MPHEM Inhibit (CHrHA, YCTAHABIUBAIOWIKH ONOKHPOBKY NMpHe-
Ma KVITOp).

e sw 8 — HacTpoiiKa ypOBHA CMIrHala Inhibit,
O Bropoii Onok:
e sw |-2 — HacTpoiKa KOJIHYEeCTBA UMITYJILCOB:

e sw 3—4 — HacTpOiKa JUIMHBI UMIYJILCA M JUTHHBI NaY3bl.

Cpoanas Tabnuua HaCTPONKHM MnepekIovaTtesieil nepBoro W BTOporo OJIOKOB Mpej-
cTariena B Tabn. 17.1.

Puc. 17.2. MNepewit n BTOpon Bnokn nepexknoyaTenew kynioponpuemuuka ICT V7
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O Tpetnit 6:10K (KOTOPBIH MO KPBILIKOH):
e sw | — noasgpHOCTL UMITYJIbCA High (On) WK Low (off);
e sw 2 — npoTokoi pulse (on) Hiau rs232 (off):
¢ sW 3—4 — HE UCNOJL3YIOTCA.

YroOw1 1100bIE N3MEHEHNS BCTYIMIIN B CHITY, KYMIOPONPHEMHHUK HA/I0 Nepe3arpy3mrh.

e

gl
fro. B <N

4. = ol
-

1
|
i
S

Puc. 17.3. TpetwiA Bnok nepeknoyarenen kynoponpuemiunka ICT V7



234 Yacme lll. Npakmuyeckoe npumeHeHue Arduino

Tabnuya 17.1. Tabnuua Hacmpolku nepexkmoyamenedl nepeoao u 8mopoz0 bnoka

Mepebin Gnok | Bropon 6nok

1 2 3 4 5 6 7 8 1 2 3 4

Reject Ruble 10 on

.Accept Ruble 10 ‘ off

Reject Ruble 50 1T Ton
Accept Ruble 50 ‘ ‘ off
Reject Ruble 100 . | L on

Accept Ruble 100 off
Reject Ruble 500 on
Accept Ruble 500 off
Reject Ruble 1000 ‘ .nn
Accept Ruble 1000 . off

High Acceptance on

High Security off
Harness disable on

Harness enable off

Inhibit Active High on

Inhibit Active Low off
1 pulse / Ruble 10 . | | off | off
2 pulse / Ruble 10 . . on | off |
| 5 pulse / Ruble 10 | h off " on |

20 pulse / Ruble 10 on | on
50ms on/50 ms off off | off
B60ms on/300 ms off on off

30ms on/50 ms off off  on

150ms on/150 ms off | on on

17.2. NoakntoyeHue kKynwoponpuemuHuka ICT V7
K Arduino

Kymoponpuemuuk ocHaiien kabenem g NOAKIIOUYEHHA K aBTOMATY, Ha KoHle kabens
umeetcs pazbeM 3x3 (puc. 17.4). Hasnavenue MHTEpECYIOUIHX HAC BLIBOJOB Cleaylollee:

O kpacHbiit — 12 B
O opauxesbiit — GND;
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0O KenTbld — INHIBIT+;
1 3eneHslii — INHIBIT-:
O cHHMH — SIGNAL+

O ¢uoneToBblii — SIGNAL-.

Puc. 17.4. Kabens noagknioveHus kynioponpuemunka ICT V7

[Moaxmouaem KymoponpHeMHUK K Arduino ¢ noMolipio nporokona pulse. YCTaHOBKa
nepekjoyareneil npuseaena B tadu. 17.2.

Tabnuua 17.2. Tabnuua ycmadosku nepeknioyamenel

Mepebin 6nok Bropow 6nok Tpetwin Gnok

1 | 2] s a8 2|81l 2|s3]|al1]2]|3]24

off | off |off < on |on |off |off off |off off |off [ off | on | on | off | off

Arduino
+12V
- = R;u
ey T:-r. Aﬂ —
IC V7 D2 =
KPacHbIA —103 A2 -
—{D5 Ad |-
opaHKeBbIn ~—-1D6 A5 -
GND — D7 AB |—
CUHWIA R1 —|D8 AT =
SIGNAL+ L—+— —b9
47K —D10
—{ D11 +3.3B |-
—{D12
—{D13 +58 |
GND

Puc. 17.5. Cxema nogknioueHns kynioponpuemuuka ICT V7 k Arduino
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A ycTaHoBHA peskHM pulse C MOJSPHOCTLIO High, | uMnynec Ha 10 py0. (5 — na 50 py6..
10 — na 100 py0.). murensHOCTE UMIyJIbea 50 MCek, KauecTBO MpHeMa HU3Koe, OTCYT-
cTBHe cHrHana OJIOKMpPOBKHM Kyrmopornpuemuuka v npuem 10, 50, 100 pyGaesbix kynop
¢ orropxkeHuem 500- u 1000-pybaeBsIX Kyniop.

Cxema noJK/IHOHeHHs NpUBe/IeHa Ha puc. 17.5.

17.3. CkeT4 Ans nony4YeHUss HOMUHanNa
NPUHUMaEeMOUu Kynopbl

Buixoa 02 Arduino nojacoeMHeH K BBIXOAY SIGNAL+ KYMIOPONPHEMHHKA W YCTAHOBJIEH
B pPeKHM MoaydeHus aaHHweiX (18euT). Yepes pesuctrop 4,7 kOm (em. puc. 17.3) oH noa-
TAHYT K nuTaHHio +5 B v Ha Hem HaxoauTca ypoBeHb HIGH. [locie momyveHHs Kymopsl
KYMIOPONMPHEMHHK TMOCHIZIAET HMIYJAbChl MPOAOTIAKHTENBHOCTEIO 50 MCeK Ha BBIXOJ
SIGNAL+, YCTAHAB/IMBAA HA BXOJIE D2 YPOBEHb LOW W BhI3bIBad Mpoueaypy odopadoTku npe-
pBIBAHHA, T€ WHKPEMEHTHPYETCA CUETUHMK KOJIMYECTBA UMMYILCOB. B OCHOBHOM 1HKIIE
NporpamMMbl MPOBEPAETCA BpeMsd, MpoLIeAIlee Mocjie MoJyYEeHHUs MepBOro UMIMynbea,
ec/i oHO npeBwicko 1000 Mcek, BEIBOAMTCA HOMHHA MOJYYEHHOH KYMHOPHLI (Ha OCHOBE
KOJIHYECTBA MMITYJIBCOB), a4 CHETYMK OOHYJAETCA 0 MOCTYIUIEHHS TEPROro HUMITYJIbCa
MpH NpUeMe HOBOH KYTTIOPBI.

Koa ckerya npencrasnen B nucruure 17.1.

Nuctnur 17.1
const int moneyPin=2; // nopxkmouenue SIGNAL+
int money=0; // HOMMHAJ NPUHATON KyNoOps!

unsigned long timeAllPulse=2000; // Maxkc. BpemMsa npMeMa Kyniopkl
unsigned long timeCount=0;

void setup()

{

Serial.begin(9600) ;

pinMode (moneyPin, INPUT) ;
attachInterrupt (0, count_pulse, FALLING) ;

Serial.println("ready"):;

void loopl)
{
// npomno MakcMManbHOe BPEMA NpueMa Kymope? - BHBECTH HOMMHAI
if (money>0 && (millis()-timeCount)>timeAllPulse)
{
Serial.print ("money=");

Serial.println(10*money) ;
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money=0;
}
}
// obpaboTka nNpepHBaHMA - NWIYYMTE KOI-BO MMIYJIECOB
/7
void count pulse()

i

{
detachInterrupt (0) ;
money++;
if (money==1)
timeCount=millis();
attachInterrupt (0, count_pulse, FALLING) ;
}

Koa sroro ckerya HaxoauTcs B nanke examples\ 1 7_1 conpoBOXKAAKOUIETrO KHHIY JJIEK-
TPOHHOI'O apXHEA.

17.4. MoHeTonpuemHuk CH-926

MoneTonpHeMHHK — 3TO YCTPOMCTBO JUISl IPUEMa MOHET (KETOHOB), KOTOpPbIE HCIOJb-
3YIOTCS BO BCEX BH/IAX TOProBbIX aBTOMATOB, CEHCOPHBIX KHOCKAX, IJIATEKHBIX TEPMH-
HA/1aX, aBTOHOMHBIX YCTpoHcTBax yciayr. MX uenb npuHATH M pacno3Hatbh MeTalinye-
CKHE JIEHbI'M (MOHETBI, ;KETOHBI). MOHETONPHEMHUKN MOKHO Pa3/Ie/IMTh HA YETHIPE BH/IA:

0 MOHETOINPHEMHHKH 3TAJIOHHOIO THIIA (KOMIIapaTop):
O nporpaMMHpyeMble MOHETONPHEMHHKH:

O MOHETONPHEMHHKH-CENEKTOPbI:

0 MOHETONMPHEMHHKH ¢ (PYHKIMEN BbIIAYH CaaqH,

YCTPDFICTBE AT NMPpHEMaA MOHCT HWJIH KCTOHOB JICJIATCH Ha ABa BHA.

0 NnporpaMMHpyeMslc cnocoOHbIe paciosHaBaTh MOHETHI Pa3/IHYHBIX HOMHHAIOBE,

0 KOMNAPATOPHLIC — [PHHHUMAIOUIHE MOHETBI HWIH JKETOHbI TOJIBKO OJHOIO THIA.

[lporpamMmmupyemMbie MOHETONPHEMHHKH MCTIO/BL3YIOTCA BO BCEX TOProBbIX M IJIATEHKHBIX
TepMuHanax. [ns MrpoBeIX MK pasBiekaTe/bHbIX aBTOMATOB JOCTATOMHO KOMMapaTtop-
HBIX MOHETHHMKOB (9TaJoHHOro THna). B 3aBucumocTy o1 Hannuus c¢BoGoAHOrO MecTa
BHYTPH CaMOI0 arnrapara MOHETOINPHEMHHUKH yCTaHaBauBatoTes cOOKy (npucrpanpaercs
AONOJHUTEbHBIH OOKC) MK 3a (acaanoi nanensio asromara. Monera (:keToH) nonaaa-
€T B MOHETONPHEMHHUK, [POBEPACTCA TaM Ha NpeaMeT MOMUIHHHOCTH (B COBPEMEHHBIX
yerpoiicTeax ceepaercs /10 24 napamMeTpoB), W jajee, B ciiyvae oj00peHus, annapar no-
NyyaeT KOMaH/1y BblJ1aTh TOBAP WK MPOU3BECTH Kakyto-1nbo onepauuto. Hoesie Moaenu
MOHETONPHEMHHKOB, B1arolaps BCTPOCHHBIM ONTHYECKUM IATYUMKAM, MCKIIIOUAIOT TaAKHe
pacnpoCTPaHEHHBIE BWbI MOIIEHHHYECTBA, KAK MOHeTa (KeTOoH) Ha HuTKe. Bbi-
OOp MOHETONPHEMHHKOB, KaK JIONOJIHHTE/ILHOTO 000PY/10BaHHA, 10CTATOMHO HIHPOK, YTO
JaeT BO3IMOKHOCTh, MCXO/15 M3 KOHKPETHBIX 3a/1a4, noao0pats ONTUMAIILHYIO MO/IENb.
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Paccmorpum nporpammupyemsiii moHeTonpueMHuk CH-926 (puc. 17.6), KoTopbiid MOMK-
HO npuobpectH Ha Ebay no aocraroyHo npuemnemoi uene (aeweene 1000 pyo.). Ou
MOKET MPUHATH 10 6 BUAOB pa3/IMUHBIX MOHET auaMeTpom oT 15 a0 32 MM M TOMULM-

Hoi ot 1,2 no 3,8 mm. Pabouee nanpsskenne — 12 B. BeixoaHo#t curHan — umnyJibe-
HblH. YacToTa MMMYJIbCOB YCTAHABIMBAETCA C MOMOLIBIO TPEXMO3ZHIIHOHHOTO TEpPEeKIo-
yatens: fast — 20 mc, medium — 50 mc, slow — 100 me.

‘

-

Puc. 17.6. Monetonpuemunk CH-26

HacTtpouka MoHeToOnpueMHUKa

PaccmoTpum npouece nporpaMmmupoBanus (HacTpoiiku) monetonpuemunka CH-926:
. BraounTs nUTaHue, YCTaHOBHTL nepekiovarens | B nosuuuio NC.
2. llepexmouarenem 2 BuiOpaTh HYKHYIO ckopocTh 0OMena (fast, medium, slow).

3. Haxars oanospemento kHonku ADD u MINUS wu yaepaxusars mx Oonee 3 cekyH,
OTIYCTHTH — Ha UHAHKATOPE MOABUTCA A,

4. Haxars w ornyctuts KHonky SET — na unaukarope nossures E.
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3.

Knonkamu ADD u MINUS ycTaHOBHTE KOMMYECTBO pa3sHbIX MOHET A MpHema
(ot 1 no 6). A yctaHOBHA 5 — A4 HACTPOHKH MOHETONMpPHEMHHKA Ha npreM 50 kor.,
1, 2.5, 10 pybneii.

Haxarte kHonky SET Oonee 3 cekynn — Ha wHaukatope nogsurcd H1 — konuuect-
BO 3K3EMIUIAPOB MOHETHI | /118 KaTHOpPOBKH.

Kuonkamu ADD 1 MINUS yeranoeuts 3Hadenue H s neppoit MOHETEI.

8. Haxars kHonky SET Oonee 3 cekynu, Ha uuaukarope nossurcs P1 — konuyectso

14.

BbIIABAEMbIX HMITYJILCOB [IPH YCIMEWHOM npHeme MoHeTbl | (BblOMpaercs ot |

a0 50).

. Knonkamu ADD, MINUS ycTaHOBHTB 3HAYE€HHE MMITYJILCOB V1A MEPBOH MOHETHI.

A BpiGpan | — ana neppoii, 2 — A4 BTOPO, 5 — Aaa NATOH);

Haxarte knonky SET Gonee 3 cexkyna, Ha wnaumkatope nossutca F1 — Ttounocts
ono3Hanusa MoHeThl | (ot | g0 30). 5 Beibpan 10.

Kuronkamu ADD v MINUS ycranosuts 3Hauenue I s nepeoi MOHeTHI.
Haxars knonky SET Gonee 3 cexkyHua.

[Tosropurs warn 612 ans apyrux BoiOpaHHbX MoHeT. [1o OKOHYAHMHM HA MHAMKA-
TOpE NosABUTCA A.

Haxates u ornyctuts kHonky SET — na unaukarope nossurcs E.

T'El'lﬁp'h BbIKJTIOMAeM/BKJIIOHaeM MOHETONPHEMHHUK W MPOBOJAXUM €10 HﬂﬂHGpGBI{}".

KanubpoBka MoHeTONpueMHUKa

I. Hawxates knonky SET 6onee 3 cekyna — Ha unaukarope noapurcs Al.

2. Hauunaem onyckath B MOHETONPHEMHHK MOHETHI HOMHHana | B koavuectse HI.

3. Ilo 3arpyske nociaeaHel MOHEThI HA HHAKWKATOpE HAaYMHAeT Murath Al.

4. Haxare knonky SET — na mnaukarope nospurcs A2,

5. TIOBTOpHTE 3arpy3Ky MOHET J/11 HOMHHAI0B 23,

6. Haxate knonky SET Gonee 3 cexyHa.

Ilocne BKIOUEHHS/BBIKIHOUEHWS MOHETONPHEMHHUK TOTOB K IMPHEMY MOHET. Moxem
ONYCKATh MOHETBLI, HA HHOAHKATOPE BLICBCYHBACTCH KOJIMYECTBO UMITYJIBCORB. Ecan moHe-
Thl KAKOI'0-TO HOMHHAJIA HE IMPOXOAAT, TO NMOBTOPHEM HHCT[}UFI Ky CHa4aJia.

17.5. NMNoaknoyeHmne MoHeTonpmueMHuka Kk Arduino

MonetonpuemMuuk ocHauwen kabenem. [loacoeauusem kpacHblii nposoa k +12 B, uep-
Hblil — K "3emne", Oenbiii — k BeiBoay D3 mnaret Arduino. Jloeute umnyiibeel Oyaem no
npepoiBanuio 1. Hoacoeanuum k Arduino aucrneit WH1602, rae Oyaer orpaxkarscs mn-
(popMaums No HAKAIIMBAEMONH cymMMe. DJIEKTPUUECKas CXeMma MOAKIIOMEHHs MpeacTaB-
nexa Ha puc. 17.7.
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MoHeTonpueMHuK
CH-926
RED WHITE BLACK GRAY
+12v l
- R2 _| Arduino

4.7k —|
+5V. — Tx AQ —
wh1602 — D2 Al b—
D3 A2 —
D7 D4 A3 —
D6 D5 Ad p—
D5 Dé A5 —
D4 D7 AB —
LCD — D8 AT —

Vee — D9

Vdd — D10
Vo D11 BV

RS D12
+5V p—

E
- 1 )
+5V R1 10k

Puc. 17.7. Cxema nogknioyeHnA MoHeTonpueMHuka Kk Arduino

17.6. HanucaHue ckeTya

Koa cketva /18 MOHETONPHEMHHMKA aHAJIONHYMEH KOY UTA MpHEMa KYIIOP KYMIOPOnpH-
eMHHUKOM (cMm. auctunr 17.1). JlobasneH ToAbKO BBIBOA NMPHHUMAEMOI CYMMBI Ha JHC-
nmaeid WHO802. DroT ckety MoikeT ObITh MCIIONBL30BAH JUIS OJIHOBPEMEHHOIO rpHemMa je-
HEr MOHETONMPHEMHHKOM H KYTIOPONPHEMHUKOM. J[1d 3TOro HeobXoaAMMo BBIBOI STGNAL+
kymoponpuemuuka 1C V7 noacoeaunnts ko Bxoay D2 Arduino. Koa cketua npeacras-
JIeH B McTUHre 17.2.

NucTuur 17.2

// wynoponpuemHur IC A7 V7
const int moneyPinl=2;

// moHeTonpuemMHMk CH-926
const int moneyPin2=3;

int pulsel=0;
int pulse2=(;
unsigned long timeAllPulsel=2000; // Mmakc. Bpema npueMa KyIuophl
unsigned long timeAllPulse2=1000; // Mmaxc. Bpema npuema MOHEeThI
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unsigned long timeCountl=0;
unsigned long timeCount2=0;

float nominals2[6]={0,0.5,1,2,10,5};:
float sum=0.0;

// micnneir WH1602

f#include "LiquidCrystal.h"
LiquidCrystal lecd(12,11,7,6,5,4);

void setup()

{
Serial.begin(9600);
pinMode (mocneyPinl, INPUT) ;
pinMode (moneyPin2, INPUT) ;
//attachInterrupt (0, count pulse, FALLING) ;
attachInterrupt (1,count pulse2, FALLING) ;
led.beqin(16,2);
lcd.clear();:
led. setCursor (0,0) 2
led.print (Ycoin ok!");

}

void loop()
{
// npouwno MakcHUMalkHOe BpeMA NpMeMa MOHEeTH?
if (pulse2>0 && (millis()-timeCount2)>timeAllPulsel2)
{
sum+=nominals2 [pulse2] ;
Serial.println(nominals2[pulse2]);
led.clear();
led.setCursor(0,0) ;lcd.print ("1=");
led.setCursor(2,0) ;led.print (nominals2 [pulse2]);
lcd.setCursor (0,1) ;led.print ("*=");
led.setCursor(2,1) :lcd.print (sum) ;
pulse2=0;
}
}
// obpabGoTka nNpephHBaHMA MOHETONpPHMEeMHKMKa - MNONYy4YWTh KOJ-BO MMOYILCOB
void count pulse2()
{
/ /detachInterrupt (0);
detachInterrupt(1);

pulsel++;
if (pulse2==1)
timeCountZ2=millis();

//attachInterrupt (0, count pulse, FALLING) ;
attachInterrupt (1,count pulse2, FALLING) ;

}

Koa sToro cketua Haxoaures B nanke examples\_17_2 CONPOBOXKAAIOMIErO KHUIY 3JIeK-
TPOHHOI'O apXHBa.
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Arduino

U paamnoyvyaCtToTHad UOCGHTU CbHKaLI,VIFI
(RFID)

18.1. PagunoyacTtoTHas ngeHtucpukaums

Paauouactornas wiaentupukauua (RFID) — 210 Texnonorus aproMaTu4eckoi OeckoH-
TAKTHOH MACHTH(UKALIMK OOBEKTOB MPH MOMOIIMA PagHoYacTOTHOro Kanana ceasu. Ce-
yac Ta TEXHOJOTHA HE MMeeT cede paBHbIX, U €€ NMPUMEHEHHE CTAI0 HACTOJIBLKO MOMy-
AAPHBIM, 4TO, Mo ciosam akcnepToB, RFID B ckopoM BpeMeHH BBITECHMT TEXHOJIOTHIO
IWITPHXOBOIO KoAMpoBaHus. bazosas cuctema RFID coctouT m3:

0 paaMo4acToOTHON METKH,
O cuureiBatens uudopmauun (puaepa);
O komnbioTepa 118 00paboTkH HHpOpMALIHK.

Haentudukaums o0LEKTOB NMPOUIBOAUTCS 110 YHUKAILHOMY LHM(POBOMY KOIY, KOTOPbI
CUHTBLIBACTCA M3 NMAMATH IEKTPOHHOH METKH, NPHKperiseMoi K 00beKTY HIAeHTH(HKa-
uMH. CunThIBaTEb COJCPIKHT B CBOEM COCTaBe MNepefaTudk W aHTEHHY, MOCPeICTBOM
KOTOPBIX W3/IyHaercs 2JIeKTPOMarHuTHoe rnose onpejaeneHHoi wacrorsl. [lonasiive B
30HY JICHCTBHS CHUTLIBAIOLIETO MO/ PaMOYACTOTHLIE METKH "oTBedaloT" coOCTBEHHBIM
CHIHAZIOM, cofep/KallliM HHQOPMALMIO (MAEHTH(PUKALIMOHHBIH HOMEP TOBapa, Mo/bL30Ba-
TeJbCKHE JaHHble ¥ T. 1.). CHrHai yjaBjiMBaeTcs aHTEHHOH cHUMTBIBaTENd, HHpOpMaLus
paciungpoBbIBaETCA W NepeaeTcs B KoMnbloTep s 06paboTkw.

Ocobennoctu texuonoruun RFID:

OTCYTCTBHE HEOOXOAMMOCTH KOHTAKTA H NPAMOI BUAMMOCTH;
BOIMOKHOCTb CKPBITOH YCTAHOBKH ICKTPOHHONW METKH:
BO3MOMKHOCTh YTCHHUA/3aMUCH HHfbﬂpMﬂ[lHH;

BbICOKAS CKOPOCTh CUUTHIBAHUS JIAHHBIX;

padoTa B C/IOKHBIX KIMMATHYECKHUX YCJIOBHAX M BPEHBIX Cpe/lax;

HEDTPEIHHHEHHI:IH CPOK 2KCITYATALIHH (/118 NACCHBHBIX METOK),

QO O0aaa

HEROIMOMHOCTE NMOJACIKN,
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CyuecTByeTr HECKOIBKO crocodor cucTemarusalu RFID-MeTok H cHeTeMm:
O no paboueii yactore;

0 Mo HCTOYHHMKY MHTAHWA,

0 no THNY NamATH.

I'lo Tuny nerounuka nutanua RFID-meTkn nenarcs Ha:

0 naccHBHbIE:

] akTHBHBIEC;

D HDH}’HHCCHBHHE.

Ilaccuenbie RFID-meTkn He MMEIOT BCTPOEHHOrO MCTOYHHMKA 3HEPruM. DJeKTPHYECKHId
TOK, WHIYLIMPOBAHHBIH B AHTEHHE YIEKTPOMATHUTHBIM CHUIHAIOM OT CUMTHIBaTEN, 00ec-
MeYHBaeT JOCTATOMHYIO MOLIIHOCTD /18 yHKkumonuposanus kpemuuesoro KMOIT-unna,
pa3sMeNIeHHOro B METKE, U Mnepeiayi OTBETHOrO CHIrHasa.

AxtueHble RFID-meTkn obnagaoT coOCTBEHHBIM HCTOYHMKOM MUTAHUA U HE 3aBHCAT OT
YHEPIrUH CUHTHIBATES, BCJIE/ICTBHE Yero OHH YHTAIOTCH Ha Ja/IbHeM pacCTOAHHH, HMEHOT
Oonbluke pazMepbl U MOT'YT ObITh OCHALUEHBI JAONOJIHUTEILHONH 3NEKTPOHHUKONH. OaHaKo
Takue MeTku Haubonee noporu, a y Garapeit orpannueHo BpeMsi paboTbl. AKTHBHbIE MET-
KH B DONIBLIMHCTBE cityyaeB OoJiee Haj/lesKHbI U 00eCreurnBalOT CaMy0 BBICOKYIO TOYHOCTh
CUMTBIBAHMSA HAa MAKCUMAJILHOM PacCTOAHMW. AKTHBHBLIE METKH, 00nanas coOCTBEHHBIM
HCTOYHHKOM MUTAHHUSA, TAKKE MOTYT FreHepHPOBAThL BLIXOHON CHIHAJI OOMBIIEro YPOBHS,
4eM MacCHBHbIE, MO3BOJIAA NMPUMEHATL HX B OoNlee arpecCHBHLIX LIS PaJHOYaCTOTHOIO
CHIHA/IA cpeaax: Bojae (BKoYas JMoAeH M KMBOTHBIX, KOTOpPbI€ B OCHOBHOM COCTOSIT M3
BOJIbI), MeTa/u1ax (Kopabe/ibHble KOHTEHHEpPBbI, aBTOMOOHIH), Ui OOMBIIMX PACCTOAHMIA
Ha BO3/yXe. bONbIIMHCTBO AKTUBHBIX METOK IMO3BOJISIET MEPe/laTh CHIHAI HA PACCTOAHUS
B COTHH METPOB NpH kn3Hu Oatapen nutanus 1o 10 ner. Hekotopeie RFID-meTkn nme-
OT BCTPOEHHBIE CEHCOPLI, HATIPHUMEP, VI MOHHTOPHHTA TEMMEPATYPLl CKOPONOPTALIMX-
ca toBapoB. [Ipyrue THIbI CEHCOPOB B COBOKYIHOCTH ¢ AKTHBHBIMM METKAMH MOIYyT
NPUMEHATLCA U1 M3MEPEHHSA BIIAMKHOCTH, PErucTpaLMH TONYKOB/BHOpauMH, ceera, pa-
ANALMH, TEMIIEPATYPbI M ra3os B arMocdepe. AKTHUBHBIC METKH OObIYHO HMEIOT ropas/io
OonbiMi paauyc cuutbiBanus (10 300 M) v 00BbEM NaMAaTH, 4eM MacCHBHBIE, W CNOCOOHBI
XpaHuTh G0Nk 00beM HHPOPMALIMHK VTS OTIPABKN NPHEMOTIEPEIaTUHKOM.

nﬂﬂ}f‘ﬂﬂECHBthﬁ RFID-meTkH, Takke Ha3zbiBacMble MNONYAKTHBHBIMH, OYMCHbB MOXOXKH Ha
NACCHBHLIC MCTKH, HO OCHALICHDI 6ﬂTﬂpEEﬁ. KOTOpPan obecnevyrBaeT vun AHCProOMUTaAHK-
EM. an STOM JAJILHOCTL JIGHCTBHA DTHX METOK 3aBHUCHT TOJBLKO OT HYBCTBHTC/IEHOCTH
I'IPHEMHHI{H CUHHTBIBATCIH H OHH MOT'YT (p}'HKuHDHHPDBHTI: Ha OosbLIEM PHQCT(HIHHH HC
JAYHUIMMH XaPaKTCPHCTHKAMMH.

[1o Tuny uenoaesyemoi namstn REID-merkn aeasres na:

0O RO (Read Only) — panuble 3anMCbIBAIOTCA TOJBLKO OJAMH pa3, cpa3y npH M3rotosle-
HUKM. Takue MeTKH NMPHUrojiHbl TOALKO U1 aeHTH(UKkauuu. Hukakyio HoByio uHdop-
MaLHIO B HUX 3aMHCaTh HEJIb3A, M UX NPAKTUUECKH HEBO3MOKHO NMOUIeNaTh;

0 WORM (Write Once Read Many) — kpome YHUKaJILHOIO waeHTudukaropa Takue
METKH cojiepkaT OJIOK OJIHOKPATHO 3arMChIBAEMON MaMATH, KOTOPYIO B Ja/ibHeiem
MOKHO MHOTOKPaTHO YHTATh,
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O RW (Read and Write) — Takne METKM coaepikaT HACHTH(HKATOp H OJ0OK NMamMaTH
118 ureHus/zanucH uHdopmaumn. JlaHHeie B HUX MOTYT ObITh Nepe3anucaibl MHOIO-
KpaTHO.

[lo paboueii wactore RFID-meTku nensarcs Ha:
O merku auanazona LF (125134 kl'u);

O w~etku ananaszona HF (13,56 MI'u);

O merku auanazona UHF (860—960 M1 u);

O serku 6aumkuero nons UHF Near-Field.

[Taccueubie cuctemel auanazona LF (125-134 kI'u) HMeOT HH3KYIO LIEHY H B 3aBHCHMO-
CTH OT ()H3HYECKHX XaPaKTEPHCTHK MCHOJIB3YIOTCA U1 MOAKOKHBIX METOK NMPH YHITHPO-
BAHHM JKMBOTHBIX, /0 U pbi0. O1HAKO M3-3a UIMHBI BOJIHBI ¥ HHUX CYLLECTBYIOT IpO-
OJ1eMbI CO CHUMTLIBAHHEM HA DOJILLIKMX PACCTOAHHAX, BOIMOKHO TAKIKE MOABIEHHE KOJUIH-
3UHA NPH CUHTHIBAHHUH.

MeTkun nuanaszona HF (13.56 MI'1) aewmeBsl, He HMEIOT 3KOJOrHYECKHX M JIHLEH3HOH-
HBIX 1Mpo0JIeM, XOPOLIO CTAHAAPTH30BAHbI, UMEIOT LWHPOKYIO JIMHEHKY pewueHuii. [lpu-
MCHHAKOTCH B IMNATEKHBIX CHCTEMAX, JIOF'HCTHKE, H,EI,EHTHCPHKE!U,HH JIHHYHOCTH. KEIIC H 1A
ananaszona LF. B cucremax, nocrpoennsix B HF-auanasone. cywectByror npobiemsl co
CUMTHIBAHMEM Ha OOJIbLIMX PACCTOAHMAX, CUHTBLIBAHUEM B YCJIOBMAX BbICOKOH BJIa#KHO-
CTH. NMPH HAJIMYHM HA NMYTH CHIHA/IA META//1a, BO3MOKHO TaKKe MMOAB/IEHHE KOJUTH3HIH
]'IPH CHHTHBIBAHHH.

Mertku auanazona UHF (860-960 MI'u) oGnanator HanbonbLeil AalibHOCTBIO perueTpa-
LMK, BO MHOIMX CTAHJApTax [AaHHOIO [Mana3oHa MPUCYTCTBYIOT AHTHKOJUIMIHOHHbBIE
MexaHu3Mbl. OpHEHTUPOBAHHBIE M3HAYAIBHO JIUIS HYK/L CKIAJICKOH M ITPOM3BO/ICTBEHHOMH
noructuku, metku auanazora UHF ne umenn yuukaneHoro waentudukaropa. [lpeano-
naranock, 4rto wiaeHtupukatopom s metku Oyaer ciaykuts EPC-nHomep (Electronic
Product Code) Tosapa, koTopblit Kax/ablit MPOU3BOANTENL DYAET 3aHOCHTHL B METKY CamMo-
CTOATEIBHO NPH npou3soacTBe. OIHAKO CKOPO CTAO ACHO, YTO MOMUMO (DYHKLIMH HOCH-
Tena EPC-nomepa ToBapa xopouwio Obl BO3IOKHTE HA METKY elle U (GyHKUHIO KOHTPOIs
NOUTHHHOCTH. To ecTh BO3ZHUKIO TpeboBaHHWe, NpoTHBOpeYalliee camoMy cede, — oJIHO-
BPEMEHHO 00eCrneynTh YHHKAILHOCTD METKH H TMO3BOJIMUTE MPOH3BOAMTENIO 3aMHChIBATE
npoussoibHbii EPC-Homep. Ha aanubiii MomenT npolsiiema peluaerca Tak, uTo noje na-
matH TID (Tag ID), B KoTopoe npH NPOU3BOACTBE OOBIMHO MULIETCH KOA THIMA METKH,
pa3buTo Ha ase yactu. [lepeuie 32 Gura oTBEACHBI N0/ KOA NPOH3BOJAHTENA METKH M €e
MapkKy. a Bropble 32 Oura — 1o/ yHuKkanbHelit Homep camoro uuna. [Tone TID — nens-
MeHsieMoe, H, Takum o0pa3oM, Kaxaas MeTka siBiasercs yHukaibshoii. EPC-nomep moker
ObITb 3anHcad npoussoauTesem Toapa B MoMeHT Mapkupoeku. B UHF RFID-cucremax
no cpagHeHuio ¢ LF n HF Huke ctonmMocTs METOK, NpH 3TOM BbIlIE CTOMMOCTD [POYEro
obopyaosanus. B nacrosiee spems yactrorubiil ananazon YBY orkpeit s csoboaHoro

ucnosbzoBanus B Poceuiickoil Meaepaumnun B Tak HasbiBaemom "esponeiickom” ananaszo-
He — 863-868 MI'LL.

Pannouacrornsie UHF-meTkn Oamsknero nons, He sBisack HENOCPEACTBEHHO pajnoMeT-
KaM#, MOCKOJBLKY MCIOBL3YIOT MATHHTHOE [10/1€ AHTEHHbI, MO3BOJISIOT PelUThL npodiaemy
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CYHHUTHLIBAHHA B }"CJ‘IDBHHX BbICOKOM BJIAMKHOCTH, ITPHC}“TCTBHFI BOALI H METANIAa. C no-
MOLILIO JIAHHOW TEXHOJOMMH 0KHaaeTcs Hadalo maccosoro npumeHeHus RFID-metox
B PO3HHYHOH TOpropie (apmaleBTHYECKHMHM TOBapaMH (HYKAAIOIIMMHCA B KOHTpOJE
MO/UTHHHOCTH, YYeTe, HO MPH TOM 3a4acTylO COAEPKALLMMH BOJIY H META/VIHYECKHE Jle-
TalH B YIAKOBKE).

[Tpubopskl, KOTOpBIE YHTAKOT HH(MOPMALIHIO ¢ METOK M 3ATIHCHIBAIOT B HUX JIaHHbIE, Ha3bI-
BAIOTCA pHACpPaMH (CHMTHLIBATEAAMH). DTH YCTPOHCTBA MOTYT OBITh MOCTOAHHO MOAKITIO-
YECHHbLIMH K }"]ETHUFI CHCTEME HITH pﬂﬁﬂTﬂTb ABTOHOMHO.

18.2. aTuuk cuntbiBaHua RFID-kapT

Jnsa coszpanmns cuuteiBatens RFID-merox na nnardopme Arduino npumeHum aaTumi
cunutbiBanuas RFID-kapr xomnanum Seeed Technology Inc., paGotaiommii Ha yactore
125 kl'u (puc. 18.1). JIaT4HK MMEET BBICOKYIO WYBCTBHTEIBHOCTh PaccTOAHMA cpadaThi-
BaHuA — 7 cm. Jlatuuk BbiaeT HHopMalMio o kKapte B JByX dopmarax nannbix: Uart v
Wiegand. Wiegand — npocrtoii npoBoaHoit HHTepdeiic CBA3H MEXIAY YCTPOHCTBOM HTe-
HUA uaeHTH(UKaTOpa (KapTOUKH) W KOHTPOIJIEPOM, IHPOKO MPUMEHACMBbII B CHCTEMax
KOHTpOJIA OOCTYINA. an,E[I{EIEHﬂ'-IE!H AnA nepeiavi YHHKAJILHOIO KO/dd KapThbl B KOHTPOJI-
nep. Jlna nepexmouenus B dopmar Wiegand HeoOXOAMMO YCTAHOBHTHL TMEPEMBIYKY
JUMPER na npaebiii ¥ cpeanuii kontakr (puc. 18.2).

Puc. 18.1. darunk cunteieanua RFID-kapT 125 kl'y

Jina noakmouenus k niaate Arduino noacoeaunsem Boixoa TX K KOHTakTY 3 nuarhl
Arduino, Beixoa RX k konrakty 2 naatel Arduino. B pesyabraTte nonyvaercs KOHCTpyK-
umus, npuseaeHHas Ha puc. 18.3. Jlng coznanus npoexta ObLIH npHoOOpETEHbI NMACCHBHBIC
Openoku u kaptel RFID. Koabl MeTok ykazanbl Ha Openokax v kaprax.
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Puc. 18.2. Cxema pacnonoxeHns KOHTaKTOB AaT4uka cynTeieanna RFID-kapt 125 klMy

Puc. 18.3. YcTpolcTao AnA nogkniodeHua gatdynka cunteisanma RFID-kapT 125 My k Arduino
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18.3. CkeTy Aansa cuuteiBaHua RFID-kapT

CkeTu nosmyuaet Ko OT cuMThiBaTens no nporokony Wiegand v BBIBOAMT METKY B MOHH-
TOp nocneaosarteasHoro nopta (puc. 18.4). CpasHiBaeM ¢ KOJAOM, YKa3aHHBIM Ha Opesto-
Kax v kaptax. Koa ganHoro cketua npusejeH B nuctunre 18.1.

NueTunr 18.1

byte RFIDcardNum[4];
byte evenBit = 0;

byte oddBit = 0;

byte isDataOLow = 0;
byte isDatallow = 0;

int recvBitCount = 0;
byte isCardReadOver = 0;

void setup()
{
Serial.begin(9600) ;
attachInterrupt (0, ISRreceiveData0O, FALLING );
attachInterrupt (1, ISRreceiveDatal, FALLING );
}
void loop()
{
// ureHue GuTa HOMEpA KAPTH
if (isData0OLow| |isDatalLow) {
if (1 == recvBitCount) {//even bit
evenBit = (l-isDataOLow)&isDatalLow;
}
else if( recvBitCount >= 26){//odd bit
oddBit = (l-isDataOLow)&isDatallow;
isCardReadOver = 1;

delay(10);

}
else|

//only if isDatallow = 1, card bit could be 1

RFIDcardNum|[2- (recvBitCount-2) /8] |= (isDatallLow << (7-(recvBitCount-2)%8)):

}
//reset datal and datal
isDataOLow = 0;
isDatalLow = 0;
}
// neyaTe METKM KapTh
if (isCardReadOver) {
if (checkParity()){
Serial.println(*((long *)RFIDcardNum));
}
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resetDatal();
}
}
byte checkParity/() {
int 1 = 0;
int evenCount = 0;
int oddCount = 0;
for(i = 0; 1 < 8; i++){
if (RFIDcardNum([2] & (0x80>>1) ) {
evenCount++;
}
}
for(i = 0; i < 4; i++}{
if (RFIDcardNum([1] & (0x80>>1i) ) {
evenCount++;
}
}
for(i = 4; 1 < 8; i++){
if (RFIDcardNum[1] & (0x80>>1) ) {
oddCount++;
}
}
for(i = 0; 1 < 8; i++)|
if (RFIDcardNum([0] & (0x80>>i) ) {
oddCount++;
}
}
if (evenCount%2 == evenBit && oddCount$%2 != oddBit) |
return 1;
}
else|
return 0;
}
t
void resetData() {
RFIDcardiNum[0] = 0;
RFIDcardNum([l] = 0;
RFIDcardNum(2] = 0;
RFIDcardiNum([3] = 0;
evenBit = 0;
oddBit = 0;
recvBitCount = 0;
isDatalLow = 0}
isDatalLow = 0;
isCardReadOver = 0;
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// PyHruma interrupt0

void ISRreceiveDataO() {
recvBitCount++;
isDatalOLow = 1;

}

// dyurkuma interruptl

void ISRreceiveDatal () {
recvBitCount++;
isDatalLow = 1;

}

460293
460293
460293
w225808
4633959
10484596
10479574
10679574
10479574
10479874
3548467
| EELEL Y
3948467

) Autoscrol (Nolineending v | (9600baud |

Pwuc. 18.4. Beigaya ko408 B MOHUTOP NOCNeAOBATENbHOMO NOPTa

JlaHHbIH ckeTy MoKeTe HaliTH B nanke examples\_18_1 CONPOBOKAAIOUIETO KHUIY JIeK-
TPOHHOTO apxHBa.
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rmaAa 19

Arduino u gaT4MKn paccrToaHus

PacemoTpum paGory Arduino ¢ JaryMkaMu pacCTOAHUS, KOTOPbIE ABAAIOTCA HEOTbEMIIE-
MOii uyacTeio moboro pobora. OOpaTuM BHHMaHME HA YJbTpa3BykoBbie aaTuuku HC-
SR04 1 undpakpacHsie gaTuuku pacctosHus Sharp.

19.1. YnbTpa3sykoBble ganbHoMmepbl HC-SR04

[To3HakoMHUMEA ¢ 1aTUMKAMM PACCTOSHUS, KOTOPbIE NPUIOAATCS B [IPOEKTAX, paccMaTpH-
BaeMbIX B CleAYIOWMX rnasax. Yiabrpassykosoil gansHomep HC-SR04 (puc. 19.1) — ato
MOMELUEHHbIE HA OAHY [J1aTy NPUEMHUK W MepefaTyuvK YJAbTPa3BYKOBOIO CHIrHaIA.
KpoMe caMux npueMHHMKa U nepejaryuka Ha rUiare HaxoauTes ewe u HeoOxoaumas o0-
BA3Ka, 4ToObI caenars padory ¢ HTHM JAaTUUKOM [POCTOMH H HENPUHYKIEHHOI.

Pwuc. 19.1. Jarvyug HC-SRO4

ﬂﬂ'rl[HIC UGJIHJHE']' HH3IKHM '3H'Ep|'{}llﬂ'l'Pt‘ﬁJlEHHEM. HUTO TaksKEe ABJIHCTCH HEMATOBAMKHBIM
NPEUMYLLECTBOM B ciiydae ¢ MOOMILHBIMU pobOTAMH, HE NPHBA3AHHBIMH K PO3eTKE.
[Turaerca paruuk HC-SRO04 or 5 B, uro Toke yao0Ho npu nojkouenuu ero K Arduino.
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XapakTepUCTHKH YbTpa3BykoBoro aanbHomepa HC-SR04:
O u3mMepaemblii Anana3on — ot 2-xX 10 500 cm;

O tounocts — 0.3 cMm;

O yron ob3opa — <157

O wHanps:xeHue nutaHns — 5 B,

JlaTuuk mmeer 4 BeIBO/IA cTaHaapTa 2,54 Mwm:

0 VCC — nuranue +5 B;

O Trig (T) — BbIBOJA BXOJHOIO CHIrHAJA;

O Echo (R) — BuIBOJ1 BLIXOAHOI'O CHI'HANA:

O GND — 3emns.

19.2. NMpuHUMN paboTbl
ynbTpa3BykoBoro gansHomepa HC-SR04

B cocraBe nanbHOMepa MMEIOTCA [1BA MbE30WIEMEHTA: OJHH padoTaeT Kak Hily4aTellb
CHrHana, Apyroi — Kak npueMHMk. Manyuarenb reHepupyeT CHrHaj, KOTOpbIH, OTpa-
MBLUKCHL OT NPENSTCTBUS, MONajaeT Ha npueMHUK. M3Mepue Bpems, 3a KOTOpOe CHIHAl
MPOXOJAMT /10 0ObeKTa U 0OPAaTHO, MOJKHO OLIEHHTHL PACCTOSHHE.

[locaenoparenbHOCTL ACHCTBHH caeayloulas:
1. Tlopaem uMnysbe NPoaoKUTENLHOCTEIO 10 MKe Ha BeiBOA Trig.

2. BHyTpu nansHOMepa BXOAHOH uMmnysbe npeoOpasyercs B 8 MMMyJbLCOB 4acTOTO
40 kl'u u noceinaercs Bnepes yepes uanyuarens T (em. puc. 15.1).

3. Jloias 10 npenaTcTBHA, MOCJaHHbLIE MMITYJILCH OTPAKAKOTCH M NPUHUMAIOTCH NPHEM-
HUKOM R (cm. puc. 15.1), B pesyabrare nosyyaem BbIXO/AHOMH cHrHas Ha eeiBojie Echo.

4. HenocpeacTBeHHO Ha CTOPOHE KOHTPOJUIEPA NEPEBOJUM MOJYYEHHBLIH CHMIrHal B pac-
cTosHue 1o dopmyie:

® uupHHa uMnyabea (Mkc) / 58 = aucranums (cm);

e upuHa uMmnyabea (Mxc) / 148 = aucranums (oiim).

19.3. Bubnuoreka Ultrasonic

Jlia  paborsl Arduino ¢ patunkom  HC-SR04  wumeercs rorosas Oubnmoreka —
Ultrasonic, KOHCTPYKTOp Ultrasonic MPUHHUMAET JIBA napameTpa: HOMepa MUHOB, K KO-
TOpBIM NOKIOYeHb! BoIBO/ALI Trig u Echo cootBercrBenHo:

Ultrasonic ultrasonic(12,13);
3eck BbiBoA aaTuuka Trig nogkmouen k 12-my nuny Arduino, a Echo — k 13-my.

bubaunoreka nmeer oaMH METO1L Ranging, B KAYECTBE MapaMeTpa KOTopoMy 3aJaeTci, BO
HTO NEPCCUHTEIBATL PACCTOAHHE 10 obbexra: B CAHTHMETPLI H/IH B NHOHMBI:
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fdefine CM 1
fdefine INC 0O

Takum obOpazom cTpouka ultrasonic.Randing (CM) BEPHET paccTosHHE 10 oObeKTa (THna
long) B CAHTHMETpAX.

(Maiinel OubAMOTEKH Bbl MOKeTe HalTH B nanke libraries\Ultrasonic CONMpoOBOXKAAIOLLETO
KHUTY IeKTPOHHOro apxuea. JUis ucnons3opaHus OMOIMOTEKH B CBOMX MPOEKTaX Mo-
MECTHM ee B nariky libraries karanora ycraHoBku Arduino,

Ckery. BbIAAKOLMIA B MOCIEA0BATEIbHbIH NOPT paccTosHUe 10 00bEeKTa B CAHTHMETpax.
npejacrasieH B aMctuare 19.1.

NMuctrnr 19.1

#include "Ultrasonic.h"

// sensor connected to:
// Trig = 12, Echo - 13
Ultrasonic ultrasonic(l2, 13);

volid setupl()

{
Serial.begin(9600) ;
I

void loop()
{
float dist cm = ultrasonic.Ranging (CM);

Serial.println(dist cm);

delay(100) ;
t

PaccmoTpeHHbiii 31€Ch JaTUMK Mbl Oy/1eM MCIOJIb30BaTh B 1POEKTAX, PeACTABIEHHbIX
B CJEAYIOLLMX IlaBax.

19.4. UHdppakpacHbIe AaTYUKN PACCTOAHUA
Sharp

Jis mamepenust pacctosiHust 10 00bEKTa CYLIECTBYIOT TAKKEe M ONTHYECKHE JaTHHKH,
OCHOBAHHbLIE HA METOJE TPHAHTYIALMH., CaMble pacnpocTpaHeHHbIE W3 HHX — 9TO HH-
(ppakpacusie (Infra-Red, IR) natunku paccTosHus ¢ BBIXOAHBIM AHAJIOTOBBIM Hanpske-
HHeM, npou3eoanmsble Gupmoii Sharp (puc. 19.2),

B naruukax Sharp ycranosnen undpakpacusiii (IR) ceeroanon (LED) ¢ nun3oii, koro-
pbii H3ay4aeT y3kuil ceetoBoi iyd. OrpamenHblii o o0beKTa y4 Hanpasiserca yepes
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APYIVIO JIMH3Y HA [O3ULMOHHO-4YBCTBUTENbHLIH (oroanement (Position-Sensitive
Detector. PSD). Ot mecrononoxkenus nagatouero Ha PSD siyua 3aBMCHT €ro npoeoju-
mocTb. [lpoBoaumocTs npeobpasyercsa B HanpsKeHHe U, K npuMepy. ouHdpoBbiBas €ro
aHasioro-uMpoebIM  npeodpazoBaTesieM MHUKPOKOHTPOLIEPA, MOKHO BbIYHCJIWTL pac-
croauue. Puc. 19.3 nokassiBaeT nyTh OTPAKEHHOIO JIyya Ha Paz/iMYHbIX PACCTOAHHAX.

P2

P1

N\
u2 ‘\\ u1
O ey
LED PSD
Puc. 19.2. MndpakpacHele gaTtdnkm paccToAHWA Puc. 19.3. lNyTe ceeToBOrO Ny4a
Sharp WHdpakpacHOro MaMepuTena paccTOAHUA

Beixoa natumka paccrosHus Sharp oOGpaTHO nponopuHOHanbHBIH — € YBEIHYEHHEM
PAcCTOAHHA €ro 3HA4YEHHUE MEICHHO yMeHbluaetTcs. Bua rpadumka 3aBHCHMOCTH MEXILY
PacCTOAHHEM H HanpszeHueM npuseaeH Ha puc, 19.4. JlaTuukH, B 3aBUCHMOCTH OT HX
THINA, HMEIOT IPAHMLLBI M3MEPEHHS, B NpeleiaX KOTOPbIX X BbIXOA MOXKET ObITh NPH3HAH
HaaexKHbIM. M3mMepeHHe MakCHMMalbHOrO pealibHOrO paccTOAHHUA OrpaHHUYvMBalOT /1Ba
¢akTopa: ymMeHbLIEHHE HHTEHCHBHOCTH OTPAKEHHOIO CBETa H HeBO3IMOXKHOCTE PSD pe-
FHCTPUPOBATL HE3HAYMTENIbHLIE HM3MEHEHHS MEeCTOINOJNOKeHUs! OTOOpaKeHHOro Jiyua.

= O

= d

Puc. 19.4. Mlpadink 3aBUCMMOCTH MEXAY PACCTORHWEM W HANpAXeHWeM agaTynkos Sharp
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[IpH H3MEPEHHH PACCTOAHHA JI0 CHIBHO YaleHHbIX 00BEKTOB BBIXOJ JATYHKA OCTAETCH
NPHOIH3HTENBHO TAKHM 7K€, KaK H MPH H3MEPEHHH MUHMMA/IBHO YAJE€HHBIX paccTof-
HU. MHHHUMANBHO H3MeEpseMoe pacCcTosHHe OrpaHH4YeHO OCOOEHHOCTAMH JaTyuHKa
Sharp. a HMeHHO — BBIXO/IHOE HANPSIKEHHE IPH YMEHbLIEHHH PACCTOSHUS (B 3aBHCHMO-
CTH OT AaTyuka — oT 4-X 10 20 cm) HaunHaet pe3ko najaatsk. [lo cywecTBy 310 03Hauaer,
YTO OJIHOMY 3HAYEHHWIO BBIXOIHOIO HANPSHKEHUS COOTBETCTBYIOT /IBA PACCTOAHHA: OYEHb
0JM3K0e M oveHb aanekoe. Jna npenorepauierus npodiaempl ciaeayeT u3derars CIMIIKOM
OIM3KOro nNpUONHKEHUs 00BEKTOB K JaT4HKY.

B uenom rpadmk 3aBHCUMOCTH MEXAY pacCTOAHHEM H HAMpPAKEHHUEM HE SABIACTCH JIH-
HEHHBIM, OJIHAKO B npeaenax MOMYCTUMbBIX paccTOAHMH rpadguk oOpaTHOH BEJIHYHHBI
BBIXOIHOTO HANPAKEHHA M PACCTOAHHA K JTHHEHHOCTH NpHOIHAKAETCA J0CTaTOMHO O3~
KO, H C €ro MOMOIIBIO AOBOABHO MPOCTO MOAYYHTH OpMYyJIy 414 npeodpa3oBaHHA Ha-
npskeHua B pacctoanne. Jlaa HaxoaeHua Takod (Gopmynsl HEOOXOAMMO TOYKH ITOTO
rpag)MKka BBECTH B Kakyro-1M00 nporpammy oOpaOOTKH TaOJHYHBIX JAHHBLIX W M3 HHX
co3aarb HOBbIH rpaduk. B nporpamme o0paboTKH TaOAHUYHBIX JAHHBIX HA OCHOBE TOYEK
rpaduka BO3MOKHO aBTOMATHYECKH BLIMMCJIHTL JHHHUIO Tpenaa. Ha puc. 19.5 npueeaen
rpagMK CBA3M MCNpaBIeHHOH OOpaTHOH BeIMUMHBI MEXKIY BLIXOJHBLIM HanpsKeHHEM
ungpakpacnoro aarumka GP2Y0OA21YK u paccrosnueMm BMecTe ¢ JIHHEHHOH THHMEI
Tpenaa. Beixoanoe Hanpsikenue 118 ynpouleHus Gopmyiiel yxke nepeseaeno B 10-0ut-
HOE 3HAYeHHe aHaloroBo-HgpoBoro npeodpazosaTes ¢ ONOPHLIM HaNpskeHHeM +5 B.

0,090
10 cm

0.080

fix) = 0,0001831x - 0,0030927

0,070

0,060

0,050

1/(d+k)

0,040

0,030

0,020

0,010

0,000
50 100 150 200 250 300 350 400 450 500

ADC

Puc. 19.5. Npadvk 3aBUCMMOCTV MEXAY BEIXOAHBIM HanpAxeHuem gatyuka GP2YDA21YK
W PacCTORHUEM
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19.5. Noakno4yeHmne garymkoB Sharp Kk Arduino

PaGoraTte ¢ cencopamu Sharp odeHb npocTo — AOCTATOMHO MOAK/IIOYHTL K HEMY [HTa-
HHE W 3aBecTH BbIBOA Vo Ha aHanorosslit Bxoa Arduino. 3Hauenune nonayydaemMoi (yHk-
UMM analogRead npejcrasaser coboit uenoe unciao or 0 go 1023. Takum obpasom, urobsl
Y3HATE HANPAMKCHHE HA BBIXOJIC CECHCOpa, HEOOXOMMO 3HAYEHHE HA AHAJIOTOBOM BXOJ1E
Arduino ymuoxute Ha 0,0048828125 (5 B/ 1024). Coaepxkumoe cketya, BblAIOLIETO
paccTosHHe, u3MmepgeMoe aaTunkom Sharp, B nocieaoBaTenbHbIH MOPT, NPEACTABICHO
B iMcTHHre 19.2.

NucTuur 19.2

//

// SHARP IR sensor

//

int IRpin = 0; // aHanorceeli NWMH INA MONKIIOYEHMA BhIXoma Vo ceHcopa

void setup() {
Serial.begin(9600); // crapT nocnemoBaTesIEHOI'O nopTa
}

void loop() |
/f 5V/1024 = 0.004BB28125
float volts = analogRead(IRpin)*0.0048828125;
// cuMmTHBRaEM 3HAUYEHMEe CeHCOopa M MepeBOlMM B HAaNpAxXeHWe
Serial.println(volts); // BunmaeM B nOpT
delay (100);
}



rmABa 20

Arduino n nepepaya AaHHbIX
B UHppakpacHOM anana3oHe

Yerpoiictea undpakpacunoro (MK) auanaszona ponH yacto npumeHsiotTes B podoToTex-
uuke. Ha UK-tpancusepax (npuemonepesaTynkax) MOKHO OpraHu30BaTh MOJHOLEHHBIH
obmen aannbiMu. Camoe npoctoe npumenenue — ucnonb3osanve HK-nyasra (1ymato,
HaleTCs B Ka/10M JI0Me) LIS YIpaBJieHHs podoToM.

20.1. ObmMeH AaHHbLIMM
B MH(ppakpacHOM gunana3oHe

Jlns obecnedyeHMs HAAEHKHOTO MPUEMA M rAPAHTHPOBAHHOM 3aLLMTHI OT MOMEX MCIO/b3Y-
eTCA MOJY/IALMA CUrHANa ¥ koaupoBanue. llepenava faHHBIX NMPOM3BOAKMTCA B OIHM3KOM
K BHAMMOMY HH(ppakpacHoMm cnekrpe. JlnuHa BOJHBI B OONBIIMHCTBE PEATM30BaAHHbIX
cucTeMm sapepyercs B npeaenax 800-950 um. Cambiid npocToil cnocod H30aBUTLCA OT
(pOHOBOIO WIYMA — MOAYJMPOBATH (3aM0/HUTL) CHIHAN TPH Nepejade OAHOI M3 CTaH-
naprHeix vacrtor: 30, 33, 36, 37, 38, 40, 56 k|l u. UMeHHO Ha 9TH YACTOTHI HACTPOEHBLI BCE
EDBPCME]-IIIHC HI-ITEFpH.TII:I-II:IE I'[le:MHHI{H.

Jlna obecneueHns 10CTaTOYHON JAQJILHOCTH MNPHU nepeaave KOJA0BOH MoC/Ie10BaTEbHOCTH
HeoOxoauMo copmuporath mMolHblH curnan. Tok uepes UK-ceetoamnon moxker 10cTH-
ratb | A — Takue TOKH BMOJHE JOMYCTHMbI B HMITYJILCHOM PEeKHUME, MPH ITOM CpeiHas
pacceHBaeMas MOLLHOCTL HE JIOJKHA TMPEBBIIATE NPEAEILHO J0NMYCTHMYIO, YKa3aHHYIO
B JIOKYMEHTALHH,

Paspaborano Oonblioe KOIMYECTBO CNEUHAJH3IHPOBAHHLIX MHKpocxem (SAA30I10,
GS8489, KS51840 u 1. 1), reHepupyiOLIHX IOTOBYIO KOMAOBYIO [MOC/IEA0BATE/ILHOCTL M
NnoTpedISIONUX MUHMMAILHBLIA TOK B XKYLIEM PEKUME, YTO HEMAIOBAZKHO NPH NMUTAHHUM
ot Oarapeii. DTH MUKPOCXEMbI CYLIECTBEHHO YIPOLIAKOT CXEMY MYJILTOB AWCTAHLIHOHHO-
ro ynpasaenus (IJ1Y). Korja Mbr HaskumMaeM KHOMKY MyJibTa, MUKpPOCXEMa nepeaTimka
AKTHBH3HPYETCH M I'€HEPUPYET KOLOBYIO MOC/E10BATE/IbHOCTL ¢ 3aaHHBIM 3aI10/IHEHH-
em. Ceeroanoa npeobpasytor 5TH curraisl B UK-u3znyuenune. M3nydeHHsiii cHruan npu-
Humaetrcs oToaHOAOM, KOTOpLI cHoBa npeobpazyer MK-uznyuenune B a1eKTpHUecKHe
HUMITYJILCHL. TH UMITYJIBCHI YCHITHBAKOTCSH W JIEMOYJIMPYIOTCH MHKPOCXEMOH NPHEMHHKA.
3arem OHM nojaroTes Ha Jexkoaep. Jlekoauposanue o0ObBIYHO OCYUIECTBIIAETCH NPOrpaMm-
HO € NMOMOUILIO MUKPOKOHTPOJLIEPA.
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ITpuemuuk UK T1J1Y nomken BoccranaBnuBaTth jlaHHbIe ¢ ABYX(a3HbIM KOJAHPOBAHHEM H
pearnpoBaTh Ha OObIlIHE OBICTPbIC H3MEHCHHA YPOBHA CHrHalza HE3aBUCHMO OT MOMEX.
]_UH[J'HHH HMIYJILCOB Ha BBIXOJAE TNMPHEMHHEA JOJIKHA OTIHYATBCA OT HOMHUHAJILHOH HE
Oonee wem Ha 10 %. anEMHHH TaKke J0akeH ObITh HEYYBCTBHTEC/IEHEIM K MOCTOAHHBIM
BHELIHHM 3acBeTKaMm. YIOBJIETBOPUTL BCeM ITHM TpeDOBaHHAM JA0CTATOYHO HENpoCTo.
Crapsie peanusaumuu npuemuuka UK JIV, naxe ¢ npumeneHuneM cneumaiu3vpoBaHHbIX
MHKPOCXEM, COJEPIKAIN JECATKH KOMIMOHEHTOB. Takue NpUeMHHKH HacTo MCMO/bL30BaIH
PE30HAHCHBIE KOHTYPbl, HACTPOEHHbIE HA 4acTOTy 3anonaHeHus. Bce sro nenano kou-
CTPYKLMIO C/IOKHOH B M3rOTOBJICHMM WM HACTpOiiKe, TpeDOBAIO MPUMEHEHHUs XOPOILEro
3KpPaHUPOBAHHA.

B [nocnegHee BPEMH dosbLioe PHCI'[[}DETPRHEHHE ]'IDJ'I}J‘-[H.EIH TPEJ{BEIBD,’_'[HH'E HHTCIpalib-
Hble npueMHukn UK TILY (SFH3110-xx, TSOP17xx, TFMS5xx0 u 1. n.). B onnom kop-
nyce oHKU o0ObeaMHAIOT (poTOMOA, npeaycunuTens U popmuporarens. Ha Beixone dop-
mupyvercs oObiuHbli TTJI-curian 6e3 3anonHeHWs. NPUroaHbIH A8 AaibHeied obpa-
OoTkM mMukpokonTpossiepoM. Hanbonee Bakublii napamerp npu BeiOOpe NpUEMHHKA —
4acToTa 3anoJHEeHNA.

BHYTpeHHHI YCHIUTENL HHTErPAIBHOTO NMPHUEMHUKA UMEET BbICOKHH KOIpPHLMEHT yen-
JIEHHA, MO3TOMY T4 HCKJIKYCHHA CHMUBD"]'ﬁ}’}KﬂEHHH H YCTPAHCHHA BJIHAHHA HABOIOK
no UensM MUTAHUA HEOOXOAMMO MCMOJIL30BATh AIEKTPOJIMTHUYECKMH KOHJAEHCATOp eM-
KOCTBIO He MeHee 4,7 Mk®D, noaAKIoYeHHbIH MakcuMaibHO 0an3ko K BeiBoay VCC.

B TIJ1Y ucnoassyercs Tpu BH1a MOYJIALIMM:

O aeyxdasznoe koaupoeanue (Bi-phase coding). ®pout umnyiasca — noruveckas "1",
crmaja umnyasca — aornueckui "0" (puc. 20.1):

O moaynsums aaurensHocTbio nay3 (Pulse Distance Modulation). Jlnuna umnyascos
MOCTOAHHA, naysbl Oonbllel THUTENBHOCTH — Jornyeckas "|", MeHsblnei — noruye-
ckuii "0" (puc. 20.2);

O moaynsuma aaurenbHocTbid umnyibea (Pulse Width Modulation). Jlnuna nay3 no-
CTOAHHA, UMITYJIbChI DOJIbLUEH JUTMTEIbHOCTH — JiorHyeckas "1" | MeHbLICH — J0ru-

vyeckuid "0" (puc. 20.3).

AR

0 0 1

Pwuc. 20.1. [leyxcha3noe kogupoBaHune

r

Puc. 20.2. Moaynauuns AnWTensHOCTEH nays
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Puc. 20.3. Moagynauma ANMTENLHOCTLIO MMNynNLCa

K coxkaneHuio, HeT €AMHOro ¥ yHMBepcajasHoro nporokona ans MK-nynstor aucras-
LIHOHHOTO YMpaBAeHHA, XOTH CpeaM Bcero MHorooOpasus ecTh Haumbonee pacnpocTpa-
HEHHBIE.

20.2. NpoTtokonsb! gna UK-nynbToB

Haubonee pacnpoctpanennsiMu  npotokonamu ans  MK-nynsTtoR amcranumonHoro
YTpaBJIeHUA ABJIAIOTCA CIICAYIOIIHE:

0 RCS;
O NEC;
a JVC;
O Sony.

20.2.1. NpoTtokon RC5

OJMH U3 cambIX CTApbIX M pacnpocTpaHeHHbIX MpoTokosos. B ceoe Bpems RCS, paspa-
Gorauubiii Gupmoii Philips ans ynpaenenus ObITOBOI annaparypoii, nojayuuil WHPOKoe
ynorpebnenue. Ceiluac OH NPUMEHSETCS peke, U B OCHOBHOM JIIOOMTENSMH, H3-3a CBOEH
NPOCTOTHl M IWHPOKOH JOCTYIHOCTH HeJOpOrux KomnoHeHTos. Ilozauee ¢upma Philips
BHE/IpH/IA M CTA/1a MUCNOb30BaTh YiyulueHHblid nporokoin RC6. OcHoBHbIE XapaKTepH-
cTHKH npotokoaa RCS:

O 5-OuTHbIi aapec, 6-OMTHBIE KOMaH/IbI;

O moayasuus Bi-phase coding;

O cuavana uayT crapuue Outel, norom maaawune (MSB first);

0 wacrtoTa 3anonnenus 36 klu.

B 0CHOBHOM 3TOT CTAHAAPT UCNIOJIL3YETCA B M3JIe/HAX (pUpMbl Samsung.

Mopmat noceinikn RCS, koauporanue norvueckoro "0" v normueckoi
p p
puc. 20.4 n 20.5,

Ffﬂ?!?ﬂﬂﬂ#fﬂ?ﬂﬁﬂﬁd’fﬂ?é
_F . Fa ." g i Fa i i _F

g e Ageer AW 73
avr e T

IMNPHBCICHEI Ha

Puc. 20.4. ®opmat noceinkm RC5
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JIBa nepebix 6uta Ha puc. 20.4 — 310 cTaproBeie OuTHI (Bceraa soruyeckas "1"). Ynpae-
naowmnit 6uT T u3Mensercs TONbKO MPH HOBOM HakaTHW Ha kHonky. [lpu yaepixaHuu
KHOIMKH TMOCBUIKAa nepeaaercs ¢ wHTepBasiom 64 Ttakra, yro cocrtasiaser 113.778 mc
(puc. 20.6).

- M// 7/

/ 2R/ JMA#' ﬂn@m / / 2RV e

e

Puc. 20.5. Kogwposanwe normyeckoro "0" u noruyeckoi "1" npotokona RC5H

e | [ |

64 raxta (113,778 mc)

Puc. 20.6. MNoeTopHana nepegada

20.2.2. NpoTtokon NEC

Ouenb pacnpocTpaHeHHblil, MPOCTO W yHUBepcaibHbiii nporokon. Ero ucnonssyior
MHOIHE KOpeHCKHE W ATMOHCKHE TMPOM3BOAMTENH OBITOBOH TEXHHWKH — TaKHe Kak
Samsung, LG. NEC. Sanyo. Panasonic, Hitachi. Nokia. AverMedia. Ceiiuac cnoxHo yc-
TAHOBHTb, KOMY M3 HMX NPHUHALIEKHT ero paspaborka, Ho B UHTepHeTe OH value Bcero
ynomuHaeTtcs kak npotokoi NEC. OcHoBHBIE XapakTepHCTHKH MPOTOKOJIA;

0 8-OMTHBIE azpec H KOMaH/Ibl:
A/Ipec U KOMaH/ibl JYO/MPYIOTCH ¢ MHBEPCHE;
moayasiums Pulse Distance Modulation;

cHauvaia uayT maazaiue 6uTel, noroM crapuue (LSB first);

QQaQOaQ

yacroTa zanojiHenud 38 kl .

Mopmat noceuikn NEC, ctaproBas nociieioBate/IbHOCTb, KOAMpoBaHue Jornyeckoro "0"
1 noruyeckoit " 1" npusenenst Ha puc. 20.7, 20.8 u 20.9.

START | AD A7 | AD A7 | co c7|co Cc7
crapr anpec EOMAHOA

Puc. 20.7. ®opmat noceinkn NEC
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9.0 mc _4.5mc

Puc. 20.8. CrapTosana nocnejosatensHoCcTs

S P - e

Puc. 20.9. Kogupoeanune norudeckoro "0" n noruyeckon "1"

OcHOBHas MNockUIKa fepeaaeTcs TONbKO OJMH pa3 npu Haxatuu Ha kHonky. [lpu vaep-
KAHUKM KHOIMKHM TMepejaeTcs Moc/ie/loBaTe/IbHOCThL MnoBTopa 4epes kamabie 110 mc
(puc. 20.10 u 20.11).

0,56 mc

-/

2,25 mc

Pwuec. 20.10. NocnegoBaTensHOCT NOBTOPA

— ]
nocneq.

110 mc noetopa

Pwuc. 20.11. NosTopHana nepeaaya
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20.2.3. NpoTtokon JVC

ITporokon ovens noxoxk Ha NEC. Otnnuus 3aka04aloTes TOJBKO BO BPEMEHHBIX HHTEp-
Baslax, OTCYTCTBHM AyO/IMpOBaHMa ajpeca KOMaH/1 ¢ HHBEPCHEH M criocode nepeaayu co-
CTOAHHA YAep/KaHUA KHONMKH. OCHOBHBIE XapaKTepHCTHKH MPOTOKOJIA:

O 8-OuTHbIe azpec U KOMaH/bI;

O moayasuua Pulse Distance Modulation;

O cHavana uayTt maaauue Ourel, norom crapire (LSB first):
O wacrtota 3anonHenus 38 kl .

dopmat noceiikn JVC, craproBas nociea0BaTebHOCTb, KOAHPOBaHHE joruyeckoro "0"
u noruveckoit "1" npueenenst Ha puc. 20.12, 20.13 1 20.14.

OcHoBHas MoOCkUIKa nepejaeTcs TOJABKO OJMH pa3 Mpu HaxaTuH Ha KHonky. [lpu yaep-
JKAHMHM KHOTIKHM NepeaeTcs ToNbLKo KoMaHna yepes kaxabie S50—60 mc (puc. 20.15).

START IAU " arlco c7

crapr ajpec KOMaHga
nocnea. L 8.4 mc :l:tsz
Puc. 20.12. ®opmar noceinku JVC Puc. 20.13. CrapToBan nocnegoBaTensHoCTh
P V. e T T .
5D

e / / L5

Puc. 20.14. Kogwpoeanune noruyeckoro "0" m norudyeckon "1"

i

50-60 mc

Puc. 20.15. NMoeTopHan nepegada
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20.2.4. NpoTokon Sony

Eute oauu pacnpocTpadeHHbli NpoToKo/l. OCHOBHBIE €ro XapaKTepHCTHKH!
O 12-. 15- u 20-OuTHBLIE BAPUAHTBI MPOTOKOJA;

O smoayasuua Pulse Width Modulation:

0 chavana uayTt muaammne 6utel, notom crapumne (LSB first);

O uacrotra 3anonvenus 40 ki u.

B 12-O6utHom BapuanTe: 7 OMTOR KOMaHabl U 5 OuTOB agpeca yctpokictea. B 15-OutHom
papuanTe — 8 U 7 OutoB cooreercTBeHHO. [locne okoHuaHus nepenauun yiaepxupaercs
cocTosHue gorudeckoro "0" o noctwxkenus uHTepeasia 45 mc ¢ Havyana nepejauun. Dop-
MaT MOCBLUIKKH Sony, cTapToBas Iocje10Bare/1bHOCTb, KOJAHpoBaHHe noruveckoro "0" u
noruueckoii "1" npusenensl Ha puc. 20.16, 20.17 u 20.18.

[lpu yaep:kaHun KHONMKH NnepeaaeTcs ToJbKO KoMaHaa yepes Kakabie 45 mc (puc. 20.19).

24 mc 0,60 mc

--F
START Cco ‘
'- - -' h
mpr

Puc. 20.16. ®opmaT noceinku Sony Puc. 20.17. CraproBas nocnejoBaTtenbHOCTE

Not. "0" Nor. *1*
0,60 MC L. 1,20mMc
L 1.2 mc | 24 mc o

Puc. 20.18. KogupoeaHue norudeckoro "0" u normdeckoi "1"

! 45 mc

Pwc. 20.19. MNoeTopHan nepegaqya
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20.3. NogknroyeHue UK-npuemMHuUka

B kauectse npuemuuka UK T11Y npumenum mukpocxemy TSOP31236. B oaHoMm kopry-
ce oHa o0BeaAMHAIOT GoToaMoA, NpeaycHauTenb U (GopmuposaTens. Ha Beixoae gopmu-
pyvercsa oObiunblii TTJI-curuan 0e3 3anoJIHeHHA, NPUIOAHLIM U aanbHeie obpadort-
KH MHKpOKOHTposuiepom. Hecyiias wactora 36 kl'l, BbIXOJ HHBEPCHBII, T. €. NPH OTCYT-
CTBHUH CHIHAJIa Ha NMUH NMPUXOANT Jorudeckas "1", nMpH MosABJIEHHH CHIHAMIA OH MOCHUTAeT
nornyeckui "0", Buemnuii BUIO MUKpocxemMbl nipeacTasied Ha puc. 20,20,

Puc. 20.20. Mukpocxema TSOP31236

[oakmouum npueMHUK no cxeme, npeacrasieHHod Ha puc. 20.21. Jlna uckmoveHus
noxkHbIX cpabarsiBannii HenonblyeMm RC-gunpp.

INFR
+5V
3

100 Om T
. - »> — . >
EOJ 0,1 muml +J_ 0,1 MH'ED_[ +J_

I 10 MH'-'DI)-C 25B -[ 10 MH‘HIX 25B
1 D" | | l | ."a

Puc. 20.21. Cxema nogknio4eHns

20.4. buonuorteka IRremote

MOKHO Y3HATBL NPOTOKOJI BALLErO MYyJbTA H HANKCATb CKETY [UIS MOAYUEeHHs KOJ0B, OT-
npaeasemeix ¢ nyasta. K cuacteio, yke HanucaHa yHupepcaibHas OubanoTeka juis
npuema u 00padoTKM KOMOB ¢ I0DOro mynsTa — IRremote.

Mainbl OMOAMOTEKH BBl MOKeTe HAWTH B nanke libraries\rRemote CONpoOBOMKIAIOUIETO
I{HHI'}“ '}JIEHT[}DHH(]I"I‘J HPXHHEL ,JL'IH HCTIOTBIOBIAHKHA ﬁHﬁJTH[}TEKH B CBOHX I'[[}UEHTEK
MOMECTHM HMX B nanky libraries katajiora ycranoBku Arduino. Ckery Ui noJiy4eHus Koja
W OTNPABKH B 1OC/EA0BaTEIbHBIN nopT npeacrasied B ancruure 20,1,
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NucTunr 20.1

finclude <IRremote.h>

int RECV_PIN = 11;
IRrecv irrecv(RECV_PIN);
decode results results;

void setup()

{

Serial.begin(9600);

irrecv.enablelRIn(); // BRIOUMTE OPMEMHMK

}
void loop()

{
if (irrecv.decode (&results))

{
Serial.println(results.value, HEX);

irrecv.resume(); // nonyuuTe clenyviles =SHaYeHWe
}
}

Moskno u nepenasare MK-komanael. Hopnepskupaemeie nporokonsl: NEC, Sony SIRC,
Philips RCS5, Philips RC6. [llepepatommii MK-ceetoamoa aomkeH ObITh MOAKIHOUYEH
Kk pin 3 (puc. 20.22). Ckeru nns ornpasku MK-kona npeacrapien B inctunre 20.2.

Nuctuur 20.2

finclude <IRremote.h>

IRsend irsend;

void setup()
{
Serial.begin(9600);
}
void loop()
{
if (Serial.read() != -1}
{
for (int i = 0; i < 3; i++)
{
irsend.sendSony(0xa%0, 12); // Sony TV power code
delay(100) ;
}
}
}
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Arduing pin 3
=
L Puc. 20.22. Cxema
ANs OTNPaBKM
5’” a WK-xopa
GND

20.5. CkeTty ansa nonyyeHus kopos UK-nynbTa

B nansHeifiem mbl OyaemM Mcronb3oBaTh NMyAbT 4 yrpaeieHus pobGotom (cMm. 2ia-
gy 21). Ilostomy nepsas 3ana4a — MOJYYHTh CIHUCOK KOJOB KJIABMIN HALLEro MyJbTa.
Pacemorpum myast Marmitek (MK u pagno 433 MI'u), kyniiennsiii B cBoe Bpems s
yrpapinenus npudopamu X10 u3 cepun "ymublii 1om". BHeluHui BHA NyabTa npHBeIeH
Ha puc. 20.23.

1 R *ff _,;-;

Pwuc. 20.23. Nynet Marmitek

Onpeaenum CUCOK KIABULL MYNbTA 18 YIIPaB/IeHUA JABHKeHneM pobora:
<1> — JABH:KEHHE BNEpen;

<|> — JBHIKEHHEe Ha3al;

<> — [IOBOPOT BJICBO;

<—> — MOBOPOT BIPaBoO;

<~CH> — yBeanyeHue CKOPOCTH NPH JBHAKCHHH Briepe/Ha3an;
<CH+> — yMeHblIeHHe CKOPOCTH NPH JIBUKEHHH Briepe/1/Ha3zau;
<-VOL> — kpyrosoe JIBHJKEHWE HA MECTE BJICBO;

<VOL+> — kpyrosoe J1BH/KEHHE Ha MeCTE BIIPABO;

QOO0 000aA0

<(> — ocranoska pobora.

Janyckaem ckerd u3 auctuHra 20.3 M nosyyaem KoJibl HY#KHBIX KJIABHIL JUIS Ballero
NyibTa. 3JHAUEHU KOJIOB BLIBOAATCA B 110C/IE/10BATENLHBIN MOPT.
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#include <IRremote.h>

// Bxon MK-npuemHuxa

int RECV_PIN = 2;

IRrecv irrecv(RECV_PIN);

decode results results;

unsigned long ir dt, old ir;

long ir kod;

unsigned long ir timel, ir time2;

void setup()
{
// nocnemoeaTenbHEI MNOPT
Serial.begin(9600) ;
// BRIMOUMTE NpUeMHHMK
irrecv.enableIRIn();
ir timel=0;ir_ time2=0;
// npepuBanna mna UK
// FALLING - BH30B NpephBAHUA NpH W3MEHEeHUM YPOBHA HaNpAKeHUA
// © Becokoro (HIGH) Ha Hu3koce [LOW)
attachInterrupt (0, get_ir kod, FALLING):
}

void loop()
{
// oBbpafiorTka kopga HaxaTusd
if (ir_kod>0)
{
ir go(ir kod);
Serial.println(ir_kod);
ir kod=0;
}

}
// nomyuurs kom, nepenaHHLii ¢ UK-nyneTa

void get_ir kod()
{
detachInterrupt (0); // orwmounte npepusadme 0
if (irrecv.decode (&results))
{
if (results.value > 0 && results.value < OxFFFFFFFF)
{
ir dt = results.value;
ir time2=millis();
// npouna 1 cek?
if (ir time2-ir timel>1000)
(ir_kod = ir dt;ir timel=ir time2;}
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else

ir kod = 0;

}

irrecv.resume();

}

// axTMBMpOBaTh nNpoUenypy npepuBanua 0
attachlnterrupt (0, get ir kod, FALLING);

}

Odopmum ux B Buae koHeTauT (ueTHHr 20.4).

Nuctunr 20.4

J/ woma knasmy MK-nynerTa (marmitek)
#define FORWARD 1936 /11
#define BACK 3984 £ &
fdefine SPEED UP 144 / /ch+
#define SPEED DOWN 2192 //ch-
idefine LEFT 3472 /-
#define RIGHT 1424 A
#define CIRCLE LEFT 3216 //wvol+
#define CIRCLE RIGHT 1168 //vol-
f#define STOP 2320 /f 0 - cron

Onpenensats NOCTYIJICHHE KOMaHAbl ¢ ny/ibTa Mbl Oyaem no npepsisanuio 0 (na digital
pin2). [1o npepuiBanuiO 3arycKaeTcs NpoUeypa get_ir kod(), KOTOpas Onpeieiser Koz,
NOCTYNAKWIMIA C NMyJbTa, U 3aMHCBLIBAET €ro B NEpPeMEeHHYI0 ir kod. llpoueaypa loop()
NPOBEPAET MEPEMEHHYIO ir kod, U B C/IyYae HEHYJIEBOI'O 3HAYEHMS MepeMeHHOH (rnoay-
YEHMs KOJIa C 1yJIbTa) BhI3bIBAET NPOLE/IYPY BHIBOJA JEHCTBHS ir go(). Ha nauHom 3ra-
e — 3TO BbIBO/L B TOC/E0BATEbHBIH MOPT NPEANoJaracMoro no HaKaTHIO KJAaBHIIH

neicTeua (puc. 20.24). Jlanusii ckety npeacrasneH B auctunre 20.5.

—ww ww- e T — T — T —— T T -

Puc. 20.24. BeiBog Ha MOHWTOp NOCNEAOBaTENBLHOMND NOPTa pe3ynbTaTta KoOMaHAsl C nynsTa
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#include <IRremote.h>

// Bxon VK-npuemHuKa

int RECV PIN = 2;

IRrecv irrecv(RECV_PIN);

decode results results;

unsigned long ir dt, old ir;

long ir kod;

unsigned long ir timel, ir timeZ;
// xoma wnaeumw MK-nyneTa (marmitek)
fdefine FORWARD 1936

f#define BACK 3984

fidefine SPEED UP 144 //ch+
#define SPEED DOWN 2192 //ch-
fidefine LEFT 3472

#define RIGHT 1424

#define CIRCLE_LEFT 3216 //vol+
fidefine CIRCLE RIGHT 1168 //vol-
#define STOP 2320 /70

void setup()
{
// nocnemoBaTeNBHEI MNOPT
Serial.begin(9600);
// BRIOYUTE NPUEMHUEK
irrecv.enableIRIn{);
ir timel=0;ir time2=0;
// npepuBaHMa mwna UK
// FALLING - BH2OB NpepHBaHMA NpM MEMEHEeHHM YPOBHA HaMpAKeHUA
// ¢ Bucokoroc (HIGH) Ha Hu3koe (LOW)
attachInterrupt (0, get_ir kod, FALLING);
}

void loop()
{
// ofpaGorTka Koma HaxaTuda
if (ir_kod>0)
{
ir go(ir_kod);
ir_kod=0;
}

}
// nonyuuTe Kom nepenaHHll ¢ MK-nyneTa

void get_ir kod()
(
detachInterrupt (0); // orwmounts npephiBadue 0
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if (irrecv.decode(&results))

{
if (results.value > 0 && results.value < O0xFFFFFFFF)

{
ir dt = results.value;
ir time2=millis():
// npowna 1 cek?
if (ir_time2-ir timel>1000)
{ir kod = ir _dt;ir timel=ir time2;}
else
ir kod = 0;
}
irrecv.resume();
}
// axTMBupoBaTh npouenypy npepuieanua 0
attachInterrupt (0, get ir kod, FALLING);
}
// neficTEMe MO NONMYYeHHOMY KOIY
void ir go(kod)
{
switch (kod)
{
case FORWARD : // HanparneHue EBnepen
Serial.print ("forward\n") ;
break;
case BACK : // HanpaBnenue Hasan
Serial.print ("back\n"):;
break;
case SPEED UP : // ckopocTe++
Serial.print ("speed++\n");
break;
case SPEED DOWN : // ckopocTb--
Serial.print ("speed--\n");
break;
case LEFT : // eBneeo
Serial.print ("left\n");
break;
case RIGHT : // enpago
Serial.print ("right\n");
break;
case CIRCLE RIGHT : // xpy®eHue Brnpaso
Serial.print ("circle right\n");
break;
case CIRCLE LEFT : // xpywxe:nue Bneeo
Serial.print ("circle_left\n"};
break;
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case STOP : // cron
Serial.print ("stop\n");
break;

default:
break;

HﬂHHHﬁ CKETY MOXKHO HAiiTH B nanke examples\_20_1 COMPOBOMAANOUIETO KHHTY DJICK-
TPOHHOT'O apxHBa.



rmABaA 21

Co3paem poboTa

B npoaoskenune enaser 20 31eCk Mbl IPUCTYIHM K cO31aHuio poborta., Haw pobor npea-
cTaBiseT coOO0M ABMKYULYHOCH I'YCEHUUHYHO M1aT(opmMy ¢ BHEIIHUM YIIPABJIEHHEM yepes
HUK-nyasT. B aBToOHOMHOM peskume podoT OyaeT JABMrathbes 1o YepHo JHHHK.

21.1. XopoBasi yacTtb

Jls cOopkH X0/10B0i# HacTH podOTa HCIO/IB30BAITMCh:

O wnabop rycenmn Tamiya;

O nepdopupoBaHHas IacTUKoBas nadess ¢ kpenexom Tamiya 70098 Universal Plate
Set;

O neoiinoii peaykrop Tamiya,

Kommiekrauus nabopa rycenuu Tamiya (puc. 21.1) cneayiowas:

2 rycenuust no 30 Tpakos;

2 rycenuiisl no 10 Tpakos;

2 ryceHuubl no 8 Tpaxkos;

2 DonbIIKMX BEAYIIMX KoJieca;

2 DONbLIIMX IIIAKKUX KoJteca;

6 poMKOB;

Q QQQQQAQ

1 Ban 3x100 MM IeCTHrpaHHbII;
0 5 sanos 3x100 mm.

HaGop Tamiya 70098 Universal Plate Set (puc. 21.2) COCTOMT H3 MJIACTHHBI CO CKBO3HBbI-
MH MOHTQKHBIMM OTBEPCTHAMH, YITIOBBIX CKOO H Kpeneka, KOTopble M03BOMAT CMOHTH-
poBaTh MEXaHHYECKHEe KOMIMOHEHThI BO MHOMKECTBO MO3HLIMIA.

JlByxmoTopublii peaykrop Tamiya coaepkuT 1Ba MAJCHBKHX IEKTPOABHIaTela MnocTo-
AHHOIO TOKA, KOTOPbIE BPALIAIOT HE3ABHCHMBbIE 3-MHU/UTHMETPOBBIE LIECTHYTO/IbHBIE OCH.
HaGop (puc. 21.3) noszponser cobpath 4 pasiMuHbIX BAPHAHTA CABOEHHLIX PEAYKTOPOB
C pa3HbLIMH nepeaarouHsiMi uucaamu: 12.7:1, 38:1, 115:1 u 344:1.
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Puc. 21.3. HaGop agsoiHoro peaykropa Tamiya
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B nabope ucnoap3yiores 3-ponbTopbie MmoTopel Mabuchi FA-130 (#18100), kotopbie Mo-
ryT ObITh JIETKO 3aMeHEHBI Ha Oonee MouiHeie MoTOpbl Pololu. Pasmeprl kopnyca peayk-
Topa 70x60x23 mm.

XapakTepHCTHKH PeyKTOpa ClieayioLue:
HOMMHAJILHOE HanpskeHHe — 3 B
nepeaarouHoe otHoweHne — 58:1 wnm 203:1;
ckopocTh 0e3 Harpy3kH — 212 unu 60 o0/MuH:;
Tok Oe3 Harpysku — 150 MA;

TOK 10 Harpyskoit — 2100 MA:

KpyTALMi MOMeHT — 2.0 uau 7.3 kr/cMm;
JIHAMETp Baja — 3 MM;

pasmep (AxLxB) — 75x56x23 mm;

Bec — 70 r;

& 0O B8 008 8 d

00 marepua ECTEPEHOK — IMJIACTHK.

K nabopy npunaraerca noapoOHas MHCTPYKLMS W MOATOMY Mpotiecc cOopa He Bbi3biBaeT
3aTpyaHeHnii (puc. 21.4).

ATTIIT AN

LI IEN-=-X NO.97
‘5{"( ?E-ﬂ—#?-m‘?gz
Elgﬁfwggf:r‘lﬁn : TAMIYA

Puc. 21.4. [lsoiHoi peaykrop Tamiya e cbope

B pesyabrate nocie cOOpkM noaydaercs O4eHb Heruioxas matdopMa ¢ JI0CTaTOMHO
MATKMM XOJIOM M Xopouiei ynpaensemoctbio. Bua nonyuenHoit nuatdopmel npejacras-
neH Ha puc. 21.5. CraBuM CBEpPXY KOMIUIEKT JIEKTPOHHBIX KOMIMOHEHTOB poboTta M no-
JIyqaeM KOHCTPYKIHIO, M300pakeHHy1o Ha puc. 21.6.
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Puc. 21.5. Nnatdopma Tamiya e cbope

Puc. 21.6. Pobort B cBope

21.2. ApanBep asurartenen L293D

Ham HeoOxo0auMo peanunzoBarth clieayiouine aAsmikeHus pobora:
O aswKeHHe Bnepe/nazai — JBa MOTOPa KPYTATCS B OJAHY CTOPOHY:

0 asuKeHHe BAEBO/BNPABO — MOTOPbLI KPYTATCA AHMO0 B OAHY CTOPOHY C pa3Hoii CKko-
pocTbIO, JIMOO B pazHbie CTOPOHDI;

0 ABMKEHHE HA MeCTe Mo KPYTY — MOTOPLI KPYTATCH B PA3HBLIC CTOPOHKLI C OJIHOM CKO-
POCTBIO,

0 ocraHoBka — 0Da MOTOpa HE KPYTATCA.
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Jlnsa ynpasiaenus aBurateasaMH podorta HeoOXO0AHMO YCTPOHCTBO, KoTOpoe Obl npeodpa-
30BBLIBAJIO YIPABJIAIOUIME CUTHAIBI MAJIOH MOLUHOCTH B TOKH, J0CTATOYHBLIE 1S YIIPaB-
neHHa MotopaMH. Takoe yCTpOHCTBO Ha3bIBAIOT OpaliGepom O6uzameeil.

CyuiecTByeT JA0CTATOMHO MHOMO CaMbIX Pa3jiMYHBIX CXeM 715 YNpaB/ieHHA d1eKTPOIBH-
ratensaMu. OHM pazIMvaloTCs Kak MOLIHOCTBIO, TAK M 3JIeMeHTHO#H 0a30ii, Ha OCHOBe KO-
TOpOi OHW BbINOJHEeHbl. B Hawewm podore ucnons3zoBancs caMmblii npocToi apaiisep
yIpPaBJIeHHS JABHraTENSAMH, BbIMOJHEHHbIH HA MOJHOCTBLIO rOTOBOH K pabdore MHKpoOCxe-
Mme. DTa MHKpocxeMa Hasbipaetcs L293D u spnsercs oHO# W3 cambIX pacrpocTpaHeH-
HbIX MHKPOCXEM, NMPEHA3HAYEHHBIX /U181 TOH uenn, Buewmnuii Bua mukpocxemsr L293D
npejacTaeieH Ha puc. 21.7.

INFUT 1 | - | OUTPUT 1
h_‘, ! 4 or

i i MOTOR 1

ENABLE1

—_ ', o

INPUT 2 A QUTPUT 2

—_ 0

Puc. 21.7. Mukpocxema L293D Puc. 21.8. MNoaknioyexnne mukpocxems L293D

Mukpocxema L293D copepxur cpasy jaea japaiisepa Ui yrpaBieHUs 1eKTpojBUrare-
naMH HeGOIBLLIONH MOLIHOCTH (Y€Thipe HE3aBUCHUMBIX KaHasla, 00beMHEHHBIX B JIBE Na-
pb1). OHa umeeT JiBe napbl BXOAOB JUIA YNPABISIOUIMX CHIHAJIOB U JIBE NMapbl BBIXOA0B
VIS NOAKI0YeHNd wekTpomoTopoB. Kpome Toro, y L293D ectes aBa BXoja 118 BKJIHOYE-
HUA KaKIA0ro W3 ApaiBepoB. DTH BXOJAbl MCMOAB3YIOTCA JUIA YNPABICHHA CKOPOCTHIO
BpallleHHA MNIEKTPOMOTOPOB ¢ MOMOULLIO HPOTHO-MOAyaupoBanHoro curuana (LLIUM).
Mukpocxema L293D obecneunBaer pasjieieHue IEKTPONHTAHUA /LI MHKPOCXEMbI H
NS YOPaBAseMbIX €10 JBHrartesei, 4To Mo3BO/ifeT MOAKIIOUYHTE IEKTPOABHIaTe/IH
¢ OONBLLIMM HANPAKEHUEM NMUTAHKUSA, YEM Y CaMO MUKpocxeMmbl. Pasienenune anekrponu-
TAHUA MMKPOCXEM M DJIEKTpOJABHraresed MoxkeT ObiTh Takke HeoOXOAMMO Ul yMeHb-
LIEHUA TIOMEX, BbI3BAHHLIX OPOCKAMH HAIpAKEHHS, CBA3AHHBIMM ¢ paboTOH MOTOPOB.
[Hpunuun paborsl Kama0ro U3 apailBepoB, BXOAAUIMX B COCTAB MHKPOCXEMbI, HIEHTH-
YEH, NOITOMY PACCMOTPUM €ro Ha NpUMepe OIHOro W3 HUX (puc. 21.8).

K BeIXOAaM OUTPUTL M OUTPUT2 MOAKTIOYMUM MEKTPOMOTOP MOTORI. Ha Bxoa ENABLEL,
BKJIIOYAIOLHIA JIpaiBep, 101a/IMM CHIHAl (COCIMHUM € MOJIOKHUTE/IbHBIM [TOJIKOCOM HC-
TouHHKa nuTanus +5 B). Ecan npu 9T70M Ha BXO/BI INPUTL M INPUT2 HE MOAAKOTCH CHIHA-
J1bl, TO MOTOp BpalllaTbes He Oy/Ier.



276 Yacme lII. lNpakmuveckoe npumexHeHue Arduino

Ecau BXoa INPUT1 COEIMHHMTE C MOJOKHTENBHLIM MOIIOCOM HCTOYHMKA MHTAHUA, 4 BXOJ
INPUT2 — € OTPHLATENLHBIM, TO MOTOpP HauHer Bpawarscs. Teneps nonpodyem coeau-
HUTHL BXOJl INPUT1 € OTPHUATEIBHBIM [OJHOCOM HCTOYHHKA IMHTAHWA, a BXOJ INPUT2 —
¢ monokuTeNbHbIM. MoTOp HauHeT Bpawiarbes B Apyryio ctopoHy. [lonpobyem noaats
CHIHAJIBI OJIHOrO YPOBHS cpa3sy Ha 00a ynpasasiomMX BXo/la TNPUT1 U INPUT2 (COCAMHHTD
00a BXOAa ¢ MOJOKHTEIbHBIM TOIIOCOM MCTOYHHKA MUTAHHUA WIH C OTPHLIATEIbHBIM) —
MOTOp Bpawarbes He Oyaer. Eciiv Mbl yOepem cHruan ¢ Bxoja ENABLEL, TO MPH J00bIX
BAPHAHTAX HAJIMYMA CHIHAJIOB HA BXOJAX INPUT1 M INPUT2 MOTOp Bpaulatbcs He Oyaer.
TH BXO/1bl HCTIOJB3YIOTCSH Ul VIIPABICHUS CKOPOCTBIO MOTOPOB € MOMOULBIO LIHPOTHO-
Mo aviupoeadHoro curdana (LLIMM).

Haznauenue poiBojioB Mmukpocxemsl L293D npeacrasneno Ha puc. 21.9.

enanLer [+ 18] ves
wput1 ]2 151 wPuT 4
eutput1 ]2 14[] outrPuT 4
eno [a 1] Gno
ano []s 12] ono
outpur2 e 1| output 3
npur2 47 11 weur 3
ve [l s] enasLE 2

Pwuc. 21.9. Haanavenue euiBogoB mukpocxems L2930

BKD,[[I:-[ ENABLEI H ENABLEZ OTEBEYAKOT 33 BKJIKOUEHHE KAXK 00 H3 ,‘lpﬂﬁBEpﬂE, BXOJOALIIHX B
COCTAE MHKPOCXCMUBI. Bxoael INPUT1 M INPUT2 VOPARJIAKOT JABHIaTe/IeM, NOAKITKYECHHBIM
K BbIXO/JlaM OUTPUT1 W OUTPUT2. BXoabl INPUT3 M INPUT4 VpapiasrOT JABHIaTEIIEM, noj-
KJIKOYEHHBIM K BbIXOJIaM OUTPUT3 M OUTPUT4. KOHTAKT Vs COEIMHAEM C MOJIOKHTEIbHBIM

MOMOCOM HCTOYHHKA AMEKTPONHUTAHHA JABUraTesneH WM MPOCTO C MOMOKHTENLHBIM M0-
JMOCOM MUTAHKUSA, €CJIH MHUTAHHE CXeMbl W aABHraresneit egunoe. [lpoiue ropops, TOT KOH-
TAKT OTBEYAET 3a NUTaHUe eKTpoaBurarelieil. KOHTakT vss COeHHAEM C MOJOKHTE b=
HBIM [OJIKOCOM MCTOUHMKA 1TMUTAHMS. DTOT KOHTAKT ODecreyrBaeT nuraHue caMoi MHK-
pocxembl. Yerbipe KOHTakTa GND coeauHstorT ¢ "semied" (oOwmM npoBoaom MM
OTPHLIATETbHBIM MOJKOCOM HCTOYHHMKA NMUTaHKUA ). Kpome Toro, ¢ noMollbio 3THX KOHTaK-
TOB 00bIYHO 00ECNEeUHBAIOT TEIIOOTBO/L OT MHKPOCXEMbI, MOITOMY MX JIy4llie BCero pac-
MauBaTh Ha JOCTATOMHO LHPOKYIO KOHTAKTHYIO TUIOLIAJIKY.

XapakrepucTHKH Mukpocxemsl L293D cneayroume:

O wuanpsazxenue nutanua apurareneii (Vs) — 4.5-36 B:

O HanpsaxeHue NUTaHua MUKpocxemsl (Vss) — 35 B:

O A0nyCcTHMBbIH TOK HArpy3ku — 600 MA (Ha KaxKabli kanan),

O NUKOBLIH (MAKCUMAILHBIA) TOK HA BhIXOe — 1,2 A (Ha Kaxkabli Kanan),
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O noruvueckuii "0" BxoaHoro HanpsxkeHus — a0 1,5 B:
O noruveckas "1" Bxoanoro Hanpsixkeuus — 2,3...7 B;
0 ckopocThk nepexkarodeHui 1o S5 kl w;

0 uMeeTcs 3alMTa OT Neperpesa.

MPUMEHAHHE

Mpw ucnonb3oBaHnK aHanorM4yHon Mukpocxemsl L293E AoNyCTMMbIM TOK Harpy3kn Ha Kax-
Abiv kaHan byner paseH 1 A (a NUKoBbIA TOK — 2 A), HO NPUMAETCA UCNOMNbL30BaTL BHELLHUE
3aluTHbIe AWoabl, KoTopble ¥ L293D BCTpoeHb! B caMy MUKDOCXEMY.

21.3. MaccusB
BO3MOXHbIX COCTOSAHUA MOTOPOB

Homepa KOHTakTOB (MHMHOB), K KOTOPBIM MOAKIOYEHbI MOTOPYHKH. OVaeM XpaHHTb
B CTpYKTYpe MOTOR (HeTHHT 21.1).

Nuctunr 21.1

struct MOTOR // cTpykTypa LA XpaHeHMA HOMEpPOB pinos
{
int inl; // INPUTI
int in2; // INPUTZ2
int enable; // ENABLE]
H
// onpenendeM NopTh, K KOTOPHM NONKIIOYEHH MOTODYMEM
MOTOR MOTOR1 = { 13, 12, 5 }:
MOTOR MOTORZ = { 7, B, & };

IMoakmouenne nnatsl Arduino k apaiisepy apurareneii LL.293D npoussoauTcs coriiacHo
Tabdn. 21.1.

Tabnuuya 21.1. Modkmovernue Arduino u mukpocxembl L2930

KonTakTe! nnatel Arduino KoHTakTbl MuKkpocxemb! L293D
5 9
6 1
7 2
8 7
12 10
13 15
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Bxoabl ENABLE1 W ENAELEZ HCMOJB3YIOTCA U1 YIPaBIEHHUA CKOPOCTbIO MOTOPOB € IO-
MOLUBIO LWHPOTHO-MOAY/IHpOoBaHHOTO curnana (LLNUM):

analogWrite (MOTORl.enable, speed):;

rae speed = 0...254.

DKCNEePUMEHTANILHO YCTAHORJIEHO, YTO MMPH 3HAYEHHH speed < 130 MOTOpBI HEe MOTyT
CABHHYTL poboTa ¢ Mmecta. [Toatomy OyneM OpHEHTHPOBATHCA HA MHHHUMAIBLHOE 3Haue-
HHe speed =[50 (npu 3TOM 3HaueHuu podOT ciaBuraercs ¢ mecra). Jlng yesenwde-
HH/YMEHBIIEHHUs CKOPOCTH BbIOepeM 3Hauenue wwara, pasHoe 20. Jlna yaodersa ynpas-
neHHs pobOTOM CO3/1a/IMM CTPYKTYPY TEKYLLEro coctosaHus Motopos podbora. Co3naaum
TAKKE MACCHB COCTOAHHMI MOTOPOB /U1 BCEX BO3MOMKHBIX COCTOAHWH podota (JMc-
THHr 21.2). 3aeck TpedyioTes HeKoTopble nosicHeHus. [1yctb cocrosHme POZ12={ml, m2,dl}.
g o B

O arrpoz[0] [ml] — COCTOSAHHE BXO/a inl NEPBOro MOTOpA;
O arrpoz([l] [ml] — COCTOSAHHE BXOAA in2 MEPBROro MOTOPA,
O arrpoz[2] [ml] — COCTOSAHHE BXOJA enable MEpPROTO MOTOPA.
0O arrpoz[3] [m2] — COCTOAHHE BXOAA inl BTOPOIo MOTOpA;

0 arrpoz[4] [m2] — COCTOAHHE BXOJA inZ BTOPOIro MOTOpA,

0 arrpoz (5] [m2] — COCTOAHHE BX04a enable BTOPOro MOTOpA.
PaccMoTpuM cocTosHMe POZ12={6, 6, 6} (CM. IMCTHHT 21.2):

0 arrpoz[0] [€]=0] arrpoz[l] [6]=0] arrpoz[2] [6]=0]

0 arrpoz[3] [6]=0; arrpoz[4] [6]=0; arrpoz[5] [6]=0]
PHCCMDTPHM COCTOAHME POZ12={10,10,10}:

0 arrpoz[0] [10])=1; arrpoz[l][10]=0; arrpoz[2](10]=210;
0 arrpoz|3) |10)=1, arrpoz (4] [10])=0; arrpocz|5] [10]=£10.

B stom cayuae oba moTopa KpyTaATcA B OAHY CTOpOHY — cKopocTk 83 % (210/254)
OT MaKCHMAILHOM, IBMJKEeHHE poboTa Bniepe/.

Eme MpUMEpP: COCTOAHHE POZ12={10,7,10}:
O arrpoz[0][10])=1; arrpoz([l])[10]=0; arrpoz[2]([10]=210;
0 arrpoz([3][7]=1; arrpoz[4][7]=0; arrpoz[5] [7]=150.

31eck nepeblit MOTOP KPYTUTCS Briepe/l co cKopocThio 210, BTOpoi MOTOpP KpYTHTCH Brie-
pea co ckopoctbio 150, 1. e. obecneunBaeTcs NOBOPOT (JOCTATOMHO KPYTOH) BRpago.
Jlns yBeIMUEHHMA KPYTH3HbI HY/KHO YBEJIMUMBAThL PA3HULLY MEHK/LY 3HAYEHHAMHU ml M m2,

Jlna Bpawenus poboTa Ha MECTE BIEBO HIIM BIPABO HEOOXOAMMO YCTAHOBHTL 3HAYEHHA
ml M m2 HA PABHOM CMEUIEHHH OT 6 B pazHble CTOPOHBI — Hanpumep, m1 =2 U m2 = 10
(Bpawenue Brnpapo co ckopoctoio 210) unu mi =8 U m2 =4 (BpalleH1e BIEBO CO CKO-
poctbio 170). 3HaueHHA arrpoz([6][], arrpoz(7][] M arrpoz([8] (] Mbl pa3depem no3a-
Hee.
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Nuctunr 21.2

// cocrosHMe MOTOpOE pobGoTa

struct POZ // cTpyxTypa ONA XpaHeHMs CTATyCOB MOTOPOB

{
int pozl; // nozuuma mna 1 moropa
int poz2; // nosuums ona 2 MoTopa

int directionl2; // HanpaeneHMe OO NOBOPOTa (NO3MUMA)

bi
// MACCMB BOZMOXHLIX COCTOAHMIA MOTOPOB
// max down -> min down => stop => min up =-> max up
int arrpoz[9] [15]={

// inl nepsoro moTopa

{g,o,9,9,0,0,0,1,1,1,1,1,1},

// in2Z nepeoro MoTopa

{1,1,1,1,1,1,0,0,0,0,0,0,0},

// cropoctu (enablel) nepeoro mMoropa
{250,230,210,190,170,150,0,150,170,150,210,230,250},
// in3 sToporo moTopa

{0,0,0,0,0,0,0,1,1,1,1,1,1};

// ind BTOpOrO MOTOpPa

{1,1,1,1,1,1,0,0,0,0,0,0,0},

// cropoctn (enablel) BTCpOro MoTopa
{250,230,210,150,170,150,0,150,170,1%90,210,230,250},
// cxopocTe++

{0,-1,-1,-1,-1,-1,0,1,1,1,1,1, 0},

// cropocTb--

{-1,-1,-1,-1,-1,-1,0,1,1,1,1,1,1},

// kpy®eHue BIeBO-ENPaBO
{12,10,8,6,4,2,0,-2,-4,-6,-8,-10,-12}

bi
// HadaneHasa nosmuua pobora
/) 1,2 MOTOp = BHKIKUEHH
POZ POZ12=(6,6,6);

21.4. Pa3paboTka ckeTtya AgBMxKeHUn pobora

Ipuctynum k paszpaboTke ckeTya JABHAKEHHH poOoTa no KoMauaam (NMpH noayueHHH KO-
nos) ¢ UK-nyaeTa. [lpoueaypa loop () nposepseT, noayueH v koa ¢ HK-nyasta. Ecnn
NoJIyueH, BbI3bIBAETCA npoueaypa ir go(). [lpoueaypa usMeHser 3HaueHHs nepeMeHHbIX
B CTPYKTYpe TEKYIero coctofauus Motopor pobora roz. Copepaumoe npoieaypsl rnpm-
BejieHo B ieTuhre 21.3. Ha nanHol craaun, uid otnaaku, 0yaeM BhIBOAHTL B MOHHTOP

NoCae10BATC/IBHONO NMOpTa TCKYLUIHE J1C HCTBUA p(}ﬁﬂTﬂ.

PaccMOTpUM Ha3HAYEHHME NEPEMEHHON directionl? cTpykTYphl 20z, [lpn BeIDOpE nBH-
AKeHua poborta Bnepea wav Haszaa (kaasmwamu T W ) no npamMod M npu ysejinue-
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HUW/YMEHbIIEHUH CKOPOCTH 3HAYeHHe IepeMEeHHON direction PaBHO 3HAYEHHSAM pozl
H poz2.

Nuctunr 21.3

// ofpaGorTka Kona HaxaTus
void ir_go(long kod)

{

switch (koed)

{

case FORWARD : // HanpaeBneHMe EBnepen
Serial.print ("forward\n");

POZ12 .directionl?=max (POZ12.directionl?,8);
POZ12.pozl=P0Z12.directicnl2;
POZ12.poz2=P0Z12.directiconl?;

gol2 (POZ12.pozl, POZ12.poz2);

break;

case BACK : // HanpaBnenue Hasan
Serial.print("back\n"};
POZ12.directionl2=min (P0Z12.directionl?, &) ;
POZ12.pozl=POZ12.directicnl2;
POZ12.poz2=P0Z12.directionl2;

gol2 (POZ12.pozl,POZ12.poz2);

break;

case SPEED UP : // cxopocTh++

Serial.print ("speed++\n");
POZ12.directionl2=P0OZ1Z.directionl2+arrpoz(6] [POZ12.directionl2];
POZ12.pozl=P0Z12.directicnl2;

POZ12 .poz2=P0Z12.directicnl2;

gol2 (POZ12.pozl, POZ12.poz2);

break;

case SPEED DOWN : // ckopocTb--
Serial.print ("speed--\n");
POZ12.directionl2=P0Z12.directionl2-arrpoz (7] [POZ12.directionl2];
P0Z12.pozl1=P0Z12.directionl2;
P0OZ12.poz2=P0Z12.directiocnl2;

gol2 (POZ12.pozl, POZ12.poz2);

break;

case LEFT : // Bneero

Serial.print ("left\n");

if (POZ12.directionl2>6)

{

P0OZ212.pozl1=P0Z212.pozl~-1; POZ12.pozl=max (POZ12.p0ozl,0);
POZ12.poz2=P0Z12.directionl2;

}
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else

{
POZ12.pozl=P0Z12.pozl+1;P0OZ12.pozl=min(P0OZ12.pozl, 14);
POZ12.poz2=P0Z12.directionl?2;

}

gol2 (POZ12.pozl, POZ12.poz2)

break;

case RIGHT : // Bopaeo

Serial.print ("right\n");

if (POZ12.directionl2>8)

{

POZ12.poz2=POZ12.poz2-1; POZ12.poz2=max (POZ12.poz2,0);
POZ12.pozl=P0OZ12.directionl2;

}

else

{

POZ12.poz2=P0Z12.poz2+1;P0OZ12.poz2=min (POZ12.poz2,14);
POZ12.pozl=P0Z12.directionl2;

}

gol2 (POZ212.pozl, POZ12.poz2);

break;

case CIRCLE RIGHT : // xkpyxesuue Bnpaso
Serial.print("circle right\n");
POZ12.pozl=POZ12.directionl2;
POZ12.poz2=POZ12.directionl2+arrpoz[8] [POZ12.directionl2];
gol2 (POZ12.pozl,POZ12.poz2);

break;

case CIRCLE LEFT : // xpyxeHue BneBo

Serial.print ("circle left\n");
POZ12.pozl=P0OZ12.directionl2+arrpoz[8] [POZ12.directionl2];
POZ12.poz2=P0Z12.directionl2;

gol2 (POZ12.pozl, POZ12.poz2);

break;

case STOP : // cron

Serial.print("stop\n");

POZ12.pozl=0;

POZ12.poz2=0;

POZ12.directionl2=0;

gol2 (POZ212.pozl, POZ12.poz2);

break;

default:

break;

}

}

[MonnocTbio ckeTy aABMKenHit poGoTa npu ynpaenenun ot MK-nysnera Haxoaures B nan-
Ke examples\_21_1 CONPOBOMNKAAIOLIETO KHHI'Y 2JIEKTPOHHOI'O apXHBa.



282 Yacme lll. MNpakmuyeckoe npumeHeHue Arduino

21.5. iBuxxeHune poboTa no nMHumn
B aBTOHOMHOM pexume

YroObl Hall NMpPOEKT npeBpaTuics B podoTa. HEOOXOAHMO A00ABHTL IS HETO PerkKHM
OCMBIC/IEHHBIX JeicTBHII B aBTOHOMHOM pexkume. llpeayecmorpum nepexon podora u3
peKMMa BHELUHErO YIPaB/IEHUS B aBTOHOMHbLIH pesuM KM 00paTHO 10 HAMKATHH KJIABHLL
<1> u <3> na UK-nynere. g storo no6apum B CKeTY JIB€ KOHCTAHTBI:

#define EXT 16 // "1" - nepexoln B peXxuM BHEWHEeIo YNPaBIeHUS

fidefine LOCAL 1040 // "3" - nepexon B aBTOHOMHEIT peXMM
[Ipu nepexone B aBTOHOMHBIH pekuMm podOT nepecraer pearMpoBaTh Ha BCe KO/bI, M0-
CTyIMarvouMe ¢ HK-H}"ﬂbTﬂg KpOME KO/la 1nepexoia B peiiM BHCUIHETO VIIPpABJICHHA.

B aBroHOMHOM pesxume poOOT OyaeT noka HenpepbiBHO JABMIaThCs MO YEPHOM JIMHHUM,
HAPHCOBAHHOM Ha NOBEPXHOCTH ABHKeHHA. [na obecnieuenus aBukeHus podboTa o 3Toi
JIMHUHM MPUMEHNM aaTurKkHK "yepHoe-0enoe" Tvna OR-BWSENS (puc. 21.10).

v vz

BHUSENS BHUSENS

Puc. 21.10. fatunkn OR-BWSENS

JlaTumkH ycTaHaBnMBaloTca Ha podoTa, Kak nokasaHo Ha puc. 21.11. Beicota natuMkos
OT NOBEPXHOCTH — 15 MM,

Puc. 21.11, Ycranoska paryvkos OR-BWSENS na nnatcdopmy pobora



nasa 21. Cozdaem poboma 283

Jlna pabotel ¢ matunmkamMu WcnonbdyeM Arduino-OMOnHMOTeKY PololuQTRSensors, KOTO-
PYIO MOAKHO CKauyaTh co cTpaHuibl https://github.com/pololu/qtr-sensors-arduino. DTa
OnbnHoTeKa HAXOAWTCH W B narnke libraries\QTRSensors COMPOBOKAAIOLIEr0 KHUIY JJIeK-
TPOHHOI'O apXHBa.

Hrak, noakmouaem GHOIHOTEKY K MPOEKTY:

// maTumrm uyepHoe-Genoe

#include <QTRSensors.h>

#define NUM SENSCRS 4 // xon-eo ceHCOpOB
#define TIMEOUT 2500 // 2500 mc

#define EMITTER PIN QTR NC EMITTER PIN

[lponuceiBaeM KOHCTAHTBLI: KOJIHYECTBO AATYMKOB, BpeMs OXKHMIAHHUA pa3spAlAKH KOHIEH-
CaTopoB, NapaMeTp EMITTER PIN.

Jlanee co3naem sx3emmaap obbekta. Jlns undpossix:

QTRSensorsRC qtrrc((unsigned char(]) {(Bl,...,Bn},NUM SENSORS,
TIMEOUT, EMITTER PIN);

unsigned int sensorValues[NUM SENSORS];

rae:

O =1, .... Bn — nuHBI Arduino 1714 NOAKIIOYEHHA CEHCOPOB:
0 nUM SENSORS — KOJIMYECTBO CEHCOPOB;

0O TiMeEOUT — BpEMHA OAKHIAHHA PAZPAZIKA KOHJIEHCATOPA JIATUYHEKA.

YTOYHEHHWE

"MpwHumn pabotel gatymka: 3ambikaem Ha 500 mkc (Ana sepcun 1 gaTinka — Ha 2500 mkc)
CUrHaNbHYK NUHWIO AaTYMKA Ha 3eMNI0, pa3spaxXas koHaeHcatop. [lenaem CUrHankHylo nu-
Huo Bxogom ana MK (T. e. nepectaem ee noATArMBaTL K «38MNE» UNKW K NMTAHUIO) U XOEM
CKONbKO-TO BPEMEHM, NOKa Yepe3 OTKPbLITLIA, B 3aBMCHMMOCTM OT OTpaxaioLwei cnocobHocTn
nosepxHocTh B cnektpe WK-nanyyeHus W paccTORHWA 00 NOBEPXHOCTW, ONToAATYMK 3a-
pPAAWTCA KOHAEHCAaTOp, 3amMepaeM, 4To Ha Bbixoae ¢ aarduka: 0 wnu 1" (M3 nHCTpyKUuMKM ana
aatymkoe OR-BWSENS).

O EMITTER PIN— QTR NO EMITTER PIN.

Janee B npoueaype setup () — KaaumbpoBKa JaTyMKa:

for (i = 0; i < 400; i++)
{

gtrrc.calibrate();

}

M B OCHOBHOM LIHKJIE — CHHTBIBAHHE NOKA3aHWH J1aTUHKOB:

unsigned char i;

for (1 = 0; i < NUM SENSORS; i++)

{

Serial.print (sensorValues[i] * 10 / 1001);
Serial.print("' ");

}
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YepHnas nuHua BblJaBasa nokazaHus — 24 (sensorValues([i] * 10 / 1001), Oenbli

auer — 0-2.

OcTaeTcs TOJNIbKO pealn30BaTh ABHIKEHHE 110 YEPHOM JIMHUHM.
Coznaem apa pesxkuma pabotbl podora:

) BHeElIHEe yrpaBlIeHHE;

O aBTOHOMHBIH (JABHAKEHUE MO JIMHUK).

Jna storo pobaengem ana UK-nyaera e kiapuuim:

fdefine EXT 16 //"1" - nepexon BO EHellHee YIpaBleHHe
fdefine LOCAL 1040 //"3" - aBTOHOMHEII DeXiM

M nea ncepnokona (npu Hae3le Ha HYEPHYIO JIMHUIO NEPEHUM JIEBLIM U MEpPeaHUM rpa-
BBIM JIATUHKOM ):

#define LOCAL LEFT 9997 // nna nosopora no QTR
#define LOCAL RIGHT 9998 // mna nosopora no QTR

[Mpu cpabarbiBaHkMKM JATYHMKOB BBIJAEM B OCHOBHOM LMK/ Mporpammbl cpadarsiBaHue
MCEBAOKO/IOB, W MporpaMma ir go() NMEpeBOAMT MX B aABWkeHHA. CoaepikHMoe ckeTua
npuBeaeHo B McTHHTE 21 .4,

Nuctunr 21.4

// noowmouenme OuGMMOTEeKkM irremote
#include <IRremote.h>

//Bxon MK-npueMHMka

int RECV_PIN = 2;

IRrecv irrecv(RECV_PIN);
decode_results results;

unsigned long ir dt, old ir;

long ir kod;

unsigned long ir timel, ir timel;
// xomu xnasmm MK-nyneTa (marmitek)
f#define FORWARD 1936

fdefine BACK 3984

f#define SPEED UP 144 //ch+

#define SPEED DOWN 2192 //ch-
f#define LEFT 3472

fdefine RIGHT 1424

f#define CIRCLE LEFT 3216 //vol+
#define CIRCLE RIGHT 1168 //vol-
#define STOP 2320 //0

fdefine EXT 16 //1

#define LOCAL 1040 //3

#define LOCAL LEFT 9997 // nna nomopora no QTR
f#define LOCAL RIGHT 9998 // nna nosopora no QTR
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int local=0;

// cocTrosHme MOTOpOB pobSoTa
struct POZ // cTpykTypa ONA XpaHeHMA CTaATyCOB MOTODOB
{

int pozl; // noamuma gna 1 uoTopa

int poz2; // nosmuma mna 2 moTOopa

int directionl2; // HanpaBneHue OO0 NoOBOPOTa

int gtr(4): //

long millisl[4]; // ana paTunMkoe 4YepHoe-Denoe (MKcauMa NoABNeHMa Oenoro
bi

// moropu

struct MOTOR // cTpyKTypa IJIA XPaHeHMA HOMEpPOB pin-oB, K KOTOPEM MNOOKITOYEHH
MOTOPYMKM

{
int inl; // INPUT1
int in2; // INPUT2
int enable; // ENABLE1
i
// onpenenseM NoprH, K KOTOPEM MNOOKIIOYEHH MOTOPYMEM
MOTOR MOTOR1 = { 13, 12, 5 };
MOTOR MOTORZ = { 7, B, 6 };
// HauaneHasa nosuuusa pobora
// 1,2 MOoTOp - BHKIIOWEHH
POZ POZ12={7,7,7,(0,0,0,0},{0,0,0,0}};
// MAcCCMBE BO3MOXHEIX COCTOAHMIA MOTODOB
// max down -> min down -> stop -> min up -> max up
int arrpoz([9][17]={
// inl nepmoro MoTOpa
[0;0;0,0,0,0;0;0; 11,1 1.1;1:4),
// in2 nepmoro moTopa
(1;1,1,1,1,1,1,0,0,0,0,0,0,0,0};
// cropoctu (enablel) nepeoro Moropa
{250,230,210,190,170,150,130,0,130,150,170,1590,210,230,250},
// in3 Broporo moTopa
{o,o,0,0,0,0,0,0,1,1,1,1,1,1,1},
// ind4 mToporo moropa
115, 1 1 10 150,0.0;0,0.0,0,0;
// ckopocru (enable2) sBTOpOro MOTOpa
{250, 230,210,190,170,150,130,0,130,150,170,1%0, 210,230,250},
// cropocTbs++
{0,-1,-1,-1,-1,-1,-1,0,1,1,1,1,1,1,0},
// cropocTb--
{-1,-1,-1,-1,-1,-1,-1,0,1,1,1,1,1.,1,1},
// kpyxeHue BneBo-BNpaBo
(14,12,10,8,6;4;2,0,-2,~4,~6,-8;=10,=12,~14)
bi
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// naTumku yepHoe-Oenoe

#include <QTRSensors.h>

fdefine NUM SENSORS 4 // wxon-Bo ceHcopoB

f#define TIMEQUT 2500 // 2500 mc

#define EMITTER PIN QTR NO EMITTER PIN //

// BHBOOH IR OaTUMKOB

// nepen neewin 9, nepen npasedt 4, 3an meselt 11, =3anm npaseir 10

QTRSensorsRC gtrrc((unsigned char(]) {4,9,10,11}, NUM SENSORS, TIMEOUT,
EMITTER_PIN) ;

unsigned int sensorValues[NUM SENSORS];

void setup()

{

Serial.begin(9600);

delay (500) ;

int i;

pinMode (13, OUTPUT);

digitalWrite(13, HIGH); // turn on LED to indicate we are in calibration mode
for (i = 0; i < 400; i++) // make the calibration take about 10 seconds

{

qtrrc.calibrate(); // reads all sensors 10 times at 2500 us per read
{i.e. ~25 ms per call)

}
digitalWrite(13, LOW); // turn off LED to indicate we are through
with calibration

for (i = 0; i < NUM SENSCRS; i++)

{
Serial.print{gtrrc.calibratedMinimumOn(i]);
}

// print the calibration maximum values measured when emitters were on
for (i = 0; i < NUM SENSCRS; i++)

{
Serial.print(gtrrc.calibratedMaximumOn(i]);
Serial.print(' ');

}

Serial.println();

delay (1000);

// BRMOYUTE NPUEeMHMK

irrecv.enablelRIn{();

// npepuBanua mna MK

ir timel=0;ir_time2=0;

attachInterrupt (0, get_ir kod, FALLING);

// HacTpauBaeMm BLIBOOE ONA MOTOROBR

pinMode (MOTOR1.inl, OUTPUT);

pinMode (MOTOR1.in2, OUTPUT);

pinMode (MOTOR2.inl, OUTPUT):

pinMode (MOTOR2. in2, OUTPUT);
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// nauanshHas nosuums - poBoT CTOMT
gol2 (POZ12.pozl,POZ12.poz2);

}

void loop()
{
// oBpaBorxa kona HaxaTUAa
if (ir kod>0)
|
ir go{ir keod);
//Serial.println(ir_kod);
ir _kod=0;
}
// ecmu ynpaeneume local - npoBepka OATYMKOB
if{local==1)
{
unsigned int position = gtrrc.readLine (sensorValues):;
gtrrc.read(sensorValues);
for (int i = 0; 1 < NUM_SENSORS; i++)
{
int gtrv=0;
if (sensorValues[i]*10/1001==24) qtrv=l1;
if (POZ12.qgtx[i] '=qtxVv)
(POZ12.gtr(i]=qtrv;POZ12.millisl[i]=millis{();}
}
if(POZ12.qtr[0]==1)
ir kod=LOCAL RIGHT;
else if (POZ12.qtr(l]==1)
ir kod=LOCAL LEFT;
else
ir kod=LOCAL;
if (ir_kod>0)
{detachInterrupt (0) ; local=0;
ir go(ir_kod);
local=1;attachInterrupt (0, get ir kod, FALLING);}
}
delay(100) ;
}

J// nonyuuTe kom, nepenaHHelt ¢ MK-nyneTa
void get_ir kod()
|
detachInterrupt (0); // orkmouurh npepueanue 0
if (irrecv.decode(&results))
{
if (results.value > 0 && results.value < OxFFFFFFFF)

(

ir dt = results.value;
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ir time2=millis():

ir kod=ir dt;

Serial.println(ir kod);

}

irrecv.resume();

}

attachInterrupt (0, get ir kod, FALLING);

}
// nepeycTaHOBKa MOTODOB
void gol2 (int pozl, int poz2)

{

digitalWrite(MOTOR1l.inl, arrpoz[0][pozl]);
digitalWrite (MOTOR1.in2, arrpoz([l][pozl]);
analogWrite (MOTORl.enable, arrpoz([2] [pozl]);
digitalWrite (MOTORZ.inl, arrpoz[3](pcz2]);
digitalWrite (MOTOR2.in2, arrpoz[4]([poz2]);
analogWrite (MOTORZ.enable, arrpoz[5][pozi]);

// ofbpaborka xoma HaxaTHA
void ir go(long kod)

{

if (kod!=EXT && local==1)

return;

switch (kod)

{

case LOCAL : // BHeuwHee ynpaBfieHMe BRIIOYATH
POZ12.directionl2=10;P0OZ12.pozl1=10;P0Z212.poz2=10;
gol2(10,10) ;local=1;

break;

case LOCAL LEFT : //
POZ12.directionl2=8;P0Z12.pozl=7;P0OZ12.poz2=8;
gol2 (POZ12.pozl,POZ12.poz2);

break:

case LOCAL RIGHT : // no paTumky Bnpago
POZ12.directionl2=8;P0Z12.pozl=8;P0Z12.poz2=T;
gol2 (POZ12.pozl, POZ12.poz2);

break;

case EXT : // BHewHee ynpaBleHMe BKIIOUUTH
local=0;

break;

case FORWARD : // HanpasneHue Bnepen
POZ12.directionl2=max (POZ12.directionl2,8):
POZ12.pozl=POZ12.directionl2;
POZ12.poz2=POZ12.directionl2;

gol2 (POZ12.pozl, POZ12.poz2);

break;



aea 21. Cozdaem poboma

289

case BACK : // HanpaeneHWe Haszapn
POZ12.directionlZ=min(POZ12.directionl?2,6);
POZ12.pozl=P0OZ12.directionl?2;
POZ12.poz2=P0212.directionl2;

gol2 (POZ12.pozl, POZ12.poz2);

break;

case SPEED UP : // ckopocTe++
POZ12.directionl2=P0Z12.directionl2+arrpoz (6] [POZ12.directionl2];
POZ12.pozl=P0OZ12.directionl?2;
POZ12.poz2=P0Z212.directionl2;

gol2 (POZ12.pozl, POZ12.poz2);

break;

case SPEED DOWN : // ckopocTb--
POZ12.directionl2=P0Z12.directionl2-arrpoz (7] [POZ12.directionl2];
POZ12.pozl=POZ12.directionl2;
POZ12.poz2=P0Z12.directionl2;

gol2 (POZ12.pozl,POZ12.poz2) ;

break;

case LEFT : // Bneso

if(POZ12.directionl2>T)

{

POZ212.pozl=P0212.pozl-1;P0212.pozl=max (POZ12.pozl,0);
POZ12.poz2=P0Z12.directionl2;

}

else if (POZ12.directionl2<7)

|
POZ12.pozl=P0Z12.pozl+1;POZ12.pozl=min(POZ12.pozl, 14);
POZ12.poz2=P0Z12.directionl2;

}

gol2 (POZ12.pozl, POZ12.poz2);

break;

case RIGHT : // Bnpaeo

if(POZ12.directionl2>7)

{

POZ12.poz2=P0Z12.poz2-1;P0212.poz2=max (PO212.poz2,0);
POZ12.pozl=POZ12.directionl2;

}

else if (POZ12.directionl2<?)

{

POZ12.poz2=P0212.poz2+1;P0Z212.poz2=min (POZ12.poz2,14);
POZ12.pozl=P0Z12.directionl2;

}

gol2 (POZ12.pozl, POZ12.pozl);

break;

case CIRCLE RIGHT : // kpyxeHue ENpapo
P0OZ12.pozl=P0Z212.directionl2;
POZ12.poz2=P0Z12.directionl2+arrpoz[8] [POZ12.directionl2];
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gol2 (POZ12.pozl,POZ12.poz2);

break;

case CIRCLE LEFT : // xpyxeHue BJeBO
POZ12.pozl=P0Z12.directionl2+arrpoz[8] [POZ12.directionl2];
POZ12.poz2=P0Z12.directionl2;

gol2 (POZ12.pozl, POZ12.poz2);

break;

case STOP : // cron

POZ12.pozl=7;

POZ12.poz2=7;

POZ12.directionl2=7;

gol2 (POZ12.pozl,POZ12.poz2);

break;

default:

break;

}

}

[lonnocTeio ckeTd aBWkeHHd pobota npun HMK-ynpaBnenun HaxoauTcs B nanke
examples\_21_2 CONpOBOAKAAIOUICTO KHHIY 2JIEKTPOHHOI0 apxXHBa.
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Arduino v WwaroBble ABUraTenu

[LlaroBbie ABHTraTeIH NPEACTABIAIOT COOOH ANMEKTPOMEXaHHYECKHE YCTPOHCTBA, 3aa4ek
KOTOPBLIX fABAAETCA NpeodpasoBaHHE MEKTPHYECKHX HMITYJIbCOB B MEpeMElleHHE Basla
JIBMraTesis Ha onpeaeneHHbli yroi. Takue ABHrate/lH MMEIOT CYLIECTBEHHbIE OTIHYHA OT
OOBLIYHBLIX, YTO H ONpeaeNseT HX MCKIOYHTE/IbHLIE CBOHCTBA NMPH MCIOJAL30BAHHH B He-
KOTOPBIX 00/1aCTAX MPUMEHEHMSL.

[Laroestii apurarens (L) apnserca OeckoMNeKTOPHBIM JABHraTeseM nocTOAHHOIO TOKA.
Kak u apyrue Geckonnexropueie asurarenu, )] BoicokoHanexen n npu Haaiexaues
IKCILIYATALUHN UMeeT UIHTebHbIi cpok cayxObt. LIJ] Hauwm wupokoe npuMeHenue B
obnactu, rae Tpedyercs BhICOKas TOYHOCTL MepemMelueHnii nin ckopocti. Harnsaneimu
npusmepamu yerpoiicte ¢ L moryT cayxute npunTepsl, Gpakcel U KONUPOBA/IbLHLIE Ma-
LIMHBI, a Takke Dosee ciokHble yeTpoiicTea: ctaHku ¢ YITY (YucioBeiM nporpaMMHbIM
yrpasjieHdem), pesepHble, rpaBUPOBAIbHBIE MALLMHBI U T, J1.

ﬂUGT{]HHCTBﬂMH LIAroBbLIX JBMIraTesei no CPABHCHHIO C MPOCTHIMH ABJIAKOTCH:

O yron nosopora poropa LI/ 3aBHCHT OT YHMC/Ia NOAAHHBIX HA JABUraTellb MMYCKOBLIX
HUMITYJIBCOB;

O makcuMaibHbI MomeHT Ha Bany LIJ] paseuBaercs B peskume ocraHosa (B cliyvae,
ec/i OOMOTKHM JIBUraTells 3anuTaHb ),

) BLICOKas TOYHOCTH MO3MLIMOHMUPOBAHHA M TOBTOPAEMOCTH — KauecTBeHnHbsle 1111
MMEIOT TOMHOCTHL He Xyike 2.5 % 0T Be/IMYMHbI wara. rnpy 3ToM JaHHas owndKa He
HAKAIJIHBAeTCA NPH NOC/ICAYIONUIMX 1arax;

O HIJI moxker GI:ICTPD CTapropaTh. OCTAHAB/IHBATLECH H BLINOJIHATE pCBEpC.

0 BLICOKAA HAJAEKHOCTL JIBHraTens Dﬁ}"C.I'I{}BHEI-lH OTCYTCTBHEM UIETOK, MPH TOM CpPOK
C.ﬂ}"}l{ﬁbl JABHIATENd OrpaHHYHBACTCAH TOJILKO JIHLIBL CPOKOM Eﬂ}'}Kﬁbl MOJILHITHHKOBS

D HETKAA BIAHMMOCBA3L }’Fﬂﬂ I'IUBDP{'}TH pUTﬂpﬂ OT KOJIHHECTRA BXOJAHbLIX HMIIyanﬂB
(B WITaTHLIX pexumMax padoTbl) NMO3BOJAET BHINOAHATL MO3ZMLMOHHPOBaHKHE 0e3 npu-
MEHEeHHs 0DpaTHOM CBAZM.

O HIJ{ obGecneunsaer nojayuveHHe CBEPXHU3IKMX CKOpPOCTeH BpauleHus Basa Ui Ha-
rPY3KH, MOJBEACHHON HEMOCPEACTBEHHO K Baay ABurarens, 0e3 MCnoib30BaHMs pe-
JYKTOpA:
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O paGotator /[ B uMpokoMm auanazoHe CKOpPOCTEH, MOCKOJBKY CKOPOCTh HANpPAMYIO
3aBMCHUT OT KOJTHYECTBA BXOJAHBIX MMITYJILCOR.

HeaocraTky warossix JABHraTesIci:
O 1111 obnanaer sBaeHUEM pe3oHaHCa;

O Bo3IMOKEH BEPHEHT BbITIAACHHA JIBHUIATEIA U3 CHHXP{}HHBEHHH ﬂDCﬂEI{)’I-DLI.IEFI noTc-
peii uHdopMalK 0 NoJoKeHHH Npy padoTte 1Lenyu o0paTHOH CBA3M;

0 MpH CTAHIAPTHBIX CXCMaX MOIKIHOYCHHA KOIHYCCTBO ﬂU’T‘pEﬁJ’IREMGﬁ JHEPrHH HE
VYMEHLLUACTCH IMPH OTCYTCTEHH HAI'PY3KH,

O caokHOCTL yrnpasiaeHus npu paboTe Ha BLICOKHX cKOpocTAX (Ha camom jesne sddek-
THBHas paboTa WaroBoro JABUraTelis Ha BhICOKHX CKOPOCTAX BO3MOMKHA);

O HM3Kas VAEJIBHAA MOUHOCTE LHArOBOIro rnpueoaa;

O ans obecneuveHns 3(pGEeKTHBHOrO yNpap/ieHUs 1aroBbiM ABuraresiem tpedyercs oYeHb
C/IOMHAA CXEMa }’]'.IIJH.B.I'IEHHH.

22.1. YnpaBneHue warosbiM gBuratenem

B camom obuem suse VHpasJcHHE WAroBbIM ABHIATE/IEM CBOJAHTCH K 3a1a4¢ UTpﬂﬁDTﬂTb
ONpeac/IiCHHOC YHCJIO WAroe B HY*KHOM HalpapJI€HHH H C H}’?HH'DF{ CKOPOCTHIO.

control +5V control
1 (logic supply) 2
10K
1,2en V1 - +5V
1in 4in
1 oul 4 out
ND N 10K
H-bridge
1K —— —12 out 3 out —— 1K
2in din
V2 3.4 en = {5V
NPN transistor MPN transistor
transisto 4530 V transisto
(motor
supply)
Bipolar
stepper
motor

Puc. 22.1. Cxema nogknioYeHna Warosoro ABuraTens
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Ha 6nok ynpasnenus LLIJ] (npaiisep) nonaiotcs curnansl "caenats war" v "3aaath Ha-
npasiaenue”. Curnaasl npeactaeiaaioT coboil umnyabscel 5 B, Takue HMNyabCbl MOKHO
MOJY4HTh OT MHKpoKOHTpoJuiepa Arduino. [Uia warosoro apuraresis HeoOX0AHMO OT-
NebHOe NMUTAHWE — BLIBOJbI LArOBOrO JIBMrare/is HanpsaMyio K Beiogam Arduino noa-
Katouare Henwss. [oakmouenue L ocywecreasercs uwepes Motor Shild aubo ¢ no-
MOLIBK) MMKPOCXEMbI JpaiiBepa asuraresied — Hanpumep, L293. Cxema noakiouyeHus
npejacTaeieHa Ha puc. 22.1.

22.2. Arduino-ounbnuorteka Stepper

Jina ynpapnenus waroebim apuraresem B Arduino umeercsa crangaprHas OubiumoTeka
Stepper. Habop QyHKuuMii y Hee crieayrouuii:

O stepper();

O setSpeed():

O step().

22.2.1. ®yHkumn Stepper()

DyHKIMA Stepper () CO3AaCT HOBbIH OOBEKT KJlacca Stepper, NMPUBA3AHHBIH K OAHOMY
LIArOBOMY JIBHIraTes o, NOAKIIOUYeHHOMY K KoHTpoiepy Arduino. KoHeTpykTop cieayer
MCMONBL30BaTh NMPH 00BLABIEHHH NMEPEMEHHOH KJjlacca Stepper, OOBIMHO B caMOM Hava-
ne — BHE setup() M loop(). KoanuecTBO nmapamMeTpoB 3aBHCHT OT cnocoda nojakaove-
HHUA — 2 WK 4 BBIXO/A UCTIOIL3YIOTCS [UTA YIIPABJICHHS JIBHTaTeIeM,

CHHTAKCHC:

Stepper (steps, pinl, pin2)

Stepper (steps, pinl, pin2, pin3, pind)
[lapamerpnbi:

0 steps — KOJIHYECTBO LIANOB B IOJHOM GGDI}DTE HCTTOB3YEMOTr® JIBHIATCIA. Ecam
B JOKYMCHTAUHH K JIEHraTeiio YKaisaH yrojl oHoro wara, 1o CJieayeTr pasicl/iuTh 360°
Ha 3TOT YIroJdl, 4TO JacT HAM HCKOMOE KOJIHYCCTBO LUATIOB,

O pinil, pin2, pin3, pind — BBIXOABLI Arduino U1d MOAKIIOYEHHA IATOBOTO JIBHTATEIA.

Bo3sspaiaemoe 3HaueHHe: HOBbIH dK3eMIap oObeKTa Kilacca Stepper.,

22.2.2. DyHKUMA setSpeed(rpm)

MYHKUMA setSpeed (rpm) YCTAHAB/IMBAET CKOPOCTH BpalleHus B 000poTax B MUHYTY. DT1a
(PYHKLIMA He 3acTaBIseT [BUraTe/lb BpallaThes, a JHilb YCTaHABIMBAET CKOPOCThH Bpatle-
HHUA, KOoTOpas OyaeT UCTob30BaHa [MPH BbI30BE (PYHKLMK step ().

CHUHTAKCHC:

Stepper.setSpeed (rpm)
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[Mapamerp: rpm-— CKOPOCTb, HA KOTOPOHt OyAeT NPOW3BOAMTLCH BpallleHHEe LIArOBOro
ABUrarTes, BeipaxaeTcs B 000poTax B MHHYTY.

Buaﬂpamaemom JHAYEHHA HET.

22.2.3. DyHKUuuMA step(steps)

DyHKUMA step (steps) BpalllaeT WAroBbIA ABUraTe/lb Ha onpejie/ieHHOe KOJIHYeCTBO Lia-
rOB Ha CKOPOCTH, 3a1aHHOH (PYHKLMEH setSpeed(). DTa (yHKUMSA OJOKHpYIOLLas, T. €.
OHa OXKHJAeT OKOHYAHWA BpALUEHMA JBUraTesis, Mpexicie 4eMm Mepeaarb yrnpasjieHHe
B CIEIYIOLLYIO CTPOKY Koaa. Bo n3bexanune niMTenbHoi 010KHPOBKH BBIMOIHEHHSA KO
CKeT4a, yrpapjieHHe HeOOX0/IMMO OPraHM30BbIBATL TAK, YTOOBLI CKOPOCTH Obljla BBICOKA,
a 3@ O/IHH BBI3OB step () JIEJAMI0Ch BCErO HECKOJILKO LIATOB,

CHHTaKCcHC:

Stepper.step(steps)

l'[apamerp: steps — KOJIHYCCTBEO WIATMOB:
®  [OJOKHUTEIBHOE YHCIO — BbI3bIBACT BPAILCHHE B OJIHY CTOPOHY,
* OTPpHUATENIBHOE — B [POTHBOINMOJOMKHYH).

Bo3sspauaemMoro 3HaueHus Her.

22.3. Npumep UcnonbL30BaHUA
oubnuorteku Stepper

B samctunre 22.1 npeacrapiaeH npuMep HEnoab3oBaHHs OMOIHOTEKH Stepper — MOBOPOT
LIArOBOro JBHIraTe/ls MpH HAMKaTHH KHOMOK "Bjaeso” H "Bnpapo” Ha onpeaejaeHHbIH yrol.
4YTO MOKHO MPEICTaBUTh KakK MpPOrpaMMHYIO 3aroToBKY /I MOBOPOTA MaHOpaMHOH Ka-
MepBI B OIHOH MI0CKOCTH. B npumepe Uenonb3oBabl WAroBbIH JIBHraTelb M aHaorosas
KaaBuatypa H3 pazo0. 16.4. Dnekrpuueckas cXeMma YCTpoMcTBa npeacrapjieHa Ha
puc. 22.2.

'numnr 221

#include <Stepper.h>

const int stepsPerRevolution=200; // romuyecTBO wArcs B nosHoM oGopore
nsuraTens

Stepper myStepper (stepsPerRevolution, 8, 9,10,11};

int minangle=15; // yron nopopoTa Ha 1 HaxaTHe (War kKamMephl)
struct KEYS // cTpyKTypa IR XpaHeHMA CTaTYCOB KJaBMil

{

int button; // HaxaTasa KHOMka

long millisbutton[7]: // millis mna button

};
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void setup() {;1}

void loop() {

int valbutton;

// onpoc xknasuaTypsl
valbutton=analogRead (AD) ;
if (valbutton<1000)

{buttonClick?2 (buttonClickl (valbutton}) ;}

}

// oOpaBGoTKka HaXaTusd KHOMKMK
int buttonClickl (int wval)

{

if (val>650)
if (val>e00)
if (val>530)
if (val>450)
if (val>300)
if (val>200)
return 0;

}

{KEYS1.button=1; return 1;}
{KEYS1.button=2; return 2;}
{KEYS1.button=3; return 3;}
{KEYS1l.button=4; return 4;)}
{KEYSl.button=5; return 5;}
{KEYS].button=6; return 6&;:}

vold buttonClick? (int wval)

{

if(millis()-KEYSl.millisbutton[val]<100)

return;

KEYSl.millisbutton[val]=millis();
KEYSl.button=val;

switch(val)

{

case 1: // left

myStepper.step (stepsPerRevolution*minangle/360* (-1));

break;
case 2: [/
break;
case 3: [/
break;

case 4: //
myStepper
break;
case 5: [//
break;
case 6: //
// xon Ha
break;
default:
break;

up

down

right

.Step(stepsPerRevolution*minangle/360);

white

red
HaxaTHe KHOMNKM KaMmeps

// npoeepka Ha npefesr
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Arduino
— Rx
—] Tx AD
— D2 Al —
— D3 A2 —
— D4 A3 —
— D5 Ad —
— D& AS —
| —_— g; AB —
LLI AT —
A - ] L
011 "3 3V—
— D12 +5v |—
D13 GND
R6 R5 R4 R3 R2 R1 +5B
911 __F+1__F$1 1 _——¢
1,5k 1,5k 1.5k 1,5k 1,5k 1,5k
FAdss Fids= FAs Fis Fls s .
FH ¥ ¥ . 7 ? 4.?k
L ) » L &

Puc. 22.2. Cxema NogKnNioYeHWA 4NA NAHOPaMHOW roONOBKW

JlaHHBIH cKeTY MOMKHO HATH B nanke examples\_22_1 CONpOBOMIAIOLIETO KHUTY 2JIEK-
TPOHHOIO apXxHBa.

22.4. Arduino-6ubnuoTteka AccelStepper

CranaaprHoit OMONIMOTEKM Stepper BMOJHE JIOCTATOYHO JUIS TMPOCTOrO [PHMEHEHHS
C OJIHUM JBHratesnem. bubnnoTeka AccelStepper 3HAYUTENIBHO YIVYIIAET CTAHJAPTHYIO
OMONMOTEKY Stepper, MO3BOAAS MOJAKTIOYATH HECKO/IBKO [HArOBBIX JIBUraTEIeH ¢ ynpags-
NAEMBIM YCKOPEHHEM K 3ameieHHeM. MOKHO CO3/1aTh HECKO/IBKO 00BEKTOB AccelStepper,
NaBas YHUKAJIbHOE WMs Kaaomy asuratento. bubnvoreky MokHO ckavath no ai-
pecy http://www.open.com.au/mikem/arduino/AccelStepper. Ona Taxke HaxoauTcs
B nanke libraries\AccelStepper CONpOBOKIAIONIETO KHHTY MICKTPOHHOIO apXHBa.
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Arduino n cepeonpuBoabl

23.1. CepBonpuBobl

CepeonpHeo/1, OHa Ke cepBa, Servo, pyJieBas MalIMHKAa — YCTPOHCTBO, obecreunparo-
liee npeodpa3oBaHHe CUIHANIA B CTPOTO COOTBETCTBYIOIIEE ITOMY CHIHAY MepeMelleHHe
(Kak npaBMJIO, MOBOPOT) MCHOIHHTENBHOrO ycrpoicrea. llpeacrasaser coboi npamo-
YroJIbHYH KOPOOKY € MOTOPOM, CXEMOH M PElyKTOPOM BHYTPH U BBIXO/HBIM BaJIOM, KO-
TOPbIi MOJKET MOBOPAYMBATLCA HA CTPOro (PUKCHPOBAHHBIN Yrou, onpeaensieMbid BXO/1-
HbIM curHanioM. Kak npaeuno, atoT yron umeet npeaen B 60 rpaaycoe, uvoraa B 180,
bbiBalOT CepBONPHUBO/IBLI U NMOCTOSHHOTO BPaLICHHS.

Ha Ban nHajseBaercs pbiyar B (popme Kpyra, KPECTOBHHbBI MIIH NEPEKIAAMHKHN LIS Nepe/ia-
Y BpalAKOLIEro ABHykeHus Ha pabounii opran. [locne nosopora Baji ocraercs B TOM ke
MOJIOKEHHUH, MOKA HE NPUAET MHOM ynpasasiounit curdai. CMmbici cepBONpUBoO/ja B ra-
PAHTHPOBAHHOM BBINIOJIHEHWH 3a/IJaHHOH KOMaH/bl. ECiM BHEWHsAs cwia He MO3BOJIMT
BHIMOJIHKTE MOBOPOT HA HY/KHBIA YroJ/l, CEPBONPHUBO/L BCE PABHO 3aKOHYMT JABHAKEHHE M0-
C/le OKOHYaHHS JICHCTBMA MELIAKOIIEro BHEUIHEro BozaeicTeua. Bocnpensrcrsoparh
ITOMY MOKET JIMIL Pa3pyLIEHHE CEPBONPUBO/IA, CHATHE BHELIHErO YNPABIAIOIIETrO CHI-
HAIa WIH NponajaHHe HanpaKCeHHA NMUTAHHA.

BOJILIMHCTBO CEPBONPHBOIOB BHELLHE MOXO0XKH Apyr Ha Apyra (puc. 23.1) — Kak npa-
BHJIO, 3TO MPAMOYIOJILHBIH KOpIYC (BHYTPH KOTOPOro MpAYYTCS MOTOpP, LUIECTEPHH M
VIPaB/IfIOLAs CXEMA) C KPETIEKHBIMM YIIKaMH 110 OOKaM M BBIXOHBIM BAJIOM, Pacnosio-
HKEHHBIM Ha BepXHEH Kpbike. K Bany, Kak yke OTMEHaIoCh, KPENMTCS CMEHHbIH (May-
LIt B KOMIUIEKTE) NEPEIaTOMHBIH JIEMEHT B BUAE JAMCKA (C OTBEPCTHAMM 110 KPyry).
KPECTOBMHBI ¢ OTBEPCTHAMM HA KOHLAX BCEX €r0 NEPEKIAJAMH WM pbluara, HaCaKEHHOro
Ha BLIXOAHOH Ban JMOO cBOMM ueHTpoM, JKMO0 oaHMM K3 KoHuoB. Kak npasuio, stor
CMEeHHbII 2n1eMeHT Genoro upera.

Huoraa cepponpueoa umeer (hopmy LHWIMHAPA — TOI/1a €ro BepXHAs yacth npu pabore
NOBOPAYMBACTCH BOKPYI' CBOCH 0CH. HeKOTOpbIE CepBONPHBO/ILI BMECTO BHIXOJAHOIO Basia
OCHALAKOTCA WKHBOM (KaTywkoii). Ha Takoi wkuB namarbiBaercs (MK ¢ HEro cMarhbl-
BACTCH) TPOCHK, € MOMOLLLIO KOTOPOTrO YIPABIAIOT KAKUM-TO BHELIHHM MPHCNIOco0/1eHH-
€M — HallpUMep, NnapycoM B MOJICJIAX CY/I0B HIIH AXT.



298 Hacme lll. Npakmuyeckoe npumeHeHue Arduino

BuixogHOM WNKLIEBOW Ban \mmm WecTepHu

Kopnyc cepsonpusofa
YNpPaBnsAiowan cxema

Puc. 23.1. Cepeonpusog

CepBOonpuBOl — 3JEKTPHYECKOE HCIHOIHUTEIbHOE YeTpoiicTBo. OH  noakaouaercs
C NMOMOULBLIO TPEX MPOBOAOB K YIIPaBJISIOEMY YCTPOHCTBY (ApaiiBepy WM KOHTPOJIEPY)
H MCTOYHHKY ITHTAHHS.

[lo cnocoly vnpaeieHus cepBONPHUBO/IbI NMOAPA3ALIAOTCA HA AHAJIOTOBbIe H LM poBbIE.
AHAIOroBbIE VIIPABIAIOTCH AHAJIOIOBBIM CUIHAIIOM — OYKBa/IbHO 4acTOTOMH, napamerpsl
KOTOPO# 3aaK0TCs C NOMOLIBLK LWHPOTHO-UMITYILCHON Moavisauun (LLIUM). Lindpossie
CEPRONPHBO/ILI YIPaBAAKOTCA LUM(POBLIM CHUIHAIOM, MpeACTARIAOMIMM co00i KOJ0BbIE
KOMaH/Ibl, NepeaBaeMbie Mo nociaeaoBaTebHOMY HHTepdeiicy. AHanOroBble CepBOTpH-
BOJbI HAMHOIO AClUeBne ILH[i]pOBbI."{.

CepronpuBoj ynpasaseTcs ¢ MOMOIILI MMIYILCOB NepeMeHHON anutenbHocTH. Jlag
MOCHUIKH MMIYJILCOB HCMONB3YETCA CHTHAABHBIA npoBoj. [lapamerpamMu 3THX MMMYIIb-
COB ABJAOTCA MHHHMaJbHAfA JUTMTEILHOCTh, MAKCHMallbHAA JUIMTEJILHOCTE M 4acToTa
nopropenus. M3-3a orpannuennii BO BpauieHHMH CEpPBONPHBO/IA HEHTpabHOE MOJOKEHHE
ONpeeseTes KaK nojoKeHHe, B KOTOPOM CEepBONPHUBO/L 001alaeT OJIMHAKOBLIM TMOTEH-
LHAIOM BpailleHus B 000OMX HanpapieHuaX. BakHo 0TMETHTb, Y4TO pa3inyHble CepBONpPH-
BOJLI 00J1a1A10T Pa3HBIMKH OrPAHHYEHHUAMH B CBOEM BPALLUEHHH, HO OHH BCE HMEIOT Heili-
TPaJIbHOE NMOJIOKEHHE, H ITO TOJI0KEHHE BCEI/Ia HAXOAUTCA B paHOHe UIHTE/ILHOCTH HM-
nynsca B 1,5 Mmuwumcekyuast (1,5 mc).

Yron nosopora onpejensercs UIMTENbLHOCTLIO UMITYJIbCa, KOTOPLIH Mojaercs no cur-
HAJILHOMY NIPOBO/LY. DTO Ha3bLIBAETCA WIMPOTHO-UMIYJILCHON Moayaaumeii. Cepeonpusoa
ouaaeT umnyiabca Kaxable 20 mc. JMTenbHOCTE MMITYJIbCa ONpeiesser, HACKOIbKO
AANeKO J0MKEH nosopaunparbes motop. Hanpumep, umnynsc B 1,5 Mc AMKTYET MOTOpY
nosopot B nonoxenue 90 rpaaycos (HeHTpaIbHOE NMONOKEHHE).

Korzaa cepponpisoji nojyyaer KOMaHiy Ha nepeMelieHme, ero ynpasisioumii opra- ne-
pEMEI.l_[EIETCH B 3TO MONOMKEHHE H }",EIEP}KHEEET ero. Ecim BHCLIIHAA CHIIa ,IIEHETE}'ET Ha
CEPBOMNPUBO/L, KOIJIA OH YAEPKUBAET 3alaHHOE T10JI0XKEHHE, cepBonpuisoj Oyaer conpo-
THBJIATHCA ﬂEpEMEUlEHHK‘I H3 3TOINO NoOJIOYKECHHA, MHHCHMMBHHH BCJIHYHHA CHJILI, KOTO-
PYIO MOXKET BBIJIEPKHBATE CEPBOMPUBO/L, XapakTepu3yeT BPALLAIOUIMI MOMEHT cepBo-
npusoaa. OHAKO CEPBONPHUBO/L HE HABCEraa YACP/KHBACT CBOE MOJOKEHHE, UMITYJILCHI
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MO3HILIMOHHPOBAHHUA J0JI7KHBI MOBTOPATHCA, WH(OOPMHUPYsS CEPBOMPHBO/I O COXpPAHEHHH
MOJIOACHHA.

Korpa mmmynbe, nocekllaeMelii Ha cepBOMPHBOJ, CTAHOBWUTCA Kopoue 1,5 Mmc, cepBonpH-
BO/1 MOBOPAYMBAET BLIXOAHON BajJ HA HECKONBLKO FPajlycoB MPOTHB 4YacCOBOI CTPE/lKH M
yaepHBaeT 310 nonoxenne. Koraa umnyasce wupe, yem 1.5 Mc, BBIXOAHO#H Bal nmoBopa-
YHBAETCH HA HECKOJILKO IPajJycOB B MPOTHBOMNONOMKHOM HanpasieHud. MHHUMaIbHAS W
MaKCHMMa/lbHasg LIMPHHA MMMYJIbCA., KOTOPBIH YNpaBiaseT CcepBONMPHBOAOM, ABIAETCH
CBOMCTBOM KOHKPETHOro cepeornpueoja. Pasinunbie Mapku, U Jaxe pas/iM4dHbIE CEPBO-
MPUBOJLI OJHON MapkH, 0071aal0T pa3/IMuHBIM MHHUMYMOM M MakcuMmymom. Kak npa-
BMIIO, [I.IH]'JI'IHH MHHHMAJILHOI'O HMIYJIBCA COCTABIACT HPHMEPHD ] Mmc 1 ].L[HI]'HHEI MaKCH-
MaJIBHOIO HMITVJIBCA — 2 Mc.

Paznuuatores cepeonpuBobl U rabapuramu. CylecTBYIOT TaK Ha3blBaeMble cmanoapm-
nete cepsornpueoibl. MUx rabapurel u Bec B 00l1emM MOJEIBHOM psijly COOTBETCTBYIOT He-
KOTOPLIM Cpe/lHHM 3HadeHuaM. OHu camble aewiesble — B npeaenax 10-20 nonnapos.
[lpy ymeHbUIEHHH WM YBEIMYEHHH Pa3MEpPOB CEPBONPHUBOAA B CTOPOHY OT "cTaHaapr-
HOro" 1eHa cepBONpHBOA BO3PACTAET MPONOPUHOHATIBHO OTKIOHEHHIO pa3mepoB. Kak u
camble MasieHbKHe (MHKpPOCepBbl), Tak U cambie OoJiblMe (CynepMOLIHbie) cepBONPHBO-
JIbl, — 3TO CaMbl€ JIOPOrHe YCTPOMCTBA, LIEHA X MOXKET JIOXO/IMTh /10 COTEH JI0/I/IapOB.

CepBonpHBO/IbI pa3inyaloTCsa TAKKE MaTEpHAIOM lecTepeHOK. Cambie aelieBbie CepBo-
MPUBO/IbI OCHALIEHBI IECTEPHAMH U3 r1acT™Maccehl. bosnee joporue — ¢ 0HOH BBIXOJAHOH
lectepied w3 Metasia. Cambie 10porve — ¢ MeTauiH4ecKkUMH ectepuaMu. CooTser-
CTBCHHO BHAY MaTCpHa/Ia HIMCHACTCA HArpysouHas CMOCOOHOCTH CECPBOIpHBOIA. Campli
cnabblil CEPRONPHBO/L — C MNJIACTHKOBBIMM LLIECTEPHAMH, CAMBII MOLLHBIH — ¢ META/IH-
HYECKHMH.

Pazniunsa cepBONPUBOAOB OMpPEIENAIOTCA H THIOM MOMUMMHUKOB. Camble JelieBbie He
HUMEIOT NOAWMNHUKOB BooOwIe. [lnacTmaccoBbie 1IECTEPHH HA IUIACTMACCOBLIX Basax
KPYTATCA B OTBEPCTHAX IUIACTMACCOBBIX MJIACTHH, COEJHHAIOIMX LECTEPHH B €AHHBIIH
peayKTOp. DTO caMble HEAOJIrOBeUHble cepBOnpuBobl. bosee poporue cepBonpusob
HMEIOT METATMYECKYIO, O0BIMHO JIATYHHYIO, BTYJIKY HA BBIXOAHOM Bajly. DTH cepibl Do-
nee nonroeeunsl. Eule Gonee goporue cepebl MMEKOT HACTOSIIMA NOAMIHUK HA BBIXO1-
HOM BaJly, HAa KOTOPBII npuxoauTes camas Oosbiuas Harpyska. [oaummnuuk moxer ObITh
LI]Ei]'JHICDBHM HJIH POJTHKOBBIM. ”_[EIPHKUBHFI ACLICBIIC, pDﬂHKDBhIﬁ KOMITAKTHEC H JICT4C.
B cambix aoporux cepBonpuBoaax Ha BceX (MeTalsIMHECKHMX!) LIECTepHAX CTOAT Moj-
LIMITHAKK. DTO — camble JI0JroBeYHbIE H HA/IeKHbIE YCTpOHCTBA.

(T'EPBDI'I]JHBD,EI,]:I pPasin4aroTCd 1 10 TOJIUIHHE, OHa MOKET CHIILHO BAPbHpPOBATBLCA T1PH
OJIMHAKOBLIX pa3Mepax Mo BeICOTE M JUTHHE, Yem MeHbLIe TOTUIHHA, TEM BhILIE LIeHa, No-
CKOJILKY B Y3KOM KOpITyce TPY/IHee pa3MecTHTDb LecTepHH,

Hakownerl, cepponpupoibl pazinyaiotes no gpupme-npounssoaurtenio. Camplie packpydeH-
Hble OpeHabl MpoaaloT camble jloporve cepponpuBoabl. [Ipu sTrom B MX accopTuMenTe
OVAVT M camble JIOPOrHe, U camble JeleBble, HO JIaXKe CaMbli NMPOCTEHLKHIA W J1elIeBbIi
CTAHAAPTHLIH CEPBONPHBOJ KPYMHOIro OGpeH/ia CTOMT J0pPOkKe, HHOMIA CYLIECTBEHHO /10~
poXKe, YeM aHAJOTMUHBLIH CePBONPUBOM ¢ HAK/IEHKOH MEHEee pacKpyuyeHHOro UMEHH M,
Tem Donee, ¢ UMEHEM HHKOMY He W3BECTHON (PUPMBI.
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OueHb MOLLHbIE W OYEHb JIOPOrHe CEPBONPUBOLI MOI'YT HMETH JIIO0YI0 BHELIHIOW (op-
My. OMpeleiieMyl0 HazHaueHHeM cepBoNpuBoja. Tak, cepBONPHBOABLI /I AHAPOUIOB
(uenoBekonoaoOHBIX pobOTOB) MOryT OBITh WAPOBMIHBIMM WIM JHUCKOBHAHBIMH. Ho
OOBIYHO CEPBONPHUBOJL — 3TO BCE-TAKM YEPHBIH napauienenunen ¢ 6enoit GUTIONBKOI Ha
BEPXHEH KpbILLKE.

CepBonpHeo/ibl NPUMEHAIOTCA B OCHOBHOM B MPOMBILIEHHOCTH (MAHHIYJIATOPBL, CTaH-
KH H T. [1.). B HUX yCTaHOBJIEHBI, KaK [PaBHJIO, MOLIHbIE JBHraTe/IH, B TOM YHCIE Waro-
BbIE, YTO I03BO/IAET MCMOL30BATL HX B ABTOMATHYECKHX MaHHIYJIATOpax (B MpoMbiLl-
NneHHsbIX poborax).

CepBonpHBOABI /IS MOJCTHPOBAHHSA HMEIOT ropasao Oonee XyuHe XapakTepHCTHKH,
4yeM npombiliieHHbe. OCHOBHBIM MX MAapaMeTpoM ABJISETCS MOMEHT CHII, MPHIOKEHHBIX
K "Kavaike" Ha 3aJaHHOM paccTOAHHM OT OCH. OObIMHO TAaKOH MOMEHT H3MepsieTcs
B Kr/cm. Campie "cnaOwle" cepponpuBoabl TAHYT 1-2 kr/cMm. Camble MOLIHBIE HE TIpO-
MBILIIEHHbIE cepBONpHBOALI — Gosnee 100 kr/cm. MOMEHT TaksKe 3aBHCHT OT MUTaloLIle-
ro HANpAKEHHA.

HemanoBaxkHbIM napamMeTpoMm siBJISETCS M CKOPOCTh BpalleHus Baia cepeonpusoja. Kak
npasuio, oHa wiMmepserca B cex/60°. Ckopocth cepponpuBojia 0ObIMHO BaKHA, €CJIH OH
NMPHAMEHAETCA COBMECTHO C THPOCKOTOM HIIH aKcelepoMeTpoM (Hampumep, B MOIEIAX
BEPTOJIETOB).

23.2. Arduino-ouonuorteka Servo
ANnA ynpaBneHns cepBonpuBoaoM

Jna ynpaenenus cepponpupoaom B Arduino umeercs cranagaprHas Oubnvoreka servo,
Ha naarax, ormamuneix ot Mega, ucnonbszopanne OMOIHMOTEKH OTKIIOHAET BOIMOKHOCTE
MCIONB30BaHUA analogWrite () (LLIMM) Ha nunax 9 u 10 (BHe 3aBUCHMOCTH, NOAKIIOYE-
Hbl K 9THM nUHam cepsbl wiM Het). Ha nnarax Mega 1o 12 cepBonpHBo0B MOTryT He-
noab3oBarbes Oe3 BavaHMA Ha (QyHkumonanbHocTs LHIMM, Ho uenonb3zosanue or 12
no 23 ceppomatiniok oTimouuT LLIMM na nunax 11 u 12, CeponpuBoa noakmoyaercs
TpeMa nposoaamu (puc. 23.2): nuranmne (Vee), "semna” (Gnd) m eurnansusiii (C). Iura-
HHE — KpacHbIi NpoBoJ, OH MOKET ObITh MOAKIIOUEH K BbIBOAY +5 B Ha nnare Arduino.
Yepublii van kopHuHeBbld npoeoj — "3emia" nojakmoyaercs K sBuisoay Arduino GND,
CHIHANBHBLIH (OpaHKeBbIH/KeNThIH/OeNblit) NPOBO NOAKIIOUAETCA K LHPPOBOMY BLIBOLY
kouTpo/uiepa Arduino. Caeayer OTMETHTB, YTO MOLLIHBIE CEPBONMPHBOABLI MOTYT CO3jla-
BaTh OONBUIYIO HATPY3KY — B 9TOM Cllyyae UX ClIe/lyeT 3arnuThiBaTh OTAE/ILHO (He uepes
BbIX01 +5 B Arduino). To e camMoe BepHO s ciyuas NOJAK/IIOUYEHHA Cpa3y HECKOIbKHX
CepPBONPHBO/OB.

Habop ¢gyukumii Onbnnoreku servo:
O attach(int);
0O detachl();

0 write(int):
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0O writeMicroseconds(int);
O read():
0O attached().

Pwuc. 23.2. MNogxknwoyeHne cepsonpueoaa

23.2.1. Dyukuus attach()

DyHKUHA attach () NOAKIIOYAET NEPEMEHHYIO servo K YKa3aHHOMY BBIXOJ1y, ¢ KOTOPOIro
OCYUIECTBJISICTCS YIIpaBieHHe NMPHBOIOM.

CunTakcuc:

servo.attach (pin)
servo.attach(pin, min, max)

ITapamerpst:

O pin— HOMEP BBLIX0/A, K KOTOPOMY NOJK/IIOUAEM CEPBONPUBO/L H C KOTOPOIo OCyllie-
CTBISETCS YIPABICHHE IPUBOJOM:

O min— WHPHHA MUMIYJbCA B MMKPOCEKYH/JaX. COOTBETCTBYIOLIAA MHHMMAILHOMY
(vron 0 rpaaycoB) NojsoKeHHIO cepBONPURO/A;

O max — WHPHHA MMIYJbCA B MHKPOCEKYH/AX, COOTBETCTBYIOLIAA MAKCHMAIbHOMY
(yvron 180 rpaaycog) noaoxeHuo CEpRONPHBO/IA.

B(ﬂﬂpﬂlll.ﬂﬂh‘lﬂl"ﬂ 3HAYCHHUA HCT.

23.2.2. ®DyHkuusn detach()

DYHKIUHA detach() OTCOCAHHACT NMEPEMEHHYI) servo OT MOAKMOYEHHOrO (GyHKUMHEH
attach () BbIXoJa. Eciu Bece nepeMeHHble serve OTCOEAMHEHBI, TO BbIXOAb 9 u 10 MoryT
ObITH HCMONBL30BaHbl B pexkume LITUM ¢ nomMoubio analogwrite ().

CHHTaKCHC!

servo.detach()
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[TapameTrpos Her.

BD3BPEUIH€MOFO FHAYEHHSA HET.

23.2.3. DyHKUMa write(int)

DOyHKUNA write (int) MNepeiaeT 3HaYeHHs A ynpaejieHus npusoaoM. Jns cranaaptHo-
ro cepBONpHBOAA 3TO yroi nosopora. Jlns npueojaa noctosHHOro BpauteHus (yHKLMs
3ajaeT CKopocTh BpauleHus: 0 — 115 MaKCHMaJbHOH CKOPOCTH BpalleHUs B OJHY CTO-
pony. 180 — 18 MakcHManbHOH CKOPOCTH B JIPYTYIO CTOPOHY M 0ko10 90 ais Henoj-
BHAKHOI'O COCTOSHUA.

CHHTaKCHC:
servo.write (angle)
[lapameTp: angle — 3HaueHue, 3anuceiBaeMoe B servo (o1 0 no 180).

Bose palaeMoro 3Ha4eHHs HeT.

23.2.4. DyHkuua writeMicrosconds(int)

DYHKUNA writeMicrosconds (int) [MepejaeT 3Ha4eHue JUIsl YIPaBJIeHHsl CePBONPHBOIOM
B MHKpOCeKyHaax (uS). ycTaHasiaueas yroj rnopopora Ha 3To 3Havyenue. Jlns cranagapr-
HOro npueoaa: 3xavenue 1000 — makcHMaibHBIIA NMOBOPOT MPOTHUB HACOBOH CTPEJIKH,
2000 — makcuMalibHBIM NOBOPOT 110 YacoBoii cTpesike, 1500 — nocepenune.

CHHTaKCHC:
servo.writeMicrosconds (uS)
]'[apame‘rp: uS — 3HAYECHHE B MHKPOCCKYHAX.

B{JEE[}HMHEMOFD FHAYCHHSA HET.

23.2.5. DyHKumna read()

(D}FHKLI.HH read() CHHTBIBACT 3HAYCHHEC TCKYLLETNO MOJIOMKECHHA CCPBOINPHBO/AA (3HAYEHHE,
FANHCAHHOEC NOC/ICAHHM BbBI30BOM {l]}'HI{uHH write()).

CuHTakcue:
servo.readl()
nﬂpﬂhIC'[‘pDB HET.

Bosspamaemoe 3Hauenue: angle — nonoxkenune (yron) cepsonpusosa ot 0 go 180,

23.2.6. DyHKumuAa attached()

MVYHKUMA attached () NPOBEPAET, MOJAKIIOYEHA JIH NEPEeMEHHas Servo K BbIXOJY.
CHHTaKCHC:

saervo.attached ()
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[TapameTpoB Her.

B{‘J?.Bpamaemme JHAYCHHA: true — €CJIH NMOJAK/IKOYEHA, false — B NMPOTHBHOM Clv4ac.

23.3. PoboT-nayk Ha cepBonpuBoaax

PaccMoTpuM npoexkT 1o co3aHuio npocreiero YersepoHororo pobora-nayka Ha cep-
Bonpueoaax. ¥ pobora Oyayr npa pexkuma:

0 aBTOHOMHBIH — pODOT JABHKETCA BrEpel, MpU 0OHAPYKEHHH NPENATCTBHA (HCIO/b-
JYETCH YALTPA3BYKOBOI aTYMK) MOBOPAYUBACTCA M IBMIKETCH JablIE;

0 BHeluHee VhpapjieHHe ¢ NoMollbH HK-I]}JJI]}TH {BHE]]E,IJ,, Ha3a/l, NOBOPOT BJIEBO, MNOBRO-
poT BNpaeo, 0OCTaAaHOBKA, 3achINaHMue ).

Jns npoekta nonanodarcs 4 cepronpueoga. Mel ucnonbkiyem cepeomatuvHku Turnigy
TGY-9025MG ¢ meramnnyeckum peaykropom (puc. 23.3), 10CTATOYHO HANACKHbLIE M
oueHb Jielienbie (LeHa B Kurae ¢ yyerom nepecouikn B Poccuro nopsaaka 130 py0.).

R

TGY-S025MG

FrnNIGQ Y,

Pwc. 23.3. Cepeonpueoa Turnigy TGY-9025MG

B kauectBe HOor poboTa ObLIM B3ATHI 3ar/IYHIKH JUIS CTPYIHHBIX KapTpHIDKeH, CKperuieH-
HbIE C MOMOILIBIO NoJanKanponakrToHa (puc. 23.4 u 23.5). Kopnye caenan u3 ynakoBouHo-
ro Marepuana JUis KOMNbIOTEPHOH TEXHUKH (pHc. 23.6).

Jls ceppomammnok Tpebyerca oriaesibHOe nuTanue, B kauecTBe MCTOYHMKA NHTaAHMA
B3aTa auTuii-nonumepHas Oarapesa Turnigy 25 1600 mAh (puc. 23.7). Hanpsaxenue, Bbi-
nasaemoe Oatapeeii; 7,4-8,4 B. IlockonbKy U1s NMUTAHUA CEPBONPHBOAOB HEOOXOAMMO
nanpskenune 4.8-6.0 B, npumennm crabunmnzarop nanps:kenuns 5 B, cobpannbiii Ha Muk-
pocxeme L7805, Kak BBISCHHIOCH, 0JIHA MUKpOCXeMa MOCTOAHHO Meperpesasach, npo-
Gaema Obita peleHa yeTaHoBKOH napanienbHo aByxX Mukpocexem L7805,

Jlna  oGHapyKeHus NpenaTcTBUH  MCNOALIOBAH  YibTpa3BykoBoii aatumk HC-SR04
(cM. 2ragy 15), KOTOpBIi NMO3BOMAET ONPEIENATEL PACCTOAHME A0 0OLEKTA B AMANA30HE
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ot 2 a0 500 cm ¢ TounoceTsio 0.3 cMm. JlaTuuK M3yyaeT KOPOTKHUH YJbTPa3BYKOBOH HMM-
nmyabc (B MOMEHT BpemeHH ), KOTopblid oTpaxkaeTca oT 00bEKTa U NMPHHUMAETCA CEHCO-
pom. PaccTosHue paccuMThIBae€TCA, UCXO/A M3 BPEMEHHM JIO MOJYYEHHUA 5Xa H CKOPOCTH
3ByKka B Bo3ayxe. Ecnu pacctosanue 1o npenstersus menbiue 10 cm, poboT nenaer noso-
POT M JIBH/KETCSA Jlaliblle Briepe/l.

Puc. 23.4. Horn poboTa, ckpenneHHbie NoNUKanponakToHom

Puc. 23.5. Horu poGoTa — KkpenneHve K CepBoMalLnHKe
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Puc. 23.6. [lenaem kopnyc poBora-nayka

. 23.7. obaenaem GaTtapeo ANA NMTAHWA CEPBONPUBOLOR
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B kauecrse nyabra npumened nyiasT LG, npuemuuk MK-curnanos — TSOP31238. Bua
poGota B cbope npezacrtasieH Ha puc. 23.8. Ero anexkrpuueckas cxema npuBejeHa Ha

puc. 23.9.

Pwuc. 23.8. PoBoT-nayk B cbope

R1

c3|+ 1000m ¢z

TSOP
3128

Vee

ouT

GND

+3.3B
+5B

Al
A3
AS
AT

HC-SR04

Vee

Echo
GND

L7805
i 1lIN OUT]3
GND
CEI C5
Li 2 + .
e -Pﬂ 1'1.[1 e Arduino
- I R‘l
— TI
D2
' — D3
* — D4
D5
Sarvo Sarvo D&
GND |+ GND |+ D7
Vee - Viee * D8
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Puc. 23.9. OnekTpudyeckan cxema nayka-pobota
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23.4. CkeTy Ansa ynpaBneHus poboToM-naykom

Jlna ynpasnenms ceponpusojamMH ucnogbiyercs Arduino-6udbnnoreka servo. Ham ne-
00X0AMMO pear30BaTh HACTPOHKY CEpPBOMPHBOAOB Ul JIBH:KEHHMA poboTa-nayka Bre-
pei, Ha3aj, MoBOPOTA MO YACOROH CTPENKE U MOBOPOTA MPOTHR YACOBOMH CTpenkH, (yHkK-
IIHH OCTAHOBKH pobOTa, a TakikKe — JUI8 DIKOHOMHH 1EKTPOIHEPrUH — MPeyCMOTPHM
peKHMM 3achiNanua (KOrja cepBONPHBO/ILI HAXOIATCA B PeXKUME detach) W MPOOYKIACHHA
(mepeBoj1 CepBONPHBO/IOB B pPekHM attach). [lodToMy kaxioe aBvkeHnne podoTa cocTo-
MT U3 HECKOJIKHMX 111aroB.

I'lanpumep, JABWMKCHHE BIIEPE] COCTOHT M3 CICAVIOUIWX LHATroB:
O nepas NnepeHAaa Hora Brnepe;

Nnpaeas rnepeiHiada Hora Brcpe/l.

JIEBAA 3a1HAA HOI'a Brniepe/l.

Nnpagas 3ajHAs HOT'a BNepe,

QaaaQ

HETBIPE HOMH BEMECTE Ha34ll ("[T{} MPUBEIET K NEPETACKHBAHHIO TE1a pﬂﬁﬂTﬂ-l’lﬂ}"Hﬂ).

Jlanuele A4 yrna nmoBopoTa KaxkJAoro CEpBOMPHBOAA HA KaKJAOM [Iare id Kamaoro
ABHKEHHSA podOTa-MayKa XpaHATCS B TPEXMEPHOM MAcCHBe arr pos (JIMCTHHT 23.1).

Nuerunr 23.1

int arr_pos:d][ﬁl[d}={
{ // forward
{90, 90,90,90}, {45, 90,90, 90}, {45,135,590,90},
{45,135,45,90}, {45,135,45,135}, {135,45,135,45}
b,
{ // back
{90,90,90,90}, {90,90,90,45}, (90, 90,135,45},
{90,45,135,45},{135,45,135,45}, {45,135,45,135}
b
{ // circle left
{90, 90, 90,90}, {0,90,90,90},{0,0,90,90},
{0,0,0,%90},(0,0,0,0},{180,180,180,180}
} s
{ // circle right
{90, 90, 90,90}, {180,90,90,90)}, {180,180, 90,90},
{180,180,180,90},(180,180,180,180},{0,0,0,0}
}
¥

int pos stop(l]([4])={{%0,90,%30,90}};

[lpoueaypa course (int variant) peaju3yeT rnepeMenieHue cepBonpHBOIOB IR Kak10-
ro wara cjAeaylolnx JABHKeHUH poboTa-nayka: Briepe, Hasal, MoBopoTa o 4acoBow
CTPEJIKE H NMOBOPOTA MPOTHB YACOBOH CTPENIKK (JIMCTHHT 23.2),
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Nuctuur 23.2

void course(int wvariant)
{int i=0;:
for(i=1;i<6;i++)
{
if (arr pos[variant-1][i] [0] !=arr pos|[variant-1][i-1][0])
{myservoll.write(arr pos[variant-1][i] [0]);}
if (arr pos[variant-1][i] [1]!=arr pos[variant-1][i-1][1])
{myservol2.write(arr_pos(variant-1][i] [1]):]
if (arr pos[variant-1] (i] [2] !=arr pos([variant-1][i-1] [2])
{myservol3.write(arr pos|[variant-1][i][2]);}
if (arr_pos[variant-1][i] [3]!=arr pos[variant-1][i-1][3])
{myservold.write({arr pos[variant-1]([i]([3]);}
delay (200) ;
}
}

Jlns  ocTaHoBKM, 3ackinaHust M npoOykaeHus poboTa-nayka CYUECTBYET MpoueLy-
pa go_hor all() (JIMCTHHr 23.3).

NucTunr 23.3

void go hor all/()

{
myservoll.write (pos stop(0] (0]);
myservol2.write (pos_stop(0] [1]);
myservol3.write (pos_stop([0] [2]);
myservold.write(pos_stop(0] [3]);
delay (500) ;

!

Peanusyvem npocroe UK-ynpasnenue ¢ nyabra. Buibupaem ceMb KaaBuil, JaHHbIE O KO-
Jax 3aHOCHM B CKETYU B BH/IE KOHCTAHT M B LUMKIE loop() pealusyem JIOrHMKY Bbibopa
asukeHuit pobora-nayka npu Haxkatuu knasuin MK-nynsra. [porpamma nonyuenus ko-
na get ir kod() BbI3bIBAETCH M0 MPEPLIBAHMIO CHANGE Ha BXxojae 2. Mcnonssyercs
Arduino-6ubnuorteka 1rremote (cM. 2ragy 20).

K pexumy ynpasnenus podora ¢ MK-nynbra no6asum aBToHOMHBIH pexum. B aBronom-
HOM pexcume poboT Oyaer ABUraThes Briepe/l, MpH JAOCTHHKEHHH NPENsITCTBUA Ae1aTh 10-
BOPOT M ONATL ABMrarscs sneped. llpumeneHuwsiit yabtpazsykosol aansHomep HC-
SR04, kak yke orMevanock B paszd. 23.3, N03BOJSET ONpelelsaTb pacCcTosHHe 10 00beKkTa
B auanasone ot 2 10 500 cm ¢ TouHocTbio 0,3 em. KopoTkuii yibTpa3sByKOBOH HMIYJIbC,
M3JIYMEeHHBIIH JaTuukoM B MOMeHT Bpemenn 0, oTpakaercs or o0beKTa U NPUHUMACTCH
ceHcopoM. PaccrosiHue pacCUMTBIBACTCH, MCXO/M M3 BPEMEHH 10 MOJIVYEHHUS OTPAKEHHO-
ro 3Xa M CKOPOCTH 3BYKa B Bo3ayxe. Ecam paccrosanue no npensarcreus mensiue 10 cm,
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po0oT jienaet noBopoT M npojaomkaer asukenue. [lepexon u3 pesxkuma MK-ynpasnenus
B aBTOHOMHBIH PeKHM OCYILLECTBIgeTCS HaxKaTHeM kiaBuil "xenras" U "cuuas” na UK-
MmyjbTe.

Hns paGorel ¢ narunkom HC-SR04 ucnonszyercs Arduino-6ubimoreka Ultrasonic
(nucTunr 23 .4).

Nuctuur 23.4

#include "Ultrasonic.h"

// trig -12, echo - 13

Ultrasonic ultrasonic(l2, 13);

// koma xnaemw MK-nyneTa lg 6€710v00090d
#define FORWARD 32 // pr +

f#define BACK 33 /! pr =

#define CIRCLE LEFT 17 // vol-

#define CIRCLE RIGHT 16 // vol+

#define STOP 54 // menenas
fidefine SLEEP 55 // KpacHasa
gdefine AWAKE 37 /il ok
#define EXT 50 // menras
#define AUTO 52 // cuHaa
void loopl()

{

delay (1000) ;

if (ext==0)

{
float dist _om = ultrasonic.Ranging(CM);
Serial.print("dist cm=");Serial.println(dist cm);
if (dist cm<10.0)
ir kod=CIRCLE LEFT;
else
ir kod=FORWARD;
}
if (ir_kod!=0)
{
Serial.print("ir kod=");Serial.println(ir_ked};
switch(ir_kod)
{
case FORWARD : // Bnepen

course(1l);
Serial.print ("forward\n") ;
break;

case BACK : // uazan

course (2);
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Serial.print ("back\n");
break;
case CIRCLE LEFT: // spameHue Bneso
course (3) ;
Serial.print ("circle_left\n");
break;
case CIRCLE RIGHT : // spamenue BnOpaso
Serial.print ("circle right\n");
course (4);
break;
case STOP : // ocraHoBKa
ir kod=0;
go_hor all();
Serial.print ("pause\n");
break;
case SLEEP : // sacumaHue
ir kod=0;
go hor all();
myservoll.detach () ;myservolé.detach(};
myservol3.detach() ;myservold.detach();
digitalWrite (13,LOW);
Serial.print ("sleep\n"};
break;
case AWAKE : // npobyxpeHue
ir kod=0;
myservoll.attach(5) ;myservolZ.attach(6);
myservol3.attach(7) jmyservold.attach(8);
digitalWrite (13,HIGH) ;
go hor all():
Serial.print ("awake\n");

break;

case AUTO : // pemiM aBTOHOMHEIA
//ir_kod=FORWARD;
ext=0;

myservoll.attach(5) ;myservol2.attach(6);
myservol3.attach(7) jmyservold.attach(8);
Serial.print ("auto\n");
break;

default:
break;

}

}

}
// nonyuyure koOm, nepenaHHui ¢ MK-nyneTa

void get ir kod()
{
detachInterrupt (0); // orwmounTs npepuiBaHue 0
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if (irrecv.deccde(&results))

{
if (results.value > 0 && results.value < OxFFFFFFFF)
{
ir dt = results.value;
if(ir dt==EXT && ext==0)
{ir kod = SLEEP;ext=1;}
else if (ext==1)
{
if (ir_dt==FORWARD || ir_dt==BACK || ir_dt==CIRCLE_LEFT
|| ir dt==CIRCLE RIGHT || ir dt==3TOP || ir dt==SLEEP
|| ir dt==AWAKE || ir dt==AUTO )
ir kod = ir dt;
}
else
}
irrecv.resume|();

}

attachInterrupt (0, get ir kod, CHANGE);
}

[TonHOCTBIO JaHHBII CKeTY MOJKHO HaiTH B manke examples\_23_1 COMpOBOXK/IaIOLIETO

KHHI'Y 2JIEKTPOHHOTO apXHBa.
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Arduino u Bluetooth

24.1. "Tonybown 3yo"

Bluetooth (¢ anra. — "roay0oit 3y0") — oaHa U3 TexHoMOTHH OecrpoBOAHONI nepeaayH
nanHbiX. Cneundukauma Obina pazpaborana B 1998 rogy komnaumeii Ericsson, a no3a-
Hee opopmuena rpynnoi Bluetooth Special Interest Group (SIG). opuumansHo 3aperu-
crpupoeanHoid 20 mas 1999 roaa.

Bluetooth nosgonser o0beMHATL B JIOKa/IbHBIE CETH MOOYIO TEXHUKY: OT MOOHIBLHOIO
Tenedpona U KOMNLIOTEPA /10 XOA0AHALHUKA. TIpH 9TOM, 0OIHUM M3 HEMAIOBAXKHBIX Napa-
METpOR HOBOH TEXHOJIOIMH ABJIAETCH HU3KAA CTOUMOCTD }’C’TPUHCTBH CBA3M (B npeiaciax
20 posnapos), ero HeDoblIHe pazMepsl (Be/lb pedb HAET 0 MODWILHBIX YCTPOHCTBAX) M.
UTO HEMAJIOBAKHO — COBMECTHMOCTD, MPOCTOTA BCTPAUBAHHSA B pa3/iIHyHbIe YCTPOHCTBA.

24.2. Moaynb Bluetooth HC-05

Moayiaes Bluetooth HCO0S, Gnaroaaps HeBbICOKOH LeHEe, MOJAYHHI LHPOKOE pacnpocTpa-
HeHne. B poCCHMIICKMX HMHTEpHET-mMarazdHax ero MoxHo npuoOpectn no uexde 300-
330 pyo.

Moaynb npeacrapiaser coboii naary pasmepom 2,7x 1,4 eM, umeouyio 34 BeiBoaa ¢ wa-
rom 1.5 MM, pacrosiokeHHsIX 1o nepuMerpy rarel (puc. 24.1). Ha naare cMonTtHpoBan
uun BC417 or komnanun Cambridge Silicon Radio, koropsiii oGecrnieunsaer annapar-
Hyto noaaepxky creka Bluetooth 2.0+EDR (Enhaced Data Rate), a takxe duew-namsars
ES29LVB00DB-70WGI or Excel Semiconductor Ha 8 MOur (1 MGaiir), xpausiias npo-
LWKMBKY U HacTpoiiku. Hanpsaxenue nuranus moayns: 3.3 B. [orpebnsemsiii Tok: 50 MA.

Moayib moker paboTarh B 3-X peKUMax:

O Master (au cepsep) — B 9TOM PeKMME MOAYJIb MOMKET cam MOAKIIOUHTLCH K KaKO-
my-HuOyab Bluetooth-yerpoiicrey:

O Slave — B 9TOM peskuMe ApYroi MacTep MOKET NMOAKIIOUHTLCA K HALIEMY MOJYJTIO;

O Slave-loop — 3aece mMoayan ornpasnser obpaTHO Bce OaiThl, KOTOpbIE €My MpH-
cllanm.
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Puc. 24.1. Mogyne Bluetooth HCO5

DnexkTpudeckas cxema nojakarouedus moayasa Bluetooth HCOS k Arduino npuseaena Ha
puc. 24.2. [porpaMmmupyercs MoayJb ¢ noMoubid AT-komana yepes UART-unTepdeiic
mMoavia. YUrolObl nepeBecTH MOAY/bL B PEXKHM MPOrpaMMHPOBAHHA, HEODXOAUMO MOAATH
Ha BeIBOA 34 noruueckyio 1 (3.3 B). 3arem noaxmountses kK UART Bluetooth-monyis:
BbIBO/bI 2 (Rx) 1 1 (TX) — m nepesasars KOMaH/1bl HA MOAYJIb.

Puc. 24.2. Noaknwoyexne moayna Bluetooth HCOS k Arduino

[Moakmounmes k Arduino no UART, kotopslit amyaupyeM nporpaMmHo (115 9Toro noj-
KIIOUHUM OUOIMOTEKY SoftwareSerial). DTUM Mbl 0cBOOONKAAEM MOC/E0BATE/IHBIH MOPT
Arduino, 4To aaeT BOIMOKHOCTH OJHOBPEMEHHOIO CHHTBIBAHMS JIAHHBIX Yepes Kabenb u
uepes Bluetooth-moayas. Cmotpure BHuMatensHo: koutakt Rx Bluetooth-moayas noa-
Katouaeres K koHTakTy Tx Arduino, a konrakr Tx Bluetooth-moayns — k koutakTy RX
Arduino. 3arpy:xkaem B Arduino ckery, npejcrasieHHbii B aMcTunre 24.1.
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NMucTtunr 24.1

#include <SoftwareSerial.h>

SoftwareSerial mySerial (2, 3): // yxkasuBaeM MMHE rx ¥ tX COOTBETCTEEHHO

void setup()

{

pinMode (2, INPUT) ;
pinMode (3, OUTPUT) ;

Serial.begin(38400);

mySerial.begin(38400);

Serial.println("38400");
Serial.println("ok");

void loopl()

{

}

if (mySerial.available())
{
int ¢ = mySerial.read(); // uMraem Mz software-nopra
Serial.write(c); // nmuweM B hardware-nopm
}
if (Serial.available())
{
int ¢ = Serial.read(); // unrTaeM M3 hardware-nopra
mySerial.write(c); // numem B software-noprT
}

OTKpBIBaEM MOHHTOP TMOC/IE0BATEIBHOINO MOPTA H HAYMHAEM OTTIPABAATH OTNPABKY KO-
mana B Bluetooth-moayns. Bece xomaHabl MMEIOT BMA AT+KOMAHA, AT+KOMAHIA? WIIH
AT+KOMAHIA=TTAPAMETFPH M JI0JIKHBI OKAHYHMBATHCA KOMOMHAUMEH CR+LE (CMMBOJIBI C KO/1a-
MH 0x0D 1 0x0A, "r' 1 "\n'). Ha kaxayto komanay Bluetooth-moayns wner orser.

Cnucok ocHoBHBIX AT-KoMaH1;

0O ar — TecToBas KoMaHaa.

[lapameTpoB Her.

OTeeT MOAYAA; OK

O AT+VERSION? — NOJYYHTE BEPCHIO MPOLLUBKH MO/LYJIS,

[TapameTpos Her.

OtBeT MOAYAA: +VERSION: <Param>
OK

rje <pParam> — Bepeus npownskn Bluetooth-monyns.
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O AT+RESET — cOpoC HacTpoeK.
[lapameTpos Her.
OtBeT MoayJA: OK
O AT+ORGL — YCTAHOBKA I10JIb30BATE/IbCKHX HACTPOEK MOLYJIA.
[lapameTpos HeT.
OTBet MoaynA: O
O AT+ADDR? — IMOJYYHTB aJpec MOYJIA.
[lapameTpoe Her.
OTBeT MOAYAA: +ADDR: <Param>
rae <param> — aapec Bluetooth-moayns Nap: UAP : LAP.
O AT+NAME? — NOAYYHUTE HMSI MOJLYJIS.
[lapameTpoB Her.
OTBeT MOAYA: +NAME: <Param>
rae <Param> — HMA Bluetooth-moayns.
0 AT+NAME=<Param> — YCTAHOBHUTh HOBOE UM MOYJIA.
[lapameTp: <param>— umsa Bluetooth-moayns.
OTtBeT MOAYA: +NAME : <Param>
OK (MITH FAIL)
O ar+PsSWD? — NOJAYYHTH NMUH-KO/ Joctyna K Bluetooth-moaymo.
| lapameTpoB HeT.
OTBeT MOAYNA: +PSWD: <Param>
rjae <param>— MAH-KO. ITo ymonuanuio 1234,
O AT+PSWD=<Param> — YCTAHOBUTB KO/ jocTyna K Bluetooth-moaysio.
[lapamertp: <Param> — KO J0CTYNA K MOAYJIIO.
OteeT MOAVAA: OK (MM FAIL).
0 AT+CLASS=<Param> — YCTAHOBHTbL peskuM paboTel Mmoayns Bluetooth-moayna.

[Mapamerp: <param>— Knace. B J0KyMeHTALMH MOZY/IA HE NPUBEIEHBI BOIMOKHbIE
JHaueHud JanHoro napamerpa. [lo ymonuanmio on yeranosnen B 0. Ecan npeanona-
raeTcs MCNnob30BaTh MOY/IL B peskUMe master, 3HaYeHHe HE Ha0 WiMeHATb. Ecan
MCTONBL30BATL MOJYJIL B peskuMe slave, npu 3naueHnu napamerpa, pasHoM 0, oH He-
BHIIMM JU18 YCTPOHCTB ¢ onepattmonHoit cuctemoii Android. Jlna suaumoctn neobxo-
JIMMO YCTAHOBHTH 3HAYEHHUE MapaMeTpa paBHbiM 7936.

OrBer Moy OK
O AT+CLASS? — NOJIYUHTb KIAcC MOAYJIS.

[NapameTpos Her.
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Orer MOAYA: +CLASS : <Param>
rae <Param> — KJ14acC MOJYJIA.
0O ar+1ac — noayunts Koa Aoctyna K 3anpocy GIAC (General Inquire Access Code).

PaznuuHbiM (DH3MUECKMM KaHAIAM CBSI3M, MCIIOJB3YEMbIM B MPOLIECCE YCTAHOBJIEHHMS
COEIMHEHMUS. COOTBETCTBYHOT Pa3/iMuHbIE KOJIbl 10CTYIA K KaHanam. B kananax onpo-
Ca. 3a MCKJIHOYEHHMEM BbIAEJICHHbBIX, HCIOJIb3YETCA OAMHAKOBBIA /U1 BCEX YCTPOHCTB
o0LHIA KO JOCTYIA K 3arpocy.

[lapameTpos Her.
OtBeT MOayAA: +IAC: <Param>
rae <bParam>— KOJ JOCTYTIA K 34IIpOCY.
O AT+IAC=<Param> — YCTAHOBHTL KO/ JIOCTYIA K 3aMpocy.
[MapameTp: <Param> — KOJA IOCTYMNA K 3anpocy. 3HaueHHe no ymoauanuio 9e8b33.
Oteet MOAY/A: OK (MIn FATL).
O AT+ROLE? — MOJYHUHTb PeXKUM paboTbl MOYJIS.
[TapameTpoB Her.
OTBeT MOAYIA: +ROLE: <Param>
rae <Param> — pesuM pabotel Moayna Bluetooth-momyns:
e 0 —slave. B 3ToM peskuMe apyroi MacTep MOKET NMOAKIIOUHTBCA K MOILYJTIO;

e 1 — master. B 3ToM peskume MOJIYJIbL MOJKET caM MOAKIIOUHTBLCHA K KAKOMY-HHOY b
Bluetooth-ycTpoiicTsy;

e 2 —slave-loop. Moayne ornpaeaser odpaTHo Bce OaiThl, KOTOPBIE €MY MPHC/IAJIH.
O AT+ROLE=<Param> — YCTAHOBHUTL peicum padotsl Bluetooth-moayns.

[apametp: <param> — pesxum pabotsl Bluetooth-moayns:

e 0 —slave:

® 1 — master:

e 2 —slave-loop.

OreeTt MOayNA: OK

O AT+UART=<Paraml>, <Param2>, <Param3> — YCTAHOBHTE MOJIVJ1b JJTH TNMOCACI0BATC/IBHO-
ro nopra.

[lapameTpbi:
® <paraml>— ckopocth oOmena (9600,19200,38400,57600,115200);
® <Param2> — CTON-OMT:

® () — HET;

0 ] — eCTh,
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® <Param3>— OMT mapurera:
o Q— HeT;
2 1 —€CcTh.
OTBeT Moays: OK (MM FAIL).
O AT+UART? — MNOJIYYHTb MapaMeTpbl 0OMEHa MOJIYJIs.
[ lapameTpor Her.
Oreer MoAaynia: +UART:<Paraml>, <Paraml>, <Param3>
rae:
® <paraml>— cKopocTh oOmena (9600,19200,38400,57600.115200);
® <Param?>— CTOM-OMT;
® <Param3>— OMT napurera.
O AT+CMODE=<Param> — YCTAHOBUTL peskuM nojakmovenus Bluetooth-monyns.
[NapameTp: <Param>— pexcum noanoderus Bluetooth-moayns:

® (— MOAYJAb MOMKCT NOJAKMOYATHCA TOJIBKO K ONpeacicHHOMY KOMAaHJI0H AT+BIND
Bluetooth-ycTpoiicTsy:

® 1 — MOAY/Ib MOKET NMOAKAUATECA K odomy Bluetooth-yerpoiicTy;
e 2 — pexum slave-loop.
OTBeT MOAYJIS: OK
O AT+CMODE? — MOJYYHTH PEIKHUM MOLKITIOUEHHS MOAYJIA.
[TapameTpoB Her.
OTBeT MOAYA: +CMODE : <Param>
rae <param> — pPekuM noakmouenus Bluetooth-moayns:

® 0 — MOJYJb MOKET MOJAKIIOYATLCA TOJBKO K ONMPEIeIeHHOMY KOMAHI0H AT+BIND
Bluetooth-yerpoiicTBy:

® 1 — MOAY/IbL MOXKET nojakmovarbes K modomy Bluetooth-yerpoiicTsy;
e 2 — pexum slave-loop.

O AT+INQM=<Paraml>,<ParamZ>, <Param3>— YCTAHOBHTH NapaMeTpsl IS 3anpoca nouc-
ka Bluetooth-ycrpoiicTe.

[TapameTpsi:
® <JParaml>;
0 (= CTAHJAAPTHLIA peHM 3arnpoca;
@ 1 —s3anpoc B pexkume RSSI;
® <Param?>— MAKCHMAJILHOE KOJTHYECTBO YCTPOHCTRB, OTBEYAIOIIMX HA 3anpoc;
® <pParami>— TaiM-ayT oxkunanuns (1-48: or 1,28 no 61,44 cek).

Orser Moayst: OK (MM FALL).
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0O AT+INQM?

NOJYYUTh NapaMeTpsl /14 3anpoca noucka Bluetooth-yctpoiicTs.
[lapameTtpos Her.
OTeeT MOAYA: +URRT: <Paraml>, <Param?>, <Param3>
O ar+1nvp — 3anyck noucka Bluetooth-yerpoiicTs.
[lapameTpos Her.
OTteeT MOAYA — CMNHUCOK HAHJIEHHBIX YCTPOMCTE.
O AT+BIND=<Param> — NnpuBA3aTh Bluetooth-moayne Kk apyromy moayJio.
[lapameTp: <param>— agpec aeropuzoaHHoro Bluetooth-moyns.
OteeTr MOAYA: OK (MAN FATL).
0 AT+BIND? — MOAYYHTH aJipec yeTporcTRa, npuss3aHHoro k Bluetooth-moaymio.
[lapameTpoe Her.
OTBeT MOAYA: <Param> — ajipec YCTpoicTea., npussazaHHoro k Bluetooth-moayimo.
O AT+FSAD=<Param> — MOMCK aBTOpH3HpoBaHHoro Bluetooth-ycTpoiicTsa.
[lapamerp: <param> — aapec agropuszosannoro Bluetooth-moayns.
OrBet MOAYA: OK (MK FALL).

O AT+RMSAD=<Param> — YAAQIHTh YCTPOHCTBO M3 CMMCKA ABTOPH3MPOBAHHBIX 1A Halle-
ro Bluetooth-moayna.

[lapameTp: <param>— aapec apropuzosanHoro Bluetooth-moayns.
OtBeT MoaYAA: OK (MK FAIL).

() AT+RMAAD — OYHCTHTh CITUCOK ABTOPH3NPOBAHHBLIX YCTPOHCTB /14 Hawero Bluetooth-
MOy,

[Napamerp: <param>— aapec asropusosantoro Bluetooth-moayns.
OreT MOaYAA: OK (WM FAIL).

O AT+LINK=<Param> — coeilHHUTBCA ¢ Bluetooth-yerpoiicTBom.
[lapametp: <param> — aapec Bluetooth-ycrpoiictsa.
OreT MOaYAA: OK (AN FATL).

[Monuwii cnucok AT-koman MOKHO HaHTH B (paiine datasheets\BluetoothHCOS5.pdf conpo-
BOKAAIOUIEr0 KHUTY YJIEKTPOHHOIO apXHBa.

24.3. YnpaBneHue po6oTom
¢ Android-ycTpouncTtea no Bluetooth

Cosnaanm npoekt ynpasienuns poborom ¢ Android-yerpoicrsa no Bluetooth. B kavecr-
Be miaatdopmbl uenonbizopaiock wacen 4WD, niobpaxennoe na puc. 24.3. Dnexrpuue-
CKas cXeMa yCTpoicTsa npe/acrasieHa Ha puc. 24 .4,
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Puc. 24.3. lWaccku ans poGorta 4WD

CHauana neoOxoaumo 3anporpammuposars Moayib Bluetooth HCOS (em. pazo. 24.2).

[Ipexne Bcero noakioyaeMcs 1o cxeme, MnokasaHHoil Ha puc. 24.2. 3areM nepeBoaum
MOAV/L B pexkuMm npuema A'T-komana, 3amknys kontakt PIO11 na +3.3 B. Ornpasasem
TECTOBYIO KOMAHAY:

AT\r\n

Orser nosked ObiTh: oK. Tenepb MOAKHO NPOrpaMMHpOBATS.
Cravana naem komaHay cOpoca Bcex HacTpoek:
AT+ORGL\r\n

Jlanee yctaHOBUM MMS MOJIYIA:

AT+NAME=robotl\r\n

YeraHoBuM naposs:

AT+PSWD=1111\r\n

Yeranosum napamerpsl UART:

AT+UART=38400, 0, 0\r\n

[leperoaum Moayib B peskum slave (ZKaeT nojgkinoveHus):
AT+ROLE=0\r\n

Bee. lepesoaum moayns HCOS B pabounii pexum,
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Arduino
— Rx
— Tx AQ —
D2 Al —
he05 D3 A2 t—
D4 A3 b—
1 D5 Ad —
Rx
2 11y pio11 24 EE ig :
Ca AT —
PIOY % D9
121 .33v IR = g 1 433V
GND GND GND —{ D12 -
— D13 o
3 21 22 GMND
L293 —
3 : 2
Q~tfor  m b
out2 in2 5
11 . eni g +5V
7] out
v Vs = *
ind 3
- ind |
Vss en2
GND
4|5
12] 13
_—

Puc. 24.4. 3nexkTpuyeckan cxema

Jlanee nuiem ckery nonyueHus kojaoB U3 Android-yerpoiicTea. 3a ocHoBy Depem ckeTy
u3 nuctunra 21.4 craeer 21, onuchIBalOLIMIA YIIpaBIEHHWE I'YCEHHUUHBIM poOOTOM € Mo-
moubio HH$pakpacHoro nyasta. M3 Android-yctpoiictea ans ynpasnenus pobotom
Oyzem nepeaapath KOJbl, aHANOMHUYHbIE KojaMm ny/ibTa Marmitek, 4to no3sonaut npu He-
00XoauMocTH nepeiTH ObicTpo Ha ynpasiaenue podorom no UK. Koa ckerva npeacras-
JIeH B iMcTHHTE 24.2,

NucTunr 24,2

// xoma xnapyu MK-nyneTa (marmitek)
#define FORWARD 1936

#define BACK 3984

fidefine SPEED UP 144 //ch+
fdefine SPEED DOWN 2192 / /ch-
#define LEFT 3472

f#define RIGHT 1424

f#define CIRCLE LEFT 3216 //vol+
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#define CIRCLE RIGHT 1168 //vol-

fdefine STOP 2320 /70
#define EXT 16 /1
#define LOCAL 1040 //3

int local=0;
// cocrosHMe MOTOpPOB poGoTa
struct POZ // cTpyKTypa I XpaHeHMs CTaTYCOB MOTODOR
{
int pozl; // noswmuma ans 1 moropa
int poz2; // noswmums mna 2 moTopa
int directionl2; // HanpaBleHMe nO NOBOPOTa
}i
// moTopH

struct MOTOR // cTpykKTypa A XpaHeHMA HOMEepOB [MHOB, K KOTOPEM MNOMAKTIOYEHE!
MOTOPUMKM

{
int inl; // INPUT1
int in2; // INPUT2
int enable; // ENABLE1l
)i
// onpenenseMm nopTH, K KOTOPHM MNOOKIIOYEHH MOTOPYMKM
MOTCR MOTORL = { 4, 5, 6 };
MOTOR MOTOR2 = { 7, 8, 9 };
// HaudancHaa nosuimMa poBoTa
// 1,2 MOTOp = BHKIOYEHH
POZ POZ12=(5,5,5);
// MaccuMB BO3MOXHEIX COCTOAHMIA MOTOPOB
// max down -> min down -> stop -> min up -> max up
int arrpoz([9][11]={
// inl neproro MoTopa
{0.0,0,0,0,0,1,1,1,1,1}),
// in2 nepeoro Moropa
{1,1,1,1,1,0,0,0,0,0,0},
// cxopocru (enablel) nepeoro Moropa
{250,230,210,190,170,0,170,190, 210,230,250},
// in3 BToporo moTopa
{0,0,0,0,0,0,1,1:1,1,1},
// ind4 Broporo mMoropa
(1,1,1,1,1,0,0,0,0,0,0},
// cropocmu (enable2) mTOoporo MoTopa
{250,230,210,190,170,0,170,190,210,230,250},
// ckopocTh++
(0y~1,-1,~1,-1,0,1,1,1,1,0},
// ckopocrTh--
(0,-1,-1,-1,-1,0,1,1,1,1,0},
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// xpyxesve BNeBO-BIPaBO
{10,8,6,4,2,0,-2,-4,-6,-8,-10}
| &
‘Iff* e e e e bluetmtrh
#include <SoftwareSerial.h>
SoftwareSerial mySerial (2, 3); // yxasuBaeM NMHE rx M tX COOTEETCTBEHHO
// rx-tx hc05 m tx-rx-rx hc(05 cooTEeTCTBEHHO
// nna nepeepoma CTPOKM B YMCIO
int pows(]={1,10,100,1000,10000};
int nums[10];
int index nums=0;
int number=0;

void setup()
{
// nocnesmopaTensHElT NopT
pinMode (2, INPUT) ;
pinMode (3, OUTPUT) ;
Serial.begin(38400);
mySerial .begin(38400);
// HacTpaupaem BHBOOH AMA MOTOPOB
pinMode (MOTOR1.inl, CUTPUT):
pinMode (MOTOR1.in2, OUTPUT):;
pinMode (MOTOR2.inl, OUTPUT);
pinMode (MOTOR2.in2, OUTPUT):;
// HauansHaa nosuumMa - poBOT CTOMT
gol2 (POZ12.pozl,POZ12.poz2);
}
void loop()
{
// oBpaBoTka Kona HaxaTHMA
while {mySerial.available(})
{
int ¢ = mySerial.read(); // unmTaem uz software-nopra
if(c=="\n")
{convert to number();
index nums=0;number=0;
break; }
else if (48<=int (c) && int(c)<=57)
{
nums [index nums]=int (c)-48;
index nums++;
}
else
{index nums=0;number=0;
Serial.println("error"):;
break; )

}
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// nomyumuTs uMcno M3 MaccMBA UMDP
void convert to_number ()
{
for(int i=index nums;i>0;i--)
// {number=number+nums [i-1] *10* (index nums-i) ;}
{number=number+nums [i-1] *pows [index nums-i];
}
Serial.println(number, DEC) ;
ir go(number);
}
// nepeycrTaHoBKa MOTODOB
void gol2 (int pozl,int poz2)
{
digitalWrite(MOTOR1.inl, arrpoz[0]([pozl]):
digitalWrite(MOTOR1.in2, arrpoz(l]([pozl]);
analogWrite (MOTORl.enable, arrpoz([Z2] [pozl]);
digitalWrite (MOTOR2.inl, arrpoz[3]([pcz2]);
digitalWrite (MOTORZ.in2, arrpoz([4][pcz2]);
analogWrite (MOTORZ.enable, arrpoz[5] [poz2]);
}
// ofbpaboTka KoOa HakaTHa
void ir go(long kod)
{
Serial.print (ked);
Serial.print("\n");
if (kod!=EXT && local==1)
return;
switch (kod)
{
case LOCAL : // BHelHee ynpaBJieHMe BKJIIOWMTL
POZ12.directionl2=10;
POZ12.pozl=10;
POZ12.poz2=10;
gol2(10,10);
local=1;
break:
case EXT : // BHeuwHee ynpaeJieHMe BHJIKYMTE
local=0;
break;
case FORWARD : // HanpareneHue Enepejm
POZ12.directionl2=max (POZ12.directionl2,10);
POZ12.pozl=P0212.directionlZ;
POZ12.poz2=P0Z12.directionl2;
gol2 (POZ12.pozl,POZ12.po22);
break;
case BACK : // HanpaeneHue Hazan
POZ12.directionlZ=min(POZ12.directionl2,0);
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POZ12.pozl=P0Z12.directionl2;
POZ12.poz2=P0Z12.directionlZ;
gol2 (POZ12.pozl,POZ12.poz2) ;
break;
case SPEED UP : // cxopocTe++
POZ12.directionl2=P0Z12.directionl2+arrpoz[6] [POZ12.directionl2];
POZ12.pozl=POZ12.directionlZ;
POZ12.poz2=P0Z12.directionl2;
gol2 (POZ12.pozl,POZ12.pozd);
break:;
case SPEED DOWN : // ckopocTb--
POZ12.directionl2=P0OZ12.directionl2-arrpoz([7] [POZ12.directionll];
POZ12.pozl=P0Zl2.directionlZ;
POZ12.poz2=P0Z212.directionl?;
gol2 (POZ12.pozl, POZ12.poz2);
break;
case LEFT : // Bneeo
if (POZ12.directionl2>6)
{
POZ12.pozl=POZ12.pozl~-1;P0Z12.pozl=max (POZ12.pozl,0);
POZ12.poz2=P0Z12.directiocnl2;
}
else
{
POZ12.pozl=P0OZ12.pozl+1;POZ12.pozl=min (POZ12.pozl, 14);
P0Z12.poz2=P0Z12.directionl2;
}
gol2 (POZ12.pozl,POZ12.poz2);
break;
case RIGHT : // mnpaeo
if (POZ12.directionl2>6)
{
POZ12.poz2=P0Z12.poz2-1;POZ12.poz2=max (POZ12.poz2,0) ;
P0OZ12.pozl=PDZ12.directionl2;
}
else
{
POZ12.poz2=P0OZ12.poz2+1;P0Z12.poz2=min (POZ12.poz2,14);
POZ12.pozl=P0Z12.directionl2;
}
gol2 (POZ12.pozl,POZ12.poz2);
break;
case CIRCLE RIGHT : // xpy®eHue BIpaBo
POZ12.directionl2=10;
POZ12.pozl=P0Z12.directionl2;
POZ12.poz2=POZl2.directionl2+arrpez (B8] [POZ12.directionll);
gol2 (POZ12.pozl,POZ12.pozd);
break;
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case CIRCLE LEFT : // xpy®eHuWe BIEBO
POZ12.directionl2=0;
POZ12.pozl=P0Z12.directionlZ+arrpoz[8] [POZ12.directionl2];
POZ12.poz2=P0OZlZ.directionl?;
gol2 (POZ12.pozl,POZ12.poz2) ;
break;

case STOP : // cron
POZ12.pozl=5;
POZ12.poz2=5;
POZ12.directionl2=5;
gol2 (POZ12.pozl,P0OZ12.poz2);
break;

default:
break;

JlanHblii cKeTY MOXKHO HAMTH B nanke examples\_24_1 CONPOBOMAAOLIErO KHHUIY dJleK-
TPOHHOI'O apXxHea.

Tenepr HeoOxoaumo Hanmucars npunokenue s Android. Buewnuii Buja npunoxkenus
npusejaeH Ha puc. 24.5. [lpu eeibope nyukra Ioakawunreces K podoTy NPOMCXOAMT
nouck Bluetooth-ycTpoiicts (puc. 24.6). BeiOupaem Hawe ycTpoicTBO M nmonajaem B HH-
tepdeiic ynpasnenus poborom (puc. 24.7).

ApxuB ¢ ¢aitnamu npoekta s cpeawt Eclipse Haxoautes B daiine examples\
Android\_24_1.rar CONMPOBOAAAIOLLETO KHHIY 3IEKTPOHHOIO apXHEa.

Android -= Arduino robot

OTkpeiTe Bluetooth

MogkniouuTLeA K poboTy

JakpbiTe Bluetooth

Pwuc. 24.5. MNpunoxexna Android AnA ceA3n c pobotom no Bluetooth
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AL 3B % m747

00:11:10:12:06:84
robot2

O Seanning...

Puc. 24.6. Nonck Bluetooth-ycTpoicTe

*AQ 2E Y m747 |

ClientToBluet

JLATUMK MMHAN HIAS

JaTauic nHUN Bepx 'I E
JAucTauiyun HC-SRO4, cm 32
JAucradiwn SHARP,em 175

«ay»
o I} c

Puc. 24.7. Uurepdeinc ynpaenenna pobotom



rMABA 25

TV-BbiXoa Ha Arduino

B aTo#l rnaee mbl PAacCMOTPHM, KaK MOMKHO HCNOIBL3IOBATE TUIATY Arduino 14 BeIBOOA
Kakoi-nubo undopmaumun Ha TB no HY-kabemo ("monwnan"). Ilpasna, uzobpaxenue
OKaxeTcs 4YepHo-OelibIM, OJIHAKO M 3Toro Oyaer J0CTaro4vHO s OOJBIIHHCTBA MPOeK-
ToB. Jlng 3akperieHus marepHana noakiouum K Arduino JuKOHCTHK M co3faaum mnpo-
CTEHBKYIO MIPY, MCMOMNb3YS B KAYECTBE YCTPOMCTBA BBIBO/IA OOBIMHBIH TENEBH30P.

25.1. Cxema noaknroyYeHus

Cxema nepexoanuka (puc. 25.1) — npocTeiinas.

MCU 1K OHM RCA Plug
Sync

470 OHM Vid{center)
Video
GND GND(outside)

Puc. 25.1. Cxema nepexojHuka

25.2. Arduino-ounonuoTteka TVOut

J.IJ']R I"ﬂHEPi’IllHH Mﬂfiﬂ."\'p(}MHﬂrﬂ KOMIMO3IHTHOIO BHIOCOCHIHAJIA Hﬁnﬂ.’lb'ﬁ)’E‘Tﬂ'H rorTosas
nporpammuas omdanoTeka Tvout ana Arduino. bUdHOTEKY MOKHO cKavaTh CO CTpaHM-
bl http://code.google.com/p/arduino-tvout/downloads/list. budaunoteka copmecTuma
co caeayiomwmumu maramu Arduino: Decimilia, Nano. Uno. Mega. Crnucok ucnolbsye-
MBIX BBIBOJIOB [UTA JAHHBIX MUIAT nipejacTasined B tabn. 25.1.

bubauoreka npeaocrapnser 00ALIIOE KOAMMECTBO (PYHKUMH A8 BbiBOAA rpaduyeckmx
MPUMHTHBOB, TEKCTA, JIOCTYINA K OTAEALHBIM TOUKAM H300paKeHus TeJIeBH30pa, a Takke
npocreiiine (PYHKUMH U1 BbIBOJAA 3BYKa no ayaumokabemo. Mo ymonuauuio padouee
pazpewenue yeranasaupaercss B 128x96 touek. CTOUT OTMETHTHL TAKXKe, YTO HE rapaH-
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THpYeTCA KoppekTHasa pabora aaHHOH OHOJHOTEKH NMPH €€ NPUMEHEHHH B JAPYroi HHTer-
pPHPOBaHHOM cpee pazpaboTKu.

Jina navana pabotel HEOOX0AHMO CO3/1aTh DK3EMIUIAP Kjlacca TVOut, HarpHMep:

TVOut TV;
Tabnuya 25.1. Cnucok ebleodos, ucnonsayemsix dnsa nnam Arduino
Mnara Arduino SYNC VIDEO AUDIO
Decimilia, Uno, Nano 9 7 11
Mega 11 A7(D29) 10

PaccmoTpuM  HekoTOpble (DYHKUHH. NpeAOCTaB/iseMble KilaccoMm Tvout Ais padoTsl
¢ u300parkeHHeM KpaHa.

25.2.1. DyHKUMA yCTaHOBKU pexuma begin()

DyHKUMA begin() WHULUMAIM3UPYET BLIBOJA BHICOCHIHasla (paspellieHHe 3KpaHa Mo
ymosuanuio 128x96 Touek).

CHHTAKCHC:

TVOut ..begin (mode)
TV.begin (mode, x, v)

[Tapamerp: mode — cTaHlapT BHACOCHTHANA:
O eaL— pexum PAL:
O nrsc — pexum NTSC.

Bosspaiaempie 3HaueHHs: 0 — B CAyYae yJauyHOro COeHHEHHs, 4 — B Cy4ae Hey/1auM
(HepocTaTouHo namaT s Oyvpepa BoiBoaA).

25.2.2. DyHKUUU 3a0epPXKKH

®yHkumua delay()

DyHKUMA delay () OCYHIECTBIACT 3a/1€PKKY BIBEACHHOIO H300paKeHus.
CHHTaKCcHC:

TVOut.delay (ms)

[Tapamerp: ms — 3aaepaka B mc ¢ TouHOCTBIO: 20 Mc i PAL u 16 mc quia NTSC.

®yHkumua delay_frame()
DyHKUMA delay frame () OCYLUIECTB/IAET 3a€PHKKY BbIBEIEHHOIO H300pasKeHHH.
CHHTaKCHC:

TVOut .delay frame(frames)
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[MapameTp: frames — KOJIMYECTBO KaJAPOB AJIA 3a€PAKKH.

DyHkuMs none3Ha 18 CBeIeHHA K MMHMUMYMY HWJIM YCTPaHEHHs MEepLaHus JKpaHa, Bbl-
3BAHHOIO ero 0OHOBIIEHUEM.

25.2.3. DyHKUUU NONyYeHUs napamMeTpoB
®yHkumua hres()

(DYHKUMA hres () BO3BPALIAET FOPU3OHTAIILHOE paspelieHre IKpaHa.
CHuHTaKCHC:

TVOut .hres ()

[lapameTpor Her.

BD'?.EPBLI.[HEMDE 3HAYEHHE: unsigned char — FOPH3OHTAJIBHOE pazpelleHHE dKpaHa.

DyHKuma vres()

MyHKUMS vres () BOZBpallaeT BEPTHKAILHOE pa3pellieHHe IKpaHa.
CHHTaKCHC:

TVOut.vres ()

[TapameTpoB Her.

BU?BFHUI&EM{}E JHAYCHHE: unsigned char — BEPTHKAIIBHOE paspelleHHE JKpaHa.

®yHkumua char_line()

DYHKUMA char line() BO3BpalllaeT MAKCUMA/IbHO BO3MOMKHOE KOJIMYECTBO CHUMBO/IOB
B OJIHO# CTPOKE IMPH BbIBO/IE TEKCTOBON HHOpMALIUHM.

CHHTAKCHC:
TVOut. char line()
ITapamerpos Her.

BO?BDH[IIHEMUE 3JHAYEHHE: unsigned char — KOJIHYECTBO CHMBOJIOB.

25.2.4. OcHoBHble rpacmyeckme PyHKUUU
®yHKuuna set_pixel()

(D}’HKI[HE set pixel() YCTAHAB/IHBACT LBCT [MHWKCEJda 3KpaHa B TOYKE € 3aJlaHHBIMMH
KOOPJHHATAMM,

CHHTAKCHC:

TVOut.set pixel (%, vy,color)
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[TapameTtpsi:
0O x, y

O color — LIBET MHKCeNAa:

KOOPAMHATHI MHUKCeNa;

® () — YepHBbIH:
e 1 — Denbiii;

®  — HHBEPTHPOBaTL LIBECT.

®yHkuusa get_pixel()

(D}’HI{L[HH get pixel() NOOY4YAET LUBET MHKCEA 3KpaHa H3 TOYKH C 3alaHHBIMH KOOpPIH-
HATaAMH.

CHHTaKCHC:
TVOut.get pixel (x,¥y)
[TapameTpsl: x, y — KOOpAMHATHI MHKCEA.
Bo3spaulaemoe 3HaveHue:
0O color — UBET NMHKCENA:
® ) — YEpHBLIH:
e 1 — Denblii;

® 2 — MHBEPTHPOBATH LIBET.

D yukumn fill()

d’}’HKL[I‘IJF[ £fill() 2ANOJIHAET 'E!KFI'EH FAJaHHBIM LIBECTOM.
CHHTaKCHC!

TVOut.fill (color)

[TapameTp: color — LBET 3aM0/IHEHUA:

0O 0 — yepHBblii:

0 1 — Genslii;

O 2 — WHBEPTHPOBATHL LIBET.

®yHkuuna clear_screen()

MYHKUNA clear screen() OYMIIACT IKPaH, 3aM0JHAA €ro0 3a/laHHLIM LIBETOM.
CHHTaKCHC:

TVOut .-:lear_screen (color)

[Mapamerp: color — UBET 3aI10/IHEHHS

0 0 — uyepHblii;

O 1 — Genslii;

0 2 — WHBEPTHPOBATH LIBET.
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@yHKUunA invert()
DOyHKUMS invert () HHBEPTHPYET COJEPAKHMOE IKpaHa.

CHHTaKCHC:

TVOut. invert ()

[Tapamerpoe Her.

®yHkuua shift_direction()
MYHKUKA shift direction() CABMIaeT COAEPKHMOE IKpaHa.
CHHTaKCHC:
TVOut.shift direction(distance, directicn)
[TapameTtpsr:
0 distance — pacCTOAHME JUIS CABUIa COAEPKUMOro IKpaHa;
O direction — HanpapJIEHHE CBHra:
e ur=( — BBEpX;
® DOWN=] — BHHU3;
® LEFT=2 — BJIEBO.

. RIGHTZS'——-BHPEBD.

®@yHKkuna draw_line()
MYHKUMA draw line () COEJMHAET HA IKPAHE JIMHHUEH JIBE TOYKH.,
CuHTaKCHC:
TVOut.draw line (x0,y0,x1,vyl,color)
[MTapameTpsr:
O %0, y0 — KOOP/IMHATBLI MNEPBOH TOUKH,
O x1,yl — KOOPIAMHATHLI BTOPOH TOUKMH,
O color — LBET 3aN0/IHEHHA:
® [ — YEepPHBLIH:
o 1 — Denblii:

® . — MHBEPTHPOBATL LIBET.

DyHKkumna draw_row()

MDYHKUMA draw row() 3anoJHACT YKa3aHHLIM LBETOM CTPOKY MEHKAY JBYMSA TOUKAMM
CTPOKH.

CHHTaKCHC:

TVOut.draw row(row, ®0,x%1,color)
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[Tapamerpet:
O row— BepPTHKAJIbHAA KOOPJAWHATA CTPOKH;
0 %1, %2 — roOpH3OHTAJILHBIEC KOOPAMHATEI TOYEK CTPOKH;
O color — HECT 3allO/IHCHHA L
® () — YEepPHbIH:
o 1 — Denwbiii;

® 2 — WHBEPTHPOBATH LIBET.

®yHKkuma draw_column()

‘I)FHKI_[I{H draw column() 3anOJHACT YKasaHHbBIM LUBCTOM CTPOKY MCHAY ABYMA TOYKaAMH
croadua.

CunTakcuc:
TVOut .draw column(column, y0,yl,color)
[Tapamerpsi:
O column — ropM3OHTANLHAS KOOpAWHATA cToa0A;
O y1, y2 — BEPTHKAJIbHbIE KOOPAMHATHI TOHEK cTONOLA:
O color — UBET 3aMOIHEHH:
® () — YepPHbIH;
e 1 — Denbiii:

® 2 — WHBEPTHPOBAThH LIBET.

®yHKuua draw_rect()
MYHKUMA draw rect () PHCYET HA 3KpaHe MPAMOYTIOJIbHHK.
CuHTaKCHC:

TVOut.draw rect (x,y,w,h,color)
TVOut.draw rect (x,vy,w,h,color,fillcoler)

ITapamerpsr:
0 %,y — KOOPJAHHATHI JIEBOH BEPXHEH TOYKH;
O w,h — WHPHHA U BBICOTA PHCYEMOT'O NPAMOYTOJIBHUKA;
O color — UBET rPaHHLL NPAMOYIOJIbHHKA:
® (0 — YepHBIN;
e 1 — Denblif;
® 2 — HHBCPTHPOBAThH LIBET:
O fillcolor — IBET 3aM0JHEHHA NMPAMOYTOJIBHUKA!

® () — YEepPHbIH:
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e 1 — Denwbii;

® 2 — WHBEPTHPOBATH LIBET.

®yHkumua draw_circle()

DyHKUMA draw circle() PUCYET HA IKPaHE KPYT.

CHHTaKCHC:

TVOut.draw circle(x,y,r,color)

TVOut .draw_ circle(x,y,r,color,fillcolor)
[Tapamerpsi:
O x,y — KOOPAHHATHI LIEHTPA Kpyra:
O r— paauyc Kpyra;
O color — UBET rpaHMLL Kpyra:
® () — YepHbIH:
o 1 — Denwlii;
® 2 — WHBEPTHPOBATHL LIBET:
O fillcolor — UBET 3aN0JHEHUS Kpyra:
® (0 — YepHblii;
o 1 — Denblit;

®  — HHBEPTHPOBATL LIBET.

®yHKkuuna bitmap()

MYHKUMA bitmap () BLIBOAWUT HAa 3KpaH pacTposoe M3odpaimeHue.

CHHTaKCHC:

TVOut.bitmap (x, vy, bmp, w,h)

[Mapamertpsi:

O x, y — KOOPJHHATHI JIEBOIO BEPXHErO Yrijla TOUKH BbIBO/1A;
0 bmp — yKasaTe/b HA MACCHB NaMATH, I/Ie XPAHHTCA KapTHHKA

0O w,h—1 HPHHA, BLICOTA BRIBOJAHMOIO HTOGPE}I{EHHH;

B pazo. 25.4 Mbl paccCMOTPHM TPOLIECC CO3/IAHUA KOJA BBIBOJAHMBIX PacTpoBbIX H300pa-

JKEHHH.

25.2.5. DyHKUUM BbIBOAA TEKCTOBOU MH(OpMaL UK

Jls npumenenns YHKUMIA BBIBOJA TEKCTOBOH MH(pOpMaumu Tpedyercs noakIioueHue
(haiinioB ¢ BKJIIOYEHHBIMH B OMOIHOTEKY nosb3oBaTenbCckuMu wipudramu. Jlna noaxmo-
YEHHA NMOJIL30BATENLCKOro Habopa wpHPTOB HEOOXOAUMO B CKETHE NMOAKIIOUYHTE 3aroio-

BOYHBIH (aii:

#include <fontALL.h>
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B coctag OMOIHOTEKH BKIIOYMEHBI clieayiolHe Habophbl WPHPTOR:
0O font4xe;

00 fontéxs;

O fontBxs;

O fontBxBext.

Co3nanmne noab30BaTeIbCKHX WPH(TOB MBI PACCMOTPHM B paso. 23.5.

®yHkuua select_font()

DYHKUMA select font () BeIOMpaeT wpudT 118 BEIBOAA TEKCTOBOH HH(OPMALIHH.
CHHTaKCHC:

TVOut.select font (font)

[Napamerp: font — wpuT, NOAKIOUEHHBIH B CKETYE.

®yukuuna print_char()

DyHKIMA print char () BLIBOJWT CHMBOJI Ha IKpaH.
CHHTaKCHC:

TVOut.print char (x, y,char)

[MapameTtpsi:

O %,y — NO3MUMA HA SKpaHe /119 BHIBO1a CHMBOJIA;

O char — CHMBOJ M3 TEKYLUEro wpHdTa.

®yHKUuuA set_cursor()

MOYHKUHA set cursor () YCTAHAB/IMBACT MO3HMUMIO Kypcopa i BbIBOJAa TEKCTOBOH HH-
(popmaLiK Ha FKpaH.

CHHTAKCHC:

TVOut.set cursor (x,y)

[Tapamertpsl: x, y — KOOpPAHHATHI 1S Kypcopa.

®yHKumnA print()
MyHKUMA print () BBIBOAUT HA 3KPAH CTPOKY, CUMBOJI MITH YKCIIO.
CHHTAKCHC:

TVOut.print (x,y, string)
TVOut.print (%, y,char, base)

TVOut .print (%, vy, int,base)

[TapameTpbi:

0 %,y — KOOpJIMHATBI KYpcopa;
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O base — ¢opMaT BbIBOJA:
e pyrE =0);
e pec = 10 (default);
16.

Il

® HEX

@yHKUuuA printin()

MYHKIMA printin() BBIBOAMT Ha PKpaH CTPOKY, CHMBOJI M/TH YHMC/IO M B KOHLIE CHMBOJI
neperoaa CTPOKH.

CHUHTaAKCHC:

TVOut.println(x,y,string)
TVOut.printlnix,; y,char,;base)

TVOut .println(x, vy, int,base)
[Mapamerpbi:
O x,y — KOOpPAHHATLI Kypcopa;
O base — (opMaT BbIBOJA:

e ByYTE =10;

e pec = 10 (default);

e HEX=]6.

25.2.6. DyHKuMK BbIBOgA ayamo

lII).‘:M"!-II'IILI\I‘II‘l BbIBOJA 3BYKA NO3BOJAKOT OTHPAB/IATE HA TEJICBH30P YEpes ayJAHOBLIXO CHI-
Hall {)TIPEI[E.TIEHHGH YACTOTHI.

DyHkuuna tone()

DOVYHKUMSA tone () BBIIAET aYJAHOCHTHAI ONpe/ie/IeHHOH YacToThl.
CHHTaAKCHC:

TVOut. tone (frequency,duration)

TVOut . tone (frequency)
Ilapamerpsi:
0 freguency — 4acTOTa ayJHOCHIHAJTAL

0O duration — JAWTENbHOCTH CHIHANA.

®yHkuun noTone()

(DYHKUHA noTone () NPEKPALLAET BLIAAYY ayAHOCHT HANA.
CHHTaKCHC:

TVOut.noTone ()
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25.3. Co3paHue
nonb3oBaTeNbCKUX WPUQTOB

PaccmoTpum nporiece co3ianus Mojib30BaTe/ILCKUX WIPH(TOB 11 OMOMHOTEKH TVOout.
Coznanum nonb3oBatenbCKHil WIpUPT myfont1. s noas3oBaTenbekoro wpHgTa myfontl

B manke TVOutfonts cosnaem 2 dpaiina: myfont1.h u myfont1.cpp. Coaepkumoe daiina
myfont1.h npeacrasneHo B aucTuHre 25.1.

Nuctrnr 25.1

#ifndef MYFONTl_h

fdefine MYFONT1 h

#include <avr/pgmspace.h>

extern const unsigned char myfontl([]:
#endif

CywecTByioT ABa BHAA WPHPTOBR: (PUKCHPOBAHHOW W NepeMeHHOH WHpHHbL. [lna wpud-
TOB (DMKCHPOBAHHOM LIHPHHBI NEpBbie TpU OaiiTa MaccHBa COAEPIKAT JAHHbIE O LLIHPHHE
cuMBoia (4), Beicote cuMBoa (6) W nepeblii nevaTHbid cumBos (32). 3aTem WAYT JaHHbIe
JUIS KasK10ro nocjaeayiomero cuMeona (JMeTiHr 25.2).

‘ Nuctnnr 25.2

#include "myfontl.h"

PROGMEM const unsigned char myfontl[] = |
4,6,32,

'
0b00000000,
0b00000000,
Ob00000000,
Ob00000000,
0b00000000,
Ob00000000,
//
0b01000000,
Ob01000000,
Ob01000000,
Ob00000000,
Ob01000000,
Ob00000000,

|

Jins wpH@TOB NnepeMeHHoON WHPHHBLI B ONHCAHMM KAXK/I0I0 CUMBO/IA Nepeblil Gaitt onpe-
JenseT WHPHHY AaHHOro CUMBoOJIA (JUCTrHr 25.3).
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NucTunr 25.3

finclude "myfontl.h"

PROGMEM const unsigned char myfontl[] = {
4,6,32,

/7

2,
Ob00000000,
0b00000000,
0b00000000,
Ob00000000,
0b00000000,
0b00000000,
//

3,
0b01000000,
0b01000000,
Ob01000000,
Ob00000000,
0b01000000,
Ob00000000,

}:

Tenepb ana vcnonb3oBaHUs OMONHOTEKOH TVOut HaUIEro Moab30BaTEIbCKOro wwpHdTa
myfontl B CKeTYe HeoOXOAMMO nepeHecTH B nanky libraries Arduino IDE u noakmounTh
¢aiin myfont1.h:

ffinclude "myfontl.h"

25.4. Co3paHue rpacpmyeckux npUMMTUBOB

bubauoreka Tvout MO3BOJSET 3arpy’karTh HA SKpaH pacTpoBble mzoOpaxenud. Pacemor-
PHM CO3JIaHME KOJA JUIS 3arpy3Ku pacTpoBOro uiobpakeHus PyHKUMEH bitmap() Oub-
JIMOTEKH TVOut.

CHavana HeoOX0AHMO co31aTh 0AHOOHTHOE (ABYXUBETHOE) M300pazKeHHe — Hanpumep,
B rpaduueckom peaakrope Paint (puc. 25.2).

3arem Ham nonagobures nporpamma Image2Code, koropas CKOHBEPTHPYET W3 HALLETO
u3oOpaxkenus koa. Ilporpammy B Bepcuu juis onepaumonHoit cuctembl Windows MokHO
ckauate no aapecy http://sourceforge.net/projects/image2code/files/. Crkaunsaem, 3a-
nyckaem (puc. 25.3).

Haxumaem na knonky Convert u noayuaem maccue (puc. 25.4).

Jlanee cosnaem aga daiina. [lepsblii ¢ paciumpennem h — Hanpumep, MyBitmap1.h (Jimc-
THHI 25.4).
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Puc. 25.2. PucyHok B pegaktope Paint

| # Image2Code

Choose a file (or drag file to here)

Browse |

o

Copyright (C) 2008
Crystalfontz America, Inc,
hittp: [ fwvww, crystalfontz.com

Fie: D:\MYBOOKS \arduino_book_new'\glava_21_ris\favicon.bmp

Will be written as 1 bits/pixel gray
Width: 15, Height: 16
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Puc. 25.3. OkHo nporpammel Image2Code

L



naea 25. TV-ekixo0 Ha Arduino 339

OXAA , OXAAY,
0x55,0x55},

Puc. 25.4. PeayneTaTt koHBEpPTaUMU n3obpaxenna nporpammon Image2Code

# include <avr/pgmspace.h>

# ifndef MYBITMAP1 H

# define MYBITMAP1_H

extern const unsigned char MyBitmapl(];
fendif

3aTem cosaaeM BTopoit (aiin MyBitmap1.cpp (MUcTHHT 25.5), B Hero (B noJsie JaHHbIX Mac-
CHBA unsigned char MyBitmapl[]) KOMHUPYEM JlaHHbIE KOHBEpTalLMH, YOUpas CHMBO/IBI
"1" m "}" wm BcTaBnas B Havane WMPUHY W BBICOTY W300pakeHus B nukcenax (Jauc-
THHI 25.6).

#include " MyBitmapl.h"
PROGMEM const unsigned char MyBitmapl([] = (};

#include " MyBitmapl.h"
PROGMEM const unsigned char MyBitmapl[] = {
16,16,

0x73, 0%8E,
0x8C, 0x71,
0x00, Ox00,
0x00, 0x00,



340 Yacms lll. MNpakmuveckoe npumeHeHue Arduino

0x00, 0x00,
Dx97, 0x63,
0x94, 0x55,
OxB4d, Ox55,
OxD4d, Ox67,
0x94, 0x45,
0x00, 0x00,
0x00, Ox00,
0x00, 0x00,
OxARn, OxAR,
0x55, 0x55,
0x00, 0x00
b i

Coxpansiem (aitnsl MyBitmap1.h U myBitmap.cpp B nanky Hawero ckerya. /Uis BbiBoja
ITOro W300pakKeHHs Ha KpaH TeJIEBU30pa BbI3bIBaEM (PYVHKLMIO TVOut.bitmap():

#include " MyBitmapl.h"
TVOut.bitmap (%, y,MyBitmap) ;

25.5. Co3paHue
npocreniuen NrpoBoOn KOHCONU

Cobepem npocreitiuyro Mrpoyio koHcosib. Ham norpebyercs nepexounuk "rronbnan",
nepenasHHbIi COrJIacHO cxeme, NpuBeseHHO Ha puc. 25.1, nuarta Arduino (B Hawem
ciayuae Nano) u npocteidiumnii ABYXKOOPAHHATHBIN xKOHCTHK (puc. 25.5).

Puc. 25.5. [lsyxkoopanHaTHbLIA
OWMOWNCTHE

Beixoasl mkoiictika noakmouaem K aHanoroseiM Bxogam Arduino A0 u Al. KaGens-
"mionenan" noakmouaem B Beisogam 7, 9, 11 Arduino. Cxema coeannenuit npeacrasiena
Ha puc. 25.6, KoHconb B cOope — Ha puc. 25.7.



Nnasa 25. TV-ebixo0d Ha Arduino

341
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Puc. 25.6. Cxema nrposomn KOHCONK

Puc. 25.7. BHeWHWR BUA KOHCONW
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25.6. PazpaboTka urpbl Anst MrpOBOM KOHCONM

IIpucTynuM K CO31aHHIO HIPLI € YCIOBHBIM HazpaHueM "Apudmernueckuii cOopmk".
"Urpok" ynpagnsercs JUKOHCTHKOM € BO3MOKHOCTBIO MEPEMELLEHHSA [10 MO0 pazMepPoOM
128x90 Touek. Ilpu HyneBbIX OTKJIOHEHMAX /HKOHCTHKA "Mrpok" HAXOAHMTCH B LIEHTpE.
MakcumaibHOE OTKJIOHEHHE JZKOMCTHKA COOTBETCTBYET MAKCHMATbHOMY MepeMelieHHIO
"urpoka". C onpeeneHHbIM HHTEPBAJIOM BPEMEHH FeHEepHpYIOTCA 00BLeKThI-LUH(PLI, KO-
TOpble ABWKYTCA cBepXy BHM3. [10 JOCTHKEHHH HMIKHEro MoJjoKeHHs SKpaHa oObeKT-
uudpa ucuesaeT, yMeHblas KonuyecTso 0aiioB "Mrpoka" Ha BeJIMUHMHY AAaHHOK UM(pbI.
Ecnm "urpok” nepexparsiBaer o0BeKT-UM(pY HA IKpaHe, TO ITO NPHBOJAMT K HCHE3HOBE-
HHIO0 o0ObekTa-uMpbl ¥ yBeIHYeHHIo cueTyrka dannos "urpoka”. C onpeaeneHHon ne-
PHOAMYHOCTEIO 3HAYOK "Hrpoka" MeHseT cBoe 3HaueHue ¢ uuppsl 0 10 9. Ilpu nepexpare
o0bekTa-uudpel cueTudk Oa/UIOB "Mrpoka" yBeJIMUMBAETCA HA CYMMY, PaBHYIO CYMMe
oObekTa-uudpol ¥ "uudpe” urpoka. Eciu umdpa "urpoka" paeuserca uudpe odnexra-
uHQpbl, TO cyeTyuk OauoB "urpoka" ysennuumsaercs Ha npousseaexnue unudp. Ilo noc-
THZKCHHH ONPE/Ie/ICHHBIX MOPOros HanI0B MPOUCXOAUT Mepexo/i Ha Bonee BLICOKHI ypo-
BeHb MIPbl, YTO MPHBOJHT K YBEIHYEHHIO CKOPOCTH JIBH3KEHHS M CKOPOCTH reHepaivu
o0bekToB-unQp. Kpome TOro, ¢ 4-ro ypoBHA Urpbl CTOJKHOBeHHE "Urpoka" ¢ 00beKTOM-
U poii NPUBOAUT HE TONBKO K YBEJIMYEHHUIO CHETUHMKA "HrpoKa", HO M K ero ymeHblue-
HUKO — ecin undpa "urpoka"” mesbiue wudpol odbekTa-undpol. Eciu konnyectso Oan-
noB "urpoka” craHoBuTcA MeHblue (), urpa HauUMHAETCA CHavana.

25.6.1. Co3pgaHue nepeMeHHbIX Urpbl

Jlna ynpasnenus urpoil coznaaum oOBEKTHI IS XPAHEHHUS ee TeKYUIero mnojoKeHHs.
Cumpost, otoOpakatownii "urpoka”, 1 cMMBOJIbL, oToOpakatoue o0beKTbI-UH(PLI, Bbl-
BOAATCSH KaK TEKCTOBas MHQOpMALIKs, MOITOMY [O/EIHM BCE 0/1€ MI'Pbl HA CTPOKH H BCE
nepemenieHua 00bEKTOB Oy/IeM OCYIECTBIATh KAK BbIBOJI CHMBOJIA B 3HAKOMECTO Ha Mo-
ne. llepemennsbie vax x=31 1 vMax v=14 onpeaensaior pasMep Mojis Urpbl MO KOJIHYECTBY
3HAKOMECT M0 TOPH3OHTANIH W BepTHKanu, [lepeMeHHas MAX ORJ=30 onpejenseT MaKCcH-
MaJIbHOE KOJTHHMECTBO OIHOBPEMEHHO HAXOAALIHMXCA Ha 10J€e Urpbl 00beKTOB-uMpp. Mac-
CHB int FIGURA[30][3] XpaHuT HHpopmauuio 00 odbekTax-uudpax, HaAXOAALMXCA Ha
10J1€ UIPbl ClEAYIOUHM 00pasom:

O FIGURA[L] [0] — 4MclIOBOE 3HavYeHne o0bekTa-undpol (0 — nycroii odbekT);
0 FIGURA[i] [1] — TEKYLas KOOpAHHATA x 00beKTa-UU(ppb;
0 FIGURA[L][2] — TeKyllas KoopJAuHaTa y 00beKTa-uuppbi.

Jlna xpaHeHusi NpoYMX NEepeMeHHbIX, ONMUCHIBAIOLIMX TEKYILEE COCTOAHHE HIPbl, CO3la-
ANUM CTPYKTYPY GAME. Cniucok nonei cTpyKTypbi:

O xx — koopauHaTa x(/4) "urpoka':

0O vk — koopauHata y(/6) "urpoka";

0 tekCursor — TEKYlllee 3HAYEHHUE Kypcopa;

O blinkCursor — TeKylllee cocTosHHe O/IMHKA (MepLaHus) Kypeopa;

O vblink — CKOPOCTb OJIMHKA (MEpLAHHS) B vk:
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vk — CKOpPOCTb ABHAeHHUA "urpoka” (nposepka Bxoaos A0, Al):
vo 10 — CKOPOCTb M3MEHeHHs LHdpb! "urpoka’;

vo 11 — CKOPOCTb MOABIEHHA 00BEeKTOB-1IU(P;

vo 12 — CKOPOCTb JIBW/KEHHA 00BEKTOB-LH(P:

count objects — KOJI-BO DG'IJEICTGB-HHCbp Ha none;

level — YPOBEHb UIPbl:

QOO0 oO0aaa

balls — KoJI-BO Oasos.
Koa crpykrypbl GAME npeicTaBieH B JIMCTHHIe 25.7.

Nuctuur 25.7

int MAX X=31;
int MAX Y=14;
// CTpyKTypa NaHHBIX MIDH
struct GAME // cTpykTypa INA HOaHHEX MI'PH
{
int xk; // woopmuuaTta x(/4) urpoka
int yk; /{ woopmmuuaTa y(/6) urpoxa
int tekCursor; // Tekyuee 3HaueHue Kypcopa
int blinkCursor; // rexyuwee cocrTosaHue ONMHKA Kypcopa
int vblink; // cxopocT: blink B vk

long vk: // cropoCTh OBMXEHMA MDPPOKa —- MpoBepka Bxonor AQ,Al
long vo 10; // cropocTb M3MeHeHMA UMOPH MIpOKa

long vo 11; // ckopocTe noAeneHus umdp

long vo 12; // ckopocTe nBuxeHUA uudp

int count objects; // xon-Bo oOBEKTOB Ha noJje
int level; // ypoBeHe UIpH
int balls; // xon-po Gannoe
¥,
int MAX OBJ=30;
int FIGURA(30]([3])=({0,0,0},{0,0,0},{0,0,0},1(0,0,0},1{0,0,0},
{0,0,0},10,0,0},1{0,0,0},(0,0,0},(0,0,0},
{0,0,0},1{0,0,0},1{0,0,0},1(0,0,0},1(0,0,0},
{0,0,0},{0,0,0},1{0,0,0},1{0,0,0},1{0,0,0},
{0,0,0},(0,0,0},(0,0,0},{0,0,0},(0,0,0},
{0,0,0},{0,0,0},{0,0,0},1{0,0,0},1(0,0,0}
b#

25.6.2. YnpaBneHuve nonoxeHuem "urpoka"
C NOMOLbLIO JKOUCTUKA

ITonoxkenne "urpoka" Ha sKpaHe onpenensiercs OTKIOHEHHEM JukoicTHKA., BoiBoabl
JKOHCTHKA noAKmoveHbl K ananoroesiM nopram A0 u Al naatel Arduino. Onpoc nop-
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TOB NMPOHCXONT Yepe3 BpeMs, OnpeaeneHHOe NapaMeTpoM GAME . vk, 9TH JaHHbIe o0paba-
ThIBAOTC (PYHKUHEH map (), KOTOpas MpONopLHOHAILHO MEePeHOCHT 3HAYeHHE W3 TeKy-
wero auanazoHa 0—124 B HOBBLI AMana3zoH (3HAYeHUS LWMPHHBLI M BLICOTHI IKpaHa).
3areM 3TO 3HAYEHHWE NMEPEBOJAMTCS B KOOP/AWHATHI 3HaKoMecTa. B 310 3HakoMmecTo Heobd-
XOJIMMO MEpPEeMECTHTh H300paskeHHe cHMBona "Wrpoka”, mpeaBapHTEIbHO MOMECTHB
B npeablayluee nojaokeHnde "Hrpoka" cumpos npodena. J{na orodpaxkenus "urpoka” vc-
NOJAL3VETCS MHUraloumMii cuMBon — uMdpa u npoden. Bee 3TH onepauMH nMpoW3BOAMT
(PYHKUMA set iam(). COAEPKMMOE KOTOPOIi NPUBEIEHO B JIMCTHHIe 25.8.

Nuctuur 25.8

Jlrr Rk kR ek kkkr kR d® yoTaHOBKA HOBOTO MONIOKEHMA WMIPOKa
void set iam()

{

TV.set cursor(min(123,GAMEl.xk*4),min(84,GAMEL.yk*6));
™.print ("™ ");

GAME] .xk=map (analogRead (A0), 0, 1024, 0, 128B);
GAME1.yk=map (analogRead (Al), 0, 1024, 0, 96);
GAMEL .xk=GAME1.xk/4;
GAME1.yk=GAMEl.vyk/6;
GAMEl.vblink--;
if (GAME] .vblink<0)
{
GAMEl.blinkCursor=1-GAMEl.blinkCursor;
GAME]l.vblink=5+GAMEl .blinkCursor*5;
}
TV.set cursor (min(123,GAMEl.xk*4),min (84,GAMEL.yk*86));
if (GAME] .blinkCursor==1)
TV.print (GAME1l. tekCursor} ;
else
TV.print (" ");
}

CumBon, otobpaxaiommii "urpoka"”, MeHseTca yepes Bpems, onpeae/ieHHOe napaMeTpom
GAME.vo 10, BBI30OBOM (PYHKUHH set new cursor (), H3MEHEHHE MPOUCXOAMT Cay4aiHbIM
obpa3om ¢ nomoubio (GyHKUMH random(). Coaepimumoe (PYHKUMHM set new cursor ()
npeaCTaBAeHo B IMCTHHTE 25.9,

NucTunr 25.9

[/ Rx ek krkkkrha kRt ® yOoTaHOBKA HOBOI'O BMOA CUMBONA MIPPOKAa
void set new cursor()

{

GAME] . tekCursor=random(0, 10) ;

}
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25.6.3. NleHepauyus n nepemMmelieHue
ob6beKkToB-Unudp

OO0beKThI-uMdpbl FEHEPUPYIOTCS Yepe3 BpeMs, OnpeleieHHOe MapaMeTpoM CAME.voll,
HUudopmanmnsa 000 Bcex odbekTax-uudpax XpaHHTCS B MACCHBE FIGURA[30] [3]. Boi3biBa-
ercsd (PYHKUHA set new object (). [lporpaMma wier nepBbiii MycTOH MHAEKC B MacCHBe
(FIGURA[30] [3]=0) M NMOMELIAET B HEro HoBbli 00BLEKT-uM(py. LludpoBoe 3HaAUeHHE M
rOpH30HTAIbHAA KOOPAWHATA HOBOTO OOBEKTA reHepUpyloTea (PYHKIMEH random, a Bep-
THKabHas KOOpAWHATA ycTaHaBAWBaeTcA paBHOH Hymo. CMMBOA, oToOpa)kalomuii Ho-
BbIH O0OBEKT-UM(PY, BBIBOAMUTCH Ha 3KpaH. CoAep:KHUMOe (PYHKUMH set new object ()
npejcTagieHo B amctunre 25.10.

NucTuur 25.10

JRxEEA RS b kR dxkdhE nogRIIGHME HOBOIO OObexTa-uMbpe
void set new object()
{
int null index=0;
if (GAME]l.count objects<MAX OBJ)
{
for (int i=0;i<MAX OBJ;i++)
{
if(FIGURA[i] [0]==0)
{null index=i;break;}
}
FIGURh[null_index][G]=randum{l,9j;
FIGURA[null index] [1l]=random(0,MAX X);
FIGURA [null index] [2]=0;
// BHBOO Ha HOOCKY
TV.set cursor (FIGURA[null index][1]*4,0);
TV.print (FIGURA[null index] [0]);:

GAMELl.count objects++;
}
}

DyHkums ABwxKeHHs O0BLEKTOB-UM(P go object () BbI3bIBAETCA uepe3 Bpems, orpeje-
JIEHHOE MapamMeTpoM CAME.vol2. Busyanuszaums aBukeHus 00LEKTOB-UM(DP NpoMCXoauT
NyTeM CTHPAHHA CHMBOJIA U3 NPEAbIAYLIETNO MOJIOMEHHA oObeKTa {3anuc1, CHMBO/1a MpoO-
ﬁena) M 3anMcH CUMBOJIA 0O0BEKTA B HOBOE TNOJIOKEHHE (BEpTHI{aJIbHﬂH KOOpAHHaTa 3Ha-
KOMECTA DSLEI{T&-UH(bpr VBC/IHYHBACTCH HA EB,HHHI.I}"]'. llo pocTrmenuu Hu3a IKpaHa
NPOUCXOANT yaaneHne odbeKkTa-undpsol (3anuck 0 B HIeMeHT MaccHBa FIGURA[1] [0]), a
TaKKe yMeHblueHHe KosauuvectBa Oannos urpoka. Coaepkumoe (PYHKUMH go obiect ()
npeAcTaBieHo B iMeTHHre 25,11,
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Nuctunr 25.11

[/rxxrrerrkdketrriss ppipxeHMe obbeKTa-LMOpH

void go object()

{
for(int i=0;i<MRX OBJ;i++)
{
if (FIGURA[i] [0]>0)

{

TV.set cursor (FIGURA[i] [1]*4,FIGURA[i] [2]*6);

TV.print (™ ");

if (FIGURA[i] [2]<MAX Y)
{
FIGURA([1] [2] ++;
TV.set cursor (FIGURA[i] [1]*4,FIGURA[i] [2]*6);
TV.print (FIGURA[i] [0]);
}

else
{
TV.tone (294,200) ;
change balls (FIGURA[i] [O]*(-1));
FIGURA[i] [0]=0:
GAME] .count objects--;
}

25.6.4. lpoBepKa CTONKHOBEHUA "Urpoka"
n obbekToB-uudcp

[lpu nepemeriennn cumpona "urpoka" nmo akpaHy HeoOXOAMMO MPOBEPATH €ro CTOIKHO-

BeHMs ¢ oObekTamu-undpamu. s sroro ucnonbiyem (GpyHkumioo collision(). Ilocne
YCTAHOBKH CHMBOJIA, COOTBETCTBYIOWIEro "Wrpoky", mnpopepseM 31€MEHTbl MacCHBa

v

IGURA HAa COOTBETCTBHME KOOPAHHAT OOBEKTOB-UM(pP KOOpAMHATAM CHMBONa "Hrpoka".

an COBIMAJACHHUH KOOPAHHAT BBITTOJHACM CIICYHOLLIHE JEHCTBMA:

2

i

Yuuuroxkaercs o0bekT-undpa u3 MaccHBa FIGURA (3anuch 0 B FIGURA[[i] [0]).
. YMeHbIIaeTca Ha | CYeTUMK KOTMUECTBA 00BEKTOB-UH(P (GAME, count objects),

[IponsBoauTcs M3MeHEeHHE cHeTUMKA KosuecTsa OannoB "urpoka” (BbI3OB (DYHKLIMH
change balls()).

Conepxumoe GpyHKUMHN collision () NpeACTaBIeHO B IMcTUHre 25,12,
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Nuctunr 25.12

[ ErrFkkdddkhkdk ki dd* npopepKa CTONKHOBEHHMA
void collision()
{
for (int i=0;i<MAX OBJ;i++)
{
if (FIGURAR[i] [0]>0)
{
if (FIGURA[i] [1]==GAME]l.xk && FIGURA[i] [2]==GAME].yk)
{
TV.tone (740, 200) ;
if (FIGURA[i] [0)==GAMEl.tekCursor)
change balls (GAMEL.tekCursor*GAMEL.tekCursor);
else 1f(FIGURA[1] [0]>GAMEl.tekCursor && GAMEL.level>1)
change balls (FIGURA[i] [0]*(-1));
else
change balls (FIGURA[i] [0]+GAMEL.tekCursor);
FIGURAR[i][0]1=0;
GAME]l.count objects--;
}
}
}
}

B ({)yHKUHIO H3MEHEHHA cueTUMKa KonndecTBa 0amioB "Mrpoka" change balls() B Kade-
CTBE apryMeHTa NnepeaaeTcs YHC/I0, Ha KOTOPOoe CIIEAYET YBEJIHUNUTD (YMEHbLUIMTD) CUeT-
yuk Oamos "urpoka". D10 uMcno paBHO cymme oObekTa-uMdpbl U uKMdpsl "Hrpoka'.
Ecaun undpa "urpoka” paeusierca umdpe odbekta-unudpsi, TO nepeaaeTcs 3HaueHue, pas-
Hoe npouseeaeHuio UHdp. Kak orMeuanoch paHee, A1 MOBLILIEHHA C/IOAKHOCTH MIPbI
¢ 4-ro ypoBHS CTOJIKHOBEHHE "Mrpoka" ¢ 00beKTOM-LM( POt NPUBOAUT HE TOJIBKO K YBe-
JIMYEHHIO cYeTUYHKa "Hrpoka”, HO U K YMEHbLIEHHIO ero — ecju uudpa "Hrpoka” MeHb-
we undpsl odbekTa-unudpbl.

25.6.5. CyeTumk 6annos "urpoka"

(MDYHKUHA change balls() NPOM3BOJANT W3MEHEHHE cyeTHMKa Oannos "Hrpoka" Ha BesM-
uuHy BXoasulero aprymenta. Ecim cuerunk kosmuecrsa Gaiio ctanosures mensiue 0,
Hrpa 3aKaHYHMBaeTCS, SKPAH OUHMLLACTCH W OCYLUECTBIAETCA Mepexoj Ha HAuaao Mrpsl.
Kpome TOro, npu JOCTHAKEHHH CHYETUMKOM OIpe/esIeHHbIX 3HAYEHHH, BBINOJIHACTCH
nepexoa HWrpbl Ha HOBLIH, Oojiee BBLICOKHH, YPOBEHL. YCTAHOBKY 3HAYEHHH Aa4 HO-
BOIO YPOBHA BBINOAHACT PYHKUHA new level (). Coaepmumoe PYHKUHH change balls()
npeJcTaBJeHo B IMCTHHIe 25,13,
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Nuctunr 25.13

JFErEh ke kR ARk kdd ok paveHeHMe HaOpaHHEX OainosB
void change balls(int ball)
{
GAME]l .balls=GAMEl.balls+ball;
if(GAME]l.balls<0)
start game();
if (GAME]l.balls> (GAME]l.level+1)*100)
new level (GAME]l.level);
set data tablo():
}

25.6.6. MNepexon Ha HOBbIXU YPOBEHb

[Ipu nepexone Ha HOBbIH YPOBEHb MIpbl OCYLLECTBISETCS YCTAHOBKA HOBBIX 3HA4YeHHiH
JUIS CKOPOCTH FeHEpalMu U CKOpOCTH nepemelieHus oobekToB-undp. Ilepponavanbho
Npeanoaaraioch MEHATh U 3HAYEHHUE CKOPOCTH M3MEHEHHs LH(pbI "Hrpoka” M cKOpocTH
€ro JIBHKEHHA, HO B XOJI¢ MCIBITAHHSA MIPbl PELIEHO OBIIO OT TOro oTkaszarkcs. Jleicr-
BUS YCTAHOBKH 3HAYEHUH MepeMeHHbIX U1 HOBOIO YPOBHS HIPbl NPOH3BOAATCH B QyHK-
LHH new level (), COAEPKHMOE KOTOPOIA MpeACTaBIEHO B IMCTHHIE 25.14.

NucTunr 25.14

JlErhwk bk k Rk k pageyeHMe YPOBHA MIDH
void new level (int tek level)

{

GAME1l.level++;

GAMEl.vo 10=5000;

GAMEl.vo 11=2000-(GAME]l.level-1)*100;
GAMEI.vo_12=1ﬂﬂﬂ—{GﬂMR1.level—l]*lﬂﬂ:

}

25.6.7. OTobOpaxxeHne AaHHbIX UrPbl HA Tabno

Tabno ¢ JaHHBIMH HUIPLI HAXOAHTCA BHU3Y JKpaHa. 3/1ech 0TOOpaKAIOTCA TEKYIIHE 3Ha-
YeHHs KosinvecTBa HaOpaHHbiX Oa/10B U ypoBeHb Urpel. [1pu wameHenuu cuetrunka Gan-
noB "Urpoka" npoMCXoAMT BbI30B (PYHKIMHK set data tablo (), KOTOpas U3MEHSET 3Ha4e-
HHE KoanvecTBa HaOpaHHBIX OAIOB M YPOBEHb MIPHI B MEPEMEHHBIX CTPYKTYPbI GAME
1 Ha Tabno. Conepkumoe (PYHKUMH set data tablo() NPEACTABICHO B JIHCTHHIE 25.15.

Nuetunr 25.15

[ rxkxkrkahhhkkered® pupon ONAHHEIX Ha Tadno
void set data tablo()

{

TV.print (20,91," balls= ");
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TV.print (70,91," level= ");
TV.print (48, 91,GAME1.balls);
TV.print (98, 91,GAME]1. level) ;
}

25.6.8. 3ByKoBOE COMNpPoOBOXAEHUE Urpbl

Jna 3BykoBoro odopMAeHWA HWrpbl MBI HCHOMAB3YeM (YHKUHIO tone (frequency,
duration) OMOaMoTekn TVout. [Ipu noctHkeHHMH 00BEKTOM-UM(POH HU3A HIPOBOrO MoO-
na (pyHKUMA go object ()) BOCMPOM3IBOAMTCA 3BYK TV.tone (294,200), MPH CTOJKHOBE-
HHH UrpoKa U 00beKTa-uH@psl (PYHKUMS collision())— 3BYK TV.tone(740,200). Ecnn
Bbl 3aXOTHTE B MPOEKT BCTABHTL (PparMeHT M3 MOCAeJ0BaTEIbHOINO BOCIPOH3BEEHHS
HECKOJIbKHX HOT, MOCJE BbIBOJA KaKAO0M HOThI KOMAaHIOHN tone (frequency, duration)
HeOOX0AMMO BCTABIATL KOMAH/0M delay () 3aJ€PKKY UIMTENbHOCTBIO HE MEHbLIEH, YeM
napaMeTp duration. Tak, B AucTunre 25.16 opraHuM3oBaHO Noc/1e10BaTE/ILHOE BOCIPON3-
BCIACHHC JIBYX HOT C nay‘anﬁ.

[.numur 25.16 ]

TV.tone (294, 200) ;
TV.delay (400) ;
T™V.tone (740, 200) ;

25.6.9. OCHOBHOM UUKN Urpbl

OCHOBHOM LMK 1POrpaMMbl COCTOMT W3 BbI30BA PACCMOTPEHHBLIX HaAMH (YHKUMI
set iam(), collision(), go object(), set new cobject(), set new cursor() 4YEpes
NPOMEKYTOK BPEMEHH, VYCTAHOBJIEHHBIH B [EPEMEHHBLIX GAME.vk, GAME.vo 10,

GAME.vo 11, GAME.vo 12. Copepkumoe (PYHKUMH gamel() MPeACTABIEHO B JIMCTHH-
re 235.17.

Nuctuner 25.17

int gamel ()

{
//while (GRME1.balls>0 && GAMELl.level<g)
il
long timeZ=millis();
//TV.delay (GAME]. xk) ;
if(time2=-timell1>GAMEL . vk)
{set iam();

collision():;

timell=timez2;

}
if (timeZ2-timel2>GAMEl.vo 12)

{go object ();timel2=time2; )
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if (time2-timel3>GAMEl.vo 11)
{set_new_objectt};time13=tim22;}
if (timeZ2-timel4>GAMEl.vo 10)
{set_new_cursor();timeld=time2;}
TV.delay frame(10);
//}
if (GAME]l.balls<0)
return 0;
else if (GAMEl.level>5)
return 0;
else
return 1;
}

Bua wrpsl M4 cam ee nmporuecc MOXKHO TMOCMOTpeTh B POJHKE [0  ajapecy:

http://www.youtube.com/watch?feature=player_embedded&v=tNJ_oxbT96Q#at=22.

25.6.10. lo6baBnsiem meHto ana BbiOopa urp

JloGaBum B CKeTY MEHIO /U1 BBIBO/1A TPEX MIP, KOTOPbIE Bbl MOMKETE HAMMCATH CAMOCTOA-
TenbHo, CoaepKUMOe OCHOBHOTO LIMKIIA MPOrpaMmbl M (PYHKUHH menu () MPeACTaBICHbI
B NTHCcTHHTE 25.18.

Nuctuur 25.18

void loop() {

switch (menu (pmenu) )

{

case l:start game();
while (gamel () >0) ;
break;

default:
break;

}
J/*ERAY MeHD A BHOOPa MUIPH
int menu{int poz)

{

Tv.clear_screeni};
pmenu=max (poz, 1) ;

int pmenul=pmenu;
TV.println(60, 30, "Game 1");
TV.println(60, 50, "Game 2");
TV.println(60,70, "Game 3");
TV.draw rect (50, 5+20*pmenu, 40, 10, WHITE, INVERT) ;
TV.delay (500) ;
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while (digitalRead (12)==LOW)
{
if(analogRead (A1) <100)
pmenu=max (pmenu-1,1) ;
else if (analogRead(Al)>900)
pmenu=min (pmenu+l, 3) ;
else ;
if (pmenul !=pmenu)
{

TV.delay(500) ;
TV.draw rect (50, 5+20*pmenul, 40, 10, BLACE, INVERT) ;

TV.draw rect (50, 5+20*pmenu, 40, 10, WHITE, INVERT) ;
pmenul=pmenu;
}

}
return pmenu;

}

[TonHOCTBIO TaHHBIA CKETY Bbl MOKETE HAWTH B nmarnke examples\_25_1 conpoBoxaatouie-
ro KHUTY 271eKTpOHHOro apxupa. Tam ke Haxoastcs nporpamma Image2Code (daiin
Image2Code.exe). (aiin wia cozpanus rpadguueckoro npumurTHBa favicon.bmp, nanka
TVOutfonts, B KoTOpOi#i coaepzkarcs (aitisl wpHdTos, U nanka TVOut ¢ daiinamu Gubnuo-

TECKH TVCut,



rMABA 26

Arduino n paguoynpaBneHue

Annaparypa pajuoynpasjieHHs UCMOAb3YETCA U1 YIIPABIEeHHS ABWKYLIHMHCH MOJ1ens-
mu. Tlepenaya KoMana OT NMUIOTA K MOAE/H MPOUCXOAUT MO paanokaHany. Annaparypa
pajHOyNpaBJeHUs COCTOMT W3 MEepelaTunKa, KOTOPbI HAXOAMTCH y MWJI0Ta, M pa3me-
HICHHBIX Ha MOACIAH NPHCMHHEKA MCHOIHHTC/IbHBIX MCXaHH3IMOB. ,[[Jlil VYHPABJICHHA HC-
MNOJIHHTE/IbHBIMH MEXdHW3MAMH HEPEIKO HCMNOILIYHOTCH MHKPOKOHTPOJICPLI Arduino.
MHKPD]{GHTDGJ’IJ’WP I'l[}H ATOM JOJIKCH 110JYV4HaThE H {JGDHGHTHBH'I']} KOMAaH/blI OT NpHEM-
HHKa.

[lo KOHCTPYKUMK OPraHoB yNpaejeHUs, Ha KOTOpble, COOCTBEHHO, BO3ACHCTBYIOT Nalib-
Lkl IMHI0TA, IIC]J{.‘-..’].E'IT'-[HHH JACAATCH Ha ,IIH{{JﬁCTHEUBI:IC (]JHE. 26. ” H NMACTOJICTHOIO THIIA.
B nepeeIX yCTAHOBIEHO, Kak MNpaBuio, JIBAa JBYXKOOPJMHATHBIX JLKOMCTHKA. Takwue
nepejaTYMKH UCTIONB3YIOTCH U YIIPABICHHUS NIETAIOIUMH MOJIEAMH.

Pwuc. 26.1. Nepeaatynk HK-TEA
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Jlna ynpaBneHus ABHKYIIHMHCA MoaenaMH TpeOyeTca BO3AEHCTBHE OJHOBPEMEHHO Ha
HeCKONbKO (yHkuHi. [ToaToMy nepegaTyMKH paguoyTNpaBieHHs 1eal0T MHOTOKaHAIb-
HbIMH. Tak, 18 aBTo- ¥ cyaomMoesieild TpedyloTed 1Ba KaHala: yrpasjieHHe Hanpap/ieHH-
eM aBukeHus v oboporamu apurarens. 18 MOJHOLEHHOIO YIPaBIEHHUS CaMOJIETOM
HYKHO He MeHee YeTbIpeX, a BEPTOJIETOM — MATH KaHAJIOB.

Jins camoneToB Ha ABa JABYXKOOPAWHATHLIX /UKOHCTHKA BBIBOAATCS (DYHKLHH yrpasie-
HHS PYJIEM BBICOTBI, HAMpaBJ€HUs. JJIEPOHAMH M rasom Jsurarend. KoHnkperHas pac-
Kaaaka GpyHKuMid no axokcTHkam OwiBaet aByx tunos: Mode | (puc. 26.2) — pyib Bbi-
COThI CJICBA 110 BEPTHKAIH H PYJIE HANPABJICHHA 110 FOPH30HTA/IH, a3 ClipaBa Mo BCPTH-
Ka/lH H KpeH 110 ropH30HTAIH. a Takke Mode 2 (puc. 26.3) — razs cneBa no BepTHKaIH H
pyJib HarpaBJieHHsl 10 FOPU3OHTAIH, PY/ib BBICOTHI CIPABa M0 BEPTUKAIM W KPEH 110 ro-
puzonTanu. Ecte ewwe tinsl packnanok Mode 3 u 4, HO OHM MaJIO pacnpOCTPaHEHBbI.

NONHBIA NONHLIA

EHUZ raz raz BHWZ
o £ o o o o S o
- ® 3 @ T 8| @ o T o 5
S = Zc =B E =3 gc g
] [vr] =] (=]

BEEX XONOCT 0 XONOCTOW BB epX

Xxoa Hon
Pwuc. 26.2. Packnagka Mode 1 Puc. 26.3. Packnaaka Mode 2

26.1. MNMpuHuunesl hbopMupoBaHUA pagmocurHana

Jl1s Toro 4ToOBI W3TYHAEMBIH NepelaTYHKOM PaJHOCHIHAIL MOT NIEPEHOCHTH TOJIE3HYIO
HH(OPMALIMIO, OH MOABEPraeTcs MOAYIALUNHK, TO ecTh, YNpaBIAOIIHH CHIHAI H3MEHAET
napaMeTpbl Hecyiuel paanovacTothl. Ha npakTuke Hauuim npuMeHeHHE yripasieHHE
aMIUTUTY1I0i KU HacToTol Hecyulel, obo3nayaemplie Oyksamu AM (Amplitude Modulation,
ammanTyaHas moayvasuma) 1 FM (Frequency Modulation, wactornas moayasims).

B panuoynpasieHHH MCNONb3YETCS TOJNBKO JAMCKPETHAs JBYXYPOBHEBas MOJILYJIAIMA.
B Bapnante AM Hecyumas umeet 1Mb0 MakcuManbHbIi, 1100 HyIeBo# ypoeeHb. B Bapu-
anre FM manyuaercs cHruaa nocTosHHOM aMmiuTyasl nbdo ¢ yactoroit F, 1mbo ¢ uyTh
cMetteHHoi vacrotoit F + df. Curnan FM nepenarumka HarnoMHHaeT CyMMY CHIHAJIOB
nsyx AM-nepenarunkos, padortarouux B nporusogase na yacrorax F u F + df coorser-
ctBeHHo. M3 3TOro MosKHO NOHATH, Jake He yriyOnasch B TOHKOCTH 00paboTkH paaHo-
CHrHajla B NPHEMHHUKE, YTO B OJIMHAKOBBIX MMOMEXOBBLIX YciaoBuax FM-curnan umeer
NPHHIMITHAIBLHO OOJIBIIYIO NOMEXO03alMIIEHHOCTh, YeM AM-curnan. AM-annapartypa,
KAaK IMNpasuio, Jeleslie, 0OJHAKO pasHHla HE OUYCHb BEJIHKA. B HACTOSLLEE BPEMA HCIIOJIb-
3oBaHne AM-annaparypsl OnpasiaHo TOJBLKO Ui TeX C/y4aes, KOrja paccrosHue /10
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MOJEJIH OTHOCHTENILHO HereluKo. Kak npaBuiio, 5T0 crnipaBeUIMBO JUIs aBTOMOJENEH,
cyaomojieneii M KOMHATHhIX aBuamojzenei. BooOuwe, nerare ¢ wucnonezoBaHuem
AM-annapatypbl MOXKHO /ML ¢ DOABIONW ONACKON W BAAIM OT MNPOMBILIIEHHBIX LIEH-

TPOB.

Moaynauns no3BoJiseT HAI0KHUTh Ha W3IYYAEMYIO HECYILYIO MOJIe3HYIO HH(OpMALIHIO.
OaHako B pajavoOyNpaBIeHHH HCIONb3YETCH TOJIbKO MHOrOKaHajibHas nepeaaqa uHdop-
mauuu. JLg 9Toro Bee KaHalbl YIUIOTHSAKOTCS B OJIMH [I0CPEACTBOM KoauposaHua. Ceiuac
JUISL 3TOTO MCTIO/B3YETCH TONBKO LHPOTHO-UMITYJIbCHAS MOIY/I1HA, 0003HaYaemas Oyk-
Bamu PPM (Pulse Phase Modulation), u uMIyibCHO-KO10Bas MOy 14LMA, 0003HauYaemas
Ovkeamu PCM (Pulse Code Modulation).

Ha puc. 26.4 npueaen tunoeoid PPM-curnan natukanansHoi annapatypel. PPM-cur-
Hasl uMeeT (puKkcHpoBaHHYIO JAUHY nepuoaa T = 20 mc. D1o o3navaer, yro undopmams
O MOJIOKEHHUAX pPyuYeK YIIpaBIeHUs Ha nepejaTyHke nonajgaet Ha mojenb 50 pa3 B ceKyH-
ay, 4To onpejaenser ObICTpojeHcTBME annapatypbl ynpasineHus. Kak npasuino, sroro
XBATAET, MOCKOJILKY CKOPOCTh PEaklMH MMHI0Ta Ha MoBeJACHHE MO/IEIH HAMHOIO MEHbLIE,
Bee kanansl npoHymepoBaHbl M NEpealOTCs M0 NOPAAKY HOMEPOB. 3HAYEHHE CHrHala B
KaHa/le onpeaensercs BeJMYHHOH BPEMEHHOro MPOMEKYTKA MEHKIY NEpPBbIM H BTOPbLIM
HMITYJILCOM — JUlS NEPBOro KaHalla, MeK1y BTOPbIM M TPETbHM — /Ul BTOPOro KaHaja
HT A

Jlnanazon H3MEHEHHMS BeMYHHBI BPEMEHHOTO NMPOMEXKYTKA NMPH ABHKEHHH JUKOHCTHKA
(pPyYKH ynpapjieHus) U3 OAHOrO KpaiHero nojioxeHusa B apyroe onpeaeneH ot | a0 2 mc.
3nauenne 1,5 MC COOTBETCTBYeT cpeiHeMmy (HEHTpalibHOMY) MOJOKEHHIO JUKOHCTHKA.
[Tpoao/mKHTENBHOCTh MEKKAHAJILHOTO HMMYyJbca cocTaeiaser okoso 0,3 mc. Jlanuas
crpykrypa PPM-curnana ssnsercsa crangapTHOR 1 BCeX MPOU3BOAMTENICH anmnaparypbl
paaHoynpasieHus.

'
0,3 mc
. KAHADN LI
1 2 3 4 5

re e e

T=20 mc

Puc. 26.4. Tunosoi PPM-curdan nATMKaHansHoW annapartypsl
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26.2. YcTaHOBKa CBSA3U NpUEeMHMKa
C nepegaTyYMKom

Ha vnpaeasemol Mojend ycraHasiaupaercs npueMHuk. B Hawem npoexre mbl Oyiaem
ucnoas3opats npueMHuk HK-TOA (puc. 26.5).

Puc. 26.5. NMpuemHunk HK-TBA

Kak BHJHO H3 PHCYHKA, YHC/10 KaAHAI0B VIIPpABJICHHA ¥V 5TOr0 rNpHEMHHKA — WECTh.

Hﬂﬂ Havasa HeoOX0AMMO CBA3ATH MEATY coboii NnepeaaTiiKk H NpHEMHHK B ClIEAVIOLLEM

nopsike:

. Ycranosuts Darapelo B nepeaarymke.

2. BecraButh wWHYp An8 KoaupoBaHua (nokasaH Ha puc. 26.5 Beepxy) B KoHTakTel BAT
MpHEMHHKA.

3. CoeannuuTs DaTapelo NUTaHUA NMPUEMHHUKA ¢ OJIHHM M3 NOPTOB KaHAIa — eCJIH CBETO-
JAHUO/IbI HA MPHEMHHKE M MepeaaTyuKe BCMbIXHBAIOT OJIHOBPEMEHHO, 3HAYMUT MPHEM-
HUK YCMELIHO BKJIIOYEH.

4. 3axkarh (HaKaTh M YIACPHKHBATL) KHOMKY MOMCKA 4acTOThl HA MepelaTyuKe M BKITIO-
YHUTH MUTAHHE — €CJIM CBETOJIMO/IbI HA NMPHEMHHKE HE MUraloT, a MnpocTo ropar, To
CBA3bL YCTAHOBJIEHA.

5. OTnycTHUThL KHONKY HA NepeaaTyuKke, OTCOSAHMHUTE LIHYP Ha NMPHEMHHKE.

6. YCTAaHOBHUTHL CEPBOMAIIMHKY B KAKOM-HHOY/Ib M3 KAHAJIOB W TMPOBEPHTHL padoTocno-

coOHOCTL — NpH JIBHKECHHH CTHKOB Ha NEpeaTuHKE CCpPpBOMALLHHKA J0/XKHa Bpa-
HATBLCA.
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TEI'Ipr MOZKHO NMOAKNHOYATE INMPHEMHHK K Arduino U nucaTb ckerd A [pHEeMa KOMaHa
C nepeaaTuMKa.

26.3. Pa3paboTka ckeTya npuema KomaHg
ansa Arduino

Ilpuctynum Kk paspaboTke ckeTya /Ui CYMTBIBAHMA JaHHBIX, MOCTYMNAKOUMX ¢ nepeaar-
yHKa Ha npuemHuK. [loakmoyaem cHrHanbHble KOHTaKThI MpHeMHUKa Ha BeiBoAbl DI 1,
D10, D9, D8 Arduino. He 3abniBaeM moaate nutanue 5 B Ha npuemuuk. /Inanazon us-
MEHEHHS BEJIHYMHBI BPEMEHHOIO TMPOMEKYTKA TMPH JIBHAKEHHH [KOHCTHKA H3 OJIHOrO
KpaiHero rnojiokKeHHus B Apyroe onpejejeH BeadunHoi ot 1 ao 2 mc. Jlna onpenenenus
JUIMTEJIBHOCTH CHIHala, MOCTYNAKOWEro Ha BXOAbl. OvieM HCIo/ib30Barh (PYHKUMIO
pulseln(). HanomMuum, 4To (PyHKUMS CUMTHIBAET [UIHHY CHIHA/IA HA 3aJlaHHOM MOPTY
(n1cH man Low). Hanpumep, eciin 3a1aHO CUMThIBAaHHE HIGH (DYHKUHEH pulseln (), (pyHK-
LMs OXKMIAeT, MOKa Ha 3a/JaHHOM 1opTY He noseutcs HIcH. Korpa HIGH nonyyeH, BKIO-
Yaerca Taiimep, KOTopblit Oyaer ocTaHOB/IEH, KOrjla Ha NopTy BXoAa/Bbixoaa Oyaer Low.
DOYHKUMA pulseln() BO3BpallaeT JUIMHY CHrHajla B MUKpocekyHaax. DyHKIMA BO3Bpa-
waet 0. eciiv B TEYEHHUE 3a/1aHHOTO BpeMEHHM (TaiimM-ayTta) He Obin 3a)MKCHPOBAH CHUIHAI
Ha Nnopry.

CHHTaKCHC (PYHKUHM pulseln():

pulselIn(pin, wvalue)

pulselIn(pin, value, timeout)

ITapamerpsi:

0 pin— HOMEp NOpTa BXOJa/BbIX0/1a, HA KOTOPOM OY/AET 0KMAATHCA CHIHAJL,

O value — THIN OKMAAEMOro CUrHana (HIGH MM LOW),

O timeout — BpeMs OXKMIAHWUA CUrHana (TaiiM-ayr) B MMKPOCEKYHAAX: MO ymova-
HUIO — OJ/1HA CEKYH/a.

BU?.BI)HLHHEM{}E SHAYCHHE: [VIMHA CHI'HA/IA B MHKPOCEKYH/1ax HJIH (), ecin curHan He no-
JAYHEH 10 HCTCYCHWH TEIFIM-E].}”I"E.

Boibupaem mnoouepeano nopr ans 1, 2, 3, 4 kananos, napaMmerp value=HIGH,
timeout=2 mcex, [lonyyaemoe 3nayenne curuana ot 1 1o 2 mcek. Jlanusie, nogyyeHHble
C MnepeiaTyuka, BBIBOJAMM B rocienosareibHbiii nopt (puc. 26.6). Kak BuaHo w3
puc. 26.6, npu nepemMeLeHnn CTUKOB NepelaTunka M3MeHseTCs 3HaAUeHHe CUMTHIBAEMOI0
curnana. Koa ckerva npeacrasier B auctunre 26.1.

Nwuctunr 26.1

// nepemaTumxk - HK-T6A

{/ npuemHMK -

// npueMHHUK :

// Chl = Rudder (pynt HanpaeneHusa, pHCckaHWe, YAW)
// Ch2 - Elevator (raHrax, PITCH)
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// Ch3 = Throttle (rasz)
// Ch4 - Aileron (anepons, ROLL)

unsigned long ChlValue,Ch2Value,Ch3Value,Ch4Value;
unsigned long lastl,last2,last3, lastd;

int pinChl=11;

int pinCh2=10;

int pinCh3=9;

int pinCh4=8;

void setup()

{

Serial.begin(9600);

Serial.println("Ready");

pinMode (pinChl, INPUT); // connect Rx channel 1
pinMode (pinCh2, INPUT); // connect Rx channel 2
pinMode (pinCh3, INPUT); // connect Rx channel 3
pinMode (pinCh4, INPUT); // connect Rx channel 4
lastl = pulselIn (pinChl, HIGH); //read RC channel 1
last2 = pulseln (pinCh2, HIGH); //read RC channel 2
last3 = pulseln (pinCh3, HIGH); //read RC channel 3
last4 = pulseIn (pinCh4, HIGH); //read RC channel 4
}

void loopl)

{
//
ChlValue = pulseln (pinChl, HIGH, 20000); //read RC channel 1

if (Chlvalue == () {ChlValue = lastl:}

else {lastl = ChlValue;}

Serial.print ("™ Chl: ");Serial.print (ChlValue);

Vi

Ch2Value = pulseIn (pinCh2, HIGH, 20000); //read RC channel 2
if (Ch2Value == 0) {Ch2Value = lastl;}

else {last2 = Ch2Value;}

Serial.print (" Ch2: ");Serial.print (Ch2Value);

I

Ch3Value = pulseln (pinCh3, HIGH, 20000)}; //read RC channel 3
if (Ch3Value == 0) {Ch3Value = last3;}

else {last3 = Ch3Value;)

Serial.print(" Ch3: ");Serial.print (Ch3Value);

Il

Ch4Value = pulseln (pinCh4, HIGH, 20000); //read RC channel 4
if (Ch4Value == 0) (Ch4Value = lastd;}

else {lastd = Chd4Value;}

Serial.print(" Chd4: ");Serial.print (Ch4Value);
Serial.println("");

//delay(1000);
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=9 RFreceiver? | Arduino 1.0

File Edit Sketch Tools Help
—Chl: 1855 ChZ: 1859 Un3: 1950 Ch&: 1129

Chl: 1456 ChZ: 1456 Ch3:- 1849 Ch4: 1129
RFreceiver? § Chl: 1461 Ch2: 1452 Ch3: 1849 Chdé: 1217
Chl: 1461 Ch2: 1460 Ch3: 1854 Ch4: 1213
else (last2 = ChZValue;} Chl: 1455 Ch2: 1459 Ch3: 1849 Ché: 1154
Serial.princ{” Ch2Z: "):Serial.print (ChZValue): Chl- 1456 Ch3- 1453 Ch3- 1880 Ché- 11832
£ Chl: 1461 Ch2: 1453 ©Ch3: 1850 Ch4: 1186
1 Ch3Value = pulseIn (pinCh3, HIGH, 20000): //read Chl: 1451 ChZ: 14589 Ch3:- 1849 Ché: 1181
if (Ch3Value == 0]} {Ch3Value = last3:} Chl: 1455 ChZ: 1459 Ch3: 1851 Ch4: 11352
] glse {lastd = ChiValue:} Chl: 1456 Chi: 1453 Ch3: 1849 Ch4: 11932
Sprial.print(” Ch3: ")iSerial.print (Ch3Value); Chl: 1461 Ch2: 14563 Ch2: 1847 Chd: 1188
] it Chl: 1461 Ch2: 1460 Ch2: 1849 Ch4: 1154
ChaValue = pul=sIn (pinChd4, HIGH, 20000): //read Chl: L1461 Chi: 14583 Ch3: 1E55 Ch4: 1209
if [Ch4Value == D:| {ChdValue = lﬂﬁldl} Chl: 1456 ChZ: 1452 Ch3: 184% Chd: 1384
| elae {'IHM = ﬁt#‘Falut;} Chl: 1461 Ch2: 1551 OCh3: 1849 Ch4: 1440
!' Serial.princ(”™ Ch4: ")iSerial.print (Ch4Value): POLE 2N ChES THAR. WS ARAN Sas e
i - - i wEskEd Chl: 1461 Ch2: 1536 Ch3: 1855 Chd: 1238

Puc. 26.6. BoiBoa gaHHLIX C nepegatyuka

Koa jaHHoro ckerda HaxoJauTcs B nanke examples\_26_1 CONpOBOMXAAIOLIETO KHHIY
IEKTPOHHOTO apXHBa.
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Arduino n 6ecnpoBoaHOM
paanomoaynb NRF24L01

27.1. Pagnomoayne NRF24L.01

Ecan HaM HeoOXoauMo coeMHHMTL JBa Arduino-ycTpoicTBa, O4YeHb MOMYJIAPHBIM M
OIOZKETHLIM BaApHAHTOM OyeTr ucnoab3opaHue OecnpoBojHbix Moayiaed NRF24L01
(puc. 27.1). Manoe snepronorpedneHue, 10CTOIHBII paauyc AeiCTBHA U HU3Kas LieHa —
BOT OCHOBHble KauecTBa paauomoayis NRF24L01. Dro nossonser emy KOHKYpHpOBaThb
¢ ycrpoiicteamuXbee u Bluetooth.

Puc. 27.1. Pagnomogyne NRF24L01

Xapakrepuctuku pagnomoayis NRF24L01:
O uanpszenue nuranus — ot 1.9 no 3.6 soast DC:
O Tok norpebinenus:

®  [IHKOBBII TOK 1ipu 2 MOuT — 12,5 MA;

e pabounii Tok — 11 MA;

®  pPEKHM OKMAAHUA — 32 MKA:

0 ckopocTh nepeaaum — 1o 2 Mowr, uarepdeiic SPI;
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125 kaHa/IOB CBSA3M, CKAYKOOOpa3Has rnepecTpoka 4acToThbl:
MOJIEP/KKA MHOTOTOYEYHOM CBA3M, alnapaTHblii KOHTPOJb OLHOOK;
BcTpoeHHas anTeHHa 2.4 [T

BCT]J{'IE.‘HHHH CT&ﬁHJ’IH?HTﬂp HaTpAKEHHA.

KonuuecTBo PIN — 10:

paamnyc aeicTeua — 100 MeTpoB (Ha OTKPBITOM MPOCTPAHCTBE ).

pazmep — 33x14 mm;

= S g = g R o s R N

Bec — 1o 10 r.

Eciu Bam Hy:kHO Oonbliee paccTOAHHE MEpeAayvd, MOKHO HCMOML30BAaTh MOAY./1b
C BHeWHeH aHTeHHoi (puc. 27.2), npH 9TOM paccTosiHHE MNepeaaun MOKET COCTABHTL 10
1000 M co ckopocteio 250 Kowur/c (uau 500 M co ckopocTtsio ao 2 Mour/c).

Haznauenue BoigogoB moayias NRF24L01 npeacragneno va puc. 27.3.

Puc. 27.2. Moayne NRF24L01 Puc. 27.3. HaanaueHue swiBogoe mogyna NRF24L01
C BHTEHHOW

27.2. bubnuoreka
ans pabortel ¢ moaynem NRF24L01
HabGop ¢yukumii, npenocrasnsempix moayinem NRF24L01, nompnepxusaer dubnnoreka

Mirf., Ckavarb OHOAHOTEKY MOXKHO ¢ o(uuHanbHOro caita Arduino no ccbuike
http:/playground.arduino.cc/InterfacingWithHardware/Nrf24L01.
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Hcnonbiyemeie KoHTakTsl Moayst NRF24L01:
0O 12 —mMos1;

O 11 —m1so;
0O 13 — sck;
0 8 —ceE;
0O 7 —csn.

27.2.1. NapameTtpbl oubnuorteku Mirf

O wMirf.csnPin— nuH CE (no ymoavanuio 9);

O Mirf.cePin— nuH CSN (no ymonuauuio 7);

O Mirf.payload — pa3mep Ovdepa B Daiitax (no ymonuauuio 16, makcumym 32);

O mirf.channel — HoMmep paanokanana 0—127 (no ymonuanuio 0).

27.2.2. DyHKuuun omonunoreku Mirf
DyHKkumA init()

DyHKUMSA init () HHHLMAIU3UPYET MOJY/Ib, YCTAHABIMBAET 3HAYMEHMS JUIA HACTpauBae-
MbIX KOHTAKTOB H MHHLIMAJIM3KUpYyeT Moayib SPL

CHHTAKCHC:
Mirf.init ()

IMapamerpos Her.

DyHkumua setRADDR()

MDYHKUMA setRADDR () YCTAHABIHBAET aJIpec rnoJiyvaress.
CHHTaKCHC:
Mirf.setRADDR (byte *addr)

IMapamerp: addr — aapec nosaydarens.

®yHkuuna setTADDRY()

MYHKIMA setTADDR () YCTAHABIMBAET aJipec OTNPABHTE/IA,
CHHTAKCHC:
Mirf.setTADDR (byte *addr)

[Mapamerp: addr — aapec nonyvarens.

®yHkuusa config()

DyHKUMA config() YCTAHABIMBAET ONpeEAC/eHHbIE B MapaMeTpax HOMEp KaHasa
Mirf.channel U eMKOCTb Oydepa Mirf.payload.
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CHHTAKCHC:

Mirf.config().

[lapameTpoB Her.

®yHkuua dataReady()

MYHKUMS dataReady () ONPeAENseT, eCTh JIH JaHHbIE /IS OJTyUeHHS.
CuHTakcuc:

Mirf.dataReady()

ITapamerpos Her.

Bosspauaembie 3HaueHus:

O true—ecTh AaHHBIE JUJIA [TOJIYUEHHA,

O false — HET JJAHHLIX U1 NOJYHYCHHA.

®yHkumna getData()
DyHKUMS getData () nonyvaer AaHHble W3 Oydepa pazmepom Mirf.payload.
CHHTAKCHC:

Mirf.getData(byte *data)

ﬂapaMETp: data — YKasare/ib Ha MAcCHB /1A MOJYYCHHS JaHHBIX.

DyHKkumna send()

MDYHKUMA send () OTNPABJIAET JIaHHBIE,
CHHTaKCHC:

Mirf.send (byte *data)

[Tapamerp: data — ykasaTesib HA MACCHB IAHHBIX.

dPyHkumnn isSending()

MVYHKUKA isSending () OnNpeaesser, OTNPABAAIOTCA JaHHbIE HIIH HET.
CHHTaKCHC:

Mirf.isSending()

[TapameTpoB Her.

BDBBPHUIHEMM'E: FHAMCHHA

0 true —— JaHHBIC OTNPABIAIOTCH,

O false — JlaHHBIE HE OTHIPABIAIOTCH.
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27.3. NMNpumep coeauHeHusa asyx nnat Arduino
¢ nomouwbio moayna NRF24L01

Paanomonyau NRF24L01 noakmouarotcs K MUHKpokoHTposiepy no SPl-untepdeiicy.
Jlna pabotel Tpebyercs nanpskenue B auanazone ot 1.8 g0 3.6 BoabT, Bripouem, BXO-
JIbI/BBIXO/IbI BBIIEPHKHBAIOT 10 5 BOJBT, MOITOMY MPH MOJKIOUYEHHH K MATHBOJIBTOBBIM
YCTPOHCTBAM JIOMOJIHHTE/IbHbIE COMIACYIOLIMe LenH cTaBuTh HeT HeoOxoaumocTH. [loa-
Kaouaem K miatam Arduino no cxeme, npuseieHHoM B Tada, 27.1.

Tabnuya 27.1. lNodknoveHue k Arduino u modyna NRF24L01

Kontaktel moayns NRF24L01 KoxTakTel nnate! Arduino
MISO 12
MOSI 1
SCK 13
CE 8
CSN 7
33B ' 33B
GND - GND

Hanuwem ckety, OTNpasisioiMid JaHHble, MOJTYUEHHbIE 10 M0C/Ie10BaTEILHOMY MOPTY,
M3 0HO# tatsl Arduino B apyryto uepes moayiib NRF24101. Koa ckerua npeacrasnex
B nucTHHre 27.1.

Nuctuur 27.1 |

#include <SPI.h>

#include <Mirf.h>

#include <nRFZ24L01.h>

finclude <MirfHardwareSpiDriver.h>

f#define MAX BUFF 32 // Bydep npuema-nepenaum

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

Mirf.spi = &MirfHardwareSpi;
Mirf.init();

Mirf.setRADDR ( (byte *)"mcdulel"); // 3pece 3amaeMm ajgpec
Mirf.payload = MAX BUFF; // 3peck sanaem Oydep
Mirf.channel = 10;

// 9ro kaHan npMeMa-nepefayd - IOMEEH

// OHTbL OOMHAKOBHM ¥ YCTDOWCTE.

Mirf.config():

Serial.println("Start..");
}
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char buff[MAX BUFF];
int ¢ _count = 0;

void loop(){
int i;
//sending
if (c_count = Serial.available()) |
if (c_count <= MAX BUFF) {
for (i=0; i<c count; i++) {

buff(i] = Serial.read();
}
} else |
for (i=0; i{MM_BUFF; i+4) |
buff[i] = Serial.read():
}
}
buff(i] = 0;
Mirf.setTADDR( (byte *)" module2"); //Anmpec!

Serial.print (">");
Mirf.send((uint8 t *)buff);
while(Mirf.isSending()) {

}
Serial.println (buff);
}
delay(10);
//receiving
if (Mirf.dataBeady()) ({
Mirf.getData((uint8_t *)buff);
Serial.print ("<");
Serial.println(buff);

}
delay(100);

}

3arpyzaem cketu B oAy u3 muar Arduino. Ui apyroit naarel B cketde MeHseM CTPOKH:

Mirf.setRADDR( (byte *)"modulel"); // 2necr 3amaeM ampec
Mirf.setTADDR( (byte *)" mcdule2"); // Agpec!

Ha clieyolue:

Mirf.setRADDR( (byte *)"module2"); // Znece 3agaeM agpec

Mirf.setTADDR( (byte *)" modulel”); // Anpec!

3anyckaeM MOHHUTOP NOCAEA0BATE/ILHOIO NOPTA 1A NEPBOM MiIaThl H BUIHMM 0OMEH JaH-
HBIMH 10 OECnPOBOAHOMY COCAMHEHHIO MEXKIY HHMH (puc. 27.4 u 27.5).

[ToAHOCTBIO JIaHHBIE CKETYM MOKHO HAlTH B nankax examples\_27_1 u examples\_27_2
COMPOBOMKAAKOLIETO KHUTY EKTPOHHOIO apXHea.
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1@ 271 | Arduino 105

@aiin [Mpasxa Cweru Cepeiuc Cnpaeca

finclude <nRFZ4L01.hH>

Finclude <MirfHardware3piDriver.h>

fdefine MAX BUFF 32 //Eyvlep Opména-IIepsmats

| =etup () {
Serial .begin(9600)
Hirf.spi = cHirfHardwarse3pi:
Micf.init():

Hirf. setRADDR( (byts *)"modulel™):
Hirf.payload = MAX BUFF: /. /3mec:
Hirf.channel = 10;

T T T —— o
UEITE OIDAar.Crbin

Hirf.confag():

'CTPOMCTE.

Serial.println{"Starc..™)}

=10/ x|

L2 COMIO =100 %]
] [_Pocrars |

Start..

>»hello

<hi

>l am

> modulel

»how do you do
<good

v AsronpokpyTra IEﬂ OROH-AHNR CTR0RM ;] |-;~Em baid ;I

Puc. 27.4. Otnpaska/nonyyenune aganHbix yepes NRF24L01 (nepsas nnata)

buff[i] = ©:

Mirf. setTADDR((byte *)° modulel®):
Serial .prant{®="};

Mirf, send [{uint8_1 *Ybufl):

i (Mirf, isSending () )} {
:‘p.'j,nl prantin{buff):

ay (18] :

{(Murf, dataReady (1]
Mirf. getDatad{uints_t *)butf):

Serial .print{®<"}:
Serial .prantinfbuff):
]
elay{100);

|3

fdavityACM1

MNoecnate

Slart

=hal Lo

hi

<] am

< modulel
<how do you do
" goad

& AsTonpokpyTcal Bes oxonvanms cTpokn | « | |9600 bong !

Pwuc. 27.5. Otnpaeka/nonyyenne aanHeix yeped NRF24L01 (sTopan nnaTa)
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Pa6orta Arduino
c USB-ycTtpoucrsamm

28.1. Untepdenc USB

[Mocnenoparensubii uuTepdeiic USB uenonwiyercs ans noakmoveHus neprudepuiinbix
yveTpoicTe. COOTBETCTBEHHO, CYUIECTBYIOT MOHATHA "'TJIaBHOE yCTpocTBO" — Yocm (OH
vrpaeiaser oOMEHOM JaHHBIMM Yepes uHTepdeiic, BLICTYNaeT HHHIHATOPOM ODMeHa) M
"nepudpepuitHoe yerpoiicTo" — kruenm (B npouecce oOMeHa JaHHBIMH OH "MOAYHHALT-
ca" xocry). Jloruka paboThl XOCTa W KJIMWEHTA NMPUHLMIHAIBHO OTIHYAKOTCH, MOITOMY
HEJb38 HANPAMYIO COC/IMHATHL yeTpolceTsa "xoetr — xoet" v "knuent — kauent”. Mme-
I0TCA CrEeUHAIbHBIE YCTPOHCTBA — XaAObi, KOTOPLIE MOAKIIOYAIOTCA B Ka4eCTBE K/IHEHTA
K OJHOMY XOCTY M, B TO K€ BpeMms, BBLICTYMAIOT XOCTOM JUIA JAPYrUx nepudepuiHbIxX
verpoiicte, XaOsl Takoke npumenHsatores s "passereienus’” wunel USB.

Muznueckn unrepdeiic USB (10 Bepeun 2.0) ucnoassyer 4 nposoja (puc. 28.1):
O "semna" (GND):
O +5 B (VBUS);

O D-, D+— naunuu npuema/nepenaud aanveiX (obosznawenns D+ u D— ycnosusl,
C MEKTPHUYECKHMH MOTEHIHATIAMH TO HUKAK HE CBA3AHO).

Cneundukauna USB 1.0 onpeaensana asa TMna pazbeMoB: A — Ha CTOPOHE KOHTpOJLIE-
pa uan koHuentparopa USB u B — na cropone nepudepuiinoro yerpoiicrsa. Bnocnen-
CTBHH OblIK pazpadoTaHbl MHHHATIOPHBLIE pazbeMbl /1S npumenenus USB B nepeHocHbIX

USB Standard 8

Standard & + D-
- D+ D- + 1 2

4 3
- D+

Pwuc. 28.1. Haanayenwe kontakToe USB 1.0, USB 2.0




naea 28. Paboma Arduino ¢ USB-ycmpolcmeamu 367

M MOOMIBHBIX yCTpolcTBax, nonyuupuive Hasganve Mini-USB. Hosasa Bepcus munma-
TIOPHBIX pa3bemoB, HasbiBaeMbiXx Micro-USB, 6eina npeacrasnena USB Implementers
Forum 4 susaps 2007 roaa.

bnaroaaps sctpoeHHbIM auHuAM nuTanus USB no3ponser noakmouats nepudepuiitbie
ycTpoiicTBa 6e3 cobCTBEeHHOr0 MCTOMHUKA MUTAHUS (MakCHMMarbHas cuia Toka, notped-
NAEMOro YCTPOHCTBOM 110 JIMHUAM nuTaHus wuHel USB, He nomkHa npepsimats 500 MA,
y USB 3.0 — 900 mA).

Crannapt USB noanepxusaer koHuenumio plug-and-play. Dta konuenuma noapasyme-
BAET, YTO MONB30BATENIO JOCTATOYHO "BOTKHYTH" YCTPOMCTBO B COOTBETCTBYIOLIHH NMOPT
IK. Jansmwe OC apToMaTHUYECKH OMNMpPEACIMT THIT MOJKIIOUEHHOr0 YCTPOHCTBA, Hakjer
NOAXOAAIIMH 1 JAHHOTO YCTPOiiCTBA ApaiiBep. CKOH(QHUIYPHPYET YCTPOHCTBO M T. 1.
Jina toro urobwl 510 Bee paborano, cravaaprom USB npeaycemorpeHsl Hekue oOwue
TpebOBaHMA [UIS BCEX YCTPOMCTB!

0O Kaxkaoe YCTPOHCTBO COAEPKUT JAECKpHNTOP (OnUcaHHue) yeTpoicTsa;

O ectb 00mmil ana eecex USB-ycTpoiicTe Mexannusm, KoTopelii nossoaser OC npounTath
JIECKPHITOP YCTPOHCTBA U1 TOro, 4ToObl HAEHTH(HLIHPOBATL YCTPOHCTBO, Y3HATH
ero XapakTepHUCTHKH:

O ecrb oOwmid aa Becex USB-yerpoiicTB MexanusMm, kotopselii nozgonser OC Bbino-
HUTh MEPBHYHYIO KOH(UIYpaLMIO YCTPOHCTBa (HanpuMep, NPHUCBOMTHL YCTPOHCTBY
HOBBIH ajpec).

28.2. USB Host Shield

Ouenb coDJAZHUTEILHO HMETH BO3MOXKHOCTEL noakmodars K Arduino USB-ycrpoiictsa.
KOTOpLIX Bellnkoe mHokecTBo. [Tnara pacuumpenus USB Host Shield 2.0 (puc. 28.2) no-
3posiser Arduino BeicTynate B posid poautensckoro USB-yerpoiicTsa s npakruyecku
moboit umeroweiics USB-nepudepun. C 310it nuaroit orkpsiBaeTcs Macca HOBbIX BO3-
MOKHOCTEH JUIS CO3JIaHMs MHTEpecHbIX ycTpoicTB. B nacrosuee spems nnaroit USB
Host Shield 2.0 noaaepxupaloTes cieyiolmMe KJiacchl yCTPOHCTR:

O HID-ycrpoiicTea, TakMe KaK KJIABHATYPbl, MbILUIH, JUKOHCTHKH U JIP..
O wurpossie ycrpoiictea: Sony PS3, Nintendo Wii, Xbox360;

O USB npeoOpazosarenu: FTDI, PL-2303, ACM, a rtakke HeKOTOpble annaparbsl W
GPS-npueMHMKH;

O Android -ycTpoiicTsa;
O umdppossie poroannaparel: Canon (EOS, PowerShot), Nikon,

Jlna nporpammuposannas USB Host Shield ncnonwsyerca cneumanshas Oubamorexa,
CKa4aTh KOTOPYIO MOKHO co ctpanuisl https://github.com/felis/USB_Host_Shield_2.0.
bubanoreky MOAKHO HaTH Takke B nanke libraries\USB CONpOROKAAIOLIETO KHHTY JJ1€K-
TPOHHOIO apXHBa.

Crneundukaumio ¥ npuMeps UCNoib30BaHUA TOH OHOIHOTEKH MOXKHO HATH Ha calTe
Circuits(@Home http://www.circuitsathome.com/arduino_usb_host_shield_projects.
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Puc. 28.2. USB Host Shield 2.0

28.3. HID-ycTpoucTtea USB

HID (Human Interface Device) — ycTpocTBO, MOAKIIOMaEMOE K BbIMHCIMTENbHOH Tex-
HHKE, ¢ TeM, 4ToObI ¢ Hel Mor paGoTaTth uenosek. ['oBopsa npoie, HID — 310 yerpoiicT-
BO BBOJAA HHopMauuH. YeTpoiicTBa BBOJAa HEOOXOAHMbI U1 HEMOCPEACTBEHHOIO y4a-
CTHA 4YenoBeka B paboTe KOMNbIOTEpPA: U1 BBEAEHHS MCXOAHBIX JAaHHBLIX U1 BbIYMCIIE-
HHil, a1 Beibopa napaMerpoB JeHCTBUS, U1 PeJaKTHPOBAHHMA UMEIOLHUXCH JaHHBIX W
PE3VJILTATOR MU T. 1.

HID-ycTpoiicTea BBOJA Paz/iMHaOTCS 110 THITY BBOJHMOI HH(pOpMALIHK:

O a8 TeKcTOBOH HH(OpMaLMK — 3TO MPEHMYIIECTBEHHO Kiacuanmypsi. OHH CayxKaT
VIS YIPaBACHHA TEXHHYECKMMH W MEXaHHYeCKMMH YCTpoicTBaMM (KOMMbIOTEP,
KILKYJATOP, KHOMOYHbIH Tenedon). Kaxnoi knasuiuie ycrpoicTBa COOTBETCTBYET
OAMH M/ HECKOJBLKO ONPEAe/IeHHbIX CUMBOJIOB. BO3MOKHO YBEIMUHTL KOJIMYECTBO
NEHCTBMIA, BBINOJHAEMBbIX C KJIABHATYPbL, C MOMOLLLIO COYeTaHMit Kiasuil. B kiasua-
TYPAX TAKOr0 THIA KJIABUILIN CONPOBOXKIAIOTCH HAKIEHKAMM ¢ W300paKeHHeM CUMBO-
JIOB MIIH AE€HCTBMIA, COOTBETCTBYHOLUMX HAKATHIO!

O ang 3BYKOBOH WHOpMaUMH — 310 muxkpoghon. DnekTpoakycTHueckne npuoopsbl,
npeobpaiyioume 3pyKopbie Kojedanus B KoiedaHUs HIEKTPUUECKOTO TOKA, HCIO/Ib-
IVIOTCH BO MHOIMX yeTpoicTsax (Tenedonsl u MarHuTO(OHbI, NPUOOPHI 3BYKO3ANUCH
M BHJICO3AMTHUCH HA PAJIMO U TEJICBUICHUH, /U1 PAJIMOCEA3H ),

O ang rpaduyeckoi mHdopmaium:

®  CKaHep — YCTPOHCTBO JUISl CYHTBIBAHMA TJIOCKOI0 H300paKeHHS H NpeiacTaB/IeHHs
€ro B pacTpoBOi 21eKTpoHHOI (hopme;

® yughposas kamepa — ycTpoiicTeo (oToannapar), MCNOAL3YIONIEE MACCHB NMOTY-
MPOBOJAHUKOBBIX CBETOUYBCTBUTE/ILHBIX /IEMEHTOB (MATPHILY), HA KOTOPYIO H30-
Opaxkenne (POKYCHPYETCA ¢ MOMOLIBLIO CHCTeMbl JIHH3 oObekTHBa. [MonyuenHoe
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n300pakeHHe COXpaHAeTCsA B YIEKTPOHHOM BHIE B MAMATH CAMOH KaMepbl WM e
JONOJHUTEILHOM LH(QPOBOM HOCHTENE:

geb-kawepa — undpopas Buaeo- WK GoTokaMmepa, crnocodHas B peajibHOM Bpe-
MeHH (PMKCHpOBaThL M300parkeHHs, NMpeaHa3HAuYeHHbIe /18 JalbHeHlIel nepeaayn
no cetd MHTEepHET Kak B NOTOKOBOM PEKHME, TAK M 3a OMpeJIe/ICHHbIE MPOMEKYT-
KH BPEMEHH;

niaama saxeama (THOHEP) — SMEKTPOHHOE YCTPOHCTBO A npeoOpa3oBaHHs aHa-
JOroeporo BHACOCHIrHala B HHQ}]}GBGE BHOCOMOTOK. HCHGHB’]}’E’I‘CH JLUTA 3axBarta Te-
JECHIrHama, CHruajaa ¢ KaMcep BHACOHADMOACHHUA H ap.

HID-ycTpoiicTBa ynpasienus paznudatores rno yHKIHOHATY:

O oTHOCHTENBHOE NO3MIMOHHPOBaHKE (00padaThiBalOT HH(OPMALIHMIO O NEPEMEIICHHH ):

Mbllib — I'hn'lﬂ.HI'iI'I!\_,’.J'IHTI’CII[J.| HPEDSPEE)’IDLL[HF! MEXaHHYECKHE NBHMKCHHA B IBHMKEHHE
Kypcopa Ha SKpaHeE. Paznuuaror mMexaHu4yecKue, OnTHYECKHE, FrHpOCKOIMHYECKHE,
CECHCOPHBIC MBILIH,

mpexoo1 — MAHUIYIATOP, el NpuHUMN paboThl CXO/JEH ¢ LAPHKOBOH MeXaHu-
YECKOHM MBbILIBK H AHAJIOIHYEH MBILIHK 110 HPHHLIHI'I}’ ,}],EECTBHH H 110 q]}“Hl(I.I,HHM.
OHAKO 1101b30BaTENb HE MEePEe/IBUraeT Mblllb, 8 YIPABISET ¢ MOMOLLBIO JIaJ0HH
WIH NaJbLUEB HEMOCPEACTBEHHO LIAPUKOM, 3aKPEIIEHHbIM Ha CreLHaIbHOM Jep-
JKaTesNe ¢ JaTYHKaAMM;

MpeKnounm — MHHHATIOPHBIH TEH30METPHUYECKHH JUKOMCTHK, NPHUMEHSEMBbIH B
HOYTOYKAxX /1 3aMeHbl MblliM, TpeknoiHT CYMThIBAET HANPABICHHE W CHIY JI1aB-
JIEHUA NaJIblla MoJb30BaATENA,

maunao — CCHCOpHaA MNaHe/lb, NpHMEHACMAd, B OCHOBHOM, B [NOPTATHBHBIX KOM-
NeHOTEPAX. B otimune or TpEKI]DﬁHTH, CUHTBIBAKIIETDO JaB/IEHHE [MalbLd, TAYITAL
CUHTBIBAET EMKOCTHBIE XAPAKTEPHCTHKH MNPH CONPHKOCHOBEHHH NaJiklia C NOBEpX-
HOCTBHY EMKOCTHBIX JATYHKOB, ﬂmrmmy YOpasJiCHHE TaunajaoM < INOoMOUILH
HETIPOBOAALUIUX NpEIMCTOB {p}"{[\:ﬂ, KapaHaalil, CTI{H}’C) JAOCTATOYHO ﬂp{lﬁﬂﬁh‘lﬂ-
THYHO;

OHCOUCHIUK — YCTPOHCTBO BBOJIA MH(OpMaLMK, KOTOpoe npeacTapiser coboi Ka-
HAKOLLYIOCH B JIBYX IUIOCKOCTAX PyuKy, OOKOBOE jlaB/ieHne KOTOPOH CUMTHIBAETCS
JaTYMKAMM B OCHOBaHMM ycTpoiicTea. Mcnonb3yercs Kak MrpoBoi rajaker, a Tak
e KaK CpeJcTBO ynpapieHus (Harnpumep, poOOTH3IMPOBAHHOH TEXHUKOH Ha npo-
H3BOJICTRE):

O abcomoTHoE NO3MUHOHUPOBAHHUE (BLICHHTHIBAIOT aDCOMIOTHLIE KOOPAMHATLI HA TUIOC-
KOCTH, B KAYECTBE KOTOPOH BLICTYMNAET YCTPOHCTBO):

cpachuveckuii naanwem — YCTpoiucTBo Ui BBOAA rpaukn (OTACNBHBIX JIHHHH M
PHCYHKOB) OT PYKH HENOCPEJACTBEHHO B KOMMbIOTEpP. COCTOMT M3 nepa u IJ10CKoro
MaaHmeTa, YYBCTBHTC/IBHOTIO K HAMKATHIO T1IEPA,

mavckpun (CEHCOPHBIH 9KpaH) — YCTPOHCTBO BBOAA HH(OPMALMH, TIPEACTAB-
nsolee co00 IKpaH, pearupyrolMi Ha NPUKOCHOBEHHA K HeMY (HCNoabiyeTcs
B COBPEMEHHBIX cMapT(OHAX, NAATEKHBIX H HHPOPMALIMOHHBIX TEPMUHAIAX).
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OT1aensHO X0ueTcs BbIAEIHTE cneuHanbibie HID-yeTpoiicTBa 418 KOMNBIOTEPHBIX HIP:

O wueposwvie mbitilt — OTIAYAKOTCA OT OOBIYHBIX KOMIIBIOTEPHBIX MBILIEH BBICOKOH YYB-
CTBHTEJILHOCTBIO, HACTPAMBAEMbIM BeCOM, OONBIIMM KOJIMYECTBOM MpOrpaMMHpye-
MBIX KHOTIOK

O xeimaosl — crneuyalibHble WUIPOBble KIABHATYPLI-IPUCTABKH, B KOTOPbLIX KHOIKH
CKOMOMHHMPOBaHBI /Ul MaKCHMaJbHOro ya00CTBa Mrpoka (B COBpEMEHHbIE MOJE/IH
BCTPaHBaETCs MUHH-/IKOMNCTHK);

O pyab u nedaiu — MaHHIYJAATOPB! U8 UIp JKaHpa "aBTOroHKH" (paHCHHT);
O Oxcoticmuku — UCNONB3YIOTCA U UIP KaHpa "aBHacHUMyasTops!';

O eeitmMnaost — cnEeLMalIbHbIE MIPOBLIE MAHHUIYJISATOPBI, HCIOJb3YEMbIE B apKaaHbIX
JKaHpax (Nepeuuiv ¢ HrpoBbIX KOHCOJIEH),

O manyesansuvie naamgopymur — crneumanbHbie NAaTGoOpMbl ¢ AaTYHKAMH 1aBJICHUA.
Ynpasnenne npoussoauTes ¢ nomouibio Hor. Mcnonw3ylores ana wrp skanpa "tanue-
BaJibHbIE apKa/ibl";

O wmyseikaibusie uncmpymenmst (rutapsl, 6apadaHbl) — crnelHalbHbIe MaHUIY/IATOPbI
B (pOpME MY3bIKa/IbHBIX HHCTPYMEHTOB C KHOTIKAMH M JaT4yHMKaMH aasiaeHus. MUcnonb-
IVIOTCA JUIS HIP KaHpa "My3blKalbHbIe apKa/ibl".

OnepaunoHHbIE CHCTEMBI, KAK MPaBUIIO, UMEIOT BeTpoeHHble apaiieepsl HID-knaccea, tak
4TO Y pa3paboTUMKOB OTNa aeT HeOOXOAMMOCTEL B TPYA0eMKO#H cobcTBeHHOI pa3zpaboTke
apaiigepa s HoBoro yerpoiicrea. YroObl onpenenuts yerpoiicreo kak HID, neobxoam-
MO NMOAJEp/KaTh paa cTpyKTyp, onuceiBatowmx HID-unrtepdeiic, a taxke nanucars an-
roputm oOMeHa 1o interrupt-kadany (Kadajly npepbiBaHuid) nepeaauu gaHdeix. Bo muo-
rux orHowenusx yerpoiicrea HID ve umeror Hukakux ocoOeHHBIX OTIMYMIL OT ApYrux
USB-ycrpoiicts. OaHako kpome TpeboBaHHiA, KoTopble oTHOcsATes Ko BceM USB-yer-
poiicteam, yctpoiictea HID BeiaBuraior paa aonosHuTe1bHbIX TpeOOBaHMI:

O HID-ycTpoHCTBO A0/MKHO HMETh Interrupt In— KOHEYHYIO TOMKY JU1A BbIJIa4H JaH-
HBIX B XOCT. Interrupt Out — KOHEYHAA TOUKA /1A MOJYHECHHA NMEPHOJAHYECKHX JlaH-
HBIX OT XOCTa, ABIACTCA ONUMOHAILHOH H MOMKET HE HCTOIB30BATLCA,

O HID-ycrpolcTBO  JAOMAKHO  COAEpPAKATH  ACCKPUNTOP  Klacca — Device Class
Descriptor H OJHH HJIH bonee JACCKPHNTOPOB penopra HID Report Descriptor;

0O HID-yecTpolcTBO A0KHO NOJJAEPAKHBATE cnieurpryeckuit 118 Knacca yrnpasiasiommii
JANPOC Get Report, @ TAKKE ONUHOHAILHO MOIEPKUBATE JAONMOJTHHUTEILHBIH 3anpoc
Set Report,

O ans nepegaud Interrupt In (JaHHBIE M3 YCTPONHCTBA B XOCT) YCTPOHCTBO [10JIZKHO M10-
NOXKHUTL Aanueie penopra B FIFO cootsercreyiomeil KOHEUHONH TOUKH H pa3pellnTh
nepeaavy.

0 s nepelaun Interrupt Out (JAHHBIE M3 XOCTA B YCTPOHCTBO) YCTPOHCTBO JAOMKHO
pa3speiinTh COOTBETCTBYIOULYIO KOHEYHYIO TOYKY Out, a 3aTeM, MoC/Ie Npuxoia nake-
Ta, 3a0pats ganusie u3 FIFO,
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28.4. Noaknwo4yeHue HID-mbiwun USB

B OubOnuotreke USE Host Shield 2.0 MMEETCA MpUMEp AIs noakmodeHus Kk Arduino
HID-meiiun USB — USBHIDBootMouse.pde. 3arpysaeM €ro v CMOTPUM B MOHHTOpE M0-
cIe/I0BATE/IbHOrO MopTa pe3yasTaTt paboTel cketua (puc. 28.3).

rdr
gggi
#include <avr/pgmspace.h= N ( r‘-.r.'l;'E'-'-.';Lij'
ginclude <avrping.h> !
ginclude =max3421e. h= (AccessCo
#ginclude <usbhost.h= :

UsBHIDBootMouse

1trolConte:
at
trolConte
at
atl
at
at
1trolContex
at

at

p_

e e o s e s s P e P el e s

o

Jdev ety ACM1

| NocnaTte

dy=0 d}':-.ﬂ -
di=1l1 dy=-5
dx=11 dy=-3
| % =5 rh-:l"l
ad . J.ﬂﬁ_- a:*275) dx=4 dy=0
at -l di=3 'J\"—j
N : di=1 dy=1
JIJ va:2loo) dx=1 d-.,__['l
dx =4 l"|'|'=|._J
dx=12 ']'}- =2
(ldx=12 dy«l
dx=12 dy=2 3
1Xx=14 l‘.'_l,l=1
-1(71 d',"-['l
dxsl dys=l

Ardustiyrest

& AsTonpoxpyTEa Bes OKOHYaHWA CTPOKKW  w 115200000 | »

Puc. 28.3. Crety gnna nogknovenus HID-meiwnm USB

28.5. Ucnonb3oBaHue HID-ycTponucTea
(pyne Defender) ans ynpaeneHusi po6oTom

Tenepe cozpaaum coberBeHHbli npoekt. byaem ynpapisars poGOTOM ¢ MOMOLUBIO HIPO-
Boro mauunyiasropa — pyas Defender Forsage Drift GT (puc. 28.4). /Ins s10ro Heodxo-
AMMO Opraiusoeath OecnpoBojHOe yrpasieHHe MO/EbI0 podoTa JaHHBIM YCTPOHCTBOM.
Jlns GecnpoBoaHO#M nepelaun JaHHbIX BOCIO/b3YeMCS OeCNpOBOAHLIM PaHOMOAV/IEM
NRF24L01, paborty ¢ KOTOpbIM MBI pacCMOTpeH B 2rase 27.

Pyiab noacoeaunen k nnare Arduino vepes USB Host Shield. B kauectse Onoka ynpae-
nenus noacoeauusem K Arduino moayns 2.4 I''u NRF24L01. baok pobota BbinosiHen
B BHAE I'YCEHHYHOH muaTdopMbl, paccMOTpeHHOI HamMu B ciaee 21. JlonoanurensHo
K Arduino pobora noakmovaem takoit ke pagnomonyib 2.4 I'T'u NRF24L01. Daekrpu-
yeckas cxema 0s10ka pobora npejcrasiena Ha puc. 28.5.
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Puc. 28.4. Pyns Defender Forsage Drift GT

AT
5 7
ax =

e

7 4 /

Pwc. 28.5, Anextpuyeckan cxema Gnoka pobora
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3arpysxaem cketd USB_HID_Desc.pde, BXOAALUHI B pUMepbl OMOIHOTEKH USE Host, MOJ-
coeaunaeM K Arduino yepes USB Host Shield naw pyiib ¥ nojyyaem Descriptor Report
HID-ycrpoiictea (puc. 28.6. nuctunr 28.1).

USEHID_desc

LSB Ush
£ FUSEHub Hub {&lsh ]

HIDUniversal?2 Hid (&lsh)

Collection Application
Collection Logical
[Report Size(08)

[Report Count(04)
lLogical Min{08)
lLogical Max(FF0O)
Physical Min(00)
Physical Max (FF0OO)
Usage X

Usage Y

Usage Z

Lisage Rz b
Input (000DCOL0)

Feport Size(04)

{Report Count({El)

L]

ABTONPOKPYTKA |Be3 OKOHYaHWA CTPOKKW | » (115200 604

v

Puc. 28.6. Ckety nonywenun Descriptor Report HID-yctpohcTea

Nuctunr 28.1

Usage Page Gen Desktop Ctrls(01)
Usage Game Pad

Collection Application
Collection Logical

Report Size(08)

Report Count (04)

Logical Min(00)

Logical Max (FF00)

Physical Min(00)

Physical Max (FF00)

Usage

=

Jsage

-

Usage
Usage
Usage

X
Y
Z
Z
Rz

Input (00000010)
Report Size(04)
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Report Count (01)
Logical Max(07)
FPhysical Max (3B01)
Unit(14)

Usage Hat Switch
Input (01000010)
Unit (00)

Report Size(01)
Report Count (0C)
Logical Max(01)
Physical Max(01)
Usage Page Button(09)
Usage Min(01)
Usage Max (0C)
Input (00000010)
Usage Page Undef (00)
Report Size(08)
Report Count (02)
Logical Max(01)
Physical Max(01)
Usage

Input (00000010)
End Collection
Collection Logical
Report Size(08)
Report Count (04)
Physical Max (FF00)
Logical Max (FF00)
Usage

Output (00000010)
End Collection
End Collection

Jlis co3anmns cBOEro Koja BO3bMEM KOJL npumepa, BXosLuii B OMGIHOTeKY USE Host M
peanusyommnin (pyHKIMOHan JAoHcTHKa, a umMeHHO USBHIDJoystick.pde, M nepenuiuem
paitnib hidjoystickrptparser.h (smcTunr 28.2) w hidjoystickrptparser.cpp (fiuctunr 28.3) s
COXpaHEeHHA JaHHBIX B cTpyKType. Jlanee nobasum oTnpasky AaHHBIX py/is No paaHoka-
Hany ¢ nomouibto oOnbnmorekn ana NRF24L01 (iuerunr 28.4). OrnpaBky npoM3sBoium

kaxabie 300 mc.

NucTuur 28.2

#if !defined( HIDJOYSTICKRPTPARSER H )
#define _ HIDJOYSTICKRPTPARSER H

#include <inttypes.h>

#include <avr/pgmspace.h>
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#include
#include
#include
#include
#include

"avrpins.h"
"max342le.h"
"usbhost.h"
"usb_ch9%.h"
"Usb.h"

§if defined (ARDUINO) && ARDUINO >=100

#include "Arduino.h"

felse

#include <WProgram.h>
#endif

#include "printhex.h"
#include "hexdump.h"
#include "message.h"
#include "confdescparser.h"
#include "hid.h"

struct GamePadEventData

{

uint8 t X, Y, Z1, Z2, Rz;

}

class JoystickEvents

{
public:

virtual
virtual
virtual
virtual

uint8 t X;
uintB t ¥;
uint8 _t Z1;
uint8 t 22;
uintB t Rz;

}i

void OnGamePadChanged (const GamePadEventData *evt);
void OnHatSwitch(uint8 t hat);

void OnButtonUp(uint8_t but_id);

void OnButtonDn(uintB8 t but id);

#define RPT_GEMEPAD LEN 5

class JoystickReportParser : public HIDReportParser

(

JoystickEvents *joyEvents;

uint8_t
uint8 t

uintlé t

oldPad [RPT_GEMEPAD LEN];
oldHat;
oldButtons;
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public:
JoystickReportParser (JoystickEvents *evt);

virtual void Parse(HID *hid, bool is_rpt_ id, uint8_ t len, uint8 t *buf);
i

fendif // _ HIDJOYSTICKRPTPARSER H _

#include "hidjoystickrptparser.h"

JoystickReportParser: :JoystickReportParser (JoystickEvents *evt) :
joyEvents (evt),
oldHat (OxDE),
oldButtons (0)

for (uint8 t i=0; i<RPT GEMEPAD LEN; i++)
ocldPad[i] = 0xD;

void JoystickReportParser::Parse (HID *hid, bool is rpt id, uint8 t len, uint8 t
*buf)

{
bool match = true;

// Checking if there are changes in report since the method was last called
for (uint8_t i=0; i<RPT_GEMEPAD LEN; i++)

if (buf[i] != oldPad[i])

{

match = false;
break;

// Calling Game Pad event handler
if (!match && joyEvents)
{
joyEvents->OnGamePadChanged ( (const GamePadEventData*)buf);

for (uint8 t i=0; i<RPT_GEMEPAD LEN; i++) oldPad[i] = buf([i];

uint8 t hat = (buf([5] & OxF);

// Calling Hat Switch event handler
if (hat != oldHat && joyEvents)
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void JoystickEvents::0OnGamePadChanged (const GamePadEventData *ewt)

{

{
joyEvents->OnHatSwitch(hat);
cldHat = hat;

uintl6é_t buttons = (0x0000 | buf[é]);
buttons <<= 4;

buttons |= (buf[5] >> 4);

uintlé t changes = (buttons * oldButtons);

// Calling Button Event Handler for every button changed
if (changes)
{

for (uint8 t i=0; i<0x0C; i++)

{
uintlé t mask = (0x0001 << i);

if (((mask & changes) > 0) && joyEwvents)
if {(buttons & mask) > 0)
joyEvents->OnButtonDn (i+l) ;
else
joyEvents->OnButtonUp (i+l) ;
}
oldButtons = buttons;

K=evt->X;
Y=avt->Y;
Zl=evt->Z1;
22=pvt->22;
Rz=evt=->Rz;

void JoystickEvents::OnHatSwitch(uint8 t hat)

{

Serial.print ("Hat Switch: ");
PrintHex<uint8_t>(hat);
Serial.println("");

void JoystickEvents::OnButtonUp(uint8 t but_ id)

Serial.print ("Up: ");
Serial.println(but id, DEC);
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void JoystickEvents::0OnButtonDn(uint8 t but id)

Serial.print ("Dn: ");
Serial.println(but_id, DEC);

#include <avr/pgmspace.h>
#include <avrpins.h>
#include <max342le.h>
#include <usbhost.h>
#include <usb ch9.h>
#include <Usb.h>

#include <usbhub.h>
#include <avr/pgmspace.h>
#include <address.h>
#include <hid.h>

finclude <hiduniversal.h>
#include "hidjoystickrptparser.h"
#include <printhex.h>
#include <message.h>
#include <hexdump.h>
ffinclude <parsetools.h>

USB Usb;

USBHub Hub (&Usb) ;

HIDUniversal Hid(&Usb);
JoystickEvents JoyEvents;
JoystickReportParser Joy(&JoyEvents);

#include <SPI.h>

#include <Mirf.h>

#include <nRF24101.h>

#include <MirfHardwareSpiDriver.h>

#define MAX BUFF 32 // Bybep npuema-nepenadqm

void setup()
{
Serial.begin( 115200 );
Serial.println("Start");
if (Usb.Init() == -1)
Serial.println("OSC did not start."):
delay( 200 };
if (!Hid.SetReportParser (0, &Joy))
ErrorMessage<uint8 t>(PSTR("SetReportParser"), 1 );
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Mirf.spi = &MirfHardwareSpi;

Mirf.init():

Mirf.setRADDR ( (byte *)"defender"); // Snece =anaeM anpec
Mirf.payload = MAX BUFF; // 3Bmece zamaeMm Gygep
Mirf.channel = 10;

// 3TO KaHan npuema-nepenauM - OOJTKEH

// GuTP OIMHAKOBHM Y YCTPOMCTE.

Mirf.configl();

Serial.println("Start..");

}

char buff [MAX BUFF];

int ¢_count = 0;

void loop()
{
Usb.Task() ;
buff[0]=map (JoyEvents.X,0,255,1,100);
buff(1l]=map(JoyEvents.Y,0,255,1,100);;
buff[2]=map (JoyEvents.Z1,0,255,1,100);
buff[3]=map (JoyEvents.Z2,0,255,1,100);
buff[4]=JoyEvents.Rz+l;
buff[5]=0;
Mirf.setTADDR ( (byte *)"automobilel"); //Ampec!
Serial.print (">");
Mirf.send((uint8 t *)buff);
while(Mirf.isSending()) {
}
Serial.println(buff);
delay (300) ;

Tenepb HeOOXOAMMO HAMKCATL CKETY NMPHEMA JIAHHBIX H OTINPABKH KOMaH/1 JABHraTe/ism
poGota. Ilepsuiii Oaiit n3 Oydepa nanubix: Baeso (0-50) — enpaso (51-100), BTOpOii
Oaiit: enepen (51-100) — wnazan (1-50). Hapo Toabko npasunbHO nepesectH OaiTbi
B JaHHbie 18 MUKpocxembl 1293, [Tonyuennsplii ckety npeacTasieH B iMcTHHIE 28.5.

Nuctunr 28.5

finclude <SPI.h>

#include <Mirf.h>

#include <nRF24L01.h>

fiinclude <MirfHardwareSpiDriver.h>

#define MAX BUFF 32 // Bytep npuema-nepenausu

void setup() {
Serial.begin(9600);
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Mirf.spi = &MirfHardwareSpi;
Mirf.init(};

Mirf.setRADDR( (byte *)"automobilel™); // 3mech 3amaem ampec
Mirf.payload = MAX BUFF; // 3pmecek zanaem Oydep
Mirf.channel = 10;

// 3rTo manan npueMma-nepenauM — OODESH

// CuTE OOMHaKOBEM Y YCTPOHCTE.

Mirf.config();

// HacTpauMBaeMm BHIBOOH INA MOTOPROB
pinMode (3, OUTPUT) ;

pinMode (4, OUTPUT);

pinMode (5, OUTPUT) ;

pinMode (6, OUTPUT) ;
Serial.println("Start..");

char buff [MAX BUFF];

void loop(){
delay(10);
//receiving
if (Mirf.dataReady()) {
Mirf.getData((uint8_t *)buff);
int fbl=buff[0];
int lr=buff[l];
gol2 (fbl,1rl);
}
delay (100);
}
//
void gol2(int fb,int lr)
{
// Bnepen-Hazan
if (fb>50)
{digitalWrite (3,HIGH) ;digitalWrite (4, LOW) ;
digitalWrite(5,HIGH) ;digitalWrite (6, LOW) ;)
else if (fb<50)
{digitalWrite(3,LOW) ;jdigitalWrite (4,HIGH) ;
digitalWrite(5,LOW) ;digitalWrite(6,HIGH) ;]
else
{digitalWrite (3,LOW) jdigitalWrite (4, LOW);
digitalWrite (5, LOW) ;digitalWrite (6, LOW) ; }
// BneBo-BnpaeBo
int lrl=map(abs(50-1r),1,50,1,255);
int fbl=map (abs (50-fb),1,50,1,255);
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if (1r<50)
{int left=min(255,max (0, fbl-1rl/2));
int right=min (255, fbl+1rl/2)}
else
{int right=min(255,max (0, fbl-1rl/2));
int left=min (255, fbl+1rl/2)}
analogWrite (9, left);
analogWrite (10, right);
}

[ToNHOCTBLIO 9TH CKeTYM MOJKHO HAMTH B nankax examples\_28 1 W examples\_28_2 conpo-
BOKIAIOUIEr0 KHUTY 2JIEKTPOHHOIO apXHea.

28.6. YnpaesneHue iRobot Create
C NnoMoubI 6ecnpoBogHOro remMmnaga
yepe3 Arduino

PoGor iRobot Create (puc. 28.7) — nporpammupyemsbiit podor. OH paspaboran B
2007 rony komnauueit iRobot na 6a3ze niardopmer podota-nbuiecoca Roomba. Dnek-
TpoHHBIH HHTEpdelic poboTa umeer pasbemsl 7 pin mini-DIN u DB-25 nns oOmena nan-
HBIMH, YIEKTPOHHbIE JAaTYUKH, CBETOBbIe MHAMKATOPLI. [Iporpammustit uurepdeiic no-
3BOJISICT YMPaBIATL NOBeAeHHEM podOoTa — CYMTHLIBATL HH(OPMALMIO C CEHCOPOB IPH
MOMOLLH CEPHM KOMAH/, BKJIKOYATHL KOMAH/bLI PEKHMa, KOMAaH[bl NPHBOJAA, 3BYKOBbIE
KOMaH/1bl, J€MOHCTPAUMOHHbBIE KOMAH/Ibl M KOMaH/bl OMPOCa CEHCOPOB. DTH KOMAH/IbI
MOMAKHO MOCELTATL HA I'IDEJ'IE,[I,DBHTEJ]I:HHFI nopr FICIﬁUTH C KOMIIBHTEPA H/IH MHKPOKOH-
Tposuiepa.

Puc. 28.7. PoGor iRobot Create
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Ckayath onucaHue OTKpbiToro uHtepdeiica pobora MoxkHO no cceuike: http://www.
irobot.com/filelibrary/pdfs/hrd/create/Create%200pen%20Interface v2.pdf. Dror xe
(haiin noa umeHeMm Create Open Interface_v2.pdf cojepkutcs B narnke datasheets conpogo-
AAAKUIETO KHHATY 2IEKTPOHHOIO apXHyBa.

Jlaa noacoeamuenus miaarel Arduino kK poboty Mcnosb3yem 25-KOHTaKTHBIH pa3zbem
C pacnasHHbIM nepexoaHukoM (puc. 28.8). CoelMHEHHE KOHTAKTOB NMpHBEACHO B Tad. 28.1.

Tabnuua 28.1. CoeduHenue Arduino u iRobot Create

iRobot Create Arduino
1 (Rx) 4
2 (Tx) 3
14 (GND) GND
8 (+5B) Vin

Puc. 28.8. Nepexoauwnk Ans nogxnioyedws Arduino

B stom npoekte Ttakike wcnonws3zopanHel USB Host shield m GecnipoBoanoii reiimnan
Defender Scorpion RS3 (puc. 28.9), noakmouaemsiii k nnate kak HID-ycrpoiictso. bec-
NPOBOAHON reiiMnaa uMeeT 2 aHANOrOBBIX JUKOMCTHKA, 12 kHonok, D-pad, muaukarop
sapsana Oatapeii. Ha reiimnane moxer ObITh BKIIOUEH peskum BuOpaumu. Ecam reitmnan
HE MCMOJIBL3YETCH B TEUECHHE MPOJO/KHTEILHOIO BPEMEHH, OH AaBTOMATHUYECKH BLIKII0Ya-
erca. CosmecTum ator refimnan ¢ 1K 1 Sony PlayStation 3. Uurepdeiic — Bluetooth.

Mrak, yeranasausaem USB Host shield na nnary Arduino. K USB-exoay wwana noja-
coeannsem USB-pecusep reiimnana (puc. 28.10). Coeannsem nunary Arduino ¢ iRobot
Create nposoaamu corsnacho tabn. 28.1.
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Puc. 28.9. BecnpoeoaHoi reimnag Defender Scorpion RS3

Puc. 28.10. Nogknwuenne USB-pecusepa redmnaga k USB-exogy wunga

B Oubnmoreke USB Host conepaures npumep aas OGecnipoBoanoro jukolictuka PS3.
Yrobwl npumep 3apaboran ¢ reitmnagom Defender Scorpion RS3, neobxoaumo npasuts
3arofoBoYHbii (aiin PS3Enums.h, Bxoasumii B Onbiamoreky. Mcnpaesienus kacaiorcs
3HAYEHUA U1 KHOMOK reiimnana B maccupe 2UTTONS []. Menpasnennsiii daiin Haxoaumres
B nanke libraries\USB_Host cONMpoBOMKIAI0LIEr0 KHHTY JIEKTPOHHOIO apXHBa.

Buibepem cnenyiouiee Ha3HaueHHEe KHOMOK W JUKOHCTHKOB reiimnana:
O npasbii JGKOHCTHK — JIUIA YNIPaBJICHUA JIBUIKEHHEM,

O kuonka Start/10 — ang nepesoja pobota iRobot Create B pexum full (nonnoe ynpas-
JIeHue);
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O kxonka Select/9 — ans nepesoaa iRobot Create B nacCHBHbIH peskHUM:
O kHonku R1 u R2 — nns npourpsiBanua menoauii iRobot Create;

O kHonku L1, L2 — nna yctanoBku ceetoanoaor iRobot Create:

O kHonka 4 (KBazpaT) — BBINOJIHEHWE CKPHIITA JBHKEHHS 110 KBaJpary.

Ckeru Ha Arduino oTciexMBaeT COCTOAHME KHOIMOK H JUKOHUCTHKOB M BbIIOJIHA-
er ornpaBky komanja Ha iRobot Create. ComepikumMoe ckeTya MpPeACTaBIeHO B JIHCTHH-
re 28.6.

INuctuur 28.6

#include <SoftwareSerial.h>
SoftwareSerial mySerial(4,3);

#include <PS3USR.h>
USE Usb;
ES3USE PS3(&Usb);

Button Btarr[16]={UP, RIGHT, DOWN, LEFT, SELECT, START, L3, R3, L2, RZ, L1, R1,
TRIANGLE, CIRCLE, CROSS, SQUARE};

AnalogHat Joyarr[4]={LeftHatX, LeftHatY,RightHatX,RightHatY};

boolean printAngle;
uint8 t state = 0;

int status buttons(le]={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
long millis buttons(1e]={0,0,0,0,0,0,90,0,0,0,0,0,0,0,0,0};

long millis buttonsl(16]={500, 500, 500, 500, 2000, 2000, 2000, 2000, 2000,
2000, 2000, 2000, 2000, 2000, 2000, 2000}:

int status_joys([4]={0,0,0,0}:

int millis joys(4)={0,0,0,0}:

int map joys(4]={2000,-500,2000,-500};
int dHatLeft=0;

int dHatRight=0;

void setup()
{
Serial.begin(115200);
if (Usb.Init() == -1)
{
Serial.print (F("\r\n OSC did not start"));
while(1l); //halt
}
Serial.print (F("\r\nP53 USB Library Started"));
mySerial.begin(57€00) ;
}
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void loop()
{
Usb.Task() ;
// joys
for(int i=0;i<4;i++)
{
if ((PS3.getAnalogHat (Joyarr(i]) != status_joys[1i]) &&
(millis()-millis joys([i]>200))
{
millis joys[i]=millis():status_joys[i]=PS3.getAnalogHat (Joyarr[i]);
int hat=map(PS3.getAnalogHat (Joyarr[i]},0,255,map joys[il*
(-1) ,map_Jjoys([i])i
if(i<2) dHatLeft=1;
else dHatRight=1:;
}
}
if (dHatLleft>0)
{dHatLeft=0;}
if (dHatRight>0)
{dHatRight=0;
qo_irobotIstatus_joys[B],statusnjoySIEI}:}
// buttons
for(int i=0;i<l16;i++)
{
if (PS3.getButtonPress (Btarr[i]) && status buttons[i]==0)
{
millis buttons[i]=millis();status _buttons[i]=1;
put actions(i};
}

else
(if(millis()-millis buttons[i]>millis buttonsl[i]) status buttons[i]=0;}

}
// DefcTEMA MO HAKATHMM KHOMKM
void put_actions(int btnl)

{

switch(btnl)

{
case 4: mySerial.write(128);

break;
// start
case 5: mySerial.write(132);

break;
// led
case B: mySerial.write((int)139); mySerial.write({(int)8);
mySerial.write((int)255) ;mySerial.write((int)255);
break;
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case 10: mySerial.write(139);mySerial.write(4);
mySerial.write( (byte)0) jmySerial .write(255);
break;
// music 6
case 9: mySerial.write(l41) ;mySerial.write(6):
break;
// 40 cm M ocTaHoB
case 12: mySerial.write(l52);mySerial.write(13);mySerial.write(137);
mySerial.write(l);mySerial.write(44) ;mySerial.write(128);
mySerial.write( (byte)0) mySerial.write( (int)156);
mySerial.write( (int)1l) :mySerial.write((int)144);
mySerial.write(137) ;mySerial.write( (byte)0) ;mySerial.write( (byte)0);
mySerial.write( (byte)0) ;mySerial.write({ (byte)0) ;jmySerial.write(153);
break;
// music 5
case 11: mySerial.write(141) mySerial.write(5):;
break:;
case 13: mySerial.write(152);mySerial.write(17);;mySerial.write(137);
mySerial.write(l);mySerial.write(44) ;mySerial.write(128);
mySerial.write( (byte)0) jmySerial.write({(int)156);
mySerial .write((int)l) ;mySerial.write({int)144);
mySerial .write(137) ;mySerial.write(l) ;mySerial.write(44);
mySerial.write( (byte)0);mySerial.write(l) ;mySerial.write((int)157);
mySerial.write( {byte)0) ;mySerial.write(90);
mySerial. .write(153);mySerial.write(153);
break;
default:
break;

}
// ornpaBka KOMaHI InA ABWXeHKUs poboTa
void go irobot (int vl,int rl)
{
int v2,r2,1f1,rtl;
if(vl<128 && rl<128)
{1fl=vl+abs(rl-128)/2:rtl=max (0,vl-abs(rl-128)/2):}
else if(v1<128 && rl>=128)
{1f1=max (0,vl-abs (r1-128)/2) ;rtl=vl+abs (r1-128)/2;}
else if(vl>=128 && rl<l28)
{1fl=vl-abs(rl-128)/2;rtl=min(255,vl+abs (r1l-128)/2);}
else if(vl>=128 && rl>=128)
{(1fl=min (255,vl+abs (r1=128)/2);rtl=vl-abs(rl-=128)/2;}
else
;
1fl=map(1£f1,0,255,250,-250);
rtl=map(rtl,0,255,250,-250);
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mySerial.write(145);

mySerial.write(highByte(rtl)) ;mySerial.write(lowByte(rtl));
mySerial.write(highByte(1fl) ) ;mySerial.write(lowByte(1£f1l));
}

DTOT CKeTY HAXOJAMTCH B narnke examples\_28_3 cONpoBOX/IAOLLEro KHHIY J1€KTPOHHOTO
apxuBa. Jlng s3arpy3kd ckeTuda npejiBapuTelIbHO CKOMUpyiTe ero B nanky libraries\
USB_Host\examples. otkpoiite B Arduino IDE » nammMuTe Ha KHONKY 3arpy3uTsb.



rmABA 29

Arduino n ROS

29.1. Yro takoe ROS?

ROS (Robot Operating System, onepauuoHHas cuctema /Ui poOOTOB) — 3TO CTPYKTYpa
nporpamMmmHoi cuctemsl ((hpeiiMBopk), npeaoctasasiomas QyHKUHOHAN U8 pacnpese-
neHHoi paborsl no nporpammupoBanuio podboro. ROS (noa nazpanmem Switchyard)
Obls1a nepBoHavanbHO pazpadorana B 2007 roay B Jlabopatopuu MCKYCCTBEHHOIO MHTEN-
nekra Crandopackoro yHuBepeuTeTa.

[pu pazpaborke pobora 0ObIMHO NPUXOANTCH PEATM3OBLIBATL CBOIO APXHTEKTYPY, CBOI
npoToko/ oOMeHa coobLieHusMH, ApaiiBep NyJbTa YIPaBieHUs, JJOrHKY HABUTALMH H NIp.
M naxe ecnu uMeeTca BO3MOXKHOCTL HCMOIBL30BATh /1A ATHX 3a/1a4 pa3iiHyHble rOTOBbLIE
OMOIMOTEKH, TO BCE PaBHO OCTaeTea cepbe3Has npodjiema — o0beAHHHUTB HX 114 podoTa
B eauHylo cuctemy. PazpaGorunku ROS no3MuMOHHPYIOT CBOIO CHCTEMY MMEHHO Kak
ONepaLHOHHYIO — JUIA MPOrpaMM B3auMOJIeHCcTBHA U yripasienus podoroMm ROS urpaer
poJib ONEPALMOHHONH CHCTEMBI, MPEAOCTABIIAA NTPOrpaMMaM yIpasiieHHs CBOH uHTepdeii-
cbl, OMOAHOTEKH M rotosbie npunoxkenus. ROS paGoraer noa yxke rorosoit OC (Ubuntu
Linux). B KOTOpO# peauzyeT CBOH JOMOJIHUTENLHBIH cl0i abcTpakuMH — KOHKPETHO
ans ynpaginenus podoramu. ROS obecneunsaer cranaaprHbie ciykObl onepauHoHHOIM
CHCTEMBI, TAKHE KaK annaparHyio abCTpakuUMIO, HH3KOYPOBHEBLIH KOHTPO/IL YCTPOMCTB,
pea3aLMIo 4acTo HCNOJb3yeMbIX (PYHKLMIL, nepesavy cooOLeHHH Mex 1y npoueccamu
M YIpaBJieHHe NaKeTaMH.

ROS paseuBaercs B IBYX Hanpap/JeHHAX: B KAUECTBE YK€ ONUCAHHOM 3/1€Ch OnepaiHoH-
HOH CHCTEMbl M B BHJE MOUICPKHBACMBIX MOJb30BATENAMH NakeToB (ros-pkg), opranu-
30BaHHBIX B HAOOPBI (cmeku), peanusytouime pasininbie PyHKUMH poboToTexHuku. Tak,
ROS coaepxut BenomoratenbHble OHOIHOTEKH M npuinoikeHds s poboTos: npeodpa-
30BAHUE CHCTEM KOOPIAHHAT, YTHIUTHI JUIS BU3YATH3ALMH JAHHBIX M Pacrno3HaBaHus o0b-
€KTOB, CTEK HaBHUTraumu v mMuoroe apyroe, Peanuszosanel ans ROS u apaiisepsl, no3so-
naomme eauubiM obpazom pabotaTth CO MHOMMMHM YCTPONCTBAMM: JUKOHCTHKAMK, YCT-
poitcteamu GPS, kamepamu, JazepHbIMH JabHOMEPAMH M TP,

ROS ocnoBan na apxurekrype epaghoe, rae oOpaboTka AaHHBIX NMPOMCXOJAHT B Vilax,
KOTOPBIE MOTYT MM0JIy4aTh M nepeaasats Mex1y coboit coobiieHus (CTpPYKTYPHpPOBaHHbIE
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nannbie). KomOunupys rotoeeie y3ael ROS M, no HeodXxoammocTwn, aonuceiBas coOCT-
BCHHBIC, MOKHO CYIIECTBECHHO COKpPATHTL BpPEMA pﬂpaﬁomu H MO3BOJIMTE ce0de CKOH-
LEeHTPHPOBATLCH TOMLKO Ha TeX 3a/a4yax, KOTOpble AeHCTBHTEILHO HYIKHO PeLHTb.

Ha naunbiii MomenT noa ynpasiaenneMm ROS pabortaer yxe muoro podotos. Bot nenon-

Hblii cnucok: PR2, TurtleBot, PR1, HERB, STAIR 1 u II, Nao, Husky A200, iRobot
Create. Lego Mindstorms NXT.

ROS BoinyckaeTcs B COOTBETCTBHH C YCJIOBHAMH JHLEH3HH BSD H ¢ OTKPBITBIM HCXO/1-
HbIM KogoM. Ona OecnnatHa A78 HCMOABL30BAHHA KaK B HMCCIEAOBATE/ILCKHX, TAK H B
KOMMepueckux uenax. IlakeTol w3 ros-pkg pacnpocTpaHAlOTCs Ha YCIOBHAX Pa3iHYHBIX
OTKPBITBIX JIHLIEH3HH.

29.2. AucTtpundyTtuebl ROS

CambiM nepBbiM aucTpubyTusom ROS 6bu1 Box Turtle — penus ot 2 mapra 2010 roaa.

C Turtle (penwns ot 2 asrycra 2010 rona) — sropas sepcusa auctpudyrusa ROS, conep-
auasa odHosnenne oOubanorek, sxoasmux 8 ROS Box Turtle.

Diamondback (peans or 2 mapra 2011 rogpa) — tperui aucrpudytue ROS. Coaepxkur
HOBBIE CTEKH, BKJIIOYas MOAAepKKYy ceHcopa Kinect, ctabunbHblii peans OMONHOTEKH
Point Cloud Library. Diamondback cran mensine, npoue n Gonee koHpHrypupyem,
uem ROS C Turtle.

Electric Emys (peans ot 30 asrycra 2011 roga) — uverseprbiit auctpudyrue ROS. On
cojepxuT cTabuiabHbie Bepcun OMOIMOTEK arm navigation M PCL, @ TaKiKe pacluMpser
NoAUIEP/KKY HOBBIX ruiardopm, Takux kak Android n Arduino.

ROS Fuerte Turtle (peans ot 23 anpens 2012 roaa) — crain narbiM AHCTPHOYTHBOM
ROS, B HeM npou3Be/ieHbl 3HAYUTENbHBIE YIYUILIEHHA, 00/eryaioine HHTerpHpoOBaHHe
C JIPYTMMH CHCTEMAMH NPOrpaMMHOro obecneyeHus.

29.3. YctaHoBka ROS

Ilaru no yeranoeke ROS Fuerte Turtle noa Ubuntu Linux pacnucansl Ha opuumaisHoM
caitre cucrembl http://'www.ros.org/wiki/fuerte/Installation/Ubuntu. Paccmorpum ee
YCTAHOBKY Ha KOMIbIOTEP ¢ onepaunonHoii cucremoii Ubuntu 12.04 (Precise).

JlobGasnsem aapec ceppepa ROS, uyto0Obl MeHeKEP NAKETOB 3HAN OTKy/Aa OpaTh NakeTbl
ROS:

sudo sh -c 'echo "deb http://packages.ros.org/ros/ubuntu precise main" >
/etc/apt/sources.list.d/ros-latest.list’

[onyuaem karou:
wget http://packages.ros.crg/ros.key -0 - | sudo apt-key add -

OOGHOBNAEM CITUCOK NakeTOB — TeM cambim cepeep ROS.org Oyaer npouHaekcHpoBaH:

sudo apt-get update
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Ornaem komanay ycraHoBkd ROS Fuerte (pekomenaoBannasa koH(purypauua Desktop-
Full):

sudo apt-get install ros-fuerte-desktop-full

PazpaGorunkun ROS crpemsaTcs uHTerpupoBarh B CHCTEMY JIy4lllHe OTKpbITbie podOTO-
TexHHuyeckne OHOIMOTEKH, COXpaHSS NPH FTOM MOJAYJIBHOCTH CHCTEMbI, YTOOBI MOJIB30-
BaTe/lb MOI' YCTAHOBUTH TOJBKO T€ MOJAYJIM, KOTOPbIE €My JAeHCTBUTEILHO HEOOXO0AMMBI.
Hekortopeie Oubnuorekn BbiHecenbl w3 ROS w ycranasaupatores B OC cranaapTHeiM
obpa3zoM, 4TO NO3BONSET MCTONBL30BaTh 3TH OMOIHoTekH U Oe3 ROS. Ycranosum HeoD-
XOAHMMBIH Ham nmakeT rosserial:

sudo apt-get install ros-fuerte-ros-—-comm
OtaenbHO HEOOXOAHMO YCTAHOBHUTL M nakeTsl rosinstall u rosdep:

sudo apt-get install pythen-rosinstall python-rosdep

B Hauase HOBOI CeCCHHM bash HEOOXOJMMO MPONHCATE YCTAHOBKY NEPEMEHHLIX OKpYiKe-
Hua ROS:

echo "source /opt/ros/fuerte/setup.bash" >> ~/.bashrc . ~/.bashrc

Ha srom ycranoeka 3akoH4eHa.

29.4. Yanbl nu Tembl B ROS

Vzen — sr1o ucnonusemslit ¢aiin nakera ROS. Vane ROS ucnonb3yior kiMeHTCKHe
oubnuorekn ROS mia casm ¢ apyrumu yzinamu. Knuenrckue Oubamoreku ROS noseo-
JAOT peain3oBbiBaTh Y31kl ROS Ha paznuuHbiX A3bIKaX NporpaMMHUpoOBaHHs, HANPUMeEp:

O rospy — KaueHTckas Oubanoreka ana Python;
O Roscpp — KJaneHTcKas OudanoTeka s C++;
0O RrRosjava — KJIHeHTcKas Oubnnoreka g Java.

Y3nel moryT nybamkosath coobuienus no teme (publisher), a Takke noanucarbea Ha Te-
My Juia npuema coodiuuenuid (subscriber). Coobugenus — THN AaHHBIX, HCMONAL3YEMBIX
ana nyonMKauMM MIH NMOANMCKH Ha Temy. Tunbl coobuienuii onucwiBaloTea B (haiinax
coo0LIeHHiH msg — NPoCTLIX TEKCTOBLIX (haitflax ¢ nojemM THIa H noJieM HMEHH B CTPOKe.
Tunsl noneii, KOTOpbIE MOKHO HCMONBL3OBATH!

0O ints: O string;

0 int1eé; 0O time:

0 int32; O duration:

0 inteé4: O other msg files;

0O float32; O variable-length arrayl[];
0 floatéd: O fixed-length array(C].

Daiinbl msg HCNMOJIbL3YHOTCH JUJIH TEHEPALIUH HCXOIHOTIO KOIa U1 cooOLIeHHil Ha Pa3HbIX
sabikax. Maibl msg K]JEHHTCH B MNOJAKATAI0r¢ msg KaTajaora nakera.
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V3ibl MOIyT TakKe NpeaocTaB/iaTh WIM MCNoJb30BaTh ciykObl (Service). CnyxObl no-
3BOJISIOT Y3J1aM MOCJIaTh 3anpoc U MoJYYHTh OTBET.

Daiinbl ciay:K0 srv — TakHe jKe NMpoCcTbie TEeKCTOBbIe (aiibl, Kak H (paiiibl msg, HO OHH
COCTOAT W3 IBYX HacTei: 3anpoca U OTBeTa. DTH JBE YaCTH, Pa3ae/AloTca JHHHeH: - - - .
[Mpumep daiina srv:

int64d A

inté4d B

inté4 Sum

B srom MPHMEPE. A H B — 3TO 3ar1poc, a Sum — 3TO OTBET.

Maiinbl srv XPaHATCA B NOJKaATAIOrE srv KaTalora rnakera.

29.5. NakeT rosserial

bubaunoreka rosserial YCTaHaBJIMBAET COEJHHEHHE TO4YKa-Tovka (point-to-point
connection) uepes Mocjae10BaTeIbHBIH MMOPT € HEJAOPOrHMH KOHTpoJuiepamu (Tuna
Arduino) Tak. uTo Bl MOXKeTe nocbuiatk coodwenus ROS tyaa m obparno.

bubanoreka rosserial coctouT u3 obuiero P2P-nporokona. OudanoTekH ans pabdoTsl
¢ Arduino u y3nos s [TK.

bubnunoreka ana paborsl ¢ Arduino HaxoAMTCA B nNarnke [poekTa serial, B Karajaore
serial_arduino\libraries. Konupyem nanky ros_lib B GuGanoreunstit katanor libraries Arduino
IDE (puc. 29.1). bubanoreka ros lib pazMellleHa Takxe B rarke libraries COMNpoBOX-
JAKOLETO KHHTY 2JIEKTPOHHOIO apXHBa.

€= Hasap -~ Briepén T C @|m Q o ] v
&3 | usr | share arduino |||hrll1!i
-e o e
ArduinoTestSuite EEPROM Ethernet
o "B D
Firmata LiquidCrystal Matrix
ol il s
OneWire ros_lib sD
Servo SoftwareSerial SPL

Puc. 29.1. Noaxknoyenne Gubnuorekn ros 1ib
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29.6. NoarotoBka coobweHus (publisher)
Ha Arduino

Cosnaaum cketd Ha Arduino, aemMoHcTpupytouHii cosnanue y3na ROS, nydaukyiouero
coobuiennsa B temy. CoeaunseM Arduino ¢ KOMNbIOTEPOM, Ha KoTopoMm 3anyiieHa ROS
Nno NocjieoBaTe/IbHOMY MOPTY (B paccMaTpUBAEMOM Cy4ae 3TO MOPT /dev/ttyUSEO).
K kourpomnepy noaxmouer aatuuk temneparypsl DS18B20. byaem ornpasnare B ROS
3HA4YEHHUA TeMNepaTyphl C JaTYHKA, UCTIOIb3YS OMOTHOTEKH OneWire.h M ros 1ib.

PaGoty ¢ natyukom temnepatypsl, padotatommm no npotokony 1-Wire, Ml noapoduo
paccMOTpeNH B NpeabIyIIHX riasax (cM. Hanpumep, eraevt 11 w 12), modtomy 3/1ech
OCTaHOBHMCH Ha padoTe OHOIHOTEKH ros 1ib.

B kaxayio nporpammy ROS Arduino HeoOX0aMMO BKIIOUHTE 3aro/IoBOYHLIH (aiin ros.h
H (t]ﬂﬁﬂhl FAr0JIOBKOB 1Ji4 BCEX THIIOB CDDﬁIlI,EHHﬁ.. HDTUPI:IE Mbl 6}’;1&&{ HCITOJIB30BATL, —
B HawueMm ciay4ae 310 std_msgs/Float32.h:

include <ros.h>

#include <std msgs/Float32.h>

ﬂMEE HaM HEDG.\'D,[I,HMD CO31aTh EHEEM[UIH]J Dﬁ"l:nEKTEl }"_‘lﬂa serial_ node, YTO MO3BOJIMT
Halleil nporpamMMe BbICTYINAaTh B KauecTse nojanucuuka (subscriber), nubo nybnnkosarts
coobumenns (publisher):

ros: :NodeHandle nh;
Cozpaem 3K3eMIVIFp publisher IJI8 HAWIErO yija serial node, NyOJHUKYIOWMH coolLue-
HHA THINA std msgs::Float3Z B TEMY temperature!

std msgs::Float32 float3Z msg;

ros: :Publisher chatter ("temperature", &float3l msg);

B noanporpamme setup() HEOOXOAMMO HHHUHAIM3HPOBATL Y3€/l U OOBABMUTL O POJIH
Y314 chatter B KQYECTBE publisher:

nh. initNode();

nh.advertise ({chatter);

B umkne loop() nocsie cYMTLIBAHKUA JaHHBIX € AaTUKMKa Temmneparypsl nyoiukyem cood-
LLIEHHE B TEMY M BbI3BIBAEM ros::spinCnce (), rae obpabareiBatores Bee (pynkumun obpar-
HOT'O BbI30BA COEJIMHEHUS.

chatter.publish( &float32 msg );
nh.spinOnce () ;

Koa navHoro ckerua NpeACTaBJIACH B JIMCTHHIEC 29.1.

NMucTuar 29.1

f#include <OneWire,h>
OneWire ds(10): // muuua 1-Wire OynpeT Ha pin 10

#include <ros.h>
#include <std msgs/Float3Z.h>
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ros: :NodeHandle nh;
std msgs::Float32 float32 msg;
ros::Publisher chatter ("temperature”, &float3Z_msg):

void setup(wvoid)
{
nh.initNode();
nh.advertise(chatter);
}
void loop (void)
{
byte i;
byte present = 0;
byte data[l2];
byte addr([8]:

if { !ds.searchl(addr)} {
ds.reset_search{];
return;

}

ds.reset();

ds.select (addr) ;

ds.write (0x44,1); // sanyckaem KOHBEpTaLMD
delay(1000); // cxopee Bcero pocraTouHo 750 ms
present = ds.reset();

ds.select (addr) ;

ds.write (0xBE) ; // cumTHBaeMm O3Y maTuMkKa
for ( i =0; i < 9; i++) { // ofpabaruBaem 9 GairTos
data[i] = ds.read():

}

Serial.print (" CRC=");
Serial.print( OneWire::crc8( data, 8), HEX);
Serial.println();

// BHCUMTHBaEeM TeMnepaTypy

int HighByte, LowByte, Temp;

float Tempfl, Tempf2;

LowByte = data(0];

HighByte = data[l];

Temp = (HighByte << 8) + LowByte;
Tempfl=Temp/16;
Tempf2=(Temp%16)*100/16;

float32 msg.data=Tempfl+Tempf2/100;
// nyBmuxyem cooblieHue
chatter.publish( &float3Z2 msqg )
nh.spinOnce() ;
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Teneps nposepum paboty nanHoro ckerya. [lepeoe, 4To HeOOX01MMO 3anMyCTHTB, — 3ITO
KomaHja roscore. Komanaa rosnode otobpaxaet nndopmaumio 06 yinax ROS, kotopeie
padboTaloT B HacToammi MmomeHT. KomaHaa rosnode 1ist BbIIAET CMHCOK 3THX aKTHBHBIX
y310B. B Tepmunane yBuanm:

/rosout

CooTBeTCTBEHHO, €CTh TONLKO OJMH padoTaloOlMHA y3el: rosout. IDTOT y3ea padortaer
BCEr/1a, T. K. OH COOMpAET M JIOTHPYET OT/IaA04Hbie COOOIIeHHS V3/I0B.

Komanaa rosrun MO3BONAET HA3HAYUTL UMSA MaKeTa, YTOOLI HEMOCPEACTBCHHO 3alYCTHTL
€ro ysemi

$ rosrun [package name] [node_name]

BHHyCKﬂEM ¥3€/l serial node.py NMAKeTA rosserial python, [{OTﬂprﬁ COC/IHHACT Hally
Arduino ¢ ocrasnbHO# yacTeio ROS. Heo0Xx0aMMO BBICTABMTL MCIIOB3YEMBbIiH 110CI€/10Ba-
TENbHLII NopT:

rosrun rosserial python serial node.py /dev/ttyUSBO

B repmunane nabupaem:

$ rosnode list

M CMOTPHM CIMHCOK AKTHBHbLIX Y3J10E!

/rosout
/serial node

Yrunura rxgraph, ABJAKOWAACA HaCThIO NAKETA rxtools, NO3BOJACT BH3YAJILHO NMNOKa3aTh
V3J1bl H TEMBI, 34MYLUIEHHLIE B HACTOSLLIMH MOMEHT, HHGHpﬂEM B TEPMHHANE:

5 rxgraph

PesvaesTar nokasau Ha puc. 29.2,

Path: |/ * Quiel | Alltopics @ Info:
Node [frosout]
Publications:
* frosout_agg

[rosgraph_msgs/Log]

subscriptions:
* frosout [rosgraph_msgs/
Log]

Services:
* frosoutfset_logger_level
* frosout/get logoers

rosout pid: 2075
fSEI"iﬂLnUdE / @ Connections:
* topic: frosout

* to: http://f
ubuntu1:44019f

* direction: inbound

*transport: TCPROS

Puc. 29.2. YTunuta rxgraph AeMOHCTPHPYET CNWCOK aKTMBHbLIX Yanos u Tem
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Yrunura rostopic noszpoaser nonyuuts HHGopmaumo o temax ROS. Komanna rostopic
echo MOKa3bIBaeT JlaHHble, onyOiukoBaHHble B Teme. HaOupaem B Tepmunane:

$ rostopic echo /temperature

H BHMM NMOCTOAHHO noctynaioime ¢ Arduino gaHHbie JaTyuka temnepatypsl (puc. 29.3).

00 3E petin@ubuntul: ~
@ann MNpaeka Bua Mouck TepMmuHan Crnpaska

data: 23.6800003052

data: 23.6800083052

data: 23.68600030852

data: 23.75

data: 23.75

data: 23.68000030852

data: 23.6800003052

Puc. 29.3. Ny6nukauus coobweHunin na Arduino B Temy temperature

Jlannwlii ckeTy HaxoaMTCs B nanke examples\_29_01 cONpoBOMIAIOLIEr0 KHHUIY 3JeK-
TPOHHOTO apXxHBa.

29.7. Co3zpaHue noanucku (subscriber)
Ha Arduino

Teneps pacemoTpum npumep Mcnosib3oBanus Arduino B Kauectse yina subscriber ans
npuema coobuwenuii. B s1oM npumepe Mbl GyleM BKIHOUATH/BBLIKIIOMATL CBETOAMO,
NoJAKIOUeHHbIH K BoiBoay 13 Arduino, noayuas coobuenns u3 ROS.

Bruiovaem 3aronopounslii (aiin ros.h v painibl 3arol0BKOB JUIA BCEX THIOB COODLUECHHH,
KOTOpbIe Mbl Oy/eM UCNoNbL30BaTL, — B HalleM ciy4ae 3To std_msgs/Empty.h (s nyc-
ThIX COODLIEHHIA):

#include <ros.h>

#include <std msgs/Empty.h>

Jlanee HeoOX0AMMO co3/1aTh YK3eMIUTAP 00BEKTA y3/1a serial node, YTO MO3BOJIMT HaLUEH

nporpaMme BbICTYNaTh B KauecTBe nojnucyuka (subscriber), aubo nybaukosats cood-
wenus (publisher):

ros: :NodeHandle nh;

Cosnaem IKICMIIAP subscriber JUIA HAWEro yania, II}’ﬁJ’IH[{}FIOLU_Hﬁ nycTbIC CD(JGI_I.I;E}IHH
THNA std msgs::Float32 B TEMY toggle led!

ros: :Subscriber<std msgs::Empty> sub("toggle led", &messageCb );
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Cosnaem ans Hawero yina (yHKUHIO 0o0paTHOro BbI30Ba messageCb. JTa (DYHKUMA
JO/KHA NMOCTOSHHO MOJAy4YaTh cooblleHHe B KayecTe aprymenTa. Jlis nawed gyHkumun
00paTHOrO BBI30BA messageCh HA3HAYMM THUI COOOLIEHUA std msgs::Empty. [lo nomyue-

HUH cooOuleHns (GyHKUMA HHBEPTHPYET 3HaueHHe curHana Ha BeiBojae 13 Arduino, npu
3TOM BKJII0YasA/BbIK/IKOYAsA CBETOAHO.

void messageCb( const std msgs::Emptyé& toggle msg) {
digitalWrite(13, HIGH-digitalRead(13)); // blink the led
}

B noanporpamme setup () HeOOXOAMMO MHMLMAIM3UPOBATH y3ell U 00BABUTL O POIH Y3-
f1a B KAYECTBE MOANUCYHUKA HAa COODLIIEHMS:

nh. initNode() ;
nh.subscribe (sub) ;

M HakoHel, B uMKJIE loop() BbI3bIBAEM ros::spinOnce(), rae obGpabarbiBaioTcs Bce
(hyHKIMH 0OpaTHOrO BbI30BA COEJAMHEHMS:

nh.spinOnce();

Koa nanHoro ckerya npeacrasieH B iHCTHHre 29.2,

Nuctuur 29.2

#include <ros.h>
#include <std.msgs/Empty.h>
#include <std msgs/Empty.h>
ros: :NodeHandle nh;
void messageCb( const std msgs::Empty& toggle msg) {
digitalWrite(13, HIGH-digitalRead(13)); // blink the led
}
ros: :Subscriber<std msgs::Empty> sub("toggle led", &messageCb );

void setup()
{
pinMode (13, OUTPUT);
nh.initNode() ;
nh.subscribe (sub) ;
}

void loop()
{

nh.spinOnce () ;
delay(l);
}

3&“}'CH&EM y3€Jl serial node,py NMAKETA rosserial python, KOTOPbIH COEAHHAET HALUY
Arduino ¢ octanbHOH yacTeio ROS. Heo0X01HMO BLICTABUTEL MCIIOIB3YEMBIi 10ce/10Ba-
TeNbHBIA MOPT (31ech MCNoNb30BaHa Jpyras njara Arduino, NoAKIOYEHHAs K MOPTY
ttyACMO):

rosrun rosserial python serial node.py /dev/ttyACMO
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[lepexoaum Ha komnetoTep ¢ 3anyueHHod ROS v npoeepsem CNUCOK aKTUBHBIX Y3/10B:

5 rosnode list

CMOTPHM pesyabTar:
/rosout

fserial_nmde

Haiu y3en 3anyuien Kak nojanucyHk Ha cooOIIEHHd 110 TEME toggle led, HO HHKAKHX CO-
oOenHit oH noka He noayuwi. Cea3b 110 TeMaM OCYLIECTBAAETCs [MyTeM OTIPABKH CO-
oowenunit ROS mexgty yanamu. Jlng obwenuns usaarens v abonenra usaarens (publisher)
1 abouHeHT (subscriber) 10/KHBI OTIPABAATE U NOJNYYATL COOOLIEHHS OMHAKOBOIO THIA.
D710 03HAYAET, YTO THUI1 TEMbI ONPEEISeTCs THIIOM co00LEeHHit, KoTopbie B Hel nybiu-
KytoTcsa. Tun coobuienus. oTrpaBasieMoro B TeMy., MOXKET ObITb OMpeAeseH ¢ MOMOLILbLIO
KOMaHbl rostopic type.

$ rostopic type toggle led

Pesynbrar:

std msgs/Empty

Tﬂﬂﬂpb HCNMOJIb3YEM rostopic C CDDﬁlUJEHHHMH — rostopic pub I'I}’GHHI{}’ET JaHHbIE
B TEMY!

rostopic pub [topic] [msg type] [args]

Ornpasum eMHUYHOE cooDIIeHHE:

rostopic pub toggle led std msgs/Empty --once

CReTo1H0/1 10JI7KEH W3MEHHTD 3HAYEHHE HA MNPOTHBOMOJIOMHOEC.

Jlna otnpaBku cooblieHus B UMKAE (-r) ¢ ONpeae/ieHHOH YacTOTOH BBEIEM KOMAH/Y:

rostopic pub toggle led std msgs/Empty -r 1

Dta koMaHjaa nyoaukyet coobuienue ¢ yactotol | I'u B Temy toggle led, CBeToanon
OyaeT MUraTh ¢ 4acToTOl 2 pa3a B CEKYHAY.

JlaHHBIH CKeTY HAXO/MTCH B Narke examples\_29_02 conpoBOMXKAaKOLIEr0 KHHIY JICK-
TPOHHOT'O apxXHEBa.

29.8. CBna3b yepe3 ROS aByx nnat Arduino

Tenepn coznaaum npumep nepenauu cooOutennit yepes ROS mexay asyms rniartamu
Arduino. Ha oanoii nnare Arduino., coeaunennoii ¢ ROS, HaxoauTcs aaTuMK TeMnepary-
pet DSI8B20 (em. pazo. 29.6). lloakmouum k ROS no apyromy nocliegoBare/ibHOMY
nopry Bropyio miaty Arduino, k kotopoii noakmouen aucrieit WHO0802, Ha nero Mol u
OvaeM BLIBOAHTDL MOKA3AHHA TEMIEpaTypbl ¢ AaTUMKA, PACIOJI0KEHHOI0 HA NEpPBO na-
1e Arduino. Ckeru s nyOiMKauMH nokasaHuii TeMrneparypsl y Hac yxke ecth. Ckery
JUIS NOAYyYeHHs COOOLIEHHIH ¢ NOKa3aHMAMH TeMneparypbl, nyO/IMKYEMbIMH B TEMY
temperature, NPEACTAB/EH B IMCTUHIE 29.3.
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NucTuar 29.3

// noprmounTe CMOMMoTery LiquidCrystal
#include <LiquidCrystal.h>

// cospanue sksemnnapa ofwerra LiquidCrystal
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

// rosserial

#include <ros.h>

#include <std msgs/Empty.h>
#include <std msgs/Float32.h>

ros: :NodeHandle nh;
void messageCb( const std msgs::Float32& toggle msg) {
digitalWrite(13, HIGH-digitalRead(13)); // blink the led
lcd. setCursor (0, 0);

led. print ("Temp=") ;

led. setCursor (0, 1);

led.print (toggle msg.data) ;)

ros::Subscriber<std msgs::Float32> sub("temperature”, &messageCb );

void setup() |
lcd.begin(8, 2);
pinMode (13, OUTPUT):
nh.initNode() ;
nh.subscribe (sub) ;

}

void loop() {
nh.spinOnce() ;
delay (1000) ;

}

JlaHHblii ckety HaxoauTcs B nanke examples\ 29 03 COMNPOBOMKAAIONIErO KHHMIY K-
TPOHHOIO apXxHBa.

Teneps nocmoTpum, kKak peannsosath nepepasy B ROS. 3anycturs aBa  y3na
serial node C OJIHMM HMeHeM He nosyuutcs. Opna u3 ocobennocteit ROS cocrout
B TOM, YTO Bbl MOXKETE MEPEHA3HAYNTL HMEHA (Names) Y3/I0B H3 KOMAHHOH CTPOKH:

$ rosrun rosserial python serial node.py /dev/ttyUSB0O _ name:=seriall
$ rosrun rosserial python serial node.py /dev/ttyACM0 name:=serial2
Tenepb NOCMOTPUM CMHUCOK AKTHBHBIX Y3/I0B KOMAH/I0M rosnode 1ist:

/rosout

/seriall
/serial2

A KOMAHAOM rxgraph MOCMOTPHUM Y3Jbl U TeMbl (puc. 29.4). [lpu sToM nokasanus temne-
patypsl otrobpaxaiorcs na aucnaee WHO802.
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Path: / | v | [ Quiet [ Alltopics @ ::eunﬁalzl
Publications:
* [rosout [rosgraph_msgs/
Log]

Subscriptions:
* temperature [std_msgs/
Float32]

Services: None
Pid: 2299
Connections:
* topic frosout
* to: frosout
* direction: outbound
* transport: TCPROS
* topic /temperature
* to: hetp://
ubuntu1:45544/
[ *direction: inbound
* transport: TCPROS

Puc. 29.4. Yrunuta rxgraph — CNUCOK aKTUEHBIX Y3N0B W TEM
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fonocoBoe ynpaBneHue

B nepsomM HM31aHWKM KHMIMH Mbl pacCMaTpUBaIH yrpasjieHue npudopaMH aoMallHe
agromaruzaund X10 ¢ nomoweto Arduino. [lpu Beex murocax 3T1oil cHeTeMbl, npHoo-
pbl X10 He nonyuniu WKMPOKoro pacnpocrpaHeHus B Poccun. Y meHs qoma OHM 10 CHX
Nnop CTOAT B OJHOH Juib koMHaTe. Tak 4To B 5TOM M3AaHUK KHMIH npudopsl X 10 Mbl
paccmaTtpHBaTh He Oyzem, a npeactapum Gonee NPOABHHYTYIO H YA00HYIO (YHKLHIO 114
"yMHOro jgoMa" — roJlocoBoe yrpasJjieHHe.

["onocoBoe ynpagienue — crnocod B3aUMOACHCTBHSA C YCTPOMCTBOM [PH MOMOLLUM FOJ10-
ca. B oranume or pacnosHaBaHMs peyd, rojocoBoe YNpapjieHHe NpeHa3sHA4YeHO [UIA
BBOJA VMIPABAAUIAX KOMaHJ — Harpumep: "BKIOYATE YaHHUK", "OTKPBITE WITOPHI",
"BBIKIIOUHTH 3BYK". M XOTA ¢ MOMOLILIO CHCTEMBI TOJIOCOBOTO YIPABAE€HHS MOYKHO BBO-
JAWTh M KOHTEHT (4MCi1a M TEKCT), Takoi BBOJ OyaeT KpaiiHe HeKOM(OPTHBLIM, MOCKOJILKY
npHeTcs JeaTh YeTKHE ay3bl M1y OT/1eJIbHBIMH CJIOBAMM.

PHC"D'?.HHBHHHE OTAC/IBHBIX KOMAH]l HCCKOJIBKO TIpOLIE, 4EM pacClo3HaABaHHC CIIHTHOTIO
TEKCTa, H HE Tpﬂﬁ}’ET FHAYHTENEHBIX BLIYMHCIIHTE/IBHBIX MUU.],HGCTCE. B."Iﬂr{]ﬂﬂpll ATOMY,
ceroansa cyuecrsyetr Ooratelii BbIOOp nporpamMmuoro obecrnievenus 0 00OpyIOBaAHHA
(crnieunann3upoBaHHbIX UM(PPOBLIX CHIHAJBHBLIX [POLUECCOPOB), HMEIOWHUX HEOObLIYIO
CTOHMMOCTE H UﬁEC“E‘JHEHH}LL[HK BBICOKOC KA4YCCTBO pacro3HaBaHHUA KOMaH/L.

[lozanee mbl coznaaum npoekt Ha Arduino ¢ MCMONB30BAHMEM CNELMATIBHOIO MOV
roJIOCOBOIO PACMO3HABAHMSA JUISl NOJIOCOBOIO YIPaBACHUA CBETOM M WICKTPONpHOOpaMH.
[Inata Arduino Oyaer noayyars JaHHbIE O PACTIOZHABAHHH C MOJYJIS MOJIOCOBOIO pacro-
3HABAHMS, AHAIWIMPOBATL MX M OTIPABIATL [0 PaJHOKAHANY KOMAaH/bl BK/IIOYeE-
HHUA/BBIKJIFOYEHUA HCTOHUTEIBHBIM YCTPOMCTBAM, K KOTOPBIM MOJAK/ITIOYEHBI CBETOBLIC H
EKTPONPUOOpHI.

A cHavyana HaAYYHMCH JHCTAHLIHOHHO YIIPABIATH 'HIICI{TPDI'[[)Hﬁﬂr}HMH € NMNOMOLIBIO PAJIHO-
CHryaanmna.

30.1. YnpaBneHue anekrtponpubopamm
c nomouwbio paguopo3etok UNIEL

B kauecTBe MCMOMHUTENBHBIX YCTPOMCTB Bocnosibzyemcsa paavoposerkamu UNIEL
(puc. 30.1). Paauoposerku UNIEL nenocpeacTBeHHO yCTaHAB/IMBAIOTCH B JIIOOYIO J1€K-
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TPOPO3ETKY M K HHUM YK€ MOAKIIOHACTCA IEKTPONPHOOP, BKIIOYEHHEM H BBIK/HOUYEHHEM
KOTOPOI'0 MOXKHO YIPaBJIATh ¢ AMCTAHUMOHHOrO mnyjsra. Paguye neficTeus Ha OTKPLITOl
MECTHOCTH — J10 25 M, 4yacTora npuemonepenaud komana — 433.9 Ml'u. C nomoutsto
TaKMX PajHOPO3ETOK MOJKHO YIMpaBisATh BHYTPEHHUM M BHELIHHMM OCBEIEHHEM. CHCTe-
MamH MOJIHBA, EKTPOKOTIAMH, HArpeBaTe/IAMH, BEHTHIATOPAMH — T. €. NMPaKTHYECKH
BceMH npHOOpaMH, KOTOpble MOXKHO BKJIIOUMTL B po3eTky. B accoprumente paauopose-
TOK HMerTCA Moy u Ui Harpy3ok 300, 1000 u 3600 Br. Beck X acCOPTUMEHT MOMKHO

NOCMOTPETh Ha cTpaHuue oduuManbHOoro cairta npoussoaurens: http://www.uniel.ru/
ru/catalog/1235.

"' Uniel —

Puc. 30.1. Pagnopoaetim UNIEL

Puc. 30.2. HacTtpoWka nyneTa u posetok UNIEL
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B nyasre ynpapinenus ycraHaBiaupaercs Koj rpynibsl. B kauioil poserke HeoOdXxoaumo
YCTAHOBUTHL KOJ rpynnsl U Koa poserku. Ha puc. 30.2 B nynsTe yeTaHOBNEH KOJ rpyn-

nel 11000, Ha oboux pozerkax koa rpynnst 11000, a koasl poserok pasubie: 10000 u
00100.

Ham HeoOXonuMo ynpaensTh paamopo3eTkamu He ¢ nyabTa, a ¢ niaarsl Arduino. [[ns
3TOr0 HajAo0 3amMeHuTb nyabT ynpasienus poserkamu UNIEL na paanomoaynu, pabo-
Taroue Ha yacrore 433 MI'u. Mol Bocnonbsyemes pagnomoayismu FS1000A (moxkHo
MPUMEHHUTHL U APYTIHE PAHOMO/LYJIH).

30.2. Paguomoaynu FS1000A

Kommaexkr (npuemuuk v nepeaatuuk) paanomoayns FSI000A (puc. 30.3) moxkHo npu-
obpectn B Kutae newerne 100 pybGneid. [Ina ynpapneHus po3eTKamH CIIYKHT nepeaart-

YUK, 4 MPUEMHHK HEOOXOAMM /A OMpe/e/cHUa napaMeTpoB Mepeaavyu paauocHrHana
MyJAbTOM.

-
.
-
-

é — J LLEYETY
- s
GO

Puc. 30.3. Paanomogynu FS1000A: ¢ TpemA KOHTakTaMu — Nnepeaaryuk;
C YeTLIPbMA KOHTAKTaMn — NpUeMHHK

Jna Arduino umerotcs Gubanoreku, nosponsiouire padborats ¢ pasHbLIMH YNPaBIseMbIMH
MCTIOJIHUTEILHBIMU YeTpolicTBaMK Ha vacrotax 433/315 MI'u. A ucnonssosan oubano-
Teky RCSwitch (Arduino library to operate low cost 315 MHz / 433 MHz remote control
devices), ckayaTb KOTOPYIO MOMKHO ¢O crpanuusbl: http://code.google.com/p/re-switch/.
Crauupaem, pacrnakosbiBaem B nanky libraries. Haitfti 21y OHOJIMOTEKY MOKHO H B narnke
libraries\RCSwitch CONPOBOAIAIOWIErO KHHI'Y 2MEKTPOHHOIO apXH1Ba.

JIna navana no cxeme coeauHenuii, npupeaeHnoi B Tada. 30.1, noakmouMM K niare
Arduino npueMHHK (MOY/1b HA pHC. 30.3 ¢ YeTLIPbMSA KOHTAKTAMM).

Teneps 3anycTum npumep Receivebemo Advanced U3 Oubaunorexkn RCSwitch. Haxkumaem
HA NYJLT K CMOTPHM, YTO BbIJIACT CKETY B rnocaeaosaTenbubiii nopt (puc. 30.4).
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Tabnuua 30.1. CoeduHerue koHmakmoe Arduino u npuem+uxa FS1000A

Mnarta Arduino Npuemuuk FS1000A
+5B vccC
GND GND
2 DATA (nwBon)

RS == 4 1 8.

IDecinal: 354875 (24E11) Binary: O0ODO1O0LD1GOMIOLO101000] Tri-Stete: DOFFFOFFF=0F Pulseler 4l||: 305 nicroseconds Protacol: 1
o clain: G612 280, GHE. 248, GOC, 240, SER 244 G52, 260, 1004, B48, 376, 240, G086, B8O, 384, 20, 1000, 856, 2E4, 292, 1000, BSS, 380, 96, 1000, 858 BER 262, 992, 80, I8

Decipal: MESO0 (243 1) Hnary: OEOOO1GI01O1000101010100 Tr -State: WIFFFE0RFERD Pulseléngth: 309 microsaconds Protacel: 1
Faw Cala: 604, 258 SRR, 742, GR4, J48, B8R, 744, 9972, 744, 992, 850, 376, 140, 960, 856, 380, 236, 996, 860, 376, 240, 1003, 856, 380, 240, 906, B5G, 384, 736, 5697, 8564, 380, 73

Decipal: 363 (2411) Bnary: 000C010L010100000101 0100 Tri-Stete: OOFFFFFOFFFO Pulselength: 309 mucroseconds Protacol
Faw cata: ¥586 250 804 240 50D J44 508 248 968, 244,906, 856,375, 24, 955, 860, 372, 244, 992, 064, 372 244, 960 864, 376, 244, 592, 8

e

376, 240, 556, 850, 372. 244

?.' =

Decinal: 349365 (241) Bunary: O000010L0001000001000001 Tri-Stete: OOFFFFFOFFOF Pulselength: 308 nicroseconds Protocol: 1

Faw dato: S600, 240 GEB, 2448, GO, 244, 1000, 232, D6, 96, D80, 868, 390, 244, 092, B56, 380, 240, 002, 840, 380, 240, 1660, 852, 380, 2440, 000, 840, 374, M4, 900, B8E, 350,
Decipal: 49260 (248170 Hinary: OOGONGIO010O10100000] 0160 Tri-State: MFE-FFROSRD Palselength: 309 nicrosaconds Frotocel: |
Faw dala: 9608 280, 1004, 728, 1000, F32, 952, 244, 98B, 244, 097, B0, 376, 244 942, BG0, 380, 240, 956, 556, 350, 290, 9652, 850, 364, 730, 0097, 860, 384, 735, 9902, 860, 384, 4

B AsTonporpyTa By oxorruaarnE CTDOE W | - 9600 0on -

Puc. 30.4. anHeie n napameTpel ¢ nynsTa UNIEL

3anomuum napametpsl 24Bit, PulseLength: 309 microseconds. Protocol: 1 — onu nHam
noHaaobaTes npu Hanucanuu ckerya. Kojel 3anomunats He HykHo. JUis otnipaBku nas-
HBIX OMOIMOTEKA MCMONBL3YET KO FPYNMbl U KO/ yeTpoiicTea!

Teneps nonpobyem ynpaeaate pozerkamu UNIEL wu3 Arduino uepe3 nepenarymk
FST1000A. Tloakmounm no cxeme coeauHeHuid, npuseaenHoii B tada. 30.2, k Arduino
nepeaaryHk (Moayb Ha puc. 30.3 ¢ TpeMs KOHTaKTaMH).

Tabnuya 30.2. CoeduHerue KoHmakmoe Arduino u nepedamyuka FS1000A

Mnata Arduino MNepepaTunk FS1000A
+5B vCC
GND GND
10 DATA

IMumem ckeru, nenoassyioumii 6Gubamoreky RCSwitch (nuetunr 30.1). Paauoposetku
UNIEL (3 wrykH) BcTapagem B 0ObIMHBIC JIEKTPOPO3ICTKH, BBLICTABISEM KO TPYIIbI
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11000, a koa poszerok nna kaxao0i pazusiit: 10000, 01000 1 00100. H nabmoaaem BrttO-
YEHHUE PO3ETOK MO KPYTY, a 3aTEM BbIKITIOYEHHE,

Nuctunar 30.1

include "RCSwitch.h"

RCSwitch mySwitch = RCSwitch();

void setupl()
{
Serial.begin(9600) ;
mySwitch.enableTransmit (10);
mySwitch.setPulselength(309) ;
mySwitch.setProtocol (1);
// mySwitch.setRepeatTransmit(15);
}

void loop()
{
/! BRmMOYEHME
// rpynna 11000 kon poseTku A
mySwitch.switchOn("11000", "10000%");:
Serial.print ("A - on");
delay (5000) ;
// rpynna 11000 kon pozerku B
mySwitch.switchOn ("11000", "01000");
Serial.print ("B - on");
delay (5000) ;
// rpynna 11000 xoa; poserku B
mySwitch.switchOn ("11000", "00100");
Serial.print ("C - on");
delay (5000) ;
/[ BEHKIIOYEHME
mySwitch.switchOff ("11000", "10000");
Serial.print ("A - off");
delay(5000) ;
mySwitch.switchOff ("11000", "01000");
Serial.print ("B - off");
delay(5000);
mySwitch.switchOff ("11000%, "00100");
Serial.print ("C - off");
delay (5000) ;
}

[lpu ynpasnenuu ¢ nyabTa Mbl MOKEM YIIPABIATL 3-Ms (a Takxke 4-Ms WK 5-10 — B 3a-
BHCHMOCTH OT MyJIbTa) rpynrnaMu po3eTok, a npu ynpasieHuu u3 Arduino KkoamuecTso
YIPaB/ISeMbIX PO3ETOK CTAHOBUTCS paBHbiM 2°. EC/M ke MEHSTh M KO rpymiibl, TO —

2°%2° rpynn po3eTok!
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30.3. Moaynb pacno3HaBaHUs ronoca
Voice Recognition Module V2

Bo3moxkHocTh Mmoayasa pacnosHaeanus rosoca Voice Recognition Module V2 (puc. 30.5)
cooTBeTCcTBYIOT ero ueHe (menee 1000 pybneit npu nokynke B Kurae). biok pacnosuna-
et 15 3apanee 3anucaHHbIX rof0cOBLIX KoMaHa (3 Onoka no 5 komaua). [lpuuem oaHo-
BPEMEHHO pacrno3HaBarb |5 KOMaHa OH He MOKET — TOJILKO 5 KOMaH/ 3arpy:KeHHOro
0s10Ka, a 19 pacno3HaBaHus C/eAyIOLWMX 5 KOMaH HEOOX0AMMO 3arpy3uTh CleAVIOLHH
On10K. [Tosromy Mbl OyjaeM HCIONB30BATL LETNIOUKH C/10B (2-3) ¢ nayzaMu, HeOOXOAMMBI-
MM JUIS 3arpy3KH cieayioulero 6Joka, Hanpumep:

Kade — nauna — BHKMOUWTL

POHTAEH — BEMOUMTE

Puc. 30.5. Moayne Voice Recognition Module V2

H ewme oaun moment. Moaysib pearupyer TOJbKO Ha 3aNHUCaHHbIA rojoc YeloBeKa M He
pearupyeT Ha rojioc Apyroro HejJoBeKa, Tak 4To [UIA JABYX YEJOBEK MPHAETCA KOMaH/bl
nyonuposarh.

30.3.1. O6yyeHue monyns

JIna obyuenua moayas HeoOXOJAMMO nochUIATH €My [0 T0C/e10BATEBHOMY MOPTY
KOMaH/bl M npou3HocHTh (pasel. Ckaunsaem Ha komnbtotep (noa OC Windows) peko-
MEH/LYEMYIO Npomn3BoauTesiem nporpammy paborsl ¢ COM-noprom — AccessPort (cTpa-
Huua sarpysku http://www.sudt.com/en/ap/download.htm).

Hoakmouum moayias kK COM-nopry komneiotepa vepes Arduino, ucnosbsys Oubamnore-
Ky SoftwareSerial. Moayas Voice Recognition Module V2 u Arduino coeaunsitores no
cxeme, npueeaeHHoi B tabn, 30.3.
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Tabnuuya 30.3. CoeduHeHue koHmakmos Arduino u Voice Recognition Module V2

Mnata Arduino Moayne Voice Recognition Module V2
+5B VCC
GND GND
3 Tx
2 Rx

B nnary Arduino 3arpy:kaem ckeTd, npejcTaBieHHblH B iucThHre 30.2.

INuctunr 30.2

#include "SoftwareSerial.h"
SoftwareSerial mySerial (2, 3); // BX, TX
void setup()

f

(1

Serial.begin(9600);

mySerial.begin (9600);

}

void loop()

{

if (mySerial.available())
Serial.write (mySerial.read());

if (Serial.available())
mySerial.write (Serial.read());

[Moakmouaem nnaty Arduino k komnetorepy. B nporpamme AccessPort BeicTaBiseMm Ha-
CTPOHKHM cornacHo puc. 30.6.

Teneps Bce KOMaHABI M OTBETHI MAYT OT KoMNbloTepa K moay.to. [lpucrynaem k oOyue-
HUIO. CMOTPHM TEXHMYECKYHO JOKYMEHTalM Ha Onok (HaxoauTes B nanke datasheets
CONMPOBOMIAKOIIEN0 KHHUI'Y SJIEKTPOHHOIO apxuBa) W noceilaeMm kKomanjel. Komanna
ARBB — HH(pOPMALMA O MOYJIE, MOJY4YEHHBIH OTBET:

v2.0
By ELECHOUSE

www.elechouse, com

Jlanee — obyuenne nepsoro Onoka: komanaa rall (puc. 30.7).

[Tocne orsera START B OkHe TepMHHANA NMPOU3HOCHM B MUKpodoH nepeyio (pasy, no-
ABNfETCA HaaAnUCh Again, xaeM, monuum, cHosa nossiagerca START. Bropoit pas npo-
H3HOCHM B MHUKpodoH nepeyio (pasy aas noarsepkaeHus. B cayuae yaaunoii 3anucu
noseasercs vaianucs Finish one, ropopsiias o Tom, 4to nepsas KoMaHaa VCnewHo 3a-
nucana. Haanuce Different ropoput 0 ToM, YTO BTOpas KOMaHjaa 3Byvasja He Tak, Kak
nepeas, H MOAYJL ee He pacnosdnain. Haanuees Too loud roBopur 0 ToM, 4TO BbI CIMILKOM
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B AccessPort - COM3(9500,N.8,1) Closed
File Ede View Monttor Took Operation Help -
: =]
SOo0BE 9
Terminl | Montor |
o B[ | 2
£ Optirs T |
P—— |
[Gereral
E vt Contral
?\'Eﬂ::m Clashomn B aud Rsle
rseoul T 3500
Moriter Conknol i3 Enals
Sedial Poit Settngs
Pot |[COM3 .
Baud Fate: | 3600 .
Paity 1 | NONE -
Data it g -
Siop Bt |1 -
Buffer Sioe: | 152 .
Send display Recerve daplay
() Char Fosmnat @ Chas Fommat
@ Hew Fomat ' Hex Fomat
BuroSend .
[ E nable auto serd Cycle 1000 ms
—— s
Smd-} ‘!sl‘hﬂ '13' ¥ F
e * [ Autto opeen it when application stat
| oK ] [] Prsrpt o saving whien applcation el
: [7] Remnd me when update is avalable
[ Cancel J
|

Puc. 30.6. Hactpoiku B nporpamme AccessPort

Terminal Monitor |
o |[E)e (B | $2
V2o

By ELECHOUSE
www elechouse.com
START
No voice
START
Again
START
Finish one
START
Again
START
Finish one Pwuc. 30.7. Obyyenue mogyna
START B nporpamme AccessPort
Again
START
Finish one
START
Again
START
Finish one
START
Again
! START
Finizh ane
H Croup] finished |

Send> @ Hex ) Chat | Plain Teyl .
fpoeoopR:AA 11

| Fesl Tire Serd
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nonro rogopure B Mukpodon (> 1300 mc). B ToMm ke nopsjke 3anucbiBaeM 4eTbipe

ocragirecs ¢pazel. Hagmuce Groupl finished ! roopur o Tom, uro nepesiii 610k
YCNCUIHO 3alTHCaH.

Jl1s npoBepku pacnoszHaBaHus BbizbiBaeM 010K | koMaHA0M AA21 M npoH3HOCHM (ipa3bl
B mukpodoH. [lpu pacnozHapaHMM BLIBOAWTCS MOATBEPK/IEHUE B TEPMUHAI.

3arem oOyuaem 0JI0KH 2 M 3. NoCbU1ad KOMaH/bl ARL2 M AAL3 COOTBETCTBEHHO. /L8 Bb-
30Ba U3 namMATH O/I0KOB 2 M 3 — KOMaHJa B TEPMHHAN AA22 W AA23 COOTBETCTBEHHO.
H npoeepsiem (puc. 30.8).

Terminal Manitor

=] (B0 v [ab) - | 2

Mo voice
START
Again
START
Finish one
START
Again
START
Too loud
START
Again
START
Finish one
l START
Again
START
Finish one
Group3 finished |
Croupl Imparted !
Result:11
Result13
Result12
il Result:14
Result15
Result:15
M Result14

; ] 1
Send> @ Hex ") Char Plam Texd v | Feal Time Send [ Clear ] [ Send | | __q
0B000BB0:AR 21 E? :

Pwuc. 30.8. ObyyeHne moayns e nporpamme AccessPort

Ecian Mbl XOTHM nonyyars OTBET OT IroJIOCOBOrO MOJY/Is B Kparkom Buje (He Result: 15,
a 15). HeOOXOAUMO OTNPABHTL MOJLYJIKO KOMAHY AA3T,

30.4. Cuctema ronocoBoro yrnpasneHus

Jlis  cucTeMbl  rOJIOCOBOrO  YIpae/l€HMS [OCHAE/IKAMH HAa KyxHe woayiaes Voice
Recognition Module V2 obyuaem cneayrounm obpazom. B G/10KkH 3aHOCHM KOMaHAbI /U1
BKJIHOYEHUA/BBIKIIOYEHH (POHTAHA M yrnipasieHus ocsetennem (orun RGB, namna, nou-
HHUK) /Ui ABYX desioBek (Tabu. 30.4).
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Tabnuya 30.4. KomaHosl 06yuyeHus modyns Voice Recognition Module V2

Ne Bnok 1 Bnok 2 Bnok 3

1 "Kadpe" (1 ronoc) "Orun” (1 ronoc) "Brniouuts" (1 ronoc)
2 "®ouTan" (1 ronoc) "MNenta" (1 ronoc) "Beikniouuts” (1 ronoc)
3 "Tect" (1 ronoc) "Houynuk" (1 ronoc) "Oruu" (2 ronoc)

4 "Kadpe" (2 ronoc) "BrkniounTe" (2 ronoc) "Nenta" (2 ronoc)

5 "®ouTan" (2 ronoc) "BeikniounTe" (2 ronoc) "Hoywuk" (2 ronoc)

B cooTtBercTBuH C MpOBCACHHBIM GS}WEHHEM MOCTPOHM B NMporpaMMe npaBHjiabHBIC LIC-
MOYKH, a OCTAIbHbIE KOMOHHALIHM DTﬁpDﬂHM. Bor [MPHUMEDPEI TMPABHJIBHBIX LICMTOYEK:

"Kadpe" (1 romoc) =2 "Houumk" (1 romoc) =2 "Buwmunts" (1 romoc)
"dourau" (2 ronoc) = "Bxmounte" (2 ronoc)
"Kade" (2 romoc) =2 "Oruu" (2 ronoc) = "Brmouute" (2 ronoc)

Jlna warnsanocTy nodaBuMm MHAMKALMIO 3 ceeToamnoaa K nuHam 7, 8, 9 Arduino. Hasna-
YeHHe CBETOAHOI0B npejacTasieHo B Tadu. 30.5.

Tabnuya 30.5. KombuHayuu ceemooduodos U pexum npozpammel

KpacHein Kentein 3eneHsIn

Ne (pin 7) (pin 8) (pin 9) Pexum nporpammel

1 + - - 3arpyxen 6nok 1

2 - + - MNMepeoe cnoeo w3 Gnoka 1 — Havano
npaennbHOW Uuenodkn. 3arpyxeH Gnok 2

3 - - + Cnoeo u3 Bnoka 2 — npoaonxeHue
npaevnsHOW Uuenodkw. 3arpyxeH BGnok 2

4 + + + Cnoeo v3 Bnoka 3 (2 AnA UenoYkm
2 CNoB ) — npasunbHan LUenodka

Cxema yctpoiicTea npejicrasieHa Ha puc. 30.9,

Teneps npucTynum K Hanucanuio ckerva. [locne nporpaMmbl HHHLMAIH3ALMM Mbl OT-
npaeaseM B MOJYJ/Ib PacrozHaBaHus rojioca Komauay 3arpysku 00ka | m oxkuaaem no
NOC/IEI0BATENILHOMY TIOPTY KOMaHAbl 0T Moayas. llpu pacnosHaganuu Moaynem ciioB u3
Oaokos 1, 2 u 3 B Arduino npuxoaMT MHAEKE pacno3HaHHOro ciosa com. CKOppekTHpo-
BaHHbIA KOA com (¢ 1115, 21-25, 31-35 no 1-5) B cayuae npaBuibHON KOMOHHALKK
HAKAIUIMBAETCA B MEPEMEHHOW kod Mo Qopmyne: kod=kod+10 (bank-1)* (coms&7), rie
bank — HOMeEp 3arpy:keHHoro Onoka. B ciyuae HenpaBuiIbHOH LENOYKH yCTaHAB/IMBA-
KOTCH 3HAYEHHA NMEPEMEHHBIX bank=1, kod=0 ¥ noarpyxaerca 6nok 1. B cayuae npaewib-
HOM LIENOYKH NOArpy/KaeTcs cieayomui 010K Ui BO3MOKHOIO NPOAOIKEHHS LETOYKH,
3nauenne Gnoka Oepercs M3 var ok([i] [1] anst var ok[i] [0]=kod. EciiM var ok[i][1]=4,
HIET OTNPABKA KOMAH/bl BKJIIOYEHHA/BBIKIIOYEHHUA 10 pajHoKaHaty, 3atem oOHy/eHHe
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kod W 3arpy3ka nepporo 0noka 11s pacno3HaBaHWs. 3HAYEHHA var ok([i] [2] — HHAEKC
HOMepa KOJ/1a PO3eTKH IS OTIPABKH, var ok([i] [2] — JAeHCTBHE (BKIKOUYEHHE, BBIK/IIOYe-
Hue, Tect). Koa ckerua npeacrasied B aMctuure 30.3.

Voice Module
+5B
Ve L 4 8
Rx
Tx
GNDl Arduino
— R
— Tx AD b——
D2 Al f——
RF Ve D3 A2 b—m—
F1000A Data D4 A3 ——
GND — 1 D5 Y- | SE—
—_—l D6 AS —
o7 A b——
Da AT —
R1 (814
D10
[]H‘? R —|p1n
—1 D12
> L1 ——J D13
3 st?LE HL3
Puc. 30.9. 3nekrpudeckan cxema ycTpolcTea
Nwuctunr 30.3
#include "RCSwitch.h"
#include "SoftwareSerial.h"

SoftwareSerial mySerial(2, 3); // RX, TX
RCSwitch mySwitch = RCSwitch(};

byte com = 0;

char* kod group="11000"; // xom rpynns
unsigned long FRAZA TIME=2000;

unsigned long millisl=0;

int fraza poz=1;
int varl;
int offset[4]={0,1,10,100};
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unsigned int kod=0; // HakamIMBADWMACH KON LIENOYKH
int id do=0;
// dpazu
// 1 BaHk
ff 11,12,13,14,15
// wade(l),donTan(l), recT(l),xade(2),doHTan{2)
/) 21,22,23,24,25
// orum(1l),neura(l),Hounnk (1), BRMOUMTE (2) , BEITIOUMTE (2)
// 31,32,33,34,35
// Brmounts (1), BercnexsMTs (1), 0rHKM (2) , nedTa (2) , HoudMk (2) ,
// Bce BOaMOXHHE KOMOMHaLWM
// 1,2,3 - Bufiop GaHka
// 4 = ok end
unsigned int var ok([29] [4]={
// 1 romoc
{1,2,0,0},1{2,2,0,0},
{11,3,0,0},{(21,3,0,0},{31,3,0,0},{42,4,1,1},{52,4,2,2},
{111,4,3,1},1(121,4,4,1},1{131,4,5,1};{211,4,6,2),{221,4,7,2},{231,4,8,2},
// TecT
{3,2,0,0},(43,3,0,0},{243,4,9,3},
// 2 ronoc
{4,3,0,0},15,3,0,0}.
{304,2,0,0},1{404,2,0,0},1{504,2,0,0},1105,4,10,1},{205,4,11, 2},
{344,4,12,1},1354,4,13,1}),1(444,4,14,1},1454,4,15,2},(544,4,16,2}, {554,4,17,2)}
)i
// xom ornpaexu no RF
char kodModule[][6] = {
"00o00",
*00010","00010", // doHTaH BRI-BEIKI 1 TONOC
"*10000","01000","00100", "10000", "01000", "00100", //
// OrHM,NaMna, HOYHMK BEJI-BHKI 1 ronoc
"00000", !/ mecr
"00010","00010", // doHTaH BKA-BHKI 2 DOJOC
*10000","01000","00100","10000","01000", "00100" //
// ODHM, naMna, HOUHMK BRI-BHKN 2 Dosoc
}i
void setup()
{
Serial.begin(9600);
mySerial.begin(9600) ;
pinMode (13, OUTPUT);
pinMode (7, OUTPUT);
pinMode (8, OUTPUT);
pinMode (9, OUTPUT);
digitalWrite (7,HIGH); // BrmOUMTE CBeTOOMOMH
digitalWrite (8,HIGH) ;
digitalWrite (9,HIGH);
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// pamMoMOOyNE HaCTPOHKM
mySwitch.enableTransmit (10);
mySwitch.setPulselength(309);
mySwitch.setProtocol (1);
delay(2000) ;
// HacTpoitkm Voice Recognition Module
mySerial.write (OxRA); // uzBasngemca oT TekrcTa
mySerial.write(0x37); // u ocraBnaem GaiTu
delay (1000} ;
mySerial .write (0xAA); // BuHSHBaeM M3 NDaMATH
mySerial.write (0x21);// xomaHmu 1-# rpynne
delay(2000) ;
digitalWrite(7,LOW); // BEKIOUMTE CBETOIMOMIH
digitalWrite (8, LOW);
digitalWrite (9, LOW);
Serial.println("okey"):
}
void loop()
{
varl=fraza poz;
if (get_word(fraza poz) !=varl)
{
switch(fraza poz)
{
case 0: Serial.print("false=");Serial.println(kod);
kod=0; fraza_poz=1;
break;
case 4: Serial.print("ok=");Serial.println{kod);
ledOn(7) ;1ledOn(8) ; ledOn (9) ;
command UNIEL(id do); // ornpasuTs xomaHmy
kod=0; fraza poz=1;id do=0;
delay(1000) ; ledsOf£ () ;
break;
case 1: Serial.print("wait=");Serial.println(kod):;
kod=0;
break;
default: Serial.print("wait=");Serial.println(kod);
break;
1
new_bank (fraza_poz);
}
if(millis()-millisl>FRAZA TIME && fraza poz>l)
{kod=0; fraza_poz=1;new _bank(fraza poz);}
digitalWrite (13, LOW):;
}
// nonyumrs id cnopa M3 GaHka
int get word(int bank)
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{
while (mySerial.available())

{
com = mySerial.read():// uMTaem BxopAume GalTH KM NPUCBAUBAEM

// BHaueHue nepemeHHoONl com
digitalWrite (13, HIGH);
Serial.print ("word id=");Serial.println(com,HEX);
if ([com>0x10*bank && com<Oxle*bank)
{
kod=kod+offset [bank] * (int (com & 7)) ;
fraza poz=0;
for(int i=0;i<29;i++)
{if (kod==var ok[i][0])
{fraza poz=var ok[i][1];
if (fraza poz==4)
id do=i+l;

}
Serial.print ("fraza_poz="):Serial.println(fraza poz);
}
}
return fraza poz;
}
// Bubop HoBoro GaHka Voice Recognition Module V2
int new bank(int bank)
{
Serial.print ("NEW=") ;Serial.println(fraza poz);
mySerial.write (OxAA); // BeBLBaeM M3 NaMaTH
byte bankl=0x20+bank;
mySerial.write(0x20+bank);// koMmaHme 1=it rpynne
delay (1000) ;
mySerial.flush();
ledsOff () ;
ledOn (6+bank) ;
millisl=millis(});
}
// ornpapxka xoMaHm! poserke UNIEL no rf
void command UNIEL(int id)
{
Serial.print ("id=");Serial.print (id-1):
Serial.print (" id[3]=");Serial.println(var ok[id-1](3]);
Serial.print (" kod=");:Serial.println(var ok[id-1]([2]):
if (var_ok([id-1][3]==1) // BxioueHue
mySwitch.switchOn(kod group, kodModule[var ok([id-1]([2]]);
else if (var_ok[id-1] [3]==2) // BexmoueHue
mySwitch.switchOff (kod group, kodModule[var ok[id-1]([2]]):
else if (var_ok([id-1][3]==3) // Tecr



414 Yacme lll. lNpakmuyeckoe npumeHexue Arduino

{

for(int i=3;i<6;i++)
{mySwitch.switchOn(kod group, kodMecdule[i]):
delay(1000) ;}

for{int i=3;i<6;i++)
{mySwitch.switchOff (kod group, kodModule[i]):
delay (1000) ; }

}

else ;

}
// BRMOUMTE CBeTOOMON

void ledOn(int pin)
{
digitalWrite (pin, HIGH) ;
}

// BHEKMOYUMTE CEETOOMOIN

void ledsOff ()

{

digitalWrite (7, LOW);
digitalWrite (8, LOW) ;
digitalWrite (9, LOW);

}

ITOT CKeTH HAXOAHTCA B nanke examples\_30_1 CONMpOBOAIAIONIErO KHHIY 2AEKTPOHHOIO
apxHBa.
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MPUNOXEHUE 1

Cnucok
MCMNONMb30BaHHbIX UCTOYHUKOB

O http://www.rlocman.ru/review/article. html?di=111906 — Jlpeun Kvwnep "Kak
pazpabatsiBain v npoaguranu Arduino”, "PAJIMOJIOLIMAH", nosops 2011 r.

O http://www.arduino.cc — oduumanbHas 1okymeHTauus npoekra Arduino.
O http://cxem.net — agTopckue MaTepHalbl ¢ caiTa "[lasnbHHUK".



MPUNOXEHUE 2

HavyanbHas wkKkona

Ypok 1. YnpaBneHuve cBeToanoaoM.
BknrwyeHune/BbIKNOYEHUE.
NnaBHoOe perynupoBaHue APKOCTH

B stom vpoke Mbl MODKCNEPUMEHTHPYEM CO CBETOAHOAOM — 3aCTaBHM €ro Moprarh,
ILVTABHO Pa3roparbed M 3daTYXATD.

HeobxoauMble KOMIIOHEHTHI:

O naara s NpoTOTHITHPOBAHMS

O kourpoaiep Arduino Nano;

O oauH NPOBO;

) CBETOHOI.

Cxema noaxmouenns npupeieda Ha puc. Y1.1. Crerw ypoka npupejieH B JIMCTHH-
re ¥1.1.

NMuctunr ¥1.1

int brightness = 0; // AproCTsE CBeTOAMOMNA
int fadeAmount = 5; {// war uaMeHeHMH APKOCTH
unsigned long currentTime;

unsigned long loopTime;

void setup() |

pinMode (10, OUTPUT) ; [/ ycocraHaenMeaeMm l10=-0 HOIY KAk BRMOI
currentTime = millis();
loopTime currentTime:

vold loop()

currentTime millis();
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if (currentTime >= (loopTime + 20)) {

analogWrite (10, brightness); J// YcraHaBmMBaeM 3HaYeHHe

J/ Ha 10-# HOXKe

brightness = brightness + fadeAmount; /[ TpuBasnsaenm war

// wMaMeHeHMA APKOCTHM, KOTOPaAd YCTaHOBUTCA B ClelviileM LMKIne

// ecmM ODOCTHUINM MMH. MIM MAaKC. 3HadeHud,

// To mpmem B oOpaTHY® CTOpPOHY (peBepc):

if (brightness == | | brightness == 255) |{
fadeAmount = -fadelAmount ;

I

loopTime = currentTime;

// Iona Toro, 4robhl NOMOPraTh CBETOOMOOCM, HANMWMTE

int led = 10;

void setup() {

}

pinMode (led, OUTPUT) ;

void loop() {

digitalWrite(led, HIGH);

// nomapasa Ha Hero HanpAkeHWe

delay (1000} ; // Nayzsa 1 cexyupa
digitalWrite(led, LOW);

// Bxmouaem CBeTOIMOI,

ClnemyiolmMi Komo:

koMmaHnot HIGH

// Brrmodaem cBeTOOMON,

// cHMMas c Hero HanpaxeHue KoMaHzoit LOW

delay(1000); // Nayza 1 cewxyuna

IIﬂ]HlﬂﬂltIHEHIUEHDHEIHEH:

1. Camyio JUIMHHYIO HOXKKY CBETOAHOAA (aHoa) noakmounTe K Buisoay D10, a apyrvio

(karoa) — uepes pezrcrop 220 Om k Beisogy GND (puc. V1.1 u V1.2).

2. Barpysure ckerd aucTHHra Y1.1.
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Ypok 2. MNoaknyeHne KHOMKU

B 3TOM ypoke Mbl [OJKCIIEPUMEHTHPYEM ¢ KHOINKOI — nepejajiuM COCTOSIHHE KHOIKH
B MOHHTOP MOPTa M 3aCTABUM 3aropaThCi CBETOIMO/L M0 HAKATHIO HA KHOTIKY.

HeobxoaumMble KOMIIOHEHTHI:
njaara s npoTOTHIMHPOBAHHA:
kouTposiep Arduino Nano;
npoBoja;

KHOMKa;

CBETOAHOI:

pesuctop 220 Owm;

QO QQaadoa

pesucrop 10 kOm.

Cxema noakjoveHus npusejaeHa Ha puc. ¥2.1.

o
o
O
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Passem mini USB tun B

Puc. ¥2.1,. Cxema nogknioYeHnA KHONKK (BapnanT 1)
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BAXHO !

Bxoa Arduino gonxeH umeTb 3apaHee uisecTHoe coctosHue (1 unu 0). B "noaseweHHom"”
cocTosHMWM OH DyaeTt cobwpaTte BHEWHWe HaBOAKW (CTaTUYEcKWe, 3NEeKTPUYECKUEe U 3Nek-
TPOMAarHUTHbIE U3NY4YeHusa).

Urobbl NpMBECTW BXO/ B 3apaHee W3BECTHOE COCTOAHME, MCNoNb3yIoT NOATArMBaILUME pe-
3NCTOpPbI. OHu DeiBalOT OBYX BWOOB: NOOTAMXKW BEPXHWUE W HWKHWE,

Bepxuue (pull-up) — noaknwo4anTca K NNHOCY NUTaHuA, a HwkHue (pull-down) — k MuUHycCy.
B Hawem npumepe Mbl UCNONb3yem NOATAMMBAIOLMWIA PE3UCTOP K MUHYCY. Takum obpasom,
KOrjla KHonka oTkn4YeHa, Bxoa byger nogknodeH kK "semne" Yepes pesvucTop, CONpoTUBNE-
HWEe KOTOPOro 3aBefloMO MeHblUe BHYTPEHHEero conpoTueneHus exoaa. MNoatoMmy Hasoaka,
nonaewan Ha exod, ynaer e GND. Ecnu e nogknioveH nonesHsin curuan (+5 B), 1o oH Oy-
AeT cTekaTk BO BX0A (He3HayuTenwHas YyacTe curHana yinget B GND yepes noaTaxky).

B utore, npu HaxaTon kHonke y Hac byaet crabunbHbi curHan (+5 B), a npu oTnyweHHon
KHOMKe — CTabunbHbIA HONb.

Ckeru cmoTpuTe B incTHHre V2.1,

NMucTuur ¥2.1

void setup()

1

Serial.begin(9600) ;

pinMode (2, INPUT):;

}

void loop() {

int sensorValue = digitalRead(2);

Serial.println(senscrValue, DEC):;

Iopsaaok noakiawuenns:

1. Oauu BXOA KHONKK noakaovaem Kk SV, apyroil — uepes noATAruBatoMii pesmcrop

10 kKOMm k GND, Beixoa kHonku noakmodaem K D2 (puc. Y2.1 u ¥Y2.2).

- b

Puc. ¥2.2. MoHTaxHaa nnata noAKNIOYEHHMA KHONKK (BapWaHnT 1)
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2. 3arpy3ure cketd aucTuHra Y2.1. D1oT Ko cuuThiBaeT cocrosHue Bxoaa D2 u or-
npaeageT B nopt: | — ecnu kHonka Haxkara, v () — ecnu He Hakata. Ha puc. V2.3
NOKA3aHO O0TOOpaskeHHe pe3y/IbTATOB HAKATHS KHOMKH,

@ coms = E e
g =B ——
f -
0
]
]

;
0
1
1

| B
1
1
1
1 —
1 -
|| ABTONpOXpYTRA hhmuumnmmmmmum ¥ | 9600 baud r?

Puc. ¥2.3. PeaynsTaTthl HaOXaTWA KHONKA

YenomHuM KOJL ¥ NOAKITIOYHM CBETOIHO/L, YTOOBI 3aCTABUTH €r0 3aroparhes 10 HAKATHIO
Ha kHonky. CxeMa noAK/I0YEeHHs [JAHHOIO BApUaHTa nokasaHa Ha puc. ¥Y2.4, ckery —
B IMCcTHHIEe Y2.2.

Nuctuur ¥2.2

void setup() {
Serial.beqgin (9600);
pinMode (2, INPUT);

}

void loop() {
int sensorValue = digitalRead(2);
Serial.println(sensorValue, DEC);
if (digitalRead (2)==HIGH)

{

digitalWrite(9,HIGH); // BrnoyaeM CEeTOIMON
}

else//ecmn He HaxaTa...

{

digitalWrite(9,LOW); // Burxmouaem
}
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IMMopsinok noakAOUEHHSI:

1. Tloakmouum K cxeme CBETOAMO/, KakK MoKaszaHo Ha puc. ¥2.4 u V2.5,

2. Toaxkmounm avoxa k Bxoay D9, a katon — uepes pesucrop 220 Om k GND.
3. 3arpy3uM ckeTy JUCTHHra ¥2.2,

Tenepb Npu HAXKATHK HA KHOMKY CBETOAMO OyaeT 3aroparbes.

Ypok 3. PaboTta ¢ MOHMTOpPOM nopTa

B sTom ypoke mbl nozHakomumcs co BeTpoeHHO B Arduino IDE yruiutoi — monuTO-
pOM MOC/E/IOBATEILHOTO HHTEp(ekca. ITo yA0OHbIH 1a padoTEl HHCTPYMEHT.

HeobxoauMbie KOMIIOHEHTDI:

O [lnara ang npoTOTHNHPORAHUA

O Arduino Nano.

PaccmoTpum B3anmoaeiicTeue koHTponnepa Arduino Nano ¢ noptom.

. Cuavyana nanwiem npocToi cKeTd, KOTOpbid Oy/jer 3anuceiBaTh B MOpT (hpasy c 3a-
JIAHHOH NMePHOAHYHOCTBIO (TUCTHHT ¥Y3.1).

Nuctunr ¥3.1

void setup () | [/ dyHxuma setup () sBu3nBaeTcA
// npu crapre nporpamMMs

Serial.begin(9600); // MuMumamuaupyeM, 4YTOOH OTKpPETE MOPT.

// (9600)- 310 ckopocTe paboTh

// nopra 9600 Guroe (Gom)
}
void loop(){ // ®yukuma loop () — 2TO CCHOBHOM LMKJ MPOIpaMMEl
Serial.println("Ardino Nanco"); // MeuaTaer naHHeEe B MOPT
delay(1000);// Sapnep=xa 1 cexyHna
}

o

. 3arpy3uMm 3ToT cketd B KoHTposuiep (Paiin | 3arpysnrs).

e

. Jlia navana obmeHa JaHHBIMH HEOOXOJAHMO OTKPbITH MOHHMTOP, BbIOpaB B MEHIO
komanay Cepsuc | Monutop nopra (puc. ¥Y3.1).

4. Mbl BHAMM, YTO KOHTPOJUIEP HEMPEPLIBHO nepeckulaeT Haury (gpasy B nopt (puc. ¥3.2).

Teneps nananum oOpaTHy1o ¢BA3L. Mbl Oy1eM nepechliaTh KOMaHay NMOCpeACTBOM Nnopra
Arduino, yToGbl OHA BKIIOYAIA H BLIKJIIOYA/IA BCTPOSHHBIH HA 11J1aTe CBETOAHO/L.

1. Jlns 9Toro Hanuwem cieayioumii ckety (aueTunr ¥3.2).

[. NucTunr ¥3.2

int outputPin = 13; // 3nece XpaHuMM HOMEp KOHTAakKTa
int val; // 3Bpnecs GyOeT XpaHWTLCHA MNPUMHATEI CUMBON

void setup()
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Serial.begin(9600);

pinMode (cutputPin, QUTPUT);
}
void loop()
{
if (Serial.available()) {
val = Serial.read();
if (val = 'H") {

digitalWrite (outputPin,
}
if fvak = L") 9
digitalWrite (outputPin,

// YcraHoeka nopra Ha
// ckopoctTe 9600 Gur/cex
// YcraHapmBaeM l3-M KOHTaKT B peXMM BHEONA

// Ecny eCcTb MNPpMHATLIG CMMBOJ,

!/

HIGH) ;

// Ecnu NpuHAT

LOW) ;

TD YHT4deM eI'0
// Ecnm npuHAT
// To BRIOUaesMm

M CoXpaHAeM B val
cyBost "H" ;...
CBETOOMON

cuMeon ‘LY,

// TO BHKMOUAeM CBeTOIOWOIN

akptch_zapi12af

ARTODONMATHROBAHKE
ApiMBMPOBATE CEATUY

VIENpaBuTe KOAMPOBKY ¥ NEpe3arpy3HTs

MoxdTop nopra

Maata
MocasgopatensHuA NopT

MporpaMmaTop
3anucate 381pyIunK

Curl+Shift+M

Puc. ¥3.1. OTkpeiTHe MOHWTOpaA nopTa

& COMS5

Ardino Hano
Ardino Nano
Ardino Nano
Ardino Nano
Ardins Nano
Ardinoc Mano

-

| AeTonpokpyTra

Eu OKOHYE Hmcrpmr._u '] Hﬂﬂbn_ud ':

Puc. ¥3.2. Nepecbinka gaHHbix 8 NopT
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3

. 3arpy3um ckety ¥3.2 B kourtponaep (Paiia | 3arpy3nrts).

3. Tenepp HeOOXOAMMO OTKPBITH MOHWTOP NMOPTAa H OTNpaBAATE W3 Hero Ha Arduino
cumBonbl H u L. To ecTh, BBOIMM B n0J1€ BBOA CHMBOJIBI H MM L M HAXKHMAEM KHOMN-
ky Hocaars (puc. ¥3.3). [lepecbutas ¢ komnetorepa B nopt Arduino koMaHabl, Mbl
YIpaBiseM BCTPOCHHBIM CBETOAHOAOM (puc. ¥Y3.4).

r@coms = @ﬁfﬂ
-H i Mocnates

=

(%

[+ ABTONPOKDPYTHE bes okoHYaHWA cTpok * 9600 baud -

Puc. ¥3.3. Nepecwinka Ha Arduino cumeona H

e
L
L
(#

- e e A

- e

a

Puc. ¥3.4. YnpaeneHwe BCTPOEHHBIM CBETOAWOAOM: 8 — AWO0M BKNKOYEH (NPUHAT cumeon H);
6 — ouoa BbIKNIOYEH (NPUHAT cuMmeon L)
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Ypok 4. NMoaknio4yeHue gaTumka TemnepaTypbl
¥ BNaxHocTu, pabota ¢ MOHUTOPOM NnopTa

B sTom YPOKE Mbl NOOKIHOYHM K Arduino naTuHk TEMIIEPATYPLI H BIIAMKHOCTH H BhIBEOCM
COOTBETCTBYKOLUHE NapaMETPbl HA SKpaH MOHHTOpA.

HeobdxoauMbie KOMIIOHEHTHI:
O nnara uis NPOTOTHITMPOBAHUS
0 Arduino Nano:

O natumk BaaxHocTd DHTI L.

Cxema noak.jovenus rnpupejieHa Ha puc. Y4.1.

Oatumk Q ®
bl i OF Z@
DHT11 @g %lii
137 & (=)
5% 2E
LI T®=
wa=g 2w
@3 2 2®
GND (W) ' @
(m) (=)

()

@@ @® @ (

Data

5@ |

D12D11D10 D9 D8 D7 D6 DS

Paawem mini USB Tun B

Puc. ¥4.1, Cxema noAKNKOYEHWA 4aTYMKa TEMNEPATYPLI M BNaXHOCTH

Jla paborsl Arduino ¢ paruukamu DHT11 w DHT22 umeercs rorosas Oubnunoreka —
DHT, koropyio mokHO ckauare co crpanuust B HMurepuere: https:/github.com/
adafruit/DHT-sensor-library.

Ckeru nonyueHus JaHHBIX C JaTyvKka Temrnepatypbl W Biaaxuocth DHTI1 u BeiBosa
JAHHBIX B NMOCACAOBATE/ILHLIH MOPT NpeaAcTaBieH B UCTHHIE V4.1,
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Nuctunr Y4.1

#include "DHT.h"

#define DHTPIN 2 // nuH noowmodeHMA maTudMka DHT11

#define DHTTYFE DHT11

DHT dht (DHTPIN, DHTTYPE);

void setup() {
Serial.begin(9600) ;
Serial.println ("DHTxx test!");
dht .begin() ;

}

void loop() {

float h = dht.readHumidity();
float t = dht.readTemperature();
if (isnan(t) || isnan(h)) {
Serial.printin("Failed to read from DHT")};
} else |

Serial.print ("Humidity: ");
Serial.print(h);

Serial.print (" %\t");
Serial.print ("Temperature: ");
Serial.print(t);
Serial.println(" *C");

}

}

[lopsagok noaxouenns:

1. Toakmouure Gubanorexky DHTI11.

2. 3arpy3sure cKeT4, ONUCaHHbIH B THeTHHIe Y4.1.

3. Konrakt 3 narumka He HCTNOJIL3YETCH, TO03TOMY 34arHUTC €ro, Kak INOoKasaHo Ha

puc. Y4.2.

Puc. ¥4.2. Tak cnepgyet aarHyTs koHTakT 3 gatymka DHT11
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-

Puc. ¥4.3. MoHnTaxHas nnata ¢ gatdukom DHT 11

4. HC[I{]JILE}'}I MNPOBOAHHKH H THIATY TNPOTOTHITHPOBAHHKA, CUﬁEpHTE CXEMY. Nnpeiacrae-

JIeHHY10 Ha puc. Y4.1 u V4.3,

5. Hoaxmounte kabens USB Arduino B pazsem USB komnsiorepa.

6. 0TI(]JOﬁTE MOHHTOP NOCJACNOBATC/IEHOIO NnopTa JUis npocMoTpa noJyycHHbBIX JaAHHBIX.

JlaHHble BAaKHOCTH M TemnepaTtypsl nonyueHsl (puc. ¥Y4.4), u sce pabGoraer!

& COMS5

R E _— [:jlllEE:I.‘

nunorIay: £7.0U
HHumonidy: 29.00
Humonidy: 29.00
Bumonidy: 29.00
Humonidy: 29.00
Humonidy: 29.00
Humonidy: 29.00
Humonidy: 29.00
HBumonidy: 29.00
| Humonidy: 29.00
Humonidy: 30.00
M Humonldy: 30.00
Humonidy: 30.00
M Humonidy: 30.00
M Humonidy: 30.00

|| eTonpoxpyTxa

A A T P @ W W W T W

IEMErdLures £w.00 ™

Temerature: 24.00
Temerature: 24.00

Temerature: 24.00

Temeracure: 24.00
Temerature: 24.00
Temerature: 24.00
Temerature: 24.00
Temerature: 24.00
Temerature: 24.00
Temerature: 24.00
Iemerature: 24.00
Temerature: 24.00
Temarature: 24.00
Temerature: 24.00

N o0 o

*C

-
i'H-

MNocnaTte

[m

Ba3 OKOHYAHWS CTpokW ¥ 9600 baud v '

o

Puc. ¥4.4. NonyJyeHHble gaHHble B MOHUTOpPE NocnejoBaTensHoOro nopra
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BHUMAHMUE!

Ecnu paccrosHue oT aatyvka Ao Arduino HebBonblwoe, pekoMeHgyemMelii HOMUHaN conpo-
TuenexHuna 10 kOm, a ana pacctoaHuA boneswe 20 METPOB PEKOMEHAYETCA PE3NCTOP HOMM-

Hanom 5,1 kOm.

Ypok 5. NogknwyeHne Mmoayna 4acos

B sTom VYPOKE MBI NOAKJIHOYHM K Arduino HYackl, HACTPOHM HX H 3aCTABHM THRKATh.

HeobxoaaMbie KOMIIOHENTHI:

O nnaTta A14 NPOTOTHNHPOBAHWA:

3 Arduino Nano;

O moaynb 4acos.

Cxema noaxJaYeHns 1okasaHa Ha puc. ¥5.1.

@
5
°
<]
=
(&)
'—
[
W

[ =

El @

o
.

ARDUINO
NANO
V3.0

(W)

Paabem mini USB tTun B |

) (=)

—
—
e

-

i) G ) (= (m

i)

) (W) m |

)

AZ A3 A4 A5 A6 A7 5Y RST GNDYVIN

) (m) (=@ @) (

) @ §

o
*
.

) @) |

REF A0 Al
) (=) |

s
g

D12D11D10 D9 D8 D7 Dé D5 D4 D3 D2 GNDRST RXO TX1

-
—

Puc. ¥5.1. Cxema nogknioveHns Yacoe

Jlna pabotel Arduino ¢ aaTumkamu yacamm umeercs rortosas Ombamnorexka — DS1302,
KOTOPYIO MOKHO ckauatk co crpannubl B Murtepuere: https://github.com/msparks/

arduino-ds1302.
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CkeTu 1o/lyyeHHus JaHHBIX C YacOB M BBIBOJA MX B MOC/IEQOBATE/bHBINI MOPT npe/cTae-
NieH B 1ucTuHre V5.1,

BHUMAHHE!
Oﬁpamre BHUMaHWe, 4TO Yackl CHa4Yana Hago HacTpOWTh.

NucTtunr ¥5.1

finclude <DS1302.h>

// Init the DS1302

DS1302 rtc (4, 3, 2): // Tonwmouaem RST,I\O,SCLK k nuHam 4,3, 2
void setup()

{

rtc.halt (false);

rtec.writeProtect (false);

Serial.begin(9600) ;

// Crpokm Hmxe npenHasHaudeHwH MNA HACTPOMKM. HeofOXOOMMO BEICTABMTE HYEKHOE
BpeMma/NaTy, SaluMThk CKETUY B KOHTPOJUIEp M, 2aKOMMEeHTHPOBAE 3TU CTPOKM, SaHOBO
3aJIMTh CKeT4Y B KOHTpPOIIep.

rtc.setDOW(2134); // Hacrpolika nHA Henenu

rtc.setTime (15, 0, 0); // Hacrpoitka uacos B ¢opmaTe 12:00:00 (24 uyaca)
rtc.setDate(6, 8, 2010); // Hacrpoikxa matel B dopmaTe 01.01.2000
}

void loop()

{

// Tlocunmaem B MOHMTOP NOpPTa leHb HelenM

Serial.print (rtc.getDOWStr());

Serial.print(" ");

// Tlochnaes B MOHWMTOP nopra maty
Serial.print(rtc.getDateStr());

Serial.print ("™ -- ");

// TocunaeM B MOHMTOD MOpPTa BpeMsa
Serial.println(rtc.getTimeStr());

delay (1000);

}

“ﬂpﬂﬂﬂlﬂ NOJARJIHYCHHH

I. Toakmounre Boisoa yacoB GND k seiogy GND na Arduino, seisoasl SCLK, /O,
RST — k D2, D3. D4 coorercreenHo. Konrakt VCC He ucnonb3yerces, notoMy uro
4ackl Noay4aloT nuradue ot darapeiku (puc. ¥5.1 u ¥5.2).

2. 3arpy3ure cKeT4, NpeACTaB/ICHHBIA B IMCTHHIE Y 5.1,
3. OTKkpoiiTe MOHHUTOP NMOCEA0BATENLHOIO MOPTA 18 NPOCMOTPA MOAYHEHHBIX AaHHbIX.,

Jlannbie nonyuenst (puc. ¥5.3), v Bee paboraer!
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[ 2 -

Puc. ¥5.2. MoHTaxHaA nnata nogknioveHWa Yacoe

-
@ coMms ™™
] Nocnat
WEIIESOEY U0, U0 200 == Lo Iy =
Wednesday 06.08.2010 -- 15:12:30 =
WNednesday 06.08.2010 == 15:12:31
Wednesday 06.08.2010 -- 15:12:32
M Wednesday 06.08.2010 —- 15:12:33 .
M Wednesday 06.08.2010 -- 15:12:34
Wednesday 06.08.2010 -- 15:12:35
i Wednesaday 06.08.2010 -- 15:12:36 El
Wednesday 06.08.2010 —— 15:12:37
Wednesday 06.08.2010 -- 15:12:38
Wednesday 06.08.2010 -- 15:12:39
Wednesday 06.08.2010 -- 15:12:40
Wednesday 06.08.2010 -- 15:12:41
Wednesday 06.08.2010 -- 15:12:42
v | ABTONPOKPYTKA be3 OKOHYAHMA CTPOKM ¥ 9600 baud v
e -

Puc. ¥5.3. [lanHbie 4acos B MOHWTOPE NOCNeaoBaTenLHoro nopra

Ypok 6. Pabora
C XMUOKOKPUCTANINMM4YeCKUM 3KPaHOM

B atom ypoke noakaouum sxuakokpuctainueckuid (LCD) skpan k Arduino no nocne-
J10BATEJILHOM LIHHE JaHHBIX i2c.

NMPUMEYAHHE

i2c — aro ab6peeuarypa cnoe Inter-Integrated-Circuit, unrepdeiicHan WuHa ANA CBA3N UH-
TerpanbHelx cCxem. Ee }F,EI,DﬁCTED 3aKNIDYaeTCa B TOM, 4TO K HEW MOXHO nogknw4yaTte cpaly
HECKONBLKO YCTPOWCTB, KOTOpbie MOryT ObiTb NPOrpaMMHO agpecoBaHbl No yHWKaNbHOMY
agpecy.
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HeobxoauMble KOMIOHEHTBI:

O nnara ansg npoTOTHITHPOBAHHS
O Arduino Nano:

0 ueTsIpe NpoBoOaa:

O LCD skpan.

Cxema nogK/JI0veHns rnpuBejieHa Ha puc. ¥6.1, ckety — B iMcTHHre Y6.1.

(.

T T T e T g

%9 D8 D7 Dé D5 D4 D3 D2 GNDRST

_— e

2p ARDUINO

|

ARDUINO.C

NANO
vi.o

=

e
i

®
bt

s
v
) @

) (m) (=) (m) (W) (m) (m) () (W) (m) (m) () (W)

D12D110D10 D? DB D7

0

Puc. ¥6.1. Cxema nogknioyerus LCD akpana

NucTuur ¥6.1

#include <Wire.h>
#include <LiquidCrystal I2C.h>

LiquidCrystal I2C lcd(0x27,16,2); // YcraHaenuBaem anpec skpaHa 0x27

// Ha 16 cumBOnOB B IIBEe CTPOKM

void setup()
{

led.indit () ; // MHMUMATMAUpYeM SKpaH
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// Print a message to the LCD.
lcd.backlight () ;

lcd.print ("Hello, world!"™);

void loop|()

"DpﬂﬂﬂK NOAKJHYICHH

1. Tloaxmouaem BoiBoa 3xkpaHa GND k Beieogy GND Arduino.

IJ

[Moakmouaem BuiBoj1 9kpana VCC k seioay SV Arduino.

[loaxmouaem BeiBoA 3kpaHa SDA k BeiBoay A4 Arduino.

=

[Moakmouaem seisoa skpana SCL k B0y AS Arduino.

LN

3arpysaem ckety (aucTuHr Y6.1).

-

Puc. ¥6.2. MoxnTaxuas nnarta nogkniodennsa LCD akpana

Ypok 7. NoaknwyeHne RGB-cBeToanoaa,
nmcnonb3oBaHue UJHpOTHO-HMI'IYﬂI:CHOﬁ MoaAynAaAuuum
B sToM ypoke MBI NMO3HAKOMHMCSH C LIHPOTHO-UMNYILCHOH Moayaaumed (LLTMM), noa-

kaounM RGB-ceetoamon k Arduino w 3actaBum ero nepesiMBaThbC BCEMH LIBETAMH
pajIyry.
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HeobxoauMble KOMIIOHEHTLI:

O nnara ans NPOTOTHITHPOBAHHA

O Arduino Nano;
O uerbipe nposoja:
0O RGB-ceeroamon;

O Tpu pe3uctopa HoMuHaIOM 220 Om,

Cxema noaknoveHus noxkasada Ha puc. ¥7.1, ekery — B iuctunre Y7.1.

@ & .
Ceetoamon z@
RGB E +—4 s (=)
&3 arouno 2@
= NANO — -
®: wo 2@
lg] 271X RX PWR L 2@
® ul j I l::f @
@z £ RST 218
Kpacnwit_— lil = EJ 2 ()
e % .
S Cunuit =im)
i 2@
Jeaenmi T :
R2
R3
Paavem mini USB tun B j
Puc. ¥7.1. Cxema noaknioveHus RGB-ceeToguoaa
Nuctuur ¥7.1

// HasuBaeM BHEOIE COOTEETCTBEHHO UBeTyY

int REDpin = 11;
int GREENpin = 10;
int BLUEpin = 7;
void setup() (]
void loop () {

{

for(int value = 0 ; value <= 255;

analogWrite (REDpin, wvalue);

value +=1)



HavaneHas wxkona 437

analogWrite (GREENpin, 255-value);
analogWrite (BLUEpin, 255);
delay(30) ;
}
for(int value = 0 ; value <= 255; walue +=1) |
analogWrite (REDpin, 255):;
analogWrite (GREENpin, value);
analogWrite (BLUEpin, 255-value);
delay (30) ;

t
for{int wvalue = 0 ; value <= 255; walue +=1) |
analogWrite (REDpin, 255-value);
analogWrite (GREENpin, 255);
analogWrite (BLUEpin, value);
delay (30) ;

Puc. ¥7.2. MonTaxHaa nnata nogknioyeHna RGB-ceetoanoaa

[Mopsiok noakI0UCHAR:
1. CaMy10 JUTHHHYIO HOKKY CBETO/HO/A (aHO1) NOJAKIIOHaeM K BhiBOaY SV,

2. Karoawl cBeTOIMOAA NOJAKIIOHAaEM vepes pe3uctopbl K Beisogam D11 (kpacueiii), D10
(3enenntii) u D7 (cuumii).

3. 3arpyxaem ckety aucTHHra ¥Y7.1 B KOHTPOIEP M CO3epLaeM KpacoTy.
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Ypok 8. lNogknwyeHue potopesucropa

B stom ypoke mbl noakmouuMm Kk Arduino dotopesucTop, KOTOpbIH OyaeT yrnpaBiaaTh
BCTPOEHHBIM CBETOIHOIOM,

HeobGxoauMbie KOMIIOHEHTDI:

O nnata A4 NPOTOTHNHPOBAHHA;
O Arduino Nano;

O ¢oTopesuncTop:;

O nposoja;

O pesuctop 10 kOm.

Cxema nojak/Jar04eHus rnokasasa Ha puc. ¥8.1, ckeru — B simctunre V8.1,

AN

=@

D3 D2 GNDRST RXO TX1

R1 10xkOm doTtopeaucTop

ARDUINO
NANO

-
_

=
e

2D11D10 D9 D8 D7 Dé D5 D4

—

() (=) (=) (=) (w) (=) (W) (m (=) (W) (w (w E (=

Paswem mini USB tun B

Puc. ¥8.1. Cxema nogknioueHua hoTopeancropa
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NMuctuur ¥8.1

int PhotosensorPin = AS;
unsigned int sensorValue = 0;

void setup()
{
pinMode (13, OUTPUT);
Serial.begin (9600):
H
void loop()
{
sensorValue = analogRead (PhotosensorPin); // CumTeBaeM 3HaueHue
// ¢ doropesucropa
if (sensorValue<500) digitalWrite(13, HIGH); // Brmouaem

else digitalWrite(13, LOW); J// BeIkNodaeM
Serial.print (sensorValue, DEC); // BeIEOO DaHHEX
// ¢ boropeaucropa (0-1024)
Serial.println(""); // BosppaT KapeTku
delay(500);

ITo PHAOK NOAKJIHYMEHHAN:

1. Oany Hoxkky doTopesucTopa noakaovaem yepes pesvcrop 10 kOm k Beioay GND
M K aHAJIOroBOMY BXOAy AS, apyryio — K BbiBoay 5V (cm. puc. ¥8.1 n ¥8.2).

Puc. ¥8.2. MoxTaxHan nnata nogknioMeHus choTopeancropa
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2. 3arpyzure CKeT4, OnucaHHbli B IMcTHHre Y8.1.
3. Jlna npocMoTpa 3HaYeHHUs ¢ (poropezucTopa oTKpoiTe MOHHTOP nopTa (puc. V8.3).

Ecan ceer nagaer Ha (poTope3ucTOp, TO BCTPOEHHbIH CBETOANO/ BBIKIIOUYEH. 3acOHHTe
(poTOpe3HCTOp PYKOH, U Bbl YBHAHTE, YTO B ONpe/e/IeHHbIH MOMEHT CBETOJHO BKIIKO-
uurca! Tak ke MOKHO NMOCMOTPETE H3MEHEHHE 3HauYeHus ¢ (POTOPEe3UCTOpa B MOHHUTOpE
nopra.

& COM5S —r=

| | MNocnate
J
24
24
24
26
26
29
29
32
35
35
35
33
35

v | AsTonpokpyTka Be3 OKOHYAHMA CTPOKM ¥ 9600 baud  w

Pwc. ¥8.3. 3HaueHns c hoTopeancTopa B MOHUTOpE nopTa

Ypok 9. MNoakntouyeHue choTtopesuncropa
n 8-mm cBeTOAMOAOB

B arom ypoke mbl noakmounm Kk Arduino doropesucrop, Kotopblit Oyaer ynpasisaTe Bo-
CEMbIO CBETOIHOAMM,

Heobxoanmbie KOMIOHENTHI:

nJaTa uis npoToTHITHPOBAHMS

Arduino Nano:

(horopesucrop:

npoBoJja;

pesuctop 10 kOm:

8 CBETONMOI0B;

QOO0 Q00a0

8 pesucropoe 220 Owm.

Cxema noaksmovenns nokasana va puc. ¥9.1, ekerqy — B aucrunre Y9.1.
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Puc. ¥9.1. Cxema nogknioyeHus oTopeswcTopa W CBEeTO4W0408

NucTtunr ¥9.1

int PhotoSensorPin = A5;
unsigned int PhotoSensorValue = 0;

void setupl()
{
pinMode (2, OUTPUT) ;
pinMode (3, OUTPUT);
pinMode (4, OUTPUT) ;
pinMode (5, OUTPUT) ;
pinMode (6, OUTEUT);
pinMode (7, OUTPUT) ;
pinMode (8, OUTPUT);
pinMode (9, OUTPUT) ;
Serial.begin(9600);
}
void loop()
{
PhotoSensorValue = analogRead (PhotoSensorPin);
if (PhotoSensorValue >10) digitalWrite(2, HIGH);
else digitalWrite(2, LOW);
if (PhotoSensorValue >20) digitalWrite(3, HIGH):;
else digitalWrite(3, LOW);
if (PhotoSensorValue >30) digitalWrite(4, HIGH);
else digitalWrite(4, LOW):;
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if (PhotoSensorValue >40) digitalWrite(5, HIGH);
else digitalWrite(5, LOW);
if (PhotoSensorValue >50) digitalWrite (6, HIGH);
else digitalWrite(6, LOW);
if (PhotoSensorValue >60) digitalWrite(7, HIGH);
else digitalWrite(7, LOW);
if (PhotoSensorValue >70) digitalWrite(8, HIGH):
else digitalWrite(B, LOW);
if (PhotoSensorValue >80) digitalWrite(9, HIGH);
else digitalWrite (9, LOW);

Serial.print (PhotcSensorValue, DEC);
Serial.printin(™");
delay (500} ;

“ﬂpﬂﬂﬂlﬁ NOJAKJHYCHHH

. Oany HoxKy doTopesrcTopa nojakaounte yepes pesucrop 10 kOm k BeiBogy GND
H K aHAJI0roBOMY BXOJ1y AS, /Ipyryio — K BbiBOj1y SV.

2. lloakmouute katoabl cBetoaHoA0B K BbIBOAY GND Arduino, aHoasl — K BbIBOJAM
D2, D3, D4, D5, D6, D7, D8, D9,

3. 3arpy3ure ckeT4, npeAcTaBIeHHBIH B IHCTHHTE Y9.1,
4. Jlns npocmoTpa 3HaueHus ¢ poTopesncTopa oTKpoiite MoHuTOp nopra (puc. ¥9.2).

D coMs L= | (=)
] Mocate ”

1 -
58

158
1le8
208
213
211
214
162

1

/| Amvonpokpyrxka  Bes oxowuaHus cTpoxu ¥ 9600 baud ¥

Pwuc. ¥9.2. 3nayeHns c hoTopeancTopa 8 MOHUTOpE nopTa

Teneps ceToAHOABI OYAYT MOOYEPEAHO 3aropaThCs B 3aBUCHMOCTH OT YPOBHSA OCBeLle-
HHUA. Bel MOkeTe HACTpauBaThk NOopor BKIOYCHHA KaAI0I0 CBCTOAHOAA, HIMCHAH VCI0-
BHE if (PhotoSensorValue >xx).
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MpoekT 1. Berywmun oroHek

B sTom MPOEKTE MBI CJI€TacM M3 8-Mm CBETOIHOI0B ﬁel'}’l].l.lr{ﬁ OIrOHEK.

HeobxonumMble KOMIOHEHTHI:
m1aTa uist pPOTOTHITMPOBAHMS
Arduino Nano:

8 CBETOIHOMOB:

8 conporusnenui 220 Owm;

= R g e

NpoBO/a.

Cxema noakaovenns nokasana va puc. I11.1.

R1 220 Om [a] X4
17' (H) Sp ARDUINO
4| I — Tl e

s -

A5 A6 A7 5V RST GNDVIN

R3 220 Om

4 D5 D4 D3 D2 GNDRST RXO TX1

g

U W w W w e e

—

A2 A3 A4
= W) (W @ & ) & = @@ - - @

—

R5 220 Om

L —

@]=—lu:m:|

. R7 220 Om
(E iatres
R8 220 Om

Puc. M1.1. Cxema nogknioYeHns cBETOANOA0B

IMopsaok noax0uenns:

I. HNoakmounre katoasl K BeiBojgy GND Arduino, anoasl — k Beisogam D2, D3, D4,
D5, D6, D7, DS, D9.

2. 3arpysure CKeT4. npeAcTasiaeHHbli B amcTunre 1.1,



444

lMpunoxenxue 2

Nuctunr M1.1 |

unsi

voi

{

Vol

gned char n = 0;

d setup()

for (n = 0; n <= 7; n++t)
{
pinMode (n, OUTPUT);
digitalWrite(n, LOW);

d loopl()

for (n = 0; n <= 7; n++)

{
digitalWrite(n, HIGH):
delay(300);
digitalWrite(n, LOW);

MNMpoekT 2. CekyHaomep

B 5TOM npoekTe Mbl cilenaeM ceKyHA0Mep — OH Dy/IeT OTCHMTBIBATE BPEMS 110 HAKATHIO
Ha KHOIKY.,

HeobxoanMmbie KOMIOHEHTBI:

g

N I N

miata s npoToTHIMHPOBAHMS
Arduino Nano;

LCD akpan;

KHOIKA;

npoeoja:

pesuctop 10 kKOm.

Cxema noaksnouenus nokazana na puc. 12,1, monrazxunan naara — na puc. 112.2.

Ilo
M

2

PHAOK NOAKJIIOYECHHN:

Beigoas sxkpana GND., VCC, SDA, SCL noakimouaem k sBeiojgam GND, 5V, A4, AS
Arduino coOTBETCTBEHHO.,

. OMH BXOA KHOMKH NOAKIIOYaeM K BbiBOAY SV, apyroii — uepes noarsrupalomii

pesuctop 10 kOm Kk BeiBogy GND, Beixoa kHonku nojkmouaem k D7.

. 3arpysure cketu, npejacrasieHHbii B auctunre 2.1,
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D5 D4 D3 D2 GNDRST RXO TX1

O
R1 10k0Om D

) ([ ® @

-

ARDUINO

-

y

—

o
—_—

(m)

A6 A7 5V RST GNDVIN
-)

B
o

—
—

-

m (m) (w) (=) (=) (=

ama

-1
) ) (=)

—
-

N

-

) i) (=) |

—

-
]
=T

D12D11D10 D? D8 D7 Dé

—
-_—

= = @

@ @

-
@@
=t

Puc. N2.2. MonTaxHaa nnata nogknwoyeHns kHonkn w LCD akpana
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Nuctunr N2.1

finclude <Wire.h>
#include <LiquidCrystal I2C.h>
fdefine button 7

// Kuonka mna 3anycka/OcTaHoBkM (HaxaTue = s3aMmuKaHue Ha GND)

#define delay button 200
/*3anepxka B MC NOCNe HaXaTMA KHONKM, MNOCKONLKY MI'HOBEHHO

Ha¥%aTk M OTNYCTHMTE HEBOSMOKHO, €CTh MHEPUMOHHOCTE. Ha TOWYHOCTE CeKyHIOMEpa

He BMMAET, TONMLKO Ha YIOOOGCTBO PalbOTH C KHOMKOW */

LiquidCrystal I2C lcd(0x27,16,2);

[

0, timer = 0, s =0, ms = 0, ss =
0, milisec = 0;
bool start = true, work = false;

unsigned long memTime

minutes = 0, seconds

void setup() {
Serial.begin(9600);
pinMode (button, INPUT PULLUP);
digitalWrite (button, HIGH):
Serial.println("***Init LCD..."}:
led.init(); // Memumammsaumsa OMCIeA,

// npoeBepka NPaEMILHOCTH NOOKIIOUEHWA
led.backlight (); // BrkmoueHue nOACBETKM SKpaHa
Serial.println("***LCD ready!"):;
lcd.setCursor(0,0);
lcd.print ("Push to start");

void loop() {
if ( !(digitalRead (butten))&&sstart) //Koem HamaTHa

{

memTime = millis()-timer; /*Touka oTCueTa, OTHOCHMTENBHO Hee HAaUHETCHA cuer,
BeuMTaHMe timer maeT BOSMOXRHOCTE NPOOCIXMTE CYeT, eClM OH OyIJeT oCTaHOoBMeH*/

start = false; // OrwipuyaeM NpoBepKy HaxaTuAa
work = true; // Banyckaem cerkyHaoMmep
Serial.println("Start!");

led.setCursor (0,0);

lcd.print ("Push to stop ")

delay (delay button);

if (work) //Ecmu xkHonka Owna HaxaTa, TO HauuHaeM paGoTy.

{
timer = millis() - memTime; //CuMTaeM MUIIMCEKYH Ik

// OTHOCHTENBHO TOYKM OTCYETAa
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Serial.println(timer);
ms = timer/10;
s = timer/1000; // lleperommM B ymOoOHee I8 paGoThl CeKYHIR
if ((s%60==0)&&(ss!=s)) [/ 3ro ycnoBue nepeBOmMT
f/ wammie 60 cexyHng B 1 MuUuyTY

ss=5; /[*HeoOxomMMO OJIS TOro, YTOOH YCJOBMe cpafoTano OOHAaMIs
npu 60.0 cex., a He kaxmue 60.1 cex., 60.2 cexk., u T.O0. */

minutes+=1; //Komi4ecTEo MMHYT

}'*
BuBon Ha sKpaHdH. OCoOEeHHOCTLI BHBONA SBJIASTCH TO, UTO NpM SHaueHuax or 0 mo 9

BpeMs 3aHMMaeT OOHY Aueiiky Ha skpade, a or 10 mo 59 yxe nse, Pasymeercs,
yoofiiee ¥ NpMBLYHes 3anMce B OBa cuMBona, T.e. 00, 01, 02 u r.m;.

pMBEOeHHOe HUXEe YCNoBMe paboTaeT clenyoupm obpa3om:

1) Ecnv uucno or 0 no 9, To B nepeyin Aueliky =anucueaercs "0", Bo BTOpy® Hawa
undpa

2) Ecmu uwucno ot 10 no 59, To uMCno 3anMcHEaASTCHA ABTOMATHYECKHM B ofe Aueiixi,
HauyMHasg

C HaMMeHbIlen.
*/

if (minutes < 10){
led.setCursor(0, 1);
led.print ("0");
led.setCurser(l, 1);1}
else |

led.setCursor (0, 1):

}

lcd.print (minutes) ;

lcd.setCursor(2,1);

led.print(™:") 2

seconds = s-60*minutes; /*llepemenHan "s" xXpaHuT cyMMapHOe KOMUYECTBO

CEeKyHl, INA BHEOIa Ha SKpaH nepepeneM ee B ynobuei dopmar: ot 00 cex.
no 59 cek. */

if (seconds < 10){
lcd.setCurscor(3d, 1);
led.print ("0");
lcd.setCursor(4, 1);}
else |

led.setCursor (3, 1);
}

led.print (seconds) ;

lcd.setCursor(5,1):

led.print (™:");

milisec = ms-100* (seconds+60*minutes); // AHanormMuHo ¢ seconds,

// nepesomm B 00..99
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if (milisec < 10){
led. setCursor(6e, 1);
led.print ("0%) ;
lcd. setCursor(7, 1);}
else |

lcd.setCursor(6, 1);

}

led.print (milisec);

}

if(! (digitalRead (button) ) &&work) //lipwocTaHoBKa cekyHIOOMepa

{
work = false; [/ OcradoBkxa cdeTa

start = true; // Bxmouaes cHoOBa oxMaaHue
S/ HamaTMAa KHONKKM INA BEIMOUYEHKMS
Serial.println("Stop!");
lcd.setCursor(0,0);
led.print ("Push to continue");
delay(delay button);

MNMpoekT 3. TpeHep

B arom npoekre Mbl CO31a/IMM IEKTPOHHOIO TPEHEPA, KOTOPBIH MOMOKET BaM B pery-
JAPHOM BBITIOJIHEHHH TIOJIE3HBIX U1 3/I0POBbA MeponpuaTuii. Baw TpeHep HanoMuur
BAM C yTpa 3aHATLCH HOrOM, NPUHATL XOJIOAHBIH YL, a BEYEPOM CXOAMTHL B CHOPT3al,
NOYKHHATH OBOLIHBIM CAJIATOM M CJIe/1aTh Mepe/l CHOM JAbIXaTelbHbIE VIIPAKHEHHS.

Heobxoaumbie KOMIOHEHTHI:
niarta /s NpoTOTHITHPOBAHNA,
Arduino Nano;

LCD skpan:

nporoAa;

QQQQaA

Mojyab Hacos DS 1302,
Cxema noaxawoveHns nokasata Ha puc. I13.1, monramuas naara — ua puc. 113.2.

l"lnpnﬂmc NOAKJIHYMECHHS

1. Beigoasi axkpana GND, VCC, SDA, SCL nomwniouaem k seisojgam GND, 5V, A4, AS
Arduino cooTBeTCTBEHHO.

2. Buisoasl yacor VCC, CLK. DAT, RST noakmouaem k ssisogam GND. D2, D3, D4
Arduino cooTBeTCTBEHHO.

3. 3arpy3uTe ckeTd, npeacTaBiaeHHbIi B aucTuhre [13.1,
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Puc. N3.2. MoxTaxHaa nnata nogknioyeHna yacoe u LCD akpana



#include <Wire.h>

#include <LiquidCrystal I2C.h>

#include <DS1302.h>

§define countOfNotice 5 //MakcMManeHOe KOMMYECTEC 3aMeTOK
#define delayForNotice 2000 //Bpems nokasa =2aMeTKM

int kCePin = 4; // Chip Enable (Reset)
int kIoPin = 3; // Input/Output (I/O)
int kSclkPin = 2; // Serial Clock (SCKL)
DS1302 rtc(kCePin, kIoPin, kSclkPin);

LiquidCrystal I2C lcd(0x27,16,2): // 0x20..0x27 Adress
unsigned long memTime;

int next = 0;
const int t = 0, endt = countOfNotice;
//TEXTS
const char* text massive[endt] = {
"Time to YOGA",
"Cold shower time",
"Go to sport gym",
"Eat vegetables!",
"Breathe exercise"
bi
//TIMES DONT USE "08" or "0S8"!! only "8" or "8" and " 8" or " 9"!!
const int time massive[endt*3] = |{
//hh, mm, ss
07,30,00,
08,10,00,
19,30,00,
20,50,00,
22,55,00
bi

void rtcsettime(int _h, int m, int _s){
rtc.halt (true);
rtc.writeProtect (false);
rtc.hour( hj);
rtc.minutes( _m);
rtc.seconds(_s):
rtc.halt (false);

void setup() {
Serial.begin(9600);
Serial.println("***Init LCD..."):
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// rtcsettime(21,04,00);
lcd.init();
lcd.backlight();
Serial.println("***LCD ready!"):
next = t;

void loopl) {

//BEGIN. BuBOO TeKywero BpeMeHM
led.setCursor (0,0);
led.print ("Time") ;
if (rtc.hour({) < 10}{

lcd.setCursor (8, 0);
led.print ("0™);
lcd.setCursor (9, 0);}
else |
led.setCursor (B, 0);
}
led.print (rtc.hour());:
lcd.setCursor (10, 0);
led.print (":"):
if (rtc.minutes() < 10){
lcd.setCursor (11, 0);
led.print("0");
lcd.setCursor (12, 0);}
else {
led.setCursor(ll, 0);
}
led.print (rtc.minutes());
led.setCursor (13, 0);
led.print (":");
if (rtc.seconds() < 10){
led.setCursor (14, 0);
led.print("0");
led.setCursor (15, 0);}
else |
led.setCursor(14, 0);
}
led.print (rtc.seconds());
//END. BuBOA TeKYWErs BpeMeHM

//BEGIN. BHBON BpeMeHM cleayoluel saMeTku
led.setCursor(0,1);
led.print ("Next") ;
if (time massive[next] < 10){
lcd.setCursor (8, 1);
led.print ("0");
led.setCursor(9, 1);:}
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else |
lcd.setCursor (8, 1):

}
lcd.print (time massive[next]);
led.setCursor (10, 1);
led.print (")
if (time massive[next+l] < 10){

lcd.setCursor (11, 1);

led.print(™0");

led.setCursor (12, 1);}

else |

led.setCursor(ll, 1);

}
led.print (time massive[next+l]);
led.setCursor (13, 1);
led.print (":") ;
if (time massive[next+2] < 10){

led.setCursor (14, 1);

led.print(™0");

lcd.setCursor (15, 1);1}

else |

led.setCursor(14, 1);

}

lecd.print (time massive[next+2]);
//END. BuBOoA BpeMeHM clefyllell SameTKM

//Nipopepka COBNamgeHMA TEeKYUWEero BpeMeHM M BpeMeHM BCex BaMeToK
for (int i=t; i<endt; i++)({
if (rtc.hour()==time massive[i*3]) {
if (rtc.minutes()==time massive[i*3+1]) {
if (rtc.seconds()==time massive[i*3+2]) {

led. setCursor (0,0) ;
led.clear():
led.print (text massive[i]);
Serial.println(text massive(i]);
delay(delayForHotice);
led.clear();
next+=3;
if (next>=(endt*3)){next = 0;}

}

}
delay(100)
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Ha skpan BbIBOAMTCA TEKylllee BPeMA, a TAK/KE BpeMs, B KOTOpOE 3anucaHa cieayrolas
s3amerka. [lpu noctuskeHuu ITOro BpemMeHM Ha 9KkpaHe Oyaer orobpaxeHo cooOiie-
Hue. [locne 3Toro Ha 3kpaH cHoBa Oy/IeT BhIBEJIEHO TEKyllee Bpema U OJiHzKaiee co-
ObITHE.

3aMeTKH pa:;ﬁm‘bl Ha JBE€ rpynnbl: text massive H time massive — 3TO [JBa MaCCHBa
TEKCTAa 3aMCTKH H BPEMCHH €C CpﬂﬁﬂTblBaHHH. Bo BETOPOM MACCHBE [dHHBLIC 3arlMCaHbl
CACAYIOUHM Dﬁp&EDM: yy, MM, CC. B COOTBETCTBHHM ITOMY BPEMCHH B TOM ZKEC MNOPHAIAKE
HIAET TCKCT M3 NEPROIro MacCHEd. ,H.GGEIBJ'[HH HOBBIC 3allHCH B MACCHBLI, HYAKHO }’ﬁEﬂHTb-
CH., 4YTO!

0 CTPOKA TEKCTA COOTBETCTBYET H}'}KHDﬁ CTPOUKE BPECMCHH,
) B #define countOfNotice CTOHT BCPHOC KOJIMYECTBO 3THX 3aMCTOK.
Tﬂl’i AHe 114 }",[lﬂﬁCTBﬁ EPEMH MNoKasza 3aMeTKM BhIHECEHO B fdefine.

Janee HeoOXxoMMO He 3a0bITh BKJIOUHTL W HACTPOMTL uackl. [Ipoueaypa npoaensiBaet-
CA OJIHH pa3. NnocJjie Yero Yacbl OYAYT NMOJHOCTBI) aBTOHOMHBIMH (CM. ONHCAHHE B Vpo-
ke 3 «llooxniovenue MOOVIS HAco6» OAHHO20 NPUIONCEHUR).

lNpoekT 4. LiBeTHana Temnepartypa

B arom npoekte Mbl 3actaBuM RGB-cBeTo1MO/1 H3MEHATH LIBET B 3aBHCHMOCTH OT MOKa-
3aHHH JaTyMKa TeMmrnepaTypbl. 3aJedcTBYEM JBa LBETa: KpacHblH M cHHUH. Peanunsyem
CCAYIOULYIO JIOTHKY: Ye€M MeHbllle Temreparypa — Tem Oosiblie cHHero, vem Oomblie
Temrnepatypa — TeM 0oJblIe KpacHoro.

Heobxoaumbie KOMINOHEHTHI:

d

njaara uis NpoTOTHITHPOBAHMA,
Arduino Nano:
NaTYMK Temnepatypsl U BaaxkuHoctd DHT1I;

RGB-ceeTtoamon:

I R

JBa CONpOoTHBJIEeHHA 1o 220 Om:

NpoBo/A.
Cxema noakmovenns nokazana va puc. I14.1, monrazknas naara — ua puc. [14.2.

“Dpilil,l]lﬂ NOAKJIWYMCHHH:

1. Tloakmounte camyio JUIMHHYIO HOKKY CBETOAMOAA (KaToa) K BbiBOAY SV, a HOKKH,
JAKHralolMe KpacHbIH W CHHUH ceeT (aHoisl), K Beisojam D11 u D7 coorsercraen-
HO.

2. Homkun SV u GND parunka DHT11 noakmounTe K COOTBETCTBYIOIMM BbIBOAAM Ha
Arduino, HOKKY JUist nepeiavu JaHHbIX NOAKIOYKTE K BbiBoay D4,

3. Barpysure ckery. npejacraeieHHsiid g auctuure [14.1.
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Nuctuur N4.1

f#include "DHT.R"
fdefine DHTPIN 4

int REDpin = 11;
int BLUEpin = 7;
#define DHTTYPE DHT11
DHT dht (DHTPINM, DHTTYPE) :
void setup() {
Serial.begin(9600);
dht .begin() ;
}
void loopl()
{
float t = dht.readTemperature();
Serial.print ("Temperature: ");
Serial.print (t);
Serial.println(" *C");
analogWrite (REDpin, t*7);
analogWrite (BLUEpin, 255-t*7);
}

Jns yeunenus HarnsaHoro s¢exra ogeHbTe HA CBETOAMO/ LUAPHK M MOMECTHTE AaTUMK
B TEerioe Mecto. Bel VBUAMTE, KaK CBETOAHO/ pearupyer Ha NnoTeruieHue, CMeLas LBeT
CBEYEHHs B KpacHblit. Ecam xe, Hao0opoT, NOMECTUTh JaTUMK B XOJOA, TO CBETOAHO/
CTAHET CBETHTh CHHHUM LIBETOM.

MNMpoekT 5. MeTeocTtaHuUA

ITO 3aKTOUHTENBHBIH MPOEKT, Mbl BOCHOJIL3YEMCH ONMLITOM MPeAbLAYLIHX MPOEKTOB M
cobepeM METEOCTAHIMIO C HOUHUKOM,

HeobxonumMble KOMIIOHEHTHI:
niaTa i npoToTHIMPOBAHMSA,
Arduino Nano;
RGB-cseToanon:

LCD skpan:

moayab yacos DS1302;
naryuk saaxuocTw DHTI 1,

poBoJIa;

8 [ o s R R R R

pesucrop 220 Om.
Cxema noaxsouenns npuseaena Ha puc. [15.1, monraknan nanara — na puc. [15.2,
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Ilﬂpﬂﬂﬂ“:ﬂﬂﬂﬁﬂﬁWqEHRH:

1. Beioasl LCD akpana GND, VCC, SDA, SCL noakmouaem k BeiBogam GND, 5V,
A4, A5 Arduino cOOTBETCTBEHHO.

2. Buieoasl wacoe DS1302 VCC, CLK, DAT, RST noakmouaem k BeiBojam GND, D2,
D3. D4 Arduino cooTBETCTBEHHO.

3. Beigoasl natunka DHT11 VCC, DATA, GND noakmouaem K Beisogam SV, D10,
GND Arduino cooTBETCTBEHHO.

4. ToakmounuTte camylo JUIMHHYIO HOXKKY CBETO/MOJa (aHOA) K BeIBOAY SV, a HOKKH,
3aKHTalolIHe KPACHbBIN, CHHUI W 3€NIeHbIH CBeT (KaTo/el), K BeiBoAam D6, D9 u D11
Arduino coOTBeTCTBEHHO.

5. 3arpysuTe cket4, npeacTaBieHHbii B auctunre [15.1.

Nuctunr NS5.1

#include Wire.h>

#include <LiquidCrystal I2C.h>
#include <D51302.h>

#include "DHT.h"

f#define DHTPIN 10

DHT dht (DHTPIN, DHT11);

int kCePin = 4;
int kIoPin = 3;
int kSclkPin = 2;
int REDpin = 9;

int GREENpin 6;
int BLUEpin = 11;

DS1302 rtc(kCePin, kIoPin, kSclkPin):

LiquidCrystal 12C lcd(0x27,16,2): // 0x20..0x27 Adress
unsigned long memTime;
int bzzPin = 9;

void rtcsettime(int h, int m, int s)/{
rtc.halt (true);
rtc.writeProtect (false);
rtc.hour( h};
rtc.minutes( _m);
rtc.seconds(_s);
rtc.halt(false);
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void HumTempRead () {

float hum = dht.readHumidity();

float temp = dht.readTemperature();

if (isman(hum) || isnan(temp)) |

Serial.println("Failed to read from DHT sensor!"™);

lcd.setCursor (0, 1);
led.print ("H=—-% T=-—--");
led.setCursor (11, 1);
lcd.print ( (char) 223);
led.setCursor (12, 1);
led.print ("C ");

lelse {

led. setCursor (0, 1);

lcd.print ("H=");

lcd.setCursor(2, 1);

led.print (hum) ;

lcd.setCursor(4, 1);

lcd.print ("% T=+");

lcd.setCursor (9, 1);

lcd.print (temp) ;

led. setCursor (11, 1);

led.print ( (char)223);

lcd. setCursor (12, 1);

led.print ("C ");

}

void setup bzz () {
pinMode (bzzPin, OUTPUT) ;

void bzz (int bzzTime) {
tone (bzzPin, 2093, bzzTime);

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

dht.begin() ;
setup_bzz();
bzz (100);

// rtcsettime(0,50,0);
led.init () ;
lcd.backlight();
lcd.home () ;

led. setCursor (0, 0);
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void loop() {
if (rtc.hour() < 10){
led.setCursor(8, 0);
led.print ("0™) ;
lcd.setCursor (9, 0);}
else |
led.setCursor (8, 0);
}
lcd.print (rtc.hour());
lcd.setCursor (10, 0);
led.print (": ") ;
if (rtc.minutes() < 10){
led.setCursor(ll, 0);
led.print ("0") ;
lcd.setCursor (12, 0);)
else |
led.setCursor (11, 0);
}
lcd.print (rtc.minutes()) ;
lcd.setCursor (13, 0);
led.print (":");
if (rtc.seconds() < 10){
lcd.setCursor (14, 0);
led.print ("0") ;
lcd.setCursor (15, 0);}
else |
led.setCursor (14, 0):;
}
led.print (rtc.seconds()) ;

if ((millis() - memTime > 2000)or(millis{()
2 seconds

HumTempRead () ;
memTime = millis():
}
delay(100);
{

< memTime)) {

for(int value = 0 ; wvalue <= 255; wvalue +=1) |

analogWrite (REDpin, wvalue);
analogWrite (GREENpin, 255-value);
analogWrite (BLUEpin, 255);

delay (30);

for(int value = 0 ; value <= 255; wvalue +=1) |

analogWrite (REDpin, 255);
analogWrite (GREENpin, value);

//DHT11 1 time each
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nalogWrite (BLUEpin, 255=-value) ;

=

a
delay (30);

for{int value = 0 ; wvalue <= 255; wvalue +=1)
analogWrite (REDpin, 255-value);
analogWrite (GREENpin, 255);

analogWrite (BLUEpin, value):;

BHUMAHHE!

3TOT cCKeTy npegnonaraeT, 4To Baw moAynb Yacoe DS1302 Gwbin 3apaHee HacTpoeH Ha
akTyaneHble aaty/spems. Ecnu Yackl euje He HacTpOoeHbl, TO BOCNONbL3YATECHL paHee npu-
BEAEHHbIM COBETOM NO WX HacTpoWke (cm. onwcaHue B ypoke 5 «llodknioverHue modyns
yacoe» 0aHHO20 NMPUMoXeHUs).

Cl}ﬁpﬂﬂ METCOCTAHLUMHEIO Ha TNaTe NpOTOTHIHPOBAHHUA H }“ﬁCﬂHBLLIHCb.. HTO OHa 13[’1350’]‘3-
Ja, NEPEHCCHTE €€ B NAaCTHKOBBIH KOpIyc. CHavana oTknelTe OT nmiaaThl MPOTOTHITHPO-
BaHHA 3aLLMTHLIA CJIOH M I[pHIUIEﬁTE €€ K HHKHEH Kph[].l.l[{t.‘ KOpHyca, 34ar1eM BCTABLTE

Puc. N5.3. Meteocranuua B cbope
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9KpaH B JIMLEBYIO NaHedb W coOepuTe CTEHKM, BCTABMB MX B OTBEPCTHA B OCHOBa-
HUH. 3atem KaHUCIAPCKHM HOKOM aKKypaTtHoO ciaelanTe aBa HAOpC3a KpCCT-HAKpPCCT
no 4-5 MM B mapHuke A714 MUHr-NOHra, 4ToObl BCTaBUThL B Hero ceetoanon. H, B 3asep-
LIEHHE, MPOJIEHBTE CBETOIHO Yepe3 KPYrjioe OTBEPCTHE B KPBILIKE, YCTAHOBHTE KpbIlll-
KV, HajJleHbTe IApHK Ha CBETO/MOJ W 3aKpenwTe WApPHK B OTBepcTHH. MeTeocTaHums
B cOope nokasana Ha puc. [15.3.

YT1o0bl He ocTaHAaBAMBATLCA HA JIOCTHTHYTOM, MpejsiaraeM BaM paciiipaTh (pyHKIHOHAD
METEOCTaHLIMH H W3y4aTh MPHHLIKMN paboThl HOBLIX YcTpokcTs. Ha caifre electronicparts.ru
B pa3jene Habopsl | MeTeoctanumnn Bbl HaiieTe 10MOAHUTENIbHBIE YPOKH — HarpHMep.
npo nepeaady AaHHBIX O TeMmmeparype W BaaxHocTH no Bluetooth-kanany Ha Bam
cMapThOH WIH NPO NOAKIIOYEHHE KAPThI [aMATH /U1 XpaHeHH JaHHLIX O TeMIeparype.
Bnepeau MmHoro uurepecHoro!
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OnucaHwume
3NeKTPOHHOro apxmuBa

DNEKTPOHHBINH apXMB C MaTepHajlaMH, COMNPOBOKAAIOMIMMU KHHIY, MOKHO CKavaTb
¢ FTP-cepsepa w3narenscrea no ceouike ftp:/ftp.bhv.ru/9785977535502.zip. a takxke
CO CTpaHMWLbl KHUI'M Ha caiite www.bhv.ru.

B apxupe HaxoasaTes cleayIOUMe Nanku:
0 \examples — HCXOAHHKH MPHUMEPOB W NpoeKkToB 21as 730 nns Arduino IDE;

O3 \examples\Android — apxuBbl ¢ alinamu npoektos uia cpeabl Eclipse ana Android u3
enae 13, 16 v 24;

O \libraries — OubanoTekn Arduino, Heronb3yeMbie B MPHMEpPax ¥ MPOeKTax KHHIH U He
BKJIIOYMEHHBIE B cpeay pa3paborku Arduino IDE:;

] \datasheets — JIOKYMEHTAalMA npnw;ﬂnﬂuﬂmcﬁ {daia shcct} Ha paccMaTpUBacMbIe
B KHHIe MUKPOCXeMbl H MOIYIIH,

0 \cxem — 3eKTpHUecKne cxembl B hopmare spl7.



Hayuure
3KCNepUMEeHTUPOBATD
yXe ceroaHa!

Habop «MereocTanuyms»

PazpaboTaH no marepuanam KHWri «[poexTsl C UCnonb-
3osaHWem KoHTponnepa Arduino. — 2-e 1ag.».

HaGop exnovaer:
* nNary ¢ MUKpoxKosTponnepom Arduino™ Nano,
MEKETHYIO NNATY U ANEKTPOHHBLIE KOMNOHEHTBI
ANA BbINONHEHWA IKCNEPUMEHTOB, ONUCAHHbBIX
B KHUre, U co3flaHua pabo4Yux NPoeKToe;

* npoeoaa v kabens USB ana noaxkniovenun K MNK;
* NOLLIAroBoe PyKOBOACTBO,

* NETANW KOPMYyCca ANA CO3[JaHWA METeoCTaHLWK,
* NNacTMACcCOBbIi OpraHaiaep ANA KOMMNOHEHTOB.

Habop «MereocTranyus»
+ KHWra B ofiHO# Kopoobke!
Brniovaetr B8 ceba y4ebHbin Habop «MeTeocTaHumA»

M kHury «[IpOeKTbl € UCNONbL30BaHWMEM KOHTpONnepa
Arduino. — 2-e uan.».

Habop «ba3oBbin»
nnara Arduino UNO
+ KHATra B 0fiHO# KopooOke!

Copepxur nnaty Arduino Uno, ka6enb Ana noaxknioHeHms
K nopty USB, kpaTkoe pykoBOACTBO M KHWMY «[poexTsl ¢
WCNonL3oBaHWeM KoHTponnepa Arduino. — 2-e Mag.».
MpenHasHaveHd ANA NONYYEHWA NEePBMYHBLIX HABLIKOB
nporpaMMupoBaHia u padotsl ¢ Arduino.

- Appeca ans 3aka3a Habopos
www.bhv.ru/books/192858
www.electronicparts.ru/produkts/kits/meteo.html
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