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1.1. Bubnuoteka LED.h

YBaxxaeMblIif TOKynaTeib!

HayuHo-uccenoBaTensckas j1a0opaTopHsi aBTOMATH3alUHM IPOSKTHPOBAHUS
(HIJT AIT) G6rmaromaput Bac 3a MOKyIKy ¥ POCHT COOOIIATh HAM CBOM IIOJKE-
JaHWSA [0 YITYYIIEHHIO STOTO PYKOBOJCTBA MJIM OIMCAHHOW B HEM IPOIYKLHH.
Bamy nmoskenaHust MOXKHO HAIpaBIATh 10 MOYTOBOMY HIIM JICKTPOHHOMY aj-
pecy, a Taxxe coo0maTh 1o Tenedony:

HUIJI AIl, yn. BupxeBoii ciyck, 8, Taranpor, 347900,
Ten.: (8634) 477-040, 477-040,

e-mail: info@rlda.ru « http://www.rlda.ru.

Bbl MOkeTe TaxKe MOJIyYUTh KOHCYJIbTAalUH 110 IPUMEHEHUIO HallleH MpOogyK-
LIUH, BOCIIOJIb30BABIIUCH YKa3aHHBIMHU BBIIIE KOOPAMHATAMH.

[NoxamyiicTa, BHUMATEIFHO M3yYUTE HACTOSIIEE PYKOBOACTBO. JTO ITO3BOJIUT
BaM B KpaTYaWIIM{ CPOK M HAWIYYIINM 0Opa3oM HCIOJIB30BaTh IPHOOpETEH-
HOE M3JICTIHE.

HUJI AII ocrapisier 3a co00# mpaBo M3MEHSATh JaHHOE PYKOBOJCTBO M MOAHM(U-
IPOBATh U3/ens 63 yBeAOMIICHHS TIOKyIIaTeNei.

[pencraBnennyio 3/1ech HHPOPMAIMIO MBI CTAPAIHCh CAENaTh MAKCHMAIBHO TOC-
ToBepHOH U TouHOU, omHako HWUJI AIl He HeceT Kakoi-THOO OTBETCTBEHHOCTH 32
pe3ynbTaT ee MCIOIb30BAHMS, MOCKOIBKY HEBO3MOXKHO TapaHTUPOBATh, YTO JaH-
HOE W3/IeNIie MPUTOTHO IS BCEX Lieliel, B KOTOPBIX OHO TNPUMEHSETCS TOKyIaTe-
JIeM.

[TporpammHoOe obecriedeHre, NOCTaBIsIeMOe B KOMIUIEKTE ¢ MPUOOPOM, MpoaaeTcs
6e3 1opaboTKU AJIs HYX]l KOHKPETHOTO MOKYIAaTesl U B TOM BHAE, B KOTOPOM OHO
CYIIECTBYET Ha JIaTy HPOJaXU.

ABTOpCcKHME TmpaBa Ha mporpammHoe obGecmeuenue, I[IJIK, ToBapHbIi 3HAK
"RealLab!" u Hacrosiee pykoBoacTBo npuHaexar HAJT ATl
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BBepeHue

B kommiekT mocraBku KoHTpoiniepos cepunt MC (manee - "koHTpomep') BXo-
JIIT ONFCAaHHBIE HIDKE OMOIMOTEKH UL pa3pabOTKH MPOrpaMMHOTO odecriede-
HHS TI0NIb30BaTels. bUOIMOTekN npexHa3HaueHb! IS UCIIOIB30BaHMS B cpele
nporpammupoanns Atmel Studio 7. TTocemrsist BepCHst cpeibl IpOrpaMMHPO-
Bauust Atmel Studio 7 moctymHa mis GecruiaTHOTO KOIMPOBAHUS C caiita KOM-
mauun  ATMEL  http://www.atmel.com/tools/atmelstudio.aspx. bubanorexn
taxxe Tectuposanuck B AVR Studio 6 1 AVR Studio 5.

brubnnoTrekn TO3BOMSIOT  YNPaBIsATE yCTPOWCTBOM HMHAMKAImu (nanee-
MHJMKaTOPOM ), AUCKPETHBIMH JIMHUSIMH BBOJIa/BBIBOAA, ()OPMUPOBATH CHTHAJIBI
IINM Ha HEX, ympaBmate uHTepdericom RS485 ¢ mommepkkoil MpOTOKOIOB
DCON u Modbus RTU, a Takxe npoBOAUTH OMPOC 3JIEMEHTOB PYYHOTO YIIPaB-
JeHus (majee KHOMOK), JaTYMKa TEMIEpaTyphbl IUIaThl U MHKPOCXEMBI 4acoB
pearbHOTrO BPEMEHH.

Jlnst KaxkJIoro KOHTpoJUIepa co3/1aH CrelualbHbIN 3aroJoBOYHbIN (aiin onuca-
HHH, TIO3BOJISIFOLIMI NPAaBUILHO CKOHPHUIYPUPOBATH OMOIMOTEKH MO KOHKPET-
Hyl0 MoAuGUKaIlMI0 KOHTpoulepa. B Hauame MCXOAHOTrO TEKCTa HMPOrPaMMEI
HEoOX0MMO 00s3aTeNbHO yKa3aTh THI MOAMGHKALUK KOHTPOJUIEpa, MyTeM
MOAKIIIOUYEHHS COOTBETCTBYIOIIETO 3ar0JIOBOYHOTO (aiina.

Ilepeuens 6GMOMMOTEK KOMITIIEKTA:

e MCI12D4R40.h - ¢aiin koubpurypaumu s Kourtposuiepa MC-
12D4R40;

e MCI12D6R.h - aitn koupurypaunu s koarpourepa MC-12D6R;
e MC1280.h - ¢aiin korduryparmu s koutpouiepa MC-12D80O;

e MC8D2S2R.h - daitn koudurypauuu anst koutposuiepos MC-8D2S u
MC-8D2R,;

e LED.h - 6ubnuoreka asst paboThl C HHAUKATOPOM;
e Key.h - 6ubnuorexa a1 pabOTHI ¢ KHOKAMU KOHTPOJIIEPa;

e |OPort.h - Oubnmoreka mnst paboOTBI € JAUCKPETHBIMU BXOJa-
MH/BBIXO[AMU;

e  Shim.h - 6ubnmoreka s ynpasierus reaeparopom [IIMM curHasos.

e COM.h - 6ubmmoreka qmst paborst ¢ COM-mopTramu KOHTpOIIIEpa 1Mo
npotokoam DCON u Modbus RTU;

4 BuonuoTteku ana MNJK cepun MC


http://www.atmel.com/tools/atmelstudio.aspx

1.1. Bubnuoteka LED.h

e 1Wire.h - 6ubmmoreka mist pabotel ¢ muHoi 1Wire u arerns Temre-
paTyphlI IJIaThI;

e RTC.h - 6uGmnoreka s pabOTH ¢ MUKPOCXEMOM 4acoOB peabHOTO
BPEMEHH,

e Timer2.h — GubnHoTEeKa BCIIOMOTATENBHBIX (GYHKIMHA. 3amedcTByeT
amnmapaTHeId TaliMep-c4eT4uK 2 Juis 0OpaOOTKM COOBITHI HaXKaTH
KHOIIOK, CIIBUra HHIUKaTopa u ¢popmupoBanus curaanos LLINM.

e Menu.h — 6ubnuoTeka co3MaHNs U HABUTALMY 10 MEHIO.

Bce HeoOxomumble OMOIMOTEKH M 3ar0JI0BOYHbIE (hailiibl TOKHBI XPAaHUTHCS B
KOPHEBO#I Manke MPOeKTa WK MyTh K HUM JIOJDKCH OBITh yKa3aH B HACTPOIKax
HPOCKTA.
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1. OnucaHune oudnunoTek

1.1. Buonuoteka LED.h

q)yHKIIHH paﬁOTl)I C HHAUKATOPOM KOHTpPOJLJIEpa

[JanHas OuOiMoTeKa CONEpKUT QPYHKIMU YHPABJICHHUS WHIUKATOPOM M CBETO-
guonoM. QYHKINHU yHpaBJICHHUS WHIUKATOPOM MO3BOJISIOT O00ECIEUHUTh BBIBOJ
Ha WHAWKATOp MH(OPMAINH, 33laHHOM B cUMBOJIBHOM BHze. [Ipn ucnons3oBa-
HUM (QyHKOUH NTaHHOW OMONMOTEKH PEeKOMEHIYETCSl HCIIOJIB30BaTh ONTHMH3a-
MO KOJIa MIPOTPaMMBl. Y POBEHb ONTHMHU3AINN MOKET OBITh IIPOU3BOIBHBIM.

[Ipu ncnonp30BaHNy HYHKIMH UKIAIECKOTO COBUTA HH()OpMAIK HA HHIH-
KaTope (pexuM «Oerymas CTpoKay), B Hadalle HICXOIHOTO TeKcTa (IO TOAKITIO-
yeHus 6HOIHOTeK ) HeoOX0MiMMo 00bsiBUTh AupekTuBy #define TIMER?2.
JlaHHasi KOHCTaHTa BKJIIOYAET B UCXO/IHBIM TEKCT IIPOrpaMMbl 00pabOTYHK Mpe-
pBIBaHUS TaiiMepa-cyeTdrKa 2, Ipu 3TOM B JaJbHEHIeM, He ToMycKaeTcs Te-
penporpaMMHpOBaTh JaHHBIHN TaiiMep-cueTyuk. Eciu 1aHHyro KOHCTaHTy He
00BSBUTH, KOMIIHJISITOP HE BBIACT OMIMOKH, HO IIUKJIMYECKHH CBUT HHPOpMa-
I[UHM Ha UHJUKATOpPE OCYLIECTBIATHCS HE OyIeT.

B Oubmmoreke mpemrycMOTPEHBI CIEAYIONINE KOHCTAHTHI YIPOINAIOIINE HC-
TIOJIb30BaHUE (PYHKITHI.

#define LD_OFF 0 /IKoHcTanTa "BBIKIFOUUTE cBETOAMON"
#define LD_ON 1 //KoncranTa "Brirouuts ceeroguon”
#define LD_SW 2 //Koucranta "Tlepekarounth CBETOANO"
#define ENABLE 1 //KoncrtanTta "BriroyeHo"
#define DISABLE 0 //KoHncrtanrta "BeIkiroyeHo"

Hwxe npeacTaBieHsl MPOTOTUIIBI (PYHKITNH JTaHHOW OMOIHOTEKH.

void LED_Init(void);

OyHKIMS NpeAHa3HaueHa JJI1 MHULUAIW3allMM MHAUKaTopa. be3 mpensapu-
TEIBHOTO BBI30Ba JaHHOW (YHKIWH YIpPaBICHHWE WHINKATOPOM HEBO3MOJXKHO.
JanHas QyHKIMS BBI3BIBACTCS OAMH pa3, NPH MHULIMAIM3aLUK KOHTPOJUIEPA.
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1.1. Bubnuoteka LED.h

Jlns ynpaBiieHHsI CBETOJMOIOM BBI3BIBATH NAHHYIO (PYHKINIO HET HEOOXOIUMO-
CTH.

void LED_Clear(void);

OyHKIMA NperHa3Ha4yeHa JUId OYMCTKH HMHAUKatopa. Ilocie BBINONHEHUS
¢yakonn, DDRAM mamsTe WHAWKaTOpa 3aloNHSAETCS CHMBOJAMH Mpodera
(xox 0x20), mo3uwust Kypcopa 1 CABUT MHIMKATOPa He U3MEHSIOTCS.

void LED_Return_Home(void);

OyHKIUA NpeAHa3HadYeHa Ui cOpoca CIBUTA HHAMKATOpPA U YCTAaHOBKH Kypco-
pa B JIeBbId BepxHHUH yroi. H(popMalys Ha MHIUKATOpE MIPY 3TOM He yIajseT-
csl.

void LED_CursorEnable(uint8_t EN);
OyHKINSA BKIIOYCHIE/BEIKITIOUEHIE 0TOOpaXKeHHS Kypcopa.

Ilapamemprur:

EN — ¢nar ynpasnerns xkypcopom. [Ipu 3HaueHnu 0 xypcop He oToOpakaeT-
cs1, TIipu JII0O0M IPpyroM 0ToOpa>kaeTcsl.

Ecnu xypcop HaxoguTcs 3a mpeienaMy BUIMMOM B JaHHBIH MOMEHT OONacTH
MHJIMKAaTOpa, TO OH 0TOOpaXkaThCsl He Oy/eT, 1MoKa He MONaieT B BUIUMYIO 00-
JIACTh, IyTEM CIIBAI'a HHAMKATOpA MJIM CaMOro Kypcopa.

void LED_SetPos(uint8_t Y, uint8_t X);

(DYHKI.II/ISI npeaHa3HavucHa Ui YCTAHOBKH KypcCopa B 3alaHHYIO ITO3UIUIO. Ecmn
B TAaHHOH IMO3WIIMK HAXOAWUTCS KaKOH-IINOO CHMBOI, OH OyAeT 0TOOpakaThCsl C
MPEPHIBUCTHIM CBeueHneM (Murath). CaMm Kypcop, B clydae aKTUBAIMHU, TAK XKe
Oyzet oToOpaxaTbCs MPEPHIBHICTO.

Hapamempror:
Y — HoMep cTpoku. Cuet cTpok BeaeTcst cBepxy BHU3 ¢ 0 1o 1.
X — "HoMep cronbia. Cuer cTond1moB BeaeTcs ciaeBa Hampaso ¢ 0 10 63.

HCO6XO}II/IMO YUYUTBIBATh, YTO Ha HWHAWKATOPE OIHOBPEMEHHO MOXKET 6BITB
0TOOPaXKEHO TOIBKO 2 CTPOKH MO 16 CHMBOJIOB B KaXKOH.

Bubnuotekn ansa MNJK cepun MC 7



void LED_Write_String(char *buf);

CDyHKLII/IH OCYIICCTBJIACT BbIBOJ TEKCTOBOM CTPOKHU B TCKYIIYIO MO3UIUIO KYyP-
copa. KprOp AaBTOMAaTHYCCKU GYILGT CMCIIICH BIIPaBO HAa KOJIUYECTBO CUMBOJIOM
B CTpPOKE.

Ilapamempeor:

*buf — cTpoka cMMBOJIOB BbIBOgMMas Ha WHAMKATOp. CTpOKa MOKET OBITH
3a7aHa B Ka4yeCcTBE MacCHBA CHMBOJIBHBIX [IEPEMEHHBIX MIIM YKa3aHa Helocpe-
CTBEHHO B BHJE CTPOKOBOW KOHCTAHTHI. I[IpHM3HaKOM OKOHYAHHS CTPOKH IO
craanapty s3pika CU sBnsercs cumBon ¢ ASCII xomom 0X00 (HyIb-CHMBOI).

Ecnm mo3umust Kypcopa HaXoAWTCS HE B BUANMOM 00J1aCTH HHAWKATOPA, PAaBHO
KaK ¥ €ClIi CTpOKa He MOMEIIAeTCsl TOJIHOCThIO B BUIUMYIO 00J1acTh, 0TOOpa-
JKEHBI OyIyT TOJIBKO T€ CHMBOJBI, KOTOPbIE yMEIIAIOTCS B JaHHYIO 00JacTb.
OnHaKo, OCTaNbHBIE CUMBOJIBI OYAYT pa3MelleHbl B ONEPaTUBHOW MaMSATH WH-
JUKATOPa, U MOTYT OBITh BBIBEJICHHI B JaJIbHEHIIIEM ITyTeM CIBUTa HHANUKATOPA.

OTtob6pakaemasi CTpoKa He JI0JDKHA MpeBbImaTh 64 cumBosa. Ecnu aimuHa ctpo-
KU [IPEBBICUT JAHHYIO BEJIUYUHY, BCE JIMIIIHIE CUMBOJIBI OYAyT OTOPOIICHEL.

B ciydae ecnm cymMMa TOPH3OHTAIBHOW MO3WIMU Kypcopa M JUIMHBI CTPOKH
npeBbIcuT 64 6aiiTa, TO JaHHBIE OYIYT aBTOMAaTHYECKH NMEPEHECEHBI Ha CMEX-
HYIO CTPOKY.

void LED_Cycle_Shift(char time);
DYHKIUSA OCYIIECTBIACT 3aIyCK HUKIMYECKOTO CABHUTA CTPOKH (peXuM «bery-
ast CTpOKay).

lapamempeol:

time — wmHTEpBaN BpeMEHH 110 UCTCUYCHHUH KOTOPOTO JUCIUICH OyIeT CABUHYT
Ha | pa3psa. PakTHUECKH XapaKTepH3yeT CKOPOCTh IBIDKCHUS TEKCTa B «Oe-
rymeit ctpoke». OqHa equHMIa cooTBeTcTBYeT 10 Mc. IIpu 3HaUeHHM apryMeH-
Ta paBHOM HYJIIO, JABM)KEHHE OcTaHaBimBaeTcs. s koM(opTHOro BU3yalbHO-
ro BocHpusATHs MH(POpManMK Ha WHIUKATOpE, 3HAUEHHE IapaMerpa JO0JDKHO
OBITH B paiione 20-25 equHuI.
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1.1. Bubnuoteka LED.h

void Led(char power);

@DyHKOUS MO3BOJSAET BKIKOYNTH WIIH BBIKIIOYHTH CBETOJMO/ Ha JIMIEBOH IaHe-
71 KOHTPOJLIEpa.

Ilapamempur:

power — mapaMeTp ynpapJsomuii cocrosHueM cBetoanona (0-BBIKIIOYNTS, 1-
BKJIIOYHTD, 2-TIEPEKIIOYUTH). [IepeKTiOueHIE OCYIIECTRISCT BKIIOYCHHE CBE-
TOJMO/a, €CJIM OH OBLT BHIKJIIOYEH M HaoOoport. [yt ynodcTBa paboThHI ¢ AaH-
HBIM [TapaMeTPOM I1e71eco00pa3HO IPUMEHITh KOHCTAHThI, ONTMCaHHbBIC B HaYaje
pasnena.

IIpumep LED_1:

JanHas mporpamMma BEIBOIWT Ha WHIWKATOP [IBE TEKCTOBBIX CTPOKH. [lepBas
CTpOKa TPEBHIMIACT AOIYCTUMYIO IIHHY 64 CHMBOIIA, TIO3TOMY JIHIITHHE CHMBO-
7Bl oTOpackBatoTes. Taroke mporpaMma OCYHISCTBISIET MEPEKIIIOYCHNE CBETO-
nuona ¢ uarepsanoM 500 mc.

#define F_CPU 14745600UL  /*CrangapTHasi KOHCTAaHTa 33/Iaf0Iast YaCTOTY MUKPOKOHTPOJLIE-
pa*/

#include "MC12D4R40.h" //Tun KoHTpoIUIepa
#define TIMER2 //KoncTtanTa pa3peraomas GyHKIusIM GHOTHOTEKH HCTONB30BaTh TaiiMep 2

#include <avr/io.h> //CtanmapTHast OHOIHOTEKa BBOAA-BEIBO/A
#include "LED.h" //Bubnmoteka pabotsl ¢ LED nucrneem

It
int main(void)
{

LED_Init(); //VIHAIMamM3anus HHIIKaTopa

LED_SetPos(0,0);  //YcraHoBKa Kypcopa B JIEBYIO ITO3HIMIO BEPXHEl CTPOKH

//BBIBOZ COOOILICHUS HA UHIUKATOP

LED_Write_String("HayuHo-uccneioBaTenbekast 1abopaTopus aBTOMAaTH3aINH ITPOEK-
THpOBaHHsA");

LED_SetPos(1,0); //YcramnoBka Kypcopa B JIEBYIO MO3HIMIO HIKHEH CTPOKH

//BBIBOZ COOOILICHUS HA UHUKATOD
LED Write String("o01iecTBO ¢ OrpaHHYeHHON OTBETCTBEHHOCTHIO");
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LED_Cycle_Shift(25);/*3amyck unkiangeckoro cipura HHIUKAaTOpa ¢ HHTEpBaIoM 250

mc*/
while(1) //BeCKOHEUHBII ITUKIT
Led(LD_SW); //TlepekioueHne CBETOHOAA
_delay_ms(500);
}
}
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1.2. Bubnuoteka Key.h

1.2. Bubnuoreka Key.h

DyHKIUH PadoThI ¢ KHONKAMH KOHTPOJLIepa

OyHKIMU AaHHOW OMOIMOTEKH MO3BOJISIOT ONPEACNATh COCTOSHUS KHOIOK
KoHTpoJutepa. OTAENBHO A KaXKI0W KHOIKHA MOXKHO BKJIIOUUTH PEXKHM (K-
caly HaXKaTHs, KOTOPHIA OyZeT moapoOHO OmHcaH HIXKE.

B Oubnmorexe mpemrycMOTpEeHbI CIENyIOmHe KOHCTAHTHI YNPOIIAIONINE HC-
MOJTb30BaHNE (PYHKIUH.

#define UP [*Kuomka B coctostann «He Haxata» */
#define DOWN
#define LATCH_ON
#define LATCH_OFF

/*Knonxka B cocrosuun «Haxara» */
[*Bxarounth HUKCAINIO KHOTKH™/

[*BBIKIIOYHTS (HUKCAINIO KHOTIKH™/

[Ipn ucnonb3oBaHMM pexuMa (GpUKCAIMU HaXKaTHsl, B HadaJle HCXOJHOTO TeKCTa
(mo monkrovYeHUsT OMOITMOTEKH) HE0OX0IMMO 00BIBUTH KOoHCTaHTY T IMER2,
KOTOpast BKIIOYaeT B HCXOHBIM TEKCT MPOTpaMMbl 00pabOTIHK TIPEPHIBAHUS
Taiimepa-cuetyuka 2. [Ipu aTOM B anbHeilleM, He JOMyCKaeTcs: Nepernpo-
rpaMMHUpPOBATh JaHHBIN TaiiMep-cueTyrk. Ecim naHHyr0 KOHCTaHTY HE 00bs-
BUTb U BKIIFOUUTB PEXUM (DUKCAIMU HAXKATHS1, KOMITMIATOP HE BBIJACT OIINO-
KH, HO KHOIIKA OIpaIuBaThecs He OyaeT. [IpuMep oObABICHNS KOHCTAHTHI,
BKJTIOYAIOIIEH B UCXOIHBIN TEKCT MPOTrpaMMBbl 00pabOTUHK MPEePHIBAHMS Tali-
Mepa-cueTuuKa 2.

#define TIMER2  /*[oaxmounTts 06pabOTYKMK MPEphIBaHUS Talimepa 2*/

#include "Key.h"  //Moaknrounts 6MOIMOTEKY PaOOTHI C KHOIKAMH

I[anee MpeACTAaBJICHBI ITPOTOTHUIIBL q)yHKIII/Iﬁ JUIA OIIPEACJICHUS COCTOSIHUSA KHO-
IIOK.
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void Key_Init(char sw);

OyHKIMS NPOBOAUT MHUIMAIU3ALUI0 BXOJHBIX JIMHUN KHONOK. Taxxe, B ciy-
Yae eciM BKIIOYCH PeXUM (PUKCALUH HaXaTHsl, PYHKIHS IPOBOAUT MHULIAAIIHU-
3aluI0 TaliMepa-cueTduka 2, 3aJeHCTBOBAHHOIO B ONPOCE COCTOSIHUS KHOIIOK.
be3 mpenBapuTenbHOrO BBI30BA JAaHHOW (YHKIMH, KOPPEKTHOE OIPEAEICHHE
COCTOSIHMSI KHOIIOK HE BO3MOXHO. JlaHHYI0 (PYHKIHIO IOCTaTOYHO BBI3BAaTh
OIIMH pa3 IIPU WHULOHATU3anuu KoHTpoiurepa. CyIecTBYIOT [Ba pexnma pado-
TBI KHOIOK: TEKYILEE COCTOSHHUE U ¢ (UKcalell Ha)kaTus KHONKHU. B pexnme
TEKYIIEro COCTOSHUS, (PYHKIMS YTEHUS cTaTyca KHOIIKH Bo3BpamiaeT «0», eciu
KHOIKA B JJaHHBIII MOMEHT OTITyIIeHa, U «1» ecnu kHomka Haxara. [Ipu Haxa-
THUH KHOIIKH, paboTalolIell B pexxuMe ¢ (pUKcalue HaXKaTHsl, yCTaHABINBACTCS
CreUajIbHbIN (h1ar, KOTOPBIH CYMTHIBACTCS KaK CTaTyCc KHOMKH. JlaHHbIH ¢uar
cOpachIBaeTCsi aBTOMaTHYECKU MOCJIE KKIOTO BBIMTOJHEHHS! (QYHKIMH YTCHHS
CTaTyca KHOIIKU.

Pexxum ¢ Qukcanmeil mo3BossieT onpeaessTh COCTOSHHE KHOIOK, He MOJIb3YsICh
MOCTOSIHHBIMH IIMKIMYECKUMH OIPOCaMHM, YTO MOXKET OBITh ITOJIC3HO B CHCTe-
Max peajbHOT0 BpeMeHH. Taxke JTaHHBIH PeKUM MO3BOJISIET H30eXaTh A derTa
«apebe3ra KOHTaKTOB» M HE NMPUMEHSATH JOMOJHHUTEIBHBIX Mep 1Mo Oophde ¢
HUM. PeXHM TeKyIero coCTOSIHUS KHOIOK IPENOCTaBIsIET OOBIIYI0 CBOOOILY
JEUCTBHH M MOXKET OBITH MOJIE3€H, KOTAa HEOOXOIMMO ONPENEIUTh HE TOJIBKO
Ha)kaTue, HO W yAep’KaHWe KHOMKH WM Korja TpeOyeTcs pas3JelnsTb COOBITHS
Ha)XaTH U OTIYCKaHUs KHONKH. ITo yMoidgaHHIO y BCEX KHOIMOK BKJIIOUEH pe-
KM TEKYIIETO COCTOSIHUS KHOTIKH.

Iapamempror:.

SW — mapamerp, BKJIIOYAOIMNA/OTKIIOYAONIMNA PEXUM (HUKCALMUA KHOIKH.
ITpu HyneBOM 3Ha4eHHUHU HapameTpa, OyJeT BKIIOYEH PEKHUM TEKYIIETo COCTOs-
HUSI KHOIIKH, TIPH JIFOOOM JIPyroM 3HaYeHUH, OyAeT BKIIOYEH PeXuM (QHUKcAUN
Haxkatus. [ ynoOcTBa ykazaHUs JaHHOTO MapaMeTpa Ie1ecoo0pa3Ho MmpuMe-
HSTb KOHCTAHTBI, OIIMCaHHBIE B HaYalle pa3zena.

char Key(char key);

OYHKIUSA MO3BOJSIET MPOYUTATh COCTOSHUE BBIOPAHHOW KHONIKH (Ha)Kata HIIH
OTITyII[EHa) B PEKUME TEKYIIETr0 COCTOSHUS KHONKH. B ciryuae, ecnu BKIIOUEH
pexuM (UKCarMM HaXaTus, JaHHAS (QYHKIHS NMPOU3BOAUT YTEHHE CIICLHAIIb-
HOro (ara, KOTOPBII yCTAHABIMBACTCS aBTOMATHYECKH, KOTJIAa MPOUCXOIUT
Ha)kKaTHe U cOpachIBaeTCs 1O 3aBEPIICHUH BHITIONHEHHS JAaHHON ()YHKITHH.
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1.2. Bubnuoteka Key.h

Ilapamempur:

key - HOMep KHOIIKH, COCTOSHHE KOTOPOW HEOOXOIMMO Ompenenuts. Moxer
npuHAMaTh 3HadeHns or 0 mo 3. Hymepamus KHOIOK Ha KOHTPOJUIEPE HIAET
CrpaBa HaJeBoO.

Bo36pau4aeMoe 3Havenue:

OyHKOMSA BO3BpAIIAET COCTOSHHWE KHOMKH win (rara ¢ukcanmu. [Ipu ortmy-
IIEHHOHM KHOIIKE BO3BpalllaeMOe 3HaueHHWe OYyAET paBHO HYIIO, NIPH HAXKATOH
eaunuue. st ynoOcTBa paboThl ¢ JaHHBIM IApaMETPOM ILienecoo0pa3Ho IpH-
MEHSTh KOHCTaHTHI, ONMCAaHHBIC B Hadaje pa3jena.

IIpumep Key_1:

[JlaHHas mporpaMma IPOBOJIUT ITOCTOSIHHBIM OIPOC COCTOSHUS KHOIIOK U BBIBO-
JUT pe3ynbTaT Ha MHIUKATOp. B ciydae eciim KHONKa Ha)aTa, COOTBETCTBYIO-
muil paspsn MHAMKaTopa OyneT oToOpaskaTh €IMHUILY, B IPOTHBHOM Cilydae
HOJIb.

#define F_CPU 14745600UL  /*CranpapTHasi KOHCTaHTA 3a/Iat0lasi YaCTOTY MUKPOKOHTPOJLIE-
pa*/

#include "MC12D4R40.h" //Tun KOHTpOILIEpa
#define TIMER2 //KoHcTaHTa paspelmaromas GpyHKIHAM OHOITHOTEKH HCIIONB30BaTh TaiiMep 2
#include <avr/io.h> //Cranpmapraas Gubnioreka BBOJa-BbIBO/IA
#include "LED.h"  //Bubnunorexa pa6orsl ¢ LED jucruieem
#include "Key.h" //BubnunoTeka paboThl ¢ KHOIKAMH
int main(void)
{
LED_Init(); //VIHAnnan3anus HHIIKATopa
Key_Init(LATCH_OFF); //VIHAIMaIM3anus KHOOK
char buf[5]={0,0,0,0,0};
while(1)
LED_Return_Home(); /[Kypcop MHIuKaTopa B Hayaso SKpaHa
buf[0]=Key(3)+0x30; /ICocTosime neBOi KHOTIKA

buf[1]=Key(2)+0x30;
buf[2]=Key(1)+0x30;
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buf{3]=Key(0)+0x30; /ICocrostHue paBoil KHOIIKK
LED_Write_String(buf); //OT00pa3uTh Ha SKpaHe

_delay_ms(100); //3amepxka Ha 100 Mc

Mpumep Key_2:

JlaHHas nmporpaMma JIeMOHCTPUPYET UCTIOJIb30BaHHE KHOMOK AT BBOJA KaKUX-
0o mapameTpoB. Ha nHAMKAaTOp BRIBOAMTCS YHCIOBOE 3HaUeHue. [Ipu Haxa-
THH Ha KHOIIKY 3, 3HaueHHe yMeHbmaercs Ha 10. IIpu HaxaTuu Ha KHOTIKY 2,
3Ha4YeHHe yMeHblnaercs Ha 1. [Ipu HakaTHM Ha KHONKY 1, 3HaYeHUE YBEIUYH-
BaeTcs Ha 1. [Ipu HaxxaTuu Ha kHONKY 0, 3HaueHue yBenuduBaercs Ha 10.

#define F_CPU 14745600UL  /*CrangapTHasi KOHCTAaHTa 33/Iaf0IIast YaCTOTY MUKPOKOHTPOJLIE-
pa*/

#include "MC12D4R40.h" //Tur KOHTpOIIepa

#include <avr/io.h> //CrannaptHast OMGIMOTEKa BBO/Ia-BbIBOJIA

#include "LED.h" //bubnroteka pabotsl ¢ LED nucruieem

#include "Key.h" //brubnuotexa pabOTHI ¢ KHOITKaMU

#include<stdio.h> /*CrangapTHas OMOIHOTEKa BBO/IA-BBIBO/A (B JTAHHOM TIPHMeEpe

WCTIONB3yeTCs [ TpeoOpa30BaHMs YHCIOBOTO 3HAUCHHS B CTPOKY)™*/

int main(void)

LED_Init();

Key_Init(LATCH_OFF);

char buf[7];

int Count=0;

while(1)

{
LED_Clear(); /IO4ncTKa HHIKATOpA
LED_Return_Home(); //Y cTaHOBKa Kypcopa B Hayajlo HHANKAaTopa
if (Key(3)==DOWN) Count-=10; //Onpoc xuomku 3
else if (Key(2)==DOWN) Count--; /[Onpoc kHOTIKM 2
else if (Key(1)==DOWN) Count++; /[Onpoc xuonkw 1

else if (Key(0)==DOWN) Count+=10; //Onpoc xuomku 0
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1.2. Bubnuoteka Key.h

sprintf(buf,"%d",Count);
LED_Write_String(buf);

_delay_ms(100);

//MIpeobpa3oBaHus YKCIIa B CTPOKY
//BBIBOZ CTPOKH Ha HHJHKATOD

//3anepxka

Bu6nuoTteku ana NJK cepun MC
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1.3. Bubnuoteka IOPort.h

q)yHKIIHH YupaB/jieHUSI TUCKPETHBIMHA BXO0AaMHU-BbIX0JaMH KOHTPOJLJIEpa

OYHKIUN TaHHOH OMONMOTEKH NpPEAHA3HAYCHBI JJIS HACTPOMKH IUCKPETHBIX
BXO/JIOB-BBIXOJIOB KOHTPOJIJIEpA U OCYIIECTBICHUS UX UTEHUS U YCTAHOBKH.

Jis ynoOctBa HCmoNb30BaHMsS (YHKIUH B JAHHOW OHONIMOTEKE OOBSBICHBI
CJICJIYIONINE KOHCTAHTHI:

#define LOW 0 [*Huskoe cocTosaue JIMHUN™*/
#define HI 1 [*Bricokoe cocTostHue THHUN*/
#define SW 2 [*TlepexsrounTh COCTOSIHUE JTUHUN*/

[Janee mpencraBieHsl MPOTOTUNB (PYHKOWI U1 yNpaBlCHUS TUCKPETHBIMH
BXOJ[AMHU-BBIXOJaMH.

void 10_Init(void);

q)yHKHI/ISI OCYHIECTBJIACT MHUIUATIN3AUIO JUCKPETHBIX BXOOOB-BbIXOOB. bes
MIpeBapUTEIHHOTO BBI30Ba AAHHOW (QYHKIMH paboTa ¢ AMCKPETHBIMHM BXOJa-
MMU-BBIXOJaMHU HEBO3MOXXHaA. JlaHHyIO (I)yHKHI/IIO JOCTAaTOYHO BbI3BATH OJUH pas,
[pyu MTHUHAJTIU3allu KOHTPOJIJIEPA.

uint8_t Input_Read(uint8_t Line);
qDYHKI_II/ISI OCYHICCTBJIACT YTCHUC COCTOSHUA YKA3aHHOT'O JUCKPETHOI'O BXOOa
KOHTpOJIIepa.

llapamempuoi:
Line — HOMep CUMTHIBAEMOTO JUCKPETHOTO BXO/IA.

Bo36pau4aemoe 3HaYyerue.
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1.3. BubnuoTteka IOPort.h

@DyHKOHS BO3BPAIAET COCTOSIHUE HMPOYMTAHHOTO THCKpeTHOro Bxoxaa. Homb
COOTBETCTBYET HM3KOMY COCTOSIHMIO Ha BXOJE, CAMHHIA COOTBETCTBEHHO BBI-
COKOMY.

int Input_Read_All (void);
(I)YHKI.II/I}I OCYIIECTBIIET YTECHHUE COCTOAHHA BCEX AUCKPETHBIX BXOOOB KOH-
TpoJuiepa.

Boaepawae/woe 3Ha4yenue:

DyHKIMS BO3BpAIlaeT COCTOSHHE NMPOYUTAHHBIX AUCKPETHBIX BXOAOB. Miajn-
IeMy pa3psily COOTBETCTBYET HYJIEBOM NTUCKpETHbIN Bxol. Honb cooTBeTCTBY-
€T HU3KOMY COCTOSIHUIO Ha BXOJIe, €AMHUIA COOTBETCTBEHHO BHICOKOMY.

int Input_Led(void);

OyHKIHUS BBIMOJIHIET YTEHHE COCTOSIHUS BCEX MUCKPETHBIX BXOJOB IPU MOMO-
mu ¢yukiun Input_Read All u ocymiecTBisier ux BBIBOA HAa MHAMKATOP B
JBOUYHOM (popMmarte (Kaxkblii BXOJI IPEICTABICH OTACIbHO U MIOMUCAH).

Bosepau;aefwoe 3Ha4enue:

DyHKIMS BO3BPAIACT COCTOSHUE IPOYUTAHHBIX JUCKPETHBIX BXOAOB. Mian-
HieMy paspsily COOTBETCTBYET HYJIEBOM AUCKPETHBIN BXOM.

void Output_Werite(uint8_t Line, uint8_t Status);
DyHKIMS OCYLIECTBIISIET YIIPABIECHUE YKa3aHHBIM JUCKPETHBIM BBIXOJIOM.

Hapamempeor:
Line — HoMep AMCKPETHOTO BBIXO/IA.

Status — cocTosiHMe TUCKPETHOTrO BBIXOAA. JlaHHBIN MapaMeTp MOXKET IPHHU-
Marth CIeIyIOINe 3HAUCHHS:

O'YCTEIHOBI/ITL HI/ICKpCTHHﬁ BbIXO0J B HU3KOEC COCTOSAHHUC,
1'YCTEIHOBI/ITL HI/ICKpCTHHﬁ BbIXO0 B BBICOKOC COCTOSIHHUC,
2-U3MEHHUTH COCTOSHUE JUCKPETHOI'O BbIX0Ja Ha IPOTHUBOIIOJIOKHOC.

Jis ynoOcTBa paboThl ¢ TaHHBIM TapaMeTpoOM IIeJIeCO00pa3HO MPUMEHSITh KOH-
CTaHTHI, ONTMCAaHHBIC B HAYaJle pa3jena.
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void Output_Write_All(uint8_t data);
CDyHKLII/IH OCYHICCTBJIACT YIIPaBJICHUEC Cpa3dy BCEMU AUCKPCTHBIMU BbIXOAAMMU.

lapamempror:

data — 3HaueHHe OoTmpaBIsIeMOe Ha JUCKPETHBIC BHIXOABI. HyrneBomy paspsiy
apryMeHTa COOTBETCTBYET HYJIEBOH BBIXOI.

uint8_t Output_Read(uint8_t Line);
OYHKIUS CUUTHIBAET PAHEE YCTAHOBICHHOE COCTOSIHUE YKa3aHHOI'O IUCKPET-
HOIr'o BbIXO4a.

Ilapamempror:
Line — HOMep AUCKPETHOTO BBIXOJIA.
Bozepawaemoe 3nauenue:

CDyHKHI/I)I BO3BpalIacT COCTOAHNUE YKAa3aHHOT'O JUCKPETHOI'O BbIXO/JAa.

uint8_t Output_Read_All(void);
(I)YHKI.II/ISI CUHUTBIBACT paHCC YCTAHOBJICHHOC COCTOSHUC BCCX NUCKPCTHBIX BbI-
XOJIOB.

Bosgpau;ae/woe 3HA4YeHue.

OYHKIUSA BO3BpAIIAET COCTOSHHE paHee yCTAaHOBJICHHBIX JHCKPETHBIX BBIXO-
JOB. Mmaammwii OUT COOTBETCTBYET MIIAIIIEMy JUCKPETHOMY BBIXOIY.

Mpumep I0Port_1:

JanHast mporpamma oToOpakaeT Ha MHAUKATOPE COCTOSIHUE BCEX NHUCKPETHBIX
BXOJIOB, HCITOJIb3YsI CIICIIMATM3UPOBAHHYIO ()YHKIIHIO.

#define F_CPU 14745600UL  //CranpmapTHasi KOHCTaHTa 3a/1afolasi 4acTOTy MHKPOKOHTpOJUIEpa
#include "MC12D4R40.h" //Tun KoHTpoMIEpa

#define TIMER2 /*KomncranTa paspemmaromas GyHKIHIM OUOIHOTEKH HCIIOIb30-
BaTh Taiimep 2*/
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1.3. BubnuoTteka IOPort.h

#include <avr/io.h> //CtanmapTHast OMOIHOTEKa BBOAA-BBIBO/A
#include "LED.h" //Bubnmoreka pabotsl ¢ LED nucruieem
#include "1OPort.h" //BubnroTexa paboThI ¢ TUCKPETHBIMU BXOAaMH/BBIXOAAMH

int main(void)

LED_Init(); //VIHMnpanu3anus HHANKATopa
10_Init(); //MHULMAIM3a st JUCKPETHBIX BXO/I0B-BBIX0/I0B
while(1) //BeCKOHEUHBII UK IIPOTrPaMMbI
{
Input_Led(); /*BbI30B (DYHKITHHU OIIPOCA AUCKPETHBIX BXOJOB U OTO-

OpakeHHUs UX COCTOSIHUSI Ha MHIUKaTOpe™/

Led(LD_SW); //TIepeKITFOUHUTS CBETOHOL
_delay_ms(500); //TIporpaMMHast 3a/iepiKKa

Mpumep 10Port_2:

I[aHHaH nporpamMmma 0T06pa>i<aeT Ha MHAUKATOPE COCTOSAHUC BCCX NUCKPCTHBIX
BXOJ0B, UCTTOJIB3YH beHKLII/IIO OAWHOYHOI'O YTCHUA NUCKPCTHBIX BXOIOB.

#define F_CPU 14745600UL  //CtanmapTHas KOHCTaHTa 3a/1atolasi 4acTOTy MUKPOKOHTPOJLIEPA
#include "MC12D4R40.h" //Tun KoHTpoJLIepa

#define TIMER2 /*KoHcTanTa pasperaromniasi pyHKIUIM GUOIHOTEKN UCTIONB30-
Bath Taiimep 2*/

#include <avr/io.h> //CrannapTHast 6GUOIMOTEKA BBO/IA-BBIBOJIA
#include "LED.h" //bubmmotexa pabotsl ¢ LED nucreem
#include "1OPort.h" //BubnoTeka paboThl ¢ JUCKPETHBIMU BXOIaMH/BBIXOJaMU

int main(void)

uint8_t temp; //BcrioMorateibHbIe IEpEMEHHBIE

LED_Init(); //VIHAIHAIH3anUsT HHIAKATOpa

10_Init(); //VIHUIHATIN3AHs TUCKPETHBIX BXOOB-BBIXO/IOB
while(1) //BeCKOHEUYHBII UK TIPOTPAMMBbI

{

LED_SetPos(0,0);  //YcraHOBHTB Kypcop B BEpXHHIT JICBBIi yroi
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for (temp=0; temp<12; temp++) //BBIBOJI COCTOSIHHSL BXOJIOB

[*Ecnu normyeckas "1"*/

if (Input_Read(temp)) _LED_Write_Byte('1");

[*unaue, nornyeckuii "0"*/
else _LED_Write_Byte('0');

Led(LD_SW); //TIepeKIIOUnTh CBETOHO/
_delay_ms(500); //TIporpamMMHasi 3a1epKKa

Mpumep I0Port_3:

JlanHas mporpaMma NEepHOAUYECKH MEePEeKIII0YaeT JUCKPETHBIE BBIXOABI (Oery-
Imasi €AMHUNA) U 0TOOpaXKaeT X COCTOSIHAE HA HHANKATOPE.

#define F_CPU 14745600UL  /*CrangapTHasi KOHCTAaHTA 3a/Iaf0IIast YaCTOTY MUKPOKOHTPOJLIE-
pa*/

#include "MC12D4R40.h" //Tur KOHTpOIIepa

#include <avr/io.h> //CrannapTHas OMGIMOTEKA BBO/Ia-BBIBOJIA

#include "LED.h" //bubmotexa pabotsl ¢ LED nucreem

#include "10Port.h" //BubinoTeka paboThI ¢ JUCKPETHBIMU BXOIaMH/BBIXOaMU

int main(void)

LED_Init(); /[Nnunuanusanus MHIEKaTopa

10_Init(); //VIHAIMamM3anys JUCKPETHBIX BXOJOB-BBIXOI0B
char output=1; //TlepemeHHas [ yIpaBIIeHHs BXOAAMH

int temp; //BcrioMoraternbHast IepeMeHHast

char buf[9]={0,0,0,0,0,0,0,0,0}; //Ctpoka mist oTOOpakeHHs HA HHUKATOPE

while(1) //BeCKOHEUHBII LUK

{
Output_Write_All(output); //BeiBecTr 3HaUeHHE HA TUCKPETHBIC BBIXO B
Led(LD_SW); //TIepeKIIOUNTh CBETOIHO/
LED_Return_Home(); //Y cTaHOBKA Kypcopa B HAYAIO HHIUKATOPa

for (temp=0; temp<8; temp++) /*CdopmupoBath CTPOKY C COCTOSHHEM
JIUCKPETHBIX BBIXOZOB*/

{
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1.3. BubnuoTteka IOPort.h

buf{temp]=((output>>(7-temp)) & 0x01)+0x30;

LED_Write_String(buf); //BBIBOZ CTPOKH Ha HHJHKATOD

output=output<<l; //IlepexItounTcs Ha CICAYIOMNHA AUCKPETHBIH BHIXOX

if (output==0) output=1; /*Eciu JOCTUrHYT MOCIEHUN BBIXO/, Ile-
peiiTu Ha Havano*/

_delay_ms(500); //TIporpaMMHast 3a/iepKKa

}

Ipumep 10Port_4:

JlanHast mporpaMma, Ipyu Ha)kaTUM Ha OJHY U3 KHOIIOK, IEPEBOJUT COOTBETCT-
BYIOLIMI € JUCKPETHBIA BBIXOJ B IIPOTHBOIIOJIOKHOE COCTOSHUE, IIPU 3TOM
TEKYIIIee COCTOSTHIE ANCKPETHBIX BBIXOJ0B OTOOpa)XaeTcs Ha MHANKATOPE.

#define F_CPU 14745600UL  /*CrangapTHasi KOHCTaHTa 33/IAf0Iast YaCTOTY MUKPOKOHTPOJLIE-
pa*/

#include "MC12D4R40.h" //Tun KOHTpOILIEpa

#include <avr/io.h> //CranpaptHas 6GUOIMOTEKA BBO/IA-BbIBOJIA

#include "LED.h" //Bubnuoteka pabotsl ¢ LED nucrneem

#include "10Port.h" //BubimoTeka paboThI ¢ JMCKPETHBIMU BXO/1a-MHU/BBIXO/IaMH
#include "Key.h" //BubanoTeka paboThl ¢ KHOTIKAMHU

int main(void)

LED_Init(); //MHMIMaTN3a1Us] MHUKATOpa

10_Init(); //VIHAInaIM3anus JUCKPETHBIX BXOJOB-BBIXOI0B
Key_Init(LATCH_OFF); /[Mnunuanusanus KHOIOK

char output=0; //TlepemMeHHast TSl yIPaBICHHS BXOIaMH

int temp; //BcrioMoratenbHast IepeMeHHast

char buf[9]={0,0,0,0,0,0,0,0,0}; //Ctpoxka st oTOOpakeHHs Ha HH-UKATOPE

while(1) //BeCKOHEUHBIH UK
LED_Return_Home(); //Y cTaHOBKA Kypcopa B HAYAIO HHANKATOPa
output=Output_Read_All(); /*YTeHne TEKYIIEro COCTOSIHUS TUCKPETHBIX
BBIXOZOB*/

for (temp=0; temp<8; temp++) /*CdopMUpoOBaTh CTPOKY C COCTOSIHHEM
JIICKPETHBIX BBIXOTOB*/

{
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buf[temp]=((output>>(7-temp)) & 0x01)+0x30;

LED_Write_String(buf); //BBIBOJ] CTPOKH Ha MHMKATOP

if (Key(3)==DOWN) //Omnpoc xuonKHM 3
while(Key(3)==DOWN); //OxuaHue OTIYCKaHKs KHOTIKH
Output_Write(3,SW); //TlepexitoueHre TUCKPETHOTO BBIXOIA

}

if (Key(2)==DOWN) //Onpoc kHOTIKM 2

{
while(Key(2)==DOWN); //Oxupanme OTIyCKaHus KHOTIKH
Output_Write(2,SW); /TlepekitoueHne AUCKPETHOTO BBIXO/A

}

if (Key(1)==DOWN) //Omnpoc xuonku 1

{
while(Key(1)==DOWN); //O>kuaHue OTITyCKaHUS KHOIIKH
Output_Write(1,SW); //TlepekiroyeHne TUCKPETHOTO BHIXO/A

}

if (Key(0)==DOWN) //Onpoc xuonku 0
while(Key(0)==DOWN); //O)uaHue OTIYCKaHUs KHOTIKH
Output_Write(0,SW); //TlepekiroyeHne TUCKPETHOTO BHIXO/A

}

_delay_ms(100); //TIporpaMMHast 3a/iep>KKa

22
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1.4. Bubnuoteka Shim.h

1.4. BubnuoTteka Shim.h

@DyHkuuu 17151 padoTel ¢ resepatopom LHHIMM curnaios

QOyHKINY AaHHOM OMOIMOTEKH MO3BOJIAIOT OCYLIECTBIATH MHUIMANU3AIMNIO U
3anyck nporpammHoro IIIMIM. B kauectBe BbiBOomoB MM wucnons3yrorcs
JIuCcKpeTHblE BbIXOAbl. Kaxnapiii n3 ka"anoB LIIMM moxeT ynpaBisiTeCs OT-
JenbHO. BenmmunHa meproma perynupoBaHUS M UTUTENBHOCTD YIPABISAIOIIETO
uMmnyJbca Bapbupyercs oT 0 1o 10 cexynn, ¢ marom 10 mc.

B Hawane ucxogHoOro TekcTa (10 NOAKIOYEHHs ONOIMOTEKN) HEOOX0AUMO
00BbsaBUTH KOHCTaHTY TIMER2, koTOpast BKIIIOYaeT B HCXOAHBIIM TEKCT IPO-
rpaMMBbI 00pabOTUHK MpephIBaHus TaliMepa-cueTdnka 2. IIpu 3ToM B qanbHen-
1ieM, He JOIlyCcKaeTcs IepenporpaMMUpOBaTh JaHHbIN TaliMep-cueT4yuk. Ecnu
JTAHHYIO KOHCTAHTY HE 00BABUTH KOMIMIATOP HE BhIAACT onnbku, Ho [ILINMM
reHepupoBaThest He Oyet. [IpuMep 0ObsIBIECHHS KOHCTAHTHI, BKIIOYAIONIEH B
MCXOIHBIA TEKCT IIPOrpaMMbl 00padOTUHK ITPEPhIBAHMUS TaliMepa-cueTInKa 2.

#define TIMER2  /*[Moaximounth 00pabOTYKK MpephIBaHusl Talimepa 2*/

#include "Shim.h"  /Moaxmounts 6ubnuotexky ILINUM

Hipke npuBeieHbl MPOTOTUIIBI (PYHKILIMI ONMMCAHHBIX B JaHHOW OUOIHMOTEKE.

char Shim(int Channel, unsigned int Pulse, unsigned int Period);

OyHKUMS TpeHA3HAuYCHA JUIs MHUIMAJIU3aluKu U 3amycka redepauuu [IMUM-
CHTHAJIOB.

llapamempu:
Channel - Homep xanana HIMM.

Pulse — qnuTenpHOCTE ynpapistoiero uMmnyisca. OfHa eAMHHUIA COOTBETCTBY-
er 10 mMc. /IMTENEHOCTD YNPAaBISIONIETO0 HMMITYJIbCA HE JOJDKHA IIPEBBINIATH
JUIMTENBHOCTH Teproaa peryinupoBanus. Jns ocraHoBku renepanmu WM
CHTHaJa, HEOOXOIMMO 3aIyCTUTh (DYHKIMIO TIOBTOPHO NPHCBOWB JIJAHHOMY Ha-
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pameTpy 3HaueHue (0 WM paBHOE 3HAUEHUIO ATUTEIBHOCTU MEPUOJa PEryIupo-
BaHU (B 3aBUCHMOCTH OT TOTO KaKOe COCTOSHHE AMCKPETHOTO BHIXOJa HYXHO
1ocJie OCTaHOBKH reneparmu [I1M).

Period — nepuon perymupoBanust. OnHa eaununa cootseTctByer 10 mc. 3Ha-
YeHHe JaHHOTO Mapamerpa He AOJDKHO ObITh Oousbime 1000, T.e. mepuon pery-
JIUPOBaHUS HE MOXET MpeBbILATh 10 CEKyHI;

Bo36pau4aeMoe 3Havenue:

Oynukius Bo3BpamaeT () B ciiydae YCIEITHOTO 3aBepiieHus padotel, mibo OXFF
B Clly4ae, €CIIM JUIUTENILHOCTh Ieprosa mpeBblmaet 10 ceKyHI WIH UIUTeNb-
HOCTb YIIPaBIIAIONIETO UMITYJIbCa PEBHIIIACT IIEPUOL PETyIHPOBAHHS.

Mpumep Shim_1:

JanHast nporpamma ocyuecTsiser 3anyck renepauuu MM curnana Ha auc-
kpetHoM BeIBoAe 0. /lnmuTensHOCTh mepuona 1 cekyHIa, JIUTEIBHOCTb HUM-
nyibca ynpasieHus 500 mc.

#define F_CPU 14745600UL  /*CrangapTHasi KOHCTAaHTA 33/Iaf0IIast YaCTOTY MUKPOKOHTPOJLIE-
pa*/

#include "MC12D4R40.h" /ITun koHTpOIITEpa
#define TIMER2 //KonctanTa pa3peraromas GyHKIHIM OHOIHOTEKH HCTIOIb30BaTh TaiMep 2

#include <avr/io.h> //CrannapTHas 6GUOIMOTEKA BBO/Ia-BBIBOJA
#include "Shim.h" //Bubnuoteka pabotsl ¢ renepatopom LIIVIM curnanos

int main(void)
Shim(0,50,100); //3amyck reHepauuy [LINM
_delay_ms(10000); //3anepska Ha 10c (renepauus ILIUM npomoskaercs)

Shim(0,0,100); //OcranoBka reneparmu [LIUM
while(1); //BeCKOHEUYHBII UK TIPOTPaMMBbI
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1.5. Bubnuoteka COM.h

®yukuuu padorsl ¢ COM nmopramu

OYHKIIUN TaHHON OMOIMOTEeKH mpenHa3zHadeHs! A padoTsl ¢ COM mopramu
KOHTPOJIIEpa B COOTBETCTBHHU O cTaHmapramu mnpotokosoB DCON u Modbus
RTU. Ilpu mporpammupoBanuu mopra COMI1 ¢ ucmons30BaHHEM MPOTOKOIA
Modbus RTU He momyckaeTcs nepenporpaMMUpOBaTh TaliMep-CUeTUYUK | MUK-
POKOHTpOJUIEpa, a IpH ucrons3oBannd nopra COM2 - taitmep-cuerunk 3. [pu
ucnonb3oBanuu npotokoia DCON TaliMepbI-CHeTYNKH HE 3aJIeHCTBYIOTCS.

I ynobcTBa HCMONb30BaHMsS (YHKIUH B JaHHOW OHONMMOTEKE OOBSBICHBI
CJIE/TyOLIIe KOHCTAHTHI:

#define CRC_EN 1 [*KoutponsHas cymma B mpotokojie DCON
ucrob3yeTcs™/
#define CRC_DIS 0 [*KoutponbeHast cymma B mpotokoine DCON

He ucnoyb3yercs™/

#define DCON 0 [*TIpotoxon DCON*/
#define MODBUS 1 [*TIpotoxon Modbus RTU*/
#define COM_PORT1 0 [*TTopr COM1*/

#define COM_PORT2 1 [*Tlopt COM2*/

IIpn mcrmonb30BaHUM IaHHOW OMONMOTEKHM B Hadale HMCXOTHOTO TeKCTa (10
TOJKITIOUEHNsST OMOIMOTEKH) HEOOXOAMMO OOBSBHUTH CTAaHAAPTHYIO KOHCTAHTY
F_CPU, yka3piBarolIyro 4acToTy KBaplia MHKPOKOHTpoJiepa (B CTaHAApTHOM
KOMIUIEKTallu¥ KOHTpOJUIepa yacToTa KBapia pasHa 14,7456 MI'n). Eciu sToro
HE CpenaTbh, KOMIMISATOP BBIAACT HPEAYNPEkKICHHE M YCTAHOBUT YacCTOTY
KBapIia o ymordanuio 14,7456 MI'n.
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[Ipumep 00bBsIBIEHHS CTaHAAPTHOW KOHCTAaHTHI, YKa3bIBAIOIIEH 4acTOTy KBapla
MUKPOKOHTpOJLIEepa:

#define F_CPU 14745600UL [*YcranoButh wactory kBapua 14,7456
MTI'u*/

IIpu mcmonp3oBaHNM AaHHOW OWONMOTEKHM B Hadajie HWCXOMHOTO TeKcTa (IO
MMOIKITFOYEHUS OMOITMOTEKM) HEOOXOINMO OOBSIBUTH KOHCTAHTBI
COM_RX _BUFFER_SIZE u COM_TX_BUFFER_SIZE 3anaromue B 6aii-
Tax pasMep NPUEMHOro U Iepeaaroinero oydepa nprueMornepeaTyuKa COOTBET-
cTBeHHO. Pa3mep Oydepa nomkeH ObITh Takoil, YTOOBI B HEM MOTJIA MTOJHOCTHIO
pa3sMeCTUThCS camasl UIMHHAS MOChUIKA. ECIi 3TOro He clenaTh, KOMIUIATOP
BBIJIACT NMPEAYNPEKACHUE U YCTAHOBUT LISl KaXKA0To Oydepa paszmep 64 Oaiita.

[Tpumep OOBSBICHHMS KOHCTAHT, YKa3blBAIOIIMX pa3Mep IPHUEMHOTro U mepe-
Jaroiero oOydepa nprueMorneperaTunKa;

#define COM_RX_BUFFER_SIZE 128  /*Pa3smep mpuemuoro Oydepa 128
Gait*/

#define COM_TX_BUFFER_SIZE 128  /*Pasmep mnepenarouiero Oydepa
128 Gait™/

[Ipn wucnonp30BaHMM AaHHOW OWMONMOTEKM B Hayalle MCXOIAHOTO TEKCTa (10
MOAKITIOYEHHUS OMOIMOTEKM) HE00X0IUMO 00BSABUTH KOHCTAHTBI
COM1_PROTOCOL w/unmu COM2_PROTOCOL u npucBOUTh UM 3HaUCHHE
DCON unun MODBUS B 3aBucHMMOCTH OT HCIOJIb3yeMOro npotokoina. [Ipu
atom, eciu koHctante COMI1_PROTOCOL Oyner npucBOeHO 3HaueHHE
MODBUS, B HCXOIHBIH TEKCT MpOrpaMMbl OyaeT qo0aBiieH 00paboTUuK mpe-
pBIBaHMsI TaliMepa-cueTduka 1, u ero B JaibHEHIIeM, He JJOMYCKAeTCs Ieperpo-
rpaMMupoBarth. AHanorn4Ho, eciu koHcranre COM2_PROTOCOL o6yzner
npucsoero 3HadeHne MODBUS, B ucxoassli TeKCT nMporpaMmsl OyAET BKIIIO-
YeH 00paboTYMK NpephIBaHMs TaiiMepa-cueTurKa 3, M ero B JaJIbHEHIIeM, Tak-
JKe He J0IyCKaeTcs MepenporpaMMHUpPOBaTh.

Ecnu kakyro-nmub0 KOHCTAHTY He OOBSBHTH, KOMIMISATOP HE BBLIACT Mpeny-
NpexaeHui, Ho oOMeH uHpopmarmeil o nanHomy COM mopry ocymiecTs-
JATBCA He OyIeT.
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[Ipumep 0OBsIBICHNS KOHCTAHT, OIPENEIITIOINX HCIOIb3YEMbIA IIPOTOKOIL.

#define COM1_PROTOCOL MODBUS  /*Vcranosuts mist mopra COM1
npotokos Modbus RTU (mepenporpaMmmupoBaTh TaiiMep-cdeTduk 1 He morryc-
TAMO)*/

#define COM2_PROTOCOL DCON /*Ycranosuth miust mopra COM2
npotokon DCON*/
#include "COM.h" //bubnuroteka padotsl ¢ COM mopramu

Jasnee npeacraBiieHbl IPOTOTUIBI PYHKIMH TaHHOW OUOIMOTEKH.

char COM_Init(int port, long COM_speed);

OyHKIMA MPOBOIUT WHULMANM3aLM0 ykasaHHoro COM mopTa KoHTpoiIepa B
COOTBETCTBHH C TpeOoBaHusiMH cTanaaptoB npotokoaoB DCON wumu Modbus
RTU. darnas GyHKINS TO3BOIAET BRIOPATh OJMH U3 IBYX MOPTOB, 331aTh CKO-
POCTB CBSI3M U BBIOPATh MCHOJIB3yeMbIld poTokoi. Eciu B mporpamme He Iuia-
HHpPYETCS M3MEHATh CKOPOCTh WM HPOTOKOJN OOMEHA, TO JaHHYIO (YHKIIHIO
JIOCTaTOYHO BBI3BaTh OJHOKPATHO Ui Kaxaoro ucnoibdyemoro COM mopra,
NPY MHULUATM3alUN KOHTPOJUIEpa.

Iapamempror:.

port — COM mopt kouTposutepa. st ymoOCTBa BBOAA AaHHOIO Iapamerpa
PEKOMEHYETCS UCIIOJIb30BaTh KOHCTAHTEI, OIIMCAHHBIE B HAYAJlE pasJiena.

COM_speed — ckopocth cBsizu COM mopra. 3HaueHue mapamerpa CKOPOCTH
MOXET IPHUHUMATH JII000€ [EIOYUCICHHOe 3HaYeHne, BEIpaKeHHOE B OMTax B
cekyHay W He mnpesbimuaromee 3HaueHue 1.000.000. Opnako, eciau yacTora
KBapla, yKa3aHHOTO B MporpaMme, OyZleT CIMIIKOM HH3Kas, a CKOPOCTh CBS3H
CJIMIIIKOM BEICOKAs, (YHKIUS BBIIACT ommOKy. st Gonee momHOM mH(pOpMa-
UM CMOTPHUTE TaONHWIly NMpUMepoB HacTpoiiku ckopocteit UART B pykoBo-
JICTBE MO dKCIUTyaTal MUKpokoHTposiepa ATmegal28 (konmonku ¢ U2X =
0), xoropas AOCTymHA I CBOOOJHOIO KOMMPOBAHHS C CailTa KOMITAHHH
ATMEL http://www.atmel.com/Images/doc2467.pdf . Ecinu B Tabnuie s yka-
3aHHOTO KBaplla U BBHIOPaHHOIN CKOPOCTH CTOMT MPOYEPK, 3HAUUT JJAHHAS CKO-
pPOCTb HE NOCTHXKHMMa TPH TEKyIIeH 4acToTe MHUKPOKOHTpoJuiepa. Tam e B
TalNMIe yYKa3aHo OTKJIIOHEHHE YacTOThI Iepeatoniero curuana. J{is obecneue-
HUs 0e30mMO004HON repenaur MHPOPMAIMKA HA BBICOKMX CKOPOCTAX HEo0Xo-
JIMIMO BBIOMpATh MapaMeTpbl, IPY KOTOPBIX OLIMOKa OyAeT paBHA HYJIIO.
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Boaepawae/woe 3Ha4YeHue:

Oynkuus Bo3Bpaniaer 0 B cilyyae yCIeIIHOTO 3aBepiieHus padotsl, oo OXFF
B CIIy4ae, €CJIM BXOIHBIE apaMeTphl ObUIN 3aJaHbl HEBEPHO.

char CHK_Control(int port, char CHK);

OyHKIMS N03BOJISACT BKIIOYHTD M BBIKIIOUYUTEH UCIIONB30BaHHE KOHTPOJILHON
cymMmel B mipotokosie DCON gt Betopanroro COM mopta. [Ipu mncmons3oBa-
auu potokoia Modbus RTU naxHast GyHKIHS HE Ha YTO HE BIIHSET.

Ilapamempeor:

port — COM-mopt xoHTpoiwiepa. s ymoOCTBa BBOJAA JaHHOTO Iapamerpa
PEKOMEHyeTCs HCIOJIb30BaTh KOHCTAHTEI, OIIMCaHHbIC B Hayaje pasjena.

CHK — npu3Hak BKIIOYEHUs/BBIKIIOYEHHUSI KOHTPOJIbHOM CYMMBI B ITPOTOKOJIE
DCON. [Ins ynoOcTBa BBOJA JAHHOTO MapamMeTpa PEKOMEHIYETCS HCIOJIb30-
BaTb KOHCTAHThI, OMTMCAHHBIC B HAaYaJIC pa3/ciia.

BOBGpaWd@MO@ 3Ha4yenue:

Oynkiusa Bo3Bpamaer 0 B cilyyae yCIEIIHOro BelmoyiHeHud, 1ubo OXFF B cioy-
4ae, eCIli ykasaH He gonyctumbiii Homep COM mopra.

char Read_DCON(int port, char *buf);

OyHKIMS TPOBEPSET NMPUEMHBIH Oydep BHIOPaHHOTO MOPTA Ha HAIWYHE HETPO-
YUTaHHBIX JaHHBIX. B cirydae, ecian f1aHHBIE MMEIOTCS M UCIIONB3YEeTCs TPOTO-
kot DCON, ¢yHKIMS TPOBOIWT MX CUMUTHIBAHHE B Oydep, ykazaHHBIN B Kade-
CTBE BXOJHOro mapametpa. [Ipu 3ToM HyJseBoi 3nemeHT Oydepa Oyzaer comep-
JKaTh KOJIMUECTBO TPHHATHIX OAlT JaHHBIX, BKJIIOYas KOHTPOJBHYIO CyMMY,
€CJIH OHAa HCTOJNIb3yeTca. ECIM KOHTpPOJIbHAs CyMMa HCIOJB3yeTcs, (DyHKITH
ABTOMATHYECKH IIPOU3BOJIUT €€ PACUET U NMPOBEPKY (aHHAsS OIS BKIIIOYAETCS
¢dyukuueit CHK_Control onmcanuoii Beime). J[Ba 6aiiTa KOHTPOIBHOM CYMMBI
OyayT BKJIIOUEHBI B Oydep «IJIsl 4UTEHUSD BMECTE C 0CTalIbHOUM HHpOpMaIeH.

THapamempeor:

port — COM mnopt kontposutepa. Jlnst ynobcTBa BBOJa JaHHOTO NapaMmeTpa
PEKOMEHIYETCs NCTI0JIb30BaTh KOHCTAHTHI, OIIMCaHHBIC B HaYalle pas/iela.

*buf — Oydep ms cuuteiBanusi. HyneBoii anemeHT Gydepa Oymer comepxath
KOJIMYECTBO NPUHATHIX OAMUT.
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Boszspawaemoe snauenue:

OyHKIMA BO3BpALIaeT OQHO M3 NPUBEACHHBIX HI)KE 3HAUCHUH:
0x00 — HemmpounTaHHEIE JAHHBIE OTCYTCTBYIOT;
0x01 — maHHBIC YCTIEUTHO IPOYUTAHBL,
OXFE — ommbOka KOHTPOIBHON CYMMHI,

OXFF — 1e nomyctumsrit Homep COM mopra.

char Write_ DCON(int port, char *buf);

OyHKIMS TTO3BOJISIET MPOU3BECTH 3alUCh AaHHBIX B BbIOpaHHbIi COM mopt B
cooTBeTcTBUM cO cTaHnapToM npotokona DCON. Eciu BKIIIOYCHO BHIYHCICHUE
KOHTPOJIBHOM CYMMBI, YHKITUSI aBTOMATHYCCKHU MTPOU3BOIUT €€ PacyeT U MOJ-
CTaHOBKY B OTHPABIIIEMYIO IMOCBUIKY (IaHHAsl OMIUs BKJIHOYaeTcsl (QyHKIUEH
CHK_Control onucanHo#t Beimie). Eciau npepiayiias mockuika He ObLia mo-
HOCTBIO OTIpaBiicHa, QYyHKIUS OYAET 0KUIATh OKOHYAHUS MEPe/Iavu.

Iapamempeor:

port — COM-mopt xoHTpoimepa. s ynoOcTBa BBOJA NaHHOTO IapaMmeTrpa
PEKOMEHIyeTCs HCHOJIb30BaTh KOHCTAHTHI, ONIMCAHHBIC B HAYaJIe pa3ena.

*buf — maccuB nanubIx, 3anuceiBaeMbiii B COM-mopT. /IaHHBII MacCHB MOKET
MIPENCTaBIATh CO00M TeKCTOBYIO CTpoky. Ilo crammapty si3eika CU ctpoka
JIOJKHA 3aKaHYUBATHCS HYJIEBBIM CUMBOJIOM, HO T.K. B JAaHHOM CITy4ae UCTIOJb-
3yetcs nmporokoi DCON, npu3HakoM KOHIIA CTPOKH MOXET BBICTYIIATh CHMBOJI
0X0D. ®yHKIUsI aBTOMATHYECKH ONPE/IEIUT Haju4yKue B cTpoke cumBosa 0X0D
U B Clly4ae, €CJId OH OTCYTCTBYET, JOOABUT €T0 B KOHEI[ CTPOKH.

Bosgpau;ae/woe 3HA4YeHue.

OyHkus Bo3Bpaniaer 0 B ciiydae YCIEIIHOrO BHINOJIHEHHs, 6o OXFF B ciy-
4ae, eClli ykasaH He gonyctumbiii Homep COM mopra.

char Read_Modbus(int port, char *buf);

Oynkuus nposepsier npueMHblii Oydep BeiOpanHoro COM mopra Ha Hammuue
HeMpOYMTaHHBIX JaHHbIX. B ciydae, eciu JaHHbIE HMEIOTCS M BKIIFOUEH MTPOTO-
koi Modbus RTU, ¢yHKIus MpOBOAMT WX CUUTHIBaHWE B Oydep, yKa3aHHBIH B
KadecTBE BXOIHOTO mapamerpa. llpum 3Tom HymneBoil anemeHnT Oydepa Oynmer
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coJepKaTh KOJIMYECTBO MPHHSATHIX 0AiT JaHHBIX, BKIFOYas KOHTPOJIBHYIO CYyM-
My.

lapamempror:

port — COM mnopt kontposutepa. st ynobcTBa BBoJa JaHHOIO Mapamerpa
PEKOMEHYETCsI NCTIONIb30BaTh KOHCTAHTHI, OIIMCAaHHBIC B HaYalle pasJiena.

*buf — Gydep misa cunteiBanus. HysneBoit anemenT Gydepa Oymer comepxaTh
KOJIMYECTBO MPHHATHIX OaiiT.

Boszspawaemoe snauenue:

OyHKIMA BO3BpALIaeT OAHO M3 NPUBEACHHBIX HI)KE 3HAUCHUH:
0x00 - He mpoYNTaHHEIC TaHHBIE OTCYTCTBYIOT;
0x01 — maHHBIC YCTIEUTHO IPOYUTAHBL,
OXFE — omm0ka KOHTPOJIBHOW CYMMBI;

OXFF — ne xoppexThbiii Homep COM mnopra.

char Write_Request_Modbus(int port, char Addres, char Func,
unsigned int SubFunc, char *Data, unsigned int Amount);

DyHKIWUS TIO3BOJSIET OTIPABUTH KOMaHy 3anpoca B BeiOpanusiit COM-mopr.
HasHaueHue OTIPaBISEMBIX TAHHBIX OMPEIENSETCS KOJOM (QyHKIHH (B COOT-
BETCTBHUHU CO CTanaaptoM). KOHTposbHAsS cyMMa OyeT aBTOMATHIECKH Pac-
CuMTaHa ¥ JOOABJICHA B OTIPABISIEMYIO MOCBHUIKY. JlaHHyI0 QyHKIMIO Jomyc-
THMO TIPUMEHSITE TOJIBKO JUISl 3aPOCOB (KOT/[a MOJYJIb BBICTYIIAET B KAUECTBE
BeayIero). Jljist OTIpaBKU OTBETOB, HEOOXOUMO TIPUMEHSTH (YHKIHIO
Write_Response_Modbus, omicanne K0OTOpO#i IPUBEICHO HIUXKE.

Iapamempeor:

port — COM-mopt xoHTpoimepa. s yaoOcTBa BBOJA JaHHOTO Hapamerpa
PEKOMEH/IyeTCs HCIOJIb30BaTh KOHCTAHTHI, OIIMCaHHbIEe B Hayaje pasjena.

Addres — anpec ycrpoiicta (B cooTBeTcTBHH o cTangaprom Modbus RTU).

Func — xon ¢yukuuu. Tomyctumeie koapl Gynkuit: 0X01, 0x02, 0x03, 0x04,
0x05, 0x06, 0X0F, 0x10 (B cooTBeTcTBHM co cTanmaproM Modbus RTU).

SubFunc — kox moadyHkIMK (agpec perucTpa B COOTBETCTBHU CO CTAHIAaPTOM
Modbus RTU).
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*Data — maccuB OalT 3aIIMCBIBAEMBIX TaHHBIX.

Amount — KOJHYECTBO 3aNUCHIBACMBIX JJIEMEHTOB (PETHCTPOB MM SYCEK B
3aBHCHMOCTH OT BEIOpaHHOW (QYHKIHH).

Bosepawaemoe snauenue:

DyHKUHS BO3BPAILAET OFHO U3 MPUBEACHHBIX HIDKE 3HAUCHUIA:
0x00 — ycnenrHoe 3aBepIieHne padboTH;
0x80 — He nogepxuBaeMblil HOMep QYHKIHH;

OXFF — ne xoppexTHblii Homep COM mopra.

char Write_Response_Modbus (int port, char Addres, char Func,
unsigned int SubFunc, char *Data, unsigned int Amount);

OYHKITUA TO3BOJISIET OTIIPABUTH KOMaHIY 0TBeTa B BEIOpanHbI COM-opT.
HasHaueHue oTIpaBisieMBbIX JaHHBIX ONpenessieTcs KogoM GyHKIHH (B COOT-
BETCTBUH CO cTaHIapToM). KoHTpoibHas cyMMma OyaeT aBTOMAaTHYECKH pac-
CUUTaHa U 100aBJICHa B OTIPABIIEMYIO IIOCHUIKY. [{aHHYI0 (QYHKIHIO 10ITyC-
THMO IPHMEHSTH TOJBKO JJIsl OTBETOB (KOT/Ia MOJYJIb BEICTYIIACT B KAUeCTBE
BeoMOro). i OTIpaBKH 3aIPOCOB, HEOOXOAUMO MPUMEHATH QYHKIIUIO
Write_Request_Modbus, onicanne koTopoii IPUBEICHO BHIIIIE.

Iapamempeor:

port — COM-mopt xoHTpoimepa. s yaoOcTBa BBOJA NaHHOTO ITapaMeTrpa
PEKOMEHyeTCs HCIOJIb30BaTh KOHCTAHTHI, ONIMCAHHBIC B HAYaJIe pa3Jena.

Addres — anpec ycrpoiicta (B cooTBeTcTBHH O cTanaaprom Modbus RTU).

Func — xon ¢yukuuu. Jonyctumeie koabl Gynkuit: 0X01, 0x02, 0x03, 0x04,
0x05, 0x06, OxOF, 0x10, a Taxke 3TH K€ KOJbI C YCTAHOBJICHHBIM OHUTOM
omubku: 0x81, 0x82, 0x83, 0x84, 0x85, 0x86, 0x8F, 0x90 (B cooTBEeTCTBHH CO
craggaprom Modbus RTU).

SubFunc — kox moadyHkIMK (agpec perucTpa B COOTBETCTBHU CO CTAHIaPTOM
Modbus RTU).

*Data — maccuB 0aiiT 3aIIMCHIBAEMBIX JaHHBIX.

Amount — KOJMYECTBO 3aIMCHIBAEMBIX JJIEMEHTOB (PETHCTPOB WM SYEEK B
3aBUCHMOCTH OT BBIOpDAHHOM (QYHKIMHN).
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Bosspawjaemoe 3navenue:

Bosspawjaemoe 3navenue:

DyHKIHS BO3BPALIACT OJHO M3 MPUBEACHHBIX HUKE 3HAUCHHIA:
0x00 — ycneriHoe 3aBepieHne paboTH;
0x80 — He noaepkuBaeMblii HOMep (QYHKIHH,

OXFF — ne xoppexTasiii Homep COM nopra.

Ipumep COM_1:

JlarHas mporpaMMa BBITIOJHSACT ITOMCK YCTPOUCTB Ha mmHe RS485, otmpaBiss
KOMaHly uTeHus1 KoHpurypaiuu Mmoayism cepurt NL. OTBeTbI 0T 0GHApYKeH-
HBIX YCTPOMCTB, MporpaMmma oToOpakaetT Ha UHAUKaTope. B o0riem Buje Ko-
MaH/1a BBITJIANT CICAYIOIUM 00pa3oM:
3amnpoc: $AA2/r
I'ne:
$ - cuMBOI MAEHTUPUKAIIMA TPYIIIBI KOMAH];
AA-anpec moays;
2-CUMBOJI UACHTU(UKAIUY KOMAH/IbL;
/r-Bo3Bpar kapetku (ko 0X0D);
Ortset: !|AATTCCFF/r
T'ne:
l-pU3HAK YCIIEITHOTO BHIMOIHEHHUSI KOMAH/IbI;
AA-anpec momyns;
TT-xox guara3oHa;
CC-KoJ1 CKOPOCTH CBSI3H;
FF-dopmaT komMaH bl
bosnee noapoOHyt0 MHMOPMALIUIO [0 KOMaHIe, MOXKHO HalTH B PyKOBOJICTBE I10
9KCIUTyaTaIy Ha Moxynu cepun NL.

[porpamma nepedupaet Bee agpeca oT 1 1o 255 u octaHaBIMBaeT MOUCK, KOraa
HaWJIeHBI 1Ba YCTPOICTBA WIIM ONPOLIEHBI BCE ajipeca. Y CTPOHCTBA JIOJDKHBI
6b1Th noziKITI0ueHb! K nopty COMI1, numers ckopocTs cBs3u 9600 6ut/c n ObITh
HacTpoeHs! Ha padoty ¢ npotokoiaoM DCON 6e3 KoHTpOIbHOI CyMMBI.

#define F_CPU 14745600UL  /*CrangapTHasi KOHCTAHTA 3a/IaI0MIAsl YACTOTY MUKPOKOHTPOILIC-
pa*/

#include "MC12D4R40.h" //Tun KOHTpoOILIEpa
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#define COM_RX_BUFFER_SIZE 32 [/IYcranoBuTh pasmep npuemHoro 6ydepa
#define COM_TX_BUFFER_SIZE 32 /IY cranoBuTH pasmep mepemnaroniero oydepa

#define COM1_PROTOCOL DCON /IYcranouts 1ist mopra COM1 nporokon DCON
#include <avr/io.h> //CtanmapTHast OHOIHOTEKa BBOAA-BBIBO/A
#include "LED.h" //bubnmotreka paborsl ¢ LED aucruieem

#include "COM.h" //bubnnoteka pabotsl ¢ RS485

Il Wuunuamuszauus RAM

char buf[16]; //MaccuB TaHHBIX

uint8_t temp; //BcrioMoraternbHast HepeMeHHast

uint8_t Find_Ok; //TIpu3HAK YCIIEIIHOrO TIOUCKA YCTPOUCTBA (MOIYIIb OTBETHII HA KOMAH/LY)
uint8_t Addres=0x01; //Anpec yCTpOMCTB IS TIOUCKA

char char2[2]; //MaccuB 11 IpeoOpa3oBaHus YHCIIa B CTPOKY

1

//(Dy'HKLII/IS[ TIEPEBOIa IBOUIHOTO YHCJIa B IBYXCUMBOJIBHOC HIECTHAIATEPUIHOC
I
void hex_to_char2(char s1)

{
char temp; //BcrioMoratesnbHast IepeMeHHast
temp=s1>>4;
if (temp<=9) char2[0]=temp+0x30; //Ecnu nepssiii cumBon uudpa (0-9)
else char2[0]=temp+0x37; //Ecnu iepBslii cumBoiI Oyksa (A-F)
temp=s1 & OxOF;
if (temp<=9) char2[1]=temp+0x30; //Ecnu BTopoii cumBoi uudpa (0-9)
else char2[1]=temp+0x37; //Ecnm BTOpoii cumBoi1 6ykBa (A-F)
}
1
//OcHOBHAasI IporpamMma
1

int main(void)

_delay_ms(500); /*HauanbHast 3a[epKKa Ui CTAOUIN3AIMK TUTAHUS U MHUIHATII-
3aIuy MoIyneir*/

LED_Init(); //MHUIMaNN3a1Ust MHUKATOpa
COM_Init(COM_PORT1,9600); //Munnuamusaus COM mopra

Il IMowuck mepBoro ycTpoiicTa
LED_SetPos(0,0);  //YcranoBuTh KypcOp HHIMKATOPA B JIEBbI BEPXHUI yrOI
Find_Ok=0; //Cépocuts (iiar oGHapyKEHHs yCTPOHCTBa
while((Find_Ok==0) && (Addres!=0x00)) /*BBIMONHSTH MOKCK MOKA yCT-

POICTBO HE OTBETHT, JTMOO HE OYAYT ONPOIIEHBI Bce aapeca™/

buf[0]="$"; //{®opMupoBaHHEe KOMaHIBI
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hex_to_char2(Addres); /*TIpeoOpa3oBaTh aipec yCTPOMCTBA K CHM-
BOJIEHOMY BHIY™/

buf[1]=char2[0];

buf[2]=char2[1];

buf[3]="2";

buf[4]=0; /*IIpu3HaK OKOHYAHHSI CTPOKU KOMaH/IBI (MOXKHO YKa-
3bIBaTh cuMBOJ 0X0D)*/

Write_ DCON(COM_PORT1,buf); //OrnpaButs KoManay mo RS485
_delay_ms(200); //OxupaHue OTBeTa MOIYIISt

if (Read_DCON(COM_PORT1,buf)==1) //Ecnu orBer monyueH
temp=Dbuf{0]; //OnpenenuTh JTNHY IPUHATOTO OTBETa
buf[temp]=0; /*BcraButh B Oydep npu3HaK OKOHYAHHSI
CTpOKH (4TOOBI HA IKPAH He TOMal JUIIHUHA Mycop u3 Oybepa)*/

Find_Ok=1; //YcTaHOBUTE (hirar 0OHapyKeHUsI yCTPOHCTBA

LED_Write_String(&buff1]);  /*BsiBectu oTBeT ycTpOiicTBa HA

UHIUKAaTOp*/
Addres++; /*VBennuuTh afpec Ui MOMCKa CIe/yole-
o ycTpoiicTa*/
1 ITonck BTOpOro ycrpoiicTa
LED_SetPos(1,0);  //YcraHOBUTH KypCOp UHAMKATODA B JICBBII HUKHUIN YroJl
Find_Ok=0; //Cépocuts (iiar oGHapyKEHHs yCTpoHcTBa
while((Find_Ok==0) && (Addres!=0x00)) /*BBITOJNHSATE MOUCK MOKA yCT-
POICTBO HE OTBETHT, MO0 He OYAYT ONPOIIEHHI Bce aapeca™/
buf[0]="$"; //DopMHUpOBaHHEe KOMAHIbI
hex_to_char2(Addres); /*TIpeobpa3oBarh apec yCTPOUCTBA K CUM-

BOJNIBHOMY BHIY*/

buf[1]=char2[0];

buf[2]=char2[1];

buf[3]="2";

buf[4]=0; /*IIpu3HAK OKOHYAHHSI CTPOKU KOMAH/IBI (MOKHO YKa-
3bIBaTh CUMBOJ 0X0D)*/

Write_ DCON(COM_PORT1,buf); //OtnipaBuTh KoMaHmy 1o RS485
_delay_ms(200); //OxupaHne OTBETa MOMIYIIS

if (Read_DCON(COM_PORT1,buf)==1) //Ecnu otBer momny4uen
temp=buf{0]; //OnpenenuTh JUIMHY IPUHSATOTO OTBETA

Find_Ok=1; /*BcTaButh B Oydep mpu3HAK OKOHUIAHHUS
CTpOKH (4TOOBI HA SKpaH He IO JIMITHUI Mycop n3 Oydepa)*/
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buf[temp]=0; /*YcTaHoBUTH (uiar OOHapyKEeHHs yCTPOii-
crBa*/
LED_Write_String(&buff1]);  /*BsiBectu oTBeT ycTpoiicTBa Ha
uHauKaTop*/
Addres++; //YBenuuuts aapec Ui OMCKA CIEAYIOIIET0 YCTPOHCTBA
Led(LD_ON); //BKJIIOYUTH CBETOAMO
}

Ipumep COM_2:

JlaHHBI IpUMeEp ABISIETCS MabIOHOM MpoTrpaMMEI i Moayiei cepun NL. B
HEM PEaJIN30BaHbI TAKUE KOMaH/IbI KaK:

YteHus U 3anucu aapeca MOy,

UteHus U 3alICH CKOPOCTH CBSI3H;

UrteHus U 3alIICU UMEHU MOIYIIS;

UrteHus BepcHH MPOTpaMMBl;

B nporpamme npony6impoBana padora ¢ odonmu COM nopramu. Hu xakux
IPHHIUITHAIBHBIX H3MEHEHHH B pabote moptoB HeT. [Iporokon cs3u Modbus
RTU.

/*

JlaHHBII pUMep SABIISIETCS M1a0JOHOM IPOrpaMMBbl Uit Moaylnei cepun NL. B Hem peann3oBaHbl
TaKHe KOMaH/IbI KaK:

Urenus ¥ 3aIHCH aJjpeca MOy,

YTeHuUs U 3aIUCH CKOPOCTHU CBSI3H;

YTeHus U 3aIMCH UMEHU MOIYJIS;

UreHus BEpCUM IPOTPaMMBI,

B nporpamme npoayoiuposana padora ¢ o6oumu COM nopramu. Hu Kakux npUHIMIHATEHBIX
n3MeHeHni B pabore mopros Het. [Iporokon cesa3u Modbus RTU.
*/

#define F_CPU 14745600UL  //CranmapTHasi KOHCTaHTa 3a/1afolasi YacTOTy MHKPOKOHTpOJLIepa

#include "MC12D4R40.h" //Tun kouTpoOIIEpa
#include <avr/io.h> //CtanmapTHast GHOIHOTEKA BBOIA-BBIBO/IA
#include <avr/eeprom.h> //CranmaptHast 6ubauoteka padborsi c EEPROM

#define COM_RX_BUFFER_SIZE 32 //Pa3mep mpuemubix 6ypepoB COM moptoB
#define COM_TX_BUFFER_SIZE 32 //Pa3mep mepenaronmx 6ypepo COM moproB
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#define COM1_PROTOCOL MODBUS  /*Ycranosuts st nopra COM1 nporokon Modbus
RTU (nepenporpaMmMupoBaTh TalMep-c4eTIHK | He HomycTHMO)*/

#define COM2_PROTOCOL MODBUS  /*Ycranosuts mst nopra COM2 nporokon Modbus
RTU (nepenporpaMMupoBaTh TalMep-CYETIHK 3 HE TOMYCTHMO)*/

#include "COM.h" //bubnuotexa paborsl c COM nopramu

1 Wnnimanmsanuss EEPROM

unsigned char EE_Address_device EEMEM=0x01;  //Anpec mony:ns B EEPROM
unsigned char EE_COM_Speed EEMEM=0x06; /ICxopocts Monynst B EEPROM
unsigned char EE_Name[] EEMEM="MC12D4R40"; //ms mony:is 8 EEPROM
unsigned char EE_Version[] EEMEM="060415"; //Bepcust mporpammsr B EEPROM
1 Wnnipamizaius RAM

char Address_device; Il Anpec momynst

char COM_Speed; /ICxopocts Moyst

char Name[10]; /IAmst Mmoysst

char Version[6]; //Bepcust mporpamMmel

char Func; /IKon dyHkimu

int SubFunc; IKon mondyyRxkmmm

int Data; //Peructp AaHHbIX

char buf[32]; //Bydep nis urenns qaHHbIX 10 Modbus RTU
int Address_EEP; //TlepemMeHHas Ui XpaHeHHs aapeca npu oopamieHnn kK EEPROM
[|m============= QYHKI HHUIHAIN3AIIH MOJYJl]] ====———===————=

void Init(void)

int temp; //BcrioMoratenbHas IIepeMeHHast
long Speed; //TlepemeHHas 1715 ONPENENEHUS CKOPOCTH
Address_device=eeprom_read_byte(&EE_Address_device); [*Konmposauue anpe-

ca ycrpoiictea u3 EEPROM B O3V*/
COM_Speed=eeprom_read_byte(&EE_COM_Speed); //Urenne ckopoctu u3 EEPROM

switch (COM_Speed)

{
case 0x03: Speed=1200; break;
case 0x04: Speed=2400; break;
case 0x05: Speed=4800; break;
case 0x06: Speed=9600; break;
case 0x07: Speed=19200; break;
case 0x08: Speed=38400; break;
case 0x09: Speed=57600; break;
case OXOA: Speed=115200; break;
default: Speed=9600;
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COM_Init(COM_PORT1,Speed); //Munnmanusauus mopra COM1
COM_Init(COM_PORT2,Speed); /Munmamm3auust nopra COM2
Address_EEP=(int)&EE_Name; [*Ounpenenenue angpeca B8 EEPROM maccu-

Ba COACPIKALIETO UM MOI[yJ'I}I*/

for ( temp=0; temp<10; temp++) //Konmposauue nmenu moayisi u3 EEPROM
Name[temp]=eeprom_read_byte(Address_EEP+(uint8_t*)temp);

Address_EEP=(int)&EE_Version; [*Ounpenenenue angpeca B EEPROM maccu-
Ba COJIEPIKAILETO BEPCUIO POrpaMMbr™/

for (temp=0; temp<6; temp++) //KonupoBaH#e BEpCHH IPOrPAMMBI
Version[temp]=eeprom_read_byte(Address_EEP+(uint8_t*)temp);
}

//=== OyHKIWs ACKOJUPOBAHUS KOMaH] oiaydeHHbIX 10 COM nopram ===
void Command_decode(char Port)

{
/*
buff0] - KonmuecTBo nmpodnTaHHbIx OaiT
buf[1] - Azpec yerpoiictsa
buf[2] - Kox dyrkunn
buf[3]+buf[4] - Koz mopdyHkumu (axpec snemenTa)
buf[5]+buf[6] - HNanusie (mis ¢yukumii 0x05, 0x06 3anucbiBaeMble
nannbie, 1711 0x01-0x04 KOJIMYECTBO CUMTHIBAEMBIX JaHHBIX )
buf[7]+buf[8] - CRC cBeptka (KOHTPOJIBHAS CyMMa CTaH[apTa
Modbus RTU)
*/
char temp; //BcrioMoratelbHast IepeMeHHast
int int_temp; //BcrioMorarenbHast iepeMeHHast
if (buf[1]==Address_device) //TIpoBepka azpeca ycTpoicTBa
Func=buf[2]; //Onpenenenue koaa GyHKIMH
switch(Func) //O6paboTka Koxa GyHKIUH
{
//DyHKIMA 9TEHNs BHYTpeHHNX peructpos (0x03)
case 0x03:
SubFunc=(buf[3]<<8)|buf[4]; [*Omnpenenenue koxa
noxdyHkin*/
Data=(buf[5]<<8)|buff6]; //Onipeenenne TaHHBIX
switch (SubFunc) //O6paboTka Koma HOAPYHKIIHH
Il YreHre HMEHU MOTYJIst
case 0x00C8:
if (Data!=4) [*Ecnu KoIM4ecTBO 3arparin-
BAEMBbIX PETHCTPOB HE COOTBETCTBYET KOMaHIe™/
{
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buf[0]=0x03;
/lOTBet "Ommbka"
Write_Response_Modbus(Port,Address_device,Func | 0x80,SubFunc,buf,1);
break;
}

[[TlepexonupoBaHne UMEHN MOIYJIst
for (int_temp=0; int_temp<8; int_temp++)
buf[int_temp]=Name[int_temp];
Write_Response_Modbus(Port,Address_device,Func,SubFunc,buf,4);
break;

1 YreHne BEpPCUH MIPOrPaMMBI
case 0x00D4:
if (Data!=3) [*Ecnu KOIM4ecTBO 3alparin-

BAeMbIX PETHCTPOB HE COOTBETCTBYET KoMaHe™/

buf[0]=0x03;

/IOtBer "Ommubka"
Write_Response_Modbus(Port,Address_device,Func | 0x80,SubFunc,buf,1);
break;
}

/[TlepexonupoBaHne BEPCUH POrPAMMBI
for (int_temp=0; int_temp<6; int_temp++)
buf[int_temp]=Version[int_temp];

Write_Response_Modbus(Port,Address_device,Func,SubFunc,buf,3);
break;

1 Yrenue aapeca

case 0x0200:
if (Data!=1) [*Ecnu KOnM4ecTBO 3ampariu-

BAEMBIX PETHCTPOB HE COOTBETCTBYET KoMaHe™/

buf[0]=0x03;

/IOtBeT "Ommbka"
Write_Response_Modbus(Port,Address_device,Func | 0x80,SubFunc,buf,1);
break;
}

temp=eeprom_read_byte(&EE_Address_device); [*Kommposanue anpe-
ca ycrpoiictBa u3 EEPROM B O3Y*/

buf[0]=0;
buf[1]=temp;

Write_Response_Modbus(Port,Address_device,Func,SubFunc,buf,1);
break;
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Il UYreHne cKOpoCTH
case 0x0201:
if (Data!=1) [*Ecinu KoIM4ecTBO 3alparin-
BAEMBIX PETHCTPOB HE COOTBETCTBYET KOMaHzae™/

buf[0]=0x03;
/IO1Bet "Ommbka"
Write_Response_Modbus(Port,Address_device,Func | 0x80,SubFunc,buf,1);
break;
}

//Konmposasnue ckopoctu cesizu u3 EEPROM B O3Y
temp=eeprom_read_byte(&EE_COM_Speed);
buf[0]=0;

buf[1]=temp;

Write_Response_Modbus(Port,Address_device,Func,SubFunc,buf,1);

break;
emmmmmmmme e He noauepkuBaeMplii KO HOAMYHKLHH ---------==---=--=---=
default:
buf[0]=0x02;
/lOtBer "Ommnbdka"
Write_Response_Modbus(Port,Address_device,Func |
0x80,SubFunc,buf,1);
}
break;
case 0x06: //OyHKIWMS 3anHcH oxHOYHOTO peructpa (0x06)
SubFunc=(buf[3]<<8)|buf[4]; /*Onpenenenne koaa moapyHK-
™/
Data=(buf[5]<<8)|buf[6]; //OnipeneneHne JaHHBIX
switch (SubFunc) /*BsIOOp B 3aBHCHMOCTH OT

MOJIYYSHHOTO Ko/ia MoAGyHKIHH*/

1 3anmcs agpeca
case 0x0200:
if (Data==0) || (Data>0xF7))  /*Ecnu 3anucsisae-
MBIif a][pec BBIXOJIUT 32 JOMYCTUMBIN Auana3on™/

buf[0]=0x03;

/IO1BeT "Omnbdka"

Write_Response_Modbus(Port,Address_device,Func | 0x80,SubFunc,buf,1);
break;

3
/[3amice 8 EEPROM HoBoro aapeca
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eeprom_write_byte(&EE_Address_device,Data);

buf[0]=Data>>8;
buf[1]=Data & 0x00FF;

Write_Response_Modbus(Port,Address_device,Func,SubFunc,buf,1);
break;

1 3anmce CKOPOCTH CBA3M
case 0x0201:
if (Data<0x03) || (Data>0x0A)) /*Ecxnu 3amucbiBae-
MBI KOl CKOPOCTH BBIXO/HT 32 JOIYCTUMBIi uana3on™/

buf[0]=0x03;

/IOtBer "Ommubka"

Write_Response_Modbus(Port,Address_device,Func | 0x80,SubFunc,buf,1);
break;

/[3amuce 8 EEPROM HOBoO#1 cCKOpPOCTH CBSI3H
eeprom_write_byte(&EE_COM_Speed,Data);

buf[0]=Data>>8;
buf{1]=Data & Ox00FF;

Write_Response_Modbus(Port,Address_device,Func,SubFunc,buf,1);
break;

[fmmmmmmm e He noniep>xuBaeMbIi KO TOAPYHKIUH ----=-==-===========-=
default:

//Ecnn naHHast TOA(GYHKINS He TOIepPKUBaeTCs
buf[0]=0x02;
Write_Response_Modbus(Port,Address_device,Func |

0x80,SubFunc,buf,1); //OtBet "Ommbka"

}

break;

case 0x10: //DyHKIWMS 3aMHCH cpa3y HECKOJIBKUX PETHCTPOB

(0x10)

SubFunc=(buf[3]<<8)|buf[4];  /*Onpenenenue koaa moadyHK-
™/

int_temp=(buf[5]<<8)|buf[6]; /*Omnpenenenne KoauuecTBa
peructpos™/

switch (SubFunc)  /*BsiGop B 3aBHCHMOCTH OT MTOJTy9IE€HHOTO

{

Il 3ach HIMEHH MOJTYJIS
case 0x00C8:

koza noadyHkun*/
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if (int_temp!=4) [*Ecnu jutMHHA KOMaH/IBI He
COOTBETCTBYET TpeOyeMoi™/

buf[0]=0x03;

/[OtBer "Omnbka"

Write_Response_Modbus(Port,Address_device,Func | 0x80,SubFunc,buf,1);
break;

//Berancnenne anpeca B EEPROM st 3anucu umeHn Mozysist
Address_EEP=(int)&EE_Name;

//Onpenenenvie MTaHHBIX
for (int_temp=0; int_temp<8; int_temp++)

{
Name[int_temp]=buffint_temp+8];
/[3anncy B EEPROM ouepenHoro 6aiiTa HOBOro MMEHH MOJLYJIst
eeprom_write_byte(Address_EEP+(uint8_t*)int_temp,Name[int_temp]);
}

Write_Response_Modbus(Port,Address_device,Func,SubFunc,buf,5);

break;
[fmmmmmm e He nonuep>xiBaeMblif KOX TOAPYHKIUH --=-=-==============-=
default:
//Ecii nanHas moQyHKLIHUS HE MOIeP)KUBACTCS
buf[0]=0x02;
Write_Response_Modbus(Port,Address_device,Func |
0x80,SubFunc,buf,1); //OtBet "Ommbka"
}
break;
[fmmmmmmm e He nopepkuBaeMblii KOJ QYHKIHH --------=--=-=-=--=-=----
default:
buf[0]=0x01;
Write_Response_Modbus(Port,Address_device,Func |
0x80,SubFunc,buf,1); /IOtBet "Omnbra"
}
}
}
/ OCHOBHas IPorpaMMa ======—==========
int main(void)
Init();
while(1) //BeCKOHEUHBIH UK
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if (Read_Modbus(COM_PORT1,buf)==1)
Command_decode(COM_PORT1); [*Ecnu mannasie Ha COM HOPT MOCTYITHIIN, BBI3BATH
HPOLEYPY JEKOUPOBAHKS KOMAH b/

if (Read_Modbus(COM_PORT2,buf)==1)
Command_decode(COM_PORT?2); [*Ecnu manasie Ha COM OPT MOCTYIHIIN, BBI3BATD
HPOLE/YPY J1e-KOAMPOBAHHs KOMaH 1bI*/

}
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1.6. Buébnuorteka RTC.h

q)yHKIIHH JJIsL paﬁOTLl C YacaMi peajibHOI0 BpEMEHHU

OyHKIMU 3TOH OMOIMOTEKH IMO3BOJAIOT OCYIIECTBISTH YCTAHOBKY M UTCHHE
JIaThl ¥ BPEMEHH.

Hwxe npencraBneHsl MpoTOTUIB! (PYHKIMI ONMMCAHHBIX B JaHHON OMONMHOTEKE.

char RTC_Init(void);

OYHKIUA MPOBOIUT MHULIHAIM3AIUI0 nHTepdeiica 12C mis cBI3M MHUKPOKOH-
TpoJIepa ¢ MUKPOCXEMOI 4acoB pearbHOro BpeMeHH. J[aHHYI0 (YHKIIUIO JT0C-
TATOYHO BBI3BaTh OJMH pPa3, PU MHUIHATU3AIMHA KOHTPOJLIEPA.

Bosepawaemoe snauenue:
DyHKIMS BO3BPAILAECT OAHO U3 IPUBEICHHBIX HU)KE 3HAYCHUM:
0x00 — Her o1mMOOK;

0x01 — ommOKa CBSI3M C MUKPOCXEMOI1 4aCOB peasibHOr0 BPEMEHH;

char RTC_Set_Time(unsigned char hour, unsigned char min, unsigned
char sec);

qDYHKI_II/ISI OCYIICCTBJIACT YCTAHOBKY BPEMCHU B MHKPOCXEME (‘IaCLI, MUHYTHI,
CEKYHIBI).

Hapamempeol:

hour — gacer (ot 0 10 23).

min — munyTer (01T 0 10 59);

sec — cexyHpl (oT 0 10 59);

Bo3sepawjaemoe snavenue:

DYHKITMSA BO3BpAIACT OJHO U3 MPUBEACHHBIX HUXKE 3HAUCHUI:
0x00 — et omHKOOK;

0x01 — ommOKa CBSI3M C MUKPOCXEMOM 4acOB peaslbHOrO BPEMEHH,
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char RTC_Get_Time(unsigned char* hour, unsigned char* min, unsigned
char* sec);

CDyHKLII/IH OCYHIECTBJIACT YTCHHUC BPEMCHU M3 MUKPOCXEMBbI (qacm, MUHYTHI,
CEKyH/[IbI).

Ilapamemprui:

B kadecTBe mapaMeTpoOB YKa3bIBAIOTCA aJpeca NEPEMEHHBIX, B KOTOPBIX HE0O0-
XOANMO Pa3MECTHTh NIPOUYNTAHHYIO HH(POPMAIIHIO.

&hour — gacer (ot 0 go 23).

&min — munyTst (ot 0 10 59);

&sec — cexyunsl (ot 0 10 59);

Bosepawaemoe 3nauenue:

DyHKIUA BO3BPAIIAET OJJHO U3 IPUBEICHHBIX HIKE 3HAUCHHMIA:
0x00 — Her omMoOOK;

0x01 — ommOKa CBSI3M C MUKPOCXEMOI 4acOB peasibHOr0 BPEMEHH;

char RTC_Set_Date(unsigned char day, unsigned char date, unsigned char
month, unsigned char year);
qDYHKI_II/ISI OCYHICCTBJIACT YCTAHOBKY AaTbhl B MUKPOCXEME (‘H/ICJ‘IO, MECAIT, FOJ_'[).

Iapamempror:

day — nens "Henenu (ot 1 10 7);

date — gucno (ot 1 g0 31);

month — mecsr (ot 1 1o 12);

year —rox (ot 0 no 99);

Bosepawaemoe snauenue:

OyHKIUSA BO3BPAIIAET OJJHO U3 IPUBEIEHHBIX HIKE 3HAUECHHMIA:
0x00 — et omMoOOK;

0x01 — ommOKa CBsI3M C MUKPOCXEMOM 4acOB peaibHOrO BPEMEHH,
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char RTC_Get_Date(unsigned char* day, unsigned char* date, unsigned
char* month, unsigned char* year);
OYHKITUA OCYIIECTBISIET YTEHHIE AATHI U3 MUKPOCXEMBI (YHCII0, MECAIL, TOT).

Ilapamemprur:

B kauectBe napaMeTpoOB YKAa3bIBAKOTCA aApeca NEPEMEHHBIX, B KOTOPBIX HEOO-
XO0OUMO pa3sMECTUTD MPOYNUTAHHYIO I/IH(lJOpMaHI/IIO.

&day — nens mepenu (ot 1 1o 7);

&date — yncrno (ot 1 10 31);

&month — mecs (ot 1 mo 12);

&year —rox (ot 0 1o 99);

Bozepawaemoe 3nauenue:

OyHKIUS BO3BPAIIAET OJJHO U3 IPUBEICHHBIX HIKE 3HAUCHHIA:
0x00 — et ommooK;

0x01 — ommOKa CBsI3M ¢ MHKPOCXEMOU YacOB PEaJIbHOTO BPEMCHU;

Mpumep RTC_1:

Hannas nporpamma npespamaet [1JIK B uacer. I BX0/a B peKUM YCTaHOBKH
9acoB HEOOXOAMMO HAXKaTh JIEBYIO KHOTIKY, IIPH 3TOM MIIQAIINH pa3psa] 3Hade-
HUS 4acoB Oy/IeT MOACBEYEH KypCcOpOM M Ha4HEeT Mepuats. Haxumas BTOpyio u
TPETHIO KHOIIKY MO’KHO YCTaHOBHTH TpeOyeMmoe 3HaueHue yacoB. Haxas eme
pa3 JeBYIO KHOIIKY, IIporpaMMa IepeiieT K pexXUMY HACTPOMKU MUHYT, a IIPU
MOBTOPHOM Ha)XKaTHH, K pexXHuMy cOpoca cexyHI. B pexunme copoca cexyHz,
CEeKYH/IbI OOHYJISIOTCS, @ 3HAYCHUE YaCOB M MUHYT KOPPEKTHPYIOTCS B 3aBHCH-
MOCTH OT TOTO KaKoe 3Ha4eHHe UMENN CeKyH bl IpH cOpoce. Ecnu ux 3HaueHne
66110 MeHbIe 30, MUHYTHI U Yachl HE H3MEHST CBOE 3HAUCHHUE, ECIIH Ke 3Ha4e-
HHe ceKyH[] Obu10 Ooubire 30, moka3aHus 4acoB yBEIMYATCs HA | MUHYTY.

#define F_CPU 14745600UL /*CraHpapTHas KOHCTAHTa 3a/]al0IIasi YaCTOTY MHKPO-
KOHTpoJuiepa*/

#include "MC12D6R.h" /ITun koHTpOIITEpa

#include <avr/io.h> //CtanmapTHas OuOIHOTEKA BBOIA-BBIBO/IA
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#include "LED.h"
#include "RTC.h"
ro BpeMeHu */

#include "Key.h"

uint8_t hour, min, sec;

uint8_t TimeSet=0;

uint8_t Error;

char String[11];

int main(void)
LED_Init();
RTC_Init();
Key_Init(LATCH_OFF);
while(1)

Error=0;

//Bbubnuorexa pabotsl ¢ LED nucrneem
/*bubnuoTeka pabOTHI ¢ MEKPOCXEMOI! 4aCOB peanbHO-

//bubnuotexa pabOTHI ¢ KHOIKAMU

//TlepeMeHHBIE YACOB, MHHYT, CEKYH
//®nar pexxuMa YCTaHOBKH BPEMEHHU
//®nar omnbku csizu ¢ RTC
//By®ep A TEKCTOBO# CTPOKU

//VHMnnanu3anys MHAUKaTopa
//Muntmanuszamnus RTC
//VHMnmanu3anys KHOIOK

//BecKOHEUHBIH UK

//O6rYMTE duiar o6k RTC

//TIpoYUTATH 3HAYCHHS YACOB, MUHYT, CEKYH[|
if (RTC_Get_Time(&hour,&min,&sec)==1) Error=1;

I

Kunormka "Hactpoiika™
if (Key(3)==DOWN)

//Onpoc 3 kHONKH (KpaliHe JeBast)

while(Key(3)==DOWN); //OxuaHue OTIYCKaHUs KHOTIKH

TimeSet++; //TlepeKITIoUnNTh PEKUM HACTPOHKH BPEMEHH

if (TimeSet>3) TimeSet=0; /*Tlocie HaCTPOMKH CEKyH[
IporpamMmMa Bo3Bparaercs B padouuii pexxum™/

Il Kunomnka "+"
if (Key(2)==DOWN)
{

//Omnpoc 2 kHOTKK

switch(TimeSet) //Onpenernenue H3MEHsIEMOro TTapaMerpa

case 0: break; /*Pabounii pexuM (BbIX0x 6e3 n3MeHe-
HUH)*/

case 1: //PeXUM U3MEHEHHSI 1aCOB

3HAYCHHE BHIILIO 3a mpenen™/

case 2:

3HAYCHHE BBIILIO 32 npeaent/

hour++;  //YBenuuuth 3HaUEHHE YACOB
if (hour>23) hour=0; /*Koppekiws 4acos, ecim ux

//OGHOBUTH TaHHBIE B MUKPOCXEME
if (RTC_Set_Time(hour,min,sec)==1) Error=1,
break;

//PeXUM N3MEHEHNS] MUHYT
min++;  //YBenu4uTh 3HAYCHHEC MUHYT
if (Min>59) min=0; /*Koppekiws MUHYT, €CIIH UX
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case 3:

//O6HOBUTD TaHHBIE B MUKPOCXEME
if (RTC_Set_Time(hour,min,sec)==1) Error=1,
break;

//PeXUM H3MEHEHHUS! CEKyH/T
sec=0; //COpoc cekyHxa
if (sec>30) min++;  /*Koppekuust MUHYT, €CITH OK-

PYTJIeHHE CeKYH[] IPOU30LIIO B OOJIBIIYIO CTOPOHY™*/

JacoB, €CJIM MUHYTBI BBILIIH 3a npez{en*/

€CJIM OHU BBILIUTH 32 mpenen™/

if (min>59) {min=0; hour++;} /*Koppekuus MuHyT 1
if (hour>23) hour=0; /*Koppekuus 4acos,
//O6HOBUTD TaHHBIE B MUKPOCXEME

if (RTC_Set_Time(hour,min,sec)==1) Error=1,
break;

}
_delay_ms(100); //TIporpaMmHast 3a/iep>KKa

}

Il Kuomnka
if (Key(1)==DOWN)
{

/[Onpoc 1 kHOmKK

switch(TimeSet) //OtipenesnieHne U3MEHIEMOr0 IIapamMeTpa
case 0: break; //Pabounii pesxum (BbIXO]] 6€3 H3MCHEHHIA)
case 1: //PeXUM N3MEHEHHS 4acoB

hour--; //Y MEHBIINTD 3HAYEHHUE YACOB

if (hour==255) hour=23,; /*Koppekius 4acos,

€CJIM MX 3HAaUeHHE BBIILIO 3a Ipenen®/

case 2:

€CJIM MX 3HaUYeHHE BBINLIO 3a Ipenent/

case 3:

//OGHOBUTE JJaHHBIE B MUKPOCXEME
if (RTC_Set_Time(hour,min,sec)==1) Error=1,;
break;

//PexuM N3MEHEHUs MUHYT
min--; //YMEHBINTE 3HAYECHNE MUHYT
if (min==255) min=59; /*KoppeKiyst MUHYT,

//OGHOBUTH HaHHBIE B MUKPOCXEME
if (RTC_Set_Time(hour,min,sec)==1) Error=1,
break;

//PesKUM H3MEHEHHS CEKyHJL
sec=0; //Copoc cexyHz
if (sec>30) min--;  /*Koppekuus MHHYT, €CIIH OK-

PYTIICHHE CEKYH/I MPOU30IILIO B OOJBIIYIO CTOPOHY™/

1 49acoB, €CJIM MUHYTBI BBIIIA 3a l'lpCZ[CJ'I*/

€CJIM OHH BBIIILTH 3a mipeaen™/

if (min==255) {min=59; hour--;} /*Koppexkimst Munyt
if (hour==255) hour=0; [*Koppexkist 4acos,
//OGHOBUTH IaHHBIE B MUKPOCXEME

if (RTC_Set_Time(hour,min,sec)==1) Error=1,
break;
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}

String[0]=hour/10+0x30;

CHMBOJILHOMY BULy*/

}
_delay_ms(100);

//TIporpamMMHast 3aiep>KKa

[*TIpuBecTy 3HAYEHUE YacOB K

String[1]=hour%10+0x30;

String[2]=""

String[3]=min/10+0x30;

CHMBOJIBHOMY BHY™/

//BCTaBUTBH pa3enuTellb

[*TIpuBecTH 3HaUYCHHE MUHYT K

String[4]=min%10+0x30;

String[5]=""

String[6]=sec/10+0x30;

CHMBOJILHOMY BULY*/

//BCTaBUTH pa3nenTellb

[*TIpuBecTy 3HAYCHUE CEKYH]] K

String[7]=sec%10+0x30;

String[8]=0x20;
String[9]=0x20;
String[10]=0;

if (Error==1)

MO3UIIMIO BEpXHEN CTPOKH™/

uHIUKATOp™/

}

else

{

TMO3ULIHIO BepXHeit cTpoku™/

//Ounctka Gydepa
//Ouncrka 6ydepa
//TIpu3HAaK KOHIA CTPOKH
/[Eciu 6b11a ommbka RTC
LED_SetPos(0,0); [*YcTaHoBKa Kypcopa B JIEBYIO

LED Write_String("Ommub6xa RTC"); /*BsIBOJ BpeMeHH Ha

LED_SetPos(0,0); /*YcTanoBKa Kypcopa B JIEBYIO

LED_Write_String(String); //BBIBOZ BpEeMEHH Ha HHIMKATOP
switch(TimeSet) //OnpenesneHue moIoKeHus Kypcopa

//BBIKII04MTE OTOOpasKEHHE Kypcopa
case 0: LED_CursorEnable(0); break;

/IY cTaHOBUTHL KypCOp Ha 3HAYEHHUE YaCOB
case 1: LED_CursorEnable(1); LED_SetPos(0,1); break;

/IY cTaHOBHTH KYpCOp HA 3HAYECHHE MUHYT
case 2: LED_CursorEnable(1); LED_SetPos(0,4); break;

//Y CTaHOBHUTB KypcOp Ha 3HAYECHHE CEKYH/T
case 3: LED_CursorEnable(1); LED_SetPos(0,7); break;

}
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Led(LD_SW); //TIepexTrounTh CBETONON
_delay_ms(100); //TIporpaMMHasi 3a/iepiKKa
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1.7. buonuoteka 1Wire.h

DyHKIUU 19 padoThl JaTYMKOM TEMIIEPATYPHI MJIATHI

OyHKIUK 3TOH OMONHOTEKH TO3BOJIAIOT U3MEPUTH TEMIICPATypy IUIATHI HUQ-
poBbM matunkom DS18B20.

Hioxe npezcTaBiaeHbl IPOTOTHIIE! (DYHKIMHA ONMUCAHHBIX B JAaHHOHM OMOIMOTeKe.

void Temperature_Board_Start(void);

(I)YHKI.II/ISI BBITIOJIHACT MHULIUAJIN3ALNI0 JaTYHMKa TEMIICPATYPhI IJIATHI U 3aITy C-
KaeT M3MepeHUe TeMmepaTypsl. JJaHHyio QyHKINIO HeOOXOIMMO BBI3BIBATE JIJIS
KaXXJ10T0 HOBOT'O U3BMCPCHUA TCMIICPATYPHI.

uint8_t Temperature_Board_Read(int* Temperature);

OyHKIMSA BBIIOJHACT YTCHHE JAHHBIX C JaTYNKa TEMIIEPaTyphl ATkl J{ns
npeoOpa3oBaHus TEMIIEPATYPhI JaTYHKOM TpedyeTcst 750Mc, To3TOMy HOJIB30-
BaTEJI0 HEOOXOAMMO BBIIEPKATh JTAHHBIH BPEMEHHOW MHTEPBaJl, MEXAY (QyHK-
LUSIMU 3aITyCKa IPpeoOpa3oBaHus U YTEHUS TeMInepaTypbl. DyHKINS OCyIECTB-
JISIET MIPOBEPKY KOHTPOJIBHOM CYMMBI IPOYUTAHHBIX JAHHBIX C 1aTYMKa U BO3-
BpalllaeT HyJIEeBOE 3HAYCHHUE B ClTy4ae OIIHOKH.

Hapamempror:

B kauecTBe mapameTpa yKa3bIBaeTCs aJ[pec MEpPEeMEHHOH, B KOTOPYIO HE0OXo-
JIIMO TIOMECTHUTH MIPOYUTAHHYIO TEMIIEPATYPY.

Temperature — npoynTaHHasl TeMIIEparTypa.

Boszspawaemoe snauenue:

OyHKIMA BO3BpamaeT | B ciydae yCHenHoro 3aBepiieHns padboTsl, 1o 0 B
Cllydae, eCJIM BO3HUKJIA OINOKa KOHTPOJIBLHOM CYMMBEI.

Mpumep 1Wire_1:

JlanHast mporpamMma TPOBOJUT U3MEPEHHS TEMIIEPATYPhI TUIATHI B OTOOpaKaeT
€€ 3HaUCHUE Ha UHIUKATOPE.
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#define F_CPU 14745600UL  //CranmapTHasi KOHCTaHTa 3aJarolIasi 4aCTOTY MUKPOKOHTPOJLIEpa

#include "MC12D4R40.h" //Tun KoHTpoILIepa

#include <avr/io.h> //CranpaptHast 6GMOIMOTEKA BBO/IA-BbIBOJIA

#include "LED.h" //bubmmorexa pabotsl ¢ LED nucmneem

#include "1Wire.h" //bubanoreka paboTsl ¢ muHOM 1-Wire

#include <stdio.h> /*CrangapTHas OMOIMOTEKa BBOAA-BBIBOJA (B JAHHOM IIPUMEpPE

HCIIOJIB3YETCS AT HpeO6pa3OBaHI/Iﬂ YHCJIOBOI'O 3HAYCHHUA B CTpOKy)*/

int main(void)

{
LED_Init(); //VIHMnpanM3anus HHANKaTopa
int temperature; //TlepemMeHHast JUTs IPOYUTAHHOTO 3HAUCHHS TEMIIEPATYPHI
char String[16]; //TekcToBas CTPOKa JUIsl BEIBOJIA HA HHIUKATOP
while (1) //BecKOHEUYHBIN LHKIT
{

Temperature_Board_Start(); //3amycK U3MEpEHHsI TEMITEPATYPHI IIATHI
_delay_ms(750); [*3anepxka 750Mc Ha peoOpa3oBaHie
TeMIIepaTypbl JaTYHKOM™/

if (Temperature_Board_Read(&temperature)) //Urenue Temreparypbt

LED_SetPos(0,0); /*YcTaHoBKa Kypcopa B JIEBYIO
TMO3ULIHIO BepXHeit cTpoku™/

LED_Write_String("Temmneparypa "); [*BsiBOJ COOOMIEHNS
"Temmeparypa'*/

sprintf(String,"%d" temperature/10); [*TIpeobpazoBanust

YKCIa B CTPOKY™/
LED_Write_String(String); //BeiBog 11€T10# 9acTr
LED_Write_String("."); //BBIBOZ pa3eTUTeNbHON TOUKN

sprintf(String,"%d" temperature%10); [*TIpeobpazoBanust
4HCIIa B CTPOKY™/
LED_Write_String(String); //BriBo 1po0OHOI YacTu

}
else //Ecnu 6blna omuOKa 9TeHNsI KOHTPOIBHON CYyMMBI
{
LED_SetPos(0,0); /*YcranoBka Kypcopa B JIEBYIO
TMO3HILMIO BEPXHEH cTpoKu™/
LED Write String("Ommo6xka!"); /*BoIBoz cOOOIIECHHUS

00 omubke™/

}
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DyHKIUU yNpaBJeHHs AHAJOTOBBIMH BX01aMHU NMAaHEJIbHOT0
KoHTpoJiepa MC-4A7D4R40

OYHKIUN TaHHOW OMOJIMOTEKH MO3BOJIIOT OCYIIECTBIIATH 3alyCK MPeodpa3o-
BaHus Al 1 uTeHue 3HAUCHUS HANTPSDKEHUS MM TOKA HA aHAJIOTOBBIX BXOAaX
na"enbHOro koutpoiuiepa MC-4A7D4R40. Beibop BXOJHOTO THUIA CHTHala
OCYIIECTBIIIETCS MOJKIIOUYEHUEM NIYHTHPYIOIIETO PE3UCTOpa MPU TOMOIIH
JIBIDKKOBOTO MEPEKITIOYATEIIS PACIIONOKEHHOTO Ha 00paTHON CTOPOHE MeYaTHO-
ro y3ma monyis. Korma mepeximodarens HaxoOwTcs B mojoxkeHuu «Ony, Ha
COOTBETCTBYIOIIIEM €My aHAJIOTOBOM BXOJ€ IOJAKIIOYCH IIYHTHPYIOUINHA pe3u-
ctop 124 Oma. AHanoroBble BXOJbl MO3BOJISIIOT U3MEPSTH HAIPSDKEHHUE B JHa-
ma3oHe 0-2,5B unu Tok B quanazone 0-20MA.

s ynoOcTBa HCMoNib30BaHusS (YHKIUNH B JaHHOW OHONIHOTEKE OOBSBICHBI
CJIE/IyFOLIIe KOHCTAHThI:

#define AINO 0 /*KoucranTa "0 ananorossiii Bxoxn'"*/
#define AIN1 1 /*KoucranTa "1 ananorossiii Bxox'"*/
#define AIN2 2 /*KoncranTa "2 aHanorosslil Bxon'"*/
#define AIN3 3 /*KoHncranTa "3 aHanorosslil Bxox'"*/
#define VOLTAGE 0 /*Koncranra "BxoaHoil quana3oH Hampsi-

sxenue 0-2.5 B"*/
#define CURRENT 1 /*KoucranTa "BxonHoi auamna3oH tox 0-20
MAH*/

Hmxe mpencTaBieHs! MPOTOTUIBI (QYHKITNI ONMMCAHHBIX B JaHHON OnbIHoTeKe.

char ADC_Start_Measuring(char Channel, char Range);
OyHKIUS OCYHIECTBISIET HACTPONKY yKa3aHHOM JIMHUU aHAJIOrOBOro BXOJa Ha
TpebyeMslii nuana3oH u 3amyckaetr AT Ha npeoOpazoBanue. Bpems nepsoro
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npeoOpaszoBaHms coctaBisieT 217MKce. Bee mocnenyromue npeodpazoBaHus
BBITIOJTHAIOTCA 32 1 13MKc.

lapamempror:
Channel - Homep ananorosoro Bxoja (ot 0 10 3);

Range - sBxommo#t mmamazon (0-coorBercByeT Hampsbkenmoo 0-2,5B. 1-
cootBercByeT TOKy 0-20MA). s ymobcTBa paboThl C JaHHBIM ITapaMeTpoM
1es1eco00pa3HO NPUMEHSITh KOHCTAHTHI, ONMCaHHbIE B HaYalle pasJena.

Bosepau;aefwoe 3HAa4ernue.

Oynxnus Bo3Bpammaet 0 B cirydae yCIENIHOTO 3aBepieHus padboTsl, mubdo OXFF,
B CIIy4ae €CJIM IapaMeTphl 3aJaHbl He BEPHO.

char ADC_Read(unsigned int *Data);
DyHKIMS OCYIIECTBIIET IPOBEPKY AAHHBIX HA TOTOBHOCTh M YTCHNE 3HAUCHUS
npeobpazoBanHoro AIII.

Iapamempror:

B kauecTBe mapamerpa yKa3bIBaeTCsl ajipec IEepEeMEHHOH, B KOTOPYIO HEOOXO-
JIUMO TIOMECTUTH MPOYUTAHHOE 3HAUCHHE.

*Data — mpounTaHHOE 3HAYCHHE HANPSKECHUS WM TOKAa MPEACTaBICHHOE B
MIIJIMBOJIBTAX MIIM MHKPOAMIIEpax B 3aBUCUMOCTH OT BEIOPAHHOTO JHAaIla30Ha.

Bosspawaemoe snauenue:

OynkIius Bo3Bpamaet 0 B cydae yCHEeIHOro 3aBepiieHns paboTsl, 1o 1 B
cllydae, eciu IpeoOpa3oBaHue elle He 3aBEePIICHO.

Ipumep Analog_1:

I[aHHaH porpaMMma npoBOJAUT U3MCPEHHUS TOKaA IO 0 KaHally 1 U3MEPCHUEC Ha-
MPsKCHUS Ha KaHalax 1-3. HporpaMMa BbIBOJJUT HA MHAUKATOP 3HAYCHUSA U3-
MCEPCHHLIX BEJINYUH.

#define F_CPU 14745600UL /*CraHpapTHas KOHCTAHTa 3a/]al0IIasi 4aCTOTY MHKPO-
KOHTpoIuiepa*/
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#include <avr/io.h> //CtanmapTHast OMOIHOTEKa BBOAA-BBIBO/A

#include "MC4A7D4R40.h" //Tun KOHTpOILIEpa

#include "LED.h" //bubnnoteka pabotsl ¢ LED nucreem

#include "Analog.h" //Bubnunoreka pabotsl ¢ AL

#include <stdio.h> /*CrangapTHas OnbIMOTEKa BBO/A-BbIBO/A (B JAHHOM

TIPpUMEPE UCTIOIB3YETCS I npe06pa3OBaHH${ YUCJIOBOT'O 3HAYCHUA B C’l'pOKy)*/

char String[17]; //Bydep 1i1st TEKCTOBOM CTPOKU

int main(void) //OcHOBHasI porpamMma
unsigned int result[4]; //MaccuB mis uyreHus pesynabrata ¢ AIIL
int Channel=0; //TlepemMeHHas Ul HyMepalyu KaHaloB
LED_Init(); //MHMLMaIU3a st MHUKATOpa
while (1) //BeCKOHEUHBII LUK

[*3amyck npeodpaszosanust AL st BEIOpaHHOTO Kanana (st 0 KaHajia TOKOBBII JHANa30H, JJis
OCTAJIHBIX TIOTEHITHATBHBIN)*/

if (Channel==0) ADC_Start_Measuring(Channel, CURRENT);

else ADC_Start_Measuring(Channel, VOLTAGE);

/*Orkunanie OKOHIaHUs PeoOpa3oBaHus U YTEHHE pe3yibTaTa*/
while (ADC_Read(&result[Channel]));

/*YcraHoBKa Kypcopa B JIEBYIO O3HLIUIO BEPXHEH CTPOKH™/
LED_SetPos(Channel/2,(Channel % 2)*9);

/*BbIBOJI Ha MHIUKATOP [ETION JacTu™/
sprintf(String,"%d",result{Channel]/1000);
LED_Write_String(String);

/*BBIBOJ] HA MHANKATOP Pa3AeNUTENBHON TOUKI*/
LED_Write_String(".");

/*TIpeobpa3oBanue ApoOHOI YaCTH B CHMBOJIBHBINA BUT*/
result[Channel]=result[Channel] % 1000;
String[5]=0;
String[4]="",
String[3]="",
String[2]=(result[Channel] % 10)+0x30;

[*BbIBOJ] Ha HHAMKATOP JPOGHOM uacTi™/
result[Channel]=result[Channel]/10;
String[1]=(result[Channel] % 10)+0x30;
String[0]=result[Channel]/10+0x30;
LED_Write_String(String);

[*TlepexioyeHne Ha cieyIonuil kaHa*/
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if (Channel<3) Channel++;

else Channel=0;
/*3anepxka na 100mc.*/
_delay_ms(100);
}
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(DyHKIIHH CO3JaHUH MCHIO U HABUTAIIUH 110 MCHIO

OYHKIUN TaHHON OMOIMOTEKHU MO3BOJIIOT CO3JaTh MCHIO JIFOOOW CIIOKHOCTH,
MO3BOJIAET MPOU3BOJUTH HABUTALIMIO MO CO3JaHHOMY MEHIO, U3MEHATH Mapa-
METpBI, IPUBSI3aHHBIE K DJIIEMEHTAM MEHIO, a TaK)K€ COXPaHATh UCTOPHIO U3Me-
HEHHBIX MTapaMeTPOB.

s ynobctBa ucmosib30BaHusS (YHKIUHA B JaHHOW OMONMOTEKE OOBSBICHBI
CIIEIYIOIIIEe KOHCTAHTHI:

#define NONE 0 /*Koncranra “Het naHubx”*/
#define MAX_ELEMENTS_MENU /*KoncranTa "KonuuecTBo aire-
MEHTOB MEHIO"*/

#define MAX_SUB_MENUS /*KoncranTa "Konuuectso moame-
HI0"*/

#define MAX_HISTORY_ELEMENTS  /*Koncranra "/IyiHa cincka HCTO-
pun"*/

#define MAX_HISTORY_ NAMES /*Koncranra "JIiuHa HMEH 3J1e-
MEHTOB CITHCKa UCTOPUH"*/

#define EXIT 65535 /*KoncranTta "Bbixoa u3 MeHio"*/
enum EMPTY_ELEMENT 0 /*KouncranTa “Ilycroii anemeHt”*/
enum PARAM_ELEMENT 1 /*KoHcTaHTa “DIeMEHT C YHCII0-

BBIM IapameTpom”*/

enum SWITCH_ELEMENT 2 /*KoHcTaHTa “DIEeMEeHT C mepe-
KITI0YaeMBbIM napameTpom”*/

enum HISTORY_ELEMENT 3 /*KoHncTaHTa “DNeMeHT C HCTOpHEH
M3MEHEHHH */
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enum DEFAULT_ELEMEN 4 /*KoHcraHTa “DIIeMEHT CTaHIapT-
HBIX HACTpOeK™*/

enum WORD_ELEMENT 5 /*KoHcTaHTa “DJIEMEHT ¢ TEKCTO-
BBIM ITapamMeTpom”*/

Hioxe npeacTaBieHbl IPOTOTHUIEL (DYHKIMH, OIIMCAHHBIX B IaHHOW OMOIHOTEKE.

void Add_New_Element(const uint8_t number_Element, uint8_t
elment_Number_In_Submenu, menu_Types element_Type, uint8_t
child_Submenu, _ flash const char *text, uint8_t *data);

(I)YHKI_II/ISI cOo31acT HOBBIH 3JIEMEHT B MEHIO. HpI/IMeHﬂeTCﬂ COBMECTHO C (I)YHK—
nueir Add_New_Menu NpYU MHULMAIU3AUN IPOrpaMMBl Ul CO3aHUA CTPYK-
TYPHUPOBAaHHBIX CIIMCKOB (HOJI[MGHIO), O6”be,£[I/IHéHHBIX B CAMHOC MCHIO.

Ilapamemproi:

number_Element — o6mmit nopsakoBeii HOMep JyieMeHTa (YHUKaIbHBIH HO-
Mep JUTs KaKAOTO 3JIEMEHTA).

element_Number_In_Subme — mopsiakoBbIii HOMep 371eMeHTa BHYTPH €ro
TIO/IMCHIO.

element_Type — Tum sreMenTa, 3aBUCHT OT THITA MApaMeTpa, MPUBSI3aHHOTO K
3JICMEHTY.

child_Submenu — momep nodueprero noaMero (HOMep MOAMEHIO, KOTOPOMY
JIAHHBIN DJIEMEHT MPUXOJIUTCS POAUTEIIEM).

*text — ykazaTenp Ha HayajJo CTPOKHU cColeprkamiell Ha3BaHue dnemeHTa. JlaH-
HBI MapaMeTp HEOOXOIWMO 3aJaBaTh ¢ moMomibio Makpoca PSTR, maxnbrit
MaKpOC HCHONB3YyeTcs IS XpaHeHUs CTpOoku Tekcta Bo FLASH mamstu. B
cllydae eciM INepegaBaeMbIil TEKCT TpeOyeTcsi 0TOOPa3uTh Ha 00EHX CTPOKax
MHJIMKATOpa, B MECTE IIEPEHOCA CIIEyeT yKa3aTh ClICLUATbHBIA CHMBOJ «/Ny.

*data — YKa3aTeJib Ha Ha4aJI0 MacCuBa JaHHbIX.

void Add_New_Menu(const uint8_t number_Menu, uint8_t ele-
ments_Count_In_Submenu, uint8_t parent_Submenu_Number);

OyHKIUA cO3AaeT HOBOE MOAMEHI0. II[puMenseTcss COBMECTHO ¢ (pyHKITHEH
Add_New_Element npu unnnmanusanuu mporpaMMsl Jiist CO3MAHUSA CTPYKTY-
PHPOBAHHBIX CIHUCKOB (TI0IMEHIO), 00BEIMHEHHBIX B €IMHOE MEHIO.
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lapamempror:

number_Menu — nopsKOBbIi HOMEP MOAMEHIO. (YHHKAIbHBIA HOMED IS
KaXKJI0r0 3JIEMEHTa)

elements_Count_In_Submenu — konuyecTBO 3J1€MEHTOB B CO3/[aBaAEMOM I10/I-
MEHIO.

parent_Submenu_Number — mopsaKoBbIif HOMEpP POIUTENBLCKOTO DIIEMCHTA
meH:o ([TopsIKOBBIN HOMEP MOAMEHIO, KOTOPOMY TEKYIIee IOAMCHIO IIPHX0-
TUTCS POAUTEIIEM).

uintl6_t Goto_Menu (uint8_t *array_Byte, uint8_t *type)

OcHOBHas (l)yHI(I_II/ISI MCHIO. (I)YHKI_[I/ISI OCYIICCTBJIACT BXOA B MCHIO, BBIXOJ U3
(yHKIMH TPOMCXOAUT IyTeM HaxkaTusi KHonku «Hasamy, nmubo npu coxpane-
HHUHW HOBOT'O 3HAYCHUSA MApaMETpPOB. Bo BTOPOM CJIy4da€ BbIXOJ IMPOU3BOAUTCA C
SO MPOBEPKHU HOBOT'O 3HAUCHUA ITapaMeTpa Ha JOCTOBCPHOCTh.

Hapamemprol:

*array_Byte — anpec HauabHOTO 3JIeMEHTa, Oydepa B KOTOPBIH 3aMUCHIBACTCS
HOBOE 3HAYCHHUE MApaMeTpa, B CIIydae ero M3MEHEHHUSL.

*type — agpec epeMEeHHOH, B KOTOPOH XPaHUTCS THUIT U3MEHAEMOTO apaMeT-
pa.

Bosgpau;ae/woe 3HA4YeHue.

@OyHKIMS BO3BpAIIAeT MOPSIKOBEI HOMEp N3MEHSAEMOTO ITapameTpa.

void Save_Changes (uint16_t element, uint8_t *ptr)

DyHKIMS NePE3aNUChIBACT U3MEHEHHBIN napaMerp. DyHKIUIO clieayeT BbI3bI-
BaThb B CJy4ac YCIIEIIHOI'O BBIIIOJHEHMS IIPOBEPKU HA JIOCTOBEPHOCTH HOBOI'O
3HAYEHUS IIapaMeTpa.

Hapamempeor:

element — mopsAKOBBIM HOMEp 3JIEMEHTa, B IApaMeTp KOTOPOrO HYKHO 3aru-
caTb HOBOE 3HAYCHUE.

*ptr — CChIJIKa Ha HCpBBIﬁ 3JICMCHT MacCHBa, B KOTOPOM XPAaHUTCA HOBOC 3Ha-
YCHUC IMapaMeTpa.
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Mpumep Menu.h

B npumepe co3naercsi 4eTbIpeXypOBHEBOE MEHIO U3 §-M MOAMEHI0. B Havaib-
HOM IIOZIMCHIO KOJIMYECTBO 3JIEMEHTOB PABHO 3, B OCTAIBHBIX MOJMEHIO 1O 2
aneMeHTa. K onpeneneHHBIM 31€eMEHTaM MEHIO NPHBS3BIBAIOTCS IApaMeTPhl, B
peanbHBIX YCIOBHUSX BIUSIONIINE HA pabOTy yCTPOMCTBA, HAIPUMED, TApPaMETPEI
JIMHEapH3aluy WIN yCpeTHEeHUs. B OCHOBHOM mporpamme MpoMCXOANT HaBUTa-
U 10 CO3AaHHOMY MEHIO M M3MEHEHHE IapaMeTpoOB C MOMOLIBbI0 (YHKIMN
JTaHHOW OMOINOTEKH.

OKHO OCHOBHOM

—»  [porpamMMbl

Memnio 1

Tloamento 1
B MeHio 1

_ ITapam.1 menrol
Bk
ITapam.2 meHiol
11111

Tlapam.3 meniol
I 2222
IMapam.4 meniol
Temnepat

IMoxamenro 2
B McHio 1

Metmto 2 Tloamento 1 ITapam.1 meH02
B MEHIO 2 Beikn
I ITapam.2 MeHi02
33333
Tloamento 2 ITapam.3 Meni02
B MeHIO 2 Bxn
IMapam.4 meHi02
+44444
Memnio 3 Hactpoiikn

0 YMOJTYaHHIO

Hcropust
HM3MEHEHUH

Crcox
HCTOPHH

Pucynok 1 - Cxema MeHI0, CO3JIaHHOTO B IPUMEPE
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#define F_CPU 14745600UL
Tposuiepa*/

#define MAX_ELEMENTS_MENU 17
#define MAX_SUB_MENUS 8

#define MAX_HISTORY_ELEMENTS 16

#define MAX_HISTORY_NAMES 16
#include "MC4A7D4R40.h"

#include <avr/io.h>
#include <util/delay.h>
#include <avr/pgmspace.h>
namsaTu*/

#include "Menu.h"
#include "LED.h"

#include "Key.h"

uint8_t paraml = 1;
uint8_t param2[5] = {'1"'
ot 0 10 99999*/

1,11,

uint8_t param3[5] = {'2','2',".",'2",2'};
0 10 99999*/
uint8_t param4[] = {"Temneparypa"};

uint8_t param5 = 0;

uint8_t paramé[5] = {'3',3','3','3','3};
ot 0 10 99999*/

uint8_t param?7 = 1,

uint8_t param8[6] = {'-''4','4''4",'4''4},
0T -99999 110 +99999*/

/%
int main(void)
{

uint8_t buf[8];
Hu3MeHeHuin*/

uint8_t type = 0;

uint16_t element = 0;

JIMCh U3MEHEHUs™/
LED_Init();

*.

/*CTEI.H,E[&]JTHEU{ KOHCTaHTa, 3ajaronias 4YacToTy MHKPOKOH-

/*MHKCHMEJ'IBHOC KOJIMYECTBO DJICMCHTOB B MeHlO*/
/*MakcuManbHOe KOJIMYECTBO MOAMEHI0™/
/*Pa3mep criucka M3MeHeHUn*/

[*]lnuHa MMEH IapaMeTpoB B CIIMCKE H3MEHEHHIT™/

[*Tun mopyns™/

/*Cranpaptaas 6ubianoreka BBoa/BbiBOA™/
[*CranpaprHas OubianoTexa 3a1epxku™/
[*CrangaprHas 6ubanoTeka mist XpaHeHus faHHbIX Bo FLASH

/*Bubanoreka MeHio st Moayiein MC*/
[*Bubanorexa qucruies ™/
/*Bubanoreka KHOMOK™/

Muununanuzanus FLASH */

[*TTapamerp "Tlepexiouarens" paseH 1 win 0%/
[*YucnoBoii napamerp pasubiii 11111, Moxer ObiTh H3MEHEH
HCJIOBOIT TapamMeTp paBHbIif 22.22, MOXKET OBbITh H3MEHEH OT
/<4 p P p: 22.22, [§
€KCTOBOM nmapameTp paBHelit "Temneparypa
/*T p PP "T paryp: nk/
[*TTapamerp "Tlepexirouarerns" paseH 1 win 0%/

/*YucnoBoil napamerp pasubiii 33333, Moxer ObITh U3MEHEH

[*Tapamerp "Ilepekmntoyarens” pasen 1 mwin 0*/
/*YucnoBoii mapametp paBHbIil -44444, MOXeT ObITH U3MEHEH

OcHOBHasi [IporpamMma */
/*Bydep, XpaHsInii HOBbIE 3HAYCHHUS TAPAMETPOB B CIIyYae UX
[*Tum a5eMeHTa B KOTOPbIii BHOCHIINCH H3MEHEHHs ™/

/*TTopsiAKOBBI HOMED BJIEMEHTa, B IIAPaMETP KOTOPOro BHOCH-

[*Unnnuanusanus gucres™/

VHunpmanu3anus 371eMEHTOB MEHIO */

[*Coznarp noamerto (0 - HOpsAAKOBBI HOMep, 3 - KommdectBo 1emenToB, NONE - Ge3

POIUTENIBCKOTO HOAMEHI0) */

Add_New_Menu(0, 3, NONE); /*Co3snanue noamMeH:o nepsoro yposHs*/

[*Coznarb snement MeHto (0 - 061U TOPSIKOBBI HOMED,
0 - HOpsAKOBBIT HOMEpP BHYTPHU IOAMEHIO,
EMPTY_ELEMENT - tin snemenTa(31emMeHT Oe3 napamerpa),
1 - HOMep JOYepHEro MOAMEHIO,
"Memto 1" - Ha3BaHME MOAMEHIO,
NONE - noxmento Ge3 napamerpa (6e3 1aHHbIX) */
Add New_Element(0, 0, EMPTY ELEMENT, 1, PSTR("Mesto 1"), NONE); /*®yukius

CO3/JIaHHMs 3JIEMEHTA MEHIO™/

Add_New_Element(1, 1, EMPTY_ELEMENT, 2, PSTR("Memo 2"), NONE);
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Add_New_Element(2, 2, EMPTY_ELEMENT, 3, PSTR("Mento 3"), NONE);

Add_New_Menu(l, 2, 0); [*Co3nanue mMOJMEHI0 BTOPOrO YpOBHS (IIOAMEHIO
1 Bnoxeno B noamenio 0) */

Add_New_Element(3, 0, EMPTY_ELEMENT, 4, PSTR("Ilogmento 1/n menwo 1),
NONE);

Add_New_Element(4, 1, EMPTY_ELEMENT, 5, PSTR("Ilogmento 2/nB meHoo 1"),
NONE);

Add_New_Menu(2, 2, 0); /*Co3nanue NOJMEHIO BTOPOTO ypoBHs (II0AMEHIO
2 BioxeHo B noamenio 0) */

Add_New_Element(5, 0, EMPTY_ELEMENT, 6, PSTR("Iloxmento 1/nB menio 2“),
NONE);

Add_New_Element(6, 1, EMPTY_ELEMENT, 7, PSTR("Iloagmento 2/nB MeHio 2"),
NONE);

Add_New_Menu(3, 2, 0); /*Co3nanue NOJMEHIO BTOPOTO ypOBHs (II0AMEHIO
3 BJI0XkEHO B oaAMeH0 0) */

Add_New_Element(7, 0, DEFAULT_ELEMENT, NONE, PSTR("Hacrpoiiku/nro ymonua-
Huto"), NONE);

Add_New_Element(8, 1, EMPTY_ELEMENT, 8, PSTR("Ucropus/nusmenennii”), NONE);

Add_New_Menu(4, 2, 1); [*Co3nanue MoAMEHIO TPETHEro ypOBHS (II0AMEHIO
4 BroxeHo B oaMento 1) */

Add_New_Element(9, 0, SWITCH_ELEMENT, NONE, PSTR("Ilapam.1 meniol"),
&paraml);

Add_New_Element(10, 1, PARAM_ELEMENT, NONE, PSTR("Ilapam.2 wmeHiol"),
param2);

Add_New_Menu(5, 2, 1); [*Co3nanue MoAMEHIO TPETHEro ypOBHS (II0AMEHIO
5 BJI0XEHO B moaAMeH0 1) */

Add_New_Element(11, 0, PARAM_ELEMENT, NONE, PSTR("Ilapam.3 wmeniol"),
param3);

Add_New_Element(12, 1, WORD_ELEMENT, NONE, PSTR("Ilapam.4 meniol"),
paramé4);

Add_New_Menu(s6, 2, 2); [*Co3naHne IOIMEHIO TPETHEro yPOBHs (IIOAMEHIO
6 BJIOXKEHO B MOAMEHIO 2) */

Add_New_Element(13, 0, SWITCH_ELEMENT, NONE, PSTR("ITapam.l wmemio2"),
&paramb);

Add_New_Element(14, 1, PARAM_ELEMENT, NONE, PSTR('Ilapam.2 wmem:o2"),
paramé);

Add_New_Menu(7, 2, 2); [*Co3naHne IOIMEHIO TPETHEro yPOBHs (IIOAMEHIO
7 BIOXKEHO B MOAMEHIO 2) */

Add_New_Element(15, 0, SWITCH_ELEMENT, NONE, PSTR("Iapam.3 wmeHnw02"),
&param7);

Add_New_Element(16, 1, PARAM_ELEMENT, NONE, PSTR("Ilapam.4 wmeHi02"),
param8);

Add_New_Menu(8, 1, 3); /*Co3nanue MOAMEHIO YETBEPTOro YpPOBHS (MO.-
MEHIO 8 BJIOXKEHO B 10AMEHIO 3) */
Add_New_Element(17, 0, HISTORY_ELEMENT, NONE, PSTR("ITycto"), NONE):
while (1)
{

I*: OcHOBHasl IporpamMma */
LED_SetPos(0,0);
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LED Write String P(PSTR("OkHo ocroBHOiT")); /*BeiBoj nabopmaimu Ha aucruieit™/
LED_SetPos(1,0);

LED_Write_String_P(PSTR("nporpamwmsr"));

_delay_ms(200);

1*: Bxox B MeHIO */
if (Key(0) ==1) /*Oumanue  HaxarHs
KHOIKK*/
while(Key(0) == 1) {_delay_ms(10);} /*OsKumaHue OTIyCKaHHs

kHonKH (AHTHIpEGesr) */
while (1) /*Bxox B MeHIO*/

element = Goto_Menu(buf, &type); /*®yukuus Bo3Bpamaer
HOMep 9JI€MEeHTa, HOBOE 3HAYCHHE apaMeTpa M THII dJIeMeHTa™/

if (element '= NONE) /*Ecnu OBUIO M3MHCHEHS
napamerpa*/

if (element == EXIT) break; /*TIpoBepka Ha BbIX0OX
3 MEHIO™/

Save_Changes(element,  buf);  /*Coxpanenue
u3MeHeHui napamerpa*/
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2. 3akn4vuTtenbHas 4YacTb

OnucanHbple OMOIMOTEKH CO3JIaHBI C LIENBIO YIPOIIECHHS HCIIOJIb30BaHHUS KOH-
Tposmepos cepun MC. BUOTHOTEKN TOCTOSTHHO OOHOBIIAIOTCS B COOTBETCTBUU
C TOXXeNaHWsIMH NoTpebuTeneil. Bee mporpaMMHBIE KOIBI NpeICTaBICHHBIC B
JaHHOM JOKyMEHTE pa3MEIICHBI B manke Examples B Buge roToBbIX IPOEKTOB.

JKnem Bammx 3amMedaHU U MMPEIUIOKEHUH I JaNbHEHIIero yirydmeHus 0no-
JHOTEK U IPUMEPOB UX MPUMEHEHUsI !
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