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1. BBogHast yacTtb

B kommiekt nmoctaBku koHTposiepoB cepun NLcon-1AT (manee - "koHTpoI-
aep') BXOAAT ONMCAHHBIE HIKE OMOIMOTEKH Ul pa3paboTKH MPOTrpaMMHOTO
obecrieueHus mojbp3oBareis. buOmroTekn nmpeaHa3HaueHbl s UCTIOIb30BaHUs
B cpeae mporpammupoBanus AVR Studio 6. IMocnennsis Bepcusi cpefbl mMpo-
rpammupoBanns AVR Studio 6 moctynna mis GecriaTHOTO KOMHPOBAaHHS C
caiita komnanuu ATMEL http://www.atmel.com/microsite/atmel_studio6/.

bubnmoTekn TO3BONSAIOT  YIPaBIATH: YCTPOWCTBOM HWHIMKAIMHU (Hajee-
MHUKATOPOM), JTUCKPETHBIMH JIMHUSIMHU BBOJA/BbIBOJA, mmHoM 1-Wire, uH-
tepdeiicom RS485 ¢ mognepxkoit nporokonos DCON u Modbus RTU, a Tak-
e TIPOBOJUTH ONPOC KHOMOK U (opmuposats curHaisl LIIMM. Konrpomepst
NLcon-1AT BemmyckaroTcs B TATH pasHbIX Momudukammax: NLcon-1AT,
NLcon-1AT-D-3, NLcon-1AT-Ex, NLcon-1AT2 u NLcon-1AT2-D-3 (msa 60-
Jee MOJHOI MH(POPMAUH CM. PYKOBOJCTBO II0 3KCIUTYaTallMd KOHTPOJUICPOB).
J7st KaXkIoro KOHTPOJUIEpa CO3aH CIICIHaIbHBIN 3arojoBOYHbIH (aiin omuca-
HHH, MO3BOJIIOIINIA NMPABIIEHO CKOHOUTYpHUPOBaTh OMOIHOTEKH MO KOHKPET-
HYI0 MOJIM(HKAILIUIO KOHTPOJLIEpA.

[Tepeuenp OMONMMOTEK KOMILICKTA!
e NLconlAT.h - daiin koudurypauumu mis koarposiepa NLcon-1AT;

e NLconlATD3.h - ¢aiin koHdurypamuu maus xkoutposuiepa NLcon-
1AT-D-3;

e NLconlATEx.h - ¢aiin xou¢urypamuu s koutposuiepa NLcon-
1AT-EX;

e NLconlAT2.h - ¢aiin koupurypanuu mis kourposiepa NLcon-1AT2;

e NLconlAT2D3.h - ¢aiin kouburypanuu mis kouTposepa NLcon-
1AT2-D-3;

e Timer2.h — 6Gubnuorexa BcrmoMorarelbHbIX (YHKIHHA. 3ageidcTByeT
anmapaTHeI TakMep-cYeTdnK 2 ansg oOpaboOTKHM COOBITHH HaKaTHid
KHOTIOK M (popmupoBanus curaanos [IIMM.

e Display.h - 6ubanoreka s paboThI ¢ HHIUKATOPOM;

e Key.h - bubnuoreka asst paboThI € ANEMEHTAMH PYYHOTO YIPaBICHHS
(ayee-KHOIIKM) KOHTPOJIEPa;



http://www.atmel.com/microsite/atmel_studio6/

2.1. bubnunoreka Display.h

IOPort.h - Oubnmoteka it pabGoOTBI C JAUCKPETHBIMH BXOJa-
MH/BBIXOJAMH;

COM.h - 6ubmmoreka mis pabotet ¢ COM-TiopTamu KOHTpOJLIepa B
cootserctBuu nmporokodamu DCON u Modbus RTU;

1-Wire.h - 6ubnuoreka mst pa6ots ¢ munoi 1-Wire;

DS18B20.h - 6ubnnoTeka Aas YTEHHS 3HAYCHUS TEMIIEPATYPHI C JIaT-
gyrkoB DS18B20;

Shim.h - 6ubnuoteka st ynpasnenus resepatopom LLINMM curaanos.

Bce HeoOxomumble OMOIMOTEKH M 3ar0JI0BOYHbIE (hailiibl TOKHBI XPaHUTHCS B
KOPHEBO#I Manke MPOeKTa WK MyTh K HUM JIOJDKCH OBITh yKa3aH B HACTPOIKax

HPOCKTA.
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2. MoppobHoe onucaHne 6MbnnoTek

2.1. Bubnuoreka Display.h

q)yHKIIHH paﬁOTl)I C HHAUKATOPOM KOHTpPOJLJIEpa

[JanHas 6uOimoTeKka coaepXUT (QyHKUMHU YIpaBJICHHUS WHIUKATOPOM M CBETO-
nuonoM. OyHKIMS yHpaBleHUs CBETOAMOIOM HMPUMEHHMA IS BCEX MOIU(H-
Kauuil KoHTpoiulepa, a (YHKIHMH YIpaBICHUS HHIUKATOPOM TOJBKO IS
NLcon-1AT-D-3 u NLcon-1AT2-D-3. ®yHknum yrpaBleHHS WHAHKATOPOM
HO3BOJISIIOT OOCCIEYNTh BBIBOA Ha MHIMKATOP NAHHBIX, 33JaHHBIX B CHMBOJIb-
HOM WJIH YuciIoBoM Buze. [Ipu ucnons30BaHu GYHKIUH TaHHOH OHOIHOTEKH
PEKOMEHIYeTCS HCIIOIb30BaTh ONTHMH3ALMIO KOJa MPOrpaMMbl. YPOBEHb OII-
TUMHU3AIMU MOXKET OBITh IIPOU3BOJIBHBIM.

B Hauvane HMCXOAHOTO TeKCTa MPOTpPaMMBI HEOOXOAMMO 00s3aTENbHO YKa3aTh
TUI MOIU(HKAIMKM KOHTPOJUIEpa, MyTeM MOJKIIOUYECHUSI COOTBETCTBYIOILETO
3aroJioBO4HOro (aiina. B 6ubnmorexe npeaycMOTpeHsb! Clie Iy oNe KOHCTaHThI
YIPOIIAIOIIUE UCTIONb30BAaHUE (PYHKIIMH.

#define LED_OFF 0 [*KoHucranTa "Boikmounts ceetoguon"*/

#define LED_ON 1 [*KoHucranTa "Bxiarounts cBetoanon"*/
Hike nipesicTaBiieHbl MPOTOTHIB QYHKIMHN JaHHOU GHOIHOTEKH.

void DisplayInit(void);

OyHKIUA NpefHa3HaueHa Il WHUIHAIN3AIUN BBIXOJHBIX JIMHUH yTIPaBICHUS
uHANKaTOpoM. be3 mpeaBapuTeNT-HOTO BBI30BA JAHHOW (YHKLIMHU yIpaBIICHHUE
WHINKAaTOPOM HEBO3MOXKHO. /laHHas (yHKINS BBI3BIBACTCS OAWH pa3, MPH HHU-
[UaTU3au KOHTpoJuiepa. [ ympaBieHHs! CBETOAMOIOM BBI3BIBATH JaHHYIO
(hyHKIHIO HET HEOOXOIUMOCTH.

void DisplayStr(char *data_buf);
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2.1. bubnunoreka Display.h

OyHKINA TpenHa3HaueHa A BBIBOJA HA WHAWKATOP NAHHBIX, MPEICTABICH-
HBIX B CHMBOJILHOM BHJIE.

Ilapamemprur:

*data_buf - cTpoka cumBooB, oToGpakacmast Ha HHAUKATOpe. CTPOKA MOKET
COCTOSIT M3 CHMBOJIOB (P, MEPBBIX IIECTH CHMBOJIOB (KaK CTPOYHBIX, TaK U
3ariaBHbIX) JaTuHCKoro andasura (A,B,C,D,E,F,a,b,c,d,e,f), cumBonos mitoc u
MHHYC (TOJIBKO B Ha4yajie CTPOKH), CHMBOJIOB TOYEK MIIM 3amsThiX. [Ipuuem Tou-
Ka W 3amsTasi CYNTAIOTCS MIICHTUYHBIMH CHUMBOJIaMH. B ciydae BXOXKICHUS B
CTPOKY CHMBOJIOB OTJIMYHBIX OT YKa3aHHBIX, OHH OyAyT UCKIIIOUEHBI U3 BBIBO-
JMMOW CTpoKH. [{nnHa nmpuHUMaeMoi QyHKIMeH CTPOKU He OrpaHH4YeHa, OHa-
KO Ha MHIUKATop OyAyT BBHIBEJCHBI TOJBKO IEPBBIC JOINYCTUMBIE CHMBOJBI,
KOJIMYECTBO KOTOPBIX COOTBETCTBYET pa3psmHOCTH. Eciam cTpoka comepxur
HECKOJIBKO CHMBOJIOB "Touka' wim "3amsTtas’, Ha WHAMKAaTOpe OyIeT oToOpa-
JKCH TOJNBKO KpaifHWH JIeBBIH (CM. IpUMephl HIke). [Ipr3HaKOM OKOHYAaHUS
cTpok 1o cranaapty s3bika CU sisercs cumBon ¢ ASCI xomom 0x00 (myms-
CHUMBOJI).

char DisplayDec(int data, int digit, unsigned int point);

CDyHKHI/I)I npeaHasHadyeHa Jist HpeO6paSOBaHI/IH OCJIOYUCICHHBIX JaHHBIX K
CTPOKE AECATHYHBIX IM(p M BBIBOJA MX Ha MHAMKATOp. IIpm mcronb30BaHUH
JIAHHOW (pyHKLMH, BMECTE C CaMHM 4YHCIIOM BCErJa OTOOPAKaeTcsi M ero 3Hak,
Jiaxe eCJIU YHCIIO TOJI0KUTENIFHOE U 3HAK ILIIOC TIPH 3aIliCH He ObLT yKa3aH.

Ilapamemprot

data — menouncneHHple aaHHBIe. AprymMeHT data MokeT NmpHHHMAaTh LENo-
YHUCJIEHHOE 3HaueHue oT -19999 no +19999, B ciyuyae BpIxoza 3HAUEHHS apry-
MEHTa U3 YKa3aHHOTO Jfana3oHa (yHKIHS 3aBEPUINTHCS ONIMOKOH (BEpHET KO
OxXFF).

digit — konmu4ecTBO 3HaYaAIMX LMP Ha MHAMKAaTOpe. JJaHHBIH mapaMerp yka-
3bIBa€T MUHUMAJIBHOE KOJIMYECTBO Pa3psiioB MHAMKATOPa, KOTOpoe OyAeT oTo-
6pakeno. Ecim peanpHOE KOIMYECTBO Pa3psgoB MEHBIIE 3HAUCHUS JAHHOTO
IapaMeTpa, BCe HEAOCTAIOIIUE pa3psabl Mepes YUCIOM OyayT 3alOJIHEHBI HY-
msiMu. Ecnu ke peanbHOE KOJIMYECTBO PaspsiioB OONbIe 3HAYCHUS JAHHOTO
mapameTpa, TO AaHHBIH MapaMeTp OyAeT MPOUTHOPHUPOBAH. JTO MOXKET OBITH
MOJIE3HO TIPH BBIBOJE HA WHAMKATOP MAPOOHBIX YHCEJN, 3HAYEHHE KOTOPBIX
MeHbIe Hyss. Eciin BBIBOJ IPOOHBIX YMCEN, MEHBIIUX HYJIS, HE UCTIOJIb3yeTCs
C TaHHOW (YHKIMEH, TaHHBIH TapaMeTp JIy4lle OCTABIATh PaBHBIM HYJIIO.
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point — mo3unus ToYKK Ha HHAUKaTOpe. DaKTHYECKH, TAaHHbIA MapaMerp yka-
3bIBA€T KOJIMYECTBO 3HAKOB IOCHE 3amsiTod y npoOHoro yucna. [Ipu BbIBOOE
TOUKU Ha MHIUKATOP, MapaMeTp N0JKEeH NpUHUMATh 3HaueHue ot 0 no 4. IIpu
OoJIBIINX 3HAYCHUSX apryMeHTa, TOYKa OToOpaskeHa He OyJneT, 9To HeoOXoau-
MO HCIIOJIb30BaTh B TEX CIIyYasiX, €CIIM BBIBOJ TOYKH HE TpeOyeTcs.

Bo36pau4aemoe 3HA4YeHue.

Oynkius Bo3Bpamaer 0 B cirydae yCHemHoro BEINOTHeHus, oo 0XFF, B cioy-
Yae eCIIM JAHHBIE BBIXOIAT 3a JOITyCTHMBIH AUaIa3oH.

void DisplayHex(unsigned int data);

OyHKINS TpenHa3sHaueHa IS MPeoOpa3oBaHUs METOYHCICHHBIX ITaHHBIX K
CTpOKE IIECTHAIATEPHYHBIX LMD U BEIBOAY WX Ha UHUKATOP.

data — nenouyncieHHble JaHHBIE BEIBOAUMBIE Ha MHJUKATOP.

char DisplayFloat(float data);

OyHKIUSA T03BOJIAET MpeoOpa3oBaTh BELICCTBEHHBIC JaHHBIC K CTPOKE Jecs-
THUYHBIX IU(P U BBIBECTH WX Ha MHIWKATOp. B oTnmumu ot ¢yHKIMM oToOpa-
JKEHUSI IECATHYHBIX (P, TaHHas QyHKIUS:

o BCerjaa BbIBOAUT PA3JACIIUTCIbHYIO TOUKY,

®  TPOBOJUT OKPYTICHHE APOOHOW YACTH YMCIA, HE IMOMEMIAlo-
mieiicss Ha WHAUKATOp, IO OJIMKalmiero oroOpaxkaeMoro 3Ha-
YEHMS.

e  BCerja MaKCUMAaJIbHO TIOJIHO MCIIONB3YET pa3psiabl MHIUKATO-
pa. T.e. eciu ipu BBIBOJIE YMCJIa MOTYT OCTAaThCs HE 3ajeiicT-
BOBaHHbIE DPa3psi/ibl UHIUKATOPA, (YHKIMS CIBHUHET YHUCIIO
MaKCHMaJIbHO BJIEBO, a IPOOHYIO YacTh 3aMOJIHUT HYJISIMH.

llapamempeot

data — BemiecTBeHHbIC JaHHBbIE. ApryMeHT data MoXkeT MpUHHMATh BEIIECT-
BEHHOE 3HaueHue oT -19999 no +19999. Unnukatop umeet 4% paspsaa. Lienas
4yacTh YHUCJIA BBIBOJUTCS HAa MHIUKATOP MOJHOCTBIO, OCTABLIMECS Pa3psabl OT-
BOJIAITCS 110J] APOOHYIO yacTh. [Ipu 3TOM 3HaueHHe, oToOpakaeMoe Ha WHIIMKa-
TOpe, OyJeT OKPYIIIEHO 0 OJIVbKaiIero 3Ha4Yamero paspsaa.

Ipumep:
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2.1. bubnunoreka Display.h

Ecnu aprymenr data pasen 123.456, moj nenyro 4acThb, OyIeT BhIIEIECHO 3 pas-
psma. OctaBmmecs 2 paspsga OyAyT BBIIENEHBI IMOJA IpoOHYI0 dacTh. Ecim
gmcno 123.456, mo mpaBmiaM MaTeMaTHKHA OKPYTJIATH M0 ONMbKalIIero 3Hade-
HUS, C TOYHOCTHIO 2 3HAKa MOCHe 3aIAToH, momydurcs 123.46. DTo 3HaUCHHE U
Oyzet BbIBeieHO Ha MHAMKATOp. OMHAKO, €Clu IepBas 3Hadamas nugpa Oymet
Oonpmie enHUIB! (K ipuMepy ducio 223.456), To Ha HHAUKATOp OyIeT BEIBE-
JeHo 3HadeHue 233.5, T.x. uudpa 2 He MOXKET OBITH OTOOpaXKeHa B CTapIIeM
paspsize nHauKaropa. B ciiyyae BbIxoJa 3HaYCHUS apryMEHTa M3 JIOIyCTUMOTO
Juana3oHa, GyHKIHs OyIeT 3aBepiuarscs omnoKoi (Bo3Bpaaet kog OXFF).

Boaepawae/woe 3HaA4YeHue.

Oynkuus Bo3Bpamaer 0 B ciryyae yCreIHOro BelnoiHeHus, ndo 0XFF, B ciy-
Yae eciM IaHHBIE BBIXOIAT 33 AOIyCTUMBIH ANAMa3oH.

void Led(char power);

(I)yHKI_II/ISI MO3BOJIACT BKIIOYUTD HIH BBIKIIOYUTD 3CIICHBIN CBETOAMO/ Ha JIUIIC-
BOM maHeIH KOHTpOJUICpA.

Iapamempoi

power — mapameTp yNpaBisIOUIMHA COCTOsSHHEM cBeroanona (l-xmoueH, 0-
BBIKITIOUEH). Jlnsi ymoOcTBa paboThl ¢ JaHHBIM TMapaMeTpoM IenecooOpazHo
MPUMEHATH KOHCTAHTBI, OITMCAHHBIC BBIIIC.

IIpumepsl BbI30Ba GyHKIUIA padoThl ¢ HHAUKATOPOM:

DisplaylInit(); /Muuiranu3amnust CBETOAUOIHOTO HHIUKATOPA

DisplayStr(“12345”); /*BbiBecTr Ha HHAUKATOP CTPOKY «12345%. */

DisplayStr(“12.345”); /*BeiBectn Ha WHIUKATOp CTPOKY «12.345» (cumBON
TOYKa HE SIBJISIETCS] CAMOCTOSITENILHBIM CHMBOJIOM M TIPUKPEILISIETCS K CUMBOITY
CTOSILIEMY ClIeBa OT Hero).*/

DisplayStr(“-12.3456”); */Tlocnequuii CHMBOJ He TIOMECTUTCSI HA WHIHUKATOPE
u Oyzmer OTOpOIIeH, MOSTOMY Ha HWHIWKATOp OyneT BBIBEICHA CTPOKA «-
12.345».*/
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DisplayStr(“--A--"); /[*BpiBecTi Ha HHIUKATOP CTPOKY «-A». OcTanbHbIC 3HAKH
MHHYC OTOOpa)X€HBI HE OYIyT, T.K. YUUTHIBAETCS TOJIBKO 3HAKU + U — CTOSIIHUE
B Hayaje CTpoKu.*/

DisplayStr(“+-10); /*BsiBecTr Ha HHAUKATOP CTPOKY «+=10». O6a 3HaKa dncia
OymyT BBIBEJCHBI, T.K. JIOIYCKAaeTCs yKa3blBaTh B Hadaje CTPOKH cpa3y oba
3HaKa CICAYIOMINX APYT 3a Apyrom.™/

DisplayStr(“aBcD”); /*BoiBecTd Ha WHIHKaTOp CTPOKy cuMBoJioB “ABCD”.
Peructp 3naueHus He umeer.*/

DisplayStr(“A.B.C.D.”); /*BeiBect Ha HWHIWKATOp CTPOKY CHMBOJIOB
“A.BCD”. CuMBOJI TOUKH pa3MelIeH OyaeT TONbKO mociie OYKBEI «Ay, T.K. OC-
TaJIbHBIE TOYKH OyIyT OTOpOIEeHBL. */

DisplayStr(“LMNO”); /*BsiBecTr Ha HHAUKATOP MyCTYIO CTPOKY (CHMBOJIBI HE
SIBIIIOTCS] 0TOOpAXKAEMBIMH, TIO3TOMY HHIUKATOP OYAET mycThIiM).*/

DisplayDec(78,0,5); /*BriBecTr Ha WHIUKATOp 3Ha4YeHHE 78, 63 ApOOHO# yac-
ti. Ha nHaukaTop GyaeT BeiBeneHa CTpoKa «+  78».*/

DisplayDec(78,0,1); /*BriBecT Ha MHAMKATOp 3HA4YeHHE 78, APOOHYIO 4YacTh
cenath paBHO# 1 pa3psay. Ha unaukarop Oyner BoiBeneHa cTpoka «+  7.8».*/

DisplayDec(12345,0,3); /*BeiBect Ha wunHaukaTop 3Hauenue 12345. Tlox
JPOOHYIO 4acTh BBIAENUTH 3 paspsyma. Ha wHaukaTtop OyaeT BhIBEIEHA CTPOKa
«+12.345».*/

DisplayDec(10,4,3); /*BeiBectr Ha unaukatop 3Hauenue 10. ITog Bce umcio
BBIBECTH 4 paspsija u3 HUX NOJ IpoOHYI0 YacTh 3 paspsaa. Ha unaukatop Oy-
JIET BBIBeIeHa CTpoka «+0.010».*/

DisplayDec(1,2,1); /*BsiBectr Ha uHauKaTop 3Ha4YeHue 1. [Tomx BCe YUCIIO BBI-
BECTH 2 pas3psjia, U3 HUX MoJ JApoOHyro 4yacTh | paspsn. Ha maaukatop Oymer
BbIBezieHa CTpoka «+ 0.1».*/

DisplayDec(-20000,0,5); /*®yukuust 3aBepumInthCsi OIMHUOKON (BEpHET KO
OxFF, Beixon 3a auama3oH). Ha WHAMKaTtope OCTaHETCs MpeXHEe 3HAYCHHE
(BBIBOI JAHHBIX OCYLICCTBIATHCS He Oyner). ™/

DisplayDec(-19999,0,5); /*BriBecTn Ha WHAMKaTop 3HaueHue -19999, Ge3
IOpoOHo# yacTu. Ha maankatop Oyaer BbiBeeHa CTPOKa «-19999y».*/
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2.1. bubnunoreka Display.h

DisplayHex(-19999); /*BbiBecTr Ha WHIMKATOP YKCIIO TPEICTABICHHOE B IIIe-
cTHanmarepudHoM Buae. Ha maamkarop Oynmer BeiBeneHa ctpoka «B1ELy» (mo-
TIOJTHUTENBHBIA Ko7 uncia -19999). B maHHOM mpuMepe apryMeHT 3amaH Kak
ECATUYHOE YHUCII0. ™/

DisplayHex(0x5F8A); /*BriBecTr Ha HHAXKATOP YKCIIO MPEACTABICHHOE B TIIe-
CcTHanmarepudHoM Buze. Ha mHmukaTop Oyner BeiBemeHa cTpoka «SF8A». B
JIAHHOM MPHMEPE apryMEHT 3a/IaH KakK IeCTHaI[aTepHIHOE YrCIIo. */

DisplayFloat(-19999); /*BsiBectrt Ha HHIUKATOP YKciO -19999. Ha unankarop
Oynmer BbIBezieHa CTpoka «-19999.». Ilpu wcnonb30BaHUM AaHHOH (GYHKIUH
pasaenuTeNnbHas TOYKa BRIBOAUTCS Beerma. ™/

DisplayFloat(1.5); [*BbIBecTH Ha WHIUKATOP BEHISCTBEHHOE YHCIO 1.5.
Ha unaukarop Oyner BoiBeneHa cTpoka «+1.5000%».*/

DisplayFloat(12.3456); /*BeiBecty Ha HHIUKATOP BellecTBEHHOE unciio 12.345
Ha wrmukatop Oyner BbIBemeHa cTpoka «+12.346y» (OKpyTieHHE H3MECHUIO
3HAYEHHE TocheIHel oToopakaemoit uudpsr).*/

DisplayFloat(-20.0/3); /*BeiBecTit Ha WHIUKATOpP PE3ydbTAT OMEpAlUU Jeie-
uus. Ha unnukatop OymeT BbIBeAeHa CTpoka «-6.667» (iudpa 6 He cMoria
YMECTHUTBCS B CTapIIeM paspsije, IOITOMY BECh PE3yJbTaT ObUI ITEpEMEIEH Ha
OJIMH pa3psi MpaBee, MPU 3TOM YMEHBIIUIOCh KOJMYECTBO 3HAYANMX HU(P B
JpoGHO# yacTh uncia).*/

DisplayFloat(M_Pl); /*Bsiectr Ha HHIUKATOD 3HAa4YeHHE uyncaa . Ha nuauka-
TOp Oy/eT BhIBEJEHA CTPOKa «+3.142».*/

Led(LED_ON); /*Bxirounth 3€I€HBIH CBETOAMOJ Ha JIMIEBOH IMaHEIHd KOH-
Tpoiutepa.*/

Led(LED_OFF); /*BoikiarounTs 3€JI€HBIA CBETOANO/] HA JINICBON ITaHEIH KOH-
Tpoiutepa.*/

IIpumep
#define F_CPU 16000000UL [*CrangapTHas KOHCTaHTA, 33/Iar0MIasn

4acTOTY MHUKPOKOHTpoJuTepa™/
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#include "NLCON1ATD3.h" /*®aiin koHduUrypauum KoHTpoiepa*/

#include <avr/io.h> //CranpapTHas GubnnoTeka BBOJIa-BbIBO/IA
#include <util/delay.h> //CtanmapTHass OWONHOTEKAa BPEMCHHBIX
3a/IepIKEK

#include "Display.h" //bubnroTeka paboThl ¢ HHAMKATOPOM

int main(void)

{

Displaylnit(); //VHALIMa|3ausl MHAXKATopa

DisplayStr("A8F4"); //PezynbraT A8F4 (31O CTpOKa)
_delay_ms(5000); //3anepikka Ha 5 CEKyH[

DisplayFloat(-20.0/3);  //Pesynbrar -20/3=-6.667
_delay_ms(5000); //3anepikka Ha 5 CEKyH[

DisplayFloat(sqrt(2)); [*Pe3ynbTar KBapaTHbIH KOPEHb U3 2
=+ 1.4142%/
_delay_ms(5000); //3anepikka Ha 5 CeKyH[

DisplayDec(1234,0,3);  //Pesynbratr +123.4
_delay_ms(5000); //3anepiKKa Ha 5 CEKYH[

DisplayHex(0xA8F4);  //Pesynbratr A8F4h
/[(3T0 tIecTHAIATEPUYHOE YUCIIO)

_delay_ms(5000); //3anepiKKa Ha 5 CEKYH[
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2.1. bubnunoreka Display.h

Led(LED_ON); //BKIIIOUNTH CBETOIHO

while(1); //BeCKOHEYHBIH [IUKIT

ﬂaHHaH InporpaMMa BbIBOAUT Ha UHAUKATOP pa3IMYHbIC 3HAYCHUA U 0T06pa>1<a—
€T KaXXJ0€ U3 HUX B TCUCHUU S5 CCKYH.
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2.2. bubnuorteka Key.h

q)yHKIIHH paﬁOTl)I C KHOIIKAaMH KOHTPOJIJIEpa

[Jannass Oubnunoreka mpennasHadeHa ans moaupukammii NLcon-1AT-D-3 u
NLcon-1AT2-D-3. IIpuuem, B kourposutepe NLcon-1AT2-D-3, cpennsist kHOII-
Ka CXeMOTEXHHYECKH OOBbEeIUHEHA C JUCKPETHBIM BXoxoM-BbeixonoM 1015, no-
9TOMY OJIHOBPEMEHHOE HCIIOJIBb30BaHUE ITOTO BXOJA-BBIXOJa U CPEIHEH KHOII-
KU HE BO3MOXXHO. DYHKIMU NaHHOH OHOIMOTEKH MO3BOJISIOT ONpPENCISATH CO-
CTOSIHHSL KHOIIOK KOHTposuiepa. OTHeNbHO IS KaXKIOH KHOIKH MOXKHO BKIIIO-
YHTH PEKUM (PHKCALMH HAXATHUS, KOTOPBII OyleT oIpOoOHO OMUCAH HIXKE.

B Hauasne MCXOIHOTO TEKCTa MPOrpaMMBI HEOOXOIMMO OOS3aTENbHO yKas3aTh
TUII MOIU(HKAINKM KOHTPOJUIEpA, MyTeM MOIKIIOYEHHS COOTBETCTBYIOLIETO
3aroloBo4HOrO (aiina. B 6ubnmorexe npeaycMOTpeHs! Clieyonre KOHCTAaHThI
YIPOLIAIOIIUE HUCIIOIb30BaHUE (HYHKIUH.

#define UP 0 [*Kuomnka B cocrosuuu «He Haxata» */
#define DOWN
#define LATCH_ON
#define LATCH_OFF
#define LEFT
#define MIDDLE
#define RIGHT

[*Kuornka B coctosiuun «Haxara» */
[*Bxarounth HUKCAINIO KHOTKH™/
[*BBIKIIOYHTS HUKCAINIO KHOTIKH™/
[*Koucranra "JleBast kHorka"*/

[*Koucranra "Cpeanss kHOnKa"*/

w N P O -

[*Koncranra "TlpaBas kHomka"*/

[Ipu ncnonp3oBaHNM pesxuMa (PUKCAITUH HAXKAaTUS XOTs ObI OTHOW U3 KHOIIOK, B
Havajie UICXOJHOTO TeKCTa (70 MOAKITIOYEHUS ONOIHOTEKH) HEOOXO0IUMO 00BsI-
BUTh KOHCTaHTY TIMER2, koTOpas BKIIIOYAET B UCXOHbBII TEKCT HPOrPaMMBI
00paboTuHK npephIBaHus TaiiMepa-cueTynka 2. [Ipu 3ToM B nanpHeIem, He
JIOIyCKaeTcs MnepernporpaMMHUpOBaTh JaHHbIN Taiimep-cuetyuk. Eciou nannyro
KOHCTAHTY He OOBSBUTH U BKIIFOUUTH Yy KAKOW-THOO KHOTIKH PEXKUM (PUKCAITUN
Ha)KaTHs, KOMITWJIATOP HE BHIIACT OMTMOKH, HO KHOIIKA OIPAIINBATLCS HE Oy-
net. Ilpumep oObsIBICHUS KOHCTAHTHI, BKIIIOYAIOIIEH B HCXOIHBIN TEKCT MIPO-
rpaMMBbI 00pa0OTYHK MPEPHIBAHHS TalMEpa-CYeTUHKA 2.
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2.2. bnonunorteka Key.h

#define TIMER2  /*[MoakmrounTth 06paboOTUMK TIpephIBaHUs TaiiMepa 2*/

#include "Key.h" [[Topkr0unTh OUOTHOTEKY PabOTHI C KHOTIKAMH

[anee npencraBieHbl TPOTOTUIEI GYHKIMN [UIS ONPENCICHNAS COCTOSHHUSA KHO-
TIOK.

char Keylnit(char key, char sw);

DyHKIMS NPOBOAUT MHUIUAIN3ALIMIO BXOJHBIX JIMHUM KHONOK. Takxe, B ClIy-
Yae eCJIM BKIIOUCH PEXKUM (PUKCAIUU HaKATHS, QYHKIHS MPOBOAUT UHHUIIHAIIN-
3alMI0 TaliMepa-cyeTunka 2, 3aJIeHCTBOBAHHOTO B OMPOCE COCTOSIHUSI KHOIOK
pabortatomux B pexunMe (Qukcannd. be3 mpeaBapUTEIbHOTO BBI30BAa JaHHOMH
(hyHKIMH, KOPPEKTHOE OIpEeIeHHEe COCTOSHHUS KHOIOK HE BO3MOXKHO. JlaH-
HYI0 (QYHKIMIO TOCTATOYHO BBI3BATH OJMH Pa3 MPH HMHUIHAIN3AIHNHA KOHTPOII-
nepa. OyHKIUSA MO3BOJISIET AJIS1 KAKIOW OTAENIBbHOM KHONKHU MEPEKII0YaTh pe-
KUM pa®oThl. CYIIEeCTBYIOT [Ba PeXKHUMa PaOOTHI: TEKYIEe COCTOSHIE U ¢ (QUK-
camell Ha)KaTWsi KHONKH. B pexuMe TeKyIIero COCTOSHUSA (YHKIUS YTEHUSL
cTaTyca KHOTIKM Bo3BpaiaeT «0», eClii KHOTMKA B TaHHBII MOMEHT OTIYIIEHa, 1
«1» ecnu kHOmMKa HaxkaTa. IIpuM Ha)XaTWH KHOIKH, pabOTAMONICH B PEeKUME C
(ukcaell HaXxxaTus, YCTaHABIMBACTCS CIELUAIBHBIA (ar, KOTOPBIH U CUH-
THIBACTCSI KaK CTAaTyCc KHOMKW. JlaHHBIA (piar cOpachiBaeTCs aBTOMATHUYCCKH
MOCJIe KaX/I0TO BHIMOJTHEHUS PYHKIIMU YTEHHS CTaTyca.

Pexxum ¢ Qukcanmeil mo3BoJsIeT ONMpPEAesaTh HaKaThsl KHOIOK, HE TOJIb3YSCh
IUKJIMYECKUMH OIPOCAMH, YTO MOJKET OBITh ITOJIE3HO B CHCTEMax PEajbHOTO
BpeMeHH. Tarke IaHHBIH PEXUM IO3BOJIIET n3bexarh 3¢pdexra «apebdesra
KOHTAaKTOB» M HE NPUMEHSITH JOMOJHUTEIBHBIX Mep 1o Ooprde ¢ HuM. Pexxum
TEKYIIEro COCTOSHUS KHOIIOK IIOJIE3€H, KOTJla HEOOXOIMMO ONpeNesnTh He
TOJBKO HaXKaTHE, HO M yAEp’KaHWe KHOIKHM WJIM KOTJa TpeOyeTcs pasiensTh
COOBITHS HAXKaTHS M OTIYCKAaHWA KHONKH. Ilo ymoidaHHIO y BCEX KHOIIOK
BKITIOYEH PEXHMM TEKYIIETO COCTOSHUS KHOIKH.

llapamempeot

key - Homep kHOMKH. MOXeT NPUHUMATh 3HaueHuss oT 1 70 3. JleBas KHOIKa
MIPOMapKHUPOBaHA 3HAKOM «-» Ha KOPITyCE, CPEIHsS KHOIIKA - TPEYTOJIbHUKOM, a
mpaBasi KHOMKA - 3HAKOM «+». Jlyms ymoOcTBa ykazaHUsS JaHHOTO Iapamerpa
1enecoo0pa3Ho MPUMEHSATh KOHCTAHTHI, OTIMCAHHEIC BEIIIE.
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SW — napamerp, BKHIO‘IaIOHII/II‘/‘I/OTKHIO‘{aIOIlII/II‘/‘I PEKUM q)HKcaIII/II/I KHOIIKH.
,HJ'DI y)IO6CTBa YKa3aHus JAaHHOI'O IapaMeTpa uenecooGpa3Ho MNPpUMCHATH KOH-
CTaHThbI, OIIMCaAHHBIC BBIIIC.

Bo3BpamaeMoe 3HA4YCHHUC!

Oynkuus Bo3Bpaniaer 0 B cilyyae yCIeIIHOTO 3aBepiieHus padotsl, oo OXFF
B Cllydae, €ciI yKa3aH HOMEpP HECYIIeCTBYIOIIEH KHOIKH WIM HEBEpHO 3alaH
napameTp QUKCannu.

char Key(char key);

@OyHKINSA MO3BOJSET MPOYUTATH COCTOSIHHE BBHIOPAHHON KHONKH (Ha)kaTa WIN
OTIYIIEHa) B PeKUME TEKYILETO COCTOSIHUS KHOTIKU. B ciydae, eciu BKItoueH
pexuM (ukcanuy HaxaTHs, JaHHas (QYHKIHS OPOU3BOIUT YTEHHUE CIELHAIIb-
HOro ¢uiara, KOTOPBIl YCTaHaBJIUBAETCS ABTOMATHYECKH, KOTJa IPOUCXOIMT
Ha)KaTue U cOpachIBaeTCs MO 3aBEPILICHUH BHITOJHEHHS JaHHOH ()yHKIUH.

Ilapamempeot

key - HOMep KHOIIKH, JJI1 KOTOPOH MEePEKITI0UacTCs PexKUM. MOKeT IPUHUMATh
3Ha4eHus ot | 1o 3. Hymepanust KHOIIOK Ha KOHTPOJUIEPE UAET CIeBa HANPABO.
Knomka 1 mpomapknupoBaHa 3HAKOM «-» Ha KOpILyce, KHONKa 2 - TPEYTrOJIbHH-
KOM, a KHONKa 3 - 3HaKOM «+». [ ynoOcTBa yka3zaHHs JaHHOTO IapaMeTpa
11e7IecO000pa3HO NPUMEHSITh KOHCTAHTBI, ONIMCAHHBIE BHIIIE.

Bosgpau;aemoe 3HA4YeHue

OyHKIUSA BO3BpAIlaCT COCTOSHUE KHONKHU win (iara ¢ukcarum, muoo O0XFF B
cilydae, eclid yKa3aH HOMEp HeCylIeCTBYIOIIeH KHOMKH. J[iist yao06cTBa paboThl
C JIaHHBIM TAPaMETPOM IIeJIeCO00Pa3HO NPUMEHSITh KOHCTAHTBI, OMUCAHHbIC
BBILIIE.

IIpumep 1
#define F_CPU 16000000UL [*CrangapTHasi KOHCTAHTa, 3a1aromas

YacTOTy MUKPOKOHTpoJuiepa™/

#include "NLCON1ATD3.h" /*®aiin kondurypauum KoHTpoIepa*/

#include <avr/io.h> //CranpapTHas GuOnnoTeKxa BBOIa-BbIBO/IA
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2.2. bnonunorteka Key.h

#include <util/delay.h> //Cranmapthas 6ubnnoTeka BPEMEHHBIX 3a7I€PiKeK

#include "Display.h" //BbubnroTeka paboThl C HHAMKATOPOM

#include "Key.h" //BubnnoTeka paboThl ¢ KHOITKAMH

int main(void)

{

Displaylnit(); //VHUIanu3alys CBETOAHOTHOTO HHINKATOpa

Keynit(LEFT, LATCH_OFF);  //Maunuunanu3arus 1eBoi KHOMKH
Keylnit(MIDDLE, LATCH_OFF); /Muniiuanu3anus cpeHeil KHOKA
Keyhit(RIGHT, LATCH_OFF); //Mununanu3aius npaBoi KHOITKH

int Count=0; //CaeTank oToOpaXkaeMbIil Ha HHIUKATOPE

DisplayDec(Count,0,0); //BbiBoj Ha HHAUKATOP HYJIS

while (1) //BeCKOHEUHBI UK
{
if (Key(RIGHT)==DOWN) //Ecnu HakaTa KHOIIKa +
{
Led(LED_ON); //BKJTIOYHTH CBETOAMO

DisplayDec(++Count,0,5); /*VBenu4uth c4eTUnK U

BBIBECTHU €0 3HAYEHUE Ha HHIUKATOp™/

}
if (Key(LEFT)==DOWN) //Ecnu HaxxaTa KHOITKA -

{
Led(LED_ON); //BKJTIOUYHTH CBETOANOA

DisplayDec(--Count,0,5); /*YMeHBIIUTb CYSTYUK H

BBIBCCTHU €TI0 3HAYCHUEC Ha I/IH,HI/IKaTop*/

}
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if (Key(MIDDLE)==DOWN) //Ecnit HaxaTa cpeHsis KHOIKa
{
Led(LED_ON); //BKJTI0YHTD CBETOANON
Count=0;

DisplayDec(Count,0,5); /*O6GHymuTh CUYSTYHK W
BBIBECTH €r0 3HAUCHHE Ha HHAUKATOP™/

}

if (Key(LEFT)==UP) && (Key(MIDDLE)==UP) && (Key(RIGHT)==UP))
Led(LED_OFF); /*Ecnu Hu oHA U3 KHOIOK HE HA)KaThl, BHIKIIFOYUTH CBETOIH-
on*/

_delay_ms(100); /*3anepxka Ha 100 Mc Anst yMeHb-
IICHHUS CKOpOCTH cueta™/

}

JlaHHaH nmporpamMma npu HaKaTHKW Ha KHOIIKY «IUIFOC» HAYUMHACT HUKINYCCKU
yBCJINYMBATh CHUCTYHUK, 0T06pa>i<a$1 IIpA 5TOM €ro 3HAa4YCHHUC HAa HHAUKATOPC.
HpI/I Ha)XXaTUM HAa KHOIKY «MHUHYC» 3HAYCHUC CUCTUHMKA YMCHBLIIACTCH. HpI/I
Ha)XaTUU Ha CPEAHIOK0 KHOIKY 3HAYCHUC CYUCTYHKA 06HyJ'I$I€TC$I. Taxoke npu
HaXaTuu Ha J'IIO6yIO M3 3TUX KHOIIOK 3aropacTcs 3eJICHBIN CBE€TOAHOI. Ecmm Bce
KHOIIKH OTITYHICHBI, CBETOANO/ I'aCHCT.

Ipumep 2
#define F_CPU 16000000UL [*CrangapTHas KOHCTaHTA, 3a/IaF0MIas

JaCTOTY MHKPOKOHTpOIIIepa™/

#include "NLCON1ATD3.h" /*®aiin koHuUrypamun KOHTposuiepa*/

#include <avr/io.h> //CranmgapTHas OHOJIMOTEKa BBOIA-BHIBOIA

#include <util/delay.h> //Crannapthas OubnnoTeKka BpEMEHHBIX 3aepiKEK
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2.2. bnonunorteka Key.h

#include "Display.h" //bubnroTeka paboThl C HHANKATOPOM

#define TIMER2 /*TloakmrounTth 06paboOTIMK TpephIBaHUs TaiiMepa 2 it 06-
paboTku (uKcany HaKATHS KHOTIOK ™/

#include "Key.h" //bubnnoTeka paboThl ¢ KHOITKAMH

int main(void)

{

Keylnit(LEFT,LATCH_ON); [*Vnunmanusanys JeBoi KHOIKHU B
pexuMe paboThl ¢ puKcanuenn HaxaTus™/

while (1) //BeCKOHEUHBII UK

{

if (Key(LEFT)==DOWN) Led(LED_ON); /*Ecinu kHomka -
ObLIa HAXKaTa, 3a)KeUb CBETOAUON ™/

else Led(LED_OFF); //Mnave moracurh CBETO-
ANoa

_delay_ms(5000); //3anepkka HA 5 CEKyH]I.

JaHHas nporpamMma npu Ha)kKaTHH Ha KHOIIKY «MHHYC» Yepe3 HEKOTOpOe BpeMsi
3aKUTaeT 3eJIeHBIH CBeTOANOA. BpeMs cpabaTbiBaHHS MOXKET COCTaBIATH OT 0
10 5 cexkyHn. CBETOAMOA MOracHeT MO UCTECYCHHH HEKOTOPOrO BPEeMEHH, KOTO-
poe MoXeT Takxke cocTaBysiTh oT 0 10 5 cekyHn. [laHHas mporpaMMa JeMOHCT-
pHUpYeT, 4TO HECMOTpPS HA TO, YTO KHOIIKA OblIa OTIYIIEHA J0 TOTO KaK Ipo-
M301LIEN OIIPOC €€ COCTOSIHUS (B NMPOTpaMMe BBINIOJIHSIIACH 337epiKKa), pakT ee
HakaTus OblI 3aUKCUpOBaH U 00paboTaH. AHAJIOIMYHBIM 00pa3oM 00padaThI-
BAJIOCH M OTITyCKaHHE KHOIIKH.
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2.3. bunonuoteka IOPort.h

q)yHKIIHH YupaB/jieHUSI TUCKPETHBIMHA BXO0AaMHU-BbIX0JaMH KOHTPOJLJIEpa

JlanHas OuOIMOTEeKa MpelHA3HAYeHa i BeeX Moaupukanuii. OmqHAKO MOTH-
¢ukaruun NLcon-1AT u NLcon-1AT-D-3 umeroT 6 JMCKPETHBIX BXOJIOB-
BBIX0J10B, a Momudukarmu NLcon-1AT-Ex, NLcon-1AT2 u NLcon-1AT2-D-3
UMCIOT 16 IUCKPETHBIX BXOJOB-BHIXOJOB. [IpmueM, B koHTpotepe NLcon-
1AT2-D-3, cpenHsisi KHONKAa CXEMOTEXHHMYECKH OOBEIMHEHA C AUCKPETHBIM
BX010M-BbIx010M 1015, Mo3TOMY OHOBPEMEHHOE HCIIOIB30BAHHE ITOTO BXO-
JIa-BBIXOJIa U CPEJHEH KHOMKU HE BO3MOXKHO. DYHKIMU JaHHOW OHONIHOTEKH
npeHa3HAYeHBI I HACTPONKH AUCKPETHBIX BXO/IOB-BBIXOJ0B KOHTPOJUIEPA H
OCYIIECTBIICHHUSI WX YTCHUS U yCTaHOBKH. CrelHUanbHONW WHHUIUATH3ALUN IS
(hyHKIMN MaHHOM OMOMMOTeKH He TpeOyeTcs. HampaBneHne IMHAN HACTpanuBa-
€TCsI aBTOMATHYCCKHU B 3aBUCUMOCTH OT MPUMEHACMOMN (PYHKITUH.

Mopauduranuu NLcon-1AT u NLcon-1AT-D-3 mo3BoJIsIFOT OCYIIECTBUTE MO~
KJIFOYEHHE UCKPETHOTO BXOJAA Yepe3 HMOATATUBAIOLUIMN PE3UCTOp K 3eMile, M-
TaHWUIO WIM OCTaBUTh B COCTOSHMM BBICOKOTO UMIIeAaHca (TONTSTHBAIOIINN
pesucrop He noakmoueH). Moaudukamuu NLcon-1AT-Ex, NLcon-1AT2 u
NLcon-1AT2-D-3 no3BoJsitOT OCYIIECTBUTH MOJKIIOYEHUE TUCKPETHOTO BXO/a
yepe3 MOJATATCHBAIOIINN PE3UCTOP TOJIBKO K MUTAHUIO WM OCTABUTH B COCTOS-
HHUH BBICOKOTO MMIIe/IaHca (ITOTATMBAIOIINI PE3UCTOP HE TOAKIIOUEH).

B Havane MCXOIHOTO TEKCTa MPOrpaMMbl HEOOXOIMMO 00s3aTENBHO yKa3aTb
THI MOAW(HKALWK KOHTPOJUIEPa, IyTeM MOAKIIOYECHUS COOTBETCTBYIOIIETO
3arojoBouHoro ¢aiina. i ymoOcTBa mMonb30BaHMS (YHKLUUSIMH B JaHHOW
6ubnnoTexe OOBSIBICHBI CIEAYIOIINE KOHCTAHTHI:

#define LOW 0 [*Huskoe coctosiaue TUHUU™/
#define HI 1 [*Bricokoe cocTosiHue TUHINA™*/
#define Z_STATE 2 [*CocrostHre BBICOKOTO UMITeIanca™/
#define IO0 0 [*JInnus BBoma/BeiBOma I/0 0*/

#define 101 1 [*JTunus BBona/seiBona I/0 1*/

#define 102 2 [*JTunus BBona/seiBona I/0 2*/
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2.3. bnonuorteka IOPort.h

#define I03 3 [*JIunus BBoma/BeiBoma 1/0 3*/
#define 104 4 [*JIuaus BBoma/BeiBoma 1/0 4*/
#define IO5 5 [*JIuuns BBoma/BeiBOmA /0 5*/

Js Mmonudukanmii IMeromux 16 IUCKPETHBIX BXOJOB-BBIXOJI0OB JOMIOTHHUTEb-
HO OOBSIBIIEHBI KOHCTAHTHI:

#define I06 6 [*JIunus BBoma/BeiBoma /0 6*/
#define IO7 7 [*JTunus BBoma/BeiBoga I/0 7*/
#define IO8 8 [*JTunus BBoma/BeiBoga I/0 8*/
#define 109 9 [*JTunus BBoma/BeiBoa I/0O 9*/
#define I010 10 [*JIunus BBoga/BRIBOSA 1/O 10*/
#define 1011 11 [*JTunus BBoma/BeiBoma I/0 11*/
#define 1012 12 [*JIunus BBona/BeiBoga 1/0 12%*/
#define 1013 13 [*JIunus BBona/BeiBoga 1/0 13*/
#define 1014 14 [*JIunus BBoxa/BeiBoga 1/0 14%*/
#define 1015 15 [*JIunus BBoga/BeiBoga 1/0 15%*/

[Janee mpencraBieHbl MPOTOTUNB (PYHKOWE U1 yNpaBleHUS JUCKPETHBIMH
BXOJaMHU-BBIXOJAMH.

char InLine(char port_line, char PullUp);

DyHKIMS OCYILECTBISET HACTPOUKY YKa3aHHOM JIMHUM HA BXOJ U OIpPENEIACT
YPOBEHb JUCKPETHOI'O CUTHAjIa Ha HEW. B ciyuae, koraa Ha JIMHUU OTCYTCTBYET
BHEUIHUI CUrHAJI, COCTOSIHUE JIMHUM OIPENENSIeTCsS MOATATUBAIOLIUM PE3UCTO-
poM.

THapamempoi

port_line - momep muckperHoi nunuK (ot 0 mo 15). s ynobGerBa paboThl ¢
JIAaHHBIM T1apaMeTPOM LeJIeCO00pa3sHO NMPUMEHATh KOHCTaHTHI, OITMCAHHbIE BbI-
1e.

Bubnuoteka cdyHkumn gna NLCon-1AT 21



PullUp — mapamerp ompenensfouuii COCTOSIHHE BXOja, KOrJa HA HEM HET
BHEIIHUX CHUTHAJIOB.

0x00 — auckpeTHast JTMHUS MPUTSAHYTA K 3eMie (TOJIBKO A1l MOIUDH-
kauuit NLcon-1AT u NLcon-1AT-D-3);

0x01 — auckpeTHas JUHUS MPUTSIHYTA K IMTaHUIO;

0x02 — BHYTpeHHSS MOATSHKKA OTKIIOUEHA (COCTOSHHE BBICOKOTO MM-
Teaanca);

Bo36pau4aeMoe 3Ha4eHue

O®yukuus Bo3BpamaeT 0 B ciayyae HU3KOIO YpOBHSI CUTHAJIA HA JIMHUM, 1 B ciy-
4yae BBICOKOTO YpoBHA curHana wian OXFF B ciydae, ecim ObIn ykazaH HOMEp
HecymiecTByommei muanu. s yno0cTBa paboThl ¢ JaHHBIM NapaMeTpoM Lele-
coo6pa3H0 MPUMCHATH KOHCTAHTBI, ONTMCaAHHBIC BBIIIIC.

char OutLine(char port_line, char level);

DyHKIMS OCYILIECTBIAET HACTPOUKY YKa3aHHOU JIMHUYU Ha BBIXOJ U YCTaHAaBIIU-
BaeT yPOBEHb JUCKPETHOIO CUTHAJIA HA HEM.

Ilapamempoi

port_line - nomep auckperHoit munauu (ot 0 mo 15). J{ns ymoberBa paboTsl ¢
JIAHHBIM TapaMETPOM LelIecO00pPa3HO MPUMEHSATh KOHCTAHTBI, OIMUCAHHBIC BbI-
mre.

level - ypoBenb curnana Ha Beixoje JuHUU (0-HU3KHUI ypOBEHb; |-BBICOKHI
ypoBeHb). st ynoOcTBa yKasaHUsl JaHHOTO Iapamerpa ILesiecoo0pasHo IpH-
MEHSTh KOHCTAHTHI, OIIMCAHHBIC BHIIIIE.

Bo3epau¢aezwoe 3HA4YeHue

Oyukius Bo3Bpariaet 0 B ciiyyae yCIENIHOTO 3aBepiieHus padotsr, 6o OXFF
B Clly4ae, eclid yKa3aH HOMEp He CyLIeCTBYIOIIEH JIMHUM JAUCKPETHOTO BBOJA-
BBIBOJIA.

Ipumep 1
#define F_CPU 16000000UL [*CranapTHas KOHCTaHTA 3a1a0IIast

YacTOTy MUKPOKOHTpoJuiepa™/
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#include "NLCON1ATD3.h" /*®Daitn KOHGUTYpaIK KOHTpoJLIepa™/
#include <avr/io.h> //CranmapTHast GHOGIMOTEKA BBOIA-BBIBOIA
#include "IOPort.h" [*bubnnoreka paGOTHI C IUCKPETHBIMH BXOIaMH-

BBIXOJIAMH KOHTpoJepa*/

int main(void)

{
OutLine(100,HI); /Y cranosuts muuuio 100 B BEICOKOE COCTOSTHHE
OutLine(101,LOW); //Ycranosuts nuauto 101 B HU3KOE COCTOSHME
OutLine(102,HI); //Ycranosuts muuuto |02 B BEICOKOE COCTOSTHHE
OutLine(103,LOW); //Ycranouts auanio 103 B HU3KOE COCTOSHIE
OutLine(104,H1); /Ycranouts auauio 104 B BRICOKOE COCTOSIHHE

OutLine(105,LOW); //Ycranouts auaunio 105 B HU3KOE COCTOSHIE

while(1); //BeCKOHEYHBIN IIUKIT

JlaHHast mporpaMMa yCTaHaBIMBAET JAMCKPETHBIE BBIXOJbl KOHTpOJUIEpPA B pa3-
JIMYHBIC COCTOAHUA. HpOBepI/ITL BBIIIOJTHCHUEC HpOFpaMMLI MOKHO, IIOJKJIKOYHNB
BOJIbTMETP MEXIY IMCKPEeTHbIMHM Bbixogamu u BbiBojoM GND. Ha BwIxone,
YCTaHOBJIEHHOM B BBICOKOE COCTOSIHHE, JOJDKHO MPHUCYTCTBOBATH MOCTOSHHOE
HanpspokeHue +5B+10%; Ha BeIXoJle, YCTAaHOBIEHHOM B HU3KO€ COCTOSIHHE, Ha-
MPSHKCHAE JTOJDKHO OBITH paBHO HYITIO.

Ipumep 2
#define F_CPU 16000000UL [*CranapTHas KOHCTaHTA 3a1a0IIas

YacTOTy MUKPOKOHTpoJuiepa™/
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#include "NLCON1ATD3.h" /*®aiin koHduUrypauum KoHTpoepa*/

#include <avr/io.h> //CranpapTHas OuOnnoTeKa BBOIa-BbIBO/IA

#include "1OPort.h" [*Bubnuoteka pabOTHl C TUCKPETHBIMH BXOIaMH-
BBIXOJAMIT™/

#include "Display.h" //bubnroTeka paboThl C HHANKATOPOM

int main(void)

{
char status=0;  //TlepemMeHHas AJIsI 3aMIHCH COCTOSIHUSI BXOIOB
Displaylnit(); //VIHALIMaT|3a sl CBETOIMOHOTO HHMKATOPA
while(1) //I]ux1 OECKOHEYHOT0 OIpOCa COCTOSHHUS BXOJI0B
{

if (InLine(100,HI)==LOW) status&=0XFE; /*Ecnu Bxom 0 B
HHU3KOM COCTOSIHMH, cOpocuthb 0 out*/

else status|=0x01; [*uHaue ycraHO-
BuTh 0 OUT nepemeHHo™/

if (InLine(101,HI)==LOW) status&=0xFD; /*Eciu Bxox 1 B
HU3KOM COCTOSIHHUH, COpOCHTH 1 OuT*/

else status|=0x02; [*uHaue ycraHO-
BUTH | OUT mepeMeHHOI™/

if (InLine(102,HI)==LOW) status&=0xFB; /*Eciu Bxom 2 B
HU3KOM COCTOSIHUHU, COPOCHUTH 2 6uT*/

else status|=0x04; [*unaue ycraHo-
BUTH 2 OWUT MepeMeHHOT™/
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2.3. bnonuorteka IOPort.h

if (InLine(103,HI)==LOW) status&=0xF7; /*Ecnu Bxox 3 B
HU3KOM COCTOSIHUH, COpPOCHUTH 3 O6uT*/

else status|=0x08; [*uHavue ycraHo-
BUTH 3 OWUT MepeMeHHON™/

if (InLine(104,H1)==LOW) status&=0xEF; /*Ecnu Bxom 4 B
HHU3KOM COCTOSIHHH, COpOCHUTh 4 Out™/

else status|=0x10; [*uHaue ycraHO-
BUTB 4 OUT epeMeHHOo™/

if (InLine(105,HI)==LOW) status&=0xDF; /*Ecnu Bxom 5 B
HU3KOM COCTOSIHUHU, COPOCHTH 5 OuT*/

else status|=0x20; [*uHaue ycraHO-
BUTb 5 OUT nepeMeHHoi™/

DisplayHex(status); /*BeiBecT Ha
HHIMKATOP COCTOSIHUE TUCKPETHBIX BXOIOB*/

¥
ks

KoHTposuiep 1o JaHHOW MporpaMMe OCYHISCTBIISICT MPOBEPKY COCTOSHUS THC-
KPETHBIX BXOJIOB M 3aHOCHUT MX B MEPEMEHHYIO CTaTyca, OOBSIBICHHYIO B MPO-
rpamme. Homepa OuT B HEpeMEHHOW cTaTyca COOTBETCTBYET HOMEpaM JHC-
KPETHBIX BXOZ0B. Bce BXOIbI MOATSHYTHI K MUTAHHIO YEpe3 CICIHATbHBIC
BCTPOCHHBIC PE3UCTOPHI, TIOATOMY IPH BKIFOUYCHUH KOHTPOJUIEpPa HA HHIUKATOP
Oyzner BeiBeneHo 3HaueHue 003F. DTo o3HavaeT, 4TO Ha Bcex 6 BXomax Oynaer
YCTaHOBJICH BBICOKHH YPOBCHb HAIpsDKEHHA. ECITM COCIMHHUTH OTPE3KOM IIPO-
BoJ1a BbIBot GND kxoHTposiepa u kakol-miu00 AUCKPETHBIH BX0M, HHpOpMAIHs
Ha wHAMKatope m3Menutcs. K mpumepy, ecnu 3amkHyTh Ha BeiBog GND Bx0x
100, uamukaTop mokaxkeT 3HaueHue 003E, T.e. Ha quckpernsrit Bxon 100 moxan
HU3KHH ypoBeHb HanpspkeHus. Ecnu Bxoj 103 3amknyTh Ha BbiBog GND, nh-
JuKaTop moxaxkeT 3HageHue 0037.
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2.4. bunonunoteka COM.h

®ynkuuu padorsl ¢ COM nopramu

OyHKIUN TaHHON OMOMMOTEKHU mpenHa3HaueHbl A padotsl ¢ COM mopramu
KOHTPOJUIEpa B COOTBETCTBHHU cO cTaHaapramu mpotokoioB DCON u Modbus
RTU. IIpu mporpammupoBanuu nopra COMI ¢ ucnonb3oBaHMEM NPOTOKOJIA
Modbus RTU ne nomyckaercst mepenporpaMMHpOBaTh TaiiMep-cyeTdnk 1 MuK-
POKOHTpOJUIEpa, a IpH ucroins3oBannd opra COM2 - taiimep-cuerunk 3. [pu
ucnons3oBanuy npotokosna DCON TaiiMepri-cueTynkn He 3agelcTBYOTCA. Y
koHTposuepoB NLcon-1AT u NLcon-1AT-D-3 mopr COM1 peanuzoBaH ¢ uH-
tepdeticom RS485, mopr COM2 - ¢ urtepdeiicom RS232.

B Hauasie MCXOMHOTr0 TEKCTa MPOrpaMMbl HEOOXOAMMO O0SI3aTENbHO YKa3aTh
TUI MOJU(HKAIMK KOHTPOJIEPa, MyTeM MOJKIIOYCHHUSI COOTBETCTBYIOLIETO
3aronoBo4Horo ¢aiina. Jlns ynoOcTBa mojp3oBaHus (YHKUMSIMU B JaHHOM
6ubmuoTexke 0OBSBICHBI CIEIYIONINE KOHCTAHTHI:

#define ENABLE 1 [*KoutponbsHast cymma B mpotokojie DCON
ucrnob3yercs™/
#define DISABLE 0 [*KoutponbsHas cymma B ipotokosie 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 mcrnonp30BaHUM ITaHHOW OMONMOTEKHM B Hadale HMCXOTHOTO TeKCTa (10
MOJKITIOUEHNsST OMOIMOTEKH) HEOOXOAMMO OOBSBUTH CTAHAAPTHYIO KOHCTAHTY
F_CPU, yka3piBaiollyto 4acTOTy KBaplia MUKPOKOHTpoJiepa (B CTaHAapTHOI
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KOMIUIEKTallnd KOHTPOJUIepa dacTtoTa kBapua pasHa 16 MI'm). Eciu aToro He
clienarb, KOMIMIATOP BBLIACT NMPEAYNPEKACHAE U YCTAaHOBHUT 4acTOTY KBapla
o ymomrganuio 16 MI'm.

IIprmep oOBSIBICHHUS CTAaHAAPTHOW KOHCTAHTHI, YKA3bIBAIOIIEH YacTOTy KBapua
MHUKpPOKOHTpPOJLIEpA:

#define F_CPU 3686400UL [*YcTaHoBuTh YacTOTy KBapua 3,6864
MTI'u*/

[Ipu wucmonb3oBaHMM JaHHOW OMONMOTEKH B Hayaje HMCXOAHOTO TeKkcTa (10
TOIKITFOUEHUS OuOIMOTEeKH) HE00X0IUMO OOBSIBUTH KOHCTaHTBI
COM_RX_BUFFER_SIZE u COM_TX_BUFFER_SIZE 3anarouiue B 6aii-
Tax pa3Mep NPUEMHOro U Iepeaaroinero oydepa nprueMornepeaTyuKa COOTBET-
cTBeHHO. Pa3mep Oydepa nomkeH ObITh Takoil, YTOOBI B HEM MOTJIA MOJHOCTHIO
pa3MecTHUThCs camasi [UIMHHAS MOChUTka. Eciu 3Toro He cieath, KOMIHIATOP
BBIJIACT MPEAYIPESIKACHHE H YCTAHOBUT IS KaXKA0T0 Oydepa pasmep 64 Oaiita.

[puMep OOBSBICHUS KOHCTAHT, YKa3bIBAIOIIMX pasMep TPUEMHOTO W Tiepe-
Jaroiero oOydepa nprueMorneperaTunka;

#define COM_RX BUFFER_SIZE 128  /*Pasmep mpuemuoro 6ydepa 128
Gait*/

#define COM_TX_BUFFER_SIZE 128  [*Pasmep mnepenaromero Oydepa
128 Gait™/

Ipu ucnone3oBanuu nmporokosia Modbus RTU B Hauane ucxoaHoro tekcra (10
MOIKITFOUEHUS OMOIHOTEKH) HEOOXOIMMO OOBSBUTH IPUBEICHHBIC HIXKE KOH-
ctanTtel. Koactanra COM1_MODBUS BrirouaeT B UCXOTHBIN TEKCT TPO-
rpaMMBbI 00pa0OTYHK IPEPHIBAHMS TaliMepa-cYeTYrKa |, Py 3TOM B JallbHEH-
nIeM, He JOMyCKaeTcsl epenporpaMMHUPOBaTh NaHHEIH TaiiMep-cueTynk. KoH-
crauta COM2_MODBUS BxiroyaeT B HCXOIHBIN TEKCT MPOTPaMMBbI 00padboT-
YUK MPEPBHIBAHUS TaliMepa-CueTUrKa 3, MPH 3TOM B JaJbHEHIEM, HE TOMyCKa-
eTcsl epenporpaMMUpPOBaTh JaHHBIH TaiiMep-cueTynkK. Eciu xakyro-1m60 KoH-
CTaHTy HE 00BABUTH, KOMITHIISATOP HE BBLAACT OMNOKH, HO 0OMeH HH(OpMAITH-
eit no coorBercrBytomemy COM nopty ocyuiectBistbes He Oyzet. [Ipumep
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0OBSBIEHUS] KOHCTAHT, BKJIFOYAIOIMX B UCXOAHBIA TEKCT IIPOrpaMMbl 00paboT-
YHUKY OpepbIBaHUH TaliMepoB-cueT4nkoB 1 u 3.

#define COM1_MODBUS /*TloaxmoyuTh 00paboTUHK Talimepa 1*/
#define COM2_MODBUS /*T1oaxmoYuTh 00paboTUHK Talimepa 3*/
#include "COM.h" //bubnmoteka pabotst ¢ COM mopramMu

JHanee mpencTaBiIeHbl MPOTOTUIBI PYHKITUI TaHHOW OMOIHOTEKH.

char COM_Init(int port, long COM_speed, char Protocol);

OyHKIMA MPOBOIUT WHULMANM3aLM0 ykasaHHoro COM mopTa KoHTpoiIepa B
COOTBETCTBHHU C TpeboBaHusAME cTaHmapToB mporokosoB DCON wmwmn Modbus
RTU. /lannas ¢yHKUus mo3BossieT BEIOpaTh OJWH U3 JBYX ITOPTOB, 331aTh CKO-
POCTh CBSA3M M BBIOPATh MCHOJIB3yEeMBIH NpoTOKOI. Eciau B mporpamme He Iuta-
HHUPYETCs U3MEHSTHh CKOPOCTh WM IMPOTOKOJN OOMEHa, TO AaHHYIO (YHKIHIO
JIOCTaTOYHO BBI3BaTh OJHOKPATHO ISl KaXaoro ucnoibdyemoro COM mopra,
NpH MHULHATH3AIHU KOHTPOJLIepa.

Ilapamempoi

port — COM mopt koHTpoiutepa. it ymoOcTBa BBOAA AaHHOTO Hapamerpa
PEKOMEH/IyeTCs HCIOJIb30BaTh KOHCTAHTHI, OIIMCAHHbIC BBILIE.

COM_speed — ckopocth cBsizu COM mnopra. 3HaueHue mapamerpa CKOPOCTH
MOXET IPHHUMATH JII000€ LIEIOYNCICHHOe 3HaYeHNEe, BEIPaKEHHOE B OMTax B
CeKyHIy W He mpesbimatoniee 3HageHue 1.000.000. Onpnako, ecnu yacToTa
KBaplia, yKa3aHHOTO B MporpaMMme, OyIeT CIMIIKOM HHM3Kas, & CKOPOCTh CBS3U
CJIAIIKOM BBICOKas, ()YHKIUS BbIIACT OmuOKy. [Iyis Gosnee monHoM uH(pOpMa-
UM CMOTpPHUTE TaOJHUIly NMpHUMepoB HacTpoiku ckopocter UART B pykoBo-
JICTBE MO IKCIUTyaTalii MUKpokoHTposuiepa ATmegal28 (xononku ¢ U2X =
0), xoTopasi IOCTymHa Jyisi CBOOOJHOIO KOINMPOBAHUSI C caiTa KOMIIAHHU
ATMEL http://www.atmel.com/Images/doc2467.pdf . Eciu B Tabnuie s yka-
3aHHOTO KBapla M BHIOPAHHOW CKOPOCTH CTOMT NPOYEPK, 3HAUUT JaHHAask CKO-
POCTb HE JIOCTHXXHMMa IIPH TEKYIIeH 4acToTe MHUKPOKOHTpoiulepa. Tam e B
TalnuIe yKa3aHO OTKJIOHEHHE YacTOTHI Iepeatoniero curuana. s obecreue-
HUs 0e30mMO004HON Tepenaur MHPOPMAIMK Ha BBICOKHX CKOPOCTSAX HEeo0Xo-
JMMO BBIOMPATh apaMeTpHl, IPH KOTOPBIX OMHOKa OyZeT paBHA HYIIO.

Protocol — nporokoin cereBoro o6mena. Jlist yao0cTBa BBOJA JAHHOTO Mapa-
METpa PEKOMCHAYETCA UCII0JIb30BaTh KOHCTAHTBI, ONTMCAHHBIC BBIIIC.
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Bo36pau4aeMoe 3Ha4eHue

Oynkius Bo3BpamaeT 0 B ciiydae YCIEIIHOTO 3aBepiieHus padboTsl, mubdo OXFF
B ciIy4ae, €CIIM BXOJHBIC ITapaMeTphl ObLIM 3aJaHbl HEBEPHO.

char CHK_Control(int port, char CHK);

OyHKIMS N03BOJISACT BKIIOYHTD HJIH BBIKIIOUYUTEH UCIIONB30BaHHE KOHTPOJILHON
cymmsbl B ripotokosie DCON mist Beiopannoro COM mopra. IIpu ucnosnb3osa-
Huu npotokoia Modbus RTU naxnast GyHKIMS HE Ha YTO HE BIIUSCT.

Ilapamempeot

port — COM-nopt kouTpoyiepa. s yao0CTBa BBOJA MaHHOTO Iapamerpa
PECKOMEHAYCTCA UCTIOJIb30BATH KOHCTAHTBI, OITMCAHHBIC BBIIIIC.

CHK - npu3HaK BKJIIOYEHHS/BBIKIIIOUCHUSI KOHTPOIBLHOH CYMMBI B IIPOTOKOJIE
DCON. [ins ymoOcTBa BBOJA JAaHHOTO MapaMeTpa PEeKOMEHIYETCS HCIOIB30-
BaTh KOHCTAHTBHI, ONIMCAHHBIC BHIIIE.

Bosepau;aefwoe 3Ha4eHue

Oynxnus Bo3Bpamaer 0 B caydae yCHENTHOTO BBIIOJIHEHUS, 0o OXFF B ciy-
Yae, €CJIM BXOJHbIE TTApaMeTphl ObLIN 3a1aHbI HEBEPHO.

char Read_DCON(int port, char *buf);

OyHKIUSA TPOBEPSIET NPUEMHBIN Oyep BEIOPaHHOTO MOpTa Ha HAJTMYHE HEMpOo-
YUTaHHBIX JaHHBIX. B ciydae, ecnu JaHHbIE UMEIOTCS U HCIOJIB3YETCs IPOTO-
kos1 DCON, ¢yHKIMS TPOBOIHUT WX CUMTHIBaHKE B Oydep, yKa3aHHbIH B Kaue-
CTBE BXOJHOro mapametpa. [Ipu 3ToM HyJieBOU 3aeMeHT Oydepa Oyaer coaep-
JKaTh KOJIMYECTBO TPHHATHIX OalT MAaHHBIX, BKIIOYas KOHTPOJBHYIO CYMMY,
ecli OHa Mcroib3yeTcsi. Eciu KOHTposbHAs CyMMa HCTIONb3yeTcs, (QpyHKIMS
ABTOMATHYECKH IIPON3BOJIHT €€ PACUET U NMPOBEPKY (IaHHAS OMIHS BKIIIOYACTCS
¢bynkuueir CHK_Control onucanHoii Beiiie). J[Ba 6aidiTa KOHTPOIBHOH CYMMBI
OyznyT BKIIOYEHBI B Oy(ep «auisl YTEHHUs» BMECTE ¢ OCTaIbHOW MH(OpMaIUEH.

THapamempoi

port — COM mopt kouTposutepa. J{ist ymoOCTBa BBOAA JAaHHOIO Iapamerpa
PEKOMEHAYETCA UCTIOJIB30BATH KOHCTAHTBI, OITMCAHHBIC BBIIIIC.
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*buf — Gydep msa cuuteiBanus. HyneBoii snemeHT Gydepa Oymer comepxath
KOJIMYECTBO NPUHATHIX OANT.

Boszepawaemoe 3nauenue

OyHKITUSA BO3BpAIACT OJTHO U3 MPUBEACHHBIX HUXKE 3HAYCHUI:
0x00 - HempoYHTaHHEBIC TAHHBIC OTCYTCTBYIOT;
0x01 — maHHBIC YCTIEUTHO IPOYNTAHBL,

0x80 — HecooTBeTCTBHME MNPOTOKONA (BKIOUeH mpoTokon Modbus
RTU);

OXFF — ommbka KOHTPOIBEHOW CYyMMBI.

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

OyHKIUS TTO3BOJISIET MPOU3BECTH 3aIUCh AaHHBIX B BbIOpaHHbI COM mopT B
cooTBeTcTBUM cO cTaHnapToM npotokona DCON. Eciu BKITIOYCHO BHIYHCICHUE
KOHTPOJIbHOM CYyMMBI, QYHKIIMSI aBTOMAaTHUECKH TIPOU3BOJHT €€ pacyeT U MoJ-
CTaHOBKY B OTIPaBIISIEMYIO IOCBUIKY (ZaHHAs OIIMs BKIIOYAeTCs (YHKIHEH
CHK_Control omucannoii Beimie). Eciu npeapiayinas mocklika He OblTa moJi-
HOCTBIO OTIpaBieHa, QyHKIHsA OyAeT 0XKHUAATh OKOHYAHUS MIepeIadH.

Iapamempoi

port — COM-mopt xoHTpoiwiepa. s ynoOcTBa BBOJIA NAaHHOTO ITapaMeTrpa
PEKOMEH/IyeTCs HCIOJIb30BaTh KOHCTAHTHI, OIIMCAHHbIC BBILIE.

*buf — maccuB nanubIX, 3anuckiBaeMbiii B COM-mopT. [laHHbBIl MaCCHB MOKET
MPEJICTABISATh CO0O0M TekcTOBYH cTpoky. ITo cranmapry sizeika CU crpoka
JIOJDKHA 3aKaHYMBATHCS HYJIEBBIM CHMBOJIOM, HO T.K. B JIAHHOM CJIy4ae HCIOJIb-
3yetcs nmporokoi DCON, npu3HakoM KOHIIA CTPOKH MOXET BBICTYIIATh CUMBOJI
0X0D. ®yHKIUsI aBTOMATHYECKH ONPE/IEIUT Haju4yue B cTpoke cumsosa 0X0D
U B CiIy4ae, €CJIH OH OTCYTCTBYET, TOOABHUT €ro B KOHEI[ CTPOKH.

char Read_Modbus(int port, char *buf);

Oynkuus nposepsier npueMHblii Oydep BeiOpanHoro COM mopra Ha Hamuue
HENpOYNTaHHbBIX JaHHBIX. B ciydae, ecim gaHHbIE HMEIOTCS M BKIIIOUEH ITPOTO-
xoi Modbus RTU, ¢yHKUus NPOBOJAMT MX CUUTHIBAHUE B Oydep, yKa3aHHbIH B
KauyecTBe BXOJAHOr0o mapamerpa. IIpm 3TOoM HyineBoil anemeHT Oydepa Oyner
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CoZIeprKaTh KOJIMYECTBO NPUHATHIX 0alT JaHHBIX, BKIFOYast KOHTPOJIBHYIO CyM-
My.
Ilapamempoi

port — COM mopt koHTpoiutepa. st ymoOcTBa BBOAA AaHHOTO IapameTpa
PEKOMEHIYeTCs HCI0JIb30BaTh KOHCTAHTEI, OIIMCAHHbIE BBILIE.

*buf — Gydep misa cunteiBanus. HysneBoit anemenT Gydepa Oymer comepaTh
KOJIMYECTBO NPUHATHIX OANT.

Bosspawaemoe 3snauenue
OyHKIMS BO3BpAIIAST OJJHO U3 NPUBEICHHBIX HIKE 3HAUCHHH:
0x00 - He npoyKrTaHHBIE JaHHBIE OTCYTCTBYIOT;
0x01 — gaHHBIE YCHEUIHO POYUTAHBI;
0x80 — HecooTBeTcTBHE MpoToKoIa (BKI0YeH poTokon DCON);

OXFF — ommbka KOHTPOIBEHOW CYMMBI.

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

@OyHKIMS MO3BOJIAET OTIIPABUTH KOMaH Ty 3anpoca B BeIOpaHHed COM-miopT.
HasnaueHue oTIpaBisieMbIX JaHHBIX ONpEAeIseTcs KoJoM GpyHKINH (B COOT-
BETCTBHH CO cTaHAapToM). KoHTposbHas cymMMa OyAeT aBTOMaTHYECKH pac-
cuMTaHa U 100aBJIE€HA B OTIPABIAEMYIO MOCBUIKY. [laHHYI0 (PYHKIHIO JOITyC-
TUMO IPUMEHSTH TOJBKO JAJIS 3aIPOCOB (KOTJJa MOAYJIb BEICTYIIAET B KAYECTBE
cepsepa). [y oTnpaBKK OTBETOB, HEOOXOIUMO MTPUMEHATH ()YHKIHIO
Write_Response_Modbus, omicanne K0OTOpO#i IPUBEICHO HIXKE.

Ilapamempror:.

port — COM-nopt kouTtposiepa. s yao0CTBa BBOJAA JaHHOIO Iapamerpa
PEKOMEHAYECTCA UCTIOJIB30BATH KOHCTAHTBI, OITMCAHHBIC BBIIIIC.

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

Func — xon ¢pynakuuu. Jomyctumeie koael Gynkmuit: 0X01, 0x02, 0x03, 0x04,
0x05, 0x06, 0x0F, 0x10 (B cootBercTBUM co cTanaaprom Modbus RTU).

SubFunc — kox noadyHKUKY (aApec perucTpa B COOTBETCTBUH CO CTAHAAPTOM
Modbus RTU).
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*Data — maccuB 0aiiT 3aIIMCHIBAEMBIX JaHHBIX.

Amount — KOJMYECTBO 3aIMCHIBAEMBIX JJIEMEHTOB (PETHCTPOB WM SYEEK B
3aBUCHMOCTH OT BHIOPaHHOH (DYyHKLUH).

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

OYHKITUS TO3BOJISET OTIPABUTH KOMaHIY 0TBeTa B BEIOpanHbI COM-1opT.
HasHaueHue oTIpaBisieMBbIX JaHHBIX ONpenessieTcss KogoM GyHKIHH (B COOT-
BETCTBUH CO cTaHIapToM). KoHTpoibHas cymMMma OyneT aBTOMaTHYECKH pac-
CUUTaHa M 100aBJICHa B OTIPABIIEMYIO IIOCHUIKY. [{aHHYI0 (YHKIHIO 10ITyC-
THMO IPHMEHSTH TOJBKO JJIsl OTBETOB (KOT/Ia MOJYJIb BBICTYIIACT B KAUeCTBE
KIMeHTa). J{JIs OTIpaBKH 3alPOCOB, HEOOXOAUMO MPUMEHSTH PYHKIIAIO
Write_Request_Modbus, onucatnne koTopoii IPUBEICHO BHIIIIE.

Iapamempeor:

port — COM-nopt koHTpoyuiepa. s yao0cTBa BBOJA NAaHHOIO MapaMmerpa
PECKOMEHAYCTCA UCTIOJIb30BATH KOHCTAHTBI, OTMCAHHBIC BBIIIIC.

Addres — anpec ycrpoiicta (B cooTBeTCTBHH o cTanaaprom Modbus RTU).

Func — xon ¢pyukuuu. Jomyctumeie koapl pynkiuit: 0X01, 0x02, 0x03, 0x04,
0x05, 0x06, OxOF, 0x10, a Takxe Te e KOJbI C YCTAHOBJIICHHBIM OMTOM OIIHO-
ku: 0x81, 0x82, 0x83, 0x84, 0x85, 0x86, 0x8F, 0x90 (B COOTBETCTBHHM CO CTaH-
naprom Modbus RTU).

SubFunc — kox mondyHkimu (agpec perucTpa B COOTBETCTBHU CO CTAHAAPTOM
Modbus RTU).

*Data — maccuB OalT 3aIMCBIBAEMBIX TaHHBIX.

Amount — KOJHYECTBO 3alUCHIBAEMBIX JJIEMEHTOB (PETHCTPOB MM SYCCK B
3aBHCUMOCTH OT BHIOpaHHOU (DYHKITUH).

Ipumep 1:

#define F_CPU 16000000UL /*CrangapTHas KOHCTaHTa 3a1af0Ias
4acTOTy MUKPOKOHTpoJIIepa*/

#include "NLCON1AT2D3.h" /*®aiin koHpHUrypamun KOHTposuiepa*/
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#include <avr/io.h> //CranmapTHast GHOGIMOTEKa BBOIA-BBIBOIA

#define COM_RX_BUFFER_SIZE 32 /*Pa3mep TipueMHBIX 6y (hepoB
COM mnopro*/

#define COM_TX_BUFFER_SIZE 32 /*Pasmep niepenaronmx 6ydepos
COM mnopro*/

#include "COM.h" //bubnuroteka padotsl ¢ COM mopramu
#include "Display.h" //bubnroTeka paboThl C UHANKATOPOM

int main(void)

{

Displaylnit(); //VlHALIAaTH3a1sl CBETOIUOAHOTO HHIMKATOPA

COM_Init(COM_PORT1,9600,DCON); /*Muunnnamusanus COMI.
Ckopoctb oomena 9600 6ut/c. [Tporokon DCON.*/

int error,temp; //BcrioMorareNbHbIe TIePEMECHHBIC
char buf[32]; //MaccuB [Tl CYMTBIBAEMBIX JTAHHBIX
while (1) //BeCcKOHEeUHBII UKII TIPOrPaMMBI

Write_ DCON(COM_PORT1Z, "$012"); /*3anuck B HOPT
COMI1 xomaus! uteHust KoHGuUrypauu st Mmoaysst NL-16DI */

_delay_ms(100); //OXumaHre oTBETa
temp=Read_ DCON(COM_PORT1, buf); /*Yrenue npuem-
Horo Oydpepa COM1*/

if (temp==1) //Eciu naHHbIC MPOYUTAHBI
error=0; //O6Hynenue (aara OmmMoOKu

[*Tlo GaiiToBast IPOBEPKA TOMYIECHHBIX JAaHHBIX */
if (buf[0]!'=10) error=1;
if (buf[1]!'="l") error=1,;
if (buf[2]!'='0") error=1,
if (buf[3]!'="1") error=1,
if (buf[4]!'="4") error=1,
if (buf[5]!'='0") error=1,
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if (buf[6]!'="0") error=1,
if (buf[7]!='6") error=1,
if (buf[8]!='0") error=1,;
if (buf[9]!'='0") error=1,
if (buf[10]!=0x0D) error=1;

/*Eciu HET OIIMOKH, BKJIIFOYUTH CBETOAMO/, HHAYE
BBIKITIFOUMTH €T0.*/
if (error==0) Led(1);
else Led(0);
}

DisplayDec(buf[0],0,5); /*BsiBoj Ha HHAMKATOP KOJHUYECT-
Ba MPUHSATHIX OaiT*/
_delay_ms(1000); //3aneprkka 1mocie OTBETa
}

}

JlanHas mporpamMmMa OTIPAaBJIIeT KOMaHAy YTeHus KoHpurypauun moaymo NL-
16DI. B o0mem Buae KOMaH/Ia BRITISIAUT CICAYIOIINM 00pa3oM:
3anpoc: $SAA2/r
T'ne:
$ - cUMBOJT HICHTU(PHUKAIIUH TPYIIITBI KOMaHT;
AA-anpec moays;
2-CUMBOJI UACHTU(DHUKAIIMA KOMaHIBI;
[r-Bo3Bpar kapetku (ko 0X0D);
Otset: |AATTCCFF/r
T'ne:
l-pU3HAK YCIIEITHOTO BHIMOIHEHHUSI KOMAH/IbI;
AA-anpec momyns;
TT-kox BxogHoro muamaszoHa (st moxyns NL-16DI Bcerna
pasen 0x40);
CC-kox cxopoctu cBs3u (a1 ckopocTt 9600 OuT/c paBeH
0x06);
FF-dopmaT KomMaHTBI,
Bonee moapoOHyro nHGOpPMAITHIO IO KOMaHe, MOKHO HAUTH B PYKOBOJCTBE IO
aKcIUTyaraiuu Ha moayis NL-16DI.

B nporpamme nonapaszymeBaercst, uto moayib NL-16DI umeer axpec paBHbIi
0x01, ckopocts cBsizu 9600 Our/c, hopmat oOMeHa 6€3 KOHTPOIBEHOH CyMMBI
(3aBoackue HacTpoitku moxyns NL-16DI).
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[Iporpamma npoBepsieT NOIYYEHHBIN OTBET U B CIIydae €CJIM OH KOp-
PEKTHBIM, BKJIIOYAET 3€JIEHbIN CBETOANO . Takxe NporpaMMa BbIBOJUT Ha CBE-
TOJWOIHBII HHANKATOP KOJIWIECTBO MPHHATHIX OAHT OTBETHOTO COOOIICHHS.
Ecnu B mporiecce npueMa JaHHBIX HE BO3HUKAJIO OIIHOOK, KOJMYIECTBO MPHHS-
THIX OaliT NOKHO OBITH paBHO 10.

IIpumep 2:

#define F_CPU 16000000UL /*CranapTHas KOHCTaHTa 3a1af0Ias

4aCcTOTY MUKPOKOHTpoJuiepa™/

#include "NLCON1ATD3.h" /*Daiin koHUrypauu KOHTposuiepa*/

#include <avr/io.h> //CrannapTHasi OubIHOTEKa BBOIa-BhIBO/IA

#define COM_RX_BUFFER_SIZE 32 /*Pa3mep  npueMHbIX  OydepoB
COM mnopro*/

#define COM_TX_BUFFER_SIZE 32 /*Pa3mep mnepenatonpx Oydepon
COM mnopros*/

#define COM2_MODBUS [*TTopt COM2 HacTpoeH Ha paboTy 1O Mpo-
tokonry Modbus RTU, Gyzmet moakmouen o6pabotunk Taiimepa 3*/

#include "COM.h" //bubnroteka padotsl ¢ COM mopramu

#include "Display.h" //BubnroTeka paboThl C UHAUKATOPOM

int main(void)

{

Displaylnit();  /Muuumanu3anus CBETOIUOIHOTO HHANKATOPA
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COM_Init(COM_PORT2,9600,MODBUYS); [*Naunuanusanu
COM2. Ckopoctb oomena 9600 6ut/c. [Tporokon Modbus.*/

COM_Init(COM_PORT1,9600,DCON); [*Vaunmanu3zamnu
COML1. Ckopoctb oomena 9600 6ut/c. IIpotokon DCON.*/

int error,temp; //BcrioMorarenbHbIe IepeMEHHBIC
char buf[64]; //MaccuB ISl CAUTHIBAEMBIX JAHHBIX
while(1) //BeCKOHEUHBIN IMKIT

{

temp=Read_Modbus(COM_PORT2, buf); /*Yrenue mpuem-
Horo 6ydepa COM2*/

if (temp==1) //Ecnu naHHbIe IPOYUTAHEI

{

error=0; //O6HyneHue (aara OMMOKU

if (buf[0]'=8) error=1;  /*Ilo OGaiiToBasi mpoBepKa
MPUHATON TOCBUIKI*/

if (buf[1]'=0x01) error=1,;
if (buf[2]'=0x05) error=1,;
if (buf[3]'=0x00) error=1;
if (buf[4]!=0x20) error=1;
if (buf[5]!=0xFF) error=1,
if (buf[6]!=0x00) error=1;
if (buf[7]!=0x8D) error=1,;
if (buf[8]!=0xFO0) error=1;
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DisplayDec(buf[0],0,5); /*BbeiBom Ha WHIMKATOP
KOJIMYECTBA MPUHSTHIX OanT*/

[*OtBeTHOE coobmienue mo mporokomy Modbus RTU B manHOM mpumepe He
otmpasiseTca’™/

/*Ecnm Het ommOku otnpaBka mo COM1 xomaHIBI B
DCON=*/

if (error==0) Write_DCON(COM_PORT1,"$012");

/*O4ucTKa MaccuBa JJIs IPUHATHIX JaHHBIX */
for (temp=0;temp<10; temp++) buf[temp]=0;

}
_delay_ms(1000); //3anepxka Ha 1 cekyHIy

}

[porpaMma peanu3yet GpyHKIHMH MpocTeHIIero npeodpa3oBaTels NPOTOKOJIOB.
JanHas mporpamma ucnonb3yeT cpasy oda COM mopra xorTpoimepa. OxuH
HacTpoeH Ha paboty mo mporokony DCON, mpyroit Modbus RTU. Ecnu no
MopTy COM2, MPUHATA MOCIIEIOBATEILHOCTD
[01][05][00][20][FF][00][8D][FO0] (mporoxkom Modbus RTU), To mporpamma
BBIBOJIUT HAa WMH/MKATOP KOJHMYECTBO NPUHATBHIX OalT, B JAHHOM CJIyd4ae 3TO
YHCII0 BOCEMb W BO BTOPOM TOPT OTmpamisier komaumy «$012» (mporokoin
DCON). OtsetHoe coobuienue no npotokoiay Modbus RTU we oTmpassieTcs.

Mpumep 3:

#define F_CPU 16000000UL /*CranapTHas KOHCTAHTA 3a/1ak0Iast Yac-
TOTY MHKPOKOHTpoOJuIepa*/

#include "NLCON1AT2.h" /*®aiin koHduUrypaumm KoHTpoepa*/
#include <avr/io.h> //CranaapTHas OMOIMOTEKa BBOIA-BBHIBOIA
#include <avr/eeprom.h> //CrangapTHas Gubnmoreka paboThI ¢
EEPROM
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#define COM_RX_BUFFER_SIZE 32 /*Pa3mep npueMHBIX OyQepoB
COM mnoproB*/

#define COM_TX_BUFFER_SIZE 32 /*Pa3mep nepenaronmx 0ydepon
COM mnoproB*/

#define COM1_MODBUS /*Toakmrounth 06paboTyrK Taiimepa 1*/
#define COM2_MODBUS /*ToakmrounTth 06paboTIrK Taimepa 3*/
#include "COM.h" //bubmmoteka pabotel ¢ COM mopramu
#include "IOPort.h" [*bubnnoreka paboThI ¢ TUCKPETHBIMH BXO-

JTaMH-BBIXOAaMHU ™/

Il HWnnnpamusanus EEPROM -
unsigned char EE_Address_device EEMEM=0x01; /*Anpec Mmoayis B
EEPROM*/

unsigned char EE_COM_Speed EEMEM=0x06; [*CxopocTs MOy B
EEPROM*/

unsigned char EE_Name[] EEMEM="NLcon-1AT2"; [*Uwmst moayns B
EEPROM*/

unsigned char EE_Version[] EEMEM="150214";  /*Bepcus nporpamMmsI B
EEPROM*/

1 WNannuanuzanus RAM

char Address_device; Il Anpec momysst
char COM_Speed,; //ICxopocts MomyIIsI
char Name[10]; [Mwmst moynst

char Version[6];
//Bepcust mporpaMmbl

char Func; [[Kon dyukimn

int SubFunc; [[Kon nondyHkuu

int Data; //PerucTp JaHHbIX

char buf[32]; //Bydep st urenus aanabx mo Modbus RTU

int Address_EEP; [*TlepemMeHHast 111 XpaHEHHs ajpeca Ipu odparie-
uun K EEPROM*/

/ OYHKINS MHUAIMATU3AIAN MOyl ==============
void Init(void)

{
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int temp; //BcriomMorarenbHas miepeMeHHast
long Speed; //TlepeMeHHas TS OTIPEACIICHUS] CKOPOCTH

/*KommpoBanue agpeca ycrpoiictea n3 EEPROM B O3VY*/
Address_device=eeprom_read_byte(&EE_Address_device);

[*Yrenue ckopoctu 13 EEPROM*/
COM_Speed=eeprom_read_byte(&EE_COM_Speed);

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 OX0A: Speed=115200; break;
default: Speed=9600;

}

[*Nuaumanuzanust nopra COM1.*/
COM_Init(COM_PORT1,Speed, MODBUS);

[*Uuunnmanu3zanus nopra COM2.*/
COM_Init(COM_PORT2,Speed, MODBUS);

Address_EEP=(int)&EE_Name; /*Ompenenenue anpeca B
EEPROM wmaccuBa copepKaniero uMs MoyJist™/

[*Kommposaune umern moayinst u3 EEPROM*/
for (temp=0; temp<10; temp++)
Name[temp]=eeprom_read_byte(Address_EEP+(uint8_t*)temp);

Address_EEP=(int)&EE_Version; /*OnpeneneHue aapeca B
EEPROM wmaccuBa cofiepkaliero BepcHio nporpaMmar™/

[*KonupoBanue Bepcuu nporpammal™/
for (temp=0; temp<6; temp++)
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Version[temp]=eeprom_read_byte(Address_EEP+(uint8_t*)temp);

}
//=== OyHKUMUS JeKOAUPOBAHUS KOMaH1 onydeHHBIX 10 COM mopram ===
void Command_decode(char Port)
{
/*
buf[0] - KonnuecTBo mpounTaHHbIX GaiT
buff1] - Anpec ycrpoiicta
buff2] - Kox pyuxumm
buf[3]+buf[4] - Kox noxdyukunu (axpec sieMeHTa)
buf[5]+buf[6] - Naunbie (i Gyukmii 0x05, 0x06 3anucsiBacMble
nansble, 111 0x01-0x04 KoIMYecTBO CUNTHIBAEMBIX TaHHBIX )
buf[7]+buf[8] - CRC cBepTKa (KOHTpOJIbHAS CyMMa CTaHIapTa
Modbus RTU)
*/
char temp; //BcrioMorarenbHas mepeMeHHast
int int_temp; //BcniomorarenbHas IepeMeHHast
if (ouf[1]==Address_device) /*TIpoBepka ajapeca ycTpoicTBa*/
Func=buf[2]; //Onpenenenue Koaa GyHKIMNA
switch(Func) //O6paboTKa KO3 PYHKIHH
{
//@yHKIHMsA YTeHHsE BHyTpeHHUX peructpos (0x03)
case 0x03:
SubFunc=(buf[3]<<8)|buf[4]; /*Onpenenenne xoaa
noadyHkuuu*/
Data=(buf[5]<<8)|buf[6]; //Onpenenenue nanubIx
switch (SubFunc) [*O6paboTka ko2 noj-
byukun*/
{
1 UreHne TUCKPETHBIX BX0J10B ¢ 0 1o 7
case 0x0000:
if (Data!=1) [*Ecnu Konn4aecTBo 3a-

MpAININBAEMBIX PETHCTPOB HE COOTBETCTBYET KOMaHae™/

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

}

temp=0;
for (int_temp=0; int_temp<8; int_temp++)
temp|=(InLine(int_temp,1)<<int_temp);  //UTeHne AUCKPETHBIX BXOAOB

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

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

break;
J[-mmmm e YUteHue TUCKPETHBIX BXOJOB ¢ 8 o 15
case 0x0010:
if (Data!=1) [*Ecnu Konu4uecTBo 3a-

[paNIMBaEMbIX PETHCTPOB HE COOTBETCTBYET KoMaHze™/

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

}

temp=0;
for (int_temp=0; int_temp<8; int_temp++)
temp|=(InLine(int_temp+8,1)<<int_temp); //UreHne AUCKPETHBIX BXOIOB

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

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

Il UreHue IMEHH MOTYJIs
case 0x00C8:
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if (Data!=5) [*Ecnu Konn4ecTBo 3a-
NpanIBaeMbIX PETHCTPOB HE COOTBETCTBYET KOMaHae™/

buf[0]=0x03;

/IOtBeT "Ommnoka"
Write_Response_Modbus(Port,Address_device,Func |
0x80,SubFunc,buf,1); break;
}
/[TlepexomUpoOBaHN UMEHH MOJTYJIS
for (int_temp=0; int_temp<10; int_temp++) buf[int_temp]=Name[int_temp];

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

break;
I YreHHe BEPCUH POTPAMMBI
case 0x00D4:
if (Datal=3) [*Eciu Konn4ecTBo 3a-

MpamnBacMbIX pETUCTPOB HE COOTBCTCTBYCT KOMaHZ[e*/

buf[0]=0x03;
/IO1BeT "Ommbka"
Write_Response_Modbus(Port,Address_device,Func |
0x80,SubFunc,buf,1); break;
}
/[TlepexomupoBaHK BEPCHH TIPOTPAMMBI
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;

/I Yrenue aapeca
case 0x0200:
if (Data!=1) [*Ecnu Konn4aecTBo 3a-
NpAIIUBAEMBIX PETHCTPOB HE COOTBETCTBYET KOMaH e/

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

42 Bubnuorteka pyHkumm ana NLCon-1AT



2.4. bnonmnoreka COM.h

}

//KommupoBanue anpeca ycrpoiictea w3 EEPROM B O3Y
temp=eeprom_read_byte(&EE_Address_device);

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

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

1 UreHne CKOPOCTH
case 0x0201:
if (Datal=1) [*Eciu Konm4ecTBo 3a-
TpaIINBAEMBIX PETHCTPOB HE COOTBETCTBYET KoMaHe™/

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

}

//KommupoBanwue ckopocth cBsi3u 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;

i He nomepxuBaemblit Ko OADYHKIUH
default:
buf[0]=0x02;

/[OtBet "Omndka"
Write_Response_Modbus(Port,Address_device,Func |
0x80,SubFunc,buf,1);
}
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break;

//®@yHKIUs 3anucu oguHOYHOTO peructpa (0x06)
case 0x06:
SubFunc=(buf[3]<<8)|buf[4]; /*Onpenenenue xoaa

noadyHKIuAn™/

Data=(buf[5]<<8)|buf[6]; //Onpenenenne naHHBIX

switch (SubFunc) [*BbI160p B 3aBUCHMOCTH
OT MOJIYYEHHOTO Ko oA yHKIHI™*/

{
I 3anuch JUCKPETHBIX BX0I0B ¢ 0 1o 7

case 0x0000:

if (Data>0x00FF) [*Ecnu 3HaueHue

BBIXOJIHT 32 TOMYCTUMBIN qrana3on™/

buf[0]=0x03;
/IO1BeT "Ommbka"
Write_Response_Modbus(Port,Address_device,Func |
0x80,SubFunc,buf,1); break;

}

temp=0;
/lY cTaHOBKA TUCKPETHBIX BXOJIOB
for (int_temp=0; int_temp<8; int_temp++)
OutLine(int_temp,(Data>>int_temp) & 0x01);

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

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

1 3anuch JUCKPETHBIX BXOIOB € 8 1o 15

case 0x0010:
if (Data>0x00FF) [*Ecnu 3HaueHue
BBIXOJIUT 32 JIONMYCTUMBIH auana3on™/

buf[0]=0x03;

/IOTBeT "Omuoka"
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Write_Response_Modbus(Port,Address_device,Func |
0x80,SubFunc,buf,1); break;

}

temp=0;
/lY craHOBKa TUCKPETHBIX BXOJIOB
for (int_temp=0; int_temp<8; int_temp++)
OutLine(int_temp+8,(Data>>int_temp) & 0x01);

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

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

/! 3amuck agpeca
case 0x0200:
if ((Data==0) || (Data>0xF7)) [*Ecnu
3aMUChIBAEMBIH a/Ipec BBIXOIUT 3a OMYCTHUMBbIN Tuana3on™/

buf[0]=0x03;

/IOtBet "Omunoka"
Write_Response_Modbus(Port,Address_device,Func |
0x80,SubFunc,buf,1); break;

}
/[3armuce 8 EEPROM HoBoTO anpeca

eeprom_write_byte(&EE_Address_device,Data);

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

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

I 3ammch CKOPOCTH CBSI3U
case 0x0201:
if ((Data<0x03) || (Data>0x0A)) /*Eciu
3aMUChIBAEMBIN KOJI CKOPOCTH BBIXOJHT 32 JOMYCTUMBIN Tuanason™/
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buf[0]=0x03;
/IOtBet "Omnbka"
Write_Response_Modbus(Port,Address_device,Func |
0x80,SubFunc,buf,1);
break;

}

//3ammncy 8 EEPROM HOBO# CKOpPOCTH CBS3H
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;

/! He moxnepxuBaeMblif koI NOAPYHKINH
default: //Ecnu nannas moadyHKIMs HE TOAICPKHU-
BacTCAa
buf[0]=0x02;

//OtBeT "Ommmbka"

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

}

break;

//DYHKIHUS 3aIHCH Cpa3y HeCKOMbKuX peructpos (0x10)
case 0x10:
SubFunc=(buf[3]<<8)|buf[4]; /*Onpeneneuue xoaa
noapyHKIAN*/
int_temp=(buf[5]<<8)|buf[6]; /*Omnpenenenue ko-
YecTBa PErHCTPOB™/

switch (SubFunc)/*Bsi6op B 3aBUCUMOCTH OT TIOJTY-
YEHHOT0 KO1a oA yHKIuu™/

{

i 3anuch UMEHH MOJTYJIS
case 0x00C8:

46 Bubnuorteka pyHkumm ana NLCon-1AT



2.4. bnonmnoreka COM.h

if (int_temp!=5) /*Eciu nuuHHA KOMaH/IbI
HE COOTBETCTBYET TpebyeMmoir™/

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

}

Address_EEP=(int)&EE_Name;
[*Beruncnenune anpeca B8 EEPROM mns 3anucu umenu moayssi™/

/[OnpeneneHue naHHBIX
for (int_temp=0; int_temp<10; int_temp++)
{

Name[int_temp]=buf[int_temp+8];

//3armuce B EEPROM ouepenHoro Gaiita HOBOro UMEHH MOYJIs
eeprom_write_byte(Address_EEP+(uint8_t*)int_temp,Name[int_temp]);
}

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

[-==mmmmmmmm e He nomnepxuBaemMblit Ko HOADYHKITH
default: //Ecnu nannas moadyHKIMs HE TOAICPKHU-
BaeTcs
buf[0]=0x02;

/IO1BeT "Ommobka"

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

}

break;

I/ He moanepxuBaeMsiii Ko (yHKIIHA
default:
buf[0]=0x01;
/IO1BeT "Ommobka"
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Write_Response_Modbus(Port,Address_device,Func |

OcHOBHas mporpamma

}

//BECKOHEYHBIN ITUKIT

if (Read_Modbus(COM_PORT1,buf)==1)
Command_decode(COM_PORT1);
nannble Ha COM nopt noctynuim, BeI3BaTh MPOLEAYPY Ae-
KOJUPOBaHHsT KOMaH/IbI™/
if (Read_Modbus(COM_PORT2,buf)==1)
Command_decode(COM_PORT?2);
nanHble Ha COM nopt nmocTynuiy, BeI3BaTh NPOLENYPY -
KOJAUPOBaHUS KOMaHabI*/

0x80,SubFunc,buf,1);
}

}

I

int main(void)

{
Init();
while(1)
{
}

}

[*Ecnu

[*Ecnn

JlaHHBIN pUMEP MPECTABIIAET COOOK TECTOBYIO MPOrpaMMy JJisi KOHTpoJuiepa
NLcon-1AT2. Tlporpamma MO3BOJISET MPUHUMATH KOMAaH/bI mpoTokoida Mod-
bus RTU mo o6oum nutepdeiicam RS485 u BBIMONHSTE AeHCTBHS, PELYCMOT-

PEHHBIE B IPUBEACHHON HIDKE TaOIuIe.

Kon
Haznauenne -
Kona noxa- ¢ynk- | Kon pynk- Koawuecr Juana3on naH-
(yHKIHHI MK MM 3aMHCH BO peruer- HBIX
KOMAaHIbI aTeHMsI poB
UreHue-
00h Qoh | YCTAHOBKAAWC | 3y 06h 01h 0000h-00FFh
erTHbIX BXOO0B
cOmno7
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2.4. bnonmnoreka COM.h

Urenue-
O00h 10h | YCTAHOBKAAHC™ 1 g3, 06h 01h 0000h-00FFh
KPETHBIX BXOZIOB
c8mo 15
5 perucTpos 1no
00h C8h UreHue-3anuch 03h 10h 05h 2 Oaiita (ASCII
HUMEHH MOJLYIISI KOANUPOBaHUE
CHUMBOJIOB)
3 perucrpa 1o 2
YreHne Benc Gaiira (ASCII
00h D4h TCHHC BEPCHH 03h - 03h KOJIMPOBaHHE B
POTPaMMBI
¢dopmare
DDMMYY)
O2hooh | [ITemmessamick | gq 06h 01h 0001h-00F7h
azpeca MOILyJIs
YUrenue-3anuch
02h 01h CKOPOCTH MOJY- 03h 06h 01h 0003h-000Ah

I
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2.5. buonuoteka 1-Wire.h

®yHknuu padorsl ¢ unTepdeiicom 1-Wire

[Jannas 6ubnmoteka npeanaszHadena st moxudukanuii NLcon-1AT u NLcon-
1AT-D-3. ®yHkumu naHHOW OMONMOTEKH NpeAHa3HAYeHbI Ul PadOTHI C YCT-
poiicTBaMK, UMEIOIUMH OHONPOBOAHBIA HHTep(eiic 1-wire. OHU MO3BOJIAIOT
OCYIIIECTBIIATH MIOMCK YCTPOHCTB Ha mimHe 1-Wire, npoBoANTh HHUALIHATH3ALIUIO
IIMHBI, BBIMOJHATH 3allUCh W YTCHUE JAaHHBIX, a TAKXX€ IPOU3BOJHUTH pacyer
KOHTPOJILHOM CyMMBI. J1J1s1 KOpPEeKTHOM paboThl GYHKIMN JaHHOH OMOIMOTEKH,
B HACTpPOMKaX KOMIHJIATOpa 0053aTENbHO J0JDKHA OBITh BKIFOUEHA ONTHMH3a-
U Kojia mporpamMmbl. OOYCIIOBIICHO 3TO TE€M, YTO B JTaHHON OMONMOTEKE MpH-
MEHSIIOTCS CTaHJAapTHbIE (YHKIMHM BPEMEHHBIX 3aJIepKEK, KOTOpbIE TPH BbI-
KJIFOYEHHOW ONTHUMHU3AIMK KOAa He 00ecreumBaroT COONIOJICHUE TPeOyeMBbIX
BEJIMYMH 3aJIepKEK M0 BPEeMEHH. YPOBEHb ONTUMH3ALMH MOXKET OBITh MPOH3-
BOJIBHBIM.

B Hauase MCXOMHOTr0 TEKCTa MPOrpaMMbl HEOOXOAMMO O0SI3aTENbHO YKa3aTh
TUI MOJU(HKAIMK KOHTPOJIEPa, MYTeM MOJKIIOYCHHUS COOTBETCTBYIOLIETO
3ar0JIOBOYHOTO (aiina.

IIpu umcnonp3oBaHMM AaHHONW OMOIMOTEKHM B Hadaje HCXOJHOTO TEKcTa (10
MOJKITIOUEHHUs OMOIMOTEKH) HEOOXOAMMO OOBSBUTH CTAaHAAPTHYIO KOHCTAHTY
F_CPU, yka3bIBaroriyio 4acToTy KBapiia MHKPOKOHTpOJUIepa (B CTaHIAPTHOM
KOMIUIEKTAIIMM KOHTpOJUIepa 4acToTa KBapia paBHa 16 MI'm). Eciou atoro He
clies1aTh, KOMIIMISITOP BBIJACT IMPEAYNPEXIECHAE U YCTAHOBUT YacTOTY KBapra
o ymonmyanuo 16 MI'n.

[Ipumep 0O0BsIBIEHNS CTaHOAPTHOW KOHCTAHTHI, YKa3bIBAIOIIEH 4acTOTy KBapla
MHUKPOKOHTpOJIIEpa:

#define F_CPU 3686400UL [*YcraHoBuTh 4acTOTy KBapua 3,6864
MI'u*/

ITpu ucnonp30BaHNM JaHHOW OMOTMOTEKH B Ha4YaJle UCXOHOTO TEKCTA (710
MOIKITIOYEHHS OMOIMOTEKHN) HEOOXOIMMO OOBSBUTH KOHCTAHTY
ONE_WIRE_BUS u npucBouts eif HoMep AUCKPETHOTO BX0/1a, K KOTOPOMY
MOJIKJTIOYEHO YCTPOHCTBO ¢ mHTepdeiicom 1-Wire.
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IIprmMep 0OBABNICHHUS KOHCTAHTHI, ONPEACIIIONICH MOIKIIOUEHIE YCTPOWCTB C
urTepdeiicom 1-Wire:

#define ONE_WIRE_BUS I0O0  /*Hasuauuth moj ycTpoiicTBa ¢ HHTEphEii-
com 1-Wire muckpernsiit Bxox 100*/

Hioke npuBeieHbl MPOTOTUIIBI (PYHKINIT ONMCAHHBIX B JTAaHHOW OMOIHOTEKE.

int wl_search(void *p);

@OyHKIMS MpeaHa3Ha4deHa Ui MTOMCKA YCTPOMCTB HaXOIIIMXCS Ha IMuHE 1-
Wire u 3aHeceHMs WX agpeca B MacCHUB yKa3aHHBIA Kak mapamerp (QyHKIHH.
@OyHKOMS BO3BpalIaeT B KAadeCTBE PE3yNbTaTa, KOJWYECTBO OOHApY>KCHHBIX
ycTpo#cTB. iisl KaKIOoTo yCTpOHCTBaA, KOTOPOE MpeAroiaraeTcs 00HapyKUTb,
TpebyeTcs 3ape3epBUPOBaTh 8§ OalT 10N MHAMBUAYAIBHBIH aIpec yCTpoicTBa.
PexomeHnmyeTcs B KadecTBE XpaHWIHINA aApPECOB HCIIOJIB30BATH IBYMEPHBIC
MAacCHBBI, MIEPBBIN 3JIEMEHT KOTOPOTO YKa3bIBAET IOPSIIKOBBIH HOMEp YCTPOH-
CTBa, a BTOPOI HEMOCPEICTBEHHO HOMep Oaiita B 8-0aliTOBOM ampece yCTpou-
crBa. Korma Konm4ecTBo yCTpOHCTB HAaXOMASAIIMXCS HA IIMHE HE M3BECTHO, Ma-
MATH HEOOXOJMMO BBIACTATH C 3amacoM, T.K. (YHKIHUS IOMCKa HE HMEET
CPEJCTB 3aIUTHI OT NEPEHOTHEHUS TaMSATH.

Ilapamempror:

*P — MaccuB IS 3aITUCH aJIPEeCOB HAH/IEHHBIX YCTPOMCTB.

Bozepawaemoe 3uauenue:

@OyHKIMS BO3BpAIIAeT KOJMYECTBO OOHAPY)KEHHBIX YCTPOMCTB Ha IIIHMHE.

char wl_init(void);

OyHKIMS TpeHa3HAYeHA TSl HHUIHann3anny el 1-Wire. B xone naunima-
TU3aInd, QYHKIUS ONpeAelsieT HATMIHe YCTPOWCTB Ha IIIHHE.

Bosepau;ae/vtoe SHAYeHue.:

OyHKuus Bo3BpalaeT 3HauYeHWEe PaBHOE €IMHUIIBI, €CIIM Ha IIHHE 00HAPY)KEHO
X0Ts1 OBl OTHO yCTpOHCTBO ¢ uHTepdeiicom 1-Wire, B mpoTUBHOM ciiydyae BO3-
BpalllaeTcs 3HaUCHHUE PaBHOE HYIIIO.

char wl_read(void);
OyHKIUSA NpeJHa3HAYEHa JIJIsl YTEHHs OHOTr0 Oaiita naHHeIX ¢ mmHbl 1-Wire.

Bubnuoteka cdyHkumn gna NLCon-1AT 51



Bosspawaemoe 3nauenue
DyHKIMS BO3BpAIIlaeT JaHHBIE MPOYUTAHHBIE ¢ mHBT 1-Wire.

void wl_write(char data);

DyHKIMS TIpeAHA3HAYCHA TS 3aIMCH OJIHOTO OaifTa MaHHBIX Ha muHy 1-Wire.
Ilapamemprot

data — 3HaueHue 3amiceiBacMoe Ha muHy 1-Wire.

char wl_crc8(void *p, char n);

OyHKIMA TpeTHa3HaYeHa UM BBIYUCICHUSA KOHTPOIBHOM CYMMBI YKa3aHHOTO
MacCcHBa JaHHBIX IO CIIEIHAIEHOMY AITOPUTMY, HCIONB3yEMOMY B YCTPOUCT-
Bax 1-Wire.

Ilapamempoi
*P —MaccuB, A1 KOTOPOro TpedyeTcs pacCuuTaTh KOHTPOIBHYIO CYMMY.

N — KOJIHYECTBO OaMT Y4HacCTBYIOIIMX B BBIYUCJICHUHN KOHTpOHBHOI;'I CYMMBEI.
KOHTpOJ'ILHaﬂ CyYMMa MOXCT MNPUMCHATHCA B PA3JIMYHBIX CUTYyaALUAX (Haan—
MEp, B aJApece YCTpOP‘ICTBa OHa 3anurChIBACTCA BOCHbMBIM 6aﬁTOM, a B OJIOKHOT-
HOH IaMSTH - Z[eB?ITLIM), MO9TOMY KOJIMYCCTBO 62117[T, Y49aCTBYIOIIUX B pacHiceTe,
JOJIDKHO OBITH YKa3aHO MOJIb30BAaTCIICM.

Boaepamaezvzoe 3HA4YeHue
q)yHKHI/ISI BO3BpalacT BbIYMCIICHHOC 3HAUYCHUEC KOHTpOHLHOﬁ CYMMBI.

IIpumep 1
#define F_CPU 16000000UL [*CrangapTHas KOHCTaHTa 3aa0Iast

JaCTOTY MHKPOKOHTpOIIIepa™/
#include "NLCON1ATD3.h" /*®aiin koHduUrypauu KoHTposiepa*/

#define ONE_WIRE_BUS IO0  /*Hasnauuth 1oz yCTpoiicTBa ¢ WHTepdeii-
com 1-Wire muckpernsiit Bxox 100*/

#include <avr/io.h> //CranaapTHas OMOJIMOTEKa BBOIA-BBIBOIA
#include "Display.h" //bnbmoreka pabOThI C HHIMKATOPOM
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#include "1Wire.h" //bubnnoTeka paboTsl ¢ muHOM 1-Wire

int main(void)

{

Displaylnit(); //VHUIManu3alys CBETOAHOTHOTO HHINKATOpA

int temperature; /*IlepeMeHHas /sl pACCUUTAHHOTO 3HAYCHHS TEMITe-
parypsr*/

char buf[9]; [[Bydep st uTeHust GIOKHOTHOM MaMSITH
int temp; //BcrioMorarenbHas mepeMeHHast
while (1) //BeckoHeuHbI UK onpoca narunka DS18B20
{
wl_init(); //MHEMIManu3anys [aTIuKa

wl_write(0xXCC); //Komanna "TIpomyck I13VY"
wl_write(0x44); //Komanna "3amyck npeodpasoBanus"

_delay_ms(750); /*3amepxka 750Mc Ha mpeoOpazoBaHHE
TEMIIEPATYPHI AATIHKOM™/

wl_init(); //MHUIManu3anus 1aTIuKa
wl_write(OXCC); //Komanna "TIpomyck [13Y"

wl_write(OXBE); //Komanga "UreHue OJIOKHOTHOM
namsT"

/[UTenne GIOKHOTHOU AMSITH
for (temp=0; temp<9; temp++) buf[temp]=w1_read();

if (buf[8]==w1_crc8(buf,8)) [*BblunciieHne W MpOBEp-
Ka KOHTPOJILHOM CyMMBI™*/

{
//BbIuuciIeHre TeMneparypbl
temperature=buf[0]+(buf[1]<<8);
DisplayFloat(temperature*0.0625); /*BeiBOg  3HaAUe-
HHS TEMIIepaTypbl Ha HHAUKATOP™/
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JlaHHas mporpamMma OCYLIECTBIISIET YTEHUE JaHHBIX C MOJIKIIIOYEHHOTO K KOH-
Tposutepy naryuka DS18B20, BbIONHSET BBIYHMCIEHHE TEMIIEPATypbl M BBIBO-
JIUT ee 3HaueHHWe Ha MHAMKaTop. /laHHas mporpamMMa paccuMTaHa Ha MOAKIIO-
YeHHE TOJBKO OJJHOTO NaTYHUKa.

IIpumep 2
#define F_CPU 16000000UL [*CranmapTHas KOHCTaHTa 3a1a0IIas

9acTOTy MHKPOKOHTpoJLIepa™/
#include "NLCON1ATD3.h" /*Daiin koHpUrypamuu KOHTposuiepa*/

#define ONE_WIRE_BUS IO0  /*Ha3nauuth mon ycTpoiicTBa ¢ uHTepdeii-
com 1-Wire muckpernbrit Bxoa 100*/

#include <avr/io.h> //CrannapTHas OubIMOTEKa BBOIA-BhIBO/IA
#include "Display.h" //BubnroTeka paboThl C HHIUKATOPOM
#include "1Wire.h" //bubnroteka paboTs! ¢ mmHOU 1-Wire

#define TIMER2 /*TloakmounTh 00pabOTYMK MpepbIBaHus TaiiMepa 2 amst 00-
paboTKu (hUKCAIH HAXKATUS KHOTIOK ™/

#include "key.h" //BubnroTeka paboThl ¢ KHOTIKAMH

int main(void)
{

Displaylnit(); //MHMIanu3anns CBETOMUOMHOTO HMHIUKA-
Topa
Keylnit(MIDDLE,LATCH_ON); /*Wuununanu3zauusi cpemHeil KHOI-

KH B pexXuMe paboTsl ¢ prkcarmeit HaxxaTus*/
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int temperature[2]; [*MaccuB A7 PacCYMTAHHBIX 3HAYCHHI
TeMmeparypsr*/

char buf[9]; //Bydep st uTeHust GJIOKHOTHOM MaMsITH

int temp,i; //BcrioMoraresbHbIe TepeMEHHBIE

char address_buf[2][8]; /*MaccuB s 3anmcu aapecoB HANICHHBIX
ycTpoicTs*/

int Sensor=0; [*Homep marumka, IOKa3aHHS KOTOPOTO
BBIBOJSITCS HA UHIUKATOP™/

if (wl_search(address_buf)!=2)  /*BeimonHuts MOUCK yCTPOICTB Ha
mmae 1-Wire*/
{

[*Ecnu KOJIMYECTBO HAWICHHBIX NATYHKOB HE PABHO 2, BBI-
BECTH HA HHAUKATOP OYKBY «E»*/

DisplayStr("E");

while(1); //3aUKIUTE IpOTpaMMy
}
while (1) //BeckoHeuHsblit UK onpoca narunkos DS18B20
{
if (Key(2)==DOWN) [*Ecnu  Oblma HaxaTa CpEIHSA
KHOMKa*/

{

Sensor=0x01; /*Tlepexi0YnTs HOMEP JIATUYMKA,
MOKa3aHHUsl KOTOPOTO BBIBOAATCS Ha MHIMKATOP™/

Led(Sensor); //TlepeKToUnTh CBETOIHO
}
wl_init(); //VIHATMATH3aITHST TATIUKOB
wl_write(0XCC); [*Komanma "Tlpomyck II3Y" (06-

paleHue cpasy Ko BceM JaTdukam)™/
wl_write(0x44); [*Komanma "3amyck mpeoOpasoBa-
Hus"*/
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_delay_ms(750); [*3anepxka 750Mc Ha mpeoGpaso-
BaHUE TEMIIEPATYPHI JaTYUKaMu™/

for (i=0; i<2; i++) //Iuk Uit ABYX JaTYHKOB
{
wl _init(); //AHuIManM3anys JaTINKOB
wl_write(0x55); //Komauna "Bei6op I13Y"

/[Tlepenaua anpeca ycTpoiicTBa
for(temp=0;temp<8;temp++) wl_write(address_buf[i][temp]);

wl_write(OXBE); /*Komanma "Utenue OIOKHOTHOM
namstu"*/

/[Utenue qaHHBIX C NIMHEI
for (temp=0; temp<9; temp++) buf[temp]=wl read();

//Eciii KOHTPOJIbHAsI CYMMa COBIIaaeT, BBIYHUCICHHE TEMIIEPATYPbI
if (buf[8]==w1_crc8(buf,8)) temperature[i]=buf[0]+(buf[1]<<8);

[*BbIBO/I 3HAUEHHS TEMIIEPATYPHI HA HHAUKATOP™/
DisplayDec(temperature[Sensor]*0.625,2,1);
}

JaHHasi mporpamMMa OCYIIECTBIISIET YTCHHE NaHHBIX C MOMKIIOYCHHBIX K KOH-
Tposuepy natankoB DS18B20, BEITOTHAECT BEIYHCICHUE TEMIIEPATYPHI U BEIBO-
JIUT 3HAUY€HHEe, N3MEPEHHOE OJIHMM M3 HMX Ha MHAMKaTop. Hakumast cpenHioro
KHOIIKY, MOJKHO BBIOpaTh ¢ KaKOI'o MMEHHO JaTdynka OyJeT BBIBOJMTHCS WH-
¢opmanus Ha nHauKaTop. [Ipu aTOM, KOTIa Ha MHIMKATOP BBIBOAUTCS MH(OP-
Manusi ¢ 1epBOoro oOHapyKEHHOTO Ha IIMHE JaT4MKa, 3eJICHbIH CBETOIMOA Ha
JMIEBOH MaHEeJIN KOHTPOJIIepa BBIKIIIOYEH, a KOT/la CO BTOPOT0, OH BKIIIOYEH.
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2.6. bubnunoteka DS18B20.h

@Dyuakuuu padorsl ¢ gaTunkamu DS18B20

[Jannas 6ubnmoteka npeanaszHadena aist Mogudukanuidi NLcon-1AT u NLcon-
1AT-D-3 u cnpoekTupoBaHa Kak JomoiHeHue k oubmuoreke 1-Wire.h. Oynk-
UM JaHHOM OMOJIMOTEKM MO3BOJSIOT BBINOJIHUTH NMpeoOpa3oBaHHE U YTEHHE
3Ha4YeHHs TeMIleparypsl, u3MepeHHoe narunkamu DS18B20. [ns Ge3ommbou-
HOHM paboTbl GyHKIMIA OHONMNOTEKH B HACTPOMKAX MCIIOIb3YEMOT0 KOMIHISATO-
pa 00s3aTenbHO JOJDKHA OBITh BKJIFOYEHA ONTHMU3AIMS KOJAA MPOTPaMMBL.
OOyCJIOBIICHO 3TO TEM, YTO B JAHHOW OMOJIMOTEKE MPUMEHSIOTCS CTaH/IapTHbIE
(YHKIMHM BpPEMEHHBIX 3aJlepKEK, KOTOpbIE MPH BBIKIIOYEHHOW ONTUMM3AINN
KoJa He oOecleunBaroT coOIOeHNe TPeOyeMbIX MHTEpBaJOB BPEMEHH. YPo-
BEHb OINTHMH3AIIMM MOXET OBbITh NMPOU3BOJBHBIM. [IpuMeHeHue naHHOW OMO-
JIMOTEKU NPH PEIICHUH 33/1a4 TPEOYIOIINX BBIIOJHEHUS B PEAIBHOM MaciuTabe
BPEMEHH He 11el1eCO00pa3Ho H3-3a OONBIIOro 3HAUCHUS BPEMCHHU BBIIOTHEHUS
oTAenbHbIX (yHKIMA. [ToaToMy B 3amauax, TpeOYIOIUX BHINOIHEHUS B peajb-
HOM MaciuTabe BpeMEHH, PEKOMEHIYEeTCs MPHUMEHSTh TOJBKO OHOIHNOTEKY
1-Wire.h.

B Hauane McXOQHOro TeKCTa MPOrpaMMbl HEOOXOAMMO 00S3aTeNIbHO yKa3aTh
TUI MOJU(MKAIMKM KOHTPOJJIEpa, MYTeM IMOJKIIOYEHUs] COOTBETCTBYIOIIETO
3aroJ0BOYHOTO (haiina.

IIpu umcnonp3oBaHMM AaHHONW OWMOIMOTEKHM B Hadaje HCXOJHOTO TEKcTa (0
MOJKITIOUEHHUsT OMOIMOTEKH) HEOOXOJUMO OOBSBUTH CTAaHAAPTHYIO KOHCTAHTY
F_CPU, yka3bIBaroliyio 4acToTy KBapiia MHKPOKOHTpOsUiepa (B CTaHIAPTHON
KOMIUIEKTAIIMM KOHTpOJUIepa 4acToTa KBapia paBHa 16 MI'm). Eciou atoro He
caenaTh, KOMIIWIATOP BBIJACT MPEIYMPEkKACHUE H YCTAHOBHT YacTOTY KBapIa
o ymonmyanuo 16 MI'n.

[Ipumep 0O0BsIBICHNS CTaHOAPTHOW KOHCTaHTHI, YKA3bIBAIOUIEH YacTOTY KBapla
MHUKPOKOHTpOJLIEpA:

#define F_CPU 3686400UL [*YcranoBuTh 4acToTy KBapua 3,6864
MI'u*/
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Ipu ucrnonp30BaHUM JAHHOW OMOIMOTEKH B HAYAJIC HCXOHOTO TeKCTa (110
MOJIKITFOUCHUS OMOTHOTEKH) HEOOXOIMMO OOBIBUTH KOHCTAHTY
ONE_WIRE_BUS u npucBouts eii HOMep AUCKPETHOTO BX0Ja, K KOTOPOMY
MOJKJIIOYEHO YCTPOHCTBO ¢ HHTepdeiicom 1-Wire.

IIpumMep 0OBSBICHHUS KOHCTAHTBI, OMPEACISIONICH MOIKIIOUCHIE YCTPOWCTB C
unaTepdeiicom 1-Wire:

#define ONE_WIRE_BUS IO0  /*Hasuauuth mmoj ycTpoi#icTBa ¢ HHTEphEii-
com 1-Wire nuckpernsiit 8xox 100*/

Hipke npuBeneHbl MPOTOTUIIBI (PYHKLIMI ONMMCAHHBIX B JaHHOW OMOIHMOTEKE.

char DS18B20_Conversion(void);

OyHKIUS BBHIIONHAECT 3ayCK MPeoOpa3oBaHUs TEMIIEPATYPbI Ul BCEX IaTdu-
koB DS18B20, naxopsimmxcs Ha ykazaHHO# muHe 1-Wire. Bpemst BbIOTHEHUsI
TaHHOH (hyHKIMH 3aHIMaeT Oonee 750 Mc.

Bosepau;aefwoe 3HAa4eHue

Oynxnus BosBpamaeT 0 B cirydae yCIIEITHOTO BbIMOMHEHUs, oo OXFF, ecnn
Ha IIMHE He 00HAPY)KEHO HU OJHOTO JaTYHKA.

int DS18B20_Read(void *addr);

OyHKIUS NpeHa3HaueHa I YTeHUS OJIOKHOTHOM MaMsTH AaT4YhKa C yKa3aH-
HBIM aJIpecoM, a TaKKe MPOBEPKU KOHTPOJIBbHOI cyMMBl. B cirydae 6e30mmbou-
HOCTH NPUHSATBHIX JAHHBIX (DYHKIMS BO3BpAlllAaeT IMepBble JBa 0aliTa OIOKHOT-
HOM MaMATH, KOTOPBIE COAEPIKaT IIpeodpa3oBaHHOE 3HAUEHHE TEMIIEPATYPHI.

Iapamempror:

*addr — 64-OuTHBIN yHUKAIBHBIN agpec qatyuka. J[aHHbIH agpec MOXKeT ObITh
MOJTyYeH P oMoy GYHKIMH TIOKCKA YCTPOHCTB u3 Oubinoreku 1-Wire.h.

BOSGP(JM]GQMOQ 3Ha4YerHue

q)yHKIII/IH BO3BpalIaCT 3HAYCHUE TEMIICPATYPbI, IPOYUTAHHOC C JaTHUKA. 3Ha-
YCHUEC TEMIICPATYPhI 6yI[CT MnpeaAcTaBJI€HO B IBOMYHOM JOIMOJIHUTCIIBHOM KOJEC.
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int DS18B20_temperature(void *addr);

JaHHast GYHKIUS TOTHOCTBIO aHAJOTUYHA MPEABIAYIICH, 32 UCKIIOYEHHEM TO-
r0o, YTO OHa BBINOJHACT NMPUBENCHHE MPOYUTAHHONW TeMIepaTryphl K ASCATHY-
HOMY Kony. BosBpamaemsiii pyHkmuen pesynsrar B 10 pa3 Oonbine peansHO
HOJIy4eHHOI'0 3HAYEeHHs TeMIIepaTypbl. DTO CIEeNaHo I yA0OCTBa IPEICTaB-
JeHUs pe3yibTara, T.K. peaJbHOe 3HaYeHHE TEMIIEPaTyphl SBISAETCS APOOHBIM
yucioM. T.e., eciau B pe3ysbTaTe BBHINOJHEHUS (YHKIMU IMOJIYYEHO 3HauCHHE
234, peanbHoe 3HaUeHUE TeMIepaTyphl paBHO 23.4 rpagyca.

Boagpawaemoe 3HA4Y€eHUe

ODyHKIUA BO3BpALIAET 3HAYCHNE, IPUBECHHOE K JIECITUIHOMY KOy TeMIlepa-
Typbl. {1 ynoOcTBa AanbHEHIIero NpuMeHeH s 3HaYeHUe TeMIIepaTyphbl, BO3-
Bpamaemoe pyHkmwei, B 10 pa3 GoJbiie pearsHOro.

IIpumep nporpammel
#define F_CPU 16000000UL [*CranmapTHas KOHCTaHTA 331ak0Ias

YacTOTy MHKPOKOHTpoJuiepa™/

#include "NLCON1ATD3.h" /*®aiin koHpUrypamuu KOHTposuiepa*/

#define ONE_WIRE_BUS IO0  /*Hasnauuth mom ycTpoiicTBa ¢ WHTepdeii-
com 1-Wire nuckpernsiii Bxoza 100*/

#include <avr/io.h> //CtranaapTHas OMOJIMOTEKa BBOIA-BBIBOIA

#include "Display.h" //BubnroTeka paboThl ¢ MHIAUKATOPAMHU

#define TIMER2 /*TloakirounTte 00pabOTYMK NpephiBaHus TaiiMepa 2 st 00-
paboTKH (hpuKCanny HaKaThsl KHOTIOK™/

#include "key.h" //bnbnoTeka paboTh C KHOTIKaMH

#include "DS18B20.h"  //bubnunoteka pabotsl ¢ qarunkamu DS18B20
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#include <util/delay.h> //Cranmapthas 6ubnnoTeka BpeMEHHBIX 3a/IePKEK

int main(void)

{

char address_buf[2][8]; /*MaccuB s 3anmcu aapecoB HaNICHHBIX
aTYUKOB Ha muHe 1 */

int Sensor=0; [*Homep pmarumka, IOKa3aHHS KOTOPOTO
BBIBOJISITCS HA HHIUKATOP™/

Displaylnit(); //VlHALMaT3aul HHIUKATOPOB

Keylnit(MIDDLE,LATCH_ON); /*Wuuunanuzauusi cpeaHeil KHOI-
KU B pexxuMe paboThl ¢ pUKcanuend HaxaTus ™/

wl_search(address_buf); //Tlowuck matunkos Ha mmue 1-Wire

while (1) /*BecKOHEUHBI! LHMKJI Ompoca JaTYMKOB
DS18B20*/

{

if (Key(2)==DOWN) [*Ecnu  Obma  Haxata CpeaHss
KHOTTKa*/

Sensor*=0x01; /*TlepekarouuTh HOMEp JATUYHUKA,
MOKAa3aHHsl KOTOPOT'O BBIBOASATCS HA HHIUKATOD */

I

Led(Sensor); //TlepeKToUnTh CBETOIHUO

DS18B20_Conversion(); /*3amyck npeoOpa3oBaHUs TeMrie-
parypsl uis gatarkoB DS18B20 Haxoasamuxcst Ha BEIOpaHHOM mnHe™/
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/*BBIBOJ HU MHIMKATOP 3HAYEHUS TEMIIEPATYPBI OJHOTO U3 HANWIEHHBIX TaTYH-
KOB™/

DisplayDec(DS18B20_temperature(address_buf[Sensor]),2,1);
}

JlaHHas mporpamMma MoJIHOCTHIO aHAJIOTHYHA MPUMEPY 2 U3 MPEIbIIYIIero pas-
JIeNa, HO HaIlMcaHa ¢ UCIois30BanneM oubmmorexu DS18B20.h.
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2.7. bnonmoteka Shim.h

@yHknuu s padotsl ¢ reseparopoMm IHIIAM curnajios

JlanHas OMOMMOTEKAa MpenHa3HAuCHA Ui BCEX MOIM(UKANNN KOHTPOJUIEPOB.
OYHKIUN JaHHOW OMOIMOTEKH MO3BOJIAIOT OCYIICCTBISTh MHUITUATU3AIMIO U
3amyck mporpammuoro IIITMM. s Bcex Moaudukannii KOHTPOIUIEPOB B Kade-
ctBe BbIBomoB IIIMM mcmonp3yrorcss auckpeTrHsie Bxoabl-Beixons! 100-105.
BX0IBI-BBIXOIBI KOHTpOJUIEpAa MMEIOT AbTCPHATHBHOEC Ha3HAUCHUE, MTOITOMY
OTHOBPEMEHHOE HCIIOJBF30BaHKE OJHOTO U TOTO JK€ BXOJa-BBIXO/a W JJIS TeHe-
pamun [IIMM u Kak IHCKPETHOro BXOJa-BbIXOJa HEBO3MOXKHO. Kaxxablii u3
ka"anoB [[IMIM moxet ynpaBisThCcs OTIeabHO. BennunHa nepuoaa peryiaupo-
BaHUS U JUIMTEIHHOCTh YNPaBJIIIONIET0 UMITyNibca Bapbupyetcs ot 0 qo 10 ce-
KyHJ, ¢ marom 10 mMc.

[Ipu ncnonp30BaHUM NaHHONW OMOIMOTEKU HE JAOMYCKAETCS MEPEnporpaMMHUpO-
BaTh TalfMep-CUETUUK 2 MUKPOKOHTPOJLIEepa.

B Hauaje MCXOMHOTO TEKCTa MPOrPaMMBbl HEOOXOAUMO OOS3aTENBHO YKa3aTh
TUI MOJU(HKAIMK KOHTPOJUIEPa, MYTeM MOJKIIOYECHHS COOTBETCTBYIOIIETO
3aroyioBouHoro (aiina. Huke npuBeseHbl MPOTOTHIBI (DYHKI[UI OMUCAHHBIX B
JTAaHHOU OMOJIMOTEKE.

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

OyHKIMS MpeJIHa3HayeHa JUIsi MHULUAIU3auuu U 3amycka reHepauuu HINM-
CHUTHAJIOB.

Ilapamemprot

Channel - Homep kanana IIIUM (ot 0 g0 5). s ymoOcTBa paboThl ¢ JaHHBIM
apaMeTpoM I1esieco00pa3Ho MPUMEHATh KOHCTAHTHI, OTIMCAHHBIE B OHONIHOTEeKe
paboThI ¢ IUCKpeTHBIMU Bxomamu-Bbixogamu «lOPort.hy, xotopast moxkmroua-
€TCsI aBTOMaTHYECKH B JAHHOM OnOInoTeke.

Pulse — JUIMTEJIbBHOCTD YIPAaBJIAIOIIETO UMITYJIbCA. OHHa €AHHIa COOTBETCTBY-
er 10 mc. Z[J'II/ITCJ'IBHOCTB YHOpaBIAOMIEro MMIyJibCa HE AOJDKHA IPEBLIIIATH
JAJATEIIBHOCTU IEpHUOJia pEryJIMpOBaHUS;
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Period — nepuox perymuposanust. OqHa eqununa cootsercTByer 10 mc. 3Ha-
YeHHE JaHHOTO MapameTpa He JOJDKHO ObITh Oombire 1000, T.e. mepuon pery-
JIMPOBAHUs HE OJIKEH MpeBbIaTh 10 cexyHI;

Bo36pau4aeMoe 3Ha4eHue

Oynkius Bo3BpamaeT 0 B ciiydae YCIEIIHOTO 3aBepiieHus padotsr, mibo OXFF
B Cllydae, €clid yKa3aH HoMep HecyulectByromero kaHama HIWM, nnurens-
HOCTb Teprojia npesbimaet 10 ceKyH WIn JUIMTENBHOCTh YIPABIISIONIEr0 M-
MyJbCa MPEBBIIACT NEPHO/ PEryTHPOBAHMS.

Ilpumep nporpaMmbl
#define F_CPU 16000000UL [*CrangapTHas KOHCTaHTa 3aaf0Iast

YacTOTy MHKPOKOHTpoJuiepa™/

#include <avr/io.h> //CrannapTHasi OubIHOTEKa BBOa-BhIBO/IA

#include "Shim.h" //bubnroteka padotsr ¢ IINUM

int main(void)

{
Shim(100,50,100); /*3anyck reneparmu [ITAM

0 kaHas, nepuox 1 cek, IIUTENBHOCTE uMITybca 500 mc*/
while(1); //BeCcKOHEeUHbI LUKII

¥

JanHas nmporpamma ocymiecTBisieT 3anyck resepauuu [IIMM curnana Ha Bbl-
Boge /O 0. MuurenpHocTh mepuoga | CeKyHIa, UIMTEIBHOCTH HMITYJIbCA
ynpasneHus 500 Mc.
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DyHKUUHU JJ1 padoThl ¢ YacaMH pPeaibHOT0 BpeMeHH

Jannas 6ubnmoteka mpenHasHadeHa 1t KoHTpoiuiepoB NLcon-1AT, NLcon-
1AT-D-3 u NLcon-1AT2-EX. ®yakmmn 3T0# OMOIHOTEKN MO3BOJSIOT OCYyIIIe-
CTBJIATH YCTAHOBKY M YTCHHE JaThl H BPEMEHH.

B Hawane MCXOIHOTO TEKCTa IMPOTPaMMBI HEOOXOMMMO 00s3aTENbHO yKa3aTh
THIT MOAWN(UKAIWK KOHTPOJUIEpa, IyTEeM MOAKIIOUYEHHS COOTBETCTBYIOIIETO
3aroJioBo4HOro (aina. Huke npuBeneHsl NpOTOTUNBI (QYHKINIT ONHMCAaHHBIX B
JIaHHOM OMOIHOTEKE.

void RTC_Init(void);

OyHKuus NpoBOANT MHUIManu3anuioo uHTepdeiica 12C 11 cBI3M MUKPOKOH-
TpoJUIepa ¢ MUKPOCXEMOH 4acoB peajbHOTo BpeMeHU. JlaHHylo GyHKIuIo foc-
TaTOYHO BBI3BaTh OAMH pa3, IPU HHUIHAIN3ALHN KOHTPOJIIEpa.

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

qDYHKI_II/ISI OCYIICCTBJIACT YCTAHOBKY BPEMCHU B MHKPOCXEME (r{acm, MUHYTHI,
CEKYH[IBI).

lapamempeol:
hour — gacer (ot 0 10 23).
min — munyTer (0T 0 10 59);

sec — cexyHbl (0T 0 10 59);

void RTC_Get_Time(unsigned char* hour, unsigned char* min, unsigned
char* sec);

q)yHKIII/IH OCYHICCTBJIACT YTCHHUEC BPEMCHU U3 MHKPOCXEMBI (qacm, MUHYTHI,
CEKYH/Ibl).

Hapamempror:
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B kadecTBe mapaMeTpoOB YKa3bIBAIOTCA aJpeca NEPEeMEHHBIX, B KOTOPBIX HE0O0-
XOANMO Pa3MECTHTh NPOUYNTAHHYIO HH(POPMAIIHIO.

*hour — gacsl (ot 0 10 23).
*min — munyTsl (0T 0 10 59);

*sec — cexyHzusl (ot 0 10 59);

void RTC_Set_Date(unsigned char date, unsigned char month, unsigned
char year);
DyYHKIHS OCYIIECTBISIET YCTAHOBKY JAThl B MUKPOCXeMe (YHCII0, MECSIII, TO).

Hapamemprol:
date — gucno (ot 1 mo 31);
month — mecsi (ot 1 mo 12);

year —rox (ot 0 o 99);

void RTC_Get_Date(unsigned char* date, unsigned char* month, unsigned
char* year);
qDYHKI_II/ISI OCYHICCTBJIACT YTCHUEC JAThbl U3 MUKPOCXCMbI (‘II/ICJ‘IO, MECAI, FO,Z[).

Hapamempeol:

B kagecTBe mapaMeTpoB yKa3bIBAIOTCS aApeca MEPeMEeHHBIX, B KOTOPBIX HE0O0-
XOAMMO Pa3MeCTHTh MPOUYUTAHHYIO HH(POPMALIHIO.

date — gucno (ot 1 g0 31);
month — mecsiir (ot 1 1o 12);

year —rox (ot 0 no 99);

IIpumep nporpaMmsl:

#define F_CPU 16000000UL /*CranapTHasi KOHCTaHTa 33/1a0Iast
4acTOTY MUKPOKOHTpoJuiepa*/

#include "NLCON1ATD3.h" /*®aiin konduUrypamum KoHTpouiepa*/
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#include <avr/io.h> //CranpapTHas OuOnnoTeKka BBOJIa-BbIBO/IA

#include "Display.h" //bubnroTeka paboThl C HHANKATOPOM

#include "RTC.h" /*bubnuoTeka pabOThl ¢ MUKPOCXEMOW YacOB peasb-
HOTO BpeMeHH™/

unsigned char hour, min, sec;

int main(void)

{
DisplaylInit(); //MHAIHATM3AIHS CBETOJMOHOTO MHANKATOPA
RTC_Init(); /*VHUIMan3anms MUKpOCXeMbl YacOB PeabHOTo
BpeMeHu */

Led(LED_ON); //Bkito4uTh CBETOAHO

/[3amncath B MUKPOCXEMY 3HAUCHHE YaCOB, MUHYT, CEKYH]
RTC_Set_Time(0,0,0);

while(1)
{

//HpO‘II/ITaTB N3 MUKPOCXCEMBbI TCKYIICC 3HAUYCHNE YaCOB, MUHYT, CCKYH/
RTC_Get_Time(&hour,&min,&sec);
//BbIBeCTH Ha UHIMKATOP 3HAYEHHE MUHYT U CEKYH/]] pa3/ieJIeHHbIX TOUKOU
DisplayDec(min*100+sec,0,2);
}

I[aHHaH nporpaMma IpH 3aITyCKE YCTAHABJIMBACT HYJICBbIC 3HAYCHUSA YaCOB,
MUHYT U CEKYH/ U JJaJIeC OCYIICCTBJIACT HEIPCPHIBHOC YTCHUC I/IH(I)OpMaI_lI/II/I nus3
MUKPOCXEMbI 4aCOB PCAJIbHOI'O BPEMCHHU. HpI/I 3TOM OCYHICCTBJIACTCA BbIBOJ HA
HWHAUKATOp 3HAYCHUA IMPOYNTAHHBIX MUHYT MU CEKYHH, PA3ACJIICHHBIX TOYKO.
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3. 3aknuyutenbHasa 4yacTb

OnucanHast OMOIMOTEKA CO37aHa C LENBIO YIPOIIEHUS MCIIOIb30BaHUS CEPUH
koHTposuiepoB NLcon-1AT. bubnroreka MOCTOSIHHO pacIIUpseTCs] B COOTBET-
CTBHUH C OXKEJIAHUSIMHU NOTpEeOHTEICH.

IlosTOMy >kKAeM BamuxX MOPEAJOKEHUNM M 3aMEYaHUMl IUIs ee AalIbHEHIero
YITydIICHUS.
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